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POLITY

Reforming Nomination Process: Revisiting Sections 33-36 of RPA, 1951

b 4 Syllabus Mapping:

GS Paper II - Polity and Governance (Representation of the People Act and Electoral Reforms)
GS Paper II - Constitution and Political System in India

GS Paper IV - Ethics in Public Life (Transparency and Accountability in Elections)

Introduction

The Representation of the People Act, 1951 (RPA) forms the legal backbone of India’s electoral democracy, governing the qualification,
disqualification, and conduct of elections to Parliament and State Legislatures. Recent controversies regarding the rejection of nomination
papers have reignited debates on procedural transparency and fairness under Sections 33 to 36 of the RPA, which regulate nomination,
scrutiny, and disclosure obligations of candidates.

These provisions, while aimed at maintaining the integrity of elections, have often been criticized for rigidity, administrative discretion, and lack of
uniform procedural safeguards.

Overview of Sections 33-36 of RPA, 1951

Section Subject Key Provisions / Features
Section Filing of Nomination - Every candidate must submit a nomination form signed by self and proposers.
33 Papers - Recognized political party candidates need one proposer.
- Independent candidates require ten proposers from the constituency.
Section Disclosure - Mandates declaration of criminal antecedents, assets, liabilities, and educational qualifications.
33A Requirements - Introduced by the 2002 Amendment following Supreme Court’s directive in Association for
Democratic Reforms (2002).
Section Limitation on - Restricts the Election Commission from seeking disclosures beyond those prescribed in Section 33A,
33B Disclosure effectively limiting transparency.

- However, its constitutional validity remains contested, as it was seen as restricting the right to
information under Article 19(1)(a).

Section Security Deposit -X25,000 for Lok Sabha candidates and 310,000 for State Assembly candidates.

34 - Deposit is forfeited if the candidate secures less than one-sixth of the total valid votes.

Section Public Notification - Returning Officer (RO) issues public notice for nomination filing, scrutiny, and withdrawal

35 schedule as per the Election Commission’s directions.

Section Scrutiny of - The RO scrutinizes nomination papers and may reject those with defects or irregularities, such as
36 Nominations missing signatures or improper disclosures.

- However, this power must be exercised judiciously, not arbitrarily.
Recent Issues and Debates

1. Arbitrary Rejection of Nomination Papers
e Several cases have surfaced where ROs rejected nominations on technical or minor grounds, raising concerns over procedural fairness.
o Critics argue that excessive discretion undermines Article 326 (Universal Adult Franchise) by denying legitimate candidates a fair chance
to contest.
2. Transparency vs. Privacy in Disclosures
e Section 33A promotes transparency, but Section 33B limits further scrutiny, creating a conflict between the citizen’s right to know and the
candidate’s right to privacy.
e The Supreme Court in Union of India v. ADR (2002) and PUCL v. Union of India (2003) upheld voters’ right to know as part of Article
19(1)(a).
3. Security Deposit Disparities
e The current security deposit structure disproportionately affects marginal and independent candidates, limiting political diversity and
participation.
e There are calls to introduce differential thresholds or partial refunds for candidates achieving substantial votes.

4. Administrative Capacity and Accountability

e Returning Officers often face tight timelines and limited training, increasing the risk of clerical or procedural errors during scrutiny.
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e Absence of a review mechanism against wrongful rejections leaves candidates without immediate redress.

Judicial and Institutional Perspectives

e Supreme Court in Kanhaiya Lal Omar v. R.K. Trivedi (1985): Held that the electoral process must balance procedural orderliness with fair
opportunity.

e Election Commission of India (ECI) periodically issues guidelines to ensure uniformity and fairness in scrutiny.

e Law Commission of India (255th Report, 2015): Recommended simplification of nomination forms, rationalization of security
deposits, and enhanced candidate disclosures for transparency.

Comparative Perspective

Country Nomination Model Distinctive Feature
UK Candidate requires 10 proposers and a nominal deposit (~£500). Deposit refunded if candidate secures 5% votes.
USA Decentralized state-level nominations; party primaries decide Emphasis on internal party democracy.
eligibility.
Australia Requires endorsement by party or 50 electors. High emphasis on formal scrutiny but provides appeal
mechanisms.

India’s nomination process is more bureaucratic and less candidate-friendly compared to global democracies, where appeal or review
mechanisms are institutionalized.

Reform Measures Needed

1. Institutionalize Review Mechanism:
o Create an Election Nomination Tribunal at district level for swift review of rejected papers before the final candidate list is notified.
2. Digitization of Nomination Process:
o Introduce e-filing of nominations and digital scrutiny dashboards to reduce manual errors.
3. Training and Accountability of ROs:
o Ensure mandatory ECI-certified training for Returning Officers and impose accountability for wrongful rejections.
4. Revisit Section 33B:
o Repeal or amend to align with Right to Information and Supreme Court directives ensuring complete disclosure of criminal and
financial background.
5. Rationalize Security Deposits:
o Introduce graded deposits based on past electoral performance or financial criteria to encourage participation.
6. Enhanced Transparency:
o Public display of all filed nomination forms and scrutiny results through Election Commission portals.

Conclusion

Sections 33-36 of the RPA, 1951 were designed to maintain discipline and integrity in the nomination process, but evolving democratic aspirations
call for greater transparency, inclusivity, and procedural fairness.

Reforming these sections in line with technological advancements and constitutional morality will strengthen India’s electoral credibility and
reinforce the voter’s faith in democratic participation.

Mains Practice Question:

“Sections 33-36 of the Representation of the People Act, 1951 aim to ensure procedural integrity in elections, yet recent controversies
highlight the need for reform. Critically examine the key challenges and suggest measures to make the nomination process more
transparent and equitable.”

SC: Arrest Without Written Grounds Violates Articles 21 & 22

o Syllabus Mapping:

GS Paper II - Governance, Constitution, and Polity (Fundamental Rights and Judicial Review)
GS Paper II - Indian Judiciary and Criminal Justice System

GS Paper IV - Ethics and Human Rights (Protection of Individual Liberty)

Introduction

In the recent case of Mihir Rajesh Shah vs. State of Maharashtra & Anr (2025), the Supreme Court of India ruled that failure to provide written
grounds of arrest violates the Fundamental Right to personal liberty guaranteed under Article 21 and the Right to be informed of the grounds
of arrest under Article 22(1) of the Constitution.

This landmark judgment strengthens the procedural safeguards for arrestees, emphasizing that due process is not a mere formality but

a constitutional guarantee integral to the rule of law.

4
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Background and Context

e The case arose from a challenge to an arrest where the accused was not provided with written grounds of arrestat the time of detention.

e The petitioner contended that the absence of written communication deprived him of his fundamental right to defend himself, violating
Articles 21 and 22(1).

e The Court reaffirmed that “personal liberty” under Article 21 cannot be curtailed except through a procedure that is fair, just, and
reasonable — echoing the constitutional principle evolved in Maneka Gandhi v. Union of India (1978).

Key Highlights of the Judgment

1. Right to Be Informed - A Fundamental Safeguard

e The Court held that the right to be informed of the grounds of arrest is fundamental and mandatory, deriving directly from Article 22(1).

o Itapplies to all arrests, whether under general laws like the Bharatiya Nyaya Sanhita (BNS) or special statutessuch as the UAPA and PMLA.

e The Court thus broadened the scope of this constitutional safeguard, rejecting the notion that it applies only to preventive or special law
arrests.

2. Written Communication Is Mandatory

e The grounds for arrest must be conveyed in writing, ensuring transparency and enabling the accused to understand the allegations.
e Oral communication alone is insufficient, except in exceptional circumstances such as immediate threat or field exigencies.

3. Limited Exception Clause

e The Court acknowledged that in rare operational situations, immediate written communication may be impracticable.
e Insuch cases:
o Grounds may first be conveyed orally, but
o The written grounds must be furnished within two hours before producing the accused before a magistrate for remand
proceedings.
o This ensures a balanced approach between constitutional rights and effective investigation.

4. Mode of Communication
e The communication must be:
o Inwriting,
o Inalanguage understandable to the arrestee, and
o Acknowledged by the person arrested (either through signature or record).

5. Legal Consequence

e Arrests conducted without providing written grounds are illegal and unconstitutional.
e Any subsequent detention or remand based on such an arrest would violate Articles 21 and 22 and be liable to be quashed.

Constitutional Framework and Judicial Reasoning

Article Provision Judicial Interpretation

Article “No person shall be deprived of his life or personal liberty Maneka Gandhi v. Union of India (1978) - Procedure must be fair, just,

21 except according to procedure established by law.” and reasonable, not arbitrary or oppressive.

Article Mandates that an arrested person be informed of the DK Basu v. State of West Bengal (1997) - Introduced mandatory

22(1) grounds of arrest and allowed to consult a legal guidelines for arrests and custody to prevent abuse of power.
practitioner.

The Court reiterated that Articles 21 and 22 must be read harmoniously, ensuring both procedural fairness and immediate awareness of the
reasons for arrest.

Wider Implications of the Judgment

1. Strengthening Procedural Justice

o Reinforces the constitutional vision that no deprivation of liberty is valid without informed consent or knowledge.
e Enhances accountability of law enforcement agencies in arrest procedures.

2. Expanding the Scope Beyond Special Laws

e The ruling clarifies that safeguards under Article 22(1) are universal—covering arrests under both general criminal laws (BNS) and special
legislations (UAPA, PMLA, NDPS Act).
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3. Empowering the Accused

e Providing written grounds allows the arrestee to consult legal counsel effectively, strengthening access to justiceand defence rights.
4. Reinforcing the Rule of Law

o Upholds the constitutional balance between the state’s power to investigate and the citizen’s right to liberty.

e Prevents arbitrary or mala fide arrests, aligning with UN Human Rights Committee’s recommendations on procedural safeguards during
arrest.

Comparison with Global Practices

Country Legal Standard Relevance to India

UK Police must inform detainees “in simple language” of the reason for arrest under Establishes transparency and procedural fairness
the Police and Criminal Evidence Act (PACE), 1984. similar to India’s Article 22(1).

USA Miranda v. Arizona (1966) mandates informing the accused of their rights Influences India’s jurisprudence on due process and
(“Miranda Rights”) before questioning. informed detention.

Canada Charter of Rights (Section 10) guarantees the right to be informed “promptly and = Mirrors India’s emphasis on written and prompt
in detail” of reasons for arrest. communication.

Conclusion

The Supreme Court’s judgment in Mihir Rajesh Shah v. State of Maharashtra (2025) reaffirms that liberty cannot be compromised by
procedural negligence.

By declaring that failure to provide written grounds renders arrest illegal, the Court has reinforced the constitutional commitment to fairness,
accountability, and transparency in the criminal justice process.

This decision marks a vital step toward ensuring that the “procedure established by law” truly embodies justice, strengthening both citizen
trust and institutional integrity.

Mains Practice Question:

“In light of the Supreme Court’s judgment in Mihir Rajesh Shah vs. State of Maharashtra (2025), discuss how the constitutional
interpretation of Articles 21 and 22 reinforces procedural fairness and safeguards against arbitrary arrest in India.”

Delayed Arbitration Awards: Supreme Court’s Stand on Timeliness

o Syllabus Mapping:
GS Paper II - Polity and Judiciary (Legal Reforms and Dispute Resolution)
GS Paper III - Economy (Ease of Doing Business)

Context

The Supreme Court held that an arbitral award can be set aside if delay taints its reasoning or fairness, under the Arbitration and Conciliation
Act, 1996, which is modeled on the UNCITRAL Model Law (1985).

Key Highlights
o Delay Not Independent Ground: Delay alone doesn’t nullify an award, but unreasonable delay affecting justicecan vitiate it.

o Principle of Fair Process: The timeliness of arbitration is integral to maintaining confidence in alternative dispute resolution (ADR).
e Act Objective: Consolidate laws on domestic and international arbitration and ensure enforcement of foreign awards.

Significance

e Reinforces judicial scrutiny for procedural fairness in arbitration.
o Encourages efficient, time-bound dispute resolution, critical for investor confidence and ease of business.

Conclusion

This verdict emphasizes that arbitration, while private, must still uphold natural justice and procedural fairness, aligning India’s legal framework
with global arbitration standards.

Mains Practice Question:
“Discuss how judicial oversight in arbitration under the 1996 Act balances efficiency with fairness in India’s dispute resolution system.”
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CAG Reforms: Creation of New Audit Cadres

o Syllabus Mapping:
GS Paper II - Constitutional Bodies and Accountability Mechanisms

Context

The CAG of India has approved the creation of two new specialised cadres—the Central Revenue Audit (CRA) and Central Expenditure Audit
(CEA)—to enhance centralisation and efficiency in financial oversight.

About the CAG

Constitutional Basis: Article 148 of the Constitution.

Appointment: By the President; removal like a Supreme Court judge.
Tenure: Six years or up to 65 years of age.

Independence: Expenses charged to the Consolidated Fund of India.

Significance of New Cadres

o Aims to specialise financial audits, improving the CAG’s capacity to detect irregularities.
e Promotes data-driven governance auditing and real-time financial scrutiny.

Conclusion

The reform strengthens fiscal accountability and aligns with the vision of a digitally enabled public audit ecosystem, critical for transparent
governance.

Mains Practice Question:
“Discuss the evolving role of the CAG in ensuring transparency and accountability in India’s financial governance.”

State Human Rights Commissions: Role, Powers, and Constitutional Boundaries

o Syllabus Mapping:
GS Paper II - Polity and Governance (Statutory and Regulatory Bodies)
GS Paper II - Social Justice (Human Rights Protection Mechanisms)

Context

The Punjab and Haryana High Court recently reminded the Punjab State Human Rights Commission (SHRC) that its powers are recommendatory
in nature and cannot extend to issuing judicial directions.

About SHRC

o Constitutional Basis: Formed under the Protection of Human Rights Act, 1993.
e Jurisdiction: Investigates violations under State and Concurrent Lists related to human rights.
o Composition:
o Chairperson: Retired Chief Justice or High Court Judge.
o Two Members: With expertise in human rights.
e Appointment: By the Governor, on recommendation of a committee led by the Chief Minister.
« Removal: By the President of India following the process akin to that of Supreme Court judges.
o Nature of Powers: Advisory, not binding — ensuring checks and balances in quasi-judicial oversight.

Mains Practice Question:
“Evaluate the functioning and limitations of State Human Rights Commissions in ensuring human rights protection in India.”

SC Ruling on Advocates: In-House Counsels and Legal Practice

Context:
The Supreme Court of India held that in-house counsels employed by companies are not entitled to client-attorney privilege under Section
132 of the Bharatiya Sakshya Adhiniyam (BSA).
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Key Highlights

o Reasoning:
o Corporate counsels are employees, not independent advocates as defined under the Advocates Act, 1961.
o Hence, their communications do not enjoy legal confidentiality protection.
e Section 132 (BSA):
o Protects communications between a client and an advocate under specific conditions.
e Advocates Act, 1961:
o Section 29: Only advocates enrolled with the Bar Council can practice law in India.
o To qualify, a person must hold an LL.B. degree, pass the Bar Council Examination, and be registered with a State Bar Council.

Distinction:
Term Description

Advocate Licensed to practice law in courts.
Lawyer

Patent vs Competition Law: NCLAT Clarifies Jurisdiction

Context:

The National Company Law Appellate Tribunal (NCLAT) ruled that the Competition Commission of India (CCI)has no jurisdiction over patent
disputes, as such matters fall under the Patent Act, 1970, which takes precedence over the Competition Act, 2002.

Key Details

o Patent Act, 1970:
o Protects an inventor’s exclusive rights over their innovations.
o Balances innovation incentives with public access to new technologies.
o Competition Act, 2002:
o Ensures fair competition, prevents abuse of dominant position, and protects consumer interests.
e Tribunal’s Reasoning:
o Patent protection and licensing issues are specialized matters requiring technical adjudication under the Patent Act, not CCI's
domain.

About NCLAT:

e Constituted under Section 410, Companies Act, 2013.
e Hears appeals against:
o Orders of NCLT, CCI, and IBBI.

GOVERNANCE

Land Registration Flaws: SC Advocates Blockchain & Conclusive Titling

o Syllabus Mapping:

GS Paper II - Governance, Constitution, and Transparency in Administration
GS Paper III - Science and Technology (Blockchain Applications)

GS Paper I - Indian Society (Land and Property Relations)

Introduction

In the landmark case Samiullah v. State of Bihar (2025), the Supreme Court of India raised serious concerns about the inefficiency and outdated
nature of India’s land registration system, which continues to be governed by colonial-era legislations. The Court noted that ambiguities in
ownership, fraudulent transactions, and poor record management contribute to a massive litigation burden and economic inefficiency. The bench
stressed that secure land titling is vital for both citizen rights and economic development, urging a paradigm shift towards technology-driven,
conclusive land ownership systems.
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Issues Highlighted by the Supreme Court

1. Outdated Legal Framework

e India’s land registration continues under century-old statutes such as:
o Transfer of Property Act, 1882
o Indian Stamp Act, 1899
o Registration Act, 1908
e These laws were designed for a colonial administrative purpose, not for a digital economy, resulting in gaps between ownership and
possession.

2. Absence of Conclusive Title
e Under the current system, registration provides only presumptive evidence, not a state-guaranteed title.
o Hence, ownership authenticity remains disputed and litigable, leaving buyers and investors vulnerable.
o Unlike many developed nations, the Indian state does not guarantee ownership, causing instability in land transactions.

3. High Litigation Burden

« Land disputes constitute nearly 66% of all civil litigation in India.
e Causes include fraudulent deeds, overlapping claims, encroachments, and weak verification mechanisms.

4. Incomplete Digitization
e Schemes like Digital India Land Records Modernization Programme (DILRMP) and National Generic Document Registration System

(NGDRS) have digitized records but failed to rectify faulty or overlapping titles.
e The system remains fragmented across States, lacking real-time verification or integration with cadastral maps.

Supreme Court’s Key Directives and Suggestions

1. Integration of Blockchain Technology

o The Court emphasized exploring Blockchain-based registries to ensure tamper-proof, transparent, and verifiable property records.
o Blockchain can integrate survey data, cadastral mapping, and registration details, eliminating the risk of multiple sales of a single

property.
e Such digital ledgers, once validated, can ensure trust, immutability, and traceability in land transactions.
2. Shift Towards Conclusive Titling
e Directed the Law Commission of India to examine transitioning from presumptive to conclusive land titling — meaning the State certifies
ownership after verification.
e This would require a statutory guarantee of ownership similar to the Torrens system followed in countries like Australia and New Zealand.
3. Institutional and Legal Reforms
e The Court recommended comprehensive legal amendments to align the Registration Act (1908), Evidence Act (1872), and IT Act

(2000) for digital compatibility.
e Urged Centre-State coordination to develop a uniform land registration framework ensuring transparency and legal enforceability.

About Blockchain Technology

Feature Description
Definition A form of Distributed Ledger Technology (DLT) where encrypted records (blocks) are permanently linked and replicated across
a network of computers.
Structure Blocks of data are chronologically linked and cryptographically secured, making tampering virtually impossible.
Core Immutability, transparency, traceability, decentralization.
Attributes

Public Utility = Reduces fraud, improves efficiency, and builds citizen trust in public databases.
Global Examples:
e Sweden - tested blockchain-based property transactions to speed up transfers.
e Georgia - implemented blockchain land registry ensuring secure ownership validation.

e Ghana - piloted similar systems to enhance rural land trust and curb fraud.

These global precedents highlight blockchain’s transformative potential in public record systems, particularly in developing economies facing
land management challenges.

9
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Challenges in India’s Land Registration Reforms

e Multiplicity of Land Laws: Overlapping state and central regulations hinder uniform reform.

e Federal Structure: Land is a State subject under Entry 18, State List, making central reforms dependent on state cooperation.
o Data Accuracy Issues: Legacy records and poor cadastral mapping reduce the reliability of digitized data.

o Infrastructure Gaps: Rural areas face connectivity, capacity, and resource constraints in adopting blockchain-based systems.

Broader Governance and Economic Significance

Dimension Impact
Governance Ensures transparency, reduces corruption, and strengthens citizen trust.
Economy Clear titles can unlock land as a financial asset, boosting investment and credit flow.
Social Justice Protects vulnerable communities from fraudulent dispossession and legal exploitation.

