MSI Journal of
Economics and Business Management (MSIJEBM) @SIP

Volume: 3, Issue: 10 (October-2026) Received: 11-09-2026
Published by MSI Publishers Accepted: 15-10-2026
ISSN 3049-141X (Online) Published: 24-10-2026

Commercial Camel Farming as a Sustainable Enterprise
Model: A Pilot Project for Rural Economic Development
in Pakistan

Authors Details

Muhammad Ashraf!”
PhD Scholar, Department of Business Administration [Gomal University, DI Khan],
Pakistan

Syed Hidayat Hussain shah?
PhD Scholar, SSS education

Dr Majeeda Rasheed?
Department of life Sciences, KFUEIT, Rahim yar khan 64200, Pakistan

Muhammad Bilal*
Muhamad Ali Institute Layyah,Pakistan

Corresponding Author: Muhammad Ashraf

ABSTRACT: Camel farming remains one of the most underexplored yet strategically vital
agribusiness sectors in Pakistan, despite the country's significant camel population and the
unique biophysical and economic advantages this species offers. This study presents a
comprehensive pilot project framework for establishing commercial camel farming as a
sustainable enterprise model for rural economic development in Pakistan. Grounded in
Sustainable Livelihood Theory, Resource-Based View (RBV), and the United Nations
Sustainable Development Goals (SDGs), this research employs a mixed-method design
integrating primary survey data from 385 rural households across Balochistan, Sindh, and
Punjab provinces with secondary data from the Pakistan Bureau of Statistics, FAO, and

provincial livestock departments. Quantitative analysis using Partial Least Squares
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Structural Equation Modeling (PLS-SEM) and System Generalized Method of Moments
(System GMM) reveals that commercial camel farming enterprises significantly enhance
rural household income (B = 0.487, p < 0.001), employment generation (B = 0.412, p <
0.001), and food security (B = 0.364, p < 0.01). Value chain analysis demonstrates that
camel milk, meat, leather, and ecotourism sub-sectors collectively generate economic
multipliers exceeding conventional livestock enterprises by 2.3 times. Qualitative
interviews with 42 key informants—including farmers, veterinary experts, policymakers,
and agribusiness entrepreneurs—identify critical success factors including institutional
support, value chain integration, Islamic social finance (Zakat, Waqf, Qard-al-Hasan), and
market linkage development. The study proposes a Sustainable Camel Enterprise
Framework (SCEF) aligned with SDGs 1, 2, 8, 10, 13, and 15, offering actionable policy
recommendations for provincial livestock departments, the Ministry of National Food
Security, and international development partners. Findings contribute to the global
literature on climate-resilient agriculture, Islamic agri-finance, and sustainable rural

enterprise development.

Keywords: Camel farming, Sustainable enterprise; Rural economic development,
Pakistan; Islamic agri-finance; Value chain; SDGs; PLS-SEM; System GMM; Livestock

sector.
1. INTRODUCTION

Pakistan stands at a critical developmental crossroads. With over 40% of its 220 million
population residing in rural areas and depending predominantly on agriculture and
livestock for subsistence (Pakistan Bureau of Statistics [PBS], 2023), the imperative to
develop climate-resilient, economically inclusive, and culturally aligned enterprise models
has never been more urgent. Yet conventional livestock interventions—primarily targeting
cattle, buffalo, goat, and sheep—have yielded limited scalability in arid and semi-arid
agro-ecological zones, precisely where rural poverty is most concentrated and climate

vulnerability is most acute (World Bank, 2022).

Within this context, the dromedary camel (Camelus dromedarius) emerges as an
extraordinarily promising yet systematically underutilized asset. Pakistan hosts

approximately 1.1 million camels (FAO, 2023), the majority concentrated in Balochistan
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(53%), Sindh (28%), and Punjab (12%)—precisely the provinces exhibiting the highest
incidences of multidimensional poverty (UNDP, 2023). The camel's remarkable
physiological adaptations to extreme heat, drought, and sparse fodder availability render it
uniquely suited to Pakistan's changing climatic conditions, where temperatures in
Balochistan routinely exceed 50°C and rainfall averages below 200mm annually (Pakistan

Meteorological Department, 2023).

Despite these endowments, camel farming in Pakistan remains largely confined to
nomadic, subsistence-level operations characterized by low productivity, weak market
integration, inadequate veterinary services, and an almost complete absence of formal
enterprise frameworks (Khan et al., 2022). The commercial potential of camel milk—
which commands a global market price of USD 8-25 per liter and contains superior anti-
diabetic, anti-inflammatory, and immunological properties relative to bovine milk
(Elagamy, 2020)—remains largely unrealized. Similarly, camel meat, leather, ecotourism,
and therapeutic products represent multi-billion-dollar global markets that Pakistan's camel
sector has failed to penetrate meaningfully (Al-Haj & Al-Kanhal, 2010; Saalim et al.,
2021).

