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Climatological Water Balance in the Shinjo Basin
By

Masao Higashiura

Shinjo Branch, National Research Center for Disaster Prevention
No. 1400, Takadan, Toka-machi, Shinjo, Yamagata-ken 996

Abstract

The annual water balance in the Shinjo Basin was calculated by the clima-
tological method. The Shinjo Basin, 205 km?® in area, is situated in the northern
part of Yamagata Prefecture and is visited by heavy snowfalls in winter. The
drainage from this basin flows into the Sake River which is a tributary of
the Mogami River.

It is said that the data of water balance components (precipitation, runoff,
evaporation) of a drainage basin may contain considerable errors and that the
accuracy will get worse in the order of precipitation, evaporation and runoff.
S0 the author tried to estimate the runoff from precipitation and evaporation.
It is empirically regarded as 60-70% of the value of evaporation from a small
pan to be the actual evapotranspiration of an area. Therefore, the author con-
sidered 65% of this value as actual evapotranspiration of the area in this calculation.

On the other hand, the author calculated evapotranspiration from the drainage
basin by using Penman's method for potential evaporation. In the case of Shinjo
Basin, the actual evapotranspiration was obtained by multiplying Penman's value
by 0.80. The result of water balance obtained from the mean value for nine
years are as follows: precipitation of 2,220 mm/year, evapotranspiration of 568
mm/year, runoff of 1,652 mm/year, and runoff ratio of 0.74.

Compared with the observed values in Kamabuchi Experimental Watershed
which lies about 15 km north of the said basin, the calculated values for the Shinjo
Basin show a close agreement. Consequently, the calculated runoff on the basis
of precipitation and evaporation is considered to be an appropriate value for
the Shinjo Basin.
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Fig. 1. Watershed of the Shinjo Basin (encircled with a dotted line).
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m THoH, FEAfE, BEROTEL D72 - TwT, S - 35T 7 S o amETE L
T, FORBER L CENASTAVAALT S, HFIRERRZ T T2 5 &, Fikitho i
Moz e, FOmEILRO 21% 2 50T v 5, HHLEED 5 HkEs 88%, Ml
129% Tdn, ARG - BEEOIF LA LIEHRT, TomEILaEo 79% Th 5, il
NATIZEREE T o T8l kK& 680 )7 b v BN #° 4 0ih 4. PR oM, 5.000 F v Bk
K TES4 0049 30 & D, #BHIFKRIL 20077 F v Thsb,

3. KERIEHIZOWT

ORI EET, Lz 10 OTFAEE DS 7L, CEC L BIERTET
¥y 16m {ovizio D GHili, 1975), L ORI 72 B0E & U Ciitlid 5 opihidE -
SHNCFFMA S LOT, ARTIEACESR 10 HLO0034E9H 30 H2T2 LT
Wiz, HEMLAEROMENIE, 1962 4£ 10 Hipd 1971 LI N TTH D,

RIE Oz 20T, #xOEEHEID DWW,

(1) Fokz (P

I U 7=k, PRI & [SS2hh SRl v v 2 — LR CBl Sz Lo &
4 0 CH D, B ONTE GRigN 34 - w8 5) 1, Fig. LicpL . mifsisx @iz
BRI DB K BT ERIE TRS D T L v, Theissen i 0 & 0 ke
(Table 1), mioGElz, A-B-C-D-E-FoHRE6THH, 2HE L 0k iimionm
faigzk s Table 2 1273072, g, MSILoR BB, =4 PRzl a 4
DTHD, dDA~10 AOFEFEDEENEL 215 Sk, 11 HLfE e+ o FATEI a8
MLTLEI BB THE, £2C 11 Ap5HE4 HECoRBHoMEeEET 5701,
MLMAHIEC, B 2 KR OMGRANC A7, UL, S Mo iEE 3 B T
Vi oic. & 2T, 1961 4:~1970 £ D FFEMIGTR O BHENE = s 1o B EAE o B8

Table 1. Observation points and the areas of Thiessen polygons in the Shinjo Basin.

Arca Obscrvation P%regl Nole
point (km?)

A Takadan 70.54 National Research Center for Disaster Prevention
B Kaneyvama 21.10 Agricultural Meteorological Station

C Mt. Kamuro 23.52 Robot Raingauge Station

D Semni 19.22 Agricultural Metearological Station

E Matsumoto 39.01 Shinjo Weather Station

F Tovosato 155 Agricultural Meteorological Station

Total 204.94 Watershed
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Table 2. Monthly mean precipitation in summer season {1961-1970) at Shinjo Weather
Station and Mt. Kamuro.

| |
Observation point May | Jun. Jul. ‘ Aug. Sept. - Oet,
‘ L "
L ~ ‘ |
Shinjo Weather Station 88.0 123.8 214.8 174.7 164.8 138.8
Mt. Kamuro 142.0 194.0 451.0 233.0 272.0 | 250.0