Ease of Doing Business Secure titles streamline real estate and infrastructure development, enhancing India’s investment climate.
Conclusion

The Supreme Court’s observations in Samiullah v. State of Bihar underscore an urgent need to modernize India’s land governance framework.
Transitioning towards technology-enabled, conclusive titling can minimize litigation, reduce corruption, and enhance citizen confidence in
property rights. Integrating Blockchain technology with legal and institutional reforms could serve as a landmark step in realizing Digital
India’s vision of transparent, efficient, and accountable governance.

Mains Practice Question:
“Discuss the challenges and prospects of introducing a blockchain-based conclusive land titling system in India in light of the Supreme
Court’s observations in Samiullah v. State of Bihar (2025).”

India’s Cooperatives Go Global: Amul & IFFCO Lead Rankings

o Syllabus Mapping:

GS Paper II - Governance (Institutions and Policies Supporting Cooperative Federalism)
GS Paper III - Indian Economy (Inclusive Growth, Agriculture and Rural Development)
GS Paper I - Indian Society (Community-Based Development Models)

Introduction

In a significant global recognition of India’s cooperative strength, Amul and IFFCO have secured the top two positions in the World Cooperative
Monitor 2025, published by the International Cooperative Alliance (ICA).

This achievement highlights India’s deep-rooted cooperative movement, which empowers millions of farmers, rural entrepreneurs, and small
producers through democratic ownership and equitable growth.

About the World Cooperative Monitor 2025

e Published annually by the International Cooperative Alliance (ICA).

e Assesses cooperatives globally on parameters such as turnover, membership strength, and socio-economic impact.

e The 2025 report ranks Amul (Gujarat Cooperative Milk Marketing Federation Ltd) and IFFCO (Indian Farmers Fertiliser Cooperative
Ltd) as the world’s top two cooperatives, reflecting India’s leadership in the global cooperative ecosystem.

Understanding Cooperatives

e Definition A cooperative is an autonomous association of persons united voluntarily to meet their common economic, social, and
cultural needs through a jointly owned and democratically controlled enterprise.

e Philosophy Built on values of self-help, equality, democracy, and mutual benefit, cooperatives aim to balance profit with welfare,
ensuring collective empowerment.

Historical and Legal Framework

Aspect Details
Origin Cooperative Credit Societies Act, 1904—first legislation formalizing cooperatives in India.
Constitutional 97th Constitutional Amendment Act (2011).
Recognition
Article Introduced Article 43B (DPSP) - promotes voluntary formation and autonomous functioning of cooperatives.
Fundamental Right Citizens granted the right to form cooperative societies under Article 19(1)(c).
Part IXB (Articles 243ZH- Defines structure, elections, and regulation of cooperatives. (Note: As per Union of India v. Rajendra N. Shah, 2021,
2437ZT) these provisions apply only to Multi-State Cooperative Societies.)
Governing Laws - Multi-State Cooperative Societies Act, 2002 (amended 2023) - for multi-state entities.

- State Cooperative Acts - for single-state cooperatives.
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Scale of the Cooperative Sector in India

e India accounts for over one-fourth of the world’s cooperatives, with 8.44 lakh registered societies.
o Top States: Maharashtra, Gujarat, Telangana, Madhya Pradesh, and Karnataka.

o Cooperatives play a key role in dairy, fertiliser, housing, sugar, banking, and credit sectors.

e Together, they support over 30 crore members, forming the world’s largest cooperative network.

Institutional Ecosystem Supporting Cooperatives

Institution Year Role/Contribution
Established

National Cooperative Development 1963 Financial support for cooperative projects in agriculture and allied sectors.

Corporation (NCDC)

National Bank for Agriculture and Rural 1982 Credit and capacity building for agricultural and rural cooperatives.

Development (NABARD)

Ministry of Cooperation 2021 Strengthens cooperative governance, coordination, and digitization (under a
separate Cabinet-level ministry).

National Cooperation Policy 2025 2025 Aims to create a modern, technology-driven, and sustainable cooperative
sector.

Profiles of India’s Top Two Cooperatives

1. Gujarat Cooperative Milk Marketing Federation Ltd (AMUL)

o Founded: 1946 by Tribhuvandas Patel under the Kaira District Cooperative Milk Producers’ Union.

e Headquarters: Anand, Gujarat.

o Nature: Cooperative marketing federation.

e Structure: Represents 3.6 million milk producers across 33 districts of Gujarat.

e Model: “Anand Pattern” - a decentralized three-tier system involving village-level societies, district unions, and state federations.
o Impact: Instrumental in India’s White Revolution, making India the largest milk producer globally.

2. Indian Farmers Fertiliser Cooperative Limited (IFFCO)

o Established: 1967.

o Headquarters: New Delhi.

o Type: Multi-State Cooperative Society.

e Membership: 35,000 cooperative societies with over 50 million farmers.

o Activities: Production and distribution of fertilizers, soil health services, and agri-digital platforms (IFFCO Kisan App, Nano Urea technology).
» Significance: Strengthens agri-input accessibility and promotes sustainable fertilizer innovation.

Significance of India’s Global Ranking

1. Validation of Cooperative Model: Reinforces cooperatives as inclusive economic engines balancing social and economic objectives.

2. Women and Rural Empowerment: Both Amul and IFFCO create large-scale rural employment, particularly for women dairy farmers and
agricultural laborers.

Global Benchmarking: Positions India as a leader in cooperative innovation and governance.

4. Supports SDGs: Cooperatives directly contribute to SDG-1 (No Poverty), SDG-2 (Zero Hunger), and SDG-8 (Decent Work).

w

Challenges in India’s Cooperative Sector

o Political Interference: Weakens democratic functioning.

o Inefficient Management: Lack of professionalization and digital modernization.
o Credit and Capital Constraints: Dependence on government assistance.

e Regional Imbalance: Concentration in western and southern states.

Way Forward

Digitization: Adopt Cooperative DigiLocker and e-Governance systems for transparency.
Professional Management: Introduce capacity-building programs through NCDC and NABARD.
Financial Autonomy: Expand access to cooperative banks and alternative capital models.

Global Integration: Encourage export-oriented cooperatives in dairy, handicrafts, and agri-products.
Legal Reform: Harmonize state cooperative laws with Part IXB constitutional mandates.

SANCE Ol

Conclusion

The global recognition of Amul and IFFCO as the world’s top cooperatives showcases the resilience of India’s cooperative model, built on the
principles of trust, equity, and collective enterprise.
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As India moves toward Amrit Kaal, empowering cooperatives through digital transformation, inclusivity, and market innovation will be crucial
for realizing the vision of “Sahakar se Samriddhi” (Prosperity through Cooperation).

Mains Practice Question:
“Amul and IFFCO being ranked as the world’s top cooperatives reflects the strength of India’s cooperative movement. Discuss the evolution,
challenges, and future prospects of the cooperative model in India.”

QS Asia Rankings 2026: India’s Academic Ascent

» Syllabus Mapping:

GS Paper II - Governance (Education Policy, Government Schemes for Higher Education)
GS Paper III - Indian Economy (Human Resource Development and Innovation)

GS Paper II - International Relations (Soft Power and Global Competitiveness)

Introduction

The QS Asia University Rankings 2026 mark a historic achievement for Indian higher education, with 7 Indian institutions making it to the top
100 and a record 294 universities featured overall — a twelvefold rise from just 24 in 2016.

This progress underscores India’s emergence as a major knowledge hub, propelled by policy reforms, research innovation, and academic
excellence, second only to China (395 institutions) in regional representation.

Key Highlights of the QS Asia University Rankings 2026

Aspect Details

Ranking Authority Quacquarelli Symonds (QS) - London-based higher education analytics firm.

Coverage 1,529 universities across Asia.

Top Performer (Asia) 1. University of Hong Kong (Rank 1)
2. Peking University, China (Rank 2).

Top Indian Institutions (Top Five IITs, IISc Bengaluru, and Delhi University.

100)

Best Indian Institute IIT Delhi - Ranked 59th, best Indian institution for five consecutive years.

Research Leadership India dominates the Papers per Faculty indicator with 5 universities in Asia’s Top 10 and 28 among Top
50.

India’s Performance: A Decade of Transformation

o Expansion: From 24 ranked universities (2016) to 294 in 2026, a 12x increase.

e Research Productivity: India’s universities have shown strong growth in citations per paper and faculty research output.

o Inclusivity: Growing representation of state and private universities alongside premier IITs and [ISc demonstrates broad-based
improvement.

e Regional Benchmarking: India now ranks second in Asia, behind China, in terms of institutional representation.

About QS Asia University Rankings — Methodology

The QS Asia Rankings evaluate universities using 11 Key indicators, grouped under academic excellence, employability, research output, and
internationalization.

Indicator Focus Area
Academic Reputation (30%) Global survey of academic experts.
Employer Reputation (20%) Perception among recruiters on employability of graduates.
Faculty-Student Ratio (10%) Indicator of teaching quality.
Papers per Faculty (5%) Research productivity.
Citations per Paper (10%) Research impact.
International Research Network (10%) Global collaboration.
PhD Faculty Ratio (5%) Faculty qualifications.
Inbound/Outbound Exchange (5%) Academic mobility.

International Faculty & Students (5%) Global diversity on campus.

This framework aligns with the UNESCO Sustainable Development Goals (SDG 4: Quality Education) and reflects institutional capacity for global
academic engagement.
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Domestic Frameworks for Ranking and Evaluation in India

Framework Year & Implementing Key Objective
Agency
National Institutional Ranking Framework | 2015 - Ministry of Measures performance across Teaching, Learning, Research, and
(NIRF) Education Perception.
All India Survey on Higher Education 2010-11 onwards - MoE Tracks institutional data on enrolment, teachers, finances, and
(AISHE) outcomes.
Accreditation by NAAC/NBA UGC/MoE Enhances academic accountability and quality assurance.

Government Initiatives to Strengthen Higher Education

1. National Education Policy (NEP) 2020

o Aims for holistic, flexible, and multidisciplinary education aligned with global standards.
e Introduces Four-Year UG structure, Academic Bank of Credits, and Internationalisation strategy for universities.
e Promotes the creation of Multidisciplinary Education and Research Universities (MERUSs) of global repute.

2. Institutions of Eminence (IoE) Scheme (2017)

o Seeks to empower select universities to achieve “world-class” status.
e 10 public and 10 private institutions receive autonomy in governance, research, and collaborations.
e IISc, IITs, and BITS Pilani among beneficiaries.

3. Rashtriya Uchchatar Shiksha Abhiyan (RUSA, 2013)

e Centrally Sponsored Scheme to improve access, equity, and quality in state universities.
o Focus on faculty recruitment, research funding, and governance reforms.

4. SWAYAM (Study Webs of Active Learning for Young Aspiring Minds)

e MOOCs platform offering free online courses from top Indian universities.
o Democratizes access to higher education and promotes lifelong learning.

Analysis: What India’s Rise Signifies

1. Academic Reforms Bearing Fruit:
Implementation of NEP 2020 and greater research autonomy have made Indian universities more competitive globally.
2. Research & Innovation Culture:
Increased focus on interdisciplinary research, start-up incubation, and industry collaboration is driving innovation metrics.
3. Soft Power Projection:
India’s academic presence abroad enhances its knowledge diplomacy, complementing initiatives like the Study in India programme.
4. Democratization of Excellence:
Beyond elite IITs and IISc, state and private universities are showing upward mobility in rankings, reflecting systemic improvement.

Challenges Persist

o Low Internationalization: Limited foreign faculty and students compared to East Asian peers.
o Funding Constraints: Dependence on public funds limits research scalability.

e Brain Drain: Outflow of top researchers and students continues.

o Administrative Rigidity: Overregulation hampers institutional autonomy.

Way Forward

o Boost Research Investments: Expand National Research Foundation (NRF) funding under NEP.

o Enhance Global Partnerships: Incentivize joint degree programs and international collaborations.

e Promote Faculty Mobility: Introduce global faculty exchange and visiting scholar programs.

o Strengthen Rankings Ecosystem: Synchronize NIRF, QS, and THE metrics to align domestic evaluation with international standards.

Conclusion

India’s remarkable rise in the QS Asia University Rankings 2026 signals a transformative phase in its higher education landscape, marked by
innovation, inclusivity, and excellence.

By deepening academic reforms, investing in research, and fostering global linkages, India can realize its vision of becoming a “Vishwa Guru” — a
global leader in knowledge, ethics, and innovation.
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Mains Practice Question:
“India’s growing representation in the QS Asia University Rankings reflects the transformation of its higher education ecosystem. Examine
the key drivers behind this rise and suggest reforms needed to sustain global competitiveness.”

Rail Safety Concerns Resurface After Chhattisgarh Train Mishap

» Syllabus Mapping:

GS Paper III - Infrastructure (Railways, Transport and Safety)

GS Paper II - Governance (Institutional Reforms and Technological Initiatives)
GS Paper III - Disaster Management (Man-made Disasters and Risk Reduction)

Introduction

The tragic Chhattisgarh train accident (2025) has once again brought railway safety into sharp focus.

Although India has made significant progress in reducing consequential train accidents—from 135 in 2014-15 to only 31 in 2024-25—the
persistence of derailments, collisions, and operational lapses reveals continuing systemic vulnerabilities.

These incidents underline that technological adoption alone cannot substitute for institutional vigilance, human skill development, and safety
culture across the railway ecosystem.

Understanding Consequential Train Accidents
o Definition: Accidents with serious repercussions such as loss of life, injuries, property damage, or traffic disruption.

o (Categories: Include derailments, collisions, fires, level-crossing mishaps, and other operational or natural causes.
o While their frequency has fallen, severity and recurrence of high-profile cases indicate gaps in preventive and monitoring systems.

Key Causes of Rail Accidents in India

Category Description Illustrative Example

1. Derailments Caused by track defects, inadequate maintenance, Bikaner-Guwahati Express (2022) due to track
or overloading. misalignment.

2. Signalling Failures Result from technical errors or miscommunication between Kanchanjunga Express Accident (2024)caused by
control and driver units. faulty signal interpretation.

3. Operational Mistakes Involves manual signalling lapses, wrong track switching, Odisha Coromandel Express (2023) collision due
or coordination errors. to human misjudgment.

4. Level-Crossing Mishaps  Collisions at unmanned or poorly monitored crossings. Common in rural and semi-urban areas.

5. Human and Driver fatigue, fire hazards, fog, and poor visibility increase Winter fog-related incidents across North India.

Environmental Factors accident risk.

These factors reflect a complex interplay of aging infrastructure, human limitations, and technological fragmentationin safety systems.

Major Initiatives for Enhancing Railway Safety
1. Rashtriya Rail Sanraksha Kosh (RRSK)
e Launched: 2017-18 with X1 lakh crore corpus.
o Purpose: Replacement, renewal, and upgradation of critical safety assets such as track renewal, bridges, and signalling equipment.
o Impact: Accelerated modernization of aging infrastructure.
2. Commission of Railway Safety (CRS)
e Under: Ministry of Civil Aviation.
« Functions: Inspectorial, investigatory, and advisory body ensuring compliance with safety standards in train operation.

o Conducts independent investigations of accidents and provides safety certifications for new lines and equipment.

3. Technological Safety Systems

System Description & Function
KAVACH (Automatic Train Protection Indigenous ATP system developed by RDSO; prevents collisions by automatically controlling train
System) speed and braking.
Electrical & Electronic Interlocking Automates the operation of signals and points to minimize human error.
Fog Safety Device (FSD) GPS-based system to aid locomotive pilots in low-visibility conditions.
Ultrasonic Flaw Detection (USFD) Detects hidden rail fractures or defects using ultrasonic technology.
Track Geometry Cars Monitor track alignment and wear for preventive maintenance.
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Institutional and Policy Reforms

e Zero Accident Mission (ZAM): Framework for long-term elimination of fatalities through integrated monitoring, data analytics, and predictive
maintenance.

e Mission Raftaar: Upgrading signalling and track infrastructure to allow speed and safety optimization.

o Railway Safety Fund: Dedicated allocations for bridge rehabilitation, level crossing elimination, and rolling stock safety features.

o Dedicated Freight Corridors (DFCs): Segregation of freight and passenger traffic to reduce congestion and collision risks.

Persistent Challenges
Issue Implication

Technological Fragmentation Multiple unintegrated systems hinder real-time coordination.

Human Resource Gaps Fatigue, understaffing, and lack of modern training remain critical vulnerabilities.

Aging Infrastructure Many tracks and bridges are over 40 years old and need urgent renewal.

Funding Constraints Despite RRSK, fund utilization often remains below targets.

Coordination Deficit Overlap between safety, operations, and maintenance divisions slows response and accountability.
Way Forward

1. Integrated Safety Ecosystem

o Create a Unified Railway Safety Platform (URSP) integrating all safety technologies (KAVACH, FSD, Interlocking) under a single command
interface.

2. Capacity Building

o Establish a National Rail Safety Academy for skill development, simulation training, and global best practices in safety management.
3. Predictive Maintenance

o Use Al and Big Data analytics for real-time monitoring of tracks, wagons, and signalling systems to prevent mechanical failures.
4. Institutional Accountability

o Strengthen CRS with autonomy and statutory authority for compliance enforcement.
e Regular third-party audits and public reporting on safety parameters.

5. Infrastructure Renewal

e Prioritize track modernization, bridge replacement, and automatic signalling upgrades under RRSK.
e Accelerate elimination of unmanned level crossings across the network.

Broader Perspective

As the world’s fourth-largest rail network, India’s railways carry over 23 million passengers daily, making safety not just an operational issue but
a public welfare imperative.

Economist and former Railway Minister Dr. Dinesh Trivedi noted that “safety in railways is not an expenditure but an investment in human lives.”
Thus, developing a safety-first culture—supported by institutional reform, human competence, and technological integration—is essential to
achieving a zero-accident vision.

Conclusion

The decline in train accidents reflects India’s progress, but each major tragedy—Ilike the Chhattisgarh incident—reminds us that safety must
remain central to modernization.

By harmonizing technology, human skill, and institutional oversight, India can transform its railways into a globally benchmarked, safe, and
reliable transport system—a pillar of inclusive national growth.

Mains Practice Question:

“Despite technological upgrades, railway accidents in India continue to occur. Analyse the underlying causes and suggest comprehensive
measures to ensure rail safety and zero-accident outcomes.”

NCLAT: Role and Recent Developments

o Syllabus Mapping:
GS Paper II - Governance (Statutory and Quasi-Judicial Bodies)
GS Paper III - Economy (Corporate Governance, Insolvency Framework)
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Introduction

The National Company Law Appellate Tribunal (NCLAT) recently lifted a five-year ban on WhatsApp’s data sharing with Meta, reinforcing its
central role in adjudicating complex issues related to competition, insolvency, and corporate law.

About NCLAT
Aspect Details
Constituted Under Section 410, Companies Act, 2013.
Jurisdiction Appellate authority for orders from:
- National Company Law Tribunal (NCLT)
- Competition Commission of India (CCI)
- Insolvency and Bankruptcy Board of India (IBBI)
- National Financial Reporting Authority (NFRA)
Nature Quasi-judicial appellate body ensuring consistency in corporate legal interpretation.
Seat Principal Bench at New Delhi.
Significance

o Strengthens corporate governance and investor confidence.
e Ensures uniformity in insolvency and competition decisions.
e Acts as an institutional safeguard for fairness and transparency in the corporate ecosystem.

Conclusion

NCLAT plays a pivotal role in balancing corporate interests with regulatory oversight, ensuring a transparent, accountable, and competitive
corporate framework within India’s evolving market economy.

Mains Practice Question:
“Critically examine the role of NCLAT in ensuring corporate accountability and effective implementation of India’s business laws.”

State Human Rights Commissions: Role, Powers & Challenges

o Syllabus Mapping:
GS Paper II - Governance (Statutory and Regulatory Bodies, Human Rights)

About SHRC

o Constituted under the Protection of Human Rights Act, 1993.
e Jurisdiction over State and Concurrent List matters related to human rights.
e Nature: Advisory body; can recommend but cannot issue binding directions.
o Composition:
o Chairperson: Retired Chief Justice or Judge of a High Court.
o Two Members: With human rights expertise.
e Appointment: By the Governor, based on recommendation of a committee headed by the Chief Minister.
o Removal: By the President, following the procedure of Supreme Court judges.

Mains Practice Question:
“Examine the role and limitations of State Human Rights Commissions (SHRCs) in protecting human rights in India.”

