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Indian Economy and issues relating to planning, mobilization, of resources, 

growth, development and employment. 

Q. Discuss the significance of Special Drawing Rights (SDRs) allocations in strengthening 

India’s balance-of-payments buffers. Evaluate the limitations in their present design. (10 M) 

Introduction  

In an increasingly uncertain global financial environment, Special Drawing Rights (SDRs) offer a low-cost, 

globally recognised reserve asset that strengthens external sector stability. For India, SDRs provide a vital 

cushion that enhances resilience without adding to external debt or market volatility. 

Body 

Significance of SDR allocations for India’s balance-of-payments buffers 

1. Augmenting non-debt reserves: SDRs strengthen India’s forex reserves without creating repayment 

obligations, reducing dependence on costly external borrowings during BOP pressures. 

Eg: RBI Annual Report 2022-23 highlights that the USD 17.86 billion equivalent received from 

the 2021 SDR allocation boosted overall reserve adequacy. 

2. Supporting short-term external financing needs: SDRs can be exchanged for hard currencies to 

manage temporary BOP gaps and stabilise external commitments. 
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Eg: As per IMF (2022), several emerging economies used part of their 2021 SDR allocation to 

navigate pandemic-induced external financing shortages. 

3. Enhancing market confidence: Higher reserves through SDRs improve investor sentiment by 

strengthening import cover and lowering pressure on the rupee. 

Eg: RBI’s 2023 reserve update showed improved currency stability following geopolitical shocks 

due to stronger reserve buffers. 

4. Reducing reliance on volatile capital flows: SDRs reduce exposure to unstable FPI, ECBs and 

short-term inflows, allowing smoother adjustment to global interest-rate cycles. 

Eg: UNCTAD 2023 notes that SDRs supported several developing economies during phases of 

large-scale capital outflows. 

5. Expanding policy space during crises: SDRs provide headroom for counter-cyclical measures 

without immediate foreign reserve constraints. 

Eg: The 2021 global SDR issuance of 456 billion SDRs enabled many emerging economies to 

maintain stabilisation policies (IMF 2021). 

Limitations in the present design of SDRs 

1. Quota-based unequal distribution: The current allocation system favours advanced economies, 

limiting meaningful access for developing countries like India. 

Eg: IMF 2021 allocation saw G7 nations receiving 58% of total SDRs despite having stronger 

reserves (IMF factsheet). 

2. Restricted usability: SDRs can only be exchanged through IMF’s voluntary trading arrangements, 

slowing liquidity access during urgent BOP needs. 

Eg: IMF’s VTA network report 2022 notes operational delays in SDR conversion during periods of 

global stress. 

3. Not usable for domestic expenditure: SDRs are not a currency and must be converted into hard 

currency, limiting direct domestic fiscal use. 

Eg: RBI revalues SDRs as per the SDR basket (IMF 2023 review), restricting immediate liquidity 

deployment. 

4. Valuation-sensitive to basket currency fluctuations: Exchange-rate changes of SDR basket 

currencies affect India’s reserve valuation. 

Eg: The 2022 SDR basket revision, altering weights of USD, Euro, Yuan, Yen, and Pound, 

increased valuation volatility. 

5. Absence of automatic redistribution mechanisms: Surplus countries face no obligation to 

reallocate unused SDRs to high-need economies. 

Eg: IMF’s Resilience and Sustainability Trust (RST, 2022) depends solely on voluntary 

contributions, limiting systematic redistribution. 

Conclusion  

SDRs remain an essential stabilising instrument for India’s external sector, offering low-cost and immediate 

reserve augmentation. However, only deeper structural reforms in their allocation and usability can unlock 

their full potential for equitable global financial stability. 
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Q. The Bretton Woods institutions were built for a world that no longer exists. Analyse this 

statement. Discuss limitations of IMF and World Bank in responding to current global shocks. 

Suggest reforms to make them more representative and effective. (15 M) 

Introduction 

The post-1945 financial architecture is now misaligned with a multipolar, climate-stressed, shock-prone 

global economy. Institutions created to stabilise reconstruction now struggle to address debt distress, climate 

finance and pandemic-scale volatility, making reform indispensable. 

Body 

Why Bretton Woods institutions were built for a world that no longer exists 

1. Shift to multipolarity: Bretton Woods reflected 1940s power distribution dominated by the US and 

Western Europe; today’s global GDP share is shifting toward Asia. 

Eg: IMF quota shares underrepresent emerging economies; China holds only 6.08% vote share 

despite being the world’s 2nd-largest economy (IMF, 2024). 

2. Rise of private and South-South finance: Current architecture assumed official lending dominance, 

unlike today’s private-credit and bond-driven flows. 

Eg: Private creditors now hold 61% of external debt of low-income countries (World Bank IDS 

2023). 

3. New global shocks beyond original mandate: Climate risks, pandemics, cyber risks and supply-

chain fragmentation were not envisaged in 1944. 

Eg: IPCC AR6 (2022) emphasises climate-driven financial instability, beyond Bretton Woods’ 

original macroeconomic focus. 

Limitations of IMF in responding to current global shocks 

1. Pro-cyclical conditionalities: IMF programmes often mandate austerity that exacerbates 

slowdowns. 

Eg: IMF’s 2023 programme in Sri Lanka required sharp fiscal consolidation affecting social 

spending (IMF Country Report 2023). 

2. Slow quota reforms and under-representation: Decision-making remains dominated by advanced 

economies, reducing legitimacy. 

Eg: The 16th General Review of Quotas (2023) increased no country’s quota share and did not 

realign emerging economy votes. 

3. Inadequate resources to handle systemic shocks: IMF’s lending capacity is small relative to global 

capital flows. 

Eg: Total IMF resources ≈ US$1 trillion, while global FX markets trade US$7.5 trillion daily 

(BIS 2024). 

4. Debt sustainability frameworks outdated: Current frameworks do not account for climate 

vulnerability or new creditor structures. 

Eg: V20 nations have argued that IMF’s DSAs ignore climate risks, delaying support during 

disasters (2022 V20–IMF Dialogue). 
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5. Limited crisis-response speed: Emergency financing windows have long procedural lags. 

Eg: COVID-19 Rapid Financing Instrument disbursements took weeks, while capital outflows 

were instantaneous (IMF Policy Evaluation 2022). 

Limitations of World Bank in responding to current global shocks 

1. Insufficient climate-finance scale: Mandate remains development-oriented rather than systemically 

climate-centric. 

Eg: World Bank climate finance was US$38 billion (2023), far short of developing country needs 

of US$1 trillion/year (UNFCCC 2023). 

2. Slow project cycles and disbursements: Rigid procedural bureaucracy limits rapid response. 

Eg: Independent Evaluation Group (IEG 2022) flagged ≥18 months average project preparation 

time. 

3. Inadequate support for middle-income countries: Many shock-exposed nations are excluded from 

concessional finance. 

Eg: South Africa’s energy transition relies on external platforms like JET-P, not World Bank 

concessional windows. 

4. Outdated governance and voting structure: US retains de facto veto, inhibiting representativeness. 

Eg: Any change to Articles of Agreement requires 85% majority, while US alone holds over 15% 

voting power (World Bank 2024). 

5. Limited role in global public goods: Existing mandate restricts financing of cross-border climate 

and digital infrastructure. 

Eg: Pandemic preparedness relied on ACT-Accelerator and Gavi, not the Bank’s own instruments. 

Reforms for making IMF and World Bank more representative and effective 

1. Quota, voting and shareholding reforms: Rebalance toward Asia, Africa and Latin America to 

reflect today’s GDP and population shares. 

Eg: G20 Delhi Declaration 2023 called for “better voice and representation” and urged early 

quota realignment. 

2. Shift to global public-goods financing: Climate mitigation, adaptation, pandemics and resilient 

supply chains must become core agenda. 

Eg: World Bank Evolution Roadmap (2023) proposes expanding mandate to “global challenges” 

financing. 

3. New debt-restructuring mechanisms: Create predictable, time-bound processes that include private 

creditors and China. 

Eg: G20 Common Framework needs operational improvement; Zambia’s restructuring delays 

(2020–2023) highlight gaps. 

4. Scale-up lending through hybrid capital: Use guarantees, SDR re-channeling, and balance-sheet 

optimisation. 

Eg: SDR recycling through Poverty Reduction and Growth Trust and Resilience and 

Sustainability Trust is a live reform (IMF 2023). 

5. Enhanced concessional windows for climate-vulnerable economies: Dedicated adaptation and 

loss-and-damage financing. 

Eg: Loss and Damage Fund operationalised at COP28 (2023) marks a model for Bank-led 

climate-risk financing. 
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6. Decentralised operations and faster approvals: Regional hubs for crisis financing, real-time 

monitoring, and quicker disbursal. 

Eg: African Development Bank’s fast-track Emergency Response Window offers a replicable 

model. 

Conclusion 

The world has moved far beyond the realities of 1944, but its financial architecture has not. A transformed 

IMF–World Bank system that mirrors contemporary power shifts, climate urgency and shock-resilience will 

be central to a fairer and more stable global economic order. 

Inclusive growth and issues arising from it. 

Government Budgeting. 

Major crops-cropping patterns in various parts of the country, - different 

types of irrigation and irrigation systems storage, transport and marketing 

of agricultural produce and issues and related constraints; e-technology in 

the aid of farmers. 

Q. Discuss the challenges facing agricultural marketing today. How can digital public 

infrastructure strengthen transparency and farmer returns? (10 M) 

Introduction 

India’s farm sector is increasingly market-linked, yet 70% farmers (NSSO Situation Assessment 2021) 

continue to face poor price realisation due to structural bottlenecks in marketing. With rising production and 

diversification, the efficiency of markets has become a decisive determinant of farm income. 

Body 

Challenges facing agricultural marketing today 

1. Apmc fragmentation: Most APMCs operate as local monopolies, restricting competition and price 

discovery. 

Eg: CAG Report 2023 flagged limited inter-mandi trade despite reforms in states such as 

Rajasthan and Maharashtra. 

2. High intermediation costs: Multiple layers of commission agents depress net returns for 

smallholders. 

Eg: NITI Aayog 2021 found farmer share in consumer rupee as low as 28% in perishables in 

several states. 

3. Poor infrastructure and grading facilities: Lack of assaying, cold chains and storage reduces 

quality and bargaining power. 

Eg: NABARD 2023 reports India has only 11% of required cold storage capacity, causing distress 

sales. 

4. Weak market information systems: Real-time prices, arrivals and demand data remain unreliable 

and inaccessible. 

Eg: DoCA 2024 highlighted inconsistent reporting even on AGMARKNET, affecting transparency. 
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5. Limited FPO integration: FPOs lack credit, digital capacity and aggregation scale, weakening their 

market role. 

Eg: SFAC 2024 found only 15% of registered FPOs engaged in sustained market linkage 

operations. 

How digital public infrastructure can strengthen transparency and farmer returns 

1. Digital marketplaces for competitive price discovery: Platforms like eNAM reduce cartelisation 

and enable transparent bidding. 

Eg: eNAM Dashboard 2024 shows 1.8 crore farmers onboarded with rising inter-state trade in 

pulses and oilseeds. 

2. Blockchain-enabled traceability: Digital traceability builds trust and opens premium markets for 

farmers. 

Eg: APEDA 2023 used blockchain for Basmati traceability, increasing returns for farmer clusters. 

3. Digital logistics and warehousing stack: Unified platforms integrate warehouses, transporters and 

cold chains, reducing losses. 

Eg: WDRA 2024 expanded the e-NWR system that enables farmers to access credit using digital 

warehouse receipts. 

4. Real-time data integration: DPI can combine IMD, ICAR and mandi data to guide farmers on 

timing and location of sales. 

Eg: Meghdoot App (2024) provided price and weather-linked advisories to 56 lakh farmers. 

5. Fpo digital enablement: DPI supports FPO onboarding, certification, and direct buyer linkages to 

improve price realisation. 

Eg: Under the Central Sector FPO Scheme 2024, over 4,000 FPOs were linked with digital 

commerce platforms. 

Conclusion 

Digital public infrastructure can transition India’s agricultural markets from opaque mandis to integrated, 

data-driven ecosystems. A unified digital stack, empowered FPOs and transparent platforms can ensure fair 

returns for smallholders in the decade ahead. 

Q. “India’s agricultural transformation will depend not on output expansion but on risk-

proofing the farm ecosystem.” Evaluate the role of Minimum Support Price reforms and 

climate-smart agriculture. Suggest pathways for building long-term farm security. (15 M) 

Introduction 

India’s agriculture faces compound risks from climate volatility, market fluctuations, and rising input costs, 

making resilience-building central to improving farm incomes. Strengthening risk buffers rather than merely 

expanding output has become essential for sustainable agricultural transformation. 

Body 

Need for risk-proofing the farm ecosystem 

1. Climate volatility as a structural threat: Frequent heatwaves, droughts, and erratic monsoons 

(IMD 2024) reduce yield certainty and heighten production risk. 
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Eg: IMD 2022–24 reports show 75% districts experiencing at least one extreme weather event 

annually. 

2. Price and market instability: Price crashes in perishables and uneven procurement reduce income 

stability. 

Eg: NITI Aayog’s Price Volatility Index 2023 shows high volatility in vegetables, pulses and 

oilseeds. 

3. Rising input cost vulnerability: Escalating fertiliser, power, and diesel costs diminish farm 

profitability. 

Eg: MoA&FW 2024 notes cost of cultivation rising 9–12% annually. 

Role of Minimum Support Price reforms 

1. Encouraging diversification beyond cereals: Wider MSP coverage for pulses, oilseeds and millets 

reduces overdependence on rice–wheat cycles. 

Eg: MSP increases for tur, masur and oilseeds (2024–25) align with Aatmanirbhar Oilseeds 

Mission. 

2. Price deficiency payment systems: Assures remunerative prices without excessive procurement 

burden. 

Eg: MP Bhavantar scheme (CACP 2023 study) increased farmer realizations by 12–18%. 

3. Decentralised procurement for state-led diversification: Strengthens local procurement and 

reduces logistical bottlenecks. 

Eg: Punjab’s 2023 diversification plan linking MSP maize to decentralised procurement. 

4. Income-oriented MSP formula: Ensuring A2+FL+50% cost margin cushions farmers against 

shocks. 

Eg: CACP 2024–25 emphasises MSP as income-protection rather than procurement expansion. 

5. Leveraging digital procurement infrastructure: Transparent digital systems lower rejection risk 

and delays. 

Eg: ONDC–Agriculture 2024 integrates FPOs with MSP procurement. 

Role of climate-smart agriculture 

1. Precision water and nutrient management: Micro-irrigation and soil moisture technologies 

stabilise yields under rainfall variability. 

Eg: PMKSY 2024 brought 73 lakh ha under micro-irrigation. 

2. Climate-resilient seed varieties: Drought, flood, and heat-tolerant varieties reduce climate-related 

yield losses. 

Eg: ICAR’s 212 climate-resilient varieties (2024) including Sahbhagi Dhan. 

3. Agroforestry and integrated farming: Enhances soil moisture, diversifies income, and strengthens 

ecological resilience. 

Eg: National Agroforestry Policy model (FAO 2023) shows 30–40% income gain in Haryana. 

4. Digital advisories and early warning systems: Village-level weather forecasts reduce climate 

uncertainty. 

Eg: IMD–Kisan App 2024 provides heatwave and rainfall advisories. 

5. Energy-efficient and low-emission agriculture: Solar pumps and green energy lower input 

volatility. 

Eg: PM-KUSUM 2024 supports farmers with reliable non-diesel irrigation. 
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Pathways for long-term farm security 

1. Integrated income-protection framework: Align MSP, PM-KISAN, crop insurance, and market 

reforms into unified income security. 

Eg: Dalwai Committee recommends income-based support architecture. 

2. Universal, fast-settlement crop insurance: Weather-indexed products and remote sensing reduce 

claim delays. 

Eg: Mahabeej Weather Index Pilot 2023 settled 90% claims within four weeks. 

3. Strengthening FPO market linkages: Aggregation and collective bargaining stabilise prices and 

reduce post-harvest losses. 

Eg: 10,000 FPO Mission (2024) linking FPOs to eNAM and exporters. 

4. District-level climate adaptation planning: Localised adaptation strategies reduce region-specific 

risks. 

Eg: NICRA 2024 review covers 151 climate-vulnerable districts. 

5. Expanding storage and cold-chain infrastructure: Minimises perishability and price crashes. 

Eg: Operation Greens 2024 stabilised TOP crop prices via buffer stocking. 

6. Diversification into non-crop income streams: Dairy, fisheries, and horticulture create risk buffers. 

Eg: NDDB 2024 notes dairy contributes 24% of agricultural GDP. 

7. Stable regulatory environment: Predictable export, stock limit, and procurement rules lower policy 

uncertainty. 

Eg: Essential Commodities Act Committee 2021 proposed risk-calibrated triggers for export bans. 

Conclusion 

A resilient farm ecosystem requires shifting from a production-driven approach to a risk-managed, income-

secure, climate-adaptive agricultural model. Integrating MSP reforms, CSA adoption, and long-term 

institutional safeguards will enable India to build a shock-proof agricultural future. 

 

Issues related to direct and indirect farm subsidies and minimum support 

prices; Public Distribution System-objectives, functioning, limitations, 

revamping; issues of buffer stocks and food security; Technology missions; 

economics of animal-rearing. 

Q. “Public agricultural research delivers high social returns, yet its institutional base is 

stagnating.” Assess key constraints facing India’s agri-innovation ecosystem. Outline reforms 

needed to enhance research translation to farmers. (10 M) 

Introduction 

India’s agricultural research system—anchored by ICAR (1929; reorganised 1965) and SAUs—has 

historically been central to productivity gains, with studies (World Bank, ICAR) placing social returns at 

over 40–60%. Yet slow institutional renewal and weak last-mile translation now constrain its impact amid 

climate stress and input volatility. 

Body 

Public agricultural research delivers high social returns 
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 High impact on productivity and welfare: Research-driven innovations (seed varieties, agronomy) 

consistently yield multi-fold social returns far above private R&D. 

 Equity-enhancing: Public research focuses on rainfed crops, pulses, and smallholder-relevant 

technologies where private investment is limited. 

Key constraints facing India’s agri-innovation ecosystem 

1. Fragmented institutional architecture: Overlaps between ICAR–SAUs–Krishi Vigyan Kendras 

dilute accountability and coordinated pipeline development. 

Eg: CAG 2023 noted delays and duplication across ICAR institutions in varietal development. 

2. Low research intensity: India spends about 0.3–0.4% of agri-GDP on R&D (FAO 2024), far 

below the 1% benchmark needed for climate-resilient agriculture. 

Eg: Economic Survey 2022-23 highlighted stagnant public R&D expenditure despite rising climate 

risks. 

3. Weak manpower renewal: Ageing researchers, vacancies in SAUs, and limited incentives for 

young scientists impede cutting-edge innovation. 

Eg: ICAR 2023 reported significant faculty shortages in key dryland research centres. 

4. Slow varietal release and regulatory delays: Lengthy multi-location trials and procedural delays 

weaken responsiveness to climate shocks. 

Eg: Studies by IARI 2023 show 5–7 year lags from breeding to release for several cereal varieties. 

5. Poor lab-to-land transfer mechanisms: KVKs face limited staff, mobility constraints, and outdated 

demonstrations. 

Eg: Standing Committee on Agriculture (2022) flagged inadequate field-level extension in KVKs 

impacting adoption. 

6. Limited digital and data integration: Inadequate use of geospatial data, AI-based advisories, and 

farmer-level datasets restrict precision research. 

Eg: The Digital Agriculture Mission 2021 noted weak data-sharing between agencies as a 

structural hurdle. 

7. Underdeveloped public–private research partnerships: Low co-innovation with startups, seed 

firms, and agri-tech ecosystems limits scale and speed. 

Eg: NITI Aayog 2021 recommended structured PPP models for crop breeding and technology 

dissemination. 

Reforms needed to enhance research translation to farmers 

1. Integrated national agri-innovation framework: Create a unified ICAR–SAU coordination 

mechanism with performance-linked funding. 

Eg: The Doubling Farmers’ Income Committee (2017) recommended restructuring research-to-

extension linkages. 

2. Raise R&D spending to 1% of agri-GDP: Multi-year budget commitments with mission-mode 

funding for climate-resilient agriculture. 

Eg: FAO identifies 1% as minimum for sustainable yield growth under climate stress. 

3. Strengthen KVKs as knowledge hubs: Upgrade staff, digital extension tools, and tie-ups with 

FPOs for field validation. 

Eg: PM-Kisan AI advisory pilots (2024) show improved adoption when linked to farmer groups. 
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4. Accelerate varietal release and regulatory reform: Modernize trials using genomic selection and 

data-driven evaluation. 

Eg: ICAR–DBT breeder-seed fast-track programme (2023) reduced timelines for climate-ready 

rice varieties. 

5. Deepen PPP and startup integration: Co-funded breeding programs, open germplasm access, and 

innovation grants for agri-startups. 

Eg: MANAGE Agri-Startups Incubation has scaled bio-input innovations through research tie-

ups. 

6. Data-driven and digital agriculture ecosystem: Build interoperable datasets, remote-sensing 

integration, and AI-based advisories. 

Eg: UPDM–Agristack pilots (2023–24) demonstrated improved advisories for drought-prone 

districts. 

7. Revitalise research manpower: Competitive recruitment, fellowship expansion, and global 

collaborations for frontier research. 

Eg: ICAR–CGIAR collaborations (2023) enhanced genetic resource research in millets. 

Conclusion 

Revitalising India’s agri-research ecosystem requires not just more science, but faster, coordinated, 

farmer-centric science. A stronger institutional pipeline—from labs to KVKs to fields—can power climate-

resilient, productivity-enhancing growth for the next decade. 

Q. “India’s livestock sector is the real engine of rural diversification, yet it remains policy-

underestimated.” Examine the structural role of animal husbandry in rural incomes. Analyse 

constraints limiting productivity and value addition. Suggest reforms to unlock its long-term 

potential. (15 M) 

Introduction 

The livestock sector has become a reliable income stabiliser for smallholders in an increasingly climate-

risky agriculture system. With the sector contributing over 30% of agriculture GVA (NSO 2023-24), it 

anchors rural diversification and household resilience. 

Body 

Structural role of animal husbandry in rural incomes 

1. Income stabilisation for smallholders: Livestock provides daily/weekly cash flows and cushions 

crop failures. 

Eg: NSS 77th Round (2020) shows that over 70% of farm households depend on livestock 

income, which remained stable even during COVID-19 disruptions. 

2. Rural employment generation: It absorbs family labour, particularly women, strengthening 

inclusive rural livelihoods. 

Eg: DAHD Annual Report 2023 notes livestock supports 16 million jobs, with women forming 

~70% of the dairy labour force in Rajasthan and Gujarat. 

3. Improving nutritional security: Milk, eggs and meat help address protein and micronutrient 

deficiencies. 
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Eg: NFHS-5 (2021) indicates better child nutrition outcomes in states like Tamil Nadu, where dairy 

and egg consumption is higher. 

4. Synergy with crop systems: Integrated livestock–crop systems improve soil fertility, nutrient 

cycling and reduce chemical input costs. 

Eg: ICAR (2023) shows integrated systems reducing fertiliser consumption by 15–25% in the Indo-

Gangetic belt. 

5. Contribution to agricultural growth and exports: Livestock drives agri-GVA growth and 

diversifies export earnings. 

Eg: APEDA 2024 reported Rs 38,000 crore worth of animal-origin exports, including buffalo meat 

and dairy products. 

Constraints limiting productivity and value addition 

1. Weak genetics and poor breed improvement: Low genetic merit and insufficient Artificial 

Insemination (AI) limit productivity. 

Eg: ICAR-IGFRI 2024 shows India’s average milk yield at 3.3 kg/day, significantly below global 

averages. 

2. Feed and fodder shortages: Persistent deficits in green/dry fodder and shrinking commons reduce 

animal health and productivity. 

Eg: FSSAI–DAHD 2023 highlights a 20–25% fodder deficit, worsening in semi-arid states like 

Rajasthan. 

3. Inadequate veterinary services and disease surveillance: Limited veterinary doctors and labs 

delay disease prevention and early warning. 

Eg: LSD outbreak 2022 caused the loss of 1.8 lakh cattle (DAHD), exposing surveillance 

deficiencies. 

