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A Study on Parameter Estimation for SWAT Calibration Considering Streamflow
of Long-term Drought Periods
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Abstract

Recently, the hydrological model Soil Water Assessment Tool (SWAT) has been applied in many watersheds in South Korea. This study estimated
parameters in SWAT for calibrating streamflow in long-term drought periods. Therefore, we focused on the continuous severe drought periods
2014~2015, and understand the model calibrated parameters. The SWAT was applied to a 366.5 km” Gongdo watershed by using 14 years (2002~2015)
daily observed streamflow (Q) including two years extreme drought period of 2014~2015. The 9 parameters of CN2, CANMX, ESCO, SOL_K, SLSOIL,
LAT TIME, GW_DELAY, GWQMN, ALPHA_BF were selected for model calibration. The SWAT result by focusing on 5 normal years (2002~2006)
calibration showed the 14 years average Nash-Sutcliffe model efficiency (NSE) for Q and 1/Q with 0.78 and 0.58 respectively. On the other hand, the 14
years average NSEs of Q and 1/Q by focusing on 2 drought years (2014~2015) calibration were 0.86 and 0.76 respectively. Thus, we could infer that the
SWAT calibration trial by focusing on drought periods data can be a good approach to calibrate both high flow and low flow by controlling the 9 drought

affected parameters.
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Monitoring Data

= Daily weather data (2002-2015)

2 3 weather stations (SW, IC, CA)

o Precipitation (mm/day),
Temperature (*C), Wind speed (m/s),
Solar radiation (MJ/m?),

Relative humidity (%)

o 7 categories

= Watershed boundary

= Digital Elevation Model (30m)
= Soil map (1:25,000)

» Land use map

= Daily streamflow data (2002-2015)
o Watershed outlet (Gongdo)

SWAT Model Setup

® Model run (2002-2014), warm-up (1998-2001)
» Parameters sensitivity analysis

Average Years Drought Years

= Calibration
o Average years (2002-2006, Syrs)

i

® Re-Calibration
o Drought years (2014-2015, 2yrs)

T konmeen |

SWAT Model Application

» Each period of average and drought
o Surface runoff (CN2)
o Canopy storage (CANMX)
o Evapotranspiration (ESCO)
o Soil water (SOL-K, SLSOIL, LAT-TIME)
o Groundwater (GW-DELAY, GWQMN, ALPHA-BF)

= dpplication of difference parameters
o Average vs. drought calibrated versions
= Analysis of hydrologic response to climate variability
» Evaluation of model performance for the two calibration
versions (R2, NSE, RMSE)

Fig. 1 The SWAT calibration procedure focusing on 2014~2015 streamflows by 2 years continuous severe drought
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Fig. 2 Gongdo study watershed, meteorological and streamflow gauge stations

(b) Land cover

Landcover Soil Type
Il Urban Clayloam
Agricultural 0 Loam
Bl Forest I Loamy sand
B Grass Sand
B Wetland [0 Sandy loam
BareField Siltlaam
Bl Water I Silty elay
I Silty elay loam.
km — 1km
8 o 2 4 8
(c) Soil type

Fig. 3 GIS data of Gongdo study watershed
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Table 1 Data sets for SWAT model parameterization

Data Type Source Scale / Period Data Description / Properties
Water Resources Management 30 m - )
T h DEM (digital elevat del
opography Information System by 30 m (digital elevation model)
Water R M t 0
Land cover ater esour.ces anagemen 30m 2010 Landsat land use classification (7 classes)
Information System by 30 m
. Rural Development Soil classificatigns gnd physigal pr(?perties lviz,
Soil . . 1/25,000 texture, porosity, field capacity, wilting point,
Administration . ’
saturated conductivity, and soil depth
Korea Meteorological Daily precipitation, minimum and maximum
Weather . i 9 1998~2015 temperature, mean wind speed, solar radiation and
Administration ) -
relative humidity data
Water Resources Management )
Streamflow Y ) 9 1998~2015 Daily streamflow data at Gongdo watershed outlet
Information System
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Fig. 4 The sensitivity analysis results for 9 selected parameters
with total discharge
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Fig. 5 The sensitivity analysis results for 9 selected parameters showing the hydrograph shape
Table 2 The value range for parameter sensitivity analysis
. Range of Value
Parameters Definition Range
MIN. — MAX.
CN2 SCS curve number for moisture condition 35 to 98 56 61 66* 7 76
CANMX Maximum canopy storage 0 to 100 0* 2 4 6 8
ESCO Soil evaporation compensation coefficient 0to 1 0.2 0.4 0.6 0.8 0.95*
SOL K Saturated hydraulic conductivity (mm/hr) 0 to 2000 0.1 0.5 0* 1.5 1.9
SLSOIL Slope length of lateral subsurface flow (m) 0 to 150 0* 25 5 75 10
LAT_TIME Lateral flow travel time (days) 0 to 180 0* 10 20 40 60
GW_DELAY Delay time for aquifer recharge (days) 0 to 500 10 20 31* 50 100
GWQMN Threshold water level in shallow aquifer for base flow (mm) 0 to 5000 500 | 1000* | 1500 | 2000 | 3000
ALPHA BF Base flow recession constant Oto1 0.048%| 0.1 0.3 0.5 0.8

