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Grazing livestock production systems are vital for supplying animal protein, ensuring
food security, and supporting sustainable livelihoods worldwide. These systems face
challenges from climate change, market fluctuations, and limited natural resources.
Strengthening resilience is essential for their sustainable development. This study
aimed to identify mechanisms for improving resilience of grazing-based livestock
systems in Kermanshah province. The statistical population consisted of 140 experts
and specialists in the field of livestock management and natural resources, and was
studied using a census method. Of these experts, 131 individuals (response rate of 93
percent) completed the research questionnaires. The content validity and reliability of
the questionnaire were confirmed by faculty members and experts. The data were
collected using a researcher-made questionnaire and analyzed with SMART-PLS
software. The results showed that economic (B=0.786), environmental ($=0.652),
managerial (=0.620), legal ($=0.609), technical (=0.587), and social ($=0.529)
mechanisms had the greatest impact on resilience. The most important economic
mechanisms included livelihood diversification for herders, improved access to credit,
and increased insurance support, which reduce dependency, strengthen economic
capacity, and protect against losses. In the environmental dimension, cultivating
drought-resistant fodder and implementing watershed management operations to store
rainwater were highly important. Overall, the sustainability of grazing-based livestock
systems in Kermanshah requires a comprehensive and multidimensional approach. In
this regard, livelihood diversification through processing industries and rural tourism,
facilitating access to low-interest loans, expanding insurance services, developing
drought-tolerant fodder, and implementing watershed management, along with
technical training, establishing sustainable pasture regulations, and providing financial
incentives to nomadic herders, are recommended.
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Extended Abstract
Introduction

Livestock production systems, particularly grazing-based systems, play a vital role in providing animal
protein, food security, and sustainable livelihoods for the growing global population. However, these systems
face numerous challenges, including increasing demand for animal products, climate change, market
fluctuations, economic instability, and limited natural resources. In such circumstances, resilience is a critical
factor for the growth and sustainable development of these systems. Therefore, identifying methods and
strategies to enhance resilience is essential for the sustainable development of these systems.

Materials and Methods

The present study is a type of survey research that, in terms of approach, falls under quantitative research
and, in terms of purpose, is classified as applied research. The statistical population consisted of 140 experts
and specialists who were selected based on criteria such as research background, executive experience, and
familiarity with livestock systems using the census method. Of these experts, 131 individuals (response rate of
93 percent) completed the research questionnaire. The data were collected using a researcher-made
questionnaire administered through in-person distribution at the workplace, via email, and common messaging
apps, along with explanations of the response method and research objectives to the respondents. The content
validity of the questionnaire was confirmed by experts in the field of Natural Resources and Livestock
Management of Kermanshah Province and members of the Department of Agricultural Management and
Development at the University of Tehran. The reliability of the instrument was assessed using internal
consistency, with Cronbach’s alpha equal to 0.89. The findings, considering the nature of the conceptual model,
were analyzed using confirmatory factor analysis in SmartPLS 3 software.

The statistical population of the study included 140 livestock experts and specialists who were selected
based on criteria such as research background, executive experience, and familiarity with livestock systems.
The data collection tool was a researcher-developed questionnaire. The validity of the questionnaire was
assessed using content validity and discriminant validity methods. Content validity was confirmed using
feedback from a number of natural resources experts in Kermanshah province and faculty members of the
Agricultural Management and Development Department at the University of Tehran, while discriminant
validity was confirmed using the Average Variance Extracted (AVE). Additionally, the reliability of the
questionnaire was calculated using Cronbach's alpha, which was above 0.7, indicating acceptable reliability of
the research instrument. In this study, purposive sampling was used to collect information from the target
population of livestock experts and specialists. The respondents' selection criteria were based on their work
experience, expertise in grazing and rangeland-based systems, climate change, and sustainability indicators of
these systems. Approximately 140 livestock experts and specialists in the province were estimated, and
questionnaires were distributed. Ultimately, 131 questionnaires were collected. The software used for data
analysis were SPSS27 and Smart PLS3. Data analysis was conducted using second-order confirmatory factor
analysis with the Partial Least Squares (PLS2) approach:

