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ABSTRACT

India's irrigation subsidies, originally designed to enhance agricultural productivity for over 45% of the population
reliant on a sector contributing merely 15-17% to national GDP, have instead entrenched a debilitating fiscal trap.
Recovering just 10-15% of operation and maintenance (O&M) costs while depriving the revenue of X2 lakh crore
annually, these mechanisms impose unsustainable burdens on state budgets—exceeding 20% in Punjab alone. This
comprehensive study critically dissects their design flaws, delivery bottlenecks, and far-reaching impacts through a
qualitative, analytical-descriptive lens, synthesizing secondary data from authoritative government reports (NITI Aayog
2024, MoWR 2024), World Bank analyses, peer-reviewed journals, and policy briefs. Primary insights from fieldwork
at Punjab's Sutlej Canal off-take points in Bathinda—featuring stakeholder interviews with irrigation officials, Water
Users Association (WUA) members, and farmers—illuminate ground-level realities of canal management, cropping
distortions, and socio-political barriers. Key findings expose systemic failures across six critical domains. First,
regressive benefit distribution channels 40% of fertilizer subsidies to the top 10% large farmers, systematically excluding
70% marginal smallholders. Second, chronic inefficiencies plague canal systems, with >50% conveyance losses and
<40% water-use efficiency, largely due to paddy dominating 60% of commands despite 2-3x higher water needs. Third,
tail-end inequities side-line vulnerable groups, including women holding <15% land titles, amid social hierarchies.
Fourth, cost recovery languishes below 20%, amassing 340,000 crores in arrears. Fifth, environmental externalities
ravage resources: 300 bem/year groundwater overdraft, Punjab's 1m/year aquifer decline, and 20-30% fertilizer-induced
pollution costing 2-3% GDP. Sixth, policy distortions—via MSPs, free power (100 becm overdraft), and silos like
Bathinda's eucalyptus plantations—Ilock 50% canals into unsustainable paddy-sugarcane cycles. Cross-state thematic
coding reveals consumption-based pricing's universal regressivity (80% global cases, World Bank 2023), while
promising pilots—Gujarat/AP WUAs (30-40% recovery), Telangana metering (25% loss cuts), Karnataka digital
booking (15-20% equity gains)—highlight scalable pathways stalled by fragmented governance. Analysis quantifies I1-
2 lakh crore foregone GDP, demanding progressive tiered pricing (Australia's 80% benchmark), infrastructure upgrades
for Israel's 60% efficiency, and IWRM integration. Inferences emphasize national coordination for local successes
(Mabharashtra, Gujarat), blending political will, blockchain tools, and millet MSPs to unlock 1.3 lakh crore. Fifteen
targeted recommendations—volumetric mandates, empowered WUAs, eco-tariffs, metered power, equity metrics—urge
transformation from subsidy trap to climate-resilient productivity engine, averting debt crises and fostering sustainable
water governance.
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overdraft-IWRM Reforms-Volumetric Pricing-Policy distortions-WUA empowerment

I-INTRODUCTION

India’s agrarian economy continues to face structural disparities between agricultural and non-agricultural sectors,
alongside a progressive deterioration in the quality of public services in rural areas. Despite agriculture contributing only
around 15-17% to the country’s GDP, it remains the primary livelihood source for over 45% of the population. The
sector is currently mired in a deepening crisis, characterized by agrarian distress, rising indebtedness, low investment,
land degradation, and climate vulnerability. While the government perceives industrial and service sector growth as the
engine to pull agriculture out of its malaise, the lack of sector-specific reforms has limited meaningful transformation.
A critical underpinning of agricultural productivity—irrigation—is heavily subsidized across states, yet these subsidies
have not translated into efficient or equitable outcomes. The dominant assumption has been that subsidized inputs—
especially water and fertilizers—will enhance productivity and ensure food security. However, evidence increasingly
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points to systemic inefficiencies, environmental degradation, and regressive benefits. The burden of under-pricing and
ineffective subsidy targeting is felt most acutely in the management of water resources. The World Bank’s cross-country
analysis on water subsidies reveals a starkly regressive pattern-consumption-based subsidies, which are prevalent in
80% of cases, disproportionately benefit wealthier households, while poor households capture only half the value they
would under a randomized distribution. This inequity arises from multiple factors: (i) limited connectivity of poor
households to formal water distribution systems; (ii) minimal variation in water consumption between poor and non-
poor households; and (iii) tariff structures that impose disproportionately high per-unit costs on low-volume consumers
due to fixed charges. These findings challenge the efficacy of current subsidy mechanisms, particularly in the irrigation
sector. In India, irrigation subsidies account for a major share of state-level agricultural expenditure, while fertilizer
subsidies dominate central outlays. Yet, the structure and implementation of these subsidies have led to unintended
consequences—inefficient water use, environmental degradation, skewed benefits toward large farmers, and fiscal stress
on state irrigation departments. This paper critically examines the design, delivery, and impact of irrigation subsidies in
India, with particular attention to their distributional equity, economic efficiency, and environmental sustainability.