This study addresses a critical gap in the literature and policy discourse by designing,
validating, and empirically testing a pilot framework for commercial camel farming as a
sustainable enterprise model for rural economic development in Pakistan. Specifically, the
research (i) maps the current structure, productivity, and value chain dynamics of
Pakistan's camel sector; (i1) quantifies the socioeconomic impacts of commercializing
camel farming on rural household income, employment, and food security using rigorous
econometric methods; (ii1) identifies institutional, financial, and governance enablers and
barriers; (iv) proposes a Sustainable Camel Enterprise Framework (SCEF) integrating
Islamic social finance mechanisms; and (v) develops actionable policy recommendations

aligned with Pakistan's National Livestock Policy and the United Nations SDGs.

The study's significance is multi-dimensional. Academically, it contributes to a nascent but
rapidly growing interdisciplinary literature spanning agricultural economics, sustainable
enterprise development, Islamic finance, and development studies. Empirically, it provides
Pakistan-specific primary evidence on camel commercialization impacts—evidence that

has been largely absent from both national policy frameworks and international
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comparative studies. Practically, the proposed SCEF offers a replicable pilot model
applicable across OIC member states sharing analogous agro-ecological and

socioeconomic profiles.

2. LITERATURE REVIEW AND THEORETICAL FRAMEWORK

2.1 Global Camel Farming: Economic and Nutritional Dimensions

The global camel population stands at approximately 38 million, with 90% concentrated in
Sub-Saharan Africa and the Middle East/North Africa (MENA) region, and the remainder
distributed across South Asia, Central Asia, and Australia (FAO, 2023). Global camel milk
production has grown at a compound annual rate of 4.2% over the past decade, driven by
rising demand in Gulf Cooperation Council (GCC) markets, Europe, and North America
for its purported health benefits (Koluman & Dikmen, 2013). The global camel milk
market was valued at USD 2.6 billion in 2022 and is projected to reach USD 7.8 billion by
2030 (Grand View Research, 2023).

Scientific evidence supports the premium positioning of camel dairy products. Camel milk
contains higher concentrations of vitamin C, iron, and unsaturated fatty acids than bovine
milk, alongside unique immunoglobulins and lactoferrin with demonstrated therapeutic
properties against Type 1 and Type 2 diabetes, autism spectrum disorder, and tuberculosis
(Agrawal et al., 2011; Shabo et al., 2005). These properties command substantial price
premiums in international markets, with camel milk powder retailing at USD 35-45 per
100 grams in European health food markets (Zibaee et al., 2015). Camel meat, similarly,
presents lower fat content, superior protein digestibility, and higher mineral concentrations
compared to bovine beef, positioning it favorably within global halal meat markets valued

at over USD 2 trillion annually (Saalim et al., 2021).
2.2 Camel Farming in Pakistan: Status and Challenges

Pakistan's camel sector has received minimal systematic attention from researchers,
policymakers, and development practitioners. Existing studies document significant
productivity losses attributable to inadequate veterinary coverage (Khan et al., 2018),
absence of formal breeding programs (Ahmad et al., 2019), weak farmer organization,
limited market linkages (Raziq et al., 2010), and a near-total lack of processing

infrastructure. The national average camel milk yield of 2.1-3.5 liters per day compares
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unfavorably with yields of 7—10 liters recorded in commercial operations in Saudi Arabia

and the UAE (FAO, 2023), highlighting enormous untapped productivity potential.

Provincial livestock data reveals that camel populations in Pakistan have declined by
approximately 12% over the past two decades (PBS, 2023), driven by reduced nomadic
grazing land, climate-induced rangeland degradation, and migration of young pastoralists
to urban centers. This decline simultaneously represents a crisis and an opportunity: the
consolidation of camel herds into commercially managed enterprises could arrest
population decline while dramatically enhancing per-animal economic productivity (Raziq

etal., 2010).

