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climate change, However, ongoing disturbance from overgrazing, water erosion, land use
changes, vegetation loss and soil surface degradation accelerate soil organic carbon loss in
rangelands. Therefore, monitoring soil organic carbon loss in rangelands is important for
integrated watershed management. This study aimed to estimate soil organic carbon loss
using SWAT model in Yalfan watershed, Hamadan.

Method: For this purpose, water and suspended sediment (SS) samples were monthly
collected from Yalfan river during April 2014 to April 2015 using depth-integrating
sampling technique; and then samples were proceeded in the laboratory for particulate
organic carbon (POC) analysis.

Results: The field assessment showed average of 26/35 ton/month of organic carbon loss

during the study period in 2014-2015. While, the results showed no significant changes of
monthly losses of particulate organic carbon (p>0.05) during 11-month sampling,
However, the linear regression analysis provided a strong empirical model to predict soil
POC loss based on sediment samples (R?= 0.97). Besides the empirical model, SWAT
model was also calibrated and validated for discharge and sediment transport estimation.
The simulation of particulate organic carbon loss was successfully developed based on
SWAT model and empirical model for a period of 13 years (2002-2014). The total amount
of POC loss simulated 3227/11 mg was that less than observed value predicted. In general,
based on the statistics and charts indicators used can be acceptable simulation model is
showed.

Conclusions: In general, according to the available data, the loss of particulate organic
carbon is almost equal to 22.8% of sediment transport.
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Introduction

Rangeland ecosystems contain over one-third of the terrestrial biosphere's carbon reserves by
absorbing atmospheric CO: through vegetation and storing it in plant tissues and soil [21]. However,
soil erosion and its associated consequences remain one of today's most significant environmental
challenges. Understanding the loss of organic matter and its transport in rivers is crucial for natural
resource managers and planners to justify soil and water conservation measures [39]. Analyzing the
changes in organic matter and soil organic carbon (SOC) reservoirs across different ecosystems,
including rangelands, is essential for establishing ecosystem stability. To minimize risks and
implement appropriate management practices, estimating the loss of SOC and sediment transport in
watersheds is imperative. The assessment of organic matter and nutrient losses, such as SOC, from
watershed surfaces is considered a vital indicator of ecosystem health, water conservation strategies,
and broader environmental management. Hydrological models are crucial for estimating soil erosion
and SOC loss because they account for the complexities of ecosystem processes influenced by factors
such as climate, land use, and soil characteristics. The SWAT (Soil and Water Assessment Tool)
model has demonstrated high efficacy in integrating diverse data, including land use, soil types, and
management practices, for large-scale watersheds. Its semi-distributed structure and process-based
approach enable the simulation of hydrological cycles and the tracking of sediment and SOC erosion
[46]. Furthermore, SWAT supports the evaluation of various scenarios, helping researchers assess the
impacts of potential land use or climate changes [34]. In this study, the SWAT model was used to
simulate daily suspended sediment loads. To achieve the research objectives, SOC loss in the Yalfan
watershed was estimated and simulated by integrating the SWAT model with measured SOC levels
from watershed outlet samples. The primary aim of this research was to estimate SOC loss from
rangeland ecosystems using the semi-distributed and conceptual SWAT model within the Yalfan Dam
watershed.

Materials and Methods

Study Area

The Yalfan watershed, one of the primary sub-basins of the Ekbatan Dam watershed, spans 16,447
hectares in Hamadan County. Geographically, it lies between 48°29'-48°35" E longitude and 34°35'-
34°45' N latitude.

Research Methodology

The initial step involved collecting foundational data and maps relevant to the study topic from
various organizations and agencies. These included topographical, physiographical, lithological,
geomorphological, soil science, land use, meteorological, runoff, and sediment data. In collaboration
with regional water experts, cross-sections of the Abshineh River were divided into segments at the
Yalfan hydrometric station using the E.T.R. method, and flow depth was measured using a staff gauge.
Between April 2014 and April 2015, 11 samples of water and sediment were collected at three points
using a manual sampler, except during August and September due to insufficient rainfall and low
water volumes.

Results

The study utilized 15 years of data (2000-2014), with a warm-up period for the model spanning 2000
2002. Model performance was evaluated using objective functions, including the Nash-Sutcliffe
Efficiency (NSE), coefficient of determination (R?), R-factor, and P-factor. Calibration results yielded
NSE, Rz, and other performance metrics of 0.60, 0.54, and 0.32, respectively. Validation results
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indicated corresponding values of 0.67, 0.59, and 0.39, with R2 values of 0.63 (calibration) and 0.66
(validation). These outcomes align with acceptable performance standards in literature. SOC loss
reduces the potential for carbon sequestration [13]. Over time, this decline significantly impacts soil
properties, vegetation quality, biodiversity, and natural ecosystems such as rangelands. Vegetative
cover influences hydrological cycles by enhancing rainfall infiltration, reducing runoff, and
minimizing soil erosion. In rangeland-dominated ecosystems like the Yalfan watershed, much of the
SOC moves during runoff events. Suspended sediment, containing fine particulate matter, carries a
large portion of eroded organic material. Measurements of suspended sediment loads offer a reliable
indicator of SOC loss within a watershed. Monthly analysis between April 2014 and April 2015
revealed no significant temporal variations in SOC loss (p > 0.05). This stability, despite rangelands
comprising 71% of land use in the watershed, suggests consistent land use and management practices.
The prevalence of rangeland use and perennial vegetation likely reduced soil erosion and minimized
SOC loss through runoff and sediment transport. These protective measures preserved soil structure
and organic matter content [19]. However, during the study period, average rainfall significantly
declined compared to long-term averages, leading to reduced runoff and sediment transport rates.
Consequently, SOC loss variations remained statistically insignificant.

Conclusion

Part of this study's findings showed that the regression relationships between sediment load and SOC
levels (R? = 0.97) could be used to estimate SOC loss in this watershed for future periods. This
approach reduces the need for repeated measurements, saving time and costs. However, this regression
equation must align with observed data from the respective timeframes. Random sampling at specific
intervals is recommended for validation. The SWAT model proved to be a robust tool for simulating
SOC loss in watersheds. The results are applicable in scenarios with minimal land use changes,
particularly in rangeland contexts. By integrating land use, soil properties, and climate conditions,
SWAT enables comprehensive analyses of SOC dynamics. Using suspended sediment data as an
indicator of SOC transport is also recommended. Additionally, to improve the comprehensive
management of the study area, it is suggested to assess the impacts of climate changes on SOC loss
using the SWAT model, explore strategies to increase SOC storage, and implement proper
management practices. Moreover, it is recommended to collect continuous and accurate discharge and
sediment data for future periods and calibrate and validate the SWAT model for larger watersheds,
such as the Ekbatan Dam watershed, which includes the Yalfan watershed.
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