Table 3. Precipitations of Thiessen polygons and areal precipitation in the Shinjo Basin.

unit: mm
Kron 1962- | 1962- | 1964- 519(551 1966- | 1967- 1968~ | 1969- | 1970
1963 | 1964 | 1965 | 1966 | 1967 | 1968 1960 | 1970 | 1971
A ‘ 2123 | 1914 | 2024 | 2088 | 1732 1665 | 1847 | 1473 | 1832
B 2442 | 2148 | 2449 | 2129 1991 2205 | 2633 | 1718 | 2121
e 4204 | 3774 | 2089 | 4115 3414 | 3282 | 3640 | 2003 | 3610
D 2421 | 2413 | 2477 2449 2204 | 1793 | 2286 | 1452 1707
E 2362 2120 | 2241 2312 | 1918 | 1844 | 2045 | 1631 2008
F 2621 2288 2619 2442 ‘ 2227 | 2169 | 2633 | 1789 2216
s 9536 2283 2457 2413 ‘ 2007 | 2031 | 2323 | 1688 2142
precipitation

“1962-1963 7 means {rom Oct. of 1962 to Sept. of 1963.

fii (Table 2) oMM Fig. 2) £H, A LEoMslof AR & L. 1962 4 10
A~1971 49 FOffk g & miERkaofis Table 3 12330742

(2) miE (R)

R AR AU SR S TR T O B R A L, R 5 ORI
fEI D 5 iE A & EAROEIE O 224 Okt himHbi o idb i <, Tinligosill
ol Bzbivh DhHEMIEOMEEZTGRET H720, THOGENR L RO HERD 1963
b 1969 4% T EAT RO MMEEE R, FREHRIE y=1.432—4.50, y: &
SR, T EAME, MEGRE: 098, ko7 (Fig. 3). MEENEOMEEA I
Lo, BARL Bl EOZFFES O L A L, SoRlEke X5 Th
b, THhbHLEANLD Lottt o NI Q) d keI EiRL, E£i2, Sigko ik
T et 20 5 IR (Qa) PSRA L T %, S5 2 ol 1Lk i 8 4 Mo A1 & R
LA, 2T, KiRimIoREE EORBEOERNE L OAMAS TR mE
LY, RIS O AR R = BB 1972 429 H 21 HiZfrodz MR S 1R
BOMHET T Lo, #5U R D, TN (Qo): 2.602m?fs, R (Qe): 2,093 mbfs, FEK
Hl Qo) 0.048 mPfs, NI (Qu): 1.242mPfs, =70, fHipitliis 5,985 mifs &/ o7z,

r‘\‘
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Fig. 2. Relation of monthly mean precipi-
tation between Mt. Kamuro and Shinjo
Weather Station.
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Relation of five days’ runoff be-

tween Maki (upperstream) and Iwashimizu
(downstream) (1963-1969).

1970-1971 ‘ .910
|

“1962-1963"" means from Oct. of 1962 to Sep. of 1963.
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LT, W (Qu: 1.242m¥s) L [MIRIT (Qs: 1.016 m¥s) dif Bl A3 &k S Akt
Brofz, £IT, BiEKLEROEDOKBEZFNLSOWMIBE L Ui, —ibie, Wloi
HOFERHL, AN—MREMRIZ L 0RD 250, KRICHR I OBENRALZIETATHEDOT
NI Q) - RIT (Qs) Ot &R U CHBEWELTLRYTHD L E 27, 1962 45 10
RB~1971 f£ 9 Ho@a Lol Eo(fs Table 4 707,
Table 4. Runoff from the Shinjo Baisn. unit:  x107m?
Year ‘ Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May Jun. | Jul ‘Aug. Scpt. l"[‘olal
S IR N L | |
1962-1963 3.506 4.432 5.641] 1.569| 0.838 3.594‘ 7.640 2.030 2.964 4.165 3.214 2.28441.724
1963-1964 | 2.419 5.151 5.953 3.314/ 1.813 3.58(}‘ 3.073| 1.010 1.175} 3.038 1.002| 1.22832.126
1964-1965 | 3.212 2.856 3.230 4.565 2.463 2.598 4.056 1.157 4.95213.837‘2.?59 2.61047.395
1965-1966 | 1.974) 2.579) 2.917 4.416 2.35311.67913.838 2.824‘ 4.897{15.169 1.837 0.444‘64.927
1966-1967 | 3.555) 4.092 3.926 4.290; 2.257| 5.488 7.134 1.306 1.077 2.240 5.321‘ 4.12644.812
1967-1968 | 2.484| 3.277| 5.069] 5.663 0.462 1.656| 9.026 1.549! 1.441 1.941 5.258 1.74?!39.563
1968-1969  0.430 2.351 5.056|3.852 4.329 4.43?|7.466|2.954 3.3743.4916.134i3.05946.906
1969-1970 2.186 0.902 1.884 2.043 4.097 2.46412.831! 4,085 1.()5')5‘ 1.593 1.995 1.21336.358
2.370 3 3.398 1.710 0.712 7.822‘ 3.749 2.179 2.18320.103 2.074 2.09652.306



[P RA SRS My = v 2 — B S14% 1976473 H

(3) zFEE (E)

ISR ENRE T o A RN & Wy T, Penman ok (Hokil) TFELA. £
7o, NZEZERE (1R 20em) OEREIE (1960 & ~1965 4F) A %% 2L, Penman phkT:k
Wizl & FdERG L7z, Penman jRTIEMENC T 2 Ml 0 AR U UIEL & A RE S
Bk, TOHROERRZIBEAASIHECES, HHRITKD X5 TH 5 (Wilson,
1969).