Maldives Implements Generational Tobacco Ban: A Global First in Public Health
Policy

o Syllabus Mapping:
GS Paper II - Governance (Public Health Policy and WHO Frameworks)
GS Paper III - Environment and Health (Lifestyle Diseases)

About Generational Tobacco Ban

e Maldives becomes the first country to permanently ban tobacco sales to anyone born after a specific date.
e Objective: Create a “tobacco-free generation.”
e Other control measures include taxation, advertising bans, and public awareness.
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Global Context

o 80% of the world’s 1.3 billion tobacco users live in low- and middle-income nations.
e WHO FCTC (2003): Ratified by 183 countries to control global tobacco use.

Mains Practice Question:
“Critically evaluate the concept of a generational tobacco ban and its feasibility in India’s public health framework.”

Survey of India: Building a National Geo-Spatial Governance Platform

o Syllabus Mapping:

GS Paper II - Governance (e-Governance, Policy Implementation, Public Data Management)
GS Paper III - Science and Technology (GIS, Remote Sensing, Digital Infrastructure)

GS Paper III - Economic Development (Infrastructure and Planning)

Introduction

The Survey of India (Sol), the country’s oldest scientific organization and the nodal agency for geospatial data, is developing the National Geo-
Spatial Platform (NGP) to operationalize the vision outlined in the National Geospatial Policy, 2022.

The platform aims to integrate India’s diverse location-based datasets into a single, standardized, scalable, and accessible system, thereby
supporting precision policy-making and sustainable development planning.

I. About the National Geo-Spatial Platform (NGP)

Objective

To create a robust, interoperable, and authoritative geospatial data ecosystem that ensures seamless access to accurate location-based data for
both public and private stakeholders.

Key Features
o Standardization: Unified framework for foundational spatial datasets.
e Accessibility: Available via web services, APIs, and mobile apps.
e Scalability: Capable of integrating national and sub-national datasets for multi-sectoral use.
e Accuracy: Enables high-resolution mapping (up to 5-10 cm precision) through advanced topographical surveys.

Operational Mechanism

The platform will use real-time data streams from satellites, drones, loT sensors, and public data repositories to create a dynamic digital map of
India—a step toward building a National Digital Twin for real-time planning.

II. Role and Relevance of Geospatial Data

Geospatial Data refers to time-based, location-linked information on natural and built environments, forming the backbone of digital governance
and infrastructure planning.

Sector Applications of Geospatial Data
Agriculture Precision farming, soil health mapping, and irrigation optimization through spatial analytics.
Transport & Logistics Core input for the PM Gati Shakti National Master Plan, integrating road, rail, port, and air infrastructure.
Urban Planning Enables GIS-based Master Plans for AMRUT cities; supports real-time monitoring of urban growth and zoning.
Disaster Management Real-time satellite and UAV-based mapping for disaster response, flood risk modelling, and rehabilitation planning.
Environmental Conservation Supports biodiversity mapping, deforestation monitoring, and carbon sink assessments.
Defence and Security Critical for terrain intelligence, border mapping, and surveillance applications.

Example: India’s Operation Dronagiri has demonstrated how drone-based geospatial mapping enhances accuracy and efficiency in data collection for
real-world applications.

I11. National Geospatial Policy, 2022: The Strategic Framework

Vision: To establish a world-class geospatial ecosystem that promotes innovation, self-reliance, and digital governance through open data sharing
and advanced mapping technologies.

Major Provisions

o Institutional Mechanism: Creation of a Geospatial Data Promotion and Development Committee (GDPDC) at the national level.
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o Data Democratization: Encourages open access to non-sensitive geospatial data for innovation and entrepreneurship.
o Private Sector Participation: Simplifies licensing norms for private mapping agencies to collaborate with Sol.
o Capacity Building: Skill development in Al, GIS, and Remote Sensing under the National Geospatial Mission (NGM).
o PilotInitiative: Operation Dronagiri, demonstrating applications in real-time mapping, disaster preparedness, and agricultural
analytics.
Complementary Initiatives

o National Geospatial Data Repository (NGDR) for data storage and retrieval.
o National Geospatial Mission (NGM) for cross-sector integration of spatial data.

IV. Strategic Importance for India
1. Foundation for Data-Driven Governance

o Enables evidence-based policy formulation through geospatial visualization of developmental indicators.
e Supports mission-mode projects like Digital India, Smart Cities, Bharatmala, and Jal Jeevan Mission.

2. Economic Multiplier

e According to industry estimates, India’s geospatial economy could reach USD 20 billion by 2030, creating millions of jobs in mapping,
analytics, and spatial intelligence.

3. Technological Self-Reliance
e Reduces dependency on foreign mapping services such as Google Maps by developing indigenous digital cartographic capabilities.
4. Environmental and Social Impact

o Facilitates sustainable urbanization, disaster-resilient infrastructure, and climate-smart agriculture—aligned with India’s SDG
commitments and Paris Agreement goals.

V. Challenges and the Way Forward

Challenges Suggested Measures
Data Standardization Adopt common metadata formats and open geospatial standards (e.g., OGC).
Institutional Coordination = Enhance interoperability between ministries, state GIS agencies, and private actors.
Privacy & Security Implement strong data governance and anonymization protocols.
Capacity Gaps Strengthen geospatial training under the Capacity Building Commission (CBC) and NPTEL platforms.
Infrastructure Costs Encourage public-private partnerships for cost-effective technology deployment.

VI. Analytical Perspective

As geographer Waldo Tobler’s First Law of Geography states: “Everything is related to everything else, but near things are more related than distant
things.”

The NGP, by mapping and connecting these “near things,” will transform India’s governance landscape—linking location, policy, and performance.
It is an essential step toward achieving India’s “Digital Bharat” vision, where spatial intelligence underpins inclusive and sustainable
development.

Conclusion

The National Geo-Spatial Platform (NGP) symbolizes a new era of data-enabled governance in India. By integrating real-time geospatial
intelligence into national planning, it bridges the gap between policy intent and ground realities.

With strong institutional backing under the National Geospatial Policy, 2022, and technological leadership from the Survey of India, the NGP will
accelerate digital transformation, infrastructure coordination, and climate-resilient development, placing India at the forefront of global
geospatial innovation.

Mains Practice Question:

“Discuss the significance of the National Geo-Spatial Platform (NGP) in implementing India’s National Geospatial Policy, 2022. How can it
contribute to evidence-based governance and sustainable development?”
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INTERNATIONAL RELATIONS

India Joins Brazil’s ‘Tropical Forests Forever’ Fund

b 4 Syllabus Mapping:

GS Paper II - International Relations and Global Environmental Governance
GS Paper III - Environment, Conservation, and Climate Change

GS Paper III - Sustainable Development and Resource Mobilisation

Introduction

India is poised to join the Tropical Forests Forever Facility (TFFF) as an observer, marking a significant step in its engagement with global climate
and forest finance mechanisms. The initiative, spearheaded by Brazil on the sidelines of COP-30 (2025) in Belém, seeks to make tropical forest
preservation a financially viable model through sustained, long-term funding. The move underscores India’s growing role in south-south
environmental cooperation and its commitment to sustainable forest management.

About the Tropical Forests Forever Facility (TFFF)

Aspect Details
Initiative by Brazil, launched during COP-30 (2025) in Belém
Nature A global forest finance mechanism providing long-term payments to countries conserving tropical forests
Objective To incentivize conservation and expansion of tropical forests by making annual financial transfers to countries
maintaining intact forest cover
Beneficiaries Tropical Forest Countries (TFCs) meeting sustainability and equity criteria
Funding Goal Mobilize around USD 125 billion through public (20-25%) and private (70-80%) investments
Funding Returns generated from these investments will be channeled as payments to countries successfully conserving forests
Mechanism

Eligibility Criteria for Support

To access funding, countries must demonstrate:
e Annual deforestation rate below 0.5%
o Transparent forest governance frameworks
o Equitable benefit-sharing with Indigenous Peoples and Local Communities (IPLCs)
o Commitment to biodiversity protection and carbon sequestration goals

The TFFF framework thus integrates economic incentives with ecological and social performance indicators, ensuring accountability and
fairness.

Significance of Forest Conservation
1. Climate Regulation

o Forests absorb approximately 7.6 billion tonnes of CO, annually (Global Forest Watch 2024).
o Tropical forests are key carbon sinks, reducing net greenhouse gas emissions and mitigating global warming.

2. Biodiversity Preservation

o Despite covering only 7% of Earth’s surface, tropical forests host 50% of global biodiversity (WWF).
o These ecosystems sustain numerous endangered species and ensure genetic diversity vital for ecological balance.

3. Soil and Water Conservation

o Forestroots stabilize soil, prevent erosion, and reduce the intensity of floods and landslides.
e They regulate hydrological cycles, maintain rainfall patterns, and ensure water security.

4. Socio-Economic and Cultural Importance
o Forest-based resources such as timber, rubber, medicinal plants, and NTFPs (Non-Timber Forest Products) contribute to trade and

livelihood.
e Over 250 million people globally, including indigenous and tribal communities, rely on forests for sustenance and cultural identity.
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Other Major Global Forest Conservation Initiatives

Initiative Year / Platform Key Objective
Convention on Biological Diversity (CBD) 1992 Conservation of biodiversity and equitable sharing of benefits
UN REDD+ Programme 2008 Financial incentives for reducing deforestation and enhancing carbon stocks
Bonn Challenge 2011 Restore 350 million hectares of degraded forests by 2030
Paris Agreement 2015 Recognizes forests as carbon sinks central to achieving climate targets
LEAF Coalition 2021 Public-private coalition financing verified emission reductions from forests

India’s Position and Relevance

e Observer Status in TFFF allows India to participate in policy dialogues and align domestic forest finance policies with emerging global
standards.
o India’s forest cover stands at 24.6% of its geographical area (FSI 2021), with strong conservation programmes such as:
o Green India Mission (GIM) under the National Action Plan on Climate Change (NAPCC)
o Compensatory Afforestation Fund Management and Planning Authority (CAMPA)
o National Afforestation Programme (NAP)
o Joining TFFF strengthens India’s ability to access future forest-based financial flows, promote community-led conservation, and
enhance international climate credibility.

Strategic and Environmental Significance

Dimension Impact / Importance
Climate Diplomacy Positions India as an active player in global south-led green finance frameworks
Economic Value Creates financial incentives for ecosystem preservation rather than extraction

Community Development Ensures fair resource allocation to Indigenous Peoples and Local Communities (IPLCs)
Sustainability Transition Supports India’s Panchamrit goals and net-zero by 2070 vision

Conclusion

The Tropical Forests Forever Facility represents a transformative global approach—where conserving forests is no longer a moral appeal but
an economic proposition. India’s observer status reflects its evolving strategy to integrate climate finance, conservation, and sustainable
development. Going forward, participation in mechanisms like TFFF could enable India to leverage green capital, empower local communities,
and advance its leadership in global climate governance.

Mains Practice Question:

“Forest conservation finance mechanisms such as the Tropical Forests Forever Facility (TFFF) represent a shift from moral to market-based
environmentalism. Discuss how India can align such global initiatives with its domestic forest and climate policies.”

Abraham Accords: Expanding India’s West Asia Outreach

b g Syllabus Mapping:
GS Paper II - International Relations (India and West Asia)

Introduction

The Abraham Accords, signed initially in 2020, established formal diplomatic ties between Israel and several Arab nations (UAE, Bahrain,
Morocco). Recently, the USA confirmed Kazakhstan’s decision to join the framework, marking its eastward expansion.

About the Accords

o Purpose: Normalize trade, security, and diplomatic relations between Israel and moderate Arab states to reduce Middle East tensions.
o Name Origin: Symbolic reference to Abraham, the common patriarch in Jewish and Arab traditions.
e Genesis: Signed under U.S. mediation (2020).

Significance

e Promotes economic cooperation and stability in the Middle East.
o Shifts regional dynamics toward strategic pragmatism over ideological divides.
e Opens avenues for India’s trilateral engagement with Gulf and Israel on energy, technology, and defense.

Conclusion

The Abraham Accords represent a strategic realignment in West Asia, reflecting emerging multilateralism. Their expansion beyond the Arab world
signifies the globalisation of peace diplomacy in a volatile region.
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Mains Practice Question:
“Evaluate the strategic implications of the Abraham Accords for Middle Eastern stability and India’s regional diplomacy.”

Bangladesh Joins UN Water Convention: Regional Significance

o Syllabus Mapping:
GS Paper II - International Relations (Global Environmental Conventions)
GS Paper III - Environment (Water Governance and Sustainability)

Introduction

Bangladesh has become the first South Asian country to join the UN Water Convention, a global legal framework adopted in Helsinki in 1992 to
promote the sustainable management of transboundary watercourses and lakes.

About the Water Convention

Aspect Details
Adopted 1992 (Helsinki)
In Force 1996
Nature Legally binding international treaty.
Objective Sustainable management and equitable sharing of transboundary water resources.

Core Principles
e Prevention and Control: Curb transboundary pollution and overuse.
o Equitable and Reasonable Use: Promote fairness among riparian states.

o Cooperation Mechanism: Mandates joint management institutions for shared basins.
o Sustainability: Aligns with the SDG 6 (Clean Water and Sanitation).

Significance
o Strengthens regional water diplomacy in South Asia.

e Encourages India, Nepal, and Bhutan to consider accession for cooperative water governance.
o Addresses issues like flood control, pollution management, and hydropower coordination.

Conclusion

Bangladesh'’s accession marks a turning point for transboundary water cooperation in South Asia, reinforcing the principle that shared water
must become a source of peace, not conflict.

Mains Practice Question:
“Discuss the significance of Bangladesh joining the UN Water Convention for regional transboundary water governance in South Asia.”

Doha Declaration: Renewed Commitment to Social Development

o Syllabus Mapping:
GS Paper II - International Relations (UN Declarations and Global Development)
GS Paper II - Governance (Social Justice and Inclusion)

Introduction
The Doha Declaration, adopted at the Second World Summit for Social Development (2025), renews commitments made at the first summit in

Copenhagen (1995).
It emphasizes poverty eradication, decent work, and social inclusion as interlinked global priorities for sustainable human development.

Core Commitments
1. Interconnected Priorities: Poverty eradication, decent employment, and social inclusion treated as mutually reinforcing goals.

2. Universal Social Protection: Calls for gender-responsive, equitable access to healthcare, education, and social security.
3. Inclusive Growth: Advocates for just transitions, ensuring that digital and green economies do not exclude vulnerable groups.

Significance

o Updates global social policy frameworks for the post-COVID recovery era.
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e Aligns with SDGs 1, 3, 5, 8, and 10 on poverty, health, gender, and inequality.
o Reinforces the UN'’s social contract for equitable and sustainable development.

Conclusion

The Doha Declaration renews the world’s moral and policy commitment to inclusive growth and social justice, emphasizing that economic
recovery must not leave anyone behind.

Mains Practice Question:
“What are the key commitments of the 2025 Doha Declaration? How does it redefine global priorities for social justice and inclusive
development?”

Erosion of Western Institutions: India’s Emerging Strategic Role

b g Syllabus Mapping:

GS Paper II - International Relations (Global Governance, Role of India, and Multilateral Institutions)
GS Paper II - International Organisations (UN, WTO, IMF, G20, and Global South)

GS Paper I - World History and Political Ideologies (Post-Cold War Global Order)

Introduction

In recent years, Western-led global institutions—which once symbolized multilateral consensus and normative legitimacy—have faced a crisis of
credibility.

Their increasing alignment with interventionist Western policies, particularly those of the United States, has fostered perceptions of bias,
selective morality, and double standards, weakening global trust in the existing order.

Amid this transition, India’s rise as an independent, balanced, and norm-shaping power provides it with a historic opportunity to redefine

the contours of global governance toward inclusivity, equity, and multipolarity.

I. Erosion of Western Institutional Legitimacy

1. Institutional Biases and Double Standards

e Global institutions have responded disproportionately to crises based on strategic interests rather than universal norms.
o Example:
o Swift punitive action against Russia (2022 Ukraine invasion) — exclusion from Paris Olympics 2024, SWIFT disconnections, and
sweeping sanctions.
o In contrast, muted response to Israel’s actions in Gaza, despite high civilian casualties.
e Such selective morality has weakened their credibility as neutral arbiters of international conduct.

2. Dysfunctional Global Institutions
e The WTO Appellate Body—a key pillar of global trade dispute resolution—has remained non-functional since 2019, as the US blocked new
appointments, undermining multilateral trade governance.
o This has forced nations to resort to bilateral or regional mechanisms, weakening the WTO’s authority.
3. Outdated and Non-Representative Frameworks
e The UN Security Council (UNSC) still mirrors 1945 power realities, not 21st-century multipolarity.

o Emerging powers like India, Brazil, South Africa, and Nigeria remain excluded from permanent membership, reflecting a democratic
deficit in global governance.

I1. Consequences of Institutional Erosion

Impact Area Manifestation
Global Stability Politicized decision-making exacerbates geopolitical polarisation, reducing global cooperation on security and climate.
Trade and Commerce  The use of financial tools (e.g., SWIFT bans) as foreign policy instruments erodes trust in global financial neutrality.
Energy Security Sanctions and supply disruptions trigger energy price volatility, affecting developing economies disproportionately.
Global South Developing nations perceive global institutions as tools of Western strategic dominance, not partners in equitable
Alienation growth.

I11. India’s Emerging Role in the New Global Context

1. Economic Leadership

e India has become the world’s fourth-largest economy, surpassing Japan, with a GDP exceeding USD 4 trillion (2025).
o It plays a stabilizing role in global energy, technology, and trade systems, advocating for resilient and inclusive supply chains.
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e Initiatives like IMEC (India-Middle East-Europe Corridor) and Digital Public Infrastructure exports reflect India’s growing global
economic influence.

2. Strategic Non-Alignment and Credibility

o India’s strategic autonomy allows it to maintain constructive ties with diverse blocs—the West, Russia, and the Global South.
e Its neutral, pragmatic diplomacy enhances its reputation as a bridge-builder rather than a partisan actor.

o Example: Indian media and think tanks gained credibility for balanced reporting on the Russia-Ukraine conflict.

o India’s approach in BRICS and G20 highlights a preference for dialogue over confrontation.

3. Cultural Capital and Soft Power

e Rooted in its civilizational ethos of Vasudhaiva Kutumbakam (“One Earth, One Family”), India promotes a holistic worldview of
cooperation over coercion.

e Through global initiatives like Yoga Day, AYUSH diplomacy, and Digital India stack diplomacy, India projects inclusive modernity
anchored in tradition.

4. Champion of the Global South
o India’s Voice of Global South Summit (2023) positioned it as the spokesperson of emerging economies.
e Its G20 Presidency (2023-24) institutionalized this vision by ensuring the African Union’s permanent membership in the G20.

e India advocates reform of Bretton Woods institutions (IMF, World Bank) to reflect contemporary realities and democratize global
finance.

IV. Opportunities for India’s Leadership

Dimension India’s Strategic Leverage
Diplomatic  Advocate reforms in UNSC, IMF, and WTO; push for multipolar governance.
Economic Leverage manufacturing (PLI schemes) and digital economy to become a growth anchor for Global South.
Cultural Expand cultural diplomacy through civilizational dialogue frameworks and people-to-people engagement.
Institutional Build alternative platforms like BRICS+, SCO, and IORA, emphasizing shared prosperity.
V. Challenges Ahead

o Balancing strategic autonomy amid great-power rivalries.

o Ensuring that its non-aligned diplomacy translates into tangible institutional reforms.
e Avoiding the “moral isolation” trap, where neutrality is misconstrued as inaction.

e Managing domestic developmental priorities while expanding global engagement.

VI. Analytical Perspective

Political thinkers like Hedley Bull and Robert Keohane have argued that global order depends on legitimacy rather than coercion.

With Western-led institutions losing moral legitimacy, the emerging order demands plural leadership—where India’s moral authority and
inclusive diplomacy can shape a new “normative multilateralism”.

This echoes Jawaharlal Nehru’s non-aligned vision—reimagined for the 21st century—as India seeks to balance principled neutrality with
pragmatic leadership.

Conclusion

As the credibility of Western-led institutions wanes, the world is in search of a new moral centre—one that upholds fairness, inclusivity, and
pluralism.

India, with its civilizational depth, democratic credentials, and balanced diplomacy, stands uniquely positioned to rebuild global trust and steer
the transition toward a multipolar and equitable international order.