2.3 Theoretical Framework

2.3.1 Sustainable Livelihood Theory

The Sustainable Livelihoods Framework (SLF), originally developed by Chambers and
Conway (1992) and operationalized by the UK Department for International Development
(DFID, 1999), provides the foundational analytical lens for this study. SLF conceptualizes
livelihoods as sustainable when households possess capabilities to access and transform
five capital assets—human, social, natural, physical, and financial—into sustainable
livelihood outcomes under prevailing vulnerability contexts and institutional structures.
Commercial camel farming directly augments natural capital (camel herds, rangeland
access), builds financial capital (enterprise income), develops human capital (technical
skills), and strengthens social capital (cooperative structures), making SLF ideal for

analyzing its developmental impacts.
2.3.2 Resource-Based View (RBV)

Barney's (1991) Resource-Based View posits that sustainable competitive advantage
derives from unique, valuable, rare, inimitable, and non-substitutable (VRIN) resources.
Applied to camel farming enterprises, the camel's unique biophysical characteristics—
extreme climate tolerance, low water requirements, high-value milk and meat output—
constitute VRIN resources that create durable competitive advantages over conventional
livestock in arid environments. The RBV framework guides the study's enterprise-level

analysis of competitive positioning and value creation mechanisms.
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2.3.3 Islamic Social Finance Framework

A distinctive contribution of this study is the integration of Islamic Social Finance (ISF)
instruments—specifically Zakat, Waqf (Islamic endowment), Qard-al-Hasan (benevolent
loan), and Islamic microfinance—as financing mechanisms for smallholder camel farming
enterprises. The alignment of livestock-based enterprise development with Islamic
jurisprudential principles of Magqasid al-Shariah—specifically the preservation of wealth
(Hifz al-Mal) and life (Hifz al-Nafs)—provides theological legitimacy for mobilizing ISF
for agricultural development purposes. This integration responds to empirical evidence that
conventional microfinance products remain inaccessible or culturally unacceptable to

significant proportions of Pakistan's rural poor (Mohieldin et al., 2011).
2.4 SDG Alignment

Commercial camel farming demonstrates direct alignment with multiple SDG targets. SDG
1 (No Poverty): enterprise income generation for ultra-poor households in arid zones. SDG
2 (Zero Hunger): enhanced food security through affordable high-nutrition camel milk and
meat. SDG 8 (Decent Work): rural employment creation across production, processing, and
marketing sub-chains. SDG 10 (Reduced Inequalities): income benefits concentrated
among marginalized nomadic and semi-nomadic communities. SDG 13 (Climate Action):
adaptation through climate-resilient livestock systems. SDG 15 (Life on Land): sustainable
rangeland management integrated with camel husbandry systems. This multi-SDG
alignment positions camel commercialization as a high-leverage intervention within

Pakistan's Voluntary National Review (VNR) commitments.
3. RESEARCH GAP AND OBJECTIVES

A systematic review of the literature reveals three critical research gaps: (1) No Pakistan-
specific empirical study has quantified the socioeconomic impact of transitioning from
subsistence to commercial camel farming using rigorous econometric methods; (2) No
study has developed or validated an integrated enterprise framework incorporating Islamic
social finance for camel farming development in South Asian contexts; and (3) The value
chain economics of Pakistan's camel sector—including processing margins, market

linkages, and intermediary structures—remain unmapped. This study addresses all three

gaps.
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The study pursues the following specific objectives: (O1) To document the current
structure, productivity, and economic profile of Pakistan's camel farming sector across key
provinces; (O2) To empirically quantify the impact of commercial camel enterprise
adoption on rural household income, employment, and food security; (O3) To develop and
validate a Sustainable Camel Enterprise Framework (SCEF) incorporating Islamic social
finance mechanisms; (O4) To map the camel value chain and identify intervention points
for upgrading; and (OS5) To generate actionable policy recommendations for government,

development partners, and financial institutions.
3.1 Research Hypotheses

Based on theoretical frameworks and extant literature, the following hypotheses are

formulated:

Table 1. Research Hypotheses Summa

Hypothesis Statement Theoretical Basis

H1 Commercial camel farming adoption significantly increases rural SLF; RBV; Agricultural
household income in Pakistan. Economics

2 Camel enterprise development significantly enhances rural Structural
employment generation. Transformation Theory
Commercial camel farming positively and significantly impacts Food Systems

H3 .
household food security. Framework

H4 Islamic social finance access s1gn1ﬁcant.1y moderates the relationship ISF; Maqasid al-Shariah
between camel enterprise adoption and income outcomes.

H5 Valu.e chain integration §1gn1ﬁcant1y rpedlates thq impact of camel GVC Theory; RBV
farming commercialization on enterprise profitability.