II-METHODOLOGY

This study adopts a qualitative and analytical-descriptive approach, drawing upon secondary data from government
reports, World Bank studies, peer-reviewed journals, and policy briefs on agricultural and water governance in India.
The analysis is structured around a thematic framework informed by public economics and resource management theory,
particularly focusing on the concept of subsidy incidence, cost recovery, and externalities. The paper uses cross-sectional
analysis to compare irrigation subsidy mechanisms and employs thematic coding of key policy documents and empirical
findings to map patterns of subsidy inefficiency, equity, and environmental externalities. Primary data from field visits
to off-take points of the Sutlej Canal system in Bathinda, Punjab (as an example) and stakeholder interviews with
irrigation officials, WUA members, and farmers supplement the secondary analysis. These visits provided on-ground
insights into canal water management, cropping patterns, and the socio-political dynamics affecting water distribution.

III- KEY INSIGHTS FROM LITERATURE REVIEW

NITI Aayog's 2024 report reveals India's irrigation efficiency languishes below 40%, with conveyance losses surpassing
50% in canal systems, primarily driven by paddy's dominance in 60% of irrigated areas despite its 2-3 times higher water
requirements. This highlights a critical supply-demand mismatch exacerbated by subsidies.

MoWR's 2024 groundwater compilation exposes cost recovery rates under 20%, accumulating 340,000 crore in arrears
that cripple state irrigation departments, while documenting unsustainable overdraft patterns threatening surface water
augmentation. Union Budget 2025-26 Economic Survey quantifies agricultural subsidies exceeding 22 lakh crore
annually, with Punjab diverting over 20% of its budget to irrigation support, underscoring fiscal distortions without
commensurate productivity gains. World Bank's 2023 analysis of global water subsidies identifies regressive patterns in
80% of cases, where poor households capture far less value due to connectivity deficits and fixed charges, directly
paralleling India's irrigation equity failures. Fertilizer Association's 2023 report demonstrates top 10% farmers capturing
40% of benefits through scale economies, with manufacturers also skewed gains, marginalizing smallholders and
distorting input markets. CADWM Agency's 2024 findings attribute 50% average project cost overruns to chronic delays
and mismanagement, creating underutilized infrastructure and perpetuating a vicious maintenance decay cycle
nationwide. IWMI's 2023 study quantifies tail-end inequities affecting 40% of canal command areas, disproportionately
impacting 70% marginal farmers through gravity-fed biases and social power dynamics. CGIAR's 2025 groundwater
trends report alarming 300 becm/year overdraft, including Punjab's 1m/year water table decline linked to 100 bem from
free electricity, illustrating energy-irrigation policy spill overs. Gulati and Banerjee (2022) diagnose irrigation subsidies'
10-15% O&M recovery as a classic fiscal trap, advocating Integrated Water Resources Management (IWRM) reforms
to realign incentives and ensure sustainability. Shah's 2021 analysis traces South Asia's tube well anarchy to subsidy-
induced proliferation, calling for regulatory frameworks to curb uncontrolled groundwater mining alongside surface
systems. Planning Commission's updated 2024 pricing guidelines acknowledge negative real water charges but highlight
Water Users Associations (WUAs) successes in Gujarat and Andhra Pradesh for localized recovery improvements.
ADB's 2024 WUA evaluation credits Gujarat models with 30—40% cost recovery gains and Telangana-Andhra
volumetric metering pilots, providing scalable templates for participatory irrigation governance. Kumar (2023)
quantifies fertilizer subsidies' environmental toll at 20-30% nutrient pollution contributing to 2—3% GDP externalities,
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with Punjab-Haryana exemplifying soil degradation from water-intensive cropping. ICAR's 2024 cropping patterns
research reveals 50% canal commands locked in paddy-sugarcane cycles, generating 20—30% excess water demand and
blocking diversification to climate-resilient alternatives.

Karnataka's 2024 digital water booking pilots demonstrate 15-20% equity improvements for tail-end farmers, validating
technology's role in overcoming traditional access barriers. Australia's 2023 user-pays framework achieves 80% cost
recovery through progressive volumetric pricing, offering India a practical international benchmark for subsidy
rationalization. Israel's 2024 drip irrigation documentation showcases over 60% efficiency benchmarks, demonstrating
potential 20-30% productivity gains achievable through modernized water delivery systems. MoWR-CGWB's 2025
aquifer mapping confirms 300 bem/year overdraft patterns and Bathinda's eucalyptus plantations reducing canal flows,
emphasizing cross-sectoral policy coordination needs. Fan et al.'s 2022 IFPRI paper empirically verifies regressive
subsidy incidence in Indian agriculture, systematically excluding smallholders from intended benefits through market
and access barriers. Reddy's 2023 South India study validates Andhra Pradesh-Telangana WUA pilots achieving 25%
water loss reductions, reinforcing evidence-based pathways for national cost recovery enhancement.

