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RAINFALL DATA OF BERKELEY, CAL.!

By WiLLiam GArRDNER REED.
{Author’s abstract, Washington, D. C., Mar. 10, 1916.)

Engineers are of necessity paying more and more at-
tention to rainfall data, particularly to data of heavy
falls of rain in short intervals of time, because of the
importance of a knowledge of such heavy falls in con-
nection with the designing of storm: sewers and other
structures which must carry off the rain water. The
records kept by the University of California as a co-
operative station of the Weather Bureau since 1886, and
by the sanitary engineer and the department of civil
engineering of the university since 1910, have been
tabulated and studied. These data are the only records
available for the east shore of San Francisco Bay, and
the study is of interest because it modifies and extends
the previous work.?

Measurements of precipitation, using a standard 8-inch
raingage, have been made at least once each day since
October, 1886. TUntil 1892 measurements were made
regularly at 2 p. m. (Pacific time) ; since 1892 the measure-
ments have been made at 8 a. m. and 8 p. m. Measure-
ments have frequently been made at the end of the rain
and during rain, although the practice has varied from
time to time. Since 1910 records from a Friez tipping-
bucket gage, electrically recording, are available; but
these records are more or less fragmentary because of
%‘a eifailure. The exposures of the gages are shown by

able 1.

TaBLE 1.—Raingage exposures at Berkeley, Cal.?

8-inch raingage.
Date. Description of exposure. H. h. Read at—
Ft. | Ft, | Pac.St. T.
October, 1386, to Sep- | Framework over a portion of the | 347 21 [ 2p. m.
tember, 1892, observatory building.
September, 1892, to ] On the ground north of observa- } 390 1 {S a.m.
ptember, 1599, tory building,. ] p. m.
Since September, 1899. .| Roof of extension of observatory } 134 15 &a, m.
building. S p. m.
12-inch tipping-bucket gage.
Since January, 1911..... Roof of 6 feet X 12 feet shed 12 | 410 70 | Electrically
feot above roof of civil engineer- recording
ing building, 60 feet syuare. each 0.01
inch rain.

Although roof exposure is not to be recommended,
conditions at Berkelgy have made such exposure neces-
sary and this exposure is fairly satisfactory.* A careful
examination of tﬁe rainfall record of the Students’ Obser-

by the author of the material contained in the following papers:
Univ, Cal. %ubl. in engin., 1: 69-81. Berkeley, 1915.
Rainfall data of Berkeley, Cal., II. niv. Cal. publ. in engin., 1: 83-116. Berkeley,

1816,

2 The prlndé)al 1papers dealing with heavy falls of rain for the region are as follows:
Grunsky, C. E. The sewer system of S8an Francisco, end a solution of the storm-water
flow problem. 'Trans., Am. soc. ¢. e., New York, 1909, 68: 204-422,

Hyde, C. G. Report on Richmond, Cal., sewers, 1910.

1 A revised summa
Rainfall data of Berkeley, Cal.

Le Conte, L. J. Intensity of rainfall at San Francisco, Cal. Trans,, Am, soc, €. e.,
New York, 1905, 54: 197-198, in discussion of €. W. Sherman, Maximum rates of
rainfall at Boston.
. g;A‘g:)e, A. G. The rainfall of California. Univ. Cal. publ. geog., Berkeley, 1914,
McAdie, A. G. The climate of San Francisco, Cal. Washington, 1913. 8°. (1.8,
Weather Bureau. Bul. 44.)
3 The exposures are discussed at length in ** Rainfall of Berkeley, Cal.,”’ Univ, Cal.
bl. Bgeog. Berkeley, 1913, 1:63-79. Report of the meteorological station, 1912-13.
tbid., Berkeley, 1914, 1:247-306. Report, 1913-14. ibid., Berkeley, 1916, 1:373-439.
¢ Marvin, C. F. The measurement of precipitation. U. 8 Weather Bur. Instrument
Div. Circular ““E,” 3d edition, p. 15. Washington, 1913.
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vatory shows no break in continuity when the position
of the gage was changed in 1892 and in 1899.

