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ABSTRACT
Karnataka’s agriculture, backbone for over 50% of its population via crops like rice, millets, sugarcane, and pulses,
grapples with climate vulnerabilities, groundwater depletion in 66 critical blocks, and tripling water demand by
2030 from urbanization and growth. Erratic monsoons cause droughts and floods in districts like Kalaburagi,
Raichur, Bagalkot, and Belagavi, while 68% rainfed lands limit productivity and food security for smallholders,
demanding integrated reforms as per the 2022 State Water Policy and SDGs 2, 6, 13. The Integrated Agri-Water
Road Map (2025-2030) fuses water and agriculture planning at basin scales, transcending silos by treating water
as an economic good and aligning crops, irrigation, and ecosystems. Drawing from Israel’s 90% efficient drip
systems and Australia’s Murray-Darling volumetric trading, it optimizes the water-energy-food nexus using
GIS, telemetry, and stakeholder platforms. Four pillars drive this: water-secure systems via micro-irrigation,
millet/pulse diversification, and sensors, delivering 30-50% savings and 20-30% yields as in PMKSY sugarcane
pilots. Equitable allocation employs volumetric pricing, satellite budgeting, and smallholder prioritization in
Raichur, reducing wastage. Climate resilience features watersheds, check dams, 5 lakh ha agroforestry for carbon
credits, and zero-tillage against IPCC extremes in 70% rainfed areas. Institutions form basin committees, digital
markets, and dashboards converging PMKSY and Jal Jeevan Mission for 50% efficiency gains toward
Atmanirbhar Bharat. Literature from Namara et al. (2010) and Molden et al. (2010) confirms 25-40% drip
savings in Karnataka, 30-50% globally in semi-arid India, with conjunctive use cutting 30% in canals and
modelling projecting 30% state-wide via 10 million ha scaling per National Water Mission. FAO notes 30-60%
drip superiority, stressing equity. Indian practices like Adarsha watersheds boost recharge; global IWRM in
Murray-Darling lifts productivity 30%, Morocco’s WEFE reduces GHGs, Barbados governance hits 95%
monitoring via WUAs. Pilots prove viability: 50,000 ha micro-irrigation saves 30% with 2-3-year ROI; Upper
Krishna conjunctive use raises outputs 20%, cuts energy 15-20%. Targets include doubling productivity to 1.5
kg/m?3 from 0.8, 85% conveyance via SCADA and lining, 20% recharge from 10,000+ interventions, 140%
cropping intensity, 25% millet yields, 30% smallholder income rise, and 15,000 crore GDP boost. Rotations and
subsidies aid tail-enders and SHGs. SCADA slashes 20-25% canal losses over 1,000 km, stabilizing UKP’s 1.2
million ha. Diversification/fertigation enhances horticulture; committees resolve tribunal disputes. Basin
planning breaks silos, micro-irrigation curbs evaporation, pricing spurs conservation, agroforestry adds <10,000-
20,000/ha incomes. WUAs and Al advisories lift adoption 25%, matching 20-30% monsoon variability.
Projections counter South Asia warming: watersheds raise moisture 15-25%, zero-tillage cuts evaporation 20-
30%, Cauvery telemetry aids cooperation. Green bonds and fees fund 10,000 crore, audits adapt to El Nifio,
establishing Karnataka as a scalable SDG leader.

KEY WORDS: Micro-Irrigation-Basin Planning-Water Productivity-Climate Resilience-Crop
Diversification-Groundwater recharge-SCADA Automation-Agroforestry-Volumetric pricing-PMKSY

I-INTRODUCTION

Karnataka's agriculture sector sustains over 50% of the state's population, serving as the economic backbone
through crops like rice, millets, and sugarcane. This heavy reliance exposes rural livelihoods to climate
vulnerabilities, where farming employs millions yet struggles with low productivity in rainfed areas. Erratic
monsoons exacerbate risks, causing frequent droughts and floods that disrupt sowing cycles and harvest yields
across districts like Kalaburagi and Raichur. Overexploitation of groundwater in 66 critical blocks has led to
declining water tables, threatening long-term irrigation sustainability and compelling shifts to efficient extraction
methods. A staggering 68% rainfed dependency heightens exposure to rainfall variability, limiting double-
cropping and intensifying food insecurity for smallholders. Urbanization further strains resources, converting 10%