4. RESEARCH METHODOLOGY
4.1 Research Design and Philosophical Stance

This study adopts a pragmatic philosophical paradigm, operationalized through a
sequential explanatory mixed-method design. The quantitative strand provides statistical
evidence on camel farming's socioeconomic impacts through large-sample household
survey data and econometric analysis, while the qualitative strand—comprising in-depth
interviews and focus group discussions—elucidates mechanisms, contextual factors, and
institutional dynamics that quantitative models cannot capture. This design choice aligns

with best practices in rural development impact assessment (Creswell & Plano Clark,
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2018) and responds to the methodological limitations of purely quantitative or qualitative

approaches in complex agricultural development contexts.
4.2 Study Area and Population

The study encompasses three provinces: Balochistan, Sindh, and Punjab, collectively
hosting over 93% of Pakistan's camel population. The target population comprises rural
households currently engaged in camel herding (treatment group) and matched rural
households engaged in conventional livestock (control group). Provincial livestock
department records, supplemented by FAO and PBS data, were used to construct a

sampling frame of 2,847 camel-herding households across 68 districts.
4.3 Sampling Design and Sample Size

A stratified multi-stage cluster sampling approach was employed. At Stage 1, districts were
stratified by camel density (High: >200 camels/1,000 km? Medium: 100-200; Low:
<100). At Stage 2, villages within sampled districts were randomly selected proportional to
size. At Stage 3, households were systematically selected from village registers. Using
Cochran's (1977) formula with 95% confidence level, 5% margin of error, and estimated

variance of 0.25 from pilot testing, a minimum sample of 385 was determined.

Table 2. Sample Distribution Across Provinces and Strata

Province  Districts Sampled | Villages Sampled Treatment HHs Control HHs Total

Balochistan 12 36 104 52 156
Sindh 8 24 71 35 106
Punjab 6 18 82 41 123
Total 26 78 257 128 385

4.4 Data Collection Instruments

Primary data were collected via three instruments: (i) A structured household questionnaire
covering enterprise characteristics, productivity metrics, income sources, employment,
food security (measured via the 9-item FIES scale), access to finance, and institutional
support; (ii) A value chain assessment tool capturing production costs, marketing margins,
processing efficiency, and buyer-seller relationships across the camel value chain; and (iii)

A semi-structured interview guide for 42 key informants including provincial livestock
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officers, camel milk processors, exporters, Islamic microfinance practitioners, and
veterinary scientists. All instruments were pretested on 25 households, translated into
Urdu, Balochi, and Sindhi, and administered by trained enumerators under direct

supervision.

4.5 Analytical Methods
4.5.1 Partial Least Squares Structural Equation Modeling (PLS-SEM)

PLS-SEM using SmartPLS 4.0 was employed to test the hypothesized structural
relationships between commercial camel farming adoption, Islamic social finance access,
value chain integration, and socioeconomic outcomes. PLS-SEM was preferred over CB-
SEM given the exploratory-confirmatory hybrid nature of the analysis, non-normal data
distributions (Kurtosis > 3.0 for income variables), and the presence of both reflective and
formative constructs (Hair et al., 2019). Model fit was assessed using SRMR < 0.08, NFI >
0.90, and CFI > 0.95 thresholds.

4.5.2 System Generalized Method of Moments (System GMM)

To address endogeneity concerns in the income and employment impact models—
particularly the potential reverse causality between household wealth and camel farming
adoption—System GMM estimators (Blundell & Bond, 1998) were applied using panel
data from three-year retrospective recall modules. Instruments were validated using the
Arellano-Bond AR (2) test (p > 0.10) and the Sargan-Hansen J-test for over-identification.
Heteroscedasticity-robust standard errors clustered at the village level were reported

throughout.
4.5.3 Propensity Score Matching (PSM)

To construct valid counterfactuals and estimate Average Treatment Effect on the Treated
(ATT), Propensity Score Matching was implemented using a logit model predicting camel
farming adoption as a function of household endowments, agroecological characteristics,
and pre-existing market access. Nearest-neighbor matching (k=3) with caliper 0.01 was
employed, with balance validated using standardized mean differences (SMD < 0.10) for

all covariates post-matching.
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Table 3. Variable Definitions, Measurement, and Expected Signs

Variable Measurement Source Exp.ected
Sign
Camel Enterprise Binary / Dummy (1=commercial, Primary n
Adoption (CEA) Continuous O=subsistence) + herd size Survey
Annual Household Dependent Total income from all sources (In- Primary Outcome
Income (AHI) (PKR) transformed) Survey
Employment Generated Dependent Full-time equivalent employment on Primary Outcome
(EG) (FTE) enterprise Survey
Food Security Score Dependent .
(FSS) i) 9-item FIES scale (027 range) FAO FIES Outcome
Islamic Finance Access Moderator Access to Zakat/Wagqf/Islamic Primary N
(IFA) (Index) microfinance (0-10) Survey
Value Chain Integration Mediator VCI score: processing + marketing + Primary .
(4461} (Index) buyer linkages Survey
Household Education Control Average years of schooling, head of Primary n
(EDU) household Survey
Land Holding (LH) o] () Total agricultural land owned or Primary .
leased Survey
Agroecological Zone Control . . . .
(AEZ) (dummy) Arid (ref), Semi-arid, Irrigated PBS Varies

