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first power of the radius. Miss Thomas a n d  A. Fer- 
guson [bibs. 71 (191S)I found esperinmltally that the 
power of the radius which wns necessary to produce t.he 

quiet room the power was 1.4; in n lighted room it WRS 
1.5 bo 1.6; in the open air it wns 1.65. 

The author hy a Inntheniatical treatment of tlie diffu- 

of the rnclius. 
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ON EVAPORATlON FROM A CIRCULAR SURFACE O F  A 
LIQ l! I D. 

ii,g Ir. (*. BURGER. 

P. Akrd. Amstcrds'm, Pro,.. 21.3. pp. ail-378. 1919.) 

In literaturo on evnporntion the opinion is often ex- 
pressed or assunied ns nsiomatic that ernpor:ition from 

(Reprinted from Sricnre Ahstrarts I'hys. See .. Apr. 40. 1919. p. 171. Abs. from Obserred w'ls and '. In a 

a circular surface is pro )ortionnl to the area, i. e., to the sion of vapor into a flowin 
should he proport,ional to 

showed t.hat theoretically eva >oration by diffusion into This agrees with t.he value 

thut eraporntion 
square of the mdius o 1 tho surfncp. Stefan, howewr, 

P quiescent atmosphere wou 1 (1 be proportionnl to the for tlie op11 air.-R. C'. 
CULTIVATION DOES NOT INCREASE THE RAINFALL.' 

By J. WARREN SMITH, Meteorolngirt. 

[Weather Bureau: Washington, D. C.] 

8YNoPsIs.-Cultivation rlnw not iiicreare the rainfall in the remi- 
arid region. There are well-defined eec uenced of increasing and de- 
crasing annual rainfall amountq, hut there has been no progedrive 
inrrease or decrease during the past 50 years. 

I t  is not pnssiIJe tn predict the apprnximiite prcripitntiiin fur any ye.w 
from past records. 

INTRODUCTION. 

The land in the Great Plains States is easily cultivated 
and is naturally very fert,ile. Wherever suficient mois- 
ture is available, either from rninfnll or hy irrigation, large 
crops are possible. 

In eastern Tesas, Oklal~oma, and Knnsns, nnil in 
sout!leastern Nebraska, tlic average annual rainfall is 
over 30 iiicl-es, and it IS so m-ell distributed t!.at swious 
droughts are not of frequent occurrence. 

In  eastern New Mesico, Colorado, and Wyoming, 
estrenie western Texas, Oklallonia, and Kansas, western 
Nebraska anil South Dakota, central and western North 
Dakota, and eastern Montana, t!:e average annual reinfall 
is between 10 and 20 inches anil droughts are frequent. 
In the years of light rainfall, or poor distril)ution, t!rere 
is not sufficient nioisture for crops unless irri ation is 
possible. Even in the region where the annua 7 rainfall 
averages between 30 and 25 inches, crops suffer in the 
years of light or poorly tlistrihutcd rainfall. T1.k is 

articularly t-rue in the southern portion of t!:e Great 
Klains wliere the suimer teiiipernture is 1:ig11 ani1 
eva.poration is, consequently, greater than in the northern 
part. The 20-inch averaw annual rainfall line follows 
roughly the 100th nieric%,n of longitude, being cnn- 
siderably west of it in Tcsas and Oklahoma, slightly 
west in Kansas and Nebraska, slightly east in Soat!i 
Dakota, and considerably east in North Dakota, as is 
shou~n in figure 1. 

As a well-distributed rainfall of about 20 inches each 
year is necessary for crops, unless irrigated, it follows t!iat 
the w-estern Great Plains is a rather critical region for 
growing general farni crops. Even when tlie so-called 
dry-farming practice is resorted to, crop failures are not 
unknown. 

Years of abundant and well-distrihuted rainfall en- 
courage a western estension of tlie cultivated area, and 
when there is a succession of favorable years farm opera- 
tions may be pushed so far into t!ie semiarid districts that 
in ordinary years the rainfall is entirely insufficient for 
crop needs, and disaster results. During these periods 
of unusual rainfall, the o.pinion is frequently expressed 
that the rainfall is increasin and that this increase must 
be due to the enlargement o P the areas of cultivation. 

Disregarding the argurncn ts which might he presented 
to sho\v that the effect of cultivation in the semiarid 
region must be negligilh in causing tlie variation in 

1 -  , . .. . . , 20 
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FIG. 1.-Map showing the average annual precipitation in that part of the United 
(FlWm a d ~ ~ n c e  States lying helween the 93d and the 113th par.111eB of Iongitu&. 

folio, Atlas of Am. Agrie.) 

temperature and liuniiclity nccrssary to produce an in- 
crease in the amount of rainfall, we Iinve turned our IPresmted before R joint meeting of the Ameriran Uetcuroliigirxl So&ty nntl ASSO' 

&tion of .2merivan GwgrJphers, St. Imiis, No., Dec. 31. I r l O .  
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attention to ascertaining wllcther therc? has, or ]ins not., 
been an increase in the precipitation nver t!le Great Plniiis. 
All arailahle rainfall records in t,! n t  dirtrict were col- 
lected, talsulatecl, and chnr td  in t!:e fnllowing graphs: 