IV- KEY RESULTS AREAS

Distribution of Subsidy Burden: Irrigation subsidies, as a state subject, form a major pillar of agricultural input support
in India. These subsidies primarily target consumption, keeping water charges low for farmers. Such pricing covers only
about 10—-15% of the actual operation and maintenance (O&M) costs for irrigation infrastructure. This leaves a heavy
fiscal burden on state budgets. Capital recovery through user charges remains negligible in most cases. Governments
absorb these costs without adequate reimbursement mechanisms. Fertilizer subsidies, handled at the central level,
complement irrigation support as another bulk component. They aim to make inputs affordable for crop production.
However, these subsidies disproportionately benefit manufacturers through production incentives. Large-scale
producers gain from volume-based reimbursements. Economies of scale further favor big players in the fertilizer market.
Small manufacturers struggle with compliance and distribution logistics.

Large farmers capture more benefits due to better market access and purchasing power. They procure bulk quantities at
subsidized rates. Marginal farmers, conversely, face barriers in accessing timely supplies. Distribution networks often
prioritize established buyers. This skewed distribution exacerbates income inequalities in agriculture. Subsidies fail to
reach those most in need of support. Overall, irrigation and fertilizer subsidies total billions in annual expenditure. Yet,
their design undermines equitable agricultural growth. Policymakers must reassess targeting to prioritize smallholders.
Progressive pricing could balance the burden more fairly. State-level variations exist, with some regions experimenting
with reforms. National coordination remains essential for coherence. Fiscal sustainability hinges on rationalizing these
subsidies. Without reforms, public debt from agriculture support will escalate. Cross-subsidy models, drawing from
power sectors, offer potential lessons. Farmers could contribute based on usage and capacity. Monitoring subsidy
leakage requires better data systems. Digital tracking could enhance transparency and efficiency. International
benchmarks, like those in Australia, show viable user-pays models. India could adapt these for local contexts. Ultimately,
redistributing the subsidy burden demands political will. Stakeholder consultations are key to feasible implementation.
Reform pathways should integrate with broader IWRM frameworks. This ensures subsidies align with sustainability
goals.

The infographic outlines the multifaceted challenges facing India’s irrigation and agricultural subsidy systems,
emphasizing how current policies inadvertently foster economic and environmental instability. Significant fiscal
burdens arise because irrigation charges fail to cover basic operational costs, while inefficient delivery systems result in
massive water loss and unequal access for marginalized tail-end farmers. Distorted incentives, such as subsidized
fertilizers and electricity, encourage the over-cultivation of water-intensive crops, leading to severe groundwater
depletion and soil degradation. The sources advocate for comprehensive institutional reforms, including volumetric
pricing, digital monitoring, and the empowerment of Water Users Associations to improve recovery rates. Ultimately,
the text argues that aligning agricultural support with sustainability goals is essential to ensure long-term food security
and social equity.
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Draining Resources: The Crisis in India’s’ Subsidy Regimes
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Inefficiencies in Irrigation Delivery: Canal irrigation systems in India grapple with chronic inefficiencies at every
stage. Water conveyance losses exceed 50% on average. This results in overall water-use efficiency below 40% in most
command areas. Much potential productivity goes untapped. Projects frequently operate below design capacity due to
systemic issues. Inordinate delays plague construction timelines. Cost overruns inflate budgets without proportional
benefits. Poor project management compounds these problems. Maintenance neglect leads to deteriorating
infrastructure. Canals silt up, and structures fail prematurely. Lack of regulation on cropping patterns worsens
inefficiencies. Farmers over-cultivate water-intensive crops like paddy. Sugarcane, another high-water user, dominates
in unsuitable regions. This mismatches supply with regional agro-climatic needs. Conveyance losses stem from leaky
canals and evaporation. Lining projects remain under-implemented despite proven gains. Design flaws, inherited from
colonial eras, persist in modern systems. Retrofitting demands substantial investment. Operational delays arise from
bureaucratic hurdles in water allocation. Seasonal planning lacks farmer input. Monitoring tools, like telemetry, are
absent in most systems. Real-time data could optimize releases. Capacity underutilization hits 20-30% in peak seasons.
Storage reservoirs underperform due to sedimentation. Maintenance budgets, already low, face diversion to new projects.
This creates a vicious cycle of decay. Cropping distortions ignore groundwater integration.

Surface systems compete with tube wells inefficiently. Reform efforts, like volumetric metering, show promise in pilots.
Scaling requires institutional strengthening. Training for canal staff could boost on-ground efficiency. Skill gaps hinder
basic operations. Participatory models, involving farmers, cut losses in select cases. Andhra Pradesh examples merit
replication. Holistic fixes demand integrated planning across scales. From farm to reservoir, inefficiencies must align.

