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Analysis of the Effect of Water Budget Elements on Flow Duration
Characteristics using SWAT-Nak Dong

MH AT R T A
Shin, Hyun Suk / Kang, Du Kee / Kim, Sang Dan

Abstract

In this paper, we constructed the integrated watershed model system, SWAT-Nak Dong that
include areal mean precipitaiton, runoff and water balance components in the Nak Dong river basins
and with this model system we are capable of estimating streamflows for ungaged river stations and
analyzing the variations of the streamflows. SWAT(Soil and Water Assessment Tool) is a conceptual,
continous time model that was developed in the early 1990s to assist water resource managers in
assessing the impact of management and climate on water supplies and non-point source pollution in
watersheds and large river basins. Using the SWAT-Nak Dong system and various scenarios, we
analyzed and evaluated the dams and water uses effects on the streamflows.
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Fig. 1 Flow chart of procedures and methods
used in this study
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Table 1. Modeling Scenarios

SCENARIO| Considered Water Balance Elements
BASE No Dams & No Water—uses
A Andong Dam
1 Imha Dam
Al Andong & Imha Dams
DAM| H Hapchun Dam
N Namkang Dam
HN Hapchun & Namkang Dams
ALL 4 Dams all considered
WB Water uses & Treatment discharges
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Table 2. Average areal precipitations(1995-2004)

NO. prec.{(mm) NO. prec. (mm NO. prec.{mm) NO. prec.(nm
1 1208.44 10 1236.32 19 1118.07 28 1165.40
2 1070.29 11 1154.72 20 1163.69 29 1320.10
3 1039.26 12 1159.72 21 1373.46 30 1261.25
4 1105.67 13 1121.32 22 1284.79 31 1305.60
5 1199.16 14 1112.49 23 1145.33 32 1337.76
6 1262.11 15 1112.89 24 1531.55 33 1422.62
7 1282.58 16 1090.99 25 1487.59 34 1528.65
8 1149.36 17 1118.00 26 1223.37
9 1069.65 18 1151.65 27 1120.17

Table 3. Weather stations
NO. Name | NO. Name NO. Name
1 Hapchun 8 Pusan 15 Weosung
2 Gumi 9 Sanchung 16 Jinju
3 Namhae 10 Andong 17 Chupung
4 Daegu 11 Youngduk 18 Tongyoung
5 Masan 12 Youngju 19 Pohang
6 Mungyung 13 Youngchun 20 Geochang
7 Milyang 14 Ulsan 21 Chunyang
Table 4. Physical characteristics of reservoirs
Surface area for Volume Surfac.e area VOhflm? Intial reservoir
DAM erne_rgency for er'nergency for I:mnmple for ancxple volume
spillway spillway spillway spillway i,
(ha) (10*m) (ha) (10%m) (10°m)
ANDONG 5,800 135,300 5,150 124,800 124,300
IMHA 3,200 64,200 2,640 59,500 59,500
HAPCHUN 3,000 87,000 2,500 79,000 79,000
NAMKANG 4,200 40,000 2,320 30,920 30,920
MILYANG 220 7,360 208 6,980 6,980
YOUNGCHUN 690 9,640 582 8,140 8,140
UNMUN 783 13,534 730 12,617 12,617
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Fig. 4 Time series plot of measured and simulated monthly streamflows

Table 5. Criteria for assessment of the model performance

(Absolute Mean Bias)

RPE XYl
(Relative Peak Error) RPE= X, > 100
RVE (X, — Y]
=
(Relative Volume Error) RVE Xy 100
AMB

N
AMB= }]\—,ler ¥ 100

i=1

RMSE
(Root Mean Square Error)

N
RMSE = \/%E[Xi— Y;]?> x 100
i=1

CcC
(Correlation Coefficient)

1 N
WE(XE—%)(K—%)

cC=
1 s |1 N )
1—\,2_2:]1()1;—;%) \/7‘\,;:1:()?—/@)

X, : observed data

Y, ! estimated data

Xp= MAX(X))
Y,=MAX(Y,)
N
Xy = ZXz

i=1
N
Yy, = EYi

i=1
N . number of data

4 mean
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Table 6. Hydrologic components upper dam

