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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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Figure 3 - Landuse (a), soil (b) and slope (c) map of the Rafsanjan plain
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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 Orzttilgn:l
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 CO1 -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
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Figure 5 - Annual average trends in recharge, runoff, lateral flow, and evapotranspiration parameters during the statistical period
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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

33 & gytallb slad o 1y aewg Ol ally @l b
Cozlad pie Bb cling o (sloasS s 585 5 odb olaidl
Gl Vb Combun Sl g9dge cpl 00,5 Wl Jo (29,5
shgby bulpd 9 SB (058 sla Shy 4 ade (Sjglgyien
Olpss o S doyg 9 Sis 3blie )0 o9y sl alyl
» @2p bl Cllog 4 e Slgiee )l cpl > Soo8
Sy odolcunsd pilie (pined Deb ol gilwand by
Jde a5 81 48" sad o s factor — Rg P-factor (sl ya3lis
oib o 1y Slalie oo I Jod LB sy cul atwsly
4 Cusbdpie | i plizmen Ll wnd by Cushdpss
Senl g (Sond slaanl B gilwodls (glosls slacudgie
R-=V/EY (YL ade copinpd D35 ojb byl S
Cazlad pas lg5 0bj (ligy By L suiwlg als o 5o factor
e iimly (sl eyl aiwg diold I (5L Biee a8 ol (g5lwans
Carad pas 529 5 (2 (s> sl ploifk > S cins
90 cnl Adlie ()l oRgd (93959 Slaodly > s B
Shalie gbodly 5l sy ide slp Jde &S canl o] S ls
25 agyopl 5wl ssds b pw i Cusladpis yiol38l 4 L
Sy Colbpre (B J5 5 Cml el )
» gl eslitl 5 Jao gla2g s s 0 (Slg)hn

S oo 3T ke (o s yeS orenss

& 75 o €
Colues oo 5 Ol g (sloadlgo 3,9l am | b gy
Sloj 03 0 SWAT Jao jlloxindy s (Sojglgpim (gl yiol )l
b i) 5 oy ) Jobs ol 15 odlizal Yoo Y-Y-VE

p)S slaole > o Juilty a5t 3y 5 e
(e B ob]) 0 csloole )3 jlade o 5nS 5 (oo b 333
5 bod (S Cughy b cos o ABly 55 5 s LD
5 Celigmd)l 9 (29,8 sbrolo 3 1) e (5 e ecanl )L
b eobiume cslmolo jo by lis ,31 g bl o 1) Jlade op y5eS
Bly 355 9y e dod (39 Gl s b ()b 3924
lod (b olojer b 5 (Khaleghi and Hosseini., 2024
Ob nizen Cwlodd ()5 adg> 513, p S Cusb, 4
ssblen «Sits slaole )3 Ol (5l ko e e 4k
ool (Gwal et al., 2023; Keller et al., 2023) lallae 3 45
A5 ol 10 ddes ol 43 sl

ok (V s 5 Vg FladSa) Siagh onl S s
h slodly slacudgioe dg29 L SWAT s oS aad 0
Oy b 3 (S3glgan clatil b (gjludud > amslia
Gblie »» oS iass ple sl b las mls ool )b
&l SWAT Juo jl a5 55 0 duogi diliiio jobods g 009y ailiiie
w9 peldl s O3 Lo (e lagyl (L))
S gl Copse b asye sl il 53 oigss 5 e s
Moriasi et al. ) 540 solitw] Siddos 5 Sid bl )
.(2007; Gasirabo et al. 2023

Sl L (S5glg e sl el Culalpas Jilod b
2B Ol ibotnd )3 29290 Corlalpas | (eSSBS
3 358 bl 35 (ol b o &5 ol alayia
(ON2) i syl s (ool s o Gl
ol ;S gla ol o (SOL K) S glail  Sgyaud colan



