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P It E F A  C E .  
IN November 1909 I received in India a cable from Captain Scott asking 

me to join his expedition as meteorologist. Arrangements were quickly made 
with the Government of India who granted me three years’ ‘leave without pay ’ 
and by the end of the month I was on my way to England. On January 1st 
I commenced five months of strenuous work during which instruments had to 
be begged, bought, designed, manufactured and tested and journeys made to 
Scotland, Germany, Norway and Denmark in order to discuss with the scientists 
in those countries the problems which we intended to investigate. 

I soon realized that my work would be seriously handicapped if I had 
to depend on the general funds of the expedition for the cost of my instruments. 
After discussing my difficulties with Captain Scott and numerous friends in my 
native town, Derby, it was decided to issue an appeal to the inhabitants of 
Derbyshire to  subscribe sufficient funds to give me a free hand in obtaining all 
the instruments necessary for my work. I cannot be too grateful to the late 
M i .  W. Crowther and to his daughter Miss Ethel Crowther who acted as 
honorary secretaries to this appeal, for in consequence of their indefatigable 
efforts E500 was collected which relieved me of further financial anxieties. 
Subscriptions were received from all classes of town and county and I trust that 
these public-spirited givers will accept this work as some tangible return for 
their generous gifts. 

In addition to the instruments bought by the Derbyshire fund we received 
the loan of many special instruments particularly from the London Meteorological 
Office, the National Physical Laboratory, Mr. Munro, The Gutta Percha Company, 
the Australian Meteorological Office and the New Zealand Meteorological Office, 
to all ‘of whom I wish to express the thanks both of the expedition and of 
myself. In consequence of this generosity all the instruments required by the 
expedition were ultimately obtained. 

I doubt whether any expedition sailed with a more complete outfit of meteoro- 
logical and inagnetic instruments, but it is possible that other expeditions have 
come back with more recorded obsorvations, for I find in the reports of other 
expeditions accounts of many observations which we never attempted. One of 
the chief reasons for this was the want of trained help. Captain Scott’s ship 
did not stay during the winter in the Antarctic, but after landing the shore 
parties returned to New Zealand. Thus we were deprived of the scientific help 
which nearly all previous expeditions have received from the navigating officers 
of the ship when their own work was in abeyance during the sojourn of the 
ship in its winter quarters. There were probably more trained scientists a t  Cape 
Evans than have ever been together in any previous expedition, but each and 
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every one had his own work to  attend to and had little or no time to spare 
for the most hard pressed of his colleagues. As will be seen later I did receive 
considerable help, but this could not be depended upon and the programme of 
magnetic and meteorological work had to be planned for one man. Even then 
it was found impossible to carry out this limited programme, for difficulties with 
the instruments were unending and new problems connected with the effects of 
the cold and the blizzards on the self-recording instruments cropped up almost 
daily. Some of these had been anticipated and precautions taken, but frequantly 
experience proved them unavailing. Prom the first the whole of my time Was 
taken up in keeping the record of the most important elements complete and 
 here was no opportunity for making elaborate investigations of special problems. 
M%at is more, the whole conditions are so different from those with which one 

familiar that it takes at least a year to adjust one’s ideas t o  them. At  
the end of the first year I could see many interesting problems calling for inves- 
tigation and had planned t o  follow them up during the second year’s work, 
but this could not be done for I was recalled to my work in India, when the 
Terra Nova returned to the Antarctic in January 1912. 

The most obvious omission in the meteorological record is that of atmos- 
pheric humidity. There are two methods of measuring humidity : first by means 
of wet and dry bulb thermometers and secondly by yeans of hair hygrometers. 
The first however is very unsatisfactory at  low temperatures and Mr. Dines in 
reviewing the two-hourly readings of the wet and dry bulb thermometers made 
on the Discovery Expedition wrote :- 

‘The general opinion of meteorologists seems. t o  be that the tables by 
which the relative humidity is obtained from the wet and dry bulb 
readings are open to doubt a t  very low temperatures and very low 
values of the humidity and hence it hardly seems worth while cal- 
culating the values of the humidity from these readings.’ 

One cannot help feeling regret that the opportunity t o  revise the humidity 
tables at  low temperatures could not have been utilised.’ 

With the whole of the wet bulb readings taken on the Discovery Expedition 
unused I did not feel inclined to add, to the accumulation. Also there was much 
more important work to be done in the Antarctic than revising the humidity 
tables, for this can be done in more accessible regions of the globe. I therefore 
decided to take no more wet bulb readings. 

The use of the hair hygrometer a t  low temperatures has been studied by 
Professor Mohn and his students in Norway, and a hygrometer designed which 
is mid to be reliable in use. In the short time available for preparation before 
the expeation sailed I had no opportunity to obtain and farniliarise myself with 
this instrument. The consequence was I removed direct observations of the 
humifity of the atmosphere from my programme hoping that I Bhould be able to devis0 
8 0 ~ ~  indirect method of observation when in the Antarctic. The opportunity 
for this however never arose, so humidity is not discussed in the present work, 
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Another omission is any account of meteorological optics. This is a subject 
in which I am particulprly interested and I gave it constant study when in the 
South. With the exception however of iridescent clouds I came across no pheno- 
menon which appeared to me to involve any new physical principles. All the 
halos I saw appeared to conform to  the physical explanation given in such great 
detail by Pernter in his Meteorologiwche Optik, and I had not the time or 
instruments accurately to measure the halos to  find small departures from the 
theory. My'study of iridescent clouds led to  the formation of a new theory 
to account for this beautiful natural phenomenon. As this has already been 
published in the Quarterly Journal of the Royal Meteorological Society it has 
not been included in this work. 

The measurement of precipitation is another omission, but this is discussed 
in its proper place in the book. 

Even with all these omissims of observations and the strictly limited pro- 
gramme it would have been impossible t o  keep the rzcord complete if I had 
not received help froizr other member8 of the expedition. Captain Scott therefore 
arranged that during the winter the night watchman should .record hourly observa- 
tions of the a.urora and take the midnight and 4 AX. meteorological observations. 
But in addition to this I needed help in work which required co-operation and 
I always found the members of the expedition, from Captain Scott to the cook, 
willing and ready to accord this help if their own duties would allow. For all 
this help I am sincerely grateful and to each and all my thanks are due, but 
naturally I received more help from certain members of the expedition and to 
them I would like to  express my thanks in particular. 

record my gratitude t o  Lieutenant H. Bowers 
of the Royal Indian Marine. Bowers was one of the hardest worked men with 
the expedition, yet he was always ready to help those who needed help. He 
could not be idla for a moment, and the whole of his recreation was taken 
in doing something for someone else. When he needed exercise he would take 
with him a pony for a walk or go up on to the foothills of Erebus to read 
the thermometer in one of the outlying screens. His greatest help to  me was in 
connection with the balloon ascents, for he undertook the filling of the balloons 
while I prepared the instruments to be attached t o  them. Then, as it was 
dangerous for one mas to go alone in search of the fallen instrument, we went 
together on many a long firamp over the rocks and sea ice surrounding Cape 
Evans following the trail of the long silk thread which had been attached to 
the instrument and should have led us t o  it. Bowers loved the Antarctic and 
he was the only man with us who was never heard to anathematize the weather 
or the discomforts of Polar life. One of the gleams sf comfort accompanying 
the shock of the news of his death with the Polar Party was the knowledge 
that he would have considered the object worthy of the sacrifice. 

Another busy man always ready to help was Griffith Taylor, and i t  waa 
only through his willingness to  tala over the ineteorological work for a fortnight 

First and foremost I must 



vi PREFACE 

that I was able to experience the joys and trials of sledging. But this was 
not the only occasions on which he showed his interest in meteorology by under- 
t a w  part of the drudgery of making observations, for he was always ready 
to take a set of obervations if I was away from the hut a t  obseryation time. 

c. 8. Wright was my right-hand man in regard to the magnetic work and 
during the first year in addition to his own work of chemistry and ice study 
he was always ready to relieve me of a set of absolute magnetic observations 
or to take the routine meteorological observations. On my return a t  the end 
of the first year he took over as much of my work as possible and with the 
help of T. Gran continued the chief magnetic and meteorological observations, 
SO making the record of these complete for two years. Gran's rrieteorological 
work during the second year was remarkable $8 he was faced by difficulties with 
which we did not have to contend during the first year and in working up the 
results I have frequently had cause to be grateful to  him €or the trouble he 
took to make the record complete. 

During the summer when nearly everyone was away from the hut and there 
was no night watchman E. 'Nelson volunteered to relieve me of the midnight 
observations and this made it possible for me to get a tolerable night's rest in 

Turning now fro% the work in the field to the, work in the study I find 
that this part of my undertaking also requires explanation and the acltnowledg- 
ment of help ungrudgingly given. The whole of the data was not in my hands 
until near the end of 1913 and before the discussion was half completed the war 
broke out. These were strenuous times and as the work had to be done in my 
spare time it was not until April 1916 that the discussion was completed. It 
then seemed best not to print the work until the end of the war, but as the 
war dragged on its weary way it was decided in June 1918 to make the experi- 
ment of publishing the book in India, I was then engaged on war work and 
had little time to give to work of this nature, which seemed of little account 
in view of the great issues then being fought out on the battlefields of Europe. 
The publishing house was also hard pressed and the printing of the work has 
been long drawn out, but a t  last in happier times the book is ready for issue. 

One of the effects of the preparation of such a work in such circumstances 
has been the impossibility of comulting original works, copies of which were 
not available in India, Frequently I have had to rely on extracts and reviews 
of previous work where I should have preferred to obtain the original papers) 
but the disorganized 'state of the world and the uncertainty of mails made this 
impossible. 

Many meteorologists will look in vain in this book for statistical results 
with which they have become familiar in similar works. I am no statistician 
and statistical meteorology has no attraction for me, therefore I have not loaded 
my discussion with statistical tables. These have all been banished to KOlume 
I_  ̂111 which will consist of tables only and will, I hope, prove a happy hunti% 

. spite of having to turn out a t  4 A.M. to read the meteorological instruments. 
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ground for the statistical meteorologist. On the other hand no statistical investi- 
gation has been too laborious when it has been undertaken to  unravel some 
physical problem. 

The keynote of my work has been physics and I have attempted to find 
the physical explanation of each of the nieteorological phenomena observed. It 
will probably be found that many of my physical explanations are not sound 
and will not bear critical examination, still to me an imperfect physical ezplana: 
tion is better than none, for i t  acts as a thread to bind the facts together and 
being an object for attack Tay lead ultimately to  a correct explanation while the 
mere statement of the facts might have been passed unheeded. Those who have_ 
the patience to read through this book will find many fascinating unsolved 
problems and these, I hope, will be incentatives to  further investigation both in 
the study and in the field. 

A word must now be said about the unifs used in this work. I had to 
take with me the instruments available and as most of the ordinary meteoro- 
logical instruments were provided by the London Meteorological Office they were 
graduated in English units: the thermometers in degrees fahrenheit and the 
barometers in inches. Thus if I had not used these units in my discussion every 
reading would have had to  be converted into another set of units. But what 
units should these be?  On my return 1 found the meteorological world vehe- 
mently discussing the relative values of the fahrenheit, the centigrade and the 
absolute scales of temperature, and the inch, the centimetre and the millibar 
units of pressure. The controversy still rages and we now have all these units 
in actual use by official meteorologists. In such an atmosphere of unrest it would 
have been difficult to justify the immense labour of converting my observations 
from the units in which they were taken into any other set of units. Therefore 
in the ordinary meteorological and climatological observations I have used the 
old English units of fahrenheit degrees in temperature and inches in barometric 
pressure. On the other hand, in special problems I have used the units which 
are most frequently met with in previous works. My upper air observations have 
been given in centigrade degrees and metric units, and when I have been 
discussing the work: of continental writers I have followed these units even in ordinary 
climatological elements. Thus I lay myself open to  criticisms of inconsistency, 
but if my inconsistency helps to  facilitate discussion I am quite content. The 
book has been written in a transitional age and it bears the marks of the transition, 

I have received much help in writing this book, and in every case in which 
I have asked for data it has been willingly and promptly supplied. I cannot 
record all the help which I have received in this way but I must acknowledge 
that 'which I received from the directors of the meteorological services of Australia 
and New Zealand. Mr. Hunt in Melbourne and the Rev. D. C. Bates in Wellington 
extended to me personal hospitality and placed the resources of their departnzente 
a t  my disposal. The data sent to me by Mr. E. C. Mosswan have been of the 
utmost value and I am grateful to him for the help he has given. Dr. Gilbert 
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Walker and Mi .  C. Normand of the India Meteorological Department have always 
been ready to discuss my problems with me and to these discussions I owe 
many clear views of problems which a t  first appeared dark and hazy. 

The greater part of the reduction of the observations has been done by Babu 
Mohammad Bakhsh of. the Simla Meteorological Office and his reliable work has 
been a great relief to me, for it is good to be able t o  trust your chief computer. 

The diagrams havi  all been prepared by Mr, R, M. Batt of Simla and as 
the excellency of his work is obvious to all readers, it is only necessary for me 
to record my thanks. 

The work, begun ten years ago, is now finished and about to  be submitted 
to those who are interested in problems of Polar meteorology, but it leaves me 
with a sense of sadness for the two men t o  whom it would have made the 
strongest appeal and whose opinion I should have valued above all others are 
no longer with us to receive it. . 

Over and over again as point after point was cleared up I have longed to 
be able to show the result to Captain Scoff, for there was hardly a problem 
of Antarctic meteorology which we had not discussed together. His interest in 
every scientific problem with which the expedition was concerned was intense 
and I do not think that I have ever met a man who had the true scientific 
spirit so utterly unalloyed; To most of us who have given our lives to science 
our investigations are frequently tinged with an unscientific desire to increase 
our scientific repukations, but with him it was the added knowledge alone 
which gave pleasure. He was constantly looking forward to the successful 
completion of the journey to the Pole, the exact value of which was perfectly 
clear to him, in order that he might spend his remaining tinre in the Antarctic 
in opening up new country and making new discoveries. 

And Professor H. Mohn has also passed away. Every meteorologist knows 
how much Polar meteorology owes to Professor Mohn for his discussion of the 
results obtained by Nansen in the Arctic, and only a few months before his 
death he discussed the meteorological data brought back from the Antarctic by 
Captain Amundsen. He gave to me liberally of his great experience on my visits 
to  Christiania, and after my return from the Antarctic he placed the whole of 
Anrundsen’s data a t  my disposal, before even he himself had discussed them. 
He was keenly looking forward to the publication of the results of Captain Scott’s 
expedition, and I feel confident that no one would have been able SO well as 
he to separate the sound from the unsound in this work. 

SIMLA : 
March 1919. 

G .  C. S. 
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C H A P T E R  I. 

INTRODUCTION. 

THU GEOGRAPHICAL FEATURES OF THE H O S S  SEA AREA. 

s the greater part of this work deals with the meteorology of the Ross Sea area of tho 
Antarctic, it is essential to have a clear idea of the general geographical features .of 
this region. This is particularly necessary as the several characters of the Sea, Barrier, 

and Plateau exert their own influelices on the air overlying them, and their boundaries deter- 
mine to a large extent the direction of the air motion. 

In  figure 1 (frontispiece) an attempt has been .made to indicate diagrammatically the 
physical features of the Ross Sea area during January, 

The region is divided naturally into three main divisions: (a) the extensive plateau on 
the west, (b )  the Ross Sea, and (c) the Barrior. 

The Plateau.-Geological evidence points to a great seismic catastrophe having at some 
time taken place in this region. The high land which once probably extended over tho 
whole region appears to have split along a line running almost due south from near Cape 
Adaru, and the eastern portion to have sunk below sea-level. The line of fracture is now 
shown by a narrow belt of broken le,nd, which forms a fringe along the whole eastern edge 
of the plateau, and through which it is necessary to pass to reach tlie high land from tho 
Barrier or the Ross Sea on the east. The fringe is vory iiamow in most places, being less 
than twenty miles in width, so that the descent from the plateau to sea-level is very rapid. 
It is intersected a t  right angles ky numerous valleys, through which tlle accumulated ice on 
the plateau flows down to sea-level in the form of gigantic glaciors. 

In  1903 Captain 
Scott made tlie asyent almost due west of Ross Island, and travelled on the summit to the 
position 78" 8,) 147" E. He found the height of the plateau in this region to be about 
8,000 feet. In  1909 David 'reached the south magnetic pole (72" 25' S., 155" 16' E,), where 
the height of the plateau was determined to be 7,300 feet. The plateall near the South Pole 
has beeti visited by Shacltleton, Amundsen, and Scott and the height found to be just under 
10,000 feet. As soon 
as the mounkains and vulleys which form the fringe are lcft behind, the plateau becomes a 
level, unbrolren plain, tho snow surfaoe being unrelieved by any feature to break the dull 
monotony of tke outlook. 

The Ross Sea.-In 1541 ltoss discovered the open sea which now bears his name. After 
forcing his way through a thick belt of pack ice he emerged into open water near to Cape 
Adure. He then sailed south along the coast of tho plateau ml\icli IN called South Victoria 
Land, until he sighted an active and an extinct volcano side by side, to which he gave the 
names of his ships, Erebus and Tcrror. As these mountains barred his way to  the south he 
was forced to turn to the east, and after sailing a short distance he discovered the great 
ice-cliff which forms the southern limit of the open Ross Sea. Ross sailed eastwards along 
this great cliff of ice hoping to  find a way to the south, but as tho ice-cliff made this 
quite impossible he gave to it the very suitqble name of the ' Great Ioe Barrier.' Scott, ig 

A 

The plateau has been reached from the Ross Sea side in three plaoes. 

The character of the plateau is the same a t  each of these positions. 
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the Dismery,  thirty-nine years later, was able to explore this ice barrier more thoroughly 
than had been done by any other explorer. He found that thc ice-cliff extended from 
Cape Crozier almost due east to the new land which he discovered and named King 
Edward VI1 Land. The height o e Barrier .varies between a few feet and 240 feet, but 
the general height is between 60 100 feet. Scott was unable to proceed to the east of 
King Edward VI1 Land owing to thick ice. With Scott's first expedition what may be called 
the permanent extent of the Ross Sea on its western and southern sides was fixed. 

The extent of the Ross Sea. on the east is not known. Every explorer has had his 
progress in this direction stopped by thick, impassable sea ioe. It is obvious that the edge 
of this ice varies from year to year, In  1842 Ross sailed up the east of the Ross Sea along 
a courae almost due north-west from near King Edward VI1 Land, a d  he found 'compact 
hummocky ice ' to the east of him. 

I n  1912 Evans in the Terra Nova sailed somewhat to the east of Ross's track, and he 
had the greatest difficulty in forcing his way through the pack ice. There can be little 
doubt that the sea to the east of 166" W. longitude is permanently covered with ice, and 
that this meridian may be considered to  limit the open water of the Ross Sea on the east. 

Looking now a t  the map we see that the Ross Sea on the north opcns into the Antarctic 
Ocean in about latitude 70" S., and is bounded 011 the west by the coa& of the high 
tableland, on the south by the Great Ice Barrier, and on the east by an undefined masszf ice 
or land which is probably a t  or very near sea-level, in any case the probabilities arc against its 
being high land similar to that on the west. 

For our discussion of the meteorology of the region it is essential to have some knowledge 
ng ice conditions of the Ross Sea. Unfortunately the data available are very few, 
efly refer to the three summer months, December, January, and February. 

During January the Ross Sea is nearly free from ice between the coast of South Victoria 
Land and the heavy sea ice near longitude 168' W. There are, however, isolated patches of 
pack ice and floating bergs to bc met with in all parts, and probably these occur more fre- 
quently in the eastern than in the western half. Those floating masses of ice are indicated 
by lozenge-shaped areas in figure 1, North of the Ross Sea there is an almost constant stream 
of pack ice which has broken off from the coast of the Antarctic Continent and is slowly 
drifting from east to west. The Terra Nova, in 1910, entered this stream in latitude 664" 8. 
and took nearly three weeks to force h way through, which she did not do until she was in 
latitude 7130 S. 

In March the sea commences to freeze, but the wind is a great obstacle to the formation 
of a permanent coat of ice. During Maroh 1910 the sea in McNurdo Bound froze over a8 
far as the eye could see several times, only to have every bit of ice removed by a subse- 
quent blizzard. In  April the ice along the coast gradually became sufficiently thick not to 
be removed by the wind, and af tem daily increased in thickness and so became more 
and more able to withstand subsequ gales. It was not until the end of May that the 3 
b u n d  was completely frozen over. ring the winter of 1912 the gales were so frequent 
that became properly frozen ovor, and open water extended right up to 
Cape atcr part of the winter. 

The wind must play a similar part in the freezing of the Roes So&, and as there ie very 
much more wind over the western balf of' the 8ea than Over t;he eastern half it is almost 
certain that the -- 

By the middle of the winter it is probable that the ice conditions over the Ross sea 
are somewhat w follows, The greator part of the ewtcrn half of the sea i s  firmly frotW 

J-. - ~ I 

j 

will form earlier and grow much thicker in the east; than in the west, 

_. 
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Over with ico which in the course of t h o  w i i ~ e r  attains a thickness of between ten and 
fifteen foot. Also along the oast all tho bays and inlets are frozen and tho fixed 
ice probably extends several from tho coast. Betwoen the fixed ice on the two 
sides thoro is an area which is os frozen over and sometimes free from ice, oven in 
the middle of the winter. a region of thin variable ice does exist was made 
Certain by tho observations rty which visited Caps Crozier in July 1911. Prom 
Cape Crozier the Ross Sea n, and the party made a record of 
the ice-covering of the sea duri time they spent there. 

When they arrived on the 15th July they found that the Ross Soa wm completely 
frozen as far north as thoy could see, ‘but much of tho ice appeared to  be young and 
thin, with little snow on it,’ The next day they saw in the distanco a cloud of frost 
s w k e ,  whioh is a sur0 sign of open _yater. ‘On tho  17th they report ‘two G T Z Z T o f  
water, like broad irregular streets extending from the Capo Crozier cliffs away to  the north- 
east and lying more or Ioss parallol to one another.’ T h w  l.ew$ had disappeared the 
next day, but more open water was seen on the 19th. When this pasty descended to the 
sea ice they camo to t h o  conclusion that the ico had shortly bcfore been blown out and 
only recently formcd again, and they note ‘sonic support is lent t o  this possibility by the 
abeence of all snow-drifts on to  the sea icc froin the ice foot.’ 

A day or two after the party roachod Capa Crozior a very 8ovarc gale occurred. 
For several days winds of hurricane force blew. Whoii tho wind dropped and the Ross 
Sea could again be seen it was found that t h o  ice had all boon blown north. Cherry-Garrard 
says ‘ in  tho galo tlie icc wont right out from the Bdrrior as far as wo could soo. But 
we could see the ico on tho horizon from 900 fect up : just a linc of blink, but it was 
thero I foe1 surc. Othorwiso open sea.’ 

Zvorything thordoro points to  tho coiitro of tho Ross Soa being a region in whioh the 
icc is constantly forming and being blown away so that it can iicver become thick, and in 
which open water is constantly prcsont eithor in loads or largo opoii expanses. 

Very littlo is known about t h o  winter icc conditions in t h o  north of tho Ross Sea. 
Tho only information is that obtaiiiod from obsorvatio& made a t  Cape Adarc. At Capo 
Adaro the station was on tho west of a lofty promontory and only tho sea to the north- 
west was visible from tho station. Young ice coiuiiiencod to form during the first wook 
of April, but hore again it was constantly removed by - high. - - -  winds. It was not until the 
end of May that the ice was sufficiently firm to allow of journeys being iiiadc across it. 
After this largo loads were. opened by evory galo and tho presonco of Antarctio petrels in 
July indicated that tho open wator was not vary .far away to the north. 
October the sea ico became too rottcn for safe slodgo travelling and in Decoinber the ice 
both east and west of t i e  Capo broke out with great rapidity. 

These observations point to  the ice conditions a t  t h o  north of the Ross Sea being very 
similar to  those seen from Cape Crozier, and probably the ico here nevor becomes more than 
four or five feet thick, and is oonstantly, during the wholo winter, oponing up to  produce 
long and wide leads of open water. These conditions probably oxkt to two or thGe hundred 
miles t o  the north of Cape Adare, where the northern boundary of We frozoii area is very 
likely composed of paok somotimos free a,nd sometimes firmly‘ bound together by thin new 
ice. 

At the ond of . 

The ico conditions iii, the Ross Sea are therefore in the main something as follows :- 
In  the summer tho opon water is bounded on the west by the coast O€ South Victoria Land, 

on the south by the vertical faco of the Great Ice Barrier, and 011 the east by a variablo 
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of sea ice the extent of which is not known, but which in all probability extends in 
a north-north-westerly , direction from King Edward VI1 Land. A certain amount of dotached 
ice ftoats on the open 8c1 and this is most abundant in the cast and in a belt acros8 t h o  
entrance to t h  sea in approximately latitude 07" 8. In March new ice commences to form 
end by the end of the month the ice is permanently fixed in sheltered bays and during 
April and May this fringe of ice extends outwards from the coast. During the winter the 
east of the sea and a belt along the coast of South Victoria Land are permanently frozon over, 
between these two regions of fixed ice there is an area extending from tho  Barrier north- 
wards to the open ocean Bomo hundred miles or so north of Cape Adare'in which the 
is sometimes frozen ovcr and sometimes clearcd of ico by thc wind and in which the 
never attains any great thickness. 

Bmrier.-It has boon stated that Ross gave tho  name ' Barrier' to  tho  icc-cliff 
which barred his way to  the south. Ross was not able to mount to  the  top of tho  cliff, 
but when 'subsequent explorers did so they found it to  bo the seaward edgc of a great 
almost level plain of ice and snow. The name originally givan by Ross to the cliff has 
been extended to this great snow plain, and now the original significance has been lost and 
the word ' Barrier ' is used almost exclusivcly as a place name for the level low-lying area 
of snow and ice which is'terminated on the north by the ice-cliff t o  which Ross gave tho  
name originally. 

On tibe west the Barrier is bounded by a cont,inuation,of the cscarpment which further 
north has formed the western 'coast of the Ross Sca. Starting near Ross Island and pro- 
ceeding duo south along the levci surfaco of the Barhx, one has on the right the lofty 
mountains of the escarpmcnt between which largo glaciers flow down from the surface of 
the plateau 8,000 to 10,000 feet above the level of the Barrier. The high land continues 
on the right until latitude 82" 8. is reached, whore the escarpment turns slowly to  the 
east and cuts across the direct way to the l'ole. From 82" S., 160" E., the escarpment 
of the plateau runs almost south-east t o  near 86' S., 160' W., where according to Amundsen's 
observations it turns sharply to the right and continues in a more southerly direction, passing 
within about 120 geographical miles of the Pole. 

The eastern boundary of the Barrier is unknown. Thore are indications of land in a 
line to  the south of King Edward VI1 Land, but it is almost certain that if land doas 
exist here it is low land or a series of low islands. For meteorological purposes we may 
oonsider that the whole of the area beyond the escarpment of the plateau is low, and if 
i t  is not actual Barrier it i8 snow-covored low land which is similar in most respects. 
Neglecting for the present the character, of the region to t h e  east of longitude 160' We, We 
may say that the area bounded on the north by the great ice-cliff joining Ross Island 
and King Edward VI1 Land, on the west and south by the osoarpment to the plateau and 
on the east by longitude 160' W., is occupied by the Barrier. The area of this region is &P- 
proximately 200,000 q u a r e  miles, i e . ,  nearly t h e  same as France. The distance from Ross bland 
to the Beardmore Glacier is aImo6t exactly the same 88 from Paris to MarwjIles. The whole 
of this huge area is practically. a level plain. Barometric doterminations indicate that its 
surface is on the av,eragc 170 feet above sea-level and this is only slightly higher 
the ice-clifi on its northern edge. The qucfjtion of. tho origin and the formation of the 
Barrier is discussed elsewhere; it is sufficient to  give here the conclusions arrived at. There 
is little doubt that for the greater part, if not for the whole, of its extent the Barrier is 
h a t i n g  sheet of ice. seven times as much ice below 
the level of tbe ma as floats above, the average thickness of the sheet of ice is something 
like 1,400 feet. The Barrier surface is snow, often soft, but sometimes hsrdcned by the wind, 

If this is HO and assumink that there 
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80 that the feet sink in only a fraction of an inch. The Barrier surfaoo is nowhere com- 
posed of hard ice, and it is probably only at considerable depths that the snow loses its 
Porous tcxturc and becomes solid ice. This fact will be shown to have an impoitant bnaring 
on the ' temperatures measured on the Barrier. 

THE STATIONS. 

Cape Evans.-The winter quartcrs of Captain Scott's second ixpedition were situated 011 a 
small cape jutting out from Ross Island into McMurdo ,Sound (see figure 2). Ross Island 

I I 170' 
I 

I e v  
Fro: 3. Map of the Surroundings of Oape Evans. 

is alinost entirely occupied by two V O I O ~ ~ O C R ,  Mount Erebus and Mount Terror, the former of 
which is stjll active; It is soparated from the mainland by Molhrdo Sound. The western 
coast of the island runs almost due south for fifty miles from Cape Bird to  Hut Point; 
and is roughly parallel with the opposittt coast of the Sound which is forty milos awa7. 
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McMUdo 8ound is therefore approximately rectangular in shapo,tho long and the short sides 
being fifty and forty miles respectively ; it is open to tho Ross Sea on t h o  north and closed 
by the Barrier to  the south. The-Smnd-p water durintr January and February, 
but freezes ovor during the winter, The winter conditions of t h o  ice. are however-vory varied 
from yetir "tiY-j%ar.- During somo 'winters th'e whole Sound .is frozen over from April to  
the end of December, while during other winters frequent gales remove the ice as soon as 
i t  is formcd and only the southern half bccomea firmly frozen over. 

Thc summit of Mount Erebus is about fifteen milos to  t h o  north-east, of Capo Evans, 
and is over 13,000 feet high. The side of tho mountain in this region rises rapidly from 
the coast and is covered with one hugo glacier. Cape Evans iti a small triangular piece of 
land a t  the foot of the mountain. One side of the triangle is against the slopes of Erebus 
while the other two are washed by the waters of t h o  Sound, During t h o  summor a large 
proportion of tho black volcanic debris of the Cape is exposed, but in the winter it is all 
ooverod by snow except in a few places where the wind sweeps t h o  surface clear. The slopes 
of Erebus to  the south of Cape Evans am quite impahable, honco whon the sea is not 
frozen over Cape Evans is entirely cut off from the south. Whon the Sound is frozen over 
the sea ice forms a RpIendid surface over which tho coast of Victoria Land can be reached 
or journeys made to  the south. 

It was mentioned abovo that McMurdo Sound is closed to  t h o  south by tho Great Icc 
BalTier. As  a comparison of tho condition8 at  Cape Evans with thoso on tho  Barrier will 
form an important part of this work, it is cssontial that t h o  goographical featuros to the 
south of Cape Evans Rhould be thorougbly understocd. MTc have already become familiar 
with tho great surfaee of the Barrier extending southwrtrda from tho ico-cliffs which form 
the southern limit of the Ross Sea, The edge which tho Barrier prcscnts to  MoMurdo Sound 
is much less imposiiig tban that to t h o  Ross Sea, for the lattor is a cliff of ico approxi- 
matcly 100 fect high, whi!c the ond oi McMiirdo Sound is closod by a cliff ogly a fey 

-. -__I_ _^_Ll_a-.- - - - _  -- 
- - ~" --- 

_ _ _  --- - -- 

____ ~- 
feet high and this is in many places, cspccially at the cnd of the wintcr, almost obliteratod 

o ~ m  -iclincd pIancs 'from tho  Barrier surface to thq -80s im:* The edge 
anier ice is &own in figure 2. Jt will be seen that it cxtcnds from near Hut 

Point in a zigzag line to thc coast of South Victoria Land just to t h o  north of tho Koettlitz - -  \ 
\% 

Glacier. The position of Hut Point is aleo of considerablc irnportanco us it was here that 
the Discovery Expedition had its hoadquartors in 1902-04. The hut itself 'was situatod 
on a small capo around which opcn water extends during most summcrs. It - -  is posaiblo 

m Hut Point oven when tho sea is not frozen, for a way 
tho position whero tho Banior permanently joins the land. 

e instrumonts and the lie of tho land at  both Capo .Evans 

Cape Evam to the Pole.-A great number of meteorological obeorvatione wero mado on 

therefore desirable that the route taken on those journeys should bo dcsoribod hero. The 
first part of the journey was from Cape Evans to Hu t  Point. This could only be under- 
taken whan McMuTdo Sound was frozen over. The hut erected at  Hut Point by the Dis- 

n was used as a babe for all journeys further south and here it Wa8 pos8ible 'I for V ~ ~ o U s  parties to wait while the Sound froze over or until tho time ctrrived for con- ( tinuing their journey. From Hut Point tho Barrier was reached either ovor the sea h e  
1 to  Safety camp, or through ' the  Gap' ; then, in order to d s s  creva6ee~ formed in the 

h r r i e r  ice by tb0 Bluff, the cours0 wm laid cast-south-east to Corner Camp in 77' 64' 8.9 
167' 17' E. From Corner Camp the journey to the Beardmore Glacier was made dong 

and Hut Point will be considered as occasion arises in the discwion of the observations. 

. the sledging journeys undertaken in conneation with tho attempt to rcaoh the Polo; it is 
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or near to  the 170' E, meridian. Ninety-six geographical miles south of Corner Camp, a t  
79' 30' S., 169' 22' E., was the main dep8t on the Barrier called One Ton Camp. There 
was considerable passing to  and fro between Cape Evans and One Ton Camp, but beyond 
this point journeys were made only during the sammcr of 1911-12 in connection with the 
main Polar journey. 

I. t :: 

E'ramheinz.--4s far as one can gather from the published account of Captain Amundsen's 
Expedition, the situation at  Framheim was ideal from a meteorological point of view. The 
house itself was erected on the surface of the Barrier about oil; and a half miles from 
the sea ico in  Whale Bay, and bhere were no hills anywhere near which could affect the 
force or direction of the wind, 

The general conditions a t  Frainheim are entirely different; from those at either of the two 
other btations in the Ross Sea area. To the south the Barrier extends as an unbrolreii 
level plain and to the north exists tho Ross Sea, tho ice conditions of which have already 
been considered. The ice conditions in the immediate neighbourhood of Framheim are of 
importance, but Amundsen has give11 no information of t h e  state of the sea ice a t  different 
times of the yesr. Looldng a t  thc map (frontispiccc), however, me see that thc) permanent 
ice which bounds the Ross Sea on t h o  east leaves a bay on tho south of which Framheim 
lies. It is vory probable that this bsy freezes over vory carly in  thc winter and that t h o  
icc attains a considerable thickness. 

Cape Adare.-Cape Adare is the northern point of n promontory twenty miles long which 
Tho promontory forms a kind of horn to the extreme north-easterly point of South Victoria Land. 



8 INTRODUCTION. 

is a long narrow high ridge running approximately north and south (see figure 3). Tho 
camp waa formed on a beach on the west aide of the promontory and the land rose very 
rapidly behind the station to the ridge aomB 4,000 feet above sea-level. Thus the station 
was shut out from all win& between south-east and north-west and its open horizon only 
extended over Robertson Bay to the wost and over the Antarctic Ocean to the north-west. 
The situation was far from ideal from a meteorological point of view. 

HISTORY OF THE STATIONS. 

Cape Evans.-The Terra Nova with the whole expedition on board arrived in McMurdo 
Sound on January 4, 1911, and the discharge of stores cjommenced at Capo Evans the 
same day. As soon aa the general work of unloading allowed, the &evenson screen for the 
thermometers wm erected and tho first set of meteorologioal observations was takon on shore 
on January 13. During the next few weeks the various meteoroIo&d and magnetic 
instruments were set up and put into working order. With few excoptiom they were all 
in use on the 1st Marcb, 1911, from which date tho iull meteorological programme may 
considered to commence. While the Terra Nova wapJ unloading at Cipc Bvans the meteoro- 
logical log was kept more or leas completely on the ship and these observations bavo beon 
found of mucb use in supplementing t h o  shore obaervations durjng the first fcw weeks of 
preparation. Until the end of Pebruary 1912 tho writor remained in charge of the meteoro- 
logical work at  Cape Evan8 and the record of all the  chief meteorological factors is ncarly 
unbroken. After the first y e a h  work the ship returned to  Cape Evans, to take off the  
expedition; but owing- to tbe non-return of Captain Scott fronl t ho  South Pole, it was found 
necessary to  leave b. party of men for another year. I had hoped to stay with this party, 
hut letter8 brougbt by the ship necemitated my'early roturn to  India. I therefom left Cape 
Evans 011 the 4th Maroh, 1912, and C. S. Wxight, assitited by T. Grail, took over the 
meteorological work. 

. The large metecrological and magnetic: programmc which had riccdod all my timo ill 
addition to considcrablo help from othcr 'membcrs of tho  expedition wae no longer poseiblc. 
Also a8 soon as the second winter was over all available stren@li wag devoted to the search 
for the Polar Paity. In  consequence t h e  meteoroIo@ical work was less comploto during tho 
second yem, and there is an unbroken record for two years of only a fow of the most 
important meteorological elements. 

Sledging Journeys from C'ape Evans.-Soon after t b u  landing a t  Cape ]$vans a p&hy wap 
aont t o  lay a depbt as far south on the Barrier as possible. This party left Cape 1 h n S  
on January 24, 1911, and reached 79" 30' S. on Bebruary 17th whoro they left one ton 
of stores, giving the dep8t thc name One Ton Camp. The party returncd to Hut ]hint 
and found the sea ice, which formed the  road to Cape Evans, all gone out so they ~~'~~~ 

compelled to remain a t  Hut Point until the new ice had formed to a sufficient thicknw 
to allow o f  the journey back being comploted. A valu&le sot of observations was mado 
on this journey, 

During the winter Wilson, Cherry-Garrard arid Bowers mado a wonderful sledge journey 
to Cape Crozier. They encountered such weather as no other party bf men bas ever ex- 
perienced whon sledging. They left Cape Evans on June 27, 1911, a& returncd on August 
1, 1911, thus being away during 36 days. moat complete mctoomlo@cal 
journal, which is of the groatoat value as nhowing for the fist time the 
Barrier at midwinter. On tbis journey t h o  record low temperature for the 
wt)s observed. 

Bowers kept 
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Name of Party. I Observer. Datos. 
- - . - - . - 

Position. 

January 26, 1911 
&roh 10, 1911 . and baok. 

. 1 Hut Point to One Ton %pot One Ton Ihp8t Party . . Bowers . 
Hut Point to Corner Oamp and 

September 16, 1911 
Cornor Chmp Party . Evans Soptombar 9, 1911 

. ,  
I I I _- . _-_I_ 

I I Cay 

Evans to Pole and baok to November 3, 1911 
Maroh ¶2, 1912 . 80" S. Main Polnr Party . . Bowers . . I /  

__- 

Ootober 27, 1911 Hut Point to 80" 32' S., 189' 
Motor Party OUG . . . Evans . . November 21, 1011 i 

I -- - - - - - - --_ - 
' November 26, l L - T S l '  10' R ,  109" 30' E. to Hut 

Motor Pnrty return . . 1 Day . . Dooombor 20, 1911 . Point. I 
Novombor 6, 1911 Rut Point to Mount Hope and 

Dog Party . . . . Moues , January 4, 1912 

Dooomber 22, 1911 Upper Glacicr nop8t to Hut 
January 20, 1912 . Point. 1st l t o t u w  Party . . . Wright . 

plateau 87" 19' S., 160' 40' E. to  
Vobruary 9, 1912 Barrier 79' 34' S., 109' 22' E. 
January 4, 1912 2nd Return Party . . 

Hut Point to Ono Ton Camp nnd 
January 21, 1912 
Dooember 26, 1011 nop8t Party.  . . . j nay . , . ( 1  

Hut Point to seven milee lmyond 
April 1, 1912 . Corner Camp and baok. . 1 Atkinson . . (1 Maroh 27, 1912 2nd Relief Party , . 

I I I 

a 
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During 1911 and 1912 Taylor led two parties to investigate the geology of the Western 
Mountains. A full meteorological journal was kept on each journcy, and these have been 
found particularly useful in plotting weather maps. 

During the seoond year meteorological observations were made on several journeys, but 
&B the simultaneous observations at  Cape Evans were far from complete, these records are not 
so valuable as those made during the f i s t  year. 

Cape Adcvre.-The party landed on February 18, 1911, and the meteorological record 
waa commenced by R. E. Priestly on the 27th. It W&B kept with great reguIarity until 
the party left Cape Adare on 3rd January, 1912. During one or two short periods when 
a11 the men were away on sledge journeys the observations are wanting, but the observetione 
made by the sledge parties have been-of great help in filling in the record. 

~ ~ ~ h e ~ m . - M e t e o r o l o ~ c a ~  observations wore made at  Prambeim by Captain Amundsen’s 
Expedition three times a day from 1st April, 1911, until 29th January, 1912. In addition a 
valuable set of observations was made on the Barrier between 8th Septembor and 26th 
January during Captain Amundsen’s journey to  and from the Pole. Tho results have been 
published by the Fridtjof Nansen’s Fund.* 

The Te79-a Nova.-Three voyages were made between New Zealand and tbe Antarctic 
by the Terra Nova and throughout a full meteorolo~cal 
as follows :- 

toft New Zoaland (Port Chalmore) , 
Arrivod MoMurdo Sound, . . 
Loft MoMurdo Sound . . .  
Arrived off King Edward VI1 Land 
Visited B y  of Whalo6 . 
Rqturnod to MoMurdo Round . . 
Left McMurdo Sound . . .  
Arrivod Cape Aclare . . .  
Loft Cape Aclaro . . . .  
Discovered Oabe Land . . .  
Arrived Now Zoalsnd (Stowart Island) 

l d .  vopzga. 

. . .  
. e .  * . .  . . .  
e . .  * . .  . . .  . . .  
4 . .  . . .  . . .  

2nd Voyage. 

Left Now Zealand (Port Lyttolton) . . . .  
ArrivodCapeAclare . . . . . .  
Left Cape Adam . . . . . . .  
Arrived Cape Evane . . . . . .  
Loft Cape Eva- . . . . . . .  
Arrived Now Zealand (Akaroa) . . . .  

3rd voyage. 

Loft Now Zoaland (Port Zybtolton). 
Anivod C a b  Evam . . . . . .  
Isft Cape.Evam . . . . . . .  
Arrived Now Zualand (Oamaru) . . . .  

. . .  

Tr ME. 

log wae kept. The voyage8 were 

. Novombor 30, 1910. . January 8, 1811. 
,, 28, I9ll. . Fobruary 2, 1911. 
1, 4, 1911. 
1, 8, 1911. 
., 0, 1911. 
1, 18, 1911. 
1, 20, 1011. 
1, 22, 1911. . March 27, 1911, 

. Docembor 16, 1011. . January 4, 1912. 
8 ,  8, 1012. 

February 6, 1012. . March 4, 1012. 
April 1, 1912. 

. Dooombor 14, 1912. . January 18, 1913, 
11 22, 1013. . Fobruary 10, 1913. 

Cape Ewa.ns.-owing to the great convenience of using Greenwich time in the scientific 
work of the expedition, it waa decided to  keep our watches and olocks set t o  the time of 
the 180th meridian instead of to local time, In tbe following whenever times at Cape EYam 
or on journeys undertaken from Cape Evans are given witbout qualification they will be 

1 Roald Amundaen’e Antarotdo Expedition, Soientifio Rosulbs, Mobomlogy by E. Mohn. 
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timw aooording to this practioe. Local time a t  Cape Evans is fifty-four minutes behind that 
of the 180th meridian, hence for moat meteorol6gioal purposes, when local time is required, 
it is sufficient to  deduct one hour from the times given. As four minutes is imperceptible 
on most of the meteorologioal self-recording instruments used, the clocks were set to statiod 
time and hourly values tabulated. Conversion to  local time was then obtained by dedu9ting 
one from the denominator of the hours at the head of each oolumn. 

Cape Adare and Framheim.--l;ocal time only was used at these stations. 

WEATHER. 

It will probably be useful to  oonclude this introductory chapter with a 
description of the weather conditions whioh we are about to discuss in detail. 

Weather at Cape Evans.-McMurdo Sound is situated between two masses of high land : *  

Ross Island on the ea& and the Western Mountains on. the wesb. The air motion in the 
Sound is therefore limited, and all the winds o m  be classed according to  whether the air 
motion i E  through the Sound from the north or through the Sound from the south. The 
former includes at Cape Evan8 all winds between E.N.E. and W., and tbe latter all winds 
between W.S.W. and E., and these two clams will throughout be specified as northerly 
winds and southerly winds respectively. Thero ia a close relationship between the wind direc- 
tion and weather, and it is convenient to  consider the weather at Cape Evans under three 
headings :- 

(a)  The weather associated with noitherly winds. 
(b)  The weather associated with aalms and light winds. 
(o) The weather associated with southerly winds. 

The pe 'od during wh the wind blows with a greater velocity than 10 miles an how 
from the north and the th is 8 per cent. and 49 per cent. respectively ; while during 
the remaining 43 per oent. of the time the air is calm or the wind velooity less than 10 
miles an hour. 

Weather associated with Northerly Winds.-The chief characteristics of the type of weather 
associated with northerly winds are relatively high temperatures and an &I%@,. 
of cloud. Tbe air is nearly always dear during a northerly wind; but the wind sometimes 
raises a little surface drift from the ground if there happens to be ncwly-fallen snow lying. 
Northerly winds interfere very little with the outdoor work of the expedition and therefore 
they receive very scant, notice in the'lpopular descriptions of Antarctic life, but we shall 
see that they are very important from the meteorologioal point of view. 

Weather associated with Calms and Light Winds.-One of the interesting features of the 
air motion in McMurdo Sound and on the Barrier -is the tendency of the wind to  be either 
entirely absent or to  be blowing a gale. The records for twenty months &ow that the 
wind was blowing a t  30 miles an hour or over during 30 per cent. of the total period, 
while during 22 per cent. the velocity was 4 miles an hour or less. As far as I have 
been able to  find there is no othor place in the world at which such a large proportion 
of high winds is assooiated with suob a large proportion of oalms. In  the summer the tem- 
perature during oalm weather is little different from tbe average of the month, but dnring 
the winter it is very muoh lower. Except for its low temperature dudng the winter, oalm 
weather has no outstazldjng peouliarities : the sky may be completely overcast or completely 
dear, and also oooasionally mow falls. 

Weather aesooiated with Sozctherty Vitzds.--During praotioally half the whole time the wind 
blows from the south with a greater volocity than 10 miles haul*, end of this period a 

9 
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half is occupied by win& of a greater velocity than 30 miles an hour. Tho majority of 
winds from the south are typical blizzards. Ae in every section of this work reforonce will 
be made to  the blizzard, it is desirable that a sbort account of this phenomenon should 
be given here. 

The origin of the word blizzard is unknown, but it is now used in meteorological 
literature for any high wind accompanied by unusual cold and enowfall. I n  the Antarctic 
the members of our expdition used the term rather looeoly and any high wind waB called 
a blizzard almost independently of its direction and of the weather conditions accompanying 
it. There ih,  however, no doubt about the description of a tppioal blizzard which would be 
given by anyone who has spent a year in McMurdo Sound. 

In  the most typical caw light cirrus cloud first sprcab  over the sky and gradually 
gets thicker and lower, until finally the whole sky is covered with a uniform dark gray 
layer of cloud. For a longer or shorter period there may be a complete calm and then 
the Rind rises. We shall see later that  over the Barrier the blizzard wind blows from tho 
south parallel t o  the Western Mountains, but Ross Island stands up as a great obstruction 
in its path and tho southerly wind is deflected into two streams, one of which passes the 
feland on the east, and the other passes into and blows through McMurdo Sound on tho 
west. The actual direction of the air motion in n blizzard a t  different parts of t h o  Sound 
dcpendrt on tho surrounding land masses. At Cape Evans the blizzarctr ara dcflocted by the 
shoulder of Mount Erobus into cafiterly t o  Eouth-easterly %in&. The arrival of the wind ie 
frequently very sudden and within a few minutee, a calm may be replaced by a wind of 
30 or 40 miles an hour. Figure 46, page 128, shows three typical examples of the sudden 
setting in of a blizzard. This however is by no meanh a general rule, and on many occasions 
a gentle southerly wind will get stronger and strongor until it develops into full blizzard 
force. 

I n  a true blizzard tho wind irJ. accompanied by clouds of driven snow. Tho mow is 
in tho form of exceedingly fine grains which penetrate through tho smallest chink or holo 
in a house or tent. The whole air appears t o  bo full of drift, 80 that i t  is impossible to  
see any great distance, and when it is at it6 woret even a tent cannot bo seen for morc 
than a few yards. Not only docs tho drift mako i t  difficult t o  see, but anyone oxposed 
to  it secrns to  become bewildered and to  lose all power of thinking clearly. For thew 
reasone it is sheer folly to  attempt to travel in a blizzard even when the tompxaturo is 
relatively high and the wind at one’s back. 

There can be no doubt that  the largo amount of drift in a blizzard is duo to the high 
wind sweeping along with it all the snow which ha8 been preaipitated, for nono can ~cCt lo  
out of the air except in a few shelterod places whore large mow-drifts accumnlato. Thw 
with only a moderate la te  of precipitation the lower atmosphere in time contains a groat 
deal of snow. Opinions differed as to  the relativo importance of old mow blown up from 
the surface and new snow which is falling. My own experience led to the conclusion that 
thore can never be really bad drift unless new mow is actually falling. I have certainly 
8ee11 a high wind convert newly-fallen snow from the surface into drift, bul this drift was 
never 80, thick and bewildering as the drift which accompanioe heavily ovorcatlt skies from 
whiob now snow is falling. If no new snow has fallen for several days tho highest wind 
producos only a low surface drift, for ‘tho surfaco of tho snow beoomea compact in a 
comparatively short time. For a really bad blizzard both high wind velocity and actual 
precipitation are neceseary. The wind during blizzar& is often squally and generally gusty, and 
on iiome occaeione t%e gustiness is very marked, see figuro 38A. There is a tendency for n 
blizzard t o  become more gmty towar& its end ;  but this is by no means a general rula. 

-2 r-l- “._I.---.- x_ ~ ----_-- ---- 



From begiiining to end of a blizzard the wind& extrcmely constant in direction. Neither 
a t  Cape. Evans nor on the Barrier is there any evidence of a regular change of wind direc- 
tion during a blizzard. When the blizzard, comes to  an end, the air motion stops entirely, 
or there may be a sudden chaiige in wind direction of MOO, and the wind, sometimes of a 
high velocity, then blows Trom the north. 

For a typical blizzard snowfall and drift are necessary, but from a meteorological point 
cf view there is no essential difference between a southerly wind with little or no cloud and 
a blizzard with ctrift SO thick that on!; cannot sce more than a couple of yards ahead, for 
cvwy grade between these two extremes occurs. In  all our statistical work, therefore, and 
generally in our descriptions, a blizzard will really mean a high southerly wind, which may 
or may not be accompanied by snow and drift. 

There 
are many exalnples of a southerly wind rising in a few minutes from a calm to 30 or 
40 miles ail hour and then dying away again within the hour;  on the other hand the 
longest blizzard occurred in June 1912 when from 20 hours on the 7th until 11 hours on 
the 14th, i.e., for 6 days and 14 hours, the anemometer recorded more than 20 miles iii every 
hour and the mean velocity during the period was 48 miles an hour. 

The temperature during southerly winds in the winter is always much higher than ditring 
cslrn weather. This has given rise to  the idea that the temperature during blizzards is 
abnormally high, alld often in Antarctic literature one’s attention is called to ‘ the un- 
expected warmth of southerly, ie . ,  Folar, winds.’ We shall show that the southerly wind is 
not a warm wind, but as would be expected i t  is always colder than a corresponding wind 
from the north. 

It was a popular opinion amongst the 
membors of the expedition that a blizzard was usually preceded by a northerly wind, As 
a matter of fact the records do not support this opinion. .It frequently happens that a period 
of northerly wind precedes a blizzard, but it as frequently happens that a blizzard commences 
without a previow northerly wind. On t h o  other hand many blizzards end by the wind 
changing complotely round and blowing from the north. We shall show in the gection on 
Pressure, Wind and Weather that the theoretical sequence of weather is a cycle in which 
northerly and southerly winds alternate, with the period of the southerly winds longer than that 
of the northerly winds. In  reality this is what happens, but the cycle is constantly broken 
up by periods of calms. Blizzards are therefore associated with northerly winds, but they 
ap frequently occur after as before. 

Weather ai! Pramheim.-The weather a t  Framhoim is totally different from that at Cape 
Evans. The true Antarctic blizzard does not occur a t  Framheim and during Amundsen’8 
stay ollly 2 per cent. of t h o  wind observations recorded velocities .over 30 miles an I~ow- 
this compares with 30 per cent. at Cape Evans. The frequency of caIms at Framhoim is 
nearly twice great as at Capo Evans and during 42 per cent. of tho whole time the 
wind is 4 miles an hour or less. The direction of the prevailing wind at Framheim is due 
east, while there is practically no air motion frmi W.N.W. to  N.N.E. 

Although Prarnheim is only 60 miles further south than Cape Evans its temperature is 
very much lower. The moan temperature at Framheini during the period April to  September 
1911 was 19°F. lower than a t  Cape Evans, and the observations during 1911 and 1912 
indicatc that in all. probability the mean annual temperature a t  Framheim is 16°F. lower 
than a t  Cape Evans. 

Weather at Cape Adare.-Cape Adare is situated on the coast of the Antarctic Ocean 
which is the most boisterous ocean in the world. In a similar situation about 700 ~1~ 

The duration of a blizzard can be anything from an hour or two t o  several days. 

The sequence of weatlier changes is remarkable. 
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further west Mawson found the highest average wind velocity of any plaoe in the world, 
the average velocity for a wholo year being 60 miles an hour. It is therefore amazing to  
find that the mean wind velocity a t  Cape Adam is less than 10 milm an hour, and that 
for 72 per cent. of the whole time the wind velocity is less than 6 miles an hour. Thus 
the frequency of calms is nearly twico as great as a t  Framheim and nearly four times as 
pea t  &B a t  Cape Evane, and at each of these placca the frequency of calm has been 
considered remarkable. (At Yarmouth in England tbe frequency of calms-0 to 4 miles an 
bour-is only 6 per cent.) 

On the other hand Cape Adare is visited by violent hurricanes: during 10 months 
14 storms occurred in each of wbich the wind was recorded as 11 or 12 on the Beaufort Scale. 
These high winds, as a rule, lasted cnly a few bours ; but whiia thoy blow the members 
of the Cape Adare Party were in deadly fear that their hut and all thoir belongings would 
be blown into the sea. Although the wind direction in the hurricanes is from tho  south-east 
or south tbey are in no way connected with tho blizzards of Cape Evans. 

Thus the outstanding features of the weather a t  Cape Adaro are the remarkable fre- 
qirency of calm and the abnormally high winds. 
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TEMPERATURE. 

INSTRUMENTS AND METHODS. 

Instruments a& their Exposure.-The exposure of the thermometer screen a t  Cape Evans 
Could not have been better. Immediately behind the hut the land rose rapidly to  a small 
hill, 64 feet above sea-level. The top oi" the hill, called Windvane Hill, was so exposed 
to  the wind that it was always quite free from snow even after the severest blizzards. Here 
the screen was mounted on four stout posts well bound togetber and socured firmly into the 
byte rock. The thermometers were about five feet above the ground, but the latter sloped 
away on all sides so that the temperatures measured were practically free& temperatures. 
I n  the screen were (a) a mercury dry bulb thermometer, (b)  a mercury maximum thermo- 
meter, (c) a spirit minimum thermometer; and (d) a bimetallic thermograph. 

The thermograph in the ecreen was an ordinary commercial instrument made by Mesers. 
Short and Mason. The pen was actuated by means of a bimetallic coil and marked in the 
ordinary way on a graduated paper. The usual troubles with thermogaphs in polar climates 
were met. When the temperature fell below about - 30°F. the clock stopped in spite of all 
the oil having been cleaned out of the bearings ; also the whole instrument became ohoked up 
with driven snow during blizzards. These were not faults of the tbermograpb, which was a 
splendid instrument t o  work witb. The bimetallic control was very strong, the sensitiveness 
of the instrument wm very uniform Over the whole scale and remained constant throughout. 
The heat capacity was small so that rapid changes of temperature were registered. 

It was realised in England that we should have difficulty with the thermograph in the 
soreen. A thermograph was therefore designed which would register inside the hut, where 
the clock and other moving parts wouid not be subject to the severe outside conditions. 
This instrument consisted of a copper tube, filled with spirit, which was coiled within a large 
brass tube through which air could be drawn by an electric fan. This was fixed on to  the 
north-east side of the hut, and a vory narrow lead tube, passing through the wall of 
the hut, connected the spirit in the copper tube (bulb) with a spirit reservoir contained 
within a movable iron piston floating on mercury inside the hut. TO the piston the pen 
arm was pivoted, and the pen recorded on a moving drum. A thermometer near to  the 
bulb was read every four hours, so that the record did little more than register the change 
between these eye observations. At first the electric fan was used to draw air past the bulb 
coil ; but it was found that i t  made practioally no difference whether the fan was in 
action or not; SO after the first month the fan was no longer ~ ~ 3 d .  The instrument was 
sluggish and not so well exposed as the thermograph in the screen. 

For convenience these two thermographs are described as the ' screen thermograph ' 
and the 'hu t  thermograph.' The record of the former was used whenever available, but 
i t  frequently failed in the winter of 1911 and almost completely after the middle of April, 
1912, but from the two instruments a complete hourly temperature record is availabte from 
FebguUy, 1911, to  Auguet, 1912. 
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Method of taking Temperature Obswvatz’on8.-The screon was visited each morning betwoen 
8 and 8-30 A.M. AB soon as the door had been opened the pen of the thermograph was 
depressed, the time noted, and the dry bulb thermometer read. Thus the time and tompcra- 
ture recorded by the thermograph were controlled. The maximum and minimum thermo- 
meters were then read and reset, immediately aftorwards all three. thermomcterrr were read 
again and theili reading8 recorded. 

Method of Reducing the Thermograph Records.-The mean temporaturc at Capo Evans for 
nineteen months was obtained from hourly values of the thermograph rccordsB, hence it is 
important that these records should be correctly reduced. The method employed was different 
for the two instruments. 

(a) The Screen Thermograph.-The papers supplied by Ihe makors on which tcmporature 
and time lines are engraved were used. If these lines had been corrcctly drawn and tho 
rateof the clock and the setting of the pen adjusted once for all it would only have boen 
necessary to read off the temperature at the correct time intervals. It is well known, however, 
that these instruments can never be set with the required accuracy, hence the necessity for 
some method of reduction which will allow for the errors of time and pen setting. It has 
been stated above hhat every day the pen was depressed at  a recorded time. Hence on 
every sheet there were seven time checks. Taking these checks into account it was eltsy 
to mark the trace by a series of dots, oaoh one of which corresponded to the exact hour. 
At the instant the time mark was made each morning the temperature of the dry bulb 
thermometer w&a read and recorded. A comparison of tho’ reading of the trace and these 
recorded temperatures gave the error of the thermograph. The mean error fo: the weok 
was calculated from the seven observations and applied to  the trace throughout tho week. 
It will be seen that by.’this method the thermograph record was reduced to the scale of 
the. dry bulb thormometer. 
. (b) The Hut TI~rmograph.-Thie was a daily instrument, a now paper boing put on to the  

drum each morning at  8 o’clock. These papers were blank. The pen of the thermograph 
was depressed evory hour by an electric current controllcd by the standard clock so that 
accurate time was shown on the record itself. The thermometer fixed near the bulb of the 
thermograph was read every four hours and these roadings were entered on to the trace 
a t  the corresponding times. The deflection of the thermograph for a given change of tem- 
perature had been previously determined and a glass scale constructed. This scale was used 
for marking the position of 0°F. on the sheet a t  each of tbe eight points determined by 
the eye-readings and through these marks a line was drawn from which the trace a t  each 
hour waa measured with the glass scale. Thus tho rocorded temperaturea were reduced to 
the scale of the thermomoter attachod to the bulb of t h o  thermograph. 

The Acouracy of the Temperatures 0bserved.It has jwt been pointed out that the two 
thermograph records depended on the scales of the two thorrnometers. Both these thermo- 
meters, when tested at  Kew before the expedition saiIed, had no errors over the range of 
temperatures to which they were exposed in the Antarctic, Unfortunately they wore loft 
in the Antarctic so they could not be compared on the return. Still they wore compared 
in the Antaretic with other thermometers and there wero no indications of any chango 
having taken place, Thus the hourly values of temperature may be considored to be quito 
correct. 

The mcuracy of the maximum and minimum thermometers must be oonsidered in two 
periods-+) up to  the end of February, 1912, and (b) after this dato. 

During tho former of these two perioda the maximum and minimum thermomoters were 
read immediately aftor setting each morning and compared with tho  simultaneous reading of 
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tho dry bulb thennometer as already dcscribcd. . These daily comparisons gave a good check 
on the behaviour of thc thermometers and the results are bhowii in the following table, 
in which the mean values found by the daily comparisons from February, 1911, to  February, 
1912, are collected, the numbers in bracltets giving the number of comparisons involved, 

TABLE 8. 

YAermometer Comparisons. 

I ' Dlffarcncc between Mercury ' Diffemiice bctwecn Mercur ' Thormomctcr No. 8474 and 1 Tliermomctcr No. 8474 
1 Mercury Maximum Thermo- 1 Spirit Minimum Thermometer 

inotcr No. 3436. No. 3480. 

.. i < -15°F , , , 
I 

L 

I---̂- 

I 
In Antarctic A t  Kew Is Antarotio 

0.0 (89) 0.0 , +0.3 (89) 

3-0.1 (151) 0.0 3-0.4 (11%) 

+n.2 (60) -0.1 $0.4 (73) 

The mercury dry bulb thermometer No. 8474 W ~ S  in use throughout the  expeditioli 
and was the standard for the reduction of the screen thermograph. The above comparison 
shows that it, and the maximum thermometer No. 3436 had retained their I b w  'corredtions. 
On the other halid the spirit minimum thermometer had changed its correction by +@3. 

In practice the method of correcting the inasimum and minimum thermometers was 
to  considcr the dry bulb thermometer No. 8474 t o  be correct, then at  the end of each month 
the mean correctioiis of the other two thermometers were determined from the daily com- 
parisons during the month and applied to  the individual readings. 

After February, 1921, tho daily comparisons wero not made and there were several changes 
in the masimum and minimum thermometers used. The dates of the changes were not, al- 
ways recorded, niid there aro other small uncertainties. After a careful h d y  of the records 
the appropriate corrections to  apply throughout have been determined, I believe, with 8 fair 
degree of certainty, but as some doubt still reniains the masimiim and minimum temperatures 
during tho second year may be in error by f: *Do F. 

M e t l d  of Measuring Temnperatures on Sleaging Jo2Lriae?ls.-~xpo~eiice on previous expe&- 
tioris had taught that there are considerable practical difficulties when the air teinperature 
has to bo measured on sledge journeys. Ass it is quite impossibIa to  transport a suitable 
screen so1ne form of artificially ventilated thcrtnonietcr becomes a ncoessity. An Assman's 
ventilated psychromoter wodd appear a t  first sight t,o mect t h o  cam, but th6W instruments 
wore tried on Gaptain Scott's first oxpedition and found t,o bo quite unsatisfactory. The actual 
difficulties wilf be found described in 'The Voyage of the Discovery,' Vol. I, page 276; i t  
is sufficient here to  mention tho  impossibility of getting clockwork mechanism to work in low 
temperatures, and the appreciablo weight of any but the smallest pattern, wliich are too 
small for accurate reading under the difficult coiiditions met with in the Antarctic. Some 
form of t l ~ e  sling thermomcter ivas thc only alternative. The simple method of swinging 
a thermometer on the end of a string becomes practically impossible when one has to  work 
in %hick fur mitts, and in bulky clothes nearly as stiff as thin sheet metal owing to the 
frost. Aftor collsiderable thought and exporirnent a form of sling thermometer based 011 a 
very old principle was dcsigned, which proved to  be admirable in every way when put to  
the severe test of continued use on sIedging journeys. 

$ 
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The instrument is shown in figure 4. The thermometer T is attached rigidly to  an 
aluminium h c k  2.5 cm. wide and 22.5 cm. long. The latter is pivoted at  F to a solid 

Fxa, 4, Sling Thermometer. 

aluminium handle 22.5 cm. long in such a way that by gripping t h o  handle near the ond 
tbe thermometer can he made to revolve rapidly around I? by a slight circular motion of 
the wrist. 

The back K is hinged by means of a piece of raw bide at  M so that after i i ~ e  the 
bsok folds over the handle, in which a groove E, I) h tu  been cut to take tho  thermometer. 
When closed and the back Hecured by the sliding oatoh A (made very large so that it can 
be opened and clobed with the hand in mittrr), the thermometer is onclosed in a Rtrong 
metal box and it is practically impossible to break no matter how roughly the instrument 
is handled. 

It was the original intention to have tho handles made of wood, but as i t  was found 
that these wcjuld be very expensive and aluminium handler, could be cast a t  a very small 
coet,all the instruments we t.ook, with one exception, were made of metal, These wore quite 
satisfactory in all except the lowest temperatures, but when the temperature was below - 4 O O E ’ .  
it became painful to  hold tho instrument for the time necosRary to  swing it t o  obtain 
a correct reading, even when wearing the thickest mitts. The one instrument having a 
wooden handle was perfect and waa used by Bowers throughout the Polar journey, until, 
when very near the end, it was broken, pxobably as a consoquenco of the weak state in 
whicb Bowers then wm. 

It ww usual during sledging to  take meteorological obaervations each time camp was 
made and broken. Tbus normally observations were taken three times a day: 

(a) In the morning just before the msmh for the day commenced. 
(b) Near midday, during the lunoh halt. 
(0)  In the evening after the tent had been erected and while the evening meal w w  

being prepared. 
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Nearly all the sledging thermometsers (spirit) were provided with minimum indices, and 
after the sledge had been straightened for the night the open thermometer was carefully 
placed under the sledge in suoh a position that tt wa8 shielded from radiation. There is 
little doubt that a thermometer so placed gave minimum temperatures too low by a degree 
or two, but it will be shown that the minimum temperatures are of great value and cannot 
be neglected in obtaining the mean temperature for the day. The daily range of the Fern- 
perature on the Barrier is 80 great that the mean temperatures cannot be obtainedArom 
simple temperature observations taken two or three tiinos a day, for the time at which the  
observat,ions are taken makes a very large difference in the teinperatures reoorded. The 
following examplo i i r i l l  iIlustl.ate tJ)is and will serve to  show how the mean temperatures 
on the Barrier wcre obtained. 

During the main southern jouriioy tempeiature observations were taken by Bowers and 
Mearea. The fornier Inarcbed with the ponies and tho latter travelled with the dags. During 
the greater pad of the journey, the ponies marched at night and rested during the day. 
In  consequenae the observations were generally taken by Bowers 118 follows :- 

(a) When the march 8tarted at  about 9 P.F 

(b)  At the rnid-march halt at about 3 A.M. 

(c) When the march ended at about 10 A.M. 

Owing to  the faot that the dogs did the same maroh as the ponies in a very short 
time and tvithout any break, the times for observing used by Bowers were not convenient 
to Meares. Tbo latter, therefore, mads his observations a t  (a) 4 A.M., (b) 8 A.M., and 
(0) 4 P.M. approximately. 

The following table gives the two 6etls of observations for IL short period of four days :- 

TABLE 3. 

Each ot the observers took observations three timas a da?' and Yet the mean tempola. 
lures shown by the observations differs by nearly 8 degrees. The reason is a t  once appamnt 
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as soon tho observations are plotted. This has been d6ne in the upper curve in figuro 5, 
Bowere’ observations being shown by a dot in a circle and those of Meam by a circlo. 

FIG. 6. Temperatures on Barrier. 

It will be men that with one or two exceptions thc  obwrvations lie on H, Iegular curve. 
Another set of observaliions made in the same region at  the same time prove8 the 

correctness of the temperature curvo arrivod at  by combining theso two sets of observations 
and showb also the imperative necessity of taking tbc minimum temporature into account 
in oalculating the mean temperature on the Barrier. A HmalI party had gono ahead of the 
main partp to a pre-arranged position where they waited until tho main party came up. The 
junotion WM effected on the 2lst November whon, unfortunately, the detached party ceased 
to reoord tempcratiires. This party had been taking observations three times a day and had 
used a minimum thermometer under a slodgc to obtain a nigbt temperature. The results are 
plotted in the lower curve of figure 6, arid itj will at once be seen that the mcond curve 
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is almost exactly a replica of the first. It will also.be noticed that if the temperatures 
recorded during the day (shown by the dots on the diagram) onlp'had been considered the 
mean temperature of the period mould have beon much too high. Without the indepelldent 
evidence of thc low night temperatures shown in tho upper curve which wcrc obtaiiied .;vith 
a sling thermometer, ono would have beon in doubt as to thc accuracy of the ii1iiiiiiium 
temperatures shown in the lower diagram foulld bay cspcsing t h e  minimum thermometer undor 
the sledge. 

Thesc two curves show clearly that the daily variations of tcmperaturc are much too 
great to  be noglcctcd, and that true mcan temperature oannot be obtained without taking 
this variation into account. Nearly all the temperature observations iiiade on dodge jounicys 
havc, therefore, heen plotted and the mean daily tciiipcratures determined by reading t h o  curve 
a t  four-hourly intervals. 

The only excaptions are tlie tompeiatureb of tho first Return Party and of Cherry-Garrard's 
Relief Party. In  these two cases millimuni temperatures were not i~+corded while observations were 
taken in the morning, in the eveiiing and near to  midday. If the midday temperatures had been 
taken without counterbalancing night teniperaturcs the means would have been too high, hence in 
these two cases the niorlling alid evening temperatures! only have been usad in obtaining the meail 
daily temporaturea. 

GEOGRAPHICAL DISTRIBUTION OF TEMPERATURE. 
Sen-level Tcmpertctures. 

Winter Tefjzperature on the Barrier.-Whcn the Discovery was in the Antarctic, 1902-04, 
the regular temperatnre observatioiis werc inadc in a Stevenson screen erected on the sea 
ice near to Hut  Point, and other teniperature observations were iiiade at a position a little 
to  the south of Cape Armitage (marked A on figure a). The disteiice between the two 
positions was only one and a half miles, yet the temperatures recorded at  Cape Armitage 
during the winter were very much lower than those observed at  the same time at  Hut Point. 
Differellces of froln IO" to 20" F. in the recorded ininiinuin temperatures were quite common, 
and differelices of even 25°F. between the two places ocourred at times. These large 
differences could llot be nndarstood and Mr. Dines, who discussed tlie Discovery temperature 
observations, was illclillcd to believe that ' the thermometer screen at the  Discovery was placed 
too near the tide crack, and that the temperatures arc unduly high on account of the 
inflllence of the sea-water ill the crack.' Captain Scott stroiigly repudiated this explanation, 
and those who are familiar with icc conditions will agree with' hiin that even if there had 
been a tide crack ]]ear the screeii, which there was not, it could not have affected the 
temperatures to  allything lilre the extent shown by the observations. 

The explanation will be apparciit at onco when we have aonsidered the telrlperature 
observations mado on the journey now to be described. 

A party led by Wilson left Cape Evans on 27th January, 1911, to visit the enlperor pen- 
guin rookery a t  Cape Crozier. The path they took is Bhown on figure 2. They went first 
Over tho sea ice to  Hut Point, and while on this part of their joiiriley the temperatures 
they measured were similar but slightly higher than those measured simultaneously a t  Cape 
h m s .  At 1-30 P.M. on thc 28th, when they were just off Hut Point, they measured - 26°F. 
which was the telnperature a t  the Ram time a t  Cape Evans. They theen rounded Cape 
hmi tage  and approached the edge of the Barrier, which at  this poilit W ~ S  only 12 feet 
above the sea ice. Wilsoii in his report states : ' Coming dowll the ~ ~ 1 1 0 ~  slope off the Barrier 
was a stream of very cold air which we felt: first when we were olily a few yards from the 
foot, and lost v q 7  soon after reaching the top., At 7 P.M. they camped on the Barrier, 
and at  8 1'. M., wh 011 ~netoorolobGca1 observations wore taken, the teiliperature was found to 
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be - 44OE'., wbich was 18°F. colder than tho  temperature they had measurod off a u t  
Point only six and a half hours previously. That there had boen 110 general fall of 
temperature was shown by tho Cape Evans tomperaturo having risen by two degrees 
in the same period. Aseuming, therefore, that there had been littlo or no chango at. 
Hut  Point, the tomperaturo on the Barrior must havo been iioarly 20 dogroos lowor 
than tho simultaneoue tomperature a t  Hut Point only fivo milos away. ?'he stream 
of cold air encountered at  tho edge of tho Barrier must haw boon tho dirout 
consequenco of this largo difference of temporaturo. On tho roturn journoy thc exporienbe 
was repoated. At 9 hour8 on tho morning of tho 31st July, wvon milcs from tho edge of 
tho Barrier, the tomperaturo was - 67'F., which was 24 dogroes bolow tho correBponding 
tsmporature a t  Cape Evans. The party reached tho Barrier edge and doscendod to the soa 
ice j w t  before 3 P.M., and Wilson wrote: 'Here again wo folt tho flow of cold air pouring 
from the Barrier on to  the sea ico, so we camped about 100 yarda away to bo out of it 
and bad lunch. They were thon threo milos from Hut 
Point and therofore not far from the position whore the Capo Armitage thermometer bod 
been oxposed in the Discovery days. Thoy arrived at Hut Point at about six o'clock and 
here the temperature was -27'. Thus the tomperature rose 14" on leaving tho Barrier and 
another 16" in the three miles between the Barrier edge and Hut Point, while tho tempera- 
ture a t  Capo Evam had only varied from -33" to  -28" F. during the whole poriod. 

From these observations we see that the temperature a t  Hut Point was the samo, or 
nearly the same, as a t  Cape Evans and that the temperaturo on the Barrior WBS between 
20 and 25 degreb lower. 

mis explains the low temperatures rooorded in 1902-0'4 at Capo Asmitap: they were 
the direct consequence of tho oold air flowing off the Barrios from which the small bay 
in which the DGcowry lay was entirely screened. 

The remaining observations of the Cape Crozier parfy will now be considered to illm- 
trate the temperature conditions on the Barrier in the depth of winter. 

The position of the party at the evening camp of oach day ie shown in figure 2. Tho 
following table gives the moan daily temperatures recorded with tho  corresponding tempera- 
tures at Cape Evans, and general weather notes are added:-* 

' 

Tho temperature here was - 43°F.' 

-ma@ 

-607 

-&*2 

-620 

TABLE 4. 

-26.7 

--91*7 -28.0 Do. do. do. 

-38.4 -27.8 Do. do. clo. 

-34.4 -27.6 DO. do. do. 

-26.2 Clear and oalm at @pa Evan8 and on Barrier. 

1 

Date. 

June 29 . 
9 ,  * 

JuIy 1 . 
I ,  2 . 

I I I Weathor. 

* As statod on page 21, the individwl obrvatiorvl on tho &mior were usod to plot the ooume of tho 
temperature throughout the &y, and by measuring up this ourve at four-hourly intervals (I muoh truer value 
of the mean temperaturo for eaoh day wan obtained than would havo boen the mne if the observations abne 
had been considered. I n  the following dieoweion, unless othorwiae stated, moan tsmpersturee have RlWayE been 

. obtained in this way 
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OF 

-21.0 

-11.7 

-23.0 

-29.2 

-24-7 

-14.2 

TABLE P c o n t d .  . 

Clear a t  Cape Evans; overcast a t  Capo 
Crozier, light wind. 

July 3 . 
,, 4 . 
,, 6 . 

6 * 

, t  7 . 

[seavy blieeard coiumenoed at  Capo Crozioi 
a t  :7 A.M. and a t  Cape Evans a t  7 A.M. 

Y .  

9 .  

10 . 
11 * 

12 . 
13 . 
14 . 

16 . 
I n  . 
17 . 
18 . 
19 . 
20 . 
21 

22 , 

23 . 
24 . 
25 . 

- 3 0  

- 5 6  

-72. 

-64. 

-48*! 

-26.7 

-19.0 

$. 8.3 

- 2.0 

-23.7 

-23'6 

-20.5 

-23.9 

-22.2 

-27.0 

-30.9 

-25.5 

-22.2 

.. 
I 

7 

Cape 
Evans 
-- 

"6 

-35.l 

- 26.i 

-32.d 

-43.' 

-40.1 

-3C.i 

-19.4 

+- 1.6 

+ a.0 

-b 3.3 

- 4.0 

- 7.7 

-11.4 

-18.2 

-18.0 

- 17.8 

-34.3 

-27.6 

-30.0 

-16.4 I 
I 
I 

- 7. 

-20- 

- 0. 

- 8.  

- 19. 

-15.: 

.- 9.' 

- 7,: 

'- 4.: 

- 9.2 

-f- 3.4 

+ 2.0 
-t 7.8 

e .  

.. 

.. 
. , -18.6 I - 9.1 I - 7.4 

Wirather. 

Ualm with little oirrus a t  Cape Evans and ( 

High wind with mow at  Cape-Evans and ( 

Calm with cirrus a t  Cape Evans and c 

Calm and nearly clear a t  Cape Evans and c 
Barrier. 

In morning calm and clear ; inrevenin 
blizzard Rtartod at  Capo Evans but nc 
on Barrier. 

Blizzard with very high wind at  Cape Evan 
calm on Barrier with light cloud. 

Barrier. 

Barrier. 

Barrier. 

Do. do. do. 

Blizzard at Cape Evans and on hrrier.  

EO. do. 

Very Rtrong blizzard at  C a p  Evans and 01 
Barrier. 

Blizzard ceased on Barrier at 3 A.M. and a 
Cape Evans at  2 P.M. Sky partly olcared 

Li lit variable winds with oloudy sky I 
L p o  Evans and on .&rier. Some ligl 

artly overcast sky a 
Cape Evans and 8ape Crozier. Party a 
Cape Crozier. 

8llOW. 

Moderato wind and 

Skv nearly clear but modcrate variabl 
kind at Capo Evans and Cape Crozier. 

Sky nearly ovomast and light to moderat 
wind. 

Littlo cloud, more wind at  Cape Crozio 
than at  Cape Evans. 

calm and clear at Capo Evans nnd at  Cap 
Croeior. 

Light wind in morning and high wind ii 
evening at  both plaoos. 

31izzatd of hurrioane foroe a t  CAPC Crozier 
and gusts ovor 00 miles per hour a t  Capo 
Evans. 

Hiend sto ped early in the morning, after. 
wards duf; day with light wind. 
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TARLE 4-.con&. 

Capo 
Evann. 

-16.1 

-26.2 

,, 31, . . -63.4 -33.4 

Diffor- 
once. 

OF 

- i4.3 

-20.6 

-14.8 

-27.6 

-30.0 - 

Wind continned nntil nrnr mid&y, then fell 

C!loar nnd calm a t  Capo Evanr antl on Harrior. 

Clcar and calm on Barrier. Clear with light 

Calm on Barrier, high wind nt Capo Evan8 

f l e w  nnil onlm nt Coqo Evnna and on Rnrrirr. 

calm. 

wind in afternoon at C a p  EvnnB. 

until tho evening. 

