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Studies on the Estimation of Catchment Evapotranspiration by
the Water Balance Method in the Geum River Basin, Korea

B W erF #® O A*-E W O®*r-®E kB
Byong Hyon Um, Jin Goo Cho, Moon Soo Lee, Soo Myong Choi

Summary

In Korea, the demand for water is increasing greatly due to Korea's raqid economic
progress which is similar to Japan's. A correct estimation of the runoff factors is the
question that must be settled first to establish the appropritae plans for water use and
water resources. of these plans the estimation of catchment evapotranspiration for every
river basin is the subject of the most importance.

It is impossible theoretically to measure evapotranspiration directly, because it is an at-
mospheric translatory phenomenon. Many approaches have been devised to estimate
evapotranspiration, but each of these methods estimates from information taken from a
specified point, and these methods are considered incomplete for estimating catchment
evapotranspiration.

In this paper, the seasonal evapotranspiration estimating method that was proposed by
Linsly and was applied in the Kamigamo exprimental basin (subjected to Kyotec Univ.)
by Takase et al, was used for the Geum river which is the main river in Korea.

Conclusion of experiment.

1) The average annual E. in this river basin from 1966 to 1972 was 470mm. That is
considered appropriate since the average value for the six other large river basin in korea
was 485mm.

2) The E¢/Ep and Ec/Ep, ratios were 0,43 and 0.52, respectively (¢ : estimated
evapotranspiration by water balance method, Ep :average pan evaporation, Ep, : evapor-
" ation by Penman method). The seasonal Ey/Ep ratios were: 0,4 in spring, 0.6 in sum-
mer, 0.4 in autumn and 0,2 in winter. These are rather small when compared to Japan's
or England’s.

3) The reason for this was that the precipitational difference in wet and dry seasons
were greater, and there was not sufficient soil moisture harmonize with the evapotrans-
piration capacity in the dry season, and that evapotranspiration was small due to the
numerous barren mountains.
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Fig. 4. Calculation of Catchment Evapot-
ranspiration by water balance
method (Ex. 1)

Table-2. A defailed Chart in Calculation
of Catchment evapotranspiration
for monthly average (1964415))

B3 okigseomn HRRE R
B o=
—————| Y| By [mER ATy
5 \A/8|A/B
i l ‘ ‘ H mm/H mm/B8
1/1 1/31 31 0.75| 28,25 0.75
2/1 2/4.5 | 4.5 0.75 3.38
2 {2/4.6 [2/28 | 23.5 0.78] 18.33
28 21.71 0.78

— 46 —



B GEEEA &Ke ¢

2 vel FNE R () &

FEHGI R IR HEvZol WE Mo

KU 3
| =
5 \|A/EA B

B | HF® \mEE| AT®

B} mm/H mm/H
3/1 13/2.6 | 2.6 0.78 2.03
3 [3/2.7 [3/24.4] 21.8 0.06 1.3
3/24.5(3/31 | 6.6 0.29 1.91
31 5,25 Q.17
41 l4/8.4| 8.4 0.29| 2.44
4 |4/8.5 |4/30 | 21.6 2.23| 48.17
30 50.61]  1.69
5,1 [5/2 2 2.23] 4.46
5/3 1513 |11 2.76] 30.36
5 15/14 15/20.7) 6.7 1.70] 11.39
5/20 15/31 110.3 1.87] 19.26
31 65.47 2.1

6/1 6/1.6] 1.6 1.87] 2.99
6/1.7 648 3.2 3.36 10.57

6
5/4.9 [6/30 | 22.5 2.25| 56,70
30 70.44]  2.35
7 \7/1 7/31 ]31 ] 2 25J 69.75|  2.25
8 “8/1 18/3] Kl J 2 25’ 69 75‘ 2.25
9/1 if9/13.7 13.7 2.25 30.83
9 9/]3.819/30 16.3 0.48| 7.82
, 30 38.65  1.29
10/1 1072 f 25,3 0.48 12.14
10 ' loss1 | 5.7 0.04 1.71
13 13.85|  0.45
n ’11/1 \11/30[30 | o.o4l 1.2o| 0. 04
121 "1 1186 o.04 0.74
12 |12/18 12/31 1224 o.10 1.24
31 1.98  0.06