The challenge lies not only in advocating reform but also in demonstrating through leadership that a more just global governance model is both
possible and sustainable.

Mains Practice Question:

“With the declining credibility of Western-led institutions, discuss India’s potential role in reshaping global governance. How can India
balance strategic autonomy with proactive global leadership?”
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OECD Migration Outlook 2025: Rise in Indian Global Mobility

o Syllabus Mapping:
GS Paper II - International Relations (Migration and Global Governance)
GS Paper III - Economy (Human Capital and Labour Mobility)

Overview

The Organization for Economic Co-operation and Development (OECD) released its International Migration Outlook 2025, which examines global
migration patterns and policy responses among OECD countries.

Key Findings

o Indian Migration Surge: In 2023, nearly 2.25 lakh (225,000) Indian citizens acquired the nationality of OECD countries, underscoring India’s
growing contribution to global skilled migration.

o Education Linkages: India and China together account for one-third of all international students in OECD nations, reflecting Asia’s central
role in global knowledge mobility.

e Trends: There is increasing brain circulation rather than one-way brain drain, with many returning migrants contributing to innovation and
entrepreneurship in India.

Significance
e Enhances India’s soft power and diaspora diplomacy.
e Provides remittance inflows, supporting India’s balance of payments.

o (alls for domestic focus on retaining skilled talent through innovation ecosystems.

Mains Practice Question:
“Discuss the trends and implications of skilled migration from India in light of the OECD’s International Migration Outlook 2025 report.”

SECURITY & DEFENCE

ISRO’s GSAT-7R: Boosting Naval Communication & Space Defence

GS Paper III - Science & Technology (Space Technology, Indigenization of Defence Capabilities)
GS Paper II - Security (Maritime Security, Defence Preparedness)
GS Paper III - Infrastructure (Space-based Communication and Strategic Infrastructure)

Introduction

The Indian Space Research Organisation (ISRO) has successfully launched GSAT-7R (CMS-03) — India’s heaviest defence communication
satellite — aboard the Launch Vehicle Mark-3 (LVM3) from the Satish Dhawan Space Centre, Sriharikota.

The satellite marks a significant step in India’s defence-space integration, enhancing the Indian Navy’s secure maritime communication
network and contributing to the vision of Atmanirbhar Bharat in space technology.

I. About GSAT-7R (CMS-03)

o Series: Part of the GSAT-7 defence communication satellite series, developed to strengthen India’s tri-services communication architecture.
e Weight: Approximately 4,400 kilograms, making it the heaviest military communication satellite launched by India.
e Orbit: Initially placed in a Geosynchronous Transfer Orbit (GTO), from where it will transition to a Geostationary Orbit (35,786
km) above the equator.
o Coverage: Extends communication capabilities across the Indian Ocean Region (IOR) and the Indian landmass.

Key Capabilities

e Multi-band Telecommunication: Enables broadband, voice, and data communication in multiple frequency bands.

e Secure Defence Communication: Provides encrypted, real-time communication links among naval ships, submarines, aircraft, and
command centres.

e Maritime Domain Awareness (MDA): Supports enhanced surveillance and monitoring of India’s strategic waters.

o Interoperability: Allows integration with GSAT-7A and GSAT-7B, creating a tri-service satellite communication grid.
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I1. About LVM3: The Heavy-Lift Workhorse

Overview: The Launch Vehicle Mark-3 (LVM3), also known as GSLV MK-II], is India’s heaviest operational rocket designed for launching high-
capacity communication satellites and interplanetary missions.

Technical Configuration

Stage Type Propellant Used Key Function
Stage 1 Solid Strap-on Boosters Solid Propellant Provides initial thrust
Stage 2 Core Liquid Stage Liquid Propellant Sustains mid-flight lift

Stage 3 Cryogenic Upper Stage  Cryogenic (liquid hydrogen + oxygen) Provides high-thrust precision insertion into orbit
o The Cryogenic Upper Stage (CUS) is powered by CE-20, India’s indigenously developed cryogenic engine, symbolizing technological self-

reliance.
e LVMa3 has previously carried Chandrayaan-2, Chandrayaan-3, and Gaganyaan module missions, establishing its versatility and reliability.

I11. Significance of GSAT-7R for India’s Naval and Strategic Ecosystem

1. Strengthening Maritime Security

o Enhances communication interoperability between naval assets across the Indian Ocean Region (IOR).
e Crucial for monitoring sea lanes of communication (SLOCs), anti-submarine operations, and naval coordination.

2. Boost to Network-Centric Warfare

o Enables real-time data sharing among command units for situational awareness and precision warfare.
e Supports coordination between surface, aerial, and underwater platforms during multi-domain operations.

3. Strategic Autonomy and Atmanirbharta

e Reduces dependence on foreign satellite networks for defence communication.
o Aligns with India’s Defence Space Strategy and Indigenization Policy (IDDM).

4. Integration of Defence-Space Assets

o PartofIndia’s broader goal to develop a Tri-Services Space Command Network ensuring joint operational efficiency.

IV. The GSAT-7 Defence Satellite Family

Satellite User Branch Launch Year Key Function

GSAT-7 (Rukmini) Indian Navy 2013 Maritime communication and surveillance

GSAT-7A (Angry Indian Air Force 2018 Airborne communication and network-centric warfare

Bird)

GSAT-7B Indian Army Under Border surveillance and tactical communication

development

GSAT-7C Tri-services (Ground Under Establishes secure ground-based communication hubs
Infrastructure) development

GSAT-7R (CMS-03) Indian Navy 2025 Advanced maritime communication and multi-band

connectivity

Together, these satellites aim to establish a fully integrated Defence Communication Network (DCN) that enhances operational coordination
across all branches of the armed forces.

V. Broader Strategic Implications

1. Maritime Domain and Indo-Pacific Strategy

o Extends India’s blue-water naval capabilities, allowing real-time coordination during joint exercises and humanitarian missions.
o Strengthens India’s presence in the Indo-Pacific amidst growing regional competition.

2. Defence-Space Synergy

e Reflects the growing civil-military integration under IN-SPACe and Defence Space Agency (DSA).
o Contributes to the Defence Space Strategy (2023), which focuses on satellite-based reconnaissance and communication systems.
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3. Economic and Industrial Impact

e Promotes growth of the Indian space industry ecosystem by involving private firms in satellite fabrication and subsystem design.
e Encourages public-private partnerships (PPP) in space R&D under the Indian National Space Promotion and Authorization Centre (IN-
SPACe) framework.

VI. Analytical Perspective

e According to K. Kasturirangan (former ISRO Chairman), “Strategic autonomy in space communication defines a nation’s sovereignty in modern
warfare.”

e GSAT-7R reinforces India’s multi-layered space-based defence architecture, combining communication, navigation, and reconnaissance.

e Inan era where data supremacy equals defence supremacy, this achievement reflects India’s readiness for information-centric warfare.

Conclusion

The launch of GSAT-7R represents more than a technological milestone—it embodies India’s strategic evolution as a space power.

With growing maritime responsibilities and security challenges in the Indo-Pacific, GSAT-7R will serve as a force multiplier for the Indian Navy,
ensuring secure, resilient, and high-capacity communication.

By coupling indigenous technology with visionary defence planning, India is steadily progressing toward complete self-reliance in space-based
defence systems.

Mains Practice Question:
“Discuss the significance of GSAT-7R in enhancing India’s maritime and strategic communication capabilities. How does it contribute to
India’s goal of achieving Atmanirbharta in the defence-space sector?”

ECONOMY

World Bank FSAP 2025: Strengthening Financial Architecture

o Syllabus Mapping:

GS Paper II - Governance, Economic Reforms, and Regulatory Institutions

GS Paper III - Indian Economy: Financial Sector and Mobilization of Resources
GS Paper III - Infrastructure, Investment Models, and Inclusive Growth

Introduction

The World Bank’s Financial Sector Assessment Program (FSAP) Report 2025 has called upon India to accelerate its financial sector reforms to
realize its long-term ambition of becoming a $30 trillion economy by 2047, aligning with the vision of Viksit Bharat. The report recognizes

the strength, diversification, and digital maturity of India’s financial system while also highlighting structural challenges that must be addressed
to sustain high growth, stability, and inclusiveness.

Background: About FSAP

Aspect Details
Genesis Initiated jointly by the World Bank and International Monetary Fund (IMF) in 1999.
Purpose To assess the stability, resilience, and development needs of a country’s financial system.
Jurisdiction - IMF conducts FSAPs for advanced economies.

- Joint IMF-World Bank teams conduct them for developing and emerging economies.
India’s Last FSAP Conducted in 2017, highlighting issues in banking reform and capital markets development.

Key Highlights of the FSAP 2025 Report

1. A Resilient and Diversified Financial System
o India’s financial assets have risen to 175% of GDP in 2025 (up from 144% in 2017), indicating deeper financial intermediation.
e The state continues to play a dominant role, particularly through public sector banks (PSBs) and public financial institutions.
e However, the report cautions that public dominance may limit private innovation and market competition.

2. Digital Strength and Financial Inclusion

e India’s Digital Public Infrastructure (DPI)—including UPI, Aadhaar, and India Stack—has revolutionized access, efficiency, and
transparency.
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o Digitalisation has made financial inclusion faster and more equitable, with over 500 million new accounts opened under Jan Dhan-
Aadhaar-Mobile (JAM) framework.

3. Regulatory Progress

e Reforms by RBI and SEBI have enhanced supervision, risk-based regulation, and market transparency.

e The expansion of RBI’s authority over cooperative banks and the tightening of prudential rules were widely appreciated.

e Nonetheless, Non-Banking Financial Companies (NBFCs) continue to face gaps in risk management, liquidity buffers, and governance
structures.

4. Market Development Gaps

o Despite robust economic growth, India’s corporate bond market and infrastructure financing ecosystem remain shallow.
o Institutional investors continue to prefer government securities due to risk aversion and lack of depth in private debt instruments.
o Tax disparities between debt and equity instruments discourage participation in the bond market.

Key Reform Recommendations of the FSAP

1. Boost Private Capital Mobilization

e Deepen bond and securitization markets to attract long-term investors like pension funds, insurance companies, and sovereign wealth
funds.
o Develop a vibrant secondary market for corporate bonds to enhance liquidity and investor confidence.

2. Strengthen NBFC Regulation

o Refine the scale-based regulatory framework and ensure alignment with Basel prudential norms.
e Introduce early warning systems and stress testing mechanisms to mitigate systemic risks.

3. Integrate Digital and Financial Reforms

o Link fintech innovation with broader goals of financial inclusion and literacy.
o Build a secure data governance architecture for Al-driven financial services under the Digital Personal Data Protection Act (2023).

4. Enhance Regulatory Coordination

o Encourage inter-regulatory cooperation among RBI, SEBI, IRDAI, and PFRDA to maintain market integrityand financial stability.
e Create a Financial Stability Council 2.0 with integrated data-sharing capabilities for real-time surveillance.

5. Mobilize Green Finance

o Utilize Development Finance Institutions (DFIs) such as NABFID and SIDBI to channel funds into low-carbon infrastructure and climate-
resilient sectors.
e Promote green bonds and blended finance instruments to attract private capital for sustainable growth.

India’s Financial Sector in Numbers

Indicator 2017 2025 Observation
Financial Assets (% of GDP) 144% 175% Strong deepening of financial markets
Banking NPAs ~10.5% ~3.2% Significant improvement post-IBC reforms
UPI Transactions (Annual Volume) <10 billion >150 billion Digital infrastructure expansion
Corporate Bond Market Size (% of GDP) 17% 22% Still below emerging market average (30-40%)

Strategic Significance of the FSAP Recommendations

Dimension Policy Implication
Economic Growth  Stable, deep financial systems are key to sustaining double-digit growth.
Investment Deepening bond markets enhances investor confidence and FDI inflows.
Climate
Financial Inclusion Digitalization must integrate with literacy and credit outreach.
Climate Transition Green finance mechanisms will align financial flows with India’s Net Zero 2070 goals.
Global Positioning Implementing FSAP reforms enhances India’s credibility in global financial markets and multilateral platforms (IMF, FATF,
G20).

Challenges in Implementation

o Fragmented Regulation: Overlapping jurisdiction among RBI, SEBI, IRDAI, and State regulators.
e Public Sector Dominance: Limits innovation and competition in credit markets.

o Tax and Legal Constraints: Differential treatment of instruments reduces financial depth.

e Credit Risk Aversion: Institutional reluctance to finance new or small ventures.
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o Data and Cybersecurity Concerns: Rapid digitalisation increases vulnerabilities.

Conclusion

The World Bank’s FSAP 2025 report positions India at a critical juncture: a financially stronger but reform-hungry economy. To achieve the USD
30 trillion vision by 2047, India must integrate digital inclusion, private capital deepening, green finance, and coordinated regulation.
Strengthening the financial ecosystem will not only ensure macroeconomic stability but also reinforce India’s role as a global growth engine in the
evolving world order.

Mains Practice Question:

“The World Bank’s FSAP 2025 report underscores the need for deep financial sector reforms to realize India’s long-term economic
aspirations. Discuss the key reforms necessary to enhance financial stability, inclusion, and market depth in India.”

Balancing IBC and PMLA: IBBI Guidelines

» Syllabus Mapping:
GS Paper III - Economy (Insolvency, Banking, and Financial Reforms)

Context

The Insolvency and Bankruptcy Board of India (IBBI) has issued new guidelines to resolve conflicts between the Insolvency and Bankruptcy
Code (IBC) and the Prevention of Money Laundering Act (PMLA).

Key Highlights
o Special PMLA Courts: Insolvency professionals can now approach PMLA courts to seek unfreezing of assets, instead of NCLT.

o Conflict Source: Both laws have non-obstante clauses—Section 71 (PMLA) and Section 238 (IBC)—creating overlaps.
o Objective: Expedite resolution for distressed companies while preserving anti-money laundering enforcement.

Significance

o Balances economic recovery and criminal accountability.
o Clarifies jurisdictional ambiguity between financial and criminal law frameworks.

Conclusion
This reform brings procedural clarity and promotes synergy between regulatory agencies, vital for investor confidence and corporate governance.

Mains Practice Question:
“Critically examine the interplay between IBC and PMLA in ensuring both asset recovery and financial justice.”

G20 Report 2025: Addressing Global Inequality

» Syllabus Mapping:

GS Paper II - Governance (Inclusive Policies, Social Justice, and Welfare)

GS Paper III - Indian Economy (Growth, Inequality, and Inclusive Development)

GS Paper II - International Relations (Global Economic Institutions and Multilateralism)

Introduction

The G20’s 2025 Report on Global Inequality presents an alarming picture of the growing global economic divide, showing that income and
wealth inequality have reached historically high levels across both developed and developing economies.

The findings reveal that even as global output and wealth expand, the distributional gains remain concentrated among the elite, undermining the
goals of sustainable development, social cohesion, and global stability.

Key Findings of the Report

Parameter Global Observation Implication
Income Inequality 83% of countries have a Gini coefficient above 0.4, Indicates severe concentration of income in the hands of a
representing 90% of the world’s population. few, with stagnant wages for the bottom 50%.
Wealth Inequality The richest 1% captured 41% of all new wealth, while Reflects systemic accumulation favoring capital over labor.
(2000-2024) the bottom 50% captured only 1%.
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India-Specific Insight The top 1% in India increased their wealth share by Demonstrates the persistent and widening inequality within
62% during the same period. emerging economies.

These findings underscore that inequality is not a regional anomaly but a structural global issue, deeply tied to current models of growth,
governance, and globalization.

Major Drivers of Inequality

1. Neoliberal Economic Policies
o Financial Deregulation and labour market flexibility have reduced wage security and bargaining power.
e Reduced corporate taxation and privatization have disproportionately benefited capital owners.
o Weak redistributive policies have failed to counterbalance income disparities.

2. Monopoly and Market Concentration

o Dominance of large corporations in technology, healthcare, and energy sectors has consolidated profits among a few entities.
e Monopolistic power leads to price distortion, stagnant wages, and suppressed small enterprise growth.

3. Globalization and Technology

e Increased mobility of capital across borders allows wealth to escape progressive taxation.
e Automation and Al reduce demand for semi-skilled labor, further polarizing incomes.

4. Political Capture and Elite Influence

o Economically powerful elites shape fiscal and trade policies to favor capital accumulation.
» Rising political financing by wealthy groups entrenches inequality through policy inertia.

5. Historical Structural Inequities

o Developing nations suffer from colonial legacies—unequal land ownership, caste and gender-based disparities, and social stratification.
o Example: Land distribution inequalities in Latin America and South Asia perpetuate generational poverty.

Economic and Social Consequences

Dimension Impact
Economic Growth High inequality undermines aggregate demand and human capital formation, reducing long-term growth potential.
Social Cohesion Expanding disparities lead to polarization, mistrust, and social unrest.
Political Stability Wealth concentration correlates with policy capture, eroding democratic accountability.

Environmental Justice The richest 10% are responsible for nearly half of global emissions, linking inequality to climate injustice.

Recommendations of the G20 Report

1. Establish an International Panel on Inequality (IPI)

e Modeled on the IPCC for Climate Change, the IPI will provide policy-oriented, data-driven assessments on inequality’s drivers and impacts.
e Would enable cross-country comparability and evidence-based policymaking.

2. Global Progressive Taxation
e Introduce a Global Minimum Tax on ultra-rich individuals and multinational corporations to curb tax evasion.
e Support automatic exchange of financial data to monitor wealth flows.
o Encourage wealth, inheritance, and digital economy taxes.

3. Reform Intellectual Property (IP) Regimes

e Introduce compulsory licenses and temporary waivers for essential technologies in healthcare and climate adaptation.
e Ensure that innovation serves global equity, not corporate monopolies.

4. Universal Access to Public Services

e Prioritize universal, high-quality healthcare, education, and social security.
e Adoptrights-based approaches to public service delivery, especially for marginalized groups.

5. Reinforce Competition and Labor Policies

e Strengthen antitrust mechanisms to dismantle monopolies.
e Revive collective bargaining rights and promote living wages through national legislations.
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Global Context and Policy Integration

Framework / Initiative Relevance to Inequality Reduction
UN SDG 10 Calls for reducing income inequality within and among nations.
OECD Inclusive Growth Initiative Promotes equitable wealth distribution through policy coordination.
IMF-World Bank Initiatives Increasing focus on progressive fiscal frameworks.
G20 Platform Offers cross-regional leverage to drive consensus on global wealth taxation and financial transparency.

India’s Perspective

o Persistent Inequality: Despite rapid GDP growth, India’s wealth concentration remains among the highest globally.
e Structural Challenges: Informal labor, unequal asset ownership, and regressive taxation limit redistribution.
o Policy Opportunities: Expansion of social protection programs (PM-KISAN, MGNREGA, PMJAY) and progressive taxation can mitigate

disparities.
e India can play a leadership role in the proposed International Panel on Inequality, advocating for South-South cooperation in equitable
growth.
Conclusion

The G20 Report on Global Inequality (2025) highlights that the crisis of inequality is as systemic as climate change—a threat to economic
stability, democracy, and human development.

Global governance must shift from growth-centric to justice-oriented frameworks, prioritizing redistribution, regulation, and fairness.
For India and the world, the challenge is not just to grow fast but to grow fair, ensuring prosperity that is shared, sustainable, and inclusive.

Mains Practice Question:

“The recent G20 Report on Global Inequality warns of deep structural divides in income and wealth. Examine the major drivers of global
inequality and discuss measures required for building an equitable world economy.”

State Finances 2025: Rising Fiscal Stress

» Syllabus Mapping:

GS Paper III - Indian Economy (Public Finance, Budgeting, Fiscal Policy)

GS Paper II - Governance (Fiscal Federalism and Centre-State Relations)

GS Paper III - Economic Development (Inclusive Growth and Public Expenditure)

Introduction

The State of State Finances 2025 Report, released by PRS Legislative Research, highlights growing fiscal constraints across Indian states. The
report warns that rising committed expenditures—on salaries, pensions, interest payments, and subsidies—are reducing fiscal flexibility and
undermining states’ capacity to invest in development-oriented spendingsuch as health, education, and infrastructure.

This marks a critical challenge for India’s cooperative federalism, where states play the central role in welfare delivery and capital formation.