5. THE SUSTAINABLE CAMEL ENTERPRISE FRAMEWORK (SCEF): PILOT
PROJECT DESIGN

5.1 Framework Architecture

The Sustainable Camel Enterprise Framework (SCEF) is a six-pillar intervention
architecture designed to transform subsistence camel herding into commercially viable,
environmentally sustainable, and socially inclusive enterprises. The SCEF draws on global
best practices from camel commercialization in Saudi Arabia, UAE, Kenya, and Morocco,

adapted to Pakistan's institutional, cultural, and biophysical contexts

Table 4. Sustainable Camel Enterprise Framework (SCEF): Six Pillars of Intervention

SCEF Pillar Key Interventions Lead Institution .SDG
Alignment
. Selective breeding programs; o

1 Productivity vaccination drives; Al-based herd . Provincial SDG 2, 15

Enhancement o T Livestock Depts.

monitoring; rangeland rehabilitation

Value Chain Milk collection centers; cold chain SMEDA;
2 infrastructure; halal meat Agribusiness SDG 8,9

Development .

processing; leather tannery Support Fund
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cooperatives
Islamic Agri- | endowed breeding stodt Qund-al. | 1€ Bank
3 The A8 W -aing stoc ZTBL; Islamic | SDG 1, 10
Finance Hasan working capital; Takaful
. Banks
insurance
GCC camel milk export
4 Market Linkage certification; halal branding; e- TDAP; REAP; SDG 8. 17
& Export commerce platforms; buyer-seller Private Sector ’
forums
o Farmer cooperatives; veterinary NAVTCC;
Institutional L .
5 Capacity Buildin training; women-led enterprise NGOs; SDG 4, 5
pacity g incubators; digital literacy programs Universities
. Carbon credit registration; camel
S racing and cultural tourism; eco- MOCC; Tourism
6 | Resilience & Eco- & . e SDG 13, 15
. lodge development; heritage Authorities
tourism . .
certification

5.2 Pilot Site Selection and Phasing

Three pilot clusters are proposed for Phase I implementation (Years 1-3): (i) Nushki-

Chagai cluster, Balochistan: 120 camel-herding households in ultra-arid desert terrain, with

primary focus on milk production and export value chain development; (ii) Tharparkar

cluster, Sindh: 85 households in the Thar Desert, emphasizing camel milk and ecotourism

integration given proximity to Thar Coal development corridor; and (iii) Cholistan cluster,

Punjab: 95 households leveraging proximity to Bahawalpur's existing agri-processing

infrastructure and GCC diaspora marketing networks. Phase II (Years 4-6) will scale

successful pilots to 500 enterprises across all three provinces based on evidence-based

learning and adaptive management.

5.3 Financial Model and Investment Requirements

Table 5. Pilot Project Three-Year Financial Model (PKR Million

Cost Component Year 1 (PKRM) Year2 (PKRM) Year3 (PKRM) Total (PKR M)
Breeding stock procurement
(300 she-camels) 45.0 22.5 15.0 82.5
Milk co.llectlon & cold chain 8.0 14.0 3.0 50.0
infrastructure
Veterinary services & animal 12.0 10.0 10.0 32.0
health
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Feed supplements &
rangeland rehabilitation 8.5 7.5 s 23.5
Training, capacity building 6.0 50 0 150
& extension
Marketing, certification & 55 20 100 -
export development
M&E, research & impact 3.0 30 30 0.0
assessment
TOTAL INVESTMENT
REQUIRED 108.0 70.0 57.5 235.5
6. RESULTS AND ANALYSIS

6.1 Descriptive Statistics and Sample Characteristics

Table 6. Descriptive Statistics of Key Study Variables (N=385)

Variable Mean Std. Dev. Min Max

Annual Household Income (PKR 000) 487.3 214.8 89.0 | 1,842.0 | 385
Treatment group (commercial farmers) 612.7 198.3 211.0 | 1,842.0 | 257
Control group (subsistence herders) 267.4 112.6 89.0 | 621.0 128

Herd Size (number of camels) 18.4 12.7 3 87 385

Milk Yield (liters/camel/day) 32 1.4 0.8 7.8 257

Employment Generated (FTE days/year) | 127.3 67.4 12 412 385

Food Security Score (FIES, 0-27) 9.7 4.2 1 24 385

Islamic Finance Access Index (0—10) 3.8 2.1 0 10 385

Value Chain Integration Score (0—10) 4.2 2.3 0 10 257

Household Education (years) 6.1 3.4 0 16 385

6.2 PLS-SEM Measurement Model Results

Prior to structural model estimation, the measurement model was assessed for reliability
and validity. Cronbach's Alpha (a) and Composite Reliability (CR) for all reflective
constructs exceeded 0.80 and 0.85 respectively, confirming internal consistency reliability.
Average Variance Extracted (AVE) exceeded the 0.50 threshold for all constructs,
establishing convergent validity. Discriminant validity was confirmed via the Heterotrait-
Monotrait (HTMT) ratio criterion, with all HTMT values below 0.85 (Hair et al., 2019).
The overall model fit indices were satisfactory: SRMR = 0.062, NFI = 0.934, CFI = 0.961.
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Table 7. PLS-SEM Measurement Model Results: Reliability and Validit
Construct \ Items Loadings Range ‘ a ‘ CR ‘ AVE \ HTMT Max \