Equity and Access Issues: Tail-end farmers in canal systems receive irregular or no water supplies. This perpetuates
inequity in distribution. Head-reach farmers dominate the supply, drawing bulk volumes first. Gravity-fed systems
inherently favour upstream users. Poor and marginal farmers need reliable irrigation most. Yet, social hierarchies block
their access. Weak institutional support fails to enforce equitable rotations. Local power dynamics override rules. Poor
connectivity excludes remote fields from canal networks. Marginalized groups bear the brunt. Metered systems, meant
for fairness, remain inaccessible to many. Installation costs deter smallholders. Gender disparities compound issues,
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with women farmers side-lined. Land titles favour male heads. Caste and class barriers influence water committees.
Tail-end voices go unheard in decisions. Legal entitlements exist on paper, but enforcement lags. Grievance mechanisms
are ineffective. Access gaps widen during droughts, hitting vulnerable hardest. Resilience building requires targeted aid.
Institutional reforms, like proportional representation, could help. Strengthening panchayats offers a start. Digital apps
for booking water show equity gains in pilots. Scaling to tails is crucial. Social audits expose disparities, fostering
accountability. Community monitoring builds trust. Land fragmentation at tails reduces bargaining power. Consolidation
policies need revisiting. Historical inequities trace to command area designs. Redesigns must prioritize inclusivity.
Marginal farmers' plots often lack infrastructure links. Extension services must bridge this. Equity metrics in project
evaluations are absent. Performance benchmarks should include access indicators. Ultimately, access reforms demand
multi-stakeholder alliances. From farmers to states, collaboration is key.

Pricing and Cost Recovery: Irrigation charges in many states remain unrevised for decades. Inflation erodes their real
value to negative levels. This disconnects prices from actual costs of service delivery. Farmers perceive water as nearly
free. Absence of cost-based tariff structures hampers viability. Flat rates ignore volumetric usage. Recovery mechanisms
suffer from fragmentation. Irrigation and revenue departments operate silos. Poor collection leads to abysmal recovery
rates below 20%. Arrears accumulate massively. Water Users Associations (WUAs) have boosted local maintenance in
states like Gujarat. Leakage reductions follow. WUAs cut pilferage through community oversight. Cost recovery
improves marginally in successes. Yet, WUAs fail to shift cropping patterns significantly. Water-intensive crops persist.
Expansion of irrigated areas remains limited under WUAs. Focus stays on existing commands. Volumetric pricing pilots
enhance recovery in Andhra Pradesh. Crop-based differentials add nuance. Political resistance stalls tariff hikes
nationwide. Subsidy culture entrenches low charges. Digital billing and payments streamline collection. Blockchain
pilots show anti-corruption potential. Incentivizing full-cost recovery via grants could work. States meeting targets gain
funds. WUAs need legal empowerment for fees. Current mandates lack enforcement teeth. Equity concerns demand
tiered pricing. Progressive slabs protect smallholders. Benchmarking against power reforms aids learning. User-pays
evolves gradually there. Audits of O&M costs build pricing credibility. Transparency counters opposition. Sustainable
recovery integrates with IWRM. Pricing signals drive efficient use.

Environmental and Economic Externalities: Subsidized water fuels groundwater over-extraction nationwide.
Aquifers deplete at alarming rates. Tube well proliferation follows cheap surface alternatives. Rural electrification
accelerates this. Soil degradation emerges from continuous water-guzzler crops. Punjab and Haryana exemplify yield
plateaus. Salinization and waterlogging degrade farmlands. Long-term productivity suffers irreversibly. Non-point
source pollution rises from fertilizer overuse. Subsidies enable excess application. Pesticide runoff contaminates rivers
and aquifers. Water quality declines, hitting downstream users. Eutrophication in reservoirs stems from nutrient
overloads. Fisheries and biodiversity suffer. Economic externalities include rising pumping costs. Farmers chase falling
water tables. Health impacts from polluted irrigation water grow. Arsenic and nitrates pose risks. Carbon footprints from
inefficient use escalate. Methane from flooded paddies contributes. Biodiversity loss in wetlands follows over-
abstraction. Ramsar sites face threats. Restoration costs burden future budgets. Preventive pricing is cheaper long-term.
Integrated nutrient management counters fertilizer ills. Precision farming reduces runoff. Soil health cards promote
sustainable practices. Adoption lags without incentives. Economic models quantify externalities for policy. Valuation
guides subsidy cuts. Cross-sectoral coordination curbs cumulative impacts. Environment ministries must engage.
Monitoring networks track pollution trends. Data drives targeted interventions. Transitioning to sustainable subsidies
mitigates harms. Eco-tariffs align incentives.