Key Findings of the Report
1. Escalating Committed Expenditure
o States spent 62% of their revenue receipts on salaries, pensions, interest payments, and subsidies in 2023-24.
e Such rigid expenditures leave little fiscal room for developmental and capital spending.
o Rising pension obligations and expansion of subsidy schemes have crowded out productive investments.
2. Shrinking GST Revenue Share
e Revenue from GST-subsumed taxes has fallen from 6.5% of GDP (2015-16) to 5.5% (2023-24).
e The 15th Finance Commission projected a 7% medium-term target, but actual realizations remain well below.
o States’ own-tax capacity is eroding, increasing their dependence on central transfers.

3. Decline in Untied Transfers

o Untied transfers (those that states can use freely) have dropped to 64% under the 15th Finance Commission.
e This limits state autonomy in prioritizing developmental spending and weakens the spirit of fiscal federalism.

4. Mounting State Debt

o The outstanding debt of states has reached 27.5% of GDP (2024-25), significantly higher than the FRBM target of 20%.
e Only Gujarat, Maharashtra, and Odisha currently meet this benchmark.
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o Rising debt is accompanied by increasing interest payments, which grew 10% annually between 2016-17 and 2024-25, outpacing
revenue growth.

5. Pressure from Welfare Schemes

e The expansion of unconditional cash transfers for women—now implemented by 12 states—has added fiscal stress.
e While socially progressive, these schemes lack sustainable funding sources, leading to revenue imbalances.

6. Growing Inter-State Inequality
e Per-capita income gaps between rich and poor states are widening.

e High-income states (like Maharashtra, Tamil Nadu, and Gujarat) generate more revenue per capita and spend more on capital formation,
while low-income states face fiscal rigidity and lower developmental outcomes.

Structural Challenges in State Finances

Challenge Description
Rigid Expenditure Patterns Salaries, pensions, and interest payments absorb the majority of resources, leaving limited flexibility.
Dependence on Central Transfers Lower own-revenue generation has increased states’ reliance on the Centre for fiscal stability.
Weak Tax Administration Inefficiencies in GST collection, property taxation, and excise administration limit tax buoyancy.
Off-Budget Borrowing Many states resort to extra-budgetary borrowing through state PSUs, masking true fiscal stress.
Policy Populism Rising welfare commitments without commensurate revenue growth threaten fiscal sustainability.

Implications for Fiscal Federalism

1. Reduced Development Spending:
Declining fiscal space undermines the states’ ability to invest in social infrastructure, essential for inclusive growth.
2. Debt Vulnerability:
High debt ratios threaten compliance with FRBM norms and increase interest payment liabilities, creating a debt spiral.
3. Vertical Imbalance:
Centralization of GST revenue and reduced untied transfers weaken fiscal autonomy of states.
4. Horizontal Inequality:
Richer states gain greater fiscal leverage, leading to regional disparities in public service delivery.

Way Forward: Recommendations by PRS

1. Strengthen Fiscal Discipline
o Enforce FRBM limits by reducing revenue deficits and prohibiting borrowing for routine expenditure.
e Curtail off-budget loans to maintain transparency in public finance.
e Adopt medium-term fiscal frameworks (MTFF) for better predictability.
2. Rationalize Expenditure
o Control committed spending on salaries and pensions through performance-linked reforms and NPS expansion.
o Rationalize subsidies and target welfare schemes to ensure efficiency and avoid duplication.
o Protect capital outlay to sustain growth momentum.
3. Enhance Revenue Capacity
o Reform GST structure to reduce rate distortions and improve compliance.
o Strengthen property tax, excise, and user charges at the local government level.
e Leverage asset monetization and mining royalties for non-tax revenue enhancement.
4. Restore Fiscal Federal Balance
e Increase untied transfers under future Finance Commissions.

e Encourage fiscal equalization mechanisms to assist fiscally weaker states.
e Promote cooperative federalism through coordinated fiscal planning between the Centre and states.

Analytical Perspective

Parameter Trend Policy Concern
Revenue Receipts Stagnant at ~12-13% of GDP Low buoyancy of state tax revenue.
Revenue Expenditure Increasing faster than revenue Structural deficit pressure.

Capital Expenditure = Crowded out by committed expenses Lower infrastructure investment.
Debt Sustainability Rising debt-GDP ratio Fiscal vulnerability risk.
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Economist Rangarajan Committee (2012) and FRBM Review (2017) both warned that fiscal prudence must coexist with social commitments,
emphasizing the “golden rule”—borrowing only for investment, not consumption.

Conclusion

The State of State Finances 2025 report serves as a timely reminder that India’s fiscal federalism is under strain.

Rising committed expenditure and high debt burdens have narrowed developmental space, especially for welfare-dependent states.

Reforms must now focus on fiscal discipline, revenue augmentation, and equitable transfers, ensuring states have the financial capacity to invest
in inclusive and sustainable growth.

A robust and transparent fiscal architecture is central to India’s cooperative federalism and long-term macroeconomic stability.

Mains Practice Question:
“The PRS ‘State of State Finances 2025’ report highlights rising committed expenditure and fiscal rigidity among Indian states. Analyse the
causes and consequences of this trend and suggest reforms to strengthen subnational fiscal sustainability.”

FATF Recognises India’s Asset Recovery Efforts

o Syllabus Mapping:
GS Paper II - Governance (Statutory, Regulatory & Quasi-Judicial Bodies)
GS Paper III - Internal Security (Money Laundering & Economic Crimes)

Introduction

India’s Enforcement Directorate (ED) has gained international recognition after the Financial Action Task Force (FATF) cited its cases as models
of effective asset recovery practices in its 2025 report titled “Asset Recovery Guidance and Best Practices.”

This recognition highlights India’s growing capacity to trace, freeze, and recover illicit financial assets, reinforcing its global leadership in the fight
against money laundering and economic offences.

About the Enforcement Directorate (ED)

Aspect Details
Headquarters New Delhi
Establishment Year 1956
Administrative Control Department of Revenue, Ministry of Finance
Nature Multi-disciplinary financial investigation agency

Mandate and Key Functions

o Investigation of money laundering, foreign exchange violations, and economic crimes.

o Enforcement of three major legislations:
1. Prevention of Money Laundering Act (PMLA), 2002 - Confiscation and prosecution in money laundering cases.
2. Foreign Exchange Management Act (FEMA), 1999 - Regulates foreign exchange transactions and cross-border capital flows.
3. Fugitive Economic Offenders Act (FEOA), 2018 - Seizure of assets of fugitive offenders evading prosecution.

Powers and Functions

Search and Seizure: To detect proceeds of crime.

Summon and Interrogation: To examine any person or entity under investigation.

Arrest and Prosecution: In cases under PMLA.

Attachment of Property: Provisional attachment of assets derived from criminal proceeds.

Significance of FATF Recognition

e Demonstrates India’s global credibility in anti-money laundering enforcement.
o Highlights best practices in cross-border asset recovery and cooperation mechanisms.
o Strengthens India’s case for enhanced leadership in FATF policymaking and G20 anti-corruption tracks.

Conclusion

The ED’s recognition by the FATF signifies a milestone in India’s financial crime enforcement architecture, reinforcing its role as a model
jurisdiction for asset recovery and transnational financial integrity.

Mains Practice Question:

“Discuss the role of the Enforcement Directorate in curbing economic offences in India. How does its recognition by FATF reflect India’s
evolving global financial governance role?”
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PLI 1.2 for Specialty Steel

o Syllabus Mapping:
GS Paper III - Indian Economy (Industrial Policy, Manufacturing Sector)
GS Paper II - Governance (Government Initiatives for Industrial Growth)

Introduction

The Ministry of Steel has launched the third round (PLI 1.2) of the Production Linked Incentive (PLI) Scheme for Specialty Steel, to make India
a global hub for high-grade steel production used in strategic sectors.

About the Scheme
Feature Details
Approved In July 2021 by Union Cabinet.
Objective Promote production of high-value specialty steels used in defence, aerospace, automobile, and infrastructure.
Third Round (PLI 1.2) Covers 22 sub-categories across five segments of specialty steels.
Incentives 4%-15% of incremental sales over base year 2024-25.
Duration Five years (FY 2025-26 to 2029-30).
Significance

e Reduces dependence on imported high-grade steel.
o Enhances value addition and export competitiveness.
e Supports Make in India and Atmanirbhar Bharat in the strategic materials domain.

Conclusion

By integrating incentives with technological upgradation, the PLI 1.2 scheme can help India transition from a volume-based to a value-based steel
producer—Kkey to achieving a $1 trillion manufacturing economy.

Mains Practice Question:
“Discuss how the PLI Scheme for Specialty Steel aligns with India’s vision of self-reliance and industrial value chain enhancement.”

India’s IT Sector Transformation: Automation & Future of Work

o Syllabus Mapping:

GS Paper III - Indian Economy (Growth, Employment, and Industrial Development)

GS Paper II - Governance (Policy Support and Skill Development)

GS Paper III - Science & Technology (Al, Digital Economy, and Emerging Technologies)

Introduction

India’s Information Technology (IT) industry, a cornerstone of its economic success story, is witnessing an unprecedented phase of
transformation.

Once driven by low-cost outsourcing and mass hiring, the sector is now being reshaped by automation, artificial intelligence (AI), global policy
shifts, and evolving skill demands.

While it continues to contribute significantly—around 7% of India’s GDP and 12% of services GVA—the industry is undergoing structural change
that will redefine employment, competitiveness, and innovation in the digital era.

I. Overview of India’s I'T Industry

Indicator Current Status (2025)
Economic Contribution Adds over $280 billion to the Indian economy.
Share in GDP Approximately 7% of GDP and 12% of total services GVA.
Employment Provides direct jobs to 6 million people (~1% of total workforce).
Gender Inclusion Women constitute around 36% of the IT workforce, one of the highest in the formal sector.
Global Role India remains a global digital services hub, powering IT, BPM, Al, and cloud services across 100+ countries.

Beyond economic figures, the IT industry has been a key enabler of social mobility, creating high-value jobs and integrating youth from tier-2 and
tier-3 cities into global value chains.

I1. Major Transformations in India’s IT Industry
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The sector is experiencing multi-dimensional disruption, impacting both operational models and workforce dynamics.
1. Technological Transformation: AlI-Driven Automation
e Automation and Generative Al tools are replacing repetitive work—reporting, testing, coordination, and basic coding.
e Productivity per developer has increased significantly with Al copilots like GitHub Copilot and Google Gemini Code Assist.

e Focus is shifting toward Al engineering, data analytics, and platform innovation rather than traditional software outsourcing.

Example: Infosys and TCS have launched internal “Al copilots” to automate 40-60% of project management tasks, marking a structural shift in project
execution models.

2. Global Realignments and Policy Constraints
e Restrictive U.S. visa norms and higher H-1B visa fees have forced Indian IT majors to localize operationsabroad.
o Firms are now hiring locally in the U.S. and Europe, setting up delivery centers in Mexico, Poland, and Canada to mitigate geopolitical
risks.
o Protectionist trade policies are prompting a “glocal” model—global delivery with local adaptation.
3. Evolution of Business Models
e The traditional outsourcing model based on labor arbitrage is giving way to solution-oriented, domain-specific contracts.
e Demand is now driven by Al fluency, automation consulting, and cloud integration rather than pure coding.
e Indian firms are repositioning as digital transformation partners offering end-to-end innovation services.
4. Workforce Restructuring and Skill Gap
e The rise of automation has resulted in mass layoffs, particularly in back-end and entry-level roles.

o A widening skill gap exists in areas like Al, cybersecurity, quantum computing, and edge analytics.
e Many professionals are underprepared for emerging technologies, necessitating urgent reskilling.

I11. Structural and Social Implications

Dimension Impact
Employment Automation is reducing repetitive jobs while creating high-skill demand, leading to job polarization.
Gender Dynamics Women'’s participation remains strong, but layoffs disproportionately affect women in mid-level roles.
Regional Inclusion Tier-2 cities like Indore, Kochi, and Bhubaneswar are emerging as new IT hubs due to hybrid work models.

Innovation Ecosystem Growth of Al, Saa$, and deep-tech startups is driving indigenous product development.

IV. Way Forward

1. Reimagining Skilling and Education
e Integrate Al, machine learning, and product design into formal education.
e The government’s plan to introduce Al curriculum from Class 3 (2026-27) marks a crucial step toward early tech literacy.
e Launch large-scale upskilling programs in partnership with industry and ed-tech firms (e.g., NASSCOM FutureSKkills Prime).

2. Strengthening Startup and Innovation Ecosystem

e Promote deep-tech startups through dedicated Al and Robotics Missions.
e Incentivize R&D investments and intellectual property generation in Al, 5G, and cloud infrastructure.

3. Policy and Worker Protection
e Introduce transitional safety nets—mandatory 6-9 months salary compensation, retraining assistance, and career transition programs.
e Encourage mental health and resilience programs for affected employees.
e Frame labor codes accommodating gig and remote IT workers.

4. Enhancing Global Competitiveness

o Negotiate mobility and digital trade agreements to protect India’s IT export advantage.
e Encourage “Digital India Stack” exports to developing countries as a new avenue for service exports.

V. Analytical Insight

As per Schumpeter’s “Creative Destruction” theory, technological innovation displaces old systems while creating new avenues of growth.
India’s IT transformation represents this transition — from volume-based outsourcing to value-based innovation.
This shift, if supported by reskilling and policy reform, can make India the epicenter of the Al-driven global digital economy.
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Conclusion

India’s IT industry stands at a critical inflection point.

Automation and Al are reshaping the workforce, yet they also open vast opportunities in high-end innovation, cybersecurity, and cloud
ecosystems.

By investing in education, startups, and social protection, India can transform its IT sector from a service powerhouseinto a global innovation
engine, driving sustainable and inclusive growth in the digital age.

Mains Practice Question:

“India’s Information Technology sector is transitioning from a service-based to a solution-driven innovation model. Discuss the challenges
and opportunities this transformation presents for India’s economy and workforce.”

AlFs: Boosting Private Capital & Real Estate

o Syllabus Mapping:
GS Paper III - Economy (Investment Models and Financial Markets)

About AIF's

o Privately pooled investment vehicles regulated by SEBI.
e Collect funds from sophisticated investors for investments under defined policies.
e May take the form of trusts, LLPs, or companies.

Categories
Category Focus Area Examples
I Startups, SMEs, Social Ventures = Venture Capital, Infrastructure Funds
11 Private Equity, Real Estate Distressed Asset Funds
11 Complex/Leveraged Strategies Hedge Funds, PIPE Funds

Note: Excludes Mutual Funds and Collective Investment Schemes.

Mains Practice Question:
“Discuss the role of Alternative Investment Funds (AIFs) in deepening India’s capital markets and promoting private sector growth.”

AGRUCULTURE

NITT Aayog’s Digital Agriculture Roadmap

» Syllabus Mapping:

GS Paper III - Agriculture (Technology in Agriculture, Food Security, and Innovation)

GS Paper II - Governance (E-Governance, Policy Implementation, and Public-Private Partnerships)
GS Paper III - Science & Technology (Frontier Technologies and Digital Economy)

Introduction

NITI Aayog’s Frontier Tech Hub has released a seminal report titled “Reimagining Agriculture: A Roadmap for Frontier Technology-Led
Transformation” (2025), which envisions a tech-driven agricultural revolution for India.

The report argues that while Indian agriculture has achieved self-sufficiency in food production, structural barriers—such as data silos,
inadequate infrastructure, and weak innovation ecosystems—continue to limit transformation.

By leveraging frontier technologies, NITI Aayog proposes a new framework to enhance productivity, resilience, and farmer income while
ensuring sustainability and climate adaptation.

L. Structural Barriers Hindering Agricultural Transformation

Barrier Description Impact
1. Data Fragmentation Agricultural data remains siloed, outdated, and non-interoperable, with ~ Limits the use of data analytics, predictive
a lack of Al-ready, localized datasets. modelling, and precision farming.
2. Limited Phygital Weak rural connectivity, poor internet access, and inadequate last-mile Hinders digital service delivery and farmer
Integration infrastructure constrain digital solutions. inclusion.
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3. Institutional Disconnected functioning among industry, academia, and regulatory Reduces the speed and scale of AgriTech

Fragmentation bodies. adoption.

4. Capital Gaps Insufficient funding for high-risk, slow-scaling innovationsand Stifles AgriTech startups and R&D in deep
constrained credit access for smallholders. technology.

These barriers collectively restrict India’s transition from subsistence farming to knowledge-intensive, precision agriculture.

II. Role of Frontier Technologies in Agricultural Transformation

The report identifies frontier technologies as enablers of the next Green Revolution, merging Al, biotechnology, automation, and digital
ecosystems.

Technology Area Applications in Agriculture
Seed Technologies & Genomics Developing climate-resilient, high-yield, pest-resistant crops.
Vertical Farming & Controlled Environments Efficient use of land, water, and nutrients in urban and arid regions.
Digital Twins & Predictive Analytics Virtual models of farm ecosystems for real-time monitoring and decision support.
Precision Tools & Smart Sensors Enable data-driven nutrient management, irrigation scheduling, and pest control.
Agentic Al & Automation Facilitates self-learning farm machinery, drones, and autonomous tractors.
Advanced Mechanisation Promotes scalable, inclusive mechanisation suitable for smallholders.

Together, these technologies can reduce input costs, optimise resources, and increase resilience to climate variability.

II1. NITI Aayog’s Three-Pillar Framework: Digital Agriculture Mission 2.0

Pillar 1 - Enhance Foundational Systems for Frontier-Tech Readiness
o Develop a 360-degree data ecosystem integrating government, private, and farmer datasets.
o Digitally enable last-mile interventions via mobile-based advisory platforms and IoT-driven rural services.
o Strengthen AgriTech startup accelerators through targeted funding and technical mentorship.
Pillar 2 - Reimagine Agri-Innovation and Agri-Talent Systems
o Promote globally competitive R&D and translational research linking laboratories with farmlands.
e Build an interdisciplinary talent ecosystem across agriculture, Al, robotics, and biotechnology.
e Revamp institutional architecture to align agricultural universities with industry and innovation hubs.
Pillar 3 - Converge Public-Private Efforts for Scalable Transformation
o Establish a Public-Private AgriTech Dialogue Platform for agile policymaking.

e Encourage blended finance models combining public incentives with private venture capital.
o Align national missions—Ilike Digital India, Atmanirbhar Krishi, and AgriStack—for unified implementation.

IV. Broader Significance and Potential Qutcomes

Dimension Outcome
Economic Increases productivity and farm profitability; boosts India’s agri-export competitiveness.
Social Empowers smallholders through inclusive digital access and financial literacy.

Environmental Reduces input overuse, water depletion, and emissions through precision agriculture.
Technological Makes India a global leader in AgriTech innovation, complementing “Digital Bharat” initiatives.

V. Challenges Ahead

» Digital Divide: Connectivity gaps across rural regions may widen inequality.

o Data Governance: Ensuring data privacy, interoperability, and ownership rights is crucial.

o Financing Ecosystem: Need for patient capital and risk-sharing models for AgriTech ventures.

e Capacity Building: Farmer awareness and skill development are prerequisites for large-scale adoption.

VI. Analytical Perspective

As Prof. M.S. Swaminathan envisioned, the future of Indian agriculture lies in “Bio-digital synergy”—integrating life sciences with digital systems
for sustainable productivity.

NITI Aayog’s framework embodies this philosophy by aligning frontier innovation with public policy, marking a shift from input-centric

to intelligence-centric agriculture.
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Conclusion

The report “Reimagining Agriculture” redefines the path toward Agri 4.0—where data, Al, and frontier technologies become core drivers of food
security, farmer empowerment, and rural prosperity.

India’s agricultural transformation must now focus on technology diffusion, institutional integration, and public-private alignment to unlock its
full potential.

Mains Practice Question:
“NITI Aayog’s roadmap for frontier technology-led transformation of agriculture emphasizes a Digital Agriculture Mission 2.0. Discuss the
key pillars of this framework and their potential to make Indian agriculture future-ready.”

WEF on Deep-Tech in Global Agriculture

o Syllabus Mapping:

GS Paper II - Governance and International Reports (Global Initiatives in Agriculture)
GS Paper III - Science & Technology, Environment, and Agriculture

GS Paper III - Economic Development (Agri-Tech and Innovation)

Introduction

The World Economic Forum (WEF) has released a new report titled “Shaping the Deep-Tech Revolution in Agriculture” (2025) under its Al for
Agriculture Initiative (AI4AI). The report brings together a coalition of public and private partners to harness the power of Artificial Intelligence
(AI), blockchain, 5G, and data-driven technologies for transforming global food systems.