4. Fragmented value chains and low processing levels: Large informal milk and meat markets 

restrict value addition and farmer realisation. 

Eg: NDDB 2023 shows only 35% of milk is processed, compared to 90%+ in developed economies. 

5. Limited access to credit and insurance: Livestock remains under-financed and vulnerable with 

poor insurance penetration. 

Eg: RBI 2023 notes livestock accounts for only 12% of agriculture credit despite its high GVA 

share. 

6. Gaps in market access and cold-chain infrastructure: Limited cold chains inflate losses and 

reduce market reach for perishables. 

Eg: PMKSY 2024 acknowledges persistent cold-chain gaps restricting poultry and dairy movement. 

Reforms to unlock long-term potential 

1. Strengthening veterinary governance: Expand vets, mobile clinics, labs and a digital disease 

surveillance grid. 

Eg: Standing Committee on Agriculture (2023-24) recommends upgrading NADCP with real-

time digital dashboards. 

2. Ensuring fodder and feed security: Promote silage units, fodder banks, hydroponic fodder and 

common grazing land restoration. 

Eg: Madhya Pradesh silage cluster model (2023) raised milk yield by 10–12%. 
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3. Accelerating breed improvement through genomic tools: Expand AI coverage, embryo transfer 

and genomic selection. 

Eg: Rashtriya Gokul Mission (NDDB) has increased high genetic merit bull production and IVF 

calves in Gujarat. 

4. Boosting value addition and processing: Incentivise dairy/meat/egg processing units, livestock 

FPOs and cold-chain infrastructure. 

Eg: PM-FME Scheme (2020-25) supports livestock-based enterprises in Uttar Pradesh and 

Haryana. 

5. Expanding livestock credit and insurance products: Integrate digital cattle-ID, expand livestock 

insurance and diversify credit lines. 

Eg: DAHD UVDB digital tagging (2023) improves traceability for finance and disease monitoring. 

6. Mainstreaming climate-smart livestock practices: Use heat-tolerant breeds, climate-resilient sheds 

and mixed farming. 

Eg: Kerala’s Kudumbashree integrated units improved incomes while lowering climate risk. 

7. Creating a unified national livestock market architecture: Harmonise inter-state movement 

norms, SPS standards and export certification. 

Eg: APEDA 2024 harmonisation of SPS norms improved buffalo meat export compliance. 

Conclusion 

A shift from crop-centric to integrated, science-driven livestock development is essential for future rural 

prosperity. With sustained investment and regulatory coherence, animal husbandry can become India’s most 

dependable pillar of agricultural resilience and growth. 

 

Food processing and related industries in India- scope’ and significance, 

location, upstream and downstream requirements, supply chain 

management. 

Land reforms in India. 

Effects of liberalization on the economy, changes in industrial policy and 

their effects on industrial growth. 

Q. India’s industrialisation strategy has relied more on incentives than on structural 

transformation. Discuss this critique. Examine its implications for productivity growth and 

propose a structural reform agenda. (15 M 

Introduction 

India’s manufacturing growth has increased without parallel improvements in firm size, innovation depth or 

infrastructure strength, revealing a model driven more by subsidies than by structural competitiveness. This 

imbalance limits the long-term productivity gains needed for a high-growth industrial economy. 

Body 

Critique of India’s incentive-heavy industrialisation strategy 
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1. Subsidy-led industrial push: Incentives often replace essential reforms in land, labour and 

regulatory systems, creating shallow competitiveness. 

Eg: PM-PLI outlay of ~Rs 1.97 lakh crore (DPIIT 2023) increased sectoral output but did not 

address core factor-market rigidities. 

2. Unresolved structural bottlenecks: High logistics costs and complex regulations persist despite 

incentive schemes. 

Eg: India’s LPI 2023 rank of 38 (World Bank) reflects continued supply-chain inefficiencies. 

3. Weak technological upgrading: Incentives encourage production expansion but not R&D 

investment or innovation capability. 

Eg: India’s R&D spending stagnates at ~0.7% of GDP (DST 2023), limiting technology depth. 

4. MSME smallness trap: Size-linked benefits discourage scaling and keep firms micro-scale. 

Eg: CII 2024 notes that over 95% of MSMEs remain micro, reducing scope for productivity gains. 

Implications for productivity growth 

1. Low capital deepening: Incentives crowd out long-term investments in technology and process 

automation. 

Eg: National Manufacturing Innovation Survey 2022 found meaningful R&D activity in less than 

10% of firms. 

2. Weak labour productivity: Absence of structural upgrading keeps most employment in low-

productivity industries. 

Eg: ILOSTAT 2023 shows India’s manufacturing productivity below ASEAN-5 benchmarks. 

3. Limited firm scaling: Incentives increase the number of units but do not create large competitive 

firms. 

Eg: RBI Corporate Finance Study 2024 reports marginal growth in median firm size despite heavy 

incentive flows. 

4. Shallow GVC integration: Output-based incentives fail to build technological capabilities needed 

for high-value exports. 

Eg: RoDTEP improves margins but does not foster design, R&D or technology adoption capacities. 

Structural reform agenda for long-term industrial transformation 

1. Factor market modernisation: Simplifying labour compliances and improving land acquisition can 

enable scalable manufacturing. 

Eg: Rajasthan’s labour reforms (2014–16) reduced approvals and compliance time. 

2. Logistics and corridor upgrades: Expanding multimodal transport under Gati Shakti can lower 

systemic costs. 

Eg: Dedicated Freight Corridor (Indian Railways 2024) reduced freight transit time by nearly 

half on commissioned sections. 

3. Innovation-linked industrial policy: Incentives should be tied to firm-level technology upgrading, 

R&D and skill spending. 

Eg: South Korea’s export-linked innovation model integrated incentives with capability 

acquisition. 

4. MSME scaling reforms: Removing size thresholds and using cluster-based upgrading can facilitate 

firm growth. 

Eg: UK Small Business Rate Relief promotes scaling without penalising expansion. 
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5. Regulatory simplification: Unified, digital compliance through NSWS can cut transaction costs and 

enhance investor confidence. 

Eg: NSWS processed over 1.4 lakh approvals in 2024 (DPIIT), showing strong consolidation 

potential. 

6. Skill ecosystem strengthening: Industry-led curriculum and apprenticeships must be integrated with 

Skill India missions. 

Eg: Tamil Nadu Skill Development Corporation partners with EV and electronics firms to deliver 

targeted training. 

Conclusion 

India’s next phase of industrialisation must shift from incentive-driven expansion to structural 

competitiveness rooted in innovation, logistics efficiency and scalable factor markets. Aligning incentives 

with deep reforms is essential for sustained productivity growth and global manufacturing leadership. 

Q. What structural challenges limit the competitiveness of Micro, Small and Medium 

Enterprises in India? Outline the strategic reforms needed to build globally competitive 

MSMEs. (10 M) 

Introduction 
MSMEs form a critical pillar of India’s manufacturing and services base, contributing 30% to GDP and employing 

over 11 crore workers (MoMSME 2024). Yet deep structural gaps restrict their ability to scale, innovate and compete 

globally. 

Body 

Structural challenges limiting MSME competitiveness 

1. Limited access to formal credit: Collateral-heavy lending norms and high-risk perception restrict 

affordable credit. 

Eg: RBI MSME Credit Gap Report 2023 placed the formal credit gap at over Rs 20 lakh crore, 

mainly among micro units. 

2. Technological obsolescence: Outdated machinery and weak digital adoption limit productivity and 

quality upgrading. 

Eg: MSME Ministry 2024 survey showed only 18% MSMEs have adopted basic Industry 4.0 

tools. 

3. High regulatory compliance burden: Overlapping labour, tax and environmental compliances 

increase operational costs. 

Eg: Vivek Debroy Committee noted 6,000+ compliance points, disproportionately impacting 

small firms. 

4. Supply chain fragmentation and logistics inefficiency: Dispersed production and weak linkages 

raise costs and reduce reliability. 

Eg: NITI Aayog 2023 highlighted logistics costs at 14% of output value for MSMEs. 

5. Limited integration into value chains: Weak linkage with large buyers and export ecosystems 

restricts scale gains. 

Eg: DGFT 2024 data shows MSME exports concentrated in low-value sectors like handicrafts and 

textiles. 

Strategic reforms needed to build globally competitive MSMEs 
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1. Expanding credit via digital and cash-flow–based lending: Using digital underwriting and credit 

guarantees can widen access. 

Eg: India Stack-enabled MSME loans (2024) reduced credit turnaround time by over 80%. 

2. Technology upgrading through targeted incentives: Subsidised tech adoption and common 

facilities can modernise production. 

Eg: ZED 2.0 (2023) incentivises quality and energy-efficient upgrades. 

3. Simplified compliance through unified digital systems: A single-window clearance with pre-

filled, centralised compliance reduces costs. 

Eg: National Single Window System (2024) integrated 30+ departments for faster approvals. 

4. Cluster-based competitiveness enhancement: Strengthening cluster governance improves scale, 

quality, and market access. 

Eg: MSME-CDP and SFURTI helped clusters like Morbi ceramics and Panipat textiles upgrade 

processes. 

5. Value-chain and export integration: Linking MSMEs with public procurement and global supply 

chains expands markets. 

Eg: GeM 2024 registered MSME orders worth over Rs 4 lakh crore, enabling wider market access. 

Conclusion 
A shift from fragmented schemes to a unified strategy focused on technology, finance, and value-chain integration can 

transform MSMEs into globally competitive engines of growth, innovation and employment. 

 

Q. Five-Year Plans institutionalised developmental ambition, but their centralised model 

constrained innovation and decentralised capacities”. Analyse this evolution. Examine failures 

in adaptive policy design. Suggest how contemporary planning mechanisms correct these 

legacies. (15 M) 

Introduction 

India’s planning framework engineered the foundational expansion of infrastructure, industry and welfare, 

but its command-centred institutional design limited decentralised problem-solving, real-time policy 

calibration and innovation-led growth, ultimately exposing structural rigidities that contemporary reforms 

seek to correct. 

Body 

Evolution of five-year plans and centralised developmental ambition 

1. Centralised allocation design: The Planning Commission controlled plan size, sectoral shares and 

state transfers, restricting innovation in state developmental priorities. 

Eg: Gadgil Formula 1969 mandated fixed criteria for state plan transfers, limiting localised 

planning flexibility (Source: Planning Commission archives). 

2. State-led industrial control: The 1956 Industrial Policy Resolution created capacity licensing and 

reservation that constrained private technology adoption and scale competitiveness. 

Eg: License-Permit Raj continued until 1991 LPG reforms, delaying industrial diversification 

(Source: RBI Industrial Policy Review 2022). 

3. Weak integration of Panchayat planning: Despite the 73rd Amendment 1992, local bodies were 

peripheral to plan formulation, undermining decentralised learning and need-based innovation. 

Eg: Eleventh Finance Commission report warned of minimal Gram Sabha role in planning. 
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4. Centre-heavy fiscal discretion: Plan transfers, centrally sponsored schemes and block assistance 

were designed with limited formula flexibility, reducing state-level fiscal experimentation. 

Eg: National Development Council (NDC) frequently resolved state–centre allocation disputes due 

to concentration of fiscal power in the Planning Commission (Source: NDC minutes). 

5. Technology and R&D directed from the centre: Innovation agendas—heavy industry (Second 

Plan), space and atomic energy (Third Plan)—were centrally prioritised with minimal state-executed 

R&D ecosystems, slowing distributed innovation capacity. 

Eg: Atomic Energy Commission 1958 and ISRO under INCOSPAR 1962 remained Union-driven 

innovation hubs with negligible state co-creation channels (Source: DAE annual reports). 

Failures in adaptive policy design 

1. Inflexible outlay-based targets: Plans were fixed for five years, insufficient to navigate macro 

shocks and commodity volatility. 

Eg: Fourth Plan 1969-74 broke mid-cycle due to oil crisis and food shock (Source: Economic 

Survey 2023). 

2. Process-heavy rather than outcome-driven: Monitoring emphasised spending rather than delivery 

quality, weakening mid-term correction capability. 

Eg: CAG reviews of Eighth and Ninth Plans flagged duplication and leakages without structural 

redesign. 

3. Fragmented sectoral architecture: Agriculture, labour and industry planning occurred in silos, 

inhibiting linkages and technology spillovers. 

Eg: Fifth Plan employment push ignored agro-logistics integration, contributing to rural 

productivity stagnation. 

4. Underdeveloped competitive federalism: States followed central templates and lacked incentives 

to experiment or benchmark. 

Eg: Twelfth Plan acknowledged state capability variance but retained uniform resource models 

(Source: Twelfth Plan Vol-I). 

5. Lag in market reform transitions: Delayed deregulation and tariff rationalisation slowed tech 

adoption in manufacturing and infrastructure. 

Eg: Telecom liberalisation committee 1998 noted statutory delays due to plan-era controls 

blocking innovation. 

How contemporary mechanisms correct centralised planning legacies 

1. Outcome-based planning metrics: NITI Aayog’s Output-Outcome Monitoring Framework 

(OOMF) shifts from input budgeting to results tracking. 

Eg: Health OOMF dashboard 2020-24 monitors IMR, ANC coverage and SDG convergence with 

real-time analytics. 

2. Competitive federalism shift: Ranking indices incentivise states to innovate and replicate best 

practices rather than follow uniform central designs. 

Eg: Export Preparedness Index 2023 spurred logistics and port reforms in Tamil Nadu and 

Gujarat (Source: NITI 2024). 

3. District-anchored development modelling: Agility and localisation are strengthened through 

district SDG data, financing and evaluation. 

Eg: Aspirational Districts Programme raised institutional deliveries and nutrition outreach in 

Nandurbar and Mewat (Source: NITI 2024). 
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4. Digital interoperability platforms: Tech-enabled real-time project synchronisation reduces 

departmental silos. 

Eg: PM Gati Shakti platform integrates road-rail-port pipeline layouts, improving approval and 

completion timelines. 

5. Innovation-pull industrial design: Production-linked incentives and deregulation correct 

command-allocation inefficiencies. 

Eg: PLI scheme for electronics expanded domestic value addition and supported design-led 

production (Source: MeitY 2024). 

Conclusion 

India’s transition from fixed allocation planning to adaptive, competitive and data-driven development 

illustrates correction of structural centralisation legacies. Future trajectory now rests on reinforcing local 

planning autonomy, real-time feedback systems and innovation-rooted state capacities to secure 

durable economic transformation. 

Q. “Privatisation is not just disinvestment but a strategic retreat of the state from economic 

domains”. Evaluate key outcomes of privatisation on public sector performance. How has it 

altered state capacity? (10 M) 

Introduction 

Privatisation in India post-1991 marked a decisive reorientation from a command-control economy to 

market-driven efficiency, shifting the state from manager to regulator. This transition reflects the 

constitutional mandate of efficient public finance management under Article 266 and Parliament’s 

control of public expenditure. 

Body 

Key outcomes on public sector performance 

1. Enhanced operational efficiency: Privatised units demonstrated improved cost-competitiveness and 

productivity gains. 

Eg: BALCO reported higher mining output post-privatisation, named in CAG performance 

assessment 2021. 

2. Fiscal resource optimisation: Sale proceeds reduced fiscal stress enabling capital expenditure. 

Eg: Union Budget 2023-24 showing divestment receipts channelled into infrastructure Capex 

(source: MoF). 

3. Shift to performance-based governance: Privatisation reduced bureaucratic administrative layering 

and improved managerial accountability. 

Eg: NITI Aayog 2022 enterprise evaluation framework introduced outcome-linked oversight. 

4. Rationalisation of loss-making PSUs: Privatisation reduced budgetary support to chronically loss-

making enterprises. 

Eg: Finance Ministry statement 2022 on closure or sale of non-strategic PSUs saving recurring 

support expenditure. 

5. Regulatory discipline: Creation and strengthening of sector regulators ensured market stability post-

exit. 

Eg: TRAI Amendment review 2022 streamlined licensing and tariff structures. 
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How it has altered state capacity 

1. From producer to regulator: Core shift from market role to oversight authority enhancing 

institutional legitimacy. 

Eg: Competition Commission of India (CCI) strengthened under Competition Amendment Bill 

2023 for anti-trust regulation. 

2. Improved public financial management: Reduced PSU bailouts improved budgetary space for 

social and capital expenditure. 

Eg: FRBM targets review by 15th Finance Commission emphasised reducing administrative fiscal 

burden. 

3. Strengthening governance architecture: New regulatory bodies and statutory frameworks 

enhanced supervisory capability. 

Eg: Electricity Amendment oversight strengthening 2021 to protect consumer interests. 

4. Focused state intervention: Resources redirected to health, education, logistics and national 

security sectors. 

Eg: PM Gati Shakti financing model utilising freed fiscal space for multimodal infrastructure. 

5. Risk of regulatory capture: Retreat accompanied by vulnerability of private dominance in essential 

sectors if oversight weakens. 

Eg: Parliamentary Standing Committee on Industry 2022 warning on concentration risks in 

telecom and aviation. 

6. Labour implications: Capacity shift required re-skilling and social safety oversight. 

Eg: Codes on Industrial Relations 2020 to institutionalise dispute resolution and worker 

protections. 

7. Reinforcing cooperative federalism: State PSUs also underwent strategic exits improving sub-

national fiscal health. 

Eg: RBI State Finances Report 2023 highlighted reduced PSU-linked liabilities in multiple states. 

Conclusion 

Privatisation has strategically repositioned the Indian state from direct economic actor to oversight 

guarantor, elevating regulatory authority and fiscal agility. The next phase must embed stronger 

competition safeguards and transparent regulatory mechanisms to ensure equity and prevent private 

concentration while maintaining growth momentum. 

Q. “Planning after 1991 did not disappear but transformed into market-aligned steering.” 

Explain this continuity in disguise. Analyse the role of NITI Aayog in post-plan coordination. 

(10 M) 

Introduction 

Economic liberalisation dismantled centralised allocation but did not end planning; it transformed the State 

into a strategic navigator using market signals, cooperative federalism, and outcome tracking instead of 

rigid five-year physical targets. 

Body 

Continuity in disguise 
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1. Shift to indicative rather than directive planning: The State began steering development through 

macro frameworks, reform sequencing and investment climates rather than controlling inputs or 

prices. 

Eg: RBI inflation-targeting (2016) institutionalised price expectations through market signals, 

ensuring stability for private investment (Source: RBI). 

2. State moved from producer to facilitator: Government no longer dominated core sectors but 

shaped incentives, competition rules and resource allocation frameworks. 

Eg: 2021 Strategic Disinvestment Policy defined State’s role as regulator, not owner, enabling 

private capital-led efficiency (Source: DIPAM). 

3. Outcome-driven governance replacing target-setting: Inputs and budget lines gave way to real-

time monitoring, district-level benchmarking and performance dashboards. 

Eg: Aspirational Districts Programme tracks health, nutrition and education via digital dashboards 

and data triangulation (Source: NITI 2018). 

4. Cooperative steering instead of central allocation mandates: Decision-making became negotiated 

with States, supported by fiscal harmonisation and consultative platforms. 

Eg: GST Council under Article 279A enables joint tax reform and compensation design, ensuring 

shared fiscal coordination. 

Role of NITI Aayog in post-plan coordination 

1. Strategic vision and national priority-setting: NITI designs long-term structural pathways instead 

of issuing plan expenditure ceilings, aligning private and state investment flows. 

Eg: India 2047 vision framework guides climate transition, urbanisation and tech-led growth targets 

(Source: NITI 2023). 

2. Evidence-based outcome measurement and policy correction: It provides metrics to ministries 

and States to adjust schemes based on real-time outcomes rather than historical allocations. 

Eg: UNDP–NITI poverty report 2023 tracks multidimensional deprivation reductions used for 

mid-course welfare correction. 

3. Competitive federalism as performance discipline: Rankings, indices and dashboards push States 

to reform without central diktats or discretionary funding leverage. 

Eg: Export Preparedness Index and Health Index encourage policy competition and governance 

upgrades (Source: NITI 2022). 

4. Horizontal and vertical coordination platform: NITI integrates Centre–State priorities, 

infrastructure mapping and inter-ministerial sequencing essential in a non-plan expenditure era. 

Eg: PM Gati Shakti GIS planning grid aligns 16 ministries for logistics, ports, highways and rail 

planning (Source: Logistics Division 2021). 

5. Mission-mode advisory and reform blueprinting: Instead of distribution of funds, NITI provides 

modelling, technology roadmaps and regulatory advice to ministries. 

Eg: National Hydrogen Mission modelling support on electrolyser cost curves and green corridor 

planning (Source: MNRE–NITI 2021). 

6. Private innovation and PPP facilitation: NITI bridges State development goals with market-led 

innovation ecosystems through incubators, research clusters and PPP frameworks. 

Eg: Atal Innovation Mission supports start-up incubation tied to social sectors like health-tech and 

clean energy (Source: AIM 2022). 

Conclusion 
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Planning transitioned from central allocation to a market-aligned strategic navigator, where NITI Aayog 

anchors long-range vision, competitive federalism and outcome intelligence—ensuring development 

continuity without command planning. 

Q. “Liberalisation corrected shortages but produced regional concentration of benefits.” 

Analyse why growth became spatially clustered. Evaluate policy tools such as industrial 

corridors to overcome concentration risks. (15 M) 

Introduction 

Liberalisation dismantled systemic shortages and licensing inefficiencies, but the rewards flowed 

disproportionately to a few pre-existing industrial zones. Capital, technology and infrastructure gravitated 

toward already competitive clusters, yielding uneven spatial industrialisation. 

Body 

Liberalisation corrected shortages but produced regional concentration 

1. Removal of quantitative and licensing controls: Post-1991 deregulation enabled firms to expand 

freely, but expansion occurred mainly in states where industrial bases and port connectivity were 

already entrenched, locking competitive advantage to limited zones. 

Eg: Mumbai–Pune, Bengaluru, NCR attracted most post-1991 private capital inflow due to legacy 

agglomeration (RBI 2024). 

2. Export-orientation favoured coastal states: Liberalisation shifted India from import substitution to 

outward orientation, but export-linked FDI favoured port-adjacent states, concentrating 

manufacturing dividends. 

Eg: Gujarat and Tamil Nadu ports handled over 50% of India’s container traffic (Ministry of 

Ports 2023). 

3. IT-centric growth polarisation: Technology-led services grew faster than manufacturing, but IT 

infrastructure, skilled workforce and global linkages were concentrated in select metros. 

Eg: Bengaluru–Hyderabad belt accounts for over 55% of IT-BPM exports (NASSCOM 2024). 

Why growth became spatially clustered 

1. Agglomeration economies: Firms clustered around talent pools, suppliers, R&D networks and 

venture capital ecosystems, reinforcing cumulative causation in specific geographies and excluding 

lagging ones. 

Eg: Bengaluru IT cluster evolved as a fully integrated innovation-finance-startup ecosystem 

(NASSCOM 2024). 

2. Logistics and supply chain asymmetry: National highways, ports, airports and freight touchpoints 

were unevenly distributed, lowering logistics costs only in western and southern corridors while 

raising cost barriers elsewhere. 

Eg: Western DFC region has higher multimodal integration compared to East/Central hinterlands 

(Ministry of Railways 2024). 

3. Incentive structure bias: SEZ Act 2005, EoDB reforms and state-level fiscal concessions were 

disproportionately effective in states already possessing administrative and industrial capacity, 

reinforcing first-mover dominance. 
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Eg: Gujarat–Tamil Nadu account for majority of operational electronics SEZs (NITI Aayog 

2023). 

4. Regulatory capacity differential: States varied in land approval timelines, environmental 

clearances, contract enforcement and single-window functioning, diverting capital to high-efficacy 

states. 

Eg: Gujarat, Karnataka top DPIIT Business Reforms Action Plan 2023, while BIMARU states 

lag. 

5. Market depth and urban consumption concentration: Metro-centric elite consumer bases 

incentivised corporates to concentrate production and services around dense purchasing power 

regions, rather than dispersed markets. 

Eg: Mumbai–NCR region accounts for 35% of corporate credit exposure (RBI 2024). 

Industrial corridors as tools to overcome concentration risks 

1. Spatial industrial rebalancing: Corridors seek to shift industrial activity beyond saturated metros 

by creating planned nodes linked to hinterland districts, enabling diffusion of economic geography. 