VeV

w9 (59 s (B plol )l Curbdpus § Comwlus Jolodi

ol 5 368 b sy slagelly o5 dee 5 Sl S
Dy 0 duogi (Plaw

83wl
o gl slalate o elges 855 5 dlie oyl (i

Sy 1y S5 S e pe (gloodly ol J1)8 o yied )3 5 dus

OB Nuy &dlo slai
bl b ey )5 i 2l $Soma dlis oy g
5 o pliel i ) i

Ladld 4y ow yiad

4 boio ¢ Jotumo o0 Jairo Cunlgd > 4y Ly laodly degoses
Oleils sljoome g Slojls glodh (IS ST il sl cyle)
28 B ot 0 W o oS Sladlate

O@M’ "93 QS)LN&Q

Sladibs el (ilopgris 1 TlamtiLE  Saad alj,d
Wlio ol s ()55 lio algl dus i)l55 ¢ g loll g, lj3le 5
ol gy @l il g Llalpg (oloinly 38 (68T e
JyiS @lio gl g talpg « oyl 19z Adbole ¢ imghy
(S Corigd desme lie Ll s G5 b
N [F98 ol s i W

&b

(VFee) dome e (g 5 3915 (65150 ¢y Soxo epiie (Sl
gy 9 Sllyy (gilodnsd 3 SWAT Jo oxiw jliel g (oeiuly
(VOO wsippdolip 5 Lilis la Sl b oyl adp>
Ava-iya

doi:10.22034/gp.2020.40775.2656

o9 ol (M iloans (1Y) (o (o 5 )] )8 €
il guo 8 adg> 1 6390 axlllas) SWAT Jao 5 oslizul b sl
D=V (VR o] wlio pndigo (leudS
www.civilica.com/doc/1912896

(VoY) dg cggse 5 Ol s e b (plusl g2l
03laLusl L liloww 1223 059> (55 9 s (suditg 9 (Silodensd
Ol 5] ki 5 pole ol (o gy o SWAT Jus
YV-YA ($Y) WY

jwmsei.ir/article-1-1133-fa.html

wésidle e o ol s SWAT-CUP Jl58ls 5 5 SUFI-2 3,55
Silwdnd ) sl (0 Slae Ogge glodh (glacydgioe
i) sl izl 25 5 Sis ailaie ) (Soielg i clasil b
el ko iy o claasls ) el b e 5Ske
ol g ilwdends 9 (Shalie loodly o (g8 (Siuwod blimd il
ase> ol Coabpis Llyi b e Jod B 3ilay Sl oS
]

28538 plold |y oS jallb VY (g el Colus i
S gl (Sdge colin (ON2) oo ojlad o] (e
\ALPHA_BF) & gy o535 25 slajialy 5 (SOL K)
sbzops ply b cpyoie (GWQMN 5 GW_DELAY
S Sty w83 a8 48 o ST bl oyl il
5 Suid 3blie ) ohgh sl ugb) Lulyd 5 SB (S0
Lo g luoens Coalabple lS > (GloiS e i o Siibdag
D)l

Wl 5)b dopd £o 5l i o8 o ol ades ol ol gl
TMUIN ) OIS 52 oo 9 39500 @ (oo J| (5% 9y oyt
St bl Jgltto (o6 &S sl duoyd </ I 508 (flow
(shad s (ilodend > 293 QUIF Jho 29 00 Cguiro ]
Babys) Siis gl sl (gl oS lasgSa ol lis oo
S bl (Sloj gblis )3 (Jl cpl bobind Wil (o (192065
oS e gl st 2o (Y10 5 VooV (ol > efaga) bl
( SHb el (slaodly 4w piued pie WSlo olacudgize I il
syl 0 Jro (Gl Comsbus 5 (oo (slaghl 38> Gules pis
CuslS 38 e (loxind) 4l 4 dogi b ol (s Sy, b Lo e
0535 LialS Lol Jole ( guepj ool s sl g ol i
S (aly pl oylol) Slasl o pe  Saioles blod pac 11 ol
ol Jie jl 2980 Sy Cunl Jho wree Slacydgiee
S g ol bl Jae 3 e Sliles (9931 (s
22,5 ol 5885 (gilwand (sl