Results and Discussion

Treresults of the study revealed that economic mechanisms had the highest impact (3 = 0.786), followed
by environmental (B = 0.652), managerial (p = 0.620), legal (B = 0.609), technical ( = 0.587), and finally
social factors (B = 0.529), which had the most significant influence on the resilience of livestock systems in
the province. Based on the findings, the most important sustainability mechanisms for grazing-based livestock
systems in Kermanshah province were identified as economic mechanisms, including: diversifying the
livelihoods of livestock farmers with a factor loading of (0.808), improving access to credit (0.775), and
increasing insurance support (0.713) as key strategies. These mechanisms enhance the resilience of livestock
systems by reducing dependence on a single income source, strengthening the economic capacity of livestock
farmers, and protecting against losses. Environmental mechanisms, such as cultivating forage crops compatible
with the region's climatic and low-water conditions (with a factor loading of 0.757) and implementing
watershed management practices to store rainfall (0.754), were also identified as important factors in the
sustainability of these systems. These strategies contribute to sustainable forage supply and water resource
conservation. Although social mechanisms, such as the participation of livestock farmers in rangeland
management projects and innovation transfer programs (0.871), ranked lower in this study, they are essential
for creating a supportive social framework. Understanding these mechanisms can help develop practical
solutions to improve the resilience and sustainability of these systems.

Conclusion
The results of this study indicate that the sustainability of grazing-based livestock systems in Kermanshah
province requires a comprehensive and multidimensional approach. To enhance the resilience and
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sustainability of these systems, the following actions are proposed: diversifying the livelihoods of livestock
farmers through the establishment and support of processing industries and rural tourism, facilitating access to
low-interest credit and support funds during crises such as droughts, expanding insurance coverage for
livestock and rangelands, promoting the cultivation of drought-resistant forage crops, and implementing
watershed management practices to store rainwater. Additionally, promoting integrated crop-livestock
systems, supporting cooperatives, providing technical training, developing sustainable rangeland laws, and
incorporating climate considerations into regional development programs, along with financial incentives for
nomadic livestock farmers, can contribute to increasing the resilience and sustainability of these systems.
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Table 1. Mechanisms for Enhancing Resilience in Livestock Systems from the Perspective of

Previous Research

Component

Variable

Reference

Economic
Mechanisms

Diversification of Livelihoods and Economic
Activities

(Donaldson et al., 2025)
(Sintayehu et al., 2025)
(Ben Nasr et al., 2021)

(Kachergis et al., 2014)

Procurement and Purchase of Fodder from the
Market

(Chandra & Choudhary, 2023)

Sale of Surplus Livestock

(Treydte et al., 2017)
(Salmoral et al., 2020)

Access to Sufficient Credit Resources

(Ahmad & Afzal, 2021)
(Matlou et al., 2021)
(Jonas et al., 2025)
(Bahta & Myeki, 2021)
(Adzawla et al., 2020)
(Mekuyie et al., 2018)

Purchase of Livestock Insurance

(Biglari et al., 2019)
(Rahut & Ali, 2018)

Social
Mechanisms

Development of Local Organisations and
Strengthening of Social Capital

Ulambayar & Fernandez-Giménez, )
(2019

(Bahta, 2020)

(Shahbaz et al., 2020)

(Bahta & Myeki, 2021)

(Aliyar et al., 2024)

(Mekuyie et al., 2018)

Access to Educational and Extension Services

(Bahta & Myeki, 2021)
(Ahmad & Afzal, 2021)
(Shahbaz et al., 2020)
(Matlou et al., 2021)
(Mekuyie et al., 2018)

Enhancing Participation, Cooperation, and
Collective Action

(Mdiya et al., 2024)
(Ben Nasr et al., 2021)

Membership of Livestock Keepers in
Organisations

(Adzawla et al., 2020)
(Shahbaz et al., 2020)
(Bahta & Myeki, 2021)

Development of Knowledge and Technology

(Maet al., 2024)

Environmental

Implementation of Afforestation and Tree
Planting Operations

(Ahmad & Afzal, 2021)
(Muricho et al., 2018)

