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park, and it was found that the average difference almos1 
equalled that for September. 

On the influence 
of the accumulations of snow on climate," by Alesandel 
Woeikoff, Quarterly Journal of the Royal Meteorological So- 
ciety, Vol. SI, 1885, p. 899. 

A covering of snow on the giwunrl acts. first,ly, as n l~itil c.onrluctor. 
rendering the int,erchange of t,emperntures lwt,wrru t.lw siirfnve (if t.lil: 
ground and the lower strat.uni of air niuch slower than W ~ C I I  the snow is 
absent. 

We see that tis n ciwering of sii t i~ prot,rcts t.hc iipprr parts of t h e  
ginuiitl fr(J111 mdiat.ion slid iiialtes t.hr cviiiluction vf heat a iut~h s11 IWVCI 
than it wuuld otherwise be. it. t.lius tends t,ii mise tlir t~i~inperati~re of  tht 
soil: h t  it must hare a c m t r ~ ~ r y  intiueiicir IMI t h t s  hJW& st.rt~t.uin ad' t l ie  
air, as tlir snow protects it froin thr conduction of himt. fruii~ the gruiind. 
an action which. as this is generally wariiier in wintw. inirst mike thc 
lowest stratum tif tht. air cioldw. This it untlonl~t.edl,~ due!+: Lilt. in t,lii$ 
respect snot.her quality i.if the HIICIW is l:-veii i i ior~ iinpi~rta~nt. namt~ly. 
that it is a goi.d radiator i.ii heat. 

The influence of sinoke from the factories of the cit,y ulmu 
the iniiiiniuin temperature difierences has also been stuclieil. 
It was invariably noticed that on the day preceding a night 
vith an unnsually large iuinimuiii temperature difference, the 
wind which hac1 been froiii the north, becaiue calm. On the 
eastern horizon the smoke of the city appeared very dense and 
extended upward to an unusual height. while a t  the park the 
sky was very clear. On the folloming morning the wind 
changed to the south and gmclually increased in velocity. 

I f  two or more consecutive clays showed a remarknhle dif- 
ference in the minimum temperatures at! our two stations. 
as WRS the case in Jait~iary, 1892, it was because the air re- 
mained calin and clear a t  the park, while the siiioke appeared 
to be heaped up over the city. Iiivmiably a t  snch times the 
barometer indicated the presence of the crest of an area of  
high pressure, and its passage accoiintecl for the change in 
the clirection of the wind. 

It thus appearR that, the principal cause of the difference in 
the iiiiiiiiuum temperatmure readings a t  the Foredt Park and the 
Weather Bureau observatories is the accumulntion of smoke 
over the city. especially on nights when the sky is clear and 
the wind light. These conditioiis favor a rapid radiation of 
heat from the ground a t  the park, while t,he smoke over the 
city acts like a cloucl covering and inaterially retards radiit- 
tion. 

It is well to notice here the aclvantages that arise from 
selecting the northwesterly sections of n city for residence 1:iiir- 
poses and southeasterly sections for manufacturing prposes.  

The following quotation is from an article 

* * * L * * * 

STUDIES ON THE STATICS AND KINEMATICS OF THE 
ATMOSPHERE IN THE UNITED STATES. 

R.v Prof. Flr INK 11. J%IT.EI.~W. 

I. A NEW BAROMETRIC SYSTEM FOR THE UNITED STATES. 
CANADA, AND THE WEST INDIES. 

On January 1. 1908, a t  the X a. m. observation, seventy-fifth 
meridian time, a new system for the reduction of the stdioa 
baivmetric pressures to the sea-level plane. was put in oiler- 
ation for the United States, Canada, and the West Indies. 
The daily weather inaps used in forecast;ing the intensity and 
the path of storms, and the other allied phenomena. are tliere- 
fore constructed upon a basis differing from any hitherto used 
Students who consult the publishecl weather inaps slioul~l re- 
meinher that the series terniinating with the above date is not 
coni1)arable with the others fnllowing it, the ilifierence a t  soiiie 
Rtntions on the Rocky Mountain Plateau for certain seasons of  
the year amounting to several tenths of an inch of pressure 
by tlie mercurial barometer. Tlie problem of reducing the 
pressures oherved a t  stations located on the Xocky Mcwiitaiii 
Plateau to sea level has always been recognized as one of un- 

usual scientific difliculty. and it has been hncler discussion in 
the Washington Olfice a t  intermls ever since the establishment 
of the Government service. So far as can be judged a t  the 
preseiitr writing the siiccess of the new system is assured. and if 
this favorttlde opinion is confirmed by continued use, it will 
niark the termination of thirty years' effort to solve this clues- 
tion in a practical foriii. Tlie other plateau districts of the 
world, Mesico, South America, especially Argentina. south 
Africa. Australia, mcl southern Asia, will doubtlesH profit by 
the esperieace of the Uuiteil States Weather Bureau, on con- 
sulting the sdution adopt,ed for the United States, Canada, 
and the West Indies. 

Prof. R. F. Stupart, Director of tlie Canadian Meteorologi- 
cal Office, has courteously cooperated 1 q  supplying the neces- 
sary data f u r  the Canallinn stations. since the common interesh 
iif  h t l i  countries require the adoption of the same methods of 
hnrometric reductions. There is 110 task properly belonging 
to the Weather Bureau upon wliicli more t h e  and labor has 
been exlwnllecl than upun this problem, and the present dis- 
cussion is the sixth well defined atteinpt to reach a satisfactory 
conclusion. The importance of putting the barometric pres- 
wres on the elevated platem. covering one third of the terri- 
tory for which the oiiicial forectwts m e  made. on a sittisfactory 
.;cient.ific basis. fully justifies this work, because i t  is of pi- 
mnry importance not to attribute to weather conditions any 
pressure clinnges that are in reality clue to the method of 
reduction to the plane of reference. 

PRELIMIXART REMARKS. 

Tlie eastern and central port,ions of the United States and 
Canada are generelly at, levels less than 1!000 feet above the 
wit, and ah0 the Pacific coast is at  low level, so that for these 
tlisMcts tlie barometric reclucbion offers no difficulty. Be- 
tween these, throughout the Rocky Mountain region, there is 
'1, rough couiitry where the statiolis are at  different elevations up 
to 7,000 feet, where the surface temperature conditions range 
~noriuoiisly, say from - 40' F. to + GOo F. on a single map in 
est,reiiie cases. where the prevailing winds froin the Pacific 
Ooean produce one type of weather on the west,ern slopes of 
t,he niouiitains ani1 another on t,he east,ern. to say nothing of 
the effect o f  great arid districts between them, and where the 
oonfigurstion of the mountain valleys, in which many of the 
stations are located, relative to the neighboiiiig ranges rising 
up to 12,WO or 14,000 feet, in soiiie c:tses, causes various local 
peculiwities in t,he behavior of the barometer. 