Precipita- 
tion 

(inches). 
___ 

1s. 8 
19.6 
20.8 
17.5 
19.3 
16.7 

P Y I I I I  
FIG. Z-Curveu showing the average annual precipitation in (A) North Dakota,South 

Dakota. western Mlnnes3tn. central and cnstern Montana. nnd northeastern u’vo- 
mmn- 43 s6AtCons. (BFNehnkka cent61 m d  western Kan&s. eastern c’olorado &d 
souttea%mn \ \ . y h n  ,3Y statiAns: ((‘1 weslaru Oklahoma and Trxas and ceintral 
mind enslern New Mexfco, 40 stations; (D) avernge of the above. 121 stntions. 

Figure 2 (A) s!iows curws of t: e annual raiilfall, a id  
the successive and progressive 5-year averages of the 
annual rainfall froin 1S6T to 1917, inclurive, for North 
Dakota, Soutll Dakota, western Minnesota, and ccntral 
and eastern Montann. C‘ilre was tdwn in t.t,is, as wcll 
as in tlie data for tlle ut.‘ er ~‘urws ,  to liciqb the statiln.; 
well halanceil hetwren ti*c n.td tvr rtistern and d n r ~  
western parts of tlm districts. 

The curws in A show a rise in the rainfall aniount4 
from the early to thc late seventies, followed by a rather 
sharp decrease to about 1589-90, and then a uniform in- 
crease unt.il 1905 and 1906, and after that a moderate 
decrease. 

The average :innun1 rninfnll for the first 25 years of 
this period is 19.6 inches and for the lnst 25 years 19.~1 
inches. The average precipitateion for each 10 years, 
heginning with 1868, is shown in Table 1. 
TABLE l.--Precipitativn.for each 10 yrars frnm 1868 to 1917, incluriw. 

in  t h ~  nnrt lmn Great Plains. 

I Fre+plta- 

I (in-:hes). 

- .- - _- -.. - _ _  ___ ._____-____ 

I’eriod. tion 

. . . . . .  -. ~ 

lSAS-lS:7.. ................................................................ _ ’  19. S 
IYiS-lSW an. 4 
158-1w:.. ............................................................... .I 18. I1 
lSVblY07.. I 19.5 
1cJnblNi. 

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

................................................................. I 19.1 ........... .- - .... .... _ ...... 

Diagram B gives siniilnr curves for the same period for 
Nelmska. cent.r::l and western ICnnsas. eastern Colorado, 
and soli tlienstern Wyoming. This indicates a wider 
vitriation in the annual rninfnll tlittn in the northern 
States, hut talle snnie two crests in thc curve. One strik- 
ing tlilTerence between them, however, is tlin t, while in A 
tlie first crest W:IS centwetl in 1S77 to 1Yi9 ,  in B it WIIS 
not renclied until nhout 6 yeais litter. As the second 
crest comes a t  d J 0 U t  the sanie time in tlw two wens. the 
time between tlle two crests is 29 p : r s  in tlio northern 
nren and only ubou t 23 yenrs in the central. 

The arernge precipitiition for the fiist 25 yeais of the 
period in the Central Great Plains WBS 18.4 inches, and in 
the second 1S.i inches. The average for each 10 yenrs is 
given in Tilhle 2 .  

Tasr.e ‘7. - -fiwipitnlioii .for t nch ] ( I  ytnrs .from I S I ; ~  to 191;. i)dlislre 
i i i  th r  wntriil Grcat I’lciins. 

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

I’criud. 
Prer ipi ta- 

rim 
(inches). 

. ~ ...... ,- 
1srm977. .  I 16.3 
lSiS-lSr?i .............................................................. ._ .__:  20.4 
lS%wSrJ7 .................................................................. 17.6 

1s. 2 
1SM- 1Wi.. 
1ylls-1[117.. 

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

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

............................................................... 
... __ ... .. .- .. 

I . ........... . .  . . . . . .  
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Barlev: 
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Corns 

.................................... 
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In graph D the data, from which raphs A, B, and C! 

were annua F and progressive and successive 5-yenr mean pre- 
cipitation for the whole western Great Plains region. 

This indicates two well-defined crests in rainfall about 
25 years apart, with the low part of the curves a t  the 
be nning, middle, and end of the period of 50 years. 

!!he average precipitation for the 25 years from 186s to 
1893, inclusive, was 19.2 inches, and from 1893 to 1917, 
inclusive, 18.4 inches. The average for each 10 years is 
shown in Table 4. 

TABLE 4.-Predpitation for each 10 year8 froin 1865 to 1917. iiiclu~iire. 
over fk  western Great PlaGt.9. 

repared, were averaged so t a at this shows the 

Acrrs. Acrts. Acr~s .  AWFX. 
224 20 SSP 13,901 750 WO 
222 15U:wO 90 223 213:Mx) 

28.2p 321'693 2,845 lKQ 
~ , S O Z  4 0 3 2  SO:WI 

11,4i9 400:119 1:615:393 d240'WO 
140,ooO ............ 3:94dWO 

492 1,W s1:m 

6,555 4 i 2  619 1 547 1i5 9 156 Mx) 

Period. 

