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Imperial Marim 0bserva.t ,‘ which has just reached the 
Weather Bureau library,?octor Okada has presented 
some very interesting conclusions. 

Two distinct oman currents bathe the eastern shores 
of J a  an-the northern, or cold, current, “Oyashiwo,” 

or J a  an Current. From observational and other data 

in northern Ja an epends largely on the temperature 
of the former, ’Oyashiwo,” flowing southwestward from 
the Bering Sea and neighboring waters: It was but 
natural to assume that with abundant ice in the northern 
waters, which feed this current, it  would be cooler in the 
summer season than when scanty ice prevailed there. 
But this assum tion was difficult to verify because of 

Doctor Okada took the winter temperature at  Nemuro 
in northern Japan as an index of the winter tem eratures 

in northern Japan for the 28-year period from 1892-1919. 
He found a parallellism represented b the correlation 

period ,covered and the admitted inadequacy of the 
temperature data utilized, this shows a remarkably close 
relation. 

Next, the cause of the occurrence of severe and mild 
winters in the Bering Sea was investigated. He states 
on this subject: 

and t Yl e warm, southern current called “Kuroshiwo,” 

avails % le it now ap ears that the summer temperature i; 

the lack of ice B ata from the north. In  this emergency, 

farther north and correlated these with the yie Y d of rice 

coefficient +0.55&0.09. In view of t 3 le length of the 

_ _ - ~ _ _ - _ _ _ - - _ _ _ _  
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NOTES ON TYPHOONS, WITH CHARTS 

As is well known, the winter temperature of the northern w~ters is 
chiefly controlled by the inflow of cold air from eaatern Siberia, which 
is a member of the system of cyclonic circulations around the eemi- 
permanent “low-u over the Aleutian Islands. It may be supposed 
that in the year in which the activity of the Aleutian “low*’ 1 ( ~  ipr 
creased the inflow of cold air toward the Berin Sea and ita neighbor- 
hoods becomes vi oroum and, therefore, there t%e winter t.emperature 
becomes abnormafly low. Again, we may suppose that 111 the yeax 
in which the activity of the Aleutian “IowJ’ is decreased, the wintar 
of the northern waters is rather mild. 

In  the absence of observational data as to variations 
in the intensity of the Aleutian LOW from year to 
Dr. Okada agam resorted to the best substitute ava able. 
The activity of the LOW is increased when the water is 
warmer, or the land is c,older, than usual, and conse- 

uently he took the air temperature records at Dutch 
&arbor, Aleutian Islands, as an indication of pressure 
intensity and corresponding tem erature conditions over 
the more northern waters. As h t c h  Harbor is located 
on the warm side of the Aleutian LOW, it is readily con- 
ceivable that its pronounced activity would tend to com- 
paratively high temperature there, with abnormally low 
tem erature over the.more northern waters in the cold 
ua i; rant of the depression. He correlated the Dutch 

&arbor temperature with the yield of the rice crop in 
Hokkaido in northern Japan for the 28- ear period men- 

k0.08. Thus we see that Dr. Oliada’s investigations 
point very strong1 to an a f f i a t i v e  answer to the 

l?- 

tioned. This gave the significant coe & cient of -0.63 

question at the hea i of this review. 

OF NORMAL AND ABERRANT TRACKS. 

By STEPHEN S. VIBEEB. 

[Indiana University, Bloomington, Ind., Oct. 5,lQP.l 

INTRODUCTION. 

The writer is makiug a study of the tropical cyclones 
Data as to the occurrence of storms in of the Pacific.’ 

with Director 

1 The fleld investi ations were h n c e d  by Yale and Indians Universities and by the 

9 Tropical Cyclones in Australla and the Qouth PaciIic and Indian Ocaans Mo. 
lLXl SO: 2 S 2 9 5 ’  and Tropical Cyclones in the Northeast +.ciac 

~iahop YW- of honoldu. 

W E A ~ Z B  REV 
Wtween Hawd’6nd dexiw, ibid, b5-297,1922. 

26382-23-2 

issuance of warnings in case a typhoon is threatening. 
Indeed, eac.h declared that he has almost no time and 
energy for a uiet study of these complex phenomena 
and endeavore 8 to encourage the present writer to study 
typhoons aa well as the tro ical cyclones of other parts 

have induced the writer to call attention to the several 
publications concerning typhoons which have been 

ared, often under great di%culties, within the 5: 
East, to make more available some of the data they 
present and to attem t to contribute a little toward 

Bnnual requ.ency.--iis to the annuaf Zequency of 

a storm which one person considers a true ty hoon 

Then, too, although each observatory attempts to cover 
the entire region, there is, in fact, a certain amount of 
specialization. This is frankly recognized b Coronas, 

1903-1918,3 attem ts to list only the typhoons which 
noticeably affecte: the weather of the Philippines. 
However, several lists of t phoons purport to be com- 
plete for the entire Far East. The variation EI the .  
annual number of typhoons reported by different au- 
thorities for certain years is shown in Table 1. 

of the Pacific. These kin a nesses and encouragements 

solving some of the pro % lems presented b t phoons. 

typhoons t -l ere is considerable difference of opinion, for 

another may consider not severe enough to be so c f wed .  

who in his Climate and Weather of the 4 hilippines, 

8 Qovmunant printer, Upnil., 1M. 
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-___ -_ 
. 

. Year Algud. Froc. 

---___- 

Hang- 

tory. 
ofgfa- D. S. 13.1 

1881 ......................................... 
1885.. ....................................... 
1888 ......................................... 
188i.. ....................................... 
1888.. ....................................... 
1888.. ....................................... 
1890.. ....................................... 
1891.. ....................................... 
1893.. ....................................... lam.. ...................................... 
Ism..  ....................................... 
1895.. ....................................... 
1898 ......................................... 
1697.. ....................................... 
1 m . .  ....................................... m. ........................................ 
1900.. ....................................... 
1901 ......................................... 

