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Education and Clean Energy for Social Inclusion 

Discover how education and clean energy serve as vital instruments of social inclusion and equity. Learn about 

initiatives promoting quality education for girls, renewable energy adoption in marginalized areas, and support for 

smallholders to foster inclusive growth. 

Muhammad Khalid Bashir 

1/1/2026 

As the world enters 2026, rural economies 

stand at a defining crossroads. Climate 

change, demographic transitions, 

technological disruption, and economic 

volatility are reshaping the foundations of 

agriculture and rural livelihoods across 

developing countries. For Pakistan, where 

agriculture remains central to food 

security, employment, and social 

stability, these pressures are particularly 

acute. Yet within these challenges lie 

opportunities to rethink development 

pathways and to build rural systems that 

are resilient, inclusive, and sustainable. 

This January edition of The Agricultural 

Economist is dedicated to the 

theme “Empowering Rural Growth: 

Education, Clean Energy, and 

Sustainable Agriculture.” The focus 

reflects a growing global consensus that 

long-term rural development cannot be 

achieved through isolated interventions. 

Instead, it requires integrated strategies 

that simultaneously strengthen human 

capital, ensure access to clean and 

affordable energy, and promote 

environmentally sustainable agricultural 

systems. This perspective resonates 

strongly with international observances 

such as the International Day of 

Education and the International Day of 

Clean Energy, which underscore the 

centrality of knowledge and energy in 

shaping equitable development futures. 

For Pakistan, aligning rural development 

policy with these principles is no longer 

optional. It is a necessity dictated by 

climate vulnerability, population growth, 

water scarcity, and persistent rural 

poverty. The question facing 

policymakers and practitioners in 2026 is 

not whether education and clean energy 

matter, but how effectively they can be 

embedded within agricultural and rural 

development strategies. 

Education as the Foundation of Rural 

Transformation 

Education is widely recognized as a 

cornerstone of socio-economic progress, 

yet its transformative potential remains 

underrealized in rural and agricultural 

contexts. In many developing economies, 

including Pakistan, agricultural 

productivity continues to lag not because 

of land or labor shortages alone, but due 

to limited access to knowledge, skills, and 

innovation. Outdated farming practices, 

weak extension systems, and low digital 

literacy constrain farmers’ ability to 

respond to changing climatic and market 

conditions. 

The International Day of Education 

serves as a reminder that education is not 

merely a social service; it is an economic 

investment. For rural economies, 

education plays a dual role. First, it 

enhances productivity by enabling 

farmers to adopt improved technologies 

and sustainable practices. Second, it 

expands livelihood opportunities beyond 

traditional farming, reducing 

vulnerability and diversifying rural 

income sources. 

Agricultural education must therefore 

move beyond conventional models. 

Vocational and technical training 

programs tailored to local agro-ecological 

conditions can introduce farmers to 

climate-smart practices such as efficient 

irrigation, integrated pest management, 

soil health restoration, and crop 

diversification. At the same time, digital 

literacy has become indispensable. 

Access to mobile-based advisory 

services, weather forecasts, market 

information, and financial platforms can 

significantly improve decision-making 

and profitability, particularly for 

smallholders. 

Equally important is the role of education 

in engaging rural youth. Pakistan’s 

demographic profile with a large and 

growing youth population represents both 

a challenge and an opportunity. As 

younger generations increasingly 

disengage from agriculture, rural areas 

face an aging farming population and a 

decline in innovation. Reframing 

agriculture as a knowledge-intensive, 

technology-driven, and entrepreneurial 

sector is essential. Educational curricula 

that integrate agriculture with business 

development, digital tools, and 

environmental stewardship can inspire 

youth to view farming as a viable and 

dignified livelihood. 

International experiences offer valuable 

lessons. In Kenya, initiatives such as 

Digital Green have demonstrated how 

community-based, video-enabled 

learning can accelerate the adoption of 

best practices. In India, agricultural 

universities and extension systems play a 

pivotal role in disseminating research-

driven innovations to farmers. Adapting 

such models to Pakistan’s institutional 

and cultural context while ensuring 

inclusivity for women and marginalized 

groups could significantly enhance rural 

productivity and resilience. 

Clean Energy as a Catalyst for 

Agricultural Sustainability 

Energy access is a defining constraint on 

rural development. Agriculture today is 

inseparable from energy, influencing 

irrigation, mechanization, processing, 

storage, and transportation. Yet millions 

of rural households remain dependent on 

expensive, unreliable, and 
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environmentally damaging energy 

sources such as diesel, firewood, and grid 

electricity with frequent outages. This 

energy poverty undermines productivity, 

raises costs, and exacerbates 

environmental degradation. 

The International Day of Clean Energy 

highlights the transformative potential of 

renewable energy in addressing these 

challenges. Clean energy solutions, 

particularly solar, wind, and bioenergy, 

offer practical and scalable options for 

empowering rural economies while 

advancing climate mitigation and 

adaptation goals. 

Globally, renewable energy is already 

reshaping agriculture. Solar-powered 

irrigation systems have reduced fuel costs 

and improved water-use efficiency in 

countries such as India and Bangladesh. 

Wind-powered machinery and solar-

based cold storage facilities have 

enhanced post-harvest management and 

reduced losses. Bioenergy systems that 

convert agricultural waste into energy 

provide dual benefits by managing 

residues and supplying clean power. 

Pakistan is well-positioned to leverage 

these opportunities. With abundant solar 

radiation, significant wind corridors, and 

ample biomass resources, the country has 

immense renewable energy potential. 

However, adoption in the agricultural 

sector remains limited and uneven. Large-

scale projects, such as solar parks, 

demonstrate technical feasibility, but the 

challenge lies in translating these 

investments into tangible benefits for 

smallholder farmers. 

Achieving this requires coherent policy 

frameworks, targeted subsidies, and 

innovative financing mechanisms. 

Microfinance and blended finance models 

can enable farmers to invest in renewable 

technologies, while public–private 

partnerships can bridge gaps in 

infrastructure and service delivery. 

Awareness campaigns and technical 

training are equally important to ensure 

that clean energy solutions are not only 

available but also effectively utilized. 

 

Sustainable Agriculture at the Nexus of 

Knowledge and Energy 

Sustainable agriculture represents the 

convergence of education and clean 

energy. It is a system designed to meet 

present food and fiber needs without 

compromising the ability of future 

generations to do the same. In the context 

of climate change, water scarcity, and 

land degradation, sustainability is no 

longer a normative ideal, it is an 

operational necessity. 

Education equips farmers with the 

knowledge required to adopt sustainable 

practices, while clean energy provides the 

means to implement them. For example, 

training farmers in efficient irrigation 

techniques can significantly reduce water 

use, but widespread adoption is often 

constrained by energy costs. Solar-

powered drip and sprinkler systems 

overcome this barrier by combining 

knowledge with affordable energy. 

Similarly, biogas plants that convert 

livestock waste into renewable energy 

reduce dependence on chemical 

fertilizers, improve soil health, and lower 

greenhouse gas emissions. Solar-powered 

greenhouses and cold storage facilities 

extend growing seasons and reduce post-

harvest losses, enhancing both 

productivity and income stability. 

International examples underscore the 

effectiveness of integrated approaches. 

Ethiopia’s Sustainable Land Management 

Program combines farmer education with 

renewable energy interventions to restore 

degraded lands and improve yields. In 

Vietnam, solar-powered aquaculture 

systems have increased fish production 

while minimizing environmental impacts. 

These experiences illustrate that 

sustainability is most effective when 

education and energy policies are aligned. 

For Pakistan, adopting such integrated 

models could address persistent 

challenges such as declining soil fertility, 

inefficient water use, and high energy 

costs. However, this requires moving 

beyond fragmented interventions toward 

coordinated strategies that recognize the 

interdependence of education, energy, 

and agriculture. Policy, Institutions, and 

the Role of Stakeholders 

Realizing the vision of empowered rural 

economies demands coordinated action 

across multiple stakeholders. 

Policymakers must place rural education 

and clean energy at the center of national 

development strategies, supported by 

adequate budgetary allocations and 

institutional reforms. Strengthening 

agricultural extension services, investing 

in rural schools and training centers, and 

expanding renewable energy 

infrastructure are essential steps. 

Public–private partnerships can play a 

transformative role by mobilizing 

investment, innovation, and expertise. 

Financial institutions, technology 

providers, and agribusiness firms must be 

incentivized to engage with smallholders 

and rural communities. At the same time, 

international cooperation through 

platforms such as the International Solar 

Alliance can facilitate knowledge transfer 

and access to finance. 

Crucially, rural communities themselves 

must be empowered as active participants 

rather than passive beneficiaries. 

Community-led initiatives that integrate 

local knowledge with modern 

technologies can enhance ownership and 

sustainability. Farmer cooperatives, 

women’s groups, and youth organizations 

can serve as platforms for knowledge 

sharing, innovation, and collective action. 

Toward Inclusive and Resilient Rural 

Economies in 2026 

Education and clean energy are not 

merely technical inputs; they are 

instruments of social inclusion and equity. 

Ensuring access to quality education for 

girls, promoting renewable energy 

adoption in marginalized regions, and 

supporting smallholders with targeted 

interventions are fundamental to inclusive 

growth. 

As Pakistan navigates the uncertainties of 

2026, empowering rural economies 

through education and clean energy offers 

a pathway to resilience, productivity, and 

shared prosperity. The challenges are 

formidable, but the costs of inaction are 

far greater. 
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This editorial is a call to action for 

policymakers, researchers, educators, and 

practitioners to move beyond fragmented 

solutions and embrace integrated 

strategies. Sustainable rural growth is not 

an aspiration for the future, it is an urgent 

necessity of the present. 

We invite scholars and practitioners to 

contribute to this dialogue and to share 

evidence-based insights that can inform 

policy and practice. 

Send your submissions 

to: editor@agrieconomist.com 

Muhammad Khalid Bashir 

Managing Editor, The Agricultural 

Economist
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Constructed Wetlands: Addressing Punjab's Rural Challenges 

Explore how constructed wetlands in Punjab tackle multiple rural challenges by treating sewage at the source, 

protecting groundwater, recharging aquifers, and restoring ecosystems. Grounded in research and success from 

institutions like the University of Agriculture Faisalabad. 

Muhammad Khalid Bashir 

1/9/2026 

Punjab’s rural water crisis is not solely a 

matter of declining availability; it is 

equally, if not more critically, a crisis of 

deteriorating water quality. Across 

thousands of villages, shallow aquifers, 

once considered safe sources of drinking 

and domestic water, are increasingly 

contaminated by untreated sewage, 

agricultural runoff, and poorly designed 

sanitation systems. The widespread 

reliance on septic tanks and soak pits, often 

constructed without proper lining or 

hydrogeological assessment, has resulted 

in chronic leakage of pathogens, nutrients, 

and organic pollutants into groundwater. 

This contamination directly threatens 

public health, undermines rural 

livelihoods, and accelerates ecological 

degradation. 

In this context, constructed wetlands 

(CWs) present a compelling, nature-based 

solution that aligns sanitation, groundwater 

recharge, and ecosystem restoration into a 

single, integrated framework. Constructed 

wetlands are engineered systems designed 

to mimic the purification processes of 

natural wetlands, using vegetation, soil, 

and microbial communities to treat 

wastewater efficiently and at low cost. 

Unlike conventional mechanical 

wastewater treatment plants, CWs require 

minimal energy input, low operational 

expertise, and can be managed at 

community level making them particularly 

suitable for rural Pakistan. 

Globally, constructed wetlands are 

recognized as sustainable wastewater 

treatment systems capable of removing 

organic matter, nutrients, pathogens, and 

even heavy metals. Studies across Asia, 

Africa, and Europe show that properly 

designed wetlands can reduce biochemical 

oxygen demand (BOD) by 70–90 percent, 

chemical oxygen demand (COD) by 60–85 

percent, total suspended solids (TSS) by 

over 80 percent, and fecal coliforms by 

several orders of magnitude. These 

outcomes position constructed wetlands as 

effective pre-treatment or full-treatment 

systems for wastewater reuse and aquifer 

recharge. 

Existing Research and Institutional 

Experience in Pakistan 

Importantly, constructed wetland research 

is not a novel or untested concept in 

Pakistan. Substantial academic and applied 

research has already been conducted by 

leading national institutions. At Quaid-i-

Azam University (QAU), Islamabad, a 

full-scale constructed wetland was 

developed under the Small-Scale Sewage 

Treatment and Wastewater Reuse System 

for Pakistan project. The system 

successfully treated residential wastewater 

to levels suitable for irrigation, 

demonstrating the technical feasibility of 

decentralized wetland-based sanitation in 

the Pakistani context. 

Similarly, the University of Agriculture, 

Faisalabad (UAF) has undertaken 

extensive experimental research on 

vertical-flow and hybrid constructed 

wetlands using indigenous macrophytes 

such as Typha latifolia and Canna indica. 

Controlled studies at UAF reported heavy 

metal removal efficiencies exceeding 90 

percent for chromium and substantial 

reductions in BOD, COD, and nutrients, 

highlighting the capacity of wetlands to 

treat even industrially influenced effluents 

before safe discharge or recharge. 

At the Ayub Agricultural Research 

Institute (AARI), Faisalabad, applied 

environmental research has increasingly 

focused on water quality, nutrient 

management, and nature-based solutions 

for sustainable agriculture. In parallel, 

studies at MNS-University of Agriculture 

Multan indicate that surface-flow 

constructed wetlands achieved reductions 

of more than 75 percent in BOD and TSS, 

reinforcing the adaptability of wetland 

systems across different agro-climatic 

zones of Punjab. 

These research efforts collectively 

demonstrate that Pakistan already 

possesses the scientific knowledge and 

institutional capacity required to scale 

constructed wetlands for rural sanitation 

and groundwater protection. 

Reimagining Village Chappars as 

Constructed Wetlands 

Punjab’s villages traditionally contain 

communal water bodies, locally known as 

chappars or cholera ponds, used for buffalo 

bathing, stormwater storage, and livestock 

watering. Over time, many of these 

chappars have become highly polluted due 

to the inflow of untreated domestic 

wastewater and solid waste dumping. 

Rather than viewing these water bodies as 

environmental liabilities, they can be re-

envisioned as the structural foundation for 

constructed wetlands. 

Under this model, village sewage and 

greywater would be diverted away from 

households and shallow soak pits into 

reconstructed chappars designed as multi-

stage wetland treatment systems. The first 

stage would function as a sedimentation 

basin, allowing solids and grit to settle. 

Subsequent treatment zones would be 

planted with wetland vegetation such 

as Typha, Phragmites, Canna, and lotus, 

which support microbial biofilms 

responsible for degrading organic matter 

and nutrients. In the final stage, treated 

water would percolate through vegetated 

soil columns or infiltration beds, 

facilitating managed aquifer recharge with 

significantly improved water quality. 

To address cultural and practical needs, 

buffalo bathing areas can be physically 

separated from treatment zones, ensuring 

both hygienic safety and community 

https://link.springer.com/article/10.1007/s11356-018-2629-3
https://link.springer.com/article/10.1007/s11356-018-2629-3
https://link.springer.com/article/10.1007/s11356-018-2629-3
https://qau.edu.pk/qau-inaugurated-wastewater-reuse-system-on-the-campus/
https://qau.edu.pk/qau-inaugurated-wastewater-reuse-system-on-the-campus/
https://econpapers.repec.org/article/gamjsusta/v_3a14_3ay_3a2022_3ai_3a9_3ap_3a5230-_3ad_3a802648.htm
https://econpapers.repec.org/article/gamjsusta/v_3a14_3ay_3a2022_3ai_3a9_3ap_3a5230-_3ad_3a802648.htm
https://journals.pagepal.org/index.php/PlantandEnvironement/article/view/278
https://journals.pagepal.org/index.php/PlantandEnvironement/article/view/278
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acceptance. This spatial zoning preserves 

traditional livestock practices while 

preventing recontamination of treated 

water. 

Environmental and Public Health 

Benefits 

The environmental and health gains from 

such systems are substantial. By 

intercepting sewage before it reaches 

aquifers, constructed wetlands reduce the 

prevalence of waterborne diseases such as 

diarrhea, typhoid, hepatitis, and parasitic 

infections, conditions that 

disproportionately affect children and 

women in rural areas. Lower BOD and 

pathogen levels mean that groundwater 

drawn from nearby hand pumps and wells 

becomes safer for domestic use, reducing 

healthcare costs and productivity losses. 

From an ecological perspective, 

constructed wetlands restore local 

biodiversity by providing habitat for birds, 

amphibians, pollinators, and aquatic 

organisms. Evidence from wetland 

projects in South Asia shows rapid 

recolonization by native species once water 

quality improves. Vegetation in wetlands 

also contributes to carbon sequestration, 

moderates local temperatures, and reduces 

dust, offering microclimatic benefits in 

heat-stressed rural environments. 

Hydrologically, the controlled recharge of 

treated water helps counteract over-

extraction of groundwater, a major concern 

in Punjab where falling water tables have 

increased pumping costs and energy 

demand. By augmenting recharge with 

cleaner water, constructed wetlands 

support long-term aquifer sustainability 

rather than merely slowing depletion. 

Economic and Governance Advantages 

Compared to conventional sewage 

treatment plants, constructed wetlands are 

significantly cheaper to build and operate. 

They rely on locally available materials, 

require minimal electricity, and can be 

maintained through community-based 

management systems. Village water 

committees or farmer organizations can 

oversee routine maintenance, such as 

vegetation management and desilting, 

ensuring long-term functionality. 

From a policy perspective, integrating 

constructed wetlands into rural sanitation 

planning offers a cost-effective alternative 

to widespread septic tank construction, 

which has proven environmentally 

unsustainable. Aligning wetland 

development with existing groundwater 

recharge, climate adaptation, and rural 

development programs can further enhance 

cost efficiency and institutional coherence. 

Conclusion 

Constructed wetlands offer Punjab a rare 

opportunity to address multiple rural 

challenges through a single, integrated 

intervention. By treating sewage at source, 

protecting groundwater from 

contamination, recharging depleted 

aquifers, and restoring local ecosystems, 

these systems redefine sanitation as an 

environmental and water-security asset 

rather than a waste-management burden. 

The concept is not theoretical; it is 

grounded in credible research and 

demonstrated success at institutions such 

as the University of Agriculture 

Faisalabad, Ayub Agricultural Research 

Institute, and Quaid-i-Azam University 

Islamabad. 

Repurposing village chappars into 

constructed wetlands is particularly 

compelling because it builds on existing 

infrastructure, cultural practices, and 

communal land arrangements. This 

approach avoids the long-term 

environmental costs of septic tanks while 

delivering tangible public health, 

ecological, and economic benefits. Cleaner 

drinking water, reduced disease burden, 

enhanced biodiversity, and improved 

groundwater recharge collectively 

strengthen rural resilience in the face of 

climate change and water scarcity. 

For policymakers, the priority should be 

mainstreaming constructed wetlands into 

rural sanitation and water policies, 

supported by technical guidelines, pilot 

projects, and institutional coordination. 

With modest investment and strong 

community engagement, constructed 

wetlands can become a cornerstone of 

sustainable rural development in Punjab, 

restoring ecosystems, safeguarding public 

health, and securing groundwater 

resources for future generations. 

Please note that the views expressed in this 

article are of the author and do not 

necessarily reflect the views or policies of 

any organization. 

The writer is affiliated with the Institute of 

Agricultural and Resource Economics, 

University of Agriculture, Faisalabad 

Pakistan and can be reached at 

khalid450@uaf.edu.pk
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Rethinking Agriculture: Beyond Perfect Competition 

The traditional view of agriculture as a model of perfect competition fails to capture the complexities of modern agri-

food markets. Factors like concentrated input suppliers, powerful buyers, differentiated products, and pervasive 

information asymmetries increase complexities. 

Mithat Direk 

1/23/2026 

The agricultural sector has long occupied 

a central place in economic theory as a 

canonical illustration of pure or perfect 

competition. This classification arises 

from a set of stylized features traditionally 

associated with farming: a very large 

number of small, independent producers, 

homogeneous primary commodities such 

as wheat, rice, or maize, and relatively 

free entry and exit from production. 

Under these conditions, individual 

farmers are assumed to be price takers, 

each supplying a negligible share of total 

market output and therefore unable to 

influence prevailing market prices. In the 

abstract framework of neoclassical 

microeconomics, agriculture thus appears 

to satisfy the core conditions of perfect 

competition more closely than most other 

sectors. 

Yet this theoretical depiction has become 

increasingly detached from the realities of 

modern agri-food systems. Contemporary 

agriculture is embedded in complex value 

chains characterized by vertical 

coordination, market concentration, and 

asymmetric power relations. On the input 

side, a small number of multinational 

firms dominate markets for seeds, 

agrochemicals, fertilizers, and machinery, 

exerting significant control over prices, 

technology choices, and contractual 

terms. On the output side, farmers often 

sell into highly concentrated processing 

and retail sectors, where oligopsonistic 

buyers possess substantial bargaining 

power. In such settings, prices are 

frequently shaped not by anonymous 

market forces but by contracts, quality 

standards, and strategic behavior along 

the chain. 

Moreover, product differentiation, 

branding, certification schemes, and 

geographic indications increasingly 

segment what were once considered 

homogeneous commodities. Information 

asymmetries, transaction costs, and 

regulatory interventions further weaken 

the assumptions of perfect information 

and frictionless exchange. Even in staple 

grain markets, government procurement, 

price supports, and trade policies play a 

decisive role in price formation. 

Consequently, while elements of 

competitive behavior persist at the farm 

level, the model of perfect competition 

offers, at best, an incomplete and 

increasingly misleading representation of 

contemporary agriculture. A more 

accurate analytical framework must 

recognize the institutional, 

organizational, and political economy 

dimensions that now define agricultural 

markets. 

Erosion of Core Competitive 

Conditions in Contemporary 

Agricultural Markets 

The condition of atomicity of supply, in 

which no single seller can influence 

market price, remains only partially valid 

in modern agriculture. On the production 

side, fragmentation persists: the Food and 

Agriculture Organization estimates that 

more than 570 million farms operate 

globally, with family farms accounting 

for over 90 percent of all holdings (FAO, 

2020). This structure suggests a 

competitive base in which individual 

farmers remain price takers. However, 

this apparent atomicity collapses on the 

buying side. Processing, trading, and 

retailing are increasingly dominated by a 

small number of multinational firms. In 

key input and output markets, four to five 

corporations control a majority share of 

seeds, agrochemicals, grain trading, and 

food retail (IPES-Food, 2021). This 

concentration creates oligopsonistic and 

oligopolistic conditions in which 

powerful buyers shape prices, quality 

standards, and contract terms, 

systematically weakening farmers’ 

bargaining power. 

The assumption of product homogeneity 

has also eroded. Biological variation in 

crops and livestock has always existed, 

but contemporary markets now actively 

institutionalize differentiation. Branding, 

value-added processing, organic and fair-

trade certification, geographical 

indications, and traceability systems 

segment markets into multiple quality 

tiers. Consumers increasingly demand 

attributes related to food safety, 

environmental sustainability, and animal 

welfare. As a result, agricultural products 

are no longer interchangeable 

commodities but differentiated goods 

with price premiums, quality thresholds, 

and access restrictions that fundamentally 

contradict the homogeneity assumption. 

Barriers to mobility and imperfect 

information further undermine the 

competitive model. Entry into agriculture 

requires substantial capital investment in 

land, machinery, irrigation, and 

technology, while exit is constrained by 

asset fixity in perennial crops and 

immobile infrastructure. Regulatory 

compliance with food safety, 

environmental, and phytosanitary 

standards raises fixed costs and deters 

small entrants. At the same time, 

information asymmetries persist. Farmers 

rarely observe real-time downstream 

prices, contract margins, or final 

consumer demand. Production decisions 

are made under climate risk, policy 

uncertainty, and delayed price signals 

rather than perfect foresight (World Bank, 

2022). Collectively, these distortions 

render the classical conditions of perfect 

competition increasingly untenable in 

contemporary agri-food markets. 
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Market Outcomes: Price Instability 

and Structural Income Disparities in 

Agriculture 

The divergence of contemporary 

agricultural markets from the conditions 

of perfect competition is most clearly 

reflected in their market outcomes, 

particularly in persistent price instability 

and chronic income disparities. In a 

perfectly competitive framework, prices 

are expected to adjust smoothly to equate 

supply and demand, and in the long run, 

producer incomes should converge 

toward normal profits. In practice, 

agricultural markets display the opposite 

pattern. Price volatility is structurally 

embedded due to biological production 

cycles, inelastic short-run supply, and 

exposure to climatic and geopolitical 

shocks. As a result, small changes in 

output or demand translate into 

disproportionately large price swings. 

OECD evidence indicates that 

agricultural households experience 

income volatility two to three times 

higher than non-agricultural households, 

reflecting both unstable prices and 

fluctuating yields (OECD, 2023). 

This volatility is compounded by a 

persistent and widening income gap 

between agriculture and the rest of the 

economy. In many countries, average 

farm incomes remain significantly below 

earnings in manufacturing and services, 

contradicting the long-run equilibrium 

condition of perfect competition in which 

price equals average cost and economic 

profits are competed away. Structural 

factors explain this divergence. Farmers 

face weak bargaining power against 

concentrated buyers, rising input costs 

driven by oligopolistic suppliers, and 

limited ability to pass cost increases 

forward. Moreover, policy interventions, 

while intended to stabilize incomes, often 

introduce additional distortions through 

poorly targeted subsidies and ad hoc 

market support, which dampen 

adjustment without resolving underlying 

power asymmetries. 

In this context, producer cooperatives 

have emerged as an institutional response 

to restore some degree of balance in the 

market. By pooling output, coordinating 

marketing, and negotiating collectively, 

cooperatives seek to countervail buyer 

concentration and reduce transaction 

costs for smallholders. In the European 

Union, cooperatives now handle 

approximately half of total agricultural 

supply, playing a central role in dairy, 

fruits, vegetables, and grains 

(Cooperatives Europe, 2022). 

Importantly, their function is primarily 

defensive rather than monopolistic. 

Cooperatives rarely aim to restrict output 

or raise prices artificially; instead, they 

attempt to stabilize farm-gate prices, 

improve access to markets, and strengthen 

members’ bargaining positions within 

highly concentrated value chains. 

Taken together, persistent price 

instability, enduring income gaps, and the 

growing reliance on collective institutions 

demonstrate that agricultural market 

outcomes systematically deviate from the 

predictions of perfect competition. These 

outcomes reflect deep structural 

imbalances rather than temporary 

disequilibria, underscoring the need for 

policy frameworks that address volatility 

management, market power, and income 

stabilization as core features of modern 

agricultural economics. 

Conclusion 

Long-standing depiction of agriculture as 

a paradigmatic case of perfect 

competition no longer provides an 

adequate analytical lens for understanding 

contemporary agri-food markets. While 

fragmentation at the farm level preserves 

some elements of price-taking behavior, 

the broader institutional environment is 

now defined by concentrated input 

suppliers, powerful downstream buyers, 

differentiated products, and pervasive 

information asymmetries. These 

structural features systematically violate 

the core assumptions of atomicity, 

homogeneity, free mobility, and perfect 

information on which the competitive 

model rests. The resulting market 

outcomes, persistent price volatility, 

chronic income instability, and a durable 

income gap between agriculture and other 

sectors, cannot be explained as temporary 

deviations from equilibrium, but rather as 

predictable consequences of asymmetric 

power and incomplete markets. 

The growing role of producers’ 

cooperatives further underscores the need 

to move beyond the competitive ideal. 

Their emergence reflects not a tendency 

toward monopoly, but a defensive 

adaptation to restore bargaining power 

and reduce exposure to concentrated 

buyers. Taking together, these dynamics 

suggest that modern agriculture is best 

understood as a hybrid system in which 

competitive forces coexist with 

oligopolistic, institutional, and policy-

driven mechanisms. For both theory and 

policy, the implication is clear: effective 

analysis and reform must recognize the 

organizational and political economy 

dimensions of agricultural markets, rather 

than relying on increasingly obsolete 

competitive abstractions. 

References: FAO; IPES-Food; OECD; 

World Bank; Cooperatives Europe. 

Please note that the views expressed in 

this article are of the author and do not 

necessarily reflect the views or policies of 

any organization. 

The writer is affiliated with the 

Department of Agricultural Economics, 

Selcuk University, Konya-Türkiye and 

can be reached at mdirek@selcuk.edu.tr 

 

  

mailto:mdirek@selcuk.edu.tr


The Agricultural Economist, Vol. 3(1) 

ISSN: 3104-8803 

 13 

    

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

POLICY BRIEFS 
 

 

 

 



The Agricultural Economist, Vol. 3(1) 

ISSN: 3104-8803 

14 

Rainwater Harvesting & Managed Aquifer Recharge 

Explore how rainwater harvesting is integrated with managed aquifer recharge addresses groundwater depletion, urban 

flooding, and climate-induced water stress. Learn about its importance for food security and sustainability in water-

scarce regions like Pakistan. 

Nazar Gul & Hafiz Abdul Salam 

1/2/2026 

Water is the fundamental component for all 

known life forms and is indispensable for 

human health, ecosystem stability, and 

sustainable economic development (UN-

Water, 2021). It underpins food 

production, energy generation, industrial 

activity, and public health, making its 

availability and quality central to societal 

well-being. Despite this critical role, 

ensuring reliable and equitable access to 

water for agricultural, industrial, and 

domestic uses remains a profound global 

challenge, particularly in arid and semi-

arid regions facing rapid population 

growth, urbanization, and increasing 

climate variability (IPCC, 2022). 

Projections indicate that global freshwater 

demand may exceed sustainable supply by 

nearly 40 percent by 2030, intensifying 

competition over water resources and 

heightening the risk of economic and social 

instability (World Bank, 2023). 

In this context, groundwater plays a pivotal 

role as a strategic buffer against surface 

water variability. It supplies drinking water 

to approximately 2.5 billion people 

worldwide and supports nearly 40 percent 

of global irrigated agriculture, thereby 

contributing directly to food security and 

rural livelihoods (UNESCO, 2022). 

However, groundwater resources are 

increasingly under stress due to 

unregulated extraction and limited 

recharge. 

Pakistan exemplifies this challenge. 

Groundwater is the backbone of the 

country’s agrarian economy, meeting more 

than 60 percent of irrigation demand and a 

substantial share of domestic water needs 

(Pakistan Economic Survey, 2022–23). 

Yet, unsustainable abstraction has resulted 

in alarming depletion rates, with 

groundwater tables in key aquifers, 

particularly the Indus Basin, declining by 

more than 0.5 meters annually. This 

depletion threatens long-term water 

security, raises pumping costs, and 

increases the risk of saline intrusion and 

water quality degradation (Wada et al., 

2020; Basharat & Sultana, 2022). 

Paradoxically, Pakistan also experiences 

intense seasonal monsoon rainfall that 

often leads to urban flooding. Large 

volumes of freshwater are lost as 

contaminated runoff, causing 

infrastructure damage, public health risks, 

and economic losses. Rainwater 

Harvesting (RWH) integrated with 

Managed Aquifer Recharge (MAR) offers 

a promising solution to this paradox of 

scarcity amid abundance. By capturing 

excess runoff and facilitating controlled 

recharge of aquifers, RWH–MAR systems 

can enhance groundwater storage, improve 

water quality through natural filtration, and 

strengthen resilience against climate-

induced water stress (Dillon et al., 2019). 

The Case for Recharge Wells: 

Technology and Efficacy 

Among the various Managed Aquifer 

Recharge (MAR) techniques, recharge 

injection wells have emerged as one of the 

most effective and practical solutions for 

regions characterized by deep groundwater 

tables and limited natural recharge. This 

technology involves capturing rainwater 

primarily from rooftops, paved surfaces, 

and other relatively clean catchments and 

directing it through a filtration system 

before injecting it directly into the 

underlying aquifer via a borehole. By 

bypassing low-permeability surface layers, 

recharge wells enable rapid and targeted 

replenishment of depleted groundwater 

reserves, making them particularly suitable 

for densely populated urban and peri-urban 

settings. 

