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Abstract

The various semi-distributed and distributed hydrological
models have great potential for water catchment
comprehensive simulations, but there still is a need for
development in order to give out a more realistic simulation
representing the actual conditions of the catchment area.
Changes in model codes are required in order to simulate the
karstic basins using conventional hydrologic models. The
SWAT model, as a free open-source package, offers this
possibility to set up and configure various conditions in the
catchment area. In this research, a new model called SWAT -
ML has been developed in which different hydrological
characteristics were assigned to karst regions. The studied area
is the karstic basin of Maharlu Lake and the statistical
simulation period was selected from 1980 to 2013 for
calibration and validation of surface runoff, base flow,
agricultural production, and actual evapotranspiration. The
model was calibrated with an average of determination factor
and Nash Sutcliff of 0.65, and it was concluded that the SWAT
model has a great potential for estimating the yields of
agricultural products. The developed model showed better
performance in karstic watershed simulation compared to the
original SWAT model. The calculated balance values by
SWAT and SWAT-ML model showed significant differences
compared to hydro climatology budget.
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Table 1- Some of related studies in Karstic Basins
) a3 had o S Rg5 5l (A - Uy

Study Model Goal Approach
Afinowicz et al. Alteration of base flow code for rapid groundwater
(2005) SWAT Water budget undertaking
Amatyaetal. (2011)  SWAT Runoff Addlng_ of subsurface point source (sprlng) and
alteration of base flow approximation method
Amatya et al. (2013)  SWAT Phosphorus Addition of subsurface point source and modification
of base flow estimation method
Baffaut and Benson SWAT Runoff and Excruciating groundwater recharge and using high
(2009) Contaminant hydraulic conductivity values
Nikolaidis et al. Hydrology and A adapted Kkarst flow model: upper reservoir and lower
SWAT . .
(2013) Contaminant reservoir system
Palanisamy and . Request of orifice flow method incorporated into
Workman (2015) SWAT Sinkholes SWAT model for sinkhole modeling
Spruhill et al. (2000) SWAT Runoff Regular SWAT model parameterization
Yactayo (2009) SWAT  Hydrologic Process Permitting overland flow and lateral flow from

upstream areas to recharge the sinkholes
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Fig. 1- Location of the case study area, riverine network and hydrometric stations in Maharlu Basin
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Fig. 3- Karstic geo units in Maharlu Lake basin
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Table 2- Some of sensitive parameters and the up and low bands
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Low and up band of sensitive parameters

Parameter Unit Method SWAT model
SHALLST.gw  mm % [3,127]
GW_DELAY.gw day % [10, 20]
GW_REVAP.gw - % [0.015, 0.016]
PLAPS.sub - % [1,8]
TLAPS.sub - v [7,10]
CN2.mgt - r [-0.01, 0.38]
HRU_SLP.hru  mm % [0.75, 0.84]
LAT_TTIME.hru day \% [22, 32]
SOL_BD.sol - r [-0.019, 0.5]
ALPHA BF.gw - v [0.46, 0.63]
SOL_AWC.sol - r [-0.5,-0.3]
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Table 3- Results of uncertainty analysis
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Station P- R-
factor factor
Chenar Sokhte Azam Calibration 0.49 0.39
Chenar Sokhte Calibration 0.47 0.48
Khoshk
Bagh Safa _ Calibration 051  0.34
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Table 4- Final values of the parameters affecting evapotranspiration for each product

=
15

—Observed —SWAT

§s

<6

2

o4

E

5 2

[

20
™ e NN M S T NN W W00 QD e N M S S OWNW W NN 000N
O OODDh DO DD DO DNDOO O OOOCO0O0O0 000000 S dd
R R EEEEEEEEEEEEE-EEEEEEEEEEEEEREEER]
o o A A A A A A A E A W NN NN AN N NN NN NN NN NN NN

Time Step (Month)

_12

210 ~—Observed —SWAT

Zs

_gs

=

E4

E2

a0
0 O = @ &N M M T DWW OO " NN Mm T T NN W WOWNRMNODOWOO OO ™M
R I R O - - B - - = = = - = = = R R = i R~ = I~ - B
LR EEEEEEEEEEEE-EEEEEEEEEREEEREEEEEEREER
wWoE H H A E H A E e H N NANNNNNNNNNNNN N NN

Time Step (Month)

35

=30

S —0Observed —SWAT

=25

220

o

=15

E

Fig. 4- Runoff time series of the calibrated model with SWAT model
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Wheat Value Olive Value Grape Value
BLAI 4 BLAI 5.9 BLAI 7.5
HVSTI 1 HVSTI 0.9 HVSTI 1.15
DLAI 1 DLAI 0.99 DLAI 0.99
FRGRW1 0.1 FRGRW1 0.1 FRGRW1 0.1
LAIMX1 0.1 LAIMX1 0.4 LAIMX1 0.15
FRGRW2  0.45 FRGRW2 0.5 FRGRW2 0.5
LAIMX2 0.95 LAIMX2 0.95 LAIMX2 0.75
T_BASE 3 T_BASE 18 T_BASE 18
T OPT 22 T OPT 28 T OPT 30
EXT_COEF 3 EXT_COEF 0.65 | EXT_COEF 0.65
BIO E 75 BIO_E 60
GSl 5 GSl 5
VPDFR VPDFR
BIO_LEAF 9 BIO_LEAF 0.9

Table 6- Values of Simulated Product Yield (kg /ha)
30 055 9lS) ¥ grasmo (5 jlwdnmi 3 Sdos palie —F Jou

Table 5- Comparison of the simulated values for the
real annual evapotranspiration

(b 81y 395 9 pie bwglo y3le duglio -0 Jgao
Plant Yield (Kg/ha) B (g jwdnens 43¥ L
Observed Simulated Wheat Olive Grape
Wheat 5322 4638 SWAT 491 836 296
Grape 3325 3035
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Fig. 5- Runoff time series of calibrated model with SWAT-ML model
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Table 7- Results of calibration and validation of SWAT and SWAT-ML model
SWAT-ML  SWAT Jue U (v s g (Suiwly gl -V g

Station
Calibration
Chenar Sokhte Azam validation
Chenar Sokhte Khoshk Cah_b rat_lon
Validation
Calibration
Bagh Safa Validation

R2 NS

SWAT SWAT-ML SWAT SWAT-ML
0.68 0.71 0.52 0.66
0.73 0.75 0.6 0.64
0.72 0.75 0.72 0.77
0.81 0.80 0.78 0.77
0.6 0.64 0.6 0.62
0.65 0.67 0.66 0.67
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Table 8- Evaluation of Infiltration Values in a
Karstic HRU with the two Models

LS s o

Deep Aquifer

Model Infiltration (mm) Recharge (mm)
SWAT-ML 282 11
SWAT 184 1
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Fig. 6- Base Flow time series and scatter in Chenarsokhte Nahr Azam station
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Table 9- The values of main components of the water budget in the study area

ORRgH 390 83955 15 (W ol (sradlie wdlie - Jgua

Return Flow to

Approach Eta  Flow Out Deep Aquifer Recharge Base Flow Groundwater
(mm)  (mm) (cms) (MCM) (cms)
(MCM)
SWAT 540 289 1.65 144 0.832 43
SWAT-ML 540 271 1.66 159 0.773 73
Climatology 540 242 1.68 197 0.749 61
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