oz Jl (200 gupte slaoj p Al b 295
SsS Slyeis 0) (£ xS mrana 095 9 e O i Siludinge
ol 1 (g opene Jul oo g ol s Sl bl s
ilieo clag )l b Jio ol pleal 15,5 18 odlitol )90 (v
(S e b dllie o S50 (cl)lSal, dnsg 4 Sl o e
oy slatoly (b5 5 seij ol e (Sa5)58 3 55 ok
2 J%e ol e (sl ST bl S8 gzl s ) i
5 Sl SSE b o)k slwosly ool gl (slo g (gl


http://jwmsei.ir/article-1-1133-fa.html

1Yo G AY Oloxio V£+0 b F 5 )lowss 1 0,95 [STs g Ol Sy pyito g (55 lwrdbo dy i [ o]yt 5 SlniSUS SRS VoA

Cdd )usl) U)b))‘ (\\c' \) Lo)w sd.)l)n 9 (Lo 50‘95[59 4[..0‘) 4.))5
dusgS )| 530l 0395 ailigy (23 3y9l 0 3 i) (so9B) Jo SIS0
& olwl bl wtigo g pale SWAT Jao 1 odlial b
FY-0Y: (05)
dor:20.1001.1.20089554.1401.16.56.6.3

References

Aouissi, J., Benabdallah, S., Chabaane, Z. L., &
Cudennec, C. (2016). Evaluation of potential
evapotranspiration assessment methods for
hydrological modelling with SWAT-application in
data-scarce rural Tunisia. Agricultural Water
Management, 174, 39-51.

doi:10.1016/j.agwat.2016.03.004

Arnold, J. G., Moriasi, D. N., Gassman, P. W.,
Abbaspour, K. C., White, M. J., Srinivasan, R., ...
& Jha, M. K. (2012). SWAT: Model use,
calibration, and validation. Engineering a
Sustainable  Future, 55(4), 1491-1508.
doi:10.13031/2013.42256

Awan, U. K., & Ismaeel, A. (2014). A new technique
to map groundwater recharge in irrigated areas
using a SWAT model under changing climate.
Journal of hydrology, 519, 1368-1382.
doi:10.1016/j.jhydrol.2014.08.049

Bockstiegel, M., Richard-Cerda, J. C., Muioz-Vega,
E., Haghighi, M. H., Motagh, M., Lalehzari, R., &
Schulz, S. (2024). Simulation of present and
future land subsidence in the Rafsanjan plain,
Iran, due to groundwater overexploitation using
numerical modeling and InSAR data analysis.
Hydrogeology  Journal,  32(1),  289-305.
doi:10.1007/s10040-023-02657-y

Cecconello, S. T., Bressiani, D., Nunes, M. C. M., &
Timm, L. C. (2025). Analysis of SWAT+ model
performance: A comparative study using different
software  and  algorithms.  Environmental
Modelling &  Software, 188,  106425.
doi:10.1016/j.envsoft.2025.106425

Fard, R., Vafakhah, M., Moradi, H. (2022).
Assessment effect of the spatial resolution of
digital elevation model on daily discharge
estimation of Arazkuseh watershed using SWAT
model. Watershed Management Science and
Engineering, 16(56) :6. jwmsei.ir/article-1-1018-
fa.html [In Persian]

Fathollahnejad Damghani, Y., Kavian, A., Gholami, L.
(2025). Assessment of the impact of watershed
management practices on hydrological variables
in the Mohammadabad watershed using the SWAT
model. Water and  Soil ~Management and

Modelling, 5(3): 156-172.
doi:10.22098/mmws.2025.16959.1566 [In
Persian]

