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Comparison of Natural Flow Estimates for the Han River Basin Using TANK
and SWAT Models
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Abstract

Two models, TANK and SWAT (Soil and Water Assessment Tool) were compared for simulating
natural flows in the Paldang Dam upstream areas of the Han River basin in order to understand the
limitations of TANK and to review the applicability and capability of SWAT. For comparison, simulation
results from the previous research work were used. In the results for the calibrated watersheds (Chungju
Dam and Soyanggang Dam), two models provided promising results for forecasting of daily flows with
the Nash-Sutcliffe model efficiency of around 0.8. TANK simulated observations during some peak flood
seasons better than SWAT, while it showed poor results during dry seasons, especially its simulations did
not fall down under a certain value. It can be explained that TANK was calibrated for relatively larger
flows than smaller ones. SWAT results showed a relatively good agreement with observed flows except
some flood flows, and simulated inflows at the Paldang Dam considering discharges from upper dams
coincided with observations with the model efficiency of around 0.9. This accounts for SWAT applicability
with higher accuracy in predicting natural flows without dam operation or artificial water uses, and in
assessing flow variations before and after dam development. Also, two model results were compared for
other watersheds such as Pyeongchang—-A, Dalcheon-B, Seomgang-B, Inbuk-A, Hangang-D, and Hongcheon-
A to which calibrated TANK parameters were applied. The results were similar to the case of calibrated
watersheds, that TANK simulated poor smaller flows except some flood flows and had same problem of
keeping on over a certain value in dry seasons. This indicates that TANK application may have fatal
uncertainties in estimating low flows used as an important index in water resources planning and
management. Therefore, in order to reflect actually complex and complicated physical characteristics of
Korean watersheds, and to manage efficiently water resources according to the land use and water use
changes with urbanization or climate change in the future, it is necessary to utilize a physically based
watershed model like SWAT rather than an existing conceptual lumped model like TANK.

Keywords : natural flow, TANK, SWAT, han river basin, watershed model
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Table 1. Hydrological Components and Input Data Characteristics of TANK and SWAT

TANK SWAT
DEM, land use (vegetation DB), soil type
Main input Precipitation, evapotranspiration (soil DB), precipitation, temperature, wind
speed, humidity, and radiation
Semi-distributed (based on physical
Parameter Conceptual .
characteristics)
Potential . Calculated b 1 thods included i
otent 1? . Use calculated data outside of model alculated by several methods nciuded m
evapotranspiration the model
Actual Estimated from potential ET by Estimated from potential ET and available
evapotranspiration multiplying proper coefficient soil moisture content
Landuse Not considered Distributed landuse
Soil Not considered Distributed soil type
. . . . Estimated b idering infiltrati
Infiltration Estimated by conceptual equation stma e_ _y const erm.g i r.a 1or} .
characteristics of each soil layer in soil profile
Estimated by considering evapotranspiration,
Groundwater Estimated by conceptual equation lateral flow, infiltration, percolation, and soil
moisture content of each soil layer
oo . Actual wat and tcan b
Artificial water use | Can be considered by conceptually ¢ u.a Wwaler use and movetnent can be
considered
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1,773
1,614
1,491
931
8,844
23,757
1,566

Ficth o] W TANK 239

Drainage area (km?)

°

Subbains using calibrated parameter values

1001, 1002, 1003, 1005, 1007, 1016, 1017, 1302,

1303

2000~2003 | 2001 ~2003 | 1006

SWAT &3 e] AakE vl

1002
1004
1006
1011
1001 ~1005
1001 ~1017
1014

period
1974~2003 | 1991 ~1998 | 1011, 1012, 1013, 1015, 1018, 1019, 1301

Calibration

1967~2003 | 1993~2000 | 1008, 1009, 1010, 1020, 1021, 1022, 1023, 1024

1988 ~2003 | 1995~2002 | 1004, 1101, 1201, 1202
1982~2001 | 1983~1989 | 1014

1986 ~2003 | 1995~2002

Data period

Subbasins of Water Resources Unit Map

Drainage area

(km?)
2,703
6,648

209

671

3,901

874

Pyeongchang-A
Dalcheon-B
Seomgang-B
Inbuk-A
Hangang-D
Hangang-F
Hongcheon-A

Calibrated
watershed outlet
Chungju Dam
Goesan Dam
Hongcheon
TMDL unit watershed

Table 3. Common Watersheds for Comparison of TANK and SWAT Results

Table 2. Calibrated Watersheds for TANK Model

Soyanggang Dam
Hoengseong Dam
Hwacheon Dam
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Table 4. Statistics of TANK and SWAT Results for the Chungju Dam Inflows

