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6LMONSOON” RAINFALL.’ 

By B. C. WALLIS, North Finchley, England. 

The total volume of the precipitation in certain parts 
of India is apparently so extraordinary that i t  lim caught 
the special attention of eographers and teachers, and 

special type of rainfall which is int,imately related to the 
southwest monsoon wind. Later investiontiow demon- 
strated tlie fact that the Ab ssinian rainfa1 which caused 

fall to be called “nionsoon” rainfdl. Tlie sunimer rain- 
fall in Abyssinia * * * [has an intensity of 300 per 
cent] a eeing with a general high rainfall int,ensity which 
is reac f? ed by those places which hnve vertical sunshine 
when the sun is, as it were, journeying southward from 
the Tropic of Cancer. The rainfall intensity lags behind 
the sun, so that at  a certain lace south of lat. 23i0N. tlie 

northward is reenforced by the sun’s seconi passage 
through the zenith. A precisely siinilar phenomenon IS 
to be noted in the Southern Hemisphere just north of the 

the term “monsoon” rain 5 all hns tended to imply a very 

the Nile flood was suficient T y sindar to tho Indian rain- 

maximum intensity which E as been followin the sun 

- 
Tro ic of Capricorn. 

d w  the uluviometric coefficients for Indian rainfall 
tend to show precisely the saino magnitude of rainfall 
intensity during the same months as in northern Africa 
A rough glance at the monthly and annual rainfall maps 
of the world in [Bartholomew’s] Atlas of Meteorology 
shows a similar rainfall intensity in northern Australia- 
where the term “monsoon” rains is used-and also in the 
belts of siillilar latitude in South America. 

Hence it follows that the maps [published in the origi- 
nal whence this is escerpted] lay bare one of the factors 
in connection with monsoon rains in India; the inci- 
dence of rainfall intensity [as expressed by An at's “plu- 

world phenomenon, not a pure1 local Indian fact. 

is most typically exemplified in India, refera entirely, 
when regarded in relation to the southwest monsoon, to 
the quantity of the rainfall and not to its incidencc during 
the summer months. Quantity of recipitation ap- 

to elevation, prevailing winds, and nearness to the sea as 
well as to the average temperature of the air. 

Eastern Asia and eastern Amcrica.-It is usual to ex- 
tend the term “monsoon rainfall”. to iduclc  t.he sunimer 
rains of northern China and southern Japan. A similar 
investi ation to that of the preceding p.aragra>h indi- 

Asia resemble in incidence of intensity, but not in totnl 
quantity, the rainfall which is characteristic in areas of 
slmilar latitude to the northeast of the United States. 

Here, again, the term “monsoon” is applicable to 
uantities of rain which coincide in period with the on- 

viometric coefficients”] is a question of latitu i e and is a 

“Monsoon” rainfall, as the name o 7 a phenonenon which 

pears, therefore, to be a matter of Zoea P iniportance due 

cates t % at the summer rains of these portmiions o f’ eastern 

8 % ore winds of the monsoon; and ths fact is related to 
I&rodcdfm B. C. Wallls. Geographical aspects of climatological investigations. 

8Wtt. geogr. mag., Edinburgh, July, 1914,80: (385,3&369). 

the special nature of the temperature changes to which 
reference has been macle in tlie first section of this pa er.a 

the Sudan and Rhoclesin is * :b almost entirely a 
que!tion of (a) a sniall total annual precipitation and (b! 
a high sunimer rainfall intensity wliicli is a question of 
latitude in relation to the force of solar radiation; and 
apart from tlie smaller amount of the to td  annual pre- 
cipitation suminer savanna rainfall is equivalent to “mon- 
soon ” rainfall. 

Summer savaii.na rcLin~~ZZ.-Suiiimcr snvaiina rainfa ; in 

ON THE. USE O F  “AVERAGE,” “MEAN,” “GENERAL.” 

By lIucn: R. MILL, London. 

