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Figure 3- (a) Land use map and Neishaboor plain sub-basins in SWAT and (b) Location of Neishaboor aquifer in the
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Figure 4- Comparison between simulated and observed monthly discharges and simulated discharge uncertainty band (gray)

in calibration period (1/2001-12/2009) and validation (1/2010-12/2011) for four hyrometric station (AndarAb,Bar Erieh,
Kharv Majou, HosseinAbad Jangal)
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Table 1- The value of statistics for the calibration (validation) period

ol

_ MSE R2 NS p-factor r-factor
Station
o5 2.312.8) 0.72(0.47) 0.7(0.43) 0.13(0.04) 0.09(0.13)
Andarab Zarandeh
bk 52(16)  0.71(0.46) 0.38(0.31) 0.1(0.08) 0.06(0.1)
Baar Erieh
Esoxe 9 8.6(1.6) 0.5(0.34) 0.39(0.34) 0.06(0.13) 0.06(0.1)
Kharv-e-Majmou
S bl 4.8(9.5) 0.850.7) 0.84(0.65) 0.36 (0.29) 0.21(0.83)

Hossein Abad-e-Jangal
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Figure 5 -Spatial variations of annual mean percolation (mm) in Neishaboor watershed (simulated by SWAT model)
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Table 2- Final selected parameters with first and final ranges and their sensivity in SWAT calibration process

yalyly Olws g t-stat p-value 4dgl 03992 2 edgaxe
zebo o des) (ol dnlpl (Sg)ne colia
v__CH_K2.rte (el oo s ) 781 0 5,40 29.94,40
- - Effective hydraulic conductivity of channel (mm/hr) [ ] [ 1
r__CN2.mgt Curve number e ol -4.03 0.00006 [-0.6,0.6] [0.41,0.55]
v__GW_DELAY.gw (92) o) o 435 35 oloj 247 003  [50,150]  [92.102,141.66]
Delay time for aquifer recharge (days)
v__CH_N2.rte 429225 0 2 hel anlpl SKigle o 198 004  [0,03] [0.097,0.195]
Manning's n value for the main channel
r_SOL_AWC().sol (Raden 2 socha) SE s JB o oo 166 01 [05-03]  [-0.34-021]
Available water capacity (mm/mm)
r_SOL_BD().sol (ke ol £.5) S ol S 147 014 [06-05]  [-0.535-0.526]
Moist bulk density (g/cm3)
V_ALPHA BNK.te w7 ulrcein ok Jodl pSe coyd 142 015  [0.01] [0.42,0.76]
Bank flow recession constant
. JB .
r_SOL_Z().sol (o) S Gos 112 026 [0.6,06 10.49,-0.38
—SOL_20 Depth from soil surface to bottom of layer (mm) [ 1 [ 1
(mm HZO)AJL uLP ‘51).3 019:7';3’] 5 ub)> )I.L'a'.o J§|.\>
v__GWQMN.gw : 09 037 0,1000 189.78,569.67
—GWQ g Threshold water level in shallow aquifer for base flow [ 1 [ ]
(cols p poide) SB- (Sgyn cylin
r__SOL_K().sol -0.86 0.39 -0.4,0.4 -0.26,-0.18
—SOLKO Saturated hydraulic conductivity (mm/hr) [ 1 [ 1
v__ESCO.hru o Sblsamdes 083 04  [0.0L1] [0.76,0.87]
Soil evaporation compensation coefficient
v__GW_REVAP.gw Revap®eeps 069 049  [0.020.1] [0.05,0.08]
Groundwater revap coefficient
v__REVAPMN.gw (MM H20) Gas o plyel > ol Gas ali] 068 05 [5,7] [5.26,6.42]
Threshold water level in shallow aquifer for revap
v__SLSUBBSN.hru (o) o Job b 058 056  [10,150] [73.83,110]
Slope length (m)
v__EPCO.hru oS by SB Sl ol Q> ol 041 068  [0.0L1] [0.88,0.96]
Plant uptake compensation factor
v__ALPHA_BF.gw wreing = ol Jedl e o 002 0.99 [0,1] [0.07,0.69]
Baseflow recession constant
v__SMTMP.bsn (ogmd) 352 0355 055 o> 212 0 [-5,5] [2.1,4.9]
Snow melt base temperature (C)
G VY 0By ogd Jele
v__SMFMX.bsn -172 0 [1.4,6.9] [3.3,6.9]
Snow melt factor on June 21 (mmH20/day-C)
v__TRNSRCH.bsn : o Jl el . 4.28 000002  [0,1] [0.8,1]
Fraction of transmission partitioned to the deep aquifer
v__SFTMP.bsn (msede) B2 slod 3.33 0.0009  [55] [3,4.1]
Snowfall temperature(C)
v__TIMP.bsn S 035 o3 3 087 0387  [0.0L1] [0.85,1]
Snow pack temperature lag factor
v__SURLAG.bsn b by 20 s 082 0412  [1,24] [14.6,17.2]
Surface runoff lag coefficient
v_ SMFMN.bsn b3 T 3 By g3 Jale 069 0489  [14,69] [1.5.2.5]
Snow melt factor on December 21 (mmH20/day-C)
v__FFCB.bsn SE ol 4yl 063 0529  [04] [0.25,0.65]
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Figure 6- Temporal variation of groundwater level at four selected observation wells, comparison between the model
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Figure 7- Comparison of the observed and simulated mean groundwater level by SWAT-MODFLOW for the period of 2001-