! Disclaimer: The views, opinions, and conclusions expressed in this research paper are solely those of the author and
do not necessarily reflect the official policy or position of any government, institution, organization, or entity with which
the author was earlier affiliated. This work represents the author's personal analysis and should not be attributed to
any external body or organization.
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of arable land annually to infrastructure, which fragments farmlands and escalates competition for remaining
cultivable areas. Water demand projections indicate a tripling by 2030, driven by population growth, industrial
expansion, and rising per capita needs. This trajectory demands urgent reforms to avert crises, prioritizing
conservation over expansion. Integrated water-agriculture planning emerges as essential, aligning with
Karnataka's 2022 State Water Policy and UN SDGs 2 (zero hunger), 6 (clean water), and 13 (climate action).
Policies emphasize nexus approaches, converging irrigation schemes with cropping patterns for equitable access.
The roadmap incorporates global exemplars, such as Israel's precision agriculture with drip systems achieving
over 90% efficiency, and Australia's Murray-Darling Basin Plan for volumetric allocation and market trading.
These inspire basin-level integration of irrigation infrastructure, adaptive cropping, and multi-stakeholder
governance to bolster food security and climate resilience

II-THE CONCEPT

The Integrated Water-cum-Agriculture Road Map for Karnataka (2025-2030) embodies a holistic concept that
fuses water resource management with agricultural planning at basin and district scales. It shifts from siloed
departmental approaches to a unified framework, treating water as a shared economic good while aligning crop
choices, irrigation methods, and ecosystem health. Drawing from global models like Israel's precision agriculture
and Australia's Murray-Darling Basin Plan, it leverages data analytics, GIS mapping, and stakeholder platforms
to optimize the water-energy-food nexus amid Karnataka's tripling water demand by 2030.

HI-THE INTEGRATION LOGIC

The Integrated Agri-Water Sector Road Map for Karnataka (2025-2030) rests on four pillars to tackle water
scarcity, productivity, and sustainability. Water-secure production systems promote micro-irrigation, crop
diversification to millets and pulses, and precision tools like sensors for resilience against monsoons and depletion.
Efficient, equitable allocation introduces volumetric pricing, basin budgeting via telemetry and satellites,
prioritizing small farmers in areas like Raichur under the 2022 Water Policy. This curbs wastage and ensures fair
shares amid competing demands. Climate resilience restores ecosystems through watershed programs, check
dams, agroforestry on 5 lakh hectares for carbon credits, and zero-tillage, buffering IPCC-projected extremes in
70% rainfed lands. Institutional integration forms basin committees, digital water markets, and GIS dashboards,
converging PMKSY and Jal Jeevan Mission for transparent, community-led execution. Basin-wise planning
unifies departments, tracking metrics like 50% water efficiency gains for Atmanirbhar Bharat leadership

IV-KEY INSIGHTS FROM LITERATURE REVIEW

Literature reviews on irrigation efficiency reveal substantial water savings from drip systems in Karnataka pilots,
achieving 25-40% reductions alongside 20-30% yield boosts for crops like sugarcane and grapes compared to
traditional flood methods. These findings underscore the viability of precision irrigation in water-stressed regions,
directly enhancing farm incomes through optimized resource use. Global meta-analyses confirm micro-
irrigation's potential, delivering 30-50% water savings universally and 20-30% productivity gains specifically in
semi-arid Indian contexts. Such outcomes highlight the technology's scalability, though realization depends on
soil types, crop choices, and farmer adoption barriers like upfront costs. Indian canal command studies
demonstrate 30% water savings via drip integration, particularly when paired with conjunctive surface-
groundwater use. This approach mitigates inequities for tail-end farmers, promoting balanced allocation in large
irrigation systems akin to PMKSY precursors. Basin-scale modelling for Karnataka forecasts 30% savings by
expanding micro-irrigation to 10 million hectares under the National Water Mission. Drivers include policy
incentives, technological diffusion, and institutional reforms, emphasizing the need for integrated planning to
counter groundwater depletion. FAO benchmarks establish drip irrigation's superiority, saving 30-60% water over
surface methods for row crops, with Indian validations like 35% savings in Maharashtra cotton trials. These
standards provide a technical foundation for policy targets, stressing maintenance and design for sustained
efficiency. Across sources, consistent evidence supports 20-50% dual benefits in water and yields, yet cautions
against over-optimism without addressing equity and scalability in developing economies. Literature converges
on micro-irrigation as a cornerstone for agricultural water productivity amid climate variability. Synthesis points
to Karnataka-specific pathways: pilot successes scale via national missions, blending global benchmarks with
local modeming for resilient, income-enhancing water governance. Prioritizing smallholders through subsidies
and training maximizes impacts in rainfed-dominated landscapes