21 
11 
16 
28 
16 
14 
27 
28 
24 
24 
34 
24 
20 
24l 
25 
21 
23 
27 

.......... .......... .......... .......... .......... .......... .......... .......... .......... 
11 
31 
19 
13 
14 
22 
23 
23 
21 

14 
26 
14 
12 
16 
16 
19 
18 
18 
12 
20 
11 
21 
19 
15 
9 

1 J. -13 Cyclones of the Far East, p. 83 Manila 1604: L Proc I Atxnosphrre en 
Extreme Oiimt, pp. 303-239 P3ris 10a’Kun kdng Ol&rvato;y”A list sup lied 
bv Dimctor Claxton of the Rbval Oherviton.: f3. S:H., Deutscd Seewarte. &gel- 

12 
24 
6 
7 
4 
6 

.......... .......... 

.......... .......... .......... .......... .......... .......... .......... 

.......... 

&db&h fur den Stillen O m n ,  p. 256, Hamburg, ISW. 
. 

In recent years, in spite of the wireless, ditfercnces of 
opinion as to whether or not n stornl should be classed 
as a typhoon have not ceased to esist. For exam le, 
in 1918, while Claxtou reported 18 typhoons, &oc 
reported 16 and Okada (then at  the Central Meteoro- 
logical Observatory, Tokio) reported 14 severe ty hoons 
and 9 other tropical cyclones. Table 1 reveals t e fact 
that some supposedly corn lete lists contain only ti 
third, or occasionall a fourtk, as nzany storms for some 

ist may be criticized as either being incom lete or as 
including storms which should not be callex typhoons. 
However, the desirabilit of havin as complete a list 

is sufficiently great to ustif Table 2. This is mahe up 
from three sources. $or &e years 1893 to 1918, in- 
clusive, the list has been compiled from Froc’s itemized 
list of 617 t hoons.’ These are the storms which are 

1893-1918.6 Froc’s is the lon est full list available 

Al 6’s list is reprinted.O Althou h Father Algu6 is 
s 8  director of the Philip ine Ifeather Bureau, he 
informed me that no compr d ensive list has been com- 

iled there since 1904. For the years 1919 and 1920 the 
%st supplied me by Director Claxton of the Ro al Ob- 
servatory, Hongkong, was used, as Father Froc %as not 

et compiled his lists for those years. A very incomplete 
ist for the century before ISSO is given in the Segel- 
handbuch. However, because of the incom leteness of 

em as some o ti er authoritrat.ive list. Hence any 

as possible, particularly 7 or the stu c f  y of climatic cycles, 

charted in E9p roc’s Atlas of the tracks of 630 typhoons, 

compiled by a single observer. P or the years 1SSO-1892, 

the list, PO ver safe deductions as to cyc P es in their 
occurrence cmi i e based on these records. 

pe, about 23 severe tropical cyc P ones occur annually in t le 

greater, of course. For exam le, in the P hillipines the 

From the foregoing list it a pears that, on the aver 

Far East.. Froc’s list for 1893-1915 averages 26 a year. 
The annual variation is great however-hom 11 to 38 
according to these data. In  a smaller re ‘on it is still 

number of especially severe ?‘remarkable typhoons 
varied in the years 1903-1818 from one in 1916 to seven 
in 1911. Of the two dozen or so typhoons occurring in 
the Far East in an average year, perhaps half have 
winds of hurricane force over a mde and long belt. 

3r. 

4 L. Fm: “L’Atmosphere en ExtremeOrient,” Deuxime ed., pp. %?-239, hpd-  
merleNationale Paris 1920 

6 Published in’En$ush by’& Zihwei  Observatory, Shanghai, 1920. The 21 annota- 
ted oharb were reprinted in the M o  WEATEEB REV A st 1920 to June 1921 (vol a, charts 128 1% 143 144 174 175.’vol 4 Charts i&% W - ~ Z  ~ ~ 8 1 - 8 3  95): 
I J. Alguk frTh& C+~OII& ofbe  $ar 2d r h e d  hitid, p. 86: M d a ,  I d .  

Apr. 
_- 
0 0  
0 0  
0 1  
1 1  
0 0  
0 1  
0 1  
1 3  
0 1  
0 0  
0 0  
0 1  

0 0  
0 1  
0 0  
0 0  
1 0  
1 1  
0 0  
1 0  
0 1  
0 0  
1 1  
2 1  
2 1  
1 0  
1 1  
2 2  
1 1  
2 1  

n o  

The others possesses winds of hurricane force in only a 
small area, or perhaps onl gales. 

these 917 typhoons are indicated in Table 2. At the bot- 
tom of that table is a summary giving the number each 
month and the per cent of t,he total. The monthly 
distribution is shown graphically in Figure 1. 

Seasonal occurrence.- T i  e months of occurrence of. 

TABLE 2.- l’yphouns cf the Far East, by years and aionlhs. 

!Pt. 

4 

10 

16s 

R3 

Sear. Jan. I-- Oct. 

-- 
2 2  
4 3  
2 2  
4 4  

1 1  
4 3  
7 3  
3 1  
2 4  
7 6  
6 0  
5 2  
2 3  
4 4  
4 3  
1 3  
3 4  
4 4  
4 3  
4 4  
2 5  
5 3  
6 6  
3 2  
3 4  
8 3  
4 4  
4 4  
6 0  

2 
3 4  
4 4  
6 5  
4 2  
3 7  
6 1  
4 2  
3 3  
4 4  
4 2  

133 

14.4 

..-.. 

-- 

1 w  ............ 
1981 ............ 
1882 ............ 
1853 ............ 
1% ............ 
iw ............ 
IF87 ............ 
1.w ............ 
1859 ............ 
1890 ............ 
1891 ............ 
lkW ............ 
IS93 ............ 
1 8 4  ............ 
1895 ............ 
1886 ............ 
1.307 ............ 
1898 ............ 
1899 ............ 
1 m  ............ 
lWl ............ 
1 m  ............ 
1903 ............ 
1904 ............ 
1905 ............ 
1906 ............ 
1807 ............ 
190s ............ 
lsog ............ 
1910 ............ 
1911 ............ 
1912 ............ 
1913 ............ 
1814 ............ 
1915 ............ 
1916 ............ 

iasi ............ 

0 
0 
0 
0 
1 

0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
2 
2 
1 
3 
0 
1 
1 
3 
I 
5 
2 
1 
4 
1 

00 
0 
3 

o 

Total.. .. 37 

month.. ..... 4.0 
Per cent in each 

1817 ............ 
1918 ............ 
1819 ............ 
1820 ............ 