OFF) W oadle g alllas (o bglS sy o Slisls Sl ablos

09 ) Sjslorien slajiie o)yl il b b))
9ol oo g gjlu Jao SWAT Jao 5 okl sblaese jusol
WY-\DF (P s
doi:10.22098/mmws.2025.16959.1566

Gasirabo, A., Xi, C., Kurban, A., Liu, T., Baligira, H.
R., Umuhoza, J., ... & Dufatanye Edovia, U.
(2023). SWAT model calibration for hydrological
modeling using concurrent methods, a case of the
Nile Nyabarongo river basin in Rwanda. Frontiers
in Water, 5, 1268593.
doi:10.3389/frwa.2023.1268593

Gharnouki, 1., Aouissi, J., Benabdallah, S., &
Mosbahi, M. (2024). Hydrological modelling
using SWAT in a complex semi-arid watershed.
GSC Advanced Research and Reviews, 21(02),
238-247. doi:10.30574/gscarr.2024.21.2.0427

Gwal, S., Gupta, S., Sena, D. R., & Singh, S. (2023).
Geospatial modeling of hydrological ecosystem
services in an ungauged upper Yamuna catchment
using SWAT. Ecological Informatics, 78, 102335.
doi:10.1016/j.ecoinf.2023.102335

Hermassi, T., Jarray, F., Tlili, W., Achour, 1., &
Mechergui, M. (2025). SWAT-based evaluation of
soil and water conservation strategies in a semi-
arid watershed. Frontiers in Water, 7, 1521812.
doi:10.3389/frwa.2025.1521812

Hosseininia, M., & Hassanzadeh, R. (2023).
Groundwater quality assessment for domestic and
agricultural purposes using GIS, hydrochemical
facies and water quality indices: case study of
Rafsanjan plain, Kerman province, Iran. Applied
Water Science, 13(3), 84. doi:10.1007/s13201-
023-01891-9

Hussain, S., Niyazi, B., Elfeki, A. M., Masoud, M.,
Wang, X., & Awais, M. (2024). SWAT-driven
exploration of runoff dynamics in hyper-arid
region, Saudi Arabia. Water, 16(14), 2043.
doi:10.3390/w16142043

Hussainzada, W., & Lee, H. S. (2021). Hydrological
modelling for water resource management in a
semi-arid mountainous region using the soil and
water assessment tool: A case study in northern
Afghanistan. Hydrology, 8(1), 16.
doi:10.3390/hydrology8010016

Janjic, J., & Tadic, L. (2023). Fields of application of
SWAT hydrological model—a review.Earth,4(2),

331-344. doi:10.3390/earth4020018

Keller, A. A., Garner, K., Rao, N., Knipping, E., &
Thomas, J. (2023). Hydrological models for
climate-based assessments at the watershed scale:
A critical review of existing hydrologic and water
quality models. Science of the Total Environment,


https://dor.isc.ac/dor/20.1001.1.20089554.1401.16.56.6.3
https://doi.org/10.1016/j.agwat.2016.03.004
https://doi.org/10.1016/j.jhydrol.2014.08.049
https://doi.org/10.1007/s10040-023-02657-y
https://doi.org/10.1016/j.envsoft.2025.106425
https://doi.org/10.3389/frwa.2023.1268593
https://doi.org/10.3390/hydrology8010016
https://doi.org/10.3390/earth4020018

Y9

w9 (59 s (B plol )l Curbdpus § Comwlus Jolodi

867, 161209.
doi:10.1016/j.scitotenv.2022.161209

Kessete, N., Moges, M. A., & Steenhuis, T. S. (2019).
Evaluating the applicability and scalability of bias
corrected CFSR climate data for hydrological
modeling in upper Blue Nile basin, Ethiopia. In
Extreme Hydrology and Climate Variability (pp.