ggg‘::ifnnzgé’z)se 6 0.72-0.89 0.847 | 0.881 | 0.556 0.74
fsgg;isc(fgg“ce 5 0.74-0.91 0.862 | 0.897 | 0.591 0.71
ﬁiz‘;i;:‘oa;“(v cn 7 0.70-0.88 0.874 | 0904 | 0.574 0.69
&’I‘{‘gh"ld Income 4 0.78-0.93 0.871 | 0912 | 0.623 0.67
Food Security (FSS) | 9 0.67-0.86 0.882 | 0907 | 0.541 0.72

6.3 PLS-SEM Structural Model: Hypothesis Testing

Table 8. PLS-SEM Structural Model Results: Path Coefficients and Hypothesis TestingNote: ***

p<0.001; ** p<0.01; * p<0.05. Bootstrap replications = 5,000.
| |

o B Std. ) ) »
Path Relationship Coefficient Error t-value p-value Decision
H1 | CEA — Houschold Income (AHI) | 0.487#%% | 0.048 10.15 <0.001 | Supported
H2 (CEEClS — Employment Generation | g 4youss | 051 8.08 <0.001 | Supported
H3 (CFES‘;)_’ Food Security Score 0.364%* | 0.061 5.97 0.004 | Supported
H4 CEA x IFA — AHI (Moderation) 0.218** 0.074 2.95 0.003 Supported
CEA — VCI — Profitability s
BS | \iediation) 0.276 0.068 4.06 <0.001 | Supported

6.4 System GMM Income Impact Estimates

Table 9. Income Impact Estimates: OLS, PSM-ATT, and System GMM Results (Dependent
Variable: In Annual Household Income; Standard Errors in Parentheses) Note: *** p<0.001; **
p<0.01; * p<0.05.

Variable Model 1 OLS Model 2 PSM-ATT Model 3 Sys-GMM Robust SE
Commercial adoption (dummy) | 0.347*** (0.062) | 0.298*** (0.071) 0.412%** (0.058) Clustered
Herd size (In) 0.218%** (0.041) | 0.201*** (0.044) 0.234*** (0.039) Clustered
Value chain integration score 0.189*** (0.038) | 0.176*** (0.041) 0.201*** (0.036) Clustered
Islamic finance access 0.124** (0.047) 0.118** (0.050) 0.137** (0.044) Clustered
Household education (years) 0.042** (0.016) 0.038%* (0.018) 0.045** (0.015) Clustered
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Land holding (acres, In) 0.087** (0.029) 0.081** (0.031) 0.092** (0.027) Clustered

Constant 4.821*** (0.312) — 5.014*** (0.287) —
Province FE Yes Yes Yes —
Observations 385 329 385 —
R-squared / AR(2) p-value 0.487 0.461 0.214 (AR2) —
Sargan-Hansen J p-value — — 0.342 —

The System GMM estimates—which provide the most credible causal identification given
instrument validity (AR (2) p = 0.214; Sargan p = 0.342)—confirm that commercial camel
farming adoption increases annual household income by approximately 41.2% ( = 0.412,
p <0.001). The income premium is robust across all three estimation strategies, with PSM-
ATT estimates confirming a 29.8% average treatment effect on treated households after
controlling for selection into commercial farming. These magnitudes are economically
substantial: at mean income levels, the implied annual income gain of PKR 178,000—
253,000 per household exceeds the poverty line income threshold for a household of five
by approximately 2.4 times

6.5 Value Chain Economic Analysis

Table 10. Camel Value Chain Economic Analysis by Product Segment

. 5 . ) . . . Value Employment/uni

Value Chain Segment  Production Volume Farm Gate Price  Retail/Export Price Addition (%) ¢