_J__}'I+T Ea.
Ey= F i

H=R0.184-0.551/D)(1—7)—a Ta*(0.56 —0.09./¢€.)(0.01 +0.90n/ D)
E.=0.35(¢a—¢4)(0.5+0.54 - us)

Ey o Aihakiuis 5o 7% E (mm/day)

4 ¢ kR bR o AL

7 ¢ psychrometer constant {0.49 mmHg/°C=0.66 mb/°C)
Ra: KA o THERKHSE (cal-em™?-day™!)

D s (hr)

no: o BN (hr)

Ta: TH&M CK)

g : Stefan ¢%EF (117.65x 1073 cal-cm™?-K~*-day~!)

ea KA KZESXE (mmHg)

mm /‘r:\onth

1404

1204

1004

0 T T T T T 1 T T T T T T

JAN  FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 4. Monthly mean evaporation in Shinjo.
Solid line: Monthly mean pan evaporation (20 em) (1960-1965).
Dotted line:  Monthly mean evaportion calculated by Penman’s method (1962-1971).
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eu @ RN Tw Ok X OIFHIKIESE (mmHg)
uy ¢ Ml 2m TOPEEGE (m/fs)
r : albedo. (0.05)

Penman p:iz X D EHSE L 7o 5w &/ NVIZEFES I CElA| L 7{E 2 ol % Fig. 4 (27,
toa QEZLOMEME, 5 HE 8 HIZE — 7 258 nh, HBIZRETHL. Lil, /M

FAEFTOE D H A Penman JLOEL D 4 kiDL £51070 - T4, 1962 4 10 A5
1971 49 £ o Penman {2 & - Tk BRED(EA Table 5 (2507, /&
#3, Thornthwaite 3512 1% 10 &£k 5E R (1961 ~1970 4) O{EX R R L7,

Table 5. Evaporation from the Shinjo Basin calculated by Penman’s methad.
unit:  mm

Year Oct. | Nov. | Dec. ‘ Jan. | Feb. | Mar. | Apr. May { Jun. | Jul. | Aug. Sept. Total

1962-1963 | 40.6 | 21.6 | 17.1 | 0O 0 ‘42.8 76.2 | 107.9 93.6; 106.3 121.2 72.
\

fep]

669.9

1963-1964 | 46.2 | 24.5 | 18.3 0 0 128.8 102.9 111.9 12().3‘ 67.5 | 740.6

(=3}

45.9 74.4

1964-1965 | 43.1 | 24.9 | 14.9 0 0 0 63.7  105.14 114.6  93.0 135.0 76.2 | 675.8
1965-1966 | 43.7 | 25.2 | 14.9 \ 0 0 1 45.6 83.1 108.2 102.9l 87.4 121.2 69.6 | 701.8
1966-1967 | 64.5 | 21.9 | 0O 1 0 0 |42.8 ) 82.5| 112.8 lUT-?l 116.3 113.2 66.6 | 728.3
1967-1968 | 47.4 | 24.6 1 0 0 0 43.4 BY.6 1()2.()! 121.8| 128.7 102.9 84.3 | 724.7
1963-1969 | 43.4 | 22.8 | 14.9 0 0 0 73.8 12'-_%.53 106.2: 106.6 107.0 69.3 | 666.5
1969-1970| 47.7 | 21.0 | O 0 0 ¢ 73.8  139.8 109.5| 122.t§| 132.7 90.9 | 738.2

1970-1971| 44.0 | 21.3 0 0 0 45.9 | 83.4 113.1 106.2 115.0 117.2 68.4 | 714.5
1 |

“1962-1963" means from Oct. of 1962 to Sep. of 1963

4, = %=

T AU FT E &5 A Table 6 (2 L7z, MokE (P) hiidis (R) oxhbaARD:
Mg (P—R) #7547 =, 1962~"63 - 1963 ~"64 O3 23 [HoHE5 B0 (FEHE, 1971)

EEN LS T B, R OEILE L ROV N Ew, LT, AELEL L,
RO - Tw D, —8D, kB oEE Fr ks - miE - KRR Sidhe
ML ORI E AL, CRoEEE (HEEE) ofsiiE, Rk - R - W ol
T D EEL LT WL, £, —fOn|OFRE SR Lok LTI,
Pezkat & MR EO L LR LZEOE S PMEHESAGTHSH D L v S flamat 52 BT
4 (AL, 1969 - 19715,

