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so that we finally have four equivalents which may then be 
combined into one resultant. This resultant will be the 
same as that obtained by the preceding graphic method, 
but it suggests a very different interpretation, viz, we do not 
think of a particle of air as having traveled continuouslg 
during the whole time to a very considerable distance away 
from the station, but rather consider it as having been kept 
a t  the station and smcessively subjected to theso varioue 
hourly movements. From this point of view the resultant 
expresses what happened at the station to the wind vane and 
anemometer, and does not lead us to imagine that any great 
mass of air necessarily took part in the movements. This is 
a more rational interpretation, for every station is liable to  
have local peculiarities which must not be allowed to inter- 
fere with our interpretation of the general movemeuts of the 
atmosphere in its neighborhood. 

The total resultant above referred to considers all the ob- 
servations made continuously hour by hour and day by day, 
but we may classify the observations by hours and compute 
the resultants for each hour separately. If we wish a total 
result.ant, and are willing to baee i t  upon only a few hourly 
resultants, we may select such hours as will give resultants 
that are approximately the same as those deduced from twenty- 
four hourly observations, and this is, approxiniately, what is 
done when we compute resultants from 8 a. m. and 8 p. m., as 
is done for the regular Table VI11 of the MONTHLY WEATHER 
REVIEW. If, furthermore, experience should show that re- 
sultants computed by using the exact measured miles per 
hour differ but little from resultants computed by assuming 
that the average velocity of the wind is the same for all hours 
of the day, then one might be justified in omitting the labor 
of plotting or calculating the exact number of miles, since 
the defects of one hour would make up for the excesses of the 
next. This further simplification is especially allowable 
when, as in the computations for Tablo VIII, we restrict our- 
selves to  an approximation deduced from two observations 
per day. The resultant winds given in Table VI11 have not, 
thereby, lost in accuracy so much aswe might a t  first thought 
anticipate. Their accuracy is quite comparable with that of 
the other meteorological elements with which they are likely 
to be compared, more especially the barometric gradients 
shown upon Chart No. IV, whose isobars are also based upon 
observations a t  8 a. m. and 8 p. m. 

The figures in the four principal columns of Table VI11 are, 
therefore, deduced from the simple count of the frequency of 
the wind directions a t  8 a. m. and 8 p. m., without having 
regard to the velocity or force of the wind; for instance, a t  
Eastport, Me., the 60 observations during 30 days were dis- 
tributed as follows : North, 10; northeast, 4;  east, 4; south- 
east, 2; south, 10; southwest, 8; west, 8; northwest, 9 ;  
calm, 6. The four northeast winds are equivalent to 3 mr th  
and 3 east. Similarly, the southeast 2 are equivalent to 1 
south and 1 east; the southwest 8 are equivalent to 6 south 
and 6 west; the northwest 9 are equivalent to 6 north and 6 
west, so that if we add the four components we have north 
wind, 19; south wind, 16; east wind, 8;  west wind, 19. The 
five calms do not affect the motion. The balance between 
north and south leaves north, 3 ; the balance between east and 
west leaves west, 11. Therefore, the resultant is a movement 
of 3 from the north and 11 from the west, which is the same 
as a movement of a little over 11 from the direction north 
80° west. 

The prevailing wind is determined by simply selecting that 
wind direction which occurs most frequently, that is to say, 
in the preceding case for Eastport, north and south would 
have an equal claim on our attention because both occurred 
10 times, and the northwest would be almost on the same 
footing because it occurred 9 times. The prevailing wind 
does not convey to the mind any proper idea of the wind at  

a station unless some one direction occurs in an overwhelm- 
ing majority of cases. The actual number of winds from 
each direction must be enumerated if we would have a datum 
that in any way replaces the resultant wind. Such a detailed 
statement is all the more important when there is a large 
number of winds alternately opposed to each other, thus in 
the case of strong land breezes by night and sea breezes by 
day, the resultant may be zero, or very small, whereas the 
statement of the frequency of each wind, or the analysis 
into the four principal components, gives one a clear idea of 
the alternate opposition of these breezes.-[(=. A.] 
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FROST FOWATION IN ST. PAUL. 
Mr. H. Volker, observer, Weather Bureau, St. Paul, Minn., 