Table 7. Statistical results for model calibration

basins
RPE | RVE | AMB |RMSE] cC
Hyd. components % Yield(mm) yearly | 17.38 | 1463 | 117.13 | 132.01 | 0.97
Rainfall 100.00 | 1323.00 monthly| 2201 | 1464 | 1396 | 21.23 |093
AN Evaporation 3990 521.00 AN- daily | 66.22 | 1458 | 2595 | 966 |0.59
DONG Surface flow 20.30 270.00 DONG Q95 41.84 | 4027 | 11.32 | 1361 {091
Lateral flow 1770 | 235.00 Q185 | 5693 | 25 | 358 | 484 |094
Groundwater flow | 22.30 297.00 8222 121322 igfz (l)ié (l)zg ggg
Rainfall 10000 | 113400 vearly | 3839 | 21.67 | 134.32 | 194.25 | 0.96
- | —Evaporation | 5190 | 599.00 monthly| 53.35 | 2171 | 15.34 | 2554 | 0.84
HA Surface flow 420 | 4800 daily | 83.49 | 2163 | 2535 | 9304 | 0.48
Lateral flow 11.70 | 135.00 IMHA | Q95 | 315 | 107.05 | 1474 | 17.08 |0.82
Groundwater flow | 30.50 352.00 Q185 234 | 3377 2.08 297 1091
Rainfall 100.00 | 1492.00 Q275 | 915 | 2165 | 069 1 |07
Evaporation 37.70 | 577.00 Q355 | 33 | 1362 ] 023 | 027 |076
51?51:] Surface flow 23.40 358.00 yearly | 194 478 1102 | 141.67 | 0.92
Lateral flow 24.40 374.00 monthly| 34.04 | 4.68 7.1 13.98 10.93
Groundwater flow | 1190 | 183.00 gap- |-delly | 2Lll | 47 | 1123 | 4304 | 08
Rainfall 10000 | 163550 cnon Q95 [ 1721 ] 049 [ 282 | 352 |01
s 1o 1o Tt Tt Joo
KANG iiﬁ:‘f ffllg;v fjgg gzg'gg Q355 | 811 | 1449 | 085 | 102 |068
: : yearly | 1648 | 1278 | 91.03 | 121.73 | 0.78
Groundwater flow | 1300 | 219.00 monthly| 37.31 | 1278 | 162.2 | 28851 | 0.84
Rainfall 100.00 | 1210.00 JIN- | daily | 6131 | 12.83 | 222.66 | 617.44 | 0.7
UN Evaporation 49.80 | 612.00 DONG | Q9% | 1427 | 1367 | 121.39 | 160.02 | 0.76
MUN |ourface flow | 1340 | 164.00 Q185 | 1691 | 1598 | 5363 | 6342 |0.77
Lateral flow 1420 | 174.00 Q275 | 527 | 375 | 4733 | 52.71 | 045
Groundwater flow | 21.20 | 260.00 Q355 | 69.79 | 356 | 2897 | 3503 |065
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Table 8. Variations of the streamflows(Dam scenarios)(Senario/BASE, %)

HAPCHUN
STATION | ALL | ANDONG | IMHA ig%%?& HAPCHUN %G and
NAMKANG
ND_7 122.83 109.26 119.30 122.83 100.00 100.00 100.00
o1 | ND-8 125.39 108.13 114.82 11966 105.60 100.00 105.60
ND_9 124.78 107.10 11029 11693 104.81 105.67 11048
ND_12 122,64 104.41 107.58 11165 104.04 103.66 107.81
ND_7 181.86 156.59 11659 181.86 100.00 100.00 100.00
o275 | ND_8 181.30 143,68 111.04 162.27 11883 100.00 11883
ND_9 16858 132.92 108.73 145.66 11543 11319 126.87
ND_12 162.73 126.26 109.07 138.69 111,92 111.49 121.21
ND_7 37141 285.88 170.23 37141 100.00 100.00 100.00
s | ND8 359.69 229.41 147.14 286.66 183.10 100.00 183.10
ND_9 31698 187.77 131.49 22354 15471 150.40 199,67
ND_12 303.12 170.49 122.72 198.22 145.27 140.98 181.48
(a) Q185
400%
300% |
200% |
oo BALA T A ey B A T A g BAEA A NN BAY A AL N
| |
ND_7 ND_8 ND_9 ND_12
(b) Q275
400%
300% |
200% |
100% | ‘]
0% '
ND_7 ND_8 ND_9 ND_12
{c) Q355
400% -
300% a
200% | i
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0% ‘
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Fig. 5. Variations

of the streamflows at ND7, ND8, ND9, ND12(Senario/BASE, %)
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Table 9. Variations of the streamflows(Water Balance scenarios)(Senario/BASE, %)

STATION Q185 Q275 Q355
ND_1 92.53 77.83 39.26
ND_2 96.98 89.63 46.16
ND_3 95.37 89.07 19.18
ND_4 91.27 74.68 37.96
ND_5 95.42 85.79 42.18
ND_6 86.26 57.97 23.52
ND_7 107.79 128.04 230.53
ND_8 110.63 131.70 223.50
ND_9 107.92 121.78 164.42
ND_10 107.40 118.46 156.23
ND_11 98.84 94.26 88.79
ND_12 96.40 87.06 67.07
250
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2 200¢ © Q275!
?QJ 0. * y ] Q355
o ) N
g /v ’ - - . N
2 5. iy |
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Fig. 6. Comparisons of the flow durations(1985-2004) at each stations(Water Balance scenarios)
(Senario/BASE, %)
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Fig. 9. Comparisons of the flow duration curve
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