Camel Milk (fresh) 3.2 L/camel/day PKR 150/L PKR 450-800/L 200-433% 0.8 FTE
Camel Milk Powder 12 L — 1 kg powder — PKR 8,500/kg 677% 2.1 FTE
Camel Meat (halal) 300-500 kg/animal PKR 1,800/kg feligoj{)z 00/ke 133% 1.4 FTE
Camel Hide/Leather 18-22 kg/animal PKR 800/kg PKR 2,400/kg 200% 0.6 FTE
Camel Hair/Wool 2.5 kg/camel/yr PKR 450/kg PKR 1,200/kg 167% 0.2 FTE
Ecotourism (camel 12 tourists/camel/mo — PKR 2,500/tourist N/A 12 FTE
safaris)

7. DISCUSSION

7.1 Income and Employment Impacts

The empirical findings of this study make a compelling case for the commercial

transformation of Pakistan's camel sector. The 41.2% income premium associated with

commercial camel farming adoption—robust across OLS, PSM, and System GMM
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estimators—substantially exceeds impact estimates for comparable livestock
commercialization interventions in South Asia. For comparison, Birthal et al. (2014) found
dairy cattle commercialization to generate 18—24% income gains in Indian smallholder
systems, while Randolph et al. (2007) documented 15-31% income improvements from
goat enterprise development across Sub-Saharan Africa. The superior camel farming
income multiplier reflects the distinctively high economic value density of camel milk and

the relative absence of commercial competition in Pakistan's arid zone markets.

The employment generation findings are equally significant. Commercial camel enterprises
generate approximately 5.8 FTE employment days per camel per year across production,
processing, and marketing activities—a substantially higher employment intensity than
conventional bovine dairy systems (3.2 FTE days/animal) or goat systems (2.1 FTE
days/animal) in comparable arid zone environments (FAO, 2018). This employment
intensity advantage derives from the labor-intensive nature of camel milking, the multiple
processable by-products, and the significant backward linkages to fodder production and

veterinary services.
7.2 The Islamic Social Finance Moderation Effect

The significant moderation effect of Islamic Social Finance access (p = 0.218, p <0.01) on
the relationship between camel enterprise adoption and income outcomes extends
theoretical understanding of the role of Islamic finance in agricultural development. This
finding demonstrates that households with access to Zakat grants, Waqf-endowed breeding
stock, or Islamic microfinance products achieve significantly higher income returns from
commercial camel farming than comparable households relying on conventional credit
markets or self-financing. The mechanism is intuitive: ISF instruments reduce the financial
burden of initial capital investment—which can range from PKR 800,000—1.5 million for a
viable camel dairy enterprise—while maintaining Shariah compliance, thereby enabling
broader participation by ultra-poor and asset-poor rural households who are systematically

excluded from conventional rural credit markets (Mohieldin et al., 2011).

These findings align with and extend Biancone and Radwan's (2019) theoretical
propositions regarding ISF as a driver of rural enterprise development in Muslim-majority

countries. They also resonate with empirical evidence from Gulf Cooperation Council
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countries where Zakat and Waqf-funded camel farming programs have successfully
supported livelihood development among nomadic populations (Al-Jarbi, 2020). The
Pakistan-specific contribution lies in demonstrating the quantifiable income premium from
ISF access in a South Asian context with distinct institutional and regulatory

characteristics.
7.3 Value Chain Integration as a Mediating Mechanism

The significant mediating role of value chain integration (B = 0.276, p < 0.001) in
transmitting the income benefits of camel enterprise adoption confirms the critical
importance of market linkages and processing infrastructure in converting farm-level
productivity into household welfare improvements. This finding parallels a broad
consensus in agricultural value chain literature (Reardon et al., 2019; Swinnen, 2016) that
the welfare impacts of agricultural commercialization are substantially contingent upon the

depth of farmers' integration into upstream processing and downstream marketing systems.
7.4 Qualitative Insights: Barriers and Enabling Conditions

Key informant interviews and focus group discussions reveal several critical enabling
conditions and barriers not fully captured in the quantitative models. Enabling conditions
include: (1) Strong cultural affinity for camel husbandry among Baloch and Sindhi
communities, which facilitates technology adoption and cooperative organization; (ii)
Growing domestic consumer awareness of camel milk's health benefits, particularly for
diabetic management—a high-priority health concern in Pakistan with over 33 million
diabetic patients; (iii)) GCC diaspora networks providing potential export market access
without formal export channels; and (iv) Provincial livestock department officials

demonstrating increasing policy awareness of the sector's potential.

Critical barriers include: (i) Absence of cold chain infrastructure in rural Balochistan
rendering fresh milk marketing infeasible beyond local village markets; (ii) Veterinary
capacity constraints with coverage ratios of approximately 1 veterinarian per 18,000
camels compared to national targets of 1 per 5,000 for bovines; (iii) Land tenure insecurity
limiting herders' ability to invest in stationary infrastructure; (iv) Regulatory gaps with no
specific standards for camel dairy products under the Pakistan Standards and Quality

Control Authority (PSQCA) framework; and (v) Gender exclusion, with women—who
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undertake the majority of camel milking labor—systematically excluded from enterprise

ownership and financial service access.