has kindly forwarded to the Editor an account of an interest- 
ing ca.se of frost formation. He submits a rough draft of the 
iron bridge across the Mississippi a t  Rohert street. This 
bridge consists of iron framework, 870 feet long, as its south- 
eastern portion and a similar framework, 330 feet long, as its 
northwestern portion. The central portion of the bridge is 
an iron truss, 340 feet long, resting on t.wo slender stone 
pillars a t  80 feet above low water. The central portion of 
the roadbed of the bridge is horizontal, while the roadbeds 
connecting this with the extremities have a gentle slope. 
Mr. Volker observed that on the early morning of September 
20, when the minimum temperature a t  the Weather Bureau 
station was 38O: 

Not a si n of frost was to ai! seen on the level, central portion of the 
roadway, %ut on both inclines it waa formed co ioudy and, what was 
most remarkable, the line of frost extended up &e inches  to the very 
point where the level portion'begins, both on the northwest and on the 
southeast sides. 

Mr. Volker states that the formation of frost was due not 
merely to the elevation and the cooling by radiation, but 
t h a t  

The sloping condition of the roadway was especially favorable for 
frost formation, and, if this had continued, frost would still have 
formed at a higher elevationl probabl for hundreds and poeeibl for 
thousands of feet. From this I concrude that frost on sloping eLva- 
tions. sides of hills and mountains, is formed in the same manner. If 
radiation and elevation were the on1 causes in such frost formations, 
then in this case frost should have &sa peared gradually and not ab- 
ruptl , for the elevation of the upper enis  of the sloping roadways was 
equarto that of the level portion of the bridge. 

We have no doubt that Mr. Volker is correct in attributing 
the abundant formation of frost on the sloping roadways to 
that inclination itself. Unless there were great differencefl 
in the velocity of the wind, the whole surface of the road, 
both horizontal and inclined, would cool down to about the 
same temperature during the nighttime, and the quantity of 
frost would depend principally upon the quantity of cold air 
flowing gently over the surface of the roadway. If there were 
no wind, then this quantity must have been much greater 
down the sloping approaches than along the central, level 
part, owing to the fact that the flow of air over the level por- 
tion is almost nil, while that down the slope is very appre- 
ciable. It can, however, happen that the slope may he too 
steep for the deposition of frost. Anyone cau make the ex- 
periment by exposing a t  nighttime several wooden planks at  
a few feet above the ground, one of them horizontal, another 
slightly, and a third steeply inclined. There should be a raised 
rim on the edges of the planks, so as to force the air to flow 
downward the whole length of the planks. If, as we suppose, 
Mr. Volker's explanation is correct, the depositof frost should 
be thickest on the plank that has a gentle slope.-[C. A.] 

THE HANDBOOKS OF THE DEUTSCHE EIEEWARTEL 
One of the most important lines of practical work under- 

taken by the Deutache Seewarte when reorganized in Decem- 
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ber, 1874, as a National Institute for Terrestrial Physics, wai 
the preparation of an elaborate series of so-called ‘( Sailin! 
Directions,” or handbooks for navigators sailing over the im, 
portant commercial ocean routes. This great work has beer 
accomplished, with a thoroughness characteristic of all New 
niayer’s works, by the successive publications of the LL Segel. 
handbuch for the Atlantic Ocean,” in 1886, and the ‘‘ Atlar 
of 36 Charta” to accompany this in 1882 ; “ Segelhandbnch 
for the Indian Ocean ” iu 1893, and “Atlas of 35 Charts” tc 
accompany this in 1891 ; finally, the “Segelhandkuch for the 
Pacific Ocean,” in 1897, and the “Atlas of 31 Charts” tc 
accompany it in 1896. Meanwhile the accumulation ol 
data has justified a revised edition of the Atlautic hand. 
book, which will probably be published by the close ol 
1897. These three handbooks are treatises that summarizc 
our knowledge of the three corresponding oceans and t h e  
atmosphere above them. The thirty or more charts give 
the latest details as to the depth of the ocean, its tempera. 
ture, ita currents, and specific gravity; the atmospheric 
temperature, pressure, winds, rains, cloudiness, and storms ; 
the magnetic elements of declination, inclination, and inten. 
sity; finally, the principal routes for vesseh, the whale 
fisheries, and other commercial matters. Ench handbook of 
text, besides referring to ita Atlas of Charta, also cont.ains 
numerous additional special charts illustrating the minor 
details. To the meteorologist these handbooks are as valua- 
ble as to the navigator, since they make accessibIe to him the 
results of tke studies of Neumayer, Koeppen, Koldeway, 
Schott, Boergen, Knipping, and others, a t  the Seewaite. The 
data from the logs of German vessels are accumulated in the 
archives of the Seewarte. They contain not merely the sum- 
mary for the use of navigators, but laborious compilations, 
in clearly written text, by some of the ablest German scholars, 
and are well worthy of the study of other meteorologists. 

