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Extended Abstract

Introduction

In recent decades, water resources, as one of the most vital environmental and developmental components, have been subjected
to increasing pressures. Climate change, population growth, and human interventions, including land use changes, have disrupted
the natural hydrological cycle, leading to increased surface runoff, reduced infiltration, and threats to the sustainability of water
resources. Due to its semi-arid climate and high evaporation, Iran is one of the regions highly sensitive to land use changes,
where even minor alterations in land cover can have profound effects on surface and base flows. In this context, hydrological
simulation models provide the capability to analyze water cycle components, including precipitation, runoff, evapotranspiration,
and baseflow, with high precision. Additionally, land use change prediction models enable the assessment of future trends and
spatial patterns of land transformation. Despite these advances, in the Meymeh watershed located in Ilam province, due to its
semi-arid climate, significant topographic variation, and notable human pressure, there has not yet been a comprehensive study
that integratively examines the impact of land use changes on runoff. This scientific gap provides an opportunity to use spatial
data, advanced modeling, and scenario analysis to identify past trends and assess the future outlook of the region under potential

land use changes, with results applicable for sustainable water resource management.

Materials and Methods

The study area, Meymeh watershed in Dehloran County, Ilam Province, covers an area of 1,633 km? with elevations ranging
from 216 to 2,486 meters above sea level. It comprises two main regions: mountainous and hilly areas. The climate of the
watershed is semi-arid, with an annual average rainfall of 433 mm and an average temperature of 27°C. Land cover includes
forests, rangelands, agricultural lands, and residential areas. To simulate hydrological processes, the SWAT model was employed.
By dividing the watershed into sub-basins and Hydrological Response Units (HRUs), SWAT calculates precipitation, surface
runoff, baseflow, and groundwater recharge. Meteorological data, streamflow records, soil characteristics, DEM, and land use
maps were prepared and input into the model. Model calibration was performed for the period 2010-2016 and validation for

2017-2020 using NSE, R?, and PBIAS indices, and sensitive parameters were optimized. Land use changes were identified using
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Landsat satellite imagery for five time periods: 1986, 1997, 2005, 2013, and 2019. Future land use for 2030 was predicted using
the Markov and CA—Markov models. Transition probability matrices between land use classes and cellular automata algorithms
were used to simulate the spatial distribution of changes. The 2030 predicted map was used as input for SWAT to analyze the
effects of land use changes on runoff and baseflow. This integrated approach allowed examination of both spatial and temporal

impacts of land use changes and the assessment of sustainable management scenarios.

Results and Discussion

SWAT model results indicated that during the calibration period (2010-2016), NSE was 0.73, R? was 0.81, and PBIAS was
-44.4%, demonstrating a good fit between the model and observed data. In the validation period (2017-2020), NSE was 0.65,
R? was 0.68, and PBIAS was -53.2%. Analysis of land use changes showed that from 1986 to 2019, medium forests decreased
by 4,900 ha and medium rangelands by 8,900 ha, while agricultural lands increased more than fivefold (12,413 ha) and barren
lands increased by approximately 6,500 ha. Predictions for 2030 indicate 75,726 ha of sparse forests, 29,505 ha of medium
rangelands, 25,363 ha of barren lands, 16,772 ha of agricultural lands, and 614 ha of residential areas. The impact of land use
change on runoff in 2030 includes a 6.1% increase in annual runoff and an increase in average surface flow from 5.53 to 6.56
m?/s, while baseflow is projected to decrease by approximately 8%. These changes reflect reduced infiltration, increased surface
runoff, and threats to groundwater resources. Runoff increases were most pronounced in Farvardin (March—April) and Esfand
(February—March), with the runoff-to-precipitation ratio rising from 0.36 to 0.41. The results indicate that land use changes,
particularly the expansion of agricultural and barren lands, directly affect flow fluctuations, streamflow sustainability, and flood

risk, emphasizing the need for land use management to maintain hydrological stability.