In Pakistan, the Pakistan Council of 

Research in Water Resources (PCRWR) 

has played a leading role in piloting and 

validating recharge well technology across 

diverse hydrogeological conditions. 

Demonstration projects implemented in 

Punjab, Balochistan, and Islamabad 

provide robust empirical evidence of the 

technology’s effectiveness (Arshad et al., 

2023). One of the most significant 

outcomes relates to water quality 

enhancement. The use of multi-layer 

filtration pits typically consisting of 

boulders, crushed stone, and coarse sand 

substantially reduced the turbidity of 

harvested rainwater from an average of 

around 80 NTU to nearly 6 NTU before 

injection. This filtration process not only 

protects aquifers from contamination but 

also contributes to gradual improvements 

in overall groundwater quality. 

Recharge efficiency results are equally 

encouraging. During the 2021 monsoon 

season, PCRWR-supported recharge wells 

were able to divert approximately 55 

percent of total catchment rainfall into 

aquifers. At the scale of individual storm 

events, recharge efficiency ranged from 22 

percent to as high as 69 percent, depending 

on rainfall intensity, duration, and 

catchment characteristics. These figures 

highlight the strong potential of recharge 

wells to capture episodic rainfall that 

would otherwise be lost as surface runoff. 

From an economic perspective, recharge 

wells are highly cost-effective. With an 

estimated recharge cost of approximately 

PKR 8.5 per cubic meter, the technology is 

considerably more affordable than 

conventional subsurface storage options. 

This cost advantage, combined with 

proven technical performance, makes 

recharge wells a scalable and policy-

relevant solution for addressing 

groundwater depletion and urban flooding 

in Pakistan. 
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Procedure for Implementing Recharge 

Wells 

The implementation of a recharge well 

follows a systematic and technically 

standardized procedure designed to ensure 

effective infiltration, protection of 

groundwater quality, and long-term 

functionality. The process begins with the 

excavation of a filtration pit, typically 

measuring around 10 feet by 10 feet by 10 

feet. This pit serves as the primary 

treatment chamber where harvested 

rainwater is temporarily stored and filtered 

before entering the aquifer. Site selection 

at this stage is critical and should consider 

proximity to clean catchments, soil 

stability, and safe distance from sanitation 

facilities to minimize contamination risks. 

Once the pit is excavated, a borehole is 

drilled from its base to a depth that 

penetrates the sandy, permeable aquifer 

layer below the static water table. The 

borehole provides a direct conduit for 

filtered rainwater to reach the groundwater 

system, bypassing less permeable surface 

strata that often restricts natural recharge. 

Proper casing and screening of the 

borehole are essential to prevent collapse 

and ensure smooth water flow into the 

aquifer. 

The next step involves the installation of 

filter media within the pit. A layered 

filtration system is constructed to remove 

sediments and suspended particles from the 

incoming rainwater. From bottom to top, 

the sequence typically consists of coarse 

sand, followed by crushed stone or gravel, 

and finally boulders or spawls at the 

surface. This graded arrangement enhances 

filtration efficiency while maintaining 

adequate permeability and reducing the 

risk of clogging. 

In the final stage, rainwater from rooftops, 

paved surfaces, or other designated 

catchments is diverted into the filtration pit 

through channels or pipes. The water enters 

from the top, percolates through the 

layered filter media, and then flows into the 

borehole for recharge. Routine 

maintenance, including periodic cleaning 

of channels and replacement of clogged 

filter material, is essential to sustain the 

performance and longevity of the recharge 

well system. 

Limitations and Key Considerations for 

Recharge Well Implementation 

While recharge wells offer a technically 

sound and cost-effective solution for 

enhancing groundwater availability, their 

successful application depends on careful 

planning and adherence to several critical 

considerations. Foremost among these is 

the requirement for high-quality source 

water. Recharge wells must only receive 

runoff from clean catchments such as 

rooftops, landscaped areas, or designated 

open spaces. Any mixing of rainwater with 

sewage, solid waste leachate, or industrial 

effluents poses a serious risk of aquifer 

contamination, potentially causing long-

term and irreversible damage to 

groundwater quality. Therefore, strict 

separation of drainage systems and initial 

screening of catchments is essential. 

Maintenance is another decisive factor 

influencing system performance. Over 

time, fine sediments, organic matter, and 

debris can accumulate within the filtration 

layers and pre-filters, reducing infiltration 

capacity and recharge efficiency. Regular 

inspection, desilting of the filtration pit, 

and periodic replacement or washing of 

filter media are necessary to prevent 

clogging and ensure uninterrupted 

operation. Without consistent 

maintenance, recharge wells can rapidly 

lose effectiveness, undermining their 

intended benefits. 

Site suitability also plays a central role in 

determining success. Recharge wells 

perform best in areas with permeable soils, 

such as sandy or loamy formations, and 

aquifers that can readily accept additional 

recharge. In contrast, clay-rich soils or 

confined aquifers may severely limit 

infiltration. Comprehensive 

hydrogeological assessments, supported by 

GIS-based mapping and hydrological 

modeling, are therefore essential to 

identify appropriate locations and optimize 

design parameters (Malik et al., 2021). 

Finally, recharge wells are inherently 

seasonal, functioning primarily during 

rainfall events. This necessitates advance 

planning to ensure that systems are fully 

operational before the monsoon and 

properly maintained during dry periods. 

Strategic scheduling of maintenance 

during non-rainy seasons can significantly 

enhance system reliability and long-term 

sustainability. 

Strategic Actions for Scaling Recharge 

Wells and Sustainable Groundwater 

Management 

Recharge wells represent a highly practical 

and cost-effective intervention for 

addressing groundwater depletion, 

particularly in water-stressed regions. 

However, their long-term effectiveness 

depends on their integration into a 

comprehensive and well-coordinated 

framework of sustainable water 

governance, urban planning, and evidence-

based management. Isolated or ad hoc 

installation of recharge wells, without 

institutional oversight and data support, 

risks limited impact and potential misuse. 

A priority action is the development of 

national-level Managed Aquifer Recharge 

(MAR) guidelines that establish 

enforceable standards for site selection, 

system design, construction quality, and 

routine maintenance. These guidelines 

should explicitly prioritize groundwater 

quality protection to prevent unintended 

contamination. Complementing this, 

mandatory feasibility assessments should 

be institutionalized prior to 

implementation. Such assessments must 

include hydrogeological surveys, aquifer 

characterization, and source water quality 

analysis, supported by decision-making 

tools such as the Analytical Hierarchical 

Process (AHP) and GIS-based spatial 

mapping to ensure technical suitability and 

cost efficiency. 

Recharge initiatives should also be 

mainstreamed into urban development 

processes. Integrating rainwater harvesting 

and MAR into city master plans, building 

bylaws, and stormwater management 

strategies can significantly expand 

recharge capacity. Public buildings, large 

housing developments, and industrial 

estates should be encouraged or legally 

required to install recharge wells as part of 

approval processes. 

Equally important is strengthening 

monitoring and governance mechanisms. 

Continuous monitoring of groundwater 

levels and quality should be linked with 
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policies regulating groundwater 

abstraction, including metering and 

licensing, to maintain a balance between 

recharge and extraction. Finally, sustained 

investment in research and data systems is 

essential to track recharge performance, 

aquifer responses, and long-term trends, 

enabling adaptive management and 

informed policy decisions. 

Conclusion 

Rainwater harvesting integrated with 

managed aquifer recharge represents a 

pragmatic and forward-looking response to 

the growing challenges of groundwater 

depletion, urban flooding, and climate-

induced water stress. As this article has 

demonstrated, groundwater remains 

indispensable for food security, economic 

stability, and domestic water supply, 

particularly in water-scarce countries such 

as Pakistan. Yet, persistent over-extraction 

and inadequate natural recharge have 

placed major aquifers under severe 

pressure, threatening long-term 

sustainability and increasing socio-

economic vulnerability. 

Recharge wells emerge as a technically 

robust, economically viable, and scalable 

MAR option, especially in urban and peri-

urban areas with deep water tables. 

Empirical evidence from PCRWR pilot 

projects confirms their ability to 

substantially enhance groundwater 

recharge, improve water quality through 

filtration, and capture monsoon runoff that 

would otherwise be lost as destructive 

surface flows. When properly designed, 

maintained, and sited, recharge wells offer 

a dual benefit: mitigating flood risks while 

replenishing depleted aquifers at a 

relatively low cost. 

However, recharge wells are not a panacea. 

Their success depends on careful site 

selection, strict water quality safeguards, 

regular maintenance, and integration 

within broader water governance 

frameworks. Most importantly, they must 

be complemented by policies that regulate 

groundwater abstraction, promote data-

driven planning, and embed MAR into 

urban development and climate adaptation 

strategies. 

In an era of increasing hydrological 

uncertainty, combining rainwater 

harvesting with managed aquifer recharge 

provides Pakistan and similar regions with 

a resilient pathway to transform episodic 

rainfall into a strategic water asset, 

strengthening long-term water security and 

sustainable development. 
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The Evolution of Agricultural History 

Explore the fascinating agricultural history, from the Neolithic Revolution to modern digital farming. Discover how 

agriculture has shaped society, economy, and technology through continuous adaptation and transformation. 

Mithat Direk 

1/9/2026 

Agricultural history examines the 

development of humanity’s most 

foundational activity from its earliest 

origins to the present day. As an 

inherently interdisciplinary field, it 

integrates insights into archaeology, 

economics, anthropology, environmental 

studies, and history to trace the evolution 

of agricultural techniques and 

technologies while critically analyzing 

agriculture’s profound influence on social 

organization, cultural change, and 

economic systems. The emergence of 

agriculture marked a decisive turning 

point in human history, transforming 

hunter-gatherer societies into sedentary 

communities. This transition enabled 

population growth, permanent 

settlements, surplus production, and the 

eventual rise of complex civilizations, 

thereby reshaping social hierarchies, 

governance structures, and systems of 

exchange (Weisdorf, 2005). 

The trajectory of agricultural history can 

be understood through a series of major 

revolutions, each redefining humanity’s 

relationship with land, labor, and natural 

resources. The Neolithic or First 

Agricultural Revolution introduced the 

domestication of plants and animals, 

laying the foundations for settled 

agriculture. Subsequent innovations, such 

as irrigation systems, plough-based 

cultivation, and crop rotation, enhanced 

productivity and supported the expansion 

of early states and empires. The 

Agricultural Revolution of the early 

modern period, particularly in Europe, 

introduced systematic land management, 

selective breeding, and improved tools, 

significantly increasing yields and 

supporting industrialization by releasing 

labor and generating capital. 

The modern era witnessed further 

transformation through mechanization, 

chemical fertilizers, and scientific plant 

breeding, culminating in the Green 

Revolution of the mid-twentieth century. 

This period dramatically increased food 

production and helped avert widespread 

famine, especially in developing regions, 

but also introduced new challenges 

related to environmental sustainability, 

equity, and resource degradation. More 

recently, agricultural history has 

expanded to include debates on climate 

change, biodiversity loss, and sustainable 

food systems, emphasizing the dynamic 

and adaptive nature of agriculture. 

By examining long-term patterns and 

transformations, agricultural history 

provides critical insights into how 

societies have managed food production, 

interacted with their environments, and 

responded to technological and 

institutional change. In doing so, it offers 

valuable lessons for addressing 

contemporary challenges of food security, 

sustainability, and resilience. 

The Neolithic Revolution: Origins of 

Domestication (c. 10,000 BCE – 3,000 

BCE) 

Agriculture began with the Neolithic 

Revolution, the deliberate domestication 

of plants and animals. This shift from 

foraging to farming occurred 

independently in several global "hearths," 

most notably the Fertile Crescent of 

Southwest Asia (modern-day Turkey, 

Syria, Iraq, Iran), but also in China 

(millet, rice), Mesoamerica (maize, beans, 

squash), and the Andes (potato, quinoa) 

(Diamond, 1997; Larson et al., 2014). 

Sedentism, population growth, and food 

surpluses facilitated the emergence of 

complex societies and the first urban 

centers, laying the groundwork for 

civilization. 

Agriculture in Ancient Civilizations 

(3,000 BCE – 500 CE) 

Major early empires were fundamentally 

agrarian. In Mesopotamia, complex 

irrigation networks harnessed the Tigris 

and Euphrates rivers, while in Egypt, 

agricultural cycles were dictated by the 

Nile’s floods. The Romans systematized 

large-scale estate farming (latifundia) and 

advanced crop rotation, viewing 

agriculture as essential for economic 

stability and imperial expansion (Kron, 

2012). Parallel innovations occurred in 

the Indus Valley and under China’s Han 

Dynasty, where state-managed granaries 

and iron tools boosted productivity. 

Medieval and Early Modern 

Agriculture (500 CE – 1500 CE) 

In feudal Europe, the manorial system 

organized production, with serfs working 

lordly demesnes. Technological advances 

like the heavy moldboard plough and the 

three-field rotation system gradually 

increased yields (Gies & Gies, 1994). 

Concurrently, the Islamic Golden Age 

(8th-13th centuries) saw remarkable 

progress in irrigation (e.g., qanats), 

horticulture, and the diffusion of crops 

like citrus, cotton, and sugarcane across 

the Mediterranean and into Europe 

(Watson, 1983). The Columbian 

Exchange post-1492 globally 

redistributed crops and livestock, 

introducing potatoes and maize to the Old 

World and wheat and sugarcane to the 

Americas. 

The Industrial Revolution and 

Mechanization (18th–19th Century) 

Beginning in Britain, the Industrial 

Revolution mechanized agriculture. 

Jethro Tull’s seed drill, Andrew Meikle’s 

threshing machine, and later Cyrus 

McCormick’s reaper dramatically raised 

labor productivity. The adoption of steam 

power and artificial fertilizers (e.g., 

superphosphates) further intensified 

output (Overton, 1996). This revolution 

fueled urbanization, as fewer farm 

workers could feed larger urban 
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populations, supplying labor and capital 

for industry. 

Modern Agriculture and the Green 

Revolution (20th Century) 

The mid-20th century Green Revolution 

aimed to end global hunger through 

science. Led by figures like Norman 

Borlaug, it introduced high-yielding 

variety (HYV) wheat and rice, coupled 

with synthetic fertilizers, pesticides, and 

expanded irrigation. Global cereal 

production tripled between 1960 and 

2015, averting widespread famine in 

regions like South Asia (FAO, 2017). 

However, its legacy is mixed: while 

saving millions from starvation, it also led 

to environmental degradation, 

groundwater depletion, reduced agro-

biodiversity, and increased social 

inequalities (Pingali, 2012). 

Contemporary Era: Digital and 

Sustainable Agriculture (21st Century) 

Today, agriculture faces the dual 

challenge of feeding a projected 9.7 

billion people by 2050 while mitigating 

its environmental footprint, which 

accounts for roughly 24% of global 

greenhouse gas emissions (IPCC, 2019). 

The focus has shifted toward sustainable 

intensification. Precision agriculture, 

using GPS, IoT sensors, and drones, 

optimizes input use. Innovations like 

CRISPR gene editing, vertical farming, 

and regenerative agricultural practices 

aim to build resilience (World Bank, 

2021). Furthermore, digital platforms and 

blockchain are enhancing supply chain 

transparency. The sector is now deeply 

integrated into the Information Age, 

where data is a critical resource, and AI-

driven systems are beginning to manage 

complex agro-ecological interactions, 

promising greater efficiency but also 

raising new ethical and socio-economic 

questions. 

Conclusion 

Agricultural history reveals a continuous 

process of adaptation through which 

humanity has negotiated its relationship 

with land, technology, and the natural 

environment. From the domestication of 

plants and animals during the Neolithic 

Revolution to the emergence of digital 

and data-driven farming systems in the 

twenty-first century, agriculture has 

remained a central force shaping social 

organization, economic development, and 

political structures. Each major 

transformation from ancient irrigation 

systems and medieval crop rotations to 

mechanization, the Green Revolution, and 

contemporary precision agriculture has 

expanded productive capacity while 

simultaneously generating new 

challenges and trade-offs. 

A central lesson emerging from this long 

historical trajectory is that agricultural 

progress has never been purely 

technological; it has always been deeply 

embedded in institutional arrangements, 

cultural practices, and ecological 

conditions. While innovations such as 

high-yielding varieties, chemical inputs, 

and digital tools have significantly 

improved food availability, they have also 

underscored the risks of environmental 

degradation, resource depletion, and 

social inequality when productivity gains 

are pursued without sustainability 

considerations. 

In the contemporary era, agriculture stood 

at a critical juncture. The imperative to 

feed a growing global population must be 

balanced against the need to mitigate 

climate change, conserve biodiversity, 

and ensure equitable livelihoods. 

Historical experience demonstrates that 

resilient agricultural systems are capable 

of integrating innovation with ecological 

stewardship and social inclusion. By 

drawing on the lessons of the past, 

agricultural history provides an essential 

framework for understanding present 

challenges and guiding future strategies 

toward sustainable, adaptive, and resilient 

food systems in an increasingly complex 

and uncertain world. 
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Addressing Water Scarcity in Pakistan's Agriculture 

Pakistan's agricultural sector is facing severe challenges due to water scarcity, climate vulnerability, and rising food 

demand. This article explores the urgent need for water conservation as a national imperative to ensure food security 

and economic stability. 

Nazar Gul & Hafiz Abdul Salam 

1/9/2026 

Water is a critically important and 

fundamental input for agricultural 

production, with the sector consuming 

over 90% of Pakistan's freshwater 

resources (World Bank, 2020). However, 

water is a limited resource, and acute 

water scarcity is now a defining national 

crisis. Pakistan has one of the world's 

largest contiguous canal irrigation 

systems, which underpins approximately 

90% of its food production. While the 

agricultural sector's contribution to 

national GDP has fluctuated, it remains a 

cornerstone of the economy and 

livelihoods, directly accounting for 22.7% 

of GDP and employing 37.4% of the labor 

force (Pakistan Economic Survey, 2022-

23; ILO, 2023). 

Stress on available freshwater resources is 

intensifying due to a rapidly growing 

population, projected to reach 250 million 

by 2025, alongside industrialization and 

urbanization (UN DESA, 2022). This has 

led to a catastrophic decline in per capita 

water availability. From over 5,000 cubic 

meters per capita in 1951, availability has 

plummeted to approximately 800 cubic 

meters per capita, firmly classifying 

Pakistan as a water-scarce country (FAO 

AQUASTAT, 2020; PCRWR, 2018). 

Surface water availability is increasingly 

variable and strained. 

Pakistan is ranked among the top ten 

countries most vulnerable to climate 

change (Global Climate Risk Index, 

2021). The nation faces escalating threats 

from prolonged droughts, increasing 

frequency and intensity of floods, and the 

alarming retreat of Himalayan glaciers, 

which feed its major river systems. The 

United Nations Convention to Combat 

Desertification (UNCCD) has classified 

Pakistan as a country facing drought 

emergencies. In its 2013 outlook, the 

United Nations Environment Program 

(UNEP) concluded that Pakistan's food, 

freshwater, and livelihoods are under 

severe threat from climate change and 

environmental degradation, driven by 

factors including unsustainable 

consumption and production (UNEP, 

2013). 

Implementing a national water 

conservation roadmap is therefore an 

urgent imperative to mitigate the impacts 

of heat waves, droughts, and associated 

water shortages. This roadmap must 

identify and promote conservation 

measures that ensure the sustainable use 

of available water resources. Any effort to 

improve Water Use Efficiency (WUE) 

will conserve water for all rational uses. 

This strategy is focused on: conserving 

water through global best practices and 

improved WUE and enabling sustainable 

water resource management under 

scarcity conditions. 

Water Conservation Strategies: An 

Integrated National Imperative 

Water conservation requires a 

comprehensive and integrated approach, 

particularly in water-stressed countries 

such as Pakistan, where climatic 

variability, population growth, and 

unsustainable extraction practices have 

intensified water scarcity. Given the 

country’s arid to semi-arid climate, with 

annual rainfall ranging from 

approximately 90–300 mm in southern 

regions to nearly 1,600 mm in the north, a 

substantial proportion of precipitation is 

lost as surface runoff due to inadequate 

storage infrastructure and weak watershed 

management. To address this challenge, 

the government should prioritize a 

portfolio of water conservation strategies 

under existing and new development 

schemes, with a strong focus on rainwater 

harvesting and decentralized storage 

solutions. 

Rainwater harvesting offers a cost-

effective and scalable mechanism to 

capture rainfall for use during dry periods. 

Groundwater recharge through 

techniques such as Managed Aquifer 

Recharge is particularly critical in over-

exploited regions of Punjab, Khyber 

Pakhtunkhwa, and Balochistan. 

Interventions including leaky dams, 

recharge wells, soakaway pits, and check 

dams have demonstrated strong potential 

to enhance infiltration, stabilize 

groundwater tables, and improve water 

quality. Empirical evidence from pilot 

initiatives, notably those implemented by 

the Pakistan Council of Research in Water 

Resources, indicates measurable post-

monsoon improvements in groundwater 

levels and quality, underscoring the 

viability of these interventions. 

In parallel, small-scale surface water 

storage structures such as ponds, weirs, 

and minor dams can significantly improve 

water availability in hilly and desert 

regions, supporting domestic use, 

livestock, and supplementary irrigation. 

Complementing these measures, in-situ 

moisture conservation techniques such as 

terracing, deep tillage, organic soil 

amendments, and stone bunds enable 

rain-fed agricultural systems to retain 

moisture where rainfall occurs, enhancing 

crop resilience and productivity. 

Collectively, these strategies form a 

robust framework for improving water 

security, strengthening rural livelihoods, 

and building resilience to climate 

variability. 

Incentivizing Efficient Water Use and 

Building Adaptive Agricultural 

Systems 

Achieving sustainable water management 

in agriculture requires a fundamental shift 

in policy incentives, farmer behavior, and 

resource utilization. Current subsidy 
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structures for electricity and diesel, while 

intended to support farmers, often 

unintentionally promote excessive 

groundwater extraction by lowering the 

cost of pumping. This has contributed to 

rapid aquifer depletion, declining water 

tables, and rising energy–water 

inefficiencies. A strategic policy 

reorientation is therefore needed, one that 

rewards measurable water-saving 

outcomes rather than subsidizing input. 

Introducing incentives linked to efficient 

irrigation technologies, reduced water 

abstraction, and improved on-farm water 

productivity can encourage conservation 

while maintaining farm incomes. 

Equally important is the rationalization of 

cropping patterns in line with regional 

water availability. The continued 

cultivation of high water-consuming 

crops such as rice and sugarcane in water-

stressed regions places unsustainable 

pressure on limited water resources. 

Regulatory measures, coupled with 

market-based incentives, should 

discourage such practices and promote 

the adoption of low-delta, high-value 

crops. Crops such as olives, pulses, 

oilseeds (including canola), and drought-

tolerant varieties offer significant 

potential to enhance farm profitability 

while reducing water demand. Aligning 

procurement policies, crop insurance, and 

research investments with these crops can 

accelerate the transition. 

Building capacity among farmers is a 

critical enabling factor in this process. 

With more than 70 percent of farmers 

operating as smallholders, limited access 

to technical knowledge perpetuates 

inefficient practices, including the 

widespread misconception that higher 

water application guarantees higher 

yields. This results in over-irrigation, 

waterlogging, and soil salinity. 

Nationwide extension programs focused 

on irrigation scheduling, crop-specific 

water requirements, and efficient 

irrigation methods are urgently needed to 

improve water-use efficiency. 

Finally, the development of non-

conventional water resources offers an 

underutilized opportunity to augment 

water supply. Large volumes of untreated 

municipal wastewater and saline 

agricultural drainage effluent are 

currently wasted or cause environmental 

degradation. With appropriate treatment, 

regulation, and the use of salt-tolerant 

crops, these resources can be safely and 

productively integrated into agricultural 

systems, easing pressure on freshwater 

and enhancing long-term water security. 

Scaling Resource Conservation 

Technologies for Sustainable 

Agricultural Intensification 

The adoption of Resource Conservation 

Technologies (RCTs) represents a critical 

pathway for improving water-use 

efficiency, enhancing crop productivity, 

and ensuring the long-term sustainability 

of agricultural systems. Technologies 

such as laser land leveling, raised-bed 

planting, and zero-tillage have been 

widely validated through field research 

and pilot programs, yet their adoption 

remains limited due to high upfront costs, 

limited access to equipment, and 

insufficient awareness among farmers. 

Addressing these constraints through 

targeted policy support and incentive 

mechanisms is essential for scaling up 

RCTs nationwide. 

Laser land leveling is among the most 

effective water-saving interventions in 

irrigated agriculture. By ensuring uniform 

field gradients, it reduces water losses 

through runoff and deep percolation while 

enabling more precise irrigation 

management. Empirical evidence 

indicates that laser land leveling can result 

in approximately 50 percent water 

savings and yield increases ranging from 

6 to 10 percent for major crops such as 

wheat, rice, and maize. In addition to 

water and yield benefits, this technology 

also reduces irrigation time, lowers 

energy consumption, and improves 

fertilizer use efficiency, thereby 

enhancing overall farm profitability. 

Raised-bed planting offers another high-

impact solution, particularly for water-

intensive crops like rice. By elevating 

crop rows and optimizing irrigation 

applications, this method substantially 

reduces water use while improving 

aeration and root development. Research 

shows that raised-bed planting in rice can 

save around 23 percent of irrigation water 

and improve water-use efficiency by 

nearly 37 percent. If adopted at scale 

across Pakistan’s rice-growing areas, this 

approach could conserve billions of cubic 

meters of water annually. 

To realize these benefits, policy 

interventions should focus on subsidized 

access to RCT equipment, custom-hiring 

services, farmer training, and integration 

of RCTs into public extension programs. 

Such measures would accelerate 

adoption, strengthen climate resilience, 

and contribute meaningfully to national 

water and food security objectives. 

Strengthening Watershed 

Management and Advancing a Phased 

Water Security Roadmap 

Effective watershed management is 

fundamental to sustaining Pakistan’s 

water infrastructure and agricultural 

productivity. Degradation of upstream 

catchments, driven by deforestation, 

overgrazing, and unregulated land use, 

has accelerated soil erosion and sediment 

inflows into major reservoirs such as 

Tarbela and Mangla. As a result, the 

storage capacities of these strategic assets 

have declined significantly, undermining 

their ability to regulate water supply, 

generate hydropower, and support 

irrigated agriculture. Long-term 

investment in watershed management is 

therefore essential to slow sedimentation, 

stabilize hydrological regimes, and 

enhance reservoir longevity. 

Interventions such as afforestation, 

construction of check dams, contour 

trenching, and controlled grazing can 

effectively reduce runoff velocity, 

improve groundwater recharge, and 

restore ecological balance in upper 

catchments. 

Complementing these structural 

measures, Pakistan requires an integrated 

and phased roadmap that aligns 

immediate actions with medium- and 

long-term reforms. In the short term, 

priorities should include promoting crop 

zoning based on agro-climatic suitability, 

scaling up in-situ rainwater harvesting 

practices such as micro-catchments and 

terracing, and accelerating the adoption of 

resource conservation technologies, 
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including laser land leveling. These 

measures offer quick gains in water-use 

efficiency and productivity. Over the 

medium term, investments should focus 

on expanding high-efficiency irrigation 

systems such as drip and sprinkler 

technologies, implementing large-scale 

Managed Aquifer Recharge initiatives, 

and initiating pilot programs for safe 

wastewater reuse in agriculture. These 

interventions would strengthen water 

availability while reducing pressure on 

freshwater resources. 

In the long term, sustainable water 

security will depend on comprehensive 

groundwater governance reforms, 

including abstraction metering, rational 

pricing, and enforcement mechanisms, 

alongside revisions to national water 

allocation policies. Continuous mass 

awareness campaigns and farmer 

capacity-building programs must 

underpin all phases. Together, these 

coordinated actions form a coherent 

strategy to address water scarcity, 

enhance climate resilience, and secure 

Pakistan’s food and economic future. 

Conclusion 

Pakistan’s agricultural sector is facing an 

unprecedented convergence of water 

scarcity, climate vulnerability, and rising 

food demand, making water conservation 

no longer optional but a national 

imperative. This article has demonstrated 

that while agriculture remains the 

backbone of Pakistan’s economy and 

rural livelihoods, its heavy dependence on 

increasingly stressed freshwater resources 

poses serious risks to food security, 

economic stability, and environmental 

sustainability. Declining per capita water 

availability, climate-induced extremes, 

and inefficient water use practices 

underscore the urgency for systemic 

reform. 

The proposed water conservation strategy 

offers a coherent and actionable 

framework built around improving water-

use efficiency, diversifying water sources, 

rationalizing cropping patterns, and 

strengthening institutional and farmer 

capacity. Measures such as rainwater 

harvesting, managed aquifer recharge, 

efficient irrigation technologies, and 

resource conservation technologies can 

generate immediate and measurable 

gains, while long-term investments in 

watershed management, groundwater 

governance, and policy reform are 

essential for sustained resilience. Equally 

critical is the shift from input-based 

subsidies to outcome-oriented incentives 

that reward water-saving behavior and 

productivity gains. 

Successful implementation of this 

strategy will depend on strong political 

commitment, inter-institutional 

coordination, and meaningful 

engagement with farming communities, 

particularly smallholders. By integrating 

technological innovation with policy 

reform and capacity building, Pakistan 

can transition toward a conservation-

centric agricultural model. Such a 

transition is essential not only to adapt to 

climate change but also to safeguard 

national food security and ensure 

sustainable economic development for 

future generations. 
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Pakistan Floods: A Paradox of Suffering and Renewal 

Explore how Pakistan's recurring floods, often seen as disasters, can also serve as an opportunity for ecological 

renewal. This article discusses the impact on the Indus delta and the need for a shift in water management strategies 

to enhance coastal livelihoods and climate resilience. 

Muhammad Ismail Kumbhar & Aslam Memon 

1/13/2026 

Each monsoon season, Pakistan confronts 

catastrophic flooding, a grim pattern 

tragically repeated in 2010, 2022, and 

again in 2025. Torrential rains, 

accelerated glacier melt, and 

overwhelmed river systems combine to 

inundate vast tracts of land, submerge 

villages, destroy standing crops, and 

displace millions of people. The 

immediate national and international 

response is, understandably, 

humanitarian: rescue operations, 

emergency shelters, food aid, and disease 

control dominate the agenda. While these 

interventions are essential for saving lives 

and alleviating suffering, they remain 

largely reactive. Once floodwaters recede 

and media attention fades, the underlying 

structural and ecological dimensions of 

flooding are once again relegated to the 

background. 

What is conspicuously absent from 

Pakistan’s flood discourse is a strategic 

rethinking of floods not only as disasters 

to be endured, but as hydrological events 

that if managed with foresight can 

become powerful ecological and 

developmental tools. Historically, 

seasonal flooding played a vital role in 

sustaining riverine and deltaic ecosystems 

by transporting freshwater, sediments, 

and nutrients downstream. In the case of 

the Indus River system, these floods once 

nourished the Indus Delta, supporting 

extensive mangrove forests, productive 

fisheries, fertile agricultural lands, and a 

natural buffer against coastal erosion and 

sea intrusion. 

Over decades, however, flood 

management in Pakistan has focused 

almost exclusively on containment and 

rapid drainage. Dams, embankments, and 

barrages have reduced downstream flows, 

severing the natural connection between 

monsoon floods and the delta. As a result, 

the Indus Delta, once among the world’s 

largest and most productive, has suffered 

dramatic ecological decline, characterized 

by mangrove loss, saline intrusion, 

collapsing fisheries, and heightened 

vulnerability of coastal communities. 

