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Extended Abstract

Introduction

Rafsanjan Plain, an arid region of Iran, has experienced groundwater depletion and significant hydrological
changes in recent decades. This study applied the semi-distributed, process-based SWAT model to simulate
hydrological processes and estimate the water balance. Spatial inputs (DEM, land use, soil type, slope) and daily
climate data (precipitation, temperature, humidity, wind, solar radiation) for 2002—2024 were used. The watershed
was divided into sub-basins and HRUs, and the model was calibrated and validated using SUFI-2 in SWAT-CUP,
with sensitivity and uncertainty analyses conducted. Results indicated that curve number, saturated hydraulic
conductivity, and baseflow parameters most influenced streamflow simulation. Model performance was acceptable
(P-factor 0.42, R-factor 2.62 in calibration; 0.42 and 0.39 in validation). Over 60% of annual precipitation was lost
via evapotranspiration, with surface runoff contributing less than 0.1%. These findings demonstrate SWAT’s
effectiveness for water resources management and climate impact assessment in arid regions.

Materials and Methods

The Rafsanjan Plain, encompassing 12,513 km? within the Kavir-e Dranjir-Saghand basin, was delineated into 12
sub-basins using a 30-meter Digital Elevation Model. The model configuration incorporated land use/land cover
maps (derived from Landsat imagery), soil classification data from the Iranian Soil and Water Research Institute,
and slope categories to generate Hydrological Response Units (HRUs) through an overlay process. Daily climatic
inputs spanning 2002-2024 included precipitation, maximum/minimum temperature, and relative humidity from
the Rafsanjan synoptic station; wind speed and solar radiation were obtained from NASA's POWER database to
fill data gaps. Monthly discharge observations from two hydrometric stations facilitated model calibration (2002-
2017) and independent validation (2018-2024). The SUFI-2 algorithm in SWAT-CUP performed automated
calibration through iterative Latin Hypercube sampling, accounting for parameter uncertainty by bracketing
observations within 95% prediction uncertainty bounds. Sensitivity analysis employed the t-test method to rank
27 parameters related to runoff generation, soil water movement, and groundwater flow. Performance evaluation
utilized the P-factor (percentage of observations within uncertainty band) and R-factor (average width of
uncertainty band normalized by standard deviation), supplemented by coefficient of determination (R?), Nash-
Sutcliffe efficiency (NSE), and root mean square error (RMSE).

Results and Discussion

Global sensitivity analysis identified 27 parameters significantly influencing streamflow simulation, with the curve
number (CN2), saturated hydraulic conductivity (SOL_K), and baseflow recession constant exhibiting the highest
sensitivity based on t-statistics and p-values (<0.05). Calibration achieved P-factor=0.42 and R-factor=2.62, while
validation yielded P-factor=0.42 and R-factor=0.39, indicating acceptable model performance according to
ASABE guidelines. Statistical metrics demonstrated strong agreement (R?<0.91, NSE=0.84) between simulated
and observed monthly discharge, though the model overestimated peak flows in extreme years (2006, 2014) due
to limited availability of sub-daily precipitation data and simplified representation of runoff generation during
high-intensity events. Water balance analysis revealed that 63.2% of mean annual precipitation (142 mm) was lost
through actual evapotranspiration, 28.4% contributed to deep aquifer recharge, 7.8% generated surface runoff, and
return flow constituted merely 0.08%, characterizing typical hyper-arid hydrology. Baseflow dominated river
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discharge during dry months (June-September), comprising 85% of total flow, while snowmelt contributed
significantly to spring peaks. Uncertainty analysis demonstrated that parameters controlling runoff partitioning
and soil water retention (CN2, SOL K, soil available water capacity) contributed 68% of total prediction
uncertainty. Seasonal patterns showed that precipitation and runoff peaked in March-April, while potential
evapotranspiration reached maximum values during June-August. The model's performance in simulating
baseflow recession was superior to its representation of quickflow response, reflecting its conceptual structure and
parameterization limitations in capturing rapid runoff processes.

Conclusion

This study successfully calibrated and validated the SWAT model for the Rafsanjan Plain, demonstrating its
capability to simulate hydrological processes in data-scarce arid environments with acceptable uncertainty levels.
The identification of 27 sensitive parameters, particularly CN2 and SOL K, highlights that accurate
characterization of soil hydraulic properties is critical for reducing simulation uncertainty and improving
prediction reliability. Quantification of water balance components revealed severe water loss through
evapotranspiration (>60%) and minimal groundwater recharge, emphasizing the unsustainable nature of current
water use practices and the urgent need for demand management strategies. While the model effectively
reproduced seasonal flow patterns and baseflow dynamics (R?~0.91), overestimation of peak flows indicates
limitations in representing extreme rainfall-runoff events, attributable to coarse temporal resolution of precipitation
data and simplified infiltration processes. These findings provide a robust scientific foundation for evaluating
climate change scenarios, land use change impacts, and water management interventions such as deficit irrigation
and artificial recharge. Future research should integrate SWAT with groundwater quality modules to address
salinization, incorporate higher-resolution meteorological forcing data, and couple with optimization algorithms
to support multi-objective water allocation decisions.
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Table 1 - Results of sensitivity analysis of key model parameters and optimal range of values in Rafsanjan plain

