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Automatic Calibration of SWAT Model Using LH-OAT Sensitivity Analysis
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Abstract

The LH-OAT (Latin Hypercube One factor At a Time) method for sensitivity analysis and
SCE-UA (Shuffled Complex Evolution at University of Arizona) optimization method were applied for
the automatic calibration of SWAT model in Bocheong-cheon watershed. The LH-OAT method which
combines the advantages of global and local sensitivity analysis effectively identified the sensitivity
ranking for the parameters of SWAT model over feasible parameter space. Use of this information
allows us to select the calibrated parameters for the automatic calibration process. The performance of
the automatic calibration of SWAT model using SCE-UA method depends on the length of calibration
period, the number of calibrated parameters, and the selection of statistical error criteria. The
performance of SWAT model in terms of RMSE (Root Mean Square Error), NSEF (Nash-Sutcliffe
Model Efficiency), RMAE (Relative Mean Absolute Error), and NMSE (Normalized Mean Square
Error) becomes better as the calibration period and the number of parameters defined in the automatic
calibration process increase. However, NAE (Normalized Average Error) and SDR (Standard Deviation
Ratio) were not improved although the calibration period and the number of calibrated parameters are
increased. The result suggests that there are complex interactions among the calibration data, the
calibrated parameters, and the model error criteria and a need for further study to understand these
complex interactions at various representative watersheds.
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Fig. 1. LH-OAT sampling for 2 parameter space.
(X represents the initial parameter of
Latin—Hypercube sampling and dots
represent the successively changing
parameters.)
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Fig. 2. Automatic calibration framework of SWAT model based on SCE-UA method
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Fig. 3. Bocheong—cheon watershed divided into
10 sub—catchments

Table 1. Hydrologic processes applied in SWAT model

Flow process

Method

surface runoff

SCS curve number equation

potential evapotranspiration

Penman-Monteith equation

actual evapotranspiration

Richtie equation

percolation

Storage routing equation

lateral flow

Kinematic storage model

channel flow

Muskingum routing method

recharge

Exponential weighting function

groundater flow

Hooghoudt storage model

HRU number

12 34 5 8 7 8 9 10
subbasin

average slope

12 3 4 56 7 8 g 1
subbasin
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Fig. 4. Characteristics of Bocheong-cheon watershed
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Table 2. SWAT model parameters used in the sensitivity analysis

parameter definition m‘?;lmu;lm ma:,x;lr;l:m input file
ALPHA_BF baseflow recession constant 0.0 1.0 * GW
GW_DELAY delay time for aquifer recharge (days) 1.0 100.0 * GW
GW_REVAP revap coefficient 0.02 0.2 * GW
RCHRG_DP aquifer percolation coefficient 0.0 1.0 * GW
REVAPMN Threshold water level in shallow aquifer 0.0 500.0 «GW
for revap (mm)
GWOMN Threshold water level in shallow aquifer 00 5000.0 «GW
for baseflow (mm)
CANMX maximum canopy storage (mm) 0.0 30.0 * HRU
SLOPE average slope steepness (m/m) defaultxQ.75 | defaultx1.25 * HRU
SLSUBBSN average slope length (m) defaultx0.75 | defaultx1.25 * IRU
ESCO soil evaporation compensation factor 0.01 1.0 * HRU
EPCO plant uptake compensation factor 0.01 1.0 * HRU
SOL_K saturated hydraulic conductivity (mm/hr) defaultx0.75 | defaultx1.25 * SOL
SOL_Z soil depth (mm) defaultx0.75 | defaultx1.25 *SOL
SOL_AWC available water capacity defaultx0.75 | defaultx1.25 * SOL
SOL_ALB moist soil albedo 0.0 0.3 * SOL
CN2 initial SCS curve number defaultx0.92 | defaultx1.08 * MGT
SURLAG surface runoff lag time (days) 0.0 10.0 * BSN
CH_N Manning’s n value 0.02 0.1 *RTE
CH_K?2 ?mi) effective hydraulic conductivity 0.0 150.0 «RTE
BLAI maximum potential leaf area index defaultx0.75 | defaultx1.25 | CROP.DAT
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Fig. 5. Partial sensitivity calculated by LH-OAT method
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Table 3. Sensitivity ranking for SWAT model parameters

AZHSURLAG)o] + Az & W4 EE Rolal 3o
W, ALPHA_BF, CN2, CANMX % ®jwd wizhg
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REVAPMN, BLAI mj7fRA5E2 A F&F] tg 1
FEE A9 0 7I7HE g WEhlAeh LH-OAT W
HE AEstd 228 UdE E4EAE 289 23
HARNA RAuiARSe] AdE AR 8 A
HE A8 Foh. SCE-UA W& 483 SWAT &
Fo] AFEAAAE Table 3¢ AAIg A= FHl
e 2AuNARE AEste] B A=) Aol
2y AT e 3¢S A

o o H
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RAMESE 15712 14sn RAXEE 24, 3
,4ado g WA SWAT 2389 RERAL 53
t9om Case 4~Case 10914E HARISE 4902
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FP3titt. SCE_UA el Ao BAuiisise] -
7b 16702 A|@=3(Duan et al, 1992), GW_REVAP,
SLSUBBSN, EPCO, REVAPMN, BLAI w7 H4E52
P Azt FAE 7 wl$ 2] o] 2R
uj7Ea=e] MeBe Table 3904 AAH 27T SFol
we} rank 19) CH_N¥E rank 159] SOL_ALBS A9
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reorr e

|
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parameter rank parameter rank
CH.N 1 SLOPE ' 11
SURLAG 2 SOL_Z 12
ALPHA_BF 3 RCHRG_DP 13
CN2 4 GW_DELAY 14
CANMX 5 SOL_ALB 15
GWQMN 6 GW_REVAP 16
ESCO 7 SLSUBBSN 17
CH_K2 8 EPCO 18
SOL_AWC 9 REVAPMN 19
SOL_K 10 BLAI 20

residual)2 ©]839 1, 7H5 Wil F7He] HYe
LH-OAT RIZt= 2ol 4] #-83+ Table 29] %4 - 3}t
58 $U3A Aosiank

Table 4. Calbration cases with changes in
calibration period and parameters

Calibration Number of Simulation
Case period optimized time
(yrs) parameters (hours)
1 2 15 13.47
2 3 15 21.62
3 4 15 26.48
4 4 1 2.78
5 4 3 6.57
6 4 5 9.6
7 4 7 11.18
8 4 9 13.40
9 4 11 16.88
10 4 13 20.46

SWAT 2&e] 9 g7 #5 ghel oigh A& v
W - Fr1el7] skl RMSE  (Root Mean Square
Error), NSEF (Nash-Sutcliffe Model Efficiency; Nash
and Sutcliffe, 1970), RMAE (Relative Mean Absolute
Frror), NMSE (Normalized Mean Square Error), NAE
(Normalized Average FError), SDR (Standard
Deviation Ratio) 5 6714 2217)2< o]&3kgch

ZE‘.I[Qg(t)*QS(t)] 2

210, (0-Q.(h]*
Q. (0-Q,)°

=1

NSEF =1 - 4)
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