A paradigm shift is urgently needed, one 

that recognizes floods as a potential 

resource rather than solely a threat. 

Through controlled flooding, 

environmental flow releases, and strategic 

floodplain and delta management, excess 

monsoon waters can be redirected to 

revive degraded wetlands and recharge 

coastal ecosystems. Reframing floods as 

instruments of ecological restoration 

offers Pakistan a rare opportunity to 

address disaster risk reduction, climate 

adaptation, and delta revitalization within 

a unified, forward-looking framework. 

The Delta in Peril: A System on the 

Brink 

Once spanning more than 600,000 

hectares of fertile mangroves, productive 

fisheries, and agriculturally rich 

floodplains, the Indus Delta was among 

South Asia’s most dynamic and resilient 

coastal ecosystems. Today, it stands on 

the edge of ecological collapse. Decades 

of upstream water diversion through 

dams, barrages, and extensive irrigation 

networks have drastically reduced the 

volume and seasonal variability of 

freshwater reaching the Arabian Sea. 

Recent estimates suggest that the Delta 

now receives less than 10 percent of its 

historical freshwater inflows, a dramatic 

decline from levels observed prior to 

large-scale river regulation in the mid-

twentieth century (WWF-Pakistan, 2023). 

This reduction has set off a chain reaction 

of environmental degradation. With 

insufficient freshwater to counterbalance 

tidal forces, seawater intrusion has 

advanced between 70 and 100 kilometers 

inland, contaminating shallow aquifers 

and rendering once-productive 

agricultural lands saline and unfit for 

cultivation (IUCN, 2022). Drinking water 

scarcity has intensified in coastal districts, 

forcing communities to rely on costly 

tanker supplies or unsafe sources, with 

serious implications for public health. 

The ecological consequences are equally 

severe. Mangrove forests, which function 

as natural storm barriers, fish nurseries, 

and significant carbon sinks, have 

declined from an estimated 600,000 

hectares to fewer than 100,000 hectares 

(Pakistan Forest Institute, 2023). This loss 

has increased coastal vulnerability to 

cyclones, erosion, and sea-level rise, 

while undermining livelihoods dependent 

on fisheries and forest products. A 2024 

assessment by the United Nations 

Environment Program warns that, without 

timely intervention, the Indus Delta could 

reach a point of irreversible ecological 

collapse within the next two decades. 

Such an outcome would place more than 

three million coastal residents at risk, 

triggering large-scale displacement and 

inflicting lasting damage on Pakistan’s 

coastal economy, food security, and 

climate resilience. 

Floods: Carriers of Catastrophe and 

Renewal 

The floods of 2022 rank among the most 

destructive natural disasters in Pakistan’s 

history, inflicting an estimated US$30 

billion in economic losses and affecting 

nearly 33 million people through 

displacement, infrastructure damage, and 

widespread livelihood disruption (World 

Bank, 2023). The pattern has repeated 

itself in 2025, with severe monsoon 

flooding once again inundating large parts 

of Sindh and displacing hundreds of 

thousands of households. These events 

rightly dominate national discourse as 

humanitarian and economic crises. Yet, 
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embedded within these destructive surges 

is an often-overlooked ecological 

function that is critically relevant for the 

survival of the Indus Delta. 

Floodwater is not merely excess runoff; 

they are carriers of freshwater and 

nutrient-rich sediment two resources that 

the Delta now lacks most acutely. 

Sediment deposition during high flows 

can rebuild eroded mudflats, raise land 

elevations, and stabilize mangrove root 

systems that are essential for coastal 

protection and fisheries productivity. At 

the same time, large pulses of freshwater 

help dilute and flush accumulated salinity 

from deltaic soils, aquifers, and tidal 

creeks, reopening natural channels that 

have become stagnant under reduced river 

discharge. Historically, these flood-

driven processes-maintained Delta’s 

ecological balance and sustained its 

productivity. 

Global experience demonstrates that 

flood dynamics, when managed 

strategically, can support ecosystem 

restoration rather than destruction. In the 

United States, controlled sediment 

releases following dam removal on the 

Elwha River led to rapid rebuilding of 

coastal landforms and recovery of salmon 

habitats. Similarly, in Vietnam’s Mekong 

Delta, seasonal flooding is increasingly 

recognized as a natural asset, supporting 

fisheries, replenishing soils, and 

mitigating saline intrusion when aligned 

with adaptive water management 

strategies (Nature Geoscience, 2023). For 

Pakistan, and particularly the Indus Delta, 

these examples underscore a critical but 

underutilized opportunity: to shift from 

viewing floods solely as disasters toward 

harnessing them as instruments of 

ecological renewal and long-term 

resilience. 

 

From Reactive Flood Control to 

Strategic Delta Stewardship 

Pakistan repeatedly misses the 

opportunity to transform destructive 

floods into instruments of ecological 

recovery and long-term resilience, largely 

due to deep-rooted structural and 

governance constraints. Foremost among 

these is water politics. The 1991 Water 

Apportionment Accord, while critical for 

inter-provincial stability, remains 

overwhelmingly production-oriented and 

gives insufficient recognition to 

downstream ecological requirements. As 

a result, environmental flows to the Indus 

Delta are routinely deprioritized in favor 

of upstream irrigation withdrawals, 

accelerating salinity intrusion, mangrove 

loss, and coastal degradation. 

A second constraint lies in infrastructure 

rigidity. Pakistan’s river control system 

including barrages, canals, and 

embankments was engineered primarily 

for irrigation regulation and flood 

containment, not for sediment continuity 

or ecosystem maintenance. These 

structures trap sediment upstream, 

causing reservoir siltation and depriving 

the Delta of the material needed to rebuild 

land and sustain mangroves. The absence 

of design features for sediment bypass or 

controlled environmental releases reflects 

an outdated engineering paradigm 

disconnected from contemporary river 

basin science. 

Finally, a short-term policy mindset 

dominates flood governance. Post-

disaster responses focus heavily on relief, 

compensation, and reconstruction of 

roads and embankments, with minimal 

investment in ecological restoration or 

adaptive water management. Budgetary 

cycles and political incentives favor 

visible, immediate interventions, while 

long-term delta resilience remains 

institutionally fragmented and 

underfunded. 

Transitioning toward strategic renewal 

requires a science-based and equity-

centered roadmap. Research from Sindh 

University (2024) suggests that sustaining 

the Delta requires guaranteed 

environmental flows of at least 25–27 

million acre-feet annually, which should 

be formally embedded in IRSA’s 

allocation framework and tracked through 

real-time monitoring. Sediment 

management must be mainstreamed 

through bypass systems at major barrages 

and planned reservoir releases to restore 

sediment delivery to the coast (ICIMOD, 

2023). Equally important are risk-proof 

livelihoods, including index-based flood 

and crop insurance schemes, and 

community-led adaptation that places 

fisherfolk and farmers at the center of 

decision-making. Only through such 

integrated reforms can Pakistan shift from 

reactive flood control to sustainable delta 

stewardship. 

Conclusion 

Pakistan’s recurring floods present a stark 

paradox: they are simultaneously a source 

of immense human suffering and a largely 

untapped opportunity for ecological 

renewal. This article argued that the 

prevailing approach, treating floods 

solely as disasters requiring containment 

and emergency response, has contributed 

to the long-term degradation of the Indus 

Delta. By severing the natural link 

between monsoon floods, sediment 

transport, and downstream ecosystems, 

decades of infrastructure-heavy and 

upstream-focused water management 

have pushed the Delta to the brink of 

collapse, with profound implications for 

coastal livelihoods, food security, and 

climate resilience. 

Reframing floods as a managed resource 

rather than an uncontrollable threat offers 

a pathway out of this impasse. Controlled 

flooding guaranteed environmental flows, 

and deliberate sediment management can 

restore vital deltaic processes that once 

sustained mangroves, fisheries, and fertile 

lands. International experience 

demonstrates that such strategies are not 

only feasible but economically and 

ecologically prudent when embedded in 

adaptive governance frameworks. 

The challenge before Pakistan is therefore 

not technical alone, but institutional and 

political. It requires moving beyond short-

term relief cycles toward integrated river 

basin management that balances upstream 

production needs with downstream 

ecological survival. Embedding scientific 

evidence, participatory decision-making, 

and long-term financing into flood 

governance can transform recurring crises 

into catalysts for renewal. In doing so, 

Pakistan can protect vulnerable 

communities while revitalizing the Indus 

Delta as a living buffer against climate 
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change and a foundation for sustainable 

development. 

References: World Bank; WWF-

Pakistan; IUCN; Pakistan Forest Institute; 

UNEP; ICIMOD; Nature Geoscience; 

Sindh University, Department of 

Environmental Sciences. 

Please note that the views expressed in 

this article are of the author and do not 

necessarily reflect the views or policies of 

any organization. 

The writers are Professor at Sindh 

Agriculture University Tandojam, 

Pakistan & Director at PARC-SSRI, 

Tandojam, Sindh,  Pakistan, respectively 

and can be reached 

at mikumbhar2000@yahoo.com & aslam

memon@parc.gov.pk

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
  

mailto:mikumbhar2000@yahoo.com
mailto:aslammemon@parc.gov.pk
mailto:aslammemon@parc.gov.pk
http://amazonleftover.com
http://youtube.com/@diyswithmarrygold


The Agricultural Economist, Vol. 3(1) 

ISSN: 3104-8803 

25 

Impact of Food Inflation on Pakistan's Nutritional Security 

This systematic review highlights how inflation in Pakistan threatens food affordability and nutritional security. It 

shows that high food inflation harms low-income households, exacerbates malnutrition, and reinforces poverty and 

gender inequalities, impacting overall social equity. 

Aleena Naseer 

1/14/2026 

Inflation, defined as a sustained increase 

in the general price level, has become one 

of the most pressing socioeconomic 

challenges in Pakistan. The country has 

experienced persistent double-digit 

inflation, with food inflation consistently 

outpacing the general Consumer Price 

Index (CPI). In the fiscal year 2022-23, 

average national CPI inflation reached 

29.2%, while food inflation soared to a 

staggering 38.5% (Pakistan Economic 

Survey, 2022-23). This dramatic surge 

severely strains household budgets, 

particularly for the 37.2% of Pakistanis 

living in multidimensional poverty 

(UNDP, 2023), who spend over 50% of 

their income on food (World Bank, 2022). 

Food affordability, a core dimension of 

food security, reflects the economic 

capacity to access sufficient, safe, and 

nutritious food without compromising 

other essential needs (FAO, 2022). In 

Pakistan, this capacity is under severe 

threat. 

A robust body of literature demonstrates 

that food price inflation in Pakistan is not 

a monolithic phenomenon but is driven by 

a complex interplay of structural and 

cyclical factors. These include pass-

through effects from a depreciating rupee 

which lost over 50% of its value against 

the USD between 2021 and 2023 (State 

Bank of Pakistan, 2023) imported 

commodity price shocks, and domestic 

supply chain disruptions often linked to 

climate extremes, such as the catastrophic 

2022 floods that caused over $30 billion 

in damages (World Bank, 2022). 

Research confirms that such inflation 

directly increases poverty headcounts and 

exacerbates malnutrition, especially in the 

absence of robust, scaled social safety 

nets like the Benazir Income Support 

Program (BISP) (Headey & Alderman, 

2019; Jan et al., 2022). 

At the micro level, inflationary shocks 

force detrimental dietary substitutions. 

Households shift from nutrient-dense 

foods like fruits, vegetables, meat, and 

dairy to cheaper, energy-dense staples 

like wheat and rice, leading to increased 

risks of micronutrient deficiencies. 

Pakistan already bears a significant 

malnutrition burden, with 40.2% of 

children under five stunted and 17.7% 

wasted (National Nutrition Survey, 2018). 

Inflationary periods risk reversing any 

progress made on these indicators (Ruel et 

al., 2010). Furthermore, evidence 

underscores that women, children, daily 

wage workers, and smallholder farmers 

suffer disproportionate welfare losses, 

exacerbating pre-existing gender and 

economic inequalities (Alem & 

Söderbom, 2012; Cheema et al., 2023). 

Despite the acute relevance, critical gaps 

persist in Pakistan-specific research, 

particularly in understanding long-term 

household coping mechanisms, the cost-

effectiveness of different policy 

interventions (subsidies vs. cash 

transfers), and the integration of 

nutritional outcomes into macroeconomic 

stabilization models. This review 

systematically maps the current evidence 

to inform more effective, context-

sensitive policy responses aimed at 

safeguarding food affordability for 

Pakistan's most vulnerable populations. 

Macroeconomic Drivers of Food 

Inflation and National Food Security in 

Pakistan 

Rising inflation poses a systemic threat to 

Pakistan’s national food security by 

weakening domestic production 

incentives, increasing import dependence, 

and placing sustained pressure on foreign 

exchange reserves and public finances. As 

food prices rise, the government is 

compelled to divert scarce fiscal 

resources toward subsidies and 

emergency imports, reducing its capacity 

to invest in long-term agricultural 

productivity, climate adaptation, and rural 

infrastructure. This macroeconomic 

squeeze undermines the stability and 

resilience of the national food system. 

A major driver of food inflation in 

Pakistan is exchanging rate volatility 

coupled with heavy reliance on imported 

food commodities and agricultural inputs. 

Pakistan remains a net importer of 

essential food items such as palm oil, 

pulses, and wheat, as well as fertilizers, 

pesticides, and energy inputs. The sharp 

depreciation of the Pakistani Rupee has a 

rapid pass-through effect on domestic 

food prices. Empirical evidence shows 

that exchange rate movements explain a 

substantial share of food price variation, 

with estimates suggesting that over 30 

percent of domestic food inflation can be 

attributed to currency depreciation 

(Akram & Qayyum, 2018). This impact is 

further amplified by Pakistan’s 

dependence on imported fuel and 

electricity, which raises production, 

processing, and transportation costs 

throughout the food supply chain (Khan 

& Ahmed, 2021). 

Monetary and fiscal policy dynamics also 

shape food security outcomes. 

Expansionary fiscal measures, frequently 

financed through central bank borrowing, 

have contributed to demand-side 

inflationary pressures. In response, the 

State Bank of Pakistan has pursued 

aggressive monetary tightening, raising 

the policy rate to historically high levels. 

While such measures aim to stabilize 

prices, they also increase borrowing costs 

for farmers, traders, and agro-processors, 

potentially constraining food supply 

growth and investment (State Bank of 

Pakistan, 2023). 
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Climate-induced supply shocks further 

intensify inflationary pressures. Extreme 

events such as the 2022 floods, which 

inundated large agricultural areas, disrupt 

production and logistics, creating sudden 

shortages and price spikes. Combined 

with structural weaknesses in market 

integration, information gaps, and 

occasional hoarding by intermediaries, 

these forces reinforce price volatility and 

erode national food security (Ali & 

Erenstein, 2017; FAO, 2023; Hussain, 

2020). 

Inflation, Welfare Losses, and 

Nutrition Stress at the Household Level 

in Pakistan 

At the household and individual level, 

inflation in Pakistan operates as a deeply 

regressive shock that disproportionately 

harms the poor and vulnerable, 

magnifying existing socio-economic 

inequalities. Low-income households 

allocate an exceptionally high share of 

their income often between 60 and 70 

percent to food expenditures. As food 

prices rise, these households experience 

sharp declines in real purchasing power, 

leaving little scope for adjustment without 

sacrificing essential consumption. 

Empirical simulations indicate that the 

food price surges observed between 2020 

and 2022 pushed approximately five 

million additional individuals below the 

national poverty line, underscoring the 

direct link between inflation and poverty 

expansion (Jan et al., 2022). National 

household survey data further confirm a 

broad-based erosion of real incomes, with 

the steepest losses concentrated in the 

lowest income quintile (Pakistan Bureau 

of Statistics, 2023). 

Beyond income effects, inflation severely 

compromises diet quality and nutritional 

outcomes. As food becomes more 

expensive, households adopt coping 

strategies that prioritize caloric 

sufficiency over dietary diversity. 

Expenditure on relatively costly but 

nutritionally essential items such as meat, 

pulses, dairy products, fruits, and 

vegetables are reduced first. Evidence 

from urban Punjab shows that a 10 

percent increase in food prices results in a 

measurable decline in dietary diversity, 

particularly through reduced consumption 

of animal-source foods and 

micronutrient-rich produce (Noreen & 

Sheikh, 2023). These adjustments 

contribute to widespread “hidden 

hunger,” characterized by deficiencies in 

iron, zinc, and vitamins, with particularly 

damaging consequences for child growth, 

cognitive development, and long-term 

human capital formation. 

Inflation also deepens structural 

inequalities and gender disparities. 

Informal workers, landless laborers, and 

female-headed households possess 

limited assets and weak social protection, 

restricting their ability to absorb price 

shocks. Within households, women 

frequently reduce their own food intake to 

protect children and male earners, 

intensifying risks of maternal anemia and 

poor health outcomes (Cheema et al., 

2023). Smallholder farmers, many of 

whom are net food buyers, often fail to 

benefit from higher output prices because 

rising input costs outpace gains, leaving 

rural poverty and food insecurity 

entrenched (Hussain & Thapa, 2022). 

Advancing Evidence for Inflation-

Resilient Food Security in Pakistan 

Despite a growing body of literature on 

food inflation and welfare impacts, 

significant research gaps continue to limit 

Pakistan’s ability to design effective, 

evidence-based responses. One of the 

most pressing needs is the development of 

nationally representative longitudinal 

household panel data. Existing surveys 

are largely cross-sectional and infrequent, 

which prevents systematic tracking of 

how the same households adjust 

consumption, labor supply, asset sales, 

and health-seeking behavior across 

successive inflationary episodes. High-

frequency panel data linking food prices 

with nutrition, morbidity, and education 

outcomes would allow policymakers to 

distinguish between short-term coping 

strategies and long-term welfare losses, 

particularly among chronically poor 

households. 

A second priority lies in evaluating the 

effectiveness and targeting efficiency of 

existing policy interventions. Major 

programs such as the Benazir Income 

Support Program (BISP), Utility Stores 

Corporation subsidies, and ad hoc relief 

packages are widely implemented, yet 

rigorous impact evaluations remain 

limited. Comparative research is needed 

to assess whether targeted cash transfers, 

price subsidies, or hybrid approaches 

provide greater protection against food 

insecurity during inflationary shocks, 

while minimizing fiscal leakages and 

market distortions. 

Third, Pakistan lacks integrated agri-food 

system models that connect 

macroeconomic dynamics with 

agricultural production and nutritional 

outcomes. Current analyses tend to be 

siloed, examining exchange rates, interest 

rates, climate shocks, or nutrition in 

isolation. There is a strong need for 

interdisciplinary modeling frameworks 

that link monetary policy, trade exposure, 

input markets, yield variability, and 

dietary indicators to capture the full 

transmission of inflation across the food 

system. 

Finally, the climate–food–inflation nexus 

remains underexplored. As climate-

induced production volatility intensifies, 

research must examine how climate 

shocks interact with storage capacity, 

trade policies, and social protection 

mechanisms to either amplify or dampen 

food inflation. Addressing these gaps is 

essential for building resilient, nutrition-

sensitive food systems in Pakistan. 

Conclusion 

This systematic review demonstrates that 

inflation in Pakistan is not merely a 

macroeconomic imbalance but a profound 

threat to food affordability, nutritional 

security, and social equity. Persistently 

high food inflation driven by exchange 

rate depreciation, import dependence, 

climate-induced supply shocks, and 

structural market weaknesses has eroded 

household purchasing power and 

intensified national food insecurity. The 

evidence reviewed clearly shows that 

food inflation disproportionately harms 

low-income households, women, 

children, informal workers, and 

smallholder farmers, reinforcing existing 

poverty and gender inequalities. At the 

household level, inflation compels 
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nutritionally damaging coping strategies, 

including reduced dietary diversity and 

substitution toward calorie-dense but 

nutrient-poor foods, thereby exacerbating 

Pakistan’s already severe burden of 

malnutrition and undermining long-term 

human capital formation. 

At the national level, inflation constrains 

fiscal space, increases import reliance, 

and weakens the state’s capacity to invest 

in sustainable agricultural growth and 

climate resilience. While short-term 

monetary tightening and ad hoc subsidies 

may provide temporary relief, they are 

insufficient to address the structural roots 

of food price instability. The review 

highlights critical research gaps 

particularly the absence of longitudinal 

household data, limited evaluation of 

social protection effectiveness, weak 

integration of nutrition into 

macroeconomic models, and inadequate 

understanding of the climate–food–

inflation nexus. 

Addressing food affordability in Pakistan 

requires a coordinated policy approach 

that aligns macroeconomic stabilization 

with climate-resilient agriculture, well-

targeted social protection, and nutrition-

sensitive interventions. Strengthening the 

evidence base is essential for designing 

policies that protect vulnerable 

populations while ensuring long-term 

food system resilience in an increasingly 

volatile economic and climatic 

environment. 
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Rethinking Agricultural Planning in Farming Systems 

Agricultural planning is essential yet challenged by climatic variability and market fluctuations. This article explores 

the need for adaptive strategies in modern farming systems to address uncertainties and enhance income stability. 

Mithat Direk 

1/30/2026 

Agricultural planning extends far beyond 

the conventional economic concerns of 

organizing time, location, and costs. At its 

core, agriculture operates within a 

production environment that is 

fundamentally uncertain and only 

partially controllable. Unlike 

manufacturing or services, where inputs 

and processes can be standardized and 

insulated from external shocks, 

agriculture functions much like an “open-

roof factory.” Producers are continuously 

exposed to natural forces that cannot be 

regulated through managerial decisions 

alone. Rainfall variability, temperature 

fluctuations, solar radiation, and extreme 

weather events shape both the quantity 

and quality of output, often in 

unpredictable ways. This inherent 

exposure sharply limits the scope for 

deterministic planning and makes 

agriculture structurally distinct from most 

other sectors of the economy. 

Climatic uncertainty affects agricultural 

decision-making across multiple 

dimensions. At the farm level, planting 

dates, crop choice, input intensity, and 

harvesting schedules must be determined 

months in advance, long before actual 

weather outcomes are known. A delayed 

monsoon, unexpected heatwave, or 

unseasonal frost can instantly invalidate 

carefully constructed plans, resulting in 

yield losses or total crop failure. These 

risks are further compounded by 

biological processes such as pest cycles 

and disease outbreaks, which themselves 

are highly sensitive to climatic conditions. 

As a result, agricultural producers 

routinely operate under conditions of 

imperfect information and heightened 

risk. 

Recent evidence indicates that this 

vulnerability is intensifying. The Food 

and Agriculture Organization (FAO) 

highlights that climate change is 

increasing both the frequency and 

severity of extreme weather events, 

including droughts, floods, and heat stress 

episodes (FAO, The State of Food and 

Agriculture, 2022). These shocks not only 

reduce average yields but also increase 

yield variability, undermining income 

stability and long-term investment 

incentives. For policymakers and 

planners, this reality implies that effective 

agricultural planning must incorporate 

risk management, climate adaptation, and 

resilience-building strategies alongside 

traditional efficiency considerations. 

The Dual Role of Policy: Support 

versus Sustainability in Agricultural 

Planning 

In many countries, including Türkiye, 

agricultural planning is strongly shaped 

by state intervention, primarily 

coordinated through the Ministry of 

Agriculture and Forestry. Production 

targets, crop choices, and regional 

priorities are often aligned with subsidy 

regimes, price supports, and input 

assistance programs. In principle, these 

policies are designed to stabilize farm 

incomes, ensure food security, and guide 

resource allocation. In practice, however, 

their effectiveness is uneven. A central 

reason is the growing disconnect between 

policy-driven plans and ecological 

realities. Climatic volatility frequently 

undermines production targets that are 

formulated under implicit assumptions of 

“normal” weather conditions. The severe 

drought of 2021, which sharply reduced 

yields across large parts of Anatolia, 

illustrated how rapidly environmental 

stress can invalidate even technically 

sound planning frameworks (Turkish 

Statistical Institute [TÜİK], 2021). 

This tension highlights the dual role of 

agricultural policy: providing short-term 

support to farmers while safeguarding 

long-term environmental and economic 

sustainability. When support mechanisms 

emphasize output expansion without 

sufficient regard for water availability, 

soil health, or climate risk, they may 

inadvertently intensify vulnerability 

rather than reduce it. Repeated reliance on 

ad hoc compensation payments after 

climate shocks further strains public 

finances and weakens incentives for 

adaptation. 

In contrast, many developed economies 

achieve greater planning stability not 

solely because of technological 

advantages such as controlled-

environment agriculture and advanced 

greenhouses, but because of well-

integrated market systems. Investments in 

storage, processing, cold chains, logistics, 

and distribution create institutional 

buffers that absorb production surpluses 

and shortages. These buffers reduce the 

transmission of climatic shocks into 

extreme price volatility, allowing 

planning objectives particularly price 

stability for producers and consumers to 

be more consistently achieved. 

Crucially, this requires coherent, long-

term policy commitments that extend 

beyond political cycles. Smart, targeted 

subsidies, actuarially sound crop 

insurance schemes, and well-managed 

strategic reserves must operate in a 

coordinated manner. When aligned with 

ecological constraints and market 

infrastructure, such instruments enable 

agricultural planning to balance 

immediate support needs with the 

imperatives of sustainability and 

resilience. 

The Turkish Context: Dependency, 

Short-Termism, and the Challenge of 

Sustainable Agricultural Planning 

In Türkiye, one of the most persistent 

obstacles to effective agricultural 

planning lies in the structure and 

sequencing of state intervention. 

Government support has historically 
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played a vital role in stabilizing farm 

incomes and protecting rural livelihoods, 

particularly during periods of drought, 

price collapse, or input shortages. 

However, the dominant reliance on direct 

cash transfers and ad hoc compensation 

payments during crises has also produced 

unintended consequences. When support 

is repeatedly delivered as post-shock 

relief, it can weaken incentives for 

proactive, on-farm planning and risk 

management. Some farmers come to view 

state assistance as a substitute for strategic 

decision-making, expecting losses 

whether caused by climatic shocks or 

suboptimal managerial choices to be 

absorbed by the public sector. 

This pattern contributes to a cycle of 

dependency and short-termism. 

Production decisions may prioritize 

immediate survival rather than long-term 

efficiency, diversification, or resilience. 

The World Bank’s 2022 assessment of 

Türkiye’s agricultural sector underscores 

this concern, noting that while income 

support provides short-term stability, it 

does little to address structural 

vulnerabilities unless paired with 

investments that build resilience and 

strengthen human capital. Without such a 

shift, public spending risks becoming 

increasingly reactive and fiscally 

burdensome. 

A more sustainable support model must 

focus on empowerment rather than 

compensation. Central to this transition is 

investment in training and knowledge 

transfer. Equipping farmers with skills in 

climate-smart agriculture, financial 

planning, digital advisory tools, and risk 

management enables them to anticipate 

shocks rather than merely respond to 

them. Infrastructure modernization is 

equally critical. Efficient irrigation 

systems, on-farm storage, and energy-

saving technologies reduce exposure to 

climate and market volatility while 

improving productivity. 

Finally, robust market access and 

diversification are essential. Without 

strong value chains and reliable market 

linkages, even technically efficient 

production yields limited economic 

returns. When farming becomes a low-

profit, subsistence activity, it fosters a 

survivalist mindset and accelerates exit 

from the sector. This threatens 

innovation, intergenerational continuity, 

and the long-term identity of agriculture 

in Türkiye as a viable and sustainable 

profession. 

Towards a Culture of Proactive Farm 

Management 

At its core, effective agricultural planning 

redefines farming from a high-stakes 

gamble into a managed enterprise 

grounded in evidence, foresight, and 

professional discipline. In environments 

characterized by climatic uncertainty and 

market volatility, this shift is essential for 

restoring both economic viability and 

professional satisfaction among farmers. 

The foundation of proactive farm 

management begins with a practice that is 

deceptively simple yet profoundly 

transformative: systematic record-

keeping and farm inventory development. 

Establishing a basic inventory requires 

farmers to document all farm activities 

through a logbook or a digital farm 

management application. This includes 

recording planting dates, input use, 

irrigation schedules, labor deployment, 

yields, and sales. Alongside activity logs, 

farmers must compile a comprehensive 

list of available resources land parcels 

with basic soil characteristics, machinery 

and equipment, irrigation systems, 

livestock holdings, and perennial crops. 

Equally important is maintaining simple 

financial accounts that track input costs, 

output revenues, credit use, and 

household–farm cash flows. Even 

rudimentary accounting can reveal 

patterns of inefficiency, hidden costs, and 

profit leakages that are otherwise 

invisible in day-to-day operations. 

This inventory should not be viewed as a 

static checklist but as a living data system. 

Over time, it enables farmers to evaluate 

past decisions, compare performance 

across seasons, and identify which 

practices generate consistent returns 

under varying conditions. The 

International Fund for Agricultural 

Development emphasizes that access to 

information and the capacity to analyze 

farm-level data are central to improving 

smallholder decision-making and risk 

management (IFAD, 2021). With reliable 

records, farmers can develop realistic 

contingency plans, alternative crop 

choices, input adjustments, or staggered 

planting strategies to cope with droughts, 

price shocks, or pest outbreaks. 

Ultimately, proactive farm management 

cultivates a forward-looking mindset. By 

learning systematically from experience, 

farmers move away from crisis-driven 

reactions toward deliberate planning, 

strengthening resilience and reinforcing 

agriculture as a skilled, knowledge-

intensive profession rather than a matter 

of chance. 

Conclusion 

Agricultural planning remains both 

indispensable and inherently constrained 

by the structural realities of farming 

systems. As this article has shown, 

agriculture operates under conditions of 

uncertainty that sharply distinguish it 

from most other economic sectors. 

Climatic variability, biological risks, and 

market fluctuations continuously 

challenge the feasibility of rigid, 

deterministic planning approaches. 

Climate change has further amplified 

these vulnerabilities, increasing yield 

variability and undermining income 

stability, thereby demanding a 

fundamental rethinking of how planning 

is conceptualized and implemented in 

modern agriculture. 

In this context, effective planning can no 

longer rely solely on production targets or 

short-term income support mechanisms. 

Instead, it must integrate risk 

management, climate adaptation, and 

resilience-building as core objectives. 

The Turkish experience illustrates the 

limitations of reactive, compensation-

driven policies that unintentionally foster 

dependency and short-termism. 

Sustainable agricultural planning requires 

a decisive shift from post-shock relief 

toward empowerment through 

knowledge, infrastructure, and 

institutional capacity. 

At the farm level, the transition toward 

proactive management, grounded in 

systematic record-keeping, resource 
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inventories, and financial awareness, 

offers a practical pathway to resilience. 

When farmers are equipped to learn from 

data, anticipate shocks, and make 

informed decisions, agriculture evolves 

from a gamble into a professionally 

managed enterprise. Ultimately, aligning 

policy frameworks, market institutions, 

and farm-level practices around long-term 

sustainability is essential for safeguarding 

livelihoods, food security, and the future 

viability of agriculture under increasing 

climatic and economic stress. 
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Impact of Fiscal Policy on Agriculture Sector 

This review analyzes how fiscal policy shapes the agriculture-food sector's performance and sustainability. It discusses 

the role of government taxation, expenditure, and transfers in fostering growth. 

Alizeh Faisal 

1/30/2026 

The agriculture–food sector remains a 

cornerstone of the global economy, 

particularly in developing countries where 

it continues to underpin livelihoods, food 

security, and macroeconomic stability. In 

2023, the global agri-food system was 

valued at more than USD 10 trillion and 

provided employment to approximately 

1.2 billion people worldwide (FAO, 2023). 

