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Regression Equations for Estimating the TANK Model Parameters
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Abstract

The TANK model has been widely used in rainfall-runoff modeling due to its simplicity of concept and computation while achieving forecast accuracy.
A major barrier to the model application is to determine parameter values for ungauged watersheds, leading to the need of a method for the parameter
estimation. The objective of this study was to develop regression equations for estimating the 3th TANK model parameters considering their variations
for the ungauged watersheds. Thirty watersheds of dam sites and stream stations were selected for this study. A genetic algorithm was used to optimize
TANK model parameters. Watershed characteristics used in this study include land use percent, watershed area, watershed length, and watershed average
slope. Generalized equations were derived by correlating to the optimized parameters and the watershed characteristics. The results showed that the
TANK model, with the parameters determined by the developed regression equations, performed reasonably with 0.60 to 0.85 of Nash-Sutcliffe
efficiency for daily runoff. The developed regression equations for the TANK model can be applied for the runoff simulation particularly for the
ungauged watersheds, which is common for upstream of agricultural reservoirs in Korea.
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Table 1 Watershed characteristics and data period

Data Period
Watershed ?L:; Vgte:ttir;ir Meteorological Hydrological
(KMA") (MOLIT?, wAMIS®)
Soyangang 2694.36 Chuncheon 1975 — 2012 1977.01.01 — 2012,12.31
Hoengseong 207.88 Hongcheon 1975 — 2012 2001,01,01 — 20121231
Chungju 6661.58 Chungju 1990 — 2012 1990.01.01 — 2012.12.31
Andong 1590.72 Andong 1983 — 2012 1990.01.01 — 2012.12.31
Imha 1367.74 Andong 1983 — 2012 1993.01.01 — 2012,12.31
Hapcheon 928.94 Hapcheon 1975 — 2012 1990.01.01 — 20121231
Namgang 2293.42 Jinju 1975 — 2012 2000.01.01 — 2012.12.31
Dam Milyang 103.47 Milyang 2002 — 2012 2002.01.01 — 2012.12.31
upstream Daecheong 4134.00 Daejeon 1975 — 2012 2001,01,01 — 2011,12.31
Yongdam 930.43 Geumsan 1975 — 2012 22?)213(2)11(21 __22%313115;1
Boryung 162,29 Boryung 1999 — 2012 1999,01.01 — 2012,12.31
Buan 59.00 Buan 1998 - 2012 1998.01.01 — 2012.12.31
Seomjingang 763,47 Imsil 1976 — 2012 ;%%%%11'_?1 - é%?;g:]
Juam 1010.00 Suncheon 2000 — 2012 2000.01.01 — 2012.12.31
Tamijin 192.34 Jangheung 1975 — 2012 2005.01.01 — 2012,12.31
Maeil 173.92 Wonju 1973 — 2012 2007.01.01 — 2009.12_31
Yeongweol 2281.32 Yeongweol 1995 — 2012 2006.01,01 — 2009,12.31
Socheon 660.94 Bongwha 1988 — 2012 2006.01.01 — 2010.12.31
Shinan 23474 Sancheong 1973 — 2012 2006.01.01 — 2009.12,31
Jisan 156.75 Geochang 1973 — 2012 2006.01.01 — 2010.12.31
Hyoryeong 150.43 Gumi 1973 — 2012 2007.01.01 — 2011.12.31
Gajang 153.18 Sangju 2002 — 2012 2006.01.01 — 2011.12.31
River Okcheon 2042 88 Geumsan 1973 — 2012 2006.01.01 — 2010.12.31
Cheoncheon 290.60 Jangsu 1988 — 2012 2006,01,01 — 2010,12,31
Songcheon 349.70 Chupungryong 1960 — 2012 2006.01,01 — 2010.12.31
Gidaegyo 357.54 Boeun 1973 — 2012 2006.01.01 — 2011,12.31
Jangjeon 267.68 Suncheon 2000 — 2012 2006.01,01 — 2008,12.31
Neungju 404,01 Gwangju 1975 — 2012 2006.01,01 — 2011,12.31
Mareuk 689,84 Gwangju 1975 — 2012 22%??)8181 _ 28?(;3 '115';1
Eodeung 513.16 Gwangju 1975 — 2012 2007.01.01 — 2012.12.31
) KMA: Korea Meteorological Administration
2 MOLIT: Ministry of Land, Infrastructure and Transport
¥ WAMIS: WAter Management Information System
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Table 2 Initial values for the TANK model (Sugawara, 1972; Kim and Kim, 2004)