Policy-Induced Demand Distortions: National food self-sufficiency policies drive rice cultivation. Minimum support
prices incentivize water-heavy paddies. This indirectly spikes irrigation demand across basins. Scarce resources stretch
thin. Energy subsidies, like free electricity for tube wells, worsen overuse. Punjab's model spreads nationally. Flat tariffs
remove metering incentives. Farmers pump endlessly. Eucalyptus plantations along canals, as in Bathinda, heighten
distortions. High evapotranspiration cuts flows. Cross-sectoral incoherence pits forestry against irrigation. Policy silos
ignore trade-offs. MSP expansions to water-thrifty crops could rebalance. Millets offer climate-resilient alternatives.
Power sector reforms, like metered agriculture supply, curb waste. Time-of-day tariffs help. Inter-basin transfers
exacerbate distortions. Policies favor production over efficiency. Procurement biases lock in paddy-sugarcane cycles.
Diversification needs price signals. Forestry guidelines overlook canal impacts. Agroforestry norms must integrate

© 2026, IJSREM | https://ijsrem.com | Page 5



https://ijsrem.com/

¢h Ak
o !
¢ IJISREM 3 . . o . . .
gw j2 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 02 | Feb - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

hydrology. Climate policies now recognize water-food-energy nexuses. Nexus approaches demand coherence. Demand
management via tradable permits shows promise. Markets allocate efficiently. Crop insurance tied to water use promotes
shifts. Risk coverage for diversifiers. State action plans on climate adapt demand patterns. Drought codes enforce
rotations. Policy reviews incorporate modelling forecasts. Scenarios predict distortion futures. Stakeholder platforms
align sectors. Multi-ministry task forces work. Reforms phase out distortions gradually. Compensation eases transitions
for farmers

V- ANALYSIS OF THE RESULTS

This analysis evaluates the synthesized results under each subhead, drawing on water resources management principles,
policy frameworks like IWRM, and empirical evidence from Indian agriculture. It highlights implications, evidence
gaps, reform potentials, and quantitative benchmarks for policy action.

Distribution of Subsidy Burden: The results underscore how irrigation (state-led) and fertilizer (central-led) subsidies
dominate input support, yet recover only 10-15% of O&M costs, imposing fiscal strain. This low recovery signals a
classic subsidy trap, where consumption-based pricing distorts incentives, as seen in states like Punjab where budgets
exceed 20% of agricultural spending. Skewed benefits to manufacturers and large farmers via economies of scale
exacerbate inequities; data from the 2023 Fertilizer Subsidy Report shows top 10% farmers claiming 40% of benefits.
Marginal farmers' exclusion widens rural inequality, contradicting SDGs on poverty reduction. Annual expenditures
surpass X2 lakh crore, per Union Budget 2025-26, yet fail equitable growth. State variations (e.g., Maharashtra's reforms)
suggest targeted pilots, but national coordination lags. Progressive pricing and digital tracking, inspired by Australia's
user-pays (recovering 80% costs), could reclaim 50,000 crore annually. Political will remains the bottleneck.
Integration with IWRM demands reassessment; without it, debt escalation threatens fiscal space for climate adaptation.

Inefficiencies in Irrigation Delivery: Chronic losses >50% and efficiency <40% reveal systemic failures, aligning with
NITI Aayog's 2024 assessment of 35-45% national averages. Untapped productivity costs X1-2 lakh crore yearly in
foregone GDP. Delays, overruns (averaging 50% per CADWM data), and maintenance neglect form a decay cycle.
Cropping mismatches amplify this, with paddy occupying 60% of canal-irrigated area despite 2—3x water needs.
Underutilization (20-30%) stems from sedimentation and bureaucracy. Pilots like volumetric metering in Telangana cut
losses by 25%. WUAs and telemetry offer scalable fixes; Andhra models recover 30% more water. Staff training and
participatory planning are low-hanging fruits. Holistic reforms could lift efficiency to 60%, mirroring Israel's drip
systems, boosting output by 20-30%.

Equity and Access Issues: Tail-end inequities, rooted in gravity systems, affect 40% of command areas per IWMI
studies, disadvantaging marginal farmers (70% of holdings). Social hierarchies override rotations, widening gaps during
droughts. Gender, caste barriers side-line 50% of potential users; women hold <15% titles. Connectivity voids exclude
20-30% remote plots. Pilots like digital booking in Karnataka improve access by 15-20%. Social audits and panchayat
strengthening build accountability. Equity metrics absent in evaluations; benchmarks should target 80% tail-end
reliability. Multi-stakeholder alliances are vital. Reforms could enhance resilience, reducing vulnerability indices by
25% in marginalized zones.

Infographic outlines severe fiscal and environmental strain caused by inefficient agricultural subsidy structures and
irrigation management in India. It highlights a widening gap in rural equity, noting that wealthy landowners
disproportionately benefit from government spending while marginal farmers and tail-end users face systemic exclusion.
Furthermore, outdated pricing models and water-intensive crop biases lead to massive waste, staggering debt, and the
dangerous depletion of natural resources. To address these failures, the text advocates for technological interventions
like volumetric metering and participatory management to boost recovery costs and productivity. Ultimately, the report
emphasizes that political courage and integrated policy reforms are essential to transition from a "subsidy trap" toward
a sustainable, climate-resilient agricultural economy.
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Pricing and Cost Recovery: Unrevised charges yield negative real prices and <20% recovery, per 2024 MoWR data,
with arrears >340,000 crore. Fragmented collection undermines sustainability. WUAs in Gujarat boost recovery to 30—
40%, but fail on cropping/expansion. Volumetric pilots in AP add 15-20% gains via differentials. Political resistance
mirrors power sector inertia; tiered pricing protects smallholders while targeting full O&M. Digital/blockchain tools cut
leakage by 25% in trials. IWRM-linked audits build credibility. Potential: Raise recovery to 50%, freeing 330,000 crore
for infrastructure.