During the first few days that the party was on the Barrier calm weather 

I 

with little 
or no cloud prevailed over the whole rcgion. In consequence low temperatures occurred, 
but while the mean temperature did not fall below -36.4OF. at Cape Evans it fell to 
-664.2'3'. on the Barrier. During theso five days the mean temperature on the Barrier 
averaged 26'F. below the corresponding temperature at  Capo Evans. 

On the next day a high wind accompanied by overcast sky and mow set in. The 
temperature at once rose by 10 degrees at Cape Evans and 20 degrees on the Barrier, but tho 
Barrier temperature remained on the average of the day 11 degrees below that of Cape Evans, 
although at 9-30 A.M. the difference was only 6 degrees. 

After the wind had died away a poriod of extreme cold sot in on the Barrier. On 
July 6th (for poaition see figure 2) tho tempeiatures measured on the Barrier wero the 
following :- 

TABLE 6. 

On J3arric.r. 1 Capo Evann. 1 Diffcmnoo. 

1 

l_l- -- - - - I -- - 
I I 

' "I?, 

-30 

"P. ~ "F. 

-44 I Minimum during night hetwoen 6th antl 0th 

Tomporaturo with ding thormomoter at 9 h. 30 m. -09 -45 1 -24 

-71. 

I 

Do. do. do. 12 h. 00 m, -70 ' -44 , -3s 

no. do. (10. 24 It. 00 m. -08 -4R i -20 

1 .  
DO. clo. do. 17 h. 115 in. -70 -43 -33 

I 

The Barrier temperaturos were talren with extreme care. Against, thc ontry in the mctco- 
rological log at  17 hours 16 minutcs, Bowor8 haR noted ' Cnrcfully checked by Wilson '; 
hc also measured the temperatures with a spare therinomoter and found tho two agreod 
within half a degree. ThiH is the low& ternpcratum recorded on $110 Barrier--or anywhora 
in the Antarctic-andit iH satisfactory to know that it was so carefully checked. The mean 
Gemperatwe on this day was -72.9'17. on the Barrier and -43.7OP. at Cape Evans. 
This was the coldent day 4t Capo Evam during our stay in tho Antarctic; @iid no 4oubt 
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it was the coldest day on the Barrier." Alxhough the temperature was so low at Cape 
Evans the difference between the Barrier and Cape Evans has only been exceeded on a few 
ocoasions, most of which occurred in March , 1912, during the abnormally low temperatures 
which proved fatal to the Polar Party (see page 29). This cold period was succeeded 
at  Cape Evans by the most severe weather of which T. I w e  been able t o  obtain a record. 
During the morning of tho 9th, while the temperature was still -3B0g., the wind rose to 
43 miles in the hour, Between 7 and 8 P.M. the wind velocity was 63 miles per hour ~ i &  
a temperature of -31'3'. As the blizzayd continued the temperature slowly rose until it 
reached +8'F. at  2 P.M. on the l l t h ,  ik., a little over three days after the starting of 
the blizzard. The blizzard was not felt by the party on the Barrior near Terror Point until 
the early morning of July 10th-twenty hours after it had commenced at Cape Evans ; but 
during this period the temperature had been rising rapidly and steadily with an overcast 
sky from which snow was falling. When the blizzard set in on the Barrier the wind was 
very high and accompanied by much snow and the temperature rose more rapidly until 
on tho morning of the 11th it became the same as that at  Cape Evans. The blizzard 
ceased on the 13th when the temperature at  once fell, but more rapidly on the Barrier 
than at  Cape Evans, and iu consequence large temperature differenoes again became 
established. 

On tho 15th the party reached Cape Crozier and camped on the shoulder of Mount Terror 
at  an elevation of over 700 feet above the Ross Sea which lay completely frozen over below 
them. For six days they measured the temperature at  this place, during three of which 
it was lower than at  Cape Evans (average difference -7.0) while on the remaining three 
it was higher (average difference $4.4). On some of these days there was a moderate amount 
of wind and on others the weather was calm, but no blizzard ocourred to equalise the 
temperature over a large area. It therefore appears that the temperature at  Cape Crozier 
is very similar to that at Cape Evans. 

After being six days a t  Cape Crozier a terrific blizzard arose and lasted for three days: 
22nd-24th July. During this blizzard the party was nearly lostl owing to the blowing away 
of their tent and the unroofing of the temporary hut whioh they had built, During this 
period the weather was too bad to  allow of temperature observations being taken, 

When the blizzard was over the party was forced to  return to headquarters with a]] 
haste. They spent the 26th and 26th in getting to the true Barrier surface which they 
traversed on the next four days, finding again the low temperatures which they had 
encountered there on their way out. Tho mean temperature for the four days was -49+j01j'. 
with a corresponding temperature of -2G%'F. at Cape Evans, a difference of -23.2'F. 

The remainder of the journey back to winter quarters, how the temperature rose on 
leaving the Barrier and how the temperature at Hut Point was found to  be the same 88 

that at  Cape Evans, has already been desciibed. 
This journey which Scott has described as ' the hardest which has ever been done * 

has revealed conditions on the Barrier in winter which had previously been suspeoted but 
never proved. They are the same as subsequent observations showed to hold throughout 
the whole year, but much acoentuated, To act as a guide in our future study they will 
be summarised here. 

(a) Temperatures on the Barrier during the winter are muoh h - e r  than those found 
in McMurdo Sound and at Cape Crozier near to the frozen Ross Sea, 

- 
* A minimum thermometer left at One Ton Camp throughout tho W i r h x  rooorded -730'F. and the lomat 

temperature meaaurod at Framhoim was -73*3'F. 
Q 
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(b)  The greateat diflerence is found on clear, calm days. 
(c) High $rids not only raise the temperature in McMurdo Sound and on the Barrier, 

Spring Temperatwe on the Barrier.-After the return of the Cape Crozier Party the 
Barrier was not visited again until September when the sun had returned and spring con&- 
tionu were becoming established. 

On September 9 a small party led by Evam loft Cape Evans to  visit Cornor Camp 
(for position see figure 2). At Hut Point they again had temperatures similar to those at 
Cape Evans, and on reaching the Barrier low temperatures were immediately oxperienced. 
The following table gives the mean daily temperatures rnet with during a stay of four days 
on the Barrier :- 

but aIso reduce the difference and occasionally remove i t  altogethor. 

MEAR TEMPERATUBE. 
- -. 

C a p  Differ- 
~ v a n s .  once. h t r .  

I__ - I - -  I __-I-.--- _ _  I- 

"I?. j OF' *J?. 
1 

" l1 * I 
Septarnbor 10 . -41.6 ' -WO -17.6 

- 4 6 4  -30.4 -15.1 

,, 12 . *I -36.2 -21.7 -13.6 

,, 13 . ' -44.2 -23.1 -21.1 
I 

i 
I 

___- L__ _.-̂ _I 

M%an . , -41'8 -24.8 -16'8 

WE AT IIER . 
-- 

narrici, Chpr Evans. 

- __._ x -  ____ 

Light nir, Ci. 8. . Calm or light wind, 1 overoast Borne snow. 

Blizzard in ovoning. Calm, overcast. 

Blizzard . . Calm or light wind, 

Light to moderato Calm. Sk cloaro& 
eoutheily win& during Jay. 
with low 8. clouda. 

ovaroaat. 

_II_ --- _- 



i- 

I 
I I 

----t-- 

Plateau temperatures. 

I . 
20 
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by the lower thick line, while the observations made on the Beardmore Glacier are shown 
by the thick dored line which joins the plateau curve to a Barrier curve at each end. 

At present we are not concerned with the temperatures measured on the Beardmore 
Glaoier and the plateau, 

It will be noticed that between the l a t  November and 4th December all the Barrior 
temperatures are below those of Cape Evans, and that during the few days in Novembor, 
when there were parties to  the north and south of One Ton Camp, the southern tempera- 
tures were the lowest except on two days. During this period the Barrior to the south 
of One Ton Camp was on the average 10 degrees colder than Cape Evans. On December 6 
the Barrier was affected by a deep depression which appears to have caused a great 
inflow of moist warm air from the Ross Sea into the south of the Barrier. The main. 
aouthern party was at  the time near the southern limit of the Barrier 12 miles from the 
foot of the Beardmore Glacier. 

Readers of Captain Scott's book will remember how serious this storm was to  the Southern 
Party, causing four days' delay and covering the  surface with three feet of &oft wet snow. 
Tbe general conditions which accompanied this storm will be considered later ; at preseiit 
it is important to UB as showing that high temperatures occur sometimes on the Barrier 
aa far soutb as 839' 8. A very remarkable circumstance wa6 that during this period the 
temperature was higher in the extreme south than at  Cape Evans. 

TABLZ 7. 

To show the Iwrease of Temperature towards the South. 

Tbe probable caum of this inversion of the geographical distribution oi temperature way 
that the air from the Ross Sea passed first into the south of the Barrier far to the east 
and then travelled northwards along the western edge, and had become cooled by the tima 
it reached Cape Evans. Support is given to this explanation by the fact that the nnowfall 
was much greater in the south than in the north. 

The weatber was disturbed throughout December on the Barrier, and as will be seen 
from the curve it was not until the 4th January that the Barrier temperatures became again 
consistently below those of Cape Evans. Throughout January this was so, but it will be 
noticed that sometimes the Barrier was coldest to the north and sometimes to the south 
of One Ton Camp. During December the Barrier temperatures had varied on the who10 
very little from those of Cape Evana ; but in January the difference steadily increased, except 
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during a few disturbed periods. As February advanced the Barrier cooled very rapidly and 
by February 8 the Barrier was 1B"F. colder than Cape Evans. On February 18 the 
h l a r  Party reached the Barrier on their return from the Pole, they found Iiwer temperaturc 
thii they had expected but after two days on the Barrier the tempcratures rose to  a mean 
daily temperature of - 4.O"F. This recovery was, however, very short-lived and from 
February 22 the temperature fell at an amazing rate from -4.5"F. on February 22 to 
-43°F. on March 9. As everyone knows this low temperature, so entirely unexpected, 
was one of the chief causes of the great tragedy. After March 9 regular temperature 
observations ceased, but from a few entries in Captain Scott's diary i t  appears that the tem- 
perature remained in the neighbourhood of -40" until March 20. During these last few 
$hys the  difference between the Cape Evans and the Barrier temperatures was over 40' 
and exceeded the largest difference found by the Cape Crozier Party by more thaii 10 
degrees. 

During the latter part of this peiiod a second series of temperature observations was 
made on the Barrier. Cherry-Garrard had left Hut Point on February 26 to  meet the 
returning party with the dogs. He reached One Ton Camp on March 3 and remained 
there until the 10th. The followirig table gives the temperatures during these days:- 

. .. 

fiean I .  

TATJLE 8. 

6.3 

Latitudu 79)' 
Ono Toil Camp. 

' 11 .  

-24.5 

-17.6 

-26.0 

-17.5 

-20.0 

-33.0 

-23.1 - 

"Ir. 

-30.2 

-24.0 

-30.6 

-22.0 

-27.7 

-36.1 

I 

ht.itudu SIu 
Polar Party. 

'J' 

-23.7 

-21.4 

(-36.0) 

( - 36.0) 

-36.0 

-39'0 

Mflcrciic 
_-__ 

'V 

-29.4 

-27.9 

-39.0 

-40.4 

-42.7 

-41.1 

-30.8 

These low temperatures on the Barrier so early in the year were entirely ullexpected 
and have no parallel in either north or south polar regions. It is thorefore of importance 
that we should know whether they are the normal conditions in that region. 

Some light is thrown 011 the question by a short journey made by Atkiiason between 
27th and 31st March, 1912, when he made an unsuccessful attempt to  reach the Polar Party 
whose non-appearance had given grave cause for ansiety. Atkinsoii was only able t o  go 
from Hut Point to  Corner Camp, but this was the same tract which Cherry-Garrard had 
crossed in his return fromOne Ton Camp a few days previously. The temperatures are shown 
in figure 6 and the following table gives the data:- 
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TABLE 9. 

To show Rise in Temperalwre over the North of the Barrier during March, 1912. 

Hut Point 

,Cornor Camp. 
Cape Bvsnu. 1 to Difforonno. 

r Atkineoil . . 

-18.6 

-7.7 -18’0 

March27 . . 
(( 28 . 
,, 29 : * 

,, 30 . . 
,, 31 I . 

+ l l 9  

+11*2 

+ll.l 

-14.9 

-10.3 
--- 

-22.1 

-16.2 

-18.1 

-20.1 

-14.4 

-10.2 

- 6.0 
- 7.0 

Atkinson’s temperatures show a great rise on those experienced by Cherry-Garrard nearly 
a fortnight bcforc, and this is more oasify realised by cxamining figure ti in which the iiso 
between Cherry-Garrard’s last observations and those of Atkinsoil is clearly shown, ~h080 
observations and the general trend of tho curvcs in figure ci‘ can leavo little doubt that 
thc temperaturce oxpericnced by t h o  Polar Party were abnormally low. Captain ’Scott ww well 
aware of the rapid fall in Barrier temporature during Fobruary, but hiti statement in his 
wonderful Message to tlw Public that ‘no one in t h o  world would have expected the tem- 
peratures and surfaces which we encountered at  this time of year’ was certainly justified. 
It is difficult t o  discuss the records of this peIiod mingled as they are with such tragedy, 
but they clearly bring to  light tho possibility of great cold at an extremely early period 
in the year within a comparatively few mila  of an open sea where the temperaturas were 
over 40 degrees higber, The cause of these low temperatures will be considered later, 
after otber temperature con&$ions have been discussed. 

Month& VaZues of Barrier Temperature.-The actual observations of temperature on the 
Barrier are far too few to determine directly the mean monthly Barrier temperatures, but 
an indirect method allowsr UB to  form some idea of this important factor. It io well known 
that variations in meteorological conditions are generally similar over fairly large areas. 
Thus tbe differences in a meteorologha1 element between two stations undergo much smaller 
changes than the actual dement itself, and while many years may be necessary to find 
tbe mean value of the element at either station, a much shorter time is necessary to  
obtain a reliable value of the difference. If, then, we know the mean value of, the element 
from a long series of observations at  one station and the difference between that and 
another station from a short series, the mean valuacc at the latter can be obtained by 
applying the known differences to  the mean values a t  the former, We now have temperature 
data for McMurdo Sound for five years, from which tho mean monthly temperature can 
be obtained with uome fair degree of accuracy, and these values are given on page 81. 
below. We have now t o  set3 if it is possible to determine from the few available data the 
difference betwcen McMurdo Sound and the Barrier. 

Tho temperaturas meaaured on tho Barrier have been dividod geographically into tho 
regions north and south of Ono Ton Camp, 79f0 8. This geographical division is not all 
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that could be desired, because it sometimes happoiled that observations which fall in the 
two divisions wore madc only a few miles apart, for example when two parties were near 
to  One Ton Camp, 0110 to the north, and the other to  tbc soutb; while a t  other times 
the whole expanse of the Barrier separated the parties taking the observations. Still this 
is the best that can be done with the data. 

The mean daily temperatures €or the Barrier have been obtained from the observations 
made by the sledging parties in the way already described. These have been collected 
according to  months and the geographical positions, and the results entered in the following 
table :- 

13th 

14th 

1Uth 

10th 

12th 

29th 

8th 

15th 

TABLE 10, 

Mean Temperature D@eerenoe, Barrier-Cape Evans. 

_--- - 
OF. OF. 

~ 2 0 . 4  +im 

+189 + 3-0 

+ 44 -17.0 

-23.4 -43.1 

-24.8 -41.6 

f 3.0 - 4.0 

fLO.8 + 2.1 

+23*1 +ma9 

Month. 

- 
"I?. 

+ l 3 4  

-1a.o 

-32.0 

.. 

.. 
I .  

+ 1.1 

+204 

January . . 
February . , 

Qroh . . 
July , , . 
September . . 
Ootiober . . 
November , . 
neoemher . . 

_..__ 

"I?. 
- 8.7 

-21.7 

-38.1 

.. 

.. 

.. 
-11.1 

- 0.8 

BAltRlER NORTH OF ONE TON CAMP. 

17  

11 

Numbe 
of day1 

20 

28 

27 

20 

4 

4 

17  

18 - 

OF. 

8th f20.3 

24th $. 4.8 

Differ- 
enoe. 

"F. 
- 0.8 

- 15*0 

-21.4 

-19.7 

- 10.8 

- 7.0 

- 8.7 

- 8.2 

RARR,IER SOUTH OF ONE TON CAMP. 
I 1 MFAN TEMPERATUBE. 

n 
.. 
.. 
.. 
31 

4th 

.. 

.. 

.. 
20th 

+ G.2 

.. 

.. 

.. 
+12.3 

_I 

I 

Barrior. 

The temmwature differences between Cape Evans and the Barrier north of One Ton Camp 
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- 

and the Barrior south of One Ton Camp are shown by small crossos. At first we will dis- 
regard the latter and fix our attention on the fanner. It will be seon a t  onco tbat the 
circles lie fairly regufarly about a curve having a maximum in ~scember and a mjnimum 
in May or June, and there can be little doubt that  this curve gives approximately the mean 
difference in temperature between Cape Evans and t h o  Barrier north of One Ton Camp 
throughout the year. By taking the mean values of this curve for each month and applying 
them to the mean temperature of McMurdo Sound we obtain the mean temperature of the 
Barrier. 

TABLE 11. 
Mean Temperalure qf McMurdo Sound and of tlbe Burrier north of Olze Ton Cniizp 

1 McMurdo Bound 
Month. 1 5 ycnrs. 

Difforenco 
f r o m  CU1'V('. 

April . . . .  
May. . . * . 
June . . . . * I  

January . . . . 
Fobruary . . . . 
March . . . . 

L 

-io 
- 1 0  

-12 

--I -- --T---- 
i - 7  

-t- 4 I -I!) 

'F. 
-/- 24 

4-16 j -15 

September . . . . 
October . . , . 
November , . . . 
December . . . . 

-21 

-23 

-23 

-21 

--IO 

-16 

, -11 

- 6  

- 3  

-12 

- 2  

+14 

4-25 

Rarrior north of 
Oric Ton ramp. 

OF. 

$17 

3.1 
1 -1G 

- 30 
-;XI 
-36 

-36 

- 34 

-27 

-13 

$ 8  

f 22 

Tuning now to the temperatures on the Barrier south of One Ton Camp we see from 
tbe cromes in figure 7 that i t  is impossible to  constructi a similar curve giving tbe annual 
variations of temperature for this region. It has already been explained that the high tem- 
perature over the south of the Barrier in December wu mainly due to a period of very 
unsettled weather which may or may not be usual a t  this time o€ year. Tbe only safe 
conclusion t o  be drawn from the summer observations is that during November, Deoembar, 
and January, there is no large consistent difference in temperature between the north and 
soutb of the Barrier. After January, however, the temperature appears to fa11 much more 
rapidly over the aouth than over the north of the Barrier, but for reasons already given 
it is more than probable that 1912 was an abnormal year. It is quite impossible to 
believe that normally there is a difference of nearly 40 degrees in March between McMurdo 
Bound and the south of the Barrier. In fact the position of the cross for March in figura 7 
js further support for the oontention that Captain Scott experienced unusually low tempera- 
turm on his return from the Pole. We are therefore left with the conclusion that the 
temperatures after the summer are lower over the south than over the north of t h o  Barrier, 
but that the amount of the normal difference is unknown. 

Frmheim.-For our study of the geographical distribution of temperature t h o  observations 
made a t  Framheim are of the greateAt importance. Although Framheim was so near the 
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---____ 

Soptombor , 

Oetober 

November . 
Deoember . 
January , . 

Ross Sea it was actually on the Barrier and appears to  have experienced in consequence 
true Barrier temperatures as will be seen from the following table :- 

TABLE 12. 
Temperature at Eramheim 191 1-12. 

_____ 
"F. OF. 

-35.5 -19.7 

-114 - 8.2 

-1- 4.1 - 8.2 

t19.9 - 2.1 

4-14.5 - 6.8 

-____._ 

ipripril . . 
May . . 
June I . 

July . . 
August . . 

- 
"I?. 'I?. 

-17.7 -1W6 

-31.7 - 20.9 

-20.9 - 16.4 

-33.7 -12.6 

-48.0 -27.5 

It will be shown later that Pramheirn shares with other parts of the Barrier a large 
daily range of temperature. Now a t  Framheim temperature observations were made three 
times a day at 8 hours, 14 hours and 20 hours. The 14 hours' observations fell a t  the 
time of the daily maximum temperature and as there were no corresponding observations 
taken at or near the minimum, tbe mean of the observations spaced as these are must be 
too high. Hence in calculating the mean temperatures given in bhe above tablo the 14 hours' 
observations have been rejected and the observations a t  8 hours and 20 hours only consi- 
dered. There can be no doubt that the mean temperatures calculated in this way are nearer 
the true values than if all three observations had been taken into acaount. 

Temperatures at Cape Adare.-The observations available for detwmining the mean tem- 
peratures at Cape Adare will be discussed later (page 83), we will use here the mean 
values which will be then derived. 

TABLE 13. 
Temperature at Cape Adare. 

TEMPERATURE. 

Cape Adare. 

"E-. 
$31.0 

$27.0 

$18.7 

+ 9.4 

- 2.9 

-14.6 

Difference 
Cape Adart 
-MoMurdc 

Sound. 

OF. 
+ 7.9 

+11.2 

+14-3 

$18.2 

+ 8.3 

- 2.0 

I I TEMPBIRATuRE. 

Difference Month. 
Capo Adare. Eec$::g 1 I Sound. 1 - 

"F. "F. 
July . . -11.9 +2-7 

August . . -13.6 +1.0 

Soptomber . - 7.6 +4*2 

Octobor . . - 0.0 +1-5 

Novombor . -I-18.5 4-493 

Docembor . +29*5 +4*0 

Year . 4- 7.0 $0.3 

The most interesting and 'important conclusion to  be drawn from this table is that d h n g  
the winter'from June to  August there is practically no difference between the mean tern- 
perature at Cape Adare sand a t  Cape Evans although they are separated by more than six 
degrees of latitude. The I difference is greatest during the three months February, Maroh, and 
April, baing then about lG°F. 

6 
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January. 

"P. 
- -___ 

Cape Adare . . . , . , . * 4-32 

Bramheim . . , . . . . . . 3-16 

McMurdo Sound . * * * +24 

Rarrior North of 0110 Ton Camp * . * e 1 7  

We are now in a position t o  discuss the probable geographical distribution 
i n  the Ross Sea area, As typical months January and July will be taken. 

The temperatures used are the mean temperatures obtained from all available 

.July. 

"P. 
-12 

-16 

-34 

-30 

__̂I_--- 

I of temperat u ro 

observations. 

I I , 

These data have been entered on maps and an attempt made to  construct isotherms 
from them. The results are sbown in figures 8 and 9. Tho considerations which have led 
to the form of the i~otberms are the'following. 
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FIQ. 9. Ieotlierrna for July. 

Isotherms for  January.-The temperature in McMurdo Sound is 24°F. and at  Cape Adare 
32"F., i t  is therefore probable that tho temperaturo over the open water of the Ross Sea 
is approximately 30°F. The floating ice and ice-covered land will probably reduco the 
temperature to  26°F. near the south and east of the sea. The 25°F. isotherm has t,herefore 
boen shown to enoircle the soa near to  the Barrier and to the permanent ice in the east, 
with the 30°F. i&berm surrounding a warmer central area. The temperature of the wholo of 
the  Barrier is within a degree or 80 of EOF., which fixes tho position of the 15°F. 
isotherm. The 20°F. isotherm has been drawn between those for 16°F. and 25"F., and 
we see that the closoness of the isotherms near t o  t,he edge of the Barrier indicates the 
large temperature gradient which must exist between the cold Barrier surface and tho 
relatively warm open sea. 

Isotherms for JuZy.-Tho temperatures a t  Cape Evans and at  Cape Adare are praotically 
the same during June, July, and August and they are more than 20' above those of the 
Barrier. We shall show later (see page 90) that during the winter the temperature of the 808 ice 
deoides the temperature of the air above it and one knows that the sea ice is much thinner 
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over the centro of the Ross Sea than either in McMurdo Sound or a t  Cape Adare. We also 
know that during the winter open leads often form in the sea to the north of Cape Crozier. 

Pxa. 10. Temperature distribution along 180" E. longitude. - 
We are therefore quite safe in assuming that the mean temperature over the contro of tbe 
Ross Sea is somewhat higher than a t  Cape Evans and a t  Tho centre of the 
Ross Sea has therefore been enoircled by the -10°F. isotherm. The discontinuity of tem- 
perature at the edge of the Barrier found t o  exist in MoMurdo Sound by tho Cape Crozier 
Party is much more likely $0 exist along the main edge of tho Barrier ; hence we have here 
a temperature discontinuity with several isotherms following the edge of the Barrieq too 
close to  be separated. The sea ioe is probably very thick near Framheim during the winter 
as it forms early, and tho atmosphere is still and cold in this region. Hence it is probable 
that' the isotherm open out near Framheim in tho manner shown in the map. 

Cape Adare. 

The physical meaning of the temperature distribution whilioh is shown by *the isotherms 
for July will probably be made more clear and convincing by setting out the temperature 
distribution in another way. The character of the ice along the meridians 180" E. and 
150' W. is &own diagrammatically in figures 10 and 11. The former meridian runs down 
the centre of the Ross Sea and the diagram, figure 10, shows open sea north of about 
latitude 64" S., then a belt of loose pack gradually getting more dense until in about 
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latitude 67"s.  the sea is completely frozen over, but the ice is broken up by a few oraob. 
South of latitude 78" S. we have the Barrier surface. 

GEOGltAPHICAL DISTRIBUTION OB TEMPERATURE-SEA-LEVEL. 

FIQ. 11. Tempeirture dietribution along 160" W. longitude. - 
1~ '-j 

In figure 11 the character of the ice along 150" W. is shown. Here again we have open 
water noAh of about latitude 64' 5. Then the belt of loose pack followed by sea ice inter- 
sected by opening and closing leads. It is almost certain that south of 70" s. on this 
meridian there is permanent heavy ice either in the form of a Barrier or of a snow-covered 
land. Therefore south of this latitude the surface conditions Will be similar to those on the 
Barrier. 

On each of these diagrams there has been superposed a ourve of temperature, the ordi- 
nates being latitude and the absciasto temperature. Examining figure 10 we see that north 
of latitude 65" 8. the temperature falls slowly with increase of latitude., In latitude 65" 8. 
the loose pack is entered and the ice causes a rapid fall of temperatura whioh continues 
a5 we procoed south until the more or less oornpletely frozen 'centre of the Ross Sea is 
reached in latitude 67" S. From here onwards towards the south the temperature de- 
creases very slowly until the Barrier .is reached in latitude 78's. The discontinuity of 
temperature at the Barrier edge is shown by the temperature running horizontally for 1!j0p. 
prom the edge of the Barrier towards the south the temperature again falls slowly. 
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Turning now to figure 11 we again see the slow fall of temperature over the open 
sea and a rapid fall as the pack is reaohed. The rate of decrease of temperature falls 
off over the sea ice and when the heavy permanent ice is reached in latitude 70" S. the 
deorease of temperattire as we proceed towards the scjuth becomes slow and finally roaohes 
the same rate as over the Barrier. 

It must be borne in mind that a great deal of what has just been written is based 
only on conjecture; it would no doubt have' been more accurate to have used the word 
'probably' before many of the statements, but for clearness that has not been done. As 
further actual observations are not likely to be obtained in the near future the above des- 
cription of the probable temperature conditions in the Ross Sea area must stand as best 
representing our present knowledge. 

Plateau Temperatures. 

Captain Amundsen reached the South Polar Plateau on 21st November, 1911, and left 
it on January 5, 1912, while Captain Scott reached it on 22nd December, 1911, and left 
it on February 6, 1912. Thu8 observations were made on the plateau continuously from 
21st November, 1911 Go February 6, 1912. As the plateau is not level the temperature 
varies on account of changes in height, hence it is necessary to reduce a11 the temperatures 
measured to a constant height before they can be compared. It has become an international 
convention to reduce the temperature to sea-level by applying a constant temperature cor- 
rection of +-5"C. per 100 metres of ascent (-274°F. per 100 feet)." In his discuscrion of 
the observations made on the plateau by Amundsen, Pxofessor Mohn did not follow tbis 
convention, but from the observations concluded that the actual temperature gradient was 
fi3"C. per 100 metres. He therefore reduced the temperature to sea-love1 by applying 
this correction. For the reasons given by Hann it is more mtisfactory to  retain in all parts 
of the world the same value. of the temperature gradient and this has been done in the 
following discussion. 

In  reducing the plateau temperatures to sea-level it is necessary to know t h o  beigbt 
at which eaoh observation wm made. Mohn has calculated the height of each placa where 
Amundsen's temperatures were measured and the same has been done for ,Scott's journey 
(see Chapter IX). Unfortunately the two determinations of the height of the South Pole do 
not agree, Mohn making it 2,454 metres while I make it 2,765 metres. As tho observations 
must be reduced to the same standard it is necessary to take one or other of the above 
values. I have therefore increased all the plateau heights givcn by Mohn by 311 metros 
in order to make the height of the onlycommon station agree in tho two sets of observe- 
tions. Amundsen's temperature observations were taken at irregular times, on some days only 
two observations were made and on othors three, four or six. I havc taken as the mean 
temperature of the day the mean of two observations taken as far as possiblo at  the same 
hour in the morning and evening. Thus on December 1st observation8 wore made a t  8-30 A.M., 
1 P.M. and 5-30 P.M., the mean of the observations at  8-30 A.M. and 5-30 P.M. after 
reduction to sea-level has been taken as the mean temperature of the day. 

Scott's observations have bcen treated somewhat differently. A11 the temperature observa- 
tions were plotted and a curve drawn through the points as already deseribod for tbo 
Barrier. This curve was meawed at four-hourly intervals and the mean temperaturo for 
the 24 hours calculated for each day. The height at the Iunoh camp was taken as the height 
for the day. - 

* Clue Hum Luhrbuuh d. Mutoorologie, 3rd edition, pqu 13% 
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During the period that Amundsen and Scott were on the plateau there were parties 
on the Barrier soutb of One Ton Camp (latitude 79&" S.) except during the last 17 days 
80 that observations are available for a comparison between the temperatures on the plateau 
and over the south of the Barrier. The observations on the plateau were made between 
86" S. and the Pole, we may therefore take ,the mean latitude of the plateau as being 
889 8. The mean latitude of the south of the Barrier may be taken as 82" S. 

In figure 12 the thick curve shows the mean daily temperature on tbe plateau reduced 
to  sea-level, while the thin cllrve shows the mean daily temperature over the south of the 

FIG 12. Plateau and Barrier temperature& 

Barrier, It will be seen that except a t  the end of November the reduced plateau tempera- 
tures were generally lower than the simultaneous temperatures over the south of the Barrier. 
It is interesting to notice the large correlation between. the temperatures on the plateau and 
on the B&rier, all the larger changes affecting both regions. The high temperature on the 
plateau recorded by Amundsen a t  the end of November occurred during a blizzard, which 
kept him confined to his camp for four days. The wind during this blizzard was very 
unusual, being from the N.E. At the same time the weather was nearly calm and cloudless 
on the Barrier. The high temperature both on the Barrier and plateau at the beglining 
of December was associated with the storm which held up Captain Scott a t  the foot of the 
Beardmore Glacier for several days. 

Table 16 contains the mean values of the reduced plateau temperatnres, and the corm. 
sponding temperature on the south of the Bariier and a t  the base stations. 

TABLE 15. 
Mean Temperature. 



MMPERATURE. 

So 8. . , . . 
88" N. . . . . 

During December, as we have already pointed out, tho  temperature over the Barrier 
is pradioally uniform, the temperature over the 'south of the Barrier being the same as 
the mean temperature at Cape Evaas and Framheim. It seem reasonable to assume that 
if the Barrier had extended right up to  the Pole the temperature there would have been 
the same a8 that over the rest of the Barrier, woiz,, 21"P. The reduced plateau temperature 
is however only 17*3"F., which indicates that during December the plateau ie between 2 
and 3°F. colder than its geographical position warrants. During January we have not 
sufficient observations from the south of the Barrier to  determine tho ohange of temperature 
with latitude on the Barrier. Plateau observations am however available for the whole of the 
month. From table 16 we see that during Jinuary the reduced plateau temperature was 
10*3"P. lower than the mean 'of Cape Evans and Framheim. How much of thig difference 
is duo to  change of latitude it is impossible t o  say, but if i t  were all due to latitude it 
would indicate a fall of temperature a t  the rate of 1.O"F. per degree of latitude. This 
amount seem impossibly large for this time of the year, therefore it is almost certain that 
the low relative temperature on the plateau both in December And January is not due to 
its geographicd position, but is mainly due t o  its high elevation. 

From this discussion it appears clear 
(a) that the temperature on the plateau is lower than ita geographical position warrants ; 
(b) that this relative deficiency of temperature is greater in January than in December ; 

¶ (c) that ths observations made on the plateau cannot therefore be used in determining 
the change of temperature with change of latitude. 

It is inatructive to aompare the reduced plaieau Cemperatures with the sea-level tem- 
peratures at the corresponding latitude. and time in the northern hemisphere. Acoording to 
Mohn's * determinations the mean temperatures a t  88" N, during June and July are 284"P. 
and 31*1"P. respectively. Thus we have 

sea-level temporaturee. (mccy~ 
< -. -. . .  

--..- _.-. -- ---.- ~ -. - .- 
O B  "B 

Deoember . 17.3 January I . 7.4 

June . . 28.8 July . * 31.1 - 

TABLE 16, 

North and South Pohr Timperatures. 

Differenoe . . . I . . . -11 .~  . . . -23.7 

Thus during the midsummer month the temperature in the neighbourhood of the South 
Pole, when reduced to  sea-level a t  the rate of *EioC. per 100 metres, is ll9OF. (6*S°Cr.) 
lower than the corrosponding temperature in the neighbourhood of the North Polo. The 
difference is still greater in the next month, for whereas in the north the temperature can- 
tinues to  riae for a month after the sobtice it commences to fall in the south immediately 
after midsummer day.? In  consequence the temperature is 2317'F. (l.3*ZoC.) lower in 
January near the South Pole than near tho North Pole it1 July. 

We have so far considered only the plateau temperatures after they have been reduoed 
to sea-level, but; it is of considerable interest to  know the actual temperatures whiah were 

-..---- .-.-.__ _ _  ~ . ~ - _._" ._ -_ _--_ _ _  I I_- 

* The Nonvegian North Polar Expdition, 1803-1800, Vol. VI, Mntaorology, by H. Mohn, pago 076. 
t see pago 88. * 
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experienced on the plateau by the two partias; the following table has tbereforo been pre- 
pared (see also figure 6):- 

TABLE 17. 

Actual Temperatures on the South Polar Plateau. 

Mertii observod Maximum obeorved Minimiini observed 
temperature. tomperaturo. tomporat4ui.c. 

I 
Month. 

Thus the mean actual temperature in Decomber was -S.G"F. It must be accounted 
as one of the wonders of the -4ntarctic that i t  contains a vast aroa of the earth's surface 
where the incan temperaturc during the warmest month is more than 8" below the Fahrenheit 

- p r o ,  and where throughout tho month the highest tomperature mas only +5*lioF. It should 
also be noticed that the actual temperature on the platcau mas 10°F. lower in January 
than in December, indicating a very rapid lowering of the temperature immediately the solar 
radiation commences to decrease. If this fall was not abnormal i t  indicates that the tem- 
perature on the South Polar Plateau is influenced by changes in insolation much more than 
any other place for which we have records. 

VERTICAL DISTRIBUTION OF !PEMPERATURE 
Having now used a11 the available data for discussing the geographical distribution of 

temperature a t  ground level, we ,will turn to the question of its distribution in the upper 
atmosphere.* 

In figure 13 are plotted all the observations made by the aid of balIoons of the tem- 
perature of the upper air over the frozen McMurdo Sound. In this diagram heights are 
shown in metres and temperatures in centigrade degrees. 

It will be noticed that all the ascents made in November and December, summer months 
(Nos. 5 to 101, show temperature decreasing with height and the mean gradient for the first 
24 kilometre8 is 6.8"C. per 1,000 metres. It is of great interest to  notice that this is 
practically the same gradient as that found in summer months in Europe and America 
although the actual temperatures in the Antarctic summer are similar t o  those of winter 
in those regions. 

The donditions are entirely differont during the winter. 011 account of darkness upper 
air observations could not be made before August. In  this month, however; four sucoessful 
balloon ascents wore made and the instruments recovered. The difficulties of the balloon 
work in cold weather were so great that only moderate heights could then be reached. "40 
ascent on Augu.clt 13, No. 1, was made on one of the coldest days of the year, the tern- 
perature on the ground being -39°C.' a t  the time of the ascent. The .temperature 
record on this and on all other occasions in the winter revealed the temperature 
inversion which is often met with on calm winter days in Europe and America. The inver- 
sion extended higher on August 13 than on tlriy of the other days, but it was not 80 

pronounced on August 16. The curve for August 3 

* Tho qpor air observations nro disoussod in dotd 
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obtained within a fow hours of the cessation of a fairly strong blow from tho north-west. 
In this cam the inversion is very small, if it exists a t  all,. but the tondoncy to the forma- 
tion of an inversion is shown by a practically constant temperature from tho ground to 8 

height of 1,000 metros. No doubt if the ament had been made a few hours later a more 
marked inversion would ham been found. 

- -  
Temperature 

BIU. la, Upper air temperatures. 

The physical meaning of these observations is very simplo. When a vessel containing 
gas is heated at the b a q  convexion curronts are produced and a thorough mixing of the 
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air takes place. A temperature @adient is thus sot up which approaches the adiabatic 
gradient if tho mixing is sufficiently rapid. On the other hand, if the base is cooled, a 
layer of cold air forms there which has no tendency to rise and warmer layers rest upon 
it.. In the Antarctic summer the snow surface 
is warmed relative to the overlying air by the almost continuous solar radiation and con- 
vexion currents produce a normal temperatye gradient. In  the winter there is little or no 
sunshine, while rapid radiation takes place .from the snow surface which cools the air in 
its immediate neighbourhood. A cold layer of air is thus formed, which, under favourable 
circumstanoes, nlay bs inany degrees colder than the air a few hundred metres above. 

Those conditions obviously can only obtain during the absence of wind. If there is 
a wind it produces vertical mixing of the air without the aid of convexion currents. The 
effect of a wind is different in summer and in winter. 111 the summer there is already a 
large temperature gradient which is little affected by the wind. In the winter the wind 
removes the cold surface layer and produces a normal temperature gradient. This process 
will be considered more fully later ; it is inontionad hero to  point out that the temperature 
gradient shown by the curves on figuro 13 during the summer probably exists during all 
kinds Gf  weather, whilo that shown for tho winter exists only during calm weather. 

The different vertical temperature gradients in summer and winter have two very impor- 
tant consequences when we consider thc temperature of tho upper air. The first can be 
soen a t  oiice from the curves in figure 13. Tho balloon ascents made on August 13 and 
h o m b e r  25, Nos. 1 and 10, were made on olio of the coldost and one of the warmest 
days of the year. The temperature difference a t  tho ground on these two days was 36°C. 
The curves show, however, that $he temperature differenoe at 3,000 metres was only 18°C. 
The four winteI curves are probably typical of the conditions during the coldest days of the 
lvinter, while the curves 9 and 10 are typical of the warmest summer conditions. It is .very 
probable, therefore, that the temperature difference between the warmest and coldest days a t  
~ W O  to three thousand metres altitude is only about half of the corresponding difference a t  
the ground. 

What has just been shown to hold for different times of the year is true also for 
different geographical positions during the winter. That is, during the winter the temperature 
differences between different geographical positions are less in the upper air than on the 
ground . 

According to  the isotherms for July shown in figure 9 the temperature over the Ross 
Sea jllst to the north of the Barrier edge is -lOo$. (-23°C.) while over the Barrier itself 
it is -35"P. (-37°C.) Thus there is a temperature difference near the ground of 14°C. 
The temperature gradients over the two regions are, 'hawever, quite d i f f e ~ ~ t .  The tern- 
lmatttnre over the Ross Sea is due to  the warming Qf the air by the warm water which is 
never separated from the overlying air by more than a thin coating of ice. Hence during 
the winter the air over the Ross Sea is warmed from below and ~ a ~ ~ & n  currents a r e s  
Produced which $VO normal temperature gradient. Over the Barrier there are Often much 
greater temperature inversions than those found during August in McMurdo sound, but as 
there are a180 periods during winds when the gradient is normal we probably shall not be 
far wrong in assuming that the average conditions over the Barrier in July are similar to 
those shown by curves 1 to  4 of figure 13. Based on these considerations the average 
temperatures UP to  4,000 metres during July have been shown on the left of figure 14 
for the Ross sea and the Barrier. The gradient over the Ross Sea hm been taken as 5°C. 
Per 1,000 metres for the first kilometre and above this height slightly less. Over the 
Bsrricr a11 inversion of 4°C. is shown for the first 800 metres above whicb there is a 

In this case a temperature inversion results. 
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gradient of 4°C. per 1,000 metra. It will be seen that with these assumptions the 
temperature over the Barrier a t  4,000 metres is only 2°C'. lower than at  the mmo height 
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over the Ross Sea. Thus in 4,000 metres ascent the temperaturo difference, betwoen tho 
. Barrier and the Ross &a hw been reduced from 1.4OC. to  2°C. 

An interesting and important consequence of this relationship is found wlien tho tempera- 
ture differences between the Barrier and tho ROBS Sea in July and January aro compared. 
On the right band side of the diagram similar curvefi for January aro shown. In  this month 
normal temperature gradients of about 7°C. per 1,000 metres probably oxist always over both 
the Barrier and tbe %a. In consoquenco the full temperature difference wliioh oxistri near the 
ground exists also a t  4,000 metres. If the assumptions on which these ourvos are based 
are true, tho remarkable consequence results that tho temperature difference between the 
Barrier and the Ross Sea is less at  4,000 metres in July than in January. In  the next 
motion wo nhall MOO that this canolusion is supporbad by the temporature obmrvations during 
win&. 

TEMP~RATURE AND WINDE). 
The effect of the wind an temperature is twofold- 

(a) the w i d  cause8 a mechanical ~nixingr of tbe upper and lower strata whioh may 

(b) the wind brinp air from different geographical positions, whioh may be warmer 

Witb the vertical temperature distribution which we have Reen exists over tho Antarctic 
during cold calm weather, the former of theso two effects mwt thon play a largo part. 

appreciably affect the temperature near the ground ; 

or colder according to  the direction from wbiah i.1; com0s. 
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During a high wind there is HO much forced vertical mixing of the air that the temperature 
gradient becomes roughly adiabatic in the air layers affected. We have 110 upper air tem- 
perature observations during high winds in the Antarctic, but from general considerations 
we know that the gradient must then be betweeii 6°C. and 7°C. per 1,000 metres. 111 
figure 16 the thiok curve represents the vertical temperature distribution during cold calm 

" t 
Temperature 

Pro. 16. Effect of removing inveldon layer. 

weather 8s foulld by the balloon obsorvations. The inversion up to 1,000 inetres is shown, 
and from t]lere lipwar& the temperature falls 4°C. per 1,000 metres. If now a wind springs 
up and if it disturbs the air up to 2,000 metros 
a temperature gradient of about 6.6OC. is set up in this region. The teqora turc  of tho 
air above 2,000 metres will not be materially affected but from this point dowiiwards the 
hnperature  rises 6.5"C. for eaoh 1,000 metres. The new temperature conditions are shown 
by tho line (a) in the diagram. 

Before the wind sprang up the grtund temperature was -36°C. and by tho time the 
wind has produoed the gradient tho temperature has rison to  -22"c., i.e., t ho  wind has 
produoed a r ise of 13°C. = 23°F. If the wind had disturbed the air to  4 kilometres 
the temperature would be indicated by the line (b)  which raprcsents a rise of the ground 
temperature of 18°C. = 32°F. 

the lower cold layers are 
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I 

' /  

1 Calm, wind 
1 volooities 

1 milos por , hour. 

Month. 1 0 to 6 

_L_-- I_ ---_ - ~ - 

From these considerations we should expect the temperature in winter during winds to 
be considerably higher than during the calms. 

The first effect of a wind under such conditions is to raise the temperature quit.e 
indopendently of the direction from which it comes. But when the wind has removod the 
cold surface layers tbe temperature it produces wilf depend on the direction from which 
it cornea. Thus we should expect both southerly and northerly winds to be warmer than 
calms, but the former to be themsclvcs colder than the latter. This is clearly shown to be 
the c u e  during the months from June to 8eptember by tho mean temperatures entered in 
the first four lines of the following table:- 

Norbherly 
winds 

havinp 
volooitios 
11 to 30 
milos per 

hour. 

_ _ _  

TABLE 18. 
Y'emnperature and Wind at Cape Evans. 

I 11 1 I11 

Juno . 
July . . 
August . 
Yeptember . 
Ootober 

November . 
December . 
January . 
Rbrnary . 
broh . . 
lpril . . 
d&g 8 I 

O F .  

-20'0 

--24.7 

. -25.8 

-224 

- 5.7 

+14.7 

+21 .s 
+21.9 

f20.3 

-+ 0.3 

- 3.9 

-12.0 

I 
-10.0 

- 2.3 

+ 17.0 

4-23.4 

+24.4 

+23*4 

+ 7.6 

-- 2.2 

- 0.3 

11 to 30 
milos poi 

hour. 

"P. 

- 8.2 

-12.4 

- 9.1 

-12.0 

- 4.0 

4-16.4 

f21.8 

+19: 

+ l 5 4  

+ 6.1 

-- 3.8 

- 9 4  

--- 

Groator 
than 

30 milos 
por hour. 

0 I?. 

- 3.7 

- 4.3 

- 1.4 

- 4.0 
- 0.2 

-f- 8.7 

4-21.8 

4-26.1 

j- 9.0 

f 3.4 

- 2.6 

-34 

Difforonoo 
111-11. 

Difforonco 
IV-11. 

VI11 

Ilifforonoe 
IV-111. 

I 
I__- -- 

P. 

4-2.1 

- 3 4  

-4.1 

-2.0 

-1.7 

- 0 4  

-1.6 ' 

-4.7 

-7.8 

- 2 4  

-1.0 

- 0 3  

I 

During these four month  the temperature during calms (column 11) was considerably 
lower than during either northerly or southerly winds (columns 111, IV and V). The differ- 
ence in temperature between northerly winds having velocities between 11  and 30 miles per 
hour and c a l m  is shown in column VI and for similar southerly winds in column VII. 
It will be seen that both northerly and southerly winds raise the temporature by over 10°F. 
It was stated above that the more violent winds as they disturb the atmosphere to  a 
greater height should he warmer than the l e ~ s  violent win& [ciirves (b) and (a) in figure 
151. This is clearly seen to  be tho cage by comparing columns IV and V, which give data 
for win& from the south having vclooities of 11 $0 30 and greater than SO miles an hour. 
The bigher winds, although from the same direction, axe noarly SOB. warmer than the loss 
violent winds. The samo was found to  hold for northerly winds, but they ocaurrod t oo  
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seldom to show the effect so clearly, and have therefore not been illcluded in the table. 
In column VI11 the differences in tcmperatnre between northerly and southerly winds of 
velocity between 11 and 30 miles an hour are shown. U'ith the exception of June the 
southerly winds were the colder by two to four degrees. The June observations were taken in 
1911 and 1912; in the latter year the southerly winds obeyed the rule and were 4.6"F. 
colder than the northerly winds ; it is therefore probable that the June disorepancy would 
disappear if more observations were available. It is to  be noted that although in the winter 
the Barrier is probably on the average nearly 30°F. colder than the Ross Sea, the southerly 
winds which blow from the Barrier are not quite bo?. colder than the northerly winds which 
blow from the Ross Sea. This is entirely duo to the fact that the temperature of the winds 
is governed by the temperature of the upper at,mosphere, which has bem shown to  be only 
slightly colder over the Barrier than over the Ross Sea during the winter (see page 44). 
Thii result confirms, therefore, the assumptions used in determining the probable temperature 
of the upper atmosphere, 

P 

The layer of cold air near the ground, on the removal of which dependa thesudden 
rise of temperature when a wind commences, cannot come into existence if sufficient solar 
radiation is received to  keep the tempcrature of the ground above that of the air in contact 
with it. This appears to take place in October and from then 011 to the corresponding 
month in the autumn, Febluary, the solar radiation is sufficisnt to cause convexion currents 
which maintain a sensible temperature gradient, and prevent the formation of a cold ground 
layer. In tho absence of solar radiation in March, April, and May the same effect is pro- 
duced by the relatively \\'arm water of McMurdo Sound, for i t  is not until the end of May 
that the ice is sufficiently thick t o  prevent an appreciable warming of the air by the under- 
lying water. From October to  May, then, the cold layer caiinot form ovor McMurdo Sound 
and the figures in columns VI and VI1 for these mcnths slkow only a small difference of 
temperature between calm Iveather and windy weather. It will be noticed, however, that the 
northerly win& are two or three degrees warmer than calms, while the southerly winds are 
colder than calnis except in the extreme months of the period. 

This is exactly what; would be expected from geographical considerations when there is 
no cold surface layer to  be removed ; for southerly winds are cold and northerly winds are 
warm. It also be noticed that with the exception of Deoember the difference in tem- 
perature between northerly and southerly winds (column VIII) is greater in the summer 

months, November to  February, than in the winter, May to A u p t ,  although the actual tempera- 
tures of the Ross Sea and Barrier have the reverse relationship. This again confirms o m  
conclusion that the temperature of the upper air determines the temperature of the winds, 
for we have alreadv &ouTn that the difference in temperature in the upper air over the 
Ross Sea and Barrier is greater in summer than in winter. The small difference of only 
1 . 6 O E " .  in December is a direct consequence of the uniformity of temperature found over 
the whole Ross Sea area in  this month. 

Examples of the Effect of the Wind oft Tewaperatztre.--In the foregoing we have dkcuesed 
the influence of the wind on the *temperature by taking the observations in the bulk, and 
have found that the average conditions are explained by taking into consideration the vertical 
as well as the horizontal distribution of temperature. We will now examine a few typical 
examples which will S ~ I O W  tho process in action in individual eases. For this purpose fimros 
16 to  19 have been prepared from the records of the thermograph and the Dinos' anemo- 
meter. The thin continuous curve shows the temperature according t o  the scale on the ]eft 
of the d i a p m ,  and the lower ragged curve the wind velocity aooording to  the scale on the 
right of the diagram. 

/ 

The wind direction is entered along the bottom of the diapams, 
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Typical Case of a 8outherZy Z%kzard on Septenaber 16 and 17, 1911 (figure 16).-The 
forenoon of September 15 was cold after a clear, calm night, and therefore we may expo& 

BfO. 16. Wind ant1 Temperature,' 

that a layer of cold air had formed near the groundt with an appreciable temperature inver- 
sion above. The temperature of. this layer is shown by the temperature curve. to have been 
about -3BOF. At 8 AM. the sky commenced to cloud over, a t  firs0 with cirrus olouds but 
later with hwvg low clouds. When such conditions precede a blizzard it indicates that tho 
upper air hrss commenoed to  move from the Routh, but is moving ovor the lower layers 
without dieturbing them, The condensation of water V R ~ O U Z  indicated 'by the cloud has 
warmed up still further the upper air, and as radiation t o  the clear sky has been out off 
by the olouds, the temperature of tho cold air near the ground commenced to  rise. This 
rim is shown in the temperature curve to  have taken place steadily until midnight of the 
15th. By this time the lower layers had become disturbed and little puffi of wind from 
the south commenced to  be shown on the wind trace, and the temperature ourve became 
irregular as the 'coM layer was invaded by warmer air from above. Between 8 hours an 
18 hours on the 16th the surface layer became more and more disturbed &R shown both b 
greater temperature irregularities and the increasing frequency of the fitful light wind gis 
i t  k obvious th t  the moving layer was now coming lower in the atmosphare. A t  18 ho 
the blizzard commenced, the wind suddenly appeared at  the ground and swept away t 
remainder of the surface layer; as is shown by the suddon rise in wind velocity and t 
d m o ~ t  instantaneous rise of temperature of 15 degrees. 

Tbe wind oontinued to increase in velocity until a'fter midnight, and it wad acoompani 
by an inmew of temperature. The wind then decreased and disappeared oompletely at  mi 
&y on tbhe 17tb. It will be noticed that as soon as the wind had reached its maxim 
the temperature commenced to fall-this i R  a most cbaracteristic feature of southerly hlizzar 
In practically all omes tbe temperature decreased towards tbe end of tbe blizzard. 
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that over the northerly wind there was a wind from the south; thus the air must have 

In this case we have a cold surface layer of -35"F., being replaced by a warm current 
of air of +5"F., a change of 40°F. Thus,if the conditions previous to  the blizzard had 
been something like those shown in figure 15, the observed change would have necessitated 
the thorough mixing of the lower 5,000 metres of the atmosphere. The cirrus clouds with 
which the disturbance commenced were well above this height, so that the explanation given is 
well able t o  account for the observed effect. 

Southerly Blizzard preceded by a Northerly Whd-May 15, 16, and 17 (JiSure 17).- 
After midnight on the 14th the sky was clear and the temperature was unusually low, showing 

- 
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Rmovul qf Ihe COW Surface Luyers by a Light Local Winld-J’eptember 22 to 25 ( J i g w e  
XB).-The thermograph trace showH many interesting examples of a sudden puff of wind causing 

Flu. 18. Wind and Temperature. 

an instantaneous rise of temperature oi many degrees. These sudden rises prove oonclusively 
tbat there must be warm air very near to  the cold air which is SO suddenly, removed. 
There is no remon to believe that there was warm air anywhere near in a horizontal direo- 
tion, hence tbe warm air could only have been port of a warm layer lying above the cold 
surface layer, The period September 22 to 26 contains several good examples, and the 
thermopapb trace for this period is reproduced here. A detailed disoussion is unnecessary, 
tbe relationship between the wind and the temperature is obvious. 

Cold Blizzard d ~ r i n g  the Summer-Pehruwy 14, 16, and 16, 1912 ($gure 19).-In this 
diagram also the relationship between tbe wind and the temperature is obvious. But, we have 

BIG. 19. Wind and Temperature. 

a different effect from those previously considered. Here we see tbat the direotion of the 
wind plays the chief part in deciding the temperature, Tho two short periods of northerly 
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wind brought with theni oomparatively high temperatures, while, when the southerly wind 
set in, the temperature dropped rapidly and remained low so long as the wind continued. 

The examples given above have had to be restricted in number, and therefore only 
typical cases have been chosen from the large number available. It goes without saying that 
the direct relationship between wind and temperature was not always so clearly shown as 
in the cases illustrated; but the relationship is more or less discernible throughout. The 
raising of the temperature by all winds in the winter and the dependence of the temperature 
on the wind direction in the summer are the two outstanding features of the relationship 
between wind and temperature at  Cape Evans. 

The large rise in temperature caused by southerly blizzards during the winter was first 
observed on the Discovery Expedition. The true cause W ~ Y  not realised, and the explanations 
then given, have led to two very erroneous ideas becoming firmly fixed in meteorological 
literature. They are both included in the following paragraph taken from page 424 of the 
discussion of the meteorological results of the Discovery Expedition. 

‘ The rise of temperature in these gales from south-east and east-south-east, doubtless, 

These 

is in aome measure due t o  the fohn effect pyoduced dynamically by the descent 
of air from the mountain tops, find also to the check given, by wind in motion, 
to cooling by radiation. But may it not, t o  some extent at  least, be attributed 
to the ccjnveyance of warmer air drawn from lower latitudes, circulating about a 
low pressure system and conveying to the locality the higher temperatures of the 
region whence it originated ‘2 ’ 
explanation$ have been generally accepted and quoted in nearly every paper dealing 

with the meteorology of the Ross Sea area ; it is important, therefore, that they should be 
onticised in the light of our fuller knowledge. 

l%hn.-The fohn effect has been introduced to account for the high temperature of the 
winds. Air is supposed to start from the plateau surrounding the Barrier and to be dumami- 
tally warmed by its forced descent to sea-level. If such forced descent does take place, 
for which however there is no evidence, the air might bo warmed, but at  the same time there 
would be a corresponding fall in the relative humidity of the air. NOW one of the chief 
Characteristics of an Antarctic blizzard is the heavily overcast sky and large precipitation, 
which would be quite impossible with descending air. Even if a satisfactory explanation had 
not been alreadv given this consideration alone would be sufficient to  show that the high 
temperatures in blizzards are not due to a fohn effect. 

-- 
Air Circulation about a Low PT~SSUT~ Sqsi!em.-It has beon usually assumed that blizzards 

are due to the passage eastwards of low pressure systems having thGr centres over the 
southern ocean. Itwill be shown later that such cyclones do not affect the Ross Sea &rea 
and that blizzar& are due to entirely different oawes. Even if this were not the case it 
is easy to show that the-bigh temperatures in bliziards are not due to ‘ tho conve~ance 
of Warmer air &awl1 from lower latitudes, circulating about a low pressure system and con- 
veying to the looality the higher temperature of the region whence it osginated.’ In such 
a circulation air which reached MoMurdo Sound as a south-easterly wind, would have previously 
passed over Pramhgim as a northerly wind when it was nearer its place of o~’@II. It would 
therefole be warmer at  Pramheim than when it reached McMurdo Sound after passing over 
the cold Barrier. To test this hypothesis the temperature at Cape Evens and Framheim 
during blizzards at the former station have been compared, with the result shown in the 
following table :- 
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TABLE 19. 

D4fference ivt Temperature PramlheimCupe Evums during Blizzurds ut Cape Bvuiis. 

Month. 

1011. . 

April . . 
May . . 
June . . 
July . . 

August . . 

WIND AT CAPE 
EVANS. 

I. -_I_-_ 

1 1  TO 30 
MILE8 

PER IIOUIL 
BROY YOUTII 

Diffcroncu oi 
omporaturc. 

P. 

-14.0 

-23.7 

-15.4 

-14.6 

-42.1 

-- - -  - 

OBEATBIt 

MlbJCY PER 
HOUR FROM 

HOUTIf. 

THAN 

- 
Difforcnco oj 
amperaturo 

Ob’. 

- 6.1 

- 0.4. 

- 6.7 

- 8.9 

- - - -- 

-31 a8 

Month. 

- .  

1011. 

4eptcmbrr 

Octobcr . 
Novombrr 

Drcombrr 

1912. 

January . 

WlND AT C‘AI’E 
EVANR. 

11 T O 3 0  
MII.lCY 

PER HOUlt 
FROM SOUTH. 

Difforcnco oi 
tcmporaturo 

o 17. 

-28 6 

- 7.1 

- .I- 

- wn 

- 4.8 

QRBATJCR 
THAN 30 

MILlCS PER 
IIOUR mom 

soutrII. 

Diffuronco 01 
tcmporaturo 

“P. 

-4.4 

- _-__I 

I-.- .- 

-0.3 

-6.0 

4-5.2 

-8.6 

Except with high win& in December 1911 the temperature was lower at Bramheini than 
at Cape Evan8 during blizzards, henoe the ail in the blizzard3 at Cape Evans cannot have 
passed over Pramheim as warm northerly winds. 

Because of the relatively high temperature of blizzards during the winter the explanations 
discussed above have been formulated, but it wm forgotten that if the explanations were 
true for the winter they would be true for the summer-also. Thus we should expect high 
temperatures In mmmw hlizzard~ as well a9 in winter blizzards. But we have already shown 
tbat this is not the case‘ for summer blizzards are cold. 

We have now shown that t h o  fohn effect and the circulation of air around low pressure 
systems do not explain the relationship found between the temperature and wind ; on the 
other hand an explanation htw been given depending on the vertical distribution of tempera- 
ture which explains all the observed conditions; i t  is therefore reasonable to conclude that 
the latter is the true and sufficient explanation. 

I 

DAILY VARIATION OB TEMPERATURE. 
In  this and the following section utle will be made of three terms which have often 

been used by writers as being almost interchangeable, but to which a special significance 
will be attached throughout thiR work, therefore it is desirablo that they should be carefully 
defined :- 

(a) The expresrrion daily variation of temperuture will be used to  express the daily 
march of the temperaturo when all temperature changes other than those due 
to true daily periodic causes have been eliminated as far as possible. The 
irregular and non-periodic changes due to wind, oloud, etc., are eliminated by 
combining u large number of days having a similar periodic temperature variation ; 
for then tho irregular changes more or less completely cancel one another while 
the true daily variation remains. In addition a correction has to be applied 
to remove the effect of the yearly variation of temperature. Dining certain 
semons of the year this may be large, for example during 8eptember 1911 each 
midnight waN on thtl average -99’. warmor than the previoiis midnight owing 
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Nov- 
I 

ember. 
1902 
1903 
1911 

t o  the large change of temperature which occurred between the beginning and 
end of the month. The correction applied for this purpose is the usual one 
+gx (r,-rt4) (12-12) in which ro and rZ4 are the mean readings answering 
to  the first and second midnights of the day and n the hour interval since the 
first midnight. 

obtained in this way, the 
difference between the highest and loweal hourly values gives the daily a1nplitude 
of temperature. 

(c)  The expression daily range of temperature is strictly confined to the difference between 
the maximum and minimum temperatures recorded during each day. The average 
value of the daily range is 'much larger than the corresponding amplitude. 

changes are so large in comparison with 
those due t o  true period causes that a long serics of years would be necessary to  e l inhate  
them completely. By combining the results of the observations a t  Cape Evans and Hut 
Point we have four y e a d  observations for all the months from February to  August and three 
years' observations for the remaining months. In  the following discussions the resixlts af all 
the years combined have been used and only where it is necessary in order to investigate 
particular points will the resulte for individual years be separately considered. In the volume 
of tables, however, the data for each year asc given in such a way that they are easily 
available for further investigation. 

The daily variation for each month is shown in table 20 arid the results are plotted 
in the left half of figure 20. As the data for Hut Point have been given only for two- 
hourly intervals, i t  was only possible to combine alternate values of the Cape Evans' tempera- 
tures with them. Hence two-hoixrly intervals are used in the curves and tables. 

I (b) When t h e  true. daily vaiiation of temperature has bee11 

In the Antarctic the unperiodic temperature 

TABLE 20. 
Daily Variatioib of Temperature as deterinirml from all the Observations of Captain Scott's Jirst 

Dec- 
embcr, 

1902 
1903 
1911 

aid secod Expeditions. 

July. 

1903 
1911 
1912 

1902 

- 
Local time. 

I 
octo. 

4ugust. ' b o ~ - ~ r ~  brr. 

1903 , 1903 1903 
1911 1911 1911 
1!)12 .... .... 

1902 ign2 1902 

- 
k'cbru- 
arY 
1902 
1903 
1911 
1912 

-. -- 
-0*89 
-1.68 
-1.54 
-0.91 
-0.18 
$034 
$ 0 9 5  + 1 *21 + 1 e27 
$0 89 

-0.1 1 
$0.03 

-1.79 
-1.46 
-1.01 
-1.22 
-0.35 
+ O M  
$1.39 
$2.12 
+le66 
+1.08 
+0.14 

__ -1.00 

+13*1 
- 

3.0 
-- - - 

14 

__ 

4 

- 
Year. 

. 

-0.67 
-0.79 
-0.60 
-0.58 
-0.32 
$0.37 
$0.64 
$0.84 
$0.78 
+om 
+0*10 
-0.23 

-0.4 

__ 

-0.63 
-1.57 
-1.30 
-0.98 
-0.72 
$046 
$0.96 
$1.51 
+la47 
$1.09 
$0.37 
- -0.63 -__ 
$23.8 
-- . 

3.2 
-_____ 

14 

9 

- 
Janu- 

ary. 
1903 
1904 
1012 .... 

-1.72 
-247 
-2.82 - 1 *33 
-0.48 
$0.68 + 1-20 
+1.78 
$2.17 
$1.78 
$0.90 

$0.10 
-0.31 
4 0 . 1 5  
-0.04 

- 
March 

1902 
I903 
1911 
1912 

-031 
-0.70 
-0.49 
-0.40 

- 
April 
1902 
1903 
1911 
1912 
. _  

+Os21 
+O.OG 
. U P 5 2  
$025 
-0.06 
+0.09 
-0.34 
-0.06 
- 0 . 1  1 
-0.33 
-0.31 
+wns 

-8.3 

- 
May. 
1902 
1003 
1911 
I912 
- 
-0.13 
-0.ti0 
-0.40 
-0.50 
-0.28 
+ o a  
$0.64 
$0.70 
+om 
$0.13 
-0.34 
-043 

-11.9 

- 
June. 
1902 
1903 
1911 
1912 

0 
2 
4 
6 
8 
10 
12 

$0.12 
- -Os33 
-0.79 
-0.75 
-0.21 
$0.48 
$0.64. 
$0.62 
$090 
$0.03 
-0~10 
--om 

-0 46 
-0.73 
-0*2:1 
$0 0 7  
-0.14 
-0.08 
$0.24 
$042 
+O%Yl 
t o 4 1  
f0.30 
-0.10 

-0.25 
+0 03 
$0 80 
-0.03 

$0 32 
$0'08 
+0*59 + 0.54 

-0.44 
-0.18 
$0.19 
-0.71 

-1.15: 
-0.82 
-1.18 
-1.41 

-0.89 -0.68 

+0'43 $1  '33 
-0 08 1 +l*13 

$0.75 1 $1.35 
$0.49 1 $0.52 

+0.14 1 -0 84 

$0.87 1 $1.50 

-0$?3 $0.05 
- 

-15.6 -6.2 
- ._ 

1.8 I 2.9 
__-_ 

14 14 

-- 
8 (i 

14 
16 
18 
20 

22 I +"24 
+4*2 -13.1 Mean . t 2 3 . 2  

- 5.0 Amplitudr 1.3 1.6 0.9 
- - -  

12 I 4 
I 
I 

-/-- 
12 

4 1  

Time of 
maximum 

- . -. 

4 n Timo of 
minimum 
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From figure 20 it will be seen that the observations are not suffieient to  give smooth 
curves, especially in the winter months, when the daily amplitude is small and non-periodic 

n t n 1 s  

FIG. 20. Daily variation of temperature. MoMurdo Sound and P’ram Drift. 

The sun returns after the winter on August 21, so that September is tho first month 
of the year in which the sun is above the horizon every day. The days lengthen at a rapid 
rate, andon October 26 the BUD does not set again until February 17, after wbicb the 
days shorten rapidly until on April 24 the sun rises for the last time. 

September to March-Period with direct Solar Radiation. 
From September to  March the daily variation of temperature i R  well marked and is 

obviously the result of tbe daily variations in the intonsity of solar radiation. 



DAILY VARIATION-SEPTEMBER TO MARCH. 55 

j 

$$ 
z 

4 
4 
b 

5 
2 

0 
I 

-_ 
E n 

The amplitude of the daily oscillation increases steadily from September to January and 
decreases from January to March, with the single exception of the month of December in 
which it is somewhat smaller than in Novomber and January. As December showed this 
peculiarity each year it is probably a real effect. 

Before discuseing the  physical meaning of the curves for this period in McMurdo Sound, 
it is desirable that we should compare the daily variation of temperature over the Barrier, 
and also at  other places of high latitudes. 

Daily Variation of Tem,perature on the Barrier.-The method of obtaining the daily variation 
from temperature observations made during sledging journeys on the Barrier has been 
described on page 21. 

By combining the observations made on the Barrier by different parties and dividing 
the observations into months irrespective of the latitude in which they were made, the follow- 
ing results have been obtained, from which it will be seen that the temperature amplitude 
on the Barrier is much larger than in MoMurdo Sound (table 20) :- 

Party. 

Motor. 

Polar , 

-- 
Motor. 

D&fR 
Dep8t. 

-- 
Day's 
h p 8 t .  

Polar. 

.-. 
All . - 

DaB 

Date. 

Nov. 1 to Nov. 30. 

Nov. 7 to Nov. 30. 

.Deo. 1 t o  Doo. 18 . 
Deo. 27 t o  1)oo. 31 

Tan. 1 to ,Jan. 21 . 

Fab. 19 to Mar. 4 . 

Nov., Doc., Jan. . 

TABLE 21. 

Variation af Ternperqture on the Barrier. 

Me tl 11 

O F .  

Latit,lde.I No. of tempera 
days * t ure . 

I - r  
78' t o  SO&" 

261 78O t o  82h0 24 

49 f2.4 

-- 
78" to 79)" 21 f14.0 

----- 

83)" to 81' 16 -19Y5 

-___ 

.. . . f l l 4  

The varikons for each month have been plotted in figure 21,' but the soale has had 
to be reduced considerably from that used for figure 20, therefore the mean summer, daily 
variation for Cape Evans bas been plotted on the same figure for oomparkon. 

For the three months November, December and January combined, the amplitude on 
the Barrier was 11*6OF., while for the same months in McMurdo Sound it was only 40ol[i, 

A comparison of the simultaneous temperatures meamred on the Barrier and at  Cape Evans 
is vory instructive and eve8 a real insight into the oause of the large difference in the 
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amplitudes. For this purpom the observatione mado during the southern march of the Polar 
Party have been plotted in figures 22a and 22b. 

I h a r .  4 K 16 20 

1 C.A**LIY ..... . e 

FIG. 21. Daily variation of temperature. Barrier. 

The results of this party have been chosen, 
because, as already stated (page 19)) the 
observations made with sling thermometers 
are well spaced over the day, and as mini- 
mum thermometers were not used there can 
be no question as to the reality of the low 
night temperatures. 

The temperature at Cape Evans is shown 
in figure 22 by a tihick line, and that of 
the Barrier by a thin line. On the latter 
curve the observationu of the two observers 
(see page 20) are indicated by the use of 
dots and circles. As the observers were 
often separated by ten or more miles, and 
as the temperature changes were so rapid 
it is not surprising that on some occasions 
the observations vary by a few degrees, but 
whenever the temperature bacame fairly 
constant it will be found that the observa- 
tions agde very well. 

Between the 17th and 22nd November 
there was only a slight south-westerly breeze 
on the Barrier and from the figure it will 
be seen that the daily variation of temper- 
ature during this period was enormous, tho 
average amplitude being 20°F. For com- 

parison it may bs stated that the mean daily amplitude over India is 19*2'F., while it. is 
only in the desert areas when the sun is nearly in the zenith a t  midday that the 
amplitude goes above 30°F. Thus the Barrier with i t g  relatively small change in daily 
insolation, the sun only oscillating between 10" and 36" above the horizon, has occasionally 
a temperature amplitude comparable with that of tropical India. 

FIQ. 22e. Simultaneous temperatare on Bnrrier and at Cape Evans, 

A comparison of the curves for the Barrier and Cape Evans reveals a most important 
relationship: the maximum temperatures on the Barrier are only a few degrees bolow tho 
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simultaneous temperatures at  Cape Evans, while the minimum temperatures are very much 
lower. It is thebe€ore not &normally high temperatures, but abnoimally low temperatiiree 
which cause the large temperature amplitude. 

used. 
No. of Days 

30 

23 

21 

.. 

Pia. 22b. Simiiltaneoue temperature on Bat vier and at Cnpe Evans. 

Daily Temperature Variation at Iliramheim.--It has been stated that the temperatures at  
Framheim were similar to those of the Barrier. It would therefore have been interesting 
to cGmpare the daily variations at  that station with the observations made on sledging 
journeys. Unfortunately temperature observationa ar9 only available at Framhtim for the three 
hours of observations, 8 A.M., 2 P.M. and 8 P.M. These observations, however, show that the 
amplitude at Framheim was very nearly that measured on the opsn Barrier. 

The relationship is clearly shown in the following table in which the same day8 have 
been used in oach ease for calculating the means:- 

CHANQR PROM R A.U To 2 P M CHANQE FROM 2 P I  TO 8 P.M. 

Barrier. Damheim. Cape Evan1 Barrior. ~,~ Framheim. Cape Evan8 

OF. OF.. "F. '%. , OF. 

+5*8 +4*8 +2.0 -37 I -1.1 

+b-O f3.4 +2*6 -2.6 -1.8 , -1.7 

4-5.3 +5.0 +2*3 -5.9 -3.8 , -0.8 
1 
I 

-3.0 ' -1.2 
I + F i e 4  +4*4 +2*3 -4.8 

TABLE 23. 

Month. 

November , . 
December . . 
January . . 

Noo., Deo., Jan. . 
The large daily amplitude on the Barrier is therefore supported by the observations 

made at  Framheim, and i t  is the largest amplitude yet measured in any polm region. 
That the daily amplitude of temperature on the Barrier should be between two and three 

times Beater than in McMurdo Sound points to  aome essential difference in the thermal 
conditions of the two places. The effect of solar radiation will be considered later, but it 
may be stated here that the variation8 of solar energy during the day were less on the 
Barrier than a t  Cape Evans, and therefore they are unable t o  account for the large differenoe 
in temperature variations. Under the same conditions of solar radiation the temperature 
Of the air !vi11 depend entirely on the nature of the ground upon which the radiation falls, 
for the radiation does not warm the air directly, but only by h S t  warming up the ground 

w&cb it falls. vow the Barrier is composed entirely of snow, which is never closely 
8 
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packed, the low temperature and entire absence of melting preventing the snow crystale 
combining into anything approaching solid ice. Unfortunately no actual medsurements of the 
density of the Barrier snow are available, but it ie almost certain that it was only -2 or -3 of 
that of ice, In  McMurdo Sound on the other hand the surface is sea ice, which at  the end 
of the winter has a very thin coating of snow. On account of the high wind which blows 
through the Sound there are then large patches of ice with no snow a t  all and the snow 
which does exist is large grained and very compact. 

The thermal conductivity of ice is very much greater than that of snow, and the con- 
ductivity of snow is greater the greater its density. 

Let us now consider the temperature of the surfam of the Barrier during a bright sunny 
day and the following night. During the day time the sun shines on the snow and al- 
though a large proportion is reflected, some is absorbed. As the conductivi4y of snow is very 
small this heat is not conducted downwards to any considerable depth, but is all retained 
near the surface ; also on account of its small density the thermal capacity of snow is small. 
Thus a very little heat, being retained near the surface and acting on. a substanoe of small 
heat capacity, raises the temperature of the snow near the surface appreciably. During 
the night the snow surface radiates heat to  the clear sky and its temperature falls, but 
those conditions which caused its temperature to  rise while the sun was shining now so t  
in the opposite direction. On account of the small 4eat capacity of the snow a small loss 
of heat by radiation lowers the temperature considerably, and as the low conductivity pre- 
vents heat being conducted from below, the temperatura’of the surface may fdll very greatly 
during a clear night. 

Let us now consider that the Barrier is changed into ice with just suffioient snow on 
the surface to give it the same absorbing power. The amount of heat absorbed will be the 
same as before, but owing to the much greater conductivity of ice-at least a hundred times 
as great m that of snom-changes of temperature a t  the surface are accompanied by a 
greater transference of heat into the mass of the ice. This keeps the surface temperature 
lower during the day, but during the night when the air temperature falls this same amounti 
of heat can again reach the surface, and if the radiation is particularly great still more heat 
which was atored up in the ice will be conducted outwards and BO prevent the temperature 
of the surface falling so low as it would have done had the mass been snow through which 
heat can only pass slowly to  the surface. If now instead of the Barrier we consider a sheet 
of ice floating on the sea, the temperature of which cannot fall much below freezing point, 
we have a still greater protection against an excessive fall of temperature during the night ; 
for the ice with its high conductivity is always conducting heat from the warm sea below 
and is tberefore always a little warmer than the mean temperature of the air above it. 
Thus as soon tu the susface temperature falb owing to radiation, the heat from the sea 
stored up in the ice becomes available to counteract any large fall of temperatwe of the 
surface due to  radiation. 

Thus we see that the chief difference between a snow and an ice surface is that the 
latter prevents low rrtdiation temperatures, while excessive radiation always produces low 
temperatures over the snow. 

We have now the explanation of the different daily variations of temperature wm tbe 
Barrier and over McMurdo Sound. Verylow night temperatures are possible over the former 
owing to the bad conductivity of the snow, while over the latter the high conductivity 
of the ice and the store of heat retained in it from tbe warm sea below prevont low tem- 
peratures during the night. It will be remembered thaC the observations sbowed tbat the 
day temperatures of the Barrier were nearly the same 8s those at  Cape Evms, while the 
night temperatures on the former were many-degrees lower than tbose 4t the latter, 
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Comparison of the Daily Temperature Variation during Xeptember to March at McMurdo Bound 
and at other Stations in High Latitudes. 

SO far as I am aware there is only one other set of temperature observations in high 
latitudes so complete as these at  MoMurdo Sound with which to make comparison. The 
observations made during the drift of the in a mean latitude of between 82' and 
83' N. give the daily temperature variation for each month' from a homogeneous series of 
observations extending over three years. For comparison the curves given in Professor Mohn's 
masterly discussion of the meteorology of that expedition have been added to figure 20 as 
they show marked and i m p o ~ a n t  differences from those for McMurdo Sound. For purposes 
of comparison the northern observations have been plotted against those of the corresponding 
months in the 8outh ; thus January in the north is plotted agdnst July in the south and 
80 on. 

The first striking difference is in the time of year at which the daily variation has its 
greatest amplitude. In McMurdo Sound the amplitude inoreased slowly from the return of 
the sun on August 24th until January (neglecting for the moment the decrease in December), 
while in the north the amplitude increased more rapidly and the greatest amplitude was 
reached as early $5 the second month after the return of the sun, From this month, April 
(oorresponding to  October in the south), the amplitude in the north decreased rapidly to a 
Very small value at midsummer, after which there was a temporary rise during 
two months, August and September, before the sun set for the winter. 

The oontrast in this respeot shown between tbe McMurdo Sound and Pram data is found 
to be present when other stations are investigated. There appear to be two types of Polar 
climate. In one, of which the Pram conditions are typical, the daily amplitude of tem- 
perature has its maximum in one of the spring months, while in the other the maximum 
daily amplitude is found in a gurnmer month, The following two  tables &e examples of the 
two types:- 

TABLE 23. 
Pram ' Type. 
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TABLE 24. 

' McMurdo ' Type. 

Mean 
tompera- 

ture. 

Month. 

- - -  

September . 
October . . 
November . 
Docomber . 
January . . 
February . 
March . . 

"P. 

6.4 

6.4 

.MOMURDO SOUND 1 ' 7740s. 

O F .  

-36.7 

-11.8 

-i----- 
I OF. 
I . 1.s 

2.9 - 1  
1 

' 3.9 
* /  . I 3.2 

. 5'0 

. 2.1 

. 1 *fi  

--- 

"J!'. 

-16.6 

I - 6.2 

f13.1 

$23.8 

$23.2 

+144 

+ 4 3  

SNOW HILL 
6 4 g  6. 

7 *:! 

.. 

.. 

I Mean 

' ture. 
$,iz- I tompora- 

$14.9 

.. 

.. 

__ , 
"11'. ' "8. 

4.6 + 3.9 

6 e o  $14.9 

G.6 1 $17.4 

6.1 1 $28.4 

4.3 $30.4 

4.9 $264 

4 -0 $13.5 

FRAMIXEIM * 
78)o S. 