In  considering the distribution of rainfall * * * we 
need to use ternis with B dcfinit,c weaning, and I hope t>lilln.t 
I maybe excused for assigning clefinitc memiings to f:tmiliar 
English words instead of iniport.inm classical telllis which, 
despite a grander clisplny of sy11d7 L- ’2, can 1iicn.n no niorc. 
For convenience I use tdie t.erm i ) i r w  as iut1ic:itiiig t.hc 
sum of sny number of figures cliviilcd by that nnmber, 
reserving tlie word n.vcmy for the niem of a number of 
figures rcprescnting values in order of t.inw. Tlius the 
mean of 30 annual rainfall valucs is spolieii of as the mer- 
age rainfall for 30 years. The inam of :% iiumbc~r of mi-  
fornily distributed figures reprcsen6ing the tlist,rihut.ion of 
rainfall in spa.ce I speak of as tlie qcnzrol rainfall of t.he 
area concerned; thus the mean depth of rainfall over Eng- 
land for any dn , month, or year is the gcncr.171 vci.i.yfrfU 

mean of the genernfrainfd of Englmd for 30 years is 
espressed as the azwrcIge ymercrl rck$dl of England for 
30 years. A line passiiia through pcjint.s haring the same 
rainfall is an isohyetal Tine, or ho7yrt-the term having 
been already introduced is retained on account of it,s 
siniilnrity to isotherm and isobar. The line joining suc- 
cessive positions of the center of an atmospheric clepres- 
sion or cyclone is t,he tmck of the depression. The iso- 
hyetal lines representing the distribution of rainfull in a 
shower may be termed the spZas7~ of the. railifidl, and t,he 
isohyets re resenting the rainfall of one or several days 

a de ression, w1iic.h is the generalization of a succession 

depression. 

of England for t r iat nrt,icular day, niont.li, or year. rhe 

for a consi li erable stretch of country dong the t,rack of 

of sp F ashes, inay be called the w i c w  of the rainfall of that 
- 

TEMPERATURE AND SPRING WHEAT IN THE DAKOTAS. 

By THOMAS A. BLAIR, Observer. 

[Dnted, Weather Bureso. Wagon Wlicel Cap. l‘ulo.. Jan. P. 1915.1 

In  a previous articlc (1) a short st,udy was made of the 
rclation between rainfall and the yield of wheat in the 
reat northwestern spring-wheat region coniprisina tho 

ba te s  of Minnesotn, North Dakota, and South DdGota; 
and the conclusion reached that tlie totnl precipitation of 
May and June, wit,hout regard to it,s dist,ribution, is, in 
most years, t,he most important factor in determining the 
yield in the two Dakotas, but not. in Minnesota. At the 
same time, attention was called to bhe fact that there is 
an evident relation between t,empera ture and yield. A 
further study of this relation leads me to modify tlie above 
conclusion so far as to state that the mean temperature of 
June exercises an equally important influence on the yield 
in the Dakotas. 

_. - ._ 
2 Wallis B. C., o rit 356-363 
1 Erlracird/runz [h. R.%ll]. On-mapping rsiuhll. British R:iiuInll, 190;. London, 

190s. 47: 3643. 
See also H,R. Mill. N3p studies of rainfall. Quart. jour. Royal metl. soc., London, 

No. 146, Apd, 190s. 84. 
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1691.. ................... 
I&? .............. 
1693 .............. 
lsDl .............. 
1895 .............. 

TABU I.-Tmpemtwe and wheat yield in the Dakotaa, 1891-1918. 

60.5 
67.4 
68.8 
59.7 

I 
June. 

....... 
-2.6 
+4.3 
+5.7 
-3.4 

+2.5 
-1.4 
-0.5 
-0.D 
+3.8 

I ....... 
12.2 

Y.ti 
1l.S 
21.0 

11.8 
10.3 I 14.4 

, 12.8 I 4.9 

1886 .............. 
1887 .............. 
1693 .............. 
1898 .............. 
1wo .............. 
1Wl .............. 

65.6 
61.7 
62.6 
62.3 
66.9 

61.6 

North Dakota. 

lsoB .............. 
1w7 .............. lsos .............. 
IN .............. 
1910 .............. 
1911 .............. 
IO12 .............. 
1913 .............. 

Average ........ 

- 

Yield. I 

62.0 
61.9 
60.4 
62.9 
67.3 

BR.9 
61.8 
65.8 

63.1 

-1.1 
-1.2 
-2.7 
-0.2 
+4.4 

-1.5 I 13.1 

-0 7 12.7 

-314 11 14.0 

-5.1 1, 15.9 

4.7 I 1l.S 

I 13.0 
10.0 

13.7 
5.5 

' 11.6 

+3.3 

........ 