Despite its scale and strategic importance, 

the sector is inherently fragile. Agricultural 

production is highly exposed to climatic 

variability, biological risks, and global 

price fluctuations, while structural 

characteristics such as small farm sizes, 

imperfect markets, and low capital 

intensity often result in modest and 

unstable returns to labor and land. These 

vulnerabilities have historically provided a 

strong rationale for active government 

involvement. 

Fiscal policy, defined through government 

taxation, expenditure, and budgetary 

transfers, plays a central role in shaping 

agricultural outcomes. Through public 

spending on input subsidies, irrigation 

infrastructure, research and extension 

services, and rural development programs, 

governments seek to enhance productivity, 

stabilize farm incomes, and ensure 

affordable food supplies for consumers. On 

the revenue side, taxation policies 

influence incentives for production, 

investment, and market participation, 

while also generating resources for public 

investment in agriculture and allied 

sectors. Beyond growth objectives, fiscal 

interventions are increasingly used to 

address market failures, internalize 

environmental externalities, manage 

natural resources sustainably, and 

influence dietary patterns through taxes 

and subsidies on specific food items. 

However, the effectiveness of fiscal policy 

in agriculture is far from uniform. 

Outcomes differ markedly across countries 

and regions, shaped by institutional 

capacity, political economy dynamics, 

fiscal space, and exposure to global 

markets. Poorly targeted subsidies can 

distort incentives, strain public budgets, 

and exacerbate environmental degradation, 

while well-designed fiscal instruments can 

foster resilience, equity, and long-term 

sustainability. 

This review consolidates and critically 

evaluates the expanding body of literature 

on the relationship between fiscal policy 

and agricultural economics. It first 

examines the theoretical foundations 

linking public finance to agricultural 

behavior, then assesses empirical evidence 

on key fiscal instruments. The review 

further explores implications for food 

security, rural development, and 

environmental sustainability, before 

discussing implementation challenges and 

political economy constraints. The 

concluding section highlights key insights 

and identifies priority areas for future 

research. 

Theoretical Frameworks and 

Conceptual Foundations of Fiscal Policy 

in Agriculture 

The role of fiscal policy in agriculture is 

grounded in a diverse set of economic 

theories that together explain why market 

outcomes alone are often insufficient to 

achieve efficiency, equity, and 

sustainability in the agri-food system. One 

foundational justification arises from the 

theory of market failure and public goods. 

Agricultural productivity depends heavily 

on investments in basic research, extension 

services, rural roads, irrigation networks, 

and climate information systems, goods 

that are non-rival and non-excludable. 

Because private actors cannot fully capture 

the returns from such investments, under-

provision is common, necessitating public 

financing and coordination (Hayami & 

Ruttan, 1985). This rationale has gained 

renewed importance as climate change 

increases the demand for public investment 

in adaptation-oriented research and risk-

reducing technologies (Barrett, 2021). 

A second influential perspective is the 

developmental state paradigm. 

Historically, many developing countries 

used fiscal instruments such as price 

controls, export taxes, and implicit taxation 

of farm products to extract surplus from 

agriculture to finance industrialization. 

While this strategy supported early capital 

accumulation, subsequent analyses 

highlighted its long-term costs in terms of 

reduced farm incentives, slower 

productivity growth, and persistent rural 

poverty (Krueger et al., 1991). 

Contemporary literature reframes this 

debate through the lens of agricultural 

transformation, emphasizing productive 

public investment and inclusive growth 

rather than surplus extraction, particularly 

in Sub-Saharan Africa (Diao et al., 2021). 

Stabilization and risk management theories 

provide another key foundation. Given 

agriculture’s exposure to price and yield 

volatility, fiscal policy has been used to 

stabilize incomes through buffer stocks, 

price supports, and subsidies. While such 

interventions can reduce short-term risk, 

they often impose high fiscal burdens and 

distort markets (Newbery & Stiglitz, 

1981). More recent approaches favor state-

contingent transfers, index-based 

insurance, and countercyclical subsidies 

that better align fiscal costs with realized 

shocks (Hill et al., 2023). 

Behavioral and nutritional economics 

further extend the fiscal rationale by 

highlighting how taxes and subsidies can 

influence consumption patterns. Fiscal 

“nudges,” such as taxes on sugar-

sweetened beverages or subsidies for fruits 

and vegetables, are increasingly justified to 

correct public health externalities and 

reduce long-term healthcare costs (Afshin 

et al., 2023). Finally, new institutional 
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economics underscores that fiscal policy 

shapes incentives, transaction costs, and 

governance structures along agri-food 

value chains, influencing market 

participation, contract enforcement, and 

overall sector performance (North, 1990). 

Analysis of Key Fiscal Policy 

Instruments in Agriculture 

Fiscal policy in agriculture operates 

through a portfolio of instruments that 

influence production incentives, resource 

allocation, and welfare outcomes across 

the agri-food system. Among these, 

subsidies, taxation, and public expenditure 

remain the most consequential and widely 

debated. 

Input and output subsidies are the most 

extensively analyzed fiscal tools in 

agricultural economics. Empirical 

evidence shows that well-targeted input 

subsidies particularly for fertilizers and 

improved seeds can raise yields and 

production in the short run, especially 

among liquidity-constrained smallholders. 

However, long-term assessments reveal 

diminishing marginal returns and 

substantial efficiency losses. In Sub-

Saharan Africa, fertilizer subsidy programs 

have frequently imposed heavy fiscal 

burdens while crowding out higher-return 

public investments in research, extension, 

and infrastructure (Jayne & Rashid, 2013). 

Globally, producer support averaged USD 

851 billion per year during 2020–2022, 

with nearly 60 percent classified as market-

distorting or environmentally harmful, 

underscoring the scale of misaligned fiscal 

incentives (OECD, 2023). A growing body 

of literature further highlights 

environmental externalities associated 

with subsidies, as they often encourage 

excessive use of chemical inputs, 

accelerate soil degradation, and intensify 

water stress. Consequently, recent policy 

discourse advocates “smart subsidies” that 

are conditional on sustainable practices, 

such as precision input use, soil testing, and 

climate-smart technologies (OECD, 2023; 

IPCC, 2022). On the output side, price 

supports and minimum support prices can 

stabilize farm incomes but frequently 

distort production choices and impede 

diversification. Reforms under the 

European Union’s Common Agricultural 

Policy illustrate a shift toward decoupled 

income support, aiming to preserve farmer 

welfare while minimizing market 

distortions (Swinbank, 2023). 

Taxation policies influence agriculture 

through investment incentives, 

consumption patterns, and trade flows. 

Moderate and predictable tax regimes can 

support fiscal sustainability without 

discouraging private investment, whereas 

heavy or arbitrary taxation suppresses 

capital formation. Advances in digital land 

registries and e-tax systems are improving 

tax administration in agrarian economies 

(Fjeldstad & Heggstad, 2022). On the 

consumption side, strong evidence shows 

that taxes on unhealthy foods and sugar-

sweetened beverages reduce consumption, 

particularly among low-income and price-

sensitive groups. Reflecting this, more than 

50 countries have adopted such taxes, 

while value-added tax exemptions for 

staple foods remain a common pro-poor 

measure (World Bank, 2023). Trade taxes, 

however, remain controversial: export 

taxes reduce producer incentives and 

competitiveness, while import tariffs raise 

consumer prices and constrain dietary 

diversity (Anderson & Nelgen, 2021). 

Public expenditure and investment are 

widely regarded as the most growth-

enhancing fiscal instruments. Agricultural 

research and development consistently 

deliver very high social rates of return, yet 

global public spending growth has 

stagnated at around 1.5 percent annually, 

far below what is required to meet climate 

and productivity challenges (Fuglie, 2021). 

Investments in rural infrastructure such as 

roads, electricity, storage, and digital 

connectivity lower transaction costs and 

integrate farmers into modern value chains 

(FAO, 2022). Finally, social safety nets 

play a stabilizing role by protecting 

vulnerable households and sustaining food 

demand; their rapid expansion during the 

COVID-19 pandemic demonstrated their 

critical importance for the resilience of 

agri-food systems (Gentilini et al., 2022). 

Fiscal Policy Pathways for 

Transformation of Food Systems 

Fiscal policy plays a central and 

multifaceted role in shaping food systems, 

environmental outcomes, and structural 

transformation in agriculture. From a food 

security perspective, public expenditure 

and taxation decisions directly influence 

food availability, access, and affordability. 

While investment in agricultural 

productivity can enhance supply, the 

literature increasingly cautions that poorly 

targeted subsidies often bias production 

toward staple crops at the expense of 

nutrient-dense foods, undermining dietary 

diversity. In response, many countries are 

shifting toward direct income transfers and 

social protection instruments, which 

improve household access to food while 

preserving consumer choice and reducing 

market distortions. 

Environmental sustainability and climate 

change have emerged as critical 

dimensions of fiscal policy reform. A 

growing consensus recognizes that many 

existing agricultural subsidies create 

perverse incentives, encouraging excessive 

input use, land degradation, and 

greenhouse gas emissions. International 

assessments highlight subsidy repurposing 

as one of the most effective mitigation 

strategies. Consequently, “greening” fiscal 

policy, through support for conservation 

agriculture, climate-smart practices, and 

payments for ecosystem services, has 

gained strong policy traction. At the same 

time, carbon pricing mechanisms applied 

to agriculture are being explored, although 

evidence stresses the need for 

complementary measures to prevent 

adverse impacts on food security and 

smallholder livelihoods. 

Modern fiscal thinking also emphasizes 

structural transformation and value chain 

development. Rather than focusing 

narrowly on farm-level production, 

governments are increasingly investing in 

agro-processing, cold storage, logistics, 

and digital market platforms to capture 

greater domestic value addition. A key 

policy debate concerns how such 

investments can remain inclusive, ensuring 

smallholders benefit through targeted 

grants, cooperative models, and collective 

infrastructure. 

Despite these opportunities, 

implementation challenges remain 

substantial. Political economic constraints, 

fiscal pressures, weak targeting, and policy 
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incoherence often limit reform 

effectiveness. The literature consistently 

argues that successful fiscal reform 

requires coalition-building, digital 

governance tools, and integrated food-

systems approaches that align agricultural, 

health, and environmental objectives. 

Advancing the Fiscal Policy Research 

Agenda for Sustainable Food Systems 

This review highlights that fiscal policy 

remains a powerful yet inherently double-

edged instrument in shaping agricultural 

and food systems. While well-designed 

policies can enhance productivity, 

resilience, and equity, poorly structured 

fiscal interventions risk distorting markets, 

degrading natural resources, and 

entrenching inefficiencies. Contemporary 

evidence strongly supports a strategic 

reorientation of fiscal policy away from 

input-heavy and price-distorting subsidies 

toward long-term public investments in 

agricultural research and development, 

green innovation, climate-resilient 

infrastructure, and extension services. 

Similarly, shifting from generalized price 

support mechanisms to targeted income 

support and adaptive social safety nets can 

improve equity while preserving market 

signals. Internalizing environmental 

externalities through carbon pricing, 

environmental taxes, and payments for 

ecosystem services offers a pathway to 

align agricultural incentives with 

sustainability objectives, provided food 

security concerns are adequately 

addressed. 

Looking ahead, future research must 

deepen the empirical foundations of fiscal 

reform. Rigorous impact evaluations are 

needed to assess the effectiveness of green 

fiscal instruments, digital targeting 

systems, and direct benefit transfers in 

improving efficiency and equity. The 

political economy of reform also warrants 

greater attention, particularly comparative 

analysis of how different countries have 

overcome resistance from vested interests. 

In fragile and conflict-affected states, 

research should examine how fiscal policy 

can support the reconstruction of agri-food 

systems and livelihoods. Finally, greater 

emphasis is needed on financing global 

public goods, especially climate adaptation 

research, and on behavioral insights that 

explain how farmers, consumers, and firms 

respond to taxes and subsidies across the 

food system. 

Conclusion 

This review demonstrates that fiscal policy 

occupies a pivotal position in shaping the 

performance, resilience, and sustainability 

of the agriculture–food sector. Drawing on 

a wide body of theoretical and empirical 

literature, the analysis shows that 

government taxation, expenditure, and 

transfers can either correct market failures 

and foster inclusive growth or, if poorly 

designed, exacerbate inefficiencies, 

environmental degradation, and fiscal 

stress. Evidence consistently highlights 

that input-heavy and price-distorting 

subsidies, while politically attractive, often 

deliver limited long-term benefits and 

crowd out higher-return public 

investments. In contrast, public spending 

on agricultural research and development, 

rural infrastructure, digital connectivity, 

and social safety nets generate substantial 

productivity gains, enhance food security, 

and strengthen resilience to climate and 

market shocks. 

The review further underscores the 

growing importance of aligning fiscal 

policy with broader food systems 

objectives. Fiscal instruments increasingly 

serve not only growth and income-

stabilization goals, but also nutrition, 

environmental sustainability, and climate 

mitigation. However, achieving these 

multiple objectives requires coherent 

policy design, strong institutions, and 

careful attention to political economy 

constraints. The literature makes clear that 

successful reform depends as much on 

governance, targeting mechanisms, and 

coalition-building as on technical design. 

Overall, the findings support a strategic 

reorientation of fiscal policy toward 

evidence-based, forward-looking 

investments that balance efficiency, equity, 

and sustainability. By embedding fiscal 

decisions within an integrated food-

systems framework, governments can 

transform agriculture from a vulnerable 

sector into a driver of inclusive 

development and long-term economic 

stability. 
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Agriculture stands at the cusp of a 

profound digital transformation. 

Confronted with the dual imperatives of 

feeding a projected global population of 

9.7 billion by 2050 and adapting to 

accelerating climate variability, the sector 

must deliver substantial gains in 

productivity while reducing its 

environmental footprint (FAO, 2022). 

Traditional input-intensive farming 

models are increasingly unsustainable 

under conditions of water scarcity, soil 

degradation, and rising production costs. 

In this context, Precision Agriculture 

(PA) also referred to as smart farming or 

site-specific crop management has 

emerged as a pivotal strategy for 

achieving efficiency, resilience, and 

sustainability. PA is defined as a 

management approach that integrates 

information and communication 

technologies to observe, measure, and 

respond to spatial and temporal variability 

within agricultural fields (Gebbers & 

Adamchuk, 2010). 

The shift from uniform, field-wide 

management to hyper-localized, data-

driven decision-making represents a 

fundamental departure from conventional 

farming practices. Instead of applying the 

same quantity of seed, fertilizer, 

or water across an entire field, PA enables 

farmers to tailor interventions according 

to real-time crop needs and 

soil conditions. Technologies such as 

Global Positioning Systems (GPS), 

remote sensing, Internet of Things (IoT) 

sensors, drones, and artificial 

intelligence-driven analytics form the 

backbone of this approach, converting 

raw field data into actionable insights. 

This transition is not incremental but 

transformational. Evidence suggests that 

precision-based interventions can 

increase crop yields by up to 20 percent 

while simultaneously reducing input use 

such as fertilizers, pesticides, and water 

by 10 to 30 percent (World Economic 

Forum, 2023). Beyond economic 

benefits, these efficiencies translate into 

lower greenhouse gas emissions, reduced 

nutrient runoff, and improved soil health. 

By ensuring that the right input is applied 

at the right place, at the right time, and in 

the right amount, Precision Agriculture 

redefines farm management for a future 

where food security, climate resilience, 

and resource conservation must advance 

together. 

Technologies Driving the Precision 

Agriculture Ecosystem 

Precision Agriculture is enabled by an 

integrated ecosystem of digital 

technologies that collectively transform 

raw field data into actionable farm 

management decisions. At the core of this 

system are geospatial technologies. 

Global Navigation Satellite Systems 

(GNSS), including GPS and Galileo, 

provide centimeter-level positional 

accuracy that allows farm machinery to 

operate with exceptional precision. Auto-

steering and guidance systems powered 

by GNSS minimize overlaps and missed 

areas during seeding, fertilization, and 

spraying, reducing operational 

inefficiencies by up to 90 percent (Zhang 

et al., 2021). When combined with 

Geographic Information Systems (GIS), 

these spatial datasets are converted into 

detailed maps of soil fertility, yield 

variability, and crop performance, 

forming the basis for site-specific 

interventions. 

Remote and proximal sensing 

technologies further enhance situational 

awareness at the field level. Satellite 

imagery and unmanned aerial vehicles 

(UAVs) equipped with multispectral and 

thermal sensors provide timely insights 

into crop vigor, biomass development, 

and water stress. Indicators such as the 

Normalized Difference Vegetation Index 

(NDVI) enable early detection of nutrient 

deficiencies and disease pressure, often 

before visible symptoms emerge (Mulla, 

2013). Complementing these platforms, 

Internet of Things (IoT)-based soil and 

canopy sensors continuously monitor 

moisture, temperature, and nutrient 

dynamics, supporting real-time irrigation 

and fertilization decisions. 

The analytical backbone of Precision 

Agriculture lies in advanced data 

analytics, artificial intelligence (AI), and 

machine learning (ML). These tools 

process large volumes of agronomic data 

to predict yields, identify pest and disease 

risks, and generate prescription maps for 

Variable Rate Technology (VRT) 

equipment. Increasingly, AI-driven 

models also support strategic planning by 

forecasting optimal planting windows and 

market trends (Liakos et al., 2018). 

Finally, automation and robotics are 

redefining farm operations. Autonomous 

tractors, robotic weeders, and smart 

harvesters reduce labor dependence while 

improving accuracy and timeliness. 

Drones are now being deployed for 

targeted spraying, improving chemical 

use efficiency by 30–50 percent and 

significantly reducing environmental 

exposure (Shamshiri et al., 2022). 

Benefits and Measurable Impacts of 

Precision Agriculture 

The adoption of Precision Agriculture 

(PA) technologies generates wide-

ranging economic, environmental, and 

managerial benefits that extend well 

beyond incremental efficiency gains. One 

of the most immediate impacts is 

enhanced productivity and profitability. 

By aligning input applications with site-

specific crop requirements, PA 

significantly improves resource-use 

efficiency. Empirical evidence shows that 

precision nutrient management can 

increase nitrogen use efficiency by 15–30 

percent, reducing fertilizer waste while 

maintaining or increasing yields (Basso & 

Antle, 2020). These efficiency gains 

translate into lower production costs, 

higher net farm incomes, and improved 

competitiveness, particularly in systems 

facing rising input prices and margin 

pressures. 

Environmental sustainability represents 

another critical benefit. Conventional 

uniform application of fertilizers, 

pesticides, and irrigation water often leads 

to overuse, contributing to soil 

degradation, water contamination, and 

greenhouse gas emissions. PA mitigates 

these externalities by enabling precise, 

need-based applications. Reduced 

fertilizer losses lower nitrous oxide 
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emissions, a potent greenhouse gas, while 

minimizing nutrient leaching into 

groundwater and surface water bodies. 

Similarly, sensor-based precision 

irrigation systems, guided by real-time 

soil moisture and crop water demand data, 

can reduce water use by 20–40 percent in 

water-scarce regions, strengthening 

climate resilience and preserving limited 

freshwater resources (FAO, 2021). 

Precision Agriculture also enhances crop 

health and risk management. Remote 

sensing and in-field monitoring allow for 

early detection of pests, diseases, nutrient 

deficiencies, and water stress. Timely and 

localized interventions prevent the spread 

of damage, reduce reliance on blanket 

pesticide applications, and support 

integrated pest management (IPM) 

strategies. This proactive approach not 

only safeguards yield but also improves 

food safety and ecosystem health. 

Perhaps most fundamentally, PA reshapes 

agricultural decision-making. Farming 

evolves from a predominantly 

experience-based practice into a data-

driven enterprise. Access to historical and 

real-time data enables more informed 

choices regarding crop varieties, planting 

schedules, rotation planning, and capital 

investment. Over time, this knowledge-

intensive approach strengthens farm-level 

resilience, reduces uncertainty, and 

supports more sustainable long-term 

production systems. 

Challenges to Widespread Adoption of 

Precision Agriculture 

While Precision Agriculture (PA) offers 

transformative potential, its large-scale 

adoption faces multiple structural, 

technical, and socioeconomic barriers, 

particularly in developing countries and 

among smallholder farmers, who account 

for over one-third of global food 

production (Lowder et al., 2021). One of 

the most significant constraints is the high 

initial capital requirement. PA 

technologies ranging from advanced 

sensors, drones, and GPS-guided 

machinery to Variable Rate Technology 

(VRT) applicators and analytics software 

require substantial upfront investment. 

For smallholders with limited financial 

resources, these costs can be prohibitive, 

perpetuating a digital divide between 

technologically advanced and resource-

constrained farming systems. Even where 

financing options exist, uncertainty over 

returns can discourage adoption. 

Another critical challenge lies in data 

interoperability and the skills gap. PA 

relies on the integration of heterogeneous 

data streams from multiple devices and 

platforms. The absence of standardized 

formats and protocols can hinder 

seamless information exchange, limiting 

the ability to generate actionable insights. 

Additionally, farmers must acquire digital 

literacy and data interpretation skills to 

make optimal use of PA 

recommendations. Without targeted 

training and extension services, the full 

potential of precision technologies 

remains unrealized. 

Connectivity and rural infrastructure 

further constrain adoption. Cloud-based 

platforms, real-time telemetry, and AI-

driven analytics require reliable, high-

bandwidth internet access, which is often 

unavailable in remote or underdeveloped 

regions. Lack of electricity, maintenance 

support, and repair services compounds 

the problem. 

Finally, supportive policy frameworks 

and economic incentives are 

underdeveloped in many contexts. 

Subsidies for technology adoption, credit 

schemes, and payments for ecosystem 

services could encourage PA deployment 

but are often limited or inconsistent. 

Similarly, regulatory guidance on data 

privacy, liability, and equipment 

standards is still evolving, creating 

uncertainty for potential adopters. 

Addressing these financial, technical, and 

institutional barriers is essential to 

realizing PA’s promise across diverse 

agricultural systems and enabling 

equitable access to its benefits. 

The Future Trajectory of Precision 

Agriculture 

Precision Agriculture (PA) is poised to 

evolve rapidly, shaped by advances in 

automation, artificial intelligence, and 

sustainable agri-technologies. Hyper-

automation is at the forefront of this 

transformation. Emerging autonomous 

systems ranging from driverless tractors 

and robotic planters to smart harvesters 

and autonomous drones will increasingly 

manage entire production cycles with 

minimal human intervention. This shift 

promises not only to reduce labor 

dependency but also to enhance 

operational precision, optimize input use, 

and increase overall farm efficiency. 

Another transformative trend is the 

development of AI-powered digital twins. 

By creating virtual replicas of entire 

farms, these digital simulations can model 

different management scenarios, predict 

crop performance under variable climatic 

conditions, and forecast economic 

outcomes. Farmers and agronomists can 

experiment with planting schedules, 

irrigation strategies, or fertilization plans 

without risking actual crop losses. This 

predictive capability represents a 

paradigm shift, enabling proactive, data-

driven decision-making rather than 

reactive responses to environmental 

stressors. 

PA is also expected to integrate more 

closely with circular bioeconomy 

principles. Data-driven insights will 

support the efficient recycling of 

nutrients, crop residues, and organic 

biomass within agricultural systems, 

reducing waste, lowering input costs, and 

enhancing soil health. This integration 

will help transform farms into self-

sustaining ecosystems, aligning 

productivity gains with long-term 

environmental stewardship. 

Finally, blockchain technology will 

enhance traceability and transparency in 

agricultural value chains. By linking PA-

generated data to immutable ledgers, 

farmers, processors, and consumers will 

have access to reliable records of 

production practices, input use, and 

environmental footprints. This not only 

builds consumer trust but also creates 

opportunities for premium pricing for 

sustainably produced and certified food. 

Collectively, these trends indicate that the 

future of PA will be highly integrated, 

intelligent, and sustainability focused. 

Farms of the future will be cyber-physical 

systems where automation, predictive 

analytics, and environmentally conscious 
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practices converge, ensuring higher 

productivity, profitability, and resilience 

in the face of climate variability and 

global food demand pressures. 

Conclusion 

Precision Agriculture represents a 

transformative shift in global farming, 

offering a pathway to meet the dual 

challenges of feeding a rapidly growing 

population and mitigating the impacts of 

climate variability. By leveraging 

advanced technologies such as GPS, GIS, 

remote sensing, IoT sensors, artificial 

intelligence, and robotics, PA enables 

hyper-localized, data-driven decision-

making that optimizes input use, enhances 

crop health, and improves resource 

efficiency. Empirical evidence 

demonstrates that these interventions can 

increase yields by up to 20 percent while 

reducing inputs like water, fertilizers, and 

pesticides by 10–30 percent, translating 

into higher profitability, lower 

environmental footprints, and 

strengthened farm resilience. 

Despite these benefits, widespread 

adoption remains constrained by high 

upfront costs, data interoperability issues, 

limited digital literacy, inadequate rural 

connectivity, and underdeveloped policy 

and financial support. Addressing these 

barriers through targeted training, 

affordable financing mechanisms, 

infrastructure development, and enabling 

regulatory frameworks is essential to 

ensure equitable access, particularly for 

smallholder farmers who feed a 

significant portion of the global 

population. 

Looking ahead, the integration of hyper-

automation, AI-driven digital twins, 

circular bioeconomy practices, and 

blockchain-enabled traceability will 

further enhance the efficiency, 

sustainability, and transparency of 

agricultural systems. The convergence of 

these innovations’ positions PA not 

merely as a set of tools but as a 

foundational platform for the farms of the 

future cyber-physical ecosystems capable 

of balancing productivity, profitability, 

and environmental stewardship. In 

essence, Precision Agriculture is set to 

redefine modern farming, providing the 

knowledge, technology, and resilience 

needed to achieve sustainable food 

security in an era of global uncertainty. 
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Agriculture remains the bedrock of 

Pakistan’s economy and social fabric, 

anchoring food security, rural livelihoods, 

and macroeconomic stability. The sector 

contributes approximately 19.5 percent to 

national GDP, employs 37.4 percent of the 

labor force, and directly supports the 

livelihoods of nearly two-thirds of the rural 

population (Pakistan Economic Survey, 

2022–23). Within this system, fertilizers 

occupy a strategic position. Empirical 

evidence consistently shows that chemical 

fertilizers account for roughly 30–50 

percent of yield gains in major crops, 

making them indispensable for sustaining 

output growth on increasingly constrained 

land and water resources. In a country 

facing rapid population growth and 

climate-induced production volatility, 

reliable access to fertilizers is therefore not 

a technical issue alone, but a core pillar of 

national food security. 

Yet Pakistan’s fertilizer sector is trapped in 

a persistent and mutually reinforcing crisis. 

Recurrent seasonal shortages particularly 

during peak sowing periods for wheat, 

cotton, and rice disrupt farm operations and 

depress yields. These shortages are not 

merely logistical failures; they are closely 

linked to a heavily subsidized pricing 

regime that distorts production incentives, 

encourages hoarding and speculative 

behavior, and undermines timely 

distribution. To shield farmers from rising 

global input prices, successive 

governments have expanded fertilizer 

subsidies, but these interventions have 

imposed a growing fiscal burden. Subsidy 

outlays have surged during periods of 

energy price spikes and currency 

depreciation, placing severe strain on the 

federal budget and crowding out spending 

on agricultural research, irrigation, and 

climate adaptation. 

This interaction creates a “triple bind” in 

which shortages fuel political pressure for 

higher subsidies, subsidies exacerbate 

fiscal stress and market distortions, and 

fiscal constraints weaken the state’s 

capacity to reform the system. The result is 

a policy stalemate that threatens 

productivity, equity, and macroeconomic 

stability simultaneously. This review seeks 

to unpack this complex nexus, critically 

assess alternative reform pathways, and 

identify priority research areas needed to 

transition Pakistan’s fertilizer sector 

toward efficiency, affordability, and long-

term sustainability. 

The Anatomy of a Predictable Crisis: 

Fertilizer Shortages in Pakistan 

Fertilizer shortages in Pakistan are not 

episodic shocks but the outcome of deep 

structural and institutional weaknesses that 

make supply disruptions both predictable 

and recurrent. At the core lies a 

pronounced structural supply–demand 

imbalance. Pakistan enjoys near self-

sufficiency in urea due to indigenous 

natural gas availability and substantial 

domestic production capacity. In contrast, 

the country remains over 90 percent 

import-dependent for phosphate fertilizers 

such as DAP and entirely reliant on imports 

for potash (NFDC, 2023). This duality 

exposes the fertilizer market to two distinct 

but interlinked shortage dynamics. 

Urea shortages persist despite surplus 

installed capacity. Seasonal diversion of 

natural gas to residential and power sectors 

particularly during winter forces fertilizer 

plants to curtail or suspend operations. 

During the Rabi season 2022–23 alone, gas 

curtailments resulted in a production 

shortfall exceeding 300,000 tonnes (SBP, 

2023), precisely when farmer demand 

peaks. Compounding this, artificially low 

domestic prices maintained through 

subsidies create strong incentives for cross-

border smuggling to Afghanistan and, 

indirectly, to India. These leakages drain 

domestic supply and intensify scarcity, 

even when production capacity exists. 

Imported fertilizer shortages are driven by 

external vulnerabilities. Global price 

volatility, as witnessed during the 2022 

fertilizer price shock when DAP prices 

crossed USD 900 per tonne, coincided with 

Pakistan’s acute foreign exchange crisis. 

Delays in opening letters of credit, coupled 

with reactive rather than anticipatory 

government procurement, resulted in 

fertilizers arriving late or not at all during 

critical sowing windows (Khalid & Ghani, 

2022). 

Distributional failures further aggravate 

shortages. A concentrated dealer network, 

weak monitoring, and poor provincial 

enforcement allow hoarding and 

speculative withholding of stocks, often 

ahead of subsidy announcements (Zaidi, 

2020). The consequences for food security 

are substantial. Evidence suggests that a 10 

percent shortfall in recommended fertilizer 

application can reduce wheat and rice 

yields by 5–8 percent (Ali & Ashfaq, 

2019), depressing farm incomes, 

deepening rural poverty, and ultimately 

forcing costly food imports that further 

strain scarce foreign exchange reserves. 

The Subsidy Regime: Well-Intentioned 

but Perverse 

Fertilizer subsidies in Pakistan were 

designed to protect farmers from price 

volatility and ensure food security, yet over 

time they have evolved into a complex and 

distortionary policy framework with 

significant unintended consequences. The 

subsidy regime operates through multiple 

layers, each imposing fiscal, market, and 

environmental costs. The most significant 

component is the implicit feedstock 

subsidy, whereby urea manufacturers 

receive natural gas at prices far below 

market value. While this lowers production 

costs and retail prices, it represents a 



The Agricultural Economist, Vol. 3(1) 

ISSN: 3104-8803 

39 

substantial loss of government revenue and 

weakens incentives for efficiency in 

fertilizer manufacturing and energy use. 

A second layer is the explicit price 

differential subsidy on imported fertilizers, 

particularly DAP. Here, the government 

absorbs the gap between volatile 

international prices and administratively 

fixed domestic prices. During periods of 

global price spikes and currency 

depreciation, this mechanism generates 

massive and unpredictable fiscal outlays, 

placing acute pressure on the federal 

budget and foreign exchange reserves. 

More recently, policymakers have 

introduced targeted direct transfer 

instruments such as the Kissan Card, 

aiming to replace price subsidies with 

digital cash support to farmers. However, 

weak farmer registries, limited financial 

inclusion, and uneven digital literacy 

constrain the effectiveness and coverage of 

these initiatives. 

The distortions created by this regime are 

severe. Subsidy bias toward urea has 

driven a highly imbalanced nutrient 

application pattern, with Pakistan’s NPK 

ratio deteriorating to approximately 7:2:1 

compared to the recommended 4:2:1 (Parry 

& Tareen, 2022). This overuse of nitrogen 

accelerates soil degradation, micronutrient 

depletion, and environmental pollution. 