The two examples under the Fram type show the maximum amplitude early in 
after which the amplitude decreases until midsummer. In the case of the Frarn 

the spring 
there is a - 

temporary r ise during August before the amplitude begins to decrease to its winter value. 
The amplitude in the second type increases until the summer is reached, and it is 

interesting to notice that in each case thd warmest of the three mmmer months shows a 
slight decrease in the amplitude as compared with the months on either side. 

Both Professor Mohn and Professor Meinardus have gjven ox planation^ of the Pram type, 
both ale different and both appear not to be the full explanations. A discussion of these 
two explanations will be fruitful in showing some important factors connected with the tempera- 
ture of polar regions and therefore I propose to give their explanations, point out where they 
fail, and then attempt to give a true explanation. 

Professor Mohn's Explanation of the 6 Frarrh ' Type of Dccihy l'ernperalure Variation.-Mohn first 
examines the effect of cloud and wind on the daily variation of temperature and finds that both 
these factors reduce the amplitude. I?le effect of the cloud is to reduce the variations in 
solar radiation and radiation from the surface, while the wind stirs up the lower atmosphere 
and distributes the effect of the varying temperature of the ground through a large mass o f .  
the atmosphere. He also  calculate^ tbe difference in the amount of solar energy received 
on each square centimetre of Burface at; midday and midnight, on which the temperature 
variation must ultimately depend. 

We will now quote from page 605 of Mohn'R discussion:- 
' In the following table I have put together the mean monthly values of (1) the diurnal 

amplitude -f of the radiation of the sun and sky, a ;  (2) the amount of oloud, o ; 

Ai, this station tomparaturo observations woro takon only 
at 8 A.M., 2 P.Y. and 8 P.M. Awuxning ax a rough upproximution h a t  the moun of tho 8 A.M. and 8 P.M. 
obnervations givos tho mean of tho day and that the 2 P.M. ohorvation is noar tho maximum, tho approximate 
amplitude htm boon taken IW twice tho CXCWH of tho 2 P.M. moan abovo tho mean of tho 8 A.M. and 2 P.M. 
obxorvationw. 

' amplitude ' in order to Icuop 
the uw of tlwo two worrln aoriliintent throughout this work. 

* Tho data for Wramhcim aru only approximato. 

1 havo t a b n  tho liborty of altoring tho word ' railgo ' used by Mohn inlo 
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0 V 

0-10 rn.P.8. 

6-52 4.26 

4.54 406 

(3) the velocity of the wind in metres per second, v ;  and (4) the diurnal amplitude 
of the temperature of the air, A, for the months March to September. 

TABLE 25. 

A 

"C. 

0.89 

3.29 

Month. 

March. . . . . .  
April . . . . . .  
M a y .  . . . . .  
June . . . . . .  
July . . . .  
August . . . . .  
September . . . . .  

7-67 

8.67 

9.00 

8.45 

9.10 

a 

Cal. 

0.168 

0-616 

0.828 

0.633 

0.639 

0'881 

0.273 

4-97 1.69 

4.50 1 1.32 

4-40 1 0.89 

1 a 0 7  

4'31 4.74 I 0.78 

The radiation varies regularly from month to month, and is nearly constant May 
to August. 

The amount of cloud varies considerably, and is highest from May to September. 
Tbe velocity of tbt: wind dozs nr/t vary much. 
The diurnal amplituds of the temperature shows the largest variation duiing the months 

from March to September. 
From March to April the amplitude of radia,tion increases rapidly, the amount of cloud 

decreases to a minimum, as does also the velocity of the wind; and all three 
factors are working to raise the dimnal amplitude of the temperature. From April 
to May the amplituda of radiation rises a little, but the amount of cloud is rapidly 
increasing. and also the velocity ot' the wind. The two last-named factors bring the 
amplitude of the temperature down notwithstanding the effeot of the radiation. 

Prom May to June the amplitude of radiation increases very little, but the amount, of 
cloud increases one degree, and the temperature amplitude is lowered by the oloudi- 
11ess in spite of the increasing radiation and decreasing wind velocity. 

From June to July tho same process goes on. 
From July to August the amplitude of radiation rises (the mean latitude of the .B'rma 

being relatively lowered), and t h o  amount of cloud and the velocity of the wind 
decreases. The temperature amplitude rises, all three factors working togethar. 

From August to September the amplitude uf radiation is going down rapidly, tbe amount 
of o'oud and the velocity of the wind are inoreasiag, and all three factors cause the 
amplitlnde of the temperature to decrease. 

We see that the maxima of the diurnal amplitude of the  temperature in both April 
and August, correspond with a higher amplitude of the radiation, and minims of 
cloud and wind velocity. 

The low amplitude of the temperatnre in summer, particularly in July, corresponds to a 
high degree of cloudiness during a season which has hardly one clear day.' 

There can be little doubt that Pr0fess.r Mohn's explanation contains part of the truth ; 
but if the observations are examined in another way it will be seen that it is not the whole, 

Professor Mohn attributes most of tho irregularities in tbe temperature amplitude from 
month to month to the ohanges in the cloud and wind. That this cannot be so will be seen 
from the t&le given on page 604 of Mohn's work, part of which is reproduced here. 
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Month. 

April . . . . 
May . . . . 
June . . . . 
July . . . . 

TABLE 26. 

CLOUD. WIND. 
_ .  

I I I I 

I I 1  
I(* -~ 

Cloud. A. 
I_-___ 

0.616 0.0 3.60 

0.025 0 0  1.89 

0038 46 2.30 

0.839 4 4  0.77 

A. 

2.03 

1.44 

1.08 

0.74 

=loud 
- 

10 

10 

10 

10 - 

Wind. 
-- 

3.0 

3.0 

3.2 

3.0 

This table has been computed by taking the mean 

5.62 

2.28 

1.39 

0.09 - 
taily temperature amplitude on a y s  

with 0 cloud and 10 cloud (in June and July there were no clear days, so days Iess than 
half overcast were used), and on days with mean wind velocity greater and less than 4.5 
miIes per second. Tha values entered in the columns headed Cloud and Wind are the mean 
values of these factors during the days confiidered. 

Now it will be noticed that with one exception in spite of the increase of the amplitude 
of the solar radiation from April to July the daily amplitude of temperature decreases in the 
same period in every type of weather. 

This gives good reason t o  believe that if there had been no change in the type of 
weather the temperature ampIitude would still have decreased. Therefore we cannot ascribe the 
decrease in temperature amplitude to changes in wind and cloud. 

Further the fact that the temperature amplitude was greatBr during April and May with 
completely overcast skies than it was during June and July with skies less than half overcast, 
gives further support to the conclusion that cloud was not the chief cause of the decrease 
in the amplitude. On the other hand as the wind decreased every month from May to 
August (see table 2 4 ,  wind cannot have been the oause. 

Professor Meimrdus’s Explanation of the Pram ’ Type of Daily 2’emperature Vuriation.-Tn 
h i  discuesion of the meteorological results of the Gauss Expedition, Meinardus says :- 

‘ Tbe amplitude of the  daily period of temperature is greatest during the spring months 
and in March ;* in the summer it b considerably less, probably because the midday 
temperature during this time is approximately that of the freezing point which 
cannot be passed on account of the heat during the process of melting. Ah0 during 
the summer the effect of radiation on the air temperature is reduced owing to the 
shortening of the night and lengthening of the period of sunshine. Similar changes 
of the temperature amplitude were found during the drift of the B e l g b  and the 
drift of the Pram, Aleo there the regular variations were greatest in the spring. 
On the contrary the greatest values occurred in January at  the Discovery station 
where the freezing point was beldom reached.’ 

Two probable explanations are given in this paragraph, neither of which was considered 
by Mohn : (a) a curtailing of the amplitude in the warmer months due to the temperature of 
the surfaoe being unable to rise above the freezing point, and (6) a deorease in the amplitude 
dueto the shortening of the night and the lengthening of the period of sunshine. 

The latter of these two is, obviously based on a misconception; the daily amplitudct of 
temperature does not depend on the amount of energy received from the sun, but on the 
difference between the amount of energy received at midday and at midnight. In any one 
latitude the difference of energy received on a square centimetre of ground at midday and 
midnig4t increases right up to the summer solstice. There is therefore no decrew in the 

l_l___l__-.l - _--_- 
* see footaote to pup 93. 
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amplitude of solar energy between the spring and summer to  account for the deorease of 
tempelatwe amplitude. 

h the temperature of an ice surface cannot rise above the freezing point, it is obvious 
that the temperature amplitude will be decreased as soon as the mean temperature closely 
approaches that point. This is in all probability the reason why the warmest months of the 
McMurdo type of daily temperature variation have a smaller amplitude than those on either 
side. Even when the mean temperature of the month is low, as at Framheim and McMurdo 
Sound, there are a few days in the month when the maximum temperature might have gone 
higher if the melting of the ice had not prevented the complete warming up of the surface. 
It must be remembered that the temperature amplitude of the surface itself is many degrees 
greater than that of the air, and therefore the surface might reach and st$ve to pass the 
freezing point on many days with air temperature well below that point. 

But this explanation does not account for the rapid decrease in amplitude which takes 
place in the Pram type a long time before the mean temperature gets near to the freezing 
point. Thus in the case of the Fram the amplitude falls from 5.9"F. in April to  half its 
value in the following month, yet in the latter month the mean temperature was practioally 
twenty degrees below the freezing point. The same was the case, but to a lesser extent, 
with the Qauss. In November the maximum air temperature only once reached the freezing 
point and throughout the month the mean maximum temperature was 7*SoF. below the 
fieezing point, yet in apita of this the temperature amplitude decreased from 9*3'l?. in October 
$0 7.BoF. in November. 

Suggested Exphnation of the Variation in the Amplitude During the Period September to 
khoh.--l'here can be no doubt that the prime factor in determining the daily temperature ampli- 
tude is the solar energy amplitude. The fht  step in the investigation should, therefore, be 
to plot the observed temperature amplitudes against the calculated energy amplitudes to see 
if there is any close relationship. This has been done for two stations of the Fram type and 
h o  of the McMurdo type, namely, (a)  Pram and Gauss : (b) McMurdo Sound and Snow a l l ,  
and the observations made on the Barrier have been included for reference. Mr. Normand, 
of the India Meteorological Department, has very kindly pade the calculaticns of the solar 
energy amplitude by the method described by Mohn on page 588 of his discussion of the 
meteorological results of the Fram Expedition. This method takes into account both the 
energy .received directly from the sun and also that diffused from the illuminated atmosphere. 
The follobing table contains the resulte of the radiation calculations :- 

TABLRI 27. 

Solar hdiation (gram. mls. per min. per sq. om. of horizontal susface). 

MONTH. I 
3 4  
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In figure 23 the temperature amplitudes given in tables 23 and 24 (pages 59 and 60) have 
been plotted against the solar energy amplitudes given above, the points for the different 

Fig. 23. Amplitude of ternpel-ture plotted against amplitude of solar radiation. 

stations being indicated by various signs, and the months to which they refer by entering 
against each the initial letters of the months. For the sake of comparison the months for the 
Pram have been marked botb by their own initials and by the initial letters of the correspond- 
ing months in the south. 

The f i s t  striking feature of this diagram is the relatively small variationa from a linear 
relationship shown by most of the points, Neglecting for the moment the point for the 
Barrier, twenty-four of the twenty-seven points lie within the two dottedlines. Thisleads to  
the conclusion that except for small differences the relationship between temperature amplitude 
and energy amplitude is linear. 

The three points which do not lie within the dotted lines are the most important for 
our present discussion. It will be noticed that they are the spring months of the Fram type, 
being the Fram’s observations for April and the C;auss’s observations for September and 
October. Both Mohn and Meinsrdus in their discussion of the temperature amplitude tried 
to  explain the low values of the amplitude in the summer, we now see that it was the higb 
amplitude in tbe spring which needs explanation. 

The abnormal temperature amplitude on the Barrier is clearly shown by the position 
of the point for the Barrier near the top of the diagram, and it is the position of this 
point which supplies the solution of the whde problem. 

We have already shown that the difference in temperature amplitude over the Barrier 
and McMurdo Sound is due to  the sea ice preventing low nocturnal radiation temperatures. 
This action of the sea ice could not exist if there were a thick layer of loose snow upon it. 
Now both the Fram and Gauss were surrounded by sea ice, it is thorefore important to 
examine the varying character of the snow covering of the ice during the year. Unfortunately 
I cannot find in Mobn’s discussion of the Pram’s observcttions any remarks on tbe oharctoter 
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of the snow accumulations on the sea ice during the voyage, but in Meinardus's acconnt of 
the Gauss observations there are a few important remarks. We will therefore consider the 
latter and then see how far similar aonsiderations can be applied to  the Fram conditions. 

The Gauss was frozen in on February 22. AS soon as the sea was completely frozen 
over snow commenced to  accumulate on the surface, and the depth of the snow increased 
throughout the winter and first months af spring. 

The exact depth of the snow is not given, but we are told that the snow surface rose 
about 60 c.m. from June to  October (page 157 *). With the increasing intensity of solar 
energy the surface however quickly underwent an important change, to  quote Meinardus 
(page 154). 

'The advent of warm weather and strengthened solar radiation produced a gradual 
lowering of the snow surface on account of the melting together of the snow- 
crystals, a process, however, which was often retarded through fresh snow accumula- 
tions. Still the consequence of the progressive conpntration of the snow was that 
t,he old snow gauges which had been snowed up in the middle of October appeared 
one after the other.' 

We see from these remarks an important change in the character of the snow-covering 
to the sea ice. At the end of the winter and until the end of October there was an appre- 
ciable depth of snow which on account of low temperatures and .the absence of melting would 
be in a comparatively loose condition, the surface only being oompacted by the wind. 8ucb 
a snow layer would have a low conductivity which together with its depth would make it 
an effective protection against a supply of heat from the underlying sea ice. The surfaoe 
during September arid October would therefore approach the condition of the Barrier, with 8 

consequent large daily amplitude of temperature. 
After October the snow, as we are informed, became more compact and its thiokness 

decreased. This process probably continued a t  f h t  rapidly and then more slowly 'until mid- 
summer, when what little snow was left would oppose only a small impediment to the transfer 
of heat from the sea ice to  the air. Thus we should expect a t  the Uauss station the daily 
amplitude of temperature to decrease, relatively to the amplitude of solar radiation, $om 
October to  mihummer. An examination of figure 23 Will show that this oocurred : in spite of 
increasing amplitude of radiation from October to  December the temperature amplitude greatly 
dooreased and in December the point for the Gauss station is exactly in the middle between 
the two dotted lines. After Decembw tha points for the Gauss station do not depart largely 
from the  linear relationship between temporature amplitude and solar radiation amplitude. 

Returlling now to a consideration of the Fram observations, there is no reason to  suppose 
&at the ice in  the north would not also be coverod by a blanket of dry loose snow 
a t  the end of the winter. Also as the snowfall is known to be heavier in the north fhan 
the south the depth of mow was probably greater around the Pram than around the Ubruss. 
It is intoresting to notice that the two points for March and April for the Fram lie on the 
line joining the point for the Barrier with the origin. Thisis what would be expected if the 
surface were similar in the two legions and the temperature amplitude depended ,only on the 
radiation amplitude. 

By midsummer in the north as in the south the snow-covering would have become 8 

very poor insulator and we find a rapid decrease in the temperature amplitude. The Fram 
point for June is in thtJ middle between the two dotted lines, showing therefore a iiormal 
relations]lip between the temperature and insolation amplitudes. The only difficulty is the low 

* Mehardus. Deut. Sudpolar-Exped. Meteomlogie, Band I. 
9 
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position of the point for May ; for one would have expected this to  be about half way 
between the pointu for April and June, aa was the ewe at  the Gauss station. Here I think 
Mohn’s explanation has weight. Compared with April, May was a cloudy and windy month 
and these together would have reduced the temperature amplitude if there had been no 
change of surface. 

Therefore the effect of the cloud and wind must be added to the cbange of surface, 
thus accounting for the low position of May relatively to April, but it is interesting to notice 
that in spite of the cloud and wind the point for May is higher than the mean position of 
the other points, showing that the surface had not got into the normal state for sea ice. 
The low position of the Fram point for July is in all probability due to  the explanation 
given by Meinardus; for the mean temperature of this month was the freezing point, and 
the daily amplitude of tempekature could not be great above a wet snow surfaca, 

From thia discussion we see that the variation of the temperature amplitude in the F T ~  
type is mainly accounted for by changes in the surface and uolar radiation, these aro the 
ohief factors, small variations may be due to other causes such au cloud, wind or local con&tions. 

We must now examine why the McMurdo type differs from that of the Pram type. 
The explanation is that owing to the local conditions there was no large change at  any of 
the stations of this type in the surface conditions between the spring and summer. At 
Framheim the surface was that of the Barrier which can undergo nd change. At Mcafurdo 
Sound and Snow Hill the observations were on the coast between a snow-covered la11d and 
a frozen sea. In McMurdo Sound there was little change of the snow-covering of the lalld 
throughout the year and the sea ice warr almost swept clear of snow by the blizzards during 
the winter. In fact there was more snow on the sea ice in January than in October, and the 
effect is seen by the relatively high podion of the point for the former month in the 
diagram. Similar conditions probably held at Snow Hill which was subject to very high &y 
winds which muat have prevented any large accumulation of snow on tho sea ice. 

Summary and Conclusions : Temperature Variation in the Period of Solar Activity, September 
to March.-(a)  The daily temperature amplitude during this period over sea ice nearly free from 
snow is a linear function of the daily amplitude of solar energy. 

(b) In consequence the temperature amplitude increases from the return of the sun to 
midsummer and then decreases, except that the warmest month has generally a lower amp& 
tude due to the inability of the surface to  warm up above the freezing point. This gives 
rise to  the McMurdo type of daily temperature variation. 

(c) A layer of loose snow increases the temperature amplitude. 
(d) In  consequenoe, in situations where there is a layer of loose snow oovering the sea 

ice in the early spring months the temperature amplitude is relatively higb. As the solar 
energy increams the snow-covering becomes mora dense and thinner, in consequence the 
temperature amplitude generally decrease8 ‘from spring to midsummer in spite of the increasing 
amplitude of solar energy. 

( e )  In  places where the surface cgnsists of a very deep layer of snow-for example the 
Barrier-the temperature amplitude is very large. 

This gives rise to the F r m  type of daily temperature variation. 

Daily Variation of Temperature during Nay, June and July. Period with N o  Direct Solar 
Radiation. 

During May, June and July the sun does not rise above the horizon in McMurdo Sound 
and the amount of indirect radiation from the sky is BO emall that it may be ontirely 
neglected. 
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In these circumstances one would not expect any consistent daily variation of the 
temperature, and a first glance at the ourves for these months given in figure 20, page 54, 
seems to confirm this opinion. 

A closer investigation, however, shows that the curves are not entirsly irregular. By 
taking the mean of the three months, Mag, June and July together, we obtain curve 1 in 
figure 24. This curve has been derived from observatians extending over four years, it is 
therefore the mean curve of 368 days; 
hence it should be free from accidental 
irregularities. This curve shows two remark- 
able features : 

(a) The temperature is above the aver- 
age from 9 A.M. to  7 P.M. and 
below for the remainder of the 
day except for 

(b) a sudden and pronounced rise a t  

The question a t  once arises-are these 
features real z 

Tbe usual method for testing the reality 
of a feature which is shown in the average 
of a large number of separate events, is to 
&vide the data up into different blocks and 
investigate each one separately. In the 
Present case our data are taken from three 
months' observations, May, June and JuIy, 
in each of four separate years. A conve- 
nient mathod of dividing them up is to 
combine the three months together for each 
year giving four separate blocks; again the 
data for May from the four years mag be 
combined, and similarly those for June and 
July giving another three separate blocks. 

4 A.M, 

FIG, 24, Daily variation of temperature. McMurdo 
Sound. May, June and July. 

BY this method we can see whether the feature looked for is shown in each year and also 
whether it appears separately in each of the three months. The number of observations 
which falls in each sub-division is small, therefore the irregularities will not neutralise one 
another so well as when all the observations are included in one block. We must therefore 
0xpect the curves for each sub-division to  be more irregular than that for the whole data 
shown in curve 1. But if the features are rea1 they should show up against the irregu- 
larities. 

We are looking for two features : if (a) is, present, ie., if the tbmperature is above the 
average from 9 A.M. t o  '7 P.M., then in eaob of the divisions the sum of the depar- 
turm from the mean between these times should be positive; if ( b )  is present and 
there is a sudden and pronounced rise at 4 A.M., the depa?ture a t  4 A.M. should be 
@eater than the average deparbure a t  2 A.M. and 6 A.M.; in other Words, 

departure at  2 A.M. + departure a t  6 A.M. 
2 departure a t  4 A.M.- - 

should be positive. Thus we have two numerical relationsbips to  look for. 
The data have been divided aa described above and the raulting departures for every two 

hOu?.'~ from the mean of the day oalaulated. The curves for the mean Of each month; i.e., 
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the means for May, June and July during the four years, have already been seen on figure 
20, page 54. The means for each ycar taken separately are shown as curves 2 to 5 on 
figure 24. The results of the numerical tests for (a) and (b )  are entered in the following 
table, where a plw sign indicateu that the fehture is present and a negative sign that it is 
absent :- 

TABLE 28. 

Ueta cmangcd according to 

-I 

AIi DUYR . . . . Curvc 1 ,  Fig. 24 

Years May, Juno, July, 1902 Curve 2, Pig. 21 

.. ,, ,, 1903 ,, 3 ,, 24 

I ,  ,, ,, 1011. ,, 4 1, 24 

*. #t  ,, 1912 ,, 5 ,, 24 

Cloud< 5 throughout tho clay Curvo 8, Fig. 24 

Cloud> 5 ,, 1, ,, 0 ,* 24 

Wind< 20 milos in ovcry Curvo 6, Fig. 24 

Wind> 20 milo8 in on0 or ,, 7 ,, 24 

hour during tho day. 

mom hours during the 
day. 

TEST Yon (a )  

Yon BOURS 10 TO 
MEAN DEPARTURE 

18 INCLUSIVE 

A podtivc sign 
indicotcs tho 

prcscnce of tho 
offeot 

"E'. 

+0.19 

+0*18 

+0*34 

+0*42 

-012 

+Os98 

+0020 

-0.10 

-0.00 

+&12 

TEST YOR (6) 
EXCXS8 OB TIIFI 
DEl'ARTURH1 Bolt 

YfiAN DMPABTURE 

6 A.M.  

4 A.M. o w n  TIIE 

non 2 A.M. AND 

A pmitivu sign 
indiootos tho 

picsoncc of tho 
offoct 

"P. 

+@3G 

$. 0.1 8 

+0.7G 

-0.02 

4-0.44 

+0*16 

+0*10 

+0.80 

$032 

-0.06 

$0.30 

$0.27 

The ReaGty of the Feature : Excess o j  Temperature Dwing the Hours 9 a.m. to 7 p.m. during 
May, Jzcne a d  July.-From column 2 of table 28 we see that taking all the obsorvations 
together the mean excess of temperature during these bouru is positive. It is also positive 
in each of the years 1902, 1903 and 1911, each considered soparatelp; it is absent, however, 
in 1912. When the months are taken separately the feature is soen to be prasont in May 
and June but not in July. Thus out of the seven separate sub-divisions of the data five 
show the effect while only two do not. This must be taken as vory good evidence of 
the reality of the effect. We can therefore conclude that in McMurdo Sound during the 
three winter months when there is no direct solar radiation t h o  day is warmer than the 
night. In  other worda in spite of the absonca of a varying solar radiation the variations of 
temperatlnre are in the same direction, but much less in intensity, than when the sun 
shines. 
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7 4 
6 B/ O ( I  -- 2 a Nonth --- 

July . . -0.18 -0$34 -0.47 -0.34 -0'17 -0.62 -0.37 -0.61 

August , , -0.10 +O'Lfi +0*16 -0.22 -0'08 -0.08 -0.20 -0.38 

It would be of great interest to  know if this were a feature of the whole of the Antarc- 
tic in high latitudes, but unfortunately all the other stations in the Antarctic from which we 
have data are either very near or just outside t h e  polar circle, lience thoy received aome 
radiation during these months. They each have warmer days than nights, but this may be 
due to  the sun and thorefore caiiiiot be taken as proof of the presence of the feature found 
in McMurdo Sound. 

The Reality of the Peature : Marked Excess of Temperature at 4 a.m.-The results of the test 
for this feature are shown in column 3 of table 28. Four A.M. is warmer than the mean 
of 2 A.M. and 6 A.M. in six out of the seven sub-divisions into which the data have been 
divided. It was absent only in the year 1911. There is thus even better evidence for the 
reality of this featura than was found for the days being warmer than the nights. 

A glance at the curves for McMurdo Sound in figure 20, page 54, will show that this 
excess of temperature a t  4 A.M., which is present throughout the winter months, becomes more 
marked a t  other periods. While it is feebly marked during May and June it becomes so 
largo in July and August that i t  then forms the main maximum temperature of the day. 
It is still well marked in September, but now tho returning sun has produced a larger maxi- 
fmm later in the day. J?rom October to Maroh the 4 A.M. temperature shows no m a ~ m u m ,  
but it is noteworthy that of these months October, November and March show a similar 
effect at 2 A.M. ; may not this be the same effect but displaced by the minimum due to  the 

8 A.M. 

-0.31 ' 

-0.26 

solar radiation falling very near to  4 A.M. ? After March the effect 
reappears and is very marked in April. 

We now see that in McMurdo Sound there is an exoess of tempe- 
rature at 4 A.M. compared with 2 A.M. and 6 A.M. in every month 
from April to September inclusive, and the same effect is possibly 
Present in October, November and March although duiing these 
months the minimum of the solar temperature amplitude is a disturb- 
ing factor. 

The same effect is clearly seen in the temperature 'observations 
at the Gauss station alhhough data for on0 year only are available. 

The Gauss wintered just outside the Antarctic Circle and therefore 
direct solar insolation was never entirely absent; yet during four 
months, July to October, the maximum at  4 A.M. is clearly distin- 
guishable. As the curves given in Plate V of Meinardus's work have 
been smoothed the effect we are discussing is not clearly shown. I 
have therefore plotted the actual data from midnight to 8 A.M., and 
reproduce them here in figure 25. In  July and August the maximum 
is clearly Visible m an actual peak on the ourves. It is visible in 
September and Ootober as an interruption in the smootb course of 
the curve at 4 A.M. 

FfQ. 26. Daily variation 
d temperature. Uause 
station. Midnight to 
8 A.M. 
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The game of Warm Days in the Absence of Insolation' and of the Excess of Temperature 
at 4 a.m.-We have now shown that the former of these effects is real in McMurdo Sound, 
which is the only station a t  a sufficiently high latitude to allow of the effect being visible, 
while the latter effect has been shown by all tests to be a real factor in MoMurdo Sound 
and to  have been present a t  the Gaucrs station and Snow Hill. It is not shown in the only 
observations that we have from Cape Adare (see page 73 below). I am not at prasent able 
to offer any explanation of either of the effects. The only glimmer of light comes from tho  
observations made on the Fram voyage in north polar regions, which will now be discussed, 
but up to the present this has not led towards a physical explanation. 

Daily Temperature Variation in North Polar Regions from the Records of the 'Pram.'-During 
the voyage of the Pram which lasted from July 1893 to August 1896, the sun wm below 
tbe horizon during 12 months. Prom the observations Mohn deduces the daily variation of 

Fra. 26. Daily variation of temperature during the dark months. Pram Drift. 

temperature during these dark months shown in curve 1 of figure 26. It will be seen that it 
is totally different from the oorresponding curva for McMurdo Sound shown as ourve 1 of 
f i p e  24, page 67. 
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The temperature is above the mean of the day from 9 P.M. to  8 A.M. and below during 
the rest of the day. No excess of temperature is shown at  4 A.M. and the day is colder 
than the night ; thus neither of our effects is present. Mohn concludes that the daily variation 
is fully accounted for by the daily variation of the wind : ‘ In  the dark season the north 
Componentl of the wind’s frequency exceeds the south component uninterruptedly from 7 A.M. 
to  8 P.M. and the northerly winds are colder than the southerly winds. It segms reasonable t o  
ascribe the diurnal period of the temperature found in the dark season to the effect of the wind.’ 

But Mohn has gone fuzther; he has determined the daily march of temperature for the 
dark months (a) during cloudless days; (b)  during overcast days ; (c) during days with an 
average wind velocity less than 4.5 metres per second ; and (d) during days with an average wind 
velocity greater than 4.6 metres per second. The results for each of these for the three winter 
months, November, December and January, are shown as curves 2, 3, 4 and 6 of figure 26. It 
will a t  once be seen that the temperature variations on cloudless and on windless days are 
almost mirror images of the variations on overcast and windy days. The warm period found in 
the Antarctic between 9 A.M. and 7 P.M. is certainly present in the north on overcast days, 
and the excess of temperature a t  4 A.M. is very marked in the north on days with little wind. 
This leads us to  investigate the effect of cloud and temperature on the Antarctic tempersture 
variations. The variation was therefore calculated for cloudless days and overcast day5, but 
it was found that the number of days wa5 too small to give smooth curves, therefore all 
days were considered in which the cloud amount was less than 6 a t  all observations, and all 
days in which the cloud amount was more than 5 a t  all observations. These curves were 
Still irregular but smoother than the former, they were however the same in general run. 
They have been plotted as curves 6 and 7 of figure 24, page 67. The days of May, June 
and July of the four years were then divided according to  wind by first taking out those 
days in which the hourly wind velocity did not rise to 20 miles an hour in any one hour 
throughout the day, these formed the first class ; the remaining days on which tho wind rose 
above 20 miles per hour during at  least one bow in the day formed the second class. The 
temperature variations for each class were determined and plotted as curves 8 and 9 of the 
S a m  figure. 

Examining the two latter curves we see that they are SO similar to  one another and 
to the mean of all days, curve 1, that wind can have little directt influence in MoMurdo 
sound on either of the features under discussion. 

The influence of cloud, however, although small, is quite marked. It wilI be seen that 
Curves 6 and 7 in their general run are similar to those found for the north; days witb 
oloudy s&es are warmer during the day time than during the night, while days with clear 
skies are on the whole warmer during the night hours than quring the day hours. But a 
still more important relationship is shown. The excess of temperatnre a t  4 A.M. is clearly 
marked with clear g]&s, 4 A.M. being the warmest hour of the day;  while there is 110 

indication of the excess a t  4 A.M. on cloudy days. 
It therefore appears that our first effect, the day warmer than the night, is associated 

with cloudy days, while the second effect, excess of temperature at 4 A.M., is associated with 
Cloudless or slightly clouded days. Except that the maximum is at 2 A.M. instead of 4 A.M. 
in the north the same relationship holds there. 

Mohn has given an explanation of the average conditions in the north, but he gives no 
Wggestions for the remarkable difference in daily variation according to cloud and win&* 

---------I___ 
_I_------- 

* It should be remarked that in tho north aloud is so intimately Iwlated to  w l l d  days bulng nearly 
alway8 ovaroast, that it is impossible to separate the two offoots. The OufVes for no oloud and little wind on 
figure 26 are praotiotllly from the same data; similarly with the curve8 for oVem*st and windy days, 
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Fourier Coefiiente of the Daily Variation of Temperature. 

A b B No. of 
months a - ~ - ___ _____ 

OF. 0 OF. 0 

January I . , . . . 2 2.22 219 0.20 191 

February . . . . . .  4 1.41 223 0.21 190 

March . . . . . . .  4 0.02 229 0.30 05 

Ap r i l . , . . . . .  4 0.44 35 0.06 338 

4B 

June . . . . . . .  4 0.34 210 0.24 240 

May . . . . . . .  4 0.61 238 0.30 

July . . . . . . .  4 0.21 31 , 0.10 346 

August . . . . . . .  4 

September . . . . . .  3 0.84 219 W20 9 

0'40 64 0.27 970 

Ootober . . . . . . .  3 1.37 236 W30 67 

November . . . . . . .  2 2.01 220 0.12 30 

December . . . . . .  2 I*00 224 0.10 160 
~~ _I^____ _ _ -  - - ~ _ _ _ _  ~ - 

Nov. 1 
0 1.90 22B 0.04 169 . . .  

* E:, Summer. 

- - ~  --. - -- . _ _  I_-_ - 

Equinox . , . . Mar., Sept., April, Oat, } 14 067  227 0.20 B3 

-__-- _ _ _ _ ^  - --- - - __ _I_ ___ -- - 
May '1 

Winter . . . . .  June . 12 0.27 288 O*OO 3BB 
July I 

-_I - - c_ 
Year , . . , . . 40 o m  228 1 0.03 32 

e w 

This is obviously the key to the whole problem, the solution of which would be an important 
addition to our knowledge of the physics of the atmosphere. Already I have spent more 
time over this problem than over any other discussed in this work. As the investigation has 
led only to  negative results, this is not the place to go into details. It is to be hoped 
that the problem will be taken up again when more data become available in the future. 
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Daily Variation of Temperature at Cape Adare.-Observations of temperature were talcen at 
Cape Adare every two hours in June and July ; during other months observations were not 
taken during the night hours. As it is impossible to correct the latter for non-periodic change 
they will not be discusfied here, but the data will be found in the book of tables. 

TABLE 31. 

Nonhh. 1 2 4 6 8 10 12 
-------_I---- 

JUllo 1911 . . -0.6 0 0  0.0 +O*B +O*G $0.3 

July ,, . . -0.1 -0.9 + 0.6 s0.1 -o.:j -0.6 

14 16 16 20 22 24 Moan 

$0.2 -0.2 $0.1 -0.7 $0.1 -0.7 -16.1"F. 

0.0 $0.3 +0.5 $0.4 +oi3 +0.4 -18.90~. 

No excess of temperatures a t  4 A.M. is shown in either of these months. The day hours 
were warmer than the night hours in June, but in July the period 16 hours to  24 hours 
was above the average. 

NON-PERIODrU CHANGES OF TEMPERATURE. 

In  the previous section the object was to  determine the true daily variation of tempera- 
ture unaffected by irregular changes. With this end in view, data from as large a number 
of days as possible, having a similar periodic variation, were combined in order that irregular 
changes which are independent of tho time of day would cancel one another, the residual 
variation was assumed to be mainly duo to  true periodic causes. The irregular vaiiations 
which were removed in this process are, however, of considerable meteorological importance 
and Will be studied in this section, We have now therefore to employ a process which will 
eliminate the true daily variation and leave the non-periodic changes. 

Many method9 have been wed by other writers for this purpose, but most of them lead 
Only to  statistical rmults. As the essential purpose of the investigation is to find the physical 
hws  underlying the meteorological observations, I have chosen two methods which appear to 
me to be the Dost suitable for the available data. The first method which depends on d J l y  
maximum and minimum temperatures will.be used in discussing the non-periodic temperature 
variations in McMurdo Sound, because maximum and minimum temperatures are avaiIable for a 
longer period than temperatures recorded in any other way. On the other hand, no maximum 
and minimum temperatures were recorded at Cape Adare and Framheim, hence to  compare the 
irregular temperature changes at  these stations with those at  McMurdo Sound another method 
will be adopted. 

Maximum and Mirzimum Temperatures in Relation to Non-periodic Temperature Changes.-If 
there were no irregular temperature changes the maximum and minimum temperature of the 
day would be determined by the daily periodic temperature variations. In thk case the daily 
temperature range would be the same as the daily temperature amplitude." This is practically 
the case in tropical countries. When, however, there are irregular temperature changes, these 
increase the difference between the rango and the amplitude. In the Antarcti0 where irregular 
(hnges are very large compared with the regular changes, the mean range is considerably 
greater than the amplitude, and the difforenoe, range - amplitude, a f forb  t i  qualitative measure 
of the non-periodic changes. The difference between the range and the amplitude which we 
shall now study will for convcmience be called the 'reduced range.' - 

* Seo tho dofinition of these tmw P W  63* 
10 
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June. 

&En temperaturu . . . 
Reduced range . . . . 

In the following table are given the mean temperature, the mean range, the amplitude, 
and the reduced range for each month. The values for the amplitude are thoso given in 
table 20, page 63, and the temperatures have been obtained from data for eaob month 
trom four years. 

TABLE 32. 
Unperiodic Temperature Vmiations in McMurdo Sound. ' 

- 
1002. 1803. 1911. 

-1090 -13.8 -18.6 

17.4 21 a 11.0 

Month. 

JtLnaary . . . .  
February * . .  
March . . . . .  
April . I . . .  
M a y .  . . . . . 
JUQo . c . . . 
July . . . . . , 

A u p t  . . . . , 

September , , . . , 

October . . . . . 
November . . . , . 
Docombor . , . , . 

Mean 
tompraturo. 

"8 

+23 , 

+ 15 

+ 4  

- 8  

-12 

-13 

-14 

-14 

-1G 

- 0  

+I8 

+ 24 

Mean 
max. 

I "F 

+28*7 

+ 20.0 

+ 9.4 

- 2.0 

- 6.2 

- 4.9 
- 0.1 

- 0.6 

- 6.2 

+ 2.2 

$18.6 

+284 

- 
Mean 
min. 

"B 

+ 1 0.9 

+ 8.7 
- 2-2 

- 16.8 

- 20.7 
-22.4 

-23.0 

-23.8 

- 22.7 

-12.1 

$ 7 4  

+ 18.3 

- 
Mean 
rango. Amplituclc, Roduccd 

rango. 

From the column for reduced range we see that non-periodic temperature cbanges are 
smallest in January and largest in July. Also by comparing the first and last columns we 
see that the reduced range has almost tbe same, yearly variation as the mean temperature. 

"4is close relationship between the .non-periodic temperature cbanges and the mean tem- 
perature, leads a t  once to  the conclusion that cold weather is favourable to unsteady tem- 
peratures while warm weather is unfavourable. If, however, we examine the reduced range for 
any one month in different years, we do not find that it follows very olosely the mean 
temperature. Thus, in the month of June the years arranged in order of increasing mean 
temperature were 1902, 1903, 1911 and 1912, but in order of decreasing reduced range they 
are 1903, 1902, 1912, 1911, the data are as follows:- 



NON-PERIODIC CHANGES. 75 

June. 

Mean mininium . . . . 
Reduced range . . . . 

If, however, we had used the average minimum temperatye instead of the mean tempera- 
ture for tho comparison, the year6 would have been arranged thus :- 

TABLE 34. 

I 1904. 1802. 1911. 1912. 

-27.0 -26.4 -182 -18.0% 

213  17.4 11.8 14.6 
-~ 

in which only one month of the four is out of the 'sequence. 
The investigation has been carried further by plotting the reduced range for the cold 

months against the average maximum and average minimum temperature of the month. n e  
points for tbe months May to  August are plotted in figure 27. A glance. shows a t  once that 
whereas there is only a small tendency for the points t o  lie on a straight line in the upper 

FIQ. 27. Reduoed temperature range plotted tlgajnet maximum and minimum temperatirree. 

diagram, thoro ie a ooneiderabIe tendenoy in tho  lower diagram. This meails that during the 
Period May to A u y s t  the reduced rango, i.e., the unperiodio temperature changes, &pen& 
muoh more on the minimum than on, the maximum temperatures. The relationship, expressed 
in atatistioal terms, is represented by tbb oorrelation ooeffiaiente - 3  and -*2 respectively. 
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During the warm months of the year there is a similar tendency, but much less 
marked. For the months November to February the correlation coefficients between the 
reduced range and the minimum and maximum temperatures are -*4 and 4 rospoctivoly. 
Thus we see that during the warm months neither the maximum nor the minimum tempora- 
ture plays a large part in determining the unperiodic temperature changes. 

In order to understand thcse results, the temperature conditions in McMurdo Sound must 
be kept in mind. We will first confine our attention t o  the cold months May to August. 
Tbere is little difference in mean temperature during this period, hence they may all be consi- 
dered together as having similar general temperature conditions. Wo have already Rhown 
that during the cold weather the direction from which the wind blows ha8 littlc effect on tho 
temperature, both northerly and southerly winds having higher temperatures than hold during 
calm weather. We have also shown that low temperatures art3 associated with a cold layor 
of air just above the surface, while high ternporatures during the Jvintcr are caused by the 
removal of this cold layer and the establishment of a normal temperature gradient through- 
out the lower atmosphere. A littlo consideration will show that minimum temperaturcs aro 
much more,largely governed by tho cold layer than maximum tcrnperatures, while maximum 
temperatures are more affected than minimum temperatures by the relative warmth produced 
by the winds. For every time a coId layer forms even for a few hours it is recorded by 
the minimum thermometer, but it must exist undisturbed throughout the whole 24 hours 
if it is to affect the maximum temperature. Similarly a wind which only lasts a few 
minutes may raise the temperature and give a high madmum temperature, but if i t  does 
not last 24 hours it may not affect the minimum temperature. 

A month during which cold layers frequontly form will have a low average minimum 
temperature. But tho cold layer is very unstable, for at a comparatively small distance above 
it, there is warm air; hence during a period when the minimum tomperature every day is 
low, there may be a large proportion of days with a relatively high maximum tcmperatiire. 
On the other hand when windy conditions exist both the maximum and minimum temperatures 
are high for the cessation of the wind for a few minutes docs not at once lead to  a cold 
surface layer which takes time to  form. Thus frequently when maximum temperatures are 
high, minimum temperatures are high, but much less frequently are maximum temperatures low when 
minimum temperatures are low. In othor words where the temperature is largely governed by tho  
formation and removal of cold layers, average maximum temperatures cannot undergo such 
large variations as average minimum . temperatures. That these conditions aro fulfilled in 
McMurdo Sound during the winter is clearly sccn from figure 27 in which the points for tho  
minimum temperatures are spread ovor a much larger range than those for the maximum 
temperatures. In fact the average dcviation of the maximum tempemtures from their common 
mean is only a little moro than half that  of tho minimum tempcraturos, being 3.8"F. and 
6.2T. respectively. 

The tendency then during this period is for temperature changes to tako place between 
two limits, the lower being the temperature of the cold layers, which vary largely from month 
to month both in intensity and duration, and the upper being the approximately uniform 
temperature which exists when the normal temperature gradient has been established in the 
lower atmosphere, It is now clear why the non-periodic changos during the winter are much 
more nearly related to the avoragc minimum than the avorago maximum temperature, for the 
latter is an indication of the prevalence and intensity of the cold layer, the formation and 
sweeping away of which give rise to the majority of the temperature changes. 

In the summer months tho cold surface layers do not form, whilo t h o  temperature is now 
affected by the wind direction. Hence we see that not only are the temperature variations 
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Capc Adaro. 

much smaller than in the winter, but they depend now much less on the minimum tempera- 
ture ; the correlation factor between reduced range and minimum temperature in' the 8ummer 
being only half what it was in the winter. 

comparison. of Non-periodic Temperature Changes at Cape Evans, Cape Adare and Rramheim.- 
Unfortunately no maximum and minimum observations are available a t  Cape Adare and Fram- 
h i m .  Hence it is impossible to compare the aperiodic ohanges of temperature at these 
stations with Cape Evans by the method just used. 

The comparison may be made, however, by the second method mentioned above. The 
change in temperature from day to day depends almost entirely on aperiodic changes. The 
difference has therefore been taken between the temperature a t  the same hour on consecutive 
days. At Framheim temperature observations were taken at  8 A.M., 2 P.M. and 8 P.M., the 
mean difference between the readings at each of those observations and the corresponding one 
on the following day have been used. This gives 90 doterminations of the change in a month 
of thirty days. The changes have been grouped according t o  whether the temperature rme 
or fell during the interval and the mean for the former entered in tablo 35 in tho column 
headed + and the latter in the column headed -.. (The occasions when the changes were zero 
have been divided equally between the positive and negative groups.) In the right hand half 
of the table the number of timcs the changes wore positive and negative have been entered. 
In  order t o  make the comparison complete the same prooedure, using the same hours, have 
been applied to the observations made a t  Cape Evans and Cape Adare, the results being 
enbered in the same table. 

Unfortunately no observations are available a t  Cape Adare for January or February or 
a t  qramheim for February and March. 

- 
- 
.. 
84 

64 

54 

46 

65 

46 

46 

31 

46 

43 

TABLE 35. 

- 
- 
.. 
.. 
44 

44 

46 

60 

49 

40 

63 

38 

47 

17 - 

.Month. 

3.6 

3.0 

4.5 

5.3 

10.0 

7.6 

7 4  

7.6 

4.2 

8.8 

2.8 

3.6 

. 1911 

hbruary , . . 
Maroli . . .  
April . . . . 
May . . . 

my . . . . 
iugust . . . r 

Tunc . . , ,. 

feptcmber . . . 
3otober . . . 
b o m b e r  , . 
bcrnber. , . 

1012 

anuary . . . 

- +  
. . 
. . 

10.7 

!Is2 

13.4 

16.1 

17.0 

10.6 

12.0 

6.4 

4-5 

4.6 

INTERDIURNAL VARIABILITY. 

Capo Adilrc 
- 
4- 
I .  

2.2 

6.3 

4.5 

7.3 

8.4 

i o 4  

114  

4.1 

3.1 

3.0 

. *  - 

3apo $vans. Framhcim. I - 
+ 
2.8 

4.3 

4.3 

7 0  

7'7 

8.6 

0.4 

11.1 

4.2 

4.6 

3.4 

2.8 

---I - 
.. 
.. 

11.6 

11.2 

14.3 

14.5 

13.7 

10,6 

9.5 

6.7 

4 *O 

4.2 - 

NUMBER (IF OOCURRENOES. I 
- 
+ 
.. 
30 

36 

39 

44 

38 

47 

26 

20 

44 

50 

.. 

Cape Evan 

+ 
40 

47 

40 

46 

34 

43 

41 

40 

46 

44 

44 

60 

- 
- 

41 

46. 
50 

47 

56 

60 

52 

60 

47 

46 

49 

43 

Framheim. 
- 

+ 
.. 
.. 
43 

40 

44 

43 

44 

60 

40 

54 

46 

40 

To facilitate di&ussion the mean values of the interdiurnal variability irrespective of sign 
have been entered in table 36 together with the mean temperature. 
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TABLE 36. 

Month. 

1911 

February . . 
Maroh . 
April * 

M a y .  . .  
June . . . 
July . . , 

AuguRt . . ' . 
Septembor . . 
Ootobor . . . 
Novembcr 

Doccmbor . . 
1812 

Ianuary . . . 

[NTERDIWBNAL VARIABILITY 
IRRESPEaTIVBI OB SIQN. -- 

Cape 
Adare. 

.. 
2 2  

4.6 

4.4 

6.9 

7.7 

8.1 

0.3 

4 1  

5.8 

2'7 

.. 

Capo 
Evans. 

3 *2 

4.1 

4.4 

0.1 

84 

8.1 

8.2 

6.3 

4.2 

4 *2 

3.1 

3.2 

Fram- 
huim. 

. . (  

.. 
11.1 

11.3 

13.8 

16.3 

18.3 

10.6 

10.8 

0.1 

4.3 

4-4 

MEAN TEYPIPRATURE. 

Capo 
Adare. 

.. 
-l;lO.8 

4 8.6 

- 0.0 

- 1fl.l 

- 14 *0 

-1.7'7 

- 2'6 

+ 0.0 

+ 1 8 4  

+ 2 7 4  

.. 

+ lH.7 

+ 7.2 

- 1.1 

-10.8 

-13.5 

-21.1 

-21.1 

-1fi.a 

- 3.4 

412.4 

4 22.0 

421.3 

f i am-  
hoim. 

.. 

.. 
-17.n 

-31.7 

-20.0 

-32.8 

-47.7 

-36.0 

-11.0 

4- 4.2 

4 2 0  0 

f16-0 

The data used in the above table are only for one year, but tho  interdiurnal variation 
shows, as did the reduced range, that a t  Capo Evans tho  non-periodic temporaturo changes are 
largest in the winter and smallest in thc summor. 80 far as the obsorvations go tho same is 
the case a t  Cape Adare and Pramhoim. Thus in tho yoarly variation tho non-poriodic changos 
follow closely tho mean temperaturo. In every month tho  moan tamporaturo at  Bramheirn 
is lower than either of t h o  other two stations, and the intordiurnal variability is groater. 
At Cape Evans and Cape Adare the same rolationship doas not hold so closoly, but in six 
months out of ten Cape Evans has both thc lowor temporaturo and tho groator variation. 
Cape Adare was very much nearer t o  pormanont open water than Capo Evan8, therafore the 
horizontal temperature gradient must hive been much largor a t  tho formor Ghan at  the latter 
station, this was partioularly the case in Junc when tho mean temporature a t  Cape Adare 
was actually lower than at  Capo Evans and the open ocean very much noerer. In spite of 
this, Cape Evans had on the wholo the groater ternperaturo variation, whioh shows that the 
horizontal temperature gadiennt is muob' less efficient in producing temperature ohanges than 
the vertical gradient. Tho large non-poriodio variability at Pramheim is' particularly instructive. 
The low temperatures on the Barrier have already been ascribed to the great radiation whioh 
is possible over its surfaoe' of snow. The large variability of temperature signifies that the 
Iow Barrier temperature is confined to a low layer above wbioh tbe air has a muoh higher 
~elative temperature. I n  otber words the large interdiurnal variation of temperature' a t  Fram- 
heim strongly supports the view already expressed that there is on the average a greater 
temperature inversion over the Barrier tban over MoMurdo Sound, so that the temperature 
of the upper air over the whole region is much more uniform than the tomperatme noar the 
ground, 

If we examine the figures in table 36 for the period April to October we find that witb 
few exoeptiom at all stations the riaes of temperature are greater than the falls, but their 
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frequency is less. Both these conditions are consistent with rapid rises of temperature and 
slow falls. This is exactly what would occur with the removal and formation of cold layem, 
for such a layer can be removed almost instantaneously by the setting in of a wind from 
any direction, but the fallof temperature would take place much more slowly, as the air oools 
under the abnormal radiation when ‘calm weather sets in again. 

MEAN MONTHLY TEMPERATURE. 

Description OJP the Data Available. 

Discovq ’ Expedition, Hut Point 1902-04.-0n pages 373 to  384 of the 
volume of meteorological results of the National Antarctic Expedition 1901-04 are given a 
complete &et of two-hourly temperature observations made at  Hut Point from February 9, 
1902, to tho end of January, 1904. Thus .with the exoeption of eight days in February, 1902, 
the record is complete for two whole years. The mean values given on these pages are used 
in the following and not tfiose givcn on page 464 of the same work whjph appear to  have 
been computed from dofoctivo data ; tho difference, however, is small. 

Expedition, Cape Royds, 1908-09.-The meteorological 
Shackleton’s expedition have not yet been published, but mean montllly va;lues ’of the tem- 
perature recorded at Cape Royds wero given to Professor Hann who has *published them on 
Page 690 of volume I11 of his ‘CIimatolo$e.’ No information hw* been, g i h n  as to tbe 
method of obtaining the monthly values, but probably they are based on two-hourly readings 
of the thermometers. 

‘ Terra Nova ’ Expedition, Cape Evans, 1911-12.-There is a complete sot’ of hourly data for 
the period February, 1911, to August, 1912. I n  addition, observations of daily maximum and 
minimum temperaturos are available for 18 days in January, 1911, and for the remainder of 
1912 after the end of Allgust. The maximum and minimum temperatures can be used for 
finding the true mean teniperature if the corrections to  be applied are known. Fortunately 
i t  is possible t o  determine a close approximation t o  these corrections by compdng the 
observations of mean maximum and minimum with the true mean from observations made in 
three years when the observations are complete. 

In  the following table are entered the difforences between the true mean temperature 
based on either hourly or two-hourly observations, and the mean of the maximum and, 
minimum temperatures, from which the corrections to be applied are found. 

McMurdo Sound. 

‘ Nimrod ’ 

TABLE 37. 

(h’ect&ns to be Applied to the Mean of the Maximum and Minimum Temperatures in 
Obtain the True Mean Temperature. 

I 

Year. September. Ootober. November. Deoentber. Januefy. 

OF “F “I? 

1902 , . . $1.3 + I 4  $0.3 -0.3 -0.6 

1903 . . . +1‘2 f l . 4  $1.9 +0.7 +0.7 

1911 . . . -0.4 4-0.6 -0.1 +0.5 +0*6 

Mean , , . +0*7 +0*7 f0.3 

Ora@ to 
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The values for 1902 and 1903 are taken from page 459 of the book quoted above, except 
that the value for January, 1902, has been reduced to  -0.5, because the value given, -1.0, is 
obviously too large, and is based on defective observations as is pointed out by IDr. Chree 
on page 460. It is obvious from the above table that if the mean corrections are applied, 
the temperature derived from the mean maximum and minimum will not depart by one 
degree from the true mean. They have therefore been applied to the observations for January, 
1911, and September to December, 1912, thus beving two years’ satisfactory mean temperatures 
for 1911 and 1912. ’ 

The following table summarises the above. 

TABLE 38. 

Data used f i r  Mean Morztlzly Temperature in McMurdo Sourhd. 

Period. I St at ion . 

aapo Roy& . 

Bcbruary, 1902 e . 
March, 1902, to January, 1904 

March, 1908, to k’ebruary, 1909 

January, 1911 . ”? Evenn I 
Do.. 01 . F o & ~ r y ,  1911, to . .  Augubt, 

Su tcnibcr, 1812, to Docornlor, 
FBl2 . . .  

Data evailabio. 

Two-hourly vclluoa for 80 days. 

Two-hourly valuoe. 

Probably two-hourly valuos. 

Eiglitoon days, nisximum and ininimun 
tompcraturos corroctcd by +0*3. 

Hourly valucs. 

Maximum and minimum boinpcraturcs 
oorrootod by +W7, +l*l ,  $0.7 and 
+0.3 ruspoctivoly. 

Thua for XcMurdo Sound we have temperature data for five years from three stations. 
It will be shown later that Hut Point is probably slightly colder than Cape Evans which is 
again slightly colder than Cape Royds, but by combining all the observations we obtain a 
better knowledge of the general temperature conditions in McMurdo. Sound than could be 
obtained by considering separately the observations madc a t  each station. 

Cape Adwe.-The observations taken at  Cape ddare by the Southern Cross Expedition 
under the leadership of Captain Borchgrevink have been published by the Royal Society in 
the volume ‘ Southern Crom Antarctic Expedition, Magnetic and Meteorolo(fica1 Observa- 
tions, 1902.’ 

From March 4, 1899, to January 29, 1900, temperature observations were taken every 
two hours between 9 A.M. and 9 P.M. As the mean of these observations would not give 
a true mean temperature, the observations a t  9 A.M. and 9 P.M. only have been used in 
obtaining the mean monthly tempmaturo. In  this series no observations for February are 
available, an approximate value has, however, been obtained by completing the curve of yearly 
variation by frzehand. 

The members of Captain Scott’s Northern Party were at  Cape Adare during part of 1911. 
l’hey took temperature observations as a rule every two hours from 8 A.M. to 8 P.M. In 
June and July, however, the observations were taken every two hours throughout the day 
and night. Thermograph records are not available, hence the mean monthly temperatures have 
been calculated from the means of 8 A.M. and 8 P.M. observations. 

The observations are complete from March to December inclusive. The values for tho 
missing months January and February have again been supplied by completing tho  curve 
for the remaining months by freehand. 
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The above is summarised in the following table:- 

TABLE 39. 

Data used for Mean. Monthly Temperature at Cape Adare. 

81 

February, 1899 . . . . 
March, 1899 . . . . . 
April. 1899, to Dccnmber, 1899 . . 
Janut~ry, 180(1 . . . . . 
Janunry and Fobruary, 1911 . . 
March, 1911, ho December, 1911 

Interpolation. 

Moan of 9 A.M. and 9 P.M. for 28 days. 

Meail of 9 A.M. and 9 P.M. 

Moan of 9 A.M. and 9 P.Y. for 3s d4yS. 

Intorpolation. 

Mean of 6 A.M. and 8 P.M. 

Framheim.-Temperature observations were taken at  Framheim at 8 A.M., 2 P.M. and 
8 P.M. Professor Mohn has reduced the mean monthly temperatures for the period April, 1911, 
la January, 1912, from the 8 A.M. and 8 P.M. observations. Values for the months February 
and March have been obtained by completing the curve for yearly variation by freehand. 

Barrier.-The method of obtaining mean monthly temperatures on the Barrier have been 
described above (page 32). The values used refer to the Barrier north of One Ton Camp 
79" 30' S., and south of Ross Island. 

Mean Monthly Temperatures in. McMurdo Sound.-Table 40 contains the mean temperature 
observed each month during five years in MoMurdo Sound. 

TABLE 40. 

In the previous section we have shown that daily non-periodic temperature changes me 
greator in the winter than in the summer, and it is easy to  see from the above table that 
tho monthly tamperatures are mole irregular in the winter than in the summer: Thus the 
difference botwoell the warmest and coldest July is lS*G°F., while the corresponding difference 
for January is only 4~8°F. This is atill more clearly seen from the following tablo in w h i d  
the departures of each month from the mean temperature of the month based on the five 
pears are given. 

* 1904. 
11 
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Jan. 

-1.2 

+2'4 

+2*4 

-1.3 

-2.4 

1.9 

Yeax. Feb. Mar. April. 

+0.1 + 3 4  $ -1q  

---- 

-4.6 -3.6 -8.1 

+4*7 $0.4 -2.0 

+2'9 +2.8 +7,7 

-2.9 -1.8 f0.8 
---- 

3.0 2.4 4.1 

1902 . . . 
1903 . . . 

I I I 

1008-09 . * 

1911 . . . 
1912 . . . 

Mean . . 
I I I I I 

~ 

TABLE 41. 

M O M U T ~ O  Temperature. 

Montbly Departures from the Average. 

. 
"F. 

Summer Nov., Dee., Jan. , . * O. 2.0 

Autumn Fob., Mar., April . . . . 3.2 

Winter May, June, July . . . . * 4.1 

8pring Ang,, Sept., Oct. . , . . 4.1 

Yea1 ( I . . .  . . * 3.3 

North Mid North Italy. 
Russia. Russia. Goormany. 

OF. O F  O F .  Of?. 

Summer. . . 2 4 2 .d 1 *o 1.8 

Winbr , . . 0.1 8.6 3 -6 2.6 

Year , . . 4.1 3 '8 2.3 2 *2 

- 
I_ 

-2.0 

-5.8 

+6*l  

-0.3 

4-2-9 

3.2 

- 

England. 

"I?. 
1.8 

2 *6 

2.3 

- 
July. 

+6*6 

-6.6 

-2.4 

-e*6 

+9*0 

0.2 

II 

I_ 

Taking the mean values for the seasons we have- 

The monthly variations in McMurdo Sound, as far as can be judged from five yeam' 
observations, are i n  both summer and winter less than in Russia. I n  the winter tbey are 
greater than in Italy and England, but of about the samo value in tbe Bummer. On the 
mean of the year the monthly variations in MoMurdo Sound are less than in Russia, but 
greater than in England, Italy or Germany. 
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The great dependency of temperature on wind during the winter haa already been 

Out, and this is again shown in the mean inonthiy values of temperature and win 
following are typical cases :- 

TABLE 44. 

Temperature and wid:  McMurdo flourtd. 
I 

Mean tempewture. 

O F .  

1903 . . . . . .  -16.9 

1911 . . . . . .  - 1.1 

1902 . . . . . .  -16'0 

1912 . . . . . .  - 9.2 

1903 . . . . . .  -21 -0 

1912 . . . . . .  - 6.6 

April 

June 1 
July 1 

1911 * . -21 .I 

1912 s - - 3.1 
August 

Mean wind. 

Miles/hour 

9 

16 

12 

32 

' 9  

' 29 

17 

25 

ANNUAL VARIATION OF TEMPERATURE. 

,The following table contains the mean monthly temperatures in the Ross Sea area derived 
from the data desoribed on pp. 79-81. The values *are plotted on figure 28. 

L 

MOMURDO SOUW 

6 yoars. 

January , . . , $23 7 

Month. 

TABLE 46. 

Mean Monthly Temperatures. (OF.) 

 CAP^ ADARB. 

2 years. 

(+31.6) 

(4-27.0) 

$18.7 

f 9.4 

- 2 9  

-14.5 

* -11.0 

-13'6 

- '7.6 
- 0'6 

+ I 8 3  

$29'5 

f 7.0 

~RAMHMIBI+ 

1 yoar. 

+14% 

(+ 4.2) 

(- 6.7) 

-17.7 

-31 *7 

-29.9 

-33-7 

-48.6 

-36'6 

-ll*B 

f 4.1 

3-10-9 

-14'4 

February . . . . .  
Maroh. , , . + 

M a y *  . . . . .  
June . . . . . .  

April , , . . * * 

July . . . . .  .. 
August . . . . .  
Bopternbar , , . - 
Ootober ; . , . . 
November . , . - 
Deoembor . . . . .  

Year . . , . 

NORTH B A m  

. Computed. 

+I7 

$ 1  

-16 

-30 

-33 

-38 

-36 

-34 

-27 

-13 

4-8 

+16,8 

f 4.4 

- 8.8 
-lO*ti 

-11.9 

-14.6 

-14.6 

-11'7 

- 2*1 

-f-l4*2 

+24*0 

-t: 0.7 
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The curves on figure 28 show a remarkable similarity in the yearly temperature varia- 
At each station the fall from the summer maximum continues tiom a t  the four positions. 

BIG. 28, Annual variation of temperature, 

at a nearly constant rate for three or four months, and then is suddenly oheckod ; and there 
are several months during the winter when the temperature is approximately constant. 

The physical meaning of these curves will best be investigated by comparing the temperature 
variations on the Barrier with the variations in a similar northerly latitude and also with 
the change8 in solar energy. 

Mean Temperature at 78' N.-The mean latitude of McMurdo Sound, Bramheim and the 
north of the Barrier is approximately 78' 8. The moan temperature a t  the corresponding 
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J a m -  ary. Wobru- ary. Maroh. &fay. June. July. 

____-_------ 

latitude in the north can be found from the valuw given by Mohn * for each 5" of latitude 
between 60" N. and the North Pole. Interpolating from these values wo find the following as 
the mean monthly temperatures for 78" No 

TABLE 46. 

Augnst. tE{ir. Eo- vzer. 1 "?:E' Yoar. 

-23.4 -24.0 -20'6 -6.2 1 f l6 . l  +30$ +36% +33'8 

TABLE 47. 

Total Insolation Receivcd at 78" N .  and 78" 8. 

420.3 +Os$ -8.5 -16.6 +3.2 

Comparison of Temnperature with Insolation in the North and South Polar RegioW,-The 
curves on figure 29 represent the following :- 

The mean monthly temporature a t  78" N. 
The meall monthly temperature on the north of the Barrier. 
Tho total monthly insolation a t  78' s. 

The difference between the .insolation for 78' N. and 78" 8. is too small to affoct the 
following discuseon; therefore only the curve for 78" S. bas been shown. For convenience of 
rOforence the curv& for the north have been plotted against' the corrosponding months for 
the south, i,e,, the value of January in the north has been plotted against July in the south 
and SO on. 

The curves for the Barrier and 78" N. show several most important difi~l.c3liCetI: 

(a) Whereas the tomporature curve for the Barrier follows that of the insolation very 
closely, tho curve for 78" N. has a lag of a month. 

( b )  During the months of no insolation the temperature on tbe Barrier undergoes very 
little change, while in the nortb the temperature continuos to fall after the 
insolation ceases in April nearly as rapidly as it had fallen previously. - 

* Noiweginn North Pole Expodition, 1893-1890, page 676 
t Angot. Annales du Bureau Cent. Met. de France, 1883, page B 121. 
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FIU. 29, Temperature and Insolation. 

(c) The temperature in the north oscillate8 about a moan temporature 18°F. higher 
than that over the Barrier, and as the amplitude of t ho  osoillation is greater 
in the north than the south, the maximum t,emporaturo in the north is not only 
higher than in the south but is several degreee above the freezing point. 

Before we can explain these differences, it is necessary to undorstand tho  local conditions 
to  which the observations refer. We have already described the surrounding8 of tho  Barrier. 
The temperature curve refers to that part of the Barrier betwoan One Ton Camp in 79&" S. 
and the southern coast of Ross Island. The mean latitude is somewhat greater than 78" 
to which the other curveA refer, but the difference'is ao small as to be immaterial for our 
dis cussion. 

The temperature curve for'tbo north does not refer to  any one locality, it is based on 
the mean temperature of latitude 78" N. A glanco at the map of t h o  north polar region 
will show that this latitude, except where it crosses Greenland, runs almost entiroly over tho 
Polar Sea, approximatsly 80 per cent. lies over water and 20 per cent. ovox snow-covered 
land. An important point is that witbin this circle of latitude practically tho  whole area is 
a permanently frozen sea, while the greafi continental masses of Aka and North Amerioa 
surround it on the outdde for nearly three-quartera of its ciroumferencc. 

During the greater part of the year the sea along latitude 78' N. is itself frozon, but 
during the summer there are oocesionally breaks in the ioe through which the opon water 
comes to the surface. 

It is a well-known fact that owing to the large heat capacity of water it warm up 
slowly during spring and summer and cools slowly during the autumn and winter. Hann bas 
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Sea climate . , . . 

Land climate . . . . 

Insolation . . , . 
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7.9 sin (253*6+r)f1.4 sin (59.4f2.z). 

43.6 sin (271.3+r)+2.4 sin (341.34-22). 

9.02 sin (29G$+r)+1.28 sin (144*2+2x). 

&own this very clearly by analysing into harmonio terms the mean annual temperature varia- 
tions of a number of stations in the same latitude having land and sea climates. The results 
for GO" N. are shown in the following*:- 

TABLE 48. 

Insolation 78" N. . . . 

Temperature 78" N. , . 
Temperature Bsrrier . . 

Insolation 78"s. . . . 

6.9 sin (117+m)t+3*2 sin (1434-2m). 

31.0 sin ( 82+m)t+4*9 sin (109+2x). 

28.0 sin (108-f-m) f7.8 sin (133f2s). 

7.1 flin (1164-s) +3.6 sin (142+2m). 

It will bo noticed that in each case the amplitude of the first term is much larger than 
the second term, therefore its phase gives very approximately the phase of the whole wave. 
Along 60" N. latitude the temperature variation lags behind the insolation by 15" at  land 
stations and 43" a t  seta stations. As very approximately 1" lag represents 1 day, the lag 
is half a. m0nt.h at land stations and nearly one and a half months a t  sea stations. 

Analysing the curves on figure 29 in the same way we obtain the following:- 
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.Aug. Sopt. 
to 

Barrier Sapt. Oct. 

+ 7  4 - 1 4  1 to 
_- - 

TEMPERATURE. 

TABLE 80, 

Oct. Nov. Dee. Jan. Fob. , March April May Juno 
to to  to to t o  to to to to 

Nov. Dec. Jan. rub. March April May June J11ly 

$ - 2 1  4-14 - 6  - 1 8  - 1 1 4  - 1 1 6  - 3  - 2  - 1  
--- - _II ---- ~ -_- -." -___ I __-.-I 

Chatye of Temperature ,from. Month to Month. 

i 
1 $3.6 +14.4 $-21*3 ,f16+S 

May 
to  

;Tuna 
to 

$59  -2.7 -13.6 -19.4 -0.4 -8.1 -0.8 

Scpt. Oct. Nov. Dcc. 

Oct. Nov. Jho. Jan. 
to t l J  1 to 

Juno Jiily 

Juig Aug. 
to t o  

The minimum temperature occurs over the Barrier in July, at 78" N. in February, which 
corresponds to  August in the south. During the periodof increasing insolation (September to 
December in the south, and March to June in the north), the temperature rises a t  approxi- 
mately the same rate in the north and south, Bl", and 49" respectively. The temperature, 
however, continues to rise in the north after midsummer, and July is 5.9"Jj'. warmel: than 
June, while over the Barrier the temperature commences to  fall almost as soon as the insola- 
tion decreases, and January is 5°F. colder than December. The continued rise of tem- 
perature in the north after the solstice, coupled witb the fact that the mean temperaturo 
during the two warmest months in the year, July and August, is well above the freezing 
point, is the key t o  the problem. Even during Julyand"August, the greater part of the sea 
in latitude 78" N. is completeIy frozen over, and where it is not,b$;ozen over, the tsmporaturo 
of the sea is between 2 and 3°F. below the freezing poink,. 'flTence as the temperature of 
the surface does not rise above the freezing point, the air' during theso months is warmer 
than the surface, and therefore cannot obtain its heat locally. During July and August, the 
north polar ocean is surrounded by snow-free land, the temperature of which in well above 
the freezing point, and the winds carry warm air from the land over the polar ocean, so 
causing a higher temperature than would be produced by the insolation received locally. The 
course of the temperature in the north between the winter minimum and the summer maxi- 
mum is now obvious. A t  the end of the winter, the north polar ocean is frozen over, and 
surrounded by snow-covered land, which is locally colder than the ocean further north. Thus 
the first sunshine of the year falls on a snow surface at a temperature much below the freez- 
ing point, hence the conditions are simliar to  those Over the Barrier. The rise in temperature 
is, therefore, Rimilar in both north and south. 13ut over the land of North Asia and 
America, the snow Commences to melt exposing land and rock on which the innolation acts 
with greater intensity. The snow covering rapidly decreases, and by the end of May has 
almost completely dimppeared from the land, the temperature of which rises well above the 
freezing point. 

The pressure distribution is then favourable for a conniderable interchange of air between 
the warmer land and the colder ocean, The prevailing wind direction over the whole area 
may not be from the south, but there are sufficient southerly winds to carry a considerable 
amount of warm air northwards with a consequent raising of tho mean temperature over the 
ocean, Thus after May insolation is not the only source of heat in 78" N., but to  it must 
be added &e winds carrying warm air from tho relatively warm continents in tho  south. 
The summer temperaturc is, therefore, well above the freezing point, and the maximum occurs 
a qonth after the insolation has commenced to decrease, 

0 \ t t * j  



89 

T4e conditions are entirely different in the south. Practically the whole region within 
the Antarctic Circle is snow-covered land, and completely surrounding this continent is an open 
ocean, the temperature of which in high latitudes even in midsummer does not rise above 
the freezing point. On the return of the sun, the air over the Barrier warm up in propor- 
tion to  the insolation received. At midsummer the temperature is still 10°F. below the freez- 
ing point. Compared with the north, there is little inflow of heat-from lower latitudes because 
the prevailing wind is almost entirely from the south, also the few winds which do blow 
from the north come from a cold ocean instead of from a warm land surface. Thus local 
insolation is practically the only source of heah even a t  midsummer, hence when i t  decreasea 
after the solstice, the temperature decreases with it. 

Tho low summer temperatures in the Antarctio have been a source of difficulty to meteoro- 
logists. 

' The low mean temperature of the summer is also strange, and very diffioult to 
explain . . . . . . ,. . , . .. . , . . . , . The insolation in the Antarctic in summer is greater 
than the insolation on anv other part of tbo earth at any other time, this being 
the date a t  which the sun is nearest to  the earth, and if temperature depended 
only on solar radiation we should have the highest terrestrial temperature occurring 
in December in the neighbourhood of the South Po1e.f A large mas8 of ice pre- 
vents t h o  temperature from rising above the freezing point, because the air, being 
nearly pervious to  the radiation, t a k a  its temperature c4iofly from the surface with 
which i t  is in contact, and if that surface be ice or snow, it cannot be above 
32°F. But ice, except in its power of evaporation, is in no way more efficacious 
than any other rock in checking a rise in temperature up to its o m  melting point. 
Why then does not t h o  mean summer temperature a t  least reach the freezing 
point as indeed it does in the north polar regions, where the insolation is less 
intense ? ' 

Of the solar energy which fails within 
the Antarctic Circle, such a large proportion is lost by direct reflection from the SlloW tbat 
the remainder is not sufficient to raise the temperature of the air to the freezing point before 
the solstice i8 reached,and the energy commences to decrease. The Arctic Circle on the other 
hand is during the summer surrounded by snow-free continents, the temperature of which 

woll above the freezing point, and warm air is carried from them across the whole 
PLlar region. In,solation, aB MI+, Dines points out, is lesp in the north than the south, but 
illsolation pius warm winds is much greater in the north than the south; hence the difference 
In the respeotive maximum temperatures. 

During the psxiod of decreasing insolation, the temperature over the Barrier falls sli&ht]p 
less rapidly thani t  rosa giving a ,small lag behind the insolation, SO that the mean temperature 
in April, when the insolation ends, ib 4°F. higher than in Augmt, when the sun appeared 
after the winter. This, however, is to be expected, for the snow surface and the air above 
it have some slight heat capacity. The lag, however, is very much greater in tho north. 
At the end of the summer, the ice in the north is thinner than at the  end of the winter, 
there is some open Water, and the surrounding land surfaces are still free from snow, and, 
therefore, have a relatively high temperature. ,411 these effects SUPPl? beat) and keep the 
temperatme high, thus lvhen the sun sets for the last time in October, the temperature in 

ANNUAL VARIATION. 

Mr. Dinos, in discussing the results of the Discovery Expedition, wrote * :- 

I 

The answer to  the question is now quite clear. 

north is 24.g°F. higher than when i t  rose in February. 
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We now come to ona of the most characlteristic differences between the temperature in 
the north and the south. From April to August in the south, and from October to February 
in the north, no insolation is received. The temperature h the south during these months 
is nearly stationary, the fall being only 4°F. on the Barrier, while in the north the tempera- 
ture conftinues to  fall, and February is 24*9”F. colder than October. Here again we have en 
effect of the different local surroundings. The Barrier is only a few miles from a sea, the 
temperature of which, during the winter, h, as we have already shown, 26°F. Over 
the Ross Sea, there are vertical convexion currents,‘while over the Barrier there are none, 
therefore, the temperature of the sea governs the temperature of the upper atmosphere. Every 
blizzard which blows removes the cold air from tho Barrier surface, and raises the temperature 
to  that in adiabatic equilibrium with the warm upper air. The fall of temperature during 
the winter over the Barrier is, therefore, retarded, and the temperature remains nearly constant, 
In the north, the land which mas‘ warm in the summer is relatively cold in the winter, 
therefore, there is no great difference in temperaBure over a short horizontal distance, and tho 
upper air is likely to be much colder than the upper air over the Barrier. The temperature 
over the greater part of the north polar regions falls a t  the mme rate, and, therefore, there 
is no local source of heat after insolation ceases, hence until insolation agaiii commences 
after the winter, the temperature continues to fall. 

warmer. 

The c w e s  for the yearly variation of temperature a t  the few places in the Ross Sea 
area given on figure 28, page 84, become of great interest in the light of the previous 
dis c ue s i o n , 

December is the warmest month at  the Barrier, Framheim and MuMurdo 8ound, showing 
that at these stations the temperature follows the insolation very closely. At Cape Adare, 
however, themaximum temperature occurs in January, but Capo Adare is much more affected 
by open water than the other stations, and, therefore, its temperature cannot follow the insola- 
tion so closely. The effect of open water is clearly seen in the rates at which the tempera- 
ture falls after the summer maximum. The Barrier is furthest away from open water, and its 
temperature falls the most rapidly. Framheiin is so situated in tho  south-east angle of the 
Ross Sea that it has the Barrier on three sides and open sea only on t h o  fourth ; the tem- 
perature fall there is, therefore, not so rapid aa on the Barrier, but much more rapid than 
in the McMurdo Sound, where tbe sea is open in most years until the end of March. Cape 
Adare is almost entirely surrounded by open water until May or June, and the lag of tern- 
perature is greatest a t  that etrttion. 

The tompera- 
ture a t  both Cape Adare and McMurdo Sound continues falling until it is between -10°F. 
and -1187. The simplest explanation is that tbis is the temperature a t  which the partially 
frozen Ross Sea givm up sufficient heat to counterbalance the radiation to  tho clear winter 
sky, and, therefore, it is the lowest mean temperature a t  Cape Adare and McMurdo Sound. 
wbich are so much under its influence. 

The character of the curves during the winter month is most interesting. 

If we neglect for the moment the low temperature of August at Pramheim, we see that 
the winter bmperatures are very similar a t  Framheim and on the Barrier ; this, as explained 
above, isdue to  ths blizzards which remove the cold air over the Barrier and replace it by 
air in temperature equilib~um Wit3 the upper air whose tomperature is governed by the 
relatively warm Ross Sea. The mean temperature of August 1911 a t  Pramheim may safely 
be Slidged to  be abnormal ; a longer series of observations would, doubtless, show that during 
the montha May to August the mean temperature a t  Framheim would be nearly stationary, 

it  is at otber etations in the Ross Sea area, 
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Alznual Temperature. 
From table 40, p a p  81, it will be scan that the mean temperature of two years at  

Hut Point was -1.4"F.: of two years at Cape Evans +1*4"F., and of one ycar a t  Cape 
Royds $3*4O,E'.  Now Hut, Point is ncar the end of McMurdo Sound, and, therefore, very 
near to the Barrier ;Capo Royds is near where McMurdo Sound opens into the Ross Sea 
and Cape Evans is between the two. It is, therefore, likely that these different temperatures 
represent a real geographical variation of temperature which decreases as one proceeds south 
in McMurdo Sound from the Ross Sea to the Barrier. 

A few simultaneous temperature observations made during 1911 and 1912 at Cape Evans 
and Hut Point confirm this conclusion, as will be seen from the following table:- . 

TABLE 51. 
Differelzce between &multaneous Observations of Temperature at Cape Evans and Rut Point. 

No. of days of 
observations. Month. 

Tomperatwe 
differcnoe. 

Ca Evans- 
&t Point. 

I --- 
February, 1911 . . . . . . . .  
Marah, 1011 . . . . . . . .  
Maroh, 1912 . . . . . . . .  
April, 1011 . . . . . . . .  
April, 1012 

Mhy, 1011 . . . . . . . .  
Soptomher, 1011 . . . . . . .  
Ootobor, 1011 . . . . . . .  

. . . . . . . .  

Novombor, 1011 . . . . . . .  

13 -4.7 

I0 -5.2 

16 -2.4 

30 -6 0 

30 -5.5 

12 -2.0 

8 -1.2 

26 -0.7 

4. 3-1-4 i 

The average variation of the mean temperature in individual years from the fire-year 
moan is only 2.lol7. (see table 41, page 82); if this is partly due to  geographical position, 
the coldest year 1911 being observed at Hut Point, and bhe warmest at  Cape Royds, it shows 
8 remsrkably small variation from year to year, for average variations of this amount are 
met with at  much lower latitudes. 

In table 62 am entered the mean temporatures of the stations in the Ross Sea area. 

TABLE 62. 
Mean Annual Pmperatvre. 

Mean 
Station. Latitude. Longitude. annual 

temperature. 

"F, 

cap Adare. . .  71'18' 170" O'E. 4 7.0 

MoMurdo Sound . . 77" 38' 166" 24'E. + 0.7 

Ramheim . . , 78"38' 195'30'E. -14.4 

Barrier . . , 70"OO' 170"OO'E. -18' 
@ 

Poriod of observation. 

Two pars (three months 
interpolated). 

Five years. 

One p a r  6 two months 

See 1'8ge 30. 

intorpolete ). 
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Latitude . . . . . (IO" s. 70" B. 81)" s. I)O" s+ 
Temporaturo . . . . 26.7"B. WPP. -5.1 "I?. -14~0"l'. 

MPERATURE. 

THE MEAN TEMPERATURE OB THE ANTARCTIC. 

- 10°F 

- 2 d F  
60' 66' 

Bra. 30. Mean temperature of the Antavotio. 