Eg: DMIC nodes like Dholera, Shendra, Vikram Udyogpuri being developed as industrial-

innovation cities (DMICDC). 

2. Freight-cost equalisation: Dedicated corridors reduce logistics time-cost asymmetry, making inland 

states competitive vis-à-vis coastal hubs, enabling manufacturing dispersal. 

Eg: EDFC reduces transit from Ludhiana to Kolkata by 30–40% (Ministry of Railways 2024). 

3. Plug-and-play ecosystem formation: Corridors create ready land, utilities, trunk infra, testing labs, 

ICT parks and warehousing, enabling industries to set up efficiently outside legacy hubs. 

Eg: Dholera SIR positioned for semiconductor assembly and electronics manufacturing (Gujarat 

2024). 

4. PM Gati Shakti network effect: Integration of roads, ports, rail, inland waterways and airports 

under a unified platform reduces spatial disadvantage and enables Tier-2/3 industrial town growth. 

Eg: National Logistics Policy 2022 targets reduction of logistics costs to 7–8% of GDP over 

medium term. 

5. Backward-district linkage and skill formation: Corridors integrate industrial nodes with district 

skill centres, labour markets and MSME supplier networks, reducing dependency on metro labour 

pools. 

Eg: MSDE skill mapping under DMIC nodes aligning talent with manufacturing demand (MSDE 

2023). 

6. Targeted sectoral decentralisation: Corridors encourage non-IT clustering by focusing on EVs, 

defence, semiconductors, textiles and electronics in new regional belts, preventing IT-centric 

concentration. 

Eg: Chennai–Hosur EV corridor as an emerging alternative model (NITI Aayog 2023). 

7. Fiscal reforms for balance: Location-based incentives promote investment in under-industrialised 

geographies and not merely high-GDP states, ensuring incentive-neutral spatial allocation. 

Eg: PLI backward-region preferential clauses 2023 incentivise units outside saturated belts 

(MeitY). 

Conclusion 
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Spatial clustering is not simply an outcome of liberalisation but of inherited infrastructural and governance 

asymmetries. Industrial corridors must go beyond connectivity to capacity creation, ensuring hinterland 

manufacturing districts evolve into competitive and resilient growth poles. 

 

 

Infrastructure: Energy, Ports, Roads, Airports, Railways etc. 

Q. Renewables alone cannot anchor long-term energy security in the absence of storage 

adequacy and flexible thermal balancing. Discuss the grid-integration challenges and the 

broader economic implications. (15 M) 

Introduction 

India’s renewable leap has improved sustainability but firm, dispatchable capacity remains essential to 

prevent frequency shocks and evening ramp stress. The CEA Optimal Mix 2032 explicitly states that RE 

expansion must be paired with storage and flexible coal support to maintain security. 

Body 

Renewables alone cannot anchor long-term energy security 

1. Intermittency and steep net-load ramps: Solar drop and wind variability create evening spikes that 

exceed balancing capability, risking grid frequency and system stability. 

Eg: POSOCO 2024 report recorded ~80 GW net load ramp in 150 minutes, forcing emergency 

coal scheduling to avoid frequency dipping below 49.9 Hz operational limit. 

2. Storage duration deficit for peak coverage: Current batteries provide only short-duration 

coverage, inadequate to meet multi-hour evening peaks and seasonal deficits. 

Eg: CEA Storage Roadmap 2023 projects 60–70 GWh need by 2030, while India has <6 GWh 

installed, creating a ten-fold firmness deficit. 

3. Thermal inertia as essential grid service: Coal alone provides inertia, spinning reserve and black-

start capability unavailable from variable RE sources. 

Eg: NTPC flexible coal trial 2023–24 sustained 55% technical minimum with 3%/min ramping, 

stabilising Western grid after a sudden 4.5 GW wind collapse in Gujarat. 

Grid-integration challenges 

1. Transmission evacuation gaps in RE zones: Solar-wind belts lack completed corridors, leading to 

congestion, curtailment and stranded renewable capacity. 

Eg: Green Energy Corridor-II (MNRE 2024) is <60% complete, stranding 15–18 GW solar-

wind during peak generation in Rajasthan and Tamil Nadu. 

2. Curtailment weakening financial viability: Must-run RE is curtailed to manage frequency surges, 

reducing PLFs and undermining project bankability. 

Eg: Tamil Nadu SLDC 2024 reported 11.2% solar curtailment, triggering Rs. 2,300 crore 

compensation petitions before TNERC. 
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3. Shallow ancillary reserve markets: Limited frequency reserves force SLDCs to rely on costly last-

minute thermal dispatch to control deviations. 

Eg: CERC Ancillary Market Report 2024 shows <2% trading share, making grid balancing 

dependent on coal ramping instead of energy storage. 

4. High lifecycle and mineral dependence of storage: Lithium battery degradation and import 

reliance inflate cost and vulnerability of RE-balancing architecture. 

Eg: NITI Aayog 2023 places storage cost at Rs. 6–7 crore/MWh, with 75%+ lithium cells 

imported from China–Korea, raising forex and supply risk. 

Broader economic implications 

1. Hidden premium in system integration cost: Even with low tariffs, balancing, reserves and grid 

upgrade costs raise total delivered cost of RE. 

Eg: IEA India Energy Outlook 2024 estimates 25–30% integration premium when RE surpasses 

50% grid share. 

2. Delayed coal retirement and carbon lock-in: Coal must remain in fleet as transition anchor until 

long-duration storage matures. 

Eg: CEA 2030 plan indicates ~260 GW coal retained, limiting accelerated coal phase-down 

despite RE surge. 

3. Evening tariff volatility and DISCOM stress: Sharp post-sunset ramps force premium-priced real-

time purchases, widening revenue gaps. 

Eg: IEX RTM prices Aug 2024 spiked to Rs. 14/unit (7–9 pm) purely due to solar withdrawal. 

4. Capital exposure and financing risk for RE developers: Curtailment and evacuation delays reduce 

PLF certainty, increasing lending margins. 

Eg: Karnataka Solar Developers 2024 report 9–11% PLF loss, prompting banks to add risk 

premium on RE term loans. 

Way forward 

1. Shift to firm RE procurement architecture: Adopt RTC, storage-linked and hybrid PPAs 

instead of standalone wind–solar auctions. 

2. Flexible coal retrofitting for ramp readiness: Upgrade old units to 55% technical minimum with 

faster ramping till storage scales nationally. 

3. Accelerated corridor and grid modernisation: Synchronise Green Energy Corridor with PM 

Gati Shakti to reduce congestion and stranded MWs. 

4. Diversified domestic storage ecosystem: Promote sodium-ion, flow batteries and zinc-air 

chemistries under PLI-ACC to reduce lithium dependence. 

Conclusion 

India’s clean energy pathway must move from capacity addition to firm, reliable and frequency-secure 

supply. Renewables become a true backbone only when storage adequacy and flexible thermal response 

together stabilise the national grid and deliver 24×7 energy confidence. 
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Q. Assess constraints in increasing coastal shipping share in domestic movement. Explain how 

port connectivity shapes cargo preference. (10 M) 

Introduction 

India’s coastline and port infrastructure provide a viable alternative to long-haul road freight. Yet, coastal 

shipping remains underused because cargo timelines, hinterland links and multimodal reliability still favour 

trucks over vessels. 

Body 

Constraints in increasing coastal shipping share 

1. Turnaround delays: Longer vessel handling and customs-clearance windows reduce predictability, 

making logistics planning difficult for time-bound cargo like cement, steel coils and FMCG. 

Eg: IPA 2023 reported that non-major ports averaged 2.5–3 days in turnaround, compared to 

same-day dispatch achievable by long-haul trucking on Golden Quadrilateral routes. 

2. Multiple handling cycles: Coastal movement requires loading at origin, unloading at first port, 

reloading to road or rail, and unloading at destination—adding cost, idle time and transit uncertainty. 

Eg: Sagarmala 2022 noted 4–6 handling cycles per shipment for bulk cement and fertilizer routes, 

increasing cost by 18–22% over highway delivery. 

3. Low containerisation standards: Absence of uniform container use prevents seamless transfers and 

discourages cargo consolidation, reducing service reliability. 

Eg: NITI Aayog Logistics 2021 placed Indian containerisation at ~35%, well below ASEAN 

average of 65–70%, limiting scale efficiency in coastal loops. 

4. Non-uniform port charges: Wharfage, pilotage and bunkering costs, along with GST differentials, 

make coastal runs less cost-neutral than road transport. 

Eg: Commerce Ministry 2023 highlighted that GST on bunker fuel remains higher than on long-

haul trucking inputs, weakening cross-mode cost parity. 

5. Weak aggregation hubs: Without planned cargo-pooling nodes along industrial corridors, vessels 

run partially loaded, eroding profitability and route frequency. 

Eg: Sagarmala cargo study 2023 found weak aggregation on Tapi–Konkan and Chennai–

Tuticorin circuits, limiting larger vessel deployment. 

How port connectivity shapes cargo preference 

1. Limited rail evacuation: Ports not linked to double-line rail or DFC corridors face slower clearance, 

prompting shippers to choose road for assured timing. 

Eg: MoRTH–Railways 2023 data shows Only 12–15% of major ports have full double-line 

evacuation, affecting long-haul containers to Delhi–NCR and central UP. 

2. Insufficient multimodal terminals: Absence of integrated truck–rail–barge nodes creates 

sequential, not parallel, handling, raising dwell time. 

Eg: Gujarat Maritime Board 2022 observed terminal lag at Hazira & Dahej, where truck queues 

and barge slots rarely align, extending dispatch by 1–1.5 days. 

3. Cold-chain disconnects: Without reefer yards and temperature-stable berths, perishable and pharma 

exporters favour road for end-to-end control. 
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Eg: APEDA 2023 reported only 8 major ports with continuous reefer plug-in access, restricting 

chilled cargo routing through coastal channels. 

4. Hinterland congestion: Poor port exit roads, toll delays and urban bottlenecks dilute the time 

advantage of shorter sea legs. 

Eg: Chennai Port 2023 recorded truck wait times exceeding 10 hours at peak import windows, 

shifting logistics to direct trucking via NH-48. 

5. ICD–port schedule mismatch: If container train arrivals and vessel slots are not synchronised, 

exporters risk missed sailings and higher demurrage. 

Eg: DFCCIL 2023 documented misalignment in Mundra–JNPA runs, where delayed inland rakes 

increased vessel wait and pushed shippers back to road. 

Conclusion 

Coastal shipping can only compete with roads when port evacuation, aggregation hubs and multimodal 

synchronisation provide time assurance similar to trucking. Enhancing DFC alignment, cold-chain berths 

and predictable scheduling will determine if India’s coastline shifts from potential to genuine logistics 

throughput. 

 

Investment models. 

Science and Technology- developments and their applications and effects in 

everyday life. 

Q. Investments in fundamental science shape a nation’s technological and strategic future. 

Examine this statement in the Indian context. Analyse the challenges in sustaining such 

investments. Suggest measures to align India’s science funding architecture with its long-term 

technological and strategic objectives. (15 M) 

Introduction 

India’s rise as a technology-driven and strategically autonomous nation depends not only on applied 

innovation but on sustained strength in fundamental scientific research, which forms the invisible 

backbone of long-term capability creation. Historically, nations that invested early in basic science 

converted knowledge into enduring economic, military, and diplomatic power. 

Body 

Relevance of fundamental science to India’s technological and strategic future 

1. Knowledge sovereignty and strategic autonomy: Fundamental science enables independent 

capability creation in critical domains, reducing dependence on external technologies. 

Eg: India’s long-term investment in nuclear physics and materials science under the Department 

of Atomic Energy enabled indigenous nuclear energy and deterrence capabilities, strengthening 

strategic autonomy. 

2. Platform technologies and spillover effects: Basic research generates cross-sectoral technological 

spillovers that applied research alone cannot deliver. 

Eg: Public funding in space sciences through ISRO since the 1960s led to downstream applications 
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in navigation (NavIC), disaster management, and weather forecasting, supporting civilian and 

strategic needs. 

3. Human capital and innovation ecosystems: Fundamental science builds advanced skills, research 

culture, and problem-solving capacity critical for frontier innovation. 

Eg: The Indian Institutes of Science Education and Research (IISERs), established from 2006 

onwards, focus on basic sciences and have strengthened India’s pipeline of high-quality researchers. 

4. Long-term economic competitiveness: Breakthrough technologies often originate in curiosity-

driven research rather than mission-mode projects. 

Eg: Global experience with semiconductors and quantum technologies shows that early public 

investment in basic physics and mathematics underpins later industrial leadership, a lesson 

increasingly relevant for India. 

Challenges in sustaining investments in fundamental science 

1. Low and uneven public expenditure: India’s overall investment in research remains modest 

relative to its developmental and strategic ambitions. 

Eg: India’s gross expenditure on R&D has remained around 0.6–0.7% of GDP for several years, 

constraining scale and continuity of basic research. 

2. Applied-bias in funding priorities: Short-term outcomes and technology demonstrators often 

crowd out curiosity-driven research. 

Eg: Increasing emphasis on mission-mode and industry-linked projects has reduced risk appetite 

for open-ended basic research in universities. 

3. Fragmented governance and funding architecture: Multiple ministries and agencies fund science 

with limited coordination, affecting continuity. 

Eg: Basic research funding has traditionally been dispersed across DST, DBT, CSIR, and other 

departments, leading to overlaps and procedural delays. 

4. Weak university research capacity: Most Indian universities lack stable funding, infrastructure, 

and research autonomy. 

Eg: Policy assessments have repeatedly highlighted that high-quality research output is concentrated 

in a small set of elite institutions, limiting nationwide depth in basic sciences. 

Measures to align science funding architecture with long-term objectives 

1. Strengthening institutional coherence in funding: Unified and professionally managed funding 

systems can provide stability and long-term vision. 

Eg: The creation of the Anusandhan National Research Foundation (ANRF) aims to streamline 

funding and support both fundamental and translational research across disciplines. 

2. Embedding constitutional values into science policy: Promoting scientific temper must translate 

into sustained institutional support. 

Eg: Article 51A(h) of the Constitution mandates the development of scientific temper, providing 

normative justification for long-term public investment in basic science. 

3. Insulating basic research from short-term political cycles: Multi-year grants and independent 

peer-review mechanisms can ensure continuity. 

Eg: Adoption of principles akin to the Haldane Principle can protect researcher autonomy and 

sustain curiosity-driven inquiry. 



 

30 
 

4. Deepening university-centric research ecosystems: Long-term funding must anchor universities as 

centres of fundamental inquiry. 

Eg: Implementation of research-intensive university models under higher education reforms can 

integrate teaching with discovery-oriented research. 

Conclusion 

Sustained investment in fundamental science is not a fiscal luxury but a strategic necessity for India’s future 

power and resilience. A coherent, autonomy-respecting funding architecture can convert scientific inquiry 

into enduring technological and strategic leadership. 

Q6. “Neglected Tropical Diseases persist not due to lack of treatment, but due to weak health systems. 

Assess its implications for disease elimination efforts in India. (10 M) 

Introduction 

India’s progress in eliminating several tropical infections shows that medical solutions exist, yet persistence 

of Neglected Tropical Diseases highlights deeper systemic weaknesses. This underscores that disease 

elimination is fundamentally a health systems challenge, not merely a therapeutic one. 

Body 

Why weak health systems sustain NTDs 

1. Last-mile primary healthcare weakness: Inadequate functional reach of sub-centres, PHCs and 

outreach services delays diagnosis and treatment continuity in endemic regions. 

Eg: Lymphatic filariasis continues in pockets despite free drug availability due to inconsistent 

Mass Drug Administration coverage, as reported by MoHFW under National Health Mission. 

2. Surveillance and reporting gaps: Weak Integrated Disease Surveillance limits early case detection, 

allowing silent transmission cycles to persist. 

Eg: Under-reporting of visceral leishmaniasis cases in endemic districts was acknowledged in 

NVBDCP reviews, prior to its elimination recognition in 2023 by WHO. 

3. Human resource and capacity constraints: Shortage of trained frontline workers affects case 

identification, follow-up and community engagement. 

Eg: ASHAs and MPWs face high workload across multiple programmes, affecting sustained 

engagement in NTD-endemic areas, noted in National Health Mission evaluations. 

4. Poor convergence with WASH interventions: Absence of coordinated sanitation and water 

interventions perpetuates reinfection despite treatment. 

Eg: Continued exposure to unsafe water and sanitation sustains soil-transmitted helminth 

infections, as highlighted in WHO NTD roadmaps. 

5. Low health literacy and community trust deficit: Weak system outreach reduces awareness, 

compliance and behavioural change. 

Eg: Resistance and low participation during early rounds of Mass Drug Administration were 

documented in MoHFW programme assessments. 

Implications for disease elimination efforts in India 
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1. Shift from vertical to system-strengthening approach: Sustainable elimination requires integrated 

primary healthcare rather than isolated disease programmes. 

Eg: Expansion of Ayushman Bharat – Health and Wellness Centres strengthens preventive and 

promotive care in endemic regions, as per MoHFW. 

2. Constitutional obligation to strengthen public health capacity: Weak systems undermine the 

State’s duty to protect life and health. 

Eg: In Paschim Banga Khet Mazdoor Samity vs State of West Bengal (1996), the Supreme Court 

linked access to healthcare with Article 21. 

3. Enhanced disease surveillance and data integration: Elimination efforts must prioritise robust 

surveillance and real-time reporting. 

Eg: Strengthening of Integrated Disease Surveillance Programme is emphasised in National 

Health Policy 2017 for communicable disease control. 

4. Inter-sectoral convergence for sustained outcomes: Health outcomes depend on coordination 

across nutrition, sanitation and housing sectors. 

Eg: WHO-certified elimination of kala-azar in India (2023) relied on integrated surveillance, 

vector control and health system coordination. 

5. Community-centric delivery and trust-building: Elimination requires participatory models and 

culturally sensitive outreach. 

Eg: Community engagement strategies recommended in WHO NTD 2030 Roadmap stress local 

ownership for sustained disease control. 

Conclusion 

Neglected Tropical Diseases in India persist not due to therapeutic gaps, but due to systemic fragilities in 

healthcare delivery. Strengthening primary care, surveillance and inter-sectoral convergence remains central 

to achieving durable and equitable disease elimination. 

 

Achievements of Indians in science & technology; indigenization of 

technology and developing new technology. 

Awareness in the fields of IT, Space, Computers, robotics, Nano-

technology, bio-technology and issues relating to intellectual property rights. 

Q. Explain the working principle of recombinant DNA technology. Analyse its role in 

transforming modern pharmaceutical production. (10 M) 

Introduction 

Recombinant DNA technology is the backbone of contemporary biotechnology, enabling precise 

manipulation of genetic material across species barriers. It has fundamentally altered how complex 

biological molecules are produced at industrial scale with high safety and consistency. 

Body 

Working principle of recombinant DNA technology 
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1. Isolation of target gene: The desired gene encoding a specific protein is identified and isolated from 

donor DNA using restriction endonucleases, which cut DNA at specific sequences, ensuring 

precision and reproducibility. 

Eg: Human insulin gene isolated using EcoRI, a standard example cited in NCERT Class XII 

Biotechnology. 

2. Insertion into cloning vector: The isolated gene is ligated into a suitable vector such as plasmids or 

bacteriophages using DNA ligase, creating recombinant DNA capable of replication. 

Eg: pBR322 plasmid widely used in early insulin and growth hormone production, as documented 

in NCERT and DBT training modules. 

3. Transformation into host cell: The recombinant vector is introduced into a competent host cell, 

commonly Escherichia coli or yeast, through transformation or transfection techniques. 

Eg: E. coli K-12 strains approved for laboratory and industrial use due to proven biosafety, 

referenced in WHO biosafety guidelines. 

4. Expression and scaling up: Under controlled conditions, the host expresses the inserted gene, 

producing the target protein, which is then purified through downstream processing. 

Eg: Bioreactor-based fermentation systems used for large-scale insulin production, described in 

ICMR–DBT biosafety manuals. 

Role in transforming modern pharmaceutical production 

1. Shift from animal-derived to biosynthetic drugs: Recombinant technology replaced extraction 

from animal tissues, improving safety, purity, and ethical acceptability. 

Eg: Recombinant human insulin replaced bovine and porcine insulin globally since the 1980s, 

significantly reducing immunogenic reactions, as noted by WHO. 

2. Expansion of biopharmaceutical portfolio: It enabled production of complex therapeutic proteins 

that were earlier impossible to synthesize chemically. 

Eg: Recombinant erythropoietin (EPO) for anemia in chronic kidney disease, approved and 

regulated in India under CDSCO guidelines. 

3. Rapid vaccine and biologics development: Recombinant platforms allow faster, scalable, and safer 

vaccine and therapeutic protein development. 

Eg: Recombinant Hepatitis B vaccine produced using yeast expression systems, included in 

India’s Universal Immunisation Programme based on ICMR recommendations. 

4. Cost efficiency and indigenous manufacturing: It supports domestic biopharma capacity, aligning 

with health security and affordability goals. 

Eg: Indian biopharmaceutical firms producing biosimilars under DBT and BIRAC support, 

contributing to reduced treatment costs, as highlighted in Economic Survey 2022–23. 

Conclusion 

Recombinant DNA technology has transformed pharmaceuticals from extraction-based chemistry to 

precision-driven biology. Its continued integration with synthetic biology and bioprocess innovation will be 

central to affordable, resilient, and future-ready healthcare systems. 
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Q. Bring out the scientific principles underlying nanotechnology. Evaluate its applications in 

the fields of energy, environment, and agriculture. Assess the potential health and ecological 

risks associated with nano-scale interventions. (15 M) 

Introduction 

Manipulation of matter at the nano-scale has enabled science to operate at the interface of physics, 

chemistry, and biology, where material behaviour changes fundamentally. Nanotechnology has therefore 

emerged as a general-purpose technology with implications for energy security, environmental 

sustainability, and agrarian productivity. 

Body 

Scientific principles underlying nanotechnology 

1. Quantum size effects: When materials are reduced to the nano-scale (1–100 nm), quantum 

confinement alters electronic, optical, and magnetic properties compared to bulk matter. 

Eg: Quantum dots exhibit size-dependent fluorescence, unlike conventional semiconductors, 

enabling tunable optical behaviour for advanced sensors and imaging. 

2. High surface area to volume ratio: Nano-materials possess disproportionately large surface areas, 

enhancing chemical reactivity, catalytic efficiency, and adsorption capacity. 

Eg: Nano-catalysts used in fuel cells significantly improve reaction efficiency by increasing active 

reaction sites. 

3. Surface dominance and interface phenomena: At nano dimensions, surface forces such as van der 

Waals interactions and surface energy dominate over gravitational forces. 

Eg: Nano-coatings used in corrosion resistance leverage surface-level interactions rather than bulk 

material strength. 

4. Self-assembly and bottom-up fabrication: Nano-systems often rely on molecular self-organisation 

rather than top-down machining. 

Eg: DNA-based nano-structures exploit biological self-assembly principles for precise molecular 

engineering. 

Applications of nanotechnology in energy, environment, and agriculture 

Energy 

1. Enhanced energy storage systems: Nano-materials improve charge density, conductivity, and cycle 

life of batteries and supercapacitors. 

Eg: Lithium-ion batteries with nano-silicon anodes, supported under India’s National Mission on 

Transformative Mobility (2019), improve energy density and charging speed. 

2. Efficient renewable energy conversion: Nano-structured materials increase light absorption and 

electron mobility in solar technologies. 

Eg: Perovskite solar cells using nano-layered structures have demonstrated higher efficiency at 

lower material cost in laboratory trials. 

Environment 
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1. Advanced water and air purification: Nano-materials enable selective filtration and adsorption of 

pollutants at molecular scales. 

Eg: Nano-membranes under the Jal Jeevan Mission pilots help remove heavy metals and 

pathogens more efficiently than conventional filters. 

2. Environmental remediation: Reactive nano-particles neutralise toxic contaminants through 

surface-driven reactions. 

Eg: Nano-iron particles are used globally for in-situ remediation of groundwater contaminated with 

chlorinated hydrocarbons. 

Agriculture 

1. Precision nutrient delivery: Nano-formulations allow controlled and targeted release of agro-

inputs, reducing wastage. 

Eg: Nano-urea, approved by Indian Farmers Fertiliser Cooperative (IFFCO) in 2021, improves 

nitrogen use efficiency and reduces fertiliser consumption. 