(2) Blb & e fkeld BT MRAERE
E. g B sy B8 28 e EA WEA
o FHEREE Epst WENREEGREEE) Eruy
BEANZ g

A7), HBRKREE, Epd HAAE AT whet
Zrol A MY XX RLEEHEUFFA KEH, FM,
BEG, L Fe 4l ARREHMES TEH
(1966 ~19724F) FEF| Bz BE}z oAL
A FHEte AR BEY HEfEgez B
Estg v, (Table-4 8)

Table-5. A Concepted chart of averags
monthly Catchment evapotranspi-
ration in respective years
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Table-4. Monthly average value of Pan
evaporation (Ep) in respective
years (CHUNG JU, DAE JEUN,
CHOOPOONG RIDGE, GUN SAN:
average of 4 observatory)
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Table-5. Caleulation of monthly averaga @ & %S H O GEREE 7,178.78km?)
evapotranspiration Capacity in re- 2:
spective years by Penman method (L3 (70%):5,025, 18km® ZE1(30% )12, 153. 60km

AR 4,020. 14km?® 7l : 1, 335. 00km*

E{r : mm/day

A : 7. 00km?
k’“ 119661%7‘196811%9]19701971“972‘—#’3J Rem- g;z 1. 05, odkm’ zfs %
1 1,071, 0100.9200. 79j0. 73/0. 66l0. 740. 85 Mok i)l : 431, 60km?
2 1.251.261.091.081.201.041.22:4.Ié
3 1.80/2.031.94]1.68/1.981.731.701. 84
4 |2.84)2. 7503. 11(2. 6813. 08]2: 95)2. 64‘ .86 @ Albedo 79} FHiER
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12 . 900.81’0. 80l0. 7o]o. 7310.900. 7130, 79 A Hi:7~22:14.5/1,335.0026,032.50] =16.00%
L IR B 4111025 | km?
15~25 ’:20 387.00 | 7,740. 00 % 0.16
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s, 7 RMEEHE Albedo:0.16, S: BEA ) S
(5 BB,/ 7 HfERsR) B : Value of B in the Pen- S
man equation : B=oT,* r : Psychrometer?] == _ =
i .
(0.485mmHg/°C) 23 e s
“z2: 7K model HiKelAe Albedo re] EE - Manth
nE ) Fig. 5. Comparison of E; with Ep, Epy

is every water balance period
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———— Evapotranspication (mn, day)

1) pan evagoratisa B ro—o !
{2} Penmen method g e 2
13) Besin  evapotraspiration B ¢ — o
2 Mu:th
) Fig. 7. Average monthly Catchment Wap-
5 otranspiration, Ec¢ in respective
l éo\ years
\ HAV: |
R | TTIR £ MAY e HFREGmmIN, —F% i
5 RGN ’ >i B 2 e MEREEHEY ABE 2UEY
& = ST s 4 e el 3, Table2s o
il l?\ / x B2 sl (e Fig 704 2 W& @AM
el PR g LY = £EIE FE JoE TEMY MAEERE
£ | e °N S T Q\ o WEMAR-S KBS 6,7F¢ peakz 3o MR
g 144 sl A & WHHe 9ee ¢ + Ao
‘E (B el “‘U - ‘o
1 | 4 M ABRBHE

tsse ' 87 - oo HEWES ZEWE oz 4

de ke LG AR WDERAAE & Hk
RS 748 Z4g 4R 49 470mm/year® <
2 9gld. (Table-g ZR) of el ) EA

Fig. 6. Example of Caculation of Catch- .
ment evapotranspiration by water =
balance method =

Tahle-6. Calculation of Catchment evapotranspiration for average between respective
years, monthly and yearly