&4 description of the c.onst,ruction of our new station pressure 
uoriuals is properly a preliiuiiiary to the solution of the plateau 
problem. In  the years between 1871-1880, while the baro- 
ilietric network was being estenclecl over the plateau districts, 
!iiang of the elevated stations were at the drmy posts where no 
nensurpient of the altitude had been inacle, escept by the ba- 
foineter. We now know that several of these early elevations 
rere seriously in error, say froin 10 feet up to 200 feet, and as 
t cliange of 10 feet in altitucle corresponcls approximately to 
).010 inch pressure, the irregularities on the sea-level plane 
trisiiig from this s ~ i i m e  alone were uot inconsiderable. The 
p d u a l  extension of tlie various surveys by the Government 
)ver the platettu, together with tlie railroad levels executed 
tnd revixeil by the clift'erent coiiipaiiies, have gradually built 
111 a systeiu of check levels a t  intersecting points, with accu- 
.ate differential levels between them, so tliat now the alisolute 
.levations of the several strttions have been determined with 
iiucli accuracy. An adjustment of these levels was made by 
?rof. Cleveland Abbe in 1871-72; the work was then taken up 
)y the Geological Surve;v. and the latest results of these surveys 
tre given in (hniiett's Dictionary of Altitudes, edition of 1900. 
Che Weather Bnreau was supplied with the corrected altitudes 
wfore the publication of this report by the Geological Sur- 
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vey, so that we have had the advantage of this data from a11 
early stage in our o m  work. 

THE ADOPTED STANDARD ELEVATION FOR THE EPOCH, JANUARS 1, 1 ~ 1 ~ 0 .  

Besides the incorrect actual elevations which, for one reason 
or another, have been adopted during thirty years, there have 
been numerous changes in the elevation of the 1oc.d ofices ol 
the service at  the same station, involving many amall vari a t' Ions 
in the altitude above sea level. A very careful reesaiiiination 
of the station records of the respective stations showed t,liat 
it was practically impossible to assign correct absolute eleva- 
tions for the several changes as referred to the sen level, but 
that it was possilile to discover the differences by which the 
successive changes in height followed each other (that is, the 
height of the barometer in the new oilice aliove or below that 
in the old oftice), the series of variations giving a chain of s t e p  
up and clown in the succession of changes. These were care- 
fully cleteminecl, and they were then applied to the elevation 
occupied by the station at  the epoch January 1, 1900, so that 
the actual heights were thus found for the respective inter- 
vals during which the barometer remained in one position, and 
they were referred in this way to our lat,est and best elevations 
as given by recent surveys. Having adopted the elevation for 
the station a t  the given epoch, all t,he recorded actual pressures 
were reduced to the eleration of 1900 by smali rlifierential 
pressure corrections, so that the entire pressure system lie- 
comes homogeneoas for the station. 

During the years following 1900 a similar plan is to be fol- 
lowed, ancl a11 pressures will be reduced back to the standaircl 
elevation, so that the series will be maintained st,rictlp coni- 
parable throughout the life of the station itself. Tliere is 
great advantage in this procedure, for two reasons. It was 
founcl that in tlie other attempts to construct pressure nor- 
iunls the earlier coiiiputzdions were readjusted to the latest ele- 
vations at the different dates, thus obsciiring the record and 
consuming a great amount of labor without arriving a t  filial 
results. Also, the reductmion taldes to sea level. provided for 
the use of the stations, had to lie renewed with every removal. 
which also consumecl much time. On tlie new plan, however. 
each year's observations is added directly to a lioiiiogeneo1is 
station system, and the same reduction table serves without, 
modification in consequence of any local changes. Incleed it 
is absolutely essential to reach such a basis of operation in 
meteorology as this, if there is to be made possible a scieutific 
study of the secular variations of the weather, that is, the large 
problem of why and how the seasons, the climate, ancl the 
cr~ps, differ from year to year, this being the nest great prob- 
lem awaiting practical meteorology. Eiiclently all the cos- 
mica1 questions involving variations in the radiations of the 
sun must be compared with as definite a pressure system as 
this, if scientific results are to be secured from the meteoro- 
logical data. It map be stated in passing, that in recent years. 
since the Government has erected large buildings in the cities 
of the United States, the Weather Bureau offices hax-e been 
more permanently located, and that the average series of 1111- 

broken observations is growing longer than i t  used t,o be 10 
ancl 20 years ago. At the same time the ?levations are a little 
higher, hecause the ofices are usuallj- placed in the upl)er 
rooms of the lofty federal biiilclings. 

OTHER CORRECTIONS TO THE STATION PBESAITRES. 

Besides reducing the observed pressures to an ndopt.ed station 
elevation it was necessary to niake several inore corrections iii 
order to obtain a homogeneons system of normals. ( 1 ) The 
records were thoroughly inspectecl for the several corrections 
which ought to be applied to the barometer readings, aud we 
have now a complete list of the barometer nunhers ancl their 
errors for capilarity, scales. etc. Besides eliminating a fen- 

mistakes, there were two important. special corrections to be 
applied. During the interval 1S73-1878 a correction of 0.013 
inch had been aclclecl to the Hignstl Service standard barome- 
ter to reduce i t  to the supposed Iiew standard, but a system 
of coiuparisoiis instituted in 1877-78 showed t,hnt this was 
pr01mbl-j an error. :lad I have. therefore, removed it from the 
new series. A policy prerailed in the ofice from 1888 t,o 1898 
to the effect that! siiiall errors could properly be neglected in the 
bnronieter reductioiia, and in accordance with it all corrections 
for scale error and capillarity sninller tliaii f 0.007 inch were 
cliscarcled ; these have now been all rest,ored. ( 2 ) The correc- 
tion to stanilarcl gravity, a t  se:t level on the forty-fifth parallel 
of latitude. was applied during some years and omitted during 
others, so that there \vas irregularity in this respect. The 
gravity correction has now been systematically aclcled by nie 
since the beginning of 1P73. ( 3 ) The hours of simultaneous 
oliservation h a ~ e  been changed sereral times since the opening 
of t,he service, but practically the observations can be grouped 
in two series of selected hoiirs, 7 R. m., 3 p. in., 11 1). m., till 
June 30, 1x88, and S a. ni., 8 1). 111. since that date. Referred to 
the niean of 24 hourly observations which is the natural stan- 
dard t.0 adopt for the world. these two system present very 
cliberent types of corrections for the North American Conti- 
nent,, and they must! be reduced to soiue one system in order 
to be comparable. Accordingly auxiliary t,ables were prepared 
by which observations a t  a fern selected lionrs could be re- 
ducecl to the mean of 24 hourly observations, aiicl the different 
series have been so corrected since danuary 1, 1873. These 
24 hourly corrections will be applied in the fiitnre to all 
monthly and aniiual pressiires published by the Weather Bu- 
re:tu, so that. t,lie fmidameiital system map remain intact in 
case other hours of observation should ever be acloptecl, differ- 
ing froiii those now in use. 