+3.8 I S.0 
-1.3 I 1bO 
+2.7 I 10.5 I 9.0 

11.2 .......I ! i 12.1 

- 

Depar 
ture. 

...... 
+O. 1 
-2.5 
-0.3 
+S. !l 
-0.3 
-1.8 
+2. 3 
+O. 7 
-i. 2 

+3. 8 
+O. Ij 

+l. 9 

+O. 9 
-2.1 
-0. 5 
+1.c 
-6.6 

-4.1 
+5.0 
-1.6 

+I. n 

-n. 3 

...... 

_- 
Mean 
tem- 
pera- 
tllre, 
June. 

64.2 
63.9 
70.3 
70.6 
63.7 

67.0 
65.0 
67.3 
GO. 4 
69.4 

66. 3 e. 6 
65.0 
64.5 
64.4 

64.2 
t i% 7 

6s. 3 

73.4 
14.8 
69. (1 

86.3 

63.9 

rfi. D 

Depar- 
ture. E'ield. 

-2.1 I 15.2 
-2.4 i 12.5 

+0.7 11.2 

-2.4 13.4 
-2.1 11.2 
-2.6 11 12.S 

+2.0 12.8 
+n.c 14.1 

Depar- 
ture. 

+ L O  
+1.3 
-2.7 
-4. G 
+O. s 
0.0 

-3.2 
+1.2 
-0.5 
-4.3 

+l. 7 
+l. 0 
+2. 6 
-1.6 
+2.5 

+2.2 
0.0 

+ 1 . U  
+a. 9 
+l. G 

-7.2 
+3.0 
-2.2 

....... 

I t  is well known that cool and wet weatslier best pro- 
motes the development of wheat until the time of head- 
in , after which more sun and less rain are needed (2), 
(37. As wheat is seeded during April in these Stat,es, the 
spring ty of weather should be prolonged through June 
for the est results. But June is sometimes a very hot 

FIG. l.-Chart showing the combined effect of tem ture and rainfall u n the wheat 
yldd of North Dakota. Rdnfall departurns are?% tho aver3 t s  for & and June- 
ttmperaturedeparturesare Immthea~eragclor June. Yieldisa~ore~+~orbelow(-j 
the average. 

month in the Dakotas; it ma even bring the hi hest 
temperatures of the year, an (9 the mean may escees the 
normcll for July, which is ordinarily the warmest month. 
It is to be expected, then, that thesc hot, Junes should 
have n marked deleterious effect on the wheat yield, and 
the following table and charts are intended to esernplify 
this effect. 

In  North Dakota, out of the 83 years studied, only 
4 show de artures of the sanie sign, and in each case 
one or bot E of the departures is small. The correlation 
coefficient, as calculated from this table, is -0.67, with 
a ossible error of 0.08, evidence of a well-defined inverse 
reration between temperature and yield. A siniilar com- 

arison in my previous article, between yield nnd coni- 
kned precipitation of May and June gsve 5 years with 
departures of unlike sign and n positive coefficient of 
0.63, with a possihle error of 0.05. Referring to the 
c,liart showing combined effect of temperature and pre- 
cipitation, we notice that the yield has never been above 
normal when the temperature was above normal, but 
has three times been above when the precipitation was 
below. On the other hand, it has only four times been 
less than normal when the temperature was less and an 
equal nuniber of times when the precipitation was greater. 
Similar comparisons, using the mean temperatures for 
May and July instead of June, show no such correlations. 
For May there are 10 years with departures of the same 
sign, and the correlation coefficient is +0.02; for July 
8 years and a coefficient of -0.19. Evidently June is 
the critical month in the influence of temperature upon 
yield, and that influence is very marked, being of about 
the same importance as the combined May and June 
rainfall. 

__ 

+ 

FIO. 2.4art showing the combined effect of temperature and ralnfall u on the wheat 
yield of South Dakota. Rainfall departures sre from thp w e r a p  for g a y  and June. 
tempcraturc departures are Imm the average for Jnnc. qield 16 above (+) or belo; 
(-) the avenge. 
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In South Dakota 5 of the 23 years have departures of 
like sign; but in this case dso the departures are small, 
and the correlation coefficient is greater t,han in North 
Dakota, being -0.73, with a Iossible error of 0.07. 

tation and yield was previously found to be 0.59, and t ie 
Of t.lie 5 years with de nrtures of 

normaf and 3 with both below. Likewise thcre are 5 
years when precipitation and yielcl fail to show tlieir es- 
pected relation, 1 wet year with D. small yield, and 4 dry 
years with high yields. In this Stmate, also, May and July 
temperatures are ap arent,ly wit.hout significance in this 

undoubtedly the most favorable, but in Soutli Dakota 
the reatest yield was in a cool and dry year. On t.lie 

favorable than waim and wet gems, but the number of 
observations of t,liese conditions is rather limited. Simi- 
lar tables for Minnesot,a gpve small coefficients and 
indicated no definite correlation. 