Fepie T, MEEOEBORERK S Ui, Wi, o id ke oBle kR
MR ALOE B2 504, Hio, MK ORHIEMNE IR HEER B S o0k By aEmn
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ADLTHEAS, Fo0, Sas o E, 50mds DL FoE R A& M-S T i, T
7 Table 7 iziR L7z, jHJcE (Table 6) X EMBBELOMEGRE 74 &, T, 150 mbs
LEOINEHSHER O 2 FEO S BV kb bivev b, £7, BAkRodbi
(1969~1970) 4, MmO EINELHE-TwaD, Zhif, kol x, [Rikols

Table 6. Water balance in the Shinjo Basin.

Evaporation | Estimated

Veur Pti::;' Rnlmoff Loss by Penman’s | evapotran- CBJEELH{_;H{ Runoff

(P) (R) (P—R) . m&;};()}d (;jp:;ttio;(}) (P—Epx0.08) ratio

1962-1963 2536 2036 300 700 260 ‘ 1976 | 0.78
1963-1964 2283 1568 715 741 593 1690 0.74
1964-1965 | 2457 2313 144 H76 54l ‘ 1916 l 0.78
1965-1966 2413 3168 —755 702 562 1851 0.77
1966-1967 2097 2187 — 90 728 582 1515 0.72
1967-1968 ‘ 2031 1931 100 725 580 1451 0.71
1968-1969 2323 2289 34 667 534 1789 0.77
1969-1970 1688 1774 — 86 738 590 1098 0.65
1970-1971 2142 2552 | —410 715 572 1570 0.73
Average ! 2220 | l 568 1652 0.74

“1962-1963"" means [rom Oct. of 1962 to Sep. of 1963.

Table 7. Numbers of day over 50 m*/s in river runoff from the Shinjo Basin.

Numbers of day over 50 m®/s in river runoff ;JO* 100-/150- |ZUU 950<
Year : L00| 150} 200, 250
Oct. Nov. Dec.;}an. Feb.‘Mar.;Apr.‘May‘Jun. Jul. Aug. Sept. Total m?fs m¥fs m¥/s m¥fs mdfs
15’)62—1963: | ' B | 1|1 301 1 | 19 17 2
1963-1964 2 2 11 b 1 21 17 4
1964-1965 1 | 11 3 |7 1 23 200 2 1
1965-1966 1 & | 3 ‘ ! G 14| 10 1 2 1
1966-1967 | 3 | 3 7 ‘ | 2 15 11| 4
19671968 | o 1l | i 4 20| 17 3|
1968-1969 ’ ! 6 4% 5% 15) 9 20 1) 1] 2
1969-1970 ' | 7 7| 1 :
1970-1971 ' 1 ! 4! 1| 7* 6w sl | 1)
I N e = e = . R
: | 4| 4

Total 3| 3 21 15|74 5 32 13 2 150 1]‘.3i 20| 3

* means the month over 250 m¥fs in runoff.
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FIE 2 b o> ST B AN, S — B

WEEMEOREPANELRLIOMBEATEL L E LS, Fivdh i, Zomli TR
HEMHEEOE L DARNEAETFET L2 L E By T T XN S,

FIC, MRAEDES, RLIGEHETELSLOLNALTHEETALAZ LTS, BKEIZD
VT, 1962 4E 10 H~1971 £ 9 Ao QER oG KEE2 L0 1, 1969~'70 O fEo 1688
mm/AE E S L NS LELME, 2314, 2.000~2,500 mm/iE T h, —H, EiEE

OE, Wit H LR TIE, TR LILEMRITPEVLOLEZ LN T A,
W T2 T LT A, R R OERNT, 6 40 (1960~1965 &) 4 L2551
TR izt PR & DEZESESHIZ K AT R (B, SIS T OREITE) L DR Fig.
S5 TR L7z, [AERIC, J O TOMMNE X Penman TR AR e (K SO T
Fig. 5 {Z:L 7, Fig. 5 2o Sha Lo 7, (BERIBEHRCHS 28 (A, B) 28041
jo. AN AFNORBARAEFRED I GEL TS, DO 2RI MIE L TFo X 5T
B H. PZRREGO T AT OfF ke = O &, Penman B EIX N E & O

i

PV

MzRLTwahbTHS,

ECHBT, TRET ﬁwuﬁﬁﬁmmmmbWﬂo OHEA & - CEEOEEME & L
TS DT, RO 65% Dt ColEo IR L L2 (R, 1957).
i, Penman LUk BB mofT % EMOEBIIEIZNDD PERHD, D

l’ﬂjfﬂilﬂ'}k%ﬁ%ﬁ{ E ED Y S v)jf INES /T\J? '{,MH Uik Trff)“{), ;j(i;’ﬁf‘_hii@— HTHAD,