The applicntioii of t.he oorrections for local elevation, scale 
error. capillaiiity. inst,rumeiitttl teiiiperature, gravity, wd cliur- 
nal variation. to the htroiiietric readings, gires a smooth lioino- 
geueons system of v~lues,  froiil which the mean annual and the 
mean monthly dation iiorinals were derived and checked by 
cross aclilitsioii: they are iiot,ed as I ) .  From these the annual 
and the iiioiitlil-j variations from tlie general inem were ob- 
tained. and they have been tlioroiiglily discussed in the Re- 
port of the Chief of Weather Biireaii, 1900-1901, Vol. 11. In  
oriller to determine our final station normals, U,,, it was further 
necessary to reduce all the short series to a standard fixed by 
the long 27-year series for a large number of stations suficient 
to control the work. Tliere sire &out two liunclred and sixty- 
five st&ions, including the Canadians, t,o be clealt with, wd of 
these al>out seveuty-five had 2% long record of twenty-seven years. 
The run of the iiiontlily residuals increases in irregularity as 
t,lie iimii1,er of years of oherration decreases, but we have so 
managed t,lie discussion that a short series normal can be re- 
dzuced to the long series nornial, and thus the station placed 
upon the stanclard basis. Whenever a new station is opened 
by the Weather Bureau a stmrlard normal pressure can now be 
constructed by a brief computation, ancl tlie normal is inore ac- 
curate than any tlint, could be obtniiiecl by fifteen years direct 
obsermtions, since these take up all the turliulent pressure 
fluctuations due to  t,lie general null local circulations, which i t  
is inipossble to eliminate, except by the iise of the olmervations 
of many years. I may ntld that m y  experience with the baro- 
iiietxic: observations of the United States convinces iiie that 
they have always been of R high oriler of scient;ific escellence. 
tiad .that the apparent residuals are not in fact due to acciclen- 
tal irregularities. but possess general and e ~ e n  cosinical sig- 
nificance when t,liey are thoroughly discussed. It lias been n 
tiiistske to nssuine thttt they are not worth the nioat exact 
treatinelit in the reductions: on tlie other hand there is every 
reason to believe that they will becoiiie of prime importance 
in the solution of several solar-terrestrial problems. 
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After all these preliminary inatters have been concluded we 
mag proceed to the really clifficult portions of the work. They 
group theiwelres around three points. (1) the proper relation 
between the observed surface temperature, t, and the mean tem- 
perature of the air column, 0, corresponding to and substituted 
for the plateau a t  the regular intervals for which the general 
logarithmic reductions were computed: (3) the effect of the 
plateau itself upon the free air pressure; (3) the residual local 
effects which can not be classified with the other reductions. 
Tliese will become clearer to the reader by briefly mentioning 
the preiioiis methods which liave been employed in reducing 
the plateau 1mssures to the sea-level plane. (1) From 
1871 to June, 1881, the old Guyot tables were used in reducing 
low-level st,ations, with tlie surface temperature and pressnre 
at the t,iiime of observation as the argnment. Certain annual 
constants aere  employed in the cases of high stations. The 
effect w-as to cause the isobars to swing widely between the 
morning and evening hours, and generally the maps were very 
anstencly. (3) duly. 1881. to June, 1886, monthly constants were 
tised for each station, as reconimendecl by the first board on 
barometer reductions: a single constant answered for each 
inonth; these are sometimes known as the Abbe-Upton con- 
stants. (3) ;TUl-j-, 1586, to June, 1887, the entirely new system of 
tables by Professor Ferrel was used, thus introducing several 
raluable principles. Thus, the mean temperature of the prececl- 
ing twenty-four hours was used instead of that belonging to the 
respectire hours of observation; this was reclucecl by a vertical 
teaiperature gradient, 0.165 per 100 feet, to the approximate 
.neaii of the column; the pressure and temperature argument,s 
E.  t )  were both employed in ent,ering the talde; aspecial cor- 
Bection for the plateau effect was iiiacle in the form (:', J 8, H, 
xhere C'=0. (Io105, 1 0 is tlie vaiiation of the temperature from 
;he annual iiiean, and His tlie altitude in units of a thousand 
ieet. The application of the correction for the plateau effect 
*eiimo\,es the wide range in pressure which occurs on the plateau 
wh-een suiiiiiier and winter and reduces it to about the same 
:due. on t,lie plateau and in the low level eastern districts. 
?or esample, if the mean aniinal temperature is 50°,. that for 
Tsnuery 25". and for July SOo, a t  n statmion 5,000 feet above 
;lie sea level. we have 0.00105 x (-25) x 5 = -0.131 inch for 
raauary, and 0.00105. x ( + 3 0 ) x  5 = +OX8 inch for July. 
rlie winual range for high stations on the plateau is about 
L400 inch. and on the low levels it is only 0.150, tlie difference 
heiug simply the plateau effect. Professor Ferrel's tables were 
uot used very long. (4) July, 1887, to December, 1890, a mis- 
bnre of Ferrel's and Hazeii's taldes; 1891-1001, Hazen's tables. 
Professor Hazeii constructed a general empirical formula with 
tlie object of simplifying the form of the station table. For 
this p r p o s e  he assumed that Mount Washington is the type 
for the plateau recluctions, n-hich is in fact! erroneous, since 
that isolated mountain acts like a free air 1)oint;escept for the 
modified value of 0 ;  lie assumed that the sea-level pressure 

_ _  
THE SEA LEVEL, 3,500-~00~ AND THE 10,000-~00~ PLANES OF 

REFERENCE. 

Having obtained these relialde station pressures throughon. 
the United states and C!anada, the plateau problem now oomei 
before us for discussion, in order to reduce the pressiires taker 
at  different elevations to the adopted planes of reference. ir 
our case to the sea-level plane, to the 3.500-foot ~ l a i i e  ani1 tlu 
10,000-foot plane. All the forecasting prol>lenis heve beel- 
heretofore studied solely on the sea-level plane. But, it seeiiii 
evident that our grasp upon the weather problem will 116 
greatly strengthened i f  we can study at  least three sections 
through the atmosphere daily instead of the one at, the bottoii- 
of it. 1 selected the 3,5(K)-foot plane because this is the a v e ~  
age height of the Rocky Mountain stations, t,o which the leml 
possible reduction is required ; also, because it is the averagc 
altitude of the base of the cumulus cloud sheet over the eastern 
districts, upon which observations can be moat favorably iiindc 
with theodolites for gradients of pressure. tenipernture. and 
vapor tension. Besides this. it is the altitude a t  wliich tlic 
moving currents of air are sufficiently distant from tlie gromid 
to take on their natural configuration when freed from the 
surface turbulent friction. The 10.0l)O-foot plane mas clioseii 
because it is already in use by the MoNTHLT WEATHER R.E\-IEV 
to show the monthly mean isolmrs a t  a considerable altit,ude. 
Furthermore, it is just in t,he miclst of the most rapid-moving 
horizontal local currents, which build 111) the cyclones and anti- 
cyclones of the middle latitudes and upon which the i1itensit.y 
of storms depencls. We know that the isobars on these three 
planes cliffer considerably from one another, the closed c u r ~ e s  
on the lower plane tending t,o open out into loug sweeps on 
the upper plane, and it is probal>le that an intercoaiprtrison of 
these varying isobars from niap to iuap will be vnlunhle. 

THE NEW REDUCTION PRESSURE TABLES. 