__ 
‘eb. 
__ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
1 
0 
1 
0 
0 
4 
3 
1 
0 
1 
2 
1 
0 
0 
0 
1 
0 
0 
0 
0 

17 

1. 9 

- 

__ 

0 
0 
2 
1 

.ay. 

- 
0 
2 
0 
3 
2 
0 
1 
3 
0 
0 
1 
2 
0 
1 
4 
1 
1 
0 
0 
2 
0 
2 
3 
1 
0 
1 
3 
1 
3 
2 
4 
1 
0 
1 
1 
0 
1 
0 
0 
0 
0 

47 

5.1 

- 

-- 
ne. 
- 
0 
1 
0 
1 
1 
2 
2 
1 
2 
0 
5 
2 
3 
0 
3 
4 
2 

0 
1 
1 
2 
3 
1 

0 
2 
1 
1 
2 
2 
0 
0 
3 
0 
1 
0 
1 
1 
1 

56 

8. 1 

n 

; 

- 

- 
JY* 
- 
3 
3 
3 
3 
4 
2 

5 
4 
2 
4 
7 
4 
3 
7 
4 
4 
4 
3 
2 
1 
1 
4 
3 
5 
3 
2 
3 
3 
4 
3 
7 
3 
5 
4 
3 
2 
3 
4 
5 
3 

141 

5.4 

... 

- 

- 
4 
4 

4 
5 
2 
3 
2 
3 
3 
2 
5 
4 
2 
3 
3 
2 
1 
4 
4 
4 
3 
2 
4 
4 
4 
1 
6 
4 
3 
5 
6 
5 
4 
6 
3 
3 
5 
4 
6 
6 

147 

6.0 

.... 

- 

- 

._ 

OT. 

- 
1 
3 
1 
1 
2 
1 
1 
3 
1 
1 
1 
4 
3 
0 
4 
0 
0 
1 
4 
3 
4 
1 
1 
2 
1 
1 
1 
4 
3 
2 
3 
2 
4 
1 
2 
4 
3 
1 
0 
2 
a 

79 

8.6 

- 

- 

ec. 
- 
0 
1 
2 
0 
2 
1 
1 
0 
1 
2 
0 
1 
2 
0 
2 
0 
0 
0 
1 
0 
2 
1 
2 
2 
3 
2 
0 
0 
3 
4 
8 
1 
2 
1 
2 
2 
1 
0 
0 
1 
0 

68 

5.2 

- 

- 
!o. 
al. 

11 
21 
11 n 
21 
11 
16 
aB 
16 
14 n 
28 
24 
11 
31 
19 
la 
14 s 
I 
fu 
21 
l4 
31 
23 
24 
24 
I 
31 
35‘ 
38 
a0 n 
23 
2s 
23 
23 
16 
16 

20 

917 

OB. 9 

- 

in 
- 

From Table 2 and Fi re 1 it is seen that, although 

the year, tropical cyclones are most frequent in this area 
occurring in considerab fll e numbers in every month of 

FIC. 1.-Monthly dhtribution of 917 typhoona in the Far East, 1SW-19#). 

in the four months July to October. The frequency of 
storms in July and August has usuall been ex lamed 
by the statement that in those m o d s  the doPdPums 





November, 1922. M.W. R. L-156. 

'- r 
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Jan. Feb. Mar. 

Number. 4 1 4 
Percent. 5.7 2 9  8 7  

---- 

are farthest from the Equator. However, this e s  lana- 

a nionth of relatively few typhoons. Furt. iermore, 
typhoons are rarest in Pebruary and March, not in Janu- 
a the coolest month. 
?he monthly distribution of cyclones in the Philip- 

pines is given m Table 3.' 

T ~ B L E  3.--Aiierage nionthli! diatribzction of tropical ryrlnnea i i i  the 
Philippines, 1902-1918. 

[Per cent.] 

tion is inade uate, forb  October, or at  least by Np owm- 
ber, the dol 8 rums are B ar south of their June osition, P 

Apr. May. June.[ July. Aug. Sept. Oct. Nov.1 Dee. 

16 
1.4 8.6 5.6 7.1 5.7 5.7 12.9 12: 1 22.8 

- -- 
1 6 6 1 5  4 4 9 

_- . . . .- .. - . .. . . - -. .. .- .- 

The monthly distribution of the stornis of yet another 
special portion of the Far East merits particular ntben- 
tion. In  a later table (7) 70 typhoons occurring in lati- 
tudes 3'43' are listed. Tropical cyclones are relatively 
rare so near the Equator. Hence it is w0rt.h while to 
call especial attention to their frequency in the region 
under consideration. Table 4, based on Table 7, gives 
the number and the per cent in each month. 

TABLE 4.-The monthly distribution of io fyphoona occurring in latitudes 
P-P. 

The monthly distribution of these sube uatorial 
typhoons may be cont,rasted with that of typ 1 oons in 

typhoons are most 
arther north, in December 

they are rarest, 
rather than in February 

and, May and June have 
more typhoons near the Equator than August and Sep- 
tember, while the reverse is strikingly t.rue in latitudes 

'above 8'. These latitudinal contrasts in the monthly 
distribution are probably due to variations in the estent 
and effect of the Asiatic high-pressure area rather than 
to the shifting of the doldrums, the conunon ex lanation. 
Indeed the heat equator is in the Southern dniisphere 
during near1 half the year.8 

typhoons" has already been mentioned. It is an 
extremely valuable atlas, but it seems desirable for 
several reasons to present a chart of average tracks 
based on the 21 charts he gives. So many charts, each 
covered with a maze of tracks, are bewildering, as he 
himself remarks. Furthermore, in textbooks in metero- 
ology, geo raphy, and ph si0 ra hy only a single chart 

original chart is reproduced in recently pub ished text- 
books, in spite of its having been based on the very 
inadequate data available 40 years ago, appears to be 

Tracks fo d owed.-fioc's ('Atlas of the tracks of 620 

s can norma K ly be used. Tge c%ie! reason wli Doberck's 

1 J. COMnas: The Climate and Weather of the Philippines. lKX-l91S, pp. 181,155,19#). 
a G m t h ,  Taylor: Australian metmrology, London, 193. 

the lack of a more satisfactory single chart. Chart I was 
obtained b drawing one average track for each 25 tracks 
given by Jroc, this being done month by month. The 
26 tracks thus obtained represent the average number of 
typhoons occurring annually in t.he years 1893-1918, 
according to Froc. The monthly distribution of the 26 
t phoons occurring in an average year is indicated by 
t i e  different sylnbols used for the storms of each month. 
This Chart I: IS both simple and fairly accurate. The 
greatest inaccuracy arises from the necessity of oniittin 

stornis are too few and too individualistic to be properly 
represented on such a chart of the tracks for a normal 

Hence Chart 11, showing aberrant tracks alone, 
8 r b e e n  repured and will be considered later. 