V-METHODOLOGY

This methodology centres on a systematic literature review of peer-reviewed journals, synthesizing empirical
evidence on irrigation efficiency from sources like Namara et al. (2010) and Molden et al. (2010). These studies
provide quantitative benchmarks, such as 25-50% water savings via drip systems, forming the analytical
foundation without primary data collection. Government reports underpin the approach, drawing from
frameworks like India's National Water Mission and PMKSY, as referenced in Kumar and van Dam (2020).
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Karnataka-specific modeming from these documents projects scalability to 10 million hectares, integrating policy
targets with observed pilot outcomes for contextual relevance. Best practices from global handbooks, notably
Phocaides (2007) FAO report, validate techniques like pressurized irrigation, achieving 30-60% savings
confirmed in Indian trials. The review catalogues these via tabular comparisons, highlighting drip, conjunctive
use, and canal automation from Turral et al. (2010). Synthesis involves thematic clustering: water productivity
metrics across semi-arid contexts, equity implications for smallholders, and basin-level drivers. Cross-verification
ensures consistency, e.g., aligning Karnataka pilots' 20-30% yield gains with meta-analyses. Exclusion criteria
omit non-peer-reviewed or pre-2000 sources, prioritizing recency and regional applicability to Karnataka's
groundwater challenges. This desk-based review supports roadmap projections without fieldwork. Overall, the
method leverages secondary data for robust, evidence-based insights, bridging literature gaps with actionable best
practices for policy formulation

VI-BEST PRACTICES EXAMPLES

Integrated agriculture-water roadmaps emphasize efficiency, resilience, and multi-stakeholder coordination, with
India focusing on watershed programs and precision tech amid water stress. Globally, models like IWRM integrate
nexus approaches for SDGs, saving water and boosting yields.

Level Best Practice Description Key Examples/Sources
Outcomes/Benefits
India Precision Irrigation & | Drip/sprinkler systems, | 30% water savings, 20- PMKSY pilots,
Micro-Irrigation laser leveling, deficit 25% yield gains. Mabharashtra
irrigation for water- metering.
intensive crops like
rice/sugarcane.
India Integrated Watershed In-situ soil moisture Enhanced groundwater | Adarsha Watershed
Management conservation, check recharge, crop (Kothapally), NITI
dams, farm ponds for intensification, Aayog
recharge and equitable | livelihoods via SHGs. compendium.
access.
India | Crop Diversification & | Shift to millets/pulses, Improved WUE (1.5 National Water
Climate-Smart Ag conservation ag (zero- kg/m? target), 25% Mission, Sattva-
till, residue mulch), resilient crop yields. DCM report.
conjunctive use.
Global | IWRM Basin Planning Multi-stakeholder 30% productivity rise, Australia Murray-
committees for sustainable financing, Darling, Senegal
budgeting, volumetric equity for transboundary org.
pricing, canal women/smallholders.
automation (SCADA).
Global Water-Energy-Food Solar pumps, Reduced GHG, carbon Morocco soil
Nexus (WEFE) agroforestry, digital credits, nexus security. | conservation, FAO
advisories linking National Water
water-food-energy- Roadmaps.
ecosystems.
Global Participatory WUAs, GIS 95% monitoring Barbados IWRM
Governance & dashboards, uptime, conflict Roadmap, GIZ best
Monitoring wastewater reuse, reduction, SDG practice
market linkages for alignment.
trading.