The value for Capo Adare falls almost oxactly on the curvo, but that for McMurdo 
Sound is too high, while thoae for B'ramheim and tho Barrier fall far too low. Moinardus's 
ourve is 8n estimate of the average temperature ovor the whole of various latitudes, and it 
is necessary to review in the light of the now daba whothor Meinardus's values are satisfao- 
tory. 

Framheim is only one degree further south than McMurdo Sound, yet they differ in mean 
temperature by 1 6 9 .  We have already shown that this differonce is due to McMurdo Sound 

* Soobel'e Goographisohee Htlndbuoh, p u p  74. 
__-___I___ _- - _ _  ._I-. ---- 
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Meinurdus'e Mohn's vnluos for 
La ti tudc. tcniporatu~.os for north letitudos. 

south latitudes. 

O Y .  "I?. 

60" 6 . . . 8 +'57 +304 

+ 0.6 +12.7 70" . . . .  
BO" . . . . . 
DO0 . , . . , 

- 5.1 - 0.6 

-13.0 - 8.9 

being so much under the influence of the sea. There can be little doubt that the 
temperature of all places on latitude 78" S. at any considerable distance from open water 
have temperatures nearer that of Framheim than that of McMurdo Sound, in fact the tem- 
perature of Framheim iR probably higher than that of places on the same latitude but further 
from the sea. So far as we ltnow, the  only other part of the Antarctic at which the sea 
is cver open so far south m 78" S. iR in the Weddel Sea, where Filchner penetrated in 1912 
to 77" 45' 5. The rest of the 78' 8. parallel, in all probability, passes over ice as thick 
a6 that of the Barrier. It is thus reasonable to conclude that the average temperature of 
d l  places neap sea level along latitude 78" S. is near to  that found for Framheim and the  
Barrier, and therefore must be below the value given by Rleinardus. -4s all the temperature 
data used by Meinardus have been obtained at stations either on the coast or over the 
sea itself, they are open to  the same objection when used to  give the average t.emperature 
Over the h t a r c t i c  Continent. Cape Adarc is surrounded on three sides by open water during 
seven or eight months of the year, and during the remainder open watcr is never far away. 
It is, therefore, almost certain that Cape Adare has a higher temperature than large tracts a t  
the same latitude which are far away from the sea, and have a snow surface similar to that 
of the Barrier. But the temperature a t  Cape Adare has been given by Meinardus as the 
moan of the latitude on which Cape Adara is situated. Thus we see that a t  latitudes 71" S. 
and 78" S. Meinardus's mean temperatures for the whole latitude are too high, and a t  the 
latter, the evidence points t o  an error of about 11°F. It, is, therefore, safe to conclude that 
(111 Meinardus'e values south of the  Antarctic Continent are too high, because he has based 
them on coast temperatnres, and not on inland temperatures. Considering how little we know 
of the inland temperatures of the Antarctic, and of the hoight of tho continent, it seems 
Useless to  carry t h o  discussion further. We can, however, say definitely that thc temperatures 

the various latitudes south of the Antarctic Circle are certainly lower than those given 
by Moinardus. 

Tbis conolusion is of importance when we comparo tho moan temperatures of the Arctio 
and Antarctio for Mcinardus's values are already considerably lower than those determinod by 
Mohn for corresponding latitudes in the north. 

TABLE 54. 

Difiorenco. 

OF. 

-4.4 

-3.7 

-4.6 

-4.1 

According to  t h o  above table the temperatures in north polar ret$ns are between 4'p. 
and Bop. higher than a t  corresponding positions in tho  santh and as Mehardus's values are 
too high the real difference is considerably greater. 
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WIND. 

INSTRUMENTS AND METHODR. 

Awwumae&r8.--mr# anemometers wero used at Cape lhan8. 
(a) A small Robinson anemometer having %inch cups on ‘lg-inch arms and calibrated to 

the factor 2-73, !Chis instrument was considered to be the &andard inatrument. 

(b) An anemometer also having the same aim cups and arms, but RO arrangcd that after B 

certain number of revolutions an electrical cireuit was closed for a short timo. Wires wero 
taken from the anemometer to a recording instrument within the hut, by meane of which R 

pen, Writing on a drum revolved by clockwork, waa raised a Rhort distance every time the circuit 
was closed. Thus a series of ateps was drawn on the record each one of which corresponded 
t o a  definite amount of wind. A time mark was made on the actual rcoord every hour by 
means of an electric current from the standard clock. The value of the wind amount corre- 
sponding to  a step of the record was determined at  frequent intervals, by counting the stops 
on the record corresponding t o  a day’s run of the standard anemometer. Both of these 
instruments (a) and (b) were mounted side by side on a woodon frame on the top of Wind 
Vane Hill. 

(c) A Dines pressure tube. This instrument had been specially dtMigned to meet tho 
difficult conditions of the Antarctic. The head had boon so arranged that it could be oaaily 
removed and cleared of anow, and the suction part of the head had been crected separately 
from the vane. Also a roservoir had boon inserted between the head and the float in 
order to  prevent any snow which entered the nozzle accumulating in tho connecting p i p .  
The instrument as designed in London was specially made by Mr. Munro of Cornwall 
Road, London, and very kindly lent by him to the axpedition. Tho head waa erected at 
the east end of the hut within which was the recording part. The temperature within the hut 
was generally above freezing point, but it was found advisable to  use petroleum as the liquid 
in the cistern, as on one or two occasions tho water and glycerine suppIied froze. 

The cbnge in deaign of the head proved a great sucoess in practice. During blizzards 
a certain amount of snow accumulated just within the ‘nozzle ; but every four hours, when 
meteorological observation8 were made, this was cleared out and it was only in the worst 
blizzards that any part of the rocord was loat owing to  the nozzlo becoming ohoked up with 
snow. 

Tlze exposure of this anemometer on the roof of the hut would not have been satis- 
factory if it had been desired to use its record for obtaining true wind velocities, because the 
hut waa in. the lee of Wind Vane Hill and therefore not exposed to the full velocity of 
the wind. The records however have not been used for obtaining actual veloditiea, but only 
for studying the ‘structure of the wind.’ The velocities recorded by the cup anemometers 
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on Wind Vane Hill varied between 1-25 and 1.50 times the velocities recorded by the 
Dines anemometer a t  the Hut, the ratio varying from time to  time as small changes in 
wind direction made appreciable differences in the amount of shielding. On a few occasioils 
the Dines record has been used for supplying lnissiiig velocities when the cup anemometer 
was out of order. 

Prom February 4, 1911, to September 30, 1912, the electrical cup anemometer gave 
a practically unbroken record of the hourly velocity of the wind. It has been found possible 
to  fill in the few Iacungj either from the records of tho Dines anemometer or by reasonable 
interpolation. 

Wind Vane.-A self-recording wind vane was installed during February, 1911, on the top 
of Wind Vane Hill. from the first trouble was experieiiced in this position. It was exceed- 
illgly difficult to change the paper during high winds, and the first five daya'record was lost 
Owing to  the blowing away of the paper when it was taken off the drum. The exposure 
however was so good 011 the top of bhis hill that I was very reluctant to move the instru- 
ment, but who11 low tempraturev set in, the stopping of the clock became SO frequent that 
it became necessary on May 16, 1911, to remove it to  the hut, where it was possible to  
have the clockwork inside. The hut was however in the loe of Wind Vane Hill and the wind 
diroetion was affected t o  some extent by this obstacle. The change in direction was reaIly 
very small; but it was just aufficieiit to cause the predominant wind to  be changed from 
8.E. to  E.S.E., and a certain proportion of the E.S.E. winds just crossed tho dividing 
h e  into the E. division. This small break in the continuity of the series was unfortunate, 
but practically it has no large significance for, as will Le shown later, the wind direction 
Was 80 largely aflectod by Mount Erobus, that for all practical purposes the winds may be 
divided simply into northerly and southerly, the former blowing from the Ross Sea to the 
Barrier, and the latter from the Barrier to  the Ross $ea. 

The self-registering wind vane was not entirely satisfactory as it did not turn very freely 
and tho time scale was so small that it was difficult to fix with accuracy the time wben 
the wind changed. Also it gave other troubles so that there was a disappointingly large 
number of missing records, Owing however to  the great preponderanco of winds from the 
directions about E.S.E. and N.N.W. it was possible to  fill in a large proportion of the 
missing record with tolerable certainty. 

There is a more or less complete hourly record from February 7, 1911, to  the elid of 
August, 1912, alld in addition readings of a small vane exposed on Wind Vane Hill were taken 
each morning from January 13, 1911, to  December 30, 1912. 

WIND VELOUITY. 

Mean W i d  Velooity. 

The members of our expedition who had been previously in the Antarctic 
01 ~lmckleton, constantly remarked on the great amount of ' wind experienced 

wit4 Scott 
in 1911 as 
very much 
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TABLE 55. 

Mean Wi,nd Velocity (miles per hour). 

Month. 

I_ 

January . 

lkbruary . 

Ma M 11 

April . . 

&y . . 

Junu . . 
<July , 

August . 

Suptombor . 
Octobor . 
Novombor , 

hcombor . 

Moan . . e .  

HUT POINT. 

1002. 

7 *  

12 t 

10 t 

12 t 

17 

13 

12 

14 

1 0  

10 

8 

8 

1903. 

6 

1 0  

11 

!4 

1 0  

11 

0 

I 1  

I 1  

l a  

11 

8 

9.9 - 

~ 

CAPIO EVANS. 

1011. 1912. 

- 
Mva n 
four 

yoars. 

It ia very probable that the exposure of the anemometer at Hut Point was not so free 
as at Cape Evans, but that would not account for the wholo difference between the two 
periods 1902-03 and 1911-12. We have tho opinion of t h o  men who wore in the Aiitarctic 
during both periods and they were unanimous that tho wind conditions in tho second poriod 
were much worse than in the first. Then again there is tho largo variation in the two years 
in the Bame place. June, 1912, had nearly 2+ times as much wind as June, 1911, and May, 
1912, had over twice aa much as Mary, 1911, it is therefore not impsobablo that the whole year 
1912 had over twice as much wind as 1903. 

The abnormal amount of wind in the six months April t o  Septomber, 1912, is remarkable. 
The mean velocity during these months was 2 5 6  miles por hour aa compared with the corre- 
sponding velocities of 13.8, 11.0 and 1 5 1  in the other years respectively. 

The greatest amount of wind wtau recodedin June, 1911, during which month the mean 
velocity waa over 40 miles an hour during 41.4 per cont. of the hours in the month and 
over 60 miles an hour during 6 per cont. The mean velocity experienced during this month, 
21.8 miles per hour, is the high& yet recorded in tho Antalctic, the neaxest being 306 miles 

~ ___ -. I - --- - - -___ 
t k'rom Utrsufort uetimatos. * 1 0 4 .  
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an hour during March, 1903, at  Snow Hill in the west Antarctic.* The highest velocity of the 
two years occurred 011 May 4, 1912, when a wind of 81 miles in the hour was recorded. 

Annual Variatwn of wind velocity. 

Elxamining the llumbers in the last column of table 55 which give the mean monthly 
values for the four years (plotted on figure 31), we see that the annual variation has a 
double period with two maxima &lid two minima. It would probably be more correct to  my 

L 

Fro. 31. Annual variation of wind velocity. 
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Taking the annual variation to conaist of- 
(a) a simple period with a minimum in the summer and a maximum in the winter, 
(b) a pronounced secondary maximum in February and March, 

it will be found that the former of these is present a t  all stations near the Antarctic Con- 
tinent for wbich we have data except Framheim and Cape Adaro, whilo tho latter is prosuiit 
a t  all except the Belgica station. 

TABLE 56. 

Annual Vuriation of Wind at Antarctic Slations (miles per hour). 

Station. 

Framhoim . . 

Hut Point . . 

Capo Evana . . 

Capo Adaro . . 

Belgica * . . 

Snow Hill* . . 

Qausa Station* . 

Potormann Ialand . 

94 

10.6 

18.0 

8.4 

12.8 

17.7 

12.5 

8-3 

1 ti.0 

18.6 22.5 23.0 21.0 - 
V 2 

21 *4  

9.9 0 0  6.3 6.8 

$8 

9.4 8.9 5.0 9.6 
J 

8 4  

19.7 19.9 22.1 20.8 

20.0 

10.9 11.0 14.6 19.9 

. Y .“A 

16k 

7.0 9.9 18.7 18.8 
b _J 

12.9 

13.7 

I_ 

j 
8 
i 

11.4 

9.5 

17.5 

0.4 

7.4 

19.0 

10.5 

10.7 

The cause of the grsater wind in tho winter than in the summer is without doubt the 
annual variation of tho difference in temperature between the continent and tho ocean. We 
have no actual temperature observations from the interior of the continent during the winter 
but there can be no quostion that tho temperature difference between the continent and the 
surrounding ocean is greater in the winter than in the summer. This causes an intensification 
of the Antarctic anticyclone and in consequence increased wind velocity along tho coast. 

!l%e explanation of the secondary maximum of wind velocity in February or March is 
not obvious. It may be connected with the mpid fall of tctmporature over the continent 
during these two months while open water extends almost up to  tho margin of the permanent 
ice. This would cause a temporary closing up of the jmtherms near the edge of the conti- 
nent and therefore an increased pressure gradient. Further observations are necessary before 
this point can be settled. 

~- 
* &om teblo 62 of Sodman’H discustion of tho Snow Hill results. 
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Annual Varktwn of High Winds and Calms. 
An interesting side light is thrown on to  the conditions affecting tho surface air motion by 

Comparing the number of high winds and the number of calks in tho different .months. 

TABLE 57. 

High Winds and Calms. 
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frequency of high winds was the same during September in both years, yot September, 1911, 
had 256 per cent. of calms and September, 1912, only 3 3  per cent, 

There is obviously a third factor a t  work, and this is the cold layer of air which forma 
near the surface during the winter months. Whon this layer is present the wind moves over 
its upper surfam, while the layer itself remains stationary. It is only when tho upper wind 
becomes great that the cold layer is removed; thus during such periods the wind conditions 
are a succession of calm or high win&. The presence of the cold layer ia *shown by the 
low temperature and we find that months with a high proportion of calms have low tem- 
peratures. Thus March, 1911, and July, 1911, had practically the same number of high winds, 
but the former had no calms while the latter had 17.1 per cent. But the mean temperature 
of July, 1911, was -21*1°B., while that of March was +7*2'B. 

The winter conditions in the two years 1911 and 1912 are very instructive. Tho whole 
of McMurdo Sound was firmly frozen over during the winter of 1911, but it was open during 
the greater part of the winter of 1912. Thus while tho cold layer could form with oaso 
over the thick ice in 1911, it could not form over the open water in 1912. It is therefore 
not surprising to find that from May to  September, 1911, with a mean tomperature of -16*5'F. 
the percentage of calms was 22.4, while during the same period in 1912, with a moan 
temperature of only -65'F., it was as low as 6 6 .  

The contrast between the conditions during these two winters is a good example of how 
the temperature and wind interact on one another. If there are not many storms, the ice 
can form over t h e  sea, and a stagnant layer of cold air dovelop above the ice. Over tho 
cold layer moderate winds pass without disturbing it, thus giving a calm near the ground 
and 80 reducing still further the mean wind velocity. A few high winds remove this layer 
and also the ice and in consequence the gradient wind extends down to t h o  ground arid so 
increasss the mean wind velocity and also tho mean temperature. 

Thus during the winter the wind conditions are in a state of unstable equilibrium. High 
winds make the Conditions favourable to  more winds, while light winds produce conditions 
favourable t o  calms. 

Daily Variation of Wind Vel~city.  

Curves of the daily variation of wind velocity in each season arc0 shown in figure 32. 

Them ourvss are based on all tho data available, namely: Novembor, December, January 
two years ; February, March, October three years ; April, .May, June, July, August, September 
four years. The data will be found in the volume of tablea. 

As &&a for the first two years axe only given for two hourly intervals it has been 
pomible only t o  combine two hourly valuos for the second two years. The mean velocity 
during the two hours midnight to 2 A.M. has been plotted against 1 A.M. and so on. 

Except in the winter month the daily variation of wind velocity has a maximum in 
the early afternoon and a minimum soon after midnight. This is the usual form of tho d d y  
wind variation and is explained by the convexion currents which &re set up in the day timo. 
The upper air usually moves with a greater velocity than the lower air and the convexion 
currents act as a oonnecting link and oonvey momentum from the upper to the lower air. 
Thus when the convexion currents are most active in the early afternoon the lower air moves 
fseter than during the night when, owing t o  the absence of convexion currents, the upper 
air moves over the lower air without tendiry: to  drag it along. 

Evidence of appreciable convexion currents over McMurdo Sound even when the Sound 
is frozen over and the ice covered with mow was found from the vertical temperature 
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gradient during the summer months. There is therefore no reason to  doubt that tho eq&a- 
tion given above holds also in MoMurdo Sound. 

FIQ. 32. Duily variation of wind, 



WIND. 

FIU. 33. Daily variation of calms. 
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The frequency CUPV~EI for Yarmouth and Jubbulpore are good examples of two distinct 

0-4 5-9 10-14 

- - 
Jubbulpom-June. July, August . . 22.5 27.0 18.5 

FIG. 34. Frsquenoies of wind velocitiee. 

milos 
15-19 20-34 25-28 pur 

hour. 
___ 

4.7 1 0.0 0.1 

types of frequency curves, and before pro- 
ceeding further we must consider what is their 
meaning. There can be little doubt that they 
indicate two different types of weather, namely, 
the types associated with anticyclonic and 
cyclonic pressure distribution. It is well known 
that while air motion is essential t o  a cyclone 
it is destructive of an anticyclone. It is 
therefore clear that a place generally under anti- 
cyclonic conditions will have more calm and 
light win& than high winch, on the other hand 
a place which is frequentdy visited by cyclones 
can have very few calm, and there must, there- 
fore, be some wind velocity whioh has a maxi- 
mum frequency. 

The interior of India during tho winter 
is subject to strongly anticyclonic conditions, 
and calms are the most frequent wind values 
experienced. On the other hand England 
throughout the year is subjected to a succession 
of cyclones, and calm are seldom experienced. 

Thus the pressure types in thaw two cases agree with the type of wind frequently. 
That the frequency type changes with the pressure type is shown by the summer 

observations at  Jubbulpore, In June, July, and August the interior of India becomes an area 
of low pressure. This is a cyclone which although of great extension is of little depth and 
the gradients on the average are very small. Nevertheless the most frequent wind is no 
longer in the first group but falls in the second group, tho valuos boing :- 

TABLE 69. 
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TABLE 60. 

Frequency of Wid5 of D$ferenl Vebcilies, per cent. 
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For comparison with the curves for tho stations near the Antarctic Continent, the wind 
observations made at Kerguelen were examined. This dation, although near t o  thc Antarctic, 
is certainly under the influence of frequent and deep cyclones. The frequency curve €or this 
atation is also shown on figure 35. It is most strongly of the cyclonic typo, tho first group 
containing only 1.1 per cent. of tho observations, and the maximum frequoncy does not occur 
before the fifth group with wind velocities from 20 to  24 milos an hour. 

The frequency curves have not been calculated for other stations than thoso discuaqed 
in this section, but it is very unlikely that two curves could bo more widely different than 
those for Cape Adare and Kerguelcn, which are both marine stations on the same ocean. 

Although all tho curves for tho true Antarctic Stations are of tho anticyclonic type they 
show most instructive differences. The curves for Capo Adare and Framhoim aro siinilar t o  
those for Jubbulpore during %he winter, they all decrease rapidly and regularly from their 
maximum, The curve for Snow Hill is somewhat different ; it has the maximum in the first 
group, but the maximum is only 20 per cent. of the whole and the curve decreases very 
s l0~1y  although regularly. A curve of the simple anticyclonic type with 43 por cent. of the 
win& of a greater velocity than 20 miles an hour must be very unusual. Tho curvo for 
the %UM Station shows a departure from the simple anticyclonic type. Instead of decreasing 
regularly from tho maximum the curve decreases at first fairly rapidly and then after tho 
third group much more dowly so that the curve has an upward bulge between tho third 
and the seventh groups showing that the frequency of the winds between 15 and 30 mileu 
an hour is greater than they would be at  a place having the samo mean volocity and the 
anticyclonic type of frequency. Thk anomaly i R  much more marlmd at Cape Evans in fact 
after the fourth group, the frequency autually increases to  the, sixth group after which it 
decreasw even more slowly than the curve for 8now Hill. Framheim is about three hundred 
miles t o  the east and Cape Adare is nearly tho same distance t o  the north of Capo Evans. 
Yet neither of these stations shows the anomaly which is 80 strongly marked at  Capo Evans. 
There is obviously at Cape Elvans and to a l s ~ ~ s r  extent a t  the Q-RUAR 8tation nome factor 
affecting the winde other than the ~imple anticyclonic difltribution of pressi1r.o. 
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As t o  what this factor is at Cape Evans there can be little doubt. When the winds 
are investigated with reference to their direction it is seen that the winds from the north 
do not show the abnormality, their frequency decreasing quite regularly from light winds to  
high winds. The southerly winds-t he blizzards-are alone responsible for the large excess of 
winds of an average velocity of about 30 miles an hour. We shall show in chapter VI 
that blizzards are neither cyclonic nor anticyclonic winds, but owe their origin to  changes of 
pressure brought about by waves of prossure which travel from the south-east and affect 
the pressure over the whole Ross Sea area. Thus the presence of blizzards superposed on 
an anticyclonic pressure distribution producea the peculiar form of the frequency curve at 
Cape Evans. 

The similarity of the Curves for Cape Evans and the Gauss Station indicates similar condi- 
tions in the two localities, alld we shall use this evidence !ater when discussing the conditions 
at  the latter station (see page 247). 

This discussion ol the frequency curve has taught us the following:- 
(a) McMurdo Sound, Framheim, tho Gauss Station, Cape Adare and Snow Hill are all 

under the influence of an anticyclonic pressure distribution. 
(b) Kergulell and the north polar regions are under the influence of a cyclonic pressure 

distribution. 

(c)  The shape of the curve at McMurdo Sound and to  a leaser extent a t  the Gauss 
Station, shows tlie presence of some factor neither cyclonic nor anticylonic which 
factor at McMurdo Sound is clearly the blizzard, it is therefore likely that bliz- 
zards having a similar origin exist a t  the Gauss Station also. 

As the investigation of the frequency curves is worthy of considerably more attention 
than it is possible to  give them here, especially as to  certain periods of high 'winds and 
fleama1 changes, tho data for mch month used in table 60 are given in full in the volume 
of tables where the method used in treating wind velocities measured on the Beaufort Scale 
is also described. 

WIND DIRECTION. 

Hourly observations of wind velocity and direction at Cape Evans are available for the 

The following table summarises all the data:- 
Period February 6, 1911, t o  August 31, 1912. 

, . )  TABLE 61. 
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A glance at the upper diagram in figure 36 which exhibits the total wind from each direc- 
tion shows at once how imignificant the air motion was from all directions except E., E.S.E. and 

Mean Velwity 
Whole period 

N 

\ 

“,“M 20 do mUrspwhw 

Bla. 36. Total wind and mean velocity. 

8.E. which together had 844 per cent. of tho total. Of the remaining 12 per cent. (noglocting 
variable and doubtful) 88  per cent. came from the three directions N.W., N.N.W. and N. 

The mean wind velocity for each direction is shown on the lower diagram of figure 36. 
There is little difference in the velocity of the three northerly diredions which have any 
appreciable air mation, but N.N.W. which has the peatest air motion has also the greatest 
velocit p. 

The 
E.S.E. direction has the greateat air motion, but the E. has the greatest velocity. This is 
not only true in the mean, but it was frequently noticod in individual storms, During bliz- 
zards the wind vane generally pointed to the E.S.E., the porcentage frequency in this direc- 
tion being very much higher than for the directions on either side, but as the wind increased 
t o  its most violent efforts the vane swung slightly to  the left and the direction became 
nertrer E. than E.S.E. although it practically never roached due E. On the other hand 
during lulls the vane swung slightly to the right, so tllat S.E. and very occasionally S.S.E. 
directions were recorded. From figure 36 we see that all the directionu from 8.S.E to E. 
hsve bigh velooitiea, but that t l e  moan velocity increasa as tho wind bocomefi more easterly. 
We shall find the reason for this in our further discussion. 

The predominance of the winds from the 8.E. quadrant wm so great throughout the year 
tbat the reeultant direction varied very little from month to month. A good measure of the 
steadiness of the wind direction is given by tho ratio of tho velocity of tho resultant wind 
to  the mean velooity independent of direction. It is obvious that with winds all from the 
Bame quai%er thk ratio would be 1, while if the win& were uniformly ~pread over the whole 
compass the rerrultant velocity would be zero and the ratio would fall to nothing. 

The velocities of the three important winds in the S.E. quadrant are instructive. 
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TABLE 62. 

Cape Evans Wind. 

Itosultttnt 
dimction. 
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The resultant velocity and direction for the year 1903 recorded at  Hut Point were 6.7 
mileu per hour and N. 80 E, respectively. Thus the resultant direction was 23' more to  the 
north a t  Hut Point than at  Cape Evans. As the placos are MI near together this can bo 
only the result of local deflections of the wind. We must therefore diucuss the effcct of tho 
land muses which influence the direction of the wind in the McMurdo Sound region. 

FIG 37. Wind direotions. 

The general distribution of land can be seen on figure 37. The great mass of Ross Island is 
separated from the Western Plateau by the McMurdo Sound. Erebus is 13,000 feet high and 
its summit is only 12 milw from Cape Evans and between 40 and 50 miles from the table- 
land 9,000 feet high just acrouu the Sound. It is quite clear therefore that these two massea 
which risewell above the lower win& must affeot the flow of air in their neighbourhood. 



111 

We are chiefly concerwjd with blizzard winds, we will therefore examine first the effect 
of the land distribution on these winds. If there had been a large number of observers 
taking simultaneous observations at  many diff went points it would have been possible to 
show the actual motion of the air at any given time during a blizzard. -4s these observers 
were not present the next best thing is to examine observations taken at  different times in 
different places during blizzardr. This it is possible to do from the meteorological records 
kept by the various sledging parties. Also the directions of the sastrugi give valuable inform- 
ation as to  the directon of high winds. 

Stream Lines during Blizzards.--In figure 37 the results of such an investigation are 
shown. The stream lines indicated on the diagram ard What one would expect from the con- 
figuration of the land, but ia support the following evidence for several of the most 
important positions is added. 

Position A . 4 a p e  Evans.-Wind E.S.E. During blizzards the wind was constantly from 
S.E., E.S.E. and E., of these E.S.E. was the most frequent and this direction is shown. 

Position B.-nle prevailing winds over McMurdo Sound were clearly indicated by the 
direction of the sastrugi. There were two distinct sets of sastrugi on the line joining Cape 
Evans and Butter Point. One set, the most marked, indicated a wind from somewhat south 
of east alld the other set a wind from between S.E. and S.8.E. There can be little doubt 
that the former were forlned during the violent winds which Were deflected by the shoulder 
of Erebus; ~ ~ l l i l e  the latter were formed by the moderate south-asterly winds which 
Constantly blew through McMurdo Sound from the Barrier. Both sets Of sastrugi became nlope 
southerly as t]ie Sound was crossed from east t o  west ; the actual observations were: 

DIRECTION. 
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Poeitwn F.-Wind S.W. While the Cape Crozier Party was at F. on July 10 and 11, 
1911, there wau ablizzard at Cape Evans throughout which a high wind blew from the E.S.E. 
and E. The wind experienced by the party was just aa high and as steady but it was 
from the S.W. and S.S.W. 

Positwn G.--Cape Crozier.-Wind S.S.W. AFJ is well known the Cape Crozier Party ex- 
perienced an exceedingly violent blizzard on July 22 and 23 while at Cape Crozier. 
During the height of thin blizzard the wind at  Cape Crozier was 8.8.W. while a t  Cape Evans 
it was steadily from the E. 

Position H . 4 o r w  Camp.-In the autumn of 1911 a small wind vane was erected at 
Corner Camp which was 80 arranged that a steel point connected to the vane pressed on 
to  the aluminium base plate, the idea being to  deduce from the position of the maximum 
scratching the direction of the prevailing wind. When Captain Scott saw this vane in 
November, 1911, after it had been exposed throughout the winter he fomd that the maximum 
scratching indicated ‘ a  predominance of wind from the S.W. quarter.’ 

Position I.-The winds a t  I and to  the south are clearly indicated by the sastrugi which 
all point to the high winch coming from the 8. or S.S.W. 

From figure 37 it appears aafe t o  conclude that during blizzards tho wind stroams along 
the west of the Barrier parallel to  the edge of the high land. When this southerly stream 
impinges on Rose Island it breaks up into two branches one of which passe8 Cape Crozier 
as a S.W. or S.S.W. wind, and tbe other ontem McMurdo Sound as a S.E. wind, 

Thus the easterly components of the wind at Cape Evanu and Hut Point are the result 
of the air being compelled to move round the muth-wefit shoulder of Erobuu. During the 
most violent blizzards there is a grmt crowding of the stream lines on t o  the slopeu‘ of 
Erebus and then tho wind becomofi due E. at Cape Evans, whilo at  Hut Point there is 
a local ridge which still further ddflects the wind, and the wind which is E. at Cape 
Evans becomes E.N.E. or even N.E. at  Hut Point, 

The fact that a high easterly wind at Capo Evans occurs when there is a violent southerly 
wind along the west of the Barrier, will be of great importance when we come to  construct 
isobaric charts. 

The conditions which give 8. to  S.W. windu over the Barrier are isobars running more 
or Iess from south to  north with the low pressure in tho east; when isobars are drawn in this 
way on a small scale map it often appears as though the easterly wind at Cape Evans 
is blowing from low to high pressure. 

We have now seen that the majority of win& at Capo Evans are the deflected winds 
of the air stream which flows from tho south during the blizzarch. It is quite clear th& 
there can be no true winds blowing across the Bound for the Western Mountains on the 
one side and Embus on the other prevent such air motion. As seen from Cape Evans Mount 
Erebus occupies the horizon from E. to  N.N.E., hence win& from the directions betwoen 
thme points are practically imporniblo, The three djrwtions E.N.E., N.E., and N.N.E. have 
only a 5  per cent. of wind frequency. The horizon becomes open from N. to N.W. and the 
frequency of the windu from these diredions increases, forming au we have alroady aeon the 
only win& of any irnportanco beyond those from the 8. t o  E. quadrant-the three directions 
N., N.N.W., and N.W. have 122 per cent. From the W.N.W., though W. to 8. the horizon 
is again closed by the Western Mountains and the six wind directions from W.N.W. to  8. 
have together only 1.4 per cent. of the total winds. 

mu8 we Bee that tho only motion possible in the  McMurdo Sound is from tho ROSS 
Sea to the Barrier and from the Barrier to the Ross Sea. From the position of Cape Evam 
it lappens that there aro two directions which sharply divide off the two kinds of air motion. 
During nineteen months not a single wind from tho W.S.W. was recorded, and from tho 
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opposite directiotl E.N.E. 011ly six: These two directions divide the win& into the two classas, 
and all winds betweoli E.N.E. aud W. through N. blow froin the Ross Sea to  the Barrier, 
and all wiiids botlvoen S.S. W. and EN.&. through S. blow from the Barrier to the Ross Sets. 

It is clear from tho above discussion that tlie wind observations at Cape Evalis give 
no indicatioils beyond the fact that tlie presstire is such that the air flows in one or other 
of the direction,.: tllrough the Sound. Beyold this there can be no close coniiexion between 
the wind direction and the pressure gradient or any ot'her ineteorological factor. It has there.. 
fore been follrld very useful to and neglect 
the small variations \viaill dlat class. Thus all the tviiids enumerated above which blow 
from the Ross Sea througll the Sound t o  the Barrier have been grouped together and will in 
future be referred to as northerly win&. Similarly all the winds which blow in tho opposite 
direction have baen grouped together and will be referred to as southerly winds. 

Tho followillg table shows the result of combining the wind9 into these two mahi classes. 

DIRECTION. 

group together all the winds of one class 

'LIABLE 64." 

Month. 

1911. 
1~'f~brunry . , 

Nnrcli . . 
4pril . . . 
way . . . 
 run^ . . . 
inly . . . 
Lngnst . . 
leptembor . . 
)ctober . . 
lorombor . . 
baombor * * 

1912. 
rnnary . . 
b m r y  , . 
nrch . . . 
aril . , . 
Z J ' .  . . 
1111) , , * 

1 y .  . . 
1g11'11 . * 

'nn . . . 

Cali 
0- 

uilo I 
hou 

kb%EQUEiVCY 
rm OENT. 

MEAN VELOC 
MILES rm 

/ -- 
HOUR. 

N. 

- 
lo*(  

13.1 

12.1 

14.1 

12.4 

16.7 

14.9 

8.7 

13.2 

13.0 

im 

1 o-9 

12.8 

159 

13.0 

1 B.0 

23.5 

18.0 

14.4 

14.1 - 

S. 

I- 
26. 

27.1 

18.1 

184 

17.0 

2 2 4  

21-9 

21 *I 

21.4 

18.6 

18.7 

12.3 

22.2 

27.3 

21.9 

29.0 

93.7 

35.1 

27.8 

23.2 - 

1 TOTAL MOTR 
IN 100 HOUB 

MILES. 

5$ 

133 

389 

892 

134 

47 

106 

89 

240 

128 

374 

89 

81 

289 

255 

317 

251 

1 84 

182 
- 
300 - 

- 

8. 

- 
2,371 

2,4I( 

120c 

810 

1,184 

1,787 

1,500 

1,366 

1,550 

1,482 

,094 

996 

,979 

.I80 

1,755 

2,181 

2,923 

2,086 

2,343 
---__ 
1,779 - 
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During three-quarters of the whole period the wind was blowillfi from the Barrier through 
McMurdo Sound, during a little more than half of the remairiirig period the wind was blowing 
from a northerly direction, and during the rest of the time the air was entirely still. The 
average velocity of the wind from the south was llearly twice t l a t  of the wiud from the 
north. was nearly nine times that from t he  north. 
All of which shows the predominant part played by the winds fIorn the south. 

Later on we shall have occasion t o  study in gra te r  detail the weather condition8 which 
acoompanied the two types of wind and also the c&uses which give rise t o  them. For this 
purpose it is useful t o  group the observations not only according t o  direction but also accord- 
ixlg t o  velocity. AS already stated the recording wind vane was not very satisfactory for 
low velocities, but above a velocity of 10 miles an hour the direction record during nineteen 
mon th  is practically complete. It h s  therefore been decided t o  divide the winds having 
velocities up t o  10 miles an hour into two groups irrespective of direction, these being 0 $0 

6 miles an hour and 6 to 10 miles an hour. A b v e  10 mile  an hour the winds of each 
direction have been grouped .into two classes of (a) 11 to  30 miles an hour and ( b )  dmve 
30 d e s  an hour. As these groups will be used very frequently it is convenient to  give here 
a table showing the number of observations which fall under each head. 

The total flow of air from the south 

TABLE 66. 
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STRUCTURE OB THE WIND. 
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FIU. 38. Anemograms, ~ioutherly wiadtl. 
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The gustiness of the wind at Scilly and Holyhead was found to be the umie for all 
velocities; this however was not SO at Cape Evans for table 66 shows that with an increase 
of velocity for both northerly and southerly winds the gustiness decreases. This does not 
mean that for high winds the actual difference in the velocity of gusts and lulls decreased, but 
that the ratio of this difference to the mean velocity decreased. Thirs for a wind of 16 miles 
an hour the average difference between g u t  and lull was 15~1*16=17*4 while for a velocity 
of 45 miles an hour the corresponding difference waN 45~*90=40G, henco whilo the actual 
difference in the wind changon increased from 17.4 t o  40.5 tho gustineRR fell from 1-16 to  -90. 

The gustiness of the wind varied con~iderably during tho year. 

* U-.  U. Simpson : “Tlie Beaufort Scala of Wind Porw,” M. 0. Nu. 180. 



STRUCTURX OF TEE WIND. 119 

TABLE 67. 

Yearly Variation of G'uslirws. 

1912. 

- 
A11 Winds . , . . 

These values are dotted in the upper curve of figure 40, from which it will be seen 

I 
PIQ, 40, Qnntiners-of wind. 
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A remarkable characteriatic of southerly winds was the suddenness with which they often 
commenced. Three typical examples are shown in figure 46. One would expect that such 

?, 
110 l a 0  

I I O  1 IO 
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3 
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30 

20 
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$0 
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Hq 3ht, &!A September 1st. 19/1 
April 30th. /9// 

PIU. 46. Rlidden setting in of blizzards. 

a sudden change in wind conditions would be connected with a sudden change in tho baro- 
meter. The relationship between tho barometer and blizzards will bo discussod in the chapter 
on b!izzards, but it may be mentioned here that thero is no obvious connection between the 
sudden commencement of a blizzard and the barometer. In fact it would bo quite impossible 
to say when a sudden commencement of a blizzard occurred from the barograph trace 
although in some cases there was an almost instantaneous rim in the wind velooity of over 
30' miles an hour.* 

CAPE ADARE WINDS. 

We have already 
seen that the frequency of light winds is very high. The Beaufort Scale was used for 
estimating the wind strength and from March to September, 1911, 69.3 per cent. of all the 
observations were recorded as either 0 or 1 on this scale, In other words, during considerably 
more than half the time there was practically no wind. On the other hand Cape Adare 
was visited by winds of hurricane strength. The observers were experienced men and Were 
not inclined to overestimate the wind strenb$,h, yet there are many estimates of Wind 
strength of 11 and 12 on the Beaufort Scale. 

When forwarding the meteorological records of Cape Adare, Priestly sent to me a persona1 
letter. This was not intended for publication, nor was it intended as a contribution to ficience, 
yet it would be impossible to give a clearer idea of the conditions during these storms than 
is contained in this colloquial description, and this must be my excuse for quoting from it 
here. 

The winds at  Cape Adare are one of the paradoxes of the Antarotic. 

* In & few inetanoes a very elight discontinuity in the barograph trace accompanied a sudden ohange in tho 
wind volooity, but in most cases oven this was ctbsont. 
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Priestly \Vrote :- 
C r  
-h aiiemoineter has been a fertile source of trouble to 11s. 1 don't know wllethor 

You have had an escept,ional season a t  Cape Evans but thore is 110 doubt tllat 1 
never have experienced aiiytliing like tho force of the mind we have had here. 

I have inado very full notes on the wind in a sort of meteorological diary that I 
have kept, and it appears that our wind is governed entirely by the presence of 
Capo Adare sild tile particular direction from which the wind happens to strike 
the cliff. Very often we don't get the wind at  all, and when it does come it 
seems to be ver.y gusty and with its force in the gusts intensified beyond the 
average force of tile  wind^ I have experieiiced elsewhere in the Antarctic. It is 
ilnpossible to walk againat the gusts soinetimes even on a good holding ground, 
and I have frequently had to hold on, crouching low, and wait for a lull before 
it was possible to m&e wav against the wind on my return to the hut from tlie 
8creo1l. Occasional]y pebbles were hurled against, the hut with some violence and 
I 1iavo beell struck myself several times when taking observations. The first real 
@e we experienced was somewliat of a surprise to us for we all thoulght we knew 
pretty much what the wind could do. As long as the anemometer lasted I took 
one minuto observations for estimating the force of tho wind, but it did not 'last 
long, and I was divided between a very unscientific relief a t  the cessation of tho 
observations, a ~ l d  8 more scientific regret that the anemornet$- had not proved equal 
to its taek. Curiously enough it was not the cups that gave way but something 
went wrong in its inside. 

sillce then we hayo been estimating tho wind and therefore are liable to tho charge 
of ov~restimating, wl~ich I $111 afraid is certainly one of tho things wo shall have to 
face, but I refuse to abate one single one of the 11's and 12's that I have elitere3 
in the boolts. The o~lly fate I shall wish for my critics is that they could be 
planted down here in thie delectable climate and take observations in a gale every 
two 11011~ and then if they don't run into t'hree figures instead of being 
content with a modest 12 hurricane.' 



WIND. 

Mean Rosultant 
volocity. velocity. Mont 11. 

81E;;yi Milos per 
hour. 

March . . . ' 5.7 7.1 

April . . . 6.9 4.0 

May . . . 1 a9 13.1 

,June . . . 3.0 2.6 

Frequency . 
Mean vslocity . 

MU, s imu m 
SCaUfOl't Rosultant 

ctircotion. diroct,ion. 

_-  - __ 

R. an E. 8. co E. I1  

8. 41 E. s. i n  E. 12 

S. 83 E. S. 24 E. 12 

S. 66 E. 8. 17 E. 11 

Total milea in 
100 hours. 

,July . . . 1 2.9 1 .n s. 37 E. 

August . . . 8.5 4.7 8. 23 E. 

Soptombor . . 13.2 12.3 S. 68 E. 
I 

October . . . 4 3  2.8 s. 37 E. 

Novcmbor . . 4.2 2.8 s. 26 E. 

TABLE 69. 

Cape Rdure wind. 

8. 18 E. 11 

s. 8 M'. 12 

8. 41 E, 12 

s. 1 3  E. 0 

s. 21 'cv. 8 

Dcoomhor . . 6.3 3.3 R . 4 7 E .  1 8.31 w. 8 

Poriod . . 7.3 5.4 s. 40 E. s. 17 E. 12 I - -  

Cape Adare wind. 

, 
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TABLE 71. 
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found that by accepting it as an indication of a 8.W. wind, the number of M.W. winds 
became intermediate between the number of south and west winds, while if it were neglected 
the number of S.W. winds would be negligible. 

The motion of the clouds also gives valuab!e indications of the air movoiiicnts in the 
upper atmosphere. A Besson nephoscope was taken as part of the moteorological outfit, but 
after being set up it was not used; for the very simple reason that i t  was found practically 
impossible to  stand exposed to  the wind, when the temperature was low, sufficiently long to 
determine with certainty and accuracy the movements of the clouds when they were moving 
a t  anything but a rapid rate. It was a t  once realised that for reliable work it was absolutely 
necessary tE.at the observer should be sheltered when making cloud observations. A long focus 
lens was therefore fixed in the roof of the absolute magnetic hut, which was made dark with 
shutters. This lens cast an image of the clouds near to the zenith on to a horizontal board 
carried on a vertical axis so that it could turn about its centre and had parallel lines drawl1 
on its surface. The images of the clouds were watched and the board turned until succcssive 
clouds appeared to travel along the lines. An index attached to the axis of the board thcn gave’ 
the direction of motion of the clouds. By aid of this apparatus it was possible to deterininu 
the motion of the higher fine cirrus clouds, the motion of which wati oxceedingly slow and 
certainly could not have been measured by an observer exposed to the cold and wind. The 
importance of some such arrangement is clear when it; is realised that 40 per cent. of the 
cloud observations were made in winds of over 20 miles an hour. As this nephoscopo could 
not be used in the dark very few observations were taken in the winter months, and I 
regret to  say that after I left the Antarctic in March 1912 the cloud motion observatioiis 
were discontinued, so that the number of observations is not very largo. 

It was practically impossible to  determine the motion of the clouds accompanying blizzards 
owing to  the want of detail in the cloud mass (see page 148) and as them formed practi- 
cally the whole of the low clouds I did not attempt to rocord the motion of the low clouds 
a t  all. The clouels whose motions were measured were practically all either cirrus, alto- 
stratus or alto-cumulus. 

No direct measurement of the height of the clouds was attempted, but there can be 
little doubt that the cirrus clouck were well above the summit of Mount Xrebus, while the 
alto-stratus or alto-cumulus were lower than the summit as they frequently hid from view 
the smoke cloud. In  the following discussion all the observations of cirrus clouds have been 
gouped together and called high clouds, while the alto-stratus and alto-cumulus have been 
grouped together and called medium clouh. The cloud and smoke observations thus give 
information of the air motion a t  three heights which may approximately be taken to represent 
the atmosphere at heights of 10,000-13,000 feet, 13,000-16,000 feet and above 16,000 feet. 

The motion of Erebus smoke and of the clouds could only be observed when they were 
visible. It often happened that the motion could be recorded every time observations were 
made on one day and 01dy once or twice on another day. If during the whole of the 
first day the motion remained constantly from say the noi-th and on the second day con- 
stantly from the south there w0~1d  be six entries of the north motion and only one or 
two of south motion, although the south motion continued jmt as 1011g as tho north motion. 
In  order to reduce as much as possible this source of error whenever a sequence of the same 
direction wa8 recorded on any one day i t  wal only entered once in the reduction of the data. 
Thus 544 observations of Erebus smolce were reduced to  364, 166 of medium cloud to 133, 
73 of high cloud to 67. The same procedure was followed in reducing the obmrvations of 
cloud motion a t  Cape Adare ; so that out oi 405 obxervations of the directiov of low clouds 
at Cape Adare only 229 were used and out of 46 of high cloud only 41 w0re used. 
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Upper motion when wind at surface 
was other than 20 miles per hour 
or more from the South ' 
p______ ~ 

WIh!. 

All observations. , 

-- - 

I 

4 

7 
_I 

mc MURDO SOUND 

IO 

__ 
lpper motion when wlnd at surface 

was 20 miles per hour or more fiom 
the South. - - 

cimus CLOUDS 

2 

EFEBUS SMOKE 

5 

MEDIUM CLOUDS 

Surface Winds 
WESTERN PLATEAU 

I I  

3 

6 

\ 4 b  9 ., 

SOUTH POLAR PLATEAU 

BIG. 47. Motion of atmonpl\era, Peroentape frequenoy. 
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Mwn tornperature. 

Ross Be& . . . . . . . 7°F. = -14°C. 

%rrier . . . . . . . - 1 1 0 ~ .  = - 2 3 ” ~ .  

disappears. R is a simple, matter to calculate the height at which this occurs. 
of the year the following values arc probably correct :- 

On the m a n  

Mo4n prosrruro. 
- _  - 

YO.OS” = 738 inin. 

2n.2[j‘ = 743 ~ I I , I .  

TABLE 73. 
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blizzard conditions. In other words the blizzards a t  the surface do not as a rule affect the 
normal con&tions a t  the height of Erebus smoke, but every now and then the blizzards 
reach as high as Erebus and then give south-easterly wind3 there. 

The number of observations of high cloudt~ is too small to insist on small differences 
in the two diagrams, but the greatly increased frequence of motion from the E.S.E. during 
blizzard4 a t  the surface almost certainly points to the fact that occasionally diiring blizzards 
the south-easterly motion does extend right up to tho cirrus cloud layer. 

motion could not be observed owing to low 
clouds when the most violent blizzard8 occurred. The occaRional observations of cloud and 
smoke motion with high southerly win& were made when the sky was more or less freo 
from lower clouds, hence the diagrams do not represent true blizzard conditions. We may 
therefore conclude that the increase of southerly motion a t  the different cloud levels would 
have been more marked if the motion could have been observed during the more violcnt 
blizzards. 

It will be noticed that there is still a considerable amount of wind from the south-east 
quadrant throughout the upper air when the blizzards were not blowing at  the surface. This 
however is not surprising, for blizzard conditions in the upper air may start before and remain 
after they are active a t  the surface. With the data available it is impossible to prove that 
all the winds from the south-east quadrant in the upper air are connected with blizzard% 
but we have shown a sufficiently close relationship to  make this probable. 

We can now sum up the above discussion and state the general outlines of the mean 
air motion over Cape Evans from the ground upwar&. 

Ground level.-The air motion is entirely backward4 and forwar& through McMurdo Sound 
and the motion through the Sound from the south far outbalanccs the motion from the north, 
the relative frequency in the two cases being 64 per cent. and 12 per ccnt. (24 pcr cent. 
being accounted for by calms, variable winds and no observations). 

Height of the medium clouds (10,000 io 13,000 feet and therefore below the levo1 oi tho 
toy, of Erebus).-At this height tho motion is still backward4 and forward4 thiough the Sound, 
but the motion from the north is now more frequent than the motion from tho south, thc 
relative frequencies being 55 per cent. and 37 per cent. (8 per cent. being accounted for by 
no motion of the clouds). 

Height of Erebus smoke (13,000 feet. to 16,000 feet).-At this lcvcl the motion ol tho 
atmosphere is no longer affected by the surrounding land masses. There is now considerable 
motion from the west and south-west-directions which were not possible below the summit 
of Erebus. If we assume that the wiads from the south-cmt are mainly due to blizzards 
and therefore of local origin, the observations of Erebus smoko show. that between 13,000 
and 16,000 feet the general motion of the atmosphere is almost entirely from the western 
half of the horizon with north and south added. The mean direction from all tho obscrva- 
tions corrected by observations made on thc Discovery Expedition is probably from the 
west-eouth-west, and if the local blizxard winds are neglected the mean motion is practically 
from due west. 

Height of the high clouds (above 16,000 feet).-The high clouQ show a certain amount 
of motion from the south-east quadrant which in all probability is due to the local blizzarh. 
If these winds are neglected practically all tho motion a t  this height is from the northern 
half of the horizon with east and west motion added. The moan motion excluding the winds 
in the south-east quadrant is slightly from the west of north and including these win& 
N. 27" E. 

It must be remembered that the upper air 
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diagram of frequence of motion of lower c!ou& is useless for giving the moan motion of the 
lower atmosphere. 

The difference in thc diagrams for the Erebus smokc as observed from Hut Point and 
Cape Evans is large, the chief discrepancies boing in tho north-west and south-west directions. 

SUKFAC€ 
WINDS. 

UPPER 
Ci! OUDS. 

__ 

LOW€R 

WOK€. 

L O %  M I  19% 29% 30% 

FIG. 49. Motion of atmoephere, Percentage frequency, Hut Point .  

It is probable that the caum is 'the difference in the point of view of the mountain 
from the two stations. It is quite possible that the observations of south-west direction at 
Cape Evans were af fec t4  for the reason already stated, namely, that the mountain itself, 
being to  the north-ea&, hid much mioko travelling away in that direction, hence the south- 
west directions in the Cape Evans diagram very likely need to be increased. It is not 
clear why the north-wefiterly dircctiom wcre so fcw as seen from Hut Point and RO many 
as seen from Cape Evans, but that this was due also to the point of view is supported 
by the obrrervations made on sledge journeys, from Hut Point which gave 10 per cent. of 
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PLATEAU WINDS. 

Winds on the Plateau near the mwnetic pok. 
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in a S.8.E. direction; and they reached a height of 3,650 feet in a little over 30 miles from 
the coast, after which they descended somewhat owing to  crossing the Mertz Glacier valley. 
After passing the valley they regained their previous height and then slowly ascended to their 
furthest point in 70" 36' S. and 148" 10' E. where the height was just over 8,900 feet. In tho 
doscription of their journey a great deal is said about tho strength of the wind, but very 
little about the direction. This is not to be wondered at  considering the strength of tho 
wind which was so great as to be a constant handicap to their efforts. While crossing tho 
Mertz Glacier valley they experienced a wind from the S.W. which was obviously blowing 
down the valley. On November 24, while still in tho depression due to the valley and moving 
to  the S.E., the remark is made ' w e  were marching a little to the east of the wind,' 
so I gather that here -the wind was between S.S.E. and S. They continued to encountor head 
winds, but there is only one more entry giving a definite dire&on. On December 5 'for the 
first time on the trip the wind veered round to tho south-east.' Prom this remark I 
conclude that the general trend of the wind was from tho south, Until we have the moteoro- 
logical observations taken on this important journey we can only Hay that on the plateau 
between the magnetic pole and Adelie Land the wind is very strong and from some direction 
near the south. 

Professor David's Party, which ascended tho plateau to  the inagnetic polo from the ROM 
Sea side in December 1908, experienced on first roaching the plateau win& from tho west, 
or slightly north of west. These were apparently winds blowing down tho declivity which 
continued tho valley up which they had ascended. As far as 1 can gather from Professor 
David's account as soon as the effects of the glacier valley were left behind tho wind gene- 
rally blow from some direction between south and south-east, and the sastrugi confirmed this 
to be the prevailing direction. Thus both David's and Bage's observations point to  a south& 
wind over the plateau mar the magnetic pole, but that near tho hoa& of the largo glaciers 
the air motion is towards and down the glacier valleys, 

Winds on the South Polcw Plateau. 

Amundsen reached the plateau on November 21, 1911, in 8 5 O  36' s., 167O 42' W. and 
arrived at the Pole on December 17, he returned along the same track and ]eft tho plateau 
on January 5, 1912. Scott reached the plateau on December 22, 1911, in 88' 10' S., 169" 
30' E. and the Polo on January 17, he loft tho plateau from tlrbe same position on Fobruary 4. 
Thus Amundsen made wind observationrr on the plateau during 44 days (November 22 to  
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Scott. 
- - ~ - - - 

Mean volocity, miles per hour , . . .  11.8 

Rosultnnt velocity . . .  10.0 

Rosultant direction . . , , , 9. 3' E. 

Mean direotion . . . .  . s. 3"E. 

WIND. 

Amundscn. Combinod. 
_ _ _ _  -. 

10.7 11.2 

S. 14" E. 

7.4 8.5 

S. 10°E. S. 10" E. 

S .  30" E. 

.Plateau Winds and Blizzmds. 
Until the meteorological observations made by the Shackleton and Mawson expeditions 

are published, we have not sufficient data to &scuss the blizzardn on the plateau near the 
magnetic pole; we must, therefore, limit our discusfiion to the observations mado on the 
Western Plateau and Polar Plateau. 

Weetern Phteau.-During the period that Captain Scott was on the Western Plateau he 
cxperienoed several periodti of lugh win&. In order to  investigate whether these high win& 
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Thus of all the high winds 69 per cent. were from the three directions S.S.E., 5. and 
S.S.W., while during the period November 27th to FebAary 4th all the high winds except one 
were from these three directions. There can be little doubt therefore that the direction of 
the bIizzards on the plateau corresponds with that of the prevailing winds, and that only 
rarely are high win& experienced from directions removed by more than one point from south, 
south being defined as parallel to the 160° E. meridian. It may be remarked that as far 
aa can be gathered from Shackleton’s popular account of his journey on the Polar Plateau 
he experienced exactly the same conditions. 
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CLOUD AND PRECIPITATION. 
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Stratus (overcast).-The most frequent entry in the cloud column of the meteorologicd 
register is ' 10 ' or ' overcast,' without any description of the kind of cloud. This is because 
the sky was frequently covered with a uniform layer of cloud which had no distinguishing 
features and the height of which could not be determined. This layer was ofton vory thin, 
so that the moon and stars could be seen through it. It was usually associated with 
blizzards. In  some cases, the layer would gradually spread over the sky from the south, but 
much more often, a clear sky would become hazy, and then the haze would thicken into 
cloud which would get thicker and apparently lower until the blizzard commenced. During 
many blizzards the drift snow would be so thick that the clou& could not be seen, thoro 
would only, be a general darkening of the sky. The chief difference between the overcast 
sky of the Antarctic blizzard and that accompanying prolonged rain of more teniperate regions 
was that in the latter case the clouds usually have features, the motion of which can be 
followed, while in the former the layer was so uniform that i t  was quite impossible t30 deter- 
mine the movement of the cloud. In fact, it is very questionable whether in the latter case 
true cloud8 were present; there was no appearance of vapour or cloud particles, but the whole 
sky had the appearance as if the air were full of very fine ice crystals which fell as powdery 
snow. The end of a blizzard appeared to arrive in two different ways, which may be 
described as ceasing from the top and ceasing from the bottom. In the former case, while 
the wind still carried along with it much drift snow, the sky would get lighter and the 
drift less, until finally there would be a low drift of snow swept up from the surface with a 
clear sky above. In the other case, tho wind and drift would stop, while the sky retained its 
layer of uniform cloud, 

The stratus cloud which remained after a blizzard and the stratus cloud which had formed 
without a blizzard resulting would disappear in the same way. Sometime the sky would 
gradually get lighter and the whole cloud mass melt into a tE.in haze which slowly 
disappeared, or, what was more frequently the case, the layer would take on the oharacteristic 
features of an alto-stratus or cirro-stratus cloud, which would break up into patches of alto- 
cumulus or cirro-cumulus clouds. 

There can be little doubt that tho cloud formation and precipitation in a blizzard is 
due to air forced to ascend in some way analogous to the upward draught in a barometrio 
depression. 

In  chapterd VI and VI1 wa s h d  discuss in some detail the mechanics and thormo- 
dynamics of the blizzard; here I only wish to  examine the blizzard in so far as the cloud is 
concerned. We will therefore awume that tho air is forced to  ascend sufficiently for pro& 
pitation of the water vapour into ice particles to  take place. The whole phenomenon as 
described above is then cIear. As the air rises, condensation takes place in the upper atmos- 
phere, whence Snow falls. This snow cannot settle, as the wind sweeps it along, and the 
whole atmosphere below the condensation level becomes filled with driven snow. This is the 
blizzard a t  its height. If now the ascending current stops before the wind ceases, new snow 
is no longer formed and the sky clears above and the snow gradually settles out of the air, 
until only a little surface drift is left. On the other hand, the ascending current and the 
wind may both cease before the cloud has had time to clear away; this leaves the cloud 
of ice orystals a t  the height of the condensation layer, which then becomes an ordinary 
stratus cloud to be absorbed in the way that all other layer clouds are absorbed, which 
may be either by a gradual disappearance of the layer as a who16 or by its breaking up 
in parts. 

Cumh.-Cumulus clouh are due to unequal heating of tho air adjacent to the ground, 
which gives rise to local ascending currents. In McMurdo Sound cumulus clouds only occurred 
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It therefore appears that 6.3 is probably the mean value of the cloud amount for the 
whole of the Ross Sea area. This is a very low value compared with that of other Antarcti0 
rctations as is shown in the following table, 

TABLE 79. 

Capo Evans . , . . . . 
Cape Adarc . . . . . . 

Snow Hill . , . . . . 
Port Charcot . . . . 
‘ Belgioa’ . . . , . , 

‘U&UBB’ . . , . 
L’Ile Petermann . . . . .  
Laurie Island . . . . . 

Mom cloud 
;early avcrago. 

0.3 

6.3 

7.3 

7.8 

7.3 

7.3 

8.1 

8.2 

Two ycars. 

Two y o a r s  
(throo month8 
interpolatcd). 

10 months. 

Onc ycar. 

Onc ycar. 

One yaw. 

317 days. 

One year. 

As stated above, the mean value of the cloud amount does not give the most satisfactory 
indication of the cloud conditions. It is muoh better to count the numbor of times each 
grade of cloud 0, 1, Z........... .... 10 was recorded and express the result in porcentagcs of 811 
the observations. 

P e r c e w e  f reqwwy of each cloud Amount at Cape Evans (yearly mean; obtain& from March 
TABLE 80. 

to October two Y ~ W  November to Pebruary one year). 

Cloud amount 

Cape Evans . . . . 17.9 6.1 4 4  3.6 2.6 4.8 1.6 4.5 6.0 6.2 43.7 
v 

3.0 * 
4 

We see here the usual feature of cloud observations, that clear skies and overcast skies 
are observed more frequently than any other cloud number. That the frequency docreases 
from each of these maxima towards the centre of the scale shows a strong tendency for the 
sky to be either entirely clear or entirely overcast. 

The following table gives similar data for Cape Adare. 

TABLE 81. 
Percentage f r q u e w  of each Cloud Amount at Cape Adme (yearly mean). (Obseruatwns, Marc18 

to December. J a n w y  and Febrwry, taken the same as December a& March respectively). 
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9-10 0-1 2--8 
__--- 

capo Evans , . . . 23.0 27.1 49.9 

(.'@PO Adam . . , . 20.9 33.5 45.3 

QQUSS Station . . . .. 15.0 26.0 80 0 

snow Hill , . , , 15.0 24.3 00.7 

Laurio Island . , . . 10.1 16.4 746 

Here we see a relationship similar to that found for Cape Evans with one important differ- 
ence, namely, that class 1 is greater than 0. This brings out a difficulty which has been com- 
mented on in previous discussions of cloud amount. It sometimes happens that cloud lingers 
about some local geographical feature when it has disappeared from the sky as a whole. 

the following remark appears in the discussion of the cloud observations made at the 
Qaum Station : 

'Cloud amounts of 9 and 10 had practically the same significance, because the number 
chosen depended on the presence or absence of a blue cloudless segment in the 
south, which was probably connected with the anticyclone over the inland ice. 
The same held for the classes. 0 and 1, which were governed by the appeamnce 
of a bank of cloud (sometimes not seen because of dark nights) on the northern 
horizon.' 

In the case of Cape Adare, which was surrounded by high mountains, cloud often lingered 
about their summits when otherwise the slcy was clear, thus accounting for the frequency 

In order to remove as far as possible such disturbing factors as these, it is found advis- 
to consider only the throe groups of &ud amounts : 0-1, 2-8, 9-10 ; and this will be 

done in the future disclusion. Reduced to these three groups, the thud observations a t  Cape 
Evans and Cape Adare 81% in the following table, to which corresponding data for the 
Qausa Station, Snow Hill and Laurie Island are added. 

cloud 1 was reported. 

Mean cloud amount 

0.3 

6.3 

7.3 

7.3 

8.2 

I 

The cloud 
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TABLE 84. 
Monthly variation of Cloud Amount (0-10) from mean of the year. 

1002 * * . . 
1903 . , . , 

1911 . , , . 
1912 . . . , 

Mean . . . , 

+ O 4  +os3 

-1.1 -0.9 

+1.1 -0.0 

-0.1 -2.1 

S0.1 -0.8 
- -- 

- 

B c, - 
-2.2 

-0.4 

-1.0 

-0.7 

-1.2 
- 

I I I I I I 

* 1904. 

-/ 

-0.4 

-0.8 4.6 

-0.1 

-1.3 6.4 

-0.0 ,. -/ 
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TABLE 85. 

- f requenq of Clear Skies (b  in 1902 and 1903 and 0-1 in 1911 
and 1912) from mean for each two ymrs. 

I I I I I I I I I I I 

TABLE 86. 
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in 1902." Shaw pointed out that when thin clou& lose their heat by radiation evaporation 
takes place and they disappear. The more rapid tho radiation tho more rapidly does the cloud 
disperse. Now during tho winter in the Antarctic the conditions arc cininently suitable fer 
large and rapid radiation from the clouds. In tho first placo the cloudr are very thin and 

;t. Nov. Dec. Jar 
Flu. 50. Annual variation of C~OUCI. 

therefore every part is able to  radiate to  the dear sky above, secondly they receive no 
heat from the Bun and practically nono from tho ground, Thus the radiation from the clouds 
during the winter months is greater in polar regions than in any other part oi the world. 
This explanation is strongly supported by figure 51, In this figure tho  mean cloud ainount 
has been shown for each month during (a) win& from tho south peator than 30 miles an 
hour, (b) winds from the south between 11 and 30 miles an hour, and (e) winds from calms 
to 5 miles an hour. The data used are September, 1911, to February, 1912, and March $0 

August, 1911 and 1912, thus the most important part, of each curve is based on observations 
from two years. Except in January the cloud amount with high southerly winds is nearly 
constant from month to month, showing that blizzar& the cause of cloudy skies through- 
out the year. The cloud amounts during moderato win& from tho south and during calms 

______ - 
* N. fih&W. ' ba lune mango 10s nuagon.' Quarterly Jo,lpnfil of tho Royal Motoorological s.sOcioLYg 

____I____I__ 

Vol. XXVIJJ, pago 95, 190% 





156 CLOUD AND PltECIPITA'I'ION. 

but it has been possible to  interpolate the missing observations between 1st March, 1911, and 
the end of Octobcr, 1912, YO that the daily variation has been obtaincd for thenty months, 
with a fair degree of accuracy. 

A casual glance a t  the results for individual months shows that one or even two Years' 
observations are quite insufficient for giving a true value of the variation. The data for the 
individual months have, therefore, been given in the volume of tables, and we shall consider 
here only the results obtained by combining the new data with those obtained a t  Hut 
Point during the Discovery Expedition. Unfortunately in the discussion of the Discovery 
results the monthly mean cloud amounts a t  the different hours are only given in whole 
numbm. As the daily variation in most months is of the order of one unit, this rounding 
m&es it impossible to  combine the results there given with the new series. It was thereforc 
necessary to recalculate the whole of the cloud data for the two years' observations a t  Hut 
Point. These new values will also be found in the volume of tables. 

On the Discovery Expedition observations were taken a t  the even hours of local tin1e, 
therefore to combine the results with those of Cape Evans, which were taken a t  the Odd 

hours of local time, it has been necessary to  take the mean value between the ~ ~ c c @ s f ~ ~ ~ ~  
observations a t  Hut Point. Thus the values for 7 A.M. local time a t  Cape Evans have been 
combined with the mean values for 6 and 8 A.M. a t  Hut Point, and so on. 

The following table gives the departure from mean for thc months and seasons based On 

all the available data. 

TABLE 87. 

Daily variation of Cloud Amount (Hut Point and Cape hans) .  
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in RUmmer, the maximum occurs 
during the day hours and the 
minimum during the night hours. 

Unfortunately tho measurerncnt 
Of cloud amount is not made 

instruments and the estimates 
depend partly on subjective factors. 

one who has tried to estimate 
the amount of cloud at night is 

of the difficulty of coming 
to a right decision. Even tho casual 
Observer must have often been 

to see clouds clearly 
on what he thought to be 

a cloudless sky when a distant 
lightning &ah has lit up the hori- 
zon* A long and careful survey 
Of the sky is necessary to detect 
clouds on a moonless night, a n i  even 
then an experienced observer m y  

Rome. Now in the Antarctic all 
the observers were not oxpcrie~~ced, 
and also the conditions on a cold 
\nndY night are not conducive to 
a deliberate survey ol the sky to 
detect small masses of cloud. On 
the other hand, when thoro is day- 
light Oven an iilcxporienced ob- 
server taking only a rapid glance 
at the sky can form a very good 

of the amount of cloud. 
'4~3 the anloullt of daylight plays 
an importaut part iii the cstimatc 
"f the amoullt of cloud. If there 

BIQ. 52. Daily variation of cloud. 
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( 6 )  The period during which the sky is too dark for cloudy to bc sect1 by the aid oi 
the wnlight. We may take this period as lasting d.uring the timo the sun docs 
not rise within 10" of the horizon, ie., in McMurdo Sound the period from June 
5 to July 8. Thus the month of June iS the only montll which is included 
in this period. 

(e) The remaining period, during which there is daylight during part of the twenty-four 
hours and darkness during the remainder, ie., in McMurdo Sound the periods 
from March 14 to June 5, and from July 8 to  September 30. Thus April and 
May, July, August and September may be considered as belonging to this period. 

NOW during the Period4 (a )  and (6)  daylight cannot affect to  any appreciable extent the 
observations of cloud at any time of the day, while during tho period (e) it affects the 
observations to  its maximum extent, 

In f iWe  53 the amplitude of the daily variation of cloud bas been plotted for each 
month, and W e  see that during the period (a), October to March, tlic amplitude js very small 

r. Apl. May Jun. Jul. - -  

Flu. 63. Amplitude of doily variation of cloud. 

- 

in five of the scvcn months. 
Also in tho period (b ) ,  June, 
the amplitude is very small. 
On the other hand oach of the 
two periods into which (e) is 
divided has a month of maximum 
amplitude. This alone would mako 
US strongly suspoct that the day- 
light plays a largo part in detor- 
mining the apparent daily varia- 
tion of cloud amount; but when 
wc find that almost exactly tho 
Bame variation of the amplitude 
during the year is &own by tho 
observations made on the Pram 
driit when tho variation of day- 
light wore nearly the same, tho 
suspicion becomes almost a cor- 
tainty. Curve ( b )  of figure 53 
shows the amplitude of the daily 
Variation of the cloud €or tach 
month as observed on the Pram, 
the months being arranged SO that 
the same seasons in the north and 
south correspond. Tho similaritY 
of the curves for McMurdo Sound 
and the Pram drift is striking. In  
the north the months of constant 
daylight, August and September, 
have very small amplitudes and 

also the winter months November and December. Between these twb minima there are largo 
maxima during the period when each day has a period of daylight and total darkness. 

It is therefore very iuestionable whether the curve8 in any inorith except thoso Of 

complete daylight and oomplete clarkncsa give any information about tho yearly variation Of 
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Windvane Hill-and the roof of this cave became so thin that toward8 the end of the summer 
of 1912 I began to  have serious doubts as to  its safety. Thus from January, 1911, to the 
end of Febmary, 1912, there was a marked diminution in tho snow and ice accumulations 011 

the Cape. 
When the sea froze in March, 1911, a thin deposit of snow accumulated on the sea ice 

to a depth of one or two inches, this never increased ali through the winter and when in 
September we made a s!edgc journey across the Sound the only places where we could find 
sufficient snow for erecting the tent were the drifts in the lee of broken ice. The blizzard 
at the end of September (25th to 28th) left large drifts about the hut and hills, but no 
aacumulation of snow on the sea ice. During October and November there wau a great loss. 
of snow. The drifts near to  the hut diminished and all the snow disappeared from large 
tracts of the sea ice. From Cape Evanu to  Cape Barne on November 29, 1911, the floe Was 
entirely clear of snow exposing the smooth blue sea ice. 

Thus in the nejghbourhood of Cape Evans the total snowfall for eleven months had 
produced no addition to the snow accumulations, but on tile contrary the permanent snow- 
drifts had become visibly smaller. 

On December 6, 1911, the firfit heavy snowhll unaccompanied by high wind was ex- 
perienced. This left 18 inches of snow on the floe which, in consequence of a high northerly 
wind on the Sth, settled down to a depth of about 4 inches over all the frozen sea in our 
neighbourhood. At the end of this snow-storm the accumulation of snow about tho bu t  
waa the greatest we had experienced; large drifts covered most of tho stores around the 
camp, and large tracts of the hill which had always beon clear before wero now buried under 
snow. From this time on sUCCCS8iVe blizzards added t o  the accumulation and 1912 was just 
a~ marked for the increase of snow as 1911 had beon for its disappearance, 

Only during the mmmer months was thero anything equivalent to  the snowfall with which 
we are familiar in temperate regions. The snow fell on Dcccmber in ordinary flakes, 
but a t  other timen of the Year flakes were never observed, The snow was chiefly in the 
form of small grains showing little crystalline structure, but occasionally crystal stars would 
fall. In  the absence of wind the snowfall was always light, and from March to October 
the’ground never received more than a more sprinkling of Anow in the absence of blizzar&, 
During blizzard6 the air b ~ a m e  filled with snow librally in tho form of dust. It was then 
pradicaUy impossible to  say whether new snow was falling or whet]lor the whole mass of 
snow in the air was simply fallen snow carried along by tho wind. 

In  the meteorological log we have three kinds of entries referring to  snow and drift* 
pirst, the meteorological symbol for snow is entered, t o  which is almogt always attached the 
remark ‘ slight snow ’ or ‘ Very little snow falling.’ Secondly, the two symbols for snow and 
drift are entered together, but very frequently the sign for snow is queried, or the remark 
is added ‘ probably snow,’ thus showing the @cat difficulty of deciding whetlicr new snow 
was falling or not. Finally, there is the symbol for drift alone, and to  this the remark 
‘ surface drift ’ is sometimes added. I n  the latter case, there would certainly be no new finow 
falling, but it is impossible to  say how often the symbol for drift refers to drift with and 
without snow, hence the records of drift include drift with and without snowfall. 

From March, 1911, to  October, 1912, observations were taken every four hours and the 
number of time the symbols for snow, snow with drift and drift were recorded have been 
counted. In the following table these have been expressed for each month reduced to  one 
hundred observations. The numbers therefore in the table give for each month the 
frequency with which each sign was recorded in one hundred hours. 
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TABLE 88. 

161 
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The p e a t  excess of bad weather during 1912 over 1911 is clearly indicated. From Marcb 
to  October 1911 thoro were 25 hours out of every hundred with snow or drift; in tho same 
months of 1912 tho percentage waa 41. CoIlocting tho remits according to  seasons we have the 
following :- 

TABLE 80. 

Nwnher of times Snow a d  Drqt were recorded in 100 hours. 

Si ason. 

- 
Spring-August to octobor . . , 

Summor-Novcmbcr to Janqary . . 
Autumn-Fobruary to April . , . 
Wintor-May to July . . . . 
Year . . . . . . .  

Nnow 
Snow. and Drift. 

Driit. 

0 10 18 

7 14 1 12 
I 

-I_ 

0 8 j 12 

Total. 

34 

17 

30 

33 

2!1 
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TABLE 90. 

Baronact ers. 
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Datu of oomparioii. 
------... ...... 

. . . . . .  AuguYt 21, 1911 

. .  January 11, 1012 , . . .  
May 13, 1012 . . d e . .  

. . . . . .  Octobur 1, 1912 

January 1, 1913 . . . . . .  

From this table it will be Meen that at Lyttleton all the barometers agreed with one 
another except the ship’s barometer, No. 1163, which appears to have been reading about +*018” 
too high. 

After this it was impossible to make another general comparison, but it is possible to 
show that the instrum’ents when in the positions in which they were used were in good order. 
The following is the evidence for the different barometers. 

Cape Evans’ Barometers, No. 1167 and No. 1667.-The two instruments were compared on 
five occasions during the two years, with the following result, after their Kew corrections have 
been applied. 

llG7-1007. 

.ooo 
*ooo 

-3001 

.ooo 
-so03 

. TABLE 92. 



TABLE 93. 
Baronteter Comparison. 

~ -~ 

robrsary 4th, 1911, 4 hour8 . . . 
8 houw I . * 

12 hours . . . 
1 G  hours . . . 
20 hours . - . 
Mean . . - 

cap3 EV4118. 

29.29 

.. 
29.29 

29.28 

29.26 

29-28 

Terra Nova. 

25-91 

.. 
2900 

29.00 

2 8  OG 

28.97 

2690 

.. 
29.00 

28.99 

28.99 

28.98 
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191 1, however, barometer observations were commenced at  intervals of four hours. These 
were' continued almost without break until the end of October 1912. In November 19129 
owing to nearly all the members of the expedition taking part in the different search parties, 
the barometer observations became irregular, but on every day tho barometer was read at 
least once and on most days three or four times, 

The eye readings of the barometers were reduced to sea-level and constant gravitY* 
The barograph t n ~ e s  were measured at  each hour and the readings tabulated. Agaimt 
the conespnding barograph measurement each reduced barometer reading was entered, and 
the difference taken. lhese differences were then plotted on the actual barograph sheet to a 
scale 10 times larger than the barograph scale. As most of the changes in the differen@ 
Were due to 1% in the barograph, it was found that the curvq of differences was very similar 
to the actual barograph curve. This similarity made it very easy to  draw the curve Of 

differences and is a peat  advantage of this method of reducing a barograph trace. Whet' 
the Gum of differences had been drawn, it was read off at  every hour and the value ontored 
against the corresponding value from the barograph curve. The barograph and difference 
values were then added together, giving tho correct barometer reading a t  each hour. 
m e a ~ ~ ~ m e n t s  were all made to & t h  of an inch, which is the greatest accuracy possible 
with a barograph. The mean values of the month from tho baropapli reductions for eaoh 

with the mean of the barometer readings. 
of the hours at  which the barometer was read Were found to agree to m t h  1 of an inch 

MEAN PRESSURE AND ANNUAL VARIATION. 

. McMurdo Sound." 

The following table contains the monthly values of pressure at McMurdo Sound for 
the four years for which data are now available. 



1902 , , . 

1903 . . . 

1904. . . . 

L9ll . . . 

1912 . . . 

MONTHLY MEANS. 

TABLE 94. 

Monthly pressure in. M c M t d o  Sound. 

Reduced to 33"Jj'., sea-level and gravity at  45'. (Inches.) 
20"+ 

167 

9399 9.478 9.344 9.315 9398 8.911 9384 9.078 

p488 9.369 9.227 9.562 P109 9,216 9,059 8.995 

1 ~ 

I 
9.211 9.317 ' 9,227 9.110 0.078 9.188 9.166 8.825 

i I 
9.171 9.354 9.151 8.882 8.998 9.132 9.442 9.090 

4 4  
; A  * 

i; 
P) 

-- 
9.634 9.505 9.353 (a: 

8,947 9.294 9.229 (b: 

8.030 19.752 9.258 

1.201 9,188 9.219 i 
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BIU. 64. Mean monthly pressure. McMtirdo Sound. 
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TABLE 95. 

Mearb monthly pressure. 
Iteduced to  32"P., sm-level and gravity o.t 4.5". (Inches.) 

I Capo Evn 
-CapC? 

Adarc. 

1911. 

a r c h  . . 
April . . 
%Y . * 

Juno . . 
July . . 
Allgust . . 
jlopeombor . 
lctobor . , 

Vovoinbor . 
loccinbor . 

1912. 

aiiuury . . 

29-21 

29.32 

29-23 

39.1 1 

20.08 

20.19 

29.16 

28.82 

29-03 

29.75 

29-43 

.. 
29.13 

29.07 

28.92 

28.91 

28.98 

28-04 

28.65 

29-53 

29.70 

29.40 

29.12 

29.25 

29.06 

29.11 

29-01 

29.07 

2f3.98 

28.76 

29.60 

79.73 

* .  



FICA 57. Prossure differences. 

TABLE 96. 
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TABLE 97. 

Norrlzccl Pressure at F*ram]b&m as determined f rom four years' observations ht  dlcnlurdo Sour4 
and the s ~ ~ o o t h e d  dzSferences found in 191 1. 

Reduced to 32OF,, sea-level and gravity a t  45". (Inches.) 
r I I I 
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that  month could not be far from 29.42". Taking this value wc have now two complete 
sets of mcan monthly pressure from March to  January. February is thcreeore the only missing 
month, and we cannot do better than take for this month the mcan of the values for January 
and March. Completed in this way we have the following two yearp8' pressure data for Cape 
Adare, the values not actually observed being entered in brackets, 

TABLE 98. 

Mean monthly pressure at Cape Adare. 

1899-1900 . . , 

1911-1912 . . . 
Mean , . , . 
Smoothed . . . 

b B  d !33$+ & ' f O  

4 G S 8 5 i k z  4 4  
A. d 6 

-------~ 
29.26 (20.24) 2914 29.36 29.08 29-02 20040 29-07 

(2942, (29.24) 29.12 29-25 29.00 29.11 29.01 29.07 

29.34 29.24 29.13 29.30 29.07 29.00 29.24 29.07 

29-30 29.24 29.20 29.20 29.12 29.11 20.15 29.06 

(Inches.) 

f 2  
c, 

& 8  -- 
28.69 

28.98 

28.84 

28.90 

r; 

a 2  

28.94 

28.76 

2885 

29*00 

In  addition to  this determination of the yearly pressure variation a t  Capo Adare based 
on two incomplete years of .observation we are able to reduce tlie four years' observations a t  
McMurdo Sound to Cape Adare by means of the ten montha' simultanoous observations in 
1911. 

The monthly differences Cape Evans-Capo Adare are given in the last column of table 
95, page 171, and they are plotted in curve I1 of figure 57." It will be 8een that the 
points lie on a curve similar to  the one found for Pramheim, but that tho amplitude is 
much leas. The firfirst line of the following table gives the values of the smoothed diffcrenco 
measured from the curve and in the second line these differoncos have been applied to tho 
normal pressure of McMurdo Sound to obtain the normal pressure a t  Capo Adaro. 

TABLE 99. 

Normal pressure at Cape Adare as determined from four years' observations iqz McMurdo Soufid 

Difference . . . 
Cape Adam , , . 

and the smoothed diference fowncl in 1911. 

Reduced to 32"F., sea-level and gravity a t  45". (Inches.) 