From &art I it is evident that on the averaoe the 
storms are first recorded somewhere east of the h i l i  - 
pines. About, a third cross t,he Philippines, whfe 
unother third rather pomp tly move northward and 
nort.lieaut,ward, passkg not far east of Japan. The 
remaining trhird move w-estward to the north of the 
Philippines and t'hen turn northward across the east 
China Sea niid Sea of Japan or across Japan itself. 
Among the stornis which cross t.lie Philippines many 
continue west-nortwestwurd onto the Asiatic coast, 
while a few recurve in the sout,li China Sea and move 
north-northeast toward Japan. 

The courses followed on the average by storms differ 
notably, however, with the seasons, as may be seen from 
Chart I. From Januar to April the storms usually 
move northward east o H the Philippines, Formosa, and 
Japan, althou h the easternmost tip of Japan is normdy 
crossed by a %arch storm. During May and June two 
storms cross the Philippines, one contmuin to South 
China while the other recurves and crosses f apan from 
south to north. A third storm recurves prom tly and 
strikes only the eastern ti of Japan. In  Jp uly and 
August one storm crosses I! uzoii, another crosses For- 
mosa, two others reach the Ye.llow Sea, while the re- 
mainin two pass along the western side of Japan. In  

storms, followin diverse tracks and penetrating all 

November and Decemger two stornis cross the southern 
Philippines and two move off northeast well to the east 
of Japan. 

This seasonal change in t,he course of typhoons is 
strikingly illustrated in another way by 13 small ('Sum- 
mary maps" in Frock Atlas. These maps indicate that 
no typhoons normally reach the Asiatic coast in January, 
February, or March, while in April and December the 
only part crossed or closely approached by typhoons is 
f a r  south, in Siam. In May and November the coastal 
area of danger has espanded northward to latitude 20'. 
On the ot.her hand, from July 1 to October no part oE the 
Asiatic coast is free from danger €rom typhoons except 
the estrreme south. In  October the coast north of 30' 
is again free from grave dan er, while Siam is again 

seldom approached by typhoons hi January, February, 
or March, while the danger is considerable in the southern 
islands during every nionth except August. 

the stornis which follow very aberrant courses. SUC % 

Septem B er slid October there are on the average eight 

large parts of t f e reoion escept northern China. In  

t.heatened. As to the Phi fi ypines: Luzon is very 

ABNORMAL TRACKS. 

While most typhoons are fairly normal, there are on 
tlie average two or three a year which follow aberrant 
tracks along part of their tropical courses. Hence it is 
quite essential for navigators to understand that wide 
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Per cent (ap- 
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Jan. Feb. Mar. -4pr. Nay June July Aug. Sept. Oct. Nov. Dec. 
----- -______ - __ 

2 0 0 1  4 1 1 1  e 5 7 1 1  9 

4 I 0 0 2 7 2 20 11 9 12 20 14 

de artures from the normal should be expected. In 
or er that the character of the de artures may be readily 
ap arent, Chart I1 has been compi ed from many so~rces .~  

!he monthly distribution of the 57 aberrant storms 
plotted on Chart I1 is shown in Table 5. 

TABLE [i.--Mo)ith2y distribictbn of 57 typhoons which folloic~ed uitiisrtal 
paths along part of thew tropwd C O Z L T B ~ .  

s i 

- 
presented in Table 6. 

TABLE 8.-Abnornaal niovements of aberrant typhoons clnssijed 
months, ete. 

there is sli ht  likelihood 

Indeed, south of latitude 15O, 
abnormality remains almost 
is considerable in November. 

February to bfay will move 

@ Al@xq loc. ut . ,  Director Claxton and Doberck (before 1902 Yaps of tvphoons year 
by year m 8nnual reports of Royal Ob8 H o n g k T  Froc L. Atmospher6 en Extreme- 
Orltnt. Carte 16-36, 1920: Coronas. C&te. and 'eat& of the P l ~ l i ~ ~ i o e ~ .  loc. cit.: 
T. 0- W a y  We%* Report (dai weather msps and a suGnary of storm 
mowin&). Imperlal Marine Obs.. Kobe.% an, 19z0, 1921; H., Kondo. The Climate. 
Tsmhoans. and Earthauakes of Formosa. fieteorol. Obs. Ts~hoku. 1914: Deiitsche _ _  . 
Beewerte. Begelhandbu6h fur dm 8 t l l e  Owan. 1m W. E. Hurd: Cych ic  Stor& 
d T  ofthe North P a d c  artlele on the reverse of Meteorological Charts of the 
North= U 8 Westher Bwbu January March and A ril, 1913; and Monthly 
Pilot Charts df t lk  North Paciflc, U. i. Hydmg;sphtc dfice, 181. 

and August. The prospect of a sinuous course, perhaps 
with a loop, seems appreciable only in July to November, 
but in those niont,hs so many ty hoons de art from a 

able north of latitude 15". 
The abnormal typhoons dealt with in Chart I1 are of . 

great scientific int,erest, too, for in res ect to many 

cine, the abnoriiial may reveal more than do the normal in 
regard to fundamental causes and relations. The irregu- 
lar movements of these typhoons emphasize the 
importance of irregular changes in atmospheric pressure. 
The importance of such changes have been recognized by 
ti few meteoroloaists, but most students of storm move 
Inents hare relie2 on the influence of regular rather than 
irregular forces to explain their movements. For 
esam le, relief features, the prevailin wind directions, 

Hemisphere have been called u on to explain the re- 
curve of tropical cyclones. A f t h r e e  of these forces 
combined appear totally inadequate to explain man of 

response to Ferrel's Law, while man appear to 

.ranuary and Februa.ry and July and August, as shown 
by Koppen,lo with the tracks of typhoons, reveals the 
fact that many typhoons advance toward the prevailing 
wind. Likewise, topographic features can not explain 
most of the curves, since a large majorit of them take 

e' een casually related by some authorities to the position 
of the permanent oceanic high- ressure area." Never- 

average position of the recurve may be dected, many 
exceptions occur. 