Parameters Symbols Range Initial values
Storage of 1" Tank ST 0.0 0.000
Storage of 2™ Tank sT2 0.0 0.000
Storage of 39 Tank ST3 10~100 30.000
Area of upper side outlet in 1% Tank Al 0.260
Area of lower side outlet in 1% Tank A12 0.1~0.5 0.160
Area of bottom outlet in 1% Tank B 0.330
Area of side outlet in 2™ Tank A2 0.03~0.1 0.090
Area of bottom outlet in 2™ Tank B2 0.01~01 0.080
Area of side outlet in 3° Tank A3 0.007
Area of bottom outlet in 3¢ Tank B3 0.005~0.1 0.006
Height of upper side outlet in 1 Tank H11 30.000
Height of lower side outlet in 1 Tank H12 60 15,000
Height of upper side outlet in 2" Tank H2 0~50 10,000
Height of upper side outlet in 3% Tank H3 0~30 10,000
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Table 3 Calibration statistics of the TANK model for daily runoff
Statistics Watershed Soyangang Hoengseong Chungju Andong Imha
Ratio” 0.68 0.99 0.66 0.69 0.79
RMSE (mm/day) 2.91 2.92 2.92 225 2.22
R 0.85 0,92 0.83 0.86 0.86
NSE” 0.84 0.92 0.8 0.85 0.85
Statistics Watershed Hapcheon Namgang Milyang Daecheong Yongdam
Ratio 0.94 0.87 0.93 0.70 0.79
RMSE (mm/day) 1.94 4,23 3.87 2.83 242
R 0.91 0.84 0.92 0.85 0.90
NSE 0.91 0.84 0.92 0.83 0.88
Statistics Watershed Boryung Buan Seomjingang Juam Tamijin
Ratio 0.94 0.83 0.82 1.16 1.12
RMSE (mm/day) 3.81 3.34 292 2.45 235
R 0.85 0,91 0.87 0.88 0,90
NSE 0.85 0.90 0.87 0.87 0.90
Statistics et Maeil Yeongweol Socheon Shinan Jisan
Ratio 0.95 0.90 0.83 1.06 1.10
RMSE (mm/day) 250 3.48 2.51 4,22 1,82
R 0.92 0.85 0.84 0.85 0.91
NSE 0.92 0.85 0.84 0.85 0.91
Statistics Watershed Hyoryeong Gajang Okcheon Cheoncheon Songcheon
Ratio 0.73 0.64 0.92 0.97 1.02
RMSE (mm/day) 3.54 3.26 1.09 1.07 1.63
R 0.82 0.84 0.88 0.92 0.89
NSE 0.77 0.81 0.88 0.92 0.89
Statistics Watershed Gidaegyo Jangjeon Neungju Mareuk Eudeong
Ratio 0.82 1.26 1.03 0.67 0.67
RMSE (mm/day) 2.13 2.13 3.56 2.1 3.27
R 0.80 0.89 0.81 0.88 0.87
NSE 0.78 0.88 0.81 0.85 0.83

" Ratio: (Simulated runoff) + (Observed runoff)
? NSE: Nash-Sutcliffe Model Efficiency
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Table 4 Validation statistics of the TANK model for daily runoff

600 900 1200
Simulated (mm/yr)