Access to Sufficient Water Resources

(Matlou et al., 2021)

Cultivation of Forage Crops and Drought-
Tolerant Plants

(Treydte et al., 2017)

Mechanisms
. . (Ahmad & Afzal, 2021)
Grazing Livestock on Post-Harvest Croplands (Muricho et al. 2018)
P . . (Louhaichi et al., 2021)
Cultivation of Drought-Resistant Plant Species (Koura et al, 2022)
Water Resources Management (Descheemaeker et al., 2010)
. i (Chandra & Choudhary, 2023)
Livestock Breed Selection and Herd (Treydte et al., 2017)
Diversification (Sintayehu et al., 2025)
(Laghouaouta et al., 2024)
Implementation of Breeding and Genetic (Ahmad & Afzal, 2021)
Improvement Programmes
g);s\;zlrﬁps)ment of Integrated Crop-Livestock (Ben Nasr et al., 2021)
Technlcgl (Treydte et al., 2017)
Mechanisms (Kachergis et al., 2014)

Rangeland Grazing Management

(O'Grady et al., 2024)
(Salmoral et al., 2020)

Provision of Adequate Housing and
Infrastructure for Livestock

(Singh et al., 2012)

Replacement and Substitution of Livestock

(Seo & Mendelsohn, 2008)
(Ou & Mendelsohn, 2017)

(Shabanali Fami et al., 2020)

(Kabubo-Mariara, 2008)
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Component Variable Reference
Adjustment of Cropping Schedules (Kabubo-Mariara, 2008)
(Veysset & Boivent, 2025)
Adequate Fodder Storage (Kabubo-Mariara, 2008)
Promotion of Livestock Management Practices (Muricho et al., 2018)
Livestock Nutrition Management (Gebremariam & Belay, 2023)
Livestock Vaccination (Nuvey et al., 2023)
Post-Harvest Grazing of Livestock on Croplands Eﬁmiﬂfgg‘fa;gfﬁf)
Access of L|\_/estock Keepers to Institutional (Mohamed Sala et al, 2020)
Support Services
. . (Mekuyie et al., 2018)
Access to and Provision of Livestock Inputs (Mohamed Sala et al., 2020)
(Shahbaz et al., 2020)
Management Allocation of More La_nd for Forage Cultivation  (Rahut & Ali, 2018)
Mechanisms Use of Labels on Grazing-Based Meat and (Eldesouky et al., 2020)
Livestock Products (Filippini etal., 2020)
Provision of Government Assistance to Livestock  (Matlou et al., 2021)
Keepers during Drought Periods (Matlou & Bahta, 2019)
Involvement_of Livestock Keepers in Policy (Bahta, 2020)
Implementation and Planning
Provision of Credit and Loans during Drought (Goodwin et al, 2022)
Conditions
Credit Resources (Adzawla et al., 2020)
Legal Review and Amendment of Rangeland (Fernandez-Gimenez, 2000)
Mechanisms _ Utilisation Regulations (Li & Huntsinger, 2011)

Consideration of Natural Resource and
Rangeland Capacities for Improved Planning

(Fernandez-Gimenez, 2000)

(Robinson et al., 2021)

(Li & Huntsinger, 2011)

Export of Surplus Livestock

(Shahbaz et al., 2020)
(Rahut & Ali, 2018)
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Figure 1. Conceptual Model of the Research
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Figure 2. Map of the Study Area
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Table 2. Mechanisms of Sustainability in Grazing-Based Livestock Systems from the Perspective of
Experts, with Factor Loadings

. Factor t- .
Construct Indicator Mean = Std. Dev. = Symbol Loading  Statistic Sig.
Use of knowledge and
technology and benefiting
from the opinions of experts
and specialists
Establishment of rangeland
users' unions by livestock 4.000 @ 0.632 SOC6 0.753 5.125 0.000
keepers
Use of indigenous knowledge
and experiences of 4.092 | 0.561 SOC7 0.678 4.260 0.000
experienced livestock keepers
Increased participation of
livestock keepers in
rangeland management
projects