The meteorology of the Pacific Ocean is considered in the 
last published handbook where we find two chapters on the 
winds; a chapter on the pressure of the air and its relation 
to the winds; a chapter on the temperature of the air and 
the rainfall ; an elaborate treatment of the storms that have 
prevailed in various parts of the Pacific, preceded by a 
general introduction in which the whirlwinds and the squalls 
are distingnished from each other. We shall from time to 
t.inie have occasion to quote from these thee  volumes of 
handbooks. At the present moment the following paragraphs 
011 pages 178-179 of the volume for the Pacific Ocean seems 
appropriate : - 

DIURNAL VARIATION OF PRESSURE AND WIND. 

The variationsof the barometric pressure are partly periodic, that is to 
say, repeating themselves at  reeular intervals and partly nonperiodic. 
The annual and the dail periods are rodinent examples of theae. 
The diurnal variation is o f  such remarkahe magnitude and regularity 
in the tro icu that it can not be neqlected, since it constitutes a con- 
siderable iraction of the general oscillation. The pressure rises every 
day, with the re larity of the clock, from 4 a. m., local time, to 9 : s  
a. m., then it falguntil4 or 5 p. m.; then it a in rises until 10 R’ m 
only to fall again until 3 or 4 a. m. The totay extent of this aily 
oscillation amounts to two or three millimeters (viz, & or fb of an 
inch). These oecillations have no relation to the weather. If, there- 
fore, the barometer falls three millimeters, between 10 a. m. and 4 p. m., 
we are from that not to a in the weather, 
but we may indeed do so i f x r i n g  this time it h z n o t  fallen or has 
men. Disturbances in the daily variation of the barometer, especially 
a fall between 4 and 10 a. m., or 4 and 10 p. m., are sometimes the first 
sign of a disturbance in the trade wind, or an approaching cyclone. 
Beyond the tro ics the diurnal oscillation of the barometer is more and 
more obscured f y  the at irregular variations of pressure, and beyond 
40’ of north or aguth E t u d e  the former plays practical1 no important 
role. The following small table contains some results ofthe bi-hourly 
observations on the Pacific Ocean made on the explorin voya 
C h k g e w ;  each line is the mean of observations made furin k 
to thirty-three days, durin which the vessel did not materiaey chan 
its geogra hic latitude. T i e  figures indicate in millimeters and ten& 
how mucf the mean barometric pressure for the respective hours dif- 
fered from the daily mean. Beaides thia double diurnal variation the 

e anything as to chan 

accurate com arative observations demonstrate the presence of a 
simple diurnafoecillation which is different on the land and on the 
open ocean and which makes the pressure greater over the land than 
over the Ocean during the nighttime, but greater over the ocean than 
over the land during the afternoon. The land and sea breezes owe 
their origin to this slight difference of pressure. 

Diurnal &i&n of WM bammstm on WM PmQk Oasan. 
[Extraoted 8Ud oondensed from “ VOY8W Of the Ch81leUger,” Vol. 11, Part 6, A. 