11-22). doi:10.1016/B978-0-12-815998-9.00002-
6

Khaleghi, M. R., & Hosseini, S. H. (2024). Using
SWAT and SWAT-CUP for hydrological
simulation and uncertainty analysis of the arid and
semiarid watersheds (Case study: Zoshk
Watershed, Shandiz, Iran). Applied Water Science,
14(12), 266. doi:10.1007/s13201-024-02327-8

Koltsida, E., Mamassis, N., & Kallioras, A. (2023).
Hydrological modeling using the Soil and Water
Assessment Tool in urban and peri-urban
environments: The case of Kifisos experimental
subbasin (Athens, Greece). Hydrology and Earth
System Sciences, 27 (4), 917-931.
doi:10.5194/hess-27-917-2023, 2023.

Lei, Q., Zhang, T., An, M., Luo, J., Qin, L., Zhu, A. X.,
... & Liu, H. (2024). Sensitivity analysis of SWAT
streamflow and water quality to the uncertainty in
soil properties generated by the SoLIM model.
Journal  of  Hydrology 642, 131879.
doi:10.1016/j.jhydrol.2024.131879

Li, S., Liu, Y., Her, Y., Chen, J., Guo, T., & Shao, G.
(2021). Improvement of simulating sub-daily
hydrological impacts of rainwater harvesting for
landscape irrigation with rain barrels/cisterns in
the SWAT model. Science of The Total
Environment, 798,
149336.d0i:10.1016/j.scitotenv.2021.149336

Lopez-Ballesteros, A., Srinivasan, R., & Senent-
Aparicio, J. (2024). Introducing MapSWAT: An
open source QGIS plugin integrated with google
earth engine for efficiently generating ready-to-
use SWAT+ input maps. Environmental Modelling
& Software, 179, 106108.
doi:10.1016/j.envsoft.2024.106108

Lyu, K., Dong, Y., Lyu, W., Zhou, Y., Wang, S., Wang,
Z.,...& Cui, Y. (2025). Data-driven and numerical
simulation coupling to quantify the impact of
ecological water replenishment on surface water-
groundwater interactions. Journal of Hydrology,
649, 132508. doi:10.1016/j.jhydrol.2024.132508

Mitova, M., Rakotoarimanana, Z., Kercheva, M., &
Ishidaira, H. (2024, June). SWAT model
calibration, validation and parameter sensitivity
analysis using SWAT-CUP, SUFI-2 for watershed
of the Rusenski Lom river, Bulgaria. /nThe
International Conference on Environmental
Protection and  Disaster  Risks, 381-
390.doi:10.1007/978-3-031-74707-6_40

Moriasi, D. N., Arnold, J. G., Van Liew, M. W.,
Bingner, R. L., Harmel, R. D., & Veith, T. L.
(2007). Model evaluation guidelines for
systematic  quantification of accuracy in
watershed simulations. Engineering a Sustainable
Future, 50(3), 885-900. doi:10.13031/2013.23153

Noori, R., Maghrebi, M., Mirchi, A., Tang, Q.
Bhattarai, R., Sadegh, M., ... & Madani, K. (2021).
Anthropogenic depletion of Iran’s aquifers.
Proceedings of the National Academy of Sciences,
118(25), €2024221118.
doi:10.1073/pnas.202422111

Rasheed, N. J., Al-Khafaji, M. S., Alwan, 1. A., Al-
Suwaiyan, M. S., Doost, Z. H., & Yaseen, Z. M.
(2024). Survey on the resolution and accuracy of
input data validity for SWAT-based hydrological
models. Heliyon, 10(19).
doi:10.1016/j.heliyon.2024.e38348

Rezaei Moghaddam, M.H., Mokhtari, D., shafieimehr,
M. (2021). Calibration and validation the SWAT
model in the simulation of runoff and sediment in
Shahr Chai of Miyaneh. Journal of Geography
and Planning, 25(76): 129-139.
doi:10.22034/gp.2020.40775.2656 [In Persian]