4.007 @ 0.769 SOC3 0.873 18.866 0.000

Social (SOC)

4.053 0.705 SOC8 0.865 22.693 0.000
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Economic
(ECO)

Environmental
(ENV)

Technical
(TEC)

Managerial
(MAN)

Participation of livestock
keepers in innovation and
technology transfer programs
(e.g., exhibitions, etc.)
Improved access of livestock
keepers to credit when facing
risk

Diversification of livelihoods
and economic activities of
livestock keepers

Packaging and valid health
labelling for rangeland-based
livestock products (branding)
Commercialization of
traditional livestock keepers'
red meat to enhance its
competitiveness with other
reputable global brands
Increased level of financial
support for livestock and
rangeland insurance
Cultivation of new forage
resources appropriate and
adapted to climatic conditions
and water scarcity
Construction of water troughs
in rangelands
Implementation of watershed
management operations to
store precipitation in
rangelands

Establishment of an
integrated system (crop-
livestock)

Implementation of breeding
and genetic improvement
programmes

Prevention of livestock
diseases through observance
of hygiene, nutrition, and
housing

Timely and regular veterinary
services and vaccination of
livestock

Proper storage and
preservation of livestock feed
for use during feed shortages
Livestock nutrition
management (attention to
ration formulation)

Use of agricultural by-
products and secondary
products from agri-food
processing industries for
livestock feeding
Development of a grazing
calendar according to
rangeland capacity and
potential

Monitoring and surveillance
of livestock keepers to
identify and support genuine
herders

Transparent monitoring and
surveillance of livestock input
distribution

4.497

4.405

4191

3.618

4.176

4.313

4.595

4.489

4.168

3.786

4.328

4.534

4.504

4321

4191

4.443

4.366

4.519

4.763

0.636

0.943

1.009

1.212

0.996

0.878

0.731

0.788

0.815

0.953

0.872

0.844

0.870

0.853

0.869

0.870

0.870

0.737

0.461

SOC9

ECO1

ECO2

ECO3

ECO4

ECO5

ENV2

ENV5

ENV6

ENVS8

TEC3

TEC4

TEC5

TEC6

TEC7

TEC10

TEC14

MAN3

MAN4

0.871

0.775

0.808

0.709

0.704

0.713

0.757

0.731

0.754

0.737

0.798

0.783

0.870

0.818

0.843

0.839

0.802

0.869

0.814

17.908

14.558

19.414

14.512

11.264

11.656

10.787

10.591

14.108

14.243

6.406

5.992

8.221

6.754

8.224

7.749

7.684

26.946

13.375

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000
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Reform and facilitation of the
distribution and clearance
process for livestock inputs
Access to livestock inputs for
crisis management

Timely access to facilities for
crisis management

Use of indigenous knowledge
of traditional livestock
keepers in the form of non-
governmental organizations
for the preservation and
rehabilitation of natural
resource areas

Enhancing the bargaining
power of smallholder
livestock keepers and
increasing their income
through aggregation of their
power in the form of
organizations

Investment in development
projects on dry lands

Review and amendment of
rangeland utilization
regulations

Granting of facilities to
nomadic livestock keepers
Attention to natural resource
and rangeland capacities for
improved planning

Export of surplus livestock to
prevent price decline
Consideration of climate
change in development plans
Source: Research Findings, 2023 (1402)