Considering oiily ca1endn.r months, the rainfall of May 
and June and the xneaii tom w'atwe of June nre t.hc 

importance, aff ectiiig the w1ieti.t crop of the Dakotas. 

\ The codcient espressing the re 1 ntion between preci >i- 

Eke sian, 3 are wit;h tcrnper:tture and yield % 0th above 

connection. In bot I! States t,he cool and wet years are 

who k e, the cool and dry years appear somewlint more 

ossible error 0.OG. 

important weather fitctors, m c  I they arc of about equd 

REFEKEICES. 
( 1 )  MONTHLY WEATHER REVIEW. Oct.ol,er. 1913. 41: 1515-1517. 
(2j Abbe, C. First Report on Cliruate and Cri>s (\Veather Bureau 

(3) Hunt. The Ckrenh in America. 
Billletin 36), p. 316. 

_ ,  ; .  
AN EIGXT-DAY MECHANICALLY RECORDING 

BAINGAGE.' 

By C o a n ~ s s  F. A ~ A K Y I X ,  (:%id ilf Eurcnii. 

[Dated. Kcnthcr Bureau, :: e?!iinglon, D. C'., J:III. 23. 1916.1 

The tipping-bucket raing:iw permits of a Crrcttt rrfine- 
mc.nt a.nd nccurficg of rc.corJ', :mcl is probal3y the best 
device nrnilnl>le for sccuring riiixifall rccnrrls at  tlie regu- 
lar Weather Burcau st,ations. There is, homcrcr, ti wide- 
spread need for n t,horouahly relia.ble gage of ;Imiple 
capacity, complete in it,seff, involring no t,roublesoiiic 
electrical arran emei1t.s for rcgist,ra.t,ion, and finnlly pro- 
viding a recordS covering n considcrilble period of tinic. 
Early in 1913 t,he aut,hor undert.ook t.o design a wee1d-f 
ga.ge of the float, type to mwt such roquireniciits; n model 
was constructed, and tiit: ~IICCL'SS of t,hc tcst.s 113,s since 
justified t,he urchase of a nunibcr of these gages for usc 

tended use in the st,uclies of railifnll in conncction wit>h 
many project,s wherein the wte of r:i.infall is a n  import,ant 
factor. 

Wind shields of the Nip1ic.r tj-lw :ire provic!d, which 
we hope will assist in obt.nining t.hc t,rw cnt.ch cven on 
occasions when t,he wind velocity is cons idinlh  

Desc+Eioir.-The plio t.ograph rcproduccd in figurc 1 
shows the complete gn.ge. The: circu1:;r collector, A ,  is 
exactly 8 inches inside di:iiiwt.ir across it,s sliarpmcd 
(beveled) brass rim, and is aurroundc.cl by the rcc tangdar 
wind shield, B. This shic:M is n~ar ly  31 inches sc uarc a t  
its upper edge and curvw ilownwnrc~ u i i t ~  inwnrd to tlie 
copper cover, 0, to wliicii i t  is screwed. Tho cover is 
about 15 inches square inside and supports t,he S-inch col- 
lector, the two together forniing t,he top. The cover is 

in the Weat K er Bureau service. They will find an es- 

~ ~~ 

I See Weather Bureau Iustrurneiit Ilivisbm Circular E, 3d etl., App. ?. Washing- 
ton, 1915. 

ordinrtril hinged to the top plate of the support, E, and 

which is a little over 2 feet high, is made up of two iron 
cmtings; the. upper cnst,ing carries the recordinm sppa- 
ratus snc~ the t.op, and t,lie lower one forms tlie L e  for 
tlie receiver, D. Tho two castings are connectcct at  the 
centcr hy a li-iiich pipe, which also serves to inclose n 
small brass counterweight. The posts of the support, E, 
are four smnll iron pipes, which are screwed into the 
uppcr cnsbiiig :tt it.s  corn^^ mid fa.st.cncd to t3ie lower 
cast,ing 11s niewns of sot screws. The lower ends of the 
corner posts form fcrt. for t.hc ang~. 