row Parameter name Par-Name T-test P-value Min Max Orlz:r?;al
1 Manning’s n CH N2 -2.051 0.043 -0.016 -0.014 -0.015
2 Snow melt base temperature SMTMP 1.892 0.062 15.000 20.000 17.075
3 Snowfall temperature SFTMP 1.765 0.081 9.000 13.000 12.500
4 Soil hydraulic conductivity SOL K -1.745 0.085 105.000 120.000 116.324
5 Muskingum weighting factor MSK X -1.366 0.176 0.020 0.029 0.020
6 Minimum depth to water in a shallow aquifer SOL BD -1.357 0.178 2.000 2.500 2.042
7 Snow melt coefficient SMFMN 1.113 0.269 12.000 16.000 15.980
8 Lateral flow CANMX 1.052 0.296 53.000 57.000 53.340
9 Channel routing coefficient MSK CO2 0.930 0.355 5.500 6.000 5917
10 Threshold depth for a deep aquifer GWQMN -0.852 0.396 4600.000 4700.000 4679.500
11 Groundwater re-evaporation coefficient GW_REVAP -0.836 0.405 0.150 0.200 0.159
12 Deep aquifer recharge RCHRG _DP -0.822 0.413 0.700 0.900 0.771
13 Snow pack temperature lag TIMP 0.754 0.453 0.500 0.700 0.583
14 Average slope length of the sub-basin SLSUBBSN 0.706 0.481 128.000 134.000 133.070
15 Soil available water capacity SOL AWC 0.620 0.536 0.490 0.510 0.497
16 Surface runoff lag factor SURLAG -0.599 0.550 4.000 6.000 5.650
17 Surface roughness / Manning’s n OV_ N 0.572 0.568 21.000 25.000 24.340
18 Snow melt coefficient in summer SMFMX 0.545 0.587 7.000 11.000 9.100
19 Curve number CN2 0.503 0.616 65.000 70.000 68.275
20 Baseflow alpha factor ALPHA BF -0.432 0.666 0.150 0.160 0.154
21 Soil albedo SOL_ALB 0.392 0.696 0.100 0.120 0.114
22 Plant uptake compensation factor EPCO -0.255 0.799 0.250 0.300 0.262
23 Delay time for lateral flow to a shallow aquifer REVAPMN 0.231 0.817 290.000 300.000 290.850
24 Soil evaporation compensation factor ESCO -0.118 0.905 0.200 0.280 0.225
25 Channel hydraulic conductivity CH K2 0.086 0.931 270.000 280.000 277.490
26 Channel routing coefficient MSK COl -0.055 0.956 2.000 2.250 2.163
27 Shallow aquifer evaporation coefficient GW_DELAY 0.054 0.956 135.000 145.000 139.350




)y

9 (NG9 byl CunkBpns 9 Cumwlue Julod

8 3 ot @l (ien ) Jlyden pSb Liagh s
G (5% 2,8os 4l (slaod (gilodnd sl SWAT o
3 by cubd )3 oSl cpl Sy )l 2ol s>
Pges (poyp g oadsiloand o losalio SIS e
2 oddpll gl yimgh alie dol Cuwda oo STy
SHde b gl sy iland ) S Shass

u,o‘.ml).’ A U‘»’J A odelie @9‘5 )9194.’

oy S8 b )b sloodly Codgiee Judoay &S cunl aslse
.(Fathollahnejad Damghani et al. 2025) col Yl

Jde &S Wloals L diwe; cpl o alin sla o ( 8,k ]
38kee s 4355 5 bl (slogSl (s3luns 5 SWAT
» (Zaree Garizi et al. 2016; Ruan et al. 2017) s)by o5
P 555 9 358 9 B gy s sl yiall xig) 0 S
sl o 03] (g5l 093 Jgbo

obyz «lly) 2 e jel)l VW wordplool Comlus Jdoo 3.k
SUFI- 02, )68l 31 osliol b g (bolids i o S8 5 b
g 4y oo b yial)l (pl dinge polie Jlosl 8ad (glodig 2
P-+/¥Y polio o oxiwly abs o 3 il Jio 3)Slas as g5 L8

al>ys 45 g R-factor=Y/#Y 4 factor=
odadlis R-factor=+/Y4 o P-factor=+/¥Y ¢ zxiw,lasl
2y oAb g ilwdd g Slalie slrodly o isucols, il
oy slojlgale (o)l sloodls J plgige of g oz )3 &S
Iy Gl Copae Jlosl cudilB Jow sl S5 4y p3Y 8 )8
L coupling sba g, I plgiee i <85 sly g 3l
pumping/auto-clles (39381 b cuojp; Ol by sla S
sl imgh alas jl ccalisee cldllas jd .85 o4 irrigation
(2023) «ye>nn 9 Rezaei Moghaddam et al. (2021)
2 Slpss 5 Qblgy (g5lwans )3 SWAT Jus « Zahedi et al.
b oS cunl dzil owlio 3 Slas Siiddos g Sl 3bls

0.14 25
m Lateral flow  ®mRecharge Runoff  m Evapotranspiration
0.12
'g 20
g 0.1 _
: :
= E & 0.08 15 2
=22 £
a5 5
L g~ 0.06 <
< = 10 9
— 2 S
2 2
g 0.04
>
M 5
0.02 I |
0 0
AN T VN O > 0V QN O AN N F N OO — NN N F
S O O O O O O O = o e e e e = = = = Al A A Al A
S O O O O O O O O O O O O O O o O O o o o o O
(o I o\ NN o\ NN o BiNe\ NN o\ NN e NN o IiNo\ NN o\ NN e NiNe N e N o\ N e e NNo\ NN o Ne NNe NNo NN\ BN\
year

‘_g)Lci ‘b)gb J,Jo PG 9 ).:,70’3 9 UL?)J ‘L:JU‘,) g ART ‘_g‘&):»')b aYlw wgal.;n g, —0 JSM
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Figure 6 - Time series of observed discharge and discharge simulated with SWAT software (over-simulated areas are identified in peak
discharge years 2007 and 2015)
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Figure 7- Scatter plot of observed discharge versus simulated discharge. The figure on the right shows the scatter plot of discharges less
than 0.15 m%/s.
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Figure 8 - Monthly average of evapotranspiration
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