The irregularities in ressure conditions, believed 

are often difficult to explain, but that does not make 
them the less potent. 

Typhoons within So of the Equator.-It has usually 
been considered that the small deflective effect of the 
earth's rotation near the Equator will prevent the devel- 
opment of cyclonic storms there. Instead of circlin 
round and round, the air tends to flow directly in towar 
a depression and fill it up. This is so plausible that the 
occasional typhoon near the Equator has often been 
ignored. Indeed some writers on tropical cyclones 
state or iniply that hurricanes can not occur withln 8' of 
the Equator.l2 Hence it appears worth while to print 
Table 7. It will be noted that during the five years 
1908-1912, 32 t hoons are recorded as having their 

years was froin four in 1905 to nine in 1910. !Published 
mformation for the years of the World War is less com- 

lete than for the yeam 1908-1912, but I was informed 
Director Okada, of the Japanese Imperial Marine 

Observatory, that the meteorological conditions at  Jaluit 
in the Marshall Islands where a reporting station was 
established as soon as &e islands were captured by the 
Japanese, frequently indicate typhoons west and south- 
west of Jaluit (latitude 6' 8', longitude 170" E.) 

straight course or a sini le paraboyic curve t Yl at the pos- 
sibilities of abnormal c R ange of direction are consider- 

natural phenomena, as well as in psycho P ogy and xedi- 

and P errel's law of deflection to the rig E t in the Northern 

the curves seen on Chart 11. Many storm tracks fa 8 to 

ionore show "Y t e prevailing winds. Comparison of t Tl e winds in 

ace far from land. The 1ocat.ion of t Tl e recurve has 

theless it is obvious from Chart I P that, however much the 

responsible for the irregu P ar course of many typhoons, 

I 

center in or below YP atitude 8'. The annual ran e in those 

10 Reprinted In W. J. Humphreys's Physics of the Air, 1920, In W W  L. Yoope's 
IiVlnes quoted by 8: L. 'Faslg, Hurricanes of the West I d l e s ,  Bull. X. U. 8. 

Deserlptive meteorolog 1910 and in many other plmes. 
Wmthm fru-n 1012 
.."I" ---- II .--, -"-". 

12 W. I. Mllham; Meteorology, p. 274,1912. 
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TABLE 7.-Typhoools whose centers were from P-8" from the Equator, 
by months.1 

Jan. 8. 1907 ........... 
1. 1918 ........... 
13. 1916 ........... 
23, 1918 ........... 

Feb. 13. 1911 ........... 
25, 1911. .......... 

Mar. 6 1898 ........... 
13. 1910 ........... 
8 191s ........... 
6. 1586 ........... 

23. 190s ........... 
1. 1910 ........... 
3. 1910 ........... 

26, 1916 ........... 
June 11 1894 ........... 

30, 1m5 ........... 
10, 1914 ........... 
24 1914 ........... 
23: 191R ........... 

July 5 1981 ........... 
12' 1595 ........... 
22' 1895 ........... 
30: lRgs ........... 
12, 1911 ........... 

Aiig. 12, 1880 ........... 
19 Is92 ........... 
19: lsoe ........... 
19, 1913 ........... 

Sept. 24,1887.. ......... I 
10 1801 
19: 19m 
6, 1910 

1s: 1909 ........... 
ii; 3: 1591 ............ 

4: 189.5 ........... 
a. im ........... 

........... ........... ........... i I 

; 
R 
7 

6 
R 
S 
R 
6 
5 
7 
5 
;I 
7 
6 
7 
7 
6 
R 
s 7" 4 
7 
s 
R 
I 
5 
9 
8 
Y 
8 
7 
Y 

---I_ 
1 From charts or lists b Alguul 

and D Segelbmdbueh rd cited 
To bcut t s  mssehlatftude 

8 To Bs of Bkngal crossed lat. 
4 End ofprevious dorm. 

136 
150 
128 
158 
1.36 
1 4  
130 
135 
139 
143 
132 
13s 
121 
139 
137 
124 
132 
137 
137 
lti9 
133 
140 
144 
1% 
14.5 
138 
1 8  
133 
1% 

1.43 
145 
1.33 
1x7 
137 
116 

Corona! 
full in ' 
In lon 

ide 10' 

1 a3 

-- 

II OCt. 

No\-. 

DW. 

........... i 22: 1S9l* .......... 
2 lXF0 

13. lM7 ........... 1 
16, 1.W8 
29, 1901 ........... 
3. 1910.. .......... 
10, 1911.. ......... 
45. 1915 ........... 
s 1893 ........... 
14, 1m ........... 
6, 1910 ........... 
3, 1912 ........... 

1s. 1912 
22, 1912.. 
L. 1912.. ......... 
1. 1crXI ........... ' 
1 1892 ........... 
1.: 1800 ........... 
IS. 1905 ........... 

3. 1909 ............ 
15. 1909 ...........I 
15, 1909 ........... I 
1. 1910 ...........I 
19. 1910.. .......... 
5. 1911. ..........I 

2, 1911 ........... 
.XI, 1918. .......... 
30. 191s +. ......... 

.......... I 
!E, 1909 ...........I 

i: lngl. .......... 

........... I 
2 ;%lo& .......... 

1. 1910.. .........I 

3 1911 ........... ! 
1: 1912.. ...... .._I 

......... 

........... 

5 

5 
s 
Q 
7 
7 
li 
R 
s 
s + 
7 
7 
7 
5 
4 z ; 
5 
3 
4 
7 
s 
Y t 
Y 
li 

-_ 
Long. 

12 
11s 
140 
130 
138 
142 
142 
150 
125 
145 
135 
135 
140 
143 
143 

1-11 
1 P 
139 
130 
113 
134 
134 
143 
141; 
140 
137 
13.5 
145 
I43 
141 
145 
146 
1 05 

140 

1.10 

i 
'vious foot notes. 
u& 9io E. 
longitude 142' E. 

