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Abstract

Distributed hydrological models use a large number of
parameters in simulating a watershed and accordingly are
subjected to model uncertainty. This study, therefore, analyzes
the model uncertainty induced by its parameters instability.
The soil and water assessment tool (SWAT)—a powerful
semi-distributed hydrological model—is employed here to
simulate the Kardeh river flow, in Iran. The model parameter
sensitivity was assessed using the global sensitivity analysis
method. For the uncertainty analysis, the generalized
likelihood uncertainty estimation (GLUE) technique was used
which performs the uncertainty analysis and calibration of the
model through inverse modeling. Observed streamflow data of
2000-2006 and 2008-2012 were respectively used for
uncertainty-analysis/calibration and validation periods.
Consulting the Nash-Sutcliffe efficiency coefficient values
obtained in calibration (0.64) and validation (0.68) steps, the
developed SWAT model showed good performance for
simulating Kardeh river flow. The produced uncertainty band
was also able to encompass respectively 68 % and 93 % of the
observations during calibration and validation steps. Results,
while confirming the model goodness of fit, showed that the
generated uncertainty interval by GLUE covers a large
spectrum of the probable streamflow scenarios in the study
area. Therefore, the model applicability in the study area is
confirmed under different uncertainty scenarios and it can be
applied for the river basin planning and management. The
calibrated model can be reliably forced by climate change
scenario driven data to assess the hydrological impacts of
climate change in the study area.
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Fig. 1- The sub-basins (A), land use (B), and soil-maps (C) of Kardeh dam catchment
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Table 1- Hydrometric stations used in the study
axlllao 4> o3liw! 3,90 (sLIKuy ] Olasudin —) Jaua

Altitude (m) Latitude Longitude Station name
1279 36° 37" 12" 60° 41' 29.6" Kardeh-Dam
1830 36°48' 17" 52° 32'43.6" Marshak
1320 36° 43' 45.9" 59°23'33.1" Sarooj
1505 36° 29'24.5" 58°59'9.5" Abghad
1464 36°43'1" 59° 39'59.6" Aal
1563 36°49' 34" 59° 48' 35.9" Talghoor
1569 36°43'4.2" 59° 33'43.7" Goosh
1313 36° 36'44.8" 58° 35" 23.9" Jong
1322 36° 39' 35" 59° 39' 58.2" Kardeh (Hydrometric)
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Table 2- The order of sensitive parameters defined in sensitivity analysis
U Ol cd 4 Je ol b 2ol 51 (S 2 =Y Jgoa

t-Stat P-Value Parameter Name Order

-52.56 0 PLAPS.suB 1
-30.42 0 SOL_BD(1).soL 2
-27.74 0 SOL_K(1).soL 3
-25.43 0 HRU_SLP.HRU 4
-21.83 0 ALPHA BNK.RTE 5
-16.78 0 SFTMP.BSN 6
13.75 0 SLSUBBSN.HRU 7
13.71 0 SOL_AWC(1).soL 8
-11.83 0 CN2.mGT 9
-8.53 0 SMTMP.BSN 10
-7.52 0 ESCO.HRU 11
4.89 0 SMFMN.BSN 12
4,52 0 CH_K2.RTE 13
3.36 0 SMFMX.BSN 14
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Fig. 2- The uncertainty analysis and calibration results
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Fig. 3- The uncertainty band during validation period
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Table 3- Performance measures during calibration and validation of the model
W}L’S&‘ 9 W" 5)93 93 )3 G:Aéb dub)‘&i —‘ﬂ Js.}?

Statistical

P-factor R-factor RSR PBIAS R? NSE year the period
0.68 0.92 0.6 16.33 0.66 0.64 2000-2006 Calibration
0.93 157 0.56 45 0.71 0.68 2008-2012 Validation

ool ;D S 4 GLUE 13,65) gy cawlio (e L SWAT
e |y Caalapne Calises bagld o Jio o) cublB g sl
6 adllas oyl 5 SWAT o Loxialy e 5y ) j) 435 o
&F Capde ilwdinge Jod jl e (gl y)lS (gl oolil
Sl i 9 (e Slalidl piomen g @)t 550 O

Al o 03,8 o dd g ) uldl s

SNl =0
a5 b o Jol5 oKl p3 o pl dabibl 5l isw dllie oy
oSy UOZ-GR-9618-144 ojles wlagy, 5 ol (sladij
wlio Sl 6o 5l dllie 5 sin 55 duasg s ool 02 (yols
i gyl sladhie o CS s g owlidlon o aub

Byglise Josar |y ()38 5 S5 JloS 2 b (slmodls

1- Monte Carlo Markov Chain

2- Blocking Monte Carlo Markov Chain

3- Null Space Monte Carlo Markov Chain

4- Sequential Uncertainty Fitting

5- Generalized Likelihood Uncertainty Estimation
6- Parameter Solution

7- Dynamic Water Balance Model

8- Atmosphere—Land-Surface Interaction Scheme
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