VII-KEY TAKEAWAYS FROM THE BEST PRACTICES

Integrated agriculture-water roadmaps prioritize efficiency through precision technologies, as evidenced by
India's drip and sprinkler systems yielding 30% water savings and 20-25% higher outputs in water-intensive crops.
These practices address acute stress in semi-arid zones. Resilience emerges from watershed management, with
in-situ conservation via check dams and farm ponds boosting recharge and equitable access. Examples like
Adarsha Watershed demonstrate crop intensification and SHG-led livelihoods. Multi-stakeholder coordination
shines in crop diversification to millets and pulses, coupled with zero-till and conjunctive use, targeting 1.5 kg/m?
water productivity. Climate-smart shifts build 25% yield stability per National Water Mission guidelines.
Globally, IWRM basin planning via committees, volumetric pricing, and SCADA automation drives 30%
productivity rises and equity. Australia's Murray-Darling model exemplifies sustainable financing for
smallholders. The WEFE nexus integrates solar pumps and agroforestry, slashing GHGs while securing carbon
credits. Morocco's conservation ties water, food, and energy for holistic security. Participatory governance
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through WUAs and GIS dashboards achieves 95% monitoring uptime, reducing conflicts. Barbados and GIZ
practices align with SDGs via wastewater reuse and trading. Key takeaways stress scaling pilots through policy
convergence, blending Indian watersheds with global IWRM for nexus optimization. India's focus on precision
amid stress positions it to lead SDG progress via resilient, inclusive roadmaps.

VIII-RESULTS

Pilot demonstrations across Karnataka, particularly in districts like Bagalkot and Belagavi, have robustly validated
micro-irrigation's efficacy under Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) schemes. Drip and sprinkler
systems in sugarcane and Bt-cotton fields achieve 30% water savings by minimizing surface evaporation and deep
percolation, which plague traditional flood methods consuming 5,000-7,000 liters per kg of produce. Field trials
spanning 50,000 ha report precise nutrient-water synergy via fertigation, proving scalability even for transitional
rainfed pockets comprising 68% of the state's 1 crore ha net sown area. These successes, with ROI in 2-3 years,
pave the way for state-wide adoption targeting 20 lakh ha by 2030. Conjunctive use of surface canal water and
groundwater delivers 20% higher outputs by leveraging seasonal complementarities, exemplified in the Upper
Krishna Project's 1.2 million ha command. During kharif monsoons, excess canal flows recharge shallow aquifers,
sustaining bore wells in rabi deficits—a hybrid stabilizing supplies where standalone sources fail 30% of seasons.
This mitigates overdraft, enhancing reliability for 40% tail-end farmers historically underserved, and cuts energy
costs for pumping by 15-20% through optimized sequencing.

The Challenge: A Growing Water Crisis The Solution: An Integrated Agri-Water Roadmap
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The above infographic presents a comprehensive strategy to modernize agricultural water management amid
rising scarcity and climate instability. Anticipating a tripling of water demand, it transitions from fragmented
departmental control to integrated basin-level planning, positioning water as a key economic resource. Core
measures include scaling micro-irrigation and SCADA automation to double water productivity and slash canal
transmission losses, alongside climate resilience efforts like agroforestry, groundwater recharge, watershed
restoration, and promoting drought-resistant millets to bolster smallholder livelihoods. By blending global best
practices with local digital tools and data-driven governance, the roadmap secures food supplies, elevates farmer
incomes, and offers a scalable model for balancing growth with environmental stewardship in water-stressed
regions. By 2030, irrigation water productivity doubles to 1.5 kg/m* from 0.8 baseline, fusing tech upgrades with
diversification to pulses and millets requiring 50% less water than paddy. Conveyance efficiency climbs to 85%
from 65% via canal lining (reducing seepage 15%) and SCADA automation for demand-responsive releases,
freeing 10-15 TMC annually for reallocation. Groundwater recharge surges 20% through 10,000+ watershed
interventions—farm ponds (capacity 1-2 mcum each) and check dams—reversing 1-2 m/year declines in 66
critical blocks per CGWB data. Cropping intensity reaches 140% from 120%, unlocking 20% more arable
equivalents via protected rabi on 30 lakh ha with drought-hardy varieties. Millets and pulses yields leap 25% to
1.5-2 t/ha, bolstering nutrition security under Poshan Abhiyaan while lifting farmer incomes 20-30% amid ENSO
risks. Phased rollout automates 1,000 km canals by 2028, enabling 95% uptime control and volumetric trading
pilots. Command area development (CAD) rejuvenates 5 lakh ha with field channels and soil conservation, while
2 million subsidized kits (320,000-40,000 each, 50-80% aid) empower 10 lakh smallholders under 2 ha. This
blueprint catalyses resilience, projecting 15,000 crore GDP addition via productivity
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Category Indicators Baseline 2030 Target