R o { I

»\j'\*'\x[ 1966 | 1967 \ 1958 ‘ 1969 ‘ 1970, | 1971 | 1972 ’zr- i’a\‘ Remark
1 .65 10.es) 4.9 2325 a.10  s.89 775 e.ed
2 56 9. 80‘i 4. 641 21.84  2.80 13.72  9.57  9.99,
3 50.84 30.07, 1922 5.27, 14.57 620 20. 4 20,95
4 4170 2460 37.20 5070, 22.20  6.30 20.40  30.47,
5 8.60 74,40 3162 6541 70.68 73.78 5232 6424
6 97.20 72.0 110.40  70.50 69.90 73.50 67.80 019
7 88.66 73.47) 96,41 69.75 60.76 82.46 76.26] 78.25
8 77,81 6078 10099 6975 60,76 82.46 68.20 74.53
9 13,60, 59.70 53, 707 38.70 58.£0| 33.90 42.50, 47. 33?
10 39,37, 27. 90‘1 35. 34j 13.95 35,03 13.33] 42.16 2%, 549:
1 46,50, 27. oo; 1710 120 6.000 720 11.70, 16.67,
12 .16 8,99 22.32  1.86|  3.41  7.44 12,09  9.60
| 589, 65 489.74! 534.50 432,18 408.01 40s.18 432.6) 470.45;
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Table-7. Water balance tble of saix rivers in respective years

{7 mm/year

e Py [
w ) & B W Q1966 1967 1948 ’ 1969 1970 J 1971 1972 | = 15
Bxk Pl
P 1,342 986] 1,027 1,399, 1,331 1,016 1,468 1,244
2 M Q 763 552, 601 09 790 607 850 710
Pl 579, 434 426 590 541 409 616 514
o ’ : L
P 1,236 876 9320 1,284 1,072 966| 1,352 - 1,103
B0 Q 650, 538 535 714 610 537 761 621
Pl 586 338 397 572 462 429 591 482
P 1,399 1,149 1,287| 1,175 1,680 1,246 1,646 1,362
g Q 927 765 810 785 1,098 %03 1,005 899
Pl 472 384 427 390 582 343 641 463
& g
P 1,255 1,278/ 1,072 1,018 1,145 1,327, 1,395 1,212
7% Q 642 640 550 544 583 650 715 618
Pl 613 634 522 472 562 670 680 594
P g26| 1,007, 1,014 1,386 1,410] 713 1,736 1,156
B &% Q 559 723 679, 907 950! 478 1,129 775
Pl 267 284, 335 479 460\ 235 607 381
P 1,409 978/ 1,028 1,804 936] 1,054 1,8401 1,293
M A Q 850 642 655 1,120 583 673 1,140 809
Pl 559 336 373 684 353 381 700 484
p 1,006 962 798 809 1,430 900l 1,232 1,020
x B | e 400 348 283 318 684 375 490 414
Pl 60¢ 614 515 491 746 525 742 606
R T :
[ 986 865 774/ 1,281) 1,290 1,041 1,325 1,080
& 4 Q 477 420 350 645 ¢05 529 635 523
P 509 445 424 636 485 512 690 557
P 901 860 9941 1,130 1,221] 1,200 1,138 1,063
& W)l B = Q 613 550 664 736 818 780 751 702
PI 288 310 328 394 403 420 387 361
P 1,076 904 901 646] 1,600 713 1,811 1,093
A F1IL oW Q 658 589 557 417 1,010 4500 1,142 689
Pl 418 315 344 229 590 263 669, 404
P 1,144 986 o78| 11,1931 1,311 1,018 1,494 1,161
IR Q 654 577 569 700 773 598 862 676
Pl 490 490 409 493 538 420 432 485
TN el BRR ZET @l IAert: BE o] 7AEM(1966~1972)9] 4Fg  [RaKEKE Gofd

) 27 AEkd e 6A)N 10fERTS WS H

st 1ARE 127X & KEezm stx (3)d &
st FRZABHES FHE ke 2gd. o HR
£ Table-6ol $Re e} 2o, 6XMIIGEL, ¥
BRI, BEEET, KRIT, REJ, E®RIDel elA

