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Considering the diverse landscape of rainfall-runoff models, a thorough
evaluation of their capabilities and limitations is essential for the selection of
an optimal model. This study aims to assess the performance of rainfall-
runoff hydrological models in the Malayer watershed. In this study, Rainfall-
runoff simulation was carried out using SWAT and IHACRES models and
meteorological data from 2005 to 2020. The calibration and validation of the
model were done using the SUFI-2 algorithm. The results of sensitivity
analysis showed that the melting factor, hydraulic conductivity of soil
saturation, and snowfall temperature are the most important parameters
controlling the flow rate in the study area. The R? and NS coefficients for
SWAT were calculated as 0.68 and 0.65 in the calibration period and 0.63
and 0.70 in the validation period, respectively which in these results showed
the SWAT model has suitable efficiency for estimating the watershed flow.
Based on the simulation results of the IHACRES model, the values of R? and
NS are 0.66 and 0.58 in the calibration period and 0.52 and 0.51 in the
validation period, respectively. Considering that the IHACRES model
simulates runoff on a daily scale, the efficiency of the model can be evaluated
as acceptable.
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Rainfall-Runoff Simulation of Malayer Basin

EXTENDED ABSTRACT

Introduction

Understanding and predicting the processes of
runoff production and subsequent transfer to the
outlet point within a watershed are fundamental
issues in hydrology. The rainfall-runoff process,
which is characterized by its complexity and
multifactorial nature, requires a thorough
understanding. In-depth knowledge of this
process is essential for strategic planning and the
holistic management of water resources in the
catchment area. In other words, forecasting
rainfall and ensuing runoff not only plays a pivotal
role in proper watershed management but also
significantly contributes to minimizing damages
caused by floods and droughts. Hydrological
models serve as indispensable tools for analyzing
and addressing issues related to the quantity and
quality of water resources. Watersheds have
different climatic, geographic, and physical
characteristics that lead to different water supply
requirements in each region. These differing
needs depend on the climate and the available
water resources. In numerous watershed areas,
insufficient information or statistical
shortcomings have influenced the accurate
assessment of watershed response to rainfall and
runoff. The Malayer Dam and surface water
resources play pivotal roles in supplying drinking
water and supporting agriculture in the region.
Changes in land use patterns combined with
climate change have led to an increase in severe
flooding in recent years, which has caused
considerable damage, particularly in the
downstream areas of the catchment. This research
aims to simulate runoff in the Malayer watershed
using SWAT and IHACRES models on both
monthly and daily scales, enabling the prediction
of flood discharge based on available data. This
approach makes it possible to examine the
simulated runoff and evaluate the accuracy of the
proposed model within the watershed. It serves as
a valuable tool for effective flood management in
the region.

Material and Methods

The Malayer watershed covers an area of 23959
km? (48.53° to 49.04° E and 33.02° to 33.52° N).
The average elevation of the region is 2178.4 m
above sea level. As for the climatic situation, this
area falls under the category of semi-cold and dry
with an Ambrjeh classification. The annual
average rainfall in this area is 320.3 mm, and the
annual average temperature is 11.7°C. The SWAT
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model, a widely adopted continuous time and
semi-distributed hydrological model, serves as a
robust tool for simulating diverse hydrological
processes, water quality dynamics, rangeland
management, and the impacts of climate change.
Within the SWAT model, the simulation process
is based on the hydrological cycle and water
balance relationships. Meteorological data such as
precipitation, daily minimum and maximum
temperatures, wind speed, and relative humidity,
as well as land use maps, soil information, and
digital elevation model data, are used for the
implementation of the SWAT model and the
subsequent simulation of runoff in the catchment
area. The sensitivity analysis was carried out
using the P-value and the T-stat criteria. The
model calibration process involves adjusting
influential parameters to align model output
results as closely as possible with measured values
and performance evaluation criteria. To validate
data between 2005 to 2014, the SUFI-2 method
was used within the SWAT-CUP interface
program, incorporating the R-factor and P-factor
criteria. The IHACRES rainfall-runoff model is
parameter-based and applicable in various
climatic zones, including dry and semi-dry areas.
In this study, daily input variable statistics were
considered for the model. To assess the
performance and efficiency of the two models,
data from 2015 to 2020 were allocated for the
validation phase. Performance evaluation criteria,
including R?, NS, RMSE, and Bias, were utilized
during the calibration and validation periods.