It is evidently necessary to possess reduction tables of a 
perfectly general and flexible kind in order to make the neces- 
sary reductions from the several stations to these three planes. 
and from one plane to the other, h either direction upward 
or downward. As there are no such t,aldes in print, I have 
first coniputed logarithmic reduction tables in English meas- 
ures, similar to those in metric ineasures, describecl in t,he 
International Cloud R.eport of 1898-99, the intervals being for 
every 100 feet up to lO,OO& and for every 10" E. from -40@ 
to + 100". From these general taldes the special station 
tables were made, giving the corrections to be applied to t,lie 
station pressure at  intervals of 0.20 inch to reduce it, to the 
three planes, respectively. Tliese incliviclual tables contain a 
correction for the humidity term separated from the dry-air 
term, a correction for the plateau effect, a residual reductmion 
for a few stations, and two temperature arguments-first, the 
mean temperature of the air coluinn, and second, the cor- 
responding surface teniperature, which is t,lie mean ~ d n e  of 
two succewive 8 o'clock observations, the last al\~ayx including 
that hour for which the reduction is iiinde. I n  order to H i m -  
plify matters as much as powil,le for the observers on the 
stations. the individual station taldes are constructed hy coni- 
bining all these corrections and applying t,hem at short inter- 
vals of the station pressure. namely, for el-ery teuth of an 
inch, and for such close intervals of tlie temperature arguinent 
that there shall be no interpolation necessary in this direction 
in order to obtain the hundredth of an inch of reduced pressure. 
The result is contained in three taldes, one for each plane. with 
the surface temperature and station presmre as the arguiiients, 
and the recluced pressure to the three planes, respectively, in 
the body of t,he table, instead of the correction to the obnerved 
pressure. There is thus no computation to be clone a t  the 
station to reduce the observation, and the time oousnmeil in 

preparing this portion of the cipher code message is very 
short. The special taldes for tlie stations for use in recluction 
to the 3,500-foot and the 10,000-foot planes are now being 
iuacle up, the first and the second forms leading up to them 
being completecl and checked. The tables for reduction to 
sea level are already in operation, end, so far as known, there 
is no occasion to modify the reductions at  any of the stations. 
When one considers the large amount of painstaking and 
careful 1al)or required to produce such a result as this in so 
comples a probleai, i t  is a pleasure to coalmend the faithful 
work of Mr. Heiskell and Miss Hnwkins, who liave been my 
assistaiits in this computation. W e  hope to be able to make 
n trial of t,lie working of the pressures on the higher planes 
before very long. 

PREVIOUS DISC'UXSIONS OF THE PLATEAU PROBLEM. 
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should always be exactly 30.00 inches, and a t  the same time 
abandoned the pressure argument entirely, with all depending 
upon it, and computed the correction uncler these conditions; 
he rejected the plateau effect correction, and a t  the mine time 
the change of surface temperature to the mean temperature, 
8, was neglected. On applying this system to the claily map 
it was necessary to make certain arbitrary changes in the coin- 
puted reductions in order to procluce siiiooth isohars. The 
great simplicity in the use of this table, having only the sur- 
face temperature as argument. seems to have been conhidered 
s d c i e n t  ground for substituting these tables for Ferrel's. SO 
that from 1891 till 1901, inclusii-e. they have heen eiiiployed 
in making the daily weather iuaps, although aell  liiiown to be 
unscientific and inaccurate. However, it slionl~l lw a:&l tliitt 
although the plntean correction was omitted. the prtxctical 
working of the Hazen iuetliotl was such as to iiiake the sra- 
level reductions conform mnch iiinre closely to tlie Ferrel sys- 
tem than to the pure Laplaceaii system. which is correct for 
free air reductions only. On this account the Ferrel and the 
Hazeu systems work in the same direction for vide departures 
of the temperature froiii the aiinnnl iiiean. and to soiiie esteiit 
relieve the plateau exaggerstion, st) that we conclude that tlie 
weather inaps have serred fairly well for the practical purposes 
of forecasting. (5)  1895-1X!1G, Prnfessnr Iforiill. in connec- 
tion with n second board on baroiiietry, rediscuhsed the pro1,- 
lem and computed a set of tables which have not been p l > -  
lishecl, though they ha\-e been used for soiue ofice wwrk, espe- 
cially the construction of the sea level am1 tlie lO.()OO-focit 
p1me maps for the itfONTHLY  EATHE HER REVIEW dui"ing 1x96-1801. 
The Laplacean free air reduction was cnnipiitetl by spec.ia1 
tables for the pressure and the teiiipertture nrgiiiiients. the 
value of 0 being fouacl by certain adopted average rerticnl 
gradients vaxying for the different se~hoiis of the yeitr; the 
humidity term m-as macle so as to modify the logarithmic argu- 
ment; the plateau teriu was entirely oiiiitt,ed; the tables were 
in the forin of a logarithniic argument,. which was not yery 
con-renient for rapid work. It was rsuggestecl at. the smie time 
that a system of constants, daily rather than monthly. lie re- 
sunied for making the necessary f~ wecasting isolmrs. 

B I R E L I ~ S  SYSTEM OF BARUMETRT, 1902. 

We now conie to tlie sistli nttnrli 111~~111 the probleni, and 
shall here merely enumerate the steps in tlie iliscussion. while 
the report itself will be found in Vciluiiie 11. hi iua1  Report, 
Chief of Weather Bureau, 1900-1001. I n  suhstniice the piin- 
ciples laid down by Ferrel liave been ~doptecl, but the work 
has been carried far heyond the degree of perfection possible 
to him nearly twent,y years ago, in consequence of the niimer- 
o m  observations at  oiir clisposal. whereas Prnfessor Ferrel 
contented himself with only four years of observation a t  tlie 
plateau stations preceding the tiiiie of his studies. 

THE SEA-LEYEL TEMPERATURES. 

The object to he olhii ied is to sepnrixte the tempernt,ure 
argument from the 1)liite>tn eflect. and tu iirrire at  smooth 
isobars in correct relations hi the winds ani1 the weather 
throughout the Rocky Mouiit.ain region. Haviiig preparecl 
the inoiitlily station lwessiire ~~(iriuitls, as descril>ed al>ore, the 
corresponding station temperature and v a p r  tension iioriiials 
were estracted froiii tlie ofice records. The plateau is there- 
fore to be coiisiclered as dotted oyer with 60 or 70 stations 
where the monthly ralues of the eleiuents (H, f .  e) are known. 
Assuming an arerage vertical temperature gradient. of 0.30' per 
100 feet. the temperstures were first reduced froiii those given 
a t  the station elevation. to corresponding values a t  selected 
heights, 500. 1,500, . . . . . . 6.5W feet,. through short clistmwes; 
for example, all between 0 and 1,000 feet were corrected to 
500 feet, and so - on. Thiszconcentrates the reductions on a 