2011
(Each circle reperesents one of the 48 observation wells)
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Introduction: During the last decades, arid and semi-arid regions has faced a severe problem of depletion of
groundwater resources due to the over-exploitation of the aquifer. Moreover, groundwater and surface water are
not isolated components of the hydrologic system, but instead interact in a variety of aspects in which
development of one commonly affects the other. Additionally, the interaction is often complicated by
agricultural activities including surface water diversion, groundwater pumping and irrigation. This study presents

an integrated SWAT-MODFLOW model that couples land surface hydrology and groundwater hydrology to
determine spatial groundwater percolation patterns considering allowable groundwater pumping rates for the
Neishaboor watershed, Iran. Within the integrated model, the pumped groundwater is applied as irrigation to the
cultivated fields within the SWAT model, with deep percolation from the soil profile bottom applied to the
MODFLOW model as recharge. The model is tested against observed stream flow and water table elevation,
with model output then used to assess and quantify spatial-temporal patterns of groundwater recharge to the
aquifer.

Materials and Methods: The recently developed SWAT-MODFLOW modeling code simulates spatially-
distributed hydrologic processes in the coupled land surface / aquifer system, with SWAT simulating land
surface, soil zone, and stream flow routing processes and MODFLOW simulating groundwater flow and
groundwater/surface water interaction processes. Modifications which is done to the modeling code includes: 1)
Linking pumping from MODFLOW cells to SWAT HRUs for groundwater irrigation and 2) Imposing shallow
water table percolation and lateral flow conditions for SWAT HRUs when the MODFLOW-simulated water
table is within the soil profile of the HRU. The integrated SWAT-MODFLOW framework is tested in the
Neishaboor watershed (9157 km?) for the 1998 to 2011 time period. Climate of the region is classified as semi-
arid, with an average annual precipitation of 265 mm that varies considerably from one year to another. The
mean annual temperatures changes from 13°C in the mountainous area to 13.8°C in the plain area and the annual
potential evapotranspiration is about 2,335 mm. The main crops that are grown in the watershed is irrigated and
rain fed wheat during fall and winter and corn silage during summer. Regarding previous studies, about 93.5% of
the groundwater withdrawals in the Neishaboor watershed are consumed in agriculture, mostly for irrigation.
Therefore, irrigation practices play a crucial role in the water resources balance in the study area. Within the
integrated model, the pumped groundwater is applied as irrigation to the cultivated fields within the SWAT
model, with deep percolation from the soil profile bottom applied to the MODFLOW model as recharge. The
SWAT model was calibrated and tested in SWAT-CUP for the 2001-2009 and 2010-2011 periods, against
stream flow and developed model was calibrated manually against groundwater level data.

Results and Discussion: Annual average recharge, calculated from the daily recharge values pass from
SWAT to MODFLOW, demonstrating higher recharge rates in the alluvial fans and upland plain. Observed and
simulated stream discharge in four hydrometric stations demonstrate good similarity results with the observed
hydrograph. The NS values for monthly discharge rates are considered acceptable, however, the field-estimated
stream flow estimates contain a high degree of uncertainty. Simulated cell-wise groundwater hydraulic head at
the end of the simulation is compared with observation values with the highest water table elevation occurring in
the north east and low water table elevation occurring in the outlet. Comparing observed and simulated average
groundwater levels at the 48 monitoring wells, the deviation from the 45-degree line is less than 2.5 m for over
73% of the circles. The manual calibrated model can capture the main temporal trend. Overall, the model well
captures the long-term characteristics of the regional groundwater level.

Conclusion: In this study, a new coupled model, referred to as SWAT-MODFLOW was used to model a dry
and semi-arid region with a complicated irrigation system with groundwater pumping. A comprehensive model,
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will enable accurate simulations of stream flow and water table fluctuations in watersheds and aquifers
respectably. In short, surface water infiltration is passed from SWAT to MODFLOW based on the contributing
areas of the HRUs to the groundwater grid. Pumping agriculture water is then calculated and passed back to
SWAT. The need for such a model is highlighted by the Neishaboor basin, where the agriculture is completely
based on groundwater pumping. The case study in the Neishaboor basin demonstrated the applicability of the
model for large, dry basins. The model will be used to determine best management practices for groundwater
pumping in the region.
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