2. Plant protection and stress tolerance: Nano-carriers enhance the effectiveness of pesticides and 

bio-stimulants. 

Eg: Nano-encapsulated pesticides reduce dosage requirements while improving pest targeting in 

field trials. 

Potential health and ecological risks of nano-scale interventions 

1. Human health risks from bio-accumulation: Due to their small size, nano-particles can cross 

biological barriers and accumulate in tissues. 

Eg: Studies flagged by the World Health Organization (WHO) indicate that inhaled nano-particles 

may penetrate deep lung tissues, raising respiratory concerns. 

2. Ecotoxicity and food chain transfer: Persistent nano-materials may disrupt soil microflora and 

aquatic ecosystems. 

Eg: Silver nano-particles, widely used for anti-microbial applications, have shown toxicity to 

beneficial soil bacteria in controlled studies. 

3. Regulatory and safety assessment gaps: Existing chemical safety frameworks are often inadequate 

for nano-specific risks. 

Eg: India’s Nano Mission (2007) under DST has acknowledged the need for nano-specific risk 

assessment protocols, but comprehensive regulation remains evolving. 

4. Ethical and constitutional concerns: Unregulated exposure may impinge on the right to health 

under Article 21, read with Article 47, which mandates improvement of public health. 

Eg: Parliamentary Standing Committee reports on science and technology have emphasised 

precautionary approaches for emerging technologies affecting public health. 

Conclusion 

Nanotechnology holds transformative potential across critical sectors, but its benefits are inseparable from 

responsible governance. Embedding precaution, transparent regulation, and robust risk assessment can 

ensure that nano-innovation advances India’s developmental goals without compromising ecological and 

human safety. 
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Q. Explain the principles governing nuclear reactors used for power generation. Examine the 

Three-Stage Nuclear Programme of India and its relevance in achieving long-term energy 

security. (15 M) 

Introduction 

Nuclear power generation combines precise reactor physics with long-term fuel cycle planning, shaped in 

India by resource constraints and strategic autonomy. Accordingly, reactor principles, the Three-Stage 

Nuclear Programme, and its energy security relevance together define India’s nuclear pathway. 

Body 

Principles governing nuclear reactors used for power generation 

1. Controlled nuclear fission and chain reaction regulation: Nuclear reactors operate by sustaining a 

controlled fission chain reaction, where neutron flux is regulated to produce steady heat for 

electricity generation. 

Eg: Indian PHWRs using natural uranium demonstrate stable chain reaction control, as seen in 

Kakrapar Units-3 and 4 commissioned during 2023–24 (Source: DAE Annual Report 2023–24). 

2. Moderator and coolant based neutron economy management: Moderators slow neutrons to 

sustain fission, while coolants remove heat, together ensuring efficiency and operational stability. 

Eg: Indian reactors use heavy water (D₂O) as both moderator and coolant, a design optimised by 

BARC to maximise neutron economy with low-enriched fuel (Source: BARC Reactor Physics 

Division). 

3. Defence-in-depth safety architecture: Multiple independent and redundant safety systems are 

embedded to prevent accidents and contain radioactive release. 

Eg: 700 MW PHWRs incorporate passive decay heat removal systems and double containment, 

aligned with post-Fukushima IAEA safety standards adopted by India (Source: IAEA Safety 

Standards Series). 

4. Integrated fuel cycle and spent fuel management: Reactor operation is linked with reprocessing to 

recover fissile material and reduce long-term waste. 

Eg: Reprocessing facilities at Tarapur and Kalpakkam recover plutonium from spent fuel, 

enabling closed fuel cycle management (Source: DAE Fuel Cycle Policy Documents). 

Three-Stage Nuclear Programme of India 

1. Stage I – PHWR based plutonium generation: The first stage uses PHWRs with natural 

uranium to generate electricity while producing plutonium for breeder reactors. 

Eg: PHWRs at Rajasthan, Narora and Kakrapar have cumulatively generated the plutonium base 

needed for Stage II (Source: DAE Installed Capacity Data 2024). 

2. Stage II – Fast Breeder Reactors for fuel multiplication: Fast Breeder Reactors produce more 

fissile material than they consume, expanding fuel availability. 

Eg: The 500 MW Prototype Fast Breeder Reactor at Kalpakkam, developed by BHAVINI, 

reached advanced commissioning stages by 2024 (Source: BHAVINI Official Updates). 

3. Stage III – Thorium based advanced nuclear systems: The final stage aims to exploit thorium to 

ensure long-term sustainability of nuclear energy. 

Eg: India holds nearly 25% of global thorium reserves, mainly in monazite sands of Kerala and 
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Odisha, with AHWR designs under development by BARC (Source: IAEA Thorium Fuel Cycle 

Reports). 

Relevance in achieving long-term energy security 

1. Fuel self-reliance and import risk reduction: The programme reduces dependence on imported 

uranium by progressively shifting to indigenously available thorium. 

Eg: Thorium-based systems address India’s historically constrained access to nuclear fuel due to 

global control regimes (Source: DAE Strategic Vision Documents). 

2. Stable baseload power for low-carbon transition: Nuclear power provides reliable baseload 

electricity, complementing intermittent renewables. 

Eg: Nuclear energy supports India’s Net Zero 2070 commitment by supplying firm non-fossil 

power alongside solar and wind (Source: India’s Long-Term Low Emissions Development 

Strategy to UNFCCC). 

3. Technological sovereignty and strategic autonomy: Indigenous reactor and fuel cycle 

development strengthens national technological capability. 

Eg: End-to-end nuclear development by BARC, NPCIL and BHAVINI reflects reduced external 

dependence and enhanced strategic autonomy (Source: DAE Annual Reports). 

Conclusion 

By combining sound reactor principles with a phased fuel strategy, India’s nuclear programme transforms 

resource constraints into strategic resilience. Its successful maturation can secure clean baseload power, 

fuel autonomy, and long-term energy security. 

Q. Differentiate between nuclear fusion and nuclear fission. Explain why fusion remains 

technologically elusive despite its potential advantages. (10 M) 

Introduction 

Nuclear energy rests on two fundamentally different atomic processes with sharply contrasting scientific, 

technological and policy implications. While one is commercially mature, the other promises transformative 

gains but remains beyond routine engineering control. 

Body 

Difference between nuclear fission and nuclear fusion 

Basis Nuclear fission Nuclear fusion 

Nature of reaction 
Splitting of a heavy nucleus into 

lighter nuclei 

Combining of light nuclei to form a heavier 

nucleus 

Typical fuels Uranium-235, Plutonium-239 Deuterium and Tritium (hydrogen isotopes) 

Conditions 

required 

Initiated by slow (thermal) neutrons 

at moderate temperatures 

Requires extremely high temperature and 

pressure to overcome Coulomb repulsion 

Energy release 

mechanism 

Energy from mass defect during 

nucleus splitting 

Energy from mass defect during nucleus 

merging 
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Basis Nuclear fission Nuclear fusion 

Reaction control 
Chain reaction can be controlled 

using moderators and control rods 

No self-sustaining chain reaction under normal 

conditions 

Waste profile Produces long-lived radioactive waste 
Produces minimal long-lived radioactive 

waste 

Current status 
Commercially deployed in nuclear 

power plants 
Experimental and pre-commercial 

Safety risk 
Risk of core meltdown if control 

systems fail 

Inherently safer; reaction stops if conditions 

deviate 

Nuclear fusion remains technologically elusive 

1. Extreme temperature and plasma confinement challenge: Fusion requires temperatures of around 

150 million °C, far beyond material limits, making stable plasma confinement extraordinarily 

difficult. 

Eg: The ITER project uses magnetic confinement (tokamak) precisely because no solid material 

can withstand such temperatures, as documented by the IAEA. 

2. Sustained net energy gain remains uncertain: Achieving brief ignition is different from 

maintaining a continuous net-positive energy output, which is essential for power generation. 

Eg: The US National Ignition Facility (2022) achieved scientific breakeven, but the overall system 

energy balance remains negative according to US Department of Energy assessments. 

3. Plasma instability and turbulence: High-energy plasma is prone to instabilities, disruptions and 

energy leakage, reducing confinement time and efficiency. 

Eg: Tokamak experiments worldwide report edge-localized modes (ELMs) that damage reactor 

walls, highlighted in ITER physics reviews. 

4. Material degradation under neutron bombardment: Fusion releases high-energy neutrons that 

cause embrittlement, swelling and radioactivation of reactor materials. 

Eg: ITER’s development of reduced-activation ferritic-martensitic steels reflects unresolved 

material science constraints noted by the IAEA. 

5. Tritium breeding and fuel cycle complexity: Tritium is scarce and must be bred inside the 

reactor using lithium blankets, a process not yet proven at scale. 

Eg: ITER’s Test Blanket Modules aim to validate tritium breeding, underscoring that a closed 

fusion fuel cycle is still experimental. 

6. High cost and long gestation period: Fusion reactors demand massive capital, international 

coordination and decades of testing before commercialization. 

Eg: ITER’s cost escalation and timelines, involving 35 countries, illustrate why fusion is unlikely to 

contribute to near-term energy transitions. 

Conclusion 

Nuclear fusion embodies the promise of clean and abundant energy, but its barriers are rooted in 

fundamental physics and materials science rather than policy gaps. Incremental breakthroughs in plasma 

control, materials and fuel cycles will determine whether fusion shifts from scientific ambition to strategic 

energy reality. 
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Q. Examine the role of space-based observatories in advancing cosmology. Analyse the 

limitations of ground-based telescopes. (10 M) 

Introduction 

Space-based observatories have revolutionised cosmology by enabling precise observation of the universe 

beyond atmospheric constraints. Their role has become critical in understanding the universe’s origin, 

structure, and large-scale evolution. 

Body 

Role of space-based observatories in advancing cosmology 

1. Access to blocked electromagnetic wavelengths: Space observatories can study infrared, 

ultraviolet, X-ray and gamma rays that do not reach Earth’s surface. 

Eg: James Webb Space Telescope observes infrared radiation to study early galaxies formed 

soon after the Big Bang. 

2. High-resolution imaging and measurement accuracy: Stable space conditions allow sharper 

images and precise cosmological measurements. 

Eg: Hubble Space Telescope enabled accurate estimation of the rate of cosmic expansion by 

observing distant supernovae. 

3. Probing the early universe: Space missions can detect faint relic radiation from the universe’s 

earliest stages. 

Eg: Planck mission mapped the Cosmic Microwave Background, strengthening models of early 

universe evolution. 

4. Continuous and long-duration observations: Space telescopes operate without interruption from 

weather or day-night cycles. 

Eg: Kepler Space Telescope conducted long-term stellar monitoring critical for cosmological and 

stellar studies. 

5. Study of dark components of the universe: Space-based data supports indirect investigation of 

dark matter and dark energy. 

Eg: Observations of galaxy clustering and gravitational lensing from space missions improved 

dark energy models. 

Limitations of ground-based telescopes 

1. Atmospheric turbulence affecting image quality: Air movement distorts incoming light, reducing 

observational precision. 

Eg: Adaptive optics are required on Earth-based telescopes to partially correct atmospheric 

distortion. 

2. Absorption of key radiation bands: The atmosphere blocks several wavelengths essential for 

cosmology. 

Eg: Ultraviolet and X-ray radiation cannot be directly observed using ground telescopes. 

3. Light pollution and aerosol interference: Artificial lighting and dust reduce sky darkness and data 

quality. 

Eg: Increasing urban light pollution limits the effectiveness of optical observatories. 
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4. Discontinuous observation windows: Weather conditions and Earth’s rotation interrupt data 

collection. 

Eg: Ground telescopes cannot provide uninterrupted long-term monitoring of cosmic phenomena. 

5. Limited capability in high-energy astronomy: Extreme-energy cosmic events are difficult to 

capture from Earth. 

Eg: Gamma-ray and X-ray astronomy depends primarily on space-based platforms. 

Conclusion 

Space-based observatories have become indispensable for advancing cosmology by overcoming 

fundamental Earth-based limitations. While ground-based telescopes remain complementary, future 

breakthroughs will increasingly depend on space-driven astronomical research. 

Q. How do advancements in launch vehicle technology shape the feasibility and scope of deep-

space missions? Why are reusability and precision orbital insertion critical for modern space 

exploration? How far has India progressed in achieving these capabilities? (15 M) 

Introduction 

Launch vehicle technology determines how far, how reliably, and how frequently humanity can explore 

deep space. Advances in propulsion, guidance, and recovery systems have expanded mission ambition while 

reducing cost and risk. 

Body 

Advancements in launch vehicle technology and deep-space missions 

1. Heavy-lift capacity and payload accommodation: Higher payload capability enables multi-

instrument spacecraft, radiation shielding, and longer operational life for deep-space missions. 

Eg: LVM3 enabled Chandrayaan-2 and Chandrayaan-3, which required heavier propulsion 

modules and lander-rover configurations for lunar transfer and operations. 

2. Advanced cryogenic propulsion systems: Efficient cryogenic upper stages improve energy 

delivery, allowing spacecraft to escape Earth’s gravity well with greater mass. 

Eg: Indigenous cryogenic engine CE-20 significantly enhanced GSLV performance compared to 

earlier partially indigenous stages. 

3. Improved stage separation and structural materials: Lightweight structures and reliable staging 

reduce inert mass, improving mission efficiency. 

Eg: Use of composite materials in PSLV and LVM3 has improved payload fractions for 

interplanetary missions. 

4. Enhanced onboard avionics and guidance systems: Modern inertial navigation and onboard 

computing allow accurate trajectory control over long mission durations. 

Eg: PSLV’s navigation accuracy enabled precise injection for Mars Orbiter Mission, despite tight 

fuel margins. 

5. Mission flexibility through multi-burn capability: Restartable upper stages allow complex orbital 

manoeuvres required for deep-space transfers. 

Eg: PSLV fourth-stage restart capability supported precise orbital placement for planetary 

missions. 
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Importance of reusability and precision orbital insertion 

1. Cost efficiency and launch frequency: Reusability lowers marginal launch costs, making sustained 

scientific missions financially viable. 

Eg: Reusable Launch Vehicle autonomous landing experiments aim to reduce cost per launch for 

future missions. 

2. Conservation of onboard propellant: Accurate orbital insertion preserves spacecraft fuel for 

scientific payload operations rather than correction manoeuvres. 

Eg: Mars Orbiter Mission maximised science output by conserving fuel through precise initial 

insertion. 

3. Higher mission reliability and risk reduction: Precision reduces cumulative navigation errors that 

can jeopardise long-duration missions. 

Eg: Chandrayaan-3’s orbital manoeuvres required high insertion accuracy to ensure safe lunar 

descent sequencing. 

4. Strategic autonomy in deep-space navigation: Precision reduces dependence on continuous 

ground-based corrections and foreign tracking support. 

Eg: India’s indigenous deep-space tracking network supports accurate mission navigation beyond 

Earth orbit. 

5. Enabling complex mission architectures: Reusability and precision allow modular missions, multi-

body transfers, and future sample-return missions. 

Eg: Planned future lunar and planetary missions require tight insertion tolerances for orbital 

rendezvous and landing. 

India’s progress in achieving these capabilities 

1. Proven reliability of operational launch vehicles: Consistent mission success has established 

confidence in India’s launch systems. 

Eg: PSLV’s long success record underpins India’s planetary and commercial launch credibility. 

2. Indigenous mastery of critical propulsion technologies: India has reduced external dependence in 

high-end propulsion systems. 

Eg: Successful deployment of fully indigenous cryogenic stages for heavy missions. 

3. Demonstrated capability in precision mission execution: India has repeatedly achieved accurate 

orbital insertions for complex missions. 

Eg: Chandrayaan-3’s successful lunar orbit insertion and descent sequence. 

4. Incremental advancement toward reusability: India follows a phased approach prioritising safety 

and technological learning. 

Eg: Autonomous RLV landing experiments demonstrated guidance, navigation, and control 

capabilities. 

5. Alignment with future deep-space ambitions: Launch vehicle upgrades are aligned with human 

spaceflight and interplanetary goals. 

Eg: LVM3 upgrades linked with Gaganyaan and future deep-space exploration plans. 

Conclusion 
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India has built a robust foundation in launch vehicle reliability, precision, and indigenous capability. 

Sustained progress in reusability and heavy-lift technologies will be decisive in scaling India’s deep-space 

ambitions in the coming decade. 

Conservation, environmental pollution and degradation, environmental 

impact assessment. 
 

Q. Explain meaning and core components of environment. Analyse structural and functional 

interdependence across these components. Evaluate how current economic pathways 

destabilise environmental equilibrium. (15 M) 

Introduction 

Environment functions as a self-regulating life-support complex where land, water, air and biotic 

communities co-evolve through feedback loops, energy transfers and nutrient cycles. Its stability reflects 

dynamic equilibrium, not static existence. 

Body 

Meaning and core components of environment 

1. Biotic components: All living organisms sustaining trophic relationships, genetic diversity and 

ecological productivity across food webs. 

Eg: UNEP Global Biodiversity Outlook 2024 highlighted that pollinator decline by 35% is directly 

reducing seed-set, fruiting rates and agricultural output, showing how loss of a biotic link destabilises 

entire production networks. 

2. Abiotic components: Physical conditions such as air, temperature, minerals and water shaping 

survival thresholds, reproduction windows and ecosystem productivity. 

Eg: IMD State of Climate Report 2024 confirmed intensified heatwaves reduced soil moisture 

retention, delayed sowing cycles and stressed livestock, revealing abiotic shifts rewriting biological 

functions. 

3. Lithosphere: Soil, rocks and minerals determine nutrient loading, microbial activity and vegetation 

density that sustain primary productivity. 

Eg: FAO SOLAW 2025 recorded 52% of Indian soils moderately to severely degraded, severely 

weakening nitrogen–phosphorus availability and increasing reliance on synthetic inputs. 

4. Hydrosphere: Freshwater, ocean currents and cryospheric systems regulate precipitation, salinity 

levels, aquatic metabolism and habitat breeding cycles. 

Eg: MoEFCC Wetlands Atlas 2024 found 30% urban wetland loss, causing decline of fish 

nurseries, altered monsoon recharge timing and increased flood vulnerability. 

5. Atmosphere: Gas composition moderates climate cycles, radiation filtering, oxygen–carbon ratios 

and cloud formation critical for biospheric survival. 

Eg: WMO 2024 reported CO2 crossed 419 ppm, increasing radiative forcing and extending 

heatwave duration beyond ecological tolerance limits. 

6. Biosphere: Integrative zone where land–water–air interactions enable life persistence and species 

evolution across ecological succession stages. 
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Eg: IPBES 2024 warned rapid species extinction rates (1000x baseline) have begun cascading into 

fisheries collapse, coral bleaching and forest regeneration failure. 

Structural and functional interdependence across components 

1. Nutrient cycling linkages: Lithosphere nutrients transferred via rivers to aquatic systems and re-

deposited through monsoonal processes sustain primary productivity. 

Eg: CAG River Sediment Audit 2023 showed sand mining in Ganga basin cut nutrient-rich silt 

transport, reducing algal productivity and altering riverine fish population structures. 

2. Energy flow regulation: Solar energy converted into biomass passes through producers, consumers 

and decomposers ensuring carbon balance and oxygen maintenance. 

Eg: COP28 India Submission 2023 reiterated forest carbon sinks absorb ~15% national emissions, 

making trophic energy balance central to climate stability. 

3. Hydrological–soil co-dependence: Infiltration capacity of soil determines recharge rates, 

evapotranspiration cycles and microclimate formation. 

Eg: NITI Aayog CWMI 2023 noted 20 major Indian cities face extreme groundwater stress 

because concretisation halted soil percolation, fuelling both urban floods and summer scarcity. 

4. Atmosphere–biosphere gas exchange: Photosynthesis regulates oxygen production, while 

respiration and decomposition maintain carbon equilibrium. 

Eg: India State of Forest Report 2023 showed mangrove degradation weakened coastal carbon 

sinks and reduced 7% CO2 sequestration capacity in affected belts. 

5. Ecotone buffering: Transition zones stabilise species dispersal, genetic mixing and climatic 

buffering against extreme events. 

Eg: Sundarbans delta reduces peak cyclone impact by 35–40%, acting as nature’s coastal 

breakwater while maintaining salinity-tolerant biodiversity. 

6. Food web–habitat synchronisation: Predator–prey rhythms depend on climate windows, breeding 

grounds and vegetation cycles. 

Eg: WII Tiger Habitat Study 2024 showed fragmentation of Central Indian corridors altered prey 

density patterns, increasing conflict and trophic imbalance. 

How current economic pathways destabilise environmental equilibrium 

1. Linear extraction economy: Mining, deforestation and land conversion break nutrient–water–

carbon loops and irreversibly distort topology. 

Eg: CAG Mining Compliance Report 2024 exposed unchecked extraction in Raniganj and Korba 

belts, causing aquifer collapse and soil sterility due to overdrawn groundwater–mineral interaction. 

2. Fossil-fuel driven growth: GHG emissions shift atmospheric thresholds, bleaching climate buffers 

and altering monsoon tracks. 

Eg: UNEP Emissions Gap 2024 noted India’s energy demand rise, even with low per-capita 

footprint, aggravates regional ozone formation and particulate spikes. 

3. Agro-chemical intensification: Excess fertilisers and pesticides disrupt soil microbiome, leach into 

rivers and accelerate eutrophication. 

Eg: CPCB River Monitoring 2024 linked pesticide-nitrate runoff to algal blooms in Yamuna and 

Krishna, resulting in fish die-offs and oxygen depletion. 

4. Urban sprawl and heat islands: Concrete replaces wetlands and green belts, elevating night-time 

temperatures and altering rainfall runoff geometry. 
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Eg: NIUA Urban Heat Study 2024 recorded 4–6°C higher night heat retention in core metros, 

directly linked to vanishing pervious surfaces. 

5. Industrial discharge: Toxic discharges weaken trophic webs and bioaccumulate through food 

chains. 

Eg: NGT 2024 Telangana Pharma Case mandated real-time effluent tracking after endocrine 

disruptors were traced in groundwater, impacting human and aquatic health. 

6. Deforestation and corridor loss: Loss of canopy weakens hydrological cycles, pollination, carbon 

storage and species migration. 

Eg: IPCC 2023 Land-Use Report identified land-use change as second-largest driver of climate 

forcing after fossil combustion. 

7. Climate-insensitive coastal infrastructure: Ports, sea walls and dredging obstruct tidal flows and 

sediment deposition. 

Eg: MoEFCC Coastal Regulation Audit 2024 flagged mangrove retreat near port zones, reducing 

saline-ecosystem resilience and storm buffer function. 

Conclusion 

Environmental integrity is not an adjunct to development but the precondition for its survival. India’s 

transition to circular bio-economy, ecosystem-based planning and climate-compatible growth must drive the 

next governance shift if biospheric balance is to endure beyond the present growth cycle. 

Q. Examine the concept of ecological niche with suitable examples. Analyse how niche 

specialisation increases species vulnerability under climate stress. (10 M) 

Introduction 

Ecological niche defines the specific functional role, resource space, and environmental tolerance range 

occupied by a species. Climate extremes have begun contracting fitness zones of highly specialised species, 

triggering rapid local extinction and range shifts (IPCC AR6, 2022). 

Body 

About ecological niche  

1. Functional role and resource axis: A niche represents how a species uses food, space, breeding 

sites, and interacts within trophic networks. 

Eg: Tiger in Sundarbans occupies an apex carnivore niche regulating prey population (source: 

MoEFCC Tiger Census 2022). 

2. Tolerance limits and climate envelopes: A niche is defined by minimum–maximum survival 

thresholds (temperature, pH, moisture). 

Eg: Corals in Lakshadweep thrive only at 26–29°C SST; beyond 30°C bleaching intensifies 

(source: NOAA Coral Reef Watch 2023). 

3. Niche differentiation reducing competition: Coexisting species specialise to avoid direct 

competition. 

Eg: Hornbill vs woodpecker partition nesting niches in Western Ghats, one cavity-builder, the 

other cavity-user (source: IUCN Red List 2024). 

4. Realised vs fundamental niche: Actual ecological space shrinks due to predators/invasive 

competition. 
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Eg: Lion-tailed macaque now confined to canopy micro-niche due to habitat competition and 

fragmentation in Kudremukh belt (source: ZSI 2023). 