Distributional inequities are also 

pronounced as large landowners and 

manufacturers capture a disproportionate 

share of benefits, while smallholders, 

especially in remote regions such as 

Balochistan often face shortages or pay 

higher effective prices. Finally, heavy 

government intervention in DAP imports 

crowds out private investment in storage, 

logistics, and supply chains, perpetuating 

uncertainty and reinforcing the cycle of 

shortages and fiscal stress. 

Fiscal Stress, Macroeconomic Fallout, 

and the Political Economy Trap 

Pakistan’s fertilizer policy imposes a 

substantial and destabilizing fiscal burden 

with far-reaching macroeconomic 

consequences. The combined cost of 

explicit price subsidies on imported 

fertilizers and implicit feedstock subsidies 

to domestic urea manufacturers surged to 

an estimated PKR 450–500 billion in 

FY2023 (Ministry of Finance, 2023). This 

figure is nearly equivalent to the entire 

federal Public Sector Development 

Program, underscoring how fertilizer 

subsidies crowd out spending on 

infrastructure, health, education, and long-

term agricultural investments. Because a 

large portion of this expenditure is 

unbudgeted and reactive, often announced 

in response to shortages or political 

pressure it exacerbates fiscal slippage, 

widens the budget deficit, and fuels 

inflationary pressures. Financing these 

subsidies through borrowing further 

accelerates public debt accumulation and 

weakens macroeconomic stability. 

Unsurprisingly, fertilizer subsidies have 

become a recurrent flashpoint in IMF-

supported adjustment programs, which 

consistently call for replacing blanket price 

support with targeted, fiscally sustainable 

mechanisms (IMF, 2023). 

These fiscal pressures are embedded in a 

self-reinforcing political economy trap. 

Seasonal shortages trigger political 

emergencies, compelling governments to 

announce subsidies to placate farmers and 

consumers. These subsidies inflate the 

fiscal deficit, leaving limited fiscal space 

for structural investments such as storage 

infrastructure, domestic DAP production, 

or supply-chain modernization. As a result, 

the underlying vulnerabilities remain 

unresolved, making the system prone to the 

next crisis. This vicious cycle is sustained 

by entrenched interests, including large 

landowners, fertilizer manufacturers, and 

segments of the bureaucracy that benefit 

from opacity and discretionary controls, 

creating strong resistance to reform 

(Husain, 2021). 

Breaking this stalemate requires a 

sequenced, multi-pronged reform agenda. 

In the short term, digitized targeting 

mechanisms such as the Kissan Card must 

be rapidly strengthened to enable 

biometric, direct cash transfers to 

smallholders, while strategic buffer stocks 

of DAP and legally guaranteed off-peak 

gas supply for urea plants can smooth 

seasonal volatility. Over the medium term, 

a shift toward nutrient-based subsidies, 

gradual rationalization of gas prices, and 

incentives for domestic phosphate 

development can reduce distortions and 

fiscal exposure. In the long run, sustained 

investment in soil health, extension 

services, independent input pricing 

institutions, and green fertilizer 

alternatives is essential to restore fiscal 

discipline, enhance productivity, and place 

Pakistan’s fertilizer system on a 

sustainable, resilient footing. 

Conclusion 

This article has demonstrated that 

Pakistan’s fertilizer crisis is not the result 

of isolated policy failures but a deeply 

entrenched “triple bind” in which 

shortages, subsidies, and fiscal stress 

continuously reinforce one another. 

Fertilizers remain indispensable for 

sustaining agricultural productivity, food 

security, and rural livelihoods, yet the 

existing policy framework has proven 

incapable of ensuring reliable supply, 

equitable access, or fiscal sustainability. 

Recurrent shortages rooted in structural 

import dependence, energy misallocation, 

and weak distributional governance disrupt 

farm decision-making and depress yields. 

At the same time, a heavily subsidized 

pricing regime, though well-intentioned, 

has generated severe market distortions, 

environmental degradation, and 

inequitable benefit capture, while placing 

an unsustainable burden on public 

finances. 

The analysis underscores that reactive 

subsidies cannot substitute for systemic 

reform. By absorbing scarce fiscal 

resources, the current approach 

undermines long-term investments in soil 

health, domestic fertilizer capacity, supply-

chain resilience, and climate adaptation 

precisely the areas needed to break the 

cycle of crisis. Moving forward, Pakistan 

must transition from price-based, 

politically driven interventions toward a 

more transparent, targeted, and nutrient-

balanced support system. Digitized farmer 

targeting, nutrient-based subsidies, rational 

energy pricing, and credible institutional 

coordination are not merely technical fixes 

but prerequisites for restoring confidence 

and efficiency in the fertilizer market. 

Ultimately, resolving the fertilizer crisis is 

central to safeguarding food security, 

stabilizing public finances, and building a 

resilient agricultural economy capable of 
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withstanding future economic and climatic 

shocks. 
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The flourishing of Islamic civilization 

catalyzed profound advancements in 

agricultural science, ethics, and global food 

systems, rooted in a distinctive synthesis of 

religious principles, scientific inquiry, and 

socio-economic responsibility. A central 

driver of this progress was the integration 

of Islamic ethical frameworks with the 

extensive agro-pastoral knowledge of 

Turkic peoples following their widespread 

adoption of Islam. Turkic societies brought 

with them advanced skills in animal 

husbandry, seasonal mobility, irrigation 

management, and pasture governance, 

which, when aligned with Islamic norms of 

stewardship (khilāfah) and balance 

(mīzān), generated resilient and adaptive 

agricultural systems across Central Asia, 

Anatolia, the Middle East, and South Asia. 

This fusion not only transformed agrarian 

practices within the Islamic world but also 

facilitated the diffusion of crops, irrigation 

techniques, and institutional innovations to 

Europe and beyond, leaving a lasting 

imprint on global agriculture (Watson, 

1983). Islam introduced a paradigm shift in 

how nature, production, and consumption 

were conceptualized. The Qur’anic 

worldview framed land and water as trusts 

rather than commodities, placing moral 

constraints on exploitation and waste. 

Jurisprudential concepts such as halal 

(permissible) and haram (forbidden) 

reshaped food systems by regulating 

species consumption, prescribing hygienic 

slaughter practices, and mandating humane 

treatment of animals, thereby embedding 

ethics directly into agricultural value 

chains (Akgündüz, 2011). Equally 

important were prohibitions against 

hoarding, speculation, and unjust pricing, 

which sought to ensure food security and 

social equity, particularly during periods of 

scarcity. 

While Islamic law recognized agriculture 

as a noble and lawful means of livelihood, 

it did not idealize profit maximization. 

Instead, agriculture was historically 

framed as a socially essential sector 

responsible for sustaining communities 

and stabilizing markets. Ottoman land and 

tax systems, for instance, prioritized 

continuity of cultivation and peasant 

welfare over extractive rents, reflecting a 

broader ethical economy rooted in justice 

(ʿadl) and public interest (maṣlaḥah) 

(İnalcık, 1973). Together, these principles 

fostered agricultural systems that were 

productive yet morally bounded, offering 

enduring lessons for contemporary debates 

on sustainable and equitable food systems. 

Turks as Catalysts in the Islamic 

Agricultural Revolution 

The integration of Turkic peoples into the 

Islamic world, particularly from the tenth 

century onward, played a catalytic role in 

strengthening, institutionalizing, and 

geographically diffusing agricultural 

innovation. Drawing on their deep 

experience in agro-pastoral systems, 

rangeland management, and water control 

across arid and semi-arid landscapes, 

Turkic societies enriched Islamic 

agriculture with practical knowledge that 

complemented existing scientific 

traditions. Under Seljuk and later Ottoman 

rule, this synthesis translated into the 

widespread adoption of landscape 

gardening traditions such as chahar bagh 

designs, reflecting both aesthetic and 

functional principles of water efficiency, 

microclimate regulation, and crop 

diversity. Advanced irrigation 

technologies including qanats, norias, and 

gravity-fed canal systems were refined and 

expanded, enabling stable agricultural 

production in water-scarce regions and 

facilitating the transmission of these 

techniques across the Mediterranean and 

into parts of Europe (Decker, 2009). 

Equally significant were improvements in 

post-harvest processing, storage, and urban 

food provisioning, which reduced losses, 

stabilized supplies, and supported 

expanding cities. 

A defining moment in the formalization of 

this agricultural–commercial ecosystem 

was the promulgation of the Kanunname-i 

İhtisab-ı Bursa in 1502 under Sultan 

Bayezid II. This regulatory framework 

represented one of the earliest 

comprehensive systems of market 

governance and consumer protection in 

global history. It prescribed standardized 

measures of quality, weight, packaging, 

and pricing for essential goods ranging 

from bread, dairy products, and meat to 

vegetables and textiles, all overseen by the 

muhtasib as a public authority responsible 

for market integrity (Farodhi, 1984). By 

capping profit margins, often around ten 

percent, and enforcing seasonal price 

controls, the regulation sought to curb 

profiteering and shield consumers from 

scarcity-driven exploitation (Cosgel & 

Ergene, 2012). 

Beyond economic regulation, these 

measures embedded ethical considerations 

directly into agricultural and commercial 

practice. Provisions governing humane 

animal transport, honest disclosure, and 

penalties for fraud reflected a moral 

economy rooted in Islamic jurisprudence. 

Importantly, the system balanced central 

oversight with decentralized governance, 

as standards were frequently shaped by 

local guilds and producers before state 

ratification. This pragmatic, participatory 

model contributed to market stability, 

social trust, and long-term agricultural 

sustainability across the Ottoman domains. 

 

Turkic Foundations of Domestication 

and Agro-biodiversity 

Long before their incorporation into the 

Islamic world, Turkic peoples played a 
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foundational role in the domestication, 

improvement, and dissemination of crops 

and livestock that continue to underpin 

global food systems. Central Asia, 

historically shaped by Turkic and proto-

Turkic communities, was identified by 

Nikolai Vavilov as one of the primary 

centers of origin for cultivated plants, 

characterized by exceptional genetic 

diversity and early human selection 

(Vavilov, 1992). This region’s varied 

ecology, spanning steppe, mountain, and 

oasis environments, enabled sustained 

experimentation with both farming and 

pastoral systems, fostering resilience and 

adaptability in food production. 

Archaeobotanical and historical evidence 

confirms that Turkic societies were 

instrumental in refining and spreading 

major cereal crops such as wheat, barley, 

rye, and millet, which later formed the 

backbone of Eurasian agriculture. Their 

contributions extended to pulses including 

lentils, chickpeas, and peas, valued for 

their protein content and soil-enriching 

properties. Equally significant was their 

role in the domestication and improvement 

of fruit and nut species, apples, apricots, 

almonds, cherries, and grapes, many of 

which trace their genetic origins to Central 

Asian landscapes shaped by Turkic land 

use and trade networks (Janick, 2005). 

These crops gradually disseminated 

westward through migration, commerce, 

and imperial expansion, enriching 

agricultural diversity from Anatolia to 

Europe. 

Animal domestication formed the second 

pillar of Turkic agro-biodiversity. The 

domestication of the horse on the Pontic–

Caspian steppe around 3500 BCE, 

attributed to steppe cultures closely 

associated with proto-Turkic groups, 

revolutionized mobility, tillage, and long-

distance exchange (Outram et al., 2009). 

Sheep, goats, and cattle were integral to 

Turkic pastoral economies, supporting 

mixed farming systems that balanced crop 

cultivation with livestock production. 

Beyond domestication, Turkic 

communities advanced food preservation 

and processing techniques fermentation, 

drying, yogurt and cheese production, and 

durable meat products such as pastırma 

that enhanced food security across seasons. 

Over time, these biological and 

technological innovations were 

complemented by early systems of 

standardization and regulated markets, 

later formalized under Ottoman 

Kanunnames, linking agro-biodiversity 

with institutional stability and economic 

governance. 

Contemporary Relevance 

The contemporary relevance of Turkic 

contributions within Islamic civilization 

lies in their demonstration that agricultural 

sustainability is inseparable from ethical 

governance, technological ingenuity, and 

ecological restraint. At a time when global 

agri-food systems are under unprecedented 

stress, these historical lessons resonate 

with renewed urgency. Agriculture today 

accounts for more than 70 percent of global 

freshwater withdrawals and remains a 

leading driver of land degradation, 

deforestation, and biodiversity loss (FAO, 

2021). These pressures are compounded by 

climate change, market concentration, and 

widening inequalities between producers 

and consumers, particularly in the Global 

South. 

The Turkic–Islamic agricultural tradition 

offers a counter-narrative to extractive 

production models. Its emphasis on 

balance (mizan), stewardship (khalifa), and 

justice in exchange aligns closely with 

modern sustainability frameworks. 

Contemporary approaches such as 

regenerative agriculture, which prioritizes 

soil health, biodiversity, 

and water conservation, echo long-

standing practices of mixed farming, 

rotational grazing, and landscape-sensitive 

cultivation historically practiced across 

Central Asia and Anatolia. Similarly, 

circular food systems that minimize waste 

and reintegrate by-products into 

production cycles reflect earlier norms of 

resource efficiency and communal 

accountability. 

Ethical halal certification systems also 

draw upon this legacy, extending beyond 

ritual compliance to encompass animal 

welfare, fair labor practices, and 

environmental responsibility. This broader 

interpretation mirrors historical market 

regulations that limited profiteering, 

protected consumers, and enforced quality 

standards through institutional oversight. 

The 2023 UN Food Systems Summit 

reaffirmed that future food security 

depends on aligning production, 

processing, and distribution with 

ecological limits rather than overriding 

them through short-term technological 

fixes (UN, 2023). 

Ultimately, the Turkic–Islamic agricultural 

legacy underscores that agriculture is not 

merely an economic sector but a moral and 

ecological covenant. Reintegrating ethics 

into food systems offers a pathway toward 

resilience, equity, and long-term 

sustainability in an increasingly fragile 

world. 

Conclusion 

The impact of Turks on agriculture within 

and beyond Islamic civilization was neither 

incidental nor purely technological, but 

deeply structural, ethical, and enduring. By 

integrating Turkic agro-pastoral expertise 

with Islamic moral and legal frameworks, 

a distinctive agricultural system emerged 

one that balanced productivity with 

stewardship, market recognition with 

social justice, and innovation with 

ecological restraint. From the 

domestication and diffusion of crops and 

livestock in Central Asia to the refinement 

of irrigation, food processing, and market 

regulation under Seljuk and Ottoman 

governance, Turkic societies played a 

pivotal role in shaping resilient agrarian 

systems across Eurasia. 

Equally significant is the institutional 

legacy of this synthesis. Regulatory 

instruments such as the Ottoman 

kanunnames demonstrate that early food 

systems governance prioritized quality 

control, consumer protection, animal 

welfare, and price stability principles that 

remain central to contemporary debates on 

food security and sustainable markets. 

Rather than treating agriculture as a 

domain of unchecked accumulation, 

Turkic–Islamic traditions framed it as a 

social obligation tied to public welfare and 

ecological balance. 

In the context of today’s global food crises 

marked by climate stress, resource 

depletion, and growing inequities, these 
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historical insights acquire renewed 

relevance. They suggest that long-term 

agricultural sustainability cannot be 

achieved through technical fixes alone, but 

requires ethical governance, inclusive 

institutions, and respect for natural limits. 

The Turkic contribution to Islamic 

agriculture thus offers more than historical 

insight; it provides a normative and 

practical foundation for reimagining future 

food systems that are resilient, just, and 

ecologically grounded. 
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While primary agricultural products, 

particularly those intended for fresh 

consumption, are inherently seasonal, 

their economic and developmental 

significance extends throughout the year. 

This sustained impact arises largely 

through industrial processing, value 

addition, and distribution networks that 

convert perishable commodities into 

longer-lasting, marketable products. 

Processing industries including canning, 

freezing, juicing, milling, and packaging 

serve not only to preserve the nutritional 

and commercial value of agricultural 

outputs but also to generate employment, 

stimulate rural economies, and create 

opportunities for downstream trade and 

export. 

The relationship between agriculture and 

industry is far more than a simple buyer-

seller interaction; it is a dynamic, co-

evolutionary process that drives structural 

economic transformation. Historically, 

development theories such as Rostow’s 

stages of growth have identified agro-

industrialization as a pivotal “take-off” 

phase that propels economies from 

agrarian subsistence to industrial maturity 

(Rostow, 1960). Contemporary economic 

models continue to underscore the 

centrality of agribusiness in economic 

diversification, poverty reduction, and 

market integration (Timmer, 2009). The 

modernization of food processing, 

logistics, and value chain management 

not only stabilizes seasonal supply 

fluctuations but also enables smallholder 

farmers to participate in high-value 

markets, thereby increasing rural incomes 

and promoting inclusive growth. 

Globally, the agri-food sector has evolved 

into a multi-trillion-dollar industry, with 

food processing, agribusiness services, 

and supply chain intermediaries serving 

as crucial conduits that link farm-level 

production with domestic and 

international consumers (World Bank, 

2023). By extending shelf life, improving 

quality standards, and facilitating trade, 

these industrial linkages amplify the 

developmental impact of agriculture, 

making it a perennial engine of economic 

growth despite the inherent seasonality of 

primary crops. In essence, the integration 

of agriculture with industrial and value-

added processes transforms temporal 

productivity into enduring economic and 

social benefits, reinforcing the strategic 

importance of agro-industrial systems in 

national development agendas. 

Core Dimensions of the Agriculture-

Industry Relationship 

The relationship between agriculture and 

industry is a multifaceted, dynamic 

system that underpins economic growth, 

structural transformation, and sustainable 

development. At its core, agriculture 

provides essential raw materials to a 

broad spectrum of industries, while 

industry reciprocates by supplying 

productivity-enhancing inputs and 

technological innovations that drive 

agricultural efficiency. Globally, roughly 

70% of raw materials for the food and 

beverage sector and 40% for textiles and 

leather originate from agricultural 

production (FAO, 2022). Commodities 

such as cotton, sugarcane, oilseeds, and 

rubber form the backbone of downstream 

manufacturing in textiles, biofuels, 

chemicals, and pharmaceuticals. 

Simultaneously, industrial outputs 

including mechanized equipment, 

synthetic fertilizers, pesticides, and 

advanced irrigation technologies boost 

crop yields and enable intensive, high-

value production. The agricultural input 

market alone is projected to reach USD 

340 billion by 2027, reflecting rising 

demand for efficiency-enhancing 

innovations (MarketsandMarkets, 2023). 

Mechanization has dramatically enhanced 

productivity, allowing for more output 

with less labor, but it has also displaced 

rural workers. The global agricultural 

labor share fell from 44% to 27% between 

2000 and 2023, driving migration to 

urban industrial and service sectors (ILO, 

2023). Chemical inputs, pivotal to the 

Green Revolution, increased cereal yields 

by over 250% since 1960 (Ritchie & 

Roser, 2023), yet their misuse contributes 

to soil degradation and water pollution, 

underscoring the need for sustainable 

management. Logistics innovations, 

including cold-chain systems and 

transport infrastructure, enable global 

supply chain integration, reduce post-

harvest losses exceeding 30%, and allow 

year-round consumption. However, this 

integration also exposes agri-food 

systems to global shocks, as observed 

during the COVID-19 pandemic (FAO, 

2021). 

The agriculture-industry nexus is 

reinforced through employment, income, 

and demand linkages. Rising farm 

incomes stimulate demand for industrial 

goods, generating secondary economic 

activity. Studies show that a 10% increase 

in farm income can trigger a 5–7% 

increase in demand for non-farm products 

(IFAD, 2022), highlighting agriculture as 

a driver of industrial expansion. 

Technological spillovers further 

strengthen this relationship. Precision 

agriculture tools, including IoT sensors, 

drones, and AI analytics, improve 

efficiency, resilience, and output quality, 

while industrial food processing canning, 

freezing, and packaging adds value, 

stabilizes markets, and mitigates seasonal 

volatility. 

Historically, agricultural surpluses have 

financed industrial investment, fueling 

structural transformation. East Asian 

economies exemplify this dynamic, 
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where policy-driven resource transfers 

from agriculture supported nascent 

industries (Anderson & Masters, 2009). 

Vibrant agro-industries also influence 

spatial development by generating rural 

employment, supporting ancillary 

services, and creating intermediate towns 

that bridge rural and urban economies, 

reducing distress migration 

(Christiaensen & Todo, 2014). 

Sustainability is a critical dimension. 

Industrialized agriculture contributes 

nearly 22% of global greenhouse gas 

emissions and drives biodiversity loss 

(IPCC, 2022), yet industry also supplies 

technologies for sustainable 

intensification, such as drip irrigation, 

biopesticides, and renewable energy. A 

circular bioeconomy model, where 

agricultural residues serve as industrial 

feedstock for bioenergy or bioplastics, 

represents a pathway to environmentally 

sustainable and economically resilient 

agro-industrial systems (Ellen MacArthur 

Foundation, 2023). 

In summary, the agriculture-industry 

relationship is inherently symbiotic. 

Agriculture supplies essential raw 

materials, supports industrial 

employment, and drives demand, while 

industry enhances productivity, adds 

value, and provides sustainable 

technological solutions. Understanding 

this interdependence is critical for policy 

design, rural-urban planning, and long-

term economic growth, ensuring that the 

benefits of agro-industrialization are 

maximized while mitigating social and 

environmental risks. This nexus forms the 

backbone of modern economies, 

illustrating how coordinated development 

across sectors can enhance food security, 

industrial capacity, and ecological 

sustainability simultaneously. 

 

Policy Implications for Strengthening 

the Agriculture-Industry Nexus 

The evolving interplay between 

agriculture and industry has profound 

implications for economic growth, 

employment, and sustainability. As the 

sectors become increasingly 

interconnected, policy frameworks must 

adapt to support innovation, resilience, 

and equitable development. A critical area 

for intervention is the promotion of agro-

industrial clusters. By geographically 

concentrating farmers, processors, input 

suppliers, and service providers, such 

clusters can facilitate knowledge sharing, 

improve coordination, and reduce 

transaction costs. These networks 

enhance efficiency, stimulate local 

entrepreneurship, and create economies 

of scale that benefit both upstream and 

downstream actors. 

Investment in green and digital 

technologies is equally important. 

Policies should incentivize research and 

development of sustainable inputs, 

precision agriculture, and automated 

processing systems. The adoption of these 

technologies can increase productivity, 

reduce input waste, lower greenhouse gas 

emissions, and promote climate-resilient 

agricultural practices. Public-private 

partnerships and targeted subsidies can 

accelerate the deployment of 

environmentally friendly innovations, 

particularly among smallholder farmers 

and emerging agro-industrial enterprises. 

Strengthening value chain resilience is 

another critical policy priority. 

Investments in infrastructure such as 

storage facilities, cold chains, and 

transport networks paired with digital 

platforms for market access and price 

discovery, can mitigate vulnerabilities to 

climate variability, market fluctuations, 

and geopolitical disruptions. Coupled 

with social safety nets, these measures 

protect livelihoods and ensure continuity 

of production and trade. 

Finally, inclusive labor transitions must 

be supported through skills development 

and social protection programs. As 

mechanization and industrial expansion 

displace agricultural workers, targeted 

training initiatives can equip them with 

competencies for employment in 

manufacturing, agro-processing, or 

service sectors. Policies that facilitate this 

transition can reduce rural distress 

migration, support equitable growth, and 

maintain social cohesion. 

Overall, a coherent, multi-sectoral policy 

approach that integrates technological 

advancement, sustainability, and social 

inclusivity is essential for maximizing the 

developmental potential of the 

agriculture-industry nexus. Such 

strategies can strengthen productivity, 

create employment opportunities, and 

ensure environmental stewardship while 

fostering resilient and adaptive 

economies. 

Conclusion 

The enduring interplay between 

agriculture and industry underscores the 

centrality of agro-industrial linkages in 

driving economic development, structural 

transformation, and rural-urban 

integration. Agriculture provides essential 

raw materials that feed a broad spectrum 

of industries, from food processing and 

textiles to biofuels and pharmaceuticals, 

while industry reciprocates by supplying 

input, mechanization, and technological 

innovations that enhance productivity, 

resilience, and quality. This symbiotic 

relationship amplifies the developmental 

impact of primary production, 

transforming seasonal agricultural output 

into sustained economic activity, 

employment generation, and value-added 

trade. 

Technological innovations, including 

precision agriculture, IoT-based 

monitoring, AI analytics, and advanced 

processing equipment, further strengthen 

this nexus by optimizing resource use, 

mitigating environmental impacts, and 

stabilizing supply chains. Mechanization, 

industrial inputs, and logistics integration 

have increased efficiency but also 

necessitate policies to manage labor 

transitions and prevent rural distress 

migration. Similarly, sustainability 

considerations, particularly greenhouse 

gas emissions and biodiversity 

conservation, highlight the need for 

circular bioeconomy approaches that 

recycle agricultural residues into 

industrial feedstock. 

Policy interventions play a critical role in 

maximizing the benefits of the 

agriculture-industry nexus. Supporting 

agro-industrial clusters, investing in green 

and digital technologies, strengthening 

value chain resilience, and facilitating 

inclusive labor transitions are essential 
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strategies for fostering equitable, 

sustainable growth. 

In essence, the agriculture-industry 

relationship functions as a dynamic 

engine for modern economies. By 

harnessing its productive, technological, 

and structural potential while addressing 

social and environmental challenges, 

countries can ensure long-term food 

security, industrial capacity, and 

sustainable development. A coordinated, 

multi-sectoral approach is therefore 

indispensable for realizing the full 

promise of agro-industrial systems. 
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Salinity in Pakistan’s Indus Basin has 

evolved into a systemic agrarian and 

environmental crisis, shaped by decades of 

hydrological mismanagement, climate 

variability, and intensive irrigation 

practices that fail to account for natural salt 

balances. The widespread use of canal 

irrigation without adequate drainage has 

accelerated secondary salinization, 

gradually raising groundwater tables and 

mobilizing dissolved salts into the root 

zone. Climate change has further 

compounded this process through higher 

evapotranspiration rates and erratic river 

flows, reducing the natural flushing of salts 

from soils. As a result, large areas once 

considered fertile have experienced 

declining crop yields, land abandonment, 

and rising production costs, directly 

undermining food security and rural 

incomes. 

Empirical evidence underscores the scale 

of the problem. The Indus River system 

transports approximately 31.6 million 

tonnes of salts annually, of which nearly 20 

million tonnes are deposited within 

irrigated command areas, steadily 

degrading soil structure and water quality 

(Qureshi, 2020). According to the Pakistan 

Council of Research in Water Resources, 

more than 6.8 million hectares of land are 

currently affected by salinity and sodicity, 

with the most severe impacts concentrated 

in Sindh and southern Punjab regions that 

are simultaneously critical to national food 

production (PCRWR, 2023). Conventional 

remediation approaches, such as gypsum 

application or large-scale drainage 

projects, are costly, slow to implement, and 

often beyond the reach of smallholders. 

Against this backdrop, saline aquaculture 

emerges not simply as a coping 

mechanism, but as a strategic adaptation 

and diversification pathway. By utilizing 

brackish groundwater and salt-affected 

soils for the cultivation of salt-tolerant fish 

and shrimp species, saline aquaculture 

offers a means of converting degraded 

resources into economically productive 

systems. This approach aligns climate-

resilient development by reducing pressure 

on freshwater resources, generating 

alternative income streams, and enhancing 

livelihood resilience in marginal areas. 

The Salinity Crisis in the Indus Basin: 

Scale, Drivers, and Socioeconomic 

Consequences 

Salinization in Pakistan’s Indus Basin 

represents one of the most pervasive and 

persistent constraints on agricultural 

productivity, arising from an interaction 

between adverse geo-hydrological 

conditions and decades of human-induced 

mismanagement. Naturally saline parent 

materials, flat topography, and shallow 

groundwater tables make the basin 

inherently vulnerable. These risks have 

been greatly amplified by intensive canal 

irrigation systems that lack adequate 

drainage, allowing salts to accumulate 

progressively in the soil profile rather than 

being flushed out of the root zone. 

Groundwater exploitation is a central 

driver of this crisis. In both Sindh and 

Punjab, excessive pumping to supplement 

canal water has induced the upward 

movement of saline groundwater into 

cultivated soils and, in some areas, into 

freshwater aquifers. The situation is 

particularly severe in Sindh, where more 

than 80 percent of groundwater is 

classified as saline to very saline, rendering 

it largely unsuitable for conventional crop 

production and forcing farmers into a cycle 

of declining yields and rising input costs 

(World Bank, 2022). 

Climate change further intensifies salinity 

pressures. Higher average temperatures 

increase evapotranspiration rates, 

concentrating salts in surface soils, while 

greater variability in rainfall and river 

flows reduce the natural leaching of salts. 

The IPCC (2022) projects that water 

scarcity and salinization will worsen across 

arid and semi-arid regions, placing 

additional stress on already fragile farming 

systems in the Indus Basin. 

The economic and social costs are 

substantial. Salinity contributes to the 

annual abandonment of an estimated 

40,000 hectares of farmland, undermining 

rural employment, accelerating poverty, 

and increasing pressure on urban labor 

markets (IUCN, 2021). At the national 

level, yield losses and land degradation 

translate into billions of dollars in foregone 

agricultural output each year. Recognizing 

this threat, Pakistan’s National Water 

Policy (2018) and National Climate 

Change Policy (2021) identify salinity as a 

strategic challenge and call for integrated 

land-water management alongside the 

promotion of saline-tolerant livelihood 

options, including aquaculture. 

Harnessing Saline Aquaculture as a 

Strategic Adaptation Pathway 

Saline aquaculture represents a 

transformative opportunity to convert 

degraded, salt-affected lands and brackish 

water resources into productive economic 

assets. By cultivating salt-tolerant species 

such as tilapia, mullet, milkfish, shrimp, 

and certain carp species in water with 

salinity levels ranging from mildly 

brackish to fully saline, this approach 

aligns naturally with the ecological 

realities of Pakistan’s Indus Basin. Rather 

than attempting costly and often 

unsustainable soil reclamation for 

conventional crops, saline aquaculture 

works with existing conditions, offering a 

pragmatic adaptation strategy. 

The livelihood potential is particularly 

compelling. For farmers operating on 

marginal or abandoned lands, saline 

aquaculture provides a viable 
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diversification pathway that reduces 

dependence on climate-sensitive cropping. 

Empirical evidence from Southern Punjab 

indicates that fish farming under saline 

conditions can achieve Benefit–Cost 

Ratios as high as 2.9 for species such as 

grass carp, significantly outperforming 

many salt-stressed crops and offering more 

stable returns (Gul et al., 2023). This 

income stability is critical in regions where 

salinity has eroded agricultural 

profitability and increased rural 

vulnerability. 

Beyond income generation, saline 

aquaculture contributes meaningfully to 

food and nutrition security. Pakistan’s per 

capita fish consumption remains 

alarmingly low at around 2 kg per year, 

compared to a global average exceeding 20 

kg (FAO, 2022). Expanding aquaculture 

production can help bridge this protein gap, 

improving dietary diversity and addressing 

micronutrient deficiencies, particularly in 

rural communities. 

Saline aquaculture also delivers 

environmental co-benefits. Well-managed 

ponds can improve local microclimates, 

reduce wind erosion, and, when integrated 

with salt-tolerant crops or agroforestry, 

support gradual soil reclamation. Despite 

these advantages, brackish-water 

aquaculture remains underdeveloped. 

Although Pakistan has approximately 

80,000 hectares of fishponds, the sector 

contributes only about 0.4 percent to 

national GDP, far below its potential and in 

stark contrast to countries like Bangladesh, 

where aquaculture has become a major 

engine of rural growth and export earnings. 