4 ---- 
.03 a03 *05 

29.33 29.31 29.29 

The values for the yearly variation found by the two methods, table 98 and table 99, 
&re shown in ths thin and thick curves, figure 55(b). The two curves are similar, varying 
appreciably only in July and the summer months. The high value on the thin curve for 

* The differcnces for May and June haw bcen combined as individuelly they liC rather far fronl thc curver 
but oombincd fit well with tho other points. 
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July is due to  tho abiiormally liigh July pressure found in 1899, and the high summer 
values are due, as in the case of Framheim, to the unusually high pressure during the 
summer of 1911-12. 

fiutnmary.-From this discussion of the monthly values of pressure a t  the three Ross 
Sea stations we see that whether we take only the actual observations made a t  Framheim 
and Cape Adare or tho values for those stations deduced from the four years' observa- 
tions a t  McMurdo Sound we arrive a t  thc same general type of annual pressure variation 
a t  all three stations. There seems little doubt therefore that in the Ross Sea area pressure 

highest in December and lowest in 8eptember or October. The pressure falle fairly 
regularly from December t o  July, remains more or less constant until October and then 

very rapidly to  its maximum in Decamber. 
The annual variation of pressure has been detormined in other parts of the Antarctic, 

but except a t  Snow Hill where observations were made for twenty months, the data are 
only for twelve months or loss a t  each station. It has already been pointed out that the yearly 
variation baaed on a single year's observations in the Antarctic can lead to very orroneous 
conclusions. It would therefore bo unprofitable to compare the individual results from other 
stations, and 8 general comparison can best be made when the meteorology of the Antarctic 

a whole comes to  be reviewed. 

GEOGRAPHIOAL DISTRIBUTION OF PRESSURE. 

We ltavo now determined the mean annual pressure a t  tho three stations in the Ross 
Sea area to  be :- 

Cape Evans . . 29.26" 
Cape Adare . . . , 29.19" 
Framheim . 0 . 29.14'' 

The winds a t  Cape Evans are so affected by the surrounding mountains that they give 
'1s little information of the actual pressure gradient in the neighbourhood of the station. 
There can however be little doubt that the air motion over the west of tHe Barrier is 
mainly from the south, therefore we must assume that the iflobars over that part of the 
Barrier run more or less parallcl t o  the Westcrn Mountains with the highest pressure dose 
to  the mountain range. The resultant wind direction at  Franiheim during the ten months- 
April 1911 to  January 1912-was from 5. 74" &. The exposure for winds at  Framheim was 
almost perfect, we must therefore conclude that the isobars run very approximately in thia 
direction with the low prossure to  the north. If the wind velocity is proportional t o  tho 
gradient the isobars must be closer together near Cape Evans than near Framheim, for the 
'Wltant wind velocity during the ten months mentioned above was 10.7 miles 'an hour at 
Cape Evans aiid only 3.1 miles an hour at  Framheim. The isobars over the Barrier and 
the south of the Boss Sea shown on figure 68 have been drawn to conform with these condi- 
tions. @he distribution of the press re near Cape Adare cannot be judged from the wind 
direction and pressure at that station. The pressure distribution shown over the north of 
the Ross Sea in figure 68 has been 3 educed from the general pressure distribution shown 
in the weather maps aontained in Volume 11. 

The pressure distribution shown in figure 68 is probably correct in its main outlines, 
but the distance between the isobars is only to be talcen as indicating the gradient, for in 
tl& absence of free wind observations a t  Cape Evans and Cape Adare it is impossiblo.accu- 
ratdy to  dctcrmiiio the gradient. Tho diagram allows that tho mean pressure over the Barrier 

higher than over the Ross Sea, and there is every indication that the pressyre is iower 
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over the south of the ROSS Sea than over the north. Whether there is on the mean of the 
year a depression over the Ross Sea with closed isobars must be left an open question. 

Pia. 58. Pressure distribution year. 

DAILY VARIATION OF PRESSURE. 

It has already been explained how hourly values of pressure were obtained a t  Capo lhms 
from the barographs corrected every four hours by means of the readings of tho mercury 
barometer. This series of observations extends from January 1911 to  December 1912, i.e*j 
for 23 months. There are also available the two hourly readings of the barometer mado 
during 24 months, from February 1902 t o  January 1904, at  Hut Point. 

secular barometer changes are so great in McMurdo Sound, that a sjnglo monthys 
observations are practically useless for determining the true daily variation. It has theroforo 
been decided to give the data fcr each month separately in Volume 111 and to discuss here 
only the final result obtained by combining the four years' obsemations for each month, which 
give fairly regular and constant valucA for the daily varjation. As only two-hourb' 
barometer readings were made on the Discovery Expeditioll the mean vnlnes for the four 
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Yeam can only be given at intervals of two hours, but thoso arc sufficiont for 
trend of the daily variation. 

showing tho 

FIQ 69. Dnily variation of prossure. Moklurdo Sound, 4 yeara, 

In order to bring out the dependence of tho daily variation of the barometer on the 
of rising and setting of tho sun, the curvo8 havo boon plotted in pairs on figure 59 

60 that months having similar sdar Qonditiona aro brought into juxtaposition. 
'43 
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In  every month throughout the year there is more or less marked evidence of two 
maxima and two minima. On the mean of the year (bottom but one curve) there ia a 
minimum near 4 hours and a maximum at 10 hours, these will be referred to a8 tho morning 
minimum and maximum. The second minimum occurs a t  16 hours and the second maximum 
a t  20 hours, them will be called the evening minimum and maximum. 

During the months November, December and January the .sun was above the horizon 
the whole time. It will be noticed that ,tho curves for January and December are very 
similar, but that the curve for November is somewhat different. This difference is due to 
1911 and 1912, for in 1902 and 1903 the November curve was almost exactly the 
type as that for January and December. It is very probable that with a sufficient number 
of years of observtltions the variation for November mould prove to  be similar to  that of 
January and December. Thecombined curve for these three months, shown as the summer 
curve in the lower half of the figure, it3 probably typical of tho period during which the sun 
is above the horizon the whole time. In  this curve the morning minimum and maximum 
are highly developed wliile the evoning minimum and maximum are almost absent. 

During February and October the sun only sets for a short period during a few of the 
days, and these two months have remarkably similar daily pressure variations which are .not 
very different from those of March and Beptember, when the days and nights are of approxi- 
mately equal lengths. All the four curves, except for Xeptember, show the double daily varia- 
tion in which the morning maximum i R  larger than the evening one. 

The sun rises only for a short time on some of the days in April and August, and is 
below the horizon on the remaining days. These two months have almost identical variations, 
which are different from those of the months on either si&. In  both months tho morning 
minimum and the evening maximum are abnormally developed, so that, except for a slight 
irregularity a t  midday, the curves are simple with a minimum a t  6 hours and a maximum 
a t  20 hours, the amplitude being abnormally large. It is difficult to  see any reason why the 
appearance of the sun for a short timc a t  midday should produce t]Js effect on tho pressure 
variation. 

T h e  sun is entirely below the horizon during May, June and July. It is therefore Sur- 
prising to  find that while tho curves for May and July are similar, the curve for .June is 
different from them. 

The following points appear of importance in this survey:- 
(a) The great similarity of the curves placed together in pairs in figure 69 shows that 

the daily barometer variation depend8 largely on tho relative Ien@h of day and 
night. 

(b)  During the montha that the sun is more above the horizon than below, October 
to  February, the morning maximum i b  morc developed than the evening one- 
the chief feature of alltho curves (the November curve qualified as stated above) 
being the pronounced maximum a t  10 hours. 

(c) Three of the five months during which the sun is more below than abovo tho 
horizon, April, June and August, show an almost total absence of the morning 
maximum ; but, on' the other hand, thc intermediate months, May and July, have 
the morning maximum well developed and larger than the evening one. 

It is difficult to  combine (b) and (c) into a single statement giving the dependence of 
tho type of variation .on the position of the sun. If it were not for May and July, i t  would 
appear that the morning *maximum was developed with a high sun and absent when tho 
sun was low, or entirely bolow the horizon ; but as the morning maximum is better developed 
$ban the evening one during May and July, this generalisation does not hold. 
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Fourier Coefihnts. 
The Fourier coefficients have beon obtained as follows. 

culated from tho actual departures from the moan for 
The coefficients have been cal- 

(a) each month and season in 1911 and 1912 separately, using 24-hourly values ; 
(b) each month and soason in 1911 and 1912 combined, using 24-hourly values ; 
( C )  each month and season in 1902 aid, 1903 combined, using 12-hourly values. 

In order to combine the two periods 1902-03 and 1911-12, one of which has 24-hourly 
"lues and the other only 12, two metho& were adopted. Erst, the actual departures for 
everY 'two hours were oombined from the four years' observations giving twelve values in 
the day (those plottedin figure 59) which were then analysed in the usual way ; and secondly, 

co@oients obtained by (b) and (c) were combiiied algobraically. Tho latter method is 
Preforabh, as it uses all the observations made, wliilo tho former discards all alternate hours 
In the 1911 and 1912 period, tho two methods varied 

The rcsults for the four years 
combined, published and discussed hero, are tlioso obtained by tho second method. 

a matter of fact tho results of 
little, but the double calculation was a useful check. 

The series used is tho ordinary one : 
* dB = al sin (Al+$) + a2 sin (A2 + 2 4  + q sin (A3+%). 

TABLE 100. 
Pourier coefiients of the d d y  variation of the barometer at McMurdo .Sound based on the 

periods February 1902 to January 1904 and Pebbruary 1911 to December 1912. 

January . . 
Fobruary . . 
Maroh , . 
April . . . 
M a y .  . . 
Juno . . . 
July . - 
August . . 
Soptombor . . 
Ootober . . 
November . . 
Docembor . . 

Novomber 
Summor December 

January 
February 

April 

I 

I Spring 

I y w r .  . . 
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1911-12 . . . . I 106" I ;7; I (, 118" I 03" 1 
I , 4 yoars . . . . 120' 141' l l B O  

1002-03 * * I May. June. July. Soreson. 

131" 61' 104' 133" 



OAILY VARIATION. 181 

with the exception of July 1902-03 each of those subdivisions shows the reduced phase, 
the greatest reduction taking place in June-the midwinter month. 

If we now examine the CUrVO for the winter in figure 59, we see that it varies from the 
The fall from the evening maximum 

to tho morning minimum is irregular. After commencing to fall from 22 hours t o  24 hours 
the fall is arrested and it rises slightly from 0 to 2 hours and t h b  falls to  a minimuin a t  
6 hours. On the analogy of the other curves the fall shou!d have been something like that 
shown by the dotted line in the figure. The whole effect has the.  appearance as if an increase 
Of pressure had been imposed on the normal daily variation between midnight and 6 A.M. 

If we examine the curves for May, June and July, this same abnormality is clearly 
visible on eacl1. It is also shown on the curves for each of these months in each of the 
separate prioda 1902-03 and 1911-12. There can be no doubt that this abnormal rise of 
Pressure between midnight and 6 A.M. is a real effect during the winter months. If we 
eliminate tho effect to some extent by correcting the curve as shown by the dotted line in 
figure 59 the value of AP for tho winter season becomes 13G", instead of llGo, h., the 
Phase has become lnuch mor0 nearly oqual to the phase in other months. 

It appears reasonable to cxicludo that tho half daily period has the samo phase 146" 
throughout the year, but in tho winter, the abnormal rise in pressure between 0 hours and 

AS stated above, an examin- 
ation of the curves of the individual months loaves little doubt of the roality of the pheno 
menon. In  our discussion of the daily variation of tho temperature a similar abnormality 
of the temperature at 4 A.M. was noted. It is impossible not t o  connect the two phenomena. 
It was shown that, the temperature effect was visible in the records of Snow Hill and tho 
Gauss Station. The prossure effect is shown in the Snow Hill records, but not in those for 
the Gauss Station. 

No simple explanation of uither of those two effects is obvious, and they are worthy 
Of a much fuller illveatigatioii than i t  has boon possible to  give them here. 

Cause of the twelve-hourly bnrotneter oscilZation.-In low latitudes the twelve-hourly baro- 
meter oscillation is very strongly nlar-ced and at all places within 50" latitude of the equator 
the maxima and minima occur a t  ovary place at approximately the same local time. The 
conclusion that this oscillatioll is due to  a wavc travelling around the world parallel to the 
equator is therefore irresistible. 

In  1882 Lord Kelvin * suggested that this wave was due to a natural oscillation of the 
atmosphere, Since then a great deal of research has been undertaken to calculate the ampli- 
tude and phase of this oscillatioll by applying mcchallical lab's to  tho known of 
the atmosphere. Theory shows that such a wave should have a constant phase at  all places 
O n  the same latitude when local time is used and that tho amplitude should be largest a t  
the equator and zero a t  the poles. 

When the results of meteorological observations made in north polar regions came to  be 
examined i b  was found that thore tho oscillation conformod with neither of these conditionti. 
In  the first place the amplitude of tho oscillation was found to  be much larger than it 

to  have been according to the thcory and that the phase was nothing like oonstant 
in local time. 

When discussing tho results of tho Lady Franklin Bay Expedition, 1881-83, Greely t 
remarked that in high latitudes the phase of the half daily barornotor osoillation was much 
more noarly constant if Greenwich time waa used than if local time was used. In  other 

for tho other series in one impxtant particular. 

A.M. alters the apparent phase by nearly 30". 
This abnormal rise in the prossure is oxceedingly interesting. 

* Thornsou. P. R. S. Edin. 11, 1582. t So0 Hmn. Mot. &it. 7, p. 8, 1800. 
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wor& instead of the maxima and minima occurring a t  each place a t  the sa e local time) 
they occurred at each placc at the same absolute time. Thus in north polar regions the 
barometer oscillation appears not to be due to a wave travelling round the circles of latitude, 
but the whole cap of air appears to  oscillate outwards from the Pole. 

In table 102 are colleoted together all the observations of tho twelve-hourly barometer 
oscillations available from high southern latitudes. * 

TABLE 102. 
Constants Of the half daily barometer oscillation in the Antarctic. 

- 

MoMurdo Sound . 
Belgica . . . 
Gauss . . . 
Snow Hill . . 
Laurie Island t . 
South Georgia . . 

77" 38' S. 

70' 35' S. 

00' 02' S. 

64. 22' S. 

00" 44' 8. 

00' 30' S 

Longitude. 

hrs. 

10.0 

4 7  

7.7 

8 6  

8.9 

0.7 

106' 30' E. 

80" 24' W. 

89" 38' E. 

874 00' w. 
440 39' w. 
30" 00' w. 

!IME OB M ~ X I M A .  

hrs. 

10.0 

10.4 

1.7 

12.3 

11 0 

12.1 

4 

1 

1 

l a  

7 

1 

It is clear from this table that the times of maxima ape not constant in either local 
time or Greenwich time. The oscillations cannot therefore be duo to  waves travelling round 
the earth. parallel to  the circles of latitude, which would cause tho maxima to  occur a t  the 
same local time a t  all stations ; nor to the oscillation of the polar cap which would C&Use 
tbe maxima to  occur everywhere a t  tho same Greenwich time. It is possible, however, that the 
oscillation obsewed a t  each. station might bc due to the sum of two oscillations, one round 
the earth and tho other to and from the Pole, for the sum of two oscillations of the 
sameperiod is another oscillation of the same period but with a &fierent amplitude and phase, 

In  order to  investigate this solution I was led to  review tlke work dono previously on 
the twelve-hourly barometer oscillation in the northern hemisphere and the results of this 
work have been published in the Quarterly Journal of tho Royal Meteorological Society, 
Volume XLIV, No. 185, p. 1, 1918. 

It was sbown in Ghat work that the observed amplitude and phase of the twelve-hourly 
barometer oscillation in all parts of the world can be explained by the existence of two 
atmospheric vibrations- 

(a) a vibration around the world parallel to the circles of latitude, and 
(b) a vibration between the eqmtor and the poles parallel to tho circles of longitude. 

The former is expressed by 

and tbe latter by 

in which x is the local time, B and C are constants, and b and c ape functions of the latitude, 

* Observations are also available for Port Cbaroot, but thoy are so widoly difforont from thoso obtained at 
the neighbouring station of Snow Hill that they aro oloarly wrong ; thoy have thoroforo not boon used in this 
discussion. 

t Analos do la Ofioina Motoorologica Argentina. f this publication tho valuos yivon on pago 03 for the 
pourior oooffioionts aro wrong, tho values usod hero have h e n  calculated from tho data given in table 44, pa60 62* 

b sin (2x+B) 

c sin (2x+C-2A) 
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It was also found from observations made in the northern hemisphere that 
b =0937  COS^ Q 
B =154" 
c ~ 1 3 7  (sin2 Q -*) 
C =105O 

the amplitude and phase at any place can be obtained at once from the relationship 
0 2  sin (22+Az) =0.937 cos3 Q sill (2x+lEi4")+0*137 (sin2 Q -$) sin (22+10Ei0-2A) 

In which Q and x are the latitude and longitudo of the place. 

in table 103. 
The necessary calculations have been made for the Antarctic stations and are included 

TABLE 103. 

Twelve- hourly barometer oscillation. 

Station, 

2 

Latitude. 

-- 
0 

774  s. 
704  S. 

00.0 s. 
04.4 s. 
00.7 s. 
a06 s. 

3 

Longit udc 

0 

l a w  E. 

80.4 W. 

89.0 E. 

57.0 W. 

4 4 4  w. 
30.0 w. 

- 
4 

- 
6 

- 
Calou. 
latod. 

0 

134 

251 

220 

184 

1 as 
15s - 

- 
Ob- 

iorvod. 

0 

141 

307 

221 

194 

183 

io1 - 

Timo. 

11rs. 

+ -2 

+1-9 

- *2 

f -3 

+ *5 

+ *1 - 

aa 

calou- 
Mod. 

mm . 

-094 

-0a.i 

954 

,120 

*I58 

-2213 - 

Ob- 
sorwd. 

mm. 

*06l 

*038 

-043 

*030 

,084 

214  - 

12 

a, oaloulatec 
tu obmrvud 

1 9  

1.7 

1.3 

3.4 

1 *D 

1 *I 

column 4 tho ca!culatod values of b, i.e., the  amplitude of the wave travelling round 
tho earth, are given, and in column ti the calculated values of the amplitud? of tho oscilla- 
tion outwards from the Pole. In  column G aro given tho values of AZ as calculated for each 
station, while in column 7 are given the observed values. Columns 8 and 9 contain the 
difforenee betwoen tlie observbd and calculated values of A2 in angles and time respectively. 

column 9 we seo that a t  five of tho six stations the observed time is within half an 
hour of the calculated 8ime. 

The calculated and observed values of a2 in columns 10 and 11 do not agree quite 80 well. 
The ratio of the oalculated to  tho observed values of u2 are given in column 12, from which 
It Will be seen that all the calculated values are too large. It is, however, significant that 
the two stations which have the best agreement between tho calcuhtod and observed value8 
Of Az, Souhh Georgia and Gauss Station, have also tho best agreement between the calculated 
and observed values of az, and roughly speaking the agreement of a2 a t  tho other stations 
is in tho same order as the agreement of A2. 

Considering tho smallness of tho amplitudes-all but one less than one-tenth of 8 

milhetro-and the faOt that they ape obtained in a region where the non-periodic barometer 
Qhan$es are so large, it ie amazing that such sllort periods of obaervatiolls give value8 wltioh 
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agree so well with the calculated values. Thus the theory of the two natural oscilla- 
tions of the atmosphere receives very great support from the Antarctic observations. 

NON-PERIODIU PRESSURE dHANQES. 

It is much more difficult to discuss the non-periodic pressure changes than the periodic, 
for there is no simple way in which they may be reduced to numerical values. 

Numerous methods have been suggested and used for cornparing the pressure changes at 
different stations and each has its peculiar advantages and disadvantages.* The data for 
McMwdo Sound have been analysed by several of these methods and the results included iu. 
table 104. 

January . 
February 

March . 
April . 
b Y  
June . 
July . 
August . 
September 

October . 
November 

December 

_ _ ~  

1 

.J 
Month 

/ -  

-- 

Mean , . 

l.:A 4 
J AbsoluWvalue in 4 years. 

Highest. 

2981 

29.94 

29.88 

3015 

30.26 

30.1 1 

30.13 

30.10 

30.02 

29.70 

30.18 

30.04 

J 
Lowest. 

dL 
28.74 

28.83 

28-53 

2872 

28 20 

27.82 

2824 

28.36 

28.20 

28.20 

28.58 

28.49 

Diff orence 

1-07 

1.11 

1.36 

1.43 

1-99 

2.29 

1.80 

1.74 

1 *73 

1 *BO 

1 -00 

1.66 

5 

Avcrago 
Werence 
between 
highest 

and 
lowest 
in each 
month 
of four 
years. 

,798 

,691 

-863 

1 *074 

1.361 

1.440 

1.438 

1,265 

1.436 

1.180 

1 ‘093 

‘900 

1.127 

6 

Moan 
iifference 
between 

daily 
naximum 

and 
ninmum. 

*121 

,147 

,168 

,171 

,211 

-249 

*237 

*?29 

*203 

e103 

*141 

*127 

7 

Highcst 
monthly 
mean in 

four 
years. 

29.401 

29627 

29.488 

29.478 

29,344 

29.662 

29.398 

20.215 

29442 

29.090 

29.038 

20.782 

- 
8 

Lowest 
aonth!y 
nean m 
four 

years. 

29.131 

29.298 

29.171 

29.317 

29161 

28.882 

28998 

28.911 

29.059 

28.826 

28.947 

20.188 

9 

Diff ercncc 
between 
highest 

and 
lowest 

monthly 
moan. 

a330 

-229 

*317 

-161 

.193 

*os0 

.400 

,304 

.383 

e205 

*087 

*SO4 

- 
10 - 

Average 
departure 
f monthly 

moan 
from 

smoothed 
normal. 

_L_ 

* l l 0  

a071 

.128 

*066 

,088 

,221 

-123 

*OB0 

,153 

-168 

-264 

a194 - 
*137 - 

The highest pressure recorded in the four years was 30.25 inches (May 19, 1902) and the 
hwest 27.82 inches (June 23, 1912), the difference being 2-43 inches. The month with the 
greatest absolute range of pressuro is June with 2.12 inches and the month with the least 
range January with 1.13 inches. 

KQwn f, considers that the best measure of the non-periodic pressure changes is obtained 
from the mean difference between the highest and lowest values in each month. He has 

* KoPPn, Met. Dit .  20, p. 97, 1912. t Kappn. Mot. Zcit, 29, p. 601, 1912. 
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Plaoo. Ln,tit(udc. 

South Goorgia . . , . . 55" S. 

Capo Horn , . . . . 50' 8. 

Snow Hill . . . . . . 04" 8. 

Gauss Station . . . , . 00" S. 

MoMurdo Sdund , . . . 78" s. 

Published two maps giving tho mea11 values for three summer (December, January and Febru- 
ary) and for three winter (June, July and August) months. For comparison with those maps 
the McMurdo Sound values have been given in column 5. The mean value for the three 

months, .796"=20.2 m,m., and for the three winter months, 1*381"=351 m.m., agree 
well with the lines entered on the maps, although the winter value is somewhat 

high and the summer somewhat low. 
The value of the meal1 differelice between the daily maximum and minimum pressure 

has been calculated for marly stations. The monthly values for McMurdo Sound are given in 
It will be seen that this measure of the non-periodic changes gives the most 

regular yearly variation, the least value being in January and the highest in June with a 
change from month to  month in between. The mean value for the year is ,180 

inch* From the following table it will be seen that the value in McMurdo Sound is smaller 
than st Stations further to tho 11orth. Tho highest value in tho world is found at  South 

from which the values decrease as one proceeds to the south. In  other words, the. 
non-Periodic pressure changes are greatest over the Southern Ocean and diminish as the 
Antarctic Continent is approached. 

6. 

Mean daily 
ma s..mm. 

1ncho.i. 

,311 

~208 

,244 

~ 2 4 8  

-180 

The non-periodic changes so far considered gi;e no indication of the steadiness of tho 
Pressure over long intervals of time. Thus a place inight have a large difference between tho 
maxiinurn and minimum pressure in a given month, yet the mean pressure of that month 

be the same year after year. For the weather of a given p!ace the rapid barometer 
changes which give a large difference in maximum and minimum pressure, whether the month 
Or the day is taken as the unit of time, 'are of the chief importance, but for the influence 
which the pressuro of that place exerts on the pressure of the rest of the world, the steadi- 
ness of the pressure over a longer interval of time is of more importance. The variations 
Of the mean monthly pressure from year t o  year are therefore of great interest and columns 

The mean variation of monthly pressure from norm41 *137"=3*48 m.m. is very large, 
being almost equal to that found in the neighbourhocd of Iceland, 3.56 m.m., where the 
Pressure is more unsteady than in any other part of the known world. As the mean value 
for each month is derived from only four years' observations, the yearly twiation is not 

reliable, but i t  is significant that the three Bummer months November to January show 
larger variation than the three winter months May to  July, being -191'' and *137" respectively. 
It would therefore appear that although the barometer is more steady during short 
Periods in the summer than in the wintgr as shown by columns 8 and 6 ,  yet the variations 

to 10 of table 104 give the data for McMurdo Sound. 

24 
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of the mean monthly pressure from year to year are larger in the summer than in the 
winter. 

An interesting point with regard to the variation of the monthly pressure is the great 
change in mean pressure from Ocbober to  November 1911. The monthly means a t  Cape 
Evans were October 28,825 and November 29.630 inches, Thus the mean pressure rose *go5 
inch during two consecutive months. The rise was even greater a t  Pramheim, a88 inch, and 
only slightly less a t  Cape Adare, .80 inch. 

I called attention to this rapid change in pressure in a letter to  ' Nature ' (April ' l3, 
1913) and asked for information of other similar large changes. Mr. R. C. Mossman in reply 
very kindly sent me the following list of large changes a t  Stykkisholm in Iceland. 

Month. 

Fobruary . 
January . . 
Fobruary . 
February . 
January . 
January . . 

Ycar. Prcasuro. Month. Prossuro. 
-- 

Inchos. Inches. 

29.191 a r c h  . . 30400 

29.105 Fobrqary . 30.083 

29.397 Mmch . . 30.198 

29.083 March . , 30.135 

28937 Pobruary . 29.762 

29.225 Fclobruary . 30.0151 

1850 . . 
1853 . . 
1807 . . 
1883 . , 

1890 . , 

1900 . . 

TABLE 106. 

- 
%ango. 

Inchos. 

+ .800 

+ ,978 

+ .801 

+ 1 *or2 
+ .811 

+ *822 - 

Pressure Waves. 

When the hoight of the barometer a t  any place j, plotted against time, the resultant 
curve has the form of waves. The curves for two neighbouring places are similar, but the 
maxima and minima generally occur a t  one station before the other. At first Bight therefore 
it appears as though true pressure waves travel through the atmosphere affecting first one 
and then the other station. We know however that in medium latitudes the pressure changes 
are not handed from station to  station by true air waves, but by a succession of more Or 

less circular areas of high and low pressure, which, while travelling, retain their characteristic 
pressure distribution. 

The pressure curves for the Antarctic show well developed waves and later we shall have 
to  conhider whether they are due to  the passage of cyclones and anticyclones, but we shall 
first make a study of their frequency, lcngth and depth a t  several Antarctic stations without 
corlsidering their physical meaning. 
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If one examines the  plates givcii in Volumc 11, on which the pressures of fivc stations 
Plotted, i t  will be soell that a t  cach station there arc largo prcssuro waves with well 

'larked maxima and ininima, but on these thoro are iiumerous smaller undulations like ripples 
On a large sea wave. It is obvious that we cannot include the lattcr in a discussion of tho 
former, we must therefore dofino the magnitude of the pressure changes which w0 will considor 
In Our discussion. There have beon several similar investigations made previously and it has 
been the nearly general practice to consider only pressure changes which exceed 5 m.m. 
The data we are considerillg are given in iiiches and as *2 inch is very nearly 6 m.m., this 

beon taken as the corresponding limit in the following investigation. 

The tabulated data have bee11 examined and all successive maxima and minima which 
The results for the four years' observations 

* .  

dlfier by more thall 
In McMUrdo Bound are contained in the following table. 

inch have beell notecj,. 

TABLE 107. 

Pressure waves in McMurdo Sound (four years). 

I >  
r 

1902 * . . . . 
1003 . . . . . 
1911 . . 4 . . 
1912 . . . . . 

Four yuars . . . . 

Autumn Mar. four yosvs . I {ZJ 

Muan 
lungtli of 

WILVC. 

Hours. 

16.1 

140 

160 

165 

182 

162 

131 

145 

194 

Moan 
variation 
in wavn. 

Moan 
liourly 
chango. 

Inohuu. 

@073 

4078 

9074 

,0074 

,0075 

.0004 

+104 

.0085 

m M  

7 
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Station. . 

Cape Adam. . . 
Capo Evans . . 
Fmmhoim . . . 

TABLE 108. 

~ “Moan Moan Moan 
Latitudo. length of variation hourly 

\ wavo. in wavo. ohango. 

O S .  Hours. Inohos. Inohoa. 

71 111 a680 *0110 

78 142 a606 *0082 

79 162 -660 a0087 

Station. 

Korguelun . . . . 
South Orknoya . . . , 

Snow Hill . . . . . 
Gauss Station . . . . 
Belgioa, . . . . 
Capo A h r e .  . . . 
McMurdo Sound . . . . 
Pramhoim . . . . . 

I Moan Moan Moan 
htltudo. ,, longth of variation hourly 

wavo. in wavu. ohango. 
~ 

“8. Hourn. Tnohorr. lnohos. 

49 G 3  ,034 *0184 

01 91 ,642 4141 

04 107 a667 a0106 

00 122 4 4 2  .0100 

70 124 *630 *0094 

71 119 .6%9 *0092 

78 162 .572 ,0076 

79 103 ~624  m 7 7  
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(c) The result of (a) and fb) is a steady decrease in the rapidity with which the pres- 
sum changes take place as high latitudes are attained. 

The physical explanation of these plationships will bo taken up in chapter VI. 

Pressure surges. 

The pressure changes which we have studied so far have been actual changes of 
barometer from hour to  hour and we have shown that thc pressure variations aro oquivalont 
t o  waves having a period of five or six days. When the pressure changes are plotted on a 

much smaller time sca1o, it is seen that the waves we have so far considered are themselves 
superposed 011 waves of a much longer period. These long waves, which I propose to  call 
Pressure surges, 810 clearly seen on plate-I. On this plate t h o  niean daily pressures a t  Cape 
Adare, Cape Evans and Bramheini have been plottcd and the points connected by a thin 
line. The irregularities 011 the thin line are due to the pressure waves which we have already 
considered, and as we wish to study the longer prossure waves we must eliminate them. 
This is most conveniently doiie by arithmetically smoothing the curves. If instead of 
Plotting against each day the mean pressure of the day we plot/.the mean pressure of ten 
days about it, small irregularities are smoothed out while the resulting curve follows closely 
the huger waves. Thus the thick curves on plate I have beon obtained by plotting the 
mean pressuro froin the 1st to the 10th of any month against the 5th, the mean pressure for 
the 2nd to tho 11th against the 6th and so on. thick line are tho 
su%33~ which we are now about to  investigate. 

The wavcs on this 

Cotnparison of pressure surges in different parts of the world. 
A glance a t  the plate shows that the same surges affect all three stations in the Ross 

sea area and later on we shall discuss the relative intensity of the surges a t  each station. 
Before we do this, howovor, it seems desirablo to enquire whether surges of this nature are 
confined to  tho Antarctio or are rccognisable in other parts of the world. 

As far as I know a similar inveetigation haa not beon made previously, therefore it is 
necessary to calculate the ten-day means for the stat’---- ---“ich the comparison is to be 
made. If tho pressure surges are to be compared at eeveral stations this necessitates calcu- 
lating 365 ton-day mea118 for oach year for each station. If data for several years a t  several 
stations are-’”;; tj, used, and several yoars’ .observations would bo necessary for a completo 
discussion, this will ontail a very large amount of computing. I was unable to undertake 
such a largo amount of work, but the impo&ant r61e these pressure surges play in the 
Pressure changes in the Antarctic constrained me to  do the nocessary calculations to  compare 
the surges for one year at  least at  several typical stations in all. parts of the world, 

Tho year chosen for this comparison was from March 1902 to February 190% as during 
tho greater part of this period there were obscrvations in the Antarctic a t  the following widely 
separated stations : Hut Point, Snow Hill, the Gauss Station and on Kerguelen. Tho stations 
outside the Antarcti0 chosen to  compare with these were tho following :- 

[ 
Wellington and Adelaide, which with Korguelen are typical of tho Southern Ocean. 
Seychelles as typical of a tropical ocean. 
Bombay as typical of a monsoon climate. 
Groenwioh as typical of the northern temperate zone. 
Irkoutski as typicd of tho centre of a largo continent. 
Stykkisholm as typical of the groat Icelandic centre of action. 
Vardo as typical of north polar regions, data from stations furthor north during the 

period considored not being available. 
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i n  order to show the curves for twelve months and for all twelve stations on plotc 11 
the scale used for plate I has had to be diminished, but the relationship between pressure 
and time remains tho same on the two plates. 

One or two striking results are at  onoe apparent. The curves for Seychelles and Bombay 
show that for all practical purposes surges 'do not exist in the tropics, Also the curves 
for Adelaide, Greenwich and Irkoutski are obviously intermediate between those for the tropics 
and the circumpolar stations. 

Further discussion of the curves can only be undertaken by means of B similar statistical 
investigation to the one 'used for the pressure waves. As with the waves, surges of greater' 
variation than *2" (5 m.m.) will be selected and their average length and depth calculated. 
It is quite obvious that one year is far too short 8 period to give satisfactory results, but a 

general -. oversight can be obtained from the following table:- 

4 

37 

61 

28 

34 

TABLE 110. 

Pressure surges. March 1902-Pebruary 1903. 

e607 

~413 

a625 

.636 

-- 

Station. 

Hut Point. . ; . 
(McMurdo Sound, 4 yoars) . 
Gauss . . , . 
Snow Hill. . . . 
KergudOn. . . . 
Wellington . . . 
Adelaide . . . . 
Soyoholles. . . . 
Bombay . . . . 
Greenwich. . . . 
Irkoutski . . . . 
Stykkisholm . . . 
Vardo . . . . 

- 
Latitude. 

77" 51' S .  

0 0 O  2' S. 

04' 22' S. 

49' 26' S. 

41' 10' 8. 

34' 56' 8. 

c 45' s. 
18' 54' N. 

61' 28' N. 

62' 16' N. 

66O 6' N. 

70' 22' N. 

Longitude. 

160' 45' E. 

89' 38' E 

670 0' w 
09' 63' E. 

174' 27' E 

138' 35' E. 

66' 45' E. 

72" 40' E. 

0" 0' 

104' 19' E 

22O 48' w 
31' 8' E 

Moan 
ongth of 
surgo. 

Days. 

36 

(40) 

42 

30. 

37 

26 

73 

Mean 
variat ion 
in surgo. 

Inchbs. 

,028 

(636) 

-449 

654 

,660 

463  

a365 

Mom 
daily 

change. - 
[nch/day. 

430 

(-024) 

,021 

,028 

,030 

e030 

,010 

,027 

*016 

a045 

a031 

The surges at  Hut Point were very much larger during the year chosen for the above 
table than in any other of the four years for which we have observations. I have therefore 
added in brackets the mean values obtained from all the observations and these should bo 
taken into account in comparing the stations. 

It is not easy to draw any very simple relationship from the numbers, and it is question- 
able whether one year's observations are sufficient to give satisfactory results, but the following 
inferences may probably be correct. 

In the southern hemisphero the surges are deeper in high than in low latitudes, also 
the length of the surges is, on the whole, greater near the continents than over the open 
ocean. 
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Y04C , . . . 
Summer half-yonr . . . 
Wintor half-yovoar . . - 

Similarly in the norther11 hemisphere Stykkisholm and Vardo have deeper surges than 
Greenwich and Irkoutski Eecauso they are further north. Also the surges are shortest a t  
Stykkisholm which is oceanic and longest a t  Irkoutski which is continental. 

The above indicates a relationship which has been found for pressure instability by other 
methods ; namely, that unperiodic pressure changes increase . from the equator to the poles 
and from the centres of the continents to the centres of the ocean. 

Annual variation of the surges.-A glance a t  the curves on plate I1 shows that in the 
northern hemisphere the surges are bhe most developed in the winter months, the curves 
being much more disturbed during November, December and January, than during June, July 

.and August. Judging from the curyes 
for the Gauss Station and Snow Hill one would be’ inclined to put the period of least 
disturbance from June t o  September, &e., in the winter, but the Hut Point. ourve has the least 
variation in December, January and February. One’ year’s observations, however, are not 

Taking the four years’ observations for McMurdo Sound and dividing the ye&r into two 

Such a seasonal variation is not clear in the Antarctic. 

to  settle this point with such irregular curves. 

halves a t  the equinoxes, we have the following result :- 

Moan longth 
of surgo. 

Days. 

40 

39 

G2 

TABEE 111. 

Mo!n variation 
In surgo. 

holies. 

.GSO 

4 7 3  

*690 

Pressure surges i n  McMurao Sound ( four  years’ datu). 

Moan daily 
ohango. 

Inoh/da y 

-024 

,024 

*023 

Thisindicates that the surges are longer and deeper in the winter than in the summer, 

We have now to consider three most interesting and important questionp with regard to  
the resulting mesa daily change being approximately the same. 

surges :- 

(a) The extent of country affected by any one surge. 
(b)  The relative intensity of a given surge a t  the different places affected by it. 
(c) The origin and cause of the surges. 

We shall first consider the surges in the Ross Sea area, where the statidns are so near 
together that the surges are easily recognisable a t  each station, and then turn to the more 
widely separated atations in other parts of the Antarctic. 

Comparison of surges in the Ross Sea area.--.A glance a t  plate I will show a t  once that 
the same surges affect all the stations in the Ross Sea area, but this is not sufficient ; we 
n u s t  find some method of comparing the intensity a t  the three stations. This can only be 
done by recognising the maximum and minimum of the same surge a t  each station, and then 
calculating the average value of a number of surges thus recognized. One gets into diffi- 
culties, however, as soon as one attempts to do this, because there is a certain amount of 
latitude in deciding whether or not a maximum on a ourve should be considered as being 
the maximum of a surge. Thus there is a well-markod maximum on the Framheim curve 
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ZRAMIIEIM. 

on April 15, which, if we had'this curve alone, we might take as the maximum of a surge; 
but it will be noticed that while i t  is just recognisable on the Cape Adarc curve, it would 
not be chosen as the maximum of a surge from that curve. 

Such difficulties would not be of so much importance if there were morc surges available 
for measurement; but with only about ten surges recognisable on each curve the result is 
easily affected by personal bias. It was decided therefore to  employ a method as free as 
possible from personal choice. The procedure followed was the following. For the statistical 
discussion of them surges (see page 190) it was necessary to  consider only surges which 
Were greater than *2", ar,d each maximum and minimum which fulfilled this condition was 
tabulated. The maxima and minima thus chosen were marked on the curves of plate I with 
the signs + and - respectively. 

When this had been done, only those maxima and minima were considered which Warc 
marked on all three curves, or those which were marked on two curves and the correspondilld 
maximum 01: minimum was clearly visible on the remaining curve although not  ked. 

s ix  complete surges were thus marked, commencing with the mininium on April 8 and 
ending with the minimum near December 11. Each of the maxima and minima are tabula- 
ted in thc following table :- 

CAPE ADAnE. 

TABLE 112. 

Dafo+ 

-- 

April 8 . 
May 1 4 .  

July 10 . 
Sopt. 16. 

Oct. 5 . 
Oct. 22 . 
Doc. 10 . 
Moan . 

Pressure surges in Ross Sea area. 

~ 

Pros- 
mro. 

20" f 

9.019 

8.875 

8.773 

8.845 

8.60B 

8.682 

9.644 

8.922 

CAPE ADARE. 
_-- 
'hto' 

May 8 .  

Juno 17.  

July28 . 
Sopt. 20. 

Oct. 15 . 
Nov. 26. 

Pros- 
HUCO. 

20" + 
9.684 

9.244 

9.360 

9.205 

9.030 

9.850 

7 

9.390 

MINIMA. 

CAPE EVANS. 

Dato, 

April 8 . 
~ a y  28. 

July 17 . 
Sopt. 14. 

Oct. 6 . 
Oct. 22 . 
Doc. 11 . 

zi::: 
20" + 
6.095 

8.920 

8.83C 

9.10C 

8%0E 

8.745 

9.625 
- 
8*90( 

8885 

8.666 

8.698 

8,781 

April 29. 

Juno 16. 

July28 . 

Dato. 

- 
April 8 . 
Juno 6 . 
July 16 . 
6opt. 14. 

Oct. 2 . 
Oct. 24 , 

Doc. 10 . 

- 

p.450 

9.207 

993E 

-- I I 

Oct. 16 . 
Nov. 28. 

8.478 

9.484 

1 Dato. 1 

8.881 

9*80f 

1 Sopt. 21. I 0*101; 
8.381 

ZRAMHEIM. 

Date. - 
May8 . 
Juno 16. 

July28 . 
#opt. 20. 

Oct. 14 . 
Nov. 27. 

20" + 
0.369 

9.038 

9~101 

9.01n 

8,817 

9.766 

This table shows that the mean amplitudes of the waves which can be rocognised 
all three curves are :- 

Moan amplitude 
max.-miu. 

Cspo'Abro . . . . . . . . .  ,376" 
CAPCEV~IW . . . . . . . . .  *400" 
Bramhcim . . . . . . . . .  *4lB" 

3n 

The surges are too few for any stress to  be placed on the actual values; but considering 
that the reeult has been obtained by a method, which reduces personal bias to a minimum, 
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It seem8 justifiable to conclude that the Antarctic pressure surges increase from Cape Adare 
to Cape Evans to Framheim. 

swfges affecting the whole Antarctic.-Our next step is to examine the data for 1902, to 
find whether the same surges affect the pressure at  stations so widely separated as McMurdo 
Sound, h o w  Hill and the Gauss Winter Station. 

For this purpose plate I11 has been prepared showing the simultaneous observations at  
the three stations in the same way as was used for plate I. 

surges are very clearly marked on all three curves, and it is now necessary to see if 
S&me surges can be recognised on each. To facilitate the exaniination, the maxima and 

minima of the large waves, i.e., of Wave8 of a greater amplitude than *2", have been marked 
" before on each trace, and we shall confine our attention chiefly to the surges thus marked. 
We Will follow the surges on the Hut Point curve and examine the other curves to see if 

show corresponding surges. 
The first surge a t  Hut Point extends from the middle of March to the middle bf April, 

with the minimum near the beginning of April, There can be no doubt that this surge is 
present on the other curves, both of which have marked maxima and minima a t  approxi- 
mately the same times. 

The next surge on the Hut Point curve extends from the middle of April to the middle 
Of May. This surge is shown quite clearly on the Gauss curve, although the maximum in the 
middle of May is not marked with a + on account of the subsequent fall being less than 
'2". It appears at  first sight that this surge *is not shown on the Snow Hill curve, on whiah 

is a pronounced minimum at the time the maximum occurred a t  the other two stations. 
But the disagreement is only apparent. A ,  local deep depression apparently affected Snow 
Hill just as the pressure commenced to rise due to the surge. There can be little doubt 
that if the looal depression had not existed the pressure changes would have been ria shown 
by the dotted line. 

The third surge at Hut Point, from the middle of May to the 9th of June, was less 
intense and it failed to reduce the pressure a t  the other two stations by *2", hence the 
minimum is marked only on the Hut Point curve; but the curves clearly show that the 
PrWsUre was affected at  all three stations to a greater or less extent, and the preasure rose 
at d l  three stations to a maximum before the middle of June. 

The next maximum is shown on all three curves in the second half of July. The dip 
between the two maxima o?jviously corresponds on all three curves, but the h w t  Points 
are somewhat widely separated. This is obviously dtle to the wave being so shallow that the 
lowest point is decided rather by the local inequalities superposed on the surge than by the 
minimum of the surge itself. 

number of marked maxima and minima on each curve, and there can be little doubt that 

The rapid rise and fall on the Hut Point curve during the second half of October has 
its oounterparf on the &uss curve where, however, it was so reduced in intensity that it 

less than *2" and therefore not marked. I t  .is questionable whether the maximum 
and minimum at the beginning of November on the Snow Hill curve are due to the same 
surge. 

The curvea come into line again at  the maximum in the ~ ~ o n d  half of November, and 
pun parallel to ope another until' the obaervstions ceaae, 

prom this point until the minimum near the middle of OCkhr there &re the 

sign refers to the same surge at  each station. 

86 
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p- 

Mar. 10. 

April 20. 

Juno 15. 

July24 . 
Aug. 25. 

Sopt. 29. 

Nov. 16. 

Doc. 31 , 
A- 

v 

There can be little doubt from this inspection that the same surges are recognisabIe 0x1 
all three curves. But it might reasonably be asked why the maxima and minima of the 
surges do not coincide more closely on the three curves, for there are often long periods 
between the appearance of the same maxima and minima a t  different stations. The reason 
is not difficult to find. The true surge probably does affect each station at approximat&' 
the same time, but superposed upon the long period surges are numerous pressure changes 
due to local conditions. We attempt to eliminate these by taking the ten-day means, but 
it impossible to eliminate them entirely. When a surge is only feebly marked at  a station, 
the position of the actual maximum or minimum is often determined accidentally by the 
minor irregularities due to these local pressure changes. We have already seen how the local 
disturbance at  Snow -Hill about the middle of March completely masked the maximum of a 
small surge which should have then occurred, and attention has been drawn to the psition 
of the minimum a t  the end of June, which was decided at  Snow Hill and the Gauss Station 
by small local inequalities of pressure on the very flat trough of a surge. It is probable 
that in every case where the surges appear out of phase a t  the different stations the cause 
is to be found in the local pressure variations, 

We will now compare the intensity of the surges at  the three stations. 
,For this purpose only the maxima and minima which are marked on all three Curves 

by 8 corresponding sign are entered in the following table. This procedure automaticallY 
excludes all the doubtful surges. 

TABLE 113. 

Pressure surges (10 days' mean) 1902. 

1 3 ~ ~ -  
sure. 

20"+ 

9.416 

9.343 

9'398 

9.333 

0.080 

8.091 

9.614 

9.407 

9.32t 

HUT POIW, 

Dab. 

April4 . 
May 7 .  

July 1 . 
Aug 17 

&pt. 13. 

Oot. 13 , 

Deo.21 . 

Mean . - 

- 
Pres- 
sure. 

10"+ 

9.112 

9.021 

8.717 

8,691 

8.943 

8.726 

9.313 

- 
8.932 

II 

MINIMA. 

Snow HILL. 

Dah. 

April 3 , 

May16 . 
July 10 . 

Aug. 8 , 

Sopt. 19. 

Oct. 16 , 

Dee. 19 , 

Pres- 
sure. 

ma+ 
- 

8.817 

8.789 

9.003 

8.799 

8849 

8.748 

8.999 

8.857 

.ILcI 

GAUSS. 

Date. 

Mar. 31. 

May9 . 
Juno 26. 

Aug. 6 , 

Rept. 19. 

Oct. 10 . 
Dee. 18 . 

Pres- 
sure. 

20" + 
- 

9.102 

8,843 

9.005 

8.667 

8.097 

8.778 

9.049 

- 
8.874 

MAXIMA. 

HUT POINT. 

Date. 

Mar. 17. 

April 19, 

June 9 . 

July 16 . 

Sept. 5 . 

Elopt. 23. 

Nov. 21. 

,Jean. 1 . 

- 

- 
Pres- 
sure. 

20"+ 

9.607 

9-759 

9.045 

9.667 

9477 

9.548 

9,826 

9.536 
- 
9.633 - 

SNOW HILL. 

Dtlto. 

Mar. 23. 

April 16. 

June 15. 

July26 . 

Aug. 29. 

Sept. 28. 

Nov. 21. 

Jan. 5 . 

I . . .  . 

Pros- 
S W O .  

- 
20"+ 

9,294 

9.602 

9.676 

9.440 

9.208 

9.327 

9,036 

9.521 

9.438 

II- 
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htitudo. 

h m h o i m  . . . . . . . . .  7 9 O  S. 

MoMurdo Sound . . . . . .  78" 
Capo Adam . . . . . . . .  7 10 

aoo Gauss . . . . . . . . .  
SnowHill . . . . . . . . .  04' 

Prom this table we see that the mean amplitudes of the waves at  the three stations 
&re ;- 

Moan arnplitudc 
max.-min. 

Amplitudo. 

.668 

*656 

600 

.347 

444 

* 
Hut Point . . . . . . . . . .  ,701" 
Snow Hill . . . . . . . . . .  %81X 
Gauss . . . . . . . . . . .  '464" 

We have now ahown that it is possible to recognise the same surges not only in the 
Ross Sea area but also at places in the Antarctic so far apart as Hut Point, Snow Hill 
and the Gauss Station. Unfortunately we have bad to use different periods of observation 
for the two groups of stations, and therefore the values of the amplitudes in the two goups 
are not directly comparable. This is clearly seen when we compare the mean value for Cape 
Evans in 1912, *400", with the mean value for Hut Point in 1902, *701", although the two 
stations are so near together that they may be considered 'as one for our present Purpose. 

can bo little doubt that the surges were abnormalljr developed in 1902, and it is %elY 
due to this circumstance that we haye been able to recognise the individual surges with 
such confidence a t  such widely separated stations. 

h r  McMurdo Sound (Cape Evans and Hut Poini;) we have four years' observations, and 
we have used all these to find the mean amplitude of the surges given in ta;ble 111, which 
was *€36". It is very likely that the relative amplitude at  the stations remains fairly Constant 
from year t o  year, hence by multiplying each of our two sets of observations by the factor 

to bring the respective values for the McNurdo Sound stations to their average 
we obtain reduced amplitudes for all the stations which are comparable. Thus the 

in 1912 require to be multiplied by E and those in 1902 by 3 s  I4k-1 
has been done, we have the following relative amplitudes. 

TABLE 114. 

Pressure surges, amplitudes reduoed to wmmon period. 

It will be noticed that with the exception of Snow Hill and the Gauss Station, the 
amplitude decreases with the distance from the Pole. It will be found, however, that they are 
Only roughly proportional to the latitude. When the numbers are plotted on a globe, it is 
found that they are more nearly symmetrical around a position about 10" away from the P8le. 
BY a series of trials and errors it was found that the amplitudes were nearly inversely 
Proportional to the distanoes of the stations from the position 80" S. 120" w. If one takes 
88 the ampitude of the surges at this position ,677" and calculates the amplitude of tho other 
atations on the assumption that the amplitude deoreases from this position lineally at the rate 
of '162" per thousand miles, .the amplitude nt the stations are ahown in the following tabla:- 

/ 
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Distttnoe from 
80" S., 120" W. 

Goographical 
milos. 

0 

031 

858 

1144 

1477 

1921 

P R ~ S S ~ R E .  

TABLE 116. 

Actual and computed amplitude of surges. 

Amplitudo 
caloulatod. 

Inoh. 

4 7 7  

*57 

a 5 3  

-49 

4 3  

.35 

8O0S., 120"W. . . . 
Framheim . . . . . 
MoMurdo &und . . . . 
Ce;peAdam. . . . . 
Snow Hill . . . . . 
Gall88 . . . . .  

Aotuel 
amplitude. 

Inoh. 

- 
*58 

44 

a 6 0  

*44 

*35 

The agreement between the actual ahd calculated valuw on these simple asRumptionfJ 
gives us good reason to believe that the amplitudes of the surges do decrease from 80" s.9 
120" W. in all directions, and therefore one is tempted to assign this position as the 
centre of the pressure system in which the surges take place. 

The most simple physical explanation of the relationships we have found is the following : 
We shall show in a future chapter that in the upper atmosphere over the whole Antarctio 
the pressure is cyclonic with the centre of lowest pressure Over the low-lying region which 
we have reason to believe exists in the Pacific quadrant of the Antarctic, and in which 
the position mentioned above is situated (see fipre 80). The surges are probably due to 
increases and decreases in the intensity of this cyclone, and' if 80, then the surges should be 
strongest near the centre of the cyclone and decrease rdughly in propohion to tho distance 
from the centre. 

PRESSURE CORRELATION. 
J 

Having shown that the pressure over the Antarctic increases and decreases as a whole, 
we now proceed to investigate in how far the preesure outside the Antarctic is affected. For this 
purpose the method used above of identifying simultaneous surges is no further available, 
for the individual surgea die out rapidly over the Southern Ocean. This can be seen by 
comparing the surges at Kerguelen and Wellington shown on plate 11 with those for the 
Gauss Station and. Hut Point respectively. No relationship between the cmves for these 
pairs of stations similar to that existing between the curves for the Antarctic stations can 
be recognised. We must now compare the mean pressure for longer periods if we are 
to obtain useful results. We shall therefore take as our datum the megn pressure for a 
month and compare the mean monthly pressures at stations within and surrounding the 
Antarctic. 

Before doing so, we must Bee whether the intimate relation8hip between the pressure at 
di&rent stations in the Antarctic found by means of the surges is still recognisable when We 
use monthly means. 

Correlation of mean mrtthly pressure within the Alztcwctic. 

Por tbis purpose data me available from McMurdo Sound, Snow Bill, the Gauss Station, 
Kerguelen, South Orkeys and South Georgia. Unfortunately, however, fhe observations were not 
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simultaneous but overlap for differelit periods. The discussion of tha  records will thereford 
require different methods for the various stations, and we will commence with the record8 for 
a u t  Point, Snow Hill, tho Gauss Station and Korguelon during the period March 1902 to  
Rebruary 1903. The follawing table gives the variation of pressure for each month from the 
mean of the twelve months. 

I 
Ihguelcn. 

TABLE 116. 

Pressure departure from mean of fwelve months. 

Snow Hill. aauss. 

Hut Point . , . . . +-79 (*OB) + * S O  (*07) 

aaues . . * . . * . . I .  +.80 t07) 

Snow Hill . . . + . . I . .  * * .. 

Month. 

Kerguelen. 

+*22 (-19) 

+.os (*20) 

+*57 (*17) 

1902% 

Maroh. , , . . . 
April , . . . . . 
M a y .  . . . . . 
June. . . . . . . 
July . . . . . . 
August . , . . . 
Soptembor , . . . , 

Ootober . . , . ' . 
November . . . . - . 
Deoember . . . . . 

1903. 

January . . . . . 
February . . . . . 

I Hut Point. aauss 
Stat ion. 

Inoh. 

+a049 

+.128 

-a000 

-*036 

+a048 

-*439 

+.034 

-*272 

+a284 

+*I65 

+*I11 

-so62 

Inoh. 

+so25 

+*OS3 

-so14 

+*lo4 

+.076 

-1300 

- a278 

-*loo 

+e235 

+a174 

+*OB9 

+a018 

Snow Hill. 

Inoh. 

+.OS4 

+*I23 

-'063 

+*I59 

+a038 

-e213 

-so63 

-*lo3 

f.103 

+ s o 7 7  

+099 

-*I31 

Inoh. 