1000

¥, evaporation {mm fyear)
‘/
®

ALY ==0.145X +1190.7
B Y =-0.065X + 8542

L]
1600 2000 2600
X, precipitation (mm/year)

®: Penman's method (Ep) (1963—1971)
*: pan evaporation (E2a) (1960 —1965)
%1 Thornthwaite's method (13611970, ten years' mean value)

Fig. 5. Parallel relation between A and B.
A Relation between annual pan evaporation (20 em) and annual precipitation, and
B : Relation between annual evaporation calculated by Penman's method and
annual areal precipitation,
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a Ep=0.65-En. Fig. 5 iy A, B Bohazng, Se&k TR s, (CEOFK
BIZDWTEE ﬁUT—Eﬁwa%ﬁié_L@L,i%i@#wiﬁvmﬁmmﬁ
gmmmnazﬂMmmngﬁmowT%ﬂw%cr%k&é&,%n%h03lium
bl a7z, A, B 3 TONENDI N — T D4 v T AROIMRSE o ST 2 & y a &L Tizmia
DIFIIE 0.80 W HDHEY T D LYWW L7, # v, PR E O E B h o5
BEIOANE (BRI, 1974) o EaRkDH L& 073 L 570 GEEME).
CDRED 9D KIL DR 2k S &, BRKE (P): 2,220mm, 7788108 (0.80E,):
5%mm,MMQEULQWE&Iﬁ&mm,k&U,WM$OJ4tﬁiéﬂt.:LT,
%ﬁwvaitu,;mﬁwibkwwﬁhlmﬁéﬁﬁwwﬁﬁ%%m LRI &

20, A 0.03 km?, 8 4R BOMEAKRE: 2,616 mm, if|l\E: 2,046 mm, {H A
S70mm, ifitis: 0.78, L7chn, ikjINE R ﬁmawmakﬁm(ﬁﬂubﬂﬂxfthv
O UM, 1971), TRbol o n, EEhikhhic 519 2 DRI DM 255 3 (S Lok

Bbivsn, #hox, Hr zmmmwxmixu,hkirm%m@¢w%mu it HIE 25,
RERMLETHHLEZLRS, oo THEAR: VLR e M A S T A kR
UT72ed b 33969 %107 t/45 - 7

|-E|E
sﬁr
i

%E T Nuﬁmwmwﬁzmmﬁm;THkxafﬁﬁtht.mﬁwmwfﬂ
ﬁmm(mmi VLHIUE - FIEE) Tl 0 oS e EA, TOMBIZHE AR e
mm&wmiﬁ<ﬁéiii%ﬂfﬂé.%QT,“mm”W¥t®ﬁm*W#’®mﬁﬁ
KO FIE G2 5 O TR 2 M L A FERHIz T, KsoReus t%, Penman
% (Bhkm) okt SHBEED 0.80 f5CH D T LA, NIRRT
WIRWEITE, Penman jE & b HET D0, T8k hLThs . EOIER, o 9ER
DRI DV 5 sk o 2 &y kA 2,220 mm, %D 568 mm, ji{l\%; 1,652 mm,

SRRV, IR 0.74 BRSNS, ORI < 125 5 KRB = [k | 2

w

HEIEHITE T D - 7o, L7 T, ESH O KIN T 1o 3507 OV e &0y
£ OFELIRME Y, RERMETHD LR LD

E 3
ﬁ%m%&i@h@,ﬁﬁﬁi%?-i%ﬂ%bthvfmﬂ“ﬁkxaﬁ%meii

CELS LML iFg+,

2 £ X @

) &F R’ (1959): 4% AL, 263, | AL,
2 L A (1969 KICLEENE R oy VO RRHE R i, XILL 129~137.
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4 E.M. Wilson (1969): Engineering Hydrology, 21~38, Macmillan.

4) BEE WA B (1971 AT IO TR R T, TR, 44 (5), 347~
3h5,

5) HUHE L (1973): LA KIE. ASAE T RS, 4, 98~99.

6)  WTEM—HE (1974): HEMORIRE L T 0GR O RS0, SR T 8, 7, 85~86,

7 BT B 05 (1975): FEOFIRELEEIE AL (N 48 ~49 AW, [E AR R SRV AT

v — T, 13, 37~5d,

i

UTRM—HE (1974) OfEEMOAUR T oRER L i U T2 5, FEEMSE KE: 3,181 km?, FEEH:
717 km?, A fRaRE (P): 1,941 mm, U8 NoE (P—R, #iEFERFENGLELTHS): 672mm,
T (R): 1,269 mm, Penman i X 5 A% (Ep BdKE) : 921 mm, ZETRG TS (Ew ZHD):
997 mm THH, O HEFHEIEREG L4 g in bl (P—R)Ex=672/997=0.674 [65% @{liici3
W), & Penman FRIZ X % KR & R H R A & O, (P—R)/Epy=672/921=0.730 (0.80 o
Y RRNEW), @ RENEOE G, AR Penman FUC L B HFER L OEIRIL,
0.674+ Egp=0.730- Ep( =672 mm) »7c 5%,

(1975 4= 6 4 9 1NIHEZH)
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Evaporation calculated by Penman’s method*.