few planes. Then a preliminary set of temperature graclienh 
in latitude and longitude was computed from the temperatures 
on these few planes. throughout the region west of the Mis- 
sissippi Valley. Certain w a h w  of r~dur-tio,a were taken, namely, 
where the one hundred and twentieth meridian crosses the 
fiftieth, forty-fifth, fortieth, and thirt;F'-fifth parallels of lati- 
tude, and the one hundred and tenth, one hundredth, and 
ninetieth meridians cross tlie same parallels. and the tempera- 
tures were reduced by the two horizontal gradients to these 
centers, so that a series of temperntiires varying with the alti- 
t i d e  are now kiiown in vertical directions, at  about 18 geo- 
graphical points. These temperatures were plotted on a 
clingram whose abscissas are temperature values and whose 
ordiiiates are altitudes. one chart for each inoiith and one for 
tlie year; nrerage curves were drawn through the plotted tem- 
peratures and proloiigecl 1):- best juclgmeiit to the sea level. 
In the iiinjority of cases it was easy to do this, as tlie curvature 
was clistinctly developed on the diagrams. I n  this way sea-level 
teiiiperatures were fouiicl a t  several erenly clistributecl points 
heneath the plateau, aiicl they were transferred to iuoiithly charts 
011 the sea-le\-el plane. mhich were cninpletecl for the Pacific low 
l e d  districts and for the central and emtern pcirtions of the 
United States ancl C'miacla. A system of well graded isotheiins 
was drawn through them for the entire country. Sinal1 ad- 
justments of the temperatures on tlie centers of reduction 
were required to make tlie temperatures of the vertical rrystein 
and of tlie horizontal system interlock harnioniously and agree 
together oil tlie sea-level plane. Furthermore, iiew and more 
accurate temperature gradients in latitude and longitude 
coelil now be obtained. and the work was therefore repeated 
from the beginning to the end with the improved values. The 
adopted temperature systeiu is the result of two or three such 
a1qnvniiiiating coiiiputatioiis,. sn that i t  lins at  last suflicient 
reliability to become the substantid basis for further reduc- 
tions. The sea-level temperatures at tlie several stat;ions can 
easily he scaled frnm tlierre charts to the tenth of a degree. 
and such values are called f,,. The use of centers of recluc- 
tion coiiimeiicls itself by tlie fact that the stations c'nn he 
grouped in several ways. since the same station cnn be 
reduced to diRerent centers, wd the local inaccuracies will 
thus check tlieiiiselves out; also by the fact that the entire 
amount of cninput,ation is much siiialler a i d  its accuracy can 
be controlled by the algebraic differences for uniform spaces. 
The innst! important result of this discussion is tlie develop- 
iuent of well defined temperature inversions during the winter 
011 the northern Rocky Mouiitnin slope. and in the siimiiier in 
tlie southern California districts. The fornier are clue to the 
dynamic heating of the air blowing eastward orer the Rocky 
Mountain chicle. ancl the latter to the excessive surface heat- 
ing of the arid region relatirely to tlie temperature of the Pa- 
cific Ocean. The introclnction of these inversion gradients 
relieves the congestion of the isotlieriiial lines heretofore clrawn 
in these districts. 

THE FIRST PRESSURE REDZTc'TION TO SEA LEVEL. 

Fiiially, the relative humidities were assuiued to be the 
same fo? the surface ani1 the sea-level plane throughout the 
plateau. and froiii the ralues of to just found the coi-responding 
sea-level vapor tensions, P". were computed. We have thus 
obtainecl all the elements required for a reclnctioii of the sur- 
faw pressiire, B, to tlie sea-level pressure. H, 11y taking as 

P a first approximnt8ioii 1) = '3 anc~ the ratia --A, where B. is 
2: a 

nearly 31). 00 inches for all mnnthly means. Using our new 
logarithinic tables, the iiiontlily and annual pressure a t  each 
station in the United States and Canada was reclucecl to sea 
level, and the results were transferred to charts. Isobars 
were drawn through these sea-level pressutes as accurately as 
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the data permitted, though the values of Bo were quite dis- 
cordant in many places, and bhe lines soinemhat in doubt. 01 
course the plateau correction was included in the sea-level re- 
cluction, as stated above. 

TO FIND t -0. 

For practical workiug by the tal)les, it was first necessary to  
determine the relations of t and 0 for the entire range of teal- 
peratures throughout the year, and this \vas a task of no little 
perplesity. It was, however, finally accomplished by two 
processes. It will be remeiiiberecl that in the Alllie-Upton 
system of monthly constants ancl in the Hazen empirical taldes 
this modification of tlie surface temperature argument. l v a ~  
omitted; that Ferrel used a constant vertical gradient of 
0.165' per 100 feet for the year to pass from t t.0 (1, ani1 that 
Morrill modified this gradient by taking per 100 feet, 0.150" 
in winter, 0.200" in spring anil nutuiiiii. and 0.'250° in suiniiier. 
My vertical temperature gradient came out aliout 0.195" for 
each month in the year, as the average for tlie entire plateaa, 
but it was distinct,ly shown that! the several portions of the 
plrtteeu have very different gradients in the same month, and 
that for the same locality they change greatsly from niont,h to 
month. Hence it was improper to attempt to deal with the 
plateau as a whole by using the saine temperature gradient; 
so that, in fact, each station must be considered not only by 
itself, but also in its relations to the neighboring stations. 
Finally, special curves have been coiistructed for temperatures 
between - 40" F. and + 100" F., showing the variable cliffer- 
ence between t, the surface temperature for twenty-four lioiirs, 
and the corresponding /I, or the iuean air temperature of an 
air colmnn substituted for tlie plateau itself. The /I can not 
be considered as the arithmetical mean temperature between 
the surface and the sea-level temperatures, because tlie coil- 
necting line is a curve ani1 is not straight, so that it is essen- 
tial to arrive a t  an integral mean temperature instead of an 
aritliiiietical mean. I n  a graphical construction the values of 11 
inay be taken as tlie abscisse and the differences, t - (1, as the 
ordinates of a curve, which we seek to construct,. The first "11- 
prosimation is evidently equal to t - 0 = t - 4 ( I + t o )  = ( t - /"), 
but the true value may differ from this by several degrees at 
many of the high stations. 

THE FIRST PROCESS. 

\t7e proceeclecl to discuss this point by two distinct iiietholls, 
the first covering the low temperatures from -40° to + 3OC', 
and the second covering the temperatures from ahont log to 
%lo, so that there shall occur a small overlapping of tlie two 
Hysteins in the miclclle temperatures, and t,hm allow the two 
to be joined together. About fifty niaps were selected for the 
winter season, when high pressures and lorn temperatures pre- 
vailed in the Rocky Mountain districts. The pressures for tlie 
plateau xtatione were nest reduced to the 3.500-foot plane, be- 
cause this requires tlie least average ruii for tlie corrections, 
and hence there is little error arising from selecting the wrong 
temperature arguments. This configuration of isobars was 
drawn in red lines; then the low stations near tlie Pacific 
Ocean am1 t,hose iii the Mississippi Valley were reduced to sea 
level: also some of the stations on blie mountain slope at mod- 
erate elevations were reduced to  the 3.500-foOt plane as well 
as to sea level. A set of isobars was dra\vn on tlie sea level 
in blue lines. It was now assumed that the confignrstitni 011 
the 3.500-foot plaiie i H  substaiitially correct for that elevation. 
ancl is what the forecaster really wants at sea level for practical 
work. It was therefore joined with t,he sea-level system by 
simply making the red and blue lines flow together aiicl uniting 
them smoothly; in other words. the npper configuration was 
clepressecl to sea level by simply renumbering the isobars in 
inches as det,erminecl by the true sen-level lines, SO t.hat a 

3-3 

single system of well-balanced isobars covered the country. 
Nest the question was, what is the value of t) that will be re- 
quired t,o t,ransform the observed station pressure into the 
sea-level pressure thus constructed P This was computed from 
the data in a. reverse direction, and the differences, t - 0, found; 
these were collected by groups for each station on the plateau 
above 1,000 feet iii elevation; the ineaiis were taken and plotted 
as ordiiintes-on tlie abscissa asis of 0. The result was very 
instructive, anil it a t  once separated the plateau into groups 
ucnwwponiling to tlie geographical and climatic location, and 
showed that all the atkiiipts to use oiie value of the vertical 
gradient for a given time is very erroneous. It should be re- 
ilinrkecl that tslie value of t - 11 thus founcl was much too large, 
because it included within it,self the real plateau effect, and 
t,his ought first to linve been separated; but i t  gave true rela- 
tive variations of t - (1 with tlie range of temperature from 
-40' to +3O0, so that it was only necessary to discover the 
reduction factor to make tlie scale of values correct. 

THE SECOND PROCESS. 