TaBLE 2.—Summary of rainfall data, Berkeley, Cal., July, 1887-June,
: 1915. )

[Compiled from observations by the University of California in cooperation with the
U. 8. Weather Bureau.]

Total precipitation. Number of days with 0.01’/ or more.
Greate:t. Least. Greatest. Least.
Month.
. o = s L
18 B . |ELEO.|E|
g | 2 5 g = 5 | E 5 E H
- El O = & 1 = U = &
- < ~ - > <« | 7z pe z -
In. | In. In. Days. Daga. Days.
January...... 6,02 [15.90 | 1911 |0.75| 1889 12| 25| 1909 4| 1889
February..... 4.16 (10.68 | 1891 [0.22 | 1890 9| 25| 1015 1] 1898
1904 1808
March...._... 4.59 (13,19 | 1599 | 0.31 | 1898 10| 18§ 1007 } 3 (4 1901
1914
143 | 672] 1896 {o0.02] 1900 6| 14! 1896 1 {ggg
127 (3.43| 1905 0| 1909 5| 14| 1916 0| 1909
0.21 | 1.24 | 1907 0| 8yrs. 1 5| 1888 0 | 12yrs.
July oo, 0.02 | 0.4¢ | 18m of1syrs.| of 2|{189 0| 24yrs
’ 1896
August__._... 0.04 | 0.90 | 1896 0| 14yrs. 0 2 lggg 0| 20yrs
1
Scptember....[05.8 | 444 | 1904 ofoyrs. | 2 1o } 0| syrs.
. 1887
October........| 143 | 5.80 | 1889 o |{ 1557 } 4| 12 180 o 4;;;:.
1
November.._.[ 2.68 | 5.89 | 1003 o 190 | 7| 17| 1013 1|{ 1894
: 1807
December....| 4.79 [12.63 | 1894 | 1.22 | 1898 W] 24| 1889 3| 1010
Year (July- |
June)..... 26,72 45,00 | 1559-90 |14, 40 | 1897-95 | 66 | 104 |1889-90| 52 |1897-98
! |

TaBLE 3.— Muximum precipitation in 1 day for each rainfall year, July,
1887-June, 1915, Berkeley, Cal.

[Compiled from ohservations by the University of California in cooperation with the
U, 8. Weather Bureau.]

Rainfall year. Amonnt.| Month. Rainfall year. Amount.[ Month.
Inches.
January. 1.79 | February.
March. 2.01 | November
January. *4,75 | February.
February. 2,75 | September.
December., 1.78 | March.
2,96 | December. 2.31 | March.
3.70 | January. 1.85 | January.
2,20 | January. 2.34 | January.
2.48 | April. 1.66 | December.
2.21 | November.|| 1910-11... 2.88 | January.
2.19 | December. || 1911-12. 1.20 | March.
3.20 | March. 1912-13. 2,39 | November.
3.22 | Octoher. 1913-14. 2,28 | January.
2,06 | April. 1914-15 1.72 | December.

*This amount fell between 1 p. m. Feh. 11, 1904, and 3:45 p. m. Feb. 12, 1904; the
24-hour amount is not available.

TABLE +.— Mavimum precipitation in 1 day for each month, Berkeley, Cal.

[Based on records July, 1887-June, 1915, compiled from ohservations by the University
of California in cooperation with the U. 8. Weather Bureau.]

Month. Amount.| Year. Month. Amount.| Year.
Inches. Inches.

3.70 | 1804 0. 1861

4,75 | 1904 0.84 | 1896

3.43 | 1889 2.75| 1904

2.48 | 1896 3.23 | 1899

2,16 | 1905 2.47 | 1903

0.62 | 1894 2.96 | 1892

* Maximum in any one day, 4.75 inches February, 1904
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TABLE 5.—Precipitation of 2.50 inches or more in 24 hours at Berkeley,
Cal., July, 1887-June, 1915.

