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Table 2- Summary of the management strategies evaluated in the study
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pastoral livelihoods
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Table 3- Definition of Decision Variables and Model Parameters
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Table 4- Area (hectares) and percentage share of each land use type in the study area in 2021

s 8
Classes

S

Forest

oy &l
Good rangeland
g gl
Moderate rangeland
Weak rangeland
2k e
Barren land
Sl slaosls
Build up

(LSa) 0,08
Area (ha)

27716

174/0

7522

7822

1226

443

(CYESRY N
Share(%)

1/6

43

45

Source: Research findings
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Figure 1- Land use map of pastures in Babol city in 2021
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Table 5- The accuracy indices of land classification in Mazandaran
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Table 6 - Characteristics of pastures and livestock groups
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Figure 2 - Division of the study area according to livestock grazing intensity
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Table 7- Characteristics of the Representative Livestock Farmer and Pasture Conditions
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Total Digestible Nutrient (TDN) yield per hectare of pasture and clover fields
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pastures with heavy grazing intensity (tsa ,» TDN)
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grazing (TDN) per hectare
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Table 8- Characteristics of Representative Livestock Farmers and Impacts of Implemented Strategies in
heavy grazing intensity

al bulyd
Baseline conditions

S4 S3 S2 S1

Variables
(DN ) S1y35 G pae Sils
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Extended Abstract

Introduction

Rangelands, as vital renewable natural resources, play a crucial role in supplying
forage for livestock, supporting the livelihoods of rural and nomadic populations,
and preserving ecological balance. In Iran, diverse climatic and geographical
conditions have given rise to extensive rangeland ecosystems with substantial
potential for animal husbandry (Norouzi et al., 2020; Rigi et al., 2019). However,
increasing pressure from overgrazing, livestock population growth, and rapid
land-use changes has led to the gradual degradation of these valuable resources.
Consequently, threats to pastoral livelihoods and the decline in availability and
quality of forage have emerged as pressing concerns that demand innovative and
adaptive management interventions (Adesogan et al., 2020; Huang et al., 2013;
Rai, 2016; Rustis et al., 2023; Selemani et al., 2013). Despite the implementation
of numerous ecological restoration and rangeland improvement programs in
recent decades, empirical evidence suggests that these efforts have not
successfully reversed the ongoing decline in rangeland condition. Compounding
the issue, climate change—particularly variability in rainfall—has introduced
further uncertainty into forage production, exacerbating the challenges faced in
rangeland management. In response, integrated management strategies that
simultaneously address economic viability, environmental sustainability, and
social well-being have been increasingly emphasized at both national and
international levels as cornerstone of sustainable rangeland governance.
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Nevertheless, the majority of previous research has primarily focused on
quantitative assessments related to livestock production or the environmental
impacts of grazing, with relatively limited attention given to evaluating the
effectiveness of integrated economic-environmental strategies for enhancing
pastoral livelihoods under climate variability (Cecchini et al., 2023; Haghiyan et
al., 2017; Iftikhar et al., 2016; Mahdavi et al., 2024). In this context, the present
study employs a stochastic programming approach to analyze livestock grazing
patterns in rangelands under conditions of climatic uncertainty. It further assesses
the impacts of various management strategies on key performance indicators,
including livestock profitability, forage consumption, and the sale of surplus
animals. By focusing on rangelands subjected to heavy grazing pressure, this
study aims to provide more precise insights into existing challenges and offer
practical, evidence-based solutions for the sustainable utilization of these
increasingly vulnerable ecosystems.