--.001 

+*223 

-*118 

+so03 

-so02 

-a020 

+*o2n 

-so78 

4 0 2 0  

(+*089) ' 
~~~ - 

These values have been plotted in the four upper curves of figure 60. The similarity 
between the curves for the stations on or near the Antarctic Continent is striking ; while the 
relationship is apparent, but much less marked, on the ICerguelen ourve. 

The intimate relationship is shown by the following correlation coefficients, the probable 
error of each being shown by the figures in brackets. 
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The correlation coefficients between the stations Hut Point, Gauss Station and Snow Hill 
are very large, all being e 8  with a probable error of less than *1. 

A certain amount of the high correlation is probably due to the yearly variation of the 
Pressure beingsimilar at  all the stations. Unfortunately, however, we do not know the normal 
yearly variation a t  the Gauss Station and,Snow Hill. We know it approximately for McMurdo 
Sound from the smoothed values if the four years' observations. If the correlation coefficients 
are increased by the yearly variation, it can only be because the variation is similar at  all 
three stations; we are therefore justified in deducting the yearly variation of VcMurdo 
Sound in order to free the relationship from some at  least of the dependency on the yearly 
variation. 

In the following table the first column contains the normal yearly variation in McMurdo 
Sound and the three following columns the monthly departures, given in table 116, corrected 
for this yearly variation. 

TABLE 118. 

I 
Month. 

1002. 

Maroh . . , . . 
April . . . . . . 
May . . . , . . 
June . . . . . .  
July . . . . . . 
August . . . . . . 
September , . . . . 
Ootober . . . . . . 
November . . . . . 
Deoember , . . . . 

1903. 

January . . . . . . 
February . . , . . 

Pressure variation corrected for yearly twriatioits, 

Normal 

MoMurdo 
sound. 

variation at Rut Point. Gauss Station. Snow Hill 

Inoh. Inoh. Inoh. Inoh. 

+ s o 7 0  -*030 -*064 -*OM 

+*062 +*666 +*02l +-061 

+*002 --.008 -*Of31 -*Of36 

-so67 +.022 +.161 +*216 

-*lo2 +:160 +*178 +.1# 

-*I04 -*336 -*196 -*loo 
--.lOS +*l42 -*I70 +*w 
--.lo9 --.lo3 -*OS1 --.OM 

+a027 +*267 +.20s +*070 

+*I27 +*02s +*147 --.060 

+.IO0 +a01 1 --.ON --.001. 

+e070 -*131 -e061 -*?01 

These corrected monthly departures have been plotted in t h e  tbree lower curves of figure 
60. It will be seen that even now the curves are very similar especially if the changes from 
month to month are oonsidered, for eight of the eleven changes' take place in the same 
direction on all three curves. 

The correlation coefficients have been reduced somewbat by applying the correotion, 
ShOWhg that the snntial variation is similar a t  all three stationrj.* 
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Hut Point-aeusSStation . . . . . . 
Hut Point-SnOw Hill . . . , . . , . 
&aUSs Station-Snow Hi1 . . . . . . 

PRESSURE. 

TABLE 119. 

Correhtwn pemente qfter deducting the McMurdo Souwd gearly vari&m, 

Correlation 
. coeftioient. 

+*e6 

+*80 

+am 

Probable 
error. 

*11 

-1 1 

-12 

Them numbers leave little doubt that for the year under investigation the monthly pres- 
sures a t  these stations varied in a similar way. In spite of tbe large margin between tbb 
correlation coefficients and the probable error, it would not be right to conclttde that 811 
years W O U I ~  show the 8ame higb ~elation~hip. The ok,R,senvatiope at  Snow Hill mntinned for 
another eight months after the twelve considered above, and during this period the relationshiP 
was mucb leps marked. It must however be pointed out &bat the added months were re- 
markably free from largo changes and therefore mere unsuited for bringing out tbe rolationsbip- 

Returning now to the data for Kerguelen we see from the cmves in figure 60 that tbe 
Kerguelen preeeure not very intimately related. witb the Antarctic preesure, although the  
changes are eomewhat similar. It is remarkable that the Kerguelen cmve is more like the  
curves for Hut Point and Snow Hill than for the Gauss Station, although t,be latter is so 
mucb nearer. This shown in the correlation coefficients are 4-37, +*22 and +‘08 
respectively. We cannot coned the Kerguelen observations for yearly variation, for there is 
much evidence to show that tbe yearly variation over the Southern Ocean is quite different 
from the variation over or near the continent. Considering the small amount of data and the 
small correlation coefficients, it would be unwise to &aw any other conclusion than that the 
correlation between Kerguelen and the Antarctic is small but positive. 

Observations in the Antarctic region simultaneously with some of those in McMurdo 
Sound are also available for the South Orkneys and South Georgia. At the South OrbeYs 
gjmultaneous observations were made from April 1903 to January 1901: and during the 
whole .of 1911 and 1912, i.e., 34monthsin all. At South Gorgia only 17 months’ simulta- 
neous observations are available from June 1911 to December 1912. 

These observations have been treated as follows : The ten yeaps’ observations which are 
available for the South Orkneys * Were used for obtaining the annual variation. The variation 
so obtained was deducted from each of the 34 months mentioned above for which simul- 
taneous observations are avaihbh in McMurdo Sound. The annual variation was also deducted 
from the corresponding monthlypressure in McMurdo Sound. We have then two sets of montbb‘ 
values which have been freed from periodic change ; the variations of the individual months from 
the mean of the set were then calculated, and the correlation coefficients determined. 

Exactly the same procedure employed with the data for South Georgia. In this 
cam nearly nine years’ observations are available for determining the yearly variation. 

It will be noticed that this procedure is practically the same a8 that used for the Antarctic 
stations except that in the latter case only the mean of 12 months was used as the basie 
from which to  calculate the departures. The aim in both cases is to  find departures from 
the mean pressure of the whole period for which simultaneous observations are available. 

* My best thanks are due to Mr. R. C. Mossman for providing me with those and other valuable datal 
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Probrlblo 
orror. 

*11 

.11 

.13 

-12 

a15 

.. 

The 34’ months’ observations a t  South Orlcneys give a correlation coefficient with 
McMurdo Sound of with a probable error of -12 and the 19 months’ at  South Georgia 
a oorrelation coefficient of f.24 with a probable error of -16. These coefficients are small 
but positive. 

Chllectiflg our results we have the following correlation coefficients between the. monthly 
Pressure in McMurdo Sound and at  five other Antarctic stations. 

TABLE 120. 

Monthly pressure correlation coeficients. 

Months of 
obsurvntions. 

1 %  

12 

20 

34 

19 

11 

Corrctlat ion 
ooeffioiont. 

McMurdo Sound snd Gauss Stcltion . 
9 ,  ., ,, Snoy Hill , . 
9, ,, ,, Snovy Hill . .. 

,, ‘ ,, [Jouth’ Orkneys . 
,, ,, South aoorgia . 

0 ,, ,, Kergselon . . 

+*05 

+-GG 

+.38 

+*lG 

+a24 

+ 

The absolute value of these coefficients means very little and they are not directly com- 
Parable with one another as they refer to different periods, but the fact that they are all 
Positive and are generally considerably larger than the probable error loaves little doubt that 
the Pressure tends to increase and decrease simultaneously over the whole Antarctic. Continent 
and the adjacent seas. 

Pressure correlation between the Antarctic and surrounding places. 

We can now turn our attention to the correlation between the Antarctic pressure and 
pressure at  other places, mainly in the southern hemisphere, outside the Antarctic. 
If it had been possible, it would have been best to correlate the mean pressure of several 

Places in tho Antarctic with the pressure at  other stations. But for this purpose we have 
Only the twelve months’ simultaneous data from Hut Point, tho Gauss Station and Snow 
Nill which would be insufficient for a reliable correlation. Above every thing a large number 
Of Observations are necessary in order to get a reliable correlation coefficient. Ib was therefore 
decided totake the four years’ data which are available for McMurdo Sound, namely, February 
l902 to January 1904 and January 1911 to December 1912, as being representative of the 
whole Antarctic. 

In the Antarctic the changes of pressure from month to month are large in qomParison 
the yearly variation, but this is not the case with stations nearer. the tropics. It is 

therefore necessary in order to get a true correlation between variations of pressure to eli- 
Qhte the yearly variation from all the data used. 

It is also important to realise that the departures to be compared must be departures 
from the same datum at all stations. Thus it is not desirable to compare *the departures 
for the Antarctio which are the departures from the mean of a certain four years with 
the departures for another station from a mean derived from a long series of ObServationS. 

procedure with the 
data from all stations having the necessary records. The mean monthly pressures for tho 
fortyeight months for wbich data are available at  McMurdo Sound were tabulated for each 

In view of these considerations it was decided to follow a 

2B 
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st&$ion. !l!he means of the four values for each month were taken and thelr smoothed by 
the formulre 7. From these smoothed monthly means the departures for eaah of the 
forty-eight months were calculated. 

The departures for the twenty-four months February 1902 to January 1904 were then oorrelated 
with the corresponding vahm for McMurdo Sound, then the departurea for the twenty-four months 
January 1911 to December 1912, and finally the two series were combined to give the 
oorrelation for forty-eight months. 

The following table contains the results, and the correlation factors for the whole period 
are'shown on the map, figure 61:- 

TABLE 121. 
Corre2cctwn CoefiGnts of monthly presswe akpartwres f r m  normal between McMwrdo Sound a d  

31 stations main19 in the southern hemisphere. 

13+2b+e 

Chursday Wand . 
Port Darwin. . 
Daly Waters . 
rounsville . . 
Dnslow . . , 

3harlotte Waters . 

Eonle . . , 

Adelaide . . 
Sydney. . . 
Melbourne . . 
Hobart. . . 
Wellington . , 

tManaoe . . 
Raoife . . . 

Buenos A: )s . I 

Bombay . I 

Ilclt it udo . 

O #  

LO 34 s. 
12 28 , 
16 16 ,, 

19 14 ,, 

21 43 ,, 
26 56 ,, 
27 28 ,, 
31 67 ,, 
31 45 ,, 

34 66 ,, 
33 62 ,, 
37 60 ,, 
42 63 ,, 
41 16 ,, 

3 o s  
8 4 ., 

16 36 ,, 
25 20 ,, 
33 27 

31 26 , 
34 36 , 
63 10 , 
18 64 E 

18 4 , 
6 11 E 

4 46 , 
20 6 I 

% 1 ' 

longitude. 

O I  

42 12 E. 

30 61 ,, 
33 23 ,, 
46 31 ,, 
14 67 ,, 
34 66 ,, 
63 2 ,t 

16 61 , 
28 68 ,, 
38 36 ,, 
161 12 ,, 
146 0 

147 20 ,$ 

L74 27 ,, 
60 0 w 
34 53 .I 

66 0 ,, 

49 30 , 
70 41 , 
64 12 , 
68 22 

70 64 , 
72 49 E 

80 14 

106 60 I 

66 4Ei I 

67 31 , 

- 
1902 
and 
1903. 

- 

4- *20 

t . 4 1  

f e38 

+ a45 

+ *39 

+ *26 

+ *23 

+ *22 

4- -03 

-*04 

-*11 

-*13 

- e37 
-a45 

-*36 

- 4 0 1  

-a33 

-*21 

- 4 3  

-46 

-e70 

-e17 

-a06 

+bo9 

+ *24 

- '29 

-*37 
clll 

- 
1911 
and 
1912. 

- 
f'll 

*oo 
f -02 

t .13 

-.14 

- *29 

-*23 

- 9 4  

-a38 

-*39 

- e40 
-*42 

- '62 

-61 

-019 

-*13 

- a 1 6  

-a19 

-*37 

- -40 

- a30 
-*17 

+*02 

+ so2 

-a28 

-e34 

-e27 

- 
yea rs 

- 
+e15 

+ *22 

+a19 

+ *29 

+-13 

- '03 

-00 

-*03 

-*18 

- -22 

-e26 

- -28 

-46 

- a49 

- a 2 8  

-a07 

-*23 

- *20 

- *40 

- -64 

- *48 

-''I7 

-a03 

+.06 

+e04 

- -32 

-e31 

- 
lhange 
902-0: 

to  
111-12 
- 
- a09 
- .41 

- .33 

- a33 
-153 

--.I54 

- e47 
- -46 

- *41 

- -34 

- *30 

- .28 

--1b 

--.OB 

+ * l G  

-e12 

-+.17 
+a02 

+.OS 

+a26 

+ e40 
500 

+ .08 

- e 0 7  

-a62 

-.OE 
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TABLE 12l-concZd. 

1902 
and 
1903. 

203 

1911 
and 4 years 

1912. 

--- 
Station. 

-*20 

+a21 

Makatea . . 
Samoa . . . 
Fiji . . . 

-a03 -44 

-*I0 +-01 

Latitude. 

0 ,  

33 66 S, 

16 47 S. 

13 48 ss 

18 6 ss 

Correlation oooffioient. 

Longitude. 

o t  

18 20 E. 

I60 34 w. 
171 40 ss 

178 30 E. 

Probable ewora. 

~. 

24 observations . . . . . 
48 observation8 .. . . . . 

- 
si3 

to 
1911-1 

- 

- * I S  

.. 
- *37 

- -38 - 

The map shows that enoiroling the Antarotic is a region in which all the oorrelation 
ooeffioienta are negative. It is impossible to define this region with exactitude, but as the 
maximum coefficients both in the American and Australian regions lie near to latitude 40" S., 
this lati tub is probably near the axis of the zone, and the region is probably fairly acourate- 
lY 'ahown by the shaded area on the map. This region includes the large areas of high 
Pressure which enoirob the globe near to latitude 30' S., and the most simple explanation 
of the pressure relationship under discussion is that there is a sea-saw of pressure between 
the Antarotic and the belt of anticyclones over the Southern Ooean. 

The largest correlation coefficients are -*49 at Wellington, New Zealand, and -684 at  
Cordoba in South America. The probable error of these coefficients is as low as *07, therefore 
the coefficients are seven times greater than their probable errors. Thus there can be little doubt 
that a month of high pressure over the Antarotic is aooompanied by a month of low pressure 

It is interesting to notioe that there is considerable difference between the correlation 
ooeffioients in the two periods 1902-03 and 1911-12, but the differences are not random. 
In the last oolumn of table 121 the change in the coeffioients from 1902-03 to 1911-12 has 
been entered for each station. Over the whole of the Australian region including Samoa and 
fiji the change was negative, while with two exoeptions the change' was positive over the 
b e r i o a n  region. It would appear as if the interohange in the air during 1902-03 was mainly 
between the Antarotio and the Amorioan region, while in 1911-12 the ohange waa between 
the Antaratio and the Australian region. 

The positive ooeffioients in the north of Auatralia are interesting. One would have ex- 
Peoted tbe ooeffioients to have become leas and less negative as one reoeded from the region 
of maximum correlation. That they should beoome poaitive and deoidedly positive, is very 
remarkable. It will also be noticed that in 1902-03 the region of positive correlation included 
the whole of the Australian Continent except the extreme south-east corner, and in the 

latitude 40" S. and adjaoent regions. 
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FIG. 61. Map of pressure correlatiod coefficients, 
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extreme north the positive correlatiori was very great, being +*46 with a probable error of 
'10 at Tounsville. 

It appears as though to the north of Australia there is a large region in which the 
Prwure changes take place in the same sense as the changes over the Antarctic and between 
the two a region in which the changes are reversed. The boundary of the two regitrns 

In 1902-03 the northern area of 
Positive correlation was highly developed, and it encroached on the area of negative correh- 
tion, the boundary between the two areas being near Sydney. In 1911-12 the area of negative 
correlation was mom strongly developed, and the boundary of negative correlation was pushed 
north to near the northern coast of Australia; Thursday Island, Daly Waters and Tounsville, 
bebg the only Australian stations then having positive correlation coefficients. 

This connexion between the pressure departures over the Antarctic and surrounding regions 
'I8 most interesting and still more important. It appears that the Antarotic is one of the 
@eat ' centres of action ' of the world and further investigation is imperatively demanded. 
A great deal more work bas beon done than is givon in the above summary, amongst other 
resultfl it has been found that all the correlations are more pronounced when the means of 
three months' pressure are compared instead of the means of single months. The investiga- 
tion is not yet finished, and w ih value will be greatly increased if it is founded on more 
Observations than those a,t present available, it has been decided to await the publication 
Of the pressure data obtained on Shackleton's two expoditions to McNurdo Sound, which will 
inCrease the data available from four years to seven, before closing the investigation. 

to vary and to swing bachmds and forwards. 

/r 
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measure of the pressure changes a t  each station. Places having the same average pressure 
amplitudes are connected by 8 series of lines called by Lockyer 'hanakatabars,' which are 
found to  run approximately parallel to the circles of latitude. The pressure amplitudes increase 
b . n  near the equator to  60" S. and thence decrease towards the Pole. As we are interested 
Only in the region south of latitude 40" S., we will limit our attention to  this region. From 

8. to  60" S., the'pressure amplitudes increase and the average pressures decreases; from 
8. to  the Pole, the pressure amplitudes decrease and pressure inoreases. 
It is then pointed out that this same relationship would hold if a series of cyclones 

having their centres in latitude 60" S. passed from west to east, for the average pressure 
be low and the pressure amplitude high near the track of the centres, i.e., along lati- 

tude 60" S. Lookyer gives reasons for believing that to the north of suoh a belt of cyclones 
there would be a similar belt of anticyclones, while to the south of it there would be an 

but comparatively small (in area), anticyclone central about the South Pole. 
Rgure 62, which is taken from Lockyer's monograph, represents his conclusions. Over the 

Southern Ocean we see the belt of cyclones, each of which is of such a size that its southern 

FIG. 62. LookFer's diagram of pressure distribution. 
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extremity touches or overlaps the ice barrier and its northern extremity reaches up to, Or 

neax to, latitude 40" S., knd eight of them encircle the earth, The rate of travel of the 
cyclones is determined by the method described above to be 9%" of longitude a day. 

This scheme deserves close attention, for it appears to explain satisfactorily many of the  
oharacteristics of the weather in the southern hemisphere, 

(a) It accounts for the 'roaring forties,' for as the depressions move from west to 
east the regions between 40" S. and 60" 5. being to tho north of the centres 
Of the oyclones constantly come under the influence of strong westerly winds, 
which change direction and intensity with variations of the barometer. It does 
not, however, explain the easterly winds sometimes observed in the region of the 
' roaring forties.' 

(b)  It ah0 explains the easterly winds experienced in high southern latitudes, for they 
are comp1emen)ary to the westerly winds on the other side of the centres of the 
depressions. 

(c) The mean pressure ip such a system would agree fairly well with the a d d  mean 
pressure observed, for the centres of the cyclones travelling along 60" would give 
on the average a trough of low pressure in this region. 

The scheme, howover, has several weak points. In tho first place it is not based on 
synoptic weather charts, no attempt apparently having been made to fit simultaneous obsorva- 
tione together and show how they agree with such a system of high and low pressure areas. 
It must also be remembered that it is based on two assumptions: (a) that tho pressure 
Variations from day to day-aspecially in the Antarct*i*are produced by travelling cyclones Or 

anticyclones; and (b)  that the cyclones have their centres all on or near 60" S. latitude. 
!Chis latter is very important, for the large area of the cyclones is a direct consequence Of 

the essumed positions of the centres of the cyclones. If the centres could be in any latitude, 
the cyclones would of necessity be smaller and irregular, and the simplicity of the System 
with many of the consequences drawn from it would be lost, Lockyer's system may then be 
tested by these two criteria, and we shall have occasion later to apply both tests and to 
find them both wanting. 

&hardus in his discussion of the results of the (Xauss Expedition also considers the 
general pressure distribution over the Southern Ocean. His main conclusions on the Point we 
are now considering are summed up in the following quotations:- 

'%%n one reviews the weather ,conditions as & whole, which are associatdwith 
storms a t  the Gauss Station, there can be hardly a doubt that they m e  governed 
by cyclonio pressure systems w&&, except in a few, cases, pass from west to east 
to the north of the winter station. The following may be mentioned in Support 
of th% conclusion: the sfhape of the pressure cupve (passage of wave Crests and 
troughs), the change of wind direction during storms from E. by 01: E* towards 
the direction of the south-east qua&ant, the changes of wind strength during st or^^ 
6s well as the precipitation and cloud conditions, particularly the direction of the 
cloud motion before and afier the storms.'* 

so far Mthrdus  arid Lockyer are in agreement, but the former goes on t o  say: 
'During storm the Winter station comes under the influence of the central Of 

the Cyclones and is not simply passed over by the outer regions. This is olearb' 
d ~ w n  bythe relationship between the strength of the wind and the depth of the 

1_1 

* Dwtaohe Sudpolar-Expedition, 1001-03, p. 284. 
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depression, by the high and uniform temperature, by the great humidity and by 
the cloud and precipitation which were greater during storms than at  any other 
time.’* 

This last conclusion of Meinardus’s does not fit in with Lockyer’s scheme a t  all. A 
the centre of which passes near to 66’ S., is nearly 6’ out of the path assigned by 

in fact the centre is very near where Lockyer places the southern extremities of 
cyclones. 
we  will now pass on to consider the conditions in the Rom Sea area as found by the 

Observations during 1911 and then return with the knowledge gained to reconsider these more 
iWeral questions. Before doing so, however, it will be interesting to see wbat we may expect 

to the ideas of Hepwortb, Lockyer and Meinardus. 
Hepworth writes : 

‘It seems probable that areas of low pressure, on their passage eastwards north of 
Victoria Land, after passing the meridian of Cape Adare, not infrequently take 
a more southerly path, striking south-eastward and penetrating into or skirting the 
Ross Sea.’? 

Meinardus writes : 
‘ In  the Ross Sea *the development of an independent depression is weaker (than in 

the Weddell Sea) on account of the extensive high land in the west, the small: 
width of the Sea, and finally the proximity of the Antarctic anticyclone. Depres- 
sions which penetrate the Ross Sea come therefore almost entirely ,from the north 
and never from tbe west.’$ 

Writing of Cape Adare Lockyer says: 
‘ The meteorological conditions noted at  this station favour, then, the suggestion that 

a series of low depressions travel in higher latitudes eastwards, their lowest portions 
only traversing the Cape Adare quarters.’$ 

But he also says that the observations made in MoMurdo Sound 
‘are in conformity with the assumption that the southern extremities of low pressure 

areas pass over the stations, and the absence of westerly winds proves that the 
centres of these systems always lie to the northward of these stations.’l( 

It is difficult to understand how the lower or southern extremities of the same cyclones can 
be a t  Cape Adare and also in MoMurdo Sound, considering that the latter station is 400 
miles further south than tho former. After a description of 8 typical Antarctio blizzard in 
McMurdo Sound Lockyer says : 

‘This experience , . . . . . convinces one that the air movement in these storms 

A depression with its oentre in 60’ S.;able to produce a blizzard of 40 to 60 milos an hour 
in 78’ S., is of course quite inconceivable. Whatever blizzards may be due to they are cer- 
bainIy not prt of the circulation around a cycIone the centre of‘ which is more than a 
thousand miles away. 

is only part of a series of very large systems travelling eastward.’Y 

* Deut .ohe Budpoler.Expedition, 190143, p. 295. 
t National htarotio Expedition, 1901-04. Meteorology, Part 1, p. 429. 
$ Deutaohe Sudpoler-Expedition, 1901-03, p. 338. 
8 Bouthem Hemieghere Burfaoe Air Cirouletion, p, 73. 
I1 Ibid, p. 87. 

Ibid, p. 88. 
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PRESSURE WAVES AND PRESSURE DISTRIBUTION. 

Bom 1st April to the end of December 1911 observations of pressure and wind &re 
available a t  fiamheim, Cape Evans and Cape Adare. These stations are sufficiently near one 
another to make. it possible for us to  detect the same series of pressure changes at  each 
station, and we can therefore investigate in what way the pressure variations are handed 
from station to station and what changes of wind accompany the changes of pressure. 

Two methods of investigation have been found to be of peat use in the study: 
(cc) A series of sheets was prepared each showing the pressure curves during twelve 

days for the stations under investigation, the wind directions being shown by 
arrows attached to the curves. 

(b)  The presswe and wind observations yere entered on to maps and an attempt made 

The curves and maps will be found in Volume I1 and f i e  reader will find it necessary to 
have this volume at  hand when reading the present section. It will frequently be necesserY 
to compare the various maps with the corresponding barometer curves, the plates have there- 
fore heen SO bound that each can be unfolded and exposed to view when the book is 
a t  the corresponding map. 

At first we shall ~ ~ S C U S S  only the plates showing the pressure curves and it will be found 
convenient at this point to unfold all the plates so that they can be rapidly turned Over 
in succession. 

to draw isobars to fit them. 

The phtes.-On each plate there are six curves which represent 
(1) The barometer and wind at  Melbourne in Australia 
(2) Y Y  > Y  Y Y  ,, the Bluff in New Zealand 
(3) )I Y9 Y t  ,, Cape Adare 
(4) 9 )  Y, 91 ,, Cape Evans 
(6)  Y2 9 ,  Y Y  ,, Pramheim 
(6) The pressure difference between Cape Evans and Jj’ramheim, on t h k  curve the winds 

a t  Cape Evans have been repeated. 

It will be noticed that the first five curves are arranged according to latitude, Melbourne 
the most northerly being at  the top and Framheim the most southerly a t  the bottom. 

The curves are plotted to simultaneous time. The arrows are drawn to fly with the 
wind and the number of feathers indicates the strength of the windaccording to the Beaufort 
Scale. 

The two upper curves will not be considered at  present, but we will fix our attention on 
the curves for the three Antarotic stations-Cape A&re, Cape Evans and Framheim. A cursory 
glance through the plates will show at  once that the pressure changes at  these three stations 
are very similar, a succession of waves of various length and depth affecting all three stations 
in a very similar way. A large wave of 
pressure having a minimum on May 24th and maximum on the 27th or 28th affected all 
three stations. It will be noticed further that the wave affected first Pramheim, then Cape 
Evans and &ally Cape Adare. Framheim is slightly to the south and 400 miles to  the east 
of Cape Evans, and Cape Evans is slightly to the west and 400 miles south of Cape Adare. 
It is therefore obvious that the pressure system which gave rise to this wave moved from 
east to  west and from south to north, which is the exact opposite of what we should have 
expected if these waves are due to depressions moving in 8 south-easterly direction from the 
Bouthern Ocean into the Rose Sea, This is not an isolated 08se, for i t  W;ll be seen that in 

An excellent example is contained in plate 5. 
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the vast majority of cases the waves affect the three stations in the same order. To bring 
Out this point with greater certainty the curves were examined and whenever a maximum 
Pressure could be said with the certainty to affect all three stations a + was entered against 
each curve, similarly a minimum which affected all three stations was marked -. During the 
nine months April to December 1911, 38 maxima and 35 minima were recognised and marked 
in this way. All are shown on tho plates and can therefore be examined by the reader 
to satisfy himself that the method used is free from personal bias. Of the 73 maxima and 
minima marked in this way 31 occur at  the stationsin the order Framheim, Cape Evans, 

Adare, while all but 8 occur at  Framheim before Cape Adare. This is conclusive evi- 
dence that these waves are not due to depressions entering the Ross Sea after passing Cape 
Adare while moving in a general west to east direction. By tabulating the pressure and 

when each wave passed each station it is possible to determine the mean amplitude 
Of the waves a t  each station and the mean time it takes for the waves to pass from station 
to Station. The results of such an investigation are shown in the following table:- 

Capo Evans. 

47" 

6 hours. 

12 hours. 

9 hours. 

TABLE 123." 

Height and times of the Antarctic Pressure Waves. 

Cape Adarc 

*73" 

17 hours. 

I9 hours. 

IS hours. 

l?ramhoim. 

Avorage height of wavoa (Le., mean max-moan 

Moan tino of maxima afhr timo at Framhoim 

Meen timo of minima after time at Framheirn 

Mean time of waves aftor timo at Framheim 

min.) 

. 

. 

. 

*70" 

- 

- 
- 

Tt Will be noticed that the average height of the waves is practically the same a t  all 
three stations, the differences being too small to be considered real. 

The last line of table 122 gives the average time the waves take to pass from E'ramheim 
to Cape Evans and Cape Adare, these being nine and eighteen hours respectively. There 
can therefore be no doubt that the waves travel from the south-east to the north-west. A 

fact is that the maxima travd from Framheim to Cape Evans more ,rapidly than 
the minima. This can only be accounted for, if real, by a deformation of the waves as they 

We shall see later that as the waves pass over the Ross Sea they produce winds 
Which modify the pressure and this may be the cause of the deformation. 

The question now arises : what is the nature of these waves, are they associated with 
travelling cyclones and anticyclones, or me they true waves of pressure Z 

This point is best investigated by examining the weather maps to see whethor the passage 
of a wave of low pressure is associated with a travelling cyclone or a wave of high pressure 
Kth  a travelling anticyclone. 

Weather maps, method of construotion.--For constructing isobaric charts, SimuItaneous, 
Or nearly simultaneous observations are. neoessary. As observations were made at Framheim 

* this table only warns whioh om be reoognieed at  all three stations are inoludod and therefore the results are 
aomwvhat different from those oontained in table 108. 
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At 8 A.M, on May 27th the highest pressure is at  Framheim and the lowest at  Cape 
'The easterly wind at  namheim, although light, is the only indication we have of 

the run of the isobars. The lines have been drawn to show high pressure over the Barrier 
and low pressure over the ROSS Sea, At 8 P.M. of the 27th the wave crest is over Cape 
EvfhnS and this station now has the highest pressure, but instad of anticyclonic conditions 
we a blizzard blowing a t  Cape Evans which together with the easterly wind a t  Framheim 

that there is an area of low pressure o b  the Ross Sea, just where one would expect 
the maximum pressure to be if an anticyclone were travelling from Framheim to a p e  Adare. 
At 8 A.M. on the 28th the crest of the wave has arrived at  Cape Adare where the pressye 
is now highest. Thus since 8 A.M. on the 27th the crest of the wave has travelled from 
pramheim to Cape Adare, but it is quite clear that an anticyclone has not crossed the Ross 
Sea* Thus the trough of this wave was not connected with a travelIing cydone nor the crest 
with an anticyclone. 

ho the r  example is the wave which passed Framheim during September 30th and 
OOtober 1st and 2nd, plate 16. At 8 A.N. on September 30th the pressure is lowest over the 
Ross Sea just to the north of Framheim. The barometer is falling rapidly a t  all stations 
but the most so at  fiamheim where the trough of the pressure wave arrives just after the 

P.M. observation on the 30th. At 8 A.M. on October 1st the pressure is rising at  Framhe$m 
and the trough of low pressure is just over Cape Evans. By 8 P.M. the trough has arrived 
at cape Adare and the pressure crest is about to reach Framheim. At 8 A.M. on the 
next day the trough has passed Cape Adare and the maximum is half way between Framheim 
and Cape Evans. The crest has just arrived at  Cape Evans on the evening of the 2nd 
and passes on to Cape A h r e  where it arrives much reduced in intensity at  8 A.M. the 
next morning. During the whole period there has been no essential change in the pressure 
distribution 'over the whole area. When the trough was over Cape Evans on the morning of 
October 1st the only effect was, by rsducing the pressure over the west of the Ross Sea, 
to bring the Ross Sea depression nearer to Cape Evans. It is quite clear from the maps 
from 8 A.M. on the 30th September to 8 P.M. on the 3rd October that neither a cyclone 
nor an anticyclone has travelled from Framheim to Cape Adare, yet in this interval a 

inoh in depth, has travelled across the.whole area. It is impprtant to notice 
that here again the depression over the Ross Sea was highly developed when the 
crest of the wave was between Framheim and Cape Adare on the evening of October 

If the reader will now take the trouble to turn over the pages of maps and compare 
pressure distribution with tbe pressure waves, he will soon be convinced that the waves 
not caused by the movements of cyclones and anticyclones. 

As the pressure waves are not due to travelling oyclonic and anticyclonic systems, we are 
to &ssume that they are true pressure waves traversing the upper atmosphere 

'n the aame way that water waves travel across the sea. If this\is SO, we ought to find 
evidence of them on the surrounding plateau. The observations made there have, therefore, been 
investigated 

2nd, 

For this purpose two sets of data are available: 
(a) The observations made by the PoIar Party during their journey to and from the 

Pole after mounting to the plateau by way of the Beardmore Glagier. Latitude 
87O S. was reached on December 31st, 1911, and from this point to the Pole 
the sudace was very uniform consisting of a rise at  the rate of 7.3 feet per 
geographhl mile to about latitude 88' lo', then level until 88" 40' and Snally 
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0 hours 
8-1-12 

0 hours 
10-1-12 

20 hours 
12-1-12 
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____ 

Hoight 
of bar. 

x 

29.03 

29-38 

20.01 

a descent t o  the Pole at the rate of 8.3 feet pcr geographical mile (see page 
292). The barometer readings have been corrected for this change of height and 
plotted as the lower curve on plate V a t  the end of this volume, the two 
upper Curves being those for Cape Evans and Framheim respectively. 

(b) The observations taken by Captain Scott when ho made his journey to  the western 
Plateau by way of the Ferrar Glacier in November 1903. The part of the 
plateau visited on this occasion lay due west of McMurdo Sound and a 
point nearly 200 miles t o  the west of the edge of the plateau was reached. 
O k g  to the want of sufficient details as to the position of the party when 
each set of obsarvations was taken, it has not been possible to correct 
the observations for change of height, but it is obvious from the curve5 
shown on plate V that the change of height does not affect our present 
discussion. 

We will now examine plate V showing the changes of the barometer on the Polar 
Plateau between December 31st and January 30th, 1910-11. Unfortunately during this period 
the pressure waves were not very pronounced even at sea-lovcl, but fairly well marked 
positions of maximum and minimum pressure can be detgcted on the Pramheim curve. These 
are marked on the curve by the numbers I to IV. There is no doubt that eagh one of 
these points of inflexion can be detected on the curve for the plateau. The rise of pressure 
on the 14th January with the following maximum on the 15th is particularly well marked. 
The respective changes of pressure and the times of OCcurrCnC~ are tabulated for each station 
in the following table. Owing to the observations being mado a t  Pramhoim and on the 
plateau only three times each day the exact time of maximum a d minimum can not be 
stated. 

Time* 

11 hours 
8-1-12 

17 hours 
10-1-12 

20 hours 
13-1-12 

20 hours 
16-1-12 

I Minimum 

I1 Maximum 

I11 Minimum 

IV Msximum 

Height 
of bar. 

-- 
n 

29.06 

20.41 

29.06 

29-46 

TABLE 123. 

CAPE EVANS. I FRAMHEIM. I PLATEAU. 

20.03 

- 

bight 
f bar. 

I )  

19:s1 

19.99 

19-04 

Change. 

n 

) +*I8 
} -a36 

- 

Change. 

1 +.33 
] -e36 

Zhengo. Time. 

/ 

1 hour 
9-1-12 

24 hour 
10-1-1: 

2 hour 
13-1-1: 

9 hour 
10-1-1 - 

From this table we see that the waves are not 80 large on the plateau as at  Frambeim, 
but the number of observations is too small to give a mean of real value. It is important 
t 9  find how much earlier the phase of the wavos is on the plateau than at the other 
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atations and we notice that the four epochs occurred earlier on the plateau by the following 
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amounts :- 
TABLE 124. 

Wavo numbor. 

I11 

IV 

TIICE ON PLATEAU 
BEBORE TIHE AT 

- 

Framhoim. I Capo Evans. I 

Neglecting the minimuin 111, the epoch of which is not clearly maiked at any of the 
stations, we see that the phase on the plateau is about twelve hours ahead of Framheim and 
twentY-four ahead of Capo Evans. Thew values can only be approximate for three waves cannot 
Possibly give an accurate mean (they give the difference Cape Evans-Pramheim, 12 hours, 
while the true meall is nine hours), but it is important to know that these well-marked waves 

Well as  several minor ones which have not been discussed here prove that the waves 
arrivG on tho Polar Plateau before they affect Framhoim and Cape Evans and that they 
take s~ne th ing  like twelve hours to  advance from the plateau to  Framheim. 

The pressure observations mado by Amundsen when on the Polar Plabeau have also been 
examined. The route talcen by Amundsen was nothing like SO level as  that followed by 
Scott and a s  ha travelled more rapidly I find it impossible to  rid his pressure curves from 
the effect of changing height. It happens, however, that from December 15th to  18th he was 

O r  near the Pole and therefore his height did not vary appreciably during this period. 
During these days a very small pressure wave passed over the sea-level stations which is 

shown by the Polar observations, the maximum occurring at  G A.M. on the lGth 
at the Pole and fourteen hours later a t  Framheim. Thus this single wave confirms 
the results made by Captain Scott's Party. The pressure curve a t  the Pole during this 
Period has been added on plate 22, Volume 11, for comparison with the curves a t  the sea-level 
stations. 

Turning now to the observatiolls made on the plateau behind the Western Mountains 
near to  McMurdo Sound which are plotted on plate V, we see that here also there is no 
doubt that the waves of pressure which &ct'McMurdo Sound are recognisable on the plateau. 
Unfortunately during this period the pressure waves were less in evidence even than during 

Polar journey. Thereis only one clear point of inflexion, the one recorded on the 23rd 
but from this and a few of the smaller irregularities one can conclude with 

"me Certainty that the waves affect the plateau, and the phase is either equal $0 or 
The waves are also slightly smaller than at 888- 

level. 
behind that a t  McMurdo Sound. 

We have now shown that the pressure waves can be detected a t  in the Ross 
Sea area and also on the surrounding plateau. They appear first on the Polar Plateau, then 
about twelve hours later a t  Framheim, nine hours later a t  Cape Evans, and nine hours 
later still a t  Cape Adare. 

t 4 e ~  observatioss ape ~ ~ f f i c i e i ~ t  to fix the direction in which they travel, 
If we assume a8 a first approximation that the waves travel with a linear wave front, 
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Figure 63 is a rough sketch map of the region under consideration. The South Pole 
is marked S.P., the mean position of the Polar Plateau P.P., Framheim F., Cape Evans E* 
and Cape Adare A. 
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There can therefore be little doubt that we have to  do with waves of pressure travelling 
Outwards from the centre of the Antarctic Continent along directions parallel to  a line joining 

It is interesting to  notice that this line produced passes very 
near to  the position 8OoS. ,  120" W., about which the pressure surges were found to have 
their maximum intensity (see page 195). 

Adare and Pramheim. 

Pressure Waves and Winds. 
It becomes necessary rlow t o  oxamino the pressure waves to  see if there is any 'intimate 

relationship between them and the winds at  Cape Evans, Bramhoim and on the Barrier. 
The conditions a t  Cape Adare will be considered separately later. 

If one examines the wind arrows placed along the pressure curves for Cape Evans the 
periods of blizzards, calms and northerly winds are clearly seen. If, however, one examines 
the Pressure curve for Cape Evans alone it is difficult to find any certain relationship between 
the Pressure changes a t  that station and the accompanying wind conditions. To fix our 
attention we will examine the pressure and winds on plate 17. The first blizzard on this 
sheet occurred on October 10th with a nearly steady barometer a t  Cape Evans. The second 

on the evening of the 12th just when the barometer commenced to rise sharply; 
but the blizzard stopped, for no apparent reason, while the barometer was still rising rapidly. 
The third occurred OQ the night of the 15th-16th while the barometer was rapidly falling. 
It ended a t  midday on the 16th by the wind suddenly turning completely round and blowing 
strongly from the north. When this occurred there was no apparent change in the pressure 

The two remaining 
on this plate are associated with the crests of two small pressure waves, while the 

trough between the two waves passed during calm weather with an occasional light wind 
from the north. This is exactly the reverse of what happened when the large wave passed 
On the 14th, for then the crest of the wave was accompanied by a calm and the blizzards 
Occurred before and after the crest passed. The same will be found on all the plates, 

start and stop at all phases of the actual pressure waves and for no obvious reason 
Take as another example plate 7. Here we see 

a large pressure wave between a trough on June 16th and a trough on the 22nd. During 
the Passage of this wave there is first a period of calm, then a period of high northerly 

which suddenly changed into a southerly blizzard. Then a period of calm with an 
OacaShal wind from the north followed by a blizzard, then another high wind from the 
north. All these changes took place while the crest of a single wave passed over the station. 
-On such evidence as this one is tempted to  say that the winds are entirely independent 
Of the pressure waves and occur under the influence of some other motive force. The Case, 

takes on a different light when instead of the actual pressure at  Cape Evans one 
examines the difference in premure between Cape Evans and Framheim. The bottom Cuve 

On each plate shows the predsure difference Cape Evans - Framheim, plotted for m ~ e n i e n c e  
to twice the scale used for the pressure curves. On this curve are repeated the winds a t  

Evans. Looking now a t  the lower curve corresponding to  the last examph June 16th 
to 21sty we see that the wind changes which occurred so capriciously when compared with 
the actual pressure a t  Cape Evans are very closely related to the changes in the pressure 
difference between Cape Evans and, Bramheim. The blizzards all occur when the pressure 
difference Curve is rising, and the calms and northerly winds when the curve is falling. The 
Mnd cbanges direction almost exactly a t  the moment the lower curve starts to rise or fall. 
Turning back to  plate 17 we see that there was no blizzard when the large crest passed on 
the 14th because this wave produced little or no effect on the pressure difference, on the 
other hand each of the small waves on t4e 19th and 21st Was aocompanied bY' large rises 

such as  is usually associated with a complete reversal of the wind. 

far as the pressure alone is concerned. 

29 
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on the bottom curve and therefore blizzards occurred while they passed: This relationship 
which is so clear on these two plates will be found to be the general rule throughout 811 
the plates. There are certainly exceptions, but compared with other meteorological rules this 
is a very rigid one. We can therefore conclude that a blizzard will occur when the pressure 
difference between Cape Evans and Framheim increases and high northerly winds, calms Or 

light southerly winds will occur while the pressure difference decreases. 
We have now found that it is difficult to see any close relationship between t.he winds 

at Cape Evans and the actual pressure waves, as would be the case if the pressure Waves 
were due to the passage of high and low pressure systems which are maintained by the 
winds circulating round them-good examples of which are to be seen in the curves for 
Melbourne at the top of each plate. On the other hand there is a close relationship between 
the winds at Cape Evans and the changes in pressure difference between that station and 
Framheim, 300 miles to the east: (1 - \  A ;) 

Theoretical Discussion of the Eflects of Pressure Waves. 
We will now investigate what effect the passage of pressure waves would have on the 

pressure distribution and winds supposing that the waves are imposed on the Ross 
Sea area from without ; this is reasonable in view of the fact that we have been able to 
identify the same pressure waves on the surrounding plateau and at the sea-level stations. 
These waves will be supposed to travel over the area adding their pressure to  the existing 
sea-level pressure and in consequence changing the pressure distribution and air motion. 

We have therefore first t o  determine the pressure distributiofi without the waves, and 
then to impose a series of waves on this distribution and examine the result. 

For simplicity in the following discussion we will assume that the three stations Cape 
Adare, Cape Evans and EZamheim are situated at the corners of an isosceles right angle 
triangle of whidh the line joining Cape Adare and Framheim is the hypotenuse. In figure 
64a the three stations are represented by the points A, E and F, the line A E B then 
represents the line of the Western Mountains and the line E F the edge of the Barrier. 

We will first consider what would be the pressure distribution if all air motion Could 
be restrained. In the absence of a difference of temperature between the Ross Sea and the 
Barrier, pressure would imrease slowly from the north to the south owing to the general 
increase of pressure with latitude which is a common feature of the Antarctic. This would 
cause the pressure to be higher over the Barrier than over the Sea to the north of it. 

There is, however, a large temperature difference between the Barrier and the sea find 
the chief pressure difference would be due to it. 

Both effects then gve  high pressure over the Barrier and low Over tho Sea. If there 
were no air motion the isobars Would run something like thorn shown on f igre  64a. That 
is, they would run approximately east and west and parallel t o  the edge of the Barrier. 

We have now to examine how this simple pressure &stibution will be affected when 
motion of the air takes place. 

In the southern hemisphere, owing to the influenbe of the earth’s rotation, the air motion 
takes place along the isobars in such a direction that the high pressure is on the left Of 
the direction of flow and the  OW pressure on the right. Under the pressure distribution 
shown on figure 64a the whole air over the Ross Sea area would tend to flow to the west 
as an eaeterly wind. This, however, is not possible owing to the Western Mountains which 
act as a wall running north and south at  right angles to the easterly wind induced bY the 
pressure distribution, It is easy to see that the air from the eastern half of the Barrier 
would flow over t o  the west and would then be forced, along with the air from the. western 
half, to travel to the northwards parallel to the line of tho Western plountains, 

I .  
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There would therefore be an easterly wind over the east of the Barrier and a southerly 
Grid along the line of the mountains. It is also clear that the intensity of the southerly wind 

L O W  

9 E A  

BARRIER 

E 

HIGH HIGH 

(0)  
FIG. 61. Theoretical pressure dfetribution. 

must increase as it flows towards the north because it is constantly receiving air both from 
the south and from the east of the Barrier. In fact practically the whole of the air set in 
Qotion on the Barrier is concentrated in the current which flows across the north-west corner of 
the Barrier near to  Cape Evans, This is shown diagrammatically by the arrows' in figure 64b. 

Now it does not matter how the motion of air is de'flected or restrained the pressure 
and wind velocity will always adjust themselves in time until (neglecting the effect of friction) 
the air is travelling along the isobars with the high pressuro on the left and the low pressure 
on the right and the distance between the isobars will be inversely proportional to  the wind 
velocity. When the wind flow shown in figure 64b has become established the isobars will 
have adjusted themselves to  be parallel to  the flow and near together where the wind is 
strong, We therefore get a system of isobars like that shown on the same figure. We see 
that over the east of the Barrier where the air can move from east to  west the original 
isobars ape not affeoted, but near the Western Mountain8 the isobars turn sharply to  the 
north and crowd together near Cape Evans where the air current is strong. Whereas before 
the air motion started the pressure a t  Framheim and Cape Evans ,was the same, we Bee 

from figure 64b that when motion occurs it is necessary to cross two isobars in going from 
B'ramheim to  Cape Evans, hence the pressure is now appreciably higher a t  Cape Evans than 
at Framheim. This increase of pressure is due to the concentration of the air motion Over 
the norfh-west of the Barrier, but it is brought about in two ways, first the stoppage of the 
easterly wind Over the west of Barrier causes the piling up of the air there and a 
consequent inorease of pressure, also the air moving rapidly from south to north near the 
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Western Mountains is pressed to  the west by the force due to  the earth's rotation and this 
produces a pressure gradient away from the mountains. Both effects raise the pressure and 
cause the isobars to  adjust themselves to  the direction of the air movement. 

Going further we see that an increase of the pressnre difference between the Barrier 
and the Ross Sea increases air flow over the west of the Barrier with a greater concentration 
of the motion near to  Cape Evans where the pressure .rises. Thus a uniform lowering of the 
presbure over the Ross Sea or a raising of the pressure over tha Barrier incresses the 
southerly wind at Cape Evans and causes the preasure a t  Cape Evans to rise relativeb' 
t o  the pressure of Pramheim. 

We have now to investigate the result of impressing travelling pressure waves on this 
general distribution. 80 far we have not considered the magnitude of the pressure differences, 
the isobars shown on figures 64a and 646 being only diagrammatic. 

The required values are found and the theory substantially supported by noticing that 
in all essentials the pressure distribution shown on figure 646 which has been derived frorn 
first principles is the same as that of the average pressure distribution found from the actual 
observations and already given in figure 58, page 176. In the latter we have numerical values 
for the isobars and therefore in the future discussion we will use it in place of tho 
approximate diagram of figure 64b 

FIU. 65 (a)  Aotual prossure distribution, (b )  Imposod pressure waves. 
/ 

* Figures 66 to 73 were all proparod boforo tho orror dosoribod in tho footno@ to pago ifxi W(LB dotootad. 
the pressures used in those diagrams aro all 93'' too low. This, howovor, itl quite immaterial to tho prosent disoussLon 
88 the pressure distribution is unaffected. 
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has been divided into squares, and in each square the pressure has been entered in agreenient 
With the isobars, The waves which are to  be impressed on this pressure distribution travel 
from Framheim to Cape Adare, i.e., in the direction of the line of squares a, by c, . . . n, 0. 

The Wave fronts are at right angles to this line. Values will be given to  the letters 
b, c, etc., according to  the pressure of the wave which is travelling from a to 0. As 

the Pressure due to the wave is the same along the whole wave front the values of a, b, cy 
e t C . ~  must be added to  the pressures in the line of squares to  which the letter is attached. 

the value of i determinod by the position of the wave has to be added to the pressure 

The wave to  be investigated may vary in two particulars, (a) in amplitude and (b) in 
the difference in phase with which it arrives at the three stations. A large number of waves 

different amplitudes and phases have been investigatod, and it is found that the 
result is not affected in principle, but only in detail by changing these variables. From 

waves the one has been chosen for discussion here which gives the best general 

in each of the squares along the line E to i. 

result. 

from liramheim 

to Cape Adaro in a quarter of its period. So that the pressure changcs a t  Framhcim are 
dpa43" COS (6f45') and a t  Cape Adare dp=.3" COS (6-45'). 

In figure 65b the wave t o  be investigated is shown in tho same way as the pu?ssure 
curvoS on the plates in Volume 11. The abscism roprosent equal intwvals of time, but as we 
are not concerned with absolute time, which involves the rate of travel of the waves, but 
Only with time in so far as it affects tho phase of the wave when it arrives a t  the different 

the phase of the wave at  each interval a t  Cape Evans is given instead of the time. 
The wave arrives a t  each station an eighth of a period after it left the last. Thus 
if the phase at Cape Evans is 8, it is 0+45' a t  fiamheim and ' 6-45' at Cape 

The most important curve on the plates in Volume I1 was found to be the one giving 
the difference 'in pressure between Cape Evans and Framheim, a similar curve therefore has 

we shall considor the effect of the wave at eight intervals during its passage commencing 
from the epoch when the maximuin of tho wavo has just roached Cape Adaro. The posi- 
tions of the wave a t  each of the epo&s considerod ase shown in. figure 65b by the vertical 
llnes at 

This wave is given a t  Cape Evans by dp=*3" cos II and it travels 

Adare 

been added t o  figure 65b. 

0 = 45O, 906, 135', BO0, 225', 270°, 315' and 360'. 
For each position of the wave two diagrams are given. In  the first the pressure which 

results by the simple addition of the pressure wave to  the normal pressure is shown. In  the 
second an attempt has been made t o  allow for the alteration in the pressure which the 
air motion would produce, taking into account the inertia crf the air and the obstacles to  

motion. Thus for each position of the wave there will be two diagrams similar t o  figures 
and 64b, which are the corresponding diagrams for the conditions in the absence of the 

Pressure waves. 
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B 

FIG. 66. Modified pressure distribution 0=46". 

e = 45', &ure 66.4tarfing witb the crest of the pressure wave a t  Cape Adarc the 
change of pressure due to  the impressed wave has been shown in the upper line of bold 
figures. These values have been added to the lines of figures against each in the nor@' 
cliagam, figure 65% with the resulting pressure over the whole area shown by the figures 
in the squares. Isobars through these figures show the resulting pressure distribution. The 
added pressure is sufficient to reverse the normal pressure distribution and the highest pressure 
is near Cape Adare and the lowest over the Barriel to the south-east of Framheim. 

The simple addition of the pressure makes the isobars as shown on figure 66a; start 
on the Western Mountains and run to the north-north-east. me air lnotion would bo in 
this direction except that it obviou6ly cannot flow away from the mountains along their whole 
length. The air motion near the mountains will be from high to low pressure but parellel 
to the range, k., the wind will be from the north to the south near the mountains. over 
tbe ROSS Sea at  some distanoe from the mountains the air motion will be along the isobars, 

from the south-west. These directions have been & o m  by arrows in figure 66b in which 
the isobars have been changed $0 be in accordance with the air motion. This adjustment 
of the isobars to the air motion lowers the pressure a t  Cape Evans by about *lG", 
will be seen by comparing tht: isobars in the two halves of the diagram. The probable wind 
strength has been shown by the number of feathers on the arrows, which, however, are Only 
qualitative a8 no calculation seems feasible. 
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t 

, 

(6) (a) 
Fro. 67. Modifled prelraure distribution. 0 = 90'. 

0 90°, 67.-The wave has travelled on an eighth of its length, but the ahange 
Pressure has not beon sufficient to  affect materially the pressure distribution. The wind 

is still northerly at Cape Evans, but has beoome south-easterly a t  Framheim. 
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E 

’ Bio.’68. Modifred pressure dietriblition. e I 136”. 
(4 

e = 135O, $gwe 68.-During the interval the pressure distribution has undergone an 
important change, the lowest pressure is now over the south-east corner of the Ross Sea near 
to Framheim. There is still an appreciable gradient for south-west winds over the east of tho 
Ross Sea and the pressure decreases from north to  south along the Western Mountains 80 
that the west of the Barrier has a lower pressure than the west of the Ross &a. NorthdY 
winds will tberefore continue near the mountains. The pressure is now nearly uniform over 
the Barrier where there can be little or no air movement, 
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Fra. 68. Modified preaaure distribution. 6 = 180". 

0 = 180°, $gure 69.-The pressure distribution is now undergoing very rapid ohango. 
There is an appreoiable gradient for easterly winds over the east of the Barrier. If this 
distribution continued without ohange the air from the east of the Barrier would flow over 
to the west, raise the pressure there and give a strong southerly wind near t o  Cape Evans. 
The pressure distribution has, however, only just been established and there can as yet be 

little air motion near Cape Evans where there is little pressure gradient. There would 
Probably be a light southerly wind and all the premonitions of a coming blizzard. 
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(a)  ( 6 )  
Fra. 70. Modified praesure dietribution. 0 = 2260. 
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€ 

H I G H  

(a)  
FIO. 71. Modified prosauru diatribution. 0 = 270". 

' 270°, &.re 7l.-There has been little change in the pressure distribution due direotly 
to the wave although the pressure over the whole area has risen. As, howevw, the air has 
now had time to get into motion over the whole of the Barrier the .blizzard is probably 
at its maximum at this epoch. The pressure is now *20" higher a t  Capo m vans figure 71b 
than in figure 71a. 
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A 

E 

Bra. 72. Modified pressure distribution. 0 316". 
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c 

(a) 

E 

FIG. 73. Moditied pressuvo distribution. 6 = 360". 

6 t 360°, &ure 73,-The hi& pressure is still over the Barrier and just to the south 
of Cape Evans where the wind must still bo southerly. In fact, southerly winds exist over 
the whole area, The area of hi@ pressure is steadily moving northwards and in a short 
time after this epoch it p&sses over Cape Evans when thero is a sudden reversal of the 
wind from the south to the north. The blizzard is over and a nortberly wind sets in. The 

series then repoats itself as the next wave comes along. 
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Comparison of Theory with Observations. 

The passage of a complete wave over the three stations has now been followed and 
we have seen how the air is set in motion with a consequent modification of the pressure. 
This modification has been the most marked at  Cape Evans, less SO at fiamheim and has 
hardly affected the Cape Adare pressure at  all. The actual pressures are not the sums of 
the waves and the normal pressures as shown in the left hand diagrams; but are as shown, 
at least qualitatively, in the right hand diagrams. Figure 74 has been prepared from the 
right hand halves of figures 66 to 73 in exactly the same way 88 the plates in Volume 11 

I 
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, NORTH WIND. 

I calm. 
> 30 miles 11-30 miles 
por hour. per hour. 

Baromot8er ohango in -#017 - * O M  -ma 
four hours. 

80UTH WIND. 

11-30 miles >30 milei 
por hour. per hour. 
-- 

+*004 f s o 1  0 
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We now see that both theoretically and actually the pressure waves themselves give 
little information as to the winds to be expected while the difference curve is of Primary 
importance. 

We will now pass on to study in detail the theoretical pressure distributions shown 
in the b diagrams on figures 66 to 73. 

It must, however, be pointed out that for purposes of calculations we have had to use 
a pura harmonic pressure curve which ends with the same pressure at each station that it 
started with. In reality the waves were far from being harrqonic, they were nearly a1waYs 
very unsymmetrical, the crest and the trough being of unequal siz& They changed their form 
and also their relative phases as they travelled from Framheim to Cape Adare. 

We must not therefore expect to find the whole sequence of changes carried through 
in the same order for each individual wave. Bor any given position of an actual wave we 
mwt choose the position of the theoretical wave which most nearly represents the actua1 
conditions, and compare the actual and theoretical pressure distribution at those epochs. 

main types, 
which are associated with southerly and northerly winds at  Cape Evans respectively. 
shall call these the blizzard type and the northerly wind type. The former of these includes 
the four diagrams 69 to 72. In each of these the highest pressure is over the Barrier and 
the lowest over the Ross Sea. The most typical distribution is that in which the blizzard 
is the strongest, @e 71. In  all these diagrams the wind at  Framheim is from tho east. 
or slightly from the north of east. The northerly type includes the two diagrams 66 and 679 

in each of these the wind at 'l?ramheim is southerly. Diagrams 68 and 73 ape intermediate. 
it Will be noticed that the theoretical pressure distribution @ves at Framheim only winds 
between N.E., through 8. to S.W. ; and these are closely related to the winds at Cape 
Evans, for during southerly winds at Cape Evans the winds at  Bramheim are strong and 
between N.E. and E., while with northerly winds at  Cape Evans the winds at  Framheim 
are light and between . south-east and south-west, 

To investigate whether these relationships hold in the actual observations the following 
table has been prepared:- 

It will be seen at  once that tho eight diagrams m y  bo divided into two 

TABLE 126. 

Winds at Framheim. 

Winds at Capo Evana. 
l4 

Allwinds. . . 2 

>10 miles per hour, 1 
south. 

>10 miles per hour, 1 
north. 

-- 
!5 % 6  
B l 4  
-c 

0 1  

0 1  

0 3  

Mean 

miles per 
hour. --- 

0 l i  21 

I l7 I lo 
I 

I 1  I 
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Winds at Cape Evans. 

All winds . . . . 
> 10 miles per hour, south . 
>LO milea per hour, north . 

PERaENTACiIp FRE QUENO Y. RESWLTAW. 

NE, ENE, Velooit y 
s* ssws Direation. mikes per 

hour. 
E, ESE, 
SE. 

47 26 S. 74' E. 3.7 

06 13 S. 88" E. 7.8 

6 36 5. 8" w. 2.3 

sw. 
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It will be seen that a complete wave has passed during this period and the maps havo 
gone through the complete sequence shown in the theoretical diagrams. 

A similar complete sequence is seenif the maps from April 13th, 8 P.M., to -4P'il ITth* 
8 A.M., are compared ,with the theoretical diagrams. 

In fact for every well-marked wave on the lowest curve of the plates the maps 
be seen to go through the same sequence in a more or less complete manner. 

It will be felt that the paucity of observations over such a large area leaves a $reab 
deal of freedom in drawing the isobars, and that if there had been more stations theiT 
observations might not have fitted in with the simple scheme of pressure changes here dis. 
absed. From October to the end of the year there were parties on the Barrier which Pro- 
vided so many more stations, and one therefore turns with interest to the maps for this 
period to see whether the sledging observations do or do not confirm the theory. Unfortun- 
ately during this period the pressure waves are not well marked and for days together the 
pressure was nearly constant over the whole area (see plates 19 to 23). Thus while the 

distribution will be found t9  conform to the main types thore are few occasions 
passage of waves makes it possible for us to follow the complete sequence of chWes* 
I however, one or two examples which are worth studying, 

During the period October 23rd to October 29th the lowest curno of plate 18 shows 
waves passed over the ?rea, and as at this time Captain Amundsen Was 

on the Barrier the period is suitable for our discussion. Both maps for 
distribution shnilar to that of figure 66 or 67. During the next 
nges to the blizzard type and is therefore on the whole similar to 

that s h o w  on 
ent is stronger. The high pressure is just south of Cape Evans 

and is passing northward 80 that with the next map 8 P , ~ , ,  October 26th, we have 
returned to  the starting point with the high pressure over the north-west of the Ross Sea, 
figure 66. 

A similar sequence is repeafed during the next four days 80 that at the end of the 
sequence, 8 A.M. on October 29th, the pressure distribution is the same as at the beginning, 
8 P.M. on the 26th. 

These and other examples, which the reader will see on turning over the following maps, 
on all of which there are observations from the Barrier, show that when there are 1CtrB 
changes of pressure the Barrier observations fit in well as can be expected with the 
theoretical distributions Of pressure which we have deduced on the assumption of travelling 
pressure waves. 

!"here can be no doubt now tb$ .the passage of the pressure waves alters the pressure 
distribution making it a t  one time favourable for blizzards and at'anothor favourable for 

winds, but it must not be forgotten that the first step in our theoretical discussion 
OW that in the absence of pressure wave0 the aon&ions are favourable for blizzards. 

we now examine one or two interesting cases of blizzards in the absence of We1l-rtbked 
pressure waves. A good example is shown on plate 12. 

On and after 'August 18th there are no large pressura waves shown on this plate. on 
August 19th, however, a blizzard commenced at Cape Evan$. The map for 8 P.M. on AuPst 
17th shows a nearly complete calm at all stations, the north-wssterly wind at Framhdm 

local breeze of 1.4 m h  an hour, h o p l  the actual pressure at the three 
ous that the isobars must run from the east to the west as in figure 6Ba9 
at  a higher pressure than the Ross &a. Throughout the 18th & gght 

lowing over the east of the. Baaier CB shown by the. wind at Fram- 
was calm at  Cape Evans, It will be noticed from the ' b W W t  QVrv9 

M. on October 25th the distribution is the same 
Sgure 73 except that the 
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O n  the plate that during the whole of the 18th the pressure at Cape Evans was slightly 
rising relatively to fiamheim. This has been explained as due to the piling up of air over 
the west of the Barrier along the Western Mountains. At 8 A.M. on the 19th a blizzard 
has started at Cape Evans and now with the increased motion the pressure difference 
between the west and east of the Barrier rapidly increases, and the pressure difference 

Another important and interesting example is the blizzard which commenced at  midnight 
Of November 16th. At 8 A.M. on November 15th a very shallow low pressure m& appears 
Over the south of the Barrier. During the day this disappears and by the evening it is 

by a high pressure area. Although the wind at Framheim is from the south-east, 
it is almost certain that it is from the east over the greater part of the north of the 
Barrier. The pressure now rises in the west relative to the east and by the next morning 
tY.Pical blizzard winds are reported from all parts of the Barrier. It is interesting to notice 
‘hat there has been practically no change in the height of the barometer at any of the 
five stations between 8 P.M. on the 15th and 8 A.M. on the 16th and yet there is a very 
large change in the wind conditions which has resulted in a new distribution of the isobars. 
Similar large changes *in wind conditions with little, if any, change in pressure are qu;te 
coommon and many examples will be found if the maps are examined in detail. 

In drawing the maps many interesting facts attracted one’s attention, but it would not 
be wise to discuss the maps in dotail as one feels that it is very questionable whether the 
run of the isobars is anything more than a rough ‘approximation to the actual conditions. 
There can, however, be little doubt that the general pressure distribution and the sequence of 
Pressure changes is that shown by the maps. 

One point, however, must be discussed before we review our conclusions. We have repeated- 
ly shown that the consequence of the flow of air from the east to the west of the Barrier, 
when its motion is stopped and the air is forced by the Western Mountains to flow north- 
Wards, is a rise of prebsure at Cape Evans relative t o  Framheim. 

we have just examined two cases of blizzards which were accompanied by these relative 
changes of pressure in the absence of pressure waves, and we found that the pressure differ- 
ence Cape Evans-I;”raplheim was nearly as large as in the case of blizzards accompanying 
largo pressure w&ves. ?he question at onco arises may not the blizzards be the cause of 
the pressure waves and not the pressure waves the cause of blizzards ‘1 A study of the 
ourves on the plates will soon dispose of this idea. On plate 17 there is a large Pressure 

with its crest a t  fiamheh and Cape Evans on the 14th. There was a ahoh blizzard 
just before, and 8 longer one just after, the crest passed Cape Evans. NOW it Will be 
noticed that both these blizzards were acoompanied by a rise in the difference C ~ v e  although 
the absolute pressur; a t  both Cape Evans and Framheim was rising throughout one blizmrd 
and falling throughout the other. In this case the pressure wave affected Cape EVaflS and 
hamheim almost simultaneously, therefore for practical purposes tbe pressure WaV8 did not 
afloot the pressure di’stribution. The blizzards oocurred exactly as they Would have dono if 
the pressure ourve had been a straight line, and the pressure differenoes Shown on’ the k~WeSt 
oUrVe were due to the blizzard. 

The way that the induoed pressure difference is impressed on the Pressure Wave is Clearly 
8mn in the case of the seoond blizzard, for the fall of pressure is decreased at a p e  Evans 
and increased - a t  fiamhdm. I F this case it is obvious that the pressure differenoe is due 
t o  the blizzard and is superposed upon the pressure wave. It is t h e f o r e  clear that the 
large pressure wave itself cannot be due to, tbe blizzard. 

@anted that pressure waves exist independently of blizzards the fact that they m k ~  
at  E’rctrnheim before Cape Evans and at  Cape, Evans before Cape Adfire Proves that they 

Evans - Framheim rises by nearly half an inch. 
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travel. If they travel they must cause pressure diffe.rence between the stations. .We have 
therefore two causes a t  work producing pressure difference between Cape Evans and l?ramheirn$ 
first the passage of the pressure waves and second the dynamical effects of the blizzards* 
on  account of the coimidence that the line joining Cape Evans and lrramheim is at right- 
angles to the Western Mountains and at the same time cuts the wave fronts & an angle 
of 45", the two causes increase the pressure difference at  the same time. Some pressure Waves 
do not produce blizzards, the difference curve in this case is due to the travelling wave done, 
examples are seen on May 22 and 23, June 27 to 29, July 30 to August 1, etc. have 
just discussed a typical cam, in whioh ohanges of pressure due to tho blizzards are SUPer- 
posed on the pressure waves and we have examined several cases of pressure differences 
produced by blizzards in the total absence of pressure waves. Thus there are examples Of 

all the possible effects to be expected according to the theory. 
To these considerations we also have to add the fact that the pressure waves are reCoP 

nisable on the surrounding plateau and appear on the Polar Plateau before they reach the 
Barrier, hence the waves cannot be caused by the blizzards. There is no escape from the 
conclusion that the pressure waves are imposed on the Ross Sea area from outside. 

During the study of the records, which led finally to the theory sketched above, a large 
number of statistical investigations was made to find the relationship of the pressure Condi- 
tions and changes at  the three stations which accompanied the blizzprds, northerly winds and 
Calms at Cape Evans. The results of these investig&,ions are contained in table 1% six 
classes of wind were taken, five of which are shown in the table; the class of wind 6 to 
10 miles an hour has been left out because it adds nothing to the discussion. 

TABLE 128. 
Presswe and Winds. 

(1) Pressure differenoe, Cape Evans-Pram- 
heim. 

(2) Pressure differenoe, Cape Evans-Cape 
Adare. 

(3) Chan e of pressure differenoe in 4 hours, 
Cape &ans-Framheim, 

(4) Change of pressure in 4 hours at Cape 
Evans. 

(6) Change 
heim. 

of pressure i n 4  hours tit Fram. 

(6) Pressure at Cape Evars, departure from 
mean of month. 

(7) Pressure at Framheim, departure from 
mean of month. 

(8) Pressure at Cape Adare, departure from 
mean of month. 

~~ 

WINDS AT CAPID EVANS. 

North. - 
> 30 

+.032 
- 

--011 

- ,038 

-*017 

+e021 

--201 

-*OS4 

-*OB1 

11-30 

+.l89 

--012 

- ,023 

-*016 

+.007 

-a112 

-*I07 

--020 

- 

Calm. 
0- 6 

+*lo3 

+so71 

+e007 

-~006 

+so02 

f.028 

+a031 

+a046 

- 

South. - 
1130 

+a191 

+*lo6 

+so07 

+ ,004 

- -003 

t.008 

--008 

-so29 - 

- 
> 30 - 
f.243 

+e143 

+*02l 

+a015 

-a006 

--006 

-*OB0 

-a060 

- 
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(1) Pressure diffwenw, Cape Evans-Framheim.-It is interesting to notice that the pressure 
difference remains positive with all kinds of air motion. In other words the pressure on the 
average is higher a t  Cape Evans than Framheim in all winds. This result is obvious from 
the lowest Curve on the plates which is practically never below the zero line. The difference, 
however, is least with high northerly winds and greatest with high southerly winds. This 
is in agreement with the whole theory which makes the high southerly winds increase dyna- 
mically any pressure difference misting between the west and east of the Barrier. 

(2) Pressure diffwenw, Cape Evans-Cape Adare.-With northerly winds the pressure a t  
cape Ad& is higher than at  Cape Evans, while with soutberly winds the reverse is the 
case. This requires no explanation, for the theoretical diagrams show a high pressure area 
near Cape Adare during northerly winds and a low pressure area over the Ross Sea during 
southerly winds. 

(3) Change of pressure difference, Cape Evans-Framheim.-This gives numerically the obvious 
relationship between the wind and the pressure difference shown on the lowest curves of the 
plates. - Of all the relationships this is Che most consistent. High northerly winds are associated 
with the falling parts of the curve and high southerly winds with the rising parts, hence 
the change in the pressure difference is negative in the former case and positive in the latter. 
The change is regular, from -*038" in 4 hours with high northerly winds through calms 
to -k*O2l" with high southerly winds. 

(4) & (5 )  Change of pressure at Cape Evans and FramReim.-It is interesting to notice 
that the change in pressure a t  the two stations is of opposite sign during all winds a t  Cape 
Evans. That is, during northerly winds the pressure falls a t  Cape Evans and rises a t  
hambairn, while during southerly winds it rises a t  Cape Evans and falls a t  Ramheim. This 
does not appear to  agree with the theoretical curves on figure Gfjb, according to  which the 
blizzards occur while the pressure is rising a t  both Cape Evans and Framheim, and/ the 
northerly winds while it is falling st both stations. Nor does it seem oonsistent with the 
fact that there is very little difference in phase between the waves a t  Cape Evans and Framheim. 

directions a t  the two etations would necessitate 
a difference of phase of about 180", this is obviouely not. the oase as oan be seen 
from th3 pressure curves on It has however been pointed out that the 
change in the wind direction may occur a t  very different parts of the actual pressure curves 
aCCording to  the shape, size and rate of travel of the. various waves. The one thing, however, 
which does not change is the dynamical pressure difference which always raises the pressure a t  

Evans and depresses it at fiamheim. Thus it is this effect which comes to  light in the 
of the whole series of observations. 

(6), (7) & (8) Departure of pressure from mean of the month at Cape Emns, ~ m m h e i m  
Cape &re.-We have here a very unexpected result. With the exception of a small 

excess a t  Cape Evans during winds of 11-30 miles an hour from the south, the pressure is 
normal at all three stations during both northerly and south& winds and above 
only during calms. It will also be noticed that the higher tbe winds both north and 

This is a result which would never be suspected from the ouI'ves. SO indication can be 
that the high winds, both northerly and southerly, are associated more with the troughs 

Of the waves than with the crests, nor do the oreats as a rule appear to  be a.ssociated 
With calms, The only explanation I can offer is that the winds and calms are distributed 
uniformly over the waves, but when the average pressure about which the waves oscillate 
is law the air motion is intensified both from the northerly and southerly directions. 

pressure distribution and temperature.-Wheii discussing the mean pressure at Cape Evans 
and Frarnheim, (page $13) it seemed a paradox that the station with the lower mean 

the preseure to change in opposite 

the plates. 

south the greater the defect of the prwure. 
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temperature should have the lower mean pressuTe, and also that this apparently inverted' 
pressure gradient' should increabe as the temperature difference increased. 

The cause is now obvious. Framheim is on the east of the Barrier and shares in the 
temperature of'the Barrier. The low temperature of the Barrier is the principal cause of the 
high winds over the west of the Barrier, and the high winds over the west of the Barrier, 
being constrained to travel parallel to the Western Mountains, produce the pressure difference 
between Cape Evans and Framheim; at the same time the high winds through MCMUrdo 

Sound constantly remove the layer of cold air which forms during calm weather and so 
raises the mean temperature a t  Cape Evans, Thus it is the very fact that Framheim is 
cold which causes the relative high pressure and temperature a t  Cape Evans. 

During the winter the action is intensified, the temperature difference between the Barrier 
and ROSS Sea is increased producing greater air motion and with it a greater difference in 
temperature and pressure at  the tyo stations. 

weatlw.-It remains now for us to consider the type of weather associated with each 
type of pressure distribution. 

we b v e  seen from our previous discussion of the actual data that southerly winds are 
associated with cloud and snowfall while northerly winds are associated with cloudless Skies 
and absence of precipitation (pages 11 and 151). Those are the conditions which we should expect 
from the pressure distribution associated with the two types of wind. The southerly type Of 

pressure distribution is practically that of 8 cyclone with ita centre situated over the South 
of the ROSS See. b o  the crowding together 'of the stream lines of air-flow over the north- 
west corner of the Barrier must cause forced ascensional air motion in that region. Thus 
cloud and precipitation would be the natural consequence of such a pressure distribution and 
Of such constrained air motion. Thus the weather associat&, with blizzards is explained. 
When northerly winds occur a t  Cape Evans there is a high pressure area over the Ross Sea* 
In such a case the whole of the Ross Sea area is practically under anticyclonic conditions. 
Also the high northerly wind itself indicates that considerable outflow of air is taking Place 
from the region of high pressure. This air cgn only be supplied by descending currents which 
would effectively prevent the formation of cloud and the precipitation of snow. 

An important characteristic of the blizzards is the suddenness with wliich they frequently 
commence. 

It appears to me that two factors me responsible for this feature. When the pressure 
difIerence which is ultimately to result in a blizzard becomes established gradually the air 
over the Barrier slowly gets set into motion, but the cold surface layer tends to remain 
stationary while the upper layers slide over it. Thus the upper air may be in rapid motion 
while a calm continues on the ground; the cloud observations frequently showed this to be 
the Case. This condition cannot continue indefinitely, the cold surface layer gets disturbed, 
h k e n  up looally and finally swept away, Then the blizzard commences with a sudden burst 
of wind and an appreoiable rise of temperature. The pressure difference, however, is not always 
estfiblished gradually. I When a pressure wave travels across the country a t  about 30 miles 
an hour it sets up its pressure gradient faster than the air can get into motion. In these 
oonditions the air behind is moving faster than the air in front, end so no air motion fakes 
Place at &oh .point until this mass of moving air arrives with a sudden burst. Similar effectre 
&re seen mhen tidal waves enter an estuary and are impelled forward by the water behind 
faster than the water in front can be set in motion, the result being the well-known Pheno: 
menon of the tidal bore. 

travelling pressure wave, are much more 
-winter, and a study of the records showsc tbat nearly all the sudden GOrn- 
h z t ~ . d s  occurred in fihe winter and early spring .months. In the summer 

88 factors, the cold layer and 
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when there were few and small pressure waves and no cold layer, the blizzards commenced 
with light winds which slowly developed into s t o m .  

Bummary.-On account of its geographical position and temperature conditions the pressure 
Over the Barrier tends to be higher than the pressure o b  thb Ross Sea immediately to its 
north. The air moving under the pressure distribution is deflected to the left by the rotation 
Of the earth and moves towards the west. Its westerly motion is arrested by the range of 
mountains which runs approximately north and south along the western edge of ’the Barrier 
and Ross Sea. The deflected air current flows northwards as a concentrated stream over_ the 
“O~h-weshrn corner of the Barrier near to Ross Island on which Cape E v m  is situated. 

A system of parallel pressure waves has been shown to travel over the whole area in 
an approximately north-westerly direction. These waves modify the norma1 pressure distrih- 

sometimes intensifying it, when the normal air current over the west of the Barrier 
blizzard, and sometimes completely reversing it when, northerly winds are into 

at  Cape Evans. 
PRESSURE, W I ~ S  AND WEATHER AT CAPE ADARE. 

we are now able to consider the conditions at Cape Adare which have not entered 
into our previous discussion. If one turns over the plates of pressure curve8 it is quite 

that Cape Adare comes under the influence of the pressure waves 
found to be the governing factor of the wind and weather over the Barrier. 
the pressure curve for Cape Adare in detail, however, we shall h d  an ,important difference 

it and the curves for Cape Evans and E’ramheim. The pressure waves at Cape Abre  
Will be soen frequently to have irregularities which are not shown on the curves for the 
Other two statione. To take a concrete example the curve for June 19th on pIate 7 should 
be examined, It is quite obvious that here we have at Cape Adare a sudden dip imposed 
On what would otherwise have been the crest of the pressure wave which passed over fiam- 
heim twelve hours previously. Several similar dips in the Cape Adare curve will ‘be’ seen and 

the majority of them &re connected with hurricane winds it is natural to associate them 
With passing oyclones. Luckily just as the T m a  Nova approached Cape Adare at the end of 
December 1911 to remove the party, one of these depressions passed, and the simultaneous 
Observations made on the ship and at  the Cape give us valuable information which we shall 
be able to use in our discussion. We will therefore unfold plate 23 and examine the pressure 
Curves and maps for the period December 29th to Januaryg2nd. It will be noticed that on 
Plate 23 a curve has been added giving the pressure and winds as observed on the ship. 
The position of the ship was constantly changing,‘therefore its latitude and longitude at noon 
each day have been entered below the pressure curve. The maps for this period show the 
Passage eastwards of a depression, the centre of which pawed at a short distance to the north 
Of Cape Adare. These maps teach several important lessons. 

(a) The local conditions in the south of the Ross Sea are not appreciably affected by 
the relatively deep depression passing near Cape Adare. Also the high south-east winds at 

cape Adare am not the continuation of Barrier blizzard winds. Although we have no actual 
Observations between &De Evans and Cape Adare to prove this statebent Yet it is quite 
impossible to ,draw isobars to fit the pressure and wind observations without the ridge 
Of high pressure over the north-west. of the Ross Sea which makes such a continuation im- 
Possible (see maps for December 31~t). 

(a) It will be noticed that the winda at the ship Change from nOdherlY to southerly 
directions as the depression psses, while at Cape Adare the wind, as Soon as it comes 
under the influence of the depression, remains practica& constant in direction vary;lg 
little from south-east, There is not the slightest doubt that this is the ~ % d t  of the land 
Qasses aumouding the’ peteorologiaal station on Cape Adsre. The northern owst of 



Month. Dtltes. 

April . . . . . . .  8,11, 14,18,28 . 
MSY - * * * . O,~,Q, 12,10, 18 . 
June . . . . . . .  1 , ~  . . .  
July . . . . . .  . 7  

August * * * * * + 2, 16, 18, 31 . , 

October . . . . . . .  14,17 . . .  
November . . . . . .  M,23 . . .  
Deoember . . . . . .  19,22,31 . .  
9 months . . . . . . .  .... 

. . .  

September . . * 6 3,Q-11, 16,20,26 . 
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Thus we have good evidence that during 9 months 30 depressions passed near to Cape 
Adare and it is clear from the maps that in every case the centre could not have been 
far to the north of the station. 

But for our purpose the most important conclusion is that the large pressure waves 
which affect the whole of the Ross Sea area are not associated with travelling depressions 
Over the Southern Ocean. On the contrary the pressure changes due to such travelling depres- 
sions are clearly superposed upon the larger pressure waves. 

bully the depressions only affect the pressure curve at  Cape Adare, but there are a 
exceedingly interesting exceptions to this rule. The depression which passed Cape Adare 

During August 1st the barometer was falling a t  all three Antarctic stations under the 
of an Antarctic pressure wave. There can be little doubt that if there had been 

no disturbance the minimum of this wave would have occurred a t  each station in some such 
as that shown by the dotted line on the diagram. A deep depression, however, passed 

just to the north of Cape Adare and its effect on the barometer curves a t  the three stations 
is interesting. The dip at  Cape Adare was deep and rapid, the fall between 20 hours on 
the 1st and 20 hours on the 2nd being no less than 1-15", This rapid fall at Cape Adare 

to have induced a rise of the barometar at  fiamheim and Oape Evans which if 
we may take the dotted curves as being approximately the undisturbed barometer conditions 

*6" at Pramheim and *3" a t  Cape Evans. If this example had stood alone it would 
have been natural to assume that the rise at Framheim and Cape Evans was not really, 
but only accidentally related to the Cape Adare depression, but there are several other 
examples. Another and probably better example ocourred on August 16th and 85 in this 

there was no pressure wave the increase in pressure is clearly shown on both the curves 
*Or Framheirn and Cape Evans. In both these cases the fall of the barometer at Cape Adare 

large and rapid and the wind at that station reached hurricane force. With lesser 
depressions at  Cape Abre  the rise in pressure at the other stations was naturally much 
Smaller and is generally lost in the larger pressure waves. If, however, the FramhGm curve 
is carefully emmined many cases can be seen of the induced rise of pressure a t  fiamheim 
When a depression passed Cape Adare, generally as a slight increase in the rate of rise or 
a decrease in the rate of fall. The following examples may be mentioned: April 14th, May 
loth, August 31st, September 16th. The explanation of this rise of pressrure is not ObVious, 
and as far 8s the writer knows it is a unique phenomenon. Any explanation in the absence 
Of more information is of the nature of a guess; but there can be little doubt that it is a 
dynamical effect due to the system of rotating winds suddenly appearing in the Opening of 
the Ross Sea. 

The conditions at  Cape Adare are seen from the above dis~3sion to be d&mnt from 
those a t  Cape Bvans and fiamheim. The two latter stations are dominated bY conditions 
Which are truly Antarctic, while at  the former station the weather is sffected by cyclones 
which form over the Southern Ocean and move on the whole from  est to east. It is 
however to be strongly insisted upon that the main pressure ohangee a t  CaPe Adare are not 
due to travelling cyclones, but to pressure waves which travel in a r1orth-we5terlY direction 
and affect the whole of the Ross Sea area and the surrounding plateau. 

just before midnight on August 2nd, plate 11, is one of the moit interesting examples. 

PRESSURHI, WINDS AND WEATHER AT THE GAUSS STATION. 
Having discussed in detail the weather oonditions in the ROSS Sea area and having 

come to the conclusion that the weather there is not governbd by travelling cyclones and 
anticyalones, but by travelling pressure waves moving outwards from the Continent it is 

31 
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natural to examine the weather a t  other Antarctic stations to see if further evidence in 
support of bhis conc~usion can be found. In view of Meinardus's full discu'ssion of the 
observations made at the Gauss Station this offers a suitable example. 

The &US8 Station was in 66' 2' S., 89' 38' E. only 53 miles from t h o  edge of the 
Antarctic Continent. The sil~ation was ideal for observing the force and direction of the 
wind as there were no high lands in sight. 

The most remarkable feature of the weather of the Gauss Station was an almost un- 
interrupted succession of high easterly winds. Meinardus devoted a large amount of work to 
investigatiing the weather characteristics of these winds and found that they were acoo*Panied 
bY 

(a) high temperature, 
(b) vapour pressure and relative humidity in excess, 
(c) large amounts of cloud, 
(d) large amounts of precipitation. 

' 4 1  these weather characteristics correspond in every detail with the type of weather 
found in both hemispheres in the eastern half of depressions near to their Centres* 
This leads to the conclusion that the weather during tho east winds is governed by 
depressions the centres of which lie in the northern or no&h-west quadrant of the 

f Further these cyclones are supposed to travel from west to east along the parallels O 
latitude ; and the geometrical position of their centres is along the trough of low presslire 
which he fures, in the longitude of the Gauss Station, as varying between 59' 8. and 
64" S. 

This aonclusion is little different from that of Lockyer, except that Mejnardus appears 
to consider that the centres of the cyclones often pass Over or near to tho edge of the Antarctic 
Continent, while Lockyer considers that the conditions are best represented by cyclones of 
large extent the centres of which actually travel on or near 60" 8, 

We will now examine a few typic4 reoords of the barometer ahanges at  the Gauss 
Station and then build UP a cyclone whioh would acoount for the pressure changes and 
me how *he winds observed agree with those whi& the passage of the ayclone would 
cause. 

On plate IV of this volume the pressure and wind obse~yations made at  the & b u s s  

Station have been plotted for eleven periods during which there were large and rapid changes 
of the barometer. In the following discussion we shall fix our attention on the portion Of 
the pressure waves in which the barometer falls and rises by half an inch. A fine has 
therefore been drawn in the hollow of each wavehalf an inoh above the minimum and the 
t h e  taken for the barometer to fall and rise the half inoh has been entered above each line* 
NOW if these waves are caused by the passage of cyclones the wind challges below t h e  line 
should correspond to the changes observed when the 'trough ' of a cyclone passes over a 
station. What these changes wodd be can be found by the method indioated by Gold in 
his paper ' Barometric Gradient and Wind Force ' (M. 0. N ~ .  190, 1908). 

Suppose that the circular cyclone represented in the following diagram is moving from the 
west to east, and that the centre 0 passes to the north of the atation which successively occupies 
the positions A, C and B relatively t o  the oentre. From A to C the barometer falls and 
from c to B it that A is 80 chosen that the barometer falle 
?half an inoh in going born A to C, $hen from the geometry of the figure we can C & b t c  

\ 

He sums UP his' discussion of these winds With the remark: 

horizon. 

Let u8 consider 
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the gradient, the wind force and the change in wind direction, as the cyclone passes the 
station. 

- 
There are three variables: 
(u) The velocity a t  which the cyclone is moving to  tho oast. 
(b)  The distance that the centre of the .cyclone passes to  the north of the station. 
(c) The time taken for tho barometer to fall and rise half an inch. 

uiz*, 9.6' of longitude in a day, this leaves us with only two variables, (b )  and (0). 

Of (b) and three of (0):-  

we will a t  first consider that the cyclone travels a t  the mean rate deduced by Lockyer, 

The following table gives the results of a calculation made in this way for four values 

T ~ ~ t s r .  130. 

OB 1 OENTRE. 
I WAY BETWEEN A 
I AND c. 

Milos por 
hour. 

261 

179 

106 

44 

102 

17 

64 

34 

68 

47 

30 

26 

Beaufort 
numbor. 

DIRBlOTIO 
BETWEE1 
A AND E 

Degrees. 

' 36 

51 

88 

180 

66 

88 

125, 

180 

88 

111 

142 

180 

* Soale given on page OD of Meinardue. 
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From the first line of the table we see that a cyclone travelling from WCSt to cast 
at 96" of longitude a day with its centre 6' of latitude to the north of the station 
and causing a h11 and rise of the barometer of half an inch in one day would produce a 
wind velocity of 251 miles an hour, and the wind direction would change 36" between the 
commencement and ending of the change of half an inch in the pressure. Now Beaufort 
force 12 was never recorded a t  the Gauss Station, hence the.cases which give the wind force 
88 12 or over have to be excluded. This leaves US with one case in the first group, two 
cases in the second, and three in the third. It will be noticed that the change in the  wind 
direction in these six remaining cases is always above 100". In other words no CJ'clone 
traVelli% with the given velocity could cause a fall and rise of the barometer of half an incb 
in less than three days without the wind changing direction at the station by more than 100". 

The impossibility 'of Lockyer's cyclones which have their centres 6' t o  the north of the 
Station producing the observed effect is particularly obvious. For such a cyclone to 

produce a fall and rise of half an inch a t  the ~ & U S S  Station, e@en in three days, would 
necessitate a hurricane wind and a change of direction of ago there, 80 what the conditions 
Would be nearer the centre can best be left to the imagination. 

The case is not improved by considering other rates of travel or other shapes of is0barB7 
for a little consideration will show that any change which decreases the angle through which 
the wind should change will increase the wind strength. Thus any wind change of less than 
100' would always be accompanied by hurricane winds. 

Thus a* the latitude of the Gams Station, no cyclone, no matter what its rate of travel 
or distance of .its centre from the station, could produce a fall and rise of the barometer Of 

half an inch in three days or less without either changing the wind direction by more than 
100' 

NOW a t  the &USS Station we see barometer changes of much more than half an inoh 
in considerhbly less thsn three days without any appreci&ble chnge of w i d  direotion and the 
on19 conclusion to be drawn is that these pressure changes are not produced by moving 
cyclones. 

%'bere mem8 no alternative but to assume that the (-&Ufjs Station is subjected to travelling 
presswe WfhVBB Simhx to those in the Ross Sea ares. If such waves travel Outwards 
the Continent in all direations their wave fronts will be approximately parallel to the Coast' 

NOW along the coast there must ba a steep barometric gradient similar to the one between 
the Barrier a d  the Ross Sea and the waves will modify this pressure, increasing and de- 
creasing it. O US we see that the pressure waves wiU. increase and decrease the gradient 
and with it the wind velocity, but as the isobars and wave fronts are paraliel.there Will 
be little ohange in the wind direction, 

Just as we fo&d it impossible to say a priori what relationship should exist between 
the l?ressUe waves at  Cape Evans and the wind changes there, BO it is impossible $0 

Whether at the aauss Station the easterly winds should be stronger or Weaker with 
Or low barometer or should increase or decrease with rising and falling pressure. 

it Pasmd, or oausing winds of more than hurriane force. 

It is Very significant that a t  the Gauss Station the wind frequently changed directtion 
from east to west, and next to the nearly constant winds from the east, whds from 

the west had the greatest frequency. This would be the natural consequence of Pressule 
waves~ but Cannot be explained by cyclones unless one makes the impossible assumption that 
the of' the oyclones passed frequently exact.ly Over the station when travelling from 
north to SCMth Or from eouth to north and never passed over the station When ~ravelling 
from west to east. 
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The weather characteristics which Meinardus found to accompany high easterly winds 
at the Gauss Station are as easily explained by the travelling wave theory as they are on. 
the Cyclonia theory. All these characteristiqs were found, a t  McNurdo Sound t o  accompany 
blizzards and therefore may be expected to  occur during the high winds at the Gauss Station. 

fact they should be more pronounced a t  the latter station for the high winds there were 
from slightly north of east ana 90 indicate an Tidraft- of air from the open ocean which 
would on this account be warm 

It is true that there are considerable difficulties in explaining all the relationships between 
wifid and pressure a t  the Gauss Station on the wave theory, but there are none so p e a t  
as t b  cyclone theory encounters in the large pressure changes with a nearly constant wind 
direction. Before the problem be finally solved we must have simultaneous observations 
from neighbouring places as was the case in the Ross Sea area. It is possible that the 
results of the Australian Expedition, which recently wintered near b he Gauss Station, will 

The data for Kerguelen and Snow Hill have also been examined to  see if the conditions 

The observations at Snow Hill show large pressure changes with little or no change in 
wind direction, but there are many cases in which the wind changes as the barometer rises 
and falls. There can be littIe doubt that cycloiaes pass over this station, but it is equally 
true that  'all the pressure changes cannot be ascribed to  them. 

At Kerguelen there is a much more intimate relationship between the changes of wind 
direCtim and changes of pressure than a t  any of the stations on or near the Antarctic 
Continent. But even at this station, not infrequently, there are large barometer changes 
$thout appreciable changes of wind direction, which may or may not be due to similar 
PrW~ure waves to those recognised over the Antarctio Continent. 

Turning now t o  the two top curves on the plates in Volume TI giving the pressure and 
Winds at Melbourne in Australia and The Bluff in New Zealand we see a most close relation- 
ship between the winds and the pressure changes. This is most clearly Seen in thB case of 
Melbourne because on that curve the wind observations are more complete. The relationship 
is extremely close : the falling barometer is accompanied by winds from some northerly direc- 
tion, at the instant the barometer ceases to  fall and commences to  rise the wind ohcbnges 
and then blows from soms southerly direction while the barometer is rising. We know from 
the daily westher charts of Australia that the weather a t  Melbourne and The Bluff is entirely 
dominated by travelling cyclones and anticyclones. 

in this desired direction. 

are governed by pressure waves or cyc~ones. 

CONULUS IONS. 

cape Evms and Framheim.-At these stations the evidence is almost conclusive t h t  the 
barometer changes are not due to travelling cyclones and anticyclones but t o  real waves of 
Pressure which travel outwards from the Antarctic Continent. 

Gauss Statiolz.-According to  Meinardus the barometer changes at this station are due 
entirely to  travelling cyclones. Evidence has been brought forward t o  &OW that this is 

and reasons have been given for believing that a t  this station also pressure waves 
&re mainly responsible for the barometer changeb. 

Gape Adctre.-The evidence indicates very dearly that a t  Cape Adare the main barometer 
Ohanges are due to  pressure waves while seoondary changes axe ocoasionally due to  t raveIhg 
oyolone8 and anticyolonee. 
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Kerguelen and Snow &ill.-The records for these stations show both pressure waves and 
cyclones, but the latter predominate at Kerguelen and the former at  Snow Hill. 

The BluJ and Melbourne.-At these stations there is little if any evidence Of 
pressure waves, the barometer changes being almost entirely due to travelling cyclones an d 
anticyclones. 

Prom these results we are led to recognise long and deep pressure waves radiating Out 

from the Antarctic Continent and extending over the Southern Ooean to some unknom 
distance from the continent, traces of which can still be mep in the pressure curves for 
Kerguelen. Over the Southern Ocean there are cyclones and anticyclones which travel on the 
whole from west to east. Them systems are nothing like so. large as those described by 
Lockyer, but in all probability are in all parts of the ocean of a similar size to thoae shown. 
on the Australian Daily Weather Reports, and their centres may pass anywhere between the  
coast. of Australia and the coast of the Antarctic Continent. 

This result explains completqly the results obtained in the statistical investigation of the 
non-periodic pressure changes. The waves over the Antarctic are long, regular and deep as 

can best be seen on the curves for Pramheim. The barometer changes due to p&sshg cyclones 
over the Southern Ocean are deep but short. Hence as we pass from the ref$on Of 

cyclones over the ocean to the pressure wa.ves over the continent the length of the Waves 
steadily increases, but there is little change in the amplitude, which is the conclusion already 
aeached on paga 188 from the observations. 

%turning now to the theories of Lockyer and Meinardus with which we commenced 
this discussion, we se0 that there is =evidence of the large cyclones having their centres 
on 60’ S. and covering the whole area from the south coast of Australia t o  the ice banior 
around the Antarctic, which are the chief features of Lockyer’s work. We have also shown 
that the pressure changes at the Gauss Station, Cape A b r e  and Hut Point used by hookyer 
in bis discussion are not due to cyclones over the soufibern Ooean and therefore $‘e no 
indications of the frequent y, intensity or rate of motion of such oyclones. Purtber we have 

that, the centres of small intense cyalonea pass quit.@ near to Cape Adare and we know 
from the daily weather charts ‘of Australia that the centres of cyclones often pass near to the 
Southern coast of that aontinent. It is therefore reasonable to  suppose with Meinardus that 
the centres of cyclones occur in all parts of the Southern Ocean, but probably more frequently 
near 60” 8. than in any other latitude. Thus Lockyer’s scheme of southern hemisphere air 
circulation, simple as it is, does not fit the facts and must be abandoned. On the othsr 
hand &ere seems to be no justification for Meinardus’s conclusion that the weather at  the 
G ~ s s  Station is governed by these Southern Ocean cyclones, and not by the Antarcth anti- 
cyclone. He admits that along the whole coast of the Antarctic Continent and for SOme 

d~sbmce over the surrounding sea the mean imbars are COnWVe towards the high pressure 
in the south, but holds that the mean pEssure distributiop is not the governing factor in 
the, weather. The mean pressure distzribution, he says, is the result of the sum of the 
instantaneous pressure distributions and the latter ape mainly due to the cyolones which Pass 
to the north of tbe station. Thus the weather at  the Gauss gtation in spite of the shape 
Of the mean isobars is not under the influence of the Antarctic anticyclone but under tibe 
influence of the cyclones whiob give rise to the easterly winds. Now we have Shown that 
the easterly winds at the Gauss station and the pressure change there are not due to 
CyolQnef4 therefore tbe whole of- Meinardus’s soheme falls. 1 In , g l aa~  of it we consider that the 
Antarcti0 anticyclone extmds outwards from the continen6 ta some distance Over the 
and that the pressure and wind changes are due to pressure waves radiating Outwards from 
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the continent as they do in the Ross Sea area. That the Gauss Station is under the influence 
Of anticyclonic conditions is made very probable 9 the large percentage of dear skies which 
it has (see table 79) while it is made almost ceGZ%jGt i iS&a~"ZS-G&d frequency 
Curve (see f i z e  35). A station which has such a large proportion of calms and light winds 
could not possibly be dojlm6d^fijr a cjdonic pressure distribution. We have also shown 
(Page 107) that the shape of the wind frequency curve indicates pressure conditions similar 
to those of McMurdo Sound, which, although so near to  the low pressure area over the Ross 
Sea, is governed by the Antarctic I anticyolone and pressure waves. 



C H A P T E R  V I I .  

THE GENERAL AIR CIRCULATION OVER THE ANTARCTIC. 

AS stated at  the commencement of the last chapter it was originally thought that atmos- 
pheric pressure decreases from the belt of high pressure near latitude 35’ s. right Up to 
South Pole. The discovery of the high easterly winds south of latitude 40’’ however, shows 
that this is impossible. 

In 1893* the significance of these easterly winds was clearly recognised and the existence 
of an anticyclone over the Antarctic was postulated to account for them. Later expeditions 
confirmed an increase of preamre wit.h increasing latitude south of about latitude 60’ 5. and 
the idea of an anticyclone over the region within the Antarctic Circle was confirmed. Tbe 
Antarctic anticyclone now became as firmly fixed in the minds of meteorologists as the ides 
of the Polar cyclone had been previously. 

We have already seen that it ocoupies 8 very prominent pad in Lockyer’s scheme of the 
air circulation over the southern hemisphere, and Hepwodh and others speak of it as if 
it were an undoubted feature of the Antarctic. Hobbs gdes still further and contends that 
an anticyclone exists over every extensive snow-covered land, and takes the Antarctic and 
Greenland as the two most pronounced examples. TO the anticyclones which owe their ori@ 
to a snow-covered land Hobbs has given the name ‘ glacial anticyclone’ and he has worked 
out at considerable length the meteorological features of such anticyclones. His conclusions 

to the conditions over the Antarctic are 80 import& that they must be considered in 
detail here, 

&bbs’ Theory of the G‘laokl Anticyclo.ne.t-Hobbs summarizes the evidence for fixed gbcial 
anticy0 ones under the following eight heads$ :- 

(1) Centfigal flow of surface air currents above inland-ice masses. 
(2) Outward (centrifugal) sweeping of surface anow largely derived from the Central 

areas, and its deposition and accumulation as a marginal fringe about the inland- 
ice. 

(3) snow in .large part wind-driven above the sloping portions of the ice mass* 
(4) Sudden warming of the air a t  the end of the ‘blizzard-fohn effod in descending 

(5) Behaviour of upper air currents and movements of the cirri. 
(6) The evolution of the Antarctio blizzard and its termination. 
(7) h e a s  of relative calm corresponding to the flat central bosses of the ice domes, 

current a. 

* Frioker. Journal of the Royal Ueographioal Sooiety, Volume 11, pago 264, 1893. 
MurraY. Journal of the Royal Geogmphiwl Sooiety, Volume UI, page 17, 1894. 

t The Role of the Glaoisl Antioyclone in the Air Ciroulation of tho Glob, by W. H. Hobbe. R O O .  Amerfcae 
Philoaophmsl Sooiety, Volume LIV, No. 218, August 1916. 

4 Ibid., page 889. 
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(8) .4ir highly charged with moisture within the flat central area of calms and precipita- 
tion of snow or ice near the glacier surface. 

We will now consider this evidence and Hobbs’ conclusioiis in so far as they apply to 
the Antarctic. We shall find it more convenient not to follow the order in which the 
heads are given above, but at the beginning of each of the following paragraphs the numbers 
Of the heads which are considered in the paragraph are given. 

(1). At every place where prevailing wind directions have been observed at the adge of an 
inland-ice mass there has been found a larger or smaller component in the outward direction. 

is not only true a t  sea-level, but the air is found to be flowing outwards from the 
high plateaux both in Greenland and the Antarctic. Special attention is drawn to the winds 
Observed by David, Shackleton, Scott and Amundsen, all of whom on their ‘%scents to the 

(7) & (8). This outward motion necessitates anticyclonic pressure distribution, with descending 
air currents in the centre, where the air will be relatively calm. The deposition of ice 
to supply tho permanent snow under these anticyclonic circumstances is described as 
Eollows. The frequency with which cirrus clouds are observed over Greenland and tlie Antarctic 
is Pointed out, It is then considered that the ice of theso clouds is brought down with the 
descending air current and deposited as ice crystals on the surface of the plateau. Hobbs 
says :- 

‘There is however the probability that in general this snow and ice is adiabatically 
melted and vaporized during its descerlt to the plateau, and subsequently frozen 
as it mixes with the cold air above the plateau surface.’* 

This method of explaining Antarctic snow especially the large quantities associated with 
blizzards is quite unsatisfactory and the following remarks by Meinardus are very much to 
the point :- 

‘ I  will consider next a possibility, which however has very little probabiIity. It is 
that in the central area of an anticyclone the dynamical warming of the descending 
air is reduced by radiation, which in the dry air of high latitudes may be taken ‘1 
t o  be very grmt, and in the regions near the ground the cooling by radiation 
may be so great that the air is cooled below its dew point. In this case the small 
amount of aqueous vapour in the air would be in part; condensed as rime, which 
would replace falling snow as the cause of the ice sheet over the Polar region. 
Does this process take place to any appreciable extent 1 In my opinion i t  hardly 
does, for the descending air in the anticyclone is very poor in vapour so that 
in order to reach the desired end very large masses of air would. have to be 

brought into contact with the surface and in addition would have to be cooled 
very much in order to bring i t  under its exceedingly low dew point. Now in the 
central part of an anticyclone the air is usually very calm, hence the renewal 
of air necessary for appreciable condensation can only take place very slowly and 
only small quantities of water can be given to the surface. If on the other hand 
one assumes strong air motion, then the action of radiation and with it the cooling 
below the dew point ceases to  act, and evaporation of rime previously deposited 
might even occur. On these grounds I greatly doubt whether the ice-covering 
of the central Antarctic can be due to  the formation of rime to any extent.’? 

plateau encountered winds blowing down the valleys. 

~~~~~ 

* LOC. cit., page 208. 
t Deutsale Sudpolar-Expodition, page 327. 
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One must agree with Meinardus in this matter and there can be little doubt that 
has left unsolved what we shall see in the next section is the greatest problem of the 
Antarctic anticyclone, namely, the origin of the precipitation within the anticyclone. 

(2) & (3). Hobbs ghows from the records obtained in Greenland and the Antarctic that 
all along the coast and at  the outlets from the plateaux there arc great accumulations of 
Snow which have been deposited by the wind and he says:- 

‘What may be characterised as the centrifugal snow broom which sweeps out 
deposits from the central areas and collects them upon and about the margins of 
continental glaciers, is a necessary consequence of strong anticyclonic conditions 
and its work is in evidence within all areas where inland ice has been extensively 
expldred.” 
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more after the calm begins, starts to move outwards in all directions and so 
develops (on the edge of the Barrier) a south-easterly blizzard.’ 

It would be interesting to  h o w  what has been holding the cold heavy air in place 
on the ice surface during ‘the week or more’ that it has been cooling. All theories 
similar to this neglect the fact that the air will start to move as soot1 as it commences 
to cool, the consequence of which is that the cooling might produce a flow of air, but it 
could never produos a typical blizzard with its sudden commencement and its violent air 
motion. 

‘Simultaneously with this moveme,nt the steam cap over the volcano of Erebus, which 
normally indicates an upper current from the south-west, swings round to the north 
and takes on an accelerated movement as though it were being drawn from that 
direction to supply air to the void resulting from the violent surface current towards 
that direction.’ 