The initiative aims to scale agritech innovations, strengthen climate resilience, and address labour shortages, ensuring the sustainability of
agriculture in the 21st century.

Context and Significance

Agriculture, which sustains over 2.5 billion people globally, faces multi-dimensional challenges due to climate volatility, resource degradation,
and rural outmigration.

The WEF's report emphasizes that deep technologies—those rooted in advanced scientific breakthroughs—can redefine productivity, traceability,
and resilience in agriculture.

It aligns with global goals such as SDG 2 (Zero Hunger) and SDG 13 (Climate Action).

Key Challenges Identified in Global Agriculture

1. Declining Agricultural Workforce
o Rural-to-urban migration and an ageing farmer population are reducing the availability of agricultural labour.
o The global average age of farmers now exceeds 58 years, posing sustainability concerns.
2. Climate Change and Weather Extremes
o Global calorie yield from major staples like rice, wheat, and maize could decline by 24% by 2100 without urgent mitigation.
o Erratic rainfall, droughts, and rising temperatures are intensifying risks of crop failure and food insecurity.
3. Degradation of Natural Resources
o Agriculture accounts for 70% of global freshwater use, while 71% of aquifers are already under stress.
o One-third of soils are degraded, and up to 90% of topsoil may be lost by 2050 if current trends persist.
o Such degradation threatens both ecological balance and long-term food security.

Key Technological Interventions and Case Studies Highlighted by WEF

The report presents real-world use cases where deep technologies are being successfully integrated into agricultural systems.
1. Al-Based Quality Assessment - Intello Labs “Fruitsort”
e Uses Al and computer vision to analyze the quality of fruits and vegetables.
e Employs machine learning and high-resolution cameras to detect defects, improving grading accuracy and market pricing.
o Enhances export competitiveness by ensuring standardized quality.
2. Remote Sensing for Crop Insurance - Pradhan Mantri Fasal Bima Yojana (PMFBY), India
o Integrates satellite imagery, high-resolution drone data, and a dedicated mobile application for faster and more accurate crop loss
assessment.

e Reduces insurance claim delays, improving financial security for farmers.
o Serves as a global best practice in digital agri-risk management.
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3. 5G-Enabled Smart Harvesting - Infosys “5G.NATURAL” Programme

e Focuses on creating modular, scalable, and intelligent swarm systems for autonomous harvesting.
e Combines 5G connectivity, 10T, and robotic automation to address labour shortages and improve efficiency in precision farming.

4. Carbon Monitoring and Climate Action - Boomitra’s URVARA Project
e The URVARA (Vital Agricultural Regeneration and Adaptation) project applies Al-based carbon monitoring, reporting, and verification

(MRV) tools.
o Enables carbon credit generation for farmers practicing regenerative agriculture, linking sustainability with economic incentives.

Deep Tech and Its Role in Agriculture

Technology Function Impact
Al & Machine Learning Predictive analytics, pest detection, yield forecasting Increases efficiency and reduces losses
Blockchain Transparent supply chains and traceability Enhances consumer trust and reduces fraud
5G Connectivity Real-time monitoring and automation Enables precision farming
IoT Sensors & Drones Data-driven soil and crop monitoring Optimizes resource use
Genomics & Synthetic Biology Developing climate-resilient crops Strengthens food security under stress

These deep technologies represent a shift from traditional mechanization to intelligent automation, making agriculture more data-centric and
adaptive.

Global and Indian Relevance

Dimension WEF Perspective India’s Relevance
Workforce Ageing rural labour globally = Labour shortages in rural India due to migration
Climate Threat to yields globally Agriculture contributes 18% of GHG emissions in India
Innovation AI4Al global collaboration | India’s Digital Agriculture Mission 2021 aligns with this vision

Sustainability Promotes carbon farming India’s initiatives like National Mission for Sustainable Agriculture (NMSA)echo similar goals
Policy and Governance Implications

e Public-Private Partnerships (PPP): Essential for scaling agritech innovations through corporate participation and start-up incubation.
o Digital Infrastructure Investment: Expanding rural broadband, cloud platforms, and data centers is critical.

o Regulatory Framework: Need for data governance, ethical Al usage, and equitable access to technology.

o Capacity Building: Training farmers in digital literacy and Al-enabled tools to reduce the urban-rural tech divide.

Conclusion

The WEF’s “Shaping the Deep-Tech Revolution in Agriculture” report emphasizes that the future of farming lies in the fusion of technology and
sustainability. With innovations spanning Al, 5G, blockchain, and carbon tracking, agriculture can evolve into a resilient, inclusive, and climate-
smart sector.

For India, integrating these global insights into its ongoing Digital Agriculture Mission and PMFBY reforms will be pivotal to ensuring food
security, rural prosperity, and environmental resilience.

Mains Practice Question:
“Deep technologies such as Al, 10T, and blockchain are reshaping global agriculture. Discuss how India can leverage these technologies to
achieve climate-resilient and inclusive agricultural growth.”

FAO SOFA 2025: Tackling Land Degradation

o Syllabus Mapping:

GS Paper III - Environment (Land Degradation, Conservation, and Sustainable Agriculture)
GS Paper III - Economy (Food Security and Agricultural Productivity)

GS Paper II - International Reports and Global Institutions (FAO, UN Bodies)

Introduction

The Food and Agriculture Organization (FAO) of the United Nations released “The State of Food and Agriculture (SOFA) 2025”, offering a
comprehensive assessment of the global land degradation crisis and its implications for agricultural productivity, food security, and ecosystem
resilience.

The report warns that human-induced land degradation is accelerating, threatening the foundation of global food systems and undermining
progress toward Sustainable Development Goals (SDGs), particularly SDG 2 (Zero Hunger)and SDG 15 (Life on Land).
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I. Understanding Land Degradation

Definition:
FAO defines land degradation as a long-term decline in the land’s capacity to provide essential ecosystem services and agricultural functions,
caused by both natural and anthropogenic factors.

Natural Drivers Anthropogenic Drivers
Soil erosion, salinization, Deforestation, overgrazing, unsustainable irrigation, excessive fertilizer use, and expansion of agriculture into
droughts fragile ecosystems

Land degradation thus represents both an ecological challenge and an economic threat, particularly for developing nations dependent on
agriculture.

II. Key Findings of the SOFA 2025 Report

1. Yield and Productivity Loss
e 1.7 billion people live in regions where crop yields are 10% lower due to human-induced land degradation.
o Asian countries are disproportionately affected because of their high population densities and cumulative degradation debt.
o Total Factor Productivity (TFP) growth—a measure of efficiency and technological progress—has declined since the 2000s, especially
across the Global South.
2. Food Security and Malnutrition
o The report identifies a strong spatial overlap between degraded lands and food insecurity.
e About 47 million children under five suffering from stunting live in regions where yield losses are most severe, illustrating the food-land
degradation nexus.
3. Ecosystem and Climate Impacts
o Livestock systems in rangelands are losing carrying capacity due to vegetation loss.
o Agricultural expansion is driving forest clearance, disrupting climate regulation, biodiversity, and hydrological cycles.

o Carbon emissions from degraded soils and deforestation are further accelerating climate change, creating a vicious cycle.

Insight: According to FAO, about 25% of total global land area is already degraded, contributing to 23% of global greenhouse gas emissions.

I11. Regional Dimensions

Region Major Drivers of Degradation Impact
Asia Population pressure, irrigation overuse, and deforestation. Lower crop yields and groundwater depletion.
Africa Overgrazing, droughts, and soil erosion. Rising desertification and food insecurity.
Latin America Expansion of soybean and cattle farming. Biodiversity loss and deforestation in the Amazon Basin.

India, as part of Asia’s degradation hotspot, faces soil fertility loss in nearly 30% of its land area, according to ISRO’s Desertification and Land
Degradation Atlas (2021).

IV. Policy Options and Strategic Pathways

The SOFA 2025 report advocates a Land Degradation Neutrality (LDN) approach built on a hierarchy of Avoid - Reduce — Reverse, combining
regulatory, financial, and behavioural instruments.

1. Regulatory Measures
o Land Use Zoning: Designating land for agriculture, forestry, or conservation.
o Deforestation Bans: Preventing encroachment into ecologically fragile zones.
e Soil Conservation Mandates: Compulsory soil management practices for farmers.

2. Incentive-Based Approaches

o Payments for Ecosystem Services (PES): Financial rewards for sustainable land-use practices such as afforestation or agroforestry.
o Subsidy Reforms: Redirect agricultural subsidies toward climate-smart and sustainable farming.

3. Cross-Compliance Mechanisms
e Linking public support (subsidies, crop insurance) to adherence to environmental standards and soil health benchmarks.

4. Community-Based Land Restoration
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e Encourage participatory watershed management, pasture rehabilitation, and integrated farming systems.

V. India’s Context and Response

o National Mission for Sustainable Agriculture (NMSA) promotes efficient resource use and soil health management.

e Soil Health Card Scheme and Pradhan Mantri Krishi Sinchai Yojana address soil fertility and irrigation sustainability.

e National Action Plan on Climate Change (NAPCC) and the UNCCD COP-14 hosted by India (2019) reaffirm India’s commitment to Land
Degradation Neutrality by 2030.

e Indiais a key actor in the Global Soil Partnership (GSP) under FAO.

VI. Analytical Perspective

As per environmental economist Edward Barbier, land degradation is “the silent productivity killer” that undercuts long-term growth.
SOFA 2025 reiterates that sustainable land management is not merely an ecological necessity but an economic imperative, especially when
agriculture employs 60-70% of the rural workforce in developing economies.

The shift from land exploitation to land stewardship aligns with the “One Health” approach—integrating human, animal, and environmental well-
being.

Conclusion

The SOFA 2025 Report warns that the global food system’s foundation—land—is being depleted faster than it can recover.

To ensure food security and climate resilience, countries must prioritize sustainable land governance, adopt incentive-based conservation, and
achieve Land Degradation Neutrality (LDN).

For India, balancing agricultural productivity with ecological restoration will be vital to sustaining its agrarian economy and biodiversity
heritage.

Mains Practice Question:
“Land degradation is emerging as a key threat to agricultural productivity and food security. Discuss the findings of the FAO’s SOFA 2025
report and suggest policy measures to achieve Land Degradation Neutrality in India.”

GOVERNMENT POLICIES

PRIP Scheme for Pharma & MedTech R&D

GS Paper Il - Government Policies and Interventions in Various Sectors
GS Paper III - Science and Technology (R&D and Innovation Policy)
GS Paper III - Indian Economy (Industrial Development and Make in India Initiatives)

Introduction

The Promotion of Research and Innovation in Pharma & MedTech (PRIP) Scheme, launched by the Department of Pharmaceuticals, Ministry
of Chemicals and Fertilizers, marks a significant step in India’s journey to become a global innovation hub in pharmaceuticals and medical
technology.

Recently, the government extended the deadline for applications, reflecting efforts to encourage wider participation from research institutions,
industry players, and startups.

With a financial outlay of X5,000 crore, the scheme is designed to strengthen research infrastructure, foster collaboration, and accelerate
indigenous innovation in two of India’s most vital sectors—pharma and MedTech.

Objectives of the PRIP Scheme

e To transform India from a low R&D investment pharmaceutical producer to a global innovation-driven hub.

e To enhance competitiveness by promoting innovation and reducing dependence on imported medical technology and APIs (Active
Pharmaceutical Ingredients).

o To bridge the gap between academia, research institutions, and industry through collaborative projects.

o To develop high-end technologies for affordable and accessible healthcare solutions aligned with the Atmanirbhar Bharat vision.

Structure and Components of PRIP Scheme

The scheme operates through two major components, addressing both infrastructure development and innovation promotion:
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Component Focus Area Key Features
Component A - Strengthening Development of advanced research - Establishment of Centres of Excellence (CoEs) at National
Research Infrastructure capacity and training facilities Institutes of Pharmaceutical Education and Research (NIPERS).

- Creation of state-of-the-art labs and collaborative facilities for R&D
in drugs, biologics, and MedTech devices.
- Focus on translational research linking basic science with industry-

ready innovation.
Component B - Promotion of Encouraging industry-academia - Funding for research projects, innovation clusters, and start-up
Research and Innovation collaboration incubators in pharma and MedTech.
- Support for clinical validation, technology transfer, and IP
generation.

- Emphasis on public-private partnerships (PPPs) to commercialize
indigenous innovations.

Strategic Significance

1. Pharmaceutical Innovation
o Indiais known as the “Pharmacy of the World,” yet contributes less than 1.5% of global pharmaceutical R&D spending.
o The PRIP aims to reverse this imbalance by investing in drug discovery, biologics, biosimilars, and novel drug delivery systems
(NDDS).
2. Medical Technology Development
o India’s MedTech market is valued at around $11 billion (2024) but relies heavily on imports (~70%).
o PRIP seeks to foster domestic design and manufacturing of devices such as diagnostic kits, imaging systems, and assistive
technologies.
3. Global Competitiveness
o Aligns with India’s participation in Global Health Security and initiatives like WHO’s mRNA vaccine huband G20 Health Working
Group objectives.
o Strengthens India’s position in pharma diplomacy by ensuring innovation-led exports.

Implementation Framework

Implementing Agency Role
Department of Pharmaceuticals (DoP) Policy formulation, coordination, and fund allocation.
National Institutes of Pharmaceutical Education and Research Serve as hubs for Centres of Excellence under Component A.
(NIPERSs)
Industry and Academia Partnerships Collaborative research and commercialization under Component B.
Project Management Agency (PMA) Overseeing proposal evaluation, monitoring progress, and disbursing
funds.

Expected Outcomes

o Establishment of world-class R&D facilities in at least five NIPERs.

e Increased patent filings, new drug molecules, and medical device prototypes from Indian institutions.
e Enhanced employment generation in high-skill research and biotech sectors.

o Strengthened supply chain resilience through local innovation in essential drugs and diagnostic tools.

o Better alignment of academic research with industry needs, leading to faster technology transfer.

Challenges and the Way Forward

Challenges Suggested Measures
Limited private sector R&D spending  Introduce tax incentives and innovation-linked grants to attract private investment.
Regulatory delays in clinical trials Streamline drug approval pathways and encourage adaptive trial models.
Talent gap in advanced MedTech fields Strengthen interdisciplinary training at NIPERs and universities.
IPR awareness and protection Provide legal and technical support for patent filing and licensing.
Sustaining collaboration Institutionalize industry-academia consortia under DoP supervision.
Broader Economic and Policy Linkages
Policy Linkage Complementary Objective
Atmanirbhar Bharat Abhiyan Self-reliance in pharma and medical devices manufacturing
National Research Foundation (NRF) Coordinating national R&D efforts

PLI Scheme for Pharmaceuticals & MedTech Scaling up manufacturing of identified critical products
National Biotechnology Development Strategy Encouraging biotech innovation for healthcare and agriculture

Conclusion

The Promotion of Research and Innovation in Pharma & MedTech (PRIP) Scheme is a cornerstone policy aimed at positioning India as a global
innovation hub rather than merely a manufacturing base.

By nurturing research ecosystems, public-private partnerships, and indigenous technology development, PRIP has the potential to bridge the
innovation gap, enhance healthcare access, and propel India toward leadership in next-generation therapeutics and MedTech solutions.
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Mains Practice Question:
“The Promotion of Research and Innovation in Pharma & MedTech (PRIP) Scheme seeks to transform India from a generics leader to an
innovation powerhouse. Discuss its significance, challenges, and potential impact on India’s health and economic sectors.”

PMKVY: Strengthening Skill Ecosystem

» Syllabus Mapping:
GS Paper II - Government Policies and Interventions
GS Paper III - Economic Development (Employment and Skill Development)

Introduction

The Pradhan Mantri Kaushal Vikas Yojana (PMKVY) is the flagship skill certification programme of the Ministry of SKill Development and
Entrepreneurship (MSDE), launched in 2015 to equip India’s youth with industry-relevant training for better employability. Recently,
MSDE blacklisted 178 training partners over irregularities, highlighting the need for stronger accountability mechanisms.

Key Features

o Implementing Ministry: MSDE

e Current Phase: PMKVY 4.0 (launched 2023-24)

o Financial Outlay: 5000 crore

o Components:
1. Short-Term Training (STT): Courses aligned with National Skill Qualification Framework (NSQF).
2. Recognition of Prior Learning (RPL): Certifying workers with informal skills.
3. Special Projects: Customised programs for marginalised and regional groups.

o Geographical Focus: Special attention to aspirational, border, tribal, and LWE-affected districts.

Significance

o Enhances employability and income security among youth.
o Bridges skill gap for fast-growing sectors under Atmanirbhar Bharat.
e Promotes industry-academia linkage through Sector Skill Councils.

Challenges

e Quality assurance in training delivery.
o Mismatch between skills taught and market demand.
e Need for greater monitoring and post-training placement tracking.

Conclusion

PMKVY represents a crucial step in transforming India’s demographic advantage into a skilled economic force. Strengthening quality checks and
ensuring outcome-based training will determine its success in achieving inclusive human capital growth.

Mains Practice Question:
“Critically assess the role of the Pradhan Mantri Kaushal Vikas Yojana (PMKVY) in addressing India’s skill deficit and employment
challenges.”

India AI Governance Guidelines

o Syllabus Mapping:

GS Paper II - Government Policies and Interventions (Digital Governance and Technology Regulation)
GS Paper III - Science and Technology (Artificial Intelligence and Emerging Technologies)

GS Paper IV - Ethics (Al Ethics, Accountability, and Human Values in Technology)

Introduction

The Ministry of Electronics and Information Technology (MeitY) has released the India Al Governance Guidelines (2025) under the IndiaAl
Mission, laying down a comprehensive governance framework for responsible, ethical, and inclusive Al adoption.

These guidelines represent India’s first structured effort to balance innovation with accountability, ensuring that Al technologies serve public
good while minimizing risks related to bias, misinformation, privacy violations, and job displacement.

42



IQRA IAS

An Institute for Civil Services

Objective and Vision
The primary goal of the framework is to:

e Promote trustworthy Al development in India.

o Foster innovation aligned with constitutional and ethical principles.

e Ensure institutional coordination among government, industry, and academia.
e Protect citizens’ rights in the Al-driven digital economy.

The guidelines aim to position India as a global leader in human-centric and responsible Al governance, aligning with the principles of safety,
transparency, fairness, and accountability.

Core Structure of the Guidelines

Six Pillars of Al Governance (Across Three Domains)

Domain Pillars Focus Areas
Enablement 1.Infrastructure Develop Al-ready infrastructure, promote open data ecosystems, and strengthen compute capacity through
public-private partnerships.
2. Capacity Building = Upskill workforce in Al ethics, data science, and risk management; integrate Al ethics in education and

training.
Regulation 3. Policy & Establish legal and policy frameworks for Al use, data governance, and intellectual property.
Regulation
4. Risk Mitigation Develop India-specific risk classification systems, liability regimes, and incident reporting protocols.
Oversight 5. Accountability Create mechanisms for responsibility attribution, grievance redressal, and audit of Al systems.
6. Institutions Build multi-level governance architecture integrating ministries, regulators, and advisory bodies.
Phased Action Plan
Timeline Focus Areas
Short-term (1-2 Develop risk frameworks, initiate pilot Al audits, and establish clear liability mechanisms for Al harms.
years)
Medium-term (3-5 Expand integration of Digital Public Infrastructure (DPI) with Al ecosystems, set common standards, and
years) promote cross-sector regulatory coordination.
Long-term (5+ Enact dedicated Al legislation addressing emergent risks like deepfakes, autonomous systems, and generative Al misuse.
years)

This phased approach ensures policy agility, allowing India to evolve governance models with changing technology landscapes.

Institutional Framework

A multi-tiered institutional ecosystem will steer implementation and compliance:

Institution / Agency Role
High-Level Al Governance Group Apex decision-making and policy coordination body.
MeitY & Other Government Agencies (MHA, DPIIT) Policy formulation, enforcement, and coordination.
Sectoral Regulators (RBI, SEBI, TRAI, CCI) Develop sector-specific Al risk and compliance frameworks.
Advisory Bodies (NITI Aayog, PSA Office) Strategic research, innovation advice, and ethical oversight.
Standards Bodies (BIS, TEC) Define Al safety and interoperability standards.