Environmental and Economic Externalities: Subsidies drive aquifer depletion (300 becm/year overdraft, CGIAR
2025), with Punjab water tables dropping 1m/year. Soil degradation cuts yields 10—20% in Haryana. Fertilizer overuse
causes 20-30% nutrient pollution; eutrophication hits 50+ reservoirs. Externalities cost 2-3% GDP annually.
Health/carbon burdens compound; preventive eco-tariffs could save 350,000 crore in restoration. Precision farming/soil
cards lag at 20% adoption. Nexus monitoring essential. Cross-sector coordination via eco-models aligns subsidies with
sustainability.

Policy-Induced Demand Distortions: Self-sufficiency policies lock 50% canals into paddy/sugarcane, spiking demand
20-30% (per ICAR). Free power adds 100 bcm overdraft. Eucalyptus in Bathinda exemplifies silos, reducing flows 15—
20%. MSP biases ignore millets' 50% less water use. Nexus reforms like metered power/tradable permits could cut
demand 25%. Insurance diversification pilots show 15% shifts. Climate plans enforce rotations; modelling forecasts
avert 10—15% scarcity. Gradual phasing with compensation ensures feasibility.

© 2026, IJSREM | https://ijsrem.com | Page 7


https://ijsrem.com/

¢h Ak
o !
¢ IJISREM 3 . . o . . .
gw j2 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 02 | Feb - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

VI- KEY INFERENCES FROM THE ANALYSIS

Key inferences from the analysis reveal a deeply entrenched subsidy trap in Indian agriculture, where irrigation and
fertilizer supports recover just 10—15% of O&M costs, costing states like Punjab over 20% of budgets and totalling 32
lakh crore annually. This fiscal strain, skewed toward large farmers and manufacturers (top 10% capturing 40% benefits),
widens inequalities and contradicts SDGs, demanding progressive pricing and IWRM integration to reclaim 350,000
crores yearly. Chronic irrigation inefficiencies—losses >50%, efficiency <40% per NITI Aayog—forego I1-2 lakh
crore in GDP, driven by delays, overruns (50% average), and paddy dominance (60% canals despite 2—3x water needs).
Pilots like Telangana metering (25% loss cuts) and Andhra WUAs (30% recovery) highlight scalable fixes, potentially
mirroring Israel's 60% efficiency for 20-30% output gains.Equity gaps afflict 40% tail-end areas (IWMI), side-lining
marginal farmers (70% holdings), women (<15% titles), and remote plots (20-30% excluded), amplified by droughts
and hierarchies. Karnataka digital pilots (15-20% access boost) and audits signal reforms targeting 80% reliability,
cutting vulnerability 25% via alliances. Pricing failures yield <20% recovery and 340,000 crore arrears (MoWR 2024),
with Gujarat WUAs at 30—40% but limited scope. Tiered volumetric models (AP 15-20% gains) and digital tools (25%
leakage cuts) could hit 50% recovery, freeing 330,000 crore for infrastructure amid political hurdles. Environmental
externalities from subsidies deplete aquifers (300 bcm/year, CGIAR 2025; Punjab 1m/year drop), degrade soils (10—
20% Haryana yields), and pollute via 20-30% fertilizer excess, costing 2—3% GDP. Eco-tariffs and precision farming
(lagging 20%) could save 350,000 crore, urging nexus monitoring. Policy distortions lock 50% canals in water-intensive
crops (ICAR), with free power adding 100 bcm overdraft and eucalyptus silos cutting flows 15-20%. Millet MSPs and
metered reforms promise 25% demand cuts, with insurance pilots shifting 15% patterns. Overarching inference:
Fragmented reforms succeed locally (e.g., Maharashtra, Gujarat) but need national IWRM coordination to break silos,
blending political will, digital tech, and benchmarks like Australia's 80% recovery. Fiscal and productivity potentials—
%1.3 lakh crore reclaimable—hinge on gradual phasing, compensating smallholders to avert resistance. Evidence gaps
in equity metrics and nexus modelling must close via standardized benchmarks for evaluations. Holistic action aligns
subsidies with climate resilience, averting debt crises and scarcity through multi-stakeholder platforms.

VII-DISCUSSION POINTS

The key discussion points from these inferences spotlight systemic flaws in India's agricultural subsidy regime,
particularly irrigation and fertilizers, which recover a mere 10—-15% of O&M costs while draining X2 lakh crore
annually—over 20% of Punjab's budgets. This "subsidy trap" disproportionately favours large farmers and
manufacturers (top 10% grabbing 40% benefits), fuelling inequality and clashing with SDGs; progressive pricing and
IWRM could unlock %50,000 crores yearly, but demands political resolve akin to Australia's 80% user-pays model.
Irrigation inefficiencies emerge as a core crisis: >50% losses and <40% efficiency (NITI Aayog) squander X1-2 lakh
crore GDP, exacerbated by 50% project overruns, sedimentation, and paddy's 60% canal dominance despite 2—-3x water
thirst. Successes like Telangana's metering (25% loss reduction) and Andhra WUAs (30% water recovery) prove
scalability, eyeing Israel's 60% benchmarks for 20-30% productivity surges through telemetry and farmer participation.
Equity lapses hit hard, with 40% tail-ends underserved (IWMI), marginalizing 70% smallholders, women (<15% titles),
and 20-30% remote plots amid hierarchies and droughts.