1) 10 years’ mean value (1951-1960)
T T T T T i

Item Jan. | Feb. ‘ Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct i Nov. Dec. Total

Ra ‘391 514 671 834 931 945 | 942 368 729 I575 436 355 |

T —1.8 ‘—1.2 1.6 7.8 13.5 18.0 | 22.0 | 23.2 |18.6 |12.4 ‘ 6.2 1.7

niD 0.18‘ 0.24 0.34 0.47 0.45 0.41 0.37] 0.43/ 0.538 | 0.35 | 0.29 | 0.18

U3 3-3| 3.0 2.9 3.2 2.9 | 2.7 2490 1.9 2.0 1.9 | 2.8 | 2.6

€q — — | 4.3 | 6.2 9.0 12.7 17.0 1 18.3 14.0 | 9.4 | 6.3 | 4.0

Ca — — Gl 7.9 11.6 | 15.5 19.8 21.3 16.1 [10.8 Tl 58

4 — — 0.370 0.540 0.758 0.975 1.215 1.290 1.005 0.713 0.4931 0.372

Ey 0 0 |1.36 | 2.60 | 3.45 3.69 3.7l 4.53 2.53 i 1.50 | 0.83 ‘ 0.78
Monrhly- | gi T T | |
evapo- 0 (142,16 78.00 106.95110.70[115.01134.8575.90 46.50 24.90 24.18 759.15
ration | ‘ ! ‘ i

2) 10 years’ mean value (1961-1970)

Item ‘ Jan. | Feb. | Mar. | Apr. | May ‘ Jun. | Jul.  Aug. Sepl. | Oct. | Nov | Dec. | Total

R4 391 Hl4 | 671 834 | 931 945 942 868 | 729 575 | 436 355

T (—1.6|—1.6 0.7 [7.7 14.3 | 18.2  22.3 23.5 18.4 ;ll 7 | 5.9 |0.7

#n/D 0.15) 0.27 0.27  0.45 0.6500 0.38 0.34 0.45 0.38 | 0.36 | 0.24 | 0.15

o 3.0 A I 2.9 2.9 2.5 2l 1.9 1.9 1.8 2.7 2.4 i

€q — — 4.0 6.2 9.2 | 13.0 | 17.9 1 18.9 14.1 9.4 6.2 4.4

Ca =— — | 4.8 | 7.9 12.2 | 15.7 | 20.2 | 21.7 15.9 10.3 7.0 | 4.8

4 — ; | 0.349 0.540] 0.795) 0.990 1.230 1.313 0.998 0.683 0.484] 0.349

Ey 0 0 1.30 | 2.52 3.72| 3.56 3.57 3.78 2.47 1.44 0.80 | 0.48
Monthly ) ___‘ _ ] | ) e ‘ _ o )
:‘:ﬁ{jﬁ 0 0 40.30 75.60 115.32 10(’:.80‘11().[37117‘18 74.10 i44.b4 ‘24.0(} 14.88 723.49

#* The author considers there is no evaporation on water

surface in case of the temperature below zero degree.