For the wariuer temperatures of the year, from + 30" to 
+ !Wo, I took tlie mean monthly values of t and to, surface ~ n d  
sea-level teiiiper&me. respectively, and found 1: - o = 4 ( f  - f o )  
rtiiil 11 = 4 ( t  + to 1. Thew were plotted month by month in 
coordinate points through which it was easy to clraw approsi- 
iiinte meail curves. It is noted that during the winter months 
tlie ordinates ayerage a little larger for the same values of (1 
than during tlie summer ~l~ontlis, But as we are limited to con- 
stmctiiig a set of tables representing mean conditions, this 
iiiean linE is the best, thitt can be taken. The variation on the 
mean line does not ofteii esceecl f lo, ancl this small change in 
the resulting argument linn really but little influence upon the 
sea-level recluct,ions which are required Finally the slope of 
the second system of curves at  tlie temperatures from + 10 to 
+3W indicated the slope that should be assigned to those found 
by the first method, that is, they gave us the scale factor for 
reducing the slope first obtained. The resulting curves are 
puldislied in the full report, but they caii hardly Be described 
\vit,liout diagrams. Generally speaking, on the north and east 
of the plateau tlie ( t - 1 ) )  curves have a short ordinate from 
10° to 40", and a consiclerable increase toward either end; 
un t,he central portions of the plateau the curves are nearly 
flat, the length of tlie ordinates being about proportional to 
tlie altitiicle; on tlie western side of the plateau the curves 
have cmlinat,es which are longest in tlie central parts and short- 
est at the ends, that is to say, they are about reversed in shape 
from those on the eastern plateau. These differing results are 
largely due to the climatic effects of prevailing winds from the 
Pacific Ocean, which blow upon tlie mountain ranges ancl pre- 
c.ipitat,e their moisture on the western side; the clear skies and 
c d i l  wayes prevail on the eastern side; also there are seen to 
be certain dynamic heating effects. This suliject is, however, 
too litrge to espnncl in this connection. 

THE SECOND PRESSURE REDITC'TION TO SEA LEVEL. 

Equipped with these first approximate values of (1 for each 
moiitli as derived from the surface f, the reductions to sea lerel 
were macle for the meaii monthly normal station pressures, Bo, 
as already mentioned, and the corresponding. isolmrs were 
drawn. Tlie sea-level pressures, as shown by the resulting 
innp itself. apart from the reduced values, are really more 
nearly well balnnced and correct than those derived from the 
individual reductions, because the isobars depend upon the 
iuenn result of inany neighboring stations, whose mutual claims 
inus t be simnltaneously satisfied in clrnwing the pressure lines. 
The pressures were, therefore. scaled from the maps, giving Bm, 
and the differences taken between thein aiicl the original valuee 
as reduced by the computation for Bo--Bm. The outcome was es- 
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ceedingly valuable ancl suggestive. For some stations t.lic 
differences between the map nnd reduced values were such RF 
to inclicete only minor irregularities of a few thonsnndtlir 
of an inch, and these are to he referred to iiiiperfections in thc 
station normals; for others the difference was nearly constant 
suggesting an error in the msumerl elevation. especially for thc 
old stations at military posts wliere the elevation had beeii 
derived from barometer readings: for others there was a ver? 
marked annual periotl in the differenc:es. which could only b c  
clue to an error in tlie nssignecl Pahe of the niwn temperature. 
8, since the differences disappeared at  certain points. the sigiir 
being reversed between the low nnil the high teiiiperittures. 
To be brief, all these sources of difference were ~emnretl, tlir 
entire work wns recoiiiputed a second time. w new system nj 
isobarR WRS drawn, and generally the entire subject was w~rked  
over in every available wsy. The pr:tctical effect was a rendjnat. 
luent of some elevations, and of the values of 0,  so that tlir 
final differences between the map and the reduced sea-lerel 
pressures hecaiiie small. asnally less tlinn cnie liuiillreilth of nn 
inch (0.010 inch), for the long record st;ations. In  R few cases il 
was foulid that the cmlistant error. cdled 1 -4. WRS ilue to tlit 
fact that the initial temperatiire from w1iic.h the plateau cwr- 
rection was computed, nnmely, if -I 11 H, was not nccuratel? 
chosen. Usually this was taken as it nieaii niiaual tempern- 
ture, but for some stations, especially on tlir southwestern eilgc 
of the plateau, Haiita Fe, Flagstaft'. l\.Iodeiia, Iiidepeiidence. 
etc., i t  should have been somewhat different. The variation 
cttn not be clue to elevation. because this has been carefull:, 
determined by the survep, but it must be caused by the local 
influence of tlie great desert in connection with the adjacenl 
lofty mouutrtin ranges. Tliere are other stations o f  lorn e l e ~ a -  
tioa. l?ing in the eahtern or in the Pacific coast dintrictri. wlierc 
no important. error can nrise from the reduction dnt2t. at \vhicli 
there is a small constant correction reqiiirecl to make tlie station 
harmonize with the others, as, for esnmple, L-pichburg, Va., and 
Portland, Me. These stations have been known, at! the C'eiitral 
OEce, to act out of perfect harmony with their twrroimdiiigs 
ancl it is still clificnlt to unclerstnnd tlie causes of these clisrrep- 
ancies. It has been found. furtlierniore. tlist the low htntionr 
on the north Atlantic nnil sonth New England co:hst and ~ l s o  
on the nortrh Pacific const. are not so perfectly in accord a5 
might be expected, mil this ilia?- be due to the effect of some 
land niid sea action which is operating in these locnlitiex. On 
the whole the reductions as coai1)letecl >ire very reliable when 
all corrections nre applied tli:tt, is to RIJCJUt 0.010 inch, uncle1 
all possible circumstances. W e  nGte further that tlie Jiffer- 
ewes outstanding between the finally adjusted reduct,ions tcl 
sea level from the station iioriual pressiires niid the map pres- 
sures derived from the 1ial:tnced systeiii of isobars. can I>e 
properly considered as corrections t n  t41ie station 11onna1~ 
which will redwe them to the lioiiingeneous or ldanceil n1 IF 

pals. This is distinctly true for stations nf short recortl, e. g., 
two or three years. wliere the monthly rsriations are really 
consiclerable, SO that 11y applying these residuals its corrections 
the station noriuals are hrought to ngree with the iiiore correct 
system which would be derived fro111 s long recnrcl of oher- 
vations. In short. since the lank record stations redly control 
the map construction, tlie short records cnii be at  once im- 
pro\-ecl bp qply ing  these smttll fiiinl residnnls. Sn1.1i residual 
corrections have, therefore, been added to nll stnticm 11ormn1s. 
and the entire system is thus reduced to n lnug rnuge homo- 
geneous system ant1 it is called J;,,,  normal pressure s t  the sta- 
tion. and Hm, norinnl pressnre at  the sea le\el. Thebe ~-alues 
become our standnrd iiorinnls for further ilerelopenients nud 
have been so used in the remainder of the work. It is aho 
evident that whenever R new station i x  opened, we can easily 
com1mt.e a iiiore correct station iioriual pressure, by starting 
with the values of Rm as interliolate~l from the iiinp, tlinii wuld 
be found by less than fifteen or twent,v years of ol>ser~ations. 

. 

PRESSURES COMPUTED ON THE 3,500-FOO'F AND THE 10, OOO-FOOT 
PLANES. 