Current Status and Evidence from 

Field-Based Research 

Recent empirical research has significantly 

improved understanding of saline 

aquaculture’s feasibility and constraints in 

Pakistan. A comprehensive scoping 

assessment conducted during 2022–2024 

by the International Water Management 

Institute (IWMI), with support from the 

Australian Centre for International 

Agricultural Research (ACIAR), surveyed 

saline aquaculture practices across selected 

districts of Sindh and Punjab (Khalid et al., 

2024). The findings reveal both promising 

potential and structural gaps that must be 

addressed to scale up the sector. 

In terms of farm structure, saline 

aquaculture is largely small- to medium-

scale. The average pond size across 

surveyed farms is approximately 1.66 

hectares (4.1 acres). However, there are 

marked provincial differences. In Sindh, 

nearly 88 percent of farmers own their 

ponds, reflecting a stronger tradition of 

landholding and greater availability of 

saline groundwater. In contrast, only about 

39 percent of farmers in Punjab own ponds, 

with the remainder operating on leased or 

shared arrangements, which can 

discourage long-term investment and 

infrastructure upgrading. 

Species selection is relatively narrow but 

informed by local adaptability. Tilapia, 

major carps (Rohu, Silver carp, Grass 

carp), and catfish dominate production 

systems. Experimental and on-farm 

evidence suggests that Silver carp and 

Grass carp perform particularly well under 

saline conditions, achieving strong growth 

rates and favorable economic returns at 

electrical conductivity levels of 8.5–9.0 

dS/m (Gul et al., 2023). This indicates clear 

scope for developing species-specific 

production packages tailored to salinity 

gradients. 

Farmer demand for public support is 

consistently high. Respondents 

emphasized the need for structured training 

programs, subsidized access to quality seed 

and feed, disaster compensation 

mechanisms especially after shocks such as 

the 2022 floods and targeted incentives to 

attract youth into aquaculture. Although 

interest among women and young people is 

evident, effective participation remains 

limited due to social norms, lack of tailored 

skills training, and constrained access to 

finance. Addressing these institutional and 

human capital gaps is essential for 

inclusive and sustainable sector growth. 

Structural Constraints and a Phased 

Roadmap for Saline Aquaculture 

Development 

Despite its strong potential as a climate-

adaptive livelihood, the development of 

saline aquaculture in Pakistan is 

constrained by a set of interlinked 

structural, institutional, and market-related 

barriers. At the policy level, institutional 

fragmentation remains a central challenge. 

Responsibilities for fisheries, water 

management, agriculture, and climate 

adaptation are dispersed across federal and 

provincial agencies, resulting in 

uncoordinated initiatives, regulatory gaps, 

and the absence of a cohesive national 

vision for saline aquaculture. This 

fragmentation limits scale economies and 

discourages private sector participation. 

Technical and infrastructural deficits 

further constrain productivity and 

commercialization. Research on saline-

tolerant species, selective breeding, and 

optimized production systems remains 

limited, while the availability of quality 

seed from specialized hatcheries is 

inadequate. Farmers also face high feed 

costs and poor access to extension services. 

Downstream infrastructure is particularly 

weak: cold chains, processing units, and 

quality control facilities are largely absent, 

leading to post-harvest losses and 

restricting access to higher-value markets. 

Financial barriers compound these 

challenges. Smallholders have limited 

access to formal credit and insurance, and 

aquaculture is widely perceived by lenders 

as a high-risk activity. Without tailored 

financial products or risk-sharing 

mechanisms, investment in ponds, 

aeration, and water management 

technologies remains subdued. 

Environmental and disease risks add 

another layer of vulnerability. Water 

pollution, weak biosecurity practices, and 

exposure to floods and droughts undermine 

production stability and discourage long-

term planning. On the demand side, weak 

domestic market linkages, low consumer 

awareness of farmed fish quality, and 

stringent non-tariff barriers constrain 

export prospects. 

Addressing these constraints requires a 

phased and strategic approach. In the short 

term (0–2 years), priorities should include 

targeted capacity development especially 

for women and youth focused on pond 

management, water quality, and enterprise 

skills. GIS-based mapping of salinity 

hotspots and aquaculture potential, 

alongside pilot demonstration farms, can 
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build an evidence base and farmer 

confidence. In the medium term (2–5 

years), system strengthening should focus 

on public–private partnerships to establish 

saline-tolerant hatcheries, feed mills, and 

pilot processing units, supported by 

tailored credit and index-based insurance 

products. Investments in basic cold 

storage, transport, and cooperative-based 

marketing are essential to strengthen value 

chains. In the long term (5–10 years), 

scaling and integration require a 

harmonized National Saline Aquaculture 

Development Strategy, robust biosecurity 

and disease surveillance systems, and the 

development of certification and branding 

to position Pakistani saline aquaculture 

products in niche regional and international 

markets. 

Conclusion 

Salinity in Pakistan’s Indus Basin 

represents one of the most persistent and 

structurally embedded challenges to 

agricultural sustainability, rural 

livelihoods, and national food security. 

Conventional responses aimed at 

reclaiming salt-affected soils have proven 

costly, slow, and often inaccessible to 

smallholders, underscoring the need for 

alternative, context-appropriate solutions. 

Brackish and saline aquaculture offers a 

pragmatic and forward-looking adaptation 

pathway, one that works with, rather than 

against, prevailing ecological realities. By 

converting degraded land and saline water 

into productive assets, saline aquaculture 

can diversify rural incomes, reduce 

pressure on freshwater resources, and 

contribute meaningfully to food and 

nutrition security. 

Empirical evidence from Pakistan 

demonstrates that saline aquaculture is 

economically viable, nutritionally 

valuable, and socially relevant, particularly 

in salinity-prone regions of Sindh and 

southern Punjab. However, realizing this 

potential at scale requires overcoming 

deep-rooted institutional fragmentation, 

technical and infrastructural deficits, 

financial constraints, and market 

limitations. A phased development 

strategy anchored in capacity building, 

public–private partnerships, tailored 

finance, and coherent national policy 

emerge as essential for long-term success. 

Ultimately, saline aquaculture should be 

viewed not as a niche activity but as an 

integral component of Pakistan’s climate-

resilient agricultural transformation. With 

sustained political commitment, 

coordinated governance, and inclusive 

investment, it can evolve into a resilient 

livelihood system that enhances rural 

stability, strengthens food systems, and 

turns the salinity crisis into an opportunity 

for sustainable growth. 
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Impact of Monetary Tightening on Rural Credit Markets 

This analysis explores how monetary tightening affects rural credit markets in South Asia, highlighting the unintended 

costs on smallholder agriculture in India, Pakistan, and Bangladesh. It revealed that rural credit not merely reduced 

but it is reallocated away from smallholders. 

Amna Shahbaz 

1/12/2026 

Access to affordable, timely credit is a 

critical engine for rural development, 

enabling investments in productivity-

enhancing inputs and technologies 

(World Bank, 2019). In South Asia, where 

agriculture employs 42% of the 

workforce but contributes only 18% to 

regional GDP (World Bank, 2023), 

functional rural credit markets are 

indispensable for livelihood security and 

poverty reduction. 

Over the past decade, central banks in 

India, Pakistan, and Bangladesh have 

enacted repeated monetary tightening 

cycles to combat inflation and stabilize 

currencies. For instance, between 2021 

and 2024, the State Bank of Pakistan 

(SBP) raised its policy rate by over 1500 

basis points to 22%, a historic high (SBP, 

2024). While effective for price stability, 

such contractionary policies risk severe 

collateral damage. The "credit channel" of 

monetary transmission predicts that rising 

interest rates and shrinking liquidity led 

banks to ration credit, particularly to 

sectors perceived as risky, such as 

smallholder agriculture (Bernanke & 

Gertler, 1995). 

This creates a critical policy dilemma: the 

tools used to ensure macroeconomic 

stability can inadvertently destabilize the 

foundational agricultural sector. This 

article systematically reviews the last 

decade of research to answer three 

questions: (1) What is the evidence for a 

disproportionate impact of monetary 

tightening on rural credit? (2) How do the 

transmission mechanisms and outcomes 

compare across India, Pakistan, and 

Bangladesh? (3) What are the enduring 

policy gaps, and how can they be 

addressed? 

 

Monetary Tightening and the Fragility 

of Rural Credit Markets 

Monetary tightening disproportionately 

constrains rural credit because its 

transmission mechanisms interact with 

deep structural weaknesses in agricultural 

finance systems. In bank-dominated 

economies such as Pakistan, the bank 

lending channel plays a decisive role. 

When central banks raise policy rates and 

absorb liquidity, commercial banks face 

tighter reserve conditions and heightened 

funding costs. To protect profitability and 

capital adequacy, banks respond by 

rationing credit and reallocating 

portfolios away from small, dispersed, 

and high-risk borrowers toward safer 

assets such as government securities or 

large corporate clients. This “flight to 

quality” is particularly acute in rural 

lending, where returns are uncertain and 

loan recovery is more complex, 

confirming theoretical and empirical 

insights from South Asian financial 

systems. 

The balance sheet channel further 

amplifies this contraction. Higher interest 

rates directly raise debt-servicing costs 

for borrowers, eroding their net worth and 

weakening balance sheets. Small farmers, 

whose incomes are highly seasonal and 

vulnerable to climate shocks, are 

especially affected. As interest 

obligations rise, their debt-to-income 

ratios deteriorate, increasing perceived 

default risk. Even when banks retain some 

willingness to lend, these borrowers 

increasingly fail to meet creditworthiness 

thresholds, effectively excluding them 

from formal finance. This mechanism 

reinforces a self-perpetuating cycle in 

which monetary tightening 

simultaneously reduces credit supply and 

suppresses effective demand for loans. 

Structural imperfections in rural credit 

markets magnify both channels. 

Information asymmetrical systems, weak 

financial records, limited collateral, and 

geographic dispersion make agricultural 

lending inherently costly and risky. In 

Pakistan, transaction costs for small 

agricultural loans are estimated to be three 

to four times higher than those for urban 

corporate lending, reflecting monitoring, 

enforcement, and administrative burdens. 

Under tight monetary conditions, these 

frictions become binding constraints, 

ensuring that rural credit is curtailed 

earlier and more sharply than other forms 

of lending. Consequently, monetary 

tightening unintentionally transmits 

macroeconomic stabilization costs to 

rural economies, constraining agricultural 

investment, productivity, and income 

stability. 

Monetary Tightening and Rural 

Credit: Cross-Country Evidence from 

South Asia 

A comparative examination of India, 

Pakistan, and Bangladesh reveals that 

while monetary tightening constrains 

rural credit across South Asia, the 

transmission mechanisms and severity of 

impacts differ markedly due to 

institutional design, fiscal conditions, and 

financial market depth. These contrasts 

offer important insights into how 

macroeconomic stabilization policies 

intersect with agricultural finance. 

In India, the presence of Priority Sector 

Lending (PSL) mandates provides a 

partial institutional buffer against abrupt 

contractions in agricultural credit. Banks 

are legally required to allocate 18 percent 

of Adjusted Net Bank Credit to 

agriculture, which preserves aggregate 

lending volumes even during tightening 

cycles, such as the increase in the repo 

rate from 4 percent in 2022 to 6.5 percent 

in 2023. However, compliance often 

masks underlying distortions. Empirical 

evidence shows that banks increasingly 

fulfill PSL obligations through indirect 
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channels or by lending them to large 

agribusiness firms, while small and 

marginal farmers experience slower credit 

growth and persistent exclusion. As 

formal credit tightens at the grassroots 

level, unregulated digital lending 

platforms have proliferated, charging 

usurious interest rates and exacerbating 

rural indebtedness and social 

vulnerability. 

Pakistan presents the most severe case 

due to extreme fiscal dominance. During 

periods of high inflation and aggressive 

monetary tightening such as the State 

Bank of Pakistan’s increase of the policy 

rate to 22 percent in 2024 government 

borrowing from commercial banks 

intensifies sharply. This crowding-out 

effect diverts bank portfolios toward risk-

free treasury instruments, leaving limited 

space for private sector and agricultural 

lending. As a result, agricultural credit 

disbursement targets are frequently 

missed, particularly for smallholders. The 

contraction of formal credit pushes an 

estimated 60–70 percent of small farmers 

into informal lending arrangements with 

arthis, often at exploitative interest rates 

exceeding 50 percent per annum, 

deepening rural poverty and financial 

fragility. 

Bangladesh occupies an intermediate 

position. Directed agricultural credit 

targets and a well-developed 

microfinance sector provide alternative 

financing channels when banks retrench. 

However, high inflation erodes the real 

value of agricultural loans, undermining 

farmers’ purchasing power despite 

nominal target fulfillment. Moreover, 

microfinance institutions face liquidity 

constraints when wholesale bank funding 

tightens, limiting their countercyclical 

role. Notably, banks tend to scale back 

longer-term investments in climate-smart 

and green agriculture during tightening 

cycles, prioritizing short-term risk 

management at the expense of resilience 

and sustainability. 

Bridging Rural Credit Vulnerabilities: 

Policy Gaps and a Reform Agenda 

The comparative evidence highlights 

structural policy gaps that systematically 

expose rural credit markets to contraction 

during periods of monetary tightening. 

Foremost among these is the inherently 

pro-cyclical nature of existing policy 

frameworks. Monetary authorities 

prioritize inflation control through 

liquidity contraction, while agricultural 

and rural development agencies 

simultaneously seek expanded credit to 

stabilize farm incomes and food 

production. In the absence of formal 

coordination mechanisms, these 

objectives work at cross-purposes, 

leaving rural lenders without 

countercyclical support precisely when 

credit demand and vulnerability are 

highest. This disconnect amplifies 

volatility in agricultural investment and 

deepens rural distress. 

A second gap lies in the design of 

agricultural credit targets, which 

emphasize aggregate disbursement 

volumes rather than distributional quality. 

Banks may technically meet lending 

targets while channeling credit toward 

large farmers, agribusinesses, or indirect 

instruments, thereby bypassing 

smallholders who face the greatest 

constraints and generate the highest 

marginal welfare gains. Without explicit 

incentives to prioritize affordability, loan 

maturity, and borrower vulnerability, 

credit expansion fails to translate into 

meaningful financial inclusion. 

Risk mitigation mechanisms remain 

insufficient to alter lender behavior. 

Limited coverage and weak integration of 

crop insurance and credit guarantee 

schemes mean that agriculture continues 

to be perceived as high-risk. 

Consequently, banks retreat rapidly from 

rural lending during tightening cycles. At 

the same time, the contraction of formal 

credit has created space for unregulated 

digital lenders. While financial 

technology holds promises for reducing 

transaction costs and improving outreach, 

weak regulation has allowed predatory 

practices to flourish, exposing rural 

borrowers to excessive interest rates and 

debt traps. 

Addressing these gaps requires a forward-

looking reform agenda. Establishing pre-

funded, countercyclical rural credit 

windows at central banks would provide 

liquidity backstops for agricultural 

lenders during tightening phases. 

Guarantee schemes should be redesigned 

toward targeted, dynamic risk-sharing 

models focused on smallholders. 

Differentiated prudential regulations such 

as lower risk weights for certified small 

agricultural loans can reduce banks’ cost 

of rural lending. Finally, institutionalized 

coordination between monetary 

authorities and agriculture ministries is 

essential to ensure macroeconomic 

stability does not come at the expense of 

rural financial resilience. 

Conclusion 

This comparative analysis demonstrates 

that monetary tightening, while essential 

for macroeconomic stabilization, imposes 

disproportionate and often unintended 

costs on rural credit markets in South 

Asia. Across India, Pakistan, and 

Bangladesh, contractionary monetary 

policy consistently transmits through 

bank lending and balance-sheet channels 

in ways that disadvantage smallholder 

agriculture an already risk-exposed and 

structurally underserved sector. The 

evidence confirms that rural credit is not 

merely reduced in volume during 

tightening cycles; it is reallocated away 

from vulnerable farmers toward safer 

assets, larger borrowers, or government 

securities, undermining agricultural 

investment, productivity growth, and 

rural livelihoods. 

The cross-country contrasts highlight that 

institutional design matters. India’s 

priority sector lending mandates provide 

partial insulation but suffer from leakage 

and exclusion at the grassroots level. 

Pakistan’s experience illustrates how 

fiscal dominance can magnify monetary 

tightening into a severe crowding-out 

crisis, forcing farmers into exploitative 

informal credit markets. Bangladesh’s 

hybrid system shows the value of 

microfinance and directed credit yet also 

reveals their fragility under inflation and 

liquidity stress. Despite these differences, 

a common pattern emerges existing 

policy frameworks remain pro-cyclical, 

insufficiently targeted, and poorly 

coordinated across monetary and 

agricultural domains. 



The Agricultural Economist, Vol. 3(1) 

ISSN: 3104-8803 

54 

The central policy lesson is clear. Price 

stability cannot be pursued in isolation 

from rural financial stability. Without 

countercyclical instruments, effective 

risk-sharing mechanisms, and regulatory 

incentives aligned with smallholder 

inclusion, monetary tightening will 

continue to erode the foundations of food 

security and rural resilience. Reframing 

rural credit as a macro-critical sector 

rather than a peripheral developmental 

concern is essential. Integrating monetary 

policy with agricultural finance strategy 

offers a pathway to stabilize prices while 

safeguarding the productive capacity and 

social fabric of South Asia’s rural 

economies. 
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Impact of Exchange Rate on Agricultural Exports 

Explore how exchange rate volatility affects agricultural export competitiveness in the post-pandemic economy. 

Understand its implications for production decisions, investment behavior, and rural livelihoods, especially in 

developing countries. 

Alina Bibi 

1/23/2026 

In an era of floating exchange rates and 

increasingly synchronized global shocks, 

exchange rate volatility has evolved from 

a narrow financial variable into a central 

macroeconomic determinant of trade 

performance, particularly within the 

agricultural sectors of developing 

economies. Agriculture, which often 

accounts for 20–30 percent of gross 

domestic product and employs more than 

60 percent of the labor force in regions 

such as Sub-Saharan Africa and South 

Asia, is structurally more exposed to 

currency fluctuations than most other 

sectors (OECD, 2025). 

This vulnerability is inherently dual in 

nature. On the revenue side, export 

earnings are highly sensitive to shifts in 

international price competitiveness, with 

even modest currency appreciations 

capable of eroding margins in tightly 

priced global markets. On the cost side, 

modern agriculture is deeply dependent 

on imported intermediate inputs i.e. 

fertilizers, agrochemicals, improved 

seeds, fuel, and machinery whose 

domestic prices rise immediately with 

currency depreciation, compressing farm 

profitability and discouraging investment. 

The macroeconomic relevance of this 

channel is increasingly evident. In 

Nigeria, where agriculture contributes 

roughly 22 percent to GDP, persistent 

naira volatility has been empirically 

linked to weakened export performance, 

lower output growth, and heightened 

income instability among smallholders 

(Onuoha, 2025). In Pakistan, where 

agriculture accounts for nearly one-fifth 

of GDP and more than 60 percent of 

merchandise export earnings, rupee 

instability has directly affected the 

competitiveness of rice, cotton, and 

horticultural exports, while 

simultaneously raising the domestic cost 

of imported fertilizers and pesticides 

(Iqbal & Khan, 2024). These pressures are 

magnified during periods of global 

turbulence. The COVID-19 pandemic 

triggered capital flight, reserve depletion, 

and abrupt depreciations across many 

emerging markets, disrupting agricultural 

supply chains and undermining the 

capacity of exporters to honor contracts 

and finance working capital (Steinbach, 

2021). 

Consequently, exchange rate volatility is 

not merely a market signal but a structural 

force shaping rural incomes, food 

security, and macroeconomic stability. Its 

effects propagate through production 

decisions, investment behavior, and 

export diversification, with long-term 

implications for poverty reduction and 

growth. A rigorous understanding of these 

transmission channels is therefore 

indispensable for designing coherent 

trade, monetary, and agricultural policies 

capable of stabilizing farm incomes and 

safeguarding export competitiveness in an 

increasingly uncertain global economy. 

Theoretical Foundations of Exchange 

Rate Volatility and Agricultural Trade 

The theoretical relationship between 

exchange rates and trade performance is 

deeply rooted in classical international 

economics, yet it has progressively 

evolved to incorporate behavioral and 

institutional realities. In its traditional 

form, this relationship is framed by the 

Heckscher–Ohlin model and the 

Marshall–Lerner condition, which 

together predict that a currency 

depreciation should improve the trade 

balance by stimulating exports and 

discouraging imports. For agriculture, 

however, this mechanism is inherently 

constrained. Biological production 

cycles, climatic dependence, and fixed 

land use severely limit the short-run price 

elasticity of supply. Farmers cannot 

rapidly expand output in response to 

favorable exchange rate movements, 

implying that depreciation may raise 

export revenues in value terms without 

generating a proportionate increase in 

export volumes. 

Contemporary theory moves beyond 

these static assumptions by embedding 

risk, uncertainty, and firm behavior into 

the analysis. Exchange rate volatility 

increases the variance of expected export 

revenues, raising the risk premium 

associated with international transactions. 

In this framework, risk-averse farmers 

and agribusiness firms may reduce export 

participation, delay investment, or shift 

toward domestic markets when volatility 

rises. This risk channel is particularly 

salient in developing economies, where 

access to credit, insurance, and hedging 

instruments is limited, and even short-

lived currency swings can jeopardize 

liquidity and solvency. 

At the same time, modern trade theory 

introduces countervailing mechanisms. 

Hysteresis and sunk cost models 

emphasize that entry into export markets 

involves irreversible investments in 

marketing networks, quality certification, 

and logistics. Once these costs are 

incurred, exporters may tolerate higher 

exchange rate volatility to preserve 

market presence and avoid forfeiting 

long-term rents. This explains why 

established exporters often display greater 

resilience to volatility than new entrants. 

Finally, the distinction between nominal 

and real exchange rates is central to long-

run competitiveness. While nominal 

movements capture short-term financial 

shocks, real exchange rates, adjusted for 

inflation differentials under Purchasing 

Power Parity, better reflect sustained 

changes in relative prices. Collectively, 

these theoretical perspectives 
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demonstrate that the impact of exchange 

rate volatility is not mechanical but 

mediated by market structure, 

institutional depth, risk preferences, and 

policy frameworks. 

Empirical Evidence on Exchange Rate 

Volatility and Agricultural Exports 

The empirical literature on exchange rate 

volatility (ERV) and agricultural trade 

presents a wide spectrum of findings, 

underscoring the context-specific and 

commodity-specific nature of this 

relationship. A substantial body of 

evidence documents a negative and 

statistically significant impact of ERV on 

agricultural exports in developing 

economies. Using advanced time-series 

techniques such as GARCH, ARDL, and 

VAR models, studies from Nigeria and 

Pakistan consistently report that 

heightened volatility depresses export 

volumes and weakens sectoral output 

growth (Onuoha, 2025; Ali & Hussain, 

2021). Similar conclusions emerge from 

South Africa, where recent estimates 

show that rand volatility undermines the 

competitiveness of key agricultural 

commodities, contradicting the 

conventional expectation that 

depreciation is uniformly beneficial 

(Choga & Mashao, 2025). These adverse 

effects operate through two dominant 

channels: first, uncertainty discourages 

long-term investment in export-oriented 

production; second, currency depreciation 

raises the domestic cost of imported 

fertilizers, chemicals, and machinery, 

compressing profit margins and offsetting 

price competitiveness gains. 

However, the empirical record is far from 

uniform. A second strand of studies 

reports mixed, weak, or statistically 

insignificant effects. Research on Indian 

and Nigerian agricultural exports often 

finds that ERV does not exert a robust 

influence on aggregate trade flows 

(Zhang et al., 2024). These results are 

frequently attributed to aggregation bias, 

whereby offsetting effects across 

commodities cancel out at the macro 

level, or to the presence of private 

hedging strategies among larger exporters 

that partially insulate revenues from 

currency risk. 

More recent work adopts nonlinear and 

asymmetric frameworks that reveal 

deeper complexity. Nonlinear ARDL 

(NARDL) models applied to Pakistan 

demonstrate that depreciation and 

appreciation have asymmetric effects: 

depreciation may stimulate certain 

exports, while appreciation does not 

proportionately reduce them, and 

volatility affects commodities unevenly 

(Iqbal & Khan, 2024; Khan & Ali, 2022). 

Threshold regression analyses further 

suggest that ERV influences exports only 

after volatility surpasses critical levels, 

beyond which uncertainty dominates 

price incentives. Collectively, these 

findings imply that the impact of ERV is 

conditional, nonlinear, and highly 

sensitive to institutional depth, 

commodity structure, and market 

integration. 

Transmission Mechanisms Linking 

Exchange Rate Volatility to Export 

Competitiveness 

Exchange rate volatility (ERV) influences 

agricultural export performance through 

multiple, interrelated transmission 

channels that operate simultaneously 

along the price, cost, and investment 

margins. The first and most immediate 

channel is price competitiveness, 

mediated by the degree of exchange rate 

pass-through (ERPT) to export and farm-

gate prices. In many agricultural markets, 

pass-through is incomplete and 

asymmetrical. For standardized 

commodities such as rice, wheat, or 

cotton, international contracts are often 

denominated in U.S. dollars and 

negotiated by state trading enterprises or 

large exporters. As a result, short-run 

exchange rate movements may not fully 

translate into producer prices, insulating 

farmers from temporary depreciations but 

also preventing them from capturing 

potential windfall gains (Tran & Vo, 

2023). Over time, however, persistent 

volatility erodes price signals, 

complicating production planning and 

contract negotiation. 

A second critical channel operates 

through supply chains and input cost 

shocks. Modern agriculture in developing 

economies is increasingly dependent on 

imported fertilizers, pesticides, improved 

seeds, fuel, and machinery. Currency 

depreciation directly raises the domestic 

price of these inputs, increasing marginal 

production costs. When input price 

inflation outpaces export price gains, the 

net effect of depreciation becomes 

negative for profitability and output 

expansion (Novatia Consulting, 2024). 

This cost channel is particularly 

damaging for smallholders operating with 

thin margins and limited access to credit, 

for whom input-price volatility translates 

quickly into reduced input use, lower 

yields, and declining exportable 

surpluses. 

The third channel concerns investment 

behavior and market entry dynamics. 

High ERV raises revenue uncertainty and 

increases the real option value of waiting, 

discouraging irreversible investments in 

export-oriented production, processing, 

and certification. Firm-level evidence 

indicates that volatility affects the 

extensive margin of trade more strongly 

than the intensive margin: it reduces the 

number of firms that enter or remain in 

export markets, while established 

exporters adjust volumes more gradually 

(Millbank FX, 2024). Small and medium-

sized enterprises are particularly 

vulnerable because they lack access to 

formal hedging instruments and face 

higher financing constraints. 

Commodity and Regional 

Heterogeneity in the Impact of 

Exchange Rate Volatility 

The effects of exchange rate volatility 

(ERV) on agricultural exports are highly 

heterogeneous across commodities and 

regions, reflecting differences in market 

structure, perishability, policy regimes, 

and financial depth. Staple cereals such as 

wheat and rice, which are often traded in 

thin and regulated global markets, tend to 

exhibit muted short-run responses to 

currency movements. Demand for these 

staples is relatively price inelastic, and in 

many developing countries government 

procurement, export quotas, and 

administered prices buffer producers from 

exchange rate signals. As a result, 

volatility may be absorbed by state 

agencies or traders rather than transmitted 



The Agricultural Economist, Vol. 3(1) 

ISSN: 3104-8803 

57 

directly to farmers, limiting immediate 

export responses but also distorting 

longer-term incentives. 

In contrast, high-value and perishable 

commodities such as fruits, vegetables, 

flowers, and seafood are far more 

sensitive to ERV. Their competitiveness 

depends not only on relative prices but on 

tight delivery schedules, cold-chain 

logistics, and contract reliability. 

Exchange rate instability increases the 

risk of contract renegotiation, shipment 

delays, and payment uncertainty, which 

can quickly shift buyers to more stable 

suppliers. For these products, even 

modest volatility can translate into lost 

market share, higher rejection rates, and 

greater revenue variability, with 

disproportionate effects on export-

oriented horticulture clusters. 

Regional heterogeneity further amplifies 

these differences. Developing economies 

are structurally more exposed because of 

shallow financial markets, limited access 

to hedging instruments, and heavy 

dependence on imported inputs and 

intermediate goods. Post-COVID-19 

evidence confirms that emerging and low-

income countries experienced sharper 

depreciations, higher volatility, and 

slower recovery of agricultural export 

volumes than advanced economies 

(Steinbach, 2021). Weak reserve buffers, 

procyclical capital flows, and constrained 

policy space magnify these shocks. 

These patterns have clear policy 

implications. Macroeconomic 

stabilization remains the first line of 

defense, as credible fiscal and monetary 

frameworks reduce the amplitude of 

volatility at its source. Financial market 

development is equally critical: 

expanding affordable forward contracts, 

warehouse receipt systems, and digital 

hedging platforms can extend risk 

management beyond large exporters. 

Sector-specific measures such as input 

price stabilization, export diversification, 

and investment in climate-resilient and 

import-substituting technologies can 

further dampen vulnerability. 

Future research must move beyond 

aggregate models toward micro-level 

analyses that capture firm and farm 

behavior under volatility, examine the 

interaction of ERV with climate and 

health shocks, and rigorously evaluate the 

effectiveness of emerging financial and 

policy instruments in protecting 

smallholders and sustaining export 

competitiveness. 

Conclusion 

Exchange rate volatility has become a 

central structural determinant of 

agricultural export competitiveness in the 

post-pandemic global economy. Far from 

operating as a neutral price signal, 

volatility permeates production decisions, 

input use, investment behavior, and 

market participation, with particularly 

severe consequences for developing 

economies where agriculture remains the 

backbone of employment, export 

earnings, and rural livelihoods. The 

evidence reviewed shows that the impact 

of volatility is neither uniform nor 

mechanical. It is shaped by commodity 

characteristics, institutional depth, access 

to finance, and the capacity of firms and 

farmers to manage risk. For staple crops, 

policy buffers and inelastic demand may 

mute short-run effects, while for high-

value perishables even modest instability 

can rapidly erode market share. 

The pandemic has further exposed how 

external shocks, capital flow reversals, 

and reserve constraints magnify these 

vulnerabilities and delay recovery. This 

underscores that stabilizing agricultural 

exports cannot rely on exchange rate 

movements alone. Credible 

macroeconomic frameworks, deeper 

financial markets, and targeted sectoral 

support are indispensable complements to 

trade policy. 

Future research must prioritize micro-

level evidence, nonlinear dynamics, and 

the interaction of currency risk with 

climate and health shocks. Only through 

such integrated analysis can policymakers 

design coherent strategies that stabilize 

farm incomes, encourage export 

diversification, and safeguard agricultural 

competitiveness in an increasingly 

uncertain global environment. 
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Sustainable Agriculture: An Economic Necessity 

Explore how sustainable agriculture is essential in today's world, addressing climate risks and environmental 

stewardship. Learn about effective practices, policies, and international experiences that support farmers in achieving 

productivity while ensuring ecological balance. 

Sajal Sohail 

1/30/2026 

Agriculture remains a cornerstone of the 

global economy, underpinning food 

security, rural livelihoods, and 

macroeconomic stability across both 

developed and developing regions. Yet the 

dominant model of conventional, input-

intensive agriculture has generated 

significant environmental externalities that 

now threaten the very foundations of long-

term productivity. Globally, agriculture, 

forestry, and land use are responsible for 

approximately 24 percent of total 

greenhouse gas emissions, while 

unsustainable land management practices 

continue to accelerate soil degradation, 

water scarcity, and biodiversity loss 

(IPCC, 2022). These environmental costs 

are no longer peripheral concerns; they 

translate into real economic risks through 

declining yields, increased climate 

vulnerability, and rising public expenditure 

on disaster response and environmental 

remediation. 