How niche specialisation increases species vulnerability under climate stress 

1. High dependence on narrow abiotic windows: Specialists collapse when climate crosses 

physiological tolerance limits. 

Eg: Great Indian bustard faces extreme heat and rainfall variability beyond breeding tolerance in 

Thar (source: WII 2023). 

2. Low adaptive plasticity: Specialist traits evolve slowly and cannot adjust to fast climatic shifts. 

Eg: Snow leopard niche shrinks as snowline retreats, pushing prey base and predator conflict 

(source: WWF High Asia 2023). 

3. Disrupted phenology and breeding cycles: Climate-induced mismatch between food availability 

and breeding windows. 

Eg: Olive Ridley turtles face nesting failures with erratic cyclones on Odisha coast (source: 

MoEFCC 2024). 

4. Invasive species and range compression: Specialists lose ground faster against generalists resilient 

to warming. 

Eg: Nilgiri tahr niche recedes under competition from exotic grass species introduced in high-

altitude meadows (source: Tamil Nadu Tahr Project 2022). 

5. Fragmented micro-habitats limit escape corridors: Climate corridors are blocked due to land 

conversion. 

Eg: Red panda niche collapse in Sikkim due to shrinking bamboo belts and road expansion (source: 

FSI Himalayan report 2023). 

Conclusion 

Climate acceleration is outpacing evolutionary adaptation of specialists. Conserving ecological niches now 

requires climate corridors, biome-based EIA, and adaptive restoration so species retain functional roles in 

rapidly shifting ecosystems. 

Q. Ecological succession is no longer a linear march towards a stable climax but a state of 

continual transition. How have human-induced disturbances accelerated the emergence of 

novel ecosystems? Examine the resulting challenges to defining and conserving biodiversity 

baselines. (15 M) 

Introduction 

Disturbance cycles today operate faster than ecological regeneration cycles, disallowing communities to 

stabilise into late‐seral climax states. This has shifted ecological trajectories into permanent transition 

zones, characterised by hybridised compositions and altered nutrient–trophic feedbacks. 

Body 

Succession no longer linear to climax 

1. Disturbance frequency outpacing seral maturity: Recurrent hazards constrain transition beyond 

early–mid seral phases, preventing structural complexity and late‐successional niche stratification. 
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Eg: IPCC AR6 documents recurring fire intervals in Australian eucalyptus belts that eliminate 

late‐seral seed banks and forest canopy closure patterns. 

2. Invasive reengineering of ecological feedbacks: Invasives modify soil nutrient pools, mycorrhizae, 

dispersal vectors and competition regimes, diverting climax trajectories permanently. 

Eg: Prosopis juliflora, as per NIOT, elevates soil nitrogen and suppresses native acacia 

regeneration, locking arid ecosystems into shrub–dominant mid‐seral state. 

3. Biome simplification and homogenisation: Anthropogenic land cover conversion compresses 

multi‐layered climax structures into monocultural canopies, reducing ecological succession depth. 

Eg: FAO 2023 highlights how central Indian deciduous forests are increasingly replaced by single‐

stratum agro‐habitats, dismantling successional guild variety. 

Human acceleration and emergence of novel ecosystems 

1. Climate-induced niche redistribution: Shifting thermal and precipitation envelopes create 

unprecedented assemblages beyond historical ecological analogues. 

Eg: IMD 2024 notes 70–100 m treeline advance per decade in the Himalayas, enabling spruce–

birch co‐occurrence that historically never overlapped in succession gradients. 

2. Landscape fragmentation and sustained edge ecology: Patch discontinuity creates chronic edge 

conditions—high light flux, heat, weed pressure—forcing perpetual early‐successional behaviour. 

Eg: WII 2023 finds 40% of Western Ghats forest trapped in edge‐driven regrowth zones, blocking 

old‐growth formation and canopy layering. 

3. Pollution-led trophic restructuring: Eutrophication alters aquatic seral direction from macrophyte 

climax to plankton blooms, breaking oxygenation–benthos equilibrium. 

Eg: CPCB 2023 shows cyanobacteria dominance in Yamuna reducing macrophyte rooting beds, 

reversing classical hydrosere climax trajectories. 

4. Invasive trophic and dispersal disruption: Novel herbivory and altered seed dispersal loops 

disassemble original successional function, stabilising new equilibrium states. 

Eg: Lantana camara, as noted by ICFRE 2024, suppresses grassland seedling recruitment and 

reengineers understory light regimes, locking in mid‐seral shrub permanence. 

5. Urban heat island–driven successional neo niches: UHIs generate microthermal ecosystems that 

favour xeric–tropical hybrids unrelated to zonal climax vegetation identity. 

Eg: NEERI 2024 traces succulent–palm cohabitation across Delhi heat pockets, a composition 

ecologically foreign to Indo‐Gangetic climax typology. 

Challenges to biodiversity baselines and conservation 

1. Vanishing reference ecology: With perpetual transition, pre‐anthropogenic states become 

scientifically unreconstructable, complicating restoration end goals. 

Eg: IPBES 2023 warns that historic baseline disappearance forces conservation to chase targets 

without ecological anchors. 

2. Static protected area design vs dynamic ecosystem identity: PA zoning assumes fixed climax 

trends, but ecosystem identity now shifts across decades. 

Eg: NTCA 2024 reports oscillation between grassland–scrub–savanna states in tiger corridors, 

disrupting habitat‐prey predictability. 

3. Functional losses veiled by species persistence: Presence of taxa may remain but nutrient 

processing, pollination networks and soil respiration collapse silently. 
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Eg: ZSI 2024 identifies amphibian genetic drift in Eastern Himalayas despite static species lists, 

signalling unseen functional erosion. 

4. Monitoring metrics lagging behind dynamism: Current biodiversity indices measure richness not 

interaction stability, failing to capture functional collapse. 

Eg: MoEFCC LTER stations show disjunction between species lists and trophic stability decline, 

unreflected in metrics. 

5. Legislative definition mismatch: Ecosystem categories under conservation statutes assume fixed 

biome typologies inconsistent with emerging hybrids. 

Eg: WPA 1972 faces classification ambiguity for wetland–scrub composites flagged during 

NBWL 2023 habitat reviews. 

6. Metric distortion in novel ecosystems: Richness counts falsely imply stability even when 

decomposition, nutrient flux or keystone roles crash. 

Eg: CAG 2024 audit notes nutrient spiralling in Ramsar wetlands despite unaltered bird counts. 

Conclusion  

Succession has shifted from hierarchical climax pursuit to a permanent negotiation with disturbance. 

Conservation must move from species‐centric static baselines to process‐centred resilience, trophic 

stability and dynamic ecological reference frames. 

Q. Bioaccumulation is insidious, biomagnification is system-wide and irreversible. Assess their 

implications for human health security. (10 M) 

Introduction  

Persistent toxicants such as PFAS, mercury, PCBs, microplastics and organochlorines now enter human 

systems through stable trophic routes. Their long half-lives and fat solubility convert ecological exposure 

into a direct and durable public health security concern. 

Body 

Bioaccumulation is insidious 

1. Slow intracellular build-up: Lipophilic toxins accumulate in adipose tissues even when exposure 

levels are low. 

Eg: UNEP 2024 recorded PFAS residues in 85 percent of urban blood samples in Asian cities. 

2. Cross-generational persistence: These compounds persist beyond human metabolic cycles and 

enter fetal tissues. 

Eg: Lancet Planetary Health 2023 confirmed PFAS placental transfer in over 70 percent of cases 

studied. 

3. Silent endocrine disruption: Hormonal systems are altered without immediate clinical symptoms. 

Eg: WHO 2024 noted rising infertility burden linked to PFAS endocrine disruption. 

Biomagnification is system-wide and irreversible 

1. Trophic intensification: Concentration amplifies from plankton to fish to humans, creating 

irreversible exposure at apex trophic levels. 

Eg: Minamata disease remains the classic mercury biomagnification incident. 
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2. No natural breakdown: Persistent organic pollutants escape microbial degradation, making natural 

remediation negligible. 

Eg: Stockholm Convention Secretariat 2024 categorised PFAS as forever chemicals for their 

persistence. 

3. Transboundary toxicity: Ocean and air pathways spread contaminants beyond source geographies. 

Eg: UNEP Arctic Assessment 2023 showed highest mercury burdens in Arctic Indigenous 

populations. 

Implications for human health security 

1. Neurological risk in children: Methylmercury disrupts neural development and cognitive 

functioning. 

Eg: WHO 2024 associated coastal methylmercury exposure with measurable IQ loss in infants. 

2. Reproductive and hormonal disorders: PFAS and BPA impair reproductive hormones and thyroid 

regulation. 

Eg: ICMR 2024 linked PFAS exposure with rising male infertility markers in selected urban 

centres. 

3. Cancer susceptibility: Dioxins and PCBs are IARC Group 1 carcinogens, increasing lifetime 

tumour probability. 

Eg: Vietnam Agent Orange exposure continues to show cancer clusters across generations. 

4. Food chain insecurity: Contaminated aquatic and dairy sources compromise nutritional safety. 

Eg: FAO 2024 reported tuna advisories due to mercury exceedance in Indian Ocean catch. 

5. Weak enforcement of toxic control: Absence of binding industrial chemical standards multiplies 

exposure risk. 

Eg: CPCB 2023 highlighted regulatory gaps in e-waste heavy metal tracking. 

6. Judicial reinforcement of precautionary duty: Courts have emphasised liability in contamination 

contexts. 

Eg: SC in Vellore Citizens’ Welfare Forum vs Union of India 1996 upheld Polluter Pays and 

Precautionary Principle relevant for toxic governance. 

Conclusion 

As persistent toxics accumulate silently and magnify irreversibly across trophic levels, the spectrum of 

human health risk becomes structural rather than episodic. Building a national toxics surveillance grid 

with strict Stockholm compliance and PFAS–mercury elimination timelines is essential for durable 

health security. 

Q. What are the major drivers of land degradation in arid and semi-arid India? Discuss the 

economic and ecological consequences. (10 M) 

Introduction 

Arid and semi-arid India—covering nearly 40% of India’s landmass (ISRO Desertification Atlas 2021)—

faces rapid soil degradation due to fragile ecosystems and rising anthropogenic pressures. This directly 

threatens India’s land degradation neutrality commitment under UNCCD (2030). 

Body 
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Major drivers of land degradation in arid and semi-arid India 

1. Water erosion and flash floods: Highly erodible soils combined with intense rainfall events 

accelerate gully and sheet erosion. 

Eg: As per ISRO 2021, water erosion accounts for ~10% of total degraded land in Rajasthan and 

Gujarat. 

2. Wind erosion and sand encroachment: Sparse vegetation cover and high wind velocity lead to 

dune mobility and loss of topsoil. 

Eg: Jaisalmer and Barmer show expansion of active sand dunes affecting cultivable land (Central 

Arid Zone Research Institute). 

3. Unsustainable agricultural practices: Over-cultivation, excessive tilling, unbalanced fertiliser use, 

and monocropping reduce soil organic carbon. 

Eg: Declining SOC levels below 0.4% in western Rajasthan (ICAR 2023) due to continuous pearl 

millet monocropping. 

4. Overgrazing pressure: High livestock density exceeds the carrying capacity, degrading grasslands 

and accelerating desertification. 

Eg: National Livestock Census 2019 shows livestock pressure 2–3 times the carrying capacity in 

Rajasthan's arid blocks. 

5. Groundwater depletion and salinisation: Excessive extraction for irrigation creates capillary rise 

and salt accumulation in soils. 

Eg: Haryana and western Rajasthan report rising secondary salinity in canal-command areas 

(CGWB 2023). 

6. Industrial and mining disturbances: Open-cast mining, gypsum extraction, and stone quarrying 

disturb landforms and vegetation. 

Eg: Makrana marble belt (Rajasthan) shows high spoil heaps and abandoned pits increasing land 

degradation. 

7. Climate variability and drought cycles: Frequent droughts reduce vegetation cover and soil 

moisture, enhancing susceptibility to erosion. 

Eg: IMD indicates 5 major drought years between 2000–2020, intensifying arid-zone 

vulnerability. 

Economic consequences 

1. Declining agricultural productivity: Soil nutrient loss reduces crop yields in already low-

productivity regions. 

Eg: ICAR estimates 10–20% yield loss in arid millet-based systems due to erosion and salinity. 

2. Increased livelihood insecurity: Agriculture-pastoral households face income shocks, migration, 

and higher input costs. 

Eg: NITI Aayog desertification report links land degradation to rising distress migration from 

western Rajasthan. 

3. Higher public expenditure: Government spends more on drought relief, watershed projects, and 

soil restoration measures. 

Eg: Scaling of PMKSY-Watershed 2.0 (2022) increased budgetary allocation for degraded districts. 

Ecological consequences 
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1. Loss of biodiversity and habitat fragmentation: Degradation reduces native flora and fauna, shrinking 

grassland ecosystems. 

Eg: Indian Bustard habitats in Rajasthan have shrunk significantly due to desertification and land 

conversion. 

2. Reduced carbon sequestration: Declining soil organic carbon weakens India’s carbon sink potential. 

Eg: ICAR-NBSS&LUP notes SOC decline of 5–10% in semi-arid soils over two decades. 

3. Groundwater depletion and poor recharge: Harder, compacted soils lower infiltration and accelerate 

aquifer decline. 

Eg: CGWB identifies critical and over-exploited blocks in Rajasthan and Haryana expanding 

annually. 

4. Microclimatic deterioration: Rising dust storms, higher land surface temperatures, and reduced 

vegetation modify local climate. 

Eg: IMD recorded increasing dust storm frequency in western Rajasthan (2010–2020). 

Conclusion 

Arid-zone land degradation erodes both ecological stability and livelihood security, undermining long-term 

climate resilience. A calibrated approach—integrating sustainable land management, drought-proofing, 

and landscape-level restoration—is essential to ensure India meets its Land Degradation Neutrality 

2030 goals. 

Q. Examine the types of forests in India as classified by Champion & Seth. Discuss the 

contemporary drivers of decline and evaluate the effectiveness of major national initiatives in 

restoring ecosystem health. (15 M) 

Introduction: 

India’s forest diversity reflects the country’s vast ecological gradients, and the Champion and Seth (1968) 

classification remains the scientific backbone for forest management. At a time when climate risks and 

anthropogenic pressures intensify, understanding this typology is essential for corrective ecological planning 

and governance. 

Body 

Types of forests in India as classified by Champion and Seth 

1. Tropical wet evergreen forests: Characterised by high rainfall above 250 cm, stratified canopies 

and dense biodiversity. 

Eg: Western Ghats and Andaman Islands continue to host these forests, as noted in FSI 2021. 

2. Tropical moist deciduous forests: Defined by 200–250 cm rainfall, with species like sal and teak 

dominating seasonal shedding cycles. 

Eg: Central Indian belt (MP–Chhattisgarh) has significant moist deciduous cover. 

3. Tropical dry deciduous forests: Semi-arid conditions with lower canopy height and high 

anthropogenic disturbance sensitivity. 

Eg: Large parts of Rajasthan, Gujarat and Karnataka fall under this category per Champion–

Seth. 
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4. Tropical thorn forests: Occur in arid zones with less than 50 cm rainfall and sparse xerophytic 

vegetation. 

Eg: Western Rajasthan is the prime region. 

5. Littoral and swamp forests: Include mangroves, tidal and freshwater swamp forests influenced by 

waterlogged conditions. 

Eg: Sundarbans mangroves, as documented in FSI mangrove assessment. 

6. Montane sub-tropical and temperate forests: Include pine forests, oak forests and Himalayan 

temperate forests shaped by altitude. 

Eg: Uttarakhand, Himachal Pradesh, Arunachal Pradesh host multiple subtypes. 

7. Alpine forests: Present above the tree line with scrubby vegetation and harsh climate. 

Eg: Ladakh and upper Himalayas represent typical alpine vegetation. 

Contemporary drivers of forest decline 

1. Fragmentation and encroachment: Expansion of linear infrastructure, mining and settlements 

reduces forest contiguity. 

Eg: CAG Report 2019 flagged diversion under Forest Conservation Act for roads and mining in 

Central India. 

2. Climate variability and extreme events: Increased forest fires, erratic rainfall and warming alter 

species composition. 

Eg: FSI 2021 recorded rising forest fire vulnerability in Uttarakhand and Odisha. 

3. Invasive species expansion: Lantana camara, Prosopis juliflora and other invasives degrade native 

forests. 

Eg: Karnataka Forest Department’s 2022 study showed lantana spread across dry deciduous 

landscapes. 

4. Unsustainable extraction and fuelwood pressure: Peri-urban and rural dependence for fuel and 

fodder degrades forest biomass. 

Eg: NITI Aayog 2018 highlighted overdependence on biomass in central tribal belts. 

5. Weak community rights implementation: Delayed settlement of Forest Rights Act 2006 claims 

lowers incentives for conservation. 

Eg: MoTA 2021 noted incomplete CFR recognition in several states. 

Evaluation of major national initiatives in restoring ecosystem health 

1. Compensatory afforestation fund management and planning authority: Ensures utilisation of 

CAMPA funds for regeneration but effectiveness varies due to plantation-centric approaches. 

Eg: CAG 2022 highlighted fund underutilisation and poor survival rates. 

2. Green India Mission: Aims at expanding forest and tree cover by 5 million ha but implementation 

delays and funding gaps reduce impact. 

Eg: MoEFCC data 2023 shows only partial achievement of afforestation targets. 

3. National afforestation programme: Strengthens JFMC-based landscape restoration but often 

suffers from inadequate monitoring. 

Eg: Lok Sabha starred question 2022 noted low fund release in certain states. 

4. Forest fire prevention and management scheme: Strengthens early warning and response but 

requires better coordination with state disaster systems. 

Eg: FSI 2023 fire alerts show improved satellite-based detection. 
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5. Mangrove Initiative for Shoreline Habitats and Tangible Incomes: Enhances mangrove 

restoration and community income support. 

Eg: MISHTI initiative (Union Budget 2023–24) focuses on Sundarbans and other coastal belts. 

6. National mission for sustainable agriculture: Promotes soil and water conservation in forest fringe 

areas aiding forest health indirectly. 

Eg: Watershed programmes in Bundelkhand and Deccan help reduce degradation pressures. 

Conclusion: 

India’s forest health will depend on moving from plantation-driven targets to ecosystem-based restoration 

rooted in local rights, scientific typology and climate-resilient governance. Strengthening institutions and 

empowering communities can convert forest landscapes into long-term ecological assets. 

Q. Wetlands are ecological regulators rather than mere biodiversity repositories.” Examine 

this assertion. Discuss how wetland degradation undermines climate resilience and livelihood 

security in India. (10 M) 

Introduction 

Wetlands function as invisible infrastructure that stabilises India’s climate, water systems and rural 

livelihoods. Their degradation exposes a deeper ecological governance failure with cascading socio-

economic consequences. 

Body 

Wetlands as ecological regulators rather than mere biodiversity repositories 

1. Flood moderation and hydrological buffering: Wetlands store excess monsoon runoff and release 

it gradually, reducing peak floods and downstream damage. 

Eg: Pallikaranai marsh, Chennai, repeatedly highlighted by CAG and MoEFCC, showed severe 

flood buffering loss during 2015 and 2023 floods due to encroachment. 

2. Groundwater recharge and base-flow maintenance: Wetlands enhance aquifer recharge and 

sustain river flows during dry seasons. 

Eg: Upper Ganga floodplain wetlands, mapped under National Wetland Atlas (ISRO), support 

base flows critical for agriculture and drinking water. 

3. Carbon sequestration and climate regulation: Waterlogged wetland soils trap organic carbon, 

slowing its release into the atmosphere. 

Eg: High-altitude Himalayan wetlands, identified in IPCC AR6 and MoEFCC climate 

assessments, act as long-term carbon sinks sensitive to drainage. 

4. Water purification and nutrient regulation: Wetlands naturally remove pollutants, sediments, and 

excess nutrients, improving water quality. 

Eg: East Kolkata Wetlands (Ramsar site) treat urban wastewater through ecological processes, 

recognised by the Ramsar Secretariat as a global best practice. 

5. Microclimate stabilisation and heat moderation: Wetlands lower ambient temperatures and 

regulate local humidity, especially in urban areas. 

Eg: Urban wetlands in Bengaluru, cited in MoEFCC urban ecosystem studies, reduce urban heat 

island intensity when protected. 
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Wetland degradation undermines climate resilience and livelihood security in India 

1. Increased vulnerability to floods and extreme rainfall: Loss of wetlands amplifies flood intensity 

and disaster-related economic losses. 

Eg: Urban wetland loss across Indian cities, noted in NDMA and MoEFCC disaster reports, has 

raised flood risk under climate variability. 

2. Reduced coastal resilience against cyclones and storm surges: Degraded coastal wetlands weaken 

natural buffers against sea-level rise and cyclones. 

Eg: Wetland decline along Odisha–Andhra coast, documented by MoEFCC Coastal Regulation 

studies, has heightened cyclone damage. 

3. Collapse of wetland-based fisheries and incomes: Declining water quality and habitat loss reduce 

fish productivity and employment. 

Eg: Sundarbans wetland degradation, reported by MoEFCC and UNESCO, has lowered fish 

catch and increased livelihood insecurity. 

4. Threat to food and nutritional security: Inland wetlands support small fisheries, flood-recession 

farming, and grazing systems. 

Eg: Shrinkage of Gangetic floodplain wetlands, mapped in National Wetland Atlas (ISRO), has 

affected marginal farmers and fishers. 

5. Forced migration and socio-economic stress: Livelihood loss pushes wetland-dependent 

communities toward distress migration. 

Eg: Deltaic regions of eastern India, cited in NITI Aayog and MoEFCC climate vulnerability 

reports, show rising climate-induced migration linked to ecosystem loss. 

Conclusion 

Wetland conservation is central to India’s climate adaptation and livelihood security agenda. Strengthening 

implementation of the Wetlands (Conservation and Management) Rules, 2017, guided by Article 48A 

and Article 51A(g), can transform wetlands into frontline assets against climate risk. 

Q. Explain the structure and functioning of estuarine ecosystems. Compare major estuaries 

on India’s east and west coasts. Analyse the factors contributing to their ecological stress. (15 

M) 

Introduction 

Estuaries are dynamic ecological interfaces where freshwater, marine and terrestrial systems converge, 

generating exceptional productivity but high vulnerability. India’s long coastline hosts diverse estuaries that 

are increasingly stressed by development and hydrological alterations. 

Body 

Structure and functioning of estuarine ecosystems 

1. Salinity gradient driven stratification: Progressive mixing of river freshwater and seawater creates 

longitudinal salinity zones that regulate species composition and biological niches. 

Eg: Hooghly estuary exhibits clear freshwater to polyhaline zones shaping plankton and Hilsa 

distribution as documented by ZSI estuarine studies. 
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2. Tidal energy and water circulation: Semi-diurnal tides control flushing, residence time and oxygen 

availability, directly influencing ecosystem health. 

Eg: Mandovi–Zuari estuarine system shows strong tidal flushing maintaining higher dissolved 

oxygen levels (NIOT coastal circulation studies). 

3. High detritus-based productivity: Decomposition of mangrove litter and organic matter sustains 

complex detrital food webs. 

Eg: Godavari estuary mangrove zones support rich benthic fauna forming the base of coastal 

fisheries (CMFRI). 

4. Sediment trapping and geomorphic stability: Estuaries act as sinks for sediments, stabilising 

deltas and reducing nearshore erosion. 

Eg: Mahanadi estuary moderates sediment delivery to the Bay of Bengal (CWC sediment balance 

reports). 

5. Nursery and breeding habitat function: Shallow, nutrient-rich waters provide safe breeding 

grounds for fish and crustaceans. 

Eg: Cauvery estuary supports juvenile shrimp and finfish nurseries vital to Tamil Nadu fisheries 

(ICAR-CMFRI). 

Comparison of major estuaries on India’s east and west coasts 

1. Geomorphological form: East coast estuaries are deltaic and expansive, while west coast estuaries 

are narrow, funnel-shaped and drowned river valleys. 

Eg: Godavari delta estuary versus Periyar estuary (NCZMA coastal classification). 

2. River discharge patterns: East coast estuaries receive large, perennial river flows; west coast 

estuaries depend on short, rain-fed rivers. 

Eg: Krishna estuary versus Sharavathi estuary (CWC hydrological data). 