[Compiled from observations b%tge Unjversit

of California in cooperation with the
. Weather

ureatl.)

Month. Year. | Amount.

3.70

e sl et
2SRESGE

9 09 59 i thn 1O

From a statistical and graphic study of all 12-hour
eriods for which records 0¥ intensity are available
rom the recording gage, the following have been deduced:

(@) When 0.80 inch falls in 12 hours, there is a chance
tha}t the maximum intensity for 1 hour exceeds 0.50
inch.

() When 0.80 inch falls in 13 hours, it is probable
that 0.30 inch for 1 hour has Deen exceeded; this is
half the maximum shown by the Grunsky curve for San
Francisco. (See fig. 1.)

(¢) When 0.80 inch falls in 12 hours, there is a chance
that 0.15 inch in 5 minutes has been exceeded; this is
the maximum shown By the Grunsky curve.

(d) When 0.80 inch falls in 12 hours, it is probable
that 0.07 inch in 5 minutes has been exceeded; this is
the lower limit of practical importance; it is half the
maximum shown by the Grunsky curve:

TABLE 6.—Precipitation of marked intensily at Berkeley, Cal., Jan. 1,
1911, to Apr. 30, 1915,

. 5minute 1-hour
Total rain in 12 hours. period. period.
Maxi-
12-hour period ending at— Ratio Maxi- | ¢ mﬂ? munll
R mum | spond-| total
Obs.* | C. E* (Oll:;‘s-‘- total |ingin-| rain
. rain. {tensity./and in-
tensity.
In. per| In. pcr
In. er. et
BTN N TR B NS N
0,98 0.06 0.72 0. 39
0. 96 0.05 0.60 0.35
1.01 0.05 0.60 |° 0.30
0.90 0.04 0.48. 0.38
0.93 0.06| 0.60 0.33
0. 88 0.06 0.60 0.19
0.83 0.09 1.08 U. 32
0.88 0.08 LS 0.23
........ 0.06 0.72 0. 46
108 0.29 3.48 0.51
0.95 0.10 L.29 0. 38
0.94 0.04 0.48 0.26
0.91 0.09 1.08 0.18
0. 67 0.08 0. 96 0.08
0.8% 0.08 0.36 0.19
0.87 0.04 0.48 0.2¢
0. 98 v.10 .20 U2
0.95 0.08
0.35 0.08
0.94 0.09
0.88 0.056
. 0.97 0. 08
R I X 1 o
» - N 08
. I, . L14 0.85 D. 07
* Obs,= at Students’ Observator,;

8-inch lfnge Yo .
C. E.=12-inch gage, electrically recording, at Civil Engineering Building.
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TABLE 6.—Precipitation of mdrked intensity at Berkeley, Cal., Jan. 1,
1911, to Apr. 30, 1915—Continued.

L

5-m-inute 1-hour
Total rain in 12 hours. period. period.
. : Maxi-
12- hour period ending at— Ratio | Maxt Corr: mut;.i
mum | spond-| to
Obhs* | C. E.* Cbll«:,é+ total |ingin-| rain
* | rain. |tensity. andin-
tensity.
In.
0.99
2.01
0.72
.02 |.
0.57 |.. R 0.07 0.84 0.81
1.16 1.05 0.90 | 0.06 0.38 0.5
1.32 1.05 0.30 0.03| 0.36 0.2
1.15 1.06 0.92 0.05 0.60 0.28
0.82 0.90 1.10 0.10 L20 0.44
0.42) 0.39 0.93 0.08 0.72 0.32
0.71 0.69 0.97 0.08| 0.72 0.33
0.25 0.26 1.00 0.10 1.20 0.22
1.40 1,20 0.8 0.05| 0.60 0.43
0.85| 0.56 0.86 0.08 108 0.£8
L N7 0. 82 0.94 0.13 1,58 0.52
0.41 0.43 1.05 | 003| 0.36 0.30
0.83 0.74 0. 89 0.07 0.34 0.81
106 0.96 0.91 0.05 0.60 0.31
g.gg 0.61 0.52 0.17 2.04 0.31
0.34 |03 olea| olas| Toe8 | 0l
0.33 0.34 1.03 0.10 1.20 0.33