1500

2000

1600

1200

800

Observed (mm/yr)

400

R2=0.622

400 800 1200
Simulated (mm/yr)

1600 2000

Fig. 4 Scatter plots comparing observed and simulated annual
average runoff for the validation period

Statistics Watershed Soyangang Hoengseong Chungju Andong Imha

Ratio” 0.78 1.31 0.66 0.90 0.74

RMSE (mm/day) 3.57 3.10 3.54 3.08 2.53

R 0.78 0.84 0.79 0.73 0.83

NSE? 0.78 0.81 0.77 0.71 0.78
Statistics e Hapcheon Namgang Milyang Daecheong Yongdam

Ratio 0.98 0.93 1.06 0.69 0.66

RMSE (mm/day) 2.22 421 2.80 2.48 3.88

R 0.84 0.84 0.90 0.84 0.86

NSE 0.84 0.84 0.90 0.81 0.83
Statistics e Boryung Buan Seomjingang Juam Tamijin

Ratio 0.94 0.82 0.90 1.31 0.78

RMSE (mm/day) 3.26 4.60 3.42 274 2.84

R 0.83 0.77 0.72 0.86 0.89

NSE 0.83 0.76 0.72 0.85 0.88

Statistics Watershed Maeil Yeongweol Socheon Shinan Jisan

Ratio 0.63 1.02 1.08 115 1.20

RMSE (mm/day) 3.58 217 1.99 3.60 1.82

R 0.84 0.84 0.78 0.83 0.90

NSE 0.84 0.84 0.77 0.82 0.90
Statistics Watershed Hyoryeong Gajang Okcheon Cheoncheon Songcheon

Ratio 0.73 0.86 1.35 1.02 0.88

RMSE (mm/day) 3.54 214 1.19 2.16 1.86

=8 0.82 0.79 0.86 0.91 0.89

NSE 0.77 0.79 0.85 0.91 0.87
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Table 4 Validation statistics of the TANK model for daily runoff

Statistics Watershed Gidaegyo Jangjeon Neungju Mareuk Eudeong
Ratio 0.81 1.06 1.02 0.86 0.65
RMSE (mm/day) 3.33 0.49 3.17 228 3.85
R 0.78 0.88 0.79 0.86 0.81
NSE 0.78 0.88 0.78 0.81 0.78
" Ratio: (Simulated runoff) < (Observed runoff)
2 NSE: Nash-Sutcliffe Model Efficiency
Table 5 Correlation between the watershed characteristics and model parameters
Parameters
Watershed Al A12 A2 A3 B B2 B3 H11 H12 H2 ST3
Characteristic
Paddy (%) 0.03 0.40 0.52 0.07 0.03 0.01 0.33 0.20 0.12 0.05 0.11
Upland (%) 0.39 0.16 0.10 0.38 0.37 0.23 0.01 0.13 0.13 0.51 0.16
Forest (%) 0.18 0.42 0.55 0.07 0.27 0.08 0.41 0.32 0.21 0.37 0.31
Area (km) 0.20 0.25 0.18 0.19 0.14 0.34 0.14 0.04 0.49 0.16 0.10
Length (km) 0.15 0.05 0.09 0.37 0.07 0.22 0.13 0.08 0.21 0.07 0.00
Slope (%) 0.16 0.43 0.39 0.14 0.32 0.01 0.08 0.78 0.35 0.23 0.23
In (Paddy) 0.04 0.32 0.45 0.16 0.08 0.18 0.20 0.26 0.20 0.12 0.02
In (Upland) 0.56 0.03 0.04 0.33 0.58 0.15 0.12 0.27 0.18 0.64 0.25
In (Forest) 0.15 0.41 0.58 0.11 0.25 0.1 0.41 0.31 0.19 0.36 0.30
In (Area) 0.35 0.19 0.18 0.32 0.15 0.45 0.23 0.04 0.32 0.10 0.12
In (Length) 0.12 0.06 0.06 0.39 0.04 0.26 0.01 0.07 0.04 0.04 0.00
In (Slope) 0.44 0.43 0.40 0.08 0.31 0.06 0.13 0.60 0.33 0.22 0.24