Water Use Efficiency Irrigation water productivity (kg/m?) 0.8 1.5
Conveyance efficiency (%) 65 85
Groundwater recharge rate (%) - +20

Agricultural Productivity | Cropping intensity (%) 120 140
Yield increase (millets, pulses %) - +25
Farm income growth (smallholders %) - +30

IX-ANALYSIS OF RESULTS

Targets for water use efficiency in Karnataka's agri-water roadmap project a 50% overall improvement, propelled
by Supervisory Control and Data Acquisition (SCADA) systems deployed across major irrigation networks like
Krishna, Cauvery, and Tungabhadra. SCADA integrates sensors, telemetry, and Al analytics for remote
monitoring and automated gate control, fundamentally slashing transmission losses from seepage (10-15%) and
evaporation (5-10%) that plague unlined canals. In legacy systems serving 30 lakh ha, manual operations often
result in 35% wastage; automation ensures volumetric precision, redirecting savings to underserved areas and
yielding 0.5-1 TMC water augmentation per 100 km. The Upper Krishna Project (UKP), irrigating 1.2 million ha
across north Karnataka, exemplifies this with 20-25% loss reductions post-automation pilots on 200 km stretches.
Real-time flow adjustments via mobile interfaces prevent overflows during monsoons and ration deficits in rabi,
stabilizing supplies to tail-ends 50 km distant. This boosts command utilization from 60% to 85%, adding 1-2
lakh ha effective irrigation and enhancing basmati-rabi sorghum rotations. Productivity gains stem from micro-
irrigation's sub-surface precision, minimizing waste to <10% while enabling fertigation for 20-30% higher
stocking densities in horticulture. Paired with diversification to millets (jowar, ragi) and pulses (tur, gram)—
requiring 40-60% less water than paddy—it elevates yields 25% under 20-30% rainfall variability, as IPCC-
aligned models predict. Conjunctive use amplifies outputs 20% by synchronizing canal peaks for aquifer
recharge, sustaining bore wells in dry spells. In arid Raichur (groundwater stage 42% extraction), this hybrid cuts
overdraft 15%, benefiting 2 lakh tail-enders with reliable 0.5-1 m3/hr flows and slashing diesel pumping costs
%5,000/ha. Equity reforms prioritize marginalized users via pro-rata rotations and subsidies, curbing 30-40%
head-end biases where upstream elites capture 60% volumes. Tail-enders in water-stressed belts gain dependable
access, narrowing 320,000/ha income gaps and empowering women SHGs in 5,000+ WUAs. Institutional reforms
forge 12 basin committees blending 200+ stakeholders—farmers (50%), officials, NGOs—for consensus-driven
planning. These enforce allocations per tribunal awards and mediate disputes via arbitration, reducing litigation
50% as in pilot Godavari sub-basin. Digital dashboards on cloud platforms deliver 95% uptime tracking of 50+
metrics (flows, WUE, encroachments), powering predictive analytics for decisions. This transparency scales pilots
covering 2 lakh ha to 20 lakh ha, fostering trust. PMKSY convergence injects 310,000 crore for AIBP canals,
while MGNREGA mobilizes 500 crore person-days for 20,000 ponds/lining—accelerating implementation 2x for
enduring impact on 50 million agri-dependents.