* Parameter default values, Neisch et al. (2002)
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Fig. 6 Long—term patterns of annual average precipitation and
the streamflow of study watershed, Horizontal line shows
the average values during the entire period of 2002-2015

Table 3 The SWAT 9 calibrated parameters for 2002~2006 periods data and 2014~2015 drought periods data

Parameters Definition Default* Adjustment Calibrated values
2002~2006" | 2014~2015"

CANMX Maximum canopy storage (mm) 0 replace 5 7
CN2 SCS curve number for moisture condition given by HRU added 66 (default) -5
ESCO Soil evaporation compensation coefficient 0.95 replace 0.2 0.75
SOL_K Saturated hydraulic conductivity (mm/hr) given by HRU multiply 0 (default) *0.6

SLSOIL Slope length of lateral subsurface flow (m) 0 replace 0 (default) 5

LAT TIME | Lateral flow travel time (days) 0 replace 8 3
GW_DELAY | Delay time for aquifer recharge (days) 31 replace 100 180
GWQMN | Threshold water level in shallow aquifer for base flow (mm) 1000 replace 2000 2500
ALPHA BF | Base flow recession constant 0 replace 05 0.55

* Source: Neisch et al. (2002) calibrated a) focusing on 2002~2006 b) focusing on 2014~2015
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Table 4 Summary of calibration results focusing on 2002~2006 observed data for the whole periods

Vear PCP Runoff (mm) Runoff ratio (%) =2 RMSE NSE
(mm) Obs, Sim. Obs. Sim. (mm/day) Q2 nQ"®

2002 1146.4 555.0 622.0 484 543 0.96 0.77 0.91 0.56
2003 1522.9 857.8 890.3 56.3 58.5 0.74 0.40 0.92 0.68
2004 1168.7 635.2 654.3 54.4 56.0 0.68 2.26 0.92 0.95
2005 1362.5 690.9 6247 50.7 459 0.77 3.46 0.97 0.75
2006 1008.4 647.8 644.9 64.2 64.0 0.72 579 0.78 0.63
2007 1437.9 630.9 742.4 439 51.6 0.38 5.83 0.92 0.74
2008 1118.8 4285 461.6 38.3 4.3 0.56 1.7 0.89 0.79
2009 12911 3385 526.1 26.2 40.7 0.68 9.82 0.1 0.83
2010 1426,0 653.8 6992 458 490 0.29 2.37 0.32 0.69
2011 1927.3 1285.5 12191 66.7 63.3 0.56 3.47 0.64 0.60
2012 1548.8 7371 789.5 47.6 51.0 0.55 274 0.94 0.79
2013 1193.4 663.8 564.7 55.6 47.3 0.24 519 0.85 0.43
2014 997.9 375.2 310.2 37.6 31.1 0.71 3.40 0.97 0.12
2015 514.4 2015 130.1 39.2 253 0.56 4,33 0.84 -0.42
Avg, 1,261.8 621.5 634.2 482 485 0.60 3.68 0.78 0.58

a) NSE, b) NSE,,, (inverse discharge)

Table 5 Summary of calibration results focusing on 2014~2015 observed data for the whole periods
Vear PCP Runoff (mm) Runoff ratio (%) R RMSE NSE

(mm) Obs, Sim. Obs. Sim. (mm/day) Q nQ

2002 1146.4 555.0 663.5 484 57.9 0.96 1,99 0.96 0.51
2003 1522.9 857.8 9485 56.3 62.3 0.83 2,59 0.96 0.86
2004 1168.7 635.2 723.3 54.4 61.9 0.73 0.12 0.94 0.90
2005 1362.5 690.9 686.4 50.7 50.4 0.87 0.24 0.98 0.91
2006 1008.4 647.8 695.5 64.2 69.0 0.81 0.63 0.82 0.88
2007 1437.9 630.9 7817 43.9 54,4 0.62 7.89 0.95 0.64
2008 1118.8 4285 511.6 38.3 457 0.67 4,35 0.92 0.79
2009 12911 338.5 566.6 26.2 439 0.81 11.94 0.44 0.80
2010 1426.0 653.8 7217 458 50.6 0.40 3.556 0.49 0.75
2011 1927.3 1285.5 1230.0 66.7 63.8 0.74 2.91 0.81 0.75
2012 1548.8 7371 835.1 476 53.9 0.7 5.12 0.97 0.73
2013 1193.4 663.8 633.5 55.6 531 0.40 1.59 0.90 0.71
2014 997.9 375.2 362.7 37.6 36.3 0.73 0.66 0.97 0.88
2015 514.4 201.5 169.4 39.2 32.9 0.44 1.94 0.86 0.58
Avg. 1,261.8 6215 680.7 482 52.6 0.69 3.25 0.86 0.76

AFERES A Ao] 20103 k). 2 CANMX 271630 G F SOL K= 715 ghof 0.64) 7h4

S} ESCOQ] 248 Z47F 72 183t A xdteko] =7} SL_SOIL20 moj|A] 5 m=Z 7}, LAT_TIME-28 days ol 4]

o BT S7k2 vk Eglom, CN29] 242 HF 3 days 2 e A|A, 27] =41 9] 712 7] 7 ket

= A g Ao s Heloh BjollA w3t FEj = MepA7]= = Uk 5, SOL_K
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