Table 6 is a summary of the data of heavy rainfall-
from which the study was made to determine the occurs
rence of precipitation of marked intensity. It includes
all 12-hour periods from January 1, 1911, to April 30,
1915, during which the amount indicated important

intensities. Interesting intensities for Berkeley are:
s 0.80 inch in 12 hours.
s 0.30 inch in 1 hour.
= 0.07 inch in 5 minutes.

The table indicates that the 5-minute or 1-hour periods
with precipitation of apgroxima,tel half the maximum
intensity will occur at Berkeley agout as often as the
12-hour amount equals or exceeds 0.80 inch.

A study of the records of heavy continuous downpours
has made it possible to estimate with a moderate degree
of accuracy the probabilities of the maximum intensity
when we know the total fall of rain and the duration of the
downpour. The results are given in Table 7.

TABLE 7.—Ratio of average intensity to mazimum intensity for short periods
of heavy continuous downpour, Berkeley, Cal., January, 1911, to Feb-
ruary, 1915.

Maximum inten- | Ratio: maximum-+
Continuous downpour. sity. average intensity,
Total | Dura- | Average | 5min- | 10 min- [ 5 min- | 10 min-
rain. tion. Intensity. utes. utes. utes, utes.
1
Average of all [ Inches. | Min. l In.hr. | In.jhr. In.[hr.
downpours... 0.56 139 0.25 1.00 0.73 4.00 2.92
Maximum ... 12.08 ’ 1360| 20.51 33.48| 3192 38.50 34,68
1Jan. 12, 1914, 2 Jan. 26, 1912. 3 Mar. 7, 1911.

In the consideration of the run-off of rainfall of marked
intensity, the condition of the ground at the time of
maximum intensity is important. At Berkeley frozen
ground does not affect the problem, but the amount and
duration of rainfall immediately preceding the maximum
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intensity are of considerable importance.®
are presented in Tables 8, 9, 10, and 12.

These data

TABLE 8.—Percentage of cases at Berkeley, Cal., 19111915, in which the
maximum intensity of rainfall for 5 minutes occurred within a given

period from the beginning of continuous heavy rain.

Per cent

Maximum intensity for 5 minutes occurred within— of cases.
5 minutes from the beginning of heavy rain.......... 2
10 minutes do. do. y . 40
20 minutes do. do. . 52
30 minutes do. do. . 61
40 minutes do. do. 63
60 minutes do. do. 66
80 minutes do. do. il
120 mnutes do. do. 86
180 minutes do. do. 91
240 minutes do. do. 95
300 minutes do. do. 97
360 minutes do. do. 98
420 minutes do. do. 99
480 minutes - do. do. 100

TasLE 9.—Percentage of cases at Berkeley, Cal., 1911-1915, in which the
mazimum intensity of rainfall for 5 minules was preceded by continuous

rain for a given amount.

Per cent

Maximum Intenstty for 5 minutes occurred after a fall of— of cases.
1.80 INCRES OF JO8S. <o oee e i ciaiaaiaa i e aieaienaaama s 100
1,00 inch or less.... )
0.60 inch or less. ...... 96
0.40 inoh or less.. 93
0.30inch orless...... 86
0.20 inch or less. ... 81
0.10 I0Ch O 1@88 . c oo cainii i aie i e i et e n e vaireraacaaaaanaas 60
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‘TaBLE 10.—Percentage of cases at Berkeley, Cal., 1911-1915, in which the
mazimum intensity of rainfall for 1 hour occurred within a given period

Jrom the beginning of the storm.
: Per cont
Maximum intensity for 1 hour occurred within— of cases.
1 hour from the heginning of the storm 20
2 hours do. do. 32
3hours do. do. 35
4 hours do. do. 38
5 hours do. do. 4
6 hours do. do. 47
12 hours do. do. 58
18 hours do. do. 67
24 hours do. do. 76
30 hours do. do. 82
36 hours do. do. 86
42 hours do. do. 87
48 hours do. do. 80
54 hours do. do. 93
60 hours do. do. 95
72 hours do. do. 98
108 hours do. do. 100

TaBLE 11.—Percentaye of cases at Berkeley, Cal., 1911-1915, in which the
maximwn intensity of rainfall for 1 hour was preceded by a storm of given

amount.