No such action of blizzards on Erebus smoke as that mentioned here was observed by 
,,US. We have shady discussed ths motion of Erebus smoke during blizzards and have found 
‘ that the only change is a considerable increass in tht: frequency of motion from the south- 

east, so that the relative frequency with which the Erebus smoke moved from the north was 
less during blizzards than a t  other times. 

‘Correspponding to the increased velocity, the normal fohn effect near the Pole must be 
much increased as it is also on the descent of the surface current from the plateau. 
As soon as the warming of the Polar air from this cause has become general, the 
high air pressure of th? central area is automatically reduced, and thus the blizzard 
gradually brings about its own extinction. To the warming effect of the descending 
air current there is rather suddenly added the latent heat of condensation of the 
moisture when it is precipitated in the form of fine ice crystals within the air 
layer just above the  snow-ice surface. The rather sudden termination of the blizzard 
may be thus in part explained.’ 

Unfpitunately for this very ingenious explanation of the end of a blizzard, the temperature 
observations do not support it in any way. The main rise in temperature whkb is such a 

, well-marked feature of wider blizzards occurs a t  the instant the wind riseE2The highest 
temiparature is generally reached when the blizzard is a t  its height, and i n  nearly a11 cases 
the temparature falls appreciably during the last few hours of the blizzard‘s duration (see tbe 
+grams sho wing simultaneous wind and temperature during typical blizzards given on pages 
48 and 49 above). If Professor Hobbs’ theory of blizzard action were correct, we should 
expect a steady rise of temperature from the beginning to the end of the blizzard and a 
audden fall of temperature as soon as the wind dropped. 

On considering the whole of Hobbs’ paper one callnot help feeling that in spite of his 
/failing to  explain the origin of the precipitation and the mechanism of blizzards he has made 

out a very strong case for the existencc of an ailticyclone over all extensive masses of inland 
ice and over the Antarctic in particular. One would therefore be inclined to agree with the 
generally accepted idea that there is an intense anticyclone concentric with the Pole and 
covering the whole of the Antarctic Continent. 

LICI On the other hand, however, Meinardus in his discussion of the results of the Gauss 
Expedition attacks the theory of the Antarctic anticyclone with great vigour a i d  me must 
admit with , most convincing success. We will therefore now examine the problem from 
Meinardus’a point of view. 
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Meimrdzcs's Theory of the Air Cirozclatwn over the Antarctic .*-Meinardus starts his dis- 
cussion from the generally accepted statements: (1) In regions of relatively low pressure there 
exists an ascending air current which, if the consequent cooling is great enough, leads to the 
condensation of water vapour first in the form of clouds and then of precipitation; (2) in 
regions of high pressure, on the contrary, there is a descending current in which on account 
of dynamical warming, not only is the condensation of water vapour prevented, but the air 
becomes abnormally dry. His reasoning then proceeds as follows : 

Further one can lay down the law that, excluding very complicated pressure systems, 
the precipitation will exceed the evaporation in regions having a cyclonic air circulation 
while in regions with anticyclonic circulation the reverse will be the case. In  regions where 
there are changing cyclonic and anticyclonic systems the pressure type which has on the 
yearly average the greatest frequency, intensity, or duration will decide whether precipitation 
or evaporation will predominate. IF is also possible to  proceed in the reverse direction and 
from the observed conditions of precipitation and evaporation deduce the prevailing type of 
weather. Now it is known that there is a constant transfer of water chiefly in the form of 
ice from the interior to  the surrounding sea along the whole circtlmference of the Antarctic 
and this necessitates, if the climate is not undergoing change, that more water in the form 
of vapour must enter the Antarctic .than leaves it. This consideration carries with it the 
conclusion that the Antarctic, considered as a whole, resembles a region in which cyclonic 
conditions predominate over anticyclonic. 

Having thus proved the necessity for cyclonic conditions over the Antarctic, Meinardue 
proceeds to  show bow in spite of the increase of pressure a t  sea-level in high latitudes cyclonic 
conditions prevail over a large area. Eis method is as  follows: With the values of pressure 
and temperature found by the different expeditions, mean sea-level values for the whole of 
the Antarctic are calculated for January, July and the year. With these average values a t  
sea-level and assuming a constant fall of temperature with height it is a matter of arith- 
metic to  calculate the pressure a t  different heights. The results of such a calculation are 
given in the following table:- 

TABLE 131. 
From Meinardus. 

LAC,^ 

MEAN TEMPERATURE "c. MEAN PRESSURE (=Ma)+ 
- 

January. July. 

2.8 -10.6 

-1.3 -22.0 

-4.3 -28.7 

-6.0 -33.3 

-8.8 --22*7 

Year. 

- 
- 3.5 

2,000 m. 4,000 m. 

January. July. Year. January. July. Ywr. 

7420 576 608 672 443 431 437 

441 423 431 

Sea-level 
year. 

- --. -_ 
743 

-20.6 I 748 

columns 2 t o  5 give the assumed values of temperature and 'pressure a t  sea-level, the sea- 
level pressure being considered constant throughout the year and to  increme by 10 mm. 
between 60 S. and the Polo The remaining columns contain the calculated pressure at 2,000 

* Mehardus. Deutsohe Sudpolar.Expedition, page 326. 

876 663 609 

577 603 607 441 420 427 

-26.0 

-21.6 

'760 678 662 566 

+10 ( $3 -6 ' -6 -2 -16 I -13 
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and 4,000 metres for January, July and the year a t  the different latitudes. The last line 
Contains the difference of the factors between 60” S. and- the Pole. 

The conclusions to be drawn from this table are in Meinardus’s own words * :- 
‘ The table shows the following : The Antarctic anticyclone under the assumptions made 

is no longer present a t  2,000 metres in the winter and on the average of the 
year, it has clearly given place to the Polar cyclone a t  this level. In  January 
on the other hand there is still a slight increase of pressure towards the Pole 
a t  the 2,000 metre level, but even in this month there ik a small decrease at the 
4,000 metre level. In other words the anticyclone in January reaches t ~ p  to about 
3,000 metres or a little higher, above this the surfaces of equal pressure are nearly 
grizontal. The conditions deduced for January probably hold for December also ; 
in November and February the gradient will be similar in sign to that for the 
winter because the temperature of these months is considerably lower than that for 
December and January.’ 

The calculations have been based 011 the assumption amongst others that the anti- 
cyclone is as fully developed in January as in July. In  view of the yearly varia- 
tion of wind strength this is hardly likely. If the January pressure is decreased 
relatively to the July pressure the anticyclonic gradient in 2,000 metres is naturally 
decreased also, and it is possible that it might then even disappear a t  this height, 
in other words the anticyclone might not reach 2,OQO metres even in January. 
In spite of the uncertainty of the main assumptions, the important result may be 
acFepted that the anticyclone is a phenomenon of the lower atmosphere in all 
months and only in the summer rises above the 2,000 metre layer.’ 

Meinardus then refers to  his calculation of the height of the Antarctic Continent t by 
which he has shown that if one-third of the area within the Polar circle is a t  sea-level the 

And the conclusion is drawn that the 
surface of the high land within the Antarctic is above the anticyclone and therefore subjected 

N”’ to cyclonic conditions. In this way 4e relegates the Antarctic anticyclone to  a relatively 
small fringe of the whole region within the Antarctic Circle, and gives the greater part of the 
area over to  the dominance of the Polar cyclone which he calculates exists above 2,000 
metres. 

The consequence of Meinardus’s reasoning is most clearly shown by a series of three 
diagrams which he published in the April 1914 number of the Washington Monthly Weather 
Review and which are reproduced here. 

The diagram reproduced as figure 75 represents ‘Diagrammatic cross section of the south 
Polar regions to show the position of the isobaric surfaces and directions of the winds. 

--. 

\ 

‘5, ,,mean height of the remainder must be 2,000 metres. 
’ 

‘ .  

FIQ. 76, Meinardus’s diagram of Antarotio prossure, vertioal. 

* LOC. C&, page 331. t See page 204 below. 
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Arrows show the meridianal components of the wind, shaded areas show the region of the 
prevailing easterlies. Altitudes in metres.' 

This diagram is based on the values of the pressure a t  different heights given in table 
131 abov& The conditions which would hold if there were no land mass have been repro- 
sented diagrammatically, and the outline of the continent superposed without altering tbe 
position of the isobaric surfaces, the isobaric surfaces eliminated by the land mass being 
shown by- dotted lines. 

This diagram clearly how according to the theory the greater part of the land 
surface is subjected to  cyclonic air m3tion. . The air streams in from all sides and therefore is 
compelled to  rise Over the land surface producing cloud and precipitation to  SUPPlY 
water which flows northwards in the great ice streams. The edges of the land mass only 
are subject t o  anticyclonic conditions with descending air currents. 
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be plotted with some certainty by aid of past observations. The drawing is planned to  
present only the probable form of the isobars, considering the observed sea-level winds. 
H, high pressure ; L, low pressure ; arrows, average ?wind direction.’ 

This diagram then represents what the sea-level pressure would bo if the existing sea-level 
pressure could be extrapolated under the high continent which is supposed to cover two-thirds 
of the area. The anticyclonic distribution is clearly shown with the maximum of the high 
pressure near to  the South Pole. 

Figure 77 is a reproduction of Meinardus’s remaining diagram, it is described as ‘Sketoh 
of the isobars a t  the 4,000 metre level within the south Polar region. Arrows show the 

average &reotion of the upper clouds and the prevailing winds 011 the plateau.’ As stated 
in the text, this diagram has been drawn by making the isobars run parallel to the winds 
keeping the low pressure on the right of the air motion. The diapam is conviiioing and the 
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winds shown * do fit in fairly well with a low pressure area somewhere near where it has 
been drawn in the diagram. 

Meinardus’s reasoning and conclusions may be summed up as follows :- 

As there is an excess of prwipitation over evaporation in the Antarctic, as revealed by 
the outward flow of great ice rnawes, the conditions cannot be anticyolone. 

I There is certainly an anticyclone over the Antarctic a t  sea-level, but a calculation shonrs 
that a t  2,000 metre altitude this has already given place to a large cyclone which is more 
or less central about the South Pole. 

i 
Other calculations indicate that the average height of the Antarctic Continent is 2,000 

metres or more, hence the surface of the high land is within the region of the cyclone. 
Thus the surface over the greater part of the Antarctic is subject to  cyclonic conditions 
with the associated excess of precipitation over evaporation. 

latter deducing that 
the greater part of the Antarctic is subject to  a cyclonic pressure distribution while the 
former declares that over the whole Antarctic there is a strong anticyclone. In spite of the 
repetition entailed we must set out clearly the crucial points on which each theory is 

Thus the theories of Hobbs and Meinardus are totally opposed, the 

. based. 

Hobbs’ paper practically reduces to  proving that whenever observations have been made 
in the Antarctic, both at  sea-level and on the plateau, the surface winds blow outwards 
from the centre; this is only possible if the air descends from above in a central calm area 
and flows outward under an anticyclonic distribution of pressure. To this Meinardus objects 
that in such a pressure distribution and a i r  circulation the large precipitation necessary to 
feed the huge glaciers and produce the constant supply of icebergs is quite impossible. 

On the other hand Meinardus deduces from the few observations of pressure and tem- 
perature available a probable distribution of these two elements a t  sea-level over the whole 
Antarctic. With these values he calculates the pressure distribution in the upper air and 
shows that a t  2,000 metres it becomes cyclonic. As the mean height of the continent is 
probably more than 2,000 metres, its surface is under the influence of this cyclone in which 
unlimited precipitation is possible. Hobbs’ criticism of this theory is hardly worthy of its 
importance, he shortly states it and then dismisses it in the following curt paragraph. 

‘ Referring t o  the observations by Captain Scott and others upon the plateau back of the 
Admiralty Range in South Victoria Land, Meinardus is quick to seize upon the westerly winds 
which there prevail as evidence that the anticyclone has a t  these levels given place to tho 
supposed overlying cyclone; failing utterly to note that the winds are here blowing 
directly down slope from the ice plateau-that is, radially, other statements in the report 
are likewise strikingly at; variance with facts either known a t  the time or revealed by later 
exploration.’? 

’1 ’ When two eminent scientists, each of whom knows what he is talking about; come to 
such diametrically opposite conclusions on the same evidence it is generally safe to concludc 
that both have some of the truth and neither all the truth. We will therefore now examine 
the whole question anew and seek a mlution, which I believe is not very deeply hidden. 

* On pago 204 below it will bo shown that strong objeotion can bo takon to some of tho wind dirootione 
When those are oorrootod the pressiiro distribution must bo radioally ohanged shown by Moinardus in this diagram. 

to fit them. 
t hoc. Ci t . ,  pBge 212. 
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Whatever may be the actual distribution of high and low land within the Antarctic, then! 
arel  two extremes between which it must lie: (a) the whole area at  sea-level, and (b) the 
whole, or the greater part, at  some unknown elevation. 

I therefore propose to  show by means of diagrams similar to the one prepared by 
Meinardus and reproduced as figure 75 above, ' the  vertical distribution of pressure in eaoh 
of these two extreme cases, and then combine them along a section of the Antarctic tho 
configuration of which we know to  some extent. 

E'igures 78, 79 and 80 represent these hypothetical vei.tical sections of the Antarctic 
south of latitude 50° S. In these diagrams I have chosen a much more contracted vertical 
scale than the one used by Meinardus. This is in order to reduce as far as possible a 
fallacious impression which one receives on examining Meinardns's drawing. Any one looking 
st figure 75 cannot help associating the great mass of the continent, as there represented, 
with an isolated mountain risbg from a level plain. In the latter case the mountain would 
have very little effect on the pressure distributios, which would be very nearly the same 
near to the mountain as a t  some distance from it in the free air. Hence one uncon- 
~ciously accepts Meinardus's drawing without realising that the great Antarctic highlands 
will affeot the pressure distribution in a very different manner from that of an isolated 
mountain peak, If, as we have good reason to believe, the Antarctic Continent is an 
elevated tableland many hundreds of miles aoross, it is neoessary to construct our 
diagram to give this impression and this can best be done by keeping the vertioal soale 
as small as possible. Wben this is done one is no longer tempted to  run isobars 
Up to and over the surfaoe without pausing to  consider how the tableland will affeot the 
pressure. 

In these diagrams an attempt has been made to represent the pressure ohanges in the 
atmosphere by means of lines. If one oalaulated the air pressure a t  each point of the 
diagrams and joined all points a t  a given pressure by means of a h e ,  we should have a 
series of isobars similar to  those with which we are so familiar on weather' charts, except 
that they would represent pressures in a vertical instead of a horizontal plane. Suoh lines 
would rise and fall as one passed tbrough regions of high and low premure. Unfortunately, 
however, the actual ohange in height of such lines is far too small t o  be represented on our 
diagrams. For instance, if the sea-level pressure at the Pole were 10 mm. higher than at 
60" S., the isobar which touches the sea-level at 60° 8. would be raised less than 90 metres 
at the Pole. This amount is much too small to  be shown on any diagram, which extends 
to  8,000 metres in bhe vertioal direction. In  order, therefore, t o  let the eye easily take in the 
changes in pressure, the vertical variation of the isobars is greatly exaggerated. This has 
the disadvantage that the lines drawn to represent the pressure changes are 110 longr  true 
isobars, for they do not give the true pressure a t  each height. All that one can say is 
that the lines on these diagrams show by their rise and fall how the true isobars rise and 
fall. 

It must also be clearly understood that the position of the lines in these diagrams is 
not calculated, they are sireply sketched and made to rise and fall a c o o r ~ g  to the conditions 
whicb they are drawn to represent. The vertical distarroe between the lines is constant 
over eaoh place, but it. varies from place , t o  plaoe aooording to  the mean tempera- 
ture of the air over that place. Thus the vertioal distanoe between the lhes  in all the 
diagrams is greatest a t  the edges on acoount of the relatively high femperatvre at 
50" S. latitude, and least over the Pole where the temperature is supposed to be 
lea&. Again the vertical separation of the lines has not been oaloulated, but convenient 
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distances taken in order to bring out clearly the general effect of raising and loweriing the . 
temperature. 

figure 78 has been drawn to represent what would be the pressure distribution if the 
whole area within the Antarctic were at sea-level. The lowest pressure at sea-level is shorn 
&t 60P 5. and the pressure rises from this point to the Pole. The vertical distance between 
the isobars depends on the temperature, hence this vertical distance decreases from the edges 
of the diagram to the centre. The consequence is that the rise of pressure south of 60' S. 
at seelevel is compensated in the upper atmosphere where the pressure decreases all the way 
from 50" S. to the.  Pole. In accordance w',th Meinardus's. calcuIations I have made the 
height at which anticycbnic conditions over the Polar area give place to cyclonic to be 
*between 2,000 and 3,000 metres. The pressure distribution in this diagram is practically the 
same as that shown in figure 75 prepared by Meinardus and that it represents the condi- 
tions which would hold if the whole mea Within the Antarctic were at sea-level no one will 

' doubt. But what does it 8&pifY? simply that the ice surface causes the sea-level pressure 
at  its centre to be higher than at its edges. 

This comes about from two causes: (a) the geographical position of the ice surface, which 
being concentric with the Pole has a lower temperature at its centre than at  its margin; 
(b)  the formation of a gladal anticyclone due to excessive radiation whioh Hobbs' work 
shows forms over any large ice surface whether it is concentric with a pole or not. These 
two c&uses aating together yodd produce a relatively intense a&ycIone over the Antarctic, 
if it were at  sea-level. 

We will now tmn to &e second extreme case and consider the consequences of a high 
tableland withim the Polar area. figure 79 has been constructed $0 represent this case. The 
tablehnd has been represented a8 occupying the whole area within 70" s., and to be at a 
uniform height of 2,000 metra. 

what is the pressure distribution likely to 'be over such 8 vast tableland? Meinardus 
assumes that it would be the same a8 if there were no tableland there at all. With this con- 
clusion I cannot agee. The presswe distribution in the upper air without the tableland 
shown in figure 78 depends on the Presenae of heavy cold air in the lowest atmosphere, 
when this is removed by the hnd mas8 the upper air pressure distribution must be altered. 
I can see no reason why the general pressure distribution Over a level surface at 2,000 
metres should be different from that of a similar surface at sea-level, SO long as the raised 
surface is of sufficient extent to be the governing factor in the pressure distribution. T 
causes which produce the &3h pressure over the Antarctic specified in (a) and (a) above 
both come into play on this raised .tableland and it is therefore reasonable to conclude that 
the pressme will be higher over the centre of the tableland than over its margin. In other 
words that an anticyclone will eg!t Over the tableland. This has been represented in figure 
79. Compring the isobars shown in m e 8  78 and '19 we see that the lowest is similar 
in both except that in the latter it only extends as far as the edge of the tableland near 
to which it takes a sfigbtly @eater upward turn. The second line in figure 78 is nearly 
horizontal within the Polar region. In figure 79, however, as it approaches the upper margin 
of the tableland it rises and then passes over the surface indicating the increased pressuro 
towards the oentre. If we assume that the free-air temperaturee, are approximately the same 
whether the tableland is present Or not, the vertical &stance between the isobars will be 
the same at each latitude figures 78 and 79. n e  l i e s  have been drawn on this amwp-  
tion and it is seen that at about 2,000 metres over the tablehnd the isobars are again 
nearlyhokmnM and above this height cyclonic conditions again bold. m e  differenoe between 

* 
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this diagram and figure 76 drawn by Meinardus is funda 
of the high land on the pressure distribution I simply 
by the height of the land,'so that instead of piercing the 
raises the anticyclone with it and so anticyolonio conditio 
surface. 

Before we can apply the conclusions thus arrived at to the actual area within the 
Antarctic, we must have some idea of the general distribution of the high and low lands. 

Fras. 78, 70, 80. Probable Antarotic preeeure, vertioal croae eeotion, 

I do not propose to attempt to solvc tho problein of the geographical features Within the 
Antarctic, but it is postlibla to foriri 8omc idea of which parts aro liltely to be high 
and which parts low, and we may take theno as giving the general Gonfiguration of the 
land. 

We know that the plateau at the Pole is about 3,000 metreshigh, at the position reaohed 
by Soott west of Ross Island about 2,500 metres, a t  the magnetic pole about 2,200 metres. 
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Behind Adelie Land the land rises in 30 miles to 1,000 metres; and then in a series Of 

undulations to  the magnetic pole. Near the Gauss Station Wild found that the land rises 
t o  1,000 metres in about 30 miles and Filchner concluded that a similar rise occurs a t  Pr im 
Leopold Land. It is reasonable 00 assume therefore that at all these points on the coast 
there is a rapid rise to  the plateau. I therefore conclude that the plateau covers the whole 
segment of the Antarctic between Cape Adare and the Weddel Sea, decreasing in height from 
the Pole outwards, a t  first slowly and then fairly rapidly near the coast. We know that 
the edge of the plateau on the ROSS Sea side is very steep and edged by a range of high 
mountains. h u n d s e n  has shown that this range of mountains is continued beyond the Pole 
in such a direction that it probably connects up with Gmharn Land or with Prim Leopold 
Land. As either is equally probable and makes little difference to  our discussion I have 
assumed that the great escarpment which we know runs from Cape Adare nearly to  the Pole 
continues towards Prinz Leopold Land, 

Thus the Antarctic is supposed to  consist of two parts 'divided by this escarpment, as 

indicated in f i p e s  81 and 82. The area on the Pacific side of the @;reat escarpment, single 
hatched in the figures 81 and 82, is supposed to be a t  sea-level or nearly so, while the 
area on the Atlantic and Indian sides, shown in the same figurea by cross hatching, is high 
tableland, the highest region being near the South Pole. 

In  fi,me 80 a section of the continent is shown along the 90" E. meridian which is 
continued beyond the Pole as the 90" W. meridian. This section is shown in figure 82 by 
the thick line AB. I h m  50" 8. latitude on the left of the diagram we have open water 
to  the Antarctic Circle just north of which the Gauss wintered. Prom the Circle the land 
rises to  the plateau, at first rapidly and then more slowly, the exact contour of the surface 
is not known nor is it material to  o w  qualitative discussion. The high land continues a 
little way beyond the Pole when the rapid descent through the Queen Maud range of moun- 
tains occurs. From this point to  nearly 70' 5. there is either barrier or land ice of no 
great elevation. Near to  70" s. on this meridian the Belgica wintered and therefore sea is 
known to extend from about 70" S. towards the north. These features are reproduced in 
elevation on figure 80. 

The diagram shows clearly how the pressure variation is supposed to be affected by this 
distribution of land, but the following points should be noticed. On the Gauss side of the 
plateau the pressure lowest near to  60" 8. in accordance with the observations made by 
iihe Gauss Expedition. from 60" 8. towards the plateau the pressure at sea-level rises. 
Over the plateau the pressure also rises, the higbest pressure occuming just before the Pole 
is reached." Over the area a t  sea-level between the plateau and the Belgica's position there 
is a well-developed anticyclone in the lower atmosphere and a marked cyclone in the upper 
atmosphere. Thus in this diagram we have been able to  combine the pressure distribution 
shown in figures 78 and 79. 

We are now in a position to  indicate the probable distribution of pressure a t  Sea-level 
and a t  3,000 metres over the whole Antarctic, if the distribution of high and low land is 
that assumed. 
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Pip re  81 shows the sea-level pressure. The greater part of the isobars shown are based 
on actual observations. and may be taken as correct, these have been represented by full 

Fro. 81. Probable Antnrotio pressure, sea-level. 

lines. The dotted lines represent the hypothetical pressure distribution, over regions from which 
we have no observations. The latter are confined to the area at sea-led between the Ross 
Sea and Graham Land where an anticyclone is shown in accordance with our oonclusion that 
the sea-level pressure increases towards the Pole. No attempt has been made to indicate the 
sea-level pressure over the region occupied by high land, for such a result would have 110 

meaning. 

It will be noticed that ill its iiiaiii features this Cliagralu doea Uot  depart hxgely from 
tbe corresponding one prepared by Meinardus and reproduoed in figure 76. We have in ea& 
the bending southwards of the isobars over the Ross and Weddel Seas and the high pressure 
over the oentral parts of the area. 
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In our next diagram, figure 82, an attempt has been made to show the probable pressure 
3,000 metres. This height has been chosen instead of the 4,000 metres used by Meinardus 

FIG. 82. Probable' Antarotio pressure, 3,000 metree. 

for reasons whioh will be given in the next seotion. It is possible to outline the pressure 
distribution at  this height from the principles used in preparing figure 80. Isobars' are shown 
and the method followed in drawing them vill be their justification, 

We know from- the pressure and temperature conditions over the Ross Sea and the 
Barrier that the gradient between theso two areas is reversed above about 1,700 metres, 80 
that a t  3,000 metres the pressure over the Ross Sea is distinctly higher than over the 

*It may be, as well to  point out here that the aotual proseure to whioh the isobars refer b not known 
and therefore they hem eimply been numbered 1: 2, 3,eto. The number of bobam &awn has been determined 
eolely with the idea of giving a olear pioture and they may be horeased or dooreased a t  ~ I O ~ B U I Y ) ,  over oither 
the low or high pressure systems, if it  h omsidered that the gradients in eaoh are not in keopkg :with tho wind 
velooitiee. 
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Barrier (see page 136). The starting point was therefore a series of parallel lines over the 
Ross Sea running. approximately parallel to the Barrier edge. As the lowest pressure is doubt- 
less over the coldest region, it has been shown over the low-lying area on the Pacific side 
of the Pole. Round this area the isobars already drawn over the Ross Sea must pass. Leav- 
ing for the moment the ends of the isobars over the Ross Sea, the other ends were continued 
round the low pressure area until they came to 40" W. 1ongit.ude. Returning then to the ends 
over the Ross Sea, near the Western Mountains, it was realised that the pressure near 
the edge of the plateau must be in equilibrium with the pressure at  the same height 
over the sea. The lines were therefore continued on to the plateau. But according to 
our assumption the pressure of the plateau inoreases inland, this necessitated that the lines 
should bend away from the centre and pass around the edges of the plateau. 

A few trials showed that these conditions were best met by carrying isobars Nos. 2 and 3 
to the south and isobar No. 4 to the north, 

Isobars Nos. 2 and 3 after turning to the south run nearly parallel with the edge of 
the platmu and join up with their other ends, completing the closed cyclonic system over 
the low-lying land. 

A high pressure system was then indicated over the plateau by means of the closed 
isobars 4 and 6. Round these two high and low pressure systems encircling isobars were 
drawn indicating that the pressure increases northwards over the whole region outside the 
Antarctic. 

If this pressure distribution is correat, it will be in accordance with the isobars shown 
in the vertical section of figure 80. The line along which this section has been made is 
indicated in figure 82 by the thiok line AB. We will pass along this line from A ta B 
and compare the pressure changes shown on it with the corresponding changes shown at 
3,000 metres on figure 80. Starting on the left of each diagram we see that from 60" S. 
to about latitude 64 S. the pressure lines a t  3,000 metres fall in figure 80, and we oross 
isobars 4 and 3 to a shallow trough of low pressure in figure 82. From 64' S. to 80' S. I 

the pressure lines at  3,000 metres rise on figure 80 and on figure 82 we cross isobars 3, 4 
and 5 to the cantre of the high pressure area over the plateau. From 80" S. to ?bo 8, 
on the other side of the Pole the isobars fall on figure 80 and we pass across isobars 
5, 4, 3, 2 and 1 to an are& of low pressure on figure 82. Prom '75" S. to the right hand 
edge of figure 80 the pressure lines a t  3,000 metres rise, indicating increasing pressure, while 
in the same distance in figure 82 we cross isobars 1, 2, 3, 4 and 5 in the direction of 
inoreasing pressure, Thus the horizontal pressure distribution shown in figure 82 agrees with 
the vertical pressure distribution represented in fi,me 80. 

We have now, from considerations of pressure and temperature alone, drawn a system 
of isobars which enclose a high pressure area over the plateau and a low pressure area over 
the part of the Antarctic which is supposed to be at or near sea-level. The crucial test 
of this pressure distribution is whdther the observations of wind direction agree with the 
general run of the isobars. 

The pressure distribution a t  3,000 metres has been chosen because this is the height 
in the atmosphere from which we have the most information about the air motio11. 

(a) Erebus smoke gives the air motion over the Ross Sea area at  ti height somewhat 

(b) The height of the plateau varies between 2,000 and, 3,000 meters, henoe wind ob- 
greater than 3,000 metres. 

vations made on its surface give useful information. 
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(0) Observations &de in MCMurdo Sound showed that the height of the alto-cirrus and 
alto-stratus clouds was a little lower than the top of Erebus, so. that their mean 
height may be taken as about 3,000 metres. This enables us to  use the direction 
of these clouds observed a t  the Chuss Station, and a t  the South Orkneys. The 
motion of these clouds over McMurdo Sound was affected by the surrounding 
land and therefore cannot be used for this purpose. 

The following table contains all the available data :- 
II 

TABLE 132. 

Air mdkn at appro&mateZy 3,000 metres. 

Poaition. 

MoMurdoSound . . . . 
b p e t i o  Polo Plateau . . . 
WosternPlateau . . . 
Polar Plateau . . . . 
Gauss Station . . . . 
South Orheya . . . . 

Belgioa . . . . 

Motion 
dotermined by 

Erebussmoke , 

Wind . .  
Wind . . . 
Wind . . , 

Modium cloud . 
Medium cloud . 
High cloud * . . 

-~ 

Air motion from 

W.8.W. , . 
S. to S.E. , . 
S. 31'W. . , 

Parallel to l B O o  E, 

N. 74" E. . . 
5. BO" W. . , 

meridian. 

One naturally enquires how is it that the wind observations, on which Meinardus admittedly 
based his pressure dist.ribution, can agree with suoh totally different pressure distributions. 
The answer is that some of the upper air motions shown on Meinardus's diagram are not. 
those which should have been used. Over the Gauss Station Meinnrdus shows a rlorth-north- 

s.ae"w. . , 

~~ 

Reforonoe. 
- _--- 

Page 136 abovo. 

Page 142 above. 

Page 142 abovo. 

Paga 144 abovo. 

Dout. Sudpolar-Expod., page 143 

Analoa d.1. Offioina Met. Argentine 
Volumo XVII, page 124. 

Mossman. Tram Roy. 800. of 
Edinburgh, Volumo XLVII 
page 127. 
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medium clouds for the Gauss Station for there is no doubt that if observations of the motion 
of Erebus smoke and of the winds on the plateau are to be used in one part of the area 
the medium and not the cirrus clouds must be used in another. This applies also to the 
air motion over the west Antarctic where Meinardus has also used the direction of mction 
of the cirrus clouds, but in this area there is little difference in the direction of the alto- 
cumulus clouds and the cirrus clouds* so that no radical mistake has been made in this region, 

lj'urther the prcvailing wind on the plateau near the magnetic pole is shown by Meinardus 
as W.S.W. Now this direction was observed by David only when he was under the influence 
of winds blowing down the glacier valley through which he ascended. As soon as he reached 
the true top of tho plateau the winds obs2rved and the sastrugi all pointed' to the prevailing 
winds on the plateau itself being frnm the south or south-east, a conclusion confirmed by 
Mawson's Expedition. 

Wnally, although the isobars over the plateau near the South Pole have been drawn out 
by Meinardus to almost a point to make them roughly parallel to the wind there shown, 
the resiilt is very unconvincing for the wind is blowing straight out of the area of low pres- 
sure. This would bs evan more striking if the true wind dirtsotion over the plateau as  ~ Q W  

known had been entered; for this direction is parallel to the 160th east meridian and not. to  
the 180th meridian as  shown on the diagram. 

If the reader will enter on figure 77 these corrected wind directions namely, on the 
South Polar Plateau wind parallel to the 150 E. meridian, on the Magnetic Pole Plateau 
S.S.E., over the Gauss Station N. 74" E., he will see at once that it is quite impossible to  
reconcile them with the pressure distribution shown by Meinardus. 

If then we may accept figures 81 and 82 as  correctly representing the pressure distri- 
bution a t  sea-level and a t  3,000 metres respectively we reach the following oono1wions:- 

(a) The pressure distribution over the surface of the plateau and also of that part of 

(b)  At 3,000 metres over the part of the Antarctic a t  sea-level the pressure distribution 

Thus Hobbs appears to be right in his main contention that the surface of the land 
both high and low is subject to anticyclonic conditions, but we are still faced with Meinar- 
dus'a main contention, that under such conditions evaporation will exceed precipitation and the 
Antarctic should be denuded of i ta  permanent snow-covering. 

the Antarctic a t  sea-level is anticyclonic. 

is cyclonic. 

This problem we must now consider; it may be stated as follows: 
Owing t o  the anticyclonic conditions which predominate over the whole surface of the 

Antarctic>air flows towards the Antarctic in the upper atmosphere, then descends to  the. 
surface and there flows outwards, a t  a much lower level than it entered. If the air were . 
saturated a t  the moment it entered the Antarctic it would be warmed up dynamically as  it 
descends and so when it reaches the surface it will be far from saturated. Bven allowing 
for a large amount of radiation, air under these conditions could not deposit appreciable 
moisture on the surface and as Meinardus points out, the conditions when precipitation is 
known to take place to the greatest extent, ie., during cloudy weatber and high winds, are 
exactly thoso when cooling by radiation is least affective. We have therefore to  explaiil how 
air can ontor thc Antarctic in the uppor atmosphere and leave it in the lower atmos- 
phore and yet deposit moisture in the process. 

* Aooording to tho Argontino obsorvations a t  South O r h o p  alto-oumulus and altosstratus S. 00" w,, airrue 
S. 71" W., loc. cit., pago 124. 

34 
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The solution of the problem will be greatly facilitated by the use of a diagram similar 
to that first prepared by*Hertz to show the changes in the physical state of air as it rises 
and falls in the atmosphere. 

Figure 83 has been drawn by the method described by Hertz in 1884,” and a description 
of which is found in ,most text-books of meteorology. The abscissa represent temperatures 

FIG. 83. Hertz diagram, 

and the ordinates when read on the logarithmic scale shown on the left of the diagram 
represent pressure, and if read on the linear scale shown on the right of the diagram re- 
present approximate heights in the atmosphere. 

The thin inclined lines, e.g., D C, axe the lines of adiabatic change. Thus if a mass 
of air is taken at  a temperature of -60°C. and 350 mm. of pressure, represented in the 
diagram by the point A, it will be nearly 5 kilometres high in the atmosphere. At any 
other height in the atmosphere its temperature and pressure will be determined by the line 
A B, so long as no heat is allowed to enter or leave it. Thus if it is depressed to one 
kilometre above the ground its pressure will be 650 mm. and its temperature - 1 O O C .  approxi- 
mately. 

The broken linea are ‘lines of saturation.’ 
If air having the temperature and pressure represented by any point on one of these 

lines is saturated with moisture, its temperature and pressure may be altered at will, but if 
no water is added or subtracted, whenever its temperature and pressure are those given by 
another point on’ the same dotted l i e  it will be saturated. Ij’or example if air, saturated 
under the conditions represented by the point A, has its pressure and temperature altered 
by any method until they are those represented by the point F it will be saturated. One 
way to do this will be to depress it rapidly in the atmosphere, until its pressure is the  
same as that of E”. This would raise its temperature from that represented by A to that 
represented by M, for M is on the adiabatic line A B  through A and also on the horizontal 
pressure h e  through F. If now the air radiates its heat and 80 cools without changing its 
height in the atmosphere it will cool down to the temperature a t  F. I t  will then be found 
t o  be saturated. 

* wet. %it., 1884, psge 421. Bee also Neu4off Abhdlg d. Preuee. Met. b a t .  I, No. 6, Berlin, 1900. 
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Imagine that the air a t  about 5,000 metre8 altitude is saturated with moisture and has 
a temperature of -60°C. its condition will then be represented on the diagram by the point 
A. If this air is now carried downwards without receiving or losing any heat t o  the ground, 
its temperature and pressure a t  the ground will be represented by the point B. If while it 
is at the ground it receives heat its temperature will change, but not its pressure. If its 
temperature rises 10" its condition will be represented by the point C. Now let it be carried 
upwards without receiving or losing any further heat and its condition a t  each height will be 
represented by the line C D. At D it meets its saturation line and a further increase in 
height will cause precipitation. It will be noticed that D is higher than A. Let another 
mass of the same air from the same layer be lowered from A to B and then lose heat by 
radiation, or any other method, until its temperature is reduced 10°C. Its condition will 
then be represented by E, now let it rise adiabatically along the line E F it will then be 
saturated a t  F, Le., it will be saturated a t  a lower height than that from which it started. 
In these two cases the point of saturation has been raised and lowered in consequence of 
adding and subtracting heat respectively. This relationship is true generally ; the ,formal 
proof is very easy, but need not be given here; it is sufficient to state that if air is 
saturated a t  any height in the atmosphere and subsequently receives heat it must rise to a 
greater height before it becomes saturated again and conversely if heat is abstracted from it, 
it' will become saturated a t  a lower altitude than it had originally.* This is true no matter 
how or where the heat is added or subtracted. We at once see why it is that as a general 
rule an anticyclone in temperate and tropical regions produces dry weather. The air elitere 
the anticyclone in the upper atmosphere and descends towards the ground which has been 
made hot owing to the bright sunshine due to  the absence of clouds. In  consequence the air 
in such an anticyclone on the whole receives more heat from the hot ground than it loses 
Ijy radiation, it would therefore have to rise to  a greater height than that where it entered 
the anticyclone before precipitation occurs. This is practically impossible and therefore pre- 
cipitation is of exceedingly rare occurrence in the anticyclones with which we arc the most 
familiar. 

In the hitarctic, however, the conditions are reversed. It is only during a very short 
period of the year and then only during parts of each day that the air receives more heat 
than i t  radiates. This is shown by the tendenoy to  form temperature inversions ' near the 
ground which are especially well marked during the wintel. 

We will now consider an actual case. The curve J H K in figure 83 represents the 
actual temperature found a t  different heights on August 17th) 1911. The temperatme (gradient 
actually found between 1 and 2 kilomctres, represented by the part of the Curve H E, 
has been assumed to be representative of the gradient throughout the upper atmosphere ; 
this part of the curve has been continued as a straight line to  the top of the Gapam. 
Now suppose that the air enters the Antarctic as a saturated current at about 6 kilometres 
altitude. Its temperature and pressure will then be represented by the point @ approximately 
and G P will be its saturation line. Now a mass of air which has just entered the Antarctia 
under these conditions is radiating heat and in consequence becoming denser, it therefore 
descends. If it descends rapidly it warms up owing to adiabatic compression, ita' temperature 
a t  each height being given by a .  line through G parallel to the adiabatic lines. It will be 
soen from the diagram, however, that this would cause its temperature to be higher than that 
of the surrounding air the temperature of which. is given by the line G H. Its highor 

~ 

* To bo qnito oorroot preasuro instoad of hoight ought to ham boon usod as tho oritorion in this shtoment. 
But our wholo disoussion i s  aimplifiod by assuming that tho rolationsliip botwoon prossure and hoight remains 
oomtant, so that tho two torms are synonymous. Also it i s  oasior lro visualiso hoight than pressure and the 
UEO of tho hoight instoad of tho prossuro tonds to & oloaror oxposition. 
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temperatwe its density and its downwards motion would be stopped. Pinally 
its rate of descent would be adjusted so that at each height it has the temperature of the 
smom&ng air, this will necessitate the loss by radiation of the heat due to adiabatic corn- 
pression. In  other words air could not descend through an atmosphere having the vertical 
temperatme gradient represented by the line G H without losing heat, by radiation, and a 
measure of the heat laat in the descent from say G to  K is given by the horizontal distance 
from I( to the adiabatic line through G. When the air through its loss of heat due to 
radiation amives at H it will then descend much more slowly, but will finally reach the 
ground a t  J, when its temperature will be -35°C. Now during periods of calm and exces- 
sive radiation the ground may be 10°C. colder than the air just above it. If therefore 
the air after reaching the ground at  J is cooled by cont#&t another lo" its temperature 
will be -45". It will be noticed from the diagram that this temperature is t o  the left of 
the saturation line 8 P and therefore the air actually in contact with the ground would be 
saturated and a deposition of moisture on the ground would occur. Thjais_t,b_e_ method 
by which Hobbs supposes that the Antarctic receives its covering of ice. There can be-yztle 
doubt that such conditions are frequently met with, especially on the Barrier, and the 
early Eqni%-&$s 80 often reported from the Barrier are due to the air near the Pound 
being Waled in t h z  way below its saturation teniperature. But as Meinardus points out in the 
paragaph quoted above, the conditions are not those which would produce much precipita- 
tion and the whole process could not occur during high winds or overcast weather. 

We Wi l l  therefore not consider further this method of obtaining precipitation, but return 
to the condition of the air represented by the point J. Now let us see what would be 
the Consequence of raising the air which has descended from G to J. Such elevation of the 
air would result if a pressure distribution were imposed which set the surface air moving 
faster than the air in front of it, the air from .behind would then be forced to rise over 
the air in front. This is the case during blizzards. 

' 

If this occurred very rapidly ths eold surface layer would be raised under adiabatic 
Conditions and its Pressure and tempzrature conditions as it rose would be represented by the 
line J L Which is parallel to  the adiabatic lines. In these circumstances it would reach ita 
saturation line in L where condensation and precipitation would take place. This would give 
a layer from which snow would fall a t  a height of less than 1. kilometre although 
this same air enbwd the Antarctic as a saturated current a t  6 kilometres. In reality, however, 
the would not be adiabatic, but somewhat less. Let us assume that instead of cooling 
at the adiabatic rate (a little more than 10°C. per kilometre) it Gooled at the rate found 

the balloon ascents in  the summer, &e., at 6pC. per kilometre. Its condition then during 
woulcl be given by the line J N. In this case cloud and precipitation would occur 

& W t h e  height of N which is well below 2 kilometres. 

We have thus shown that owing to the large wdiation within the Antarctic the air, 
even after it has descended from the upper atmosphere, is in a state that a moderate amount 
Of forced asfient is sufficient to cause condensation of the contained moiaturc and so Snowfall- 

Meinmdus was eorrect in saying that radiation alone is not sufficient to acoount 
for the large PreCiPit@tion he was wrong in not considering the effect of forced ascent on air 
already cooled by ra&&n. 

of the general air circulation over the Antarctic is now quite simple. Over 
snow-covered sur€ace of the Antarctic whether at  ,gea-]evel or a t  the beigbt of the 

is so strong that, the air is abnormally cooled especially in the layers of 
This cooled air is heavier than the su,r~ounding air and 

A 
the 
Plateau 
air imme&ate*Y above the surface. 
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therefore the pressure increases from the exterior to the interior of the Polar area; in other 
words the pressure distribution is anticyclonic and the air motion is in general outwards. 
Above each anticyclone a cyclone forms on account of the relatively rapid vertical pressure 
change caused by the cold dense air. These cyclones convey air from higher latitudes over the 
Polar region and supply the air which passes outwards near the surface. In the normal 
steady state the air circulation takes place slowly and the descending air is warmed up 
dynamically so dissolving cloud and giving clear cloudless skies, thus accounting for the 
decreasing cloud amounts observed 8s one penetrates the Antarctic (see page 151). 

T4e clear skies in their turn facilitate radiation as also does the small humidity 
of the air. 
is a great tendency to the formation of temperature inversion especially in the lower atmos- 
phere. On these normal fine weather conditions are superposed a series of pressure waves 
which travel more or less radially outwards from the centre of the continent. These waves 
alter the  surfaco pressure distribution and cause air motion which is frequently, and especially 
over the west of the Barrier accompanied by forced ascending currents. The abnormally cold 
surface air is forced upwards in these currents, rapidly cooled i n t h e  ascent, and the water 
contained is precipitated as snow, which when combined with the high surface winds produces 
thc typical Antaritic blizzard. 

In consequence bhe air and the snow surface become abnormally cold and there . 
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UPPEJlt AIR OBSERVATIONS MADE BY MEANS OF BALLOONS. 

(Metric units and centigrade temperatures used in this chapter.) 

The balloons used were made of thin ptta-p?rcha tissue. They had. a cubical contents 
The weight of each of one cubic metre 80 that their diameters were approximately 126'cm. 
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BIG. 84. ,Hydrogen generator. 
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balloon was 227 grams, and the average rate 
of asgent of a free balloon was' about 3.8 metres 
a second. 

The hydrogen used was obtained from calcium 
hydride. A very simple form of generator was 
devised by Mr. Dines and proved entirely satis- 
factory in use, 

A vertical cylinder A, figure 84, 75 cm. 
high and 20 om. in diameter was filled with 
water. Inside this a similar but somewhat smaller 
cyhder ,  open a t  the bottom and closed a t  
the top B, acted as a gasometer. The latter 
had a tube C fastened to  the top through which 
the gas passed by way of the tube T to  the 
balloon. A side tube D was attachedto C and 
the inner tube of a motor-cycle tyre was 
fitted to  it. The  rubber motor tyre bad been 
filled with small pieces of calcium hydride and it 
W&S a simple matter to  feed these by hand into 
the water to  provide the gas. The lazge excess 
of water allowed of complete disassociation of the 
hydride, and also the temperatwe did not rise 
to too high a value, especially if the cylinder had 
been filled with a mixture of snow and water as 
was usually the case. 

The instruments used were made by Mr. 
Dines and have been described by him in 
the publications of the London Meteorological 
Offiue. 



INSTRUMENTS AND METHODS. 271 

Considerable thought was given in England to  devising some method for retrieving the 
instruments sent up with the balloons. There was little difficulty with the method to  be 
used in the summer, and as this m s  very successful it will be described first. The details 
of the method were actually worked out in the Antarctic, but it will be unnecessary to  
describe the experiments made. There is nothing new in the method as a similar method 
has been used by Hergesell over the ocean. The instrument was attached to the balloon 
filled with hydrogen by means of a slow match which was of such a length that it burnt 
away and detached the instrument after the time required. To the instrument itself a second 
balloon $,?led with air was attached and fell with it. This balloon was of red indiarubber 
and was blown up to be about 45 om. in diameter when a t  ground-level. The function of 
this balloon was simply t o  mark the position of the fallen instrument. On liberating the 
large balloon with instrument and small red balloon attached, its course was watched through 
an ordinary balloon theodolite. When the instrument was detached its fall was followed 
generally to quite near the ground; but it was always lost before it actually reached the 
ground. The direction was then noted in which the instrument was last seen, and the bear- 
ings taken. With few exceptions this direction was over the sea ice, and then one walked 
straight ahead in this direction and by the aid of a powerful pair of field glasses the small 
red rubber balloon was generally seen and the instrument recovered. The method was used 
on the ocoasion of the highest ascent about which the following is taken from the note 

'Monday, December 25th, 1911.-An attempt was made to reach as high as possible. 
A fuse for forty minutes was attached. Besides the small red balloon a frame 
carrying four sheets of silver paper was attached to the instrument. The instrument 
was detached 43 minutes after the ascent; but for some time before this the 
silver paper, and at times the. instrument, was all that could be seen below the 
large balloon. When the instrument fell its course was followed by the flashing 
of the silver paper. The latter however slowly broke away, and when about'1€io 
above the horizon became invisible. The theodolite was lowered and a bearing of 
the direction was taken, but as this cut right across Inaccessible Island it was 
not a good one. On setting out to  find the instrument I travelled on ski for 
24 hours 8s near the bearing as possible, then I saw the small red balloon through 
glasses about a mile and half away. The instrument was safely picked up about 
ten miles from Cane E y s s  in a S.S.W. direction.' (The instrument had risen 
6,7X3 metres.) 

Obviously this method could not be used to  reach even moderate heights if there was 
an appreciable wind. Hence it was only tried on days when Erebus smoke showed that the 
air was naarly calm throughout the lower atmosphere, 

book :- 

--c - 

This method was quite impossible in the winter because in the great cold the moisture 
from the eye crystallised on to the eyepiece of the theodolite making it unusable. To meet 
this difficulty a number of cones of fine silk thread were taken south. .On each cone was 
five miles of silk thread the total weight of which was only 4 02. It was-intended to attach 
one end of this silk thread to the instrument before liberating the balloon. The instrument 
was then to be detached from the balloon after a given time 'by means of a fuse, and 
the thread followed until the instrument was picked up. Naturally difficulties were encoun- 
tered, but they were of an entirely -unexpected nature. A simple method for liberating the 
balloon andpaying out the silk without breaking it was developed, and on most ocoasions 
there was little doubt that all went well and the silk thread was intact until tho instrument 
WBB detached. But oooasions occurred with annoying frequency when on following along the 
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t h e a d  it was found to  be broken and the instrument could not be found. The cause of 
the breaking of the silk after the instrument had been ddached from the balloon long 
remined a mystery, and lnumerous expedients were employed to  find either the cause or 

remedy. The opportunities for doing balloon work were very few, nothing could be done 
in the &rk months, and the intervals between the psriods of wind were SO short and 
occurred so irregularly tbat by taking advantage of every opportunity the problem was not 
solved until ths mork was near its end. The caus? for the breaking of the silk was really 
very &mple. So long as the balloon was rising and drawing out the thresd there was no 
strain to  break it. As soon however as the instrument fell it left a. great bight of silk 
in ths air, the instrurnsnt after it had fallen on the ground anchored one end of this 
bight, and soon there was enough silk lying on the ground a t  tho other end t o  anchor 
that end als9. Thus while a great length of silk was still in the air and falling only 
slowly both ends were fastened. If there was any wind a t  all the long length of thread 
which remained in' the air was subjecki to a considerable pressure which it was unable to  
withstand, and it therefore broke. 

The msthod devis:d for minimising this difficulty was as follows: The instrument was 
attached as before by a fus9, timed to release the instrument in about iifteen minutes. After 
the silk thread ha4 run out for about ten minutss i t  was broken near to  the reel 
and a s m d  rubbx balloon filled with air rapidly attached to the end. This was then 
allowed to  go free, and it was raised on the end of the thread until the instrument was 
released about five minutes later. The length of thread used was reduced in this way by 
one-third. After the instrument had fallen, for some time the balloon remained in the 
air for it fell quite slowly, during this period it was free to  move under the tension 
of the thread and 80 allowed the thread to lay itself in the direction of the wind. After 
the red balloon had bsen released its course was watched through 
the,time was only short the chance of the glasses becoming fogged was much reduced. 
The position in which the small balloon fell was noticed, and on going out to it the 
thread was found and followed up t o  the instrument. When this method was used 
the thread was never found broken, but it had only just been successfully developed 
w b n  ths weather improved so much that the summer method described above could be 
used. 

field glasses, and 

The first method-theodolite used for watching the ascent and descent of the instrument 
which had a small red balloon attached to mark its position-was used for five ascents, and 
on each occasion the instrument was recovered, The s2cond method-simple thread-was used 
on twelve occasions. Five times it was successful, and the instrument was recovered 
by follo*ng the thread; six times the thread was found broken; and on the remaining 
occasion the thread led on to  new thin ice and SO could not bs followed. The third 
m3thod-short thread with small red balloon used to  mark the end-was employed four 
timss, on three occasions the instrument was recovered, while on the fourth occasion the 
balloon moved in the direction of the sun SO that it was lost sight of and not found 
again. 

Thus out of twenty-one ascents, thirteen instruments weye recovered a t  once, one instru- 
in all. Two records were not ment W a s  found later on the floe giving fourteen records 

satisfactory, 80 that there remain twelve for discussion,* 

--- -_I____ ___ - --- 

*The results of the obsorvations are plotted on figure 13, page 42. 



Height. 

Motros. 

0 

392 

600 

644 

900 

1,000 

1,178 

1,463 

1,500 

Temperaturo. 

"C. 

-3438 

-35.9 

-30.3 

-37.4 

-57.9 

-38.2 

-38.7 

~ ~~~ 

Prossuro. 

mm. 

741 

700 

688 

076 

060 

642 

026 

600 

608 

Gradient. 

"C. per 100 m 

+*38 

4-40 
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WINTER ASUENTS. 
TABLE 133. 

Record I .  
August 13, 1911. 

Time 12-20. Erebus smoke from S. 

273 

Tomporature. 

"C. 

-39.0 

-37.1 

--57.0 

-30.9 

-36.0 

-35.6 

-34.7 

-38.0 

-34.0 

Uradient . 

'0. por 100 m. 

- 4 0  

-93 

-*52 

Height. 

Motros. 

1,700 

2,000 

2,009 

2,391 

2,600 

2,727 

2,937 

5,000 

Pressure. 

mm. 

676 

556 

660 

626 

51 7 

600 

486 

4ao 

The previous day had been calm with a clear sky. The temperature had been slowly 
falling for the previous forty hours from -27' t o  -39' C. due to the clear sky and absence 
of wind. At the time of ascent there was some (7) cirrus stratus cloud but no appreciable 
wind. On ascending the balloon moved slowly towards the N.W. and then came back. The 
instrument was found about 24 kilometres to  the N.W. of the station. The temperature 
inoreased from the ground to 1,500 metres, the rise being just 5' giving a mean negative 
gradient * of -933°C. per 100 metres. From this point the temperature fell slowly, the 
decrease being a t  the same rate as the previous increase so that the temperature a t  3,000 
m:tres was exactly the same as on the ground. It is probable that the point of inversion 
of the temperature corresponded with the change in the very slight air movement, the lower 
cold layers slowly moving to  the N.W. with the air above moving somewhat more slowly 
in the opposite direction. 

TABLE 134. 
Record I I .  

August 16, 1911. 
Time 10-55. Erebus smoke from N.W. 

Height. I Prossure. 

Motres. 

0 

103 

411 

500 

073 

947 

1,000 

mm. 

142 

725 

700 

690 

07G 

050 

844 

Temperature. 

"C. 

-36.0 

-33.0 

-29.0 

-27.6 

-26.0 

-26.2 

-26.4 

Gradient, 

'(3. per 100 m. 

-1'60 

- 4 2  

Height. 

Metros. 

1,230 

1,500 

1,623 

1,827 

1,963 

2,000 

1 I 

* Throughout this work a negativo sign profi.md to tl 
w&s roversod, so that tho tomperaturo r0s0 with the hoight. 

mm. 

036 

603 

000 

675 

606 

662 

gradiont signifies thnt f 

Tompera ture. 

"C. 

-20.4 

-28.5 

-28.7 

-30.6 

-31.0 

-31.2 

Gradient. 

O C .  por 100 m. 

$*82 

-t*64 

o normal ton~parat~ure gradient 

36 
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Height. Pressur . Temperature. Gradient. +Height. Preaaure. 

Metres. mm. "C. "C. por 100 m. Metres. mm. 

134 726 -32.8 1,600 699 

- I 
0 739 -36.0 1,480 600 

I 

381 700 -29.8 1,781 676 
600 691 -29.3 -1.14 2,000 668 
641 676 -28.6 2,093 660 
91 1 660 -29.0 2,379 628 * 

1,000 642 . -29.2 - '02 2,600 ! b516 
1,190 625 -29.7 

UPPER AIR OBSERVATIONS. 

Temperature. Gradient. 

"C. "C. per 100 m. 
-30.8 
-31'0 f*36 

-33.2 + *44 
-32.0 

-33.7 
-36.0 
-35'4 +'44 

Height. Pressure. 

Metres. mm. 

0 733 

600 683 

683 676 

860 660 

1,000 638 

1,127 626 

Temperature. &adient. 

O C .  '0. per 100 m. 

-32.0 

. -31.0 - m10 

-31.0 

-31.0 

-31'4 +-08 

-31.8 

Height. 

Matres. 

1,414 

1,600 

1,712 

2,000 

2,210 

2,020 

Pressure. Temperature. 

i -  
mm. "C. "0. per 100 m. 

600 -33.2 

694 - a m  4- -48 

675 -300 

661 -36'7 3. -68 

-36.8 * 

636' -37.8 
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1 $0'38 

During the morning of this day there had been a strong wind from the N.W., the velo- 
city being between 10 and 15 metres a second from near midnight to 11 A.M. In  the early 
afternoon the wind dropped and a balloon was sent up. It did not rise very high and its 
motion was very irregular showing a considerable difference of wind direction in the different 
layers. At the tims of ths ascent there was a slight breeze from the S.E., but the balloon 
moved slowly to the south almost immediately on rising. It then returned and passed almost 
overhsad and travelled away to the N. The instrument was found about 19 kilometres to  the 
N.W. of the station. The trace for the lower part of the ascent is very much blurred and 
oannot be reduced with so much certainty as the previous records. It is almost certain, how- 
ever, that there was only a very little inversion and that the temperature from the ground 
to 800 metres was almost uniform, The mean gradient giver1 in the table for the first 
kilometre of ascent is only --06OC., and this is probably fairly near to the correct value, 
and is what one would expect after so much wind and while the different currents 
a t  diffwent heights indicate a disturbed atmosphere. Above 1,000 metres the gradient was 
positive and tended towards a value between -6"and .6" C. pzr 100 metres. 

These four records were all that it was pwsible to  obtain from the 12 balloons sent up 
during the winter months. They give, however, very useful information. The temperaturb 
gradient found i n  eaoh of the ascents is given in table 137. By applying the gradient 
to the mean temperature on the ground a t  the time of the ascents the values given in table 
138 have been obtained, and they give the average oonditions in the lower atmosphere during 
cold calm weather a t  the end of the winter. 

TABLE 137. 
Terryioarahure gradietat in I?M wittter. 

1,000 m. 
to 

1,500 m. 

"C. per 100 m. 

-0.32 

+o*n2 

$6.30 

+0*48 
_ _  

+0.28 

Date. 
1,600 m. 

to 
2,000 m. 

"C. par 100 m. 

$0.38 

$0.64 

$0.44 

$0.58 

+0-48 

August 13th . . 
August 16th . . 
August 17th . . 
August 30th . . 

Height. 
-______- 

0 Metim. 

GOO 

1,000 

1,500 

2,000 

2,600 

Moan . , . 

TomporRturo. 

-36.0' C. 

-31.0 

-30.2 

-31.6 

-34.0 

-96.1 

0 m. 
to 

GOO m. 

'C. per 100 m. 

-0.40 

- 1 *GO 

-1.14 

-0.20 

-0.81 

GOO m. 
to 

1,000 m. 

"C, por 100 m. 

-0.28 

-0.42 

-0.02 

$0.08 

-0.16 

-0*40 

2,000 m. 
to 

2,600 m. 

"C. por 100 ma 

$0.40 

.. 
+0.44 

* .  
+0.42 

2,600 m. 
to 

9,000 m. 

"C. por 100 m, 

$0322 

" . 
* .  

e .  

$0.22 
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~ -~~~ 

FIG. 85. Upper air temperatures, summer and winter, 

The numbers given in table 138 have been plotted in figure 85. 

Summary of winter mnditions. 
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These conditions can best be explain&$ by considering that the air in the upper atmos- 
phere is being cooled by radiation and in consequence sinking. The fact that the temperature 
gradient is much smaller than the adiabatic gradient indicates that the downward motion is 
so small that a large amount of the heat generated by compression is lost by radiation. 
Near the ground the radiation is so great and the downward motion of necessity so small 
that the air is abnormally cooled. Thus a layer of cold dense air forms near t o  the ground 
which the descending current cannot move and over which it must flow, thus accounting 
for the different winds found a t  the upper surface of the lower cold layer. 

SUMMER A4S0ENTS. 

TABLE 139. 
Rewrd V .  

November 12, 1911. 

Time 11-15. Erebus smoke from the W. 

I-Ioight . 

Motros. 

0 

220 

487 

500 ' 

703 

1,000 

1,047 

1,339 

1,500 

Prossuro. 

m in. 

740 

725 

100 

6BB 

076 

666 

060 

026 

613 

Toinporaturo. 

"C. 

- 0.2 

-11.0 

-13.0 

-13'0 

-16.0 

-16'1 

-10.6 

,-19-0 

-20-0 

Gradiont . 

'Y. por 100 m. 

-76 

.62 

'78 

Huight. 
_.___ 

Metros. 

1,041 

1,954 

2,000 

2,279 

2,600 

2,017 

2,767 

3,000 

mnr. 

000 

876 

674 

650 

537 

626 

815 

498 

Tomporature. 

"C. 

-20.8 

-22.5 

-22'8 

-24.0 

-26.5 

-206 

-28.0 

Grediont. 

"C. por 100 m. 

-66 

'54 

A blizzard occurred througliout the 10th and continued until the morning of the 11th. 
The wind dropped during the afternoon, and from 17 hours on the 11th until the time of 
the ascent (11-15 on the 12th) a breeze between 1.5 and 2.5 metres a second continued 
from the S.E. During this period the temperature was fairly constaiit, being about +l2"C. 
Three hours before the ascent the teinperature commenced to rise, and when the ascent took 
place it was -9OC. The sky was nearly overcast with alto-cumulus clouds, and it is 
probable that the instrument went into, if not through, these. At first the balloon travelled 
in the surface S.E. wind until the &jo-cunlu]us clouds were reached, and then it moved with 
them nearly due west. Soon after the balloon had ascended the surface wind increased and 
tho weather became thick. Some snow fell and i t  appeared as if a blizzard were starting 
but although the wind continued at about 20 miles an hour the sky cleared, and the blizzard 
did not bectome marked until the next day. The mean temperature gradient UP t o  1,500 in. 
was *72"C. per 100 metres. At this height the gradient became smaller for the next 1,000 
metres, being only *55O from 1,600 metres to  2,600 metres. This probably was the region of 
movement from the west and of the alto-cumulus clouds. At 2,260 metres the temperatwe 
commenced to  fall more rapidly again, and from 2,280 to 2,760 metres the fall was at the 
rate of *84"C. per 100 metres. It will be found that in most of the summer ascents there 
is a similar region in which there is a smaller gradient than in the regions above and below. 
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- 
Hoight. Pressure. Temperature. 

Metres. mm. I "C. 
1,683 600 -20.0 
2,000 575 - 21 s o  

1,997 675 -21.0 

2,500 536 -24'7 

-- 

2,324 550 -22.8 

2,663 625 -26.2 
2,831 613 -27.2 
3,000 500 -28'2 

UPPER AIR OBSERVATIONS. 

TABLE 140. 
Record VI .  

November 15, 1911. 
Time 10-30. A cumulus cloud moving from N, 10" k:. 

Gradient. 

"C. por 100 in. 

.36 

-74 

*70 

Height. Presme. ' Temperature. 
I 

Metres. mm. r- I "C. - - -  

0 750 - 10.6 
261 725 -11.0 
500 703 -12.6 
628 700 -12.8 
804 675 -14.8 

1,000 658 -16.5 
1,088 650 -17.2 
1,380 625 -18.7 
11500 617 1 -19.2 

- 

Gradient. 

OC. per 100 m. 
- - .  

'42 

'78 

*54 
I I 

The weather conditions during this ascent were very similar to those during the previous 
one. The ascent was made during a few calm hours between two blizzards. As before, the 
temperature had been fairly steady until the calm weather set in when it commenced to rise. 
The sky was 8/10ths overcast with alto-stratus and alto-cumulus clouds. The balloon moved very 
Slowl~ towards the S.E. and did not appear to change its direction; evidently the current 
of air which was moving the clouds from N. loo E. extended to  the ground with only a 
small change of direction. 

The gradient in the first 500 metres was smaller than in the previous record, being 42" and 
* 7 8 O  c. psr 100 metres respectively. Above 1,000 metres the gradient became muoh smaller, 
and between 1,500 and 2,000 metres it was only *36"C. per 100 metres. This reduced gradient 
obviously belonged only to a layer, for a t  2,000 metres the rate of fall of temperature again 
increased, and from 2,000 to 3,000 metres the mean gradient was *72"C. per 100 metres. 

The characteristics of the vertical temperature distribution during this ascent were as before- 
a region in which the gradient was considerably sm&r than in the regions above and below. 

Record VII  a, b and c. 
November 19, 1911. 

The three balloon ascents made on this day are very interesting. For the first time 
balloons without silk thread were used, the ascent of the large balloon and the descent of the 
i.nstrument with the small marking balloon attached being followed through a theodolite. 

At 11-30 the first balloon was sent up. The fuse used for liberating the instrument 
was timed to burn through in fifteen minutes. The balloon rose almost vertically, and a few 
minutes before the instrument should have been detached, it was right overbead. In  this 
position a small motion of the balloon required a very large motion of the theodolite in 
azimuth to keep it in the field of view, and it was found impossible to  make this rapid 
motion and the balloon was lost to sight. After waiting until the instrument was estimated 
to  have had time to fall, the theodolite was used to  scan the surrounding ice floe t o  See 
if the red balloon attached to the instrument was in sight: NO trace of it could, however, 
be seen, and the instrument was given up for lost, when it was seen to fall less than one 
humbed metres away. The fuse had evidently burnt longer than was expected, and when 
the record was worked out it was found that i t  had been up nearly 4,000 metres. That 
after SU%. an ascent the instrument should fall so near t o  the starting point showed that the 
lower atmosphere was remarkably calm, and I a t  Once determined to  make a more Serious 
attempt to get high ascent. 
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A new balloon and instrument were prepared and a longer fuse attached, The second 
balloon ascended a t  12-30; but unfortunately the fuse became wrapped round the string 
attaching the instrument to  the balloon and burnt it through within Ween minutes of the 
start, The instrument was picked up Q kilometre to  the N.W., the height reached proved 
to have been only about 3,000 metres. 

Later in the day (at 4-30 P.M.) another attempt was made t o  get a high ascent and 
this time all went well, but the height reached was only a little over 4& kilometres, thus 
only surpassing the first by a little over half a kilometre. The instrument was found on the 
slopes of Erebus about Q kilometre to  the north-east of the station. Throughout the day 
the s l y  was oloudless, 

TABLE 141. 
Record V I I  a, b and a 

1,000 

1,126 

-1,416 

1,600 

1,717 

2,000 

2,020 

2,361 

2,600 

2,086 

3,000 

3,034 

3,400 

3,600 

3,783 

4,000 

11 H. 30 M. 

'reaaure 

mm. 

784 

725 

706 

700 

07G 

660 

060 

025 

617 

000 

678 

575 

660 

640 

625 

so3 

500 

475 

469 

460 

436 

- 

* 

bmper 
ature. 

"C. 

-11.85 

-12.0 

-13'6 

-13.8 

-16.7 

- 17'0 

-18.1 

-2OeO 

-20'6 

-22.0 

-23.9 

-24.0 

-27.0 

-27'9 

-28.3 

-28'8 

-28.8 

-30.0 

-30'6 

-32.1 

-33'6 

Gradient. 

"C. por 
100 ni. 

-40 

-70 

"10 

-68 

-80 

'1 8 

a34 

-62 

A ~ O E N T  2 ( 6 )  
EREBUS SMOKE EROM W. 

12 1%. 30 M. 

Height. 

Metro?. 

0 

312 

600 

677 

8Gl 

1,000 

1 ,I 33 

1,423 

1,600 

1,723 

2,000 

2,035 

2,358 

2,600 

2,093 

3,000 

3,040 

- 

'ressure 

mm. 

754 

725 

706 

700 

6745 

661 

050 

026 

619 

, 000 

679 

875 

660 

640 

525 

602 

500 

- 

'omper- 
aturc. 

"C. 

-10.5 

-12.8 

-14.0 

-14.6 

-10.0 

- 17.7 

-18.8 

-20.7 

-2191 

-22 0 

-23.8 

-24.0 

-20'3 

-27'1 

-27 4 

-27.8 

-27.8 

- 

Gradient. 

"C. por 
100 m. 

-70 

-74 

.68 

-64 

.66 

*14 

Height. 

MetroR. 

0 

500 

567 

840 

1,000 

1,123 

1,419 

1,600 

1,714 

2,000 

2,020 

2,350 

2,500 

2,080 

3,000 

3,037 

3,406 

3,600 

3,700 

1,000 

4,193 

1,600 

4,017 - 

ASOENT 3 (c) 
EREBUS SYOKID WOM W. 

10 H. 30 Y. 

?ressure 

mm. 

754 

708 

700 

076 

662 

060 

026 

618 

600 

677 

575 

660 

639 

626 

602 

500 

476 

470 

450 

438 

425 

41 0 

400 - 

Cemper, 
ature. 

"C. 

-11.0 

-13.6 

-14'0 

-16.0 

-17'0 

-18.0 

-20 0 

-20*4 

-21 5 

- W 6  

-23.7 

-26*0 

- 26'9 

-20.7 

- 27'8 

-27.8 

-28.7 

-29.0 

-30'6 

-31.7 

-32.7 

-34.4 

-3G.0 - 

Gradient. 

"C. per 
100 m. 

-62 

'68 

'88 

'64 

*46 

'38 

'24 

-64 

*64 
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Taking the mean temperature at sea-level as - ll*o°C. during the three ascents and applying 
to this bmpzrature the mean gradients, we obtain the following as the mean temperatme at 
the different heights throughout the day + 

TABLE 142. 

Cemperaturo. 

O C .  

-11.0 

-13.7 

-17'2 

-20'7 

-23.8 

-27.0 

-28'1 

-29.6 

-32.6 

-36'2 

Height, Mean gredieat. 

"C. per 100 metres. 

*64 

*71 

-09 

a02 

44 

-23 

-29 

e 6 8  

*64 

Metres. 

0 

600 

1,000 

1,600 

2,000 

2,600 

3,000 

3,600 

4,000 

4,600 

1S600 m' to 2,Fioo m' to 3,500 m. to 4,600 m. , I I I 2,600 m. 1 3,600 m. 

The weather peoeding the ascent was as follows: On the 17th a southerly blizzard had 
existed, TvhiCh, 88 was usually the caae in the summer, was cold, the mean temperature 
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when the blizzard was strongest being about -19°C. During the 18th the wind gradually 
dropped and the temperature rose. The air became calm at 17 hours on the 18th, SO that  
a, calm had existed for about 10 hours before the h a t  ascent. 

TABLE 144. 
Reoord VIII .  

November 29, 1911. 
Time 12-30. Erebus smoke from N.W. - 

Height. 

Motres. 

0 

336 

600 

004 

881 

1,000 

1,166 

1,468 

1,600 

1,760 

2,000 

2,073 

2,390 

Pressure. 

mm. 

767 

726 

71 1 

700 

676 

664 

050 

626 

621 

000 

680 

676 

1560 

Temperature. 
- 

"C. 

- 7.0 

-10.0 

-11.0 

-12-0 

-14'0 

-16'1 

-16.3 

-19.0 

-18'4 

-21.2 

-23'1 

-23.0 

- 26.7 

Gradient. 

"C. per 100 m. 

080 

*82 

.86 

74 

Height. 

Metres. 

2,600 

' 2,729 

3,000 

3,076 

3,440 

3,600 

3,822 

4,000 

4,223 

4,600 

4,646 

4,866 

6,000 - 

- 
Prossum. 

mm. 

643 

626 

607 

600 

476 

471 

460 

438 

426 

408 

403 

388 

981 

Temperature. 

"C. 

-27.7 

-29.0 

-30.4 

-30.6 

-32.0 

-32-1 

-32.8 

-33.0 

-33.3 

-86.Q 

-36.3 

-37.0 

-3'1.6 

Gradient. 

"C. per 100 m. 

9 2  

*80 

-38 

*18 

4 6  

-46 

The balloon ascended practically vertically moving first somewhat to the N.W. and then to 
the &E. The instrument fell about 29. kilometres to  the south-east. At the time of the 
ascent Erebus smoke was travelling from the N.W., so that the balloon entered the current 
of air indicated by the movement of the smoke. There were a few cirrus clouds and during 
the afternoon these thickened, and a t  16 hours 7/10ths of the sky were covered with thick 
cirrus or alto-cumulus olouds whioh showed fine iridescent colours. Over all the mountains 
to  the west there were heavy cumulus clouds and Erebus became obscured a t  about 14 hours 
30 minutes. 

There had been very little wind for the preceding forty hours, and during this time the 
temperature had been fairly steady, varying only a, degree or so on either side of -8OC. 
The temperature gradient was unusually high, the mean gradient in the first 2,600 metres 
of the ascent being *83"C. per 100 metres. Near to  2,500 metres the gradient became less, 
and from this point the gradient decreased steadily until between 3,500 and '4,000 metres 
i t  was only -18°C. per 100 metres. At about 4,290 metres the gradient again became greater 
and from 4,223 to 4,866 metres the ternperaturo fell 37"C., thi8 being a gradient of -&)oc. 

per 100 metres. 

In thL ascent again the region of small gradient is clearly shown with pester  gradie11ts 
above a;nd below, but the height a t  which i t  occurred was somewhat higher than on the 
previous occasions. 

36 
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?ressure. 

mm. 
761 
760 
726 
71 4 
700 
676 
671 
660 
828 
626 
800 
687 

UPPER AIR OBSERVATIONS. 

Temperature. I &adient. 

"C. "C. per 100 m. 
- 3.3 
- 3.7 
- 6.3 
- 8.1 *66 
- 7.3 
- 9.6 
-10.0 -78 
-11.9 
-14.0 -80 
-14.2 
-16.6 
-17.0 -78 

Height. -- 
Metres. 

0 
116 
383 
600 
660 
938 

1,000 
1,227 
l;600 
1,626 
1,833 
2,000 

Metres. 
2,167 
2 480 
2,600 
2,822 
3,000 
3,179 
3,600 
3,647 
3,933 
4,000 
4,159 

TABLE 145. 
R e d  I X .  

December 24, 1911. 
Time 12-15. Erebus smoke from N.E. 

mm. 
676 
660 
648 

61 3 
600 
470 
476 
460 
447 

52G 1 

Height. 

Metres. 
0 

96 
363 
600 
636 
918 

1,000 
1,209 
1,600 
1,608 
1,816 
2,000 
2,136 
2,466 
2,600 
2,808 
3,000 
7 

Height. 1 Pressure. I Temperature. 

"C. 
-19.2 
-20.9 
-2190 
-22.8 
-24'0 
-26.3 
-27% 
-28.0 
-29.9 
-30.1 
-30.8 

I 

Gradientr. 

C. per 100 m. 

.62 

-00 

*70 

-62 

TABU 146. 
ReCora x. 

Decembsr 25, 1911. 
%me 13 hours. Erebus smoke from E. 

Pressure. 

mm. 
769 
760 
726 
71 1 
700 
676 
088 
650 
026 
626 

600 
686 
676 
650 
648 
525 
61 8 - 

lemperature. 1 

"C. 
- 3.0 
- 3.9 . 
- 6.8 
- 8.0 
- 6.7 
- 8.9 
- 9.6 
-11% 
-13'6 
-13.6 
-16.0 
-17.1 
-17.0 
-209 
-20'2 
-21.2 
-221 

- 
Umdient . 
1. per 100 m. r. 

'80 

*70 

*EO 

.72 

'02 

-38 

Height. 

Metres. 
3,167 
3,600 
3,641 
3,931 
4,000 
4,337 
4,600 
4764 
6,000 
5,214 
6,600 
6,686 
6,000 
6,208 
8,600 
s,iaa - 

- 
Pressure. 

mm. 
600 
478 
476 
460 
448 
426 
41 7 
400 
387 
37 B 
868 
360 
336 
326 
314 
300 

comprature. 

"C. 
' -22.9 
-2P0 . 
-25.8 
-28.6 
-20.1 
-31.0 
-32*2 
-34.0 
-36% 
-37.0 
-39'0 
-40.0 

-42'1 
-43.2 
-44'8 . 
-46.2 

Uradient. 

'0. per 100 m* 

*70 

-70 

-02 

=80 

.70 

-82 

*64 
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Dab. 

On the morning of December 2&h, 1911, it was obvious from the smoke of Bebus that 
the lower atdosphere was remarkably calm, and therefore an atteppt was made to get 8 

very high ascent. A fuse burning for over 40 minutes was used, and silver paper was 
attached to the instrument to make it more visible when far away. The ascent has 
already been described (page 217) and it was 80 m.mssful that the instrument was 
recovered after it had been nearly 7,000 metres high. The record revealed four regions in the 
atmosphere : 

Lower limit. 

(a) From ths ground to 2,000 metres the gradient was moderately high with a mean 
value of -71 C. per 100 metres. 

(b) Prom 2,000 to 3,000 mdres the gradient was irregular, indicating various layers. 
In this region the gradient was small, being on' tho average -60°C. per 100 
metres, but from 2,600 to 3,000 metres only -38OC. 

(c) From 3,000 to  6,000 metres tho gradient was again higher, being on the average 

. (d) Above 6,000 metres the gradient fell to  *64"C. per 100 metres; the ascent, however, 

In  (a), (b) and (c )  we recognise the three layers which have been such a marked feature 
in all the previous ascents in the summer. The decrease of the gradient at  6,000 metres is 
significant, but the ascent was not sufficiently high to male sure that thiy was caused by 
an approach to tihe stratosphere. It is exceedingly disappointing that this ascent did not 
continue for another 1,000 metres higher, as it proved to be the last one which we were 
able to make. Tho mean gradient from sea-level to 6,760 metres shown by this asoent was 
-64OC. pw 100 metrc6. 

70°C. per 100 metres. 

ceased at  6,743 metres. 

Combined Summer Results. 

Ascents were made on six days during the summer months of November and December. 
It has been shown that in each one of these ascents a region was met with in which the 
gradient was smaller than in the regions above and below. 

The following table gives the approximate height of this region :- 

TABLE 147. 

Approximate height of the beginning ah? dnd of .the region of small gradient. 

Novomber 12th 

Novombor 16th 

Novembor 19th 

Novombor 20th 

Dooombor 24th 

Dooombor 26th , 
Moan 

m. 

1,600 

1,100 

2,500 

2,600 

2,200 

2,000 

2,000 

Uppor limit. 

in. 

2,300 

2,000 

3,600 

4,200 

3,000 

' 3,000 

3,000 
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In the following table the gradient; measured in each ascent is shown:- 

TABLE 148. 

- 

to to to 1 to to t o  to 0 m. 600 m. 1,000 m. I 1,600m. 2,00Om.( 2,600m. 3,000m. 3,600 m. 4,000 m. 4,500 m. 6,000 m. 6,600 m. f5,Oo0 

---~-----.-.-.-.----------------------- to I to 

' Date. to to 
600 m. 1,000 m. 2,600m. 3,000m. 3,600~1. 4,OOOm. 4,600 m. 6,000 m. 6,600 m. 6,000 

6,600 rn* 

November 12th . .76 .62 -78 I *66 .64 

November 16th . *42 *78 5 4  *36 .74 -70 

November 19th . *64 *71 *69 $2 -64 *23 *29 .68 5 4  

November 29th . -80 *82 *86 *74 -92 *€IO -38 *18 *46 4 6  

December 24th . *66 -78 *80 *78 .62 -60 .70 5 2  

December 26th . *Bo *70 -80 5'2 *62 *38 T O  -70 4 2  *66 

Mean .6l *73 -74 *63 .68 *62 G O  *64 1 .GO 

-70 $2 6 4  

*70 *82 *64 
---_- ---...------/ 

+- -/ h-2 -+ L/ \-,-I 

*67 438 *58 *51 *65 -76 
rc 

Temporaturo. 

"C. 

- 7.3 

-10.3 

-14.0 

-17'7 

-208. 

-242 

-26.6 

TABEE 149. 

Mean vertical temperatures during six dccys in the summer. 

Hoight. Temperature. 

m. "C. 
3,600 -29.2 

-_- 

4,000 -31.8 

4,600 -34.4 

6,000 -37.2 

5,600 -40.8 

0,000 -44.8 

0,600 -47.6 

Height. 

m. 