X-INFERENCES

Basin planning serves as the cornerstone of Karnataka's Integrated Agri-Water Road Map (2025-2030), unifying
fragmented water and agriculture sectors to dismantle longstanding institutional silos. Traditionally, these
domains operated in isolation—water resources focused on supply infrastructure, while agriculture emphasized
crop outputs—Ileading to inefficiencies like overexploitation and inequitable distribution. By adopting a basin-
centric approach, the roadmap optimizes the water-energy-food (WEF) nexus, where irrigation pumping
consumes energy, agriculture drives food security, and water underpins both. This holistic integration counters a
projected 60% surge in water demand by 2030, fuelled by population growth to over 70 million, urban expansion,
and industrial needs. Data-driven budgeting in critical basins like Krishna and Cauvery employs hydrological
models, satellite telemetry, and stakeholder inputs to allocate resources proactively, averting shortages and
conflicts. Micro-irrigation technologies, such as drip and sprinkler systems, directly address wastage by
delivering water precisely to plant roots, achieving 30-50% savings validated in PMKSY pilots. This precision
curtails evaporation and runoff losses prevalent in flood irrigation, which accounts for 70% of current usage.
Complementing this, volumetric pricing—charging farmers based on metered consumption—discourages
inefficient practices, incentivizing conservation akin to Australia's Murray-Darling model. Agroforestry initiatives
target 5 lakh hectares of degraded lands, planting deep-rooted species that enhance aquifer recharge through
improved infiltration and reduce evaporation via canopy cover.

Beyond hydrology, agroforestry generates verifiable carbon credits under mechanisms like the Carbon Credit
Trading Scheme, providing smallholders supplementary income streams of ¥10,000-20,000 per hectare annually
while restoring biodiversity hotspots. Community empowerment through Water User Associations (WUASs)
transforms passive beneficiaries into active managers of canal systems, fostering accountability and slashing
distribution conflicts by up to 40% in reformed commands. These federated groups, trained in O&M, ensure
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equitable rotations and fee collection for sustainability. Mobile apps deliver real-time advisories on crop water
needs, weather forecasts, and pest alerts, leveraging Al for personalized recommendations that boost adoption
rates by 25%. Pilot projects in districts like Raichur and Vijayapura have demonstrated 15-20% productivity
uplifts, scalable state-wide through phased subsidies and extension services, building inherent resilience against
climate variability. Central to these efforts, irrigation water productivity doubles from 0.8 to 1.5 kg/m?,
epitomizing the "more crop per drop" ethos critical for basins under stress from 66 overexploited blocks. This
leap integrates varietal improvements with tech, vital as Karnataka's per capita water availability dips below 1,000
m?. Conveyance efficiency surges to 85% via SCADA automation on 1,000 km of canals, minimizing 20-25%
seepage losses and dynamically adjusting flows to match demand, thereby expanding effective command areas
by 15-20%. Groundwater recharge accelerates 20% through watershed interventions—check dams, farm ponds,
and in-situ conservation—countering annual declines of 0.5-1 m in critical zones. Cropping intensity climbs to
140% from 120%, enabling rabi-kharif sequencing via conjunctive use, which stabilizes seasonal incomes for
70% rainfed farmers vulnerable to monsoons. Targeted 25% yield hikes for millets and pulses enhance nutritional
security, aligning with SDG 2, while 30% smallholder income growth fosters equity by subsidizing kits for
marginal plots under 2 ha. This synergy of technology, policy, and community action not only drives inclusive
growth but positions Karnataka as a national exemplar in Atmanirbhar Bharat's sustainable agriculture vision.
Blended financing from green bonds and user fees, monitored via annual audits, ensures adaptability to risks like
El Nifio. Ultimately, the roadmap delivers a resilient, prosperous agri-water future, safeguarding livelihoods for
millions.

XI-DISCUSSION ON RESULTS

Projections for Karnataka's Integrated Agri-Water Road Map (2025-2030) align seamlessly with IPCC scenarios
for South Asia, which forecast escalating climate extremes including intensified droughts, floods, and heatwaves
under RCP 4.5-8.5 pathways. These models anticipate 20-30% swings in monsoon rainfall by mid-century,
disrupting sowing windows and harvest timelines in Karnataka's drought-prone northern districts like Kalaburagi
and Bidar. Erratic patterns already contribute to 30-40% yield losses in rainfed millets and pulses, threatening the
livelihoods of 12 million farming households. The roadmap counters this by embedding adaptive strategies,
ensuring agricultural viability amid 1.5-2°C warming. Watershed restoration forms a bulwark for the state's 70%
rainfed farmlands, spanning 1.2 crore hectares vulnerable to soil degradation. Interventions like check dams,
percolation tanks, and farm ponds—scaled from MGNREGA and IWMP—capture monsoon runoff, boosting
aquifer recharge by 20%. In pilot watersheds, these structures have elevated soil moisture by 15-25%, buffering
smallholder yields during deficits and reducing migration. Farm ponds, subsidized at ¥50,000-75,000 per unit,
enable protective irrigation for rabi crops, directly impacting 5-10 lakh marginal farmers. Climate-smart
agriculture (CSA) practices anchor resilience, with zero-tillage preserving soil organic matter and microbial life
against erosion on sloped black soils. This no-plough method, promoted via Sub-Mission on Agri-Mechanization,
retains crop residues as mulch, slashing evaporation losses by 20-30% and fuel use by 40 liters/ha. Complementary
mulching with sugarcane trash or pigeon pea stalks suppresses weeds, while laser levelling evens fields for
uniform wetting, improving infiltration by 15-20% in undulating terrains like Tungabhadra command. Adoption
in Maharashtra pilots shows 10-15% yield stability, replicable state-wide.