Karnataka's digital pilots (15-20% access gains) underscore audits and alliances for 80% reliability, slashing
vulnerability 25%. Pricing woes—<20% recovery, 40,000 crore arrears (MoWR 2024)—persist despite Gujarat WUAs'
30-40% lifts; tiered volumetric pricing (AP's 15-20%) and blockchain (25% leakage cuts) target 50%, freeing 330,000
crore, though political inertia looms. Environmentally, subsidies ravage aquifers (300 bcm/year overdraft; Punjab's
1m/year plunge), soils (10-20% Haryana yield drops), and waters (20—30% pollution), costing 2—3% GDP. Eco-tariffs,
precision farming (boost from 20% adoption), and nexus monitoring promise 350,000 crore savings.

Policy distortions chain 50% canals to water-guzzlers (ICAR), free power inflating 100 bcm overdraft, and silos like
Bathinda eucalyptus slashing flows 15-20%. Millet MSPs, metered power, and insurance pilots vow 25% demand cuts
and 15% shifts. Overarching, local wins (Maharashtra, Gujarat) falter without national IWRM to shatter silos, harnessing
digital tech and benchmarks. X1.3 lakh crore potentials ride gradual reforms with smallholder compensation, closing

© 2026, IJSREM | https://ijsrem.com | Page 8



https://ijsrem.com/

¢h Ak
o !
¢ IJISREM 3 . . o . . .
@, j2 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 02 | Feb - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

equity/nexus data gaps via standardized metrics. Ultimately, multi-stakeholder platforms must forge climate-resilient
subsidies, staving debt and scarcity.

VIII- CONCLUSION

1. Irrigation subsidies in India recover only 10-15% of O&M costs, imposing massive fiscal burdens exceeding
2 lakh crore annually and >20% of state budgets like Punjab’s.

2. Benefits skew regressively, with top 10% large farmers capturing 40% of fertilizer subsidies, excluding marginal
farmers (70% of holdings) per subsidy incidence analyses.

3. Canal systems suffer >50% conveyance losses and <40% efficiency (NITI Aayog 2024), with paddy dominating
60% despite 2—3x water needs, foregone GDP at I1-2 lakh crore.

4. Tail-end inequities affect 40% of command areas (IWMI), side-lining poor, women (<15% titles), and remote
plots amid social hierarchies and droughts.

5. Pricing remains unrevised for decades, yielding negative real rates, <20% recovery, and 340,000 crore arrears
(MoWR 2024), fragmented by departmental silos.

6. WUAs boost local recovery to 30—40% in Gujarat/AP and cut losses 25% via metering (Telangana), but fail to
shift cropping or expand areas significantly.

7. Subsidies drive 300 bcm/year groundwater overdraft (CGIAR 2025), Punjab's 1m/year table drops from free
power (100 bem), and 20-30% fertilizer pollution costing 2—3% GDP.

8. Soil degradation in Punjab-Haryana cuts yields 10-20%, with non-point pollution, salinization, and
eutrophication threatening biodiversity and health.

9. Policy distortions lock 50% canals in paddy/sugarcane via MSPs (ICAR), free electricity, and silos like Bathinda
eucalyptus reducing flows 15-20%.

10. Equity pilots like Karnataka digital booking yield 15-20% tail-end access gains, signalling scalable tech
solutions with social audits.

11. Global benchmarks—Australia's 80% user-pays, Israel's >60% drip efficiency—offer pathways for progressive,
volumetric pricing to reclaim ¥50,000—1.3 lakh crore.

12. Consumption subsidies mirror World Bank's regressive global patterns (80% cases), where poor capture half
randomized value due to connectivity and fixed charges.

13. Project overruns average 50% (CADWM), underutilization 20-30%, perpetuated by maintenance neglect and
bureaucratic hurdles.

14. IWRM integration essential to break silos, align MSPs with millets (50% less water), and phase distortions
gradually with smallholder compensation.

15. Environmental externalities demand eco-tariffs, precision farming (from 20% adoption), and nexus monitoring
to save 350,000 crore in restoration.

16. Tiered pricing protects smallholders while targeting full O&M, with digital/blockchain cutting leakage 25% in
trials.

17. Multi-stakeholder alliances, panchayat strengthening, and equity metrics in evaluations needed for 80% tail-end
reliability, reducing vulnerability 25%.

18. Local reforms succeed (Maharashtra, Gujarat) but require national coordination, political will, and evidence-
based benchmarks to avert debt crises.