0 

600 

1,000 

1,600 

2,000 

2,600 

3,000 

These numbers have been plotted in figure 85. 
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(b)  Between 2,000 to  4,000 metres every ascent showed a region in which the gradient 
was less than in the regions above and below. The mean gradient in this region was .540C. 
per 100 metres. 

(c) Above the region described in ( b )  there was an increase in the gradient, 
(d) In the highest ascent the gradient again decreased above 6,000 m&rcs. 
These results show a gradient in the lower atmosphere a6 large as that found over land 

in temperate regions during summer, and occasionally approached the adiabatic @adient in 
dry air. Such a gradient indicates Considerable forced motion in the atmosphere and as at 
the times of the ascents there was practically no wind this motion could only have been 
caused by convexion currents resulting from the sun shining on the snow surface. 

The decrease in temperature gradient which occurs between 2,000 and 4,000 metres is 
probably due to the fact that in this region the air has to adjust itself to the different 
conditions of pressure and temperature which exist at  this height over the ROSS Sea area and 
over the high tableland to the west. The height of this tableland as found by Captain Scott 
in November 1903 is approximately 2,600 metres and as the temperature gradient over 
the high snow-covered plateau must be different from that in the free air at  the same height 
over a region at sea-level, some adjustment must take place which is shown by the reduced 
temperature gradient. Above txis region of adjustment normal temperature gradients are re- 
established 

- 



C H A P ~ ' E H .  I X .  

THE HEIGHT OB THE BARRIER AND THE SOUTH POLAR PLATEA'IJ. 
THE HEIGHT OF THE BARRIER. 

Nearly all the sledging parties which visited the Barrier had aneroid barometers and 
from their records it is possible to  determine the mean height of the Barrier with some 
certainty. 

The barometers were compared with the standard a t  Cape Evans when each party left 
and when it returned. Prom these comparisons the corrections to be applied were determined. 

The corrected readings have been/ compared with the simultaneous pressure at  Cape Evans 
and the differences tabulated. 

The track of all the parties on the Barrier was practically the same and has been shown 
on the UP which f o r w  the frontispiece to this volume. After l-ving Hut Point' the Barrier 
was reached at safety Camp from which point the track want almost due east to Corner 
Camp in 78O 3' S., 16'8' 59' E. At this camp, as its name implies, the track turned sharply 
to  the south and the whole of the remainder of the journey to the foot of the Beardmore 
Glacier was made on or near to  the 169' E. meridian. 

The observations bave been collected into conveniellt geographiml groups and the mean 
difference between the simultaneous pressure on the Barrier and a t  Cape Evans determined 
for each group. The results are contained in the following table:- 

T A B ~ E  150. 

to J a f i w y  1912. 
pressure difjerence betweew Cape Evans a d  the Barr&ydUriNg the perwd November 1911 

Posit ion. 

[ut Point . . 
Iut Point to Corner 

brner Camp . 
:orner a m p  to 78" 

'8" 30' t o  78" 60' 

78' 60' to 70" 1 0  

70" 10' to 79" 30 

79" 30' to 70" 60 

79" 60' to 80" 10 

Camp. 

ao' s. 

9uml;er 
o bserva - 
tions. 

0 

38 

82 

41 

32 

36 

44 

28 

24 

Mean 
pressure 

difference. 

lnohes , 

-0.01 

+0*08 

0.00 

0.16 

o h  
0.20 

0.10 

0.19 

0.20 

Position. . 

BOo 10' t o  80' 30' 

80' 30' to 80" 60' 

80" 60' to 81" 10' 

81" 10' to 81" 30' 

81" 30' to 81" 60' 

81" 60' to 82" 10 

82" 10' to 82" 30 

82" 30' to 82" 60 

82" 60' to 83' 10 

NumLo: 
E observa- 
t ions. 

21 

40 

16 

15 

10 

14 

12 

13 

15 

Mean 
p r e s s u r c 

difference. 

Inohos. 

4-0.20 

0.22 

0.17 

0.20 

0.21 

0.25 

0-10 

0.10 

0.16 
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The numbers in this table have baen plotted on a curve in figure 86, from which it 
will be seen that the pressure relative to Cape Evans falls to 79" S. and then remains 
constant to 83"s. 

The first question we have to decide is how much of this pressure difference is due to 
pressure gradient and how much to difference in height '1 

It is quite impossible from the barometer observations alone to answer this question, but 
tho air motion throws considerable light on the subject. Both the wind observa&ions 
and the sastrugi show t.hat the prevailing wind over the west of the Barrier is from the 
south. Thus over this region the isobrtrs must run almost parallel t o  the track followed 
by the sledging parties. This leads us to the conclusion that there can be little or no 
pressure gradient along the track, if there is any change a t  all it will be a slight increase 
towards the south. Thus the wholo fall of pressure observed must be due to change of 
height, but there may be a slight additional change of height oompensated for by a slight 
increase of pressure. The latter, however, cannot be determined beyond the faot that it 
is small and therefore may safely be negleoted. We will therefore assume that the whole 
pressure difference between Cape Evans and the Barrier is due to difference of height; the 
height of the Barriez can then be determined from the pressure and temperature observa- 
tions. The average pressure and temperature on the Barrier during the period over which 
the observations extend was 29.60" and 16"E". respectively. South of 79" S. the pressure 
on the Barrier is uniformly ~ 2 0 "  below the pressure a t  Cape Evans. These data give 170 feet 
= 62 metres as tho mean height for the Barrier south of 79" S. At Corner Camp the 
prassure is *09 inches below that a t  Cape Evans which corresponds to an elevation of 80 feet, 

It is interesting to notiae that Mohn oalculates from Amundsen's observations that the 
mean height of the east of the Barrier is 60 mdtres, it therefore seems very probable that 
the true height of the Barrier is between 60 and 60 metres above sea-level over the greater 
part of its immense expanse. 

Cape EvanslSea-level. 
Uorner C a m p 4 0  feet. 
One Ton Camp (7990 S.) to the Beardmore-170 feet, 

- 
Thus the chief heights along the track from Cape Evans' to the Beardmore are:- 
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- 66 
December 6 hra. 17tb, /20*76 23'F. -I- 128 

182 
- 9  

December 9th, 

- 19 hrs. 
Temperature correction ... 

HEIGHTS ON THE BEARDMORE GLACIER. 
The barometer used bythe Polar Party was compared during the ascent of the Beardmore 

Glacier 24 times with a hypsometer, the mean correction found was -*Ob". As the hypso- 
meter was broken before the top. of tho Beardmore was reached, the comparisons could 
not be continued throughout the journey. The barometer had been set t o  be correct when 
leaving Cape Evans, and 8s it did not return for recomparison it has been assumed that 
the small change of -*05" found by the hypsometer tests was real and this value has 
been used throughout. The barometer thus corrected agrees well with other barometers which 
were being read by other parties in its neighbourhood. 

For purposes of the calculation of heights the journey from the Barrier to the Pole 
and back will be divided into four parts, namely:- 

(1) Prom Pony Dep6t on the Barrier to Mid-Glacier Dep6t. 
(2) Prom Mid-Glacier Dep6t to Upper Glacier Depdt. 
(3 )  Prom Upper Glacier Depat to 3' Depdt. 
(4) Prom 3" Dep6t to  the Pole.* 
h the first three intervals the method of determining the height was as follows: When 

going fromA to B the last barometer reading at  A and the first at  B were extracted from 
the meteorological register and the mean temperature in the interval determined. Prom these 
the difference of height was calculated as though the pressure observations had been made 

As there was usually several days between the aatual observations it was necessary 60 
correct for any general change of pressure during the interval. To do this the pressure and ,@Ii 

temperature at  Cape Evans were taken for the same times and from these the equivalent 
change in height was calculated. It was then assumed that the whole of the atmosphere 
had been raised or depressed by this amount so that this value was applied as a correction 
to the observations made on the Beardmore. Luckily there were no large pressure changes 
during the pwiod the Polar Party was on the Glacier so that this correction is always s n d  
and therefore any error in the assumption is of subor~nate importance. An example will 
indicate the method. 

0 
simultaneously. f+ 0 % 

, &d 'p 
2 ,  (Y r 

Detpn'led Calculation of the height between the Barrier and Mid-Glacier Depdt. 
Polar Party Outward. 

Date. Pressure. Change. Mean temperature 

- 
3,003 *Difference in 

height. 

December Qth, 

haember 17th, 
6 hrs. 

19 hrs. 

Pony Depdt .. 
Mid-Claoier Depdt 26.18 

Difference 
Temperature correotion 

-I__ - 
Cape Evans Mean Approximate height, 

pressure. temperature. tnble 20. pressure change. 

20°F. 

Approximate height 
from table 20 
Smithaonian Tables 

228 
3,611 

... - 207 < 
- 

... 3,383 

Temperature coirection 
from table 21 
Smithsonian Tables 

3,000f~et - 184 
300 3s - 18 

- 6  

- 207 
- 80 t s  

/ Error due to pressure change 373 

---.ap!! ___-_-- - . _I- * For geographioal positions, see table 162, -2<------ 
V O L T -  

P 
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No correction has been applied for the humidity of the air and for latitude as both of 1) 
these are much too smdll to  be considered. 

Difference in height between Pony Depdt and Mid-Glacier Depdt. 
Foot. 

. . . . . . . . . .  3,20B 
. . . . . . . . . .  3,231 

Moan . 3,147 

(a) Polar Party Outward . . . . . . . . . . .  3,003 
(b )  Polar Party Roturn 
(c) First Reburn Party 

( d )  Simiiltanoous Obsorvations . . . . . . . . .  3,117 

-- 

Moan . 3,132 --- 
(a), (b)  and (c) were obtained by the method described above. The sanie barometer was 

used for (a) and (b) and a different one for (c), it is therefore gratifying to see that the 
values for (b)  and'(c) are so nearly alike. 

The mean value from the three sets of observations (a),  (b) and (c) is 3,147 feet. When 
the Polar Party was a t  Mid-Glacier Depbt on their outward journey Meares was on the 
Barrier only a short distance from the foot of the Beardmore (82" 217, Thus we have 
simultaneous observations with the two stations not very far apart. The observations reduced- 
in  a similar manner give the value ( d )  which is for all practical purposes identical with the 
mean of (a), (b)  and (0). As a simultaneous observation is of more value than observations 
taken by ths msthod used for (a), (b)  and ( e ) ;  (d) has been given the same weight as tho 
mean of the other three observations and the difference in height between the Pony DepGt 
and Mid-Glacier Depbt is thus determined to be 3,132 feet. This determination must be 
considered highly satisfactory as  the values obtained by the two methods and with three 
different barometers agree so well together. 

Difference in height between Mid-Glacier Depdt and Upper Glacier Depdt. 
F B O t .  

(a) Polar Party Outward . . . . . . . . . .  3,870 
(6) Polar Party Roturn . . . . . . . . . .  3,839 
(c) First Roturn Party . . . . . . . . . . .  3,838 - 

Moan . 3,849 - 
These three determinations agree so well that their mean may be accepted with great 

confidence. (c) was again obtained with a different barometer from (a) and (b). 

Difference in height between Upper Glacier Depdt and 3" Depdt. 
Foot. 

( a )  Polar Party Outward . . . . . . . . . . .  2,353 
(6) Polar Party %turn . . . . . . . . . .  2,177 - 

Moan . 2,266 

Jj'or this interval observations made by the Polar Party only are available, and the two 
determinations do not agree with one another so well as the previous ones. Fortunately there 
ia u simultaneous observation which checks the whole determination for the Barrier to 
3" Dcp8t. 

37 
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The First Return Party left the main Polar Party a t  the Upper Glacier Depbt and by 
the time the Polar Party was a t  3' Dep6t the Jj'irst Return Party was on the Barrier in 
80 54' 8. The simultaneous observations give the difference in height between the Barrier 
and 3' Dep6t as 9,198 feet; while adding the three values for the  stages we have 
3,232+3,849+2,268=9,246 ; these two values agree better than might have been expected 
their difference being only 48 feet, we therefore can take their mean 9,222 feet as being the 
true difference in height between the Barrier and S o  Depat. 

&st . .{ 
Maroh . .{ 
best . 
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Oiitward . . 
Roturn . . . 
Moan . . . 

By this method we find that the change of height in each half degree of latitude between 
87' S. (3' DepBt) and the South Pole to be as follows :- 

Polo. 
L,-b-u'--.-+- 

+232 f l 6 O  +IO0 -320 -270 -210foot 

+287 +I60 $000 -151 -370 -260foot 

+260 +160 + 60 -235 -320 -235foot 

Station. 

Pony Dopdt . 
Lowor Glaoior Dopdt 

Mid-Glaoior Dopdt , 

Uppor Ulaoior Dopdt 

3"DOPdt , . 
Plateau 

Do. * .  

Do. 1 'DopBt . 
D o . . . .  

DO. * . * 

30~1th POI0 

TABLE 152. 

Latitudo. 

S. 

82" 47' 

83" 30' 

84" 24' 

85" 07' 

86" 50' 

87' 30' 

88" 00' 

88" 30' 

80' 00' 

80' 30' 

PO" 00' 

angitudo 

NF, 

170" 45' 

171' 30' 

170" 

103" 

163' 

160' 

160' 

160' 

160' 

160' 

- 

Hoigiit 
abovo 

Barrier. 

Foot. 

0 

356 

3,132 

6,081 

0,222 

9,482 

0,642 

0,602 

0,457 

0,137 

8,902 

Hoiglib 
abovo 

soa-lovol. 

__ __ . _- 

Po, t .  

I70 

528 

3,302 

7,151 

0,302 

9,652 

0,812 

0,8GB 

9,627 . 
0,307 

3,072 

~ -~ 

Ditltunoo 
from 
Pony 
Dop6t 
along 
tmok. 

:oo. iiiilop 

0 

45 

0 9 

1 A i  

273 

307 

837 

307 

397 

427 

457 
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The height of the stations have been plotted against the distance along the track in 
figure 87. 

t 

FIQ. 87. Heiehts on the Beardmoi*n Qlaainr nnrl Rniith Pnlnr Plateau. 
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on January 9th. Ths mean pressure at Cape Evans and Franihcim on these days was tho 
following :- 

TABLE 2 5 3 .  

2 33 

Deto. Capo Evans. 
______-- 
Novonibar 15th . 49-58 

Dooombor 17th . 20.80 

January 9th . . 29-12 

Fremhoini. Moan. 

29.54 29.56 

2P7G 20% 

29.20 29.16 

- 
Chengo. 

+.22 

- -02 

It will be noticed that the general pressure rose as Amundsen went from the Barrier 
to the Pole and fell as he returned, bath these changes would make the difference in height 
bdween the Barrier and the Pole app<ar less than it really was. The mean change in 
pressure was *42 inches. This is equivalent to a change of height of approximately 400 feet, 
by which amount the height of the Pole would be underestimated. Even with t4is correction, 
Mohn's determination of the height of the Pole would only be about 8,500 feet, leaving another 
500 feet to be accounted for. I have tried t o  apply the mefhod used in reducing Scott's observa- 
tions to those taken by Amundsen but have not bsen successful, as Amundsen's marches 
on the plateau were more irregular than those of Scott and his track on the plateau was 
much less levd  I have, however, b x n  able to  use Amundsen's observations to  show that the 
height of the Pole determined from Scott's obssrvations is not in error by 200 feet. 

It seemed very desirable in the first place to  be assured that there was no radical error 
in either of the barometers. This seemed very unlikeIy for Amundsen's barometer was fre- 
quently checked by two hypsometers while on the plateau and Scott's barometer was also 
checked by a hypsometer a short time before the plateau was reached. Luckily a direct 
comparison is possible which shows that the barometers were reading with the accuracy 
to be expacted under such conditions. On Decembsr 31st, 1911, Amundsen was a t  87' 9' S., 
167" 7' W. and Scott was a t  86" 56' S., 165' 6' E., thus they were approximately only 
87 geographical miles apart. According to Mohn's calculation Amundsen was then 1 metre 
below the elevation of the Pole; while Scott was, according to  the above calculations, 320 
feet above the Pole. As the positions were so near to the Pole, both these differences may be 
accepted quite independently of the actual height assigned to the Pole. 

The pressure and temperature 
recorded war2 th3 following : Amundsen G P.M., barometer 206'71"' temperature - 2°F. ; Scott 
2 P.M., barometer 20*28", temperature - 105°F. If the difference of height is correct Scott's 
barometer should havu read -27" below Amundsen's while we sec that it was -39" lower. Thus 
the barometers differ by only *12" from their true relative readings. Part of this difference 
may be due t o  the fact that the baromsters were not read simultaneously, part t o  the distance 
betwegn the two observers, and part to errors in the determination of their relative heights. 
In any case it is quite obvious that there was no difference in the barometers sufficient to 
account for the disoordant determinations of the height of the Pole. 

Determination of the height of the Pole by simultaneous observaiions of Amundseds Barometer 
foot of the hiZZs.-Amundsen wa8 at,, or within 

six miles of, the Pole throughout lGth, 17th and 18th. The mean pressure and 
temperature observed by him during those three days (three observations each day) were 2048" 
and - 7'F. At the sgme time Meares with Captain Scott's dogs was near to  the foot of the 
Beardmore in 82' S. His mean pressure and ternporature for the same days (also three 

Thus on this day Amundsen was 333 feet below Scott. 

1> t d 



observations each dsy) were 2962” and 24’B. Thsse observations give the difference in height 
bztween the Pole and the Barrier as 9,170 f&. be 170 
feet as before, this gives the height of the Pole as 9,340 feet above sea-level ; which is only 
238 feet higher than the value determined above. Thus i t  strongly supports our determination, 
but is still further away from MDhn’s determination of 8,051 feet. It will be noticed that 
this is a determination quite indepandent of Scott’s barozl9ter, and depends only on Amundsen’s 
observations and those of a barometer which was compared with the standard at Cape Evans 
bnly a few days later. 

Determimthn of the height of the Pole by simultaneous observations of Scott’s and*Anzundsen’s 
Barometers.-On January 12th Scdjt wa3 in 88“ 58’ S., i.e., within 68 miles of the Pole, 
while Amundsen was on the Barrier in 84‘ S. This b y  has been chosen for the comparison 
because the pressure was very steady both on the plateau and on the Barrier, also h m ~ d s e n  
was then travelling rapidly northwards and if we delay the comparison until Scott Was at 
the Pole, Amundsen would then be so far north (in 83” S.) as to make the Comparison 
less valuable(, Scott’s position was then 660 feet above the Pole as determined by Concordant 
observations made on the journey to  and from the Pole. The observations were : hnUndsen 
53-30 P.M., barometer 28*77”, temperature +ZOO”B. ; Scott 1-30 P.M., barometer 19*36’, temper- 
ature -22°F. These reduced in the usual way give the difference in height between the 
two positions to be 9,649 feet, deducting the 660 feet which Scott was above the Pole and 
adding 150 feet for Amundsen’s height on the Barrier (according to  Mohn) we find the height 
of the pole to be 9,104 feet above sea-level. 

This value is only 32 feet different from our main determination and may be considered 
to ~upport  it completely. 

Summing UP we have the following independent estimates of the height of the south 
Pole above sea-level :- 

Taking the hsight of the Barrier to  

Foot. Metros. 
(1) Mohn’s determinetion from Amundson’8 objorvations . 8,051 2,454 
(2) Our ohiof determination mainly from Scott’s obsorva. 

(3) Comperison of kmundson’s barometer at  tho Polo and 

(4) Comparison of Soott’s barometer noar the Pole and 

tions * . . . . . . . . . 9,072 2,766 

a beromoter on the Barrior . . . . , 0,340 2,847 

Amundsen’s on Barrier . . . , . 9,104 2,775 
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Meinardus's work * may be summarised as follows :- 
The barometric pressure at any place is a direct measurement of the mass of air lying 

over that place. If therefore we integrate the pressure over the whole surface of tho globe 
(actual pressure, not pressure reduced to sea-level) we obtain the total mass of the earth'@ 
atmosphere. This mass must be constant, hence the integral of the pressure over the whole 
world must be the same at  all seasons of the year. The prqssure conditions are sufficiently 
well known over the globe outside the Antarctic Circle to  make i t  possible to  effect this 
integration, and Meinardus has made the necessary calculations for the two months January 
and July from charts of ths nortnzl pressure for these two months. The result of the 
calculations Rhowe that o a i d e  the Antarctic Circle the total mass of air is greater in July 
than in January. Thus in order to have the total mass cjf air the same all over the woI,I$ 
in these two months there must be less air over the Antarctio in July than in January, 
In other words the integral of the pressure over the area within the Antarctic Circle must be 
greator in January than in July and the mean difference in pressure January-July must be 
11 mm. This seems contrary t o  what one would expect, lor in July the temperafure of the  
air is much lower than in January, hence we should expect the air to be denser and thcrc- 
fore the pressuro higher in July than in January. 

Meinardus shows that this apparent paradox can be explained by assuming that the land 
surface within the Antarctic Circle is a t  a relutively great height above sea-level. To do 
this hs first discusses the mean prcssure and temperature over the Antarctic in the months 
of January and July respeotively, using all the data available in 1909. This leads him to 
b&p,rc that the mean pressure over the Antarctic a t  sea-level is the same in these two 
months and equal t o  745 mm. The mean temperature which he deduces are January -3"C., 
July ,26"C. He assumeb further that the temperature decreases by 5°C. for each 1,000 
metres of ascent during both months. 

Meinardus's reasoning then proceeds as follows :- f 

Let A, figure 88, represent a column of air over the Antarctic Continent in January. 
The pressure n t  the base (sea-level) is then 745 mm. and the temperature -3°C. The 
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vertical temperature gradient being fixed at  5OC. per 1,000 metres the temperature at all 
points in the atmosphere is known. It is therefore a simple matter to  calculate the height 
a t  which the pressure has any given value. In figure 88 horizontal lines are drawn in column 
A to represent the height a t  which the pressure has the consecutive values bl, b2, b3, bp, etc. 
, In the same figure column B represents the same column of air in July. The pressure 
a t  sea-level is again 745 mm., but the temperature is -26°C. Lines E,ave again been drawn 
to represent the height at which the pressure has the same values b,, b2, b3, ba, etc. It will 
be noticed that in B each of these lines is lower than in A and the difference is greater 
in the upper than the lower part cjf the figure. This is because the pressure decreases 
more rapidly in a cold air column than in a warm one. At the height h represented by 
the dotted line in the figure the pressure has changed from b, in January to by in July! 
and it is a simple matter to calculate the value b, - b y .  

Conversely it is as easy to calculate the height a t  which b, -by has any given value. 
Under t'he conditions assumed Meinardus calculates that a t  1,350 nietIes above sea-level 
the pressure is 11 mm. less in July than in January. 

If therefore the air below this height over the Antarctic did not exist the total pressure 
over the Antarctic would be that required to make the total pressure over the whalc globe 
the same in January as  in July. The obvious way to account for the absence of this air 
is t o  assume that the average height of the land within the Antarctic Circle is 1,350 metres. 

From this he concludes that there does actually exist within the Antarctic Circle a 
continent SO high that its mass spread uniformly over the Polar cap within the Antarotic 
Circle would give an average level of 1,350f150 metres. Assuming that one-third of the 
area in question is a t  sea-level, the average height of the continant over the remaining two- 
thirds works out as stated above to  be 2,OOOc,200 metres. 

We do know that there is high land within the Antarctic, the Pole itself being on 8 
vast plateau over 2,500 metres above sea-level, and there is no reason to doubt that this 
high land does act as suggested by Meinardus. There can therefore be little doubt that 
qualitatively his theory is correct and that it is a most important contribution to  our know- 
ledge of meteorology and geodesy; but whether reliance can be placed on the accuracy 
of his numerical results which he assumes by the ~ 1 5 0  metres attached to  the estimated 
average height remains to  be examined. 

The accuracy of the numerical calculation depends on two main considerations: 
(a) The physical prinoiples on which the relation between meteorological data and height 

(b) the accuracy of the meteorological data on whi& the calculation is based. 
is calculated, and 

The physical prilzcipZes.-The physical principles underlying Meinardus's calculation have 
already been stated, but it is advisable t o  restate them in the form in which they are 
actually applied. The area considered is that within the Antarotic Circle and is therefore 
concentric Wit11 the South Pole. is occupied by 
bigh land, the relative sizes of the two parts are unknown. Meteorological 'data, all of which 
have been obtained at sea-level, are available from certain stations in or near the area under 
consideration. By making the assumption that these observations arc typical of tbe whole 
Antarctic a t  sea-level and that meteorological conditions depend on latitude only, the average 
pressure and temperature at aea-level over the whole area are determined." The pressure a t  
different heights in the free atmosphere over the area a t  sea-le& is then calculated for 
January and July, and the height is determined at which the pressure difference between 

* In this Section we am not ooneidering the nature or accuraoy of the data used by Meinardus, tho @rgumoqt 

Parti of this area is at sea-level and part 

-- 

proceod~ independently of the actual values used, 
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these two months has a deiinite value. Enally it is assumed that. the pressure changes on 
the surface of a high land a t  this height will be the same as those found for the free air. 

It is this latter assumption which it is necessary to  investigate. 
Why should the pressure over the high contineqt bear any relationship to the pressure 

in the free atmosphere over the low-lying area? There is no air under the continent to 
expand and contract with changes of t he  season and so to regdate the pressure on the 
surface. Probably the idea which underlies the assumption is that the pressure at  the edge 
of the high land must be in equilibrium with that in the surrounding free air, and that this 
equilibrium decides the przssure over the whole of the adjacent continent. 

But we know quite well that the pressure conditions within any area cannot; be deter- 
mined from a knowledge of the $essure conditions around the boundary of that area. The 
interior prassure oonditiona c~ln b3 changed indefinitely without altering the boundary pressure 
conditions provided that the air is free to move. For example, the '760 mm. isobar of an 
anticyclone may ocoupy at  one time exaotly the same position as was ocoupied at another 
time by the 760 mm. isobar of a cyclone. In this oase the boundary pressure oonditions 
are identical but the interior pressure conditions are entirely different. 

Thus the pressure at the boundary of the high land might always be in equilibrium with 
the pressure of the adjacent free atmosphere without giving any indioation of the pressure 
over the interior of the high land, We must therefore conolude that the average pressure 
on the surface of the high land may baar no relationship to  the average pressure existing 
at  corresponding heights in the free atmosphere. 

It may be contended, however, that the present problem is not concerned with the actual 
pressure, but with the change in pressure between January and July, and if the pressure 
in the free air is 11 mm. higher in January than in July it is probable that the mean 
pressure over the high land will be higher by the same amount. 

If this were the case it would mean that the pressure over every element of the land 
surface had changed by the same amount as the boundary, the consequence of whioh would 
be that the pressure gradients would remain the same over the high land in January as in 
July.* Now it is almost inconceivable that the pressure gradients, whatever they may be, 
are the same over the Antarctic high land in the winter as in the summer. Let the pressure 
distribution be cyclonio as supposed by Meinardus or anticyclonic as is more generally supposed, 
the system is bound to be more intense in the winter t hm in the summer, whioh means 
that the gradients are steeper in winter than summer and the ahange in mean pressure p a t e r  
or less, according t o  whiuh system is chosen, than the change of pressure at  the boundary. 

The physical principles underlying Meinardus's theory thus indioate that the ohanges in 
pressure over the high land from January to July may bear no olose relationship to the 
changes in pressure a t  corresponding heights in the surrounding free atmosphere. Henoe oal- 
culations based on the pressure changes in the free atmosphere may give an entirely wrong 
value for the average height of the Antarctic Continent. 

We will, however, for the sake of a thorougb investigation of this important and interesting 
problem, now consider the meteorological data used by Meinardus to see the acouracy of his 
calculations irrespective of the above conclusions. 

T/be pressure data,-The actual sea-level pressure is of only secondary importance in the 
caIculation, the result depending chiefly on the difference in pressure between JanuarJr and 

* It is of oourae possiblo to oonooim an ont idy  now pmssum distribution whioh mould give tho Oorreot 
ohango in tho moan pmseuro, but this would IM a mattor of pum ohnnoe and fhomfom osnsot be token into 
auooclnt. 

38 
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July. To realise this it is only necessary to remember that there would be no problem if 
the pressure actually found by observation at sea-level were 11 mm. higher in January than 
in July, for then the preskre over the whole globe would be equal in these two months 
without the presence of the continent. The high Continent is only necessary to account for 
the fact that sea-level observations do not give this difference in pressure between January 
and July. 

From his discussion of the pressure data Meinardus concluded that the average pressure 
at sea-level over the whole Antarctic was the same in January as in July. 

Since Meinardus wrote the following dditional &ta have become available : two Years' 
observations in McMurdo Sound, and one year's observations a t  Ramheim, Gape Adare) L'ile 
Petermann and in the Waddel Sea. All these new observations show a lower pressure in \I* July -ly 

than in January. 
In the fol1owhg table all the wailable data from Antarctic stations have been collectea.* 

The average difference of pressure is given for each station 8s determined from the a d d s  
for each month) and then again after the data have been smoothed in the usual way by 

a+2b+c applfing the formula b (smoothed) = 

with the large unperiodic chang0s of pressure from month to  month which are such a 
feature of the Antarctic conditions there can be little doubt that the smoothed values are 
the better) for they eliminate to some extent large irregularities and therefore more nearly 
approach what would ultimately be obtained from a longer series of observations. 

In obtaining the means of the groups of ststions in columns 8, 6, 8 and 9 the differences 
have beell weighted according to the number of months from which the individual means have 
been derived, 

-- - 

to the monthly values. 

TABLE 154. 
Pressure differences January-July in mm. 

artitude. 

I 2  1 

Place. --I 
SnowHill . . 
Port Chareot . . 
L'ile Petermann . 
Gauss Station . . 
BelgicaDrift . . 
CapAdare . . 
McMurdo Sound . 
Framheim . . 
WeddelSeaS . . 

6 4 O  8. 

66" 

66' 

66' 

70" 

71' 

78O 

79O 

.. 

- 
3 

ngitude 

__I 

67 OW. 

63 OW. 

03 O W .  

90 "E. 

86 "W. 

170 "E 

166 "E 
196 "E 

. e  

AOTWAL. 

Mean. 

+ 4.91 

- 0.18 

- 0-80 

Mean. 

+ 3-00 

9 

SXOOTHED. 

+ 2.63 

I - 2.60 
+ 2.67 + 0.68 
+ 2.87 I 

1 
- 3.30 

+ 6.15 + 8-31 
+ 5.27 

+13*00 

+ , 

Mean. 

+ 3.87 

_c 
10 j 11 

/ 

NUMBER Or 
YONTIIS 

.- 

anuarg. 

1 

1 

I t  
1 

1 

2 

4 

1 

- 

__I 

Julg. 
/ 

2 

1 

1 

1 

1 

2 

4 

1 - 
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&om this table it will be seen that out of the nine sets of Observations seven show 
an excess of pressure in January when smoothed values are considered and six when the 
actual values are considered. 

The stations have been divided into two groups, one containing the stations in the Ross 
Sea area and the other the remainder, The latter are all situated on the northern edge of 
the continent and within a few miles of the open Southern Ocean. With the exception of 
Cape Adare, the stations in the Ross Sea area are much further south than the remaining 
stations. 

Now from these observations it is necessary to decide what is the difference of pressure 
b2tween January and July over the whole region within the Antarctic Circle. Personally 1 
feel that the data are far too few to give anything like the required information, but we 
can obtain some conclusion to compared with the one used by Meinardus in his aalcula- 
tion. 

Baschin has found that over the Southern Ocean between 60' and 60' S. latitude the 
pressure difference January-July is - 0 7 3  ma,, and this result may be accepted with consi- 
derable confidence. From fewer observations he determines the mean difference within 60' 
and 06g S. (the Polar Circle) to be zero. The group of stations on the edge of the Antarctic 
Cmtinent as shown in the above table have a mean difference of +068. This indicates 
that the difference is chasging from negative values over the Southern Ocean to positive values 
over the Antarctic Continent. It is therefore significant that the three most southerly stations all 
show tz high pasitive value for the difference. Unfortunately these three stations me all in the Ross 
Sea area and therefore it may be argued that the positive values are local and are due to 
the Ross Sea and do not really represent t h e  conditions in high latitudes. 

In this connexion the observations at Pramheim are of great importance. Meteorologically 
Framheim is more under the influence of the Antarctic Continent than any other station, 
as is seen from its low tempsrature and absence of wind. The observations in July 1911 
and January 1912 show a difference of pressure for January-July of +1%5 mm., which is 
by far the largest pressure difference between these two months recorded anywhere in the 
Antarctic. Taken alone this great difference-larger than the 11 mm. required by Meinardus- 
mighb be considered to  be accidental and no doubt to some extent it is. We have remarked 
above* that the difleerenoe in pressure between two stations undergoes mucb smaller ohanges 
than the actual pressure itself, and further we concluded th& the yearly march of the pres- 
sure difference batween Cape Evans and Framheim shown in figure 67, page 172, was so 
regular that it probably represents very nearly the true normal difference of pressure between 
these two stations. By applying these differences to the normal pressure of McMurdo Sound 
based on four years' observations we found that the normal pressure a t  Framheim in January 
and July is 746.0 and 7356 mm. respectively (see table 97, page 173). This gives a probable 
normal difference of pressure January-July a t  Pramheim of 9.4 mm. as compared with 616  mm. 
in McMurdo Sound. If such large and similar variations exist between coast and con- 
tinental stations elsewhere, it shows the futility of attempting to determine even approximately 
the average pressure difference between January and July for the whole Antarctic from the 
few available observations, all of which have been made a t  coast stations. 

As the aonsiderations we have just been discussing are difficult to apply I see no other 
way to treat the observations available than to take their arithmetic mean. It must not be 
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forgotten, however, that the mean obtained from coast stations in all probability a Valuc 

too low by several millimeters. Table 164 shows that the mean of all the observations taken 
in the Antarctic is difference for January-July of 3.00 mm. or 3.87 mm. according as 
actual or smoothed values are considered. From this I think we are justified in saying that 
the average prassure difference at  sea-level over the Antarctic from January-JulY is as 
likely t o  be f 3  mm. as it is to be 0, which is the value accepted by Meinerdus. 

If wa apply the value 4-3 mm. instead of 0 mm. in Meinardus's formula, leaving all 
other assumptions unchanged', we find that the average height of the land within the Antarctic 
&ole works out to be 966 metres, which is very different from Meinardus's value of 1,350* 
160 metres. 

The temperatwe datcc.-It is as necessary t o  know the average temperature in January 
and July over the whole Antarctic as it is to know the pressure, and again it is the differ- 
ence, much more than the aatual values, which affects theresult. 

After a careful discussion of all the data available in 1909, Meinardus concluded that the 
average temperature at sea-level over the whole Antarctic in January is -27°C. and in 
July - 2 5 2 O C . ,  giving a difference of 226°C. 

Again Mehardus neglected the fact that all the observations used by him were &hained 
at Coast stations. Who would think of determining the average range of temperature over any 
other continent from a few scattered obssrvations at  coast observatories ? Here Our disbussion 
of the Barrier temperatures comes to our help. In table 45, page 83, it is shown that the 
difference in temperature between January and July is 21°C. a t  Cape Evans and 2goC* 
On the Barrier. This indicates that the temperature difference January-July may be c- 
more at  8 land station than at  a coast station in the same latitude only a few miles distant. 

It therefore does not seem unreasonable to conclude that, considering how much Of the 
Antarctic is far removed from the sea, Meimrdus's value of 22.5"C. for the d i f f~ence  in 
temperature between January and July obtained entirely from coast stations is much too 
SLIUll. 

If Meinardus's value for the July temperature is lowered by only 6"C., leaving dl 0 t h  
of his assumptions unchanged, the average height of the surface within the Antarctic circle 
is reduced to 1,060 metres. 

The vertical temperature gradient.-Meinardus assumcs that the vertical temperature gradient 
is -'5"0. per 100 metres both in January and July. NOW the balloon observations made 
in McMwdo sound and by Barkow in the Weddel Sea have proved that during the winter 
there are- large temperature inversions in the lower atmosphere. There are not suffioient balloon 
observations t o  give an average value of the temperature gradient during July, but there 
Oan110t be the slightest doubt that it is much less in July than in January. In fact it is 
not improbable that over inland areas where the temperature is very low and where the 
wind is much less than near the coast there is a nearly permanent temperature inversion 

Vortical 
temperature gradient over the whole Antarctic in July is likely to be 0 as -5°C. 
per 100 metres. 

putting this value in Meinardus's formula and leaving an other values unchanged the 

It is Of interest to see what is the- effect on the calculation of height if all three of 
the above new values are introduced into the formula. In the following table the new and 
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to heights of at least 2,000 metres. It therefore appears to me that the average 

average height of the s ~ f a o e  within the Antarctic Circle is raised to 1,610 metres. 
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old values am shown, and in the last line the average heights of surface within the Antarctic 
Circle calculated from them by Meinardus’s formula have been entered :- 

TABLE 155. 

Januaryprossure . . . . 
Julyprossure . . . . . 
January tomporeturo . . . . 
Julytomperaturo . . . . 
January vertioal tomperaturo gradiont . 
July vertioal tomporaturo gradient . 

Avorage height . 

Mehardus’s valuoa. 

746 mm. 

745 mm. 

- 3°C. 

--2B°C. 

5°C. por 100 m. 

5°C. por 100 m. 

1,360 motres. 

Possiblo 
now values. 

Same. 

742 

Samo. 

-31 “C. 

Same. 

0 

862 metres 

Thus Meinardus’s value of 1,350 metres is reduced to 852 metres, which is a considerable 
change. 

This review of the meteorological data on which Meinardus has based his oalculation of 
the average height of the Antarctic Continent has shown that by making assumptions iv.rhi& 
have as much probability as those of Meinardus, the resulting height can be very muoh 
ohanged. My own opinion is that considering the vast extent of the continent and the few 
observations, none of wh,ioh Lave been taken under true continental conditions, but onIy on 
the sea coast, it is quite hopoless to get even an approximate solution of the problem, 
For this reason I have boen careful in the above discussion not to claim that my values 
are nearer thc truth than thoso of Meinardus, I have simply claimed that they are a t  least 
as probable as his, and have contented myself by pointing out that the alternative data alter 
Meinardus’s result so much that the accuracy he has claimed is far too great. 

Conclusions. 
(a) If it is true that the average pressure over the Antarctic must be 11 mm. higher in 

January than in July in order t o  keep the mass of air over the whole globe the same in 
these two months, then it is probable that qualitatively Meinardus has given the correct 
explanation. 

(b) The method used, however, to calculate the height of the land is open to serious 
objection, being based as it is on the assumption that the pressure over the surface of a 
great oontinent can be determined by the pressure at the boundary. 

(c) Further the meteorological data used are far from being certain. By ushg other data 
which at  least arc as probable as those of Meinardus, the mean height is reduced from 1,350 
metres to 852 metres. But in view of oonalusion (b), both these cstimates may be far from 
the truth. 



C H A P T E R  X. 

ATMOSPHERIC ELECTRICITY. 
Owing to the large amount of work entailed by the ordinary meteorological and magnetic 

investigations undertaken by the expdition, it was found impossible to do more in atmospheric 
electricity than to measure the potential gradient and the radio-active contents of the atmos- 
phere. Both of these unfortunately came to an end after the first year’s work, as the few 
men who remained in the south during the second year bad their bands full with Other 
duties. 

POTENTIAL GRADIENT. 

Only those who have attempted msasuremsnts of atmQspheric electricity under Polar condi- 
tionscan have any idea of the great difficulty of the work and the constant attention Which 
the apparatus requires. Ths difficulties met with in the ordinary meteorological observ&tions 
have not been desoribzd in the above discussion as they can be overcome Piith a little fore- 
thought, and each observer must work out the b& means to meet his own di.$iculties, 
but with atmospheric electricity so few observers have had the necsssary experience that a 
few words here of the difficulties met with and the way they were overcome may not be 
out of place, 

The method of recording the potential gradient is well known. Jve have firet the colle&or 
which is exposed in a suitable position in the open air. The function of the collector is 
to bring itself and the apparatus attached to it to the potential of the air in its hnediate  
neighbowhood. Until the discovery of the radio-active substances only two prac;tical collectors 
Were known, (a) the Kelvin ‘water dropper’ and (b) the &me. The first of these is quite 
ummble in Polar regions owing to freezing, and the difiku1tiee connected with the tmond 
make its continuous ’use with self-recording instruments practioaUy impossible. The radio- 
active cokctor does not freeze and does not blow out, but in its usual form it can Only 
dispose of Such a 81nall amount of electricity that the question of insulation becomes 
very important. Unless the insulation is practicaUy perfect, the collector cmnot dispose 
of the electricity which leaks to the insulated system rapidly enough, and the apparatus 
0he;rgeS Up to a potential more or less below the potential of the air near to the 
collector and the apparatus then records a mixture of ChDnges of potential and changes Of 
insulation. 

m e  collector used was a small copper rod about 3 mm. in &meter and E, om. long. 
This had been coated with polonium which bas the great advantage of emitting only a 

rays, 80 that only the air in the immediate neighbourhood of the collector is ionised. The 
collector was mounted on a thin wooden rod which in turn was fixed to  an iron pole, 80 
that the collector itself was about ten feet above the ground. The wooden rod was insulated 
from the iron pole by means of a plug of ebonite covered in sulphur. An inverted tin 
can:,was placed over the insulator in the method shown in figure 89. This was found news- 
sary in Order t o  protect the insulator from hoar frost whi& in certain conditions of the 
atmosphere was found to be deposited on every thing exposed to the sky. 
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During blizzards fine driven snow entered this can and settled over the insulator and 
destroyed the insulation. There is no means of getting over this diffi- 
culty, for the drift during blizzards enters every small crevice and no 
matter how the protecting device is arranged it soon becomes full of 
snow which oonnects the insulated parts to earth. 

This, however, was not a serious difficulty for one is chiefly concerned 
with the potential gradient only during fine weather, so the loss of part 
of the record during blizzards did not affect the main results of the 
work. Also during blizzards the potential was far above the limits of 
the recording electrometer and so could not have been measured if the 
insulator had remained perfect. The chief practical effect was the 
necessity to clean the insulator a t  the end of each blizzard and to put 
i t  in good order for the subsequent fine weather. 

The Benndorf self-recording electrometer had of necessity to be within 
the living hut, the temperature of which was kept, except occasionally, 
well above the freezing point. A very liberal share of the hut was 
apportioned to  the physical laboratory but unfortunately it was in the 
coldest corner of the hut. In the hut twenty-five men lived in one large 
room in which all the cooking was done. In  aonsequence the humidity 
was always high and water vapour literally distilled into the physical 
laboratory. This vapour condensed on to  the walls which were generally 
covered with a coating of ice or water. It was through this wall that 
the wire to  the potential gradient instrument had to  pass, and the 
method of doing this was the first diffioulty which had to  be solved. 

In  ordinary observatories, the connecting wire is usually passed 
through a hole in the wall sufficiently large for the wire not to  touch 
it when slightly displaced by the wind. Such a hole was quite impos- 
sible in our hut, for it would have let in cold air, but much more 
serious it would have been the entrance for drift snow during the 
blizzards. The wall of the hut oonsisted of two thicknesses of wood, 
then an air space of three inches, and then two more thicknesses of 

i. 

ME 

FIa, 89. Insulator for 
colleotor, rod. 

wood. The first attempt made was to pass a metal tube through the wall, plug it UP 

a t  each end with sulphur and pass a thin wire through the centre. The sulphur then 
not only closed the tube but acted as supporting insulators for the wire. This method 
soon proved unusable, for the water vapour which was deposited on the well-insulated 
wooden wall was d s p ~ i t e d  still more rapidly both inside and outside the metal tube. The 
watar was in itself sufficient to  destroy all insulation, but on account of the metal $tube 
projeoting into the oold air outside the hut, the end within the hut was so cold that the 
water froze and a large mass of iae orystals formed upon it which were pretty to look at 
but totally destructive to  the insulating properties of the sulphur. Some method had to  be 
found whioh would not only proteot the insulator from the water deposited all over the wall 
but would also not aonduot oold from the outside, and so cause an intensified deposition on 
the insulator. 

There is no need to go into all the experiments made'; but the .final solution of the 
problem will be given. As i s  usually the case, the solution is so simple that one wonders why 
it was not the first thought of. figure 90 shows the aompleted insulator. A and B are 
the two separate parts of the wall through whioh the insulator was to  convey the conduotor. 
C C itj a brass rod about one-eighth inoh thick. Around this rod 8 coating of sulphur D was cast 
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to  a diameter of about one inch, and so long that it projected two inches within the 
hut and one outside. E was a round tin box which had contained a Kodak film, the 
lid was removed and a small brass tube, I?, soldered to the bottom so that it could be 
pushed along the rod C and completely surround the end of the sulphur. G was an 

NIa. 90. Instilator through wall. 

ordinary tin canister. The lid 4 d  a hole made in it of the size of the sulphur rod and 
it was tacked on to the .wall at H. In the bottom of the canister a small hole, just 
larger than the rod C, was pierced; then when the canister was pushed home illto its 
lid €3. it completely surrounded the whole end of the insulator and the rod C passed freely 
into the hut. 

It will be noticed that the tin canister was not connected with the outside and therefore 
did not bmome excessively cdd, on th5 contrary it exposed 80 much.of its surface to the 
air of the hut that it quickly took the temparature of the air, and so water vapour was not 
deposited on it exoesaively. The metal rod which connected with the outside air had the 
inner cylinder attached to it and this tended to keep its end from remaining very Cold. 
Any moist air which entered the outer tin canister was deposited on the outside of the inner 
tin cylinder and very little found its way within the la,tter to  the insulator. A few Pieces 
of calcium chloride placed in the canister at J absorbed moisture and kept the air within 
fairly dry. This insulator worked splendidly and gave practically no difficulty for several 
months, but then the sulphur cracked and the insulation failed. When this happened a new 
insulator on the same principle was constructed except that the rod of sulphur was replaced 
by a rod of ebonite, and thereafter no further difficulty was experienced, so long as the Sur- 
face of the ebonite was periodically cleaned with a piece of emery paper. 

The end of the insulator outside the hut did not need the elaborate protection which 
was necxsary within the hut, ao a simple tin can was placed around it to  keep off the 
deposit of hoar frost. 

A Wire was then taken in a single stretch from the end of the insulator outside the 
hut to the collector ten yards away. During the summer months this wire was a oonstant 
5 O U ~ 3 9  of trouble, for it was continually being broken down by skua-gulls flying into it. 
These gulls living in a country without trees, wires or other obstructions in the free air 
never boked where they were going when flying about the hut and not only flew into the 

but On one or two occasions actually collided with the Collector rod itself. It was diS- 
tinctly annOYk to lose many hours of record during fine weather owing to the Clumsy 
habite of these birds, 
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The self-recording' Benndorf electrometer inside the hut was also not free from its &E- 
culties. It has already been explained how the physical laboratory was the coldest corner 
of the hut. The instruments in it were therefore always colder than the general temperature 
of the room, especially in the morning when the breakfast was cooked while the instruments 
were particulmly cold after the night. Wnder such circumstances it was practically impossible 
to  maintain high insulation when the air had free acaess to the insulators. The insulators 
on the Benndorf self-recording electrometer are peculiarly badly situated from this point of 
view, for they are under the instrument and exposed to  the air. The insulators holding the 
quadrants are not important, for the battery which charges the quadrants is quite capable 
of supplying the electricity for a relatively large leak; but not so the insulator through which 
the wire from the collector passes, for unless this insulator is practically perfect the potential 
to  be measured may be greatly reduced. On the Bsnndorf electrometer there are three insula- 
tors connected with the system which is charged by the collector: (a) an insulator between 
the needle and the suspension, (b) an insulator supporting the metal plate on which the 
acid pot rests, and (c) the above mentioned insulator through which the connecting wire 
passes. (a) and (b) are completely within the case while (0 )  is half within and half without. 
It was the latter which gave all the trouble and therefore it was done away with 
entireIy. A stout wire was soldered on to  the plate carrying the acid pot and a narrow 
slit cut in one of the panels of the body of the electrometer through which i t  freely 
passed. 

All the essential insulators were now within the body of the electrometer which was 
supposed to  be kept dry by the acid. Still the insulation was far from perfect. Every time 
ths  electrometer was opened to  adjust or examine the instrument, warm damp air entered 
the cold interior and the insulation was immediately destroyed. Also the body of the electro- 
meter was not airtight and even when closed damp air entered. It was at once realised 
that the only hope was to keep the interior of the electrometer at a higher tempera- 
ture than the air of the hut. This was done by inserting a small heating coil which 
was supplied with a current of -11 ampere from the accumulators. After this had been 
done there was comparativelv little difficulty with the insulation of the electrometer and 
the case could be opened a t  any time for examination without the insulation materially 
suffering. 

There is one more cause of difficulty and worry to be mentioned. The polonium ciollector 
could not-be protected from the formation of hoar frost over its whole surface. This coating 
of ice reduced Its activity greatly and caused an appreciable reduction of the potential regis- 
tered. This difficulty could not be entirely removed but it was reduced as follows: 

We happened to have with us two identical polonium collectors, these were so arranged 
that they could be rapidly fixed to and removed from the top of the collector rod. Whenever 
meteorological observations were made, every four hours, the polonium rod in use was examined 
and if it had a coating of frost it was removed and replaced by the othor one. The 
frost-coated ro; was then suitably suspended in a canister containing calcium chloride, whioh 
dried it and kept it always ready for immediate use. 

When all these changes had bsen made as the result of bitter oxperienoe it was only 
by constant attention to the electrometer, insulators and collector that satisfactory moor& 
could be obtained. 

Two or three times each week the sensativeness of the electrometer and the state of the 
insulation were tested. To do this the polonium collector was removed, then the electrometer to 
which the whole insulated system was attached, was conneot;ed to  n Wulf electroscope and oharged. 

39 
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with winds above forty miles an hour. The numbers in the first line of table 156 are there- 
fore only qualitative, but they clearly show that the higher the wind, i.e., the more the drift 
the higher the potential. The same result is shown in the second line. The numbers in this 
line were obtained as follows: Ths number of times that the mean hourly potential gradient 
exceeded the limits of the electromzter was counted for each group of winds. This number 
was then divided by the total number of observations in that group and multiplied by one 
hundred, the rasult baing the percentage frequency with which the mean hourly potential 
gradient excead3d the maximum range of ths electroiwter during winds of the specified 
velocity. 

We see that with winds of 0 to  10 miles an hour the maximum was exceeded in only 
'7 per cent. of th.v cases, while with winds greater than 40 miles an hour the maximum was 
exceeded in 65 per cent. of the cases, In other words excessively high potentials were seldom 
recorded during light winds, when there was little, ,if any, drift, while with high winds whi& 
were practically always accompanied by heavy drift the potential was as 8 rule excessively 
high. 

Drift occurred in two forms: there was first the drift which appeared to  fill the atmos- 
phere darkening the sky and malting it almost impossible to see more than a few yards 
away; and there was the low surface drift which only extended a short distance from the 
ground and above which the air was clear and the sky frequently cloudless. Both kinds of 
drift usually affected the poteiitial iii the same way, for as soon as the slightest drift com- 
menced the potential became very high and remained SO until the drift ceased. 

Negative potential gradient.-During the whole year the potential gradient was aegativo 
only on nine Ctays; as these are important in the following theoretical discussion each will be 
described in detail :- 

(1) April 20, 1911.-Throughout this day there was a high S.E. wind of between 30 
and 40 miles an hour. T4e sky was thickly clouded, and there was either no 
drift or a, very little low surhce drift. Prom midnight to 9 AN. the potential 
\vas positive and high, then it decreased rapidly, and just after 10 o'clock it 
became negative. For several hours afterwards the iieedle oscillated from one 
to the other side of the zero. The potential was never negative for long and 
liigli negative values wore not recorded. At this time the Sound was not frozen 
ovcr and thoro was sonic raised fog over tho open wator. Tho temperature was 
about - 10°P. 

(2) June 1, 1911.-I)uring the early morning there was some new snow and csoessiva 
drift ; during this period the potential was positive and high. By midday, although 
the wind was still betwecn 40 and DO miles an hour, the drift had entirely 
ccascd. 17rom 13 hours to  16 hours the potential was frequently negative, but 
o11ly for short intervals, the raean potential being just on the positive side. Later 
ill the day the potential became high on the positive side, but without drift. 
The sky was overcast throughout the day. 

(3) September 4, 1911.-There was little or no wind 011 this day. Until Inidday the 
slry was practically cIoudless and the potential was normal. At about 1 P.M. 

heavy clluds came up from the north and by 4 P.M. a thick mist lay over the 
station. With the approach of the alouds the potential decreased and between 
2 P.M. and 3 P.M. it crossed the zero and was negative for about a t een  minutes. 
After this the potential rose again and was fairly normal for the rest of the day. 
There can be little doubt that the cloud was the cause of the reduction aiid 
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19 miles an hour, from the N.N.W. At this time the Sound was nearly free 
from ioe. 

Of these nine records of negative potential gradient four (l), (2), (5 )  and (7) occurred 
with a high wind but no dr i f t ;  three (4), (8) and (9) occurred during snowfall; one ( 6 )  
occurred with a clear sky but very heavy low surface drift; and one (3) occurred during 
the passage of heavy low cloud but without wind, drift or snow. 

The explanation of the high potentials during drift proves to be very difficult. I did 
not realise this a t  first and considered tha,t the whole phenomenon was due to  the ice 
particles becoming charged positively by collision amongst themselves and with the snow- 
covered ground. Rudge has experimented on the well-known electrical effects accompanying 
the raising of clouds of dust, and shown that when dust is blown into the air or even 
let fall through the air it becomes highly charged. Treating air full of snow-drift as a 
dust cloud of great extent, it is reasonable to  suppose that the snow would, like the dust, 
become highly charged. Thus, when the whole lower atmosphere is full OI positively charged 
snow, there would be a high positive potential gradient. It follows as a consequence that 
if the positively charged snow was all or mainly below the level of the collector of the 
potential gradient apparatus the registered potential gradient would be reversed. This is easily 
seen, for the normal positive potential gradient is caused by tho negative charge on the earth, 
and if this charge is replaced temporarily by a layer of drifting snow highly charged with 
positive electricity, the gradient must be reversed. By far the heaviest surface drift I observed 
in the Antarctic occurred on December 8, 1911, when a high northerly wind carried along 
the recently fallen loose snow. This drift was not only very heavy, but it was also vcry low, 
and all well under the collector; it seemed, therefore, very strong support to  the theory of 
positively charged snow to find that during this period the potential gradicnt was negative 
and high. 

The first difficulty encountered was, when preparing this chapter, I searched for other 
cases of surface drift accompanied by negative potential gradient. I then found that instead 
of being accompanied by negative potential gradient surface drift was nearly always acconi- 
panied by very high positive potential gradient. At first i t  occurred to  me that this might 
be due to  the clouded sky which usually accompanied the drift, surface or otherwise, while 
the surface drift of December 8th occurred under a perfectly clear sky. I therefore searched 
the records for cases of surface drift with a clear sky and found seven cases beyond that 
of December 8th. In  all the& new cases the potential during the surface drift was positive 
and very high. This disposes a t  once of the explanation that the drift snow has a high 
positive charge, for if it had, so long as it was mainly below the collector, the potential 
should be reversed and only when it extended more above than below the collector should 
the positive potential gradient be increased, Stated in other words it is quite inlpossible to  
explain the observed facts by considering only the charge on the driven snow, for charged 
anow would cause the sign of the potential gradient to be reversed when the distribution 
of the snow changed from being mainly below the collector to* being mainly above ; while 
the observations show that the potential gradient is nearly always positive and high both 
when there is only a little surfaoe drift and when the drift is so great and extends so high 
in the atmosphere that there must be more drift above than below the collector. One is 
forced, therefore, to seek the electrification elsewhere than on the driven snow. It is incon- 
ceivable that the surface of the earth can become electrified, for this would necessitate the 
surface being highly insulating, otherwise the charge would be neutralised a t  once. There is 
no doubt that a snow surface is a bad oonductor of electricity, for we used for our telephone 
from Cape Evans to Hut Point, a distaiioe of 15 miles, a bare alulninium wire laid over 
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the snow surface while the return was the sea, During the winter the ‘speaking ’ over the 
wire was perfect, showing that the insulation was sufficient, but after the middle of November 
no electrical signals could be sent through the wire showing that then the snow had lost 
its insulating power. If the snow could not insulate for the low voltages and high current 
density used in the telephone circuit during the summer, it certainly could not insulate for 
the high potentials and small charge produced by friction. As the positive potential gradient 
,was as high during blizzards in the Bummer as  in the winter, it is obvious that the charge 
concerned is not on the ground. The only remaining place to look for the charge is the a h  
itself, and I believe that the charge carried by the air is the solution of our problem. 

There can be no doubt from Rudge’s worlc quoted above and froin experiments made 
by the writer that the cause of the electrification of dust when blown into the air is not 
friction electric;ty as commonly understood, but an effect sjrnilar to  that found when water 

. is splashed or water drops broken, in which the solid or liquid particles retain one kind of 
electricity while the opposite electricity is given to the air, probably in the form of SlOWlY 
moving ions. Let US imagine an isolated cloud of ice particles‘ which on account of the 
turbulent motion of the air are constantly colliding with one another. The result would be 
that the ice particles would be charged with one kind of electricity (the sign of which W i l l  
be discussed later) and the air would receive the opposite charge. There would, however, 
be no exterior field produced, as the two charges would ileutralise one another a t  an aPPre- 
oiable &stance from the cloud. If, however, the snow partioles slowly settled in the air, the 
charge on the snow would become concentrated in $he lower half of the cloud and that on 
the air in the upper half. This would produce an electrical field in the cloud itself. Now 
imagine that the Cloud comes into contact with the ground, then every time an ioe crystal 
touches the ground its charge is lost, but the opPo&e charge remains in the air above. 
The cloud in this way WOulCa soon have an excess of the electricity associated with the air 
and in course of time might become very highly charged. It is now only necessary t o  
asmme that the snow in the process becomes negatively charged and the air positively charged 
to have a complete explanation of the normal relationship found between the drift and the 
potential gradient. 

Let US consider first the case of surface drift. The term surface drift is never used when 
the driven snow risas more than a few feet above the groulld. The ice particles in this drift, are 
constantly colliding with one another and with the fixed snow on the ground. According to 
the theory every collision is accompanied by a separation .of electricity, the ice particles 
beco&g negatively charged and the air receiving a positive charge. The snow, however, id 
constantly coming into contaot with the ground when it gives up any charge i t  has, it 
will probably become charged again a t  the instant of separation, but every contact with the 
ground while adding more positive electricity to  the air adds no further charge to the snow- 
Thus the air in which the drift is carried along becomes more and more highly charged 
with Positive electricity, without the snow retaining the corresponding quantity of negative 
electricity. Owing to  the irregularities of the air motion the charged air near the ground 
mixes With the air above and in a short time the whole of the air above the & P u n d  pro- 
bably Sweral hundred feet becomes more or lees highly charged with positive electricity. 
Between this positively charged air and the ground an intense electrical field may be Set up* 
The direction of the field is the same as the normal field of the atmosphere and therefore 
the effect of the surface drift is to  produce a high positive potential gradient. 

Let Us now consider that the whole of the lower a,tmosphere becomes full of drifting 
snow to a great height. The collisions of the snow parti(des produce the Same separation Of 

eleGiriGitY, but owing to the constant downward motion of the snow relatively to the air 



POTENTIAL GRADIENT AND DRIFT. 31 1 

containing it, there tends always to  be an accumulation of positive electricity in the air of 
the upper part of the cloud. The field set up in this way is again parallel to  the cal.tll’s 
normal field and therefore increases it, thus there is no reversal of the field when the drift 
snow extends from the ground to  heights well above the collector. In other words the 
potential gradient will be positive and high wlienever there is drift quite independently of 
whether the drift is surface drift or true drift throughout the lower atmosphere. 

We have now explained the vast majority of the observations and it is only necessary 
to prove the rule by explaining also the exceptions. The most important case is the high 
negative potential observed during heavy surface drift on December 8th. It has been found 
that when dust is raised in the air the resulting charge is affected by the character of the 
dust. Fine dust has been found to  be charged with the opposite kind of electricity from 
that associated with coarser dust of the same material. Thus the loose snow in the drift of 
December 8th might have the opposite charge from the hard grains of ice of which surface 
drift in th: vast majority of cases consisted. This assumption seems, however, unnecessary. 
On December 8th the surface drift was unnsually heavy 011 account of the large amount of 
loose Snow lying on the ground after the receHt heavy fall of large flake snow. In such a 
drift the separ&ion of electricity would be excessive, therefore the air immediately above 
the drift would be very highly charged with, positive electricity. If at  the same time there 
was little tendency to the formation of ascending air currents, the concentration of positive 
electricity would remain in tho air near the upper limit of the drift. It is not difficult to  
conceive that under such conditions there would be more positive electricity below the collec- 
tor, which was 10 feot above the ground, than above it. This would fully account for the 
reversed potential gradient. It a h  explains why later on the potential became positive, but 
very unsteady, with occasional returns to the inverted direction ; for then the positively charged 
air extended higher into the atmosphere and the collector had generally more positive 
electricity above it than below it, but occasional1y the original conditions were re-established 
for short periods. 

That the potential should be occasionally reversed during periods of snowvfall, as iii cases 
(4), (8) and (9) above, is not difficult t o  explain. Siiowfall is a sign of ascending currents, 
for they are necessary to  supply the water vapour necessary to the production of snow, 
The air of these ascending currents n u s t  coiistantly pass ollt of the top of the cloud and take 
with i t  positive electricity. If this air then enters an air current from a different direction 
from the lower wind, it will be removed froin the region of the cloud. The whole cloud will 
then have a residual charge of negative electricity associated with the snow. This being abovo 
the collector will reverse thc field and a negative potential gradient will be recorded. 

The five cases of negative potential gradient without appreoiable drift cannot be explained 
by the above coiisideratioii which are based on the separation of electricity associated with 
drift, and as no explanation of the reversed gradient is obvious it will serve no useful purpose 
t o  make assumptions, which cannot be tested, to provide an explanation. 

The above discussion leads to the oonclusions- 
(a) The electricity which affect8 the recorded potential gradient during drift is not 

(b)  but with the air in and above the drift; 
(c)  the separation of electricity takes place wlien ice crystals collide, the ice becorning 

‘These conclusions are based entirely on the observed potential gradient, it is obvious 
that the only satisfactory test would be to examine the sign of tlw charge on the drift 

associated with the driven snow ; 

negatively charged and the air positively charged. 
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April. May. June. July. Aug. Sopt. Oot. 
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snow itself. If this were foundi to be negative, the conclusions would be proved beyond doubt. 
The need to make such an investigation was realised while we were in the Antarctic, and I 
had devised the method to be used, but my unexpected recall at the end of the first year 
prevented t4e experiments being actually made. It is to be hoped that the simple experi- 
ments will be made by the first observer who has the opportunity. 

Nov. Doc. Yoor, I ------- 
88 107 87 

173 148 

Yecurly varktwn of the potential gradient. 

It is customary always to exclude pexiods of disturbed weather when obtaining the 
normal potential gradient. This practice has been followed in the following discussion, 
with the further limitation that all periods when the wind velocity was greater than 6 miles 
an hour have also been excluded. This was necessary in order to rid the observations of the 
effect of drift. The procedure adopted was to tabulate the values of the mean hourly poten- 
tial gradient during periods in which the wind velocity was 0 to 6 miles an hour. TO rid 
the observations still further of the effect of recent or approaching high wind and drift, the 
first and last hours of each period were also rejected. Thus every value used in determining 
the normal potential gradient was not only obtained during periods in which the wind WaB 
5 miles an hour or less, but also at least one complete hour separated it from paat or 
approaching bad weather. Needless to say all hours during which snow fell during calm 
weather were also excluded. 

Table 157 contains the mean potential gradient for each month * and the number of 
hours used in the determination, 

TABLE 157. 

These values are plotted on figure 91, from which it will be seen that the yearly variation 
is fairly regular with a minimum in May and a maximum in December. 

In other words the potential in the summer is distinctlp higher than in the winter. 
A similar variation of the potential gradient has been found wherever observations have been 
madein the Antarctic. These are the Belgic& Expedition, 71" S., 87" W. ; Hut Point, 78" 8.9 
38 E.; Port Charcot, 65' S., 64' W.; and Petenmum Island, 65' s., 64' W. It can therefore 
be accepted without question that the potential gradient in the Antarctic is higher in the 
Summer than the winter. This is a most important resulk, for it is the exact opposite of the 
condifions in the northern hemisphere, where numberless observations have shown that the 
Potential is higher in the winter than the summer. The question at once arises are the 
observations made in the Antarctic typical of the conditions over the whole of the southern 



YEARLY VARIATION OF POTENTIAL GRADIENT. 313 

hemisphere Z If so, then we have that the potential gradient is a t  its maximum and minimum 
a t  the same times over the whole world, which would be a most important conclusion. It 
would mean that the total charge on the earth's surface is IJghest when the earth is llear 
the sun and lowest when furthest away, thus connecting the electrical state of the earth 
and its atmosphere with cosmical rather than terrestrial factors. This important and interest- 
ing conclusion cannot, however, in the present state of our knowledge be accepted. It is a remark- 
able fact that we know more about the electrical state of the atmosphere in the Antarctic 
than in the rest of the southern hemisphere put together. So far as I can find there are 
only five series of observations in the southern liemisphere outside the Antarctic; these are 
the observations made a t  (a) Melbourne in Australia by Neumaycr during 1888-63, (a) Cape 

-/ /* 

FIG, 91. Yearly variation of potential gradient. 

Horn by the French Mission in 1882-83, (e) Batavia. in 1890-95, (d) Samoa in 1906-08, and 
(e) Buenos Aims in 1911-12. Assuming that all these determinations are satisfactory we find 
that two, a t '  Caps Horn and Batavia, show the highest potential in the southern summ2r 
and o are in agreement with the Antarctic result while the remaining three, a t  Melbourne, 
Buenos Aires and Samoa, show the reverse, the highest potential being in the winter and the 
lowest in the summer. With such conflicting evidence, some of which does not come up to 
the modern standard of reliability, we cannot do more than wait for more and better ob- 
servations ; but in the meantime with the observations a t  Melbourne, Buenos Aims and Samoa 
before us we. cannot accept the conclusion that the potential gradient over the whole world 
is a t  its maximum and minimum at  the same times. 

Tho harmonic analysis of the yearly variation of the potential gradient a t  Cape Evans 

2 

gives 

in which z=15 for January, 45Ofor February, and so on. 
P=86.6+12*5 sin (132' 53'+3)+37 sin (48" 25'+23), 

Daily variation of potential gricdient. 

The mean hourly potential gradient during fine weather as defined in the last section 
was investigated to find the daily variation for each of the four seasons and for the year. 
In the following table the results are entered and against each of the incan values the 
purnber of hours used to determino it is given. 

40 
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Nov.-JAN. 

ATMOSPHERIC ELECTRICITY. 

- 

P.G. 

- 
- 
<oca1 
imo. 
- 

)-1 

1-2 

1-3 

3-4 

4-5 

5--0 

0-7 

7-8 

8-9 

3-10 

10-11 

L1-12 

12-13 

13-14 

14-16 

15-1 6 

1G-17 

17-18 

18-19 

19-20 

20-21 

21-2: 

22-2: 

23-21 - 

110 

116 

106 

10 

10 

10 

09 

01 

93 

81 

76 

81 

76 

72 

67 

77 

82 

87 

100 

9a 

11c 

10: 

101 

10: 

TABLE 158. 
Daily variation of potential gradient. 

Pine weather and wind 0-5 miles an hour. 

Ana.-OcT. 
- 

.G. 

- 
a4 

37 

89 

93 

93 

90 

99 

21 

109 

9G 

98 

84 

90 

92 

70 

70 

83 

83 

83 

80 

93 

87 

79 

8f 

-- 

io. of 
hours. 
- 

21 

21 

24 

23 

24 

27 

29 

28 

28 

22 

20 

22 

18 

20 

21 

22 

20 

19 

19 

21 

22 

2t 

- 
lo. of 
ours. 

20 

21 

22 

24 

21 

21 

25 

24 

24 

20 

18 

10 

21 

21 

10 

15 

17 

I G  

17 

19 

FEB.-APRIL. 

P. G. 
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129 

102 

106 

96 

107 

9G 

92 

87 

70 

63 

88 

48 

5G 

GO 

~ 07 

71 

82 

67 

78 

19 I 91 

22 72 

10 67 

- 
No. of 
hours. 

7 

7 

7 

7 

8 

9 

I1 

10 

9 

10 

9 

9 

6 

1 

1 

1 

3 

ti 

G 

I 

t 

( 

( 

MAY-JULY. 
_. 

?.G. 

75 

77 

81 

80 

84 

8G 

02 

88 

91 

84 

77 

78 

09 

GG 

57 

G2 

71 

OG 

G6 

71 

77 

71 

I 72 

- 
Yo. of 
hours. 
- 

25 

28 

29 

30 

27 

24 

20 

20 

20 

18 

14 

16 

10 

21 

22 

18 

10 

21 

21 

22 

21 

2; 

2( 

I 

YEAR. 
- 

P.C. 

__ 

95 

95 

92 

97 

90 

90 

100. 

104 

97 

86 

81 

78 

76 

70 

G7 

72 

78 

76 

80 

83 

92 

No. of 
iours. 

73 

77 

82 

84 

80 

81 

85 

u2 

78 

70 

01 

06 

G3 

03 

GO 

GO 

GO 

01 

63 

00 

70 

Tho curve8 based on this table are tho thick ones shown in tho upper part 01 figura g2. 
It will be seen at orice that the daily variation is very similar in all seasons, the maximum 
oacuming' during the forenoon and the minimum during the afternoon. From the few ~ b s ~ ~ o -  
tions made by Bsrnacchi on Captain Scott's first expeditioll c. T. R. Wilson drcw the S a m  
oonclusion, so there can be little doubt that this is the normal course of the potential 
gradient in McMurdo Sound. At all other 
p1actiS in the world where reliable observations of the potential gradient have been made the 
main minima and maxima occur near 4 A.M. and 8 P.M. respectively. 

The question a t  once arises is the abnormal daily course of the potential gradient in 
McMurdo Sound due to the local meteorological con&tioils or is it a true electrical effect ? 

If the two last columns of table 158 are compared, i t  will be seen that there is a re- 
rqarkable parallelism between the valuc of the potential gradient and the number of hours 

It is a surprising result for it is very abnormal. 
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Pra. 92, Daily variation of potential gradient. 
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0-1 1-2 2-3 3-4 4-6 1 6-6 6-7 7-8 8-9 9-10 
------------___----- 

A.M. 102 (31) 89 (28) 98 (28) 93 (30) 103 (28) 98 (16) 100 (21) 103 (28) 91 (23) 96 (35) 

P.M. 82 (38) 73 (42) 72 (47) 86 (36) 79 (38) 85 (43) 90 (33) 98 (34) 99 (30) 103 (30) 

We thus see that during May, June, and July the potential gradient variation callnot 
be ascribed to changes in the conductivity of the air caused by the variation of temperature 
and humidity. It is therefore reasonable to  assume that the potential changes in other seasons 
of the year also are not due to this oause. 

The next step was to investigate whether the daily variation of potential gradient which 
shows itself in the mean of a large number of broken periods exists when the weather re- 
mains oalm throughout twenty-four hours. There are not many periods during which the 
wind did not rise above five miles an hour during twenty-four consecutive hours. There were 
none during February, March, and April ; but six were found during May, June, and July, 
eight during August, September, and October, and four during November, Deoember, and 
January. Each of these periods generally extended over a few more than twenty-four hours, 
but in each case the best series of twenty-four consecutive hours was chosen. From these few 
observations the daily variation was obtained and tho result has bsen shown by the thin curves 
in figure 92. It will be seen a t  on03 that the character of the variation is the same and the 
differences between the thick and thin ourvas are to  b3 expscted on account of the few 
observations used to obtain the latter. This has confirmsd the character of the variation 
for calm weather, but there ,is still the possibility that meteorological conditions are the 
determining factor. .For example during May, June, and July, in spite of the absence of any 
appreciable temparature variation there is a pronounced tendency for the air t o  be calmer 
in the morning than in the afternoon. This tendency for which no physical explanation 
can be given probably acts during all pariods of calm and may affect the potential gradiont 
as well as the air motion. If the potential gradient variation is not due to  this meteoro- 
logioal condition, whatever i t  may be, the variation should be the same when the air ie not 
oalm, i.e., it should be similar during winds as  during calms. Unfortunately the presenoe of 
drift so affeots the potential gradient during appreciable air motion that its daily variation 
is completely masked. Thedrift, however, does not become serious until the wind rises above 
10 miles an hour. If therefore we investigate the potential gradient during periods in which 
the wind velocity was between 6 and 10 miles an hour the daily variation of the potential, 
if it exits, should be recognisable. The hourly values of the potential gradient during winds 
of 6 to  10 miles an hour were therefore tabulated and i t  was found that in all seasons 
they showed the same general daily variation as during calms. The number of observations, 
however, in each season is very small, so that the curves are irregular. On the mean ,of the 
whole year, however, the observations are sufficient to give a reliable result; numerical values 
are contained in table 160 and the curve is shown a t  the bottom of figure 92. 

10-11 11-12 

91 (44) 85 (49) 

104 (33) 104 (26) 
I 
i 

TABLE 160. 

4 
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and as  it is difficult t o  conceive of any meteorological condition which is the same during 
calms and winds and during summer and winter, we are forced to  the conclusion that the 
variations in the potential gradient arc real and not due to local meteorological C 0 l d . i -  

tions. 
It has already been remarked that the daily variation of the potential gradiellt found 

in McMurdo Sound is very abnormal. It was also shown above that the yearly variation in 
the Antarctic app:ars to b3 different from thst of ths rest of the world ; arc t h e  abnormal 
fearly and daily variations in the Antarctic related ? The only other observations of the daily 
variation of the potential gradient made in the Antarctic (other than those made by Bcrnacchi ' 

in MoMurclo Sound) are two series made by members of Charcot's two expeditions on the 
coast of Graham's Land.* Both of these show a variation very similar to  the normal variatiofi 
found in other parts of the world: the main minimum is near to 4 A.M., but the main 
maximum is early, occurring a t  3 P.M, instead of a t  8 P.M. as is more usual. 

We are thusled to conclude that the daily variation of the potential gradient in Mclhrdo 
Sound is not only different from that in other parts of the world but is different from that of other 
places in the Antarctic. In  other words not only is the daily variation abnormal but 50 far as 
observations go it is unique. The question a t  once arises is there anything in the geographical 
position of McMurdo Sound which also is unique ? McMurdo sound possesses onc feature which is 
different from all other places for which atmospheric electricity observations are availidh- On 
account of its position b3tween the magnetic and the gwgraphical poles the direction of the 
earth's magnetic field relative to the direction of rotation of the earth is practically reversed 
from what it is a t  all other stations.j- In  other words in this part of the world if an 
observer stands with his face looking along the lines of magnetic force he moves on account 
of the earth's rotation from right t o  left instead of from left to right. In  view of our total 
ignorance of any relationship b2tween terrestrial magnetism and atmospheric electricity it is 
impossible to say what effect, one would expect from this reversal, but a comparison between 
the daily variation of the potential gradient in McMurdo Sound with that of the most 
northerly station for which we have a complete set of data is instructive and BugP-  
tive. 

During 1903-04 the present writer spent fourteen months in $40 Lapp village of Karasjok 
(69' 17' N., 25' 35' E., 129 metres above sea-level) with the object of investigating the 
electrical conditions of the atmosphere there.$ The results of the daily variation of the 
Potential @adient for a whole year are shown in the upper curve of figure 93. As the 
amp1itude Of the daily variation in Karasjok was much larger than in McMurdo Sound, the 

has been reduced in the ratio of 25=10. A comparison between the curve for Karasjolc 
and 'he CmVe for Cape Evans given in figwe 92 shows a great similarity in the gelleral 

of the two Curves, but the times a t  which the maxima and minima occur are different. 
*he chief minimum occurs a t  1% hours a t  Cape Evans and a t  5 hours a t  Karasjok, 
a difference of 94 hours; while the chief maximum occurs a t  7& hours a t  Cape Evans 
and at 21 hours a t  Karasjok, a difference of 104 hours. It is obvious, therefore, that if the 
time at l h n s  were put back 10 hours, the curves wouldagree not only in shape but 

in phase* To bring this out more clearly the curve for Cape Evans has been smoothed 
and plotted under the curve for &rasjok with its time Values 

--' 

by the 

put back 10 horns.  he similarity of the two curves is now very apparent. 

* I' Roy- 

t Tho dodination ot C a p  Evans 
.$ G* 

antaIOtiqu0 franc;sisc. 1003-06. Hydrographic, Physiquo du Globe, Paria, 1011, Pago lol. 

1530 E, 
simpson* Philosophical Transactions, A, 206, pages 4-07, 1~05.  

I* Rouah' Deuxioma EXPditiOn anterctiquo frclnc;ako, 1008-10. Soioncos physiques, Paris, 1013, pago 14. 
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Fur. 94. Daily variation of potential gradient. 

The same conclusion is reached if we analyse the two curves into Fourier's series. 
The equations to  the two curvks are 

Karasjok P=139+39 sin (e+177')+23 sin (28+158 ) 

Cape Evans P= 86+12 sin (e+ 33')f 5 sin (26+228') 
in which in each case 0 is measured from local midnight and equals 15" for each hour. 

Now the difference in phase between the two first terms is 177°-330=1440, which is 
equivalent t o  9-6' hours and the difference in phase between the two second terms is 
158°-2280=2900, which is equivalent to  9.7 hours. Hence if we change the time at  Cape 
Evans by 9.6 hours, the phase of both terqs  becomes practically identical a t  both stations. 

Now is i t  only coincidence that this value of the change in phase is almost the same 
as the difference in magnetic declination a t  the two places? The declination a t  I'hrasjok is 
approximately 0" and at Cape Evans 153' E., i.e., a difference of 153', which is very near 
the phase corresponding to  9.6 and 9.7 hours (144' or 145'). 

This result is very suggestive, but we are not justified in discussing it in detail, for many 
mora observations at places having different values of declination are necessary before we 
shall b3 able to  say with certainty that there is any relationship between thc direction of 
the earth's magnetic field and the daily variation of the potential gradimlt. 

ATMOSPRERIO RADIO-AOTIVITY. 

Forty- six measurements of the radio-activity were made during the winter months, May 
t o  August, and twenty-eight during the summer months, December to  February. The method 
used was the same as that employed on the Terra No,va on her voyage from England to  
New Zealand." The object of the work was to compare the atmospheric radio-activity in 

~ _I__ ._I 

* Simpson and Wright. Proooodings of Royal Sooioty, A, Volumo 86, pago 178, 1911, 
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Amean. 

the Antarctic where there is a permanent covering of snow and ice with that of ordinary 
land and the open ocean. 

On the arbitrary scale used (approximately that defined by Elater and Geitel and denoted 
by A) * we found during our voyage the following results :- 

Amax. A m h  

T?iINR. 

0-10 11-30 >30 
---- 

17 14 

No. of observations . . (40) (27) (6) 

A .  . . . . 20 I 

TABLE 162. 
Rudw-activity at Cape Bvane. 

TEMPERATURE. 

<-16 -16 to 0 0-16 71B -- 
16 10 22 17 

(26) (14) ( 6 )  (28) 

Deoember to February . 16 (28) 

c 
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