bl 5 Elg)s W polie & oy Ui Jae sbaojl (CR) (oS 5 bl 5 (@) ligys Wl saasls obj))
19y Uiyl Glp sl ojle o cla Sl o Collas (93 canls ;S5ky a5 390 /Y 51 YL Jae (slaojle don (oS 5
g o103 5YL Wil aes y3 o puolie & 43 ol (AVE) sl sl il shise 1 o Joe sbaojle (ol Kon
9 (HTMT) 6‘4*43*4’5 A Lfl“*“s‘“"'& S5 L;)‘9 )ijla“’ ‘)5)\‘{ 9 J’)?'9 u‘»h*’ 5‘ ‘)§19 u;.’.‘9) dlﬂj)l )9]‘33“4? (e
b duglie )3 1) 355 4 bgye ojle b 0L Sy (Siewod e 4,5y aley b ooliul ablize Llole clayl adls
St | i 395 4 bgrye ol b 50U 1o (Sisen &5 5900 S o0 (25l ;500 slaojl b Sl o] (Sison
polie aSLT & s gi b V) Jodo ol (wlol p.cwl 1515 sloy slyls Jde a8 caily jlebl o)lgs oo 2l baojle pwlw b Cj
u.»lz..»l L;l.m)ijbi;j &S cusld OLCS‘ C)‘?:L;" L’)ﬂl){h{ | ).».M.\—\J o)'L.u O] Ls Lma)'L» )i») L;Lm M/" . ),gL.u )'1 u..u);l.o )Jaé
A 005 sllas 5151y Loy 5l Jae slasjle (55563l gl y
S g bygd sl jl ookl b (s pSojlul Jae (o gy ' Jgo>

4.420 @ 0.803 MAN9 | 0.798 16.363 0.000

4.420 0.784 MAN10 ' 0.792 15.868 0.000

4.450 0.870 MAN11  0.739 11.396 0.000

4351 0.667 MAN17 = 0.628 4.726 0.000

4.176  0.808 MAN19  0.510 3.738 0.000

4260 0.809 MAN20 = 0.581 4.108 0.000

4504 | 0.798 LEG1 0.731 8.134 0.000

4.160 0.983 LEG4 0.745 12.520 0.000

Legal (LEG)

4374 0.778 LEG5 0.877 28.793 0.000

4.023 | 1.004 LEG6 0.731 13.893 0.000

4.450 @ 0.796 LEGS8 0.808 10.888 0.000

Table 3. Validity Assessment of the Measurement Model Using the Fornell-Larcker Criterion

Construct Social Economic | Environmental | Technical | Legal | Managerial
Social 0.812 — — — _ _
Economic 0.233 0.743 — — — —
Environmental 0.153 0.665 0.745 — — —
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VP g0 8yl oitis g olmly 699 oIyt (o0 pyle 4y i
Technical 0.135 0.464 0.367 0.822 — —
Legal 0.322 0.315 0.165 0.092 0.780 —
Managerial 0.311 0.273 0.196 0.022 0.491 0.726

Source: Research Findings, 2023 (1402)
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Table 4. Validity Assessment of the Measurement Model Using the HTMT Criterion

Construct Social | Economic | Environmental | Technical | Legal | Managerial
Social — — — — — —
Economic 0.250 — — — — —
Environmental | 0.204 0.875 — — — —
Technical 0.268 0.519 0.433 — — —
Legal 0.345 0.354 0.251 0.217 — —
Managerial 0.343 0.298 0.265 0.170 0.533 —

Source: Research Findings, 2023 (1402)
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Table 5. Structural Model Quality Assessment of Sustainability Mechanisms in

Livestock Systems from the Perspective of Experts

Grazing-Based

. . . Beta t- . Hypothesis
Main Variable Mechanism - Sig. (Effect of AVE o CR
(B) | Statistic M .

echanism)
Resilience of Social 0.529 | 6.477 | 0.000 | Confirmed 0.659 | 0.876 | 0.905
Grazing-Based Economic 0.786 | 13.444 | 0.000 | Confirmed 0.552 | 0.796 | 0.860
Livestock Production | Environmental | 0.652 | 8.886 | 0.000 | Confirmed 0.550 | 0.733 | 0.833
Systems under Technical 0.587 | 5.007 | 0.000 Confirmed 0.676 | 0.922 | 0.936
Climate Change Legal 0.609 | 6.594 | 0.000 | Confirmed 0.609 | 0.841 | 0.886
Conditions Managerial 0.620 | 5.820 | 0.000 | Confirmed 0.528 | 0.874 | 0.897

Source: Research Findings, 2023 (1402)
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Figure 3. Factor Loadings and Path Coefficients of the Model for Enhancing Resilience in
Grazing-Based Livestock Production Systems under Climate Change Conditions
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