3. Sediment load characteristics: Heavy sediment deposition dominates east coast estuaries, while 

west coast systems are sediment-poor but tide-dominated. 

Eg: Mahanadi estuary compared to Mandovi estuary (NIOT sediment studies). 

4. Tidal influence intensity: West coast estuaries experience stronger tidal mixing due to steep 

continental shelf. 

Eg: Zuari estuary shows higher tidal amplitude than Subarnarekha estuary (INCOIS). 

5. Mangrove distribution patterns: East coast estuaries support extensive deltaic mangroves; west 

coast mangroves are patchy and linear. 

Eg: Godavari mangroves versus fragmented Kerala estuarine mangroves (FSI State of Forest 

Report 2023). 

Factors contributing to ecological stress in Indian estuaries 

1. Upstream flow modification by dams: Reduced freshwater inflow alters salinity balance and 

nutrient delivery. 

Eg: Farakka Barrage disrupting ecological flow of the Hooghly estuary, affecting Hilsa migration 

(CIFRI). 

2. Urban and industrial pollution load: Untreated sewage and industrial effluents degrade water 

quality and benthic life. 

Eg: Ulhas estuary shows elevated BOD and heavy metals (CPCB Coastal Water Quality Report 

2023). 
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3. Port-led dredging and navigation: Dredging alters bathymetry, turbidity and tidal regimes. 

Eg: JNPT expansion impacting the Mumbai–Thane estuarine complex (MoEFCC EIA records). 

4. Encroachment and land reclamation: Conversion for aquaculture, housing and infrastructure 

fragments estuarine habitats. 

Eg: Pulicat estuary shrinkage due to aquaculture expansion (MoEFCC wetland monitoring). 

5. Climate change induced stressors: Sea-level rise and extreme rainfall increase salinity intrusion 

and flood risks. 

Eg: Chilika estuary-lagoon system experiencing altered salinity regimes after extreme cyclone 

events (INCOIS, IMD). 

Conclusion 

India’s estuaries demand basin-to-coast governance integrating ecological flows, pollution control and 

climate adaptation. Protecting these transition ecosystems is essential for coastal resilience, fisheries security 

and sustainable blue economy growth. 

Q. What distinguishes radioactive pollution from other forms of environmental pollution? 

Assess the challenges in its monitoring and long-term management. (10 M) 

Introduction 

Radioactive pollution poses a uniquely persistent and invisible threat to ecosystems and human health, as its 

impacts extend across generations rather than dissipating within years. Unlike conventional pollutants, it 

challenges the very limits of detection, governance, and intergenerational responsibility. 

Body 

What distinguishes radioactive pollution from other forms of environmental pollution 

1. Ionising nature and biological irreversibility: Radioactive pollutants emit ionising radiation that 

directly damages DNA and cellular structures, causing cancers and genetic mutations that are often 

irreversible. 

Eg: Ionising radiation exposure standards are treated distinctly under the Atomic Energy Act, 

1962, recognising risks far beyond conventional chemical toxicity (Source: Department of Atomic 

Energy). 

2. Extremely long half-lives and persistence: Many radionuclides remain hazardous for thousands of 

years, making radioactive pollution temporally unmatched by air, water, or soil pollutants. 

Eg: Plutonium-239, with a half-life of about 24,000 years, is a central concern in spent nuclear fuel 

management globally (Source: IAEA safety documents). 

3. Invisibility and non-sensory detection: Radioactive contamination cannot be detected by human 

senses, unlike smog, effluents, or solid waste, necessitating specialised instrumentation. 

Eg: Monitoring around Indian nuclear facilities relies on gamma spectrometry and dosimeters 

deployed by the Atomic Energy Regulatory Board (AERB) (Source: AERB annual reports). 

4. Transboundary and ecosystem-wide impacts: Radioactive pollution spreads through air, water, 

and food chains, crossing national boundaries and bio-accumulating across trophic levels. 

Eg: The Fukushima Daiichi accident (2011) led to radioactive traces detected across the Pacific 

Ocean, illustrating global dispersion risks (Source: UNSCEAR assessments). 
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Challenges in monitoring and long-term management of radioactive pollution 

1. Technical complexity of continuous monitoring: Monitoring requires high-precision instruments, 

skilled manpower, and uninterrupted surveillance, which is resource-intensive. 

Eg: India’s Environmental Survey Laboratories under DAE conduct long-term baseline radiation 

mapping around nuclear sites, reflecting the technical intensity involved (Source: DAE 

publications). 

2. Institutional and regulatory concentration: Oversight is highly centralised, limiting independent 

verification and public confidence in monitoring outcomes. 

Eg: The AERB, constituted under the Atomic Energy Act, 1962, functions within the DAE 

framework, raising recurring governance debates (Source: Second ARC recommendations on 

regulatory independence). 

3. Long-term waste disposal uncertainty: Safe disposal of high-level radioactive waste over 

geological timescales remains unresolved globally, including in India. 

Eg: India follows an interim deep geological storage and vitrification approach for spent fuel, as 

permanent repositories require multi-century safety assurance (Source: DAE and IAEA best 

practices). 

4. Intergenerational ethical and legal challenges: Managing radioactive pollution imposes risks and 

costs on future generations who derive no direct benefit. 

Eg: UNSCEAR and IAEA principles emphasise intergenerational equity, a concern aligned with 

Article 21 of the Constitution, which the Supreme Court has interpreted to include a clean and safe 

environment (Source: Subhash Kumar vs State of Bihar, 1991). 

Conclusion 

Radioactive pollution stands apart due to its invisibility, longevity, and intergenerational consequences. 

Strengthening independent regulation, transparent monitoring, and ethically grounded long-term waste 

strategies is essential to responsibly manage this uniquely enduring environmental risk. 

Q. Analyse the inter-linkages between air, water, and soil pollution in India. Evaluate why 

silo-based regulatory approaches have delivered limited results. Suggest an integrated 

environmental governance framework. (15 M) 

Introduction 

India’s pollution challenge is systemic, where contaminants continuously migrate across air, water, and soil, 

magnifying health and ecological risks. Regulatory fragmentation has failed to internalise these cross-media 

linkages, weakening environmental outcomes despite an expanding legal framework. 

Body 

Inter-linkages between air, water, and soil pollution 

1. Atmospheric deposition and cross-media transfer: Air pollutants eventually settle on land and 

water bodies through wet and dry deposition, transforming air pollution into soil and water 

contamination. 

Eg: Sulphur dioxide and nitrogen oxides from coal-based power plants form acid rain, increasing 

soil acidity and freshwater acidification, as reported in CPCB air–water interaction 

assessments. 
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2. Soil as both sink and secondary source: Polluted soils accumulate contaminants and later release 

them into air through resuspension or into water through leaching. 

Eg: Heavy metals such as lead and cadmium from industrial areas resuspend as dust particles 

contributing to PM2.5, and leach into groundwater, highlighted in ICAR soil health studies. 

3. Water pollution inducing air and soil degradation: Polluted water bodies release gases and 

contaminate surrounding land through irrigation and flooding. 

Eg: Untreated urban sewage generates methane and hydrogen sulphide, while irrigation with 

contaminated water transfers heavy metals to agricultural soils, noted in CPCB river pollution 

reports. 

4. Agricultural chemical cycling across media: Agrochemicals applied to soil volatilise into air and 

runoff into water systems. 

Eg: Nitrogen fertilisers contribute to ammonia emissions affecting air quality and cause nitrate 

contamination of groundwater, as documented by Central Ground Water Board (CGWB). 

5. Urban waste-driven multi-media pollution: Poor waste handling pollutes soil directly and 

indirectly degrades air and water. 

Eg: Open dumping and landfill fires release toxic fumes, while leachate contaminates surface and 

groundwater, highlighted in CPCB solid waste management reviews. 

Why silo-based regulatory approaches have delivered limited results 

1. Fragmented legal architecture: Separate statutes govern air, water, and waste without recognising 

pollutant migration across media. 

Eg: The Water (Prevention and Control of Pollution) Act, 1974 and Air (Prevention and 

Control of Pollution) Act, 1981 operate independently despite common enforcement by CPCB and 

SPCBs. 

2. Media-specific standards ignoring cumulative load: Compliance is assessed per medium, not on 

total environmental or health impact. 

Eg: Industries meeting effluent discharge norms may still emit hazardous air pollutants during 

treatment processes, a gap acknowledged in the National Environmental Policy, 2006. 

3. Institutional silos within pollution control boards: Internal divisions handle air, water, and waste 

separately, limiting integrated assessments. 

Eg: SPCB consent mechanisms often issue separate clearances for emissions and effluents without 

cumulative risk evaluation. 

4. Jurisdiction-bound enforcement: Pollution flows across municipal and state boundaries, but 

enforcement remains territorially restricted. 

Eg: Urban wastewater discharge impacts downstream rural districts, yet accountability remains 

confined to city-level authorities under ULB frameworks. 

5. Project-level focus instead of ecosystem perspective: Regulation prioritises individual projects 

rather than basin or airshed impacts. 

Eg: River pollution persists despite project clearances, prompting judicial concern in multiple NGT 

river pollution cases. 

Integrated environmental governance framework for India 

1. Ecosystem-based regulatory units: Governance should be organised around natural units such as 

river basins and airsheds. 
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Eg: The airshed approach under the National Clean Air Programme, 2019, promoted by CPCB, 

recognises cross-district pollution movement. 

2. Unified consent and cumulative impact assessment: Integrated approvals can evaluate cross-media 

pollution before clearance. 

Eg: The Environment (Protection) Act, 1986 provides legal backing for comprehensive 

Environmental Impact Assessment, including cumulative effects. 

3. Strengthened constitutional grounding: Integrated governance must be anchored in constitutional 

environmental duties. 

Eg: Article 48A mandates State responsibility for environmental protection, while Article 51A(g) 

imposes a citizen duty, reaffirmed in MC Mehta judgments. 

4. Empowered environmental adjudication: Cross-media disputes require specialised and integrated 

adjudication. 

Eg: The National Green Tribunal Act, 2010 enables ecosystem-level remedies beyond sectoral 

statutes. 

5. Integrated data, monitoring, and planning systems: Pollution governance must be supported by 

unified environmental data platforms. 

Eg: CPCB’s integrated environmental monitoring initiatives aim to link air, water, and waste 

data for holistic decision-making. 

Conclusion 

India’s pollution crisis demands a transition from fragmented regulation to ecosystem-based governance 

rooted in constitutional principles. Integrating institutions, laws, and data systems is essential to prevent 

pollution transfer and secure long-term environmental sustainability. 

Q. “Biodiversity is not merely a count of species but a measure of ecosystem resilience”. Bring 

out the significance of different levels of biodiversity in sustaining ecosystem stability. (10 M) 

Introduction 

Modern ecological science recognises biodiversity as the foundation of ecosystem functioning, stability and 

recovery under stress. Global assessments now emphasise that ecosystem resilience depends on the depth 

and structure of biodiversity rather than mere numerical richness. 

Body 

Biodiversity as a measure of ecosystem resilience 

1. Functional redundancy and system continuity: Biodiversity ensures that multiple species perform 

similar ecological roles, allowing ecosystem processes to continue even after disturbances. 

Eg: IPBES Global Assessment Report 2019 documents that ecosystems with higher functional 

diversity maintain productivity despite species loss caused by climate extremes. 

2. Stability against external shocks: Diverse biological systems are less vulnerable to abrupt collapses 

because risks are distributed across species and functions. 

Eg: Millennium Ecosystem Assessment highlights that diverse ecosystems show lower probability 

of regime shifts compared to simplified systems. 

3. Resistance to biological invasions and diseases: Biodiversity limits the dominance of invasive 

species and reduces pathogen transmission through ecological checks. 
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Eg: CBD Secretariat synthesis reports note that intact diverse ecosystems suppress invasive 

species spread more effectively than degraded habitats. 

4. Buffering climate variability impacts: Biodiversity enables ecosystems to absorb climatic 

fluctuations such as heatwaves, floods and droughts. 

Eg: UNEP Ecosystem-based Adaptation studies show that biodiverse wetlands reduce flood 

impacts and recover faster after extreme rainfall events. 

5. Long-term sustainability of ecosystem services: Biodiversity stabilises provisioning, regulating 

and supporting services essential for human well-being. 

Eg: IPBES 2019 estimates that biodiversity loss directly threatens ecosystem services worth trillions 

of dollars annually. 

Significance of different levels of biodiversity in sustaining ecosystem stability 

1. Genetic diversity and adaptive capacity: Genetic variation allows species populations to evolve 

tolerance against environmental stress and diseases. 

Eg: FAO State of the World’s Biodiversity for Food and Agriculture (2019) reports that 

genetically diverse crop systems show higher resilience to heat and pest stress. 

2. Species diversity and food web stability: Presence of multiple species across trophic levels 

stabilises nutrient cycling and energy flows. 

Eg: IPBES Pollination Assessment 2016 highlights that diverse pollinator assemblages ensure 

stable crop yields despite species-specific declines. 

3. Ecosystem diversity and risk distribution: Multiple ecosystems within a landscape distribute 

ecological risks and prevent systemic collapse. 

Eg: UNEP and Millennium Ecosystem Assessment show that landscapes combining forests, 

wetlands and grasslands reduce climate-induced disaster impacts. 

4. Functional diversity and ecosystem efficiency: Diversity of ecological functions enhances 

productivity, decomposition and nutrient recycling. 

Eg: IPBES scientific assessments underline that functional trait diversity improves soil carbon 

storage and water regulation. 

5. Institutional recognition and governance support: Conservation of biodiversity levels is 

strengthened through legal and policy frameworks enhancing resilience. 

Eg: Article 48A and Article 51A(g) of the Constitution, operationalised through the Biological 

Diversity Act, 2002, mandate ecosystem-level conservation supported by National Biodiversity 

Authority mechanisms. 

Conclusion 

Treating biodiversity as a resilience asset shifts conservation from species counting to systems thinking. 

Safeguarding genetic, species and ecosystem diversity is indispensable for climate resilience, ecological 

security and sustainable development trajectories. 

Q. “Human–animal conflict reflects a breakdown in coexistence rather than conservation 

failure”. Discuss the statement. Examine ecological and socio-economic drivers of conflict. 

Suggest integrated mitigation strategies. (15 M) 

Introduction 

Human–animal conflict has intensified across India’s forest fringes, signalling deep stress at the human–
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nature interface. It reflects the breakdown of historically evolved coexistence systems under pressures of 

land-use change, livelihood insecurity, and ecological disruption. 

Body 

Breakdown in coexistence rather than conservation failure 

1. Shrinking shared ecological space: Rapid land-use change has reduced buffer zones, forcing 

wildlife and human activity into direct overlap. 

Eg: Fragmentation of elephant corridors by highways and railways, documented by the Wildlife 

Institute of India, has increased village incursions in central and eastern India. 

2. Erosion of community stewardship: Traditional institutions that managed coexistence have 

weakened with declining community control over forests. 

Eg: Loss of community-managed forest buffers after formal state control reduced informal 

conflict-avoidance practices in several tribal regions. 

3. Socially detached conservation approaches: Species-focused protection often ignores livelihood 

vulnerability of forest-fringe populations. 

Eg: Expansion of protected areas without parallel livelihood safeguards has heightened 

resentment around tiger reserves, noted in MoEFCC conflict advisories. 

Ecological drivers of conflict 

1. Habitat fragmentation: Disrupted wildlife movement pathways increase encounters with human 

settlements. 

Eg: Blocked elephant corridors identified by WII due to mining and linear infrastructure have 

resulted in repeated crop raids and fatalities. 

2. Decline in natural prey and forage: Ecosystem degradation reduces food availability within 

forests. 

Eg: Degraded grasslands inside reserves have pushed nilgai and wild boar into agricultural fields 

in semi-arid regions. 

3. Climate-induced resource stress: Altered rainfall and prolonged dry periods intensify wildlife 

movement beyond forest boundaries. 

Eg: Recurring drought conditions have increased wildlife dependence on village water sources, 

highlighted in FAO biodiversity–climate assessments. 

Socio-economic drivers of conflict 

1. Agricultural livelihood vulnerability: Small and marginal farmers bear disproportionate economic 

losses from wildlife damage. 

Eg: Sugarcane-growing smallholders in western India face frequent leopard encounters, with 

limited mitigation capacity. 

2. Settlement expansion near forests: Population pressure has pushed habitation into ecologically 

sensitive zones. 

Eg: Growth of forest-fringe villages in Assam and Odisha has raised elephant-related human 

casualties, as per MoEFCC data. 

3. Weak compensation and relief mechanisms: Delays and under-assessment reduce tolerance 

towards wildlife presence. 
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Eg: State compensation schemes suffer from procedural delays, flagged by Parliamentary 

Standing Committee reports. 

Integrated mitigation strategies 

1. Landscape-level planning: Integrating wildlife corridors into infrastructure and land-use planning 

decisions. 

Eg: Corridor-based planning, recommended by the Elephant Task Force (2010), balances 

development with ecological continuity. 

2. Community-centric coexistence models: Local participation improves early response, trust, and 

tolerance. 

Eg: Community-based early warning and crop-guarding systems supported under MoEFCC 

guidelines have reduced casualties in pilot regions. 

3. Institutional convergence and One Health approach: Coordinated action across wildlife, 

livestock, and public health agencies. 

Eg: One Health framework, promoted by FAO and WHO, addresses wildlife disease spillovers 

alongside conflict mitigation. 

4. Constitutional and legal anchoring: Strengthening ecological duties and governance 

accountability. 

Eg: Article 48A and Article 51A(g), reinforced by the Supreme Court in the T.N. Godavarman 

case, emphasise ecological balance and state responsibility. 

Conclusion 

Human–animal conflict can be sustainably addressed only by restoring coexistence through ecological 

integrity, social equity, and coordinated governance. A shift from reactive control to anticipatory, landscape-

based and community-anchored strategies is essential for durable outcomes. 

Q. “Species recovery without habitat integrity is conservation in appearance, not substance.” 

Critically examine this statement using examples from India’s animal conservation projects. 

Assess the long-term ecological risks associated with such approaches. (15 M) 

Introduction 

India’s conservation successes increasingly reflect rising species numbers, yet ecological science cautions 

that population counts alone do not guarantee ecosystem resilience. Conservation that overlooks habitat 

quality risks creating biologically fragile and administratively cosmetic outcomes. 

Body 

Species recovery without habitat integrity is conservation in appearance, not substance  

In favour of the statement 

1. Fragmented habitats undermine ecological viability: Species recovery within isolated habitat 

patches masks long-term vulnerability due to loss of dispersal routes and genetic exchange. 

Eg: Project Tiger has increased tiger numbers, but habitat fragmentation around central Indian 



 

61 
 

corridors has constrained natural dispersal, repeatedly flagged by Wildlife Institute of India 

corridor studies. 

2. Human–wildlife conflict escalates without habitat integrity: Population growth without spatial 

expansion pushes animals into human landscapes. 

Eg: Under Project Elephant, rising elephant numbers alongside shrinking forest connectivity have 

intensified human–elephant conflict in Odisha and Assam, documented in MoEFCC elephant 

mortality data. 

3. Single-species focus ignores ecosystem functions: Species-centric interventions often neglect prey 

base, vegetation, and trophic balance. 

Eg: Lion conservation in Gir has stabilised lion numbers, but limited habitat diversity and 

disease vulnerability prompted the Supreme Court’s concern in Centre for Environmental Law v. 

Union of India (2013). 

4. Artificial support conceals habitat degradation: Intensive management can inflate populations 

without restoring natural ecological processes. 

Eg: Vulture conservation programmes relied on captive breeding and drug bans, while grassland 

degradation continues to limit sustainable wild recovery, noted in Bombay Natural History 

Society reports. 

Counter argument 

1. Species recovery can catalyse habitat protection: Flagship species often mobilise political and 

financial commitment for landscape conservation. 

Eg: Project Tiger (launched 1973) led to the expansion of core–buffer protected area models, 

strengthening forest protection under the Wildlife Protection Act, 1972. 

2. Adaptive management improves habitat over time: Initial species gains can be leveraged to 

restore ecosystems incrementally. 

Eg: Snow Leopard Project integrates community-based pasture management in Ladakh and 

Himachal Pradesh, improving alpine habitat quality alongside species protection. 

3. Legal frameworks mandate habitat conservation: India’s constitutional and statutory architecture 

embeds habitat integrity within species protection. 

Eg: Article 48A and Article 51A(g), reinforced by T N Godavarman v. Union of India, 

institutionalise forest and habitat conservation beyond mere species counts. 

4. Landscape-level planning is expanding: Conservation policy has progressively shifted from site-

based to landscape-based approaches. 

Eg: The National Wildlife Action Plan 2017–2031 explicitly prioritises corridor conservation, 

ecological connectivity, and climate resilience. 

Long-term ecological risks of species recovery without habitat integrity 

1. Genetic bottlenecks and inbreeding depression: Isolated populations face reduced adaptive 

capacity under environmental stress. 

Eg: Asiatic lions in Gir remain genetically constrained due to single-population dependence, 

highlighted by IUCN assessments. 

2. Collapse of trophic balance: Overprotected predators without ecosystem support destabilise prey 

and vegetation dynamics. 
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Eg: Localised prey depletion in some tiger reserves has been observed in NTCA management 

evaluations. 

3. Climate vulnerability amplification: Degraded habitats lack buffers against climate-induced 

shocks such as droughts and floods. 

Eg: Wetland-dependent species face habitat loss despite protection, as noted in Ramsar 

Convention-linked Indian wetland assessments. 

4. Irreversible ecosystem simplification: Species survival without habitat diversity leads to loss of 

associated flora and fauna. 

Eg: Grassland birds and herbivores continue to decline despite protection focus on megafauna, 

flagged in State of India’s Birds reports. 

Way forward 

1. Landscape-scale conservation planning: Shift from protected islands to connected ecological 

networks. 

Eg: Eco-sensitive zones and wildlife corridors recommended by NTCA and WII should be 

legally secured. 

2. Habitat-first budgeting and monitoring: Redirect conservation funding towards habitat quality 

indicators. 

Eg: Integrating remote sensing-based habitat integrity metrics under MoEFCC monitoring 

frameworks. 

3. Community-linked habitat stewardship: Align livelihoods with ecosystem restoration to reduce 

anthropogenic pressure. 

Eg: Joint Forest Management and community reserves under the Wildlife Protection Act (2006 

amendment). 

4. Climate-integrated conservation strategies: Embed climate adaptation into wildlife management. 

Eg: National Wildlife Action Plan 2017–2031 emphasis on climate-resilient landscapes must 

guide project-level implementation. 

Conclusion 

Sustainable conservation demands that species recovery be anchored in habitat integrity rather than 

numerical success alone. Only ecosystem-centred governance can transform India’s conservation gains from 

symbolic victories into enduring ecological security. 

Q. What is the rationale behind declaring Community Reserves under the Wildlife Protection 

Act? Evaluate their role in conserving corridors and buffer landscapes. (10 M) 

Introduction 

Community Reserves represent a governance innovation that recognises biodiversity conservation as a 

shared responsibility between the State and local communities. They are particularly relevant in India where 

ecological continuity extends far beyond formally notified protected areas. 

Body 

Rationale behind declaring Community Reserves 
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1. Statutory framework for voluntary conservation: Community Reserves were introduced by the 

Wildlife (Protection) Amendment Act, 2002 through Section 36C, providing a legal mechanism to 

conserve biodiversity on community or private land with owner consent. 

Eg: Abohar Community Reserve, Punjab, protects blackbuck grassland habitats on private 

farmlands without state acquisition, demonstrating how voluntary conservation can be legally 

secured. 

2. Decentralisation of conservation governance: They institutionalise participatory management by 

creating Community Reserve Management Committees, reducing excessive centralisation in 

wildlife governance. 

Eg: Khonoma Community Reserve, Nagaland, is managed through village councils exercising 

customary authority, reflecting decentralised and locally legitimate conservation. 

3. Alignment with constitutional environmental obligations: Community Reserves operationalise 

Article 48A and Article 51A(g) by translating constitutional duties into community-led conservation 

action. 

Eg: Village-enforced hunting restrictions in Nagaland’s community reserves illustrate citizens 

actively fulfilling constitutional environmental responsibilities. 

4. Socially non-disruptive conservation model: Unlike National Parks and Sanctuaries, Community 

Reserves avoid displacement and livelihood loss, improving long-term social acceptance of 

conservation. 

