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1. Introduction

In this study, the hydrological performance of the Qatour Chay watershed was analyzed with using the
SWAT soil and water model with data from 9 rainfall stations and one synoptic station over a 29-year period
(1987-2018). The sensitive parameters results showed that the values of the Nash-Sutcliffe efficiency
coefficient varied between 0.64-0.85 during the calibration period and 0.50-0.7 during the validation period at
the hydrometric stations, indicating the good performance of the SWAT model. Then, the hydraulic drought
index SDI in all sub-basins and the meteorological drought index SPI were also determined in the sub-basins.
The results of the index study showed that in the upstream sub-basins, the alignment of the SPI and SDI indices
(in sub-basins 3, 14, 15, 7, 8) was observed, and in other sub-basins, there was less alignment between the
indices, which was due to surface water withdrawal along the route to the outlet point and land use change.
Therefore, in the absence of data to calculate drought indices, the SWAT model can be used to simulate
predictions and statistical gaps, and to evaluate the causes of land use changes, a comparison of the two indices
can be used.

2. Methodology
2.1. Study area

The Qatour Chay watershed is located in the northwest of Iran, adjacent to the watersheds of Lake Urmia
and the Zangmar and Ahar Chay rivers in West Azerbaijan province.
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Fig. 1. Geographical location of the study area and sub-basins

®S
Publisher: University of Tabriz @-;-H

https://doi.org/10.22034/CEEJ.2025.65202.2409 Online ISSN: 2717-4077
* Orcid Code Corresponding Author: 0000-0002-1354-7385

E-mail addresses: m.mohammadhoseinzadeh@gmail.com (Mahsa Mohammad Hossein Zadeh), h.rezaie@urmia.ac.ir (Hossein
Rezaie).




Mahsa Mohammad Hossein Zadeh and Hossein Rezaie / J. Civ. Env. Eng. 56 (2026)

The Qatour River, with a basin area of 68,400 hectares, is one of the largest rivers in the Aras River basin in
West Azerbaijan province. The climate of the region in the basin is temperate, and the Qatour River is one of
the important branches of the Aras River in Iran and flows mainly in the Khoy (Qatour) watershed (Fig. 1).

2.2. SWAT set-up and calibration, validation and uncertainty analysis

In this study, the land use map of the study area was divided into 14 specific cover types, and the soil map
of the area was divided into 5 different classes, and the slope of the area was divided into 5 categories based
on the digital elevation map, which showed a large difference in elevation. Considering the spatial changes in
soil texture, land use, and topographic conditions of the area, the Qatur Chay watershed was divided into 15
sub-basins and 285 hydrological response units. Meteorological data on a daily scale between 1987 and 2018
were used in the simulation, and in order to reduce the effect of initial condition errors in the model, the first
three years of the statistical period (1987-1990) were considered for adapting the model to the basin
conditions (warm-up). Then, the model was run to simulate the basin runoff on a monthly scale. To improve
the performance of the model, sensitive factors were identified and calibrated for uncertainty analysis.

The factor uncertainty of the model in response to changes in known sensitive factors was investigated. For
this purpose, the performance of the model in response to changes in the values of its sensitive factors was
measured by the Nash-Sutcliffe Efficiency Factor (SUFI2). The simulation uncertainty analysis started with the
initial 30 factors. By applying the factors individually in the model and examining the sensitivity of the model
to each factor, it was determined that 17 factors have a potential effect on the calibration of the model. The
factor CH_K2 (effective hydraulic conductivity of the riverbed) has the most effective factor on the amount of
runoff produced in this basin under the SWAT model.

2.2. Investigation of climatic drought index SPI and SDI flow

The SPI index is based on calculating the probability of rainfall occurrence for each time scale, which was
first presented by McKee et al. in 1993 for the purpose of monitoring and determining drought in the state of
Colorado, USA. This index can be calculated for time scales of 48, 24, 12, 9, 6, 3, 1 month and one year.

According to this method, a drought period occurs when the SPI is continuously negative and less than
minus one and ends when the SPI becomes positive. The SDI hydraulic drought index is similar to the relations
of the hydrological drought index, with the difference that instead of putting a factor for analysis and
evaluation, the flow rate factor is included in it, and it was first proposed by Nalbantis.

3. Results and discussion

3.1. SWAT sensitivity analysis, calibration and validation analysis

Simulation uncertainty analysis started with 30 initial factors. By applying the factors individually in the
model and checking the sensitivity of the model to each factor, it was found that 17 factors have a potential
effect on the model calibration. It shows the sensitive factors of the model that had the greatest impact on the
model calibration. The factor CH_K2 (effective hydraulic conductivity of the river bed) has as the most effective
factor on the amount of runoff produced in this basin under the SWAT model. In Table 1, two factorsr__SOL_BD
(1) and V_ALPHA BF with t-stat values equal to 0.15 and 0.11 are placed in the second and third rank of
sensitive factors, respectively. The above results are consistent with the studies of Ja'farzadeh and Rouhani
(2016) and Judi-Hamzehabadi et al. (2016) is consistent.

The evaluation of model simulations in each stage of recalibration shows the range of model changes, or in
other words, the uncertainty of the model in response to the fluctuations of its factors. Table 2 shows the
uncertainty range of the model in the recalibration and validation period.