Bnohan, Table 111. pp. 7-9.1 

Xin. Mm. 
0.4 0.6 
1.0 1.8 
0.9 1.1 
1.0 1.2 
0.7 0.9 
0.6 0.6 
0.8 0.4 
0.4 0.2 

- 

Other facta that have been ex lained in Chapter IV show that in 
many canes another CSIIBB d e c t s  ties, diurnal variations of the wind 
more powerfully than this slight interchange of pressure between the 
land and ocean. Thus, for instance, on the leeward side of a small 
island (in the trade-wind belt) the land wind does not at nighttime re- 
place the aea wind of the daytime, but calms occur in the ni httime, 
and powerful gusts of wind from the land in the daytime. ?n such 
cases we have to do with a phenomenon that is quite the same 88 
occurs in the lowlands generally, where. the pneral  current of air 
(which at nighttime is to be found at  an altitude of many hundred 
meters above the earth’s surface, while at the earth’s surface itself the 
air is held eta nant by the irregularities of the surface) is at midday, 
by the pla o f  the ascending and descending movements above the 
heated sod, brought down to the latter in oft-repeated gusts. Many 
islands are too small to produce the true land and sea breezes; such, 
for exam le, is the case on the leeward side of the island of Oahu in 
the nei&orhood of the city of Honolulu. On the other hand, the 
BBIL breeze occurs most powerfully where the general current of air 
that descends in gusts at the warmest time of the day, by reason of the 
vertical interchange, a p e s  in ita direction with the sea wind that 
D C C U ~  about the same time, as, for example, at Valparaiso. 

LOCAL WINDS OF HAWAII. 

Chapter IV gives in detail the local peculiarities of the 
wind a t  prominent points on the coasts of continents and 
islands throughout the whole extent of the Pacific Ocean. 
Among these the following extract on pages 146-146, relative 
to the Hawaiian Islandi, is translated as being apparently the 
item referred to: 

The Hawaiian Islands lie somewhat to the south of the Tropic of 
Cancer, or the eo-called horse latitudes. Correspondin to this location, 
the northeast trade wind blows almost uninterrupteil at this place 
during six months of the year, from May toOctober, incfusive. InDe- 
cember the polar limit of the steady trade winds has advanced south- 
ward from the island, and the struggle of the trade with the westerly 
winds be ‘ne and continues into March. The average number of daya 
with t r d  winds, at  Honolulu, for the years 1875-1889. were as follows: 

January, 14; Februar ,15; March 17;A ril, 31; May, 34; June, 26; July, 
Z9; Au ust, 30; SeptemLr, 26; Octoker, 2 8  November, 38; December, 16. 
In t f e  summer months, in the neighborhood of %e islands, during 

the nighttime calms revail, except in front of and in the paesa6es be- 
tween the islands. & the course of the forenoon the trade wind in 
the nei hborhood of the land freshens until b midday it is generally 
strong,%ut in the afternoon gradual1 again dminishes. This is cer- 
rinly the case on the lee side of the %wer islands and portions of the 
Islands, especially in the harbor of Honolulu; for the windward sides 
there is not yet enough data to s ak positively. On the other hand, 
m the west side of Hawaii, the &est island, there is in the summer 
;ime a regular interchange of land and sea breezes. This, however, is 
mly the case in localities where, on the windward side of the place, 
;he mountain chain rises up so hi h that it cuts off ‘the trade wind, 
which latter rarely extends beyonf 2,400 meters. Above the plain of 
Waimea, which is only 900 meters hi h, to the north of the mountain 
If &una Kea (whose summit is 13,9!bfeet, according to Stieler’s Hand 
Atlas), the trade wind blows overhead and strikes on the lee side BB a 

rchin wind. South of this in the Kons District, directly to lee- LTEf thesigh mountain of Mauna Kea, which cuts off-the:trade 
wind, the daily interchange of land and sea breezes occurs i‘n the typ- 
.ea1 manner; at  sunrise, calms prevail; about 10 o’clock the sea breeze 
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Arteaga (Coabuila). 
Barousna ............. 
Collma ............... 
Durango. ............. 
Leon .................. 
inares (New Leon).. 
Ylyrdalane (Sonora). 
Marida ............... 
Mexico Obs. Cant.).. 
Mexico iE, N. de S.). 
Monclova (Coshulla). 
Yontern? ............. 
Mom118 saminsrio). . 
oalaoa .............. 
P~ITSS (coahuiia). ... 
Puabla (Col. Cat.) .... 
Quaretaro ............ 
Saltfllo (Col. 8. Juan) 
8an LUIE Potosi ...... 
SlemaYo ade(Coah) 
Tomon (&oahulla) . . 
Vapnerla (Coahulla). 
zacateoas ............ 

seta in, blowing from the west, and gradually ascends the mountain 
sides; then, clouds rapidly form and soon there falls over the land rain 
that often continues till nighttime. About 9 or 10 p. m. the sea breeze 
cases and shortly after that the descending land wind sets in; this is a 
dry wind; the clouds break away, the stare appear, the rest of the night 
is clear. 