Fi urcs 3 and 3 illust,ratt~ tfic rccorcling a.ppnmtuu in 

float, upon the swfacc- of the1 wat.er in i.he receiver, e. To 
eliniinii. te innc.curacies and iiiicw t aiii tics, thc ihlt is sus- 
pendccl by inemis of a fine flrsiblc! brass chnin, such LS 
jewelers use, eriiianently a t t d i e d  to one cncl of the 

by t,he pull of tho cocnterweight, suspencled from a lengt 
of silk cord, aaso ftwtened t.o and wound up on tho drum, 
H .  Tlie chain a.nd cord run in a sha.llm- screw thread cut 
in the drum, t.he clinin wii;ding up as t h .  cord unwiiids, 
niid rice ~ersa .  Tlie chain c1imin:it~es possiliii t.ics of vari- 
nt.ion of len t.11, such ;is would bc. c.ausc~c1 hy rnoisture and 

tmhnicnt t,o t,he druni, ]Iq m:~.kc~s s1ippin.g impossible. 
The cam shaft, I ,  ciirryil;g tdie clruni, ff, turns once for 

each one-half inch of riiiiifall nnd revolves :i cyliitdricd 
ca.111, A', made to turn with the shaft, I ,  but free t,o slide 
endwise a t  the same time. The pen rind pen lever are shown 
at 5' and L, respect,ively. The pen carrier, T, is mounted 
on trlie lon screw, N,  a.nd guided by t,he rod, U. The 

ment is one that affords t,he m:isimuni of clearness of rec- 
ords of escessive rat,cs of prccipitation, and ilt t.hc same 
tinie the minimum of size of rccorcl sheets. Nenrly all 
other automatic onges wit.li rccmls on a large scale rc- 
quire very large seects t.liat, must. clxing~c~ aft.:.r a rela- 
tively niodernte amount of rain !!:is bec-n rccorded t.herc- 
on. In t,liis gnge t,he risc of tho ih hat, in the niiinxicr already 
esplnined rotat.es the cam, Ii, TvLkh in t.urii causes tho 

en to oscillate lat.erally over :XI cst.renia range of one- 
Ealf inch on the record shcct. This txi~~ouiit of motion, 
o-rer and hack, represents one-half inch of rain. The rec- 
ord sheet has one-t.Pnt,li-inch rulings, each subdivision 
represents 0.05 of an inch of rn.infidl niid pcriilits of very 
satisfactory est,inint.cs to hundredths of inches. Tlie ap- 
parent impossibility of any kind of accuniuln tivo error in 
this gage nialres it,s records more reliable than ga.ges of the 
t.ip ing-bucket type. 

&ie ailoption of an oscillat,iiig mot,ion for tlie 
prrniits a large aniount of preci jitat.ion to be recortle in 
a narrow band one-lidf inch wic t e across tlie record sheet. 
The rcmilinder of the sheet is ninrle avn.il:hle for addi- 
tion:ll record siiiiply by causing thc pen carrier t.o move 
laterally by the action of the clock, at  the r2it.e of one-linlf 
inch per revolut.ion of the drum. Thus ench clay's record 
(ono revolution of the drum) occupies only n transverse 
s >ace on tlie record sheet one-1i:df inch wide. Each 

adoptinc. an 8-clay record is tEat four sheet.s will suffice 
for a full record for each and every month. Instsmnients 
using only 7-day or weekly record sheets require fivo 
sheets for a month's record with only little on one of the 
sheets. The record cylinder, F, is G inches in diameter 
outside, and 5& inches in length over all, and it is made to 
revolve on the d e ,  R, by n clock which is entirely 

is l ock  B in position by a sma.11 bolt. The support, E, 

det,a.i 5 . The regishtion is a record of t.he niot>ion of n 

R druni, H .  N7 P ion the float rises. the chain is wound u 

st.retching s 7 iould a cord be ~iscd, and its periimncnt nt- 

motion of t B e pen is sonicwhat comples, but the srrange- 

Zen 

s tl ect provides x record for eiolit days. The reason for 