Eg: In agricultural landscapes of Punjab, wildlife protection through Community Reserves has 

proceeded without eviction or compulsory land-use change. 

Role in conserving corridors and buffer landscapes 

1. Protection of ecological corridors beyond core protected areas: Community Reserves secure link 

landscapes that facilitate wildlife movement and genetic exchange outside notified protected areas. 

Eg: Community-managed forest patches in the Kaziranga–Karbi Anglong landscape function as 

corridor buffers complementing the National Park. 

2. Strengthening buffer zones around protected areas: They regulate land use in fringe areas, 

reducing edge degradation and anthropogenic pressure on core habitats. 

Eg: Community-managed areas surrounding Kaziranga National Park help moderate human 

activity along sensitive park boundaries. 

3. Mitigation of human–wildlife conflict: By maintaining suitable habitats in buffer landscapes, 

Community Reserves reduce wildlife spillover into settlements and farms. 

Eg: Abohar Community Reserve has lowered crop depredation by sustaining open grasslands 

preferred by blackbuck, easing farmer–wildlife conflict. 

4. Climate-adaptive landscape connectivity: Community Reserves enable adaptive wildlife 

movement across seasons and altitudes in response to climate variability. 

Eg: Community-managed conservation areas in Northeast India facilitate altitudinal and seasonal 

species movement under changing climatic conditions. 

Conclusion 

Community Reserves complement India’s protected area network by legally anchoring conservation in lived 

landscapes. With stronger ecological planning and corridor integration, they can become central to climate-

resilient, landscape-level biodiversity governance. 
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Q5. Explain the concept of Global Warming Potential. Compare its application across different 

greenhouse gases. Discuss its relevance for international climate negotiations. (15 M) 

Introduction 

Climate policy requires a common scientific yardstick to compare the warming impacts of diverse 

greenhouse gases. Global Warming Potential (GWP) serves this role by translating different emissions 

into a single comparable climate metric used globally. 

Body 

Concept of Global Warming Potential 

1. Comparative warming index: Global Warming Potential (GWP) quantifies the cumulative heat 

trapped by a greenhouse gas relative to carbon dioxide (CO₂ = 1) over a defined time horizon, 

usually 100 years. 

Eg: IPCC AR6 (2021) uses CO₂-equivalent (CO₂e) as the standard metric for aggregating 

emissions across gases. 

2. Radiative efficiency component: GWP reflects how effectively a gas absorbs infrared radiation and 

contributes to warming per unit mass. 

Eg: Methane absorbs far more heat per molecule than CO₂ due to stronger infrared absorption bands 

(IPCC AR6, WG I). 

3. Atmospheric lifetime dimension: GWP incorporates how long a gas remains in the atmosphere 

influencing climate systems. 

Eg: CO₂ persists for centuries, whereas methane lasts ~12 years, affecting their respective climate 

roles (IPCC AR6). 

4. Time-horizon sensitivity: The choice of 20-year or 100-year GWP significantly alters the 

perceived climate importance of short-lived gases. 

Eg: Methane’s GWP is much higher over 20 years, influencing short-term climate mitigation 

strategies (IPCC AR6). 

Application across different greenhouse gases 

1. Carbon dioxide as reference gas: CO₂ has lower instantaneous warming power but dominates long-

term warming due to cumulative emissions. 

Eg: Fossil fuel-based CO₂ emissions account for the largest share of historical warming (Source: 

IPCC AR6). 

2. Methane’s near-term impact: Methane exhibits high short-term warming influence despite lower 

atmospheric concentration. 

Eg: Methane GWP ~28–30 (100-year) makes agriculture, waste, and fossil fuel leaks critical 

mitigation sectors (IPCC AR6). 

3. Nitrous oxide’s persistence: Nitrous oxide combines high GWP with long atmospheric residence, 

creating long-term warming risks. 

Eg: Nitrous oxide GWP ~265–273, largely from fertiliser use in agriculture (IPCC AR6). 

4. Fluorinated gases and industrial sources: F-gases have extremely high GWPs but limited 

volumes, requiring sector-specific regulation. 

Eg: HFC-23 with GWP exceeding 12,000 is targeted under the Kigali Amendment (2016) to the 

Montreal Protocol. 
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Relevance for international climate negotiations 

1. Standardised global reporting: GWP allows uniform emissions accounting across countries and 

sectors in climate agreements. 

Eg: UNFCCC emission inventories and Paris Agreement NDCs are reported in CO₂-equivalent 

terms. 

2. Mitigation prioritisation tool: GWP guides policy focus toward gases offering quicker climate 

benefits if reduced. 

Eg: Methane reduction pledges gained prominence in global climate discussions post-2021 (IPCC 

AR6 synthesis). 

3. Equity and responsibility debates: Reliance on GWP raises concerns for nations with methane-

intensive economies but low historical CO₂ emissions. 

Eg: India and other developing countries stress historical responsibility in negotiations at 

UNFCCC COPs. 

4. Basis for differentiated policy instruments: GWP underpins market mechanisms and regulatory 

thresholds in global climate governance. 

Eg: Carbon markets and emissions trading systems use CO₂e as the accounting unit (Source: 

UNFCCC framework). 

Conclusion 

Global Warming Potential remains central to global climate governance by enabling comparability and 

collective action, but future negotiations must complement it with broader metrics to balance short-term 

climate urgency and long-term stabilisation goals. 

Q. Ocean acidification represents a chemical dimension of climate change often overshadowed 

by temperature rise. Explain the process of ocean acidification. Examine its ecological 

consequences for marine food webs. (15 M) 

Introduction 

Oceans act as the planet’s largest active carbon sink, absorbing a significant share of anthropogenic carbon 

dioxide. This buffering role has triggered a less visible but systemic chemical transformation of seawater 

that now poses a direct threat to marine ecosystems and food security. 

Body 

Ocean acidification as a chemical dimension of climate change 

1. Direct alteration of ocean chemistry: Ocean acidification changes seawater pH and carbonate 

chemistry, unlike warming which primarily alters physical parameters such as temperature and 

circulation. 

Eg: IPCC AR6 (2023) confirms a sustained decline in average surface ocean pH since the industrial 

era due to CO₂ uptake. 

2. Independent progression from temperature rise: Acidification advances even in regions with 

limited warming, making it a parallel stressor rather than a secondary effect. 

Eg: Southern Ocean observations by NOAA show rapid acidification despite comparatively lower 

surface warming. 
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3. Cumulative and long-lasting impact: Chemical changes persist for centuries as absorbed CO₂ 

remains in the ocean-atmosphere system far longer than heat anomalies. 

Eg: IPCC AR6 WG I highlights that ocean chemical recovery lags emission reductions by hundreds 

of years. 

4. Relative neglect in policy discourse: Climate action frameworks remain largely temperature-

centric, under-addressing chemical stress on oceans. 

Eg: UNEP Emissions Gap Reports focus predominantly on warming thresholds with limited 

emphasis on ocean chemistry. 

Process of ocean acidification 

1. Absorption of atmospheric CO₂: Oceans absorb nearly one-fourth of annual anthropogenic CO₂ 

emissions, initiating chemical reactions in seawater. 

Eg: Global Carbon Budget (2023) estimates oceans absorb around 25% of human CO₂ emissions 

annually. 

2. Formation of carbonic acid: Dissolved CO₂ reacts with seawater to form carbonic acid, which 

dissociates into bicarbonate and hydrogen ions. 

Eg: NOAA Ocean Acidification Program documents this as the primary driver of declining pH. 

3. Decline in seawater pH: Increased hydrogen ion concentration lowers ocean pH, increasing acidity 

relative to pre-industrial conditions. 

Eg: IPCC AR6 reports a decline of about 0.1 pH units since the late 19th century. 

4. Reduction in carbonate ion availability: Hydrogen ions bind with carbonate ions, limiting calcium 

carbonate needed for shells and skeletons. 

Eg: UNESCO-IOC assessments note falling aragonite saturation levels in polar and tropical oceans. 

Ecological consequences for marine food webs 

1. Stress on calcifying plankton: Reduced calcification weakens planktonic organisms forming the 

base of marine food webs. 

Eg: Nature Climate Change studies link acidification with reduced growth in coccolithophores. 

2. Coral reef degradation: Lower calcification rates impair reef building, reducing habitat complexity 

and biodiversity. 

Eg: Australian Institute of Marine Science reports declining calcification in parts of the Great 

Barrier Reef. 

3. Altered fish behaviour and physiology: Acidification affects sensory functions, predator 

avoidance, and larval survival. 

Eg: Peer-reviewed studies cited by IPCC AR6 show impaired orientation in reef fish larvae under 

low pH conditions. 

4. Trophic cascades and fisheries risk: Disruptions at lower trophic levels propagate upward, 

threatening fish stocks and coastal livelihoods. 

Eg: FAO assessments warn of acidification-induced risks to shellfish-dependent fisheries. 

What needs to be done 

1. Rapid reduction of CO₂ emissions: Addressing the root cause is the only durable solution to halt 

further acidification. 

Eg: IPCC AR6 mitigation pathways stress deep emission cuts to stabilise ocean chemistry. 
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2. Strengthening ocean monitoring systems: Expanded pH and biogeochemical observation networks 

are essential for early warning. 

Eg: GOA-ON (Global Ocean Acidification Observing Network) supported by UNESCO-IOC. 

3. Ecosystem-based marine management: Marine protected areas and stress reduction improve 

ecosystem resilience. 

Eg: CBD-aligned MPAs have shown higher adaptive capacity in coral ecosystems. 

4. Mainstreaming acidification in climate governance: Ocean chemistry must be integrated into 

national and global climate frameworks. 

Eg: SDG 14.3 explicitly mandates action to minimise and address ocean acidification. 

Conclusion 

Ocean acidification underscores that climate change is as much a chemical crisis as a thermal one. 

Integrating emission mitigation with science-driven ocean governance is essential to preserve marine food 

webs and long-term ecological stability. 

Q. Explain Carbon Capture, Utilisation and Storage (CCUS) technologies. Evaluate their 

potential role in India’s hard-to-abate sectors. Discuss associated economic and regulatory 

challenges. (15 M) 

Introduction 

India’s industrial emissions profile is dominated by sectors where electrification and fuel switching offer 

limited abatement. Carbon Capture, Utilisation and Storage (CCUS) therefore occupies a strategic space 

between climate ambition and developmental realism. 

Body 

Carbon capture, utilisation and storage (CCUS) 
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1. Carbon capture from industrial exhaust streams: CCUS begins with separating CO₂ from flue 

gases or process emissions at power plants and industrial units using post-combustion, pre-

combustion or oxy-fuel techniques. 

Eg: NTPC–NETRA has implemented pilot post-combustion CO₂ capture units at coal-based 

thermal power stations, validating technical feasibility under Indian operating conditions (NTPC, 

Ministry of Power). 

2. Compression and transport of captured CO₂: After capture, CO₂ is compressed and transported 

through pipelines or tankers to utilisation or storage sites. 

Eg: NITI Aayog (2022 CCUS Policy Framework) highlights pipeline-based CO₂ transport 

corridors around industrial clusters as a cost-efficient long-term option. 

3. Utilisation of CO₂ as an industrial input: Captured CO₂ can be used for chemicals, fuels, 

construction materials and enhanced oil recovery, lowering net emissions intensity. 

Eg: Dalmia Cement has explored CO₂ mineralisation for producing low-carbon cement, linking 

CCUS with circular economy principles (Cement sector disclosures). 

4. Geological storage for long-term sequestration: CO₂ can be injected into deep saline aquifers or 

depleted hydrocarbon reservoirs for permanent isolation from the atmosphere. 

Eg: Oil India Limited has assessed depleted oil and gas fields for CO₂ injection under enhanced oil 

recovery (EOR) studies (MoPNG reports). 

5. Measurement, monitoring and verification (MMV): Continuous monitoring ensures stored CO₂ 

remains contained and environmentally safe over decades. 

Eg: International best practices referenced by NITI Aayog emphasise seismic monitoring and 

leakage detection protocols for long-term storage integrity. 

Potential role of CCUS in India’s hard-to-abate sectors 

1. Mitigating process emissions in cement manufacturing: A major share of cement emissions arise 

from limestone calcination, not fuel combustion. 

Eg: NITI Aayog (2022) identifies cement as a priority CCUS sector where capture can address 

unavoidable process emissions beyond renewable substitution. 

2. Reducing emissions from iron and steel production: Blast furnace–basic oxygen furnace routes 

generate intrinsic carbon emissions. 

Eg: India’s Long-Term Low Emissions Development Strategy (2022) recognises CCUS as a key 

option for deep decarbonisation of primary steelmaking. 

3. Decarbonising refineries and petrochemicals: Refineries emit concentrated CO₂ streams suitable 

for capture at relatively lower marginal costs. 

Eg: Indian Oil Corporation refineries have been identified in policy documents as early candidates 

for CCUS deployment due to high-purity CO₂ sources. 

4. Transitional abatement for coal-based power plants: Coal remains critical for grid stability during 

the energy transition. 

Eg: NITI Aayog frames CCUS as a transitional solution for existing thermal assets while renewable 

and storage capacities scale up. 

5. Enabling blue hydrogen in the near term: CCUS allows hydrogen production from natural gas 

with significantly lower emissions. 

Eg: The National Green Hydrogen Mission (2023) allows limited transitional use of CCUS-linked 

hydrogen for refineries and fertiliser units. 
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Economic and regulatory challenges associated with CCUS 

1. High capital and operating costs: Capture, compression and storage substantially increase 

production costs, deterring private investment. 

Eg: IEA and NITI Aayog estimates suggest CCUS can raise industrial operating costs by 30–60%, 

especially in power and cement sectors. 

2. Absence of a comprehensive legal framework: India lacks laws governing CO₂ storage liability, 

pore-space ownership and long-term responsibility. 

Eg: NITI Aayog (2022) explicitly recommends a dedicated CCUS regulatory architecture 

covering liability and environmental safeguards. 

3. Weak carbon pricing and revenue certainty: Without a mature carbon market, CCUS projects lack 

predictable returns. 

Eg: India’s Carbon Credit Trading Scheme (2023) is still evolving and does not yet provide price 

signals strong enough to drive CCUS investments. 

4. Infrastructure and scale constraints: CO₂ transport networks and storage site mapping remain 

underdeveloped. 

Eg: NITI Aayog notes the absence of shared CO₂ pipeline infrastructure as a major bottleneck to 

cluster-based CCUS deployment. 

5. Environmental and constitutional safeguards: Risks of leakage raise concerns for ecological 

safety and community rights. 

Eg: Judicial interpretation of Article 21 and Article 48A in M.C. Mehta cases mandates strict 

environmental due diligence and public trust compliance. 

Conclusion 

CCUS represents a pragmatic climate instrument for India’s industrial transition rather than a substitute for 

renewables. With robust regulation, carbon market depth and targeted public support, it can responsibly 

bridge the gap between growth imperatives and climate commitments. 

Q. “The expansion of carbon markets raises complex questions of equity, additionality, and 

environmental integrity”. Explain how carbon credit mechanisms function. Analyse India’s 

approach to carbon markets. Also discuss the major design challenges involved. (15 M) 

Introduction 

Market-based climate instruments are increasingly central to global mitigation strategies, yet their 

effectiveness depends on credibility, fairness, and environmental rigor. Carbon markets therefore sit at the 

intersection of economic efficiency, climate ambition, and distributive justice. 

Body 

The expansion of carbon markets raises complex questions of equity, additionality, and environmental 

integrity 

1. Equity implications of carbon markets: Carbon markets can allow high emitters to offset 

emissions instead of reducing them at source, potentially shifting mitigation burdens away from 

major polluters. 

Eg: Experience under the Clean Development Mechanism in India showed that several projects 
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generated tradable credits while local environmental and social co-benefits remained limited, 

raising equity concerns. 

2. Additionality and environmental integrity risks: If credits are issued for activities that would have 

happened anyway, carbon markets lose mitigation value and become accounting exercises. 

Eg: Post-2010 renewable energy projects in India faced scrutiny as falling technology costs made 

it difficult to prove that carbon finance was decisive for project viability. 

How carbon credit mechanisms function 

1. Baseline setting and additionality assessment: Emission reductions are assessed against a defined 

baseline to ensure that reductions are beyond business-as-usual. 

Eg: Additionality tests under international carbon mechanisms required proof that projects were 

financially, technologically, or institutionally infeasible without carbon revenue. 

2. Measurement, reporting and verification (MRV): Emission reductions must be measured, 

independently verified, and transparently reported before credits are issued. 

Eg: Third-party verification agencies audit project data using standardised MRV protocols to 

ensure accuracy and credibility. 

3. Issuance of carbon credits: Each verified tonne of carbon dioxide equivalent reduced or removed is 

converted into a tradable credit. 

Eg: One carbon credit equals one tonne of CO₂-equivalent, enabling fungibility across projects 

and sectors. 

4. Use for compliance or voluntary offsetting: Credits may be used to meet regulatory obligations or 

voluntary net-zero commitments. 

Eg: Corporates using voluntary offsets to meet science-based net-zero targets, supplementing 

internal emission reductions. 

India’s approach to carbon markets 

1. Statutory foundation for carbon trading: India has embedded carbon markets within domestic 

energy legislation to ensure regulatory certainty. 

Eg: Energy Conservation (Amendment) Act, 2022 legally enables carbon credit trading and 

issuance of Carbon Credit Certificates. 

2. Establishment of the Indian Carbon Market framework: India has notified a phased national 

carbon market with compliance and voluntary elements. 

Eg: Carbon Credit Trading Scheme, 2023, notified by the Ministry of Power, provides the 

framework for the Indian Carbon Market. 

3. Institutional governance structure: Dedicated institutions manage administration, oversight, and 

registry operations. 

Eg: Bureau of Energy Efficiency as administrator, National Steering Committee for Indian 

Carbon Market, and Grid Controller of India as registry operator. 

4. Linkage with existing efficiency mechanisms: India is leveraging past experience with market-

based efficiency schemes. 

Eg: Perform, Achieve and Trade (PAT) scheme experience is being used to design sectoral 

coverage, compliance targets, and MRV systems. 

5. Cautious international engagement under Paris Agreement: India prioritises domestic mitigation 

and safeguards against premature credit exports. 
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Eg: India’s stance on Article 6 mechanisms emphasises avoiding double counting and protecting 

the integrity of its Nationally Determined Contribution. 

Major design challenges involved 

1. Ensuring credible additionality: Rapid cost declines in clean technologies make it difficult to prove 

that carbon revenue drives new mitigation. 

Eg: Cost competitiveness of solar and wind energy in India weakens additionality claims for 

routine renewable projects. 

2. Preventing double counting of emission reductions: Credits must not be claimed simultaneously 

by India and international buyers. 

Eg: Corresponding adjustment requirements under the Paris Agreement create complex 

accounting challenges for national inventories. 

3. Equity and access barriers: Small enterprises and informal sectors may lack capacity to participate 

effectively. 

Eg: Compliance-oriented market mechanisms tend to favour large, energy-intensive firms with 

better data and compliance capacity. 

4. Market demand and price stability: Weak or uncertain demand can depress prices and reduce 

incentives for genuine mitigation. 

Eg: Collapse of global carbon credit prices after 2012 illustrates risks of oversupply without 

binding emission caps. 

5. Institutional and technical capacity constraints: Effective markets require skilled verifiers, digital 

registries, and enforcement capability. 

Eg: Capacity gaps in environmental monitoring and verification at state level pose challenges 

for robust MRV implementation. 

Conclusion 

Carbon markets can complement India’s decarbonisation pathway only if they are designed with strict 

additionality, transparent accounting, and equitable participation. Strengthening institutional capacity and 

aligning markets with long-term climate goals will determine whether carbon trading becomes a climate 

solution or a credibility risk. 

Q. Clean coal technologies represent a transitional compromise rather than a long-term 

climate solution. Comment. (10 M) 

Introduction 

India’s climate response operates within the dual constraints of development imperatives and environmental 

responsibility. Clean coal technologies have therefore been projected as a pragmatic middle path, raising the 

debate whether they genuinely support climate action or merely postpone structural decarbonisation. 

Body 

Supporting the view: Clean coal as a necessary transitional compromise 
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1. Energy security and grid reliability: Coal-based power ensures stable base-load electricity, which 

renewables currently cannot provide at scale due to intermittency and storage limitations. 

Eg: National Electricity Plan 2023 (CEA) underscores continued coal capacity for meeting peak 

demand and maintaining grid stability during renewable expansion. 

2. Reduction in emissions intensity: Advanced coal technologies improve efficiency, lowering 

emissions per unit of electricity without disrupting existing infrastructure. 

Eg: Supercritical and ultra-supercritical plants reduce CO₂ intensity by around 10–15% 

compared to subcritical units, as cited by CEA. 

3. Alignment with environmental constitutional duties: Cleaner coal reduces local air pollutants, 

supporting the State’s obligation under Article 48A and the judicial expansion of Article 21. 

Eg: MoEFCC’s FGD mandate (2015, revised deadlines up to 2026) targets SO₂ reduction to 

protect public health in coal-heavy regions. 

4. Just transition for coal-dependent regions: Gradual technological upgrading avoids sudden 

economic shocks to coal-producing states and workers. 

Eg: NITI Aayog reports emphasise phased transition to prevent livelihood disruptions in coal belts 

such as Jharkhand and Chhattisgarh. 

5. Bridge to industrial decarbonisation: Clean coal coupled with emerging CCUS can address 

emissions from hard-to-abate sectors where alternatives are limited. 

Eg: Draft Carbon Capture, Utilisation and Storage Framework (DST, 2022) highlights pilot-

based learning rather than immediate large-scale replacement. 

Against the view: Why clean coal is not a long-term climate solution 

1. Inherent carbon lock-in: Even efficient coal plants continue emitting CO₂, locking India into fossil 

infrastructure incompatible with net-zero goals. 

Eg: IPCC AR6 (2023) warns that continued coal use is inconsistent with limiting warming to 1.5°C 

without rapid phase-down. 

2. Marginal climate benefits: Emissions intensity reduction does not translate into absolute emissions 

decline when coal capacity continues to expand. 

Eg: India’s rising electricity demand, noted in CEA projections, offsets efficiency gains from 

cleaner coal technologies. 

3. Economic inefficiency compared to renewables: Clean coal upgrades divert capital away from 

cheaper, scalable low-carbon alternatives. 

Eg: IRENA and NITI Aayog assessments show solar and wind tariffs consistently undercut new 

coal-based power costs. 

4. Technological and regulatory uncertainty of CCS: Carbon capture remains unproven at scale in 

India and raises concerns of cost, liability, and storage safety. 

Eg: NITI Aayog flags unresolved regulatory frameworks for long-term CO₂ storage accountability. 

5. Risk of policy complacency: Emphasising clean coal may delay aggressive renewable deployment 

and structural energy reforms. 

Eg: India’s Long-Term Low Emissions Development Strategy (2022, UNFCCC) prioritises 

energy efficiency and renewables, signalling coal’s declining role over time. 

Conclusion 
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Clean coal technologies offer short-term emissions moderation and socio-economic stability but cannot 

anchor India’s long-term climate strategy. A credible transition requires using clean coal strictly as a bridge 

while accelerating renewables, storage, and structural decarbonisation pathways. 

Q5. Examine the evolution of environmental legislation in India. Analyse how institutions have 

adapted to changing ecological priorities. Discuss why implementation measures remain critical. (15 

M) 

Introduction 

India’s environmental governance has evolved from fragmented colonial controls to a constitutionally 

anchored, rights-based regulatory framework. This transformation reflects changing ecological priorities 

shaped by industrialisation, judicial innovation, and global environmental commitments. 

Body 

Evolution of environmental legislation in India 

1. Constitutional anchoring of environmental protection: The 42nd Constitutional Amendment 

Act, 1976 inserted Article 48A and Article 51A(g), elevating environmental protection to a 

constitutional obligation of the State and citizens. 

Eg: Supreme Court in Subhash Kumar v. State of Bihar (1991) recognised the right to 

pollution-free air and water under Article 21, transforming environmental quality into a 

fundamental right. 

2. Shift from common law remedies to statutory regulation: After the Stockholm Conference, India 

moved from tort-based environmental remedies to specialised statutes like the Water Act, 1974 and 

Air Act, 1981, institutionalising preventive regulation. 

