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Abstract

In this study, parameters of long and short term runoff model were optimized using genetic algorithm as
a basic research for integrated water management in a watershed. In case of Korea where drought and flood
occurr frequently, the integrated water management is necessary to minimize possible damage of drought and
flood. Modified TANK model was optimized as a long term runoff model and storage-function model was
optimized as a short term runoff model. Besides distinguished parameters were applied to modified TANK
model for supplementing defect that the model estimates less runoff in the storm period.

As a result of application, simulated long and short term runoff results showed 7% and 5% improvement
compared with before optimized on the average. In case of modified TANK mode! using distinguished parameters,
the simulated runoff after optimized showed more interrelationship than before optimized. Therefore,
modified TANK model can be applied for the long term water balance as an integrated water management
in a watershed. In case of storage-function model, simulated runoff in the storm period showed high interre-
lationship with observed one. These optimized models can be applied for the runoff analysis of watershed.

Keywords : genetic algorithm, modified TANK model, storage-function model, parameter optimization
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Table 1 Thiessen weight value of study watersheds

Pyeongchang-river watershed Bocheong-stream watershed

Station Thiessen weight Station Thiessen weight Station Thiessen weight
Banglim 0.04 Myogeum 0.07 Songjuk 0.09
Gapyeong 0.05 Cheongsan 013 Samsan 0.10
Dachwa 0.15 Neungweol 0.09 Dongjeong 0.08
Youchun 0.16 Jungnyul 0.08 Yiweon 0.09
Youngjun 0.16 Kwangi 0.11 Annae 001
Gyebang 0.17 Pyeongon 0.06 - -
Heungjung 0.27 Samga 0.09 - -
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Table 2 Parameter range of modified TANK model

for calibration
Normal period Storm period
Parameters - — ; -
Maximum | Minimum | Maximum | Minimum

an 0.400 0.050 0.500 0.200
ap 0.400 0.050 0.500 0.100
aj 0.100 0.001 0.100 0.010
aj 0.100 0.001 0.100 0.001
b, 0.500 0.200 0.500 0.100
b,y 0.100 0.010 0.100 0.010
hy 15,00 2.000 10.00 1.000
hi 150,00 | 50,000 120,00 30.00
ko 50.00 0.000 50.00 0.000

% Normal period : except June~September, Storm period :
June~September
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Fig. 1 Conceptual framework of modified TANK model
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Table 3 Simulation result of long-term runoff on Pyeongchang-river watershed

(unit : m/month)

2000 2001 RMSE RE | SE
wlu|iz| 345 6789 || 7 ||
Observed 180 74 | 30 | 306 | 208 | 26 { 107 |1,152| 349 | 17 - - - -
Before
. optimization 197 | 96 | 41 | 276 {227 | 77 | 168 {1,011 392 | 53 | 837 | 080 | 436 | 216
Sim. Genetic
algorithm 181 | 63 ] 20 1295|1971 21 [10041,1811333| 9| 282 | 091 | 136 | 168
Table 4 Simulation result of long term runoff on Pyeongchang-river watershed
(unit : ni/month)
2001 2002 RMSE ” RE| SE
10011 12 3 4 5 6 7 8 g | (ni/s) (%) |(mi/s)
Observed 231 | 17 5 69 | 564 | 8251 139 |1,106{3,113| 999 - - - -
Before i
y optimization 297 | 17 7 89 | 643 {1,311 721 {1,77213,031 (1,058 | 36.99 | 094 |4.88{ 248
im, -
Genptlc 287 | 19 6 77 | 645 [1,066| 410 |1,504(3,3691,093} 1497 | 097 |3.12{ 215
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Fig. 3 Simulation result of Pyeongchang-river watershed (2000. 10~2001. 9)
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Fig. 4 Simulation result of Pyeongchang-river watershed (2001, 10~2002. 9)

(Standard Error)= 24 8.37 m'/s, 4.36%, et a7t #A4Asigch 20019 1095
2.16 m/s2 ueEhged djds A3 39 2002 9¥7HAY A& F F2F 7,068 m/yr
RMSE, RE, SEx 2.82 mY/s, 1.36%, 1.68 m/s&E oy A3 A Fo F FEFE 747 8,946

Table 5 Simulation result of long-term runoff on Bocheong-stream watershed
(unit : m/month)

2000 2001 RMSE RE | SE
0]nliz] 3] als 6] 7]8]09 (e ”||m
Observed 271 | 614 | 198 | 241 | 163 | 179 | 269 | 265 | 381 | 297 - - - -
Before
N optimization 93| 142 | 144 { 188 | 103 | 114 | 219 | 201 | 272 | 146 | 687 (081|244} 210
im. -
Genetic 153 | 252 | 179 | 220 | 133 | 145 | 246 | 239 | 321 | 199 | 551 [0.89]217 | 1.86
algorithm X
180
160 Jeshas i ) M
140
120 r —E-
= E
& 100 | MR Rainfall
£ ————Observed Outflow 4 70 WE
o 8 r a Simutated Outflow befora Optimization :
e | o Genstic Algorithm 1 90 E
~em—E vaporation ] ”0&‘

Fig. 5 Simulation result of Bocheong-stream watershed (2000. 10~2001. 9)
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Table 68} Fig. 6& 4% TANK 23& o]4%
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Table 6 Simulation result of long-term runoff on Bocheong-stream watershed

(unit : nf/month)

2001 2002 RMSE RE | SE
10| 1njw2] 3|4 6171 81 9 |(me)]| 71(%)|(aiss)
Observed 80 | 43 | 34 | 82 | 99 [ 450 | 220 | 346 [ 658 |ss5 | - |- - | -

Before
optimization 93 | 55 | 39 | 87 | 103

486 | 343 | 385 | 647 | 516 | 2618 |0.83{453| 236

Sim.