This structure integrates technical standardization with regulatory oversight, ensuring both innovation and accountability.

Practical Guidelines for Stakeholders

For Industry Actors

o Establish Al Grievance Redressal Mechanisms to report misuse or harms.

e Conduct regular algorithmic impact assessments to detect bias or discrimination.

e Maintain transparency logs for Al decision-making and ensure human oversight in critical functions.
e Promote responsible Al supply chains, ensuring ethical sourcing of datasets and training inputs.

For Regulators

e Develop adaptive and technology-neutral governance frameworks.

o Enable periodic policy reviews based on stakeholder consultation.

e Encourage regulatory sandboxes to test Al models safely before large-scale deployment.

e Strengthen inter-regulatory coordination to handle cross-sector challenges like data sharing, privacy, and competition.
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Ethical and Legal Foundations

The guidelines align with global Al governance frameworks such as:

e OECD Al Principles (2019) - for human-centered values and transparency.
e EU AI Act (2024) - for risk-based classification.
e UNESCO Al Ethics Recommendations (2021) - emphasizing fairness and sustainability.

India’s model, however, uniquely integrates Digital Public Infrastructure (DPI)—such as Aadhaar, UPI, and DigiLocker—with Al governance,
offering a scalable and inclusive approach to technological regulation.

Significance of the Guidelines

Holistic Governance: Moves beyond ethical principles to establish operational frameworks for risk mitigation and accountability.
Institutional Convergence: Brings together MeitY, regulators, and standards bodies for coherent Al oversight.

Global Competitiveness: Positions India as a rule-shaper in global Al policy, aligning innovation with ethics.

Citizen Empowerment: Ensures Al systems respect privacy, fairness, and accessibility, safeguarding individual rights.

BN e

Challenges Ahead

e Need for capacity building in enforcement agencies and regulators.

o Absence of comprehensive Al law—the guidelines rely on voluntary adoption until codified.
o Balancing innovation and compliance costs for startups and MSMEs.

o Ensuring interoperability between sectoral and international Al standards.

Conclusion

The India Al Governance Guidelines (2025) mark a major policy milestone, signaling India’s intent to create a trust-based, innovation-friendly Al
ecosystem.

By combining ethical foresight, regulatory flexibility, and institutional coherence, India is paving the way for a responsible Al future that
safeguards rights while driving socio-economic transformation.

Mains Practice Question:
“The India Al Governance Guidelines aim to ensure responsible Al adoption through a balance of innovation and regulation. Examine their
key features, institutional framework, and challenges in implementation.”

GEOGRAPHY AND DISASTER

Volcanic Lightning Explained

o Syllabus Mapping:

GS Paper I - Geography (Physical Geography: Volcanoes and Atmospheric Phenomena)
GS Paper III - Disaster Management and Science & Technology in Disaster Forecasting
GS Paper I - Geophysical Phenomena and Natural Hazards

Introduction

Volcanic lightning, often described as one of nature’s most dramatic spectacles, occurs when powerful electrical discharges are generated during
a volcanic eruption—distinct from lightning in conventional thunderstorms. The phenomenon has been observed in major eruptions such as Mount
Vesuvius (1944), Mount Etna (2021), and Hunga Tonga-Hunga Ha’apai (2022), fascinating scientists for its dual geophysical and atmospheric
dynamics.

What is Volcanic Lightning?

o Definition: Volcanic lightning refers to electrical discharges occurring within the ash plume of an erupting volcano rather than in a
thundercloud.
It arises from the interaction of charged ash, rock fragments, and gas particles, producing lightning bolts that illuminate the volcanic sky.
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Mechanism / Cause

The process involves a complex interplay of static electricity and particle collisions:

Stage Process Description

1. Eruption and Plume Explosive volcanic eruptions eject ash, rock, and gas into the atmosphere, forming dense ash clouds or plumes.

Formation

2. Charge Generation The rubbing and collision of ash particles (at lower altitudes) or ice particles (at higher altitudes) generate static
electricity—similar to rubbing two surfaces together.

3. Charge Separation Particles become electrically polarized, leading to charge segregation within the plume (positive and negative
regions).

4. Discharge Event When charge buildup exceeds a threshold, electrical breakdown of air occurs—resulting in a lightning discharge.

(Lightning)

This mechanism resembles triboelectric charging, where materials become electrically charged after frictional contact.

Types of Volcanic Lightning

1. Vent Lightning (Near the Crater):
o Occurs close to the volcanic vent during initial eruption stages.
o Caused by intense fragmentation of magma and dense ash concentrations.
2. Plume Lightning (Higher Altitude):
o Appears in the volcanic ash cloud or plume extending kilometers into the atmosphere.
o Often involves ice crystal interactions in colder upper layers.
3. Distant Cloud Lightning:
o Triggered in the outer regions of the plume where ash merges with atmospheric moisture, mimicking typical thunderstorm
processes.

Significance of Volcanic Lightning

Aspect Importance
Early Warning The occurrence of lightning can serve as a natural indicator of eruptive intensity, helping scientists track eruption phases
System even in darkness or cloud cover.
Remote Sensing Satellites equipped with optical and radio sensors (e.g., NASA’s GOES Lightning Mapper) detect lightning flashes
Utility to monitor eruptions in real time.
Aviation Safety Detecting lightning helps identify ash-laden regions, crucial for avoiding airspace hazards.
Atmospheric Offers insights into aerosol-electric field interactions and upper-atmospheric conductivity changescaused by volcanic
Science emissions.
Recent Examples
Volcano Location Year Observation
Hunga Tonga-Hunga Tonga (Pacific 2022 Recorded over 400,000 lightning strikes during the eruption—the most intense on
Ha’apai Ocean) record.
Mount Etna [taly 2021 Continuous lightning flashes observed with high ash plume emission.
Mount Sakurajima Japan 2019 | Frequent vent lightning correlated with explosive eruptions.

Scientific and Technological Relevance

e Monitoring Tools:
o Ground-based radio-frequency sensors and optical cameras track lightning in real time.
o Satellite-based lightning detectors provide global observation networks.
e Research Implications:
o Helps scientists estimate eruption magnitude, ash particle charge distribution, and plume dynamics.
o Offers analogs for understanding electrical processes on other planets, such as Jupiter’s volcanic moon lo.

Conclusion

Volcanic lightning epitomizes the intersection of Earth’s internal and atmospheric energy systems—a vivid reminder of nature’s
interconnectedness. Beyond its visual grandeur, it serves as a valuable scientific tool for eruption monitoring, disaster management, and
atmospheric research. Strengthening satellite-based detection and integrating it into volcano early warning systems can significantly
enhance global preparedness for volcanic hazards.

Mains Practice Question:

“Volcanic lightning provides both a spectacle of nature and a scientific tool for eruption monitoring. Explain the mechanism behind this
phenomenon and discuss its significance in disaster management and atmospheric research.”
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Christmas Island: India—Pacific Strategic Link

o Syllabus Mapping:

GS Paper I - Geography (World and Physical Geography)

GS Paper II - International Relations (Geopolitical and Strategic Locations)
GS Paper III - Environment and Ecology (Biodiversity and Conservation)

Introduction

Recently, Google announced plans to establish a major Artificial Intelligence (AI) data centre on Christmas Island, an external territory of
Australia located in the Indian Ocean. Beyond its technological potential, Christmas Island holds immense strategic, ecological, and environmental
importance, often referred to as the “Galapagos of the Indian Ocean” for its exceptional biodiversity and unique natural heritage.

Geographical Profile of Christmas Island

Feature Details
Location Situated in the Indian Ocean, approximately 1,500 km northwest of the Australian mainland and 350 km south of Java
(Indonesia).
Area Around 135 square kilometres.
Political An Australian external territory, administered by the Australian government under the Department of Infrastructure,
Status Transport, Regional Development and Communications.
Capital Flying Fish Cove.
Population Approximately 1,800 residents (2024 estimate), primarily of Chinese, Malay, and European descent.

Time Zone UTC +7 (no daylight saving).
Ecological and Environmental Significance

1. Biodiversity Hotspot

e Nicknamed the “Galapagos of the Indian Ocean”, the island hosts a unique ecosystem isolated for millions of years.
e Over 60% of its area is designated as Christmas Island National Park, managed by Parks Australia.

2. Red Crab Migration

e Famous for the annual migration of nearly 50 million red crabs from forest to sea for breeding.
o This event, described by David Attenborough as one of the “greatest animal migrations on Earth,” has become an ecological spectacle and
conservation success story.

3. Marine Diversity

e Surrounded by pristine coral reefs, the island supports whale sharks, dolphins, and seabird colonies.
e The Christmas Island Marine Park, covering over 3,500 sq km, helps conserve marine biodiversity and coral ecosystems.

4. Conservation Challenges

o Threats include invasive species, plastic pollution, and potential industrial expansion linked to infrastructure projects such as the
proposed Al data centre.
o Balancing development with ecological preservation is a growing concern for Australian environmental authorities.

Strategic and Geopolitical Importance

Aspect Strategic Relevance

Geographic Location Sits at a critical maritime crossroad—close to the Sunda Strait, Lombok Strait, and Malacca Strait—key routes for
global trade and energy supply.

Security Dimension Offers strategic vantage points for maritime domain awareness and surveillance in the Indo-Pacific.

Geo-digital The planned Google Al data centre enhances the island’s role in the digital Indo-Pacific network, potentially acting as
Significance a data relay and storage hub for the region.

Environmental Strengthens Australia’s positioning in regional blue economy and climate conservation dialoguesunder the Quad and
Diplomacy ASEAN frameworks.

Christmas Island in Contemporary Context

e The establishment of a large-scale Al data centre by Google signals the island’s entry into global digital infrastructure networks.
e The project is expected to enhance data processing capacity, submarine cable connectivity, and regional cybersecurity architecture.
o However, environmental experts caution against ecological disruption, urging adherence to sustainable development

principles and impact assessments.
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Broader Significance

Dimension Importance
Environmental A rare example of island biodiversity conservation integrated with eco-tourism.
Economic Potential to become a digital and eco-tourism hub for the Indian Ocean region.
Strategic Acts as a strategic outpost for Australia in the Indo-Pacific maritime network, critical for trade, communication, and security.
Scientific Offers opportunities for climate change and marine ecosystem research.
Conclusion

Christmas Island stands at the intersection of ecology, technology, and geopolitics. As Australia deepens its Indo-Pacific engagement,

balancing technological advancement with ecological preservation will be crucial.

The island’s dual identity—as a biodiversity sanctuary and a strategic digital frontier—symbolizes the broader challenge of achieving sustainable
development in sensitive ecological regions.

Mains Practice Question:

“Christmas Island, often called the ‘Galapagos of the Indian Ocean,’ is emerging as both a strategic and technological hub. Discuss its
ecological significance and geopolitical relevance in the Indo-Pacific context.”

WMO Climate Update for COP30

» Syllabus Mapping:
GS Paper I - Geography (Climate Change)
GS Paper III - Environment and Disaster Management

Introduction

The World Meteorological Organization (WMO) released its “State of the Climate Update for COP30”, warning that 2025 could become the 2nd
or 3rd warmest year on record and that the world is not on track to meet the Paris Agreement’s 1.5°C target.

Key Findings
o Warmest Decade: 2015-2025 is projected to be the warmest 11-year period in 176 years.
e GHG Concentrations: Atmospheric levels of CO,, CH,4, and N, 0 reached record highs in 2024 and continue to rise.

o Global Temperature: The last 11 years have been the warmest in recorded history.
o Energy Transition: Although renewable energy is expanding, it is insufficient to offset cumulative emissions.

Significance
o Reflects the failure to meet emission reduction commitments under Paris targets.

o Reinforces the urgency of science-informed policy and adaptation strategies.
o Highlights the need to integrate renewable energy growth with deep decarbonisation pathways.

Conclusion

The WMO's update reiterates that incremental climate action is no longer enough. The focus must shift to systemic transformations in energy,
food, and land-use systems to meet climate neutrality before mid-century.

Mains Practice Question:

“The latest WMO report signals that the world is not on track to limit warming to 1.5°C. Analyse the implications for global and Indian
climate policy.”

Typhoon Kalmaegi: Understanding Tropical Cyclones and Regional Impacts

» Syllabus Mapping:
GS Paper I - Geography (Climatology, Tropical Cyclones)
GS Paper III - Disaster Management

About Typhoon Kalmaegi

e Recently made landfall in the central Philippines.
o Typhoons are tropical cyclones formed over the Western Pacific Ocean.
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Favourable Conditions

e« Warm ocean waters (above 26°C).
e Moist atmosphere and rapid cooling with altitude.
e Pre-existing disturbance and weak vertical wind shear.

Nomenclature
Region Name Used
Atlantic / NE Pacific Hurricane
Indian Ocean Cyclone
Western Pacific Typhoon
Australia Willy-Willies

Mains Practice Question:
“Differentiate between tropical cyclones, hurricanes, and typhoons. Explain the conditions necessary for their formation.”

Tirupati Stampede: Managing Crowd Disasters

o Syllabus Mapping:

GS Paper III - Disaster Management (Man-made Disasters and Institutional Frameworks)
GS Paper II - Governance (Public Safety, Accountability, and Coordination among Agencies)
GS Paper I - Society (Impact of Religious Gatherings and Urban Congestion)

Introduction

The tragic stampede at Andhra Pradesh’s Venkateswara Swamy Temple once again underscores India’s recurring challenge in managing large
crowds during mass gatherings, especially in religious, political, and cultural events.

The National Disaster Management Authority (NDMA) classifies stampedes as man-made disasters, emphasizing that such incidents are
preventable through systemic planning, accountability, and technology-enabled monitoring.

I. Understanding Stampedes: Nature and Classification

e A stampede or crowd crush occurs when a sudden crowd surge arises due to a perceived threat, panic, or loss of movement space.
o Itoften leads to asphyxiation, trampling, and crushing injuries, resulting in mass casualties.
e The NDMA defines stampedes as “mass movement disasters resulting from human mismanagement rather than natural causes.”

I1. Recent Instances in India

Location / Event Year Trigger
Bengaluru - RCB IPL celebration 2024 Sudden surge and lack of barricades
New Delhi Railway Station 2023 Kumbbh-related rush, overcapacity
Prayagraj (Kumbh Mela) 2019 Crowd panic on a narrow bridge
Vaishno Devi Shrine (J&K) 2022 Overcrowding during New Year rush
Hathras, UP 2024 Religious congregation exceeding permissible capacity

These examples highlight a pattern of administrative negligence, weak enforcement of safety norms, and failure of inter-agency coordination.

I11. Why India is Prone to Stampedes

1. Weak Administrative Oversight
e Venues often exceed permitted capacity limits.
o Barricades, exits, and escape routes are poorly designed or absent.
o Safety audits are rarely enforced prior to large gatherings.

2. Poor Planning and Coordination

e Lack of joint planning between local administration, police, fire services, and event organizers.
e No unified command structure to manage emergencies.

3. Limited Technological Intervention

e Absence of real-time crowd-density analytics, Al surveillance, and drone-based monitoring.
o Inadequate use of digital tools for early warnings or crowd diversion.
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4. Socio-Behavioral Factors
o Rising pilgrimage tourism with increasing prosperity and mobility.
o High population density in congested urban areas.

e Panic behaviour, poor crowd discipline, and rumour propagation during emergencies.
e Untrained staff and slow response time during rescue operations.

I'V. NDMA Guidelines on Managing Mass Gatherings

NDMA has laid out a comprehensive Crowd Management Framework emphasizing planning, infrastructure, and technology integration.

Area Guideline
Traffic Regulation Restrict vehicular movement near temples or pandals to prevent bottlenecks.
Clear Signage Display entry/exit maps prominently; use multilingual boards.
Crowd Flow Control Use barricades and maintain queue systems with adequate spacing.
Surveillance & Monitoring Install CCTV cameras, drones, and deploy Al-based alert systems for crowd density tracking.
Space Management Remove unauthorized shops and parking; maintain clear pedestrian pathways.
Emergency Preparedness @ Set up medical tents, ambulance bays, and fire safety systems near venues.
Public Awareness Run campaigns on safe movement behaviour during events.

Example: The Kumbh Mela Disaster Management Plan (Prayagraj, 2019) incorporated NDMA'’s crowd modelling simulations and traffic control
grids to reduce fatalities compared to earlier editions.

V. Way Forward: Preventing Future Stampedes

1. Digital & Predictive Monitoring

o Integrate GIS-based crowd mapping, thermal imaging, and IoT sensors to monitor real-time footfall.
o Use Al-powered predictive tools to forecast dangerous density zones.

Example: The Tamil Nadu Police piloted a “Smart Crowd Control System” using drones at Rameswaram during 2023 Thaipoosam festival.
2. Regulatory and Legal Reforms
e Mandate crowd safety audits before permissions for mass gatherings.
o Enforce criminal liability on organizers and officials for negligence.
o Update the Disaster Management Act to incorporate Crowd Disaster Protocols.

3. Infrastructure Improvements

o Build wider entry-exit corridors, emergency escape routes, and pressure-relief zones in pilgrimage sites and stadiums.
o Deploy trained disaster response teams (NDRF & SDRF) at large events.

4. Institutional Coordination
o Establish a Unified Command and Control Centre (UCCC) at district level integrating police, disaster authorities, fire services, and health
departments.
e Ensure mock drills, communication protocols, and radio networks remain functional.

5. Public Behavioural Awareness

e Conduct community-based disaster awareness campaigns in schools, local bodies, and religious institutions.
e Promote “Do’s and Don’ts” of safe pilgrimage participation via social media and local radio.

VI. Analytical Perspective
As per Prof. Keith Still (Crowd Science Expert), “Crowd disasters are failures of management, not behaviour.”
This holds true for India where infrastructural and planning lapses—not public panic alone—drive fatalities.

Incorporating scientific crowd modelling and behavioural analytics can make mass gatherings both safe and culturally vibrant.

Moreover, given India’s deep-rooted religious tourism economy, integrating crowd management into the National Disaster Risk Reduction
(NDRR) Framework is a pressing necessity.

Conclusion

The Venkateswara Swamy Temple tragedy highlights the urgent need for systemic reform in crowd management across India’s socio-religious

spaces.
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The NDMA's guidelines provide a strong foundation, but implementation remains weak.
By leveraging digital technology, accountability mechanisms, and infrastructure redesign, India can transform its approach from reactive crisis
response to proactive disaster prevention, ensuring that faith gatherings remain safe, orderly, and inclusive.

Mains Practice Question:
“Stampedes in India are often classified as man-made disasters. Discuss the causes behind their recurrence and evaluate the effectiveness of
NDMA'’s crowd management framework in mitigating such tragedies.”

SOCIAL JUSTICE AND SOCIETY

Universal Basic Income: Redesigning Welfare

o Syllabus Mapping:

GS Paper II - Governance (Welfare Schemes and Social Justice)

GS Paper III - Indian Economy (Inclusive Growth, Poverty, and Employment)
GS Paper IV - Ethics (Human Dignity, Empowerment, and Equity)

Introduction

The idea of a Universal Basic Income (UBI)—a periodic, unconditional cash transfer to all citizens—has re-emerged in policy discussions amid
India’s shifting socio-economic landscape.

Originally proposed in the Economic Survey 2016-17, UBI was envisioned as an alternative to fragmented welfare schemes and a tool for
ensuring minimum economic security to every citizen.

With deepening wealth inequality, technology-induced job loss, and growing economic insecurity, the concept is now more relevant than ever in
redefining India’s welfare state.

Context: The Growing Relevance of UBI

1. Rising Wealth Inequality
e India’s income and wealth concentration have reached levels unseen since pre-independence times.
e According to Oxfam India (2023), the top 10% hold nearly 77% of national wealth, while the bottom 50% own less than 10%.
o Fragmented welfare delivery often fails to reach the poorest due to bureaucratic leakages and targeting inefficiencies.

2. Technology-Led Job Displacement

o Automation, Artificial Intelligence (Al), and robotics are increasingly reducing demand for routine and semi-skilled jobs.
o India’s informal sector (*80% workforce) faces vulnerability to technological substitution without adequate reskilling.

3. Economic Insecurity and Precarious Work

o Therise of gig and platform-based employment has created income volatility and limited access to traditional social protection.
e UBI could serve as a stabilizing income floor, enabling workers to manage uncertainty and invest in self-improvement.