Longstanding Cauvery disputes, adjudicated by the Tribunal yet recurring amid deficits, abate through transparent
basin budgeting under the 2022 State Water Policy. Real-time hydrological data from 500+ telemetry stations
feeds volumetric entitlements—e.g., 200 TMC for agri—enabling trading platforms where surplus sellers
exchange with deficit buyers. This flexibility fosters trust with Tamil Nadu, potentially unlocking 10-15%
efficiency gains and positioning Karnataka as a cooperative leader. These innovations elevate Karnataka at the
forefront of Atmanirbhar Bharat's self-reliant agriculture, exemplifying integrated nexus governance. Scalable via
open-source GIS tools, the model offers blueprints for Rajasthan's arid zones or Bihar's floodplains, amplifying
national SDG 2, 6, and 13 outcomes through demonstrated 25% resilience uplifts. Blended financing innovates
sustainability, pooling green bonds (5,000 crore targeted) for SCADA infrastructure with tiered user fees yielding
1,000 crores annually from conserved volumes. This shifts from 80% subsidy dependence, drawing CSR and PE
funds via viability gap models, as in Israel's drip revolution. Annual third-party audits, mandated quarterly,
benchmark recharge rates (+20%), WUE (1.5 kg/m?®), and equity indices, triggering adaptive plans like varietal
swaps. Feedback from 10,000 FPOs ensures agility. Against El Nifio-induced delays—seen in 2016's 40%
deficit—these hedges via diversified kharifs (millets over paddy) and 2 TMC strategic reserves safeguard output.
Proactive early-warning systems secure food for 70 million, cementing long-term security.

XII-CONCLUSION

1. Basin-centric planning unifies water and agriculture sectors, dismantling silos for holistic nexus governance.

2. Micro-irrigation technologies like drip achieve 30-50% water savings and 20-30% yield gains, scalable state-
wide.
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Volumetric pricing incentivizes conservation, treating water as an economic good per 2022 policy.
Agroforestry on 5 lakh ha boosts recharge, carbon credits (310,000-20,000/ha), and biodiversity.
SCADA automation on 1,000 km canals cuts losses 20-25%, enabling real-time equitable distribution.
Cropping intensity rises to 140% via diversification to millets/pulses, enhancing nutrition security.
Irrigation productivity doubles to 1.5 kg/m?, embodying "more crop per drop".

Watershed interventions (10,000+ check dams/ponds) surge groundwater recharge 20%, reversing declines.
WUAs empower communities, reducing conflicts 40% through participatory management.
Conjunctive use in projects like Upper Krishna stabilizes supplies, cutting energy 15-20%.
Climate-smart practices like zero-tillage buffer IPCC extremes in 70% rainfed lands.

Equity reforms prioritize smallholders/tail-enders, narrowing income gaps via subsidies/rotations.
Digital GIS dashboards ensure 95% monitoring uptime for transparent decision-making.

Blended financing (green bonds, fees) sustains 10,000 crore investments long-term.

Mobile Al advisories boost tech adoption 25%, aiding small farms.

Aligns with SDGs 2,6,13 and Atmanirbhar Bharat for national leadership.

Projects 315,000 crore GDP addition, lifting smallholder incomes 30%.

Adaptive governance with audits counters El Nifilo/monsoon variability.

Cauvery budgeting fosters interstate cooperation via telemetry.

Positions Karnataka as scalable model for India's water-stressed

regions

XITI- RECOMMENDATIONS

1.

10.