Relative to the severity of some subequatorial ty- 
phoons the following quot.ations from Hurd are perti- 
nent.13 "It sometimes ha pens that t phoon-like 

and 174' E.. The strong shifting winds, though of rare 
occurrence, inspire the natives with such fesr that they 
prop their huts with stakes and tie them dowii to prevent 
them from blowin rtu.ay. A brief account. comes to 

5' 12' longitude 163' E., during the early part of 
the nineteenth century and inflicted such destruction 
upon the breadfruit trees, the chief source of sustenztnce 
to the islanders, that a famine ensued which carried 
off nearly all the inhabitanh. The island of Ponape, 
about 300 miles to the northwestward, in the Carolines, 
was at  the same time similarly visited.'' 

eat damage in the southern Marsha.11 
Islands (latitude f o n  June 30, 1905. The baromater 
at Jaluit fell to 936 rnb. (27.6 inches), while the tidal 
wave rose to a height of 46 feet at  Mille.I4 

Concernin a typhoon which crossed northern Borneo 
(latitude 6'y on October 31, 1904, -41gu6 reports tis 
 follow^:'^ "This was a very destructive typhoon * * * 
very well developed and of great intensity * * * w e  
think the minimum must have been below 743 mm. 
* * * The waves dislodged great rocks, some of them 
more than 3 cubic meters m size. * * * The storm 
destro ed a grea.t part of the fruit trees and * * * 
Numerous buildings were laid in ruins." The t.rack of 
this storm is shown on Chart 11. A ty hoon which 

November 28, 1912, is described by Al u6 and others 

storms lastin for three or P our days brea- P upon the 
Gilbert Islan % s, near the Equator (lat. 4' N. to 3" S.) 

us of a t phoon w % ich visited Strong Island in latitude 

,4 hurricane did 

wroug K t havoc among trees of every kind. * * * 

crossed the southern large island of the P Yl ilippines on 

as having been of terrible intensity and i estructiveness, 
13 W U s  E Hurd: C clmic st.orms and typhoons of the North Pacific loc. eit on 

rewm ofm&orologica~ehart of the North Pacific U. 8. Weather Bureau'Yarch ?913. 
1'Pa~Mc Islands Pilot. second edition. U. S. Hddromsohic Oficr. V d .  i. D. 5.11: 1020. 

as well as being remarkable in having progressed due 

(lon itude 135') to longitude 127', where it struc R west at  the rate of 31 miles an hour from south of Ya 

Minsanao in latitude 70.16 
Destructive tropical cyclones within 7' of the E uator 

tire not linlited to the Far East. For example,%llice 
Island (latitude 53' S., longitude 176' E.) ex erienced 

ked as '' v e y  severe hurricane" on February, 1891. 
The American acific Island Pilot states that thls hurii- 
cane almost devastated the islands. This storm later 
caused great destruction in Tonga, and was traced for 
over 1,500 miles. Five hurricanes have been recorded 
within 6" or 7' from the Equator near Timor, (longitude 
135' E.).17 

h n q i t u d e  of origin.-Doberck, 30 yea.= a 0, thought 

ever, soon A e r  the P h p p i n e  Meteorolo 'cal Service 

Sea typhoons actually ori inated to the east of the 8 this out in 1904. With Philippines. 
the establishment o reporting stations at  Guam and 
Yap, the lace of origin of many storms was found to 

the east of these islands. To-day, although it is estab- 
lished that most typhoons first atta.in destructive violence 
west of longitude 150°, the recently established Japanese 
Meteorological Observatory on Jaluit, longitude 170°, 
latitude G O ,  frequently reports to Doctor Okada that 
cvclonic disturbances pass on their way westward. Such 
observations niake more plausible the su gestion of Kim- 

the west coast of Mexico and Central America may cross 
the Pacific.'a (It will be recalled that two hurricanes 
hiive been traced westward most of the distance across 
the Atlantic, from off the west coast of Africa to the 
West Indies.) 

When questioned as to how far east t hoons sometimes 

belief that occasionally one develops far out in the Pacific. 
Of the stornis wh1c.h originate fairly near reporting 

stations, there is considerable seasonal variation in 
latitude a.nd longitude of dace of origin. The latitudinal 

winter storms originate either farther south or farther 
north than the storms of the main t phoon season. On 
data suggest that the winter an? spring storms normally 
originate somewhat west of the average longitude of 
siimnier and autumn storms. However, Froc believes 
that the longitude of on 'n is rogressivelv farther east- 

Didanccs typhoons travel.-Although a goo7 many 
typhoons "fill up" and disappear before having been 
braced more than a thousand miles, many more con- 
tinue as lesser disturbances for much longer distances- 
several thousand miles. Some have been known to 
retain much of their original strength over a course of 

thousands of miles, from east of the Philippines, 
past Japan, and eastward across most of the 

North Pacific to off the British Columbia coast. A 
weat many more weaken after having been typhoons 
?or two or three thousand miles, become converted into 
es  tratropical cvclones, and proceed long distances, 

erhaps a.cross North America and the Atlantic Ocean. 
fn  the other direction, two typhoons have been traced 

what the Admiralty Sailing Directions (British) c ?l aracter- 

that many ty hoons ori inated in the China 8 ea. How- 

wns organized it was discovered that neary ff all China 

lie much P arther east than had been suspected, being to 

A1gue pointe 

ball that some of the tropical cyclones w B ich develop off 

originate, Algu6, Froc, and Okada T a 1  expressed the 

changes hare been touc il ed on already. In  brief, the 

the other hand, in respect to lon 'tu d9 e, Chart 1 and other 

ward month by month r I ;  rom ctober to sanua .lo 

16 J. AlguC: Ihlletin for. November, 1912. Weather Bureau Manila, pp. -05 lQl3. 
1' See appendix on hurrlranea of Tlmor in S. 8. Viaher, Tro&d,glonea of A u d W .  

Commonwealth Bureau of Meteoralogy. Melbourne Awtra , 1 . 
18 .I. H. ~imban, MO. WEATHEB REV., leis, 4: &. 
Froc, Atlas, loc. cit.. Chsrt 21, etc. 

J. A b 1 2  Monthly 'Bulletin of *;e Pbjlip$ne-\hsther i3ureau, .Ror.,. 1904, 
quoted by Conmas, loc. cit., p. 169. 
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[From Froc.) 