Kansas .......................... 
Nebraska. ....................... 
The Dakotas.. .............................. 
Montana ..................................... 
Kansas .......................... 
The IJakotas.. .............................. 
Nontana ..................................... 

Wh cat : 

NdJmPka.. ...................... 

I Precipita- 
tion 1 (iiwhrs). 

. . _- 
1868-1877 ................................................................... 8 IS. 1 
1878-18~7. .................................................................. 20.4 

1m-1 w............ ....................................................... I 1Y.Y 
1888-1m ................................................................... j 17.5 

1-1917.. ................................................................. I 18.4 

ti,= 472 619 1 547 175 2 2&1 Ow 
11.479 4 d 1 1 9  1'615'393 3:038:Mx) 

I4O:W 1:111:449 4,500 WO 
28,000 66,323 aS0:Mx) 

42:812 4l:i61 1:7'27:aaO 

69,28j 1 573 OOO 4 070 724 3,737 lKQ 

720 OOO 5,410 077 10 716 OOo 
9,917 1:657:000 1:253:564 891:m 

There has been a decided increase in the area unerd 
cultivation in t,he Great Plains St:at,es during the past, 
50 years as brou lit out by figures in Table 5. rf increasing t a e area under cult,ivat.ion in any dist,rict 
increased the precipit.at.ion, WR should espect, a st.earlp 
rise in the annual rainfall amount, over the re ion covered 

t x e graphs in figure 2 nia.ke plain t,hat, t.liere are w+I- 
defined but comparat,ively short periods of increasing 
and decreasin rainfall, but which ran not. he due to 
cultivation. #he crop nrea is being c?st.ended into t,he 
drier re ion because of crop adaptat.ion and better farni- 
in met % ods. Moisture is conserved that. fornlerly ran o l  dry-farming methods are being ado ,t.ed, and crops 

An interestin fact in connection with the precipitthon 
records is that 8 ry years occasionally occur during a wet, 

b this study. 1nst.ead of finding a regii B ar increase, 

bet,t,er adapt.ed t.o the region are lwing 1' 1 anted. 

period or wet yeais in a dry period. This is hroilght out 
by the light rainfall in 18S2 in graph B, and the very 
heavy rainfall in 191.5 in graph D. 

TABLE B.-Ameage of certain grain crops in the Great Plains States. 

The opinion is espressed by some student,s of weather 
d a h  that, dry and wet years come in groups of two or 
three each, hut, t.his belief is not. substant,iat,ed by 
these chart,s. In other words, it. is not, possible t.o predict 
what the t.otal precipit.at.ion for m y  year will be from 
past records. A wet. year may he followed by another 
wet one or h For 

by one of t,he wettest in t,he whole period, while t,he dry 
year of 19 1.7 was followed by one equally dry. 

In graph D it will be seen t,hat the wet year of 1877 
was followed by one nearly as wet; t,liat, of I S9l by a rain- 
fall not. far from the nornial; that, of 1905 by another wet 
yea.r, and 191 5 by one with consideraldy less precipitation 
t,han the normal. 

a very dry yew, or vice versa. 
esample, the c P ry pear of 1890, in graph B, was followed 

AUSTRALIAN DROUQHTS. 

By CHESTER RICHARDSON. 
[Dated: Curric. Ring Island. Tasmania, frrt. 25, 1919.J 

Although the primnry causes of drought are unkiiown, 
an indicator a arently of immediate value is the mean 
t.emperature d#erence for the months .June, Jul.y, a i d  
August, between the southern portion of Australia, a.nd 
the source from which the latter obtains its rainfall in 
the months names, viz, the belt of drift weather, which 
in nornial winters extends along a fairly direct line from 
west t.0 east, in prosimity to the 40th parallel of lati- 
tude in the Great Southern Ocean. The highest mean 
temperature difference between the belt and the south- 
ern seaboard of Australia obtains in usual winter sea- 
sons, when the elements contained in the belt traverse 
the course above-mentioned. In these condit.ions, the 
mean land temperature being higher than that of the 
belt, the cooler air of the latter shows landwards in 
convectional circulation 40 restore equilibrium. The 
result is SW. winds and rain upon the land. 

The lowest mean tempemture difference occurs when 
the belt,-from some cause a t  present unknom?- 
curves northwarcl, or over a port,ion of the South Indian 
Ocean, and, in regainin it,s easting, carries with it at- 
mosphere of considera B ly higher temperature than 
when trarersing the 40th pmallel course. The effect 
of this warm genera.1 NW. wind is to cause the dry land 
air to flow tozourcl t.he belt, rind n s  n consequence, drought 
or droughty conditions ultimate1 ensue.' Since such 

iersist for months a t  a time, persistent NW. winds in 
bestralia and Tasmania may give indication of a 
drought-y senson to follow. 

n northward curvature over the P iidian Ocean seems to 

1 Perhaps associated with the distribution of mean surface temperatures. Cf. 
MONTHLY WEATHER REVIEW, November, 1918.46: 510-514. 