The comparison of the simulated flow and observations in Rch9 hydrometric stations also shows the value
of Nash-Sutcliffe efficiency coefficient according to Table 2, which indicates the satisfactory accuracy of the
model.
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Table 1. Effective factors in flow simulation and uncertainty analysis

p-value t-stat Max min factor

0.99 0 017 017 R_CN2.mgt
0.9 011 0.57 0.49 V_ALPHA BF.gw
0.96 -0.01 0.6 0.4 V_GWQMN.gw
0.99 0 -0.28 -0.039 V_GW_REVAP.gw
0.97 0.03 0.001 0.03 v_GWHT.gw
0.96 0.05 0.86 0.82 V_CH N2.rte
0.87 0.16 925 83.4 V_CH K2.rte
0.94 0.07 04 0.37 V_ALPHA BNK.rte
0.97 0.04 5.48 4.84 v_RCHRG _DP.gw
0.93 0.08 0.73 0.67 v_0OV_N.hru
0.98 0.02 0.05 0.04 V_ESCO.hru
0.9 0.13 11.4 8.76 r_SOL AWC(1).sol
0.96 0.04 454 4.42 r_SOL K(1).sol
0.99 0.015 38.2 26.2 r_SOL BD(1).sol
0.96 0.05 -0.001 0 v_REVAPMN.gw
0.93 -0.08 13.6 7.14 v_DEEPST gw
0.98 -0.03 17.1 0.49 v_SHALLST.gw

Table 2. Statistical criteria to evaluate the accuracy of the model in simulating the runoff of each station

Validation Calibration . Sub-basin
station
R-FACTOR P-FACTOR R2 NSE  R-FACTOR P-FACTOR R2 NSE name
0 0.04 099 07 0.10 0.14 0.90 0.85 Marakand- Qatour Rch2
0 0.14 0.86 0.65 0.23 0.43 0.83 0.78 Muzaffarabad Rch7
0 0.15 0.88 0.63 0.15 0.20 0.82 0.76 Marakand-Ag-chay Rch3
0 0.05 0.82 046 0.29 0.46 0.72 0.71 badlan Rch8
0 0.06 0.72 054 0.50 0.52 0.67 0.64 Yazdkan Bridge Rch14
0 0.05 098 05 0.23 0.35 0.71 0.65 malhazan Rch9
0 0.03 099 0.69 0.16 0.32 0.74 0.69 Musa goli Rch15

3.2. SPIl and SDI results

As can be seen in Fig.1, in the upstream and mountainous sub-basins (sub-basins 3, 7, 8, 14 and 15) where
there are fewer agricultural uses, the alignment of hydrological and meteorological drought indices is quite
evident considering the behavior of the SDI drought index in sub-basins 5 and 9, each of which is located in
separate sub-basins and on a single branch of the flow path, the alignment of drought indices is observed.

In other sub-basins, since they are located at the outlet of several sub-basins, due to the existence of
different uses in these sub-basins, the alignment of indices has acted differently. The different classes of this
index for the time period of flow simulation in hydrometric stations in this research based on the flow rate of
the studied sub-basins are shown.

4 .Conclusions

In this research, first, in order to examine the results of the simulated hydrograph with observational data,
an uncertainty analysis of the influential factors in the hydrological modeling structure was performed, and
then, using the SPI meteorological drought index, wet and drought periods were examined to determine their
impact on the intensity of the basin runoff. Initially, in this study, factor uncertainty analysis of the SWAT model
of the Qatur Chay basin was performed using the SUFI2 algorithm in the SWAT CUP software. In the present
study, despite the shortcomings of the recorded statistics of the basin's hydrometric and meteorological
stations, an attempt was made to reduce the uncertainty caused by the SWAT model factors by selecting the
most appropriate and logical range for the factors affecting runoff using the SUFI2 algorithm.

After examining the effective factors in the model calibration, CH_K2 (effective hydraulic conductivity of the
riverbed), r_SOL_BD (1) and V__ALPHA_BF are considered sensitive factors. During the calibration period, the
uncertainty bandwidth was 0.92 and 68% of the observation data were within the 95% uncertainty band. In
general, considering the obtained confidence, it can be stated that the uncertainty of the SWAT model factors
has been quantified with appropriate estimation by the SUFI2 algorithm and the model’s applicability under
different uncertainty conditions is guaranteed.
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Fig. 1. Results of the study of hydrological and meteorological drought indicators in the 15 studied sub-basins
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On the other hand, comparing the results of hydrological and meteorological drought shows that in the
upstream and mountainous sub-basins where there are fewer agricultural uses, the alignment of hydrological
and meteorological drought indices is clearly evident. In single-branch sub-basins, despite different uses, the
alignment of rainfall and runoff drought can be observed. Therefore, by applying hydrological climate change
conditions in the SWAT model in upstream basins and single-branch sub-basins, future hydrological drought
conditions can be optimally presented.
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10. Generalized Likelihood Uncertainty Estimation (GLUE)
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8. Digital Elevation Model (DEM)
9. Hydrological Response Unit; HRU
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11. Particle Swarm Optimization (PSO)
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