Maximum intensity for 1 hour after a fall of—

Per cent
of cases.

.00 inches or les:
.5 do. d

-

SR8 I8 =8

BRaas

TasLe 12.—Comparison of intensities of rainfall obtained from various curves for San Francisco and vicinity and observed marimum at Berkeley, Cal.

ities in inch h f i —
Relor- Intensities es per hour for periods of:
ence Formula.
No. 5min. | 10min. | 15min. |20 min.|30min.{45min.| 1hr. {13 hrs.| 2hrs. | 3hrs. | 4 hrs. | 5hrs. | 10 hrs.
1| t=3.08+ [H_—m6—0+t° l] ...................................... 1.79 1.31 1.10 0.97 0,81 0.68 0.60 0.51 0.45 0.38 0.34 0.32 0.25
2 | None.. 2.16 1.50 1.20 1.02 0.83 0.63 0.60) 0.51 0.45 0.38 0.34 0.32 0.25
3 | fm7-10 3.14 2.21 1.81 1.57 1.27 1,056 0.91 0.74 0.64 0.52 0.45 0.41 0.28
4 | ix=a 5110 2.24 1.58 1.29 1.12 0.91 0.76 0.65 0.53 0.46 0.37 0,32 0.29 0.2
5| None.. 2.680 2.00 1,65 1.41 1.12 0.88 0.7 0.60 () U PR ERP PP PP
6 { None 3.48 2.00 1.65 1.41 1.12 0.88 0.7 0.60 [V8:) N PR I IO
7 | i=5.25+[105—0.7 3.52 2.18 1.68 1.41 111 0.88 0.75 0.60 0,52 0.39 0.36 0.32 0.22
8 | Automaticrecord. . ...c.corasaricmrmriamerreceeaaaaaaaaaan 3.48 2.00 }........ 141 1,10 [........ 0.74 Joeuean.. 0.43 [oeveeeenmioiiemeanana]eecanaan
AUTHORITY.
1. Grunsky, C. E., In Trans., Am. soc. c. e., 1903, 65, 318. Data from all sources for San Francisco hefore 1899.
2. Grunsky, C. E.,in Trans., Am. soc. c. e., 1908, 65, 316. Data from U. S. W, B., San Francisco, 1309-1908.
3. Le Conte, L. J.,in Trans., Am., soc. ¢. e., 1905, 54, 198. Data from Thomas Tennent and U. S. Weather Bureau, San Francisco, 1850-1903.
4, Metealf & Eddy, In American Sewema?ractice, v. 1, 1914, p. 230.
5. Hyde, C. G.,In Report on Richmond wers, 1910.  Data from City Engineer, Oakland, 1906. 5
6. Whil , in *Rainfall data of Berkeley, Cal., I, by W. G. Reed and M. K. White.” Univ. Cal. publ. engin., Berkeley, 1916, 1: 83-116. Data from the recording gage at

ite, M. K.
the university, 1911-1915.
7. White, K., In Mathematical form of No. 6.
8. Tipping-bucket gage record at Berkeley, 1911-1915.