Results

The consequences of the sensitivity analysis
revealed that the snow melting factor, hydraulic
conductivity of soil saturation, and snow
precipitation temperature are crucial parameters
influencing runoff flow in the study area.
Following the identification of these influential
parameters, independent calibration of the SWAT
model was conducted using SWAT-CUP software
and the SUFI-2 algorithm. Calibration evaluation,
based on NS, R?, R-factor, and P-factor criteria,
yielded values of 0.68, 0.65, 0.28, and 0.24,
respectively, indicating the model's adeptness in
simulating runoff at this stage (Table 1). In the
validation phase, an R? of 0.70 and an NS index of
0.63 were obtained, suggesting a satisfactory
match between observed and simulated data
during periods of maximum flood flow.
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Table 1 Evaluation criteria of SWAT model for the
Calibration and validation period

Period 2 P- R-
NS R factor factor

Calibration 0.68 0.65 0.24 0.28

Validation 0.63 0.70 0.39 1.03

Additionally, the IHACRES model was
recalibrated and validated on a daily scale,
yielding calibration NS, R?, RMSE, and Bias
values of 0.58, 0.66, 2.37, and -0.82, respectively.
In the validation stage, these metrics were
calculated as 0.51, 0.52, 6.47, and -0.26,
respectively (Table 2). While the IHACRES
model demonstrated good performance in
capturing base flow and short peak discharges, its
ability to simulate two maximum flood events
during the calibration period was not confirmed.
The examination of graphs derived from
predictive and observational data indicates the
model's relative acceptability. Table 2 Evaluation
criteria of IHACRES model for the Calibration and
validation period

Period RMSE Bias NS R?
Calibration 2.37 -0.82 0.58 0.66
Validation 6.47 -0.26 0.51 0.52
Conclusions

The sensitivity analysis of the SWAT model for
the Malayer watershed highlighted the snowmelt
factor, soil saturation hydraulic conductivity, and
snowfall temperature as critical parameters
controlling runoff. Evaluation of the SWAT
model, based on NS, R? R-factor, and P-factor
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criteria, resulted in values of 0.68, 0.65, 0.24, and
0.28, respectively. In the validation stage, these
values were estimated at 0.63, 0.70, 0.39, and
1.03, respectively. The model demonstrated a
commendable ability to simulate monthly runoff
in the studied area. The IHACRES model's
evaluation for daily runoff simulation yielded
calibration NS, R? Bias, and RMSE criteria
values of 0.58, 0.66, -0.82, and 2.37, respectively.
In the validation stage, these metrics were
calculated as 0.52, 0.51, -0.26, and 6.47,
respectively. Considering the model's relatively
low parameter requirement for daily runoff
simulation, the results can be considered
moderately acceptable.
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Fig. 3 Precipitation-runoff simulation with linear and non-linear function of IHACRES model (Ahmadi et al.
2019)
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(Pyo et al. 2019; Ahmadi et al. sl o Sgum S,
2019)

 iloaeed o slosalie gl (oo ST NS e
e Coled g (i B SG ( 59S B (ol jlade g ools olis
Slwxs NS JLes (Nash and Sutcliffe 1970) <ol
Sy90 Slej 0,90 0 Slaslie polie 4 Cowd ouls Jlesl
e eess sl (e cupd ST e oo sy 1)
B Sl Sl eolaal b oS sl (35 51 oy Sl
cope 10 5] i i Wl e Canss Slaalie polie
50 e by Joud BB L (g5luand oS L NS
bosls LS5 L1, Jae 2,5 Wlgs o NS asls L .asly
Gl R% (asls a8 Jlo 0 sges Jubos Jiiee Slanlie

(Green et al. 2007) cous casbis Julos g55 0yl

Sllsy 2 oo it ool hooad aals 5 ol (el slojesie -V Jgor
Table 2 The final sensitive parameters and the adjusted range of the parameters affecting runoff