Average annual inflow RB MAE RMSE NSE
Pleriodl (mm) (%) (m?/s) (m%/s)
Obs. |TANK |SWAT|TANK|SWAT | TANK|SWAT| TANK | SWAT | TANK |SWAT

Calibration
(1995 ~2002) 741 745 733 05 1.1 52.7 58.0 193.9 223.0 0.86 0.82

Others
(1986~1994, 351 834 855 2.0 0.5 60.7 69.6 238.0 254.7 0.79 0.76
2003 ~2005)

Total 807 799 806 1.1 0.1 575 64.9 221.4 242.5 0.82 0.78
(1986 ~2005) ' ’ ’ ’ ' ' ' ’

RB, relative bias; MAE, mean absolute error; RMSE, root mean square error; NSE, Nash and Sutcliffe (1970) model efficiency
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Fig. 3. Monthly Inflows at the Soyanggang Dam (1996 ~1998)
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Fig. 4. Observed and Simulated Flow Duration Curves for the Soyanggang Dam Inflows

Table 5. Statistics of TANK and SWAT Results for the Soyanggang Dam Inflows

Average annual inflow RB MAE RMSE NSE
Plerion] (mm) (%) (m?/s) (m?/s)
Obs. |TANK |SWAT | TANK |SWAT|TANK |SWAT| TANK | SWAT | TANK |SWAT

Calibration
(1991 ~1998) 772 744 775 3.6 05 27.6 289 845 80.0 0.81 0.83

Others
(1986 ~1990, 888 851 886 4.2 0.2 30.9 35.1 112.3 112.6 0.79 0.79
1999 ~2005)

Total 842 808 842 4.0 0.0 29.6 32.6 102.1 100.8 0.79 0.80
(1986~2005) ' ’ ' ’ ) ’ ' '

RB, relative bias; MAE, mean absolute error; RMSE, root mean square error; NSE, Nash and Sutcliffe (1970) model efficiency
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1002), E3B(TdEH1004), A4B(FALG1006), SIHA

12 ol

#5454 H39E 20124F 3J]

12

(Td9101D), HHD(FEFI001~1005), THA(EH
1014)°] .

4.3.1

309



AT ACRA, i v =2 g R RO 28 < HaLgk zle|m) Fg, 72 1987~2006119] AH5E o]8-3}
< UEhHo], SWAT Bl oghk &o] Aol vi¢- 5= o] =& fra=delrt Figs. 6 and Fig. 764 & 4 1%
U= e & 5 Atk whebs] SWAT 23S o]8ato] | o] F719F A7) B TANK E89| gho] tha =7 1
9 2 AAHRJD TS v FEe] £ 5 A Eton, 538 d=7loll= TANK®] HA o] °F 63
AfrEol it A Ao 23 v =S AFEE B m’/s o]tz RLo|wA] = HERaL glof, <kl
gerkal Ade = gk T g Al vigk £ Auket v A = TANK
Fig. 6& SWAT 237} TANK 29| 49 AdfE% mygel gdgr] rejoll ZAZF e et 5 gk

Monthly inflow (mm)

Fig. 5. Monthly inflows at the Paldang Dam (Hangang-F)
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Table 6. Statistics of SWAT Result for the Paldang Dam Inflows

Periog Average annual inflow (mm) RB MAE RMSE
( o 5 g NSE
year) Obs. SWAT (%) (m®/s) (m*/s)
1987 ~2005 7 774 0.3 137 3776 0.89

RB, relative bias; MAE, mean absolute error; RMSE, root mean square error; NSE, Nash and Sutcliffe (1970) model efficiency
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Fig. 6. Natural inflows at the Paldang Dam (Hangang—F)
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Fig. 11. Flow Duration Curves for the Seomgang-B Natural Flows
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