® Henry, 4. J., Rainfall of
Bureau, 1886-97 (Washington,

the United States, United States Weather Bureau Bull. D (Washington, 1897), p. 53, also published in Annual Report of the Chief of the Weather

1807), p. 363.
Correspondence from A.J .Henrs" i’n Journ. Western Soc. Engrs., vol. 4 (Chicago, 1899), pp. 165-166, in discussion (pp. 147-104) of E. Duryea, jr.,  Tables of excessive precipi-

tations of rain at Chicago, I11., from 1889 to 1897, inclusive,” pp. 73-105.
Metcalf and Eddy, American sewerage practice, vol. 1, p. 268.
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RELATION BETWEEN TIME AND INTENSITY OF RAINFALL IN THE VICINITY UF SAN FRAXCISCO
Lecryp AUntomiTy Revexkxce Locauiry Bast ox REcoaps or Founura
S it e | € E. Grunaky 1908 rans._Am. Soc. C. K., Vol ii5, px. 316 | San Francisco U. S. Weatlior Burcau, 18991908 None
semessecvoavenn ‘@i Am. Sewernge Practice, Vol. 1, pz. 250 San Francisce Geuernl Formulne 1= 6§ 4
an. — o mamm ¢ —— J LeConte 1905 Trans. Am. Soc. C. E, Vol. 54, jr. 1987 San Franciseo Donbtful authenticity i=17- (o8
- Y — o= e e e we | C. U kHyde 1910 Report on Richmoml Sewers East Bay Kegion | Percy E. Brown, Qaklond, 10uii, ete. None
e nes ammves amm | Proposed Modification of Hyie Cure Eo~t Bay Heg C. E. Blilz. Berkeley, 1911-1915 None
Proposed Math ical Form of Hvile Curve Enst Bay Region | C. E. Bid . Berhelev, 191121915 1= 5.35 « ((0E-0.15)
a Storm of Macch 7, 1911
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Table 12 is a comparison of rainfall intensities, indi-
cated by the various curves which have been used in the
design of structures to carry off storm water in the San
Francisco Bay region, and also the recorded maximum
intensities for the five years during which the tipping-
bucket gage has been in operation at Berkeley. The
curves are shown by figure 1.

Under some conditions it might be unjustifiable to de-
sign a structure for the absolute maximum storm; but if
the design is made for a storm of less severity, it is well to
know how often the structure is likely to be inadequate.
For this reason figure 2 was drawn from the data for all
storms in which marked intensities were reached. In
order to draw the curves it was necessary to make some
interpolations for storms for which the intensity records
are incomplete. The curves show within the limits of
error imposed by the interpolation and the rather short
record (five years) what intensities may be expected in
the intervals shown.

S5 o, 5 A
DISTRIBUTION OF CYCLONIC PRECIPITATION.!

By ToraHIKO TERADA, Rigakuhakushi.
[Dated: Physical Institute of College of ?gign]ce, Tokyo Imperial University, Nov. 20,

[Author’s abstract.}

The regional distribution of cyclonic rainfall has already
been investigated by many meteorologists.? The results,
however, differ widely according to the localities con-
cerned, and as yet no general theoretical discussion of
the principal moments determining the distribution in
question seems to have been attemEted.

Recently Messrs. T. Yokota and S. Otuki, undergradu-
ates in the Physical Institute of the Science College,
undertook the statistical investigation of the problem
regarding Japan. The chief data used were the daily
weather charts of the Central Meteorological Observa-
tory from January, 1905, to December, 1915. The main
islands constituting Japan proper, i. e., Kiushu, Shikoku,
Honshu, and Hokushu, were divided into 18 districts, 6
each for the Pacific, the Japan Sea, and the axial region.
The percentage expectation of precipitation for each of
these districts was calculated for different possible posi-
tions of the center of a cyclone. The chief results
obtained may be summed up as follows:

(1) In fromt, i. e., on the northeast side of a cyclone,
the precipitation is generally more frequent on the Pacific
side of the land than on the Japan Sea side. On the
rear side of the barometric depression the reverse is the
case. The difference is most pronounced in regions
remote from the center.