Index P-value T-stat Min Max
December 21 snow melt factor 0 492 014 1.85
Hydraulic conductivity of soil saturation (mm/hr) 0 403 -0.19 0.52
Snowfall temperature (°C) 0.02 -2.29 334 5.14
Scaling factor to control the effect of storage time constant for normal flow 0.03 -2.2 5.7 7.56
Water threshold depth in shallow aquifer for return flow (mm) 0.14 -1.48 520.7 691.7
bulk density of soil (Mg/m?3) 0.17 -1.37 -0.26 -0.13
Average usable water (m) 0.18 1.33 0.79 1.11
Scaling factor to control the effect of storage time constant for low flow 0.19 -1.3 4.98 7.76
The height of water from the surface in groundwater (m) 0.2 -1.27  30.12 42.58
Snow melting base temperature (°C) 0.24 118 -1.35 0.45
Average slope length (m) 0.27 1.09 8849  133.48
Threshold depth of water in a shallow aquifer to penetrate a deep aquifer (mm) 0.42 -0.81 111.2 144.0
Curve number 0.5 0.67 -1.18 -0.91
Snow melting factor on June 21 0.57 056 -1.04 1.82
Water depth in a deep aquifer (mm) 0.64 0.47 1964 3200
Surface runoff delay coefficient 0.65 -0.46 14.15 19.45
Initial water depth in open aquifer (mm) 0.66 -0.44  -3021 -1447
Manning roughness coefficient for flow over land surface (s/m*?3) 0.68 -0.41  1.02 1.2
Evaporation compensation factor from soil 0.69 -0.4 0.11 0.45
Wet soil reflection coefficient 0.74 -0.33  0.06

Environment and Water Engineering

Vol. 10, No. 4, 2024

0.23
(5

EWE

VFeY uL».M.uo) sf o)l.o.:a AR 0)9.)


Admin
Typewritten text
518


RN

e asg> Slily )y - )b (g 5lwands

o Wolas, 5 40 45 (oy5bay 0 oomlie canslin gillas
Sl Sl (F JS2) 05 g0 oaalie 050 i b 051
Slr Joe bzl s (mils Jao 9 fooed b i
ool Ol 5o D plamil (mialy 090 5l e (Sloj 090
oSy VYAA B VYAY Lo 5 Ul sloosls IS poms o
Cewddy R? o bl o liel Al 1o gl (6 0g ,00n
(I8 55 NS asls g IV v liel al> o 48 ol

(Y Jgoz) o dcwl=e

20

Uy, ileans o IS5l Gl und 5
plosl VYAY B AYAY (g kel 0,90 0 Jow riwly cadlaie

2 . o
SIYE g IYA /20 /PN <5 5 & P-factor 4 R-factor .
Jowe clis (g3lwands oaas las guls plas ol o)ﬂﬁ
oucals, sl Sl @bl (V Jgoz) sl oo al> o cpl 5o
30 el (Zriwly 0,90 Job jo Jaw (giludands o (09
pae o)l ol wim j0 5 ceslio Bl glagl @bl >

= Qbserved

=== Simulated

Time (month)

(sTolg 090 50 0ad (g3lwand g slosalin ()b > -F JSs
Fig. 4 Observed and simulated flow for the calibration period
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Table 2 Evaluation criteria of SWAT model
for the Calibration and validation period

Period ) P- R-
NS factor factor

Calibration 0.68 0.65 0.24 0.28

Validation 0.63 0.70 0.39 1.03

«!,»NS>0.5 4 R?>0.6 L= 5 Santhi et al. (2001)
ol 5o Woges eolaiwl SWAT  Jow gjlwacs obj))
&5 lnitiul sieay R2>0.5  NS>0.5 sl Lone i
olpriy ol o ol colatul (gilwacs ¢.:_»L» VLS
R? Jlais a5 s, Benaman and Shoemaker (2005)
Olsices 2wl 10 51 5k 53 NS (a3l 5 #1751 5t
Naseri et al. (2018) .55 Lo psecols, |, Jose
oS S L) pleasp s psul 039> Sllg, Ly
2l aivgel (giluand « Sy pi)sSl g SWAT Jaw
&lp alale Cllg, NS (o 5 ¢ Jow b3l 50 connl Cuway
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Fig. 5 Observed and simulated flow for the validation period
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Table 3 Evaluation criteria of IHACRES model for
the Calibration and validation period

Period RMSE Bias NS R?
ol ool o Sucon pac @y by o laolas, S Calibration 2.37 -082 058 0.66
. ) " o el e - . . Validation 6.47 -0.26 0.51 0.52
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Fig. 7 Observed and simulated flow for the validation period
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