Eg: Establishment of Central and State Pollution Control Boards enabled standard setting, 

continuous monitoring, and regulatory enforcement instead of post-damage litigation. 

3. Comprehensive umbrella legislation following industrial risk exposure: The Environment 

(Protection) Act, 1986, enacted in the aftermath of the Bhopal Gas Disaster, empowered the Union 

government to frame cross-sectoral environmental rules. 

Eg: The EIA Notification, 2006, issued under this Act, mandated prior environmental appraisal of 

projects, embedding precaution into development decision-making. 

4. Expansion towards ecosystem and biodiversity governance: Legislative focus widened from 

pollution control to ecosystem integrity through laws such as the Biological Diversity Act, 2002. 

Eg: The Biological Diversity (Amendment) Act, 2023 recalibrated access-and-benefit sharing 

provisions while retaining conservation and sovereign rights over biological resources. 

5. Incorporation of climate and sustainability concerns: Environmental legislation increasingly 

reflects climate objectives through enabling legal frameworks rather than standalone climate laws. 

Eg: Regulatory measures aligned with India’s Nationally Determined Contributions influence 

emission standards, renewable energy norms, and industrial decarbonisation pathways. 

Institutional adaptation to changing ecological priorities 

1. Judicial development of environmental governance principles: Courts expanded their role from 

dispute resolution to norm creation by evolving doctrines such as Polluter Pays, Precautionary 

Principle, and Public Trust Doctrine. 



 

74 
 

Eg: Vellore Citizens’ Welfare Forum v. Union of India (1996) embedded these principles as part 

of Indian environmental law. 

2. Creation of specialised environmental adjudication mechanisms: Recognition of technical 

complexity in environmental disputes led to institutional innovation beyond traditional courts. 

Eg: Establishment of the National Green Tribunal in 2010 enabled expert-driven, time-bound 

adjudication of environmental cases. 

3. Shift from pollution control to ecosystem-based governance: Environmental institutions adapted 

to address wetlands, coastal zones, and ecological services rather than only industrial emissions. 

Eg: National Plan for Conservation of Aquatic Ecosystems integrates lake and wetland 

management under a single ecosystem framework. 

4. Alignment with global environmental governance regimes: Institutions increasingly coordinate 

domestic action with international environmental commitments. 

Eg: Indian environmental regulators support climate mitigation and adaptation actions aligned with 

global climate agreements. 

5. Greater reliance on scientific and technical expertise: Environmental governance has moved 

towards evidence-based decision-making through expert committees and technical appraisal bodies. 

Eg: Multidisciplinary expert panels assess environmental clearances and ecological impacts in 

infrastructure and mining projects. 

Why implementation measures remain critical 

1. Persistent enforcement and capacity gaps: Strong environmental laws coexist with weak 

compliance due to staff shortages, limited monitoring infrastructure, and regulatory overload. 

Eg: Many pollution control boards face constraints in real-time monitoring and inspection coverage, 

weakening deterrence. 

2. Centre–State coordination challenges: Environmental regulation spans multiple levels of 

governance, resulting in uneven implementation across states. 

Eg: Variations in the functioning and appraisal quality of State Environment Impact Assessment 

Authorities affect environmental clearance outcomes. 

3. Development-environment trade-offs at the ground level: Local livelihood concerns and political 

economy pressures often dilute enforcement decisions. 

Eg: Forest diversion approvals reveal gaps between compensatory commitments and on-ground 

ecological restoration. 

4. Weak post-clearance monitoring mechanisms: Regulatory focus often declines after project 

approval, reducing accountability. 

Eg: Environmental clearance conditions are frequently violated due to limited compliance audits and 

follow-up inspections. 

5. Limited community participation and transparency: Implementation remains ineffective when 

affected communities are excluded from decision-making. 

Eg: Public hearing processes under environmental clearance norms often fail to ensure meaningful 

local engagement. 

Conclusion 

India’s environmental laws and institutions have matured significantly, but ecological outcomes depend on 

effective enforcement, cooperative federalism, and administrative capacity. Strengthening implementation is 

essential to translate progressive legal intent into durable environmental protection. 
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Q. Evaluate the role of public participation in environmental decision-making. Assess why it 

remains limited in practice. (10 M) 

Introduction 

Environmental decision-making in India operates at the intersection of constitutional democracy and 

ecological limits, where legitimacy is derived not only from expertise but also from citizen participation. 

Public involvement is therefore central to aligning development choices with environmental justice and 

sustainability. 

Body 

Role of public participation in environmental decision-making 

1. Democratic legitimacy in environmental governance: Public participation ensures that 

environmental decisions reflect affected communities’ concerns, thereby enhancing democratic 

accountability beyond technocratic regulation. 

Eg: Public hearings under the Environmental Impact Assessment Notification, 2006 

institutionalise citizen consultation before project clearances, grounding decisions in local socio-

ecological realities. 

2. Operationalising environmental justice: Participation enables marginalised communities to 

articulate livelihood, displacement, and health concerns arising from environmental decisions. 

Eg: Gram Sabha consent under the Forest Rights Act, 2006, as affirmed by the Supreme Court 

in the Niyamgiri judgment (2013), empowered tribal communities to decide on forest diversion 

affecting their customary rights. 

3. Improving quality of environmental outcomes: Local ecological knowledge complements 

scientific assessments, leading to context-sensitive and adaptive environmental decisions. 

Eg: Community objections during coastal regulation consultations have led to project 

modifications under Coastal Regulation Zone frameworks, reflecting local vulnerability to erosion 

and livelihood loss. 

4. Transparency and procedural fairness: Participation enhances transparency by subjecting 

administrative discretion to public scrutiny, reducing arbitrariness in environmental clearances. 

Eg: National Green Tribunal interventions have repeatedly stressed meaningful public 

consultation as an essential component of fair environmental decision-making. 

5. Constitutional grounding of participatory environmentalism: Public participation flows from the 

constitutional vision of participatory democracy and environmental protection. 

Eg: Judicial interpretation of Article 21, read with Articles 48A and 51A(g), has expanded the 

scope for citizen involvement in safeguarding environmental rights. 

Why public participation remains limited in practice 

1. Procedural dilution of consultation mechanisms: Public participation is often treated as a 

formality rather than a substantive input shaping final decisions. 

Eg: The Draft Environmental Impact Assessment Notification, 2020 drew criticism for reducing 

consultation timelines and expanding exemptions, thereby constraining meaningful participation. 

2. Information asymmetry and technical complexity: Highly technical environmental documentation 

limits informed participation by local communities. 
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Eg: Lengthy EIA reports prepared in technical language, often disclosed shortly before hearings, 

restrict effective community engagement. 

3. Unequal power relations in decision-making: Economic and administrative interests frequently 

overshadow community concerns in clearance processes. 

Eg: Large infrastructure and mining projects have witnessed public objections being 

acknowledged procedurally but overridden substantively. 

4. Weak incorporation of participatory outcomes: Inputs from public consultations rarely translate 

into enforceable conditions or project redesigns. 

Eg: Public hearing minutes often find limited reflection in the final environmental clearance 

stipulations. 

5. Institutional capacity constraints: Regulatory bodies face staffing and expertise shortages that 

weaken follow-up on public inputs. 

Eg: State Pollution Control Boards often struggle to monitor compliance and respond to citizen 

grievances due to limited institutional capacity. 

Conclusion 

Moving from token consultation to meaningful participation requires institutional reforms that embed public 

inputs into binding environmental decisions. As ecological pressures intensify, participatory governance will 

be indispensable for achieving sustainable development with democratic legitimacy. 

Q. Examine the evolution of environmental legislation in India. Analyse how institutions have 

adapted to changing ecological priorities. Discuss why implementation measures remain 

critical. (15 M) 

Introduction 

India’s environmental governance has evolved from fragmented colonial controls to a constitutionally 

anchored, rights-based regulatory framework. This transformation reflects changing ecological priorities 

shaped by industrialisation, judicial innovation, and global environmental commitments. 

Body 

Evolution of environmental legislation in India 

1. Constitutional anchoring of environmental protection: The 42nd Constitutional Amendment 

Act, 1976 inserted Article 48A and Article 51A(g), elevating environmental protection to a 

constitutional obligation of the State and citizens. 

Eg: Supreme Court in Subhash Kumar v. State of Bihar (1991) recognised the right to 

pollution-free air and water under Article 21, transforming environmental quality into a 

fundamental right. 

2. Shift from common law remedies to statutory regulation: After the Stockholm Conference, India 

moved from tort-based environmental remedies to specialised statutes like the Water Act, 1974 and 

Air Act, 1981, institutionalising preventive regulation. 

Eg: Establishment of Central and State Pollution Control Boards enabled standard setting, 

continuous monitoring, and regulatory enforcement instead of post-damage litigation. 

3. Comprehensive umbrella legislation following industrial risk exposure: The Environment 

(Protection) Act, 1986, enacted in the aftermath of the Bhopal Gas Disaster, empowered the Union 



 

77 
 

government to frame cross-sectoral environmental rules. 

Eg: The EIA Notification, 2006, issued under this Act, mandated prior environmental appraisal of 

projects, embedding precaution into development decision-making. 

4. Expansion towards ecosystem and biodiversity governance: Legislative focus widened from 

pollution control to ecosystem integrity through laws such as the Biological Diversity Act, 2002. 

Eg: The Biological Diversity (Amendment) Act, 2023 recalibrated access-and-benefit sharing 

provisions while retaining conservation and sovereign rights over biological resources. 

5. Incorporation of climate and sustainability concerns: Environmental legislation increasingly 

reflects climate objectives through enabling legal frameworks rather than standalone climate laws. 

Eg: Regulatory measures aligned with India’s Nationally Determined Contributions influence 

emission standards, renewable energy norms, and industrial decarbonisation pathways. 

Institutional adaptation to changing ecological priorities 

1. Judicial development of environmental governance principles: Courts expanded their role from 

dispute resolution to norm creation by evolving doctrines such as Polluter Pays, Precautionary 

Principle, and Public Trust Doctrine. 

Eg: Vellore Citizens’ Welfare Forum v. Union of India (1996) embedded these principles as part 

of Indian environmental law. 

2. Creation of specialised environmental adjudication mechanisms: Recognition of technical 

complexity in environmental disputes led to institutional innovation beyond traditional courts. 

Eg: Establishment of the National Green Tribunal in 2010 enabled expert-driven, time-bound 

adjudication of environmental cases. 

3. Shift from pollution control to ecosystem-based governance: Environmental institutions adapted 

to address wetlands, coastal zones, and ecological services rather than only industrial emissions. 

Eg: National Plan for Conservation of Aquatic Ecosystems integrates lake and wetland 

management under a single ecosystem framework. 

4. Alignment with global environmental governance regimes: Institutions increasingly coordinate 

domestic action with international environmental commitments. 

Eg: Indian environmental regulators support climate mitigation and adaptation actions aligned with 

global climate agreements. 

5. Greater reliance on scientific and technical expertise: Environmental governance has moved 

towards evidence-based decision-making through expert committees and technical appraisal bodies. 

Eg: Multidisciplinary expert panels assess environmental clearances and ecological impacts in 

infrastructure and mining projects. 

Why implementation measures remain critical 

1. Persistent enforcement and capacity gaps: Strong environmental laws coexist with weak 

compliance due to staff shortages, limited monitoring infrastructure, and regulatory overload. 

Eg: Many pollution control boards face constraints in real-time monitoring and inspection coverage, 

weakening deterrence. 

2. Centre–State coordination challenges: Environmental regulation spans multiple levels of 

governance, resulting in uneven implementation across states. 

Eg: Variations in the functioning and appraisal quality of State Environment Impact Assessment 

Authorities affect environmental clearance outcomes. 
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3. Development-environment trade-offs at the ground level: Local livelihood concerns and political 

economy pressures often dilute enforcement decisions. 

Eg: Forest diversion approvals reveal gaps between compensatory commitments and on-ground 

ecological restoration. 

4. Weak post-clearance monitoring mechanisms: Regulatory focus often declines after project 

approval, reducing accountability. 

Eg: Environmental clearance conditions are frequently violated due to limited compliance audits and 

follow-up inspections. 

5. Limited community participation and transparency: Implementation remains ineffective when 

affected communities are excluded from decision-making. 

Eg: Public hearing processes under environmental clearance norms often fail to ensure meaningful 

local engagement. 

Conclusion 

India’s environmental laws and institutions have matured significantly, but ecological outcomes depend on 

effective enforcement, cooperative federalism, and administrative capacity. Strengthening implementation is 

essential to translate progressive legal intent into durable environmental protection. 

Q. “The Paris Agreement prioritises flexibility in climate action over strict alignment with 

climate science.” Examine this statement. Explain how the core design features of the Paris 

Agreement shape global mitigation efforts. Evaluate its implications for achieving long-term 

climate stabilisation goals. (15 M) 

Introduction 

Adopted in 2015 under the UNFCCC, the Paris Agreement institutionalised a universal climate framework 

centred on nationally driven action rather than centrally imposed emission limits. Its architecture reflects an 

attempt to reconcile climate science with diverse national capacities and developmental realities. 

Body 

Flexibility over strict alignment with climate science 

1. Nationally determined mitigation targets: Climate commitments are self-defined through NDCs, 

allowing countries to set ambition levels based on national circumstances rather than binding 

science-based carbon budgets. 

Eg: IPCC AR6 Synthesis Report (2023) indicates aggregated NDCs place the world on a 2.4–

2.6°C warming pathway, inconsistent with 1.5°C. 

2. Non-binding emission trajectories: The Agreement sets temperature goals but does not mandate 

legally binding emission pathways or sectoral caps aligned with climate models. 

Eg: UNFCCC NDC Synthesis Report 2023 highlights wide variation in baseline years and target 

metrics across Parties. 

3. Equity-based differentiation: The reaffirmation of CBDR–RC permits differentiated ambition, 

prioritising developmental equity alongside mitigation. 

Eg: India’s updated NDC (2022) focuses on emissions intensity reduction and non-fossil 

capacity expansion, not absolute emission cuts. 
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4. Facilitative compliance mechanism: The Agreement explicitly avoids punitive enforcement, 

favouring facilitation over coercion even in cases of non-alignment with science. 

Eg: Article 15 establishes a facilitative compliance committee without sanctions. 

5. Adaptation–mitigation parity: By elevating adaptation and resilience, the framework dilutes 

exclusive focus on mitigation demanded by climate science. 

Eg: Article 7 accords adaptation equal status with mitigation, reflecting vulnerability concerns of 

developing countries. 

How core design features shape global mitigation efforts 

1. Universal participation architecture: Flexible commitments enabled near-universal accession, 

expanding the mitigation landscape beyond developed countries. 

Eg: 196 Parties have submitted NDCs, compared to limited participation under the Kyoto Protocol. 

2. Five-year ambition cycle: Periodic updating of NDCs is designed to progressively enhance 

ambition in line with evolving science. 

Eg: The Global Stocktake concluded at COP28 (2023, Dubai) explicitly assessed gaps using 

IPCC AR6 benchmarks. 

3. Enhanced transparency framework: Uniform reporting and technical expert review strengthen 

comparability and peer pressure. 

Eg: Biennial Transparency Reports, operationalised from 2024, apply to all Parties with flexibility 

for capacity constraints. 

4. Long-term low-emission strategies: Encouragement of mid-century planning influences investment 

and policy signalling. 

Eg: India’s Long-Term Low Emissions Development Strategy (2022) outlines a pathway towards 

net-zero by 2070. 

5. Market and non-market mechanisms: Cooperative approaches under Article 6 aim to mobilise 

cost-effective mitigation through carbon markets. 

Eg: COP26 (2021, Glasgow) finalised Article 6 rulebook to operationalise international carbon 

trading. 

Implications for long-term climate stabilisation goals 

1. Persistent ambition gap: Flexibility has ensured participation but insufficient collective mitigation 

to stabilise temperatures at safe levels. 

Eg: UNEP Emissions Gap Report 2023 estimates global emissions must decline by 42% by 2030 

for a 1.5°C pathway. 

2. Reliance on domestic political will: Outcomes depend on national policy implementation rather 

than treaty enforcement. 

Eg: Continued coal dependence despite COP26 Glasgow Pact (2021) commitments on phasedown. 

3. Delayed emissions peak: Absence of binding near-term targets risks postponing the global 

emissions peak required by climate science. 

Eg: IPCC AR6 stresses global emissions must peak before 2025 to retain 1.5°C feasibility. 

4. Conditional science alignment through finance: Achieving stabilisation goals requires climate 

finance, technology transfer, and capacity building. 

Eg: Article 9 commitments remain unmet, with the USD 100 billion goal achieved only in 2022 as 

per OECD data. 
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5. Potential corrective role of stocktakes: Iterative review mechanisms allow gradual re-anchoring of 

action to science if ambition is politically mobilised. 

Eg: COP28 GST outcome called for transitioning away from fossil fuels in energy systems, 

reflecting scientific urgency. 

Conclusion 

The Paris Agreement has traded immediate science-level stringency for inclusivity and durability. Its 

capacity to achieve long-term climate stabilisation ultimately rests on whether iterative review cycles, 

backed by finance and technology, can progressively align national action with climate science. 

Q. Discuss the role of the Convention on Biological Diversity in global conservation efforts. 

Analyse why biodiversity loss persists despite international commitments. (10 M) 

Introduction 

Accelerating species extinction and ecosystem collapse have exposed the limits of fragmented national 

action, making global cooperation indispensable. The Convention on Biological Diversity (CBD) provides 

the central multilateral architecture to align conservation with development and equity. 

Body 

Role of the Convention on Biological Diversity in global conservation efforts 

1. Foundational global legal framework for biodiversity governance: The CBD (1992, Rio Earth 

Summit) created binding international obligations around conservation, sustainable use, and benefit 

sharing, elevating biodiversity to a core global environmental concern alongside climate change. 

Eg: Near-universal participation with 196 Parties, giving the CBD unmatched normative legitimacy 

in global environmental governance. 

2. Mainstreaming biodiversity through national planning instruments: The CBD mandates 

National Biodiversity Strategies and Action Plans (NBSAPs) to integrate conservation priorities 

into national development and sectoral policies. 

Eg: India’s revised NBSAP (2023) aligns biodiversity objectives with agriculture, forestry, 

infrastructure planning, and climate adaptation strategies. 

3. Equity-oriented access and benefit sharing regime: The Nagoya Protocol (2010) operationalised 

fair and equitable sharing of benefits arising from the use of genetic resources, linking conservation 

with justice and livelihoods. 

Eg: India’s Biological Diversity Act, 2002 channels ABS benefits to local communities through 

Biodiversity Management Committees, strengthening conservation incentives. 

4. Global target-setting and collective accountability: The CBD periodically frames global 

conservation targets to guide national action, most recently through the Kunming–Montreal Global 

Biodiversity Framework (2022). 

Eg: Target 30×30, committing countries to conserve 30% of terrestrial and marine areas by 

2030, has influenced expansion of protected and conserved areas. 

5. Strengthening the science–policy interface: The CBD promotes evidence-based decision-making 

by integrating scientific assessments into negotiations and national implementation. 

Eg: IPBES global assessments inform CBD targets on ecosystem integrity, drivers of biodiversity 

loss, and restoration priorities. 
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Why biodiversity loss persists despite international commitments 

1. Weak enforceability and reliance on voluntary compliance: CBD obligations depend largely on 

national political will, with no binding sanctions for non-compliance. 

Eg: Most Aichi Biodiversity Targets (2011–2020) remained unmet despite formal national 

reporting and review mechanisms. 

2. Growth-centric economic models overriding ecological limits: Development pathways continue to 

prioritise short-term economic expansion over long-term ecosystem stability. 

Eg: Expansion of agriculture, infrastructure, and urbanisation remains the dominant driver of 

habitat loss across regions. 

3. Persistent biodiversity finance gap: Conservation funding is inadequate compared to the scale of 

ecosystem degradation, constraining effective implementation. 

Eg: Public and private investments in nature-negative activities significantly outweigh allocations 

for ecosystem protection and restoration. 

4. Fragmented governance and weak policy integration: Biodiversity objectives are poorly 

mainstreamed into sectoral decision-making such as mining, transport, and energy planning. 

Eg: Environmental safeguards are often diluted during project approval and clearance processes, 

undermining CBD-aligned commitments. 

5. Limited internalisation of conservation ethics in society and institutions: Legal and policy 

mandates exist, but behavioural change and institutional culture lag behind. 

Eg: In India, despite Article 48A and Article 51A(g) of the Constitution, courts through cases like 

M.C. Mehta frequently intervene to enforce environmental responsibility. 

Conclusion 

The CBD has shaped global norms, targets, and equity principles, but biodiversity loss persists due to weak 

enforcement, financing deficits, and development-first governance. Converting commitments into recovery 

requires accountability-driven implementation, economic realignment with ecological limits, and deeper 

community stewardship of nature. 

Disaster and disaster management. 

Q. Analyse the changing pattern of disasters in India. Examine the implications for disaster 

management planning. (10 M) 

Introduction 

India’s disaster landscape is witnessing a decisive shift shaped by climate variability, urban expansion and 

ecological degradation. Disasters are increasingly frequent, intense and complex, requiring a recalibration of 

disaster management planning. 

Body 

Changing pattern of disasters in India 

1. Dominance of climate-induced hydro-meteorological disasters: Floods, cyclones, heatwaves and 

extreme rainfall events now account for the majority of disasters, overtaking geophysical hazards. 

Eg: IMD and NCRB data indicate floods and storms as the most recurrent disasters, with Cyclone 

Biparjoy (2023) reflecting increased cyclone intensity in the Arabian Sea. 
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2. Rising frequency of extreme heat events: Heatwaves have expanded spatially and temporally, 

emerging as silent but deadly disasters. 

Eg: IMD Heatwave Atlas shows prolonged heatwaves across north and central India in 2022–2024, 

causing excess mortality and productivity losses. 

3. Growth of compound and cascading disasters: Multiple hazards now interact, escalating overall 

impact beyond isolated events. 

Eg: Himachal Pradesh disasters (2023) combined cloudbursts, landslides and flash floods, 

disrupting roads, power and communication simultaneously. 

4. Urban-centric disaster risks: Cities face flooding, heat stress and infrastructure collapse due to 

unplanned growth and ecological encroachment. 

Eg: Chennai floods (2023) exposed loss of wetlands and inadequate storm-water drainage, as 

highlighted in CAG urban flood audits. 

5. Emergence of slow-onset disasters: Gradual processes like droughts, sea-level rise and coastal 

erosion now pose long-term risks. 

Eg: IPCC AR6 and MoES reports warn of rising vulnerability along India’s eastern coast due to 

sea-level rise. 

Implications for disaster management planning 

1. Shift from relief-centric to risk reduction approach: Planning must prioritise prevention, 

mitigation and preparedness rather than post-disaster relief. 

Eg: The Disaster Management Act, 2005 mandates mitigation planning through National and 

State Disaster Management Plans. 

2. Integration of climate adaptation into disaster planning: Disaster management must align with 

climate adaptation strategies. 

Eg: National Action Plan on Climate Change promotes convergence of disaster resilience with 

sectoral adaptation missions. 

3. Strengthening local and urban governance capacity: Effective disaster planning requires 

empowered local institutions and urban resilience frameworks. 

Eg: 15th Finance Commission provided dedicated grants for disaster risk reduction and urban 

local bodies. 

4. Use of technology and early warning systems: Planning must leverage forecasting, GIS and real-

time monitoring to reduce losses. 

Eg: IMD’s improved cyclone early warning systems significantly reduced fatalities during recent 

cyclones. 

5. Mainstreaming disaster risk into development planning: Infrastructure and land-use planning 

must internalise disaster risk assessments. 

Eg: NDMA guidelines stress disaster-resilient infrastructure aligned with the Sendai Framework 

(2015–2030). 

Conclusion 

The evolving disaster pattern demands a transition from reactive response to anticipatory and climate-

resilient governance. Embedding risk reduction into development planning is essential for safeguarding 

India’s long-term growth and human security. 
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Linkages between development and spread of extremism. 

Role of external state and non-state actors in creating challenges to internal 

security. 

Challenges to internal security through communication networks, role of 

media and social networking sites in internal security challenges, basics of 

cyber security; money-laundering and its prevention. 

Security challenges and their management in border areas - linkages of 

organized crime with terrorism. 

Various Security forces and agencies and their mandate. 
 