19. Field insights from Bathinda Sutlej Canal confirm socio-political dynamics, eucalyptus impacts, and WUA
limitations in real-world delivery.

20. Urgent reforms must prioritize sustainable, equitable irrigation for climate resilience, transforming subsidies
from trap to productivity engine.
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IX- KEY RECOMMENDATIONS Infographic outlines a comprehensive strategy for reforming national irrigation
systems to enhance fiscal sustainability and resource efficiency. Central to these recommendations is the implementation
of tiered, volumetric pricing and digital metering to recover operational costs while discouraging water waste. The plan
emphasizes empowering local Water Users Associations and integrating digital platforms to ensure equitable
distribution, particularly for marginalized farmers at the tail-end of canals. Furthermore, it suggests aligning agricultural
subsidies and electricity tariffs with water conservation goals to shift production away from water-intensive crops.
By modernizing infrastructure and fostering cross-sectoral policy coordination, the framework aims to mitigate
environmental degradation and improve climate resilience. Ultimately, these measures seek to transform irrigation
management through data-driven governance and community-led social audits.

Fixing the Flow: A Blueprint for India's Water Future

A multi-pronged strategy to modernize India's irrigation, boost efficiency, ensure financial sustainability, and improve equity

ECONOMIC & FINANCIAL LEVERS TECHNOLOGY & INFRASTRUCTURE UPGRADES GOVERNANCE & EQUITY REFORMS

Empower Water ~ Mandate 80% Water
Users Associations  Access for Tail-End
(WUAs) Farms

2

Implement Progressive

S i thine utth 9 . ~ Grant WUAs legal powers  Embed equity metrics in all
Water Pricing Allwaf:fgg;sn;‘ th = = forfee collection, improving projects to ensure fair watet
Aims for >50% cost Boost System Efficiency from <40% to 60%

(AT recovery rates by 30-40%. distribution.
recovery while subsidizing  Realign crop support (MSPs) ({18 X
smallholders, based on to waterhrifty crops like

Australia's model. millets and meter power supply.

Modernize infrastructure with canal lining, telemetry, and
retrofitting, targeting israeli benchmarks.

Annual GDP Cost
of Inaction:

2-3% ‘,
Current water overdraft and by 30'40%

mismanagement represent a significant, : 1524 Recovery
ongoing economic burden. — ==

Deploy Digital Metering -
&Booking Platforms /87

1. Implement progressive, tiered irrigation pricing nationwide, protecting smallholders with subsidized slabs while
targeting full O&M cost recovery (50%+), drawing from Australia's 80% user-pays model to reclaim %50,000 +
crores annually.

2. Mandate volumetric metering across canal commands, scaling Telangana/AP pilots (25% loss cuts) with crop-
based differentials to shift from flat rates and eliminate negative real pricing.

3. Strengthen Water Users Associations (WUAs) legally in all states, granting fee collection powers as in Gujarat
(30-40% recovery gains), with mandatory training and proportional tail-end representation.

4. Integrate irrigation reforms within national IWRM frameworks, breaking policy silos through multi-ministry
task forces coordinating water-food-energy nexuses and cross-sectoral impacts like Bathinda eucalyptus.

5. Expand digital water booking platforms like Karnataka pilots (15-20% equity gains) nationwide, coupled with
blockchain billing to cut leakage by 25% and enhance tail-end reliability to 80%.

6. Realign MSPs toward water-thrifty crops such as millets (50% less water), phasing out paddy-sugarcane lock-
in (50% canals) with insurance support for diversification (15% pattern shifts).

7. Introduce metered agricultural power supply with time-of-day tariffs to curb free electricity-driven overdraft
(100 bem/year), mirroring power sector reforms for demand management.
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8. Establish equity metrics in all irrigation projects, targeting 80% tail-end access, 25% vulnerability reduction,
and inclusion benchmarks for women (<15% titles) via panchayat strengthening.

9. Invest in infrastructure modernization—canal lining, telemetry, retrofitting—to lift efficiency from <40% to
60% (Israel benchmark), addressing 50% overruns and 20-30% underutilization.

10. Launch eco-tariffs on water-intensive cropping and precision farming incentives to counter externalities (300
bem overdraft, 2-3% GDP cost), scaling soil cards from 20% adoption.

11. Conduct regular O&M cost audits with public disclosure to build pricing credibility, incentivizing states meeting
50% recovery targets with central grants for maintenance.

12. Formulate cross-sectoral guidelines prohibiting high-ET plantations (e.g., eucalyptus) near canals and
integrating forestry-hydrology in agroforestry norms.

13. Introduce tradable water permits in overdraft basins and drought codes enforcing rotations, supported by
modelling forecasts to avert 10—15% scarcity.

14. Prioritize national coordination for fragmented reforms, blending local successes (Maharashtra, Gujarat) with
evidence-based pilots, political will, and smallholder compensation packages.

15. Develop multi-stakeholder platforms uniting farmers, WUAs, officials, and NGOs for social audits, grievance
redressal, and climate-resilient subsidy transformation freeing X1.3 lakh crore.
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