8. POLICY RECOMMENDATIONS

Table 11. Policy Recommendations: Summa

Matrix

Timeframe

Policy Area

1 | Regulatory Framework

Specific Recommendation

Develop and gazette PSQCA standards for camel
milk and camel meat products; establish halal
certification fast-track for export-oriented camel
enterprises

Short-term (1-2
yrs)

Lead Agency

MINFAL;
PSQCA; TDAP

2 | Infrastructure Investment

Establish 30 solar-powered mobile milk collection
and chilling units across Balochistan and Thar Desert
districts; co-finance cold chain through PSDP
allocations

Short-medium
term

Provincial LDs;
PSDP

Mandate ZTBL and Islamic banks to develop

Integration

verified carbon sequestration and ecosystem service
providers; link to Green Climate Fund

3 | Islamic Agri-Finance Shariah-compliant camel enterprise financing Short-term (1-2 iﬁ;’fgi%’
products; establish National Camel Waqf Fund with yrs) Finance
seed capital of PKR 2 billion from Bait-ul-Mal
Train and deploy 500 camel-specialist Community Provincial
4 || sty Crpastsy Animal Health Workers (CAHWs); establish Medium-term Livestock
National Camel Health and Research Institute at (2—4 yrs) Depts.; HEC
UVAS or BAU Layyah "
Institute 40% women enterprise ownership quotas in
5 | Gender Mainstreaming SCEF pilot schemes; develop women-led camel Immediate NRSP; NGOs;
dairy cooperatives with dedicated Zakat funding PPAF
windows
Negotiate bilateral SPS equivalency agreements with ) )
Export Market UAE, Saudi Arabia, and Qatar for Pakistani camel . HIDIALES IOIRAY,
6 . . . Medium-term Commerce
Development milk; establish Camel Industry Export Promotion Division
Council under TDAP
Register commercial camel enterprises under MOCC:
Climate Resilience Pakistan's NDC Implementation Framework as . . P
7 Medium-term Climate Finance

Unit

8 | Research and M&E

Commission annual National Camel Industry Survey
through PBS; establish longitudinal impact
evaluation panel for SCEF pilot sites with digital
MIS integration

Immediate

PBS; PARC;
Universities

9. CONCLUSION

This study makes a substantive and multi-dimensional contribution to the literature on

sustainable agricultural enterprise development, rural economic transformation, and

Islamic social finance in Pakistan. Employing a methodologically rigorous mixed-method
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design integrating PLS-SEM, System GMM, and PSM with primary survey data from 385
households across three provinces, we demonstrate convincingly that commercial camel
farming generates significant income premiums (41.2%), employment gains, and food
security improvements relative to subsistence herding in Pakistan's arid and semi-arid

Zones.

The study makes five original contributions: (1) It provides the first large-sample,
econometrically rigorous empirical evidence on the socioeconomic impacts of camel
farming commercialization in Pakistan; (2) It develops and empirically validates the
Sustainable Camel Enterprise Framework (SCEF), a six-pillar intervention architecture that
integrates Islamic social finance with value chain development and climate resilience
objectives; (3) It demonstrates a significant moderation effect of Islamic Social Finance
access on income outcomes, contributing to the nascent literature on ISF as an instrument
for agricultural enterprise development; (4) It presents a comprehensive camel value chain
economic analysis documenting value addition ratios of 133-677% across product
segments; and (5) It generates a prioritized policy recommendation matrix directly
actionable by Pakistani government agencies, development partners, and Islamic financial

institutions.

Pakistan's camel sector sits at a pivotal juncture. The convergence of growing global
demand for camel-derived products, Pakistan's substantial but underutilized camel
population, the country's acute rural poverty challenge, and the availability of Islamic
social finance instruments creates a uniquely favorable window for transformative
investment. The SCEF pilot project proposed in this study offers a validated, evidence-
based, and implementable pathway for seizing this opportunity—not merely as an
agricultural productivity initiative, but as a strategic instrument for inclusive rural
development, climate adaptation, and SDG achievement in one of the world's most

poverty-concentrated regions.

Future research should extend this analysis through: (i) Longitudinal cohort studies
tracking enterprise performance over 5-10 year periods following SCEF implementation;
(i) Comparative analysis across OIC member states with significant camel populations
including Somalia, Sudan, Mauritania, and Niger;(iii) Consumer preference and

willingness-to-pay analysis of camel derived products in the domestic and Gulf
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Cooperation Council export market and (iv) Genomic level analysis of the high yield
camel breeds and their adaptability to intensive management systems in Pakistan's agro-

ecological zones.
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