FeZyE MEBHEENE)E T4 485mmzA K
500mmzo] = $-2 e 4 BokE 1, 200mme] i
4297 FEsEE e Aoz vyt 28z K &
o K3t EEE SR FURZAEEH 47T0ommet =
Z #£7 9E Aoz #xdt,
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1 FEERHE Ecot HEXRE £,
U REEGE Ery2l BR H XKE
el &

Fig. 6 @ Table-3o] A 3 74/ Fiy B
Bl IR HE Ecot MR 4@l A JiEstd
BEY AR £ ke R Fp (Table-g)99 1
£ Table-8¢] ##R3tglrt. oF&e o Fele AR
9 &F7F BER™W Ec/Ep D K B 7L FHHE
o2 F#EAE KamigamoBRBRIERAA L& SH
g0 E.gE 2ol BlRsidet.

o] BRol tkebd Ec/Ep9d ;2 £HI(1249~3

Table-8. Comparsion E; with Ep
\H!l 2‘3]4‘5[6!7(8&9(10'11
0. 410.4]0.5.0.50.6/0.7
0,900,510, 70. 5. €lo. 6

0.2/0. 2[0. 310. 30. SkO. 5

2

‘afaﬂa7a7aéaé

0. 810. 8i0. 8:0. 8j0.9]1. 0
0. 6‘0. 6\0. 5‘0. 40, 4[0. 3

T B
W 4

Table-9. Comparision E; with Epy
B [1]2 3'4[5'6’7}8}9’10]1]!12
0. 6.0. qﬁi(ﬁ‘o. 8l0. 8/0.80.7]0.7

aaaqasaoaaaaa&aeLo
o.3o.4io.4o.so.7o.7o.7io.éo.5

&

Wt E

0.60.6
0.91.0
0.50.4

0.6
0.8
0.3

3 om

DJ AL 0.2~0.3¢ Feil L, EHEASA)AA
=0.6 BEA A} ol HHE 2L &7 %
o Heatel B e zholvh, obgd FIBAKEEE

Table-10. Monthly distributed state of Catchment evapotrans piration (E;) and
Precipitation (P)(19666~ 197245 74ERAZ54548)

Bifr : mm/month

Kﬁ R R E Mok & P F AT (K P)
Remark
A \| FEE | %) | AME | 246G | AME | S0
1 9.0 2 32 | 3 24 2
2 10.0 2 43 3 34 3
3 30.0 4 63 5 54 5
4 64.0 6 77 7 88 7
5 80.0 14 83 7 80 7
6 78.0 17 88 7 12 10
7 75.0 17 268 23 280 24
8 47.0 16 254 22 230 20
9 30.0 10 139 12 147 12
10 17.0 6 57 46
1 10.0 52 4 49
12 47.0 2 18 17 2
2 700 100 1,740 1o 11610 100" | %= BEE 100
EH &

Ecg Penmanzoll Kol R ZABHAE Erudl %
(Table-5)5} = (#ste] Table-9¢f #7397}
o] Fell = FEE'™ @ AAFY Ec/Epygh& 7ol 4
At o] R(Ec/Epw)E BEAN It K ik
o kol 4 Wk olshake]l K Wime Ec/Ep,
Ec/Epw, 30l B REE FmelAs vds 2
o] Zgetg et

19 FRozAE MMsH BHY REO(E=

@BR)Q BLrb B XES BB i
&ZWstrte Bolth 2 filzA Table-100] 7T

whel o] AH19 11AXE 3/7AE & B 3
& BWES 2~5% Tad BEEz, ¥ ®
vhafe 2 BEWEo] ATk, o8 o] BFEe] A
HREE A v B ZEEEe] 2k dlelste Lk
4ol AR3m £ KHBEY KEhEdc] =
7] W Eol KBl KEES HARPLEZ FHoAA
e F Ao olHT FHLE X9 E/Ep 1
Ec/Epy®l %ol B 23 &= BAS 2R
9 25 avte Beoz R ArdE £THY H
Hel "
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Fig. 8. Relation between E; and Epy
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