During these months the earth is covered with snow.
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3) 1963
Item Jan. | Feb. | Mar. | Apr, | May | Jun. | Jul. i Aug. ‘ Sept. ‘ Oct.  Nov. | Dec. Total
T —1.8|—1.5]0.2 | 7.9 |14.1 |18.3 | 22.4 1‘ 23.3 16.6 |11.7 | 6.3 2.2
ni{D 0,17 0.26) 0.52 | 0.49 | 0.49 0.26 | 0.32] 0.49] 0.42 | 0.37 | 0.20 0.17 |
Uz 2.8 24| 2.8 2ok 2.6 2.9 1.7 2.011.9 1.8 2.0 2.4
ea — | — [3.9 |6.4 | 9.8[13.7 |18.2|18.7 |12.5 | 9.1 | 6.4 4.7
€q — — 4.6 | 8.0 12.1 15.8 20.3 | 21.5 |14.2 |10.3 T2 5.4
4 — — 0.338 0.548 0.778 0.990 1.238 1.290 0.900 0.683 0.495 0.384
Monthly | ‘
evapo- 0 0 42.78 76.20 107.8893.60 106.33121.2172.60 |46.19 124.49 18.29 709.57
ration ‘ ‘ | | ' |
4) 1964
I
ltem Jan. | Feb. | Mar. Apr. May Jun. Jul. | Aug. | Sept. | Oct. Nov. Dec. !T{:ta]
o | | |
7 |—0.5 |—1.8 | 1.7 9.3 14.8 17.8 | 22.1 | 24.5 [17.3 [11.0 6.0 0.5
1 | |
n/D | 0.16 0.26/ 0.37 | 0.39 0.62 0.35 0.36] 0.45 0.32]0.33 | 0.25 | 0.13
|
Uy 2.4 2.5 | 2.8 3.0 3.0 2.7 1.9 | 2.0 2.0 1.8 2.2 2.3
ea | — | — |41 |7.2 9.3 12.8 17.6 20.3 13.3 | 8.6 iﬁ.l e
|
Cq ‘ == = 5.2 8.8 12.6 | 15.3 | 19.9 23.1 14.8 9.8 7.0 &F
4 ‘ — = 0.372 0.593] 0.818 0.968 1.215 1.380 0.938 0.6(30: 0.487 0.345
Monthly | | |
evapo- 0 0 45.88 |74-4O [128.65102.90111.91120.2867.50 43.09 24.90 ‘14-88 T34.39
ration |
\ 1 ‘
5) 1965
|
Ttem Jan. | Feb. | Mar. Apr. May | Jun. | Jul. | Aug. | Sept. Oect. ‘Nov. Dec. | Total
| o '
T ‘—0.8 —1.9 |=0.1 4.2 13.1 18.3 20.4 | 23.3 18.3 11.0 | 5.4 ‘u.s
nlD 0.19) 0.200 0.28 0.39  0.43 0.46) 0.22 | 0.60 0.40 | 0.43 0.26 | 0.13
> 3.1 4.9 4.5 3.8 2.9 23|24 2.1)12.1 |1.4 2.9 3.3
eq = = — 4.8 8.6 12.9 16.0 18.3 |13.9 8.7 | 59 4.4
en ‘ — — | — 6.2 11.53 15.8 18.0 i21.5 15.8 9.8 6.7 1.7
4 ‘ = — = (.436 0.742 0.990 1.110 1.298) 0.990 0.660 O.4649 0.345
Monthly |
evapo- 0 0 0 68.70 [105.40114.6093.00 135.0076.20 43.71 25.20 [14.83 676.69
ration |
B _
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6) 1966
I | ' T ]
Item ‘ Jan. | Feb. IMar. | Apr. | May l‘jun. |‘ Jul. ‘Aug. ‘Sept. Oct. ! Nov. | Dec. |T0tal
== =l I S| —— S (= R =1 ___ B S Y sl e
T —16 ‘—0.8‘1.9 8.5 [13.2 | 17.4 20.9 |2.4‘0 184 13.5 |5.5 |—1.1
\
a/D | 0.16 ().28i0.32i0.53| 0.47| 0.35|0.19\ 047, 0.82 0.37 ().19| 0.09
| |
s | 4.8 3.4 3.7 32 31! 2.9!18 | 1.9]1.7 |‘1.5 ‘2.0 | 2.2
eq o= = |4.4 6.5 I‘ 8.9 | 12.6 l16.7 ‘19.5‘14.1 10.4 |f5.2 | — |
| |
€a —  — 5.3 8.3 11.4'14,9 18.5 |22.4i15.9 |‘1;.5 | 6.8 Be
4 Bl |0.378 0.57()"0.7431 0.945 1.140 1.350 0.998 0.753 0.472 — ‘
N S I | | | | |
B e e i | =x: S R DU NN S
Monthly | |
evapo- o |0 45.57 83.10 \108.19‘102.9()8?.42 121.2169.60 [64.48 21.90 | 0 [704.37
ration | | | I | | | ' | |
. S, . el == = S T | | SN S SN (S N
7) 1967
[ P £V P IV e e o o
Ttem Jan. | Feb. Mar.|Apr. May | Jun. | Jul. | Aug. ‘Sept. Oct. | Nov, ' Dec. | Total
| | 1 [Ave | Sent | Ot
I M B e e e o S (s S N _
T ‘—2.21.5|1.5 8.7 !15.1‘18.4 23.6 | 23.3 18.7 11.8 |a1 |ﬁ0.2|
n/D 0.10! 0.27 o.35|0.42 0.46| 0.38| 0.37| 0.44‘0.27\0.37\0.27 0.13