Ruan, H., Zou, S., Yang, D., Wang, Y., Yin, Z., Lu, Z.,
Li, F., & Xu, B. (2017). Runoff simulation by
SWAT model using high-resolution gridded
precipitation in the upper Heihe River Basin,
Northeastern Tibetan Plateau. Water, 9(11), 866.
d0i:10.3390/w9110866

Sarker, S., & Leta, O. T. (2025). Review of Watershed
Hydrology and Mathematical Models. Eng, 6(6),
129. doi:10.3390/eng6060129

Taia, S., Erraioui, L., Arjdal, Y., Chao, J., El Mansouri,
B., & Scozzari, A. (2023). The application of
SWAT model and remotely sensed products to
characterize the dynamic of streamflow and snow
in a mountainous watershed in the High Atlas.
Sensors, 23(3), 1246. doi:10.3390/s23031246

Veettil, A. V., Green, T. R., Kipka, H., Arabi, M.,
Lighthart, N., Mankin, K., & Clary, J. (2021).
Fully distributed versus semi-distributed process
simulation of a highly managed watershed with
mixed land use and irrigation return flow.
Environmental Modelling & Software, 140,
105000. doi:10.1016/j.envsoft.2021.105000

Wang, Z., He, Y., Li, W., Chen, X., Yang, P., & Bai, X.
(2023). A generalized reservoir module for SWAT
applications in watersheds regulated by
reservoirs.Journal of Hydrology, 616, 128770.
doi:10.1016/j.jhydrol.2022.128770

Woldemariam, G. W., et al. (2024). Modeling
sediment yield under current and projected
climatic scenarios using SWAT. Agriculture and

Environment for International Development,
118(1). doi:10.36253/jacid-16073


https://doi.org/10.1016/j.scitotenv.2022.161209
https://doi.org/10.1016/j.scitotenv.2022.161209
https://doi.org/10.1016/B978-0-12-815998-9.00002-6
https://doi.org/10.1016/B978-0-12-815998-9.00002-6
https://doi.org/10.1016/j.jhydrol.2024.131879
https://doi.org/10.1016/j.scitotenv.2021.149336
https://doi.org/10.1016/j.envsoft.2024.106108
https://doi.org/10.1016/j.jhydrol.2024.132508
https://doi.org/10.1073/pnas.2024221118
https://doi.org/10.3390/eng6060129
https://doi.org/10.1016/j.jhydrol.2022.128770

1Yo AT Olorio ) £+0 Jlw oF 0 loud 10,95 /ST 5 Ol G yaite 9 (55l Sbo 4y ol [ ] Ko 9 SUwniS WS Sxs VYo

Zahedi, E., Talebi, A., Davari, K., Mousavi, V. (2023).

Simulation and zoning of evapotranspiration in
Samalghan Darband watershed using SWAT
model and geostatistical method. Watershed
Management Science and Engineering, 17(61):
21-29.  jwmsei.ir/article-1-1133-en.html  [In
Persian]

Zaree Garizi, A., & Talebi, A. (2016). Simulation of

watershed water balance using the SWAT model
(Case study: Gharasoo watershed, Golestan
province). Water Resources Engineering, 9(30),
37-50.  www.civilica.com/doc/1912896  [In
Persian]

Zhang, Z. (2025). Performance of long-term

continuous hydrological models in fluvial flow
simulation in a large-scale river basin. Scientific
Reports, 15(1), 22124. doi:10.1038/s41598-025-
06387-x

Zumwald, M., Kniisel, B., Baumberger, C., Hirsch

Hadorn, G., Bresch, D. N., & Knutti, R. (2020).
Understanding and assessing uncertainty of
observational climate datasets for model
evaluation using ensembles. Wiley
Interdisciplinary  Reviews: Climate Change,
11(5), e654. doi:10.1002/wcc.654


http://www.civilica.com/doc/1912896