Conclusion

This study showed that land use changes in the Meymeh watershed significantly affect surface runoff, baseflow, and soil
infiltration capacity. The reduction of forests and rangelands, alongside the expansion of agricultural and barren lands, leads to
increased annual runoff and decreased baseflow in the 2030 projection. These changes indicate reduced infiltration and threats to
groundwater resources, which could challenge sustainable water management. Additionally, the use of SWAT and CA—Markov
models enabled the evaluation of spatial and temporal effects of land use changes and future trend prediction, highlighting that
the nature of land use changes, particularly agricultural expansion and barren lands, is the main driver of flow fluctuations and
increased flood risk. Limitations of this study include the quality of meteorological and land use data, the assumption of stationary
Markov matrices, and the simplification of physical processes in SWAT, which may affect prediction accuracy. To improve water
resource management, it is recommended to use higher-resolution satellite data and integrated hydro-climatic models and plan
land use according to the watershed’s natural capacity. Protective measures such as forest and rangeland restoration and control
of agricultural expansion can reduce surface runoff and enhance groundwater recharge. The findings provide practical guidance
for policymakers and water resource managers to achieve sustainable management and mitigate risks associated with land use

changes.
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Table 1. Model accuracy in calibration and validation periods
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Objective Calibration (2010-2016) Validation (2017-2020)
functions (model evaluation indices) Slodalin o (6 jlrdans Slodalin 0 (6 lrdans
Observed Simulated Observed Simulated
Mean (m?/s) Lo 52 5.23 7.61 3.76 5.77
(R2) 0.81 0.68
(NS) 0.73 0.65
PBIAS -45.4 -53.2
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Fig 2. Comparison of observed and simulated runoff discharge during the calibration period (2010-2016)

IPOA @ i) Blempnng s dits & Ol 1030l pwin 9 @gle


http://dx.doi.org/10.22034.19.71.3
http://jwmsei.ir/article-1-1220-fa.html

[ Downloaded from jwmsei.ir on 2026-07-13 ]

[ DOI: 10.22034.19.71.3 ]

900
800
700
600
500
400
300
200
100
0 baih I

AN A A A A D S D D
S DS S S S D
\\’\/ \\W \\’» \\’\' WV
W gt A

Flow (m3/s)

——Observed

RPN PP
IR IR GIRGIRGIR IR GIR GIRGIRGIRGIRGROIRGIRY
Y A AN G T A G T Y g

PP PSP
W
N

—— Simulated

(Yo \V=YrY+) WJW‘ 0)95 33 odd g Hlwand 9 sddodalis s..JUbJ VL dos 20 =Y JSX‘«

Fig 3. Comparison of observed and simulated runoff discharge during the validation period (2017-2020)
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Table 2. Changes in land-use area of the Meymeh watershed during different periods

Land use 8 ¢# 1986 (km?)
Forest | 60.8
Range « 182.4
Agriculture g3, 5LiS 79.7
Urban s ¢ 7.3
Bareland L 49.8

1997
54.2
176.9
92.6
9.8

46.5

2005 2013 2019 1986-2019(%)
49.7  43.6 381 -37.3
167.5 1543 146.8 -19.5
101.3 1124 1263 +58.4

11.5 132 158 +116.4
51.5 567 530 +6.4
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Fig 4. Land-use map of the study watershed in different years
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Table 3. Predicted land-use changes up to the year 2030

Land use s s ¢5 2019 (km?) 2030 (km?) Changes (%)

Forest K> 38.1 345 95
Range & 146.8 137.6 -6.3
Agriculture ;LS 126.3 136.9 +8.4
Urban ¢ ¢ 15.8 20.4 +29.1
53.0 51.9 21
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Fig 5. Simulated land-use map for 2019 using the CA—Markov model
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Fig 7. Trend of watershed discharge changes based on 2019 land use and predicted land use for 2030
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