JJrO 562 7MY =2 ARRAIE B Al2= 5944
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Table 6 Regression equations for estimating the TANK model parameters

Parameters Regression equation R R
ANl —0.0003Slope — 0.017In (Area) — 0.067In ( Upland) +0.398 0.60 0.36
A2 —0.004 Paddy+ 0.001 Forest +0.163In (Slope) — 0.27 0.56 0.31
A2 9.897 < 10~ ° Paddy + 0.028In (Forest) +0.0003In (Slope ) — 0.03 0.60 0.36
A3 —0.0002 Upland+4.092 X 10~ °In (Area) +0.0011n (Zength) +0.006 0.58 0.34

Bi 0.003Slope — 0.1011n ( Upland) + 0.262 0.59 0.35
B2 —0.01In(Area)+0.1 0.64 0.41
B3 7.086 < 10~ 5 Paddy +7.754 < 10~ ° Forest +0.001 0.55 0.31
Hi1 0.318 Forest —0.543Slope + 22.018 0.79 0.63
H12 —0.004Area+0.333Slope + 44.939 0.69 0.48
H2 0.421 Forest +15.412In ( Upland) — 22.099 0.65 0.42
ST3 i;ggForest —49.086 O_jfo 016
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Fig. 5 Calculated parameter values by the regression equations (Each range is suggested by Sugawara, 1972)
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Table 7 Performance statistics of the TANK model with parameters calculated from the developed regression equations

Statistics Watershed Soyangang Hoengseong Chungju Andong Imha

Ratio” 0.77 112 0.77 0.97 0.72

RMSE (mm/day) 3.95 3.10 3.78 3.57 2.63

R 0.73 0.82 0.74 0.75 0.81

NSE? 0.73 0.81 0.74 0.71 0.76
Statistics LGt Hapcheon Namgang Milyang Daecheong Yongdam

Ratio 0.81 0.85 0.72 0.71 0.77

RMSE (mm/day) 2.45 4.86 3.95 2.58 2.62

R 0.87 0.83 0.85 0.82 0.86

NSE 0.85 0.78 0.80 0.79 0.84
Statistics Watershed Boryung Buan Seomjingang Juam Tamijin

Ratio 0.79 0.73 0.79 1,22 0.90

RMSE (mm/day) 3.85 4,95 3.74 3.08 3.94

R 0.78 0.83 0.86 0.82 0.78

NSE 0.77 0.77 0.78 0.81 0.78

Statistics e Maeil Yeongweol Socheon Shinan Jisan

Ratio 0.48 0.71 0.96 1.24 1.26

RMSE (mm/day) 4,09 219 2.69 3.65 2.32

R 0.79 0.85 0.62 0.85 0.84

NSE 0.79 0.84 0.60 0.80 0.83
Statistics Watershed Hyoryeong Gajang Okcheon Cheoncheon Songcheon

Ratio 0.62 0.96 1.25 1.02 114

RMSE (mm/day) 450 2.21 1.55 2.68 2.57

R? 0.75 0.78 0.74 0.86 0.75

NSE 0.72 0.77 0.74 0.84 0.75
Statistics Watershed Gidaegyo Jangjeon Neungju Mareuk Eudeong

Ratio 0.75 1.35 0.79 0.72 0.7

RMSE (mm/day) 3.20 0.70 3.39 2,22 3.71

R 0.80 0.77 0.78 0.75 0.83

NSE 0.79 0.74 0.75 0.70 0.78

" Ratio: (Simulated runoff) + (Observed runoff)

? NSE: Nash-Sutcliffe Model Efficiency
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Fig. 6 Scatter plots comparing annual average runoff from observed
values and simulated values by the regression equations
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