We have now obtninecl tlie following quniitities: At the sta- 
tions, R,,, t. t', B. H..  normal pressure, teiiiperature, rapor ten- 
sion, ani1 relative limiiclity ; c m  the sea-lerel plane, Bm, to, t',,; 
also tlie ratio 5 was compute11 for use in tlie reiluctions. I t  

is nest proposed to conip~ite R,, t , ,  P , ,  on tlie 3.500-foot plane, 
nucl H,. t2, rJ. on the 10,1100-foot plnne. 
teiuperature gmdieiit~s in the free air must first be cletemiinecl. 
There we three sources of information arailalile, unmely, the 
Enropenn balloon aaceiisions. tlie Aiiierican kite ascensions, 
and tlie TVrtxhington gradients clerirecl from computntivn on 
the cloud fnrmtrtioiis olwrred with tlie theodolites in 1896-97. 
Tliese were all tliorouglily discunseil and they agree together 
sufticiently well to periiiit the assiigiiment of average gradients 
from tlie surface to the two upper planes in the free air. The 
teiiiperntures were wiqmterl on these planes for enough sta- 
tions to permit ilrawing systenis of isotlieims with accuracy. 
A s  regards the 3, SW-foot plane. the temperntures were foiiiid 
fr~iin the free air gradients for stations outside the plntenu null 
of lower elevation than 3.500 feet,; for points within the 
platenu the t.emperatures on tliat plane Tvere taken from the 
diagmius of I-ertical temperatures. previously constructed; 
these two systems agree well together, and the isotheriiis are 
continuous. The isothernix ciii the 10,OOO-foot plane nre 
simple c~irves joining the Atlantic nnd Pacific districts and 
present no trouble in crossing the plateau. There is one re- 
sult of interest. howerer, nt,-the surface of the plateail, which 
I cnll h r  gradient refraction. * '  TT'itliin the plateau the T-erticd 
temperature gradient averages dwut 0. l9SG per 100 feet, nncl 
in the free air for the eastern districts nlmut, 0.3W' up to 
10.000 feet. Now it is ericleiit, that this plane is high enough 
above tlie pltttenu to escape the influence of the surface coli- 
ditions. and that it is in the iiiiclst o f  the raliiclly drifting cur- 
rent (Jf air whose direction is eaxtwnrd. so that quite miforin 
tenipernture inuxt prevail along the sitiiitl pnrnllel i j f  latitude. 
Hence. it follows that by uhing the smaller grndieiit 0.1!1Sc' to 
the surface of the pl:tte:tu, larger virlues t h n  0.300° must be 
employed from the surftrce tu 10.000 feet. if the average gra- 
client is to Le about 0.300'), such as it w>uld be if the plntenn 
were reiuowcl. Therefore nt the surface of  the plnteitu there 
is soiiiethiiip: like mi abriipt. clinnge in tlie gritclients which is 
hiiiiilar tu refraction. Finally. hs wealis of the teiiilwrrttures 
thus found :mil the relritive humidities. assumed to be the 
sniiie as fIJr the surfsce stat.ions, the vnpnr tension on the 
3. 5(l&fciot plane was conipnted. For the 10.OOO-foot plane it 
was nxsuniecl that tlie relatire huniiclity is 50 per ceut of the 
~nrface amount a t  all plwes; this may be subject to criticism, 
Iiut it  is iienr the truth and the effect on the vapor tension of 
ere11 c~oiisidemhle chsnges in tlie relative humidity ~voulcl be 
uiiiiqiurtaiit~ st the liiw temperatnres prevailing n t  that nlti- 
tude. 

H 

For this purpoHe the ' 

THE FIRST I'tliUPI~TATICIN OF K, fj,. 

Insteacl of coiqutiag the values of t , .  v,. and I,. f>?, for the 
4everal stations at the untset, the work wfis milch shortened 11y 
m t e r p d h i p  the values of all this data on selected points of 
the charts, iiainely. centers of reduction; that is, where the 
iiiericlians 5') apart, 1%", 140" . . . . . . G5", crosh the parallels 
5 O  apart, 55'). 50' . . . . . . 30". On these centers of reduction 
the seat level HI,,. t,,. were also drawn from tlie chnrth, so 
that the data is coiiiplete for reducing the sen-level pressures 
to the liiglier 1)l:taes. Tliere are two objects gained by this 
metlicd of discussion; (1 ) the work of cnmpiitation is short- 
rnecl wry muuh; ~ n d  also ( 2 ) tlie result nffords en admirable 
check on tlie entire systeiii of reductions, as will be seen by 
what follows. The pressures H, aud on the 3,500-foot plane 
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and tlie 10,000-foot plane, respectively, were computed by thi 
logarithmic taldes froin the data thus obtained on the centers o. 
reduction, and the corresponding systems of isobars n-ere drawn 
There now esists the same general liarmony in tliese isobrtri 
as on the sea-level plane, ani1 no fnrther correcrtioiis are r e  
quirecl. It is to be especially iiotecl thttt, in the plateau regior 
the recluctions froin sea level to the upper plniies were iiiade l q  
the same principles as if it  had been a free air coluiiin, so tliel 
all plateau questions are laid aside. 

THE SECUND C'OMIPI~TATION OF Ill, 1-2, . 
From the HI and H, charts the pressures bylonging t.o a11 tlic 

stations were interpolated, so that the values of HI. I;.,. to b e  
derived by a direct computation from the stat.ion data chnld 1)e 
compared as a check. Meanwhile the se~m-al station reductioi: 
tables to the three planes had been completed, and as a filii 
check the three values, H,,, HI, were computed nail coni. 
pared with the values derired froiii the charts, as esplsiiiecl in 
the first process. The differences between the two sets of  val- 
ues for H,. R,. H, were about the saiiie on the three planes 
they average about 0.010 inch, t.he iiinjorit,v heing 0.000 01 
0.010 inch. a few 0.020 inch, with ocr.casioiia1 larger variation6 
due to errors of computatiim readily cletecterl, or to a local 
peculiarity. involving a slight reacljiistnient of t.he corrections 
in the station tables. These cliecks, therefore, involved tlic 
three distinct parts of the entire discussion. siiice the process 
has been armngecl practically in a circuit so as to pass froiii t,lie 
station 1;" to HI and fi? bp two separate roiites, as clrscril.)etl. 
Hence, ( 1 ) the processes of eliminating the plateau effect, aiicl 
of coiiipating the temperature :trgmiients f and I )  were siiccess- 
fal; ( 2 ) the logarithmic tables and the nu~iierical stnt,ioii 
tables are in agreement; ( 3 ) the charts are accurately drawn, 
and represent the observations with precision. 

As the result of this cliscussioii we hive prepared charts for 
the United States nncl Chnaila, giving tlie iiiont,hly null aniiual 
normals of pressure. temperature, and vapcor teiisioii 011 the 
sea-lerel plane, the &501)-foot plane, and the ll~,(JOO-foot plniie, 
also the relative humidity on the sea-lerel plane. i. e., 13(! 
charts for these data. There are also clinrts of gradients of 
temperature in latitude. in longit,ude, and iii alt,it,ii& : ant1 
charts of pressure variations for a few selected hours referred 
to the mean of 24 hourly observations. Furtlieriiiore, t,lle 
corresponding numerical values are entered iii a s u ~ n ~ n a r ~  
table for all statioiis on the sea-level plane. alioiit, 265 in 
number; also for all the statioiis which were in use by the 
Weather Bureau, either in tlie United Htntes, C!aiinclii, and 
the West Indies, a t  the heginning of the year l!bOO. or wliicli 
have been opened for service since t.hat dat.e. iiinkiiig almit 
175 on t,he upper planes. 