s \ 3.6‘ 2.5 | 2.7 | 3.7 | 2.6‘ 2.4 1.7 1.702.0 |2.() | 2.6 i 1.9|‘
@ | = | = |42 (6.4 | 9.7|13.0|’19.4‘19.2 4.7 |89 59 —
e | — | — |51 84 129 15 21.8I21.5|16.2 104 |87 | — \
4 | = | = |0.368i‘0~5T7|0.829|().998‘ 1.320) 1.298 1.013 0.690 0.460 — |
- A S . T [ R VP R S S
Monthly | |
evapo- | o | 0 4 82,50 .‘112.84‘1{}7.70116.25113.1566.60 47.43 |:24.ﬁ()| 0 [713.85
2 e e A el |
8) 1968
| I ‘ | |
Item []zm. Feb. | Mar. Apr.|May Jun. ‘ Jul. ‘Aug. Sept. | Oct. Nov. Deec, |Total
|
I S N R B D R el M W M
|
T 1.5 —2.3‘1.8 ‘7.9 ‘13.3 18.8 22.4|22.9 118.4 li1.1 | 6.7 |‘3.3 |
nfD ‘ 0.16] 0.28 0.42 | 0.48 | 0.44 0.50| 0.46 0.36 0.48 | 0.34 0.26 0.18
. |
w3 2.9‘2.6 2.1 | 81! 26! 25| 1823 [ 1.8 (19 |20
24 | — | — |4.4 6.5 9.4|‘13.3‘17.6‘18.8 13.5 ‘8.7 6.7 | 5.4 |
e — | — |52 [8.0 11.4Ilﬁ.:-{|20.3|2().9|15.9 | 9.9 |‘7.4 5.8
4 | = | — |U.3?5| 0.548| 0.743|‘ 1.020 1.238 1.275‘ 0.998‘ 0. 660 0.507| 0.412|
—— - —!-7| — e — -—
Monthly | ‘ | | | | |
evapo- | 0 | 0 [43.40 |59.90 I101.99121.80‘128.55102.9284.30 43.40 lzz.m_) |14.88 |734.04
ration | | |
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9) 1969
| | l ‘ i . .
ltem Jan. | Feb.  Mar. | Apr. [ May | Jun. | Jul. | Aug. |Sept. ‘ Oct. | Nov. Dec, | Total
| |~ ] ,
T |-1.7 —1.7 |-0.2 8.3 13.7 ‘ 18.2 | 2L.9 | 22.7 17.7 11.4 !5.7 —0.9
|
| {
n{D 0.15  0.22] 0.39 0.46  0.56 0.390 0.31 0.49 0.33 0.40 0.20| 0.16
s 2.2 2.6| 217 |26 | 88 Ty 4| 8|15 |51 20 | 8.9
ea — — | — 6.7 8.6 13.1 17.3 ] 18.3 [14.0 | 8.6 6.2 —
| |
o | = | — | = |88 ‘ 11.8 | 15.7 | 19.7  20.7 |15.2 0.1 | 6.9  —
4 ‘ = | — | — | p.585 0.765i 0.990 1.208 1.260 0.960‘ 0.675 0.478 —
. | I i . R -
Monthly ‘ ‘ ‘ | i
evapo- 0 0 (¢ [73.80 122.45106.20106.64106.9569.30 47.74 22.80 | 0 |655.88
ration | ‘ | | | ‘
- | ‘ B
10) 1970
| | i
Item Jan. ‘ Feb. | Mar. Apr. May | Jun. | Jul. Aug. 'Sept. | Oct. Nov. Dec. Total
R R N D
‘ | |
T —8.% |-1.8 |-1.8 8.2 ‘15.6 18.1]22.4 23.6 18.8 11.8 4.9 —0.2
n{D 0.19! 0.34 0.32 0.46  0.53 0.36 0.36‘ 0.44 0.40 0.36|0.25 | 0.18
iz 2.5 43| 4.2 24  3.0! 2.3| 24 1.9|1.8 1.6 |19 | z.a‘
a — | — | — 5.7 | 9.3 12.5|17.5|18.3 14.2 9.2 5.9 ‘ -
|
ey - — | = ‘ 7.1 ‘ 13.3 | 15.6 | 20.3 | 21.8 |16.3 !10.4 6.5  — i
4 — | = 0.49:5I 0.855 0.983 1.238 1.320 1.020 0.690 0.455 —
Monthly | | ‘
evapo- 0 0 0 69.00 129.27105.60116.56118.1176.80 44.02 21.30 | 0 680.66
ration ‘ ‘ ‘ ‘
11) 1971
| | | |
Ttem i Jun. | Feb. Mar. | Apr. | May  Jun. ' Jul. | Aug. | Sept. ‘ Oct. Nov.  Dec. ‘ Total
|
| ‘ | |
T —-1.0 —1.6 | 0.8 7.2 |13.5 18.0 | 22.7 23.3 17.4 |10.9 |5.7 0.3
#{D | 0.19 0.310.33 0.51 0.48 0.38) 0.35 0.43 0.25 0.29 | 0.34 | 0.17
|
it 26| 2536 3.0 28| 22| 1.8| 1.9 2.1 1.7 ‘ 1.8 2.3
ea — ! — |3.9 |53 | 7.8 12.5|17.4 | 17.8 12.5 | 8.2 |5.8 ‘4.1
€a — | 4.9 |7.6 |11.6 15.5|20.7 | 21.5 |14.9 ‘9.8 6.9 ' 1.7 ‘
|
4 — ‘ — 0.352i 0.525 0.758 0.975 1.260 1.208 0.945| (}.653‘ 0.478 0.341
I . [ _ ‘ .
Monthly | | | | | '
evapo- | 0 0 45.88 83.40 115.10106.20115.01117.1868.40 44.02 [24.60 16.43 734.92
ration ‘ | ‘
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