(2) When the center of the depression lies over the
Japan Sea far from the land, specially if near the center

1 Terada, Torahiko. On the distribution of the cyclonic precilpitations. (An ab-
stract. [kead Nov. 20, 1915.) Proc., Toky6 math.-phys. soc., 1915 (2), 8, no. 12, pp.
382-384. Also separately printed.
[The spelling of place names conforms to the decisions of the U'. 8. Board on Geographic
ames.—C. A, jI. )
1 Hildebrandsson, H. Sur la distribution des éléments météorologiques autour des
minimas et des maximas barométrl%es. Uppsala. 1883,
V.an Bebber in Meteorol. Ztschr., 1884,
Akerblom, Ph.” Sur las distribution & Vienne et & Torshavn des éléments, ete.
Krank, en in Meteorol, Ztschr., 1885,
Polis in Meteorol. Ztschr., 1904,
Dm?u ky in Meteorol. Ztschr., 1903.
Mill, H. R., in Symons’s met. mag., 1904, 39; Quart. jour., Roy. met. soc., 1908, 36.
Udden, J. A., in ﬁmons’s met. mag., 1906, 41.
Reed, . G’., in MONTHLY WEATHER REVIEW, Oct., 1911, 39: 1609-16.
Hann,J. Lehrbuch der Meteorologie. 3. Autl., 1915. p. 524, 552.
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of curvature of the axial line of Honshu, the lines of
eﬂua.l rainfall expectation have a tendency to run par-
allel to the axial line. In this case the draining influence
of the coastal mountain ranges becomes obvious, in giving
birth to a comparatively rainless zone in the axial region
of Honshu.

For the case of the center lying over the Pacific, the
rainfall is rather concentrated on a limited region of more
or less closed shape.

(3) Comparing the depressions lying over the sea but
not very far from the coast, the Pacific depression is
associated with a more dense and extended precipitation
area on, the land than the Japan Sea one.

(4) When the depression lies east of Sakhalin the entire
Japan Sea coast is affected, and the lines of equal expecta-
tion run parallel to the land.

In connection with these investigations a general
theoretical discussion of the problem was attempted.
It seems convenient to analyze the secondary influences
causing the unsymmetrical distribution of cyclonic pre-
cipitation into the following three principal moments:

(a) Planetary thermal influence, which consists in the
change of temperature with latitude. This influence re-
sults in shifting the center of rainfall on the southeastern
side of the center of depression, in the Northern Hemi-
sphere, provided the other conditions are uniform.

() Geographical thermal influence, which congists in
the thermal contrast between land and water. The re-
sults differ widely according to the season, and also accord-
ing to the humidity of the land in question. For exam-
ple, in summer in the Northern Hemisphere, provided
the land is sufficiently humid, this effect talen alone will
tend to increase the precipitation on that side of the de-
pression, which looked at from the center has the land
on the right-hand side.

(c) Hydrodynamical to&)ogra.phica.l influence, which
consists In the forced ascending air current brought about
by the discontinuity of the horizontal flux of air at the
boundary of two regions with different coefficients of
friction.* According to this influence, the precipitation
will be generally abundant, cateris paribus, on that part
of the coast line, or that side of & mountain range, which
viewed from the center of a cyclone has the sea or low-
lands on the right-hand side. The direction of the great-
est rainfall depends on the difference of friction. These
rela.&ions have been fully discussed in the paper above
cited.?

These three influences combined properly seem to ex-
plain the peculiarities of rainfall £str1bution in most
diverse cases. For example, result (1) above mentioned
is the direct outcome of the third influence (¢). The
result (2) may be explained if we consider that the
amount of the third influence (¢) mainly depends on the
angle made by the coast line with the radius vector
drawn from the center of the cyclone toward the point
concerned. Besides, the draining effect of the mountain
range may also be interpreted in terms of the same in-
fluence, since on the lee side of the range a downward
velocity is superposed on the general upward velocity
of air proper to the inner region of a cyclone.

Again, result (3) may be elucidated by the combina-
tion of influences () and (¢), since in our case the supply
of the moisture precipitated is mostly from the sea (the

8 In the sense of the generalized Guldberg & Mohn theory. See T'. Terada, in Proc.
Poky6 math.-phys. Soc., 1014, 7.