I China North n4Tto Formosa \-ellow 
lautude latitu;le tolati- ; Sea. Month. lso. 180-330. tilde 30'. I 

NW. N E . N W .  NB.NW. NE.  NW. --- ----.--I.).. i 
Jan .... Mean ........ 11.0 . . . . . . . . . . . . . . .  I . . . . . . . . .  

E x t m  ..... 11 . . . . . . . . . . . . . . . . . . . . . . . .  
Feb .... Mean ........ 9.0 ..................... 

Extreme ..... 9 ..................... 
Mar .... Mean ........ 6.0 . . . . . . . . . . . . . . . . . . . . .  

Extrema ..... 6 . . . . . . . . . . . . . . . . . . . . . . . .  
dp1. .. .Mean.. ...... 8.7 ..................... 

Extreme ..... 12 ..................... 
May .... Mean ........ 11.3 ... 10.0 ............... 

ExtreNe ..... 16 ... 10 ... , . . ~  .:. ...... 
June ... Mean ........ 10.1 ... 10.0 ... 115 14.7 ......... 

Extreme _.._. 15 _.. 12 16 23 
JUIY .... Mean ........ 10.8 ... s.7 G i n  10.a 19,s ii:4 iKs 

Extreme ..... 14 ... 13 12 23 15 26 
l u g  .... Mean ........ 10.7 ... 10.2 ii:o 11.1 m.2 12.9 19.7 

ExtreNe ..... 14 ... 10 12 22 26 20 27 
Sept ... Me an... ..... 11.0 ... 10.8 [4n.n1 12.1 23.4 10.6 21.4 

ExtraNe ..... 17 ... 18 ... 17 31 16 25 
Oct .... Mean ........ 10.6 ... 9.9 10.0 11.5 ...... 21.0 

Extreme ..... 16 ... la 10 15 ...... 21 
Nov .... Mean.. ...... 10.1 ... R.0 8.1) ............ 

Extreme ..... 16 ... S S ............ 
Dec .... Mean ........ 11.8 ... 12.0 ............... 

Extreme ..... 16 ... 12 ...... ... 
Mean ........ 10.2 ... 10.1 19.0 11.7 K 3  i i : ~  19.9 

_ _ _ ~  

Near 1 Open 
Japan. Pacific. 

! 
S E . X W .  NE.lKW B E .  - 

23.i ... 1r.S 
30 I ... 31 

13.3 lC.0: ... 2l.ti 
1s 18 I ... 40 
10.0 21.5 11.0 2l.G 

30 I 11 30 
7.5 20. i 13.7 26.0 
S 28 I in 43 
8.7 19.21 s.9 16.9 
13 25 I 16 2'i 

14.0; 9.9 17.1 ... 1s . 10 32 
11.9 is.9' 11.3 is.5 
16 25 15 2s 
11.1 1s.9: 13.2 1s.0 
21 40 I 17 25 
11.9 22.si 1n.o 15.2 
%I 52 15 3% 
11.9 21.51 12.5 17.n 
23 39 . pn 25 
16.3 22.61 S.2 16,s 
15 40 11 2; 
1l.n 25.0 i?.n 19.7 
12 3s 12 2s 
11.8 20.4 11.0 i!~z 

1 NW.-typhoons mo\:ing northwest. 
NE.- typhoons moving northeast. 
Leader (-..)-no storins of this type normally occur in this month. 

p J. AlguB: Cyclones of the Far East, loc. ut., pp. 219-229. 

Dfstructiveness of typhoons.-While most t hoons 

losses are appnlling. The Swatom typhoon of August 
3 4 ,  1922. caused the death of over 50,000 . ersons?' 
The typhoon which struck Haifong. China, on Cfctober 8, 
1SS1, was said to have caused the death of 300,000 
persons. The two nliiiost siniulta.neons typhoons of 
August 20-31, 19.11, destroyed 44,000 houses in the 
southern pRrt of Formosn, althou h only about SO0 
persons were Billed or missing.23 f h e  destruction due 
to ty hoons is of four chief kinds: (1) The wind itself 
demo!hx houses, brenks off trees, and some times blows 
boats upon t,he rocks. t2) Waves produced by the wind 
often engulf boats or break them or drive them u on the 

upon low lying coasts. (3) The rise in sea level due to 
the piling up of the wnter in the center of the storm by 
the inblowing winds often is very destructive. Indeed 
the sea level itself is sometimes raised more than 10 feet 
by this means, n.nd the great ~ n v e s  sometimes reach 
heights of 30 feet tibove normal sen. (4) "lie 
torrentinl r i n s  coiiimorily associated with typhoons 
frequently  CRUS^ disastrous floods. Rainfall in excess of 
30 inches in three days is not rare in c,onnection with 
t,yphoons and occ,ssionally that much falls in 24 

dn.oni.alics in. i.yphoons.-li'at~her Algu6 presents a 
chapt.er on snomnlies in cyclones which merits brief 
c~rnnieiit.*~ He remarks on (1) stationary cyclones, (2) 
c.gclones without rain, (3) notable fall in barometer 
without corresponding mind, (4) strong wind with n 
slight fall in barometer, (5) cyclones wliicli deviate much 
from mean norninl trajectory (he also discusses some 
notable peculiarities, which he calls apparent anomalies), 
CG) bifurcation of cplones, and (7) secondary cyclones. 
His remarks niag with profit be hriefl;y summarized with 
some additional coniients. He considers that so-called 

cause little or no 'loss of human life, occasion 3i y the 

shore. bucli waves also occasionally do great a amages 

ri.ppen.r that. the storm was stationary. 
As to typhoons without rain, Algu6 thinks that such 

do not esist, alt.hough it often hap ens that at m y  
given point oiily a little rain may fa{ when a typhoon 
passes near by. However, it  certainly is true that there 
is a wide difference in the amount of xecipitation occur- 

trated in Australia.2B 
A notable fall in tmhe barometer without corres ondin 

the ground of a part of the t hoon. Because tornadoes 
often rise off the ground, 8 ~ 6  thinks that typhoons 

it to the exist- 
by rapid con- 

ring in storms of equal intensity. k his is often Illus- 

wind Algu6 esplains as probably due to the rise F i  rom o 

-. ... .... 