Genetic
algorithm 91 | 49 | 36 | 8 | 102

475 | 302 | 364 | 638 | 524 | 1649 [0.94|343] 2.09
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Fig. 6 Simulation result of Bocheong-stream watershed (2001. 10~2002. 9)
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Table 7 Comparison of before and after optimization
of daily runoff during the rain period (1)
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Table 8 Comparison of before and after optimization
of daily runoff during the rain period (2)

CASE 1 CASE 1 CASE V CASE W
Before Genetic Before Genetic Before Genetic Before Genetic
optimization| algorithm | optimization | algorithm optimization | algorithm |optimization| algorithm
4 0.88 0.94 0.86 0.95 r 0.78 0.85 0.86 0.92
CASE II CASE IV CASE W CASE W
Before Genetic Before Genetic Before Genetic Before Genetic
optimization| algorithm | optimization | algorithm optimization | algorithm | optimization | algorithm
r 0.87 092 0.88 093 r 0.79 0.86 0.83 0.90
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Fig. 7 Comparison of before and after optimization of daily runoff during the rain period (1)
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Fig. 8 Comparison of before and after optimization of daily runoff during the rain period (2)
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Table 9 Simulation result of short term runoff on Pyeongchang-river watershed

Year 2001 2002
Simulated Simulated
Contents Observed Before Genetic Observed Before Genetic
optimization algorithm optimization algorithm
Total runoff (ni) 6,192 4,966 5635 2,836 2,591 2,738
Peak flow (ni/s) 250 143 211 174 160 169
RMSE (ni/s) - 123.86 86.35 ~ 12.55 961
r - 0.80 0.88 ~ 091 093
RE - 052 0.29 - 041 027
SE (ni/s) - 16,53 967 - 2.26 1.76
: *—w ;| 0 [ p— .,.....,....A.'.".'."‘T“.""“.“I".l.“'",r.._.,........,...,.......:
«0 8 i "0
0 R Raindalt
5 a ~—— Cbserved Qutlow “’E 0 : 1 .
2 om0 4 Simaied Outtow bekrs Cpamizaton | | E 3 :g‘;‘:’dom £
o X _Gensic Aigoritn .E’ g'm o Simulated Outhow before Opbmization P
. @ v | L Gonstic Aootttm E
100 P
%0 A 50
1] ko o Py
1 1" 21 3t 41 5 61 7t 8t ] 10t i 1 6 n 16
Time (W
(a) 2001. 6. 29.~2001. 7. 3. : 120h (b) 2002. 4. 26.~2002. 4. 30. : 48h
Fig. 9 Simulation result of short-term runoff on Pyeongchang-river watershed
Table 10 Simulation result of short term runoff on Bocheong-stream watershed
Year 2001 2002
Simulated Simulated
Contents Observed Before Genetic Observed Before Genetic
optimization algorithm optimization algorithm
Total runoff (nd) 1,121 976 1,055 1,844 1,586 1,679
Peak flow (ni/s) 42 4 40 93 72 82
RMSE (ni/s) - 3548 16.25 - 29.34 16.47
7 - 0.87 091 - 0.86 092
RE - 049 0.28 - 0.65 0.38
SE (ni/s) - 8.67 494 - 1794 854
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Fig. 10 Simulation result of short term runoff on Bocheong-stream watershed
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3~72%, A= 23~73%, EFQA= 18~
38% Zashe Aoz Jehgon AdATE 5~
14% ZF7khe A& Jeidth A7IEEA Fol
A 7 71z g fEEAE, HFs §
o f40] A4 85%14 A 97%7HA] EH
= Rog yehgoh AGHAZ 7HE o] 83)o
497170 g RARAEE nggoaN a3
ol A7NEFA EXo| hedittn BdEA @71F
278 ulg F71RE2E g AA3 AF7}
u] &% AYe nadEd &F A7 T80l ¥
oz} wegt

AFErEYe] WNHEZE ARPEE 4%
A3}, A3zl g RMSEE #A3 Arc Ao
37.51 m/s, A4 2.94 m/s A2 AL
A= BE 40% ARSI REQAR:E HE
1143 m/s Zadhs ZA0E Uegy {42
B 5% Sk A2® Yt

£ A7l A4 142 duEFe] 35 H3
3} stuat = w7fse] frol Alddo] A &
A Z3 Jorg AR 2P 4L A3
et & A3 /EE A4dvhd E o A
Ade A @] FEEYC] Jheditn dddn

B a7 232 A3 71YE A8l #9Y
I AFA Y fEHAMe A TA FE FEEY
9 FEAE FAAIIER WIHs] T3k F58l
Vg AE A28 1, 758 #2499 583
ol B} 7HsEES 3k Aolth AT A, &
-7 e o] AA3) el g3 2840l F
AL FHson A5 AT} o|Fo
A o A e AFA #A49 FEBET
7Fssitta weE
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