It has not been found necessary to revise any of  the reduc- 
tions to sea level since the tables were pnt in operation on 
January 1, 1!)02, showing that they bear t,lie test of practical 
work a t  the hands of .many obserrers. The ststmion t,ables for 
the upper planes will soon be tried, and an est,imate made as 
to their value in increasing the accurmy of the forecast sys- 
tem of the Weather Bureau. 

We conclude with the remark that! the pressure olwervatioiis 
and computations of the United 8t.at.es have heea at last placed 
upon n strictly scientific hasis. and that all the corrections re- 
quired by theory will he systm.untically applied iii the future, 
and the entire series froiii 1873 onwards will be kept strictly 
homogeneous. We shall, therefore. for the first time be ready 
to take up the probleiiis of seasonal rariatt.ion of the weather. 
the changes of the climate and c.rop from gear to year. and 
also the true cosinical proldeiiis involved in the radiation effects 
of the sun upon the earth's atmosphere. Even if we do.not 
ourselves succeed in resolving these questions, we shall have 
left this portion of the data iii foriii for others to iiinke reliable 
discussions. 

THE TERM INDIAN SUMMER.' 
Ny ALTLICRT Y.\TTIIEW~;. H n s t m .  31::~s.. ilsteil Dreemher 15, 1901. 

Howerer iutich we Aniericans may abuse our ever changing 
cliiiiate,' there is at least one portion of the year iipon which 
we unite in lavishing praise. It iieed scarcely be said that I 
allude to t.liat highly indefinite but always delightful period 
knowii as the Indian suiiinier. Connected as this season is, 
both by iiniiie and in popular belief. with the aborigines, it 
would seem as if  the iiaiiie itself must be of some antiquity; 
yet. so far as iiiy obwervat.ion goes, it is not until the year 
1794 that the expression Indian suiuiner occurs at all. and 
nut until the nineteenth century that it becume well estab- 
lished. I f  t,lie term is, in fact. barely more than a century 
old. i t  wonld again seeiii as if we ought to be able to trace 
out it.s origin with seine certainty. Yet such is far from 
being the case. 

In  a little 
inore than a cent,nry t,here has grown up, as will soon be 
abundantly prcived. a popular helief that there occurs in our 
autmiin a spell of peculiar weather. and to this lias been given 
tlir naiue Indian suininer. It has been stated that this spell 
appears in Hept,ember; that it conies in October; that it occurs 
in Noveiiiber or l l C J t  at all; that it, t,akes place in January; that 
it lasts for tliree or five c ~ a p  only; that it extends over 2% period 
of  niure t,lian four weeks; that. it is peculiar to New England; 
that it does not occur in New England at all; that it  is now 
inore marked than was foriiierly the case; that in former gears 
it TVRH more proiiouiiced t,hm it in iiow: that it, hnx at  present 
ceased to occur anywhere. A n d  tliese various and conflictiiig 
assertions. it is not easy to arrive at niiy definite conclmion; 
hit.. eliiniiiating the point,s in regard to which t,liere is cliver- 
grnce of opinion. i t  is toleri5hly clear that this siipposed spell 
id peculiar wedher is chracterizecl 1~)- three special features- 
by :I w-arint,li greater than that of the few clays or weeks imme- 
dizit,ely preceiing. By smokiiiess. atad by haziness. It is true 
t,liat, soiue scientific writers hrtve denied the existence of the 
iiicrensed wiriiitli and liare declared that the alleged smoki- 
ness is aii optical illusion.' But the pi.q)iilar belief-and it is 

1 During the past, ninet.y yews nirich liar; bren w~it,ten about this t.rrni, 
I j i i t ,  unbil now 110 rttt.enipt, has l>eim made to give its 1iist.ory in det.ai1 or 
bo cdlect, mi11 emniiiir crit.ic.a.lly t.he esplnnat,ions t,liat. have been aclmnced 
R,M to it,s origin. Tht? t.erni is not. fciuntl in Webst.er's Coniprndious Dic- 
tii:m;try ( 1HU6 1. IIW in his Anwritmi Dictionary ( 18281, nor in his Letter 
tv thr  Hun. a. Pickwing on tlie Rul:)jri.*t. of his Vocnhiibry ( 1817 1; nor iu 
6. Pic.kering's VocalJulwry or C4~1111vt.ion of  Worrls and Phra 
I;upI.wsril Lo be prculiar t.o t,lir TTnit,erl States ( 1816 ): hut. 
iiizeil in the 1841 edit,iun of 1Vebst.w. 1t.a 1iist.oi-y was first indicat,ed in 
bhe Oxford Dic4ionwy ( 1OUU ). and sonie nf t.lie est,rttct.s tliere quoted are 
't1s1.1 given in this paper. Lest i t  be thought. t.liat I have t,aken these 
rvit.linut it~..linnwlrdgeiiirnt, I niay lie perniit.trd t,o ailtl that of the nine 
?stracts Iirevious to 1883 quoted I.iy Dr. Murray all L u t  one ( , h m  De 
L2uin~q- ,  dated 1850 I were fui-nir;hrd liy me. 
Y g  itt,trnt.ion has h e n  direckd bo the t.erni for more tlinn twelve years, 

tnil l.liis paper is lmsed on inat,erial during t.hitt, period. I ani, 
li~iwrvw. inilebt,rd tis Pn-if. Clrvrlanil for t.uniing over t,o me the 
zstrai3s awl c ~ r r e s p ~ n d e ~ i ~ r  in his 1) : to t,he rilitors of t.lie Dial. 
Lhe -Jt.iurnul of American Fvlk-Li>re ion. mil t,lie New England 
Historical and Geneali,gica.l RpgiSt.t>r fi ir inserting qurrirw in their jour- 
inls: and t.il varii.ius c.i-irrrspciiii:lriits fi ir repl>-ing t.1) appeals fisr infonu& 
.%in. 1VIirrrver t,liis haa I.IIWI i ilit.aine4 and usrL1, due ackiio~~~lrilgiiient 
s nieilr in t.hr niit.rw. 

2 In 17s:) Dr. Bus11 sctirl: ' *  Prrhqs there is 1:iut one atwily t.rait. in tlie 
(Anieri- 

Rush WVBS spraking of Pennsylvania. h t .  his reninrk is equally appli- 
d11r t,ib the country at. large. Tlw suililrn and violent changes which 
it-wir in i.mr triiiprraturr lirtvr for t,hrer centorirs bren it fttwrite subject 
I f  I~l:lllllllent~. 

3 111 lH.33 it Balt,iliiorc.ai,n wrde :  ..Again t.his redness of the air toget,lier 
rith the nirchanicibl irritn.t.ion pr'i,iluwd 11s the denseness of the aerial 
-npw. escit.es a painful affrct,ic-in i if tlie eyes-this sensation, connect,ed 
rit,li t,he sin(iky sppwranrr of the sky. iiiductrs great nii~nl:~ers oP the 
nliabit,a.iits of t.liia c*i,unt.ry t.u hrlirre t1ia.t. the Indian sunliner consists 
if  a snioky st;tt.e of t.he air prcducecl 1-1s bunling the vegetable decidua 
vliieh are: wllecti?d together in the fall scasm for this purpose, or a8 

I t  is 1miper to define the scope of t,his paper. 

1 t.lirtt. is. it. is unifi.irnily varia1.ilv." 