Adopt basin-centric planning: Establish 12 multi-stakeholder basin committees (e.g., Krishna, Cauvery) with
GIS dashboards for data-driven volumetric budgeting, unifying departments to cut silos and align with 2022
State Water Policy.

Scale micro-irrigation state-wide: Target 20 lakh ha by 2030 via PMKSY subsidies (50-80% aid on kits),
achieving 30-50% water savings and 20-30% yield boosts in sugarcane, millets, and pulses, prioritizing 66
critical groundwater blocks.

Implement SCADA automation: Deploy on 1,000 km of canals by 2028 in projects like Upper Krishna,
reducing seepage/evaporation losses by 20-25% and boosting conveyance efficiency to 85% for equitable
tail-end supply.

Promote crop diversification: Shift 30 lakh ha rainfed areas to drought-resistant millets/pulses (50% less water
than paddy), raising cropping intensity to 140% and yields by 25% while enhancing nutrition under Poshan
Abhiyaan.

Enhance conjunctive use: Integrate canal-groundwater in 1.2 million ha commands, synchronizing monsoon
recharge for rabi stability, cutting overdraft 15% and energy costs 15-20% in districts like Raichur.

Restore watersheds aggressively: Build 10,000+ check dams/farm ponds via MGNREGA, surging recharge
20% to reverse 1-2 m/year declines, buffering 70% rainfed lands against IPCC-projected extremes.
Incentivize via volumetric pricing: Introduce metered billing and digital water markets per Murray-Darling
model, curbing wastage and prioritizing smallholders/tail-enders to narrow 320,000/ha income gaps.
Expand agroforestry for nexus gains: Plant on 5 lakh ha degraded lands for recharge, biodiversity, and carbon
credits (R10,000-20,000/ha income), tying into WEFE with solar pumps to slash GHGs.

Empower communities digitally: Strengthen 5,000+ WUAs with mobile Al advisories, real-time telemetry,
and training, reducing conflicts 40% and achieving 95% monitoring uptime for transparent governance.
Secure blended financing: Mobilize 310,000 crore via green bonds, user fees, and CSR for infrastructure,
with annual audits to adapt to El Nifio risks and deliver 15,000 crore GDP uplift by 2030.
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XVI- KEY ACRONYMS

1.
2.

SDGs: Sustainable Development Goals (e.g., SDGs 2, 6, 13 for zero hunger, clean water, climate action).
PMKSY': Pradhan Mantri Krishi Sinchayee Yojana (national irrigation scheme with pilots for sugarcane).
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GIS: Geographic Information System (used for mapping and dashboards).

SCADA: Supervisory Control and Data Acquisition (automation for canals, reducing losses).
IWRM: Integrated Water Resources Management (global basin planning model).

WUAs: Water User Associations (community governance for equitable distribution).

WEFE: Water-Energy-Food-Environment nexus (holistic integration approach).

WEF: Water-Energy-Food nexus (optimized in basin planning).

UKP: Upper Krishna Project (1.2 million ha irrigation command).

IPCC: Intergovernmental Panel on Climate Change (extremes in rainfed areas).

CAD: Command Area Development (rejuvenation of 5 lakh ha).

SHGs: Self-Help Groups (livelihoods and subsidies for smallholders).

MGNREGA: Mahatma Gandhi National Rural Employment Guarantee Act (watershed labor).
CSA: Climate-Smart Agriculture (zero-tillage and diversification).

CGWRB: Central Ground Water Board (data on critical blocks).

ROI: Return on Investment (2-3 years for micro-irrigation).

TMC: Thousand Million Cubic feet (water volume, e.g., 10-15 TMC savings).

FPOs: Farmer Producer Organizations (feedback for audits).

AIBP: Accelerated Irrigation Benefit Programme (canal funding).

KISWRMIP: Karnataka Integrated and Sustainable Water Resources Management Investment Program.
IWMP: Integrated Watershed Management Programme.

RCP: Representative Concentration Pathway (IPCC scenarios 4.5-8.5).

GHG: Greenhouse Gas (reductions via agroforestry).

WUE: Water Use Efficiency (targets 1.5 kg/m?).

OM: Operation and Maintenance (WUAs training).

ENSO: El Nifio-Southern Oscillation (monsoon risks).

PE: Private Equity (blended financing).

CSR: Corporate Social Responsibility (funding)
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