From an economic perspective, the 

transition to sustainable agriculture is not 

merely an environmental imperative but a 

rational investment decision. Evidence 

increasingly shows that climate-smart 

agricultural practices such as conservation 

tillage, integrated nutrient management, 

efficient irrigation systems, and diversified 

cropping can generate substantial 

productivity gains while reducing exposure 

to climate shocks. The World Bank (2023) 

estimates that adoption of climate-smart 

practices could raise crop yields by 15–25 

percent in climate-vulnerable regions, 

improve income stability for farmers, and 

lower long-term adaptation costs. These 

gains are particularly significant for 

smallholders, who are most exposed to 

climate variability and price volatility. 

The relevance of this transition is 

especially pronounced in Pakistan. 

Agriculture contributes 22.7 percent to 

national GDP and employs approximately 

37.4 percent of the labor force, making it a 

central pillar of economic growth, 

employment, and food security (Pakistan 

Economic Survey, 2023–24). 

Environmental degradation, water stress, 

and climate extremes therefore pose 

systemic risks not only to farm incomes but 

to national economic stability. In this 

context, effective economic policy 

becomes decisive. Well-designed 

incentives such as input subsidies aligned 

with sustainable practices, carbon and 

water pricing, risk-sharing mechanisms, 

and targeted public investment are 

essential to shift farmer behavior toward 

production systems that reconcile 

productivity growth with planetary health. 

Barriers to the Adoption of Sustainable 

Agricultural Practices 

Despite the strong economic and 

environmental rationale for sustainable 

agriculture, the transition from 

conventional practices remains fraught 

with structural and institutional challenges, 

particularly in developing countries such as 

Pakistan. One of the most binding 

constraints is the high initial investment 

required for sustainable technologies. 

Precision irrigation systems, renewable 

energy solutions, improved seed varieties, 

and organic or bio-based inputs demand 

upfront capital that is often beyond the 

reach of smallholder farmers, who face 

credit constraints and limited access to 

formal financial institutions. Without 

affordable financing mechanisms, even 

economically viable technologies remain 

inaccessible. 

Market and price uncertainty further 

discourages adoption. While sustainable 

products are often associated with higher 

quality and environmental benefits, price 

premiums are not consistently transmitted 

to farmers. Weak certification systems, 

fragmented value chains, and limited 

consumer awareness mean that farmers 

bear the cost of transition without assured 

returns. As a result, risk-averse producers 

may rationally prefer conventional 

practices that offer predictable, if lower, 

short-term outcomes. 

Knowledge and technology gaps also play 

a critical role. Limited extension services, 

inadequate farmer training, and uneven 

access to digital and climate-smart 

technologies constrain learning and 

experimentation. These gaps are 

particularly acute in remote rural areas, 

where information asymmetries reinforce 

dependence on traditional input-intensive 

methods. 

Climate vulnerability compounds these 

challenges. Pakistan is among the ten 

countries most affected by climate change, 

and the devastating floods of 2022, causing 

losses exceeding USD 30 billion, 

demonstrated how climate shocks can 

erase farm assets and disrupt adoption 

pathways (Germanwatch, 2021; World 

Bank, 2022). Finally, policy inconsistency 

remains a systemic obstacle. Subsidies for 

chemical fertilizers, electricity, and water 

distort relative prices and unintentionally 

penalize sustainable alternatives, 

undermining incentives for long-term 

ecological and economic resilience. 

Global Policy Perspectives: Lessons 

from Leading Nations in Sustainable 

Agriculture 

International experience demonstrates that 

well-designed economic policies can 

successfully align agricultural productivity 

with environmental sustainability. China 

provides a prominent example through its 

strong state-led approach to green 

transformation in agriculture. Under the 

“Zero-Growth Action Plan for Chemical 

Fertilizers and Pesticides,” the government 
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redirected subsidies toward organic inputs, 

soil testing, and precision nutrient 

management. By combining financial 

incentives with digital monitoring and 

extension services, China reduced 

excessive input use while safeguarding 

food security and farmer incomes (FAO, 

2022). 

Thailand illustrates how digital governance 

can enhance policy effectiveness. Its “One 

Farm One ID” system creates a 

comprehensive digital registry of farmers, 

enabling targeted and transparent subsidy 

transfers for sustainable practices. This 

approach minimizes leakage, improves 

accountability, and ensures that incentives 

reach intended beneficiaries. 

Complementing this, Thailand’s National 

Organic Agriculture Policy links farm-

level adoption with downstream market 

development, helping stabilize demand 

and price premiums (ADB, 2023). 

Israel’s model highlights the power of 

public–private partnerships (PPPs) in 

driving agricultural innovation. With over 

90 percent of wastewater recycled for 

agricultural use, Israel has transformed 

resource scarcity into a competitive 

advantage. Government-funded research in 

drip irrigation and water-efficient 

technologies is commercialized through 

private firms, generating both domestic 

productivity gains and export revenues 

(OECD, 2023). 

The European Union offers a policy 

framework that explicitly ties income 

support to environmental performance. 

Under the Common Agricultural Policy 

(CAP) 2023–2027, at least 25 percent of 

direct payments are earmarked for eco-

schemes, embedding sustainability into 

mainstream farm support (European 

Commission, 2023). Collectively, these 

cases underscore the importance of 

targeted subsidies, digital systems, and 

innovation-oriented policies in 

accelerating sustainable agricultural 

transitions. 

Policy Framework and Recent 

Initiatives for Sustainable Agriculture in 

Pakistan 

Pakistan has formally recognized the 

urgency of sustainable agricultural 

transformation through major policy 

frameworks such as the National Climate 

Change Policy (2021) and Vision 2025, 

both of which emphasize climate 

resilience, efficient resource use, and green 

growth. In recent years, this strategic intent 

has begun to translate into concrete 

initiatives that signal a gradual shift from 

purely productivity-oriented interventions 

toward sustainability-informed agricultural 

governance. 

The Green Pakistan Initiative (GPI) stands 

out as a flagship public–private partnership 

designed to modernize agriculture through 

climate-smart technologies. By integrating 

artificial intelligence, satellite imagery, 

and IoT-based field sensors, the initiative 

aims to provide farmers with real-time 

guidance on irrigation scheduling, crop 

health, and input optimization. Such data-

driven decision-making has the potential to 

significantly improve water-use efficiency 

and reduce excessive fertilizer application, 

particularly in water-stressed regions 

(Ministry of National Food Security, 

2023). 

Complementing this, the Prime Minister’s 

Agriculture Emergency Program focuses 

on boosting yields while embedding 

sustainability components, most notably 

through subsidies for High-Efficiency 

Irrigation Systems (HEIS). These systems 

are critical in a country where agriculture 

consumes over 90 percent of freshwater 

withdrawals and climate-induced water 

scarcity is intensifying. 

At the ecosystem level, the Living Indus 

Initiative represents a paradigm shift by 

linking agricultural sustainability to river 

basin restoration. Supported by the United 

Nations, it adopts a whole-of-government 

approach to rehabilitate the Indus Basin, 

recognizing that long-term farm 

productivity depends on ecological 

integrity (UNEP, 2023). 

The Kissan Card Program further 

strengthens policy delivery by digitally 

registering farmers and enabling direct 

subsidy transfers, reducing leakage and 

improving targeting. However, persistent 

challenges remain, including fragmented 

implementation, limited financing scale, 

and the absence of strong market-based 

incentives such as sustainability-linked 

credit and carbon finance mechanisms for 

farmers. 

Actionable Economic Strategies for 

Advancing Sustainable Agriculture 

Achieving a meaningful transition toward 

sustainable agriculture requires 

coordinated economic actions by 

policymakers, farmers, agribusinesses, and 

supporting institutions. For policymakers, 

the foremost priority is subsidy reform. 

Blanket subsidies for water, electricity, and 

chemical fertilizers often encourage 

overuse and environmental degradation 

while disproportionately benefiting larger 

farmers. Redirecting these subsidies 

toward targeted and conditional support for 

drip irrigation, organic soil amendments, 

biofertilizers, and certified climate-

resilient seeds would align public spending 

with sustainability outcomes while 

protecting smallholders. In parallel, the 

development of green credit lines is 

essential. Governments can partner with 

commercial banks and microfinance 

institutions to offer concessional loans for 

sustainable technologies, supported by 

partial credit guarantees to reduce lender 

risk and expand access for small and 

medium farmers. Establishing agricultural 

carbon markets represents another high-

impact strategy, enabling farmers to earn 

supplementary income by adopting 

regenerative practices that sequester 

carbon, improve soil health, and reduce 

emissions. 

For farmers and agribusinesses, collective 

action is a powerful economic lever. 

Producer cooperatives can lower input 

costs through bulk purchasing, facilitate 

access to premium markets for sustainably 

produced crops, and improve bargaining 

power in value chains. The adoption of 

digital tools such as mobile-based advisory 

services, satellite-driven crop monitoring, 

and weather forecasting apps can further 

enhance efficiency, reduce risk, and 

support climate-smart decision-making. 

The private sector and NGOs play a 

catalytic role in scaling these efforts. 

Strategic investment in public–private 

partnerships can accelerate the 

development of agri-tech solutions and 

inclusive supply chains that reward 

sustainability with stable and fair pricing. 



The Agricultural Economist, Vol. 3(1) 

ISSN: 3104-8803 

60 

Equally important is capacity building. 

Well-designed training programs on 

climate-resilient farming, soil health 

management, and water efficiency can 

bridge persistent knowledge gaps, ensuring 

that economic incentives translate into 

durable, on-farm adoption of sustainable 

practices. 

Conclusion 

This article demonstrates that sustainable 

agriculture is no longer a normative 

aspiration, but an economic necessity 

shaped by mounting environmental 

constraints, climate risks, and fiscal 

pressures. Conventional input-intensive 

farming has generated short-term 

productivity gains, yet its long-run costs 

such as soil degradation, water depletion, 

and climate vulnerability now threaten 

agricultural incomes and macroeconomic 

stability. The evidence reviewed clearly 

shows that sustainable and climate-smart 

practices can reconcile productivity growth 

with environmental stewardship, 

particularly when supported by coherent 

economic policies. International 

experiences from China, Thailand, Israel, 

and the European Union highlight that 

targeted subsidies, digital governance, 

public–private partnerships, and 

innovation-oriented support can 

successfully realign farmer incentives 

toward sustainability without 

compromising food security. 

For Pakistan, where agriculture underpins 

employment, exports, and rural 

livelihoods, the stakes are especially high. 

Recent initiatives such as the Green 

Pakistan Initiative, HEIS subsidies, the 

Living Indus framework, and the Kissan 

Card Program signal important progress, 

yet their impact will remain limited 

without deeper reforms. Subsidy 

restructuring, green finance, carbon 

markets, and stronger market-based 

incentives must move from pilot stages to 

scale. Equally critical is investment in 

knowledge systems, digital tools, and 

institutional coordination to reduce risk 

and ensure inclusive adoption by 

smallholders. 

Ultimately, sustainable agriculture must be 

treated as a core component of economic 

development strategy rather than a 

peripheral environmental agenda. Aligning 

fiscal, financial, and market policies with 

ecological realities offers Pakistan a viable 

pathway to resilient growth, food security, 

and long-term rural prosperity. 
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Climate Crisis Threatens Banana Production & Food Security 

This article highlights the urgent impact of the climate crisis on banana production, emphasizing its role in global food 

security and rural livelihoods. Bananas, being vital for millions and a cornerstone of international agricultural trade 

are one of the most climate-vulnerable crops. 

Muhammad Ismail Kumbhar & Aslam Memon 

1/19/2026 

Bananas (Musa spp.) are the world’s most 

consumed fruit and the fourth most 

important global food staple after wheat, 

rice, and maize. More than 400 million 

people rely on bananas as a major source 

of daily calories, carbohydrates, 

potassium, and essential micronutrients, 

particularly in low- and middle-income 

countries where dietary diversity remains 

limited (FAO, 2022). Beyond household 

nutrition, the crop underpins the 

livelihoods of millions of smallholders 

and agricultural workers and generates 

billions of dollars in export revenues each 

year. Yet this central pillar of food 

security is increasingly exposed to the 

disruptive forces of climate change, 

placing both subsistence systems and 

global supply chains at growing risk. 

Banana cultivation is acutely sensitive to 

temperature, rainfall patterns, and 

humidity. Optimal growth occurs within a 

narrow climatic range, and even modest 

deviations can reduce yields, delay 

maturation, and increase vulnerability to 

pests and diseases. A landmark study 

published in Nature Climate 

Change projected that, without effective 

adaptation, climate change could 

significantly reduce banana yields in ten 

of the world’s leading producing countries 

by 2050, with major producers such as 

India and Brazil facing particularly sharp 

declines (Bebber et al., 2019). Longer-

term projections are even more alarming. 

Under high-emission scenarios, up to half 

of the land currently suitable for banana 

cultivation could become climatically 

unsuitable by 2070, primarily due to rising 

temperatures, prolonged droughts, and 

more erratic rainfall regimes (Ramírez et 

al., 2021). 

The structure of the global banana 

industry further amplifies this 

vulnerability. Export markets are 

dominated by the genetically uniform 

Cavendish variety, grown in large 

monoculture plantations. While efficient 

for trade, this genetic uniformity sharply 

increases exposure to climate extremes 

and disease outbreaks, including emerging 

fungal pathogens whose spread is 

accelerated by warming conditions. In 

Latin America, the world’s principal 

export region, farmers already report 

escalating crop losses and rising 

production costs. As one smallholder in 

Guatemala observed, “The banana crops 

are dying off… What’s uncertain is 

whether this situation will worsen and lead 

to the loss of entire plantations” (Christian 

Aid, 2023). These trends signal not only a 

looming production crisis but a profound 

threat to nutrition, rural employment, and 

the stability of one of the world’s most 

important food systems. 

Pakistan’s Precious Crop Under 

Pressure 

Banana cultivation occupies a 

strategically important place in Pakistan’s 

horticultural economy, providing income 

for thousands of farm households and 

supporting vibrant domestic markets. 

Sindh province dominates national 

production, contributing approximately 

90 percent of total output, with Thatta, 

Badin, Tando Allahyar, and Khairpur 

forming the core production belt (Pakistan 

Bureau of Statistics, 2022). In recent 

years, banana cultivation has also 

expanded into Lasbela in Balochistan, 

reflecting efforts to diversify regional 

horticulture. However, this emerging 

zone, like the traditional heartland in 

Sindh, is now facing intensifying climate 

stress that threatens both productivity and 

farmer livelihoods. 

The most immediate pressure arises from 

rising temperatures. Pakistan has 

experienced a clear warming trend over 

the past decades, culminating in the 

unprecedented March–April heatwave of 

2022. During this episode, extreme 

temperatures coincided with critical 

flowering and fruit-setting stages, leading 

to widespread floral abortion, reduced 

bunch size, and significant yield losses 

(World Weather Attribution, 2022). For a 

crop with narrow thermal tolerance, such 

heat shocks translate directly into income 

instability for growers. Water scarcity 

compounds this vulnerability. Bananas are 

highly water-intensive, yet erratic 

monsoon rainfall, declining river flows, 

and increasing competition for irrigation 

water have made reliable supply 

increasingly uncertain. In canal-

dependent areas of Sindh, farmers now 

face frequent irrigation gaps during peak 

growth periods, inducing moisture stress 

and lowering fruit quality. 

Extreme climatic events further 

destabilize production. The catastrophic 

floods of 2022 submerged large plantation 

areas, causing prolonged waterlogging, 

root suffocation, and plant mortality. 

Conversely, extended dry spells have 

become more frequent, intensifying 

evapotranspiration and accelerating soil 

salinization in already fragile deltaic 

zones. These abiotic stresses also amplify 

biotic risks. Warmer and more humid 

conditions favor the spread of Black 

Sigatoka, a fungal disease capable of 

reducing photosynthetic capacity by up to 

80 percent, sharply depressing yields 

(Churchill, 2011). 

The gravest threat, however, is Fusarium 

Wilt Tropical Race 4 (TR4). This soil-

borne pathogen is lethal to Cavendish 

bananas and persists in soils for decades. 

Having caused billions of dollars in losses 

globally, TR4 is now confirmed in 

neighboring India and parts of the Middle 

East, placing Pakistan in a high-risk 

corridor (Ploetz, 2015). An outbreak 

would devastate plantations, collapse rural 
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incomes, and undermine a crop that is both 

economically vital and nutritionally 

indispensable. 

A Call for Urgent, Multifaceted Action 

Safeguarding Pakistan’s banana sector 

under accelerating climate stress requires 

an integrated and forward-looking 

adaptation strategy that moves beyond 

isolated technical fixes. Given the crop’s 

economic importance, nutritional value, 

and vulnerability to systemic shocks, 

bananas must be treated as a priority 

commodity within national climate and 

agricultural planning. The first pillar of 

this response is genetic diversification and 

strengthened research and development. 

Public research institutions should 

intensify breeding programs aimed at 

developing climate-resilient and disease-

tolerant varieties, including hybrids and 

locally adapted cultivars that can perform 

under heat stress, water scarcity, and 

emerging pathogens. Reducing over-

reliance on the genetically uniform 

Cavendish is essential to lowering 

systemic risk and building long-term 

resilience. 

Equally important is the widespread 

adoption of climate-smart agricultural 

practices at the farm level. Precision 

irrigation technologies such as drip and 

sprinkler systems can substantially 

improve water-use efficiency in the 

context of chronic scarcity. Mulching, 

cover cropping, and organic soil 

amendments can enhance moisture 

retention and improve soil structure. 

Integrated pest and disease management 

should replace heavy dependence on 

chemical control, combining resistant 

planting material, biological control 

agents, and improved field sanitation to 

strengthen ecosystem resilience while 

lowering production costs. 

Biosecurity represents a third critical 

front. Pakistan urgently needs a national 

early warning, surveillance, and rapid 

response system for transboundary pests 

and diseases, particularly Fusarium Wilt 

TR4. This must include strict quarantine 

protocols at borders, routine field 

monitoring, diagnostic laboratory 

capacity, and systematic farmer training to 

enable early detection and containment 

before outbreaks become unmanageable. 

Post-harvest investments are also 

indispensable. Rising temperatures 

accelerate ripening and spoilage, making 

modern cold storage, refrigerated 

transport, and pack-house facilities 

essential to reduce losses and stabilize 

market supply. Without such 

infrastructure, productivity gains at the 

farm level will continue to be eroded after 

harvest. 

Finally, these technical measures must be 

embedded in coherent policy frameworks. 

Pakistan’s National Climate Change 

Policy and Nationally Determined 

Contributions should explicitly recognize 

perennial fruit crops as climate-sensitive 

assets and allocate dedicated adaptation 

financing to horticulture. At the same 

time, regional and global collaboration 

with major banana-producing countries 

can accelerate access to resistant varieties, 

surveillance protocols, and best practices. 

Only through such a coordinated, multi-

layered strategy can Pakistan protect a 

crop that is increasingly central to both 

rural livelihoods and national food 

security. 

Conclusion 

The evidence presented in this article 

underscores that the climate crisis is no 

longer a distant or abstract threat to 

banana production, but an immediate and 

escalating risk to global food security and 

rural livelihoods. Bananas occupy a 

unique position as both a subsistence 

staple for hundreds of millions of people 

and a cornerstone of international 

agricultural trade. Yet their narrow 

climatic tolerance, genetic uniformity, and 

exposure to rapidly intensifying heat, 

drought, floods, and transboundary 

diseases make them one of the most 

climate-vulnerable crops in the world. In 

Pakistan, these global pressures intersect 

with local constraints including water 

scarcity, fragile deltaic ecosystems, 

limited research capacity, and weak 

biosecurity creating a particularly 

precarious outlook for growers in Sindh 

and emerging production zones. 

The looming threat of Fusarium Wilt TR4 

crystallizes the urgency of action. A single 

major outbreak could erase decades of 

investment, devastate farm incomes, and 

destabilize domestic fruit markets. At the 

same time, climate-driven yield volatility 

and post-harvest losses threaten to 

undermine the nutritional role of bananas 

in low-income diets. These risks cannot be 

addressed through incremental 

adjustments alone. They require a 

coordinated transformation of research 

priorities, farm management, biosecurity 

systems, infrastructure investment, and 

policy design. 

Ultimately, the future of bananas in 

Pakistan and beyond will depend on the 

speed and coherence of adaptation. 

Genetic diversification, climate-smart 

practices, early warning systems, and 

regional cooperation are not optional add-

ons; they are prerequisites for survival. 

Protecting this crop is therefore not merely 

an agricultural challenge, but a strategic 

imperative for food security, rural 

stability, and climate resilience in a 

warming world. 
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 Pakistan's Air Quality Crisis: A Public Health Challenge 

Pakistan's air quality crisis poses severe risks to public health and the economy due to high PM2.5 levels and 

pollutants. Addressing this urgent issue requires comprehensive policy changes, as evidenced by temporary 

improvements during reduced activity. 

M. Amjed Iqbal, Tahira Sadaf, Qasir Abbas & Meerab Ahmad 

1/7/2026 

Pakistan’s air quality crisis has reached an 

alarming and persistent level, placing the 

country among the most polluted nations 

globally. According to the IQAir 2024 

World Air Quality Report, Pakistan 

ranked third out of 138 monitored 

countries, underscoring the severity and 

systemic nature of the problem (IQAir, 

2024). The national annual average 

concentration of fine particulate matter 

(PM2.5) was recorded at levels 

approximately 14.7 times higher than the 

World Health Organization’s 

recommended guideline of 5 µg/m³, 

indicating that a vast majority of the 

population is chronically exposed to 

hazardous air pollution (WHO, 2021). 

Such prolonged exposure poses serious 

risks to respiratory and cardiovascular 

health, productivity, and overall quality of 

life. 

The burden of air pollution is 

disproportionately concentrated in urban 

and industrial centers. Lahore, the 

provincial capital of Punjab, emerged as 

Pakistan’s most polluted city in 2024, 

registering an Air Quality Index (AQI) of 

184, well within the “unhealthy” category 

(IQAir, 2024). Other industrial hubs, 

including Gujranwala and Faisalabad, 

have consistently recorded PM2.5 

concentrations exceeding 100 µg/m³, 

reflecting the combined impacts of 

vehicular emissions, industrial activity, 

brick kilns, and seasonal agricultural 

burning. In contrast, relatively less 

industrialized regions such as Mohmand 

Agency in Khyber Pakhtunkhwa reported 

significantly cleaner air, highlighting 

stark regional disparities driven by 

population density, industrial clustering, 

and energy use patterns. 

Historical trends suggest that progress has 

been uneven and fragile. While a 

temporary reduction in national PM2.5 

levels was observed between 2018 and 

2019, this improvement has not been 

sustained uniformly across cities. Karachi 

experienced worsening pollution during 

this period, whereas Lahore achieved a 

notable reduction, albeit from extremely 

high baseline levels. Compounding the 

crisis is the complex mixture of pollutants 

in urban air, including nitrogen dioxide, 

sulfur dioxide, volatile organic 

compounds, black carbon, and toxic 

residues from waste burning. Together, 

these pollutants amplify health risks and 

contribute to climate warming, 

reinforcing the urgency for coordinated 

policy, regulatory enforcement, and 

cleaner energy transitions. 

Primary Pollution Sources and 

Structural Drivers of Air Quality 

Degradation in Pakistan 

The persistent deterioration of air quality 

in Pakistan is the result of multiple, 

interlinked pollution sources that 

reinforce one another and complicate 

mitigation efforts. Among the most 

significant contributors are vehicular 

emissions, which remain a year-round and 

growing problem in all major urban 

centers. A large proportion of Pakistan’s 

vehicle fleet consists of aging, poorly 

maintained cars, buses, and motorcycles 

that operate on low-quality fuel. 

Combined with chronic traffic congestion 

and limited public transport options, these 

conditions lead to continuous emissions 

of fine particulate matter (PM2.5), black 

carbon, nitrogen oxides, and carbon 

monoxide, substantially degrading urban 

air quality (IQAir, n.d.). 

Industrial emissions further intensify 

pollution, particularly in manufacturing 

hubs such as Faisalabad, Gujranwala, and 

parts of Lahore. Many factories, steel re-

rolling mills, and brick kilns operate with 

outdated technologies and minimal 

regulatory oversight. The widespread use 

of coal, furnace oil, and biomass fuels 

results in high emissions of particulate 

matter, sulfur dioxide, and heavy metals, 

creating localized pollution hotspots that 

often affect nearby residential areas 

(IQAir, n.d.). Brick kilns are a major 

source of black carbon, contributing both 

to public health risks and localized 

climate warming. 

Seasonal agricultural practices also play a 

critical role. The open burning of crop 

residues after harvest, especially in 

Punjab, leads to sharp pollution spikes 

during winter months. This practice 

coincides with meteorological conditions 

such as temperature inversions, which 

trap pollutants close to the ground and 

intensify smog episodes in major cities. 

Urban and construction dust adds a 

chronic layer of particulate pollution, 

driven by rapid urban expansion, unpaved 

roads, and weak enforcement of dust 

control regulations. Finally, the 

widespread practice of open waste 

burning releases highly toxic pollutants, 

including dioxins and furans, further 

compounding health risks. 

The interaction of these sources creates a 

cumulative and self-reinforcing pollution 

cycle. Evidence from COVID-19 

lockdowns, when industrial and transport 

activity declined sharply, demonstrated 

that air quality improvements were both 

rapid and reversible, underscoring the 

dominant role of anthropogenic sources in 

Pakistan’s air pollution crisis (IQAir, 

n.d.). 

Public Health Impacts of Air Pollution 

in Pakistan: Morbidity, Mortality, and 

Systemic Burden 

The public health consequences of 

prolonged exposure to Pakistan’s polluted 

air are profound, multifaceted, and place 

sustained pressure on an already 

constrained healthcare system. Fine 
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particulate matter (PM2.5), due to its 

extremely small size, poses the most 

significant health risk. These particles 

penetrate deep into the alveolar regions of 

the lungs, bypassing the body’s natural 

defense mechanisms and triggering 

chronic inflammation (IQAir, n.d.). As a 

result, Pakistan has witnessed a high and 

growing prevalence of respiratory 

diseases, including aggravated asthma, 

chronic bronchitis, recurrent pneumonia, 

and the progressive development of 

Chronic Obstructive Pulmonary Disease 

(COPD). Children are particularly 

vulnerable; early-life exposure to air 

pollution is associated with impaired lung 

growth, increased frequency of 

respiratory infections, and a higher 

likelihood of developing asthma that 

persists into adulthood. 

The health impacts of air pollution extend 

well beyond the respiratory system. 

Ultrafine particles and associated toxic 

compounds can translocate from the lungs 

into the bloodstream, initiating systemic 

inflammation and oxidative stress (IQAir, 

n.d.). This process significantly elevates 

the risk of cardiovascular diseases, 

including ischemic heart disease, 

myocardial infarction, strokes, and 

cardiac arrhythmias. Emerging evidence 

also links chronic air pollution exposure 

to metabolic disorders and damage to vital 

filtering organs such as the liver and 

kidneys, as these organs are continuously 

exposed to circulating pollutants and 

heavy metals. 

Acute smog episodes further exacerbate 

these risks. During periods of severe air 

pollution, hospitals across major cities 

report sharp increases in emergency visits 

and admissions for respiratory distress, 

chest pain, and other pollution-related 

complications. These episodic surges 

strain healthcare facilities and increase 

public and private healthcare 

expenditures. Over the long term, the 

cumulative health burden manifests in 

reduced life expectancy. The World 

Health Organization estimates that 

ambient air pollution causes 

approximately seven million premature 

deaths globally each year, with countries 

experiencing persistently high PM2.5 

levels, such as Pakistan, bearing a 

disproportionate share of this burden 

(WHO, 2023). Sustained exposure to 

polluted air can shorten average lifespans 

by several years, particularly in densely 

populated urban and industrial regions 

(WHO, 2021). 

Current Mitigation Efforts and Future 

Pathways for Improving Air Quality in 

Pakistan 

In response to the escalating air pollution 

crisis, Pakistani authorities, civil society 

organizations, and development partners 

have initiated a range of mitigation 

measures. While these efforts signal 

growing recognition of the problem, their 

scale, consistency, and enforcement 

remain insufficient to generate sustained 

improvements in air quality. Existing 

interventions have produced localized and 

short-term gains, but a more 

comprehensive and systemic response is 

required to reverse current trends. 

Regulatory and monitoring initiatives 

form the backbone of current mitigation 

efforts. Provincial governments have 

introduced air quality monitoring stations 

and notified fuel quality and emission 

standards. However, weak enforcement, 

limited monitoring coverage, and 

widespread industrial non-compliance 

undermine their effectiveness. Expanding 

real-time, publicly accessible air quality 

monitoring networks and strengthening 

regulatory oversight particularly for 

industrial emissions and vehicular 

standards are essential to improve 

accountability and inform evidence-based 

policymaking. 

Technological responses have also been 

deployed, most notably the use of anti-

smog guns in urban centers during peak 

pollution episodes. While these 

interventions may temporarily suppress 

airborne dust and particulates, they do not 

address the underlying sources of 

pollution and offer limited cost-

effectiveness. A more sustainable 

pathway lies in source control, including 

the adoption of cleaner industrial 

technologies, conversion of brick kilns to 

zigzag designs, improved fuel quality, 

and mandatory installation of emission 

control devices on vehicles and factories, 

in line with World Health Organization 

recommendations (WHO, 2021). 

Public awareness initiatives led by non-

governmental organizations and media 

outlets have increased understanding of 

health risks associated with air pollution. 

However, their reach remains fragmented. 

National-scale awareness campaigns, 

delivered in multiple local languages and 

integrated into school curricula, could 

foster behavioral change and build long-

term public support for clean air policies. 

Nature-based solutions, particularly tree 

plantation drives, have been widely 

promoted but face limitations due to long 

maturation periods and poor survival 

rates. Greater emphasis should be placed 

on protecting existing urban forests and 

developing large-scale green belts around 

cities to achieve more durable air quality 

benefits. 

At the policy level, provincial smog 

action plans exist but suffer from weak 

coordination. Developing an integrated 

national clean air action plan, supported 

by subsidies for crop residue 

management, incentives for public 

transport, and alignment across energy, 

transport, agriculture, and industry, offers 

a more coherent path forward (WHO, 

2023). The modest improvements 

observed in cities such as Lahore and 

Faisalabad demonstrate that targeted 

interventions can yield results (IQAir, 

n.d.), yet Pakistan’s persistent ranking 

among the world’s most polluted 

countries underscores that incremental 

measures are inadequate. Meaningful 

progress will require structural 

transformation, robust legislation, and 

unwavering enforcement across all major 

pollution sources. 

 

 

Conclusion 

Pakistan’s air quality crisis represents a 

critical intersection of environmental 

degradation, public health risk, and 

economic loss. The persistently high 

concentrations of PM2.5 and other 

harmful pollutants are not episodic 

anomalies, but symptoms of deep-rooted 



The Agricultural Economist, Vol. 3(1) 

ISSN: 3104-8803 

67 

structural challenges linked to transport 

systems, industrial practices, energy 

choices, urbanization patterns, and 

agricultural methods. The evidence 

presented clearly shows that air pollution 

in Pakistan is both preventable and 

policy-driven, as demonstrated by 

temporary improvements during periods 

of reduced human activity and by 

localized gains where targeted 

interventions were implemented. 

However, the continued exposure of 

millions to toxic air highlights the 

inadequacy of fragmented and short-term 

responses. 

Addressing this escalating crisis requires 

a decisive shift from reactive measures 

toward a comprehensive, source-focused, 

and nationally coordinated clean air 

strategy. Strengthening regulatory 

enforcement, expanding credible 

monitoring systems, and accelerating 

transitions to cleaner fuels and 

technologies must form the core of policy 

action. Equally important is the 

integration of public health considerations 

into environmental policymaking, 

recognizing clean air as a fundamental 

determinant of human capital, 

productivity, and long-term development. 