In the winter months the westerly winds of the Hawaiian Islands 
are caused by barometric depressions that pass in an eastward direction 
to the north of the islands. I n  such caaes the wind begins to freehen 
up from the south and veers gradually to the southwest, many times 
accompanied by thunderstorms with cloudburets of rain and not un- 
fre uently increasing to a severe storm. After it has stormed for a 
wh?le from this direction, the wind suddenly j u m p  to the northwest, 
then follows clearin -up weather, and soon after that the northeast 
trade again be ins. %he storm wind ‘ust described, which by the na- 
tives is called kona, because it prevah rincipally on the Kona side, 
that is to say, the lee or the southwest d e ,  haa a duration of from a 
few hours to two or even three days. It is seldom strong enough on 
land to injure the houses, but occasionally intenupta naviption be- 
tween the islands, as for example, in 1888. During the cruise of the 
En lish naval vessel Petrel among the Hawaiian Islands in Sep- 
tem%er, October, and a rt of November 1875, the trade wind waa 
often interrupted b soutgrly winds and calms with rain, except in the 
passages between t i e  islands, where it seldom failed. On the west and 
southwest coast of Maui southeasterly winds prevailed, but which were 
occasionally replaced by the northeast trade which blows steadily over 
the isthmus of this island. 

The island of Maui consists of a northwestern mountain- 
ous portion and a southeastern portion containing much 
higher mountaius ; between these is the counecting isthmus 
of comparatively low lalid to which the author of the Hand- 
book evidently refers. 

With regard to the depth of the layer of air involved in 
the movement of the northeast trade wind, the Handbook 
says: 

On MaunaLoa and Mama Kea, the two great mountains of the island 
of Hawaii, we do not generally find the trade wind blowing above 
2,500 meters, no matter how strong it ma be blowing below. From 
2,500 up to 3,800 meters, calms prevail, a n i  above that the current of 
wind has the o p r i t e  direction. In a corresponding manner the lower 
trade-wind clou s move from northeast to southwest, while the upper 
cirrus clouds move in the op osite direction, from southwest to north- 
east. The altitudes from I,l& to 2,100 meters, are almost always on 
Hawaii enveloped in clouds, but from the up rtion of Mauna Loa 
(altitude, 13,760 feet) one looks out u on a BG tpat is always clear in 

,summer and of wonderful purity. T i e  summit of Haleakala, on the 
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island of Maui, more than 160 kilometers distant toward the north- 
west, ap ars sharp and clear above the Ocean of clouds, like a dome 
above a Eld of snow. The storms that prevail on thew. peaks appear 
to come from the southwest or the northwest.-[C. A.] 
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-CYAN CLIMATOLOGICAL DATA. 
Through the kind cooperation of Sefior Mariano Bhcena, Di- 

rector, and Sefior Jose Zendejas, vicedirector, of the Central 
Meteorologico-Magnetic Observatory, the monthly summaries 
of Mexican data are now communicated in manuscript, in ad- 
vance of their publication in the Boletin Menaual; an abstract 
translated into English measures is here given in continua- 
tion of the similar tables published in the MONTHLY WEATHEB 
REVIEW during 1896. The barometric means have not been 
reduced to standard gravity, but this correction will be given 
a t  some future date when the pressures are published on our 
Chart IV. 

dlirzsGon data jbr &p?mbSr, 1897. 
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METEOROLOGICAL TABLES. 
By A. J. H E ~ I Y ,  Chlel of Mvlslon of Records and Mateorologioal Data. 

For text descriptive of tables and charts see page 367 of REVIEW for August, 1897. 
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