Methodology

This study aimed to evaluate sustainable management strategies for heavily
grazed rangelands in Babol County, Mazandaran Province, through an integrated
approach combining remote sensing, geographic information systems (GIS), and
decision-making modeling. To assess land use changes, satellite images from
Landsat sensors (TM, ETM, and OLI) for the year 2021 with a spatial resolution
of 30 meters were utilized. These images were preprocessed and classified using
ENVI, ArcGIS, and IDRISI software. A supervised classification method based
on the Random Forest algorithm, repeated 700 times, was applied to categorize
land use into six distinct classes. The classification accuracy was validated using
Google Earth imagery and confusion matrix analysis. To estimate forage
production, rangelands were categorized into five performance classes based on
vegetation cover. Using data from the Natural Resources Organization and land
use maps, the total forage production for each class was calculated. The focus
was placed on rangelands with high grazing intensity due to their greater
vulnerability to degradation. Several management strategies were developed,
including gradual herd size reduction (at three levels: 18%, 25%, and reduction
to the authorized grazing limit) as well as an integrated strategy combining herd
reduction with the development of alternative rangeland uses such as ecotourism.
These strategies were evaluated in terms of their effects on key indicators



including gross profit, forage consumption, surplus livestock sales, and herd
nutritional needs. To address the uncertainty in forage production due to climatic
variability, a two-stage stochastic programming model was employed. The model
incorporated three climatic scenarios (wet, normal, dry) and aimed to maximize
the expected gross profit of livestock farmers while ensuring sustainable
rangeland utilization and livelihood resilience.

Results and Discussion

The analysis of forage production in the summer rangelands of Babol County
revealed a significant mismatch between the rangelands' productive capacity and
the nutritional needs of the livestock. The total annual forage production was
estimated at approximately 3,167 tons, equivalent to 1,742 tons of total digestible
nutrients (TDN). However, current grazing demand exceeds the sustainable
carrying capacity by more than four times, placing severe pressure on the
rangeland ecosystems. Clustering analysis based on grazing intensity and land
area divided the rangelands into four categories, with the largest proportion (more
than7,200 hectares) classified under heavy grazing pressure. Field surveys
confirmed that a considerable number of livestock herds significantly exceed
authorized grazing limits, especially within the heavy grazing clusters. Scenario
analysis using a stochastic programming model demonstrated that applying
gradual herd reduction strategies (S1, S2, and S3) led to substantial decreases in
forage consumption, rented pasture area, and excess livestock sold for slaughter.
Among these, the integrated strategy (S4), combining herd size reduction with
the development of alternative rangeland uses (e.g., ecotourism), proved most
effective. Although S4 involved a slight reduction in gross profit compared to the
baseline, it offered a more balanced outcome by enhancing ecological
sustainability while partially compensating for economic losses through
diversified income sources. Ultimately, the results suggest that in areas
experiencing severe grazing pressure, the implementation of integrated strategies
such as S4 can serve as a win—win solution by simultaneously supporting pastoral
livelihoods and preserving rangeland ecosystems. This approach can contribute
significantly to long-term environmental resilience and rural development.

Suggestion



The findings of this study indicate that the summer rangelands in the study area
are subjected to annual grazing pressure exceeding four times the carrying
capacity annually. The key contribution of this study is its integrated analysis of
management strategies based on grazing intensity and the evaluation of
alternative livelihood scenarios, e.g., ecotourism. The results demonstrate that
combining conservation policies with complementary income-generating
activities can address both ecological degradation and economic vulnerability
simultaneously among pastoral communities. From a scientific perspective, the
study highlights the importance of livelihood diversification in climate-stressed
regions and offers a new framework for future research on community resilience
and sustainable rangeland management. From a policy perspective, the findings
can inform in grazing capacity allocation, targeted government support, and the
development of nature-based tourism within national land-use planning. From a
practical standpoint, this research can guide the design of participatory programs
with local communities aimed at optimize rangeland use, reduce dependence on
traditional livestock systems, and promoting viable alternative livelihoods.
Ultimately, this study not only provides an in-depth analysis of rangeland
conditions in Babol County but also proposes a practical model that can be
adapted to other regions facing similar challenges, providing actionable insights
for policymakers, natural resource managers, and rural development
practitioners.
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