3 Cf ?do \YEATHER HEY. r\UWSt 1922, p. 433-137. 
2: II: lioido: The Climate: Typhodns, an$ Earthquakes of Formosa (Taiwan), p. 05, 

191 1. 
28 Waves reaclid 1R feet above sea eve1 at the typhoon at Mille latitude 6' in the 

Marshall Islands, June 30, 1905, according to The Pacific Island P&t, 2d d., vh. 1, p. 
541,1920. 

21 5. S. \'isher, l'ariability VI. Uniformity in the Tropics, Scienti6c Monthly, 1-01. 15, 
p.31 1822. 

25 5. Alguk C clones of the Far East, p. 23I)-23~,1001. 
11 E. T. Qua&: Tropical control of .8ustralian RaInhll, Bull. 15, Commonwealth 

Bur. of Meteorol., 1920. 
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Deviation from the normal course A l p 6  explains as 
usually due to the presence not far away of another 
t hoon. However, there is record of a hurricane in $ which recurved so sharply on its course that its 
center passed twice over the city of Levuka, and yet no 
other disturbance was h o w n  to be anywhere near. 
Furthermore, this hurricane traveled northwest from 

occur within a t hoon. 

ard meteorologies that tro ical cyclones can not cross a 
mountain range 3,000 feet J: igh. This is often disproven 
in the Far East, for typhoons sometimes cross mountains 
of reater height than this in Taiwan (Formosa), in the 
Ph%ppines, in Japan, and elsewhere. Mountainous For- 
mosa often appears to deflect typhoons which a poach 

two, according to Froc, but, on the other hand, other 
storms clear1 cross it with no apparent regard for its 

Doctor Okada reports that studies made on lofty Fuji, 
near Yokohama, and on the higher mountains of For- 
mosa indicate the depth of most typhoons to be approxi- 
motel 5 or 6 kilometers (16,000 to 20,000 feet). 

Altzough it is commonly stated that typhoons weaken 
decidedly as soon as they come upon the land, both 
Froc and Okada have observed many cases where this 
was-not true in southeast China, the typhoons main- 
taining most of their force until encountering lofty 
mountains. 

Typhoons a 7 M P  mountains.-It is stated in some stand- 

it at a small angle, and sometimes cuts the typ g oon in 

mountains, t z e highest of which reach over 13,000 feet. 

THE CHANGING ARCTIC. 

By GEORGE NICOLAS IFW. 
[lln4er data of October 10 1922 the American consul at Ber en Norwa , submitted 

the followlng&rt tb the State Department, Wsshfngion, D. $1 
The Arctic seems to be warming up. Reports from 

fishermen, seal hunters, and explorers who sail the seas 
about S itzbergen and the eastern Arctic, all point to 
a radicaf change in climatic conditions, and hitherto un- 
heard-of high temperatures in that part of the earth's 
surface. 

In  August, 1922, the Norwegian Departnient of Com- 
merce sent an expedition to Spitzber en and Bear Island 

geology at  the University of Christiania. Its purpose 
was to survey and chart the lands adjacent to the 
Nqrwegian niines on those islands, take soundings of the 
ad] acent waters, and niake ot-her oceanographic. investi- 
gations. 

Dr. Hoel, who has just returned, reports the location 
of hitherto unknown coal de osits on the eastern shores 
of Advent Bay-deposits o r  vast extent and superior 
uality.%,This is regarded as of first importance, as so 

?ar most of the coal mined by the Norwegian companies 
on those islands has not been of the best quality. 

under the leadership of Dr. Ado1 f Hoel, lecturer on 

The oceanographic observations have, however, been 
even more iiiterestinm. Ice conditions were exce tional. 
In  fact, so little icexas never before been note!. The 
expedition all but established a record, sailing as far 
north its Sl0 29' in ice-free water. This is the farthest 
north ever reached with modern oceanographic apparatus. 

The character of the waters of the great polar basin 
has heretofore been practically unknown. Dr. Hoel re- 
ports that he made a section of the Gulf Stream at 81' 
north latitude and took soundings to a depth of 3,100 
meters. These show the Gulf Stream very warm, and it 
could be traced as a surface current till beyond the 81st 
parallel. The warmth of the waters makes it robable 

time. 
Later a section was taken of the Gulf Stream off Bear 

Island and off the Isfjord, as well as a section of the cold 
current that comes down along the west coast of Spitz- 
bergen off the south ca e. 

to note the unusually warm summer in Arctic Norway 
and the observations of Capt. Martin Ingebrigtsen, who 
has sailed the eastern Arctic for 54 years past. He says 
that he first noted wanner conditions in 1915, that since 
that time it has steadily gotten warmer, and that to-day 
the Arctic of that region is not recognizable as the same 
re ion of 1865 to 1917. 

%any old landniarks are so changed EW to be w e c o  
nizltble. Where formerly great masses of ice were foun 
there are now often moraines, accunlulations of earth and 

that the favorable ice conditions will continue P or some 

In connection with 8 r. Hoel's report, it is of interest 

8- 

he visited all the 

not freeze over even on the north coast of Spitzbergen. 
With the disappearance of white fish and seal has come 

other life in these waters. This year herring in great 
shoals were found along the west coast of Spitzbergen, 
all the way from the fry to the veritable great hemng. 
Shoals of smelt were also met with. 

BIRDS STORM-SWEPT OVER THE NORTH ATLANTIC 
OCEAN. 

By WILLIS E. HURD. 
[Weather B U ~ I I ,  Washington, D. C., Dec. 10.19Z.[ 

Ail interesting memorandum was recently received by 
the Weather Bureau in connection with a marine weather 
report from Ivfr. W. Scott, fifth officer of the American 
S. S. Mmrchurin. I t  deals with the ap earance of several 

sea on the 27th to 29th of October, 1923, during a voy- 
age from New Yorli to Hamburg, and is presented here, 
with an inclusion of the list of observed bird varieties, 
for the scientific interest involved. 

varieties of ma l l  land birds a cons1 c r  erable distance at  

S. S. Manelrutia, 
Voyage 50-N. Y.-HAYBURQ, October 28,19!Z. 

It mav he of 80me interest to the Deoartment of Plants and Anmala 
or to the Smithaonian Institution to n6te that oc October 27, latitude 
40' 36', longitude 66', to noon BSth, latitude 41' 45', longitude 59' 27', R. L. Holmes: Quart. Journ, Royal Metwrol. SOC., January, 1905. 