Without sustained political commitment, 

cross-sectoral coordination, and public 

engagement, Pakistan risks entrenching a 

cycle of poor health outcomes, rising 

healthcare costs, and diminished quality 

of life. Conversely, decisive action on air 

quality offers an opportunity to safeguard 

public health, enhance urban livability, 

and align Pakistan’s development 

trajectory with principles of sustainability 

and environmental justice. 
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Tuberculosis in Pakistan: A Biomedical and Economic Crisis 

This analysis reveals that tuberculosis in Pakistan is a serious biomedical emergency and an economic shock, 

undermining household welfare and national health efforts. Despite free diagnosis and medications, many face 

catastrophic costs, especially daily wage earners and informal workers. 

Afshan Zaman 

1/21/2026 

Tuberculosis (TB) remains one of the 

world’s most lethal infectious diseases, 

with an estimated 10.6 million new cases 

and 1.3 million deaths globally in 2022 

(WHO, 2023). Pakistan is among the 

high-burden countries where TB 

continues to pose a dual challenge to 

public health and socioeconomic 

development. Although national TB 

control programs provide free diagnosis 

and anti-tubercular medicines, the notion 

of “zero-cost” treatment masks a complex 

web of hidden expenses that push many 

affected households into financial 

distress. For poor and near-poor families, 

the economic consequences of TB often 

rival, and sometimes exceed, the clinical 

burden of the disease. 

Direct medical costs are only one 

component of this burden and are partly 

absorbed by the public sector. However, 

patients frequently incur direct non-

medical costs that are substantial and 

unavoidable. These include repeated 

transportation to diagnostic centers, 

accommodation for patients and 

attendants, special nutritional 

requirements to cope with weight loss and 

weakness, and out-of-pocket payments 

for ancillary tests or hospital stays. In 

rural and peri-urban areas, long travel 

distances and weak referral systems 

further inflate these expenditures. 

Even more damaging are the indirect 

costs associated with lost income and 

productivity. TB disproportionately 

affects adults in their prime working 

years, particularly daily wage laborers 

and informal workers who lack sick leave 

or social protection. Prolonged illness, 

frequent clinic visits, and extended 

treatment regimens lead to job loss, 

reduced working hours, and declining 

household earnings. In many cases, a 

second family member must also 

withdraw from work to provide care, 

compounding the income shock. 

This financial toxicity has serious clinical 

consequences. Economic hardship 

undermines treatment adherence, 

contributes to treatment interruption, and 

increases the risk of relapse and 

transmission. The burden is especially 

severe for patients with drug-resistant TB, 

whose treatment is longer, more toxic, 

and far more expensive. Addressing TB in 

Pakistan therefore requires not only 

effective medical care, but robust 

financial risk protection mechanisms that 

shield households from catastrophic costs 

and break the vicious cycle between 

poverty and disease. 

The Comprehensive Cost Burden of 

Tuberculosis on Pakistani Households 

Even within a nominally free public 

health program, tuberculosis imposes a 

heavy and often catastrophic financial 

burden on patients and their families in 

Pakistan. Empirical evidence shows that 

the average total cost of a TB episode can 

absorb between 20 percent and more than 

50 percent of annual household income, a 

level widely recognized as financially 

catastrophic (Ahmad & Siddiqui, 2021). 

This burden is not concentrated in one 

category but is distributed across medical, 

non-medical, and productivity-related 

costs that accumulate over the long course 

of treatment. 

Direct medical costs, though partially 

covered by the public sector, remain 

significant. Patients frequently pay out of 

pocket for chest X-rays, GeneXpert or 

PCR tests, follow-up investigations, and 

consultations with private physicians 

when public facilities are overcrowded or 

distant (Mehmood & Akhtar, 2023). 

Expenditures for managing drug side 

effects, additional medications, and 

occasional hospitalization further 

increase financial pressure, particularly 

for patients with complications. 

Direct non-medical costs often exceed 

medical expenses. Repeated travel to 

Directly Observed Therapy centers, 

lodging near tertiary hospitals, and the 

culturally emphasized need for improved 

nutrition impose a continuous drain on 

household resources (Baloch & Khan, 

2022). For rural families, long distances 

and weak transport infrastructure make 

these costs disproportionately high. 

Indirect costs from income loss represent 

the largest and most destabilizing 

component. Illness reduces the earning 

capacity of patients, while caregiving 

responsibilities divert the labor of other 

household members. A longitudinal study 

found that more than 70 percent of 

affected families experienced a sharp 

income decline, with many resorting to 

borrowing, asset sales, or withdrawing 

children from school (Noor & Malik, 

2023). These coping strategies deepen 

poverty and entrench the long-term 

socioeconomic consequences of 

tuberculosis. 

Catastrophic Health Spending and the 

Vicious Cycle of Poverty and 

Resistance 

Catastrophic health expenditure is 

conventionally defined as health-related 

spending that exceeds 10–20 percent of a 

household’s total annual consumption, a 

threshold beyond which basic subsistence 

is threatened. In Pakistan, tuberculosis 

routinely crosses this boundary. Recent 

estimates suggest that between 47 and 67 

percent of TB-affected households 

experience catastrophic costs, a 

proportion far above the global average 

and starkly inconsistent with the WHO 

End TB Strategy target of eliminating 

such expenditure entirely (WHO, 2023; 

Usman & Khan, 2025). Once this 
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threshold is breached, households are 

forced into harmful coping strategies that 

erode both present welfare and future 

resilience. Families reduce food intake, 

compromise dietary quality, withdraw 

children from school, defer essential 

health care, take high-interest informal 

loans, or liquidate productive assets such 

as livestock and land (Shaukat & 

Siddiqui, 2024). These decisions generate 

long-lasting scarring effects, ensuring that 

tuberculosis does not merely afflict the 

poor but actively manufactures new 

poverty and transmits disadvantages 

across generations. 

The economic crisis intensifies 

dramatically in cases of Drug-Resistant 

Tuberculosis. Treatment for multidrug-

resistant TB extends up to twenty months, 

involves toxic and costly second-line 

drugs, and requires frequent 

hospitalization and monitoring. As a 

result, the total patient cost burden is 

typically three to five times higher than 

that for drug-susceptible disease (Hassan 

& Farooq, 2024). Prolonged illness 

magnifies income loss, while health 

system expenditures per case escalate 

sharply, underscoring the economic as 

well as clinical urgency of preventing 

resistance through rapid diagnosis, strict 

infection control, and adherence support. 

Crucially, financial hardship itself 

becomes a barrier to effective TB control. 

Fear of transport costs delays diagnosis, 

daily wage dependency drives treatment 

interruption, and indebtedness 

compounds stigma and psychological 

distress (Khan & Ahmed, 2022; Ali & 

Iqbal, 2022). In this way, poverty and 

tuberculosis reinforce each other in a self-

perpetuating cycle that undermines both 

individual recovery and national disease 

control efforts. 

 

 

Integrating Financial Risk Protection 

into Tuberculosis Control Strategies 

Effective tuberculosis control cannot be 

achieved through biomedical 

interventions alone. In high-burden 

settings such as Pakistan, the persistence 

of catastrophic patient costs demands that 

financial risk protection be embedded as a 

core pillar of TB programming. A 

growing body of evidence demonstrates 

that reducing the economic burden on 

households not only improves welfare but 

directly strengthens treatment adherence, 

shortens diagnostic delays, and lowers the 

risk of drug resistance and onward 

transmission. 

Decentralized and community-based 

models of care represent one of the most 

cost-effective reforms. By shifting 

treatment supervision, drug dispensing, 

and follow-up from distant hospitals to 

community health workers and primary 

care facilities, programs substantially 

reduce transport expenditures and 

opportunity costs associated with 

repeated clinic visits. Evaluations from 

South Asia show that such models can cut 

patient travel costs by more than half 

while maintaining high treatment success 

rates (Ilyas, 2025). For daily wage 

earners, the ability to receive care close to 

home often determines whether treatment 

can be completed at all. 

Investment in rapid molecular diagnostics 

constitutes a second high-impact strategy. 

The expansion of tools such as GeneXpert 

enables early and accurate detection of 

both drug-susceptible and drug-resistant 

TB, reducing the costly and prolonged 

diagnostic pathways that characterize 

conventional smear-based algorithms. 

Earlier diagnosis shortens the period of 

income loss before treatment initiation, 

limits unnecessary private-sector 

expenditures, and prevents clinical 

deterioration that would require 

hospitalization. 

Most critically, comprehensive social 

protection packages are indispensable for 

shielding vulnerable households from 

catastrophic expenditure. Conditional 

cash transfers linked to treatment 

adherence can partially replace lost 

earnings and improve completion rates. 

Nutritional support in the form of food 

baskets or vouchers addresses both 

clinical needs and household food 

insecurity. Transportation vouchers 

remove a primary barrier to clinic 

attendance, particularly in rural areas. 

Finally, targeted schemes to cover non-

medical expenses for the poorest 

households directly operationalize the 

WHO commitment to zero catastrophic 

costs (Global Fund, 2023). 

The first priority is the institutionalization 

of social protection within the national TB 

program. Financial and nutritional 

support for TB-affected households 

should be embedded in the core program 

budget and planning framework, rather 

than confined to short-term donor-funded 

pilots. Predictable and nationwide 

coverage is essential to ensure equity 

across provinces and continuity of 

support throughout the full treatment 

course. 

Second, the scale-up of patient-centered 

care models must be accelerated. 

Expanding the role of community health 

workers in directly observed therapy, 

follow-up treatment, and psychosocial 

support can substantially reduce travel 

costs and income losses associated with 

repeated facility visits. Such models also 

strengthen adherence and early 

identification of treatment complications. 

Third, universal health coverage 

pathways should be actively leveraged. 

Existing health insurance schemes and 

social health protection programs can be 

adapted to cover not only essential 

diagnostics and hospitalization, but also 

ancillary medical and non-medical costs 

that drive catastrophic expenditure. 

Strategic purchasing and benefit package 

design can align TB services with broader 

UHC reforms. 

Finally, robust monitoring is 

indispensable. Systematically tracking the 

proportion of TB-affected households 

experiencing catastrophic costs should 

become a key performance indicator for 

the national program. Without such 

metrics, financial hardship will remain 

invisible, and the End TB goal of zero 

catastrophic costs will remain 

unattainable. 

Conclusion 

This analysis demonstrates that 

tuberculosis in Pakistan is not only a 

biomedical emergency but a profound 

economic shock that systematically 

undermines household welfare and 
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national disease control efforts. Despite 

the availability of free diagnosis and 

medicines, the persistence of substantial 

non-medical and indirect costs exposes a 

critical policy failure: treatment without 

financial protection is incomplete 

treatment. The evidence shows that 

catastrophic expenditure is not an 

exceptional outcome but a routine 

experience for nearly half of TB-affected 

households, with particularly devastating 

consequences for daily wage earners, 

informal workers, and families 

confronting drug-resistant disease. 

The implications are clear. Financial 

hardship is not merely a social 

consequence of tuberculosis; it is a direct 

driver of delayed diagnosis, treatment 

interruption, relapse, and the emergence 

of drug resistance. If households are 

forced to choose between subsistence and 

adherence, Pakistan’s End TB targets will 

remain unattainable, regardless of clinical 

advances. 

A sustainable TB strategy must therefore 

reposition financial risk protection as a 

core pillar of disease control. 

Decentralized care, rapid diagnostics, and 

comprehensive social protection 

packages are not ancillary welfare 

measures but essential public health 

investments. Integrating these 

interventions within universal health 

coverage reforms and rigorously 

monitoring catastrophic costs can 

transform TB control from a narrow 

disease program into a genuine poverty-

alleviation strategy. 
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Understanding Health-Seeking Behavior and Risk Perception 

This article explores how health-seeking behavior is influenced by risk perception, emphasizing that individuals 

interpret illness through personal and cultural lenses. It delves into the complexity of risk perception and delays in 

health care. 

Farwa Anam 

1/22/2026 

Illness rarely announces itself as an 

unmistakable emergency. More often, it 

arrives quietly as persistent fatigue that 

refuses to lift, a cough that lingers longer 

than expected, or a dull discomfort that 

sits just below the threshold of alarm. In 

these uncertain moments, individuals 

begin a subtle but consequential process 

of internal reasoning. The decision to seek 

formal medical care is not triggered solely 

by symptom intensity. Instead, it emerges 

from a personal calculus of risk, shaped 

well before any interaction with the health 

system takes place (WHO, 2022). 

Structural barriers such as cost, distance, 

and availability matter, but they do not 

fully explain why some people delay care 

while others act quickly. The missing link 

is risk perception: the subjective sense of 

threat that determines whether a symptom 

is dismissed, self-managed, or treated as 

medically urgent. 

Risk perception is often mistaken for 

health literacy or awareness. Yet knowing 

that a disease exists is fundamentally 

different from believing it poses a real 

danger to oneself. The former is 

cognitive; the latter is emotional and 

experiential. Medical professionals define 

risk through probabilities, incidence rates, 

and clinical thresholds. Individuals, 

however, construct perceived risk through 

lived experience, social stories, fear, trust, 

and cultural meaning (Slovic & Peters, 

2022). This distinction became especially 

visible during the COVID-19 pandemic. 

People with similar access to information 

and comparable exposure risk adopted 

strikingly different protective behaviors. 

These differences were driven not by gaps 

in knowledge, but by how threatening the 

virus felt to them personally (Dryhurst et 

al., 2020). 

In everyday health decisions, people 

rarely ask whether a symptom meets 

clinical criteria. Instead, they ask quieter 

questions: Does this happen to people like 

me? Have I seen someone suffer from 

this? What would it mean if I were 

wrong? The answers to these questions 

are shaped by family histories, 

community narratives, prior encounters 

with illness, and trust in institutions. Long 

before a clinic is visited, risk perception 

filters symptoms through memory, 

emotion, and culture, quietly guiding 

care-seeking behavior in ways that 

statistics alone cannot predict. 

The Gradual Trajectory of Health-

Seeking: Perception as a Filter 

Health-seeking is best understood as a 

gradual trajectory rather than a single 

decision point. It unfolds through a series 

of interpretive and evaluative stages that 

shape whether and when care is ultimately 

sought. Individuals first notice bodily 

changes and attempt to label them, 

drawing on prior experience, cultural 

beliefs, and informal advice. This initial 

interpretation is followed by an 

assessment of severity and likely causes, 

where symptoms are weighed against 

everyday explanations such as stress, 

aging, or temporary imbalance. Only then 

does a more deliberate consideration 

emerge, in which the perceived benefits of 

seeking care are balanced against 

anticipated costs, including financial 

burden, time, social consequences, and 

emotional strain. Formal or informal 

healthcare utilization comes last, not first, 

in this chain of reasoning. 

At every stage, risk perception acts as a 

filter that determines whether movement 

continues or stalls. When perceived risk is 

low, symptoms are normalized and action 

is postponed. Risk tends to escalate only 

when bodily changes begin to disrupt core 

functions such as work performance, 

caregiving responsibilities, or social 

participation. At that point, the threat 

becomes tangible enough to demand 

attention (Leventhal et al., 2020). This 

dynamic helps explain the persistent 

challenge of late diagnosis for chronic, 

often asymptomatic conditions like 

hypertension or early-stage diabetes. 

Although the clinical risk associated with 

these illnesses is substantial, the absence 

of immediate discomfort keeps perceived 

risk minimal, allowing delay to feel 

reasonable rather than dangerous. 

Delay itself is rarely passive neglect. 

More often, it reflects an active 

psychological strategy aimed at 

preserving normalcy and control. 

Mechanisms such as optimism bias, the 

belief that serious illness is unlikely to 

affect oneself, and normalization, the 

tendency to interpret symptoms as 

ordinary or inevitable, play a central role 

(Sheeran et al., 2023). These processes are 

particularly influential for conditions that 

develop slowly or carry social stigma. In 

such cases, the perceived social and 

emotional costs of seeking care, including 

fear of diagnosis, shame, or 

discrimination, may outweigh the 

perceived health risk, reinforcing 

postponement even when symptoms 

persist. 

This tension becomes even more 

pronounced in preventive care. 

Screenings and vaccinations require 

individuals to act against an invisible 

future threat, confronting a possibility 

rather than a present problem. Human 

decision-making, shaped by present bias, 

tends to prioritize immediate costs over 

delayed benefits. Preventive action 

therefore depends on making future risk 

feel real and relevant, often through cues 

such as the illness of a peer, a compelling 

narrative, or a salient public health 
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message (Rosenstock, 2022). In this 

context, stories and social proof often 

motivate behavior more effectively than 

abstract statistics. 

During public health crises, individual 

risk perception merges into a collective 

phenomenon. Information circulating 

through media and social networks can 

amplify or dampen perceived threat, 

sometimes distorting judgment 

(Kasperson et al., 2021). When 

communication is inconsistent or 

politicized, it can fuel panic or 

complacency. In contrast, trusted, 

community-centered messaging that 

combines honesty with practical guidance 

helps align perceived risk with actual 

danger, supporting timely and 

cooperative health-seeking behavior 

(WHO, 2022). 

Culture, Gender, and the Social 

Shaping of Health Risk 

Risk is never interpreted in a vacuum. 

Cultural frameworks provide the lenses 

through which illness is understood, 

explained, and acted upon. In many 

societies, sickness is framed not solely as 

a biological malfunction but as a test of 

faith, a moral imbalance, or a disruption 

of social harmony. Within these belief 

systems, turning first to traditional 

healers, home remedies, or spiritual 

guidance is not avoidance but a coherent 

and culturally grounded response. Such 

pathways offer familiarity, moral 

reassurance, and emotional support that 

biomedical systems often lack. Formal 

healthcare is therefore frequently 

approached only after these options have 

been exhausted, a sequence that is 

commonly labeled as “delay” but is better 

understood as rational decision-making 

within a specific worldview (Kleinman, 

2020). Health decisions are embedded in 

family structures and community norms, 

negotiated collectively rather than made 

by isolated individuals. 

Gender further shapes how risk is 

perceived, embodied, and expressed. 

Masculinity norms in many contexts 

valorize endurance and self-reliance, 

casting help-seeking as a sign of 

weakness. As a result, men often 

reinterpret symptoms as minor or 

temporary, delaying care until illness 

significantly disrupts daily functioning 

(Smith et al., 2023). Women, by contrast, 

are often socialized to be attentive to 

bodily changes and responsible for family 

health, which can encourage earlier 

engagement with care. Yet this vigilance 

carries its own cost. Women’s symptoms 

are more likely to be psychologized or 

dismissed as emotional, contributing to 

delayed or missed diagnoses for serious 

conditions such as cardiovascular disease 

and certain cancers. These gendered 

patterns of risk perception directly 

translate into unequal health outcomes. 

Mental health presents perhaps the most 

complex challenge of all. Lacking visible 

markers, conditions such as depression or 

anxiety are easily minimized as personal 

weakness or transient stress. Stigma 

amplifies this effect, making the 

perceived social risk of disclosure, loss of 

respect, employment, or relationships, 

feel more immediate than the health risk 

itself (Thornicroft et al., 2022). 

Addressing this imbalance requires 

reshaping public narratives so that mental 

health is recognized as a legitimate, 

shared domain of health risk rather than a 

private moral failing. 

Conclusion 

This article has shown that health-seeking 

behavior cannot be adequately explained 

by access, awareness, or symptom 

severity alone. At the center of the gap 

between knowledge and action lies risk 

perception: a subjective, emotionally 

grounded judgment shaped by 

experience, culture, gender norms, and 

social context. Individuals do not respond 

to illness as passive recipients of 

biomedical facts. Instead, they interpret 

symptoms through personal and 

collective meanings, weighing not only 

physical threat but also social, emotional, 

and economic consequences. This 

explains why delays in care are often 

rational within a given worldview rather 

than evidence of ignorance or neglect. 

Understanding health-seeking as a 

gradual trajectory highlights how risk 

perception filters decisions at every stage, 

from symptom interpretation to 

preventive action. Psychological 

mechanisms such as optimism bias and 

normalization, cultural beliefs about 

illness, gendered expectations, and stigma 

especially around mental health 

consistently reshape what feels dangerous 

enough to act upon. Public health crises 

further demonstrate that information 

alone is insufficient; how risk is 

communicated and socially amplified 

determines behavior more than statistics 

ever could. 

Bridging the gap between knowledge and 

action therefore requires shifting from 

purely informational interventions to 

strategies that engage lived experience. 

Health systems and public health efforts 

must recognize perception as central, not 

peripheral, to care-seeking. Policies, 

communication, and service design that 

align clinical risk with perceived risk 

through trust, cultural sensitivity, and 

relatable narratives are essential for 

timely, equitable, and effective health 

engagement. 
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We all know that vaccines save lives. Yet 

their importance extends far beyond 

public health; vaccination is also one of 

the most cost-effective economic 

investments a country can make. A 

comprehensive analysis drawing on more 

than two decades of research in Pakistan 

reinforces this conclusion with 

remarkable clarity. The findings show 

that every rupee invested in routine 

childhood immunization yields 

substantial economic returns by reducing 

disease-related healthcare costs, 

improving educational outcomes, and 

strengthening long-term labor 

productivity. Healthier children are more 

likely to attend school consistently, 

achieve better cognitive development, 

and grow into adults capable of 

contributing productively to the economy. 

The economic benefits also extend to 

households and the broader health system. 

By preventing avoidable illnesses, 

vaccination reduces out-of-pocket 

medical expenses that often push low-

income families into debt or poverty. At 

the macro level, immunization lowers the 

fiscal burden on public hospitals, frees up 

scarce healthcare resources, and enhances 

national economic resilience. In this 

sense, vaccines function not only as a 

health intervention but also as a powerful 

tool for poverty reduction, human capital 

formation, and inclusive growth. 

Despite these clear benefits, Pakistan’s 

immunization program stands at a critical 

juncture. As the country moves toward 

greater financial self-reliance and 

prepares to assume full responsibility for 

funding its vaccine programs, the stakes 

are higher than ever. Experts caution that 

sustaining and expanding immunization 

coverage will require more than 

purchasing vaccines and maintaining cold 

chains. It demands smarter economic 

planning, improved targeting of 

underserved populations, and stronger 

governance to ensure efficiency and 

equity. 

Strategic investment in immunization 

delivery systems, data-driven planning, 

and community engagement will be 

essential to prevent coverage gaps and 

protect hard-won gains. Ultimately, 

treating vaccines as a core economic 

investment rather than a recurring 

expense can help Pakistan secure 

healthier generations, a more productive 

workforce, and a stronger, more equitable 

future where no child is left behind. 

The Stakes: More Than Just Polio 

Drops 

Pakistan’s immunization journey reflects 

a complex mix of persistent challenges 

and measurable achievements. Public 

attention often centers on the country’s 

long-running battle against polio, yet this 

focus can overshadow the far broader 

routine immunization system that quietly 

protects millions of children from 

measles, pneumonia, hepatitis, tetanus, 

and other life-threatening diseases. This 

routine system is the true backbone of 

public health and a critical pillar of long-

term socioeconomic stability. 

The data reveals dual reality. On one 

hand, Pakistan remains one of only two 

countries where wild poliovirus is still 

endemic, underscoring persistent gaps in 

coverage and trust. While approximately 

84 percent of children receive their initial 

basic vaccines, only about 69 percent 

complete the second, crucial dose of the 

measles vaccine. These gaps are not 

merely statistical; they translate into real 

human costs. The measles outbreaks of 

2022–23, which affected more than 

30,000 children, highlighted how quickly 

preventable diseases can resurface when 

immunization coverage falters. 

On the other hand, the opportunity cost of 

inaction is enormous. Global and country-

specific evidence consistently shows that 

childhood immunization delivers 

exceptional economic returns. In low- and 

middle-income countries such as 

Pakistan, every dollar invested in routine 

immunization generates an estimated 

sixteen dollars in economic benefits. 

These gains arise from avoided 

hospitalizations, reduced pressure on 

overstretched health systems, and the 

protection of household incomes when 

parents are spared the need to miss work 

to care for sick children. 

More importantly, vaccines protect future 

productivity. Children who avoid severe 

illness, disability, or cognitive 

impairment are more likely to attend 

school regularly, learn effectively, and 

grow into healthy, economically active 

adults. Seen through this lens, vaccines 

are not simply a health expense but a 

foundational investment in human capital. 

Preventing a single case of measles 

complications or polio-related disability 

can save families and the state from 

catastrophic, lifelong costs, reinforcing 

immunization as both a moral imperative 

and an economic necessity. 

By the Numbers: What Research Tells 

Us About Specific Vaccines 

A closer examination of individual 

vaccines reveals why immunization is 

repeatedly ranked among the most cost-

effective public health interventions 

available to Pakistan. The economic logic 

becomes particularly clear when the long-

term costs of disease are compared with 

the relatively modest costs of prevention. 

Polio provides the most striking example. 

While the eradication campaign requires 
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sustained and visible financial 

commitment, the alternative is far more 

expensive and socially damaging. 

Managing recurrent outbreaks, providing 

rehabilitation, and supporting lifelong 

care for a single child living with polio-

induced paralysis can exceed USD 50,000 

over a lifetime. Beyond direct medical 

costs, there are indirect losses through 

reduced educational attainment, limited 

labor market participation, and long-term 

dependency, all of which impose a heavy 

burden on families and public resources. 

Measles offers a similarly compelling 

case. Reaching the hardest-to-vaccinate 

“zero-dose” children often those living in 

remote, insecure, or marginalized 

communities costs an estimated USD 27 

per child. While this figure may appear 

high relative to routine service delivery, it 

is negligible compared to the economic 

and health costs of a measles outbreak, 

which includes hospitalization, 

emergency response expenditures, and 

productivity losses for caregivers. 

Vaccines targeting pneumonia and 

Haemophilus influenzae type b (Hib), two 

leading causes of child mortality, are 

consistently classified as highly cost-

effective. By preventing severe 

infections, these vaccines avert expensive 

hospital admissions, reduce the need for 

antibiotics, and save thousands of young 

lives each year, producing substantial 

economic and social returns. 

Even COVID-19 vaccination 

demonstrated strong economic value. 

Despite higher initial prices, prioritizing 

high-risk populations in Pakistan proved 

cost-effective by preventing severe 

disease, reducing mortality, and 

protecting the health system from 

collapse. Collectively, these findings 

reinforce a clear conclusion: targeted 

investment in vaccines delivers 

exceptional value for money while 

safeguarding both public health and 

economic stability. 

Navigating the Post-Donor Era: 

Evidence Gaps at a Critical Turning 

Point 

Pakistan’s immunization program is 

approaching a decisive transition. For 

decades, international partners most 

notably Gavi have played a central role in 

co-financing vaccine procurement and 

system strengthening. By 2028, Pakistan 

is expected to fully assume financial 

responsibility for its immunization 

program, marking a significant test of 

fiscal sustainability and policy 

commitment. Recent estimates suggest 

that maintaining current coverage levels 

while closing existing gaps could require 

a 150 percent increase in domestic 

immunization spending by 2030. In this 

context, efficient, evidence-based 

allocation of resources is no longer 

optional; it is essential. 

Despite the growing body of research on 

vaccine cost-effectiveness, critical 

knowledge gaps persist. Much of the 

existing literature focuses narrowly on 

short-term healthcare savings, such as 

avoided treatment costs and reduced 

hospital admissions. Far less is known 

about the long-term macroeconomic gains 

associated with a healthier and more 

cognitively capable population, including 

impacts on labor productivity, human 

capital formation, and national economic 

growth. 

Equity considerations are another blind 

spot. There is limited empirical evidence 

assessing whether immunization 

spending delivers comparable economic 

benefits across provinces, rural and urban 

areas, or income groups. Without such 

analysis, it remains unclear whether 

current investments are reducing 

disparities or inadvertently reinforcing 

them. 

Evidence gaps are particularly 

pronounced for newer vaccines targeting 

adolescents and adults, such as HPV 

vaccines for cervical cancer prevention or 

typhoid vaccines in high-burden settings. 

Similarly, the economic value of 

innovative delivery mechanisms digital 

immunization registries, mobile outreach, 

or drone-based supply chain remains 

insufficiently documented. 

As Pakistan enters this post-donor phase, 

filling these gaps is vital. Robust 

economic evidence can guide smarter 

investments, protect equity, and ensure 

that the immunization program remains 

both financially sustainable and socially 

inclusive in the years ahead. 

From External Support to National 

Stewardship 

The evidence sends an unmistakable 

signal: Pakistan must now reframe 

immunization as a long-term national 

investment rather than a time-bound, 

donor-supported intervention. As external 

financing declines, the sustainability of 

the immunization program will depend on 

the country’s ability to embed vaccines 

firmly within its core development and 

fiscal planning frameworks. This shift 

requires moving beyond short-term 

coverage targets toward a strategic vision 

that recognizes immunization as 

foundational to human capital formation, 

economic productivity, and social 

protection. 

For government institutions, this means 

institutionalizing economic evaluation in 

decision-making. Budget impact and 

cost–benefit analyses should become 

mandatory prerequisites for the 

introduction of new vaccines, ensuring 

that financial commitments are realistic 

and aligned with long-term fiscal 

capacity. Early planning for domestic 

financing is essential to avoid coverage 

disruptions during the transition to full 

self-financing. 

The research community also has a 

critical role to play. Future studies must 

go beyond aggregate cost-effectiveness to 

examine equity, efficiency, and 

sustainability. Understanding how 

immunization investments affect different 

population groups and how resources can 

be allocated more intelligently will help 

policymakers achieve greater impact 

without disproportionate increases in 

spending. 

Development partners, meanwhile, can 

contribute most effectively by 

strengthening local capacity. Investing in 

Pakistani expertise in health economics, 

data analysis, and policy evaluation will 

enable evidence generation from within 

the system, reducing reliance on external 

assessments. 

Ultimately, vaccines are not only among 

the most powerful life-saving 
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interventions, but also among the most 

reliable economic investments a country 

can make. Using this evidence wisely will 

allow Pakistan to secure a healthier, more 

productive, and more resilient future for 

generations to come. 

Conclusion 

This review makes a compelling case that 

immunization in Pakistan is far more than 

a public health obligation; it is a strategic 

economic investment with profound and 

lasting returns. The accumulated evidence 

demonstrates that vaccines consistently 

generate benefits that extend well beyond 

disease prevention reducing household 

poverty risks, easing fiscal pressure on the 

health system, strengthening human 

capital, and supporting inclusive 

economic growth. By preventing 

avoidable illness, disability, and 

premature death, immunization protects 

both present livelihoods and future 

productivity, reinforcing its role as a 

cornerstone of national development. 

Yet the article also highlights a moment 

of significant vulnerability. As Pakistan 

transitions toward full domestic financing 

of its immunization program, maintaining 

coverage and equity will require 

deliberate, evidence-informed policy 

choices. Reliance on short-term, donor-

driven models must give way to long-term 

national stewardship grounded in 

economic evaluation, fiscal planning, and 

accountability. Addressing persistent data 

gaps particularly around equity, long-

term macroeconomic impacts, and 

innovative delivery mechanisms will be 

essential for spending smarter rather than 

simply spending more. 

Ultimately, the choice facing Pakistan is 

clear. Treating vaccines as a recurrent 

expense risks underinvestment and 

renewed disease outbreaks; treating them 

as a national investment secures healthier 

children, a more productive workforce, 

and greater economic resilience. 

Anchored in robust evidence and 

sustained political commitment, 

immunization can remain one of 

Pakistan’s most powerful tools for 

building a healthier, more prosperous, and 

more equitable future. 
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this article are of the author and do not 

necessarily reflect the views or policies of 

any organization. 
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