4. Socio-Environmental Stresses

o Climate-induced displacement, agricultural distress, and mental health burdens are eroding household resilience.
e A guaranteed basic income could cushion vulnerable families against such multi-dimensional shocks.

Concept and Core Principles of UBI

Principle Explanation
Universality Every citizen is entitled to receive the benefit, eliminating exclusion errors.
Unconditionality No preconditions such as employment status, gender, or caste—reduces administrative complexity.
Periodic and Direct Transfer Regular payments ensure income stability and direct beneficiary empowerment.
Agency and Dignity Empowers individuals to make independent economic and life choices rather than depend on intermediaries.

Definition:
UBI is a guaranteed, recurring, and unconditional cash transfer provided to all citizens, aimed at ensuring a minimum standard of living and
freedom from poverty.
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Economic Survey 201617 Perspective

e Introduced UBI as a “quasi-universal basic income”—suggesting gradual implementation starting with the poorest 75% of citizens.

e Proposed replacing multiple inefficient subsidies and welfare schemes with a direct income floor, improving targeting
efficiency through JAM trinity (Jan Dhan-Aadhaar-Mobile).

o Estimated fiscal cost at 4-5% of GDP, arguing that UBI would streamline welfare delivery and reduce leakages.

Global Experiences and Lessons

Country UBI Model / Trial Key Outcomes

Finland (2017-19) €560 monthly payment to unemployed Improved mental well-being and employment satisfaction.
citizens

Kenya (GiveDirectly Mobile-based transfers to rural poor Enhanced food security, asset creation, and reduced stress.

Project)

Canada (Ontario Pilot) Targeted low-income individuals Improved health and community engagement before premature

closure.

Iran Universal fuel-subsidy compensation Increased household consumption without inflationary surge.

transfers

These examples show that UBI can enhance welfare outcomes, especially in health, education, and social stability, when implemented with fiscal
prudence.

Advantages of UBI

1. Poverty Alleviation:
Ensures a minimum income floor, reducing multidimensional poverty.
2. Administrative Simplicity:
Eliminates the need for complex targeting, minimizing leakages and corruption.
3. Gender Empowerment:
Direct transfers to women promote financial autonomy and intra-household equity.
4. Economic Flexibility:
Supports workers during economic transitions, enabling entrepreneurship and reskilling.
5. Social Stability:
Reduces desperation-driven social unrest by providing economic security.

Challenges and Criticisms

Challenge Explanation
Fiscal Feasibility Estimated annual cost could exceed ¥12-15 lakh crore, posing fiscal constraints.
Inflationary Risk Direct cash injection might spur inflation if supply-side capacity is limited.
Moral Hazard Critics fear reduced work incentives, though evidence remains mixed.

Implementation Capacity Requires robust financial inclusion and Aadhaar-linked delivery mechanisms.
Risk to Existing Schemes @ A blanket rollout may undermine targeted programs like PDS, MGNREGA, or PM-KISAN if poorly synchronized.

Possible Pathways for Implementation

1. Phased Rollout (Quasi-UBI):

Begin with vulnerable groups—such as farmers, women, or informal workers—before universal expansion.
2. Fiscal Rationalization:

Consolidate non-merit subsidies and inefficient welfare schemes to fund UBI.
3. Use of JAM Infrastructure:

Leverage Jan Dhan-Aadhaar-Mobile ecosystem for direct benefit transfers (DBTs) to ensure transparency.
4. Complementary Role:

Implement UBI alongside core welfare schemes, not as a replacement, maintaining food and health safety nets.
5. Data-Driven Monitoring:

Establish real-time analytics to track utilization, inflationary effects, and regional impacts.

Ethical and Philosophical Dimensions

)y

e John Rawls’ “Theory of Justice” advocates redistribution to ensure fairness and equality of opportunity.
e Amartya Sen’s Capability Approach supports UBI as a means to enhance individual freedom and choice.
e Ittransforms welfare from state-directed charity to rights-based empowerment, emphasizing dignity and self-determination.

Conclusion

The debate on Universal Basic Income reflects a broader transition from subsidy-driven welfare to citizen-centric empowerment.
In an era of automation, inequality, and environmental shocks, UBI offers a resilient social protection framework that complements growth with
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justice.
However, its success will depend on fiscal sustainability, political consensus, and integration with existing welfare structures.
If implemented thoughtfully, UBI could redefine India’s social contract, ensuring economic security and human dignity for all.

Mains Practice Question:

“Universal Basic Income (UBI) represents a paradigm shift in welfare delivery, balancing efficiency with equity. Critically analyze its
feasibility and implications for India’s socio-economic transformation.”

Bangladesh Typhoid Vaccine Initiative

o Syllabus Mapping:
GS Paper II - Social Justice (Health and Immunization)
GS Paper III - Science & Technology (Biotechnology and Vaccines)

About Typhoid Conjugate Vaccine (TCV)

« Single-dose injectable vaccine protecting against Salmonella Typhi.
o Example: Typbar TCV (Bharat Biotech, India).
e Induces long-term immunity even in children under two years.

Typhoid Disease
o Cause: Salmonella Typhi bacteria.
e Transmission: Contaminated food and water.

e Symptoms: Prolonged fever, abdominal pain, nausea, and fatigue.

Mains Practice Question:
“Evaluate the importance of Typhoid Conjugate Vaccines in reducing the global burden of waterborne diseases.”

HISTORY, ART & CULTURE

Baliyatra Festival: Odisha’s Maritime Legacy

b4 Syllabus Mapping:
GS Paper I - Indian Culture (Festivals, Art, and Maritime History)

Introduction

The Baliyatra Festival, celebrated annually in coastal Odisha during Kartika Purnima, commemorates the glorious maritime legacy of ancient
Odisha and its trade links with Southeast Asia, especially the island of Bali.

Cultural and Historical Context

e Marks the day when Odia sailors (Sadhabas) embarked on seafaring voyages to Java, Sumatra, Sri Lanka, and Bali.
e Associated with legends like “Taapoi” and rituals such as “Khudurukuni Osha” and “Bada Osha”.
e Symbolizes India’s ancient maritime and cultural exchange traditions.

Significance
e Reflects India’s maritime diplomacy heritage.

e Promotes tourism and regional identity in Odisha.
o Strengthens awareness of ancient trade networks along the Bay of Bengal.

Conclusion
The Baliyatra festival is not just a cultural celebration but a living testimony to India’s maritime civilization, linking history, trade, and faith.

Mains Practice Question:
“Examine the historical and cultural significance of the Baliyatra Festival in reflecting India’s ancient maritime connections with Southeast

Asia.”
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ENVIRONMENT & ECOLOGY

Rhesus Macaque: Legal Protection Restored

b 4 Syllabus Mapping:

GS Paper III - Environment, Biodiversity, and Conservation

GS Paper II - Governance (Statutory and Regulatory Bodies: Wildlife Board)
GS Paper IV - Ethics (Human-Animal Interface and Compassion in Policy)

Introduction

The Standing Committee of the National Board for Wildlife (NBWL) has recommended the reinstatement of the Rhesus Macaque (Macaca
mulatta) under Schedule II of the Wildlife (Protection) Act, 1972.

This move aims to restore statutory protection to the species against illegal capture, trade, and cruelty, reversing its earlier exclusion that had
weakened conservation safeguards.

The decision underscores the government’s recognition of the growing human-wildlife conflict and the need for compassionate, legal
protection of common yet ecologically vital species.

About Rhesus Macaque
Parameter Details

Scientific Name Macaca mulatta

Common Name Rhesus Macaque

Distribution Native to mainland Asia—widely found across India, Nepal, Bangladesh, Pakistan, Myanmar, and southern
China

Habitat Highly adaptable - thrives in forests, grasslands, rural, and even urban environments

Diet Omnivorous - feeds on fruits, seeds, insects, grains, and human food waste

Behavior Both arboreal (tree-dwelling) and terrestrial (ground-dwelling); highly social and intelligent

Genetic Significance Shares 93% of genetic sequence identity with humans, making it a key species in biomedical and behavioral
research

IUCN Status Least Concern (LC)

Proposed Schedule Schedule II - ensuring legal protection against capture and cruelty

(India)

Ecological and Scientific Significance

1. Ecosystem Role

o Acts as a seed disperser, aiding in forest regeneration and ecological balance.

o Serves as a prey species for larger carnivores, contributing to food chain stability.
2. Genetic and Medical Relevance

o Extensively used in medical research, especially in neuroscience, vaccine testing, and behavioral studies.

o Played a vital role in development of vaccines (including early polio research) due to its genetic proximity to humans.
3. Cultural Symbolism

o Revered in several Indian traditions, especially where monkeys are associated with Lord Hanuman.

o This cultural reverence has simultaneously aided survival and fueled conflict through feeding practices in urban settings.

Need for Reinstatement under Schedule 11

1. Rising Human-Monkey Conflict

o Expanding urbanization and deforestation have pushed Rhesus macaques into cities, causing property damage, aggression, and injuries.
e Yet, legal protection is essential to prevent violent control methods, ensuring humane conflict managementthrough scientific approaches.

2. Rampant Capture and Cruelty

e In some regions, macaques have been illegally captured for trade, used in entertainment, laboratory experiments, or subjected to culling.
e Reinstatement under Schedule II will criminalize such acts, offering statutory redress.

3. Regulating Research and Captivity
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e With Schedule II protection, the species’ use in scientific research will require stringent ethical and institutional clearances, aligning
with CPCSEA (Committee for the Purpose of Control and Supervision of Experiments on Animals) norms.

Legal and Policy Context

Provision / Institution Role and Relevance

Wildlife (Protection) Act, 1972 Provides graded protection to wild species across Schedules I-VI. Schedule II ensures high penalties for
illegal capture and harm.

National Board for Wildlife Apex statutory body under Section 5A of the Act; advises on wildlife protection and conservation policy.
(NBWL)
Precedents Similar protection reinstated for common species like Indian Peafowl (Schedule I) due to ecological and

cultural significance.
Conservation Challenges

o Habitat Fragmentation: Urban expansion reduces forest connectivity, forcing macaques into human settlements.

e Tourism and Feeding Practices: Feeding monkeys for religious or entertainment purposes reinforces dependence and aggression.

o Lack of Awareness: Public perception often swings between reverence and hostility, complicating conservation messaging.

o Disease Transmission Risks: Increased human-macaque proximity raises risks of zoonotic disease transmission(e.g., herpes B virus,
simian foamy virus).

Suggested Measures for Sustainable Management

1. Habitat Restoration and Corridors:
o Develop green corridors linking fragmented habitats to reduce urban incursions.
2. Scientific Conflict Mitigation:
o Implement sterilization and relocation programs guided by animal welfare norms.
3. Behavioral Awareness Campaigns:
o Educate citizens to avoid feeding wildlife, ensuring coexistence without dependency.
Strengthened Enforcement:
o Enhance Wildlife Crime Control Bureau (WCCB) operations against illegal capture and trade.
5. Ethical Oversight in Research:
o Strict monitoring of animal testing institutions to ensure humane standards.

-

Conclusion

The reinstatement of the Rhesus Macaque under Schedule II of the Wildlife (Protection) Act, 1972 is a timely and balanced measure. It
acknowledges both the species’ ecological importance and the ethical obligation to protect it from exploitation and cruelty. Going forward,
effective habitat management, public awareness, and scientific regulationwill be key to fostering a harmonious coexistence between humans
and primates, preserving the ecological and moral fabric of India’s biodiversity governance.

Mains Practice Question:
“The reinstatement of the Rhesus Macaque under Schedule II of the Wildlife (Protection) Act, 1972 reflects India’s evolving approach to
human-wildlife coexistence. Discuss the ecological, ethical, and policy dimensions of this decision.”

India’s First Vulture Assessment

» Syllabus Mapping:

GS Paper III - Environment, Biodiversity, and Conservation

GS Paper II - Governance (Wildlife Protection and Policy Implementation)

GS Paper IV - Ethics and Environment (Conservation Ethics and Ecological Responsibility)

Introduction

The Wildlife Institute of India (WII) has released the first-ever Pan-India Assessment and Monitoring of Endangered Species (Vultures) in
2025, providing a comprehensive population status report of India’s critically endangered vulture species.

This assessment marks a landmark in avian conservation, as it provides baseline scientific data on the distribution, nesting sites, and conservation
challenges of vultures—nature’s most efficient scavengers that play a vital ecological role in disease control and ecosystem health.

Background and Context

o India once hosted millions of vultures, but populations collapsed by over 97% during the late 1990s and early 2000s due to diclofenac
poisoning—a veterinary drug fatal to scavenging birds.

o Despite policy interventions and drug bans, recovery has been uneven and localized.

e The WII's new assessment provides the first national-level quantitative data on breeding adults and nesting populations across India,
serving as a baseline for long-term monitoring and conservation planning.
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Major Findings of the WII Assessment

Parameter Key Findings
Geographic Scope Surveys conducted across 216 sites in 17 states.
Range Contraction Nesting activity absent in 70% of historical breeding sites, showing sharp range shrinkage.
Protected Area Dependence 54% of all documented nests were found within Protected Areas (PAs)—showing growing habitat dependency.
Population Focus Focused on four Critically Endangered species: White-rumped, Indian, Slender-billed, and Red-headed vultures.

Species-Specific Findings
Species (Scientific Distribution & Key Sites Ecological Notes

Name)
Indian Vulture (Gyps Found mainly in Madhya Prefers cliff-based nesting; reliant on secure and
indicus) Pradesh and Rajasthan (notably Mukundra Hills Tiger undisturbed sites.

Reserve).

White-rumped Vulture Concentrated in Kangra Valley, Himachal Pradesh. Known for tree-nesting behavior; population
(Gyps bengalensis) slightly stable post-diclofenac ban.
Slender-billed Vulture Breeding populations confined to Upper Assam. Extremely limited range; dependent on tall trees in
(Gyps tenuirostris) remote forested areas.
Red-headed Vulture Found in Madhya Pradesh; isolated populations in central India. = Requires dense, undisturbed forest ecosystems;
(Sarcogyps calvus) population highly fragmented and minimal.

About Vultures: Ecological and Conservation Context

Ecological Role

o Nature’s cleanup crew: Feed exclusively on carcasses, preventing the spread of zoonotic diseases like anthrax and rabies.
o Ecosystem stability: Maintain nutrient cycling and reduce contamination of water sources from decomposing carcasses.

Distribution in India

e Indiais home to nine vulture species, of which four are Critically Endangered (IUCN Red List).

Species Group Conservation Status (IUCN)
White-rumped Vulture Critically Endangered
Indian Vulture Critically Endangered

Slender-billed Vulture Critically Endangered
Red-headed Vulture Critically Endangered

Egyptian Vulture Endangered
Himalayan Griffon Near Threatened
Eurasian Griffon Least Concern
Cinereous Vulture Near Threatened
Bearded Vulture Near Threatened

Conservation Status under Indian Law

e All vulture species are listed under Schedule I of the Wildlife (Protection) Act, 1972, providing them the highest level of legal protection.
o This inclusion ensures stringent penalties for hunting, capturing, or harming these birds.

Major Threats
Threat Impact
Diclofenac Poisoning Veterinary anti-inflammatory drug toxic to vultures consuming treated carcasses; causes kidney failure.
Habitat Loss Deforestation and disturbance of nesting cliffs and tall trees.
Food Scarcity Decline in availability of livestock carcasses due to carcass burial and modern slaughter practices.
Electrocution & Collisions Overhead power lines pose electrocution risks.
Low Reproductive Rate One egg per year; slow population recovery despite interventions.

Conservation Measures and Policy Initiatives

1. Ban on Toxic Drugs
o Government banned veterinary diclofenac (2006) and later extended restrictions to ketoprofen and aceclofenac.
2. Vulture Safe Zones (VSZs)
o Established in vulture-rich areas across states to ensure safe food sources and minimize poisoning incidents.
3. Action Plan for Vulture Conservation (2020-2025)
o Objectives:
= Establish Vulture Conservation Breeding Centres (VCBCs).
= Pharma monitoring to detect illegal NSAID sales.
= C(Create a national vulture database for coordinated management.
o Implemented under the Ministry of Environment, Forest and Climate Change (MoEFCC).
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4. Ex-situ and In-situ Efforts

o Captive breeding programs at Pinjore (Haryana), Assam, and West Bengal have shown success in reintroducing vultures into the wild.
5. Awareness and Research

o Ongoing ecological monitoring and community outreach to prevent use of harmful veterinary drugs and promote safe carcass disposal.

Policy and Governance Significance

e The WII's assessment provides a data-driven baseline for:

o Prioritizing conservation hotspots (e.g., Kangra, Mukundra, Upper Assam).

o Integrating vulture management within national biodiversity strategies.

o Enhancing coordination among forest departments, pharma regulators, and local communities.
e Aligns with India’s commitments under Convention on Migratory Species (CMS) and CBD Aichi Targets.

Conclusion

The Pan-India Vulture Assessment (2025) is a crucial milestone in understanding the current state of India’s avian scavengers, which once
dominated the skies and ecosystems.

The findings—particularly the 70% nesting site loss and overreliance on protected areas—highlight the urgent need for restored habitats,
stricter drug enforcement, and continued breeding programs.

Rebuilding vulture populations will not only restore ecological balance but also reaffirm India’s commitment to biodiversity conservation and
sustainable ecosystem management.

Mains Practice Question:
“Vultures serve as critical ecological custodians, yet their populations continue to decline despite policy efforts. Discuss the key findings of
the Wildlife Institute of India’s 2025 assessment and suggest measures to strengthen vulture conservation in India.”

Transforming Global Food Systems

o Syllabus Mapping:

GS Paper III - Environment (Climate Change, Sustainable Agriculture, and Biodiversity)
GS Paper II - Governance and Social Justice (Food Security and Nutrition Policies)

GS Paper III - Economic Development (Agriculture and Resource Efficiency)

Introduction

The EAT-Lancet Commission’s 2025 report underscores that global food systems, even with a complete transition away from fossil fuels, could
still breach the Paris Climate target of 1.5°C.

This warning highlights that the crisis in food systems—encompassing production, consumption, and waste—is now central to solving not

only climate change, but also human health, biodiversity loss, and global inequality.

Transforming how the world produces and consumes food is therefore no longer just a sustainability goal—it is an existential imperative.

Understanding Food Systems

e Definition:
“Food systems” encompass all interconnected activities involved in food production, processing, distribution, consumption, and disposal,
along with their social, economic, and environmental outcomes.
e These systems influence:
o Climate - through greenhouse gas emissions and land-use change.
o Health - through nutrition and disease patterns.
o Biodiversity - through habitat loss and agricultural expansion.
o Equity and Justice - through labour, resource access, and consumption inequality.

Key Highlights of the EAT—Lancet 2025 Report

1. Food Systems and Planetary Boundary Transgressions

The report identifies that food systems alone are driving transgressions of five out of nine planetary boundaries—the ecological limits within
which humanity can safely operate.

Planetary Boundary Food System Impact
Land System Change Deforestation and habitat loss due to crop and livestock expansion.
Biosphere Integrity Decline in pollinators and species extinction from pesticide use.
Freshwater Change Over-extraction for irrigation (accounts for ~70% of global freshwater use).
Biogeochemical Flows Excess nitrogen and phosphorus from fertilizers leading to eutrophication.

Greenhouse Gas Emissions Agriculture contributes ~30% of total GHGs (methane, nitrous oxide, CO;).
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These interlinked pressures are undermining ecosystem stability and pushing the Earth beyond its safe operating limits.
2. Food Inequality and Environmental Justice

e The richest 30% of global population are responsible for over 70% of environmental pressures caused by food systems.
e Overconsumption and waste in high-income nations coexist with malnutrition and hunger in low- and middle-income countries.
e The report highlights that food inequality mirrors broader climate injustice—those least responsible for damage bear the highest risks.

3.India’s Context

e Despite declining relative share in GDP, agriculture will remain a major employment source by 2050, engaging a large rural labour force.
o India faces the challenge of balancing nutrition goals, livelihood security, and environmental sustainability.
e Structural transformation in Indian food systems must therefore address productivity, inclusivity, and ecological

regeneration simultaneously.

Key Recommendations to Transform Food Systems

1. Adoption of the Planetary Health Diet (PHD)

e Proposed as a balanced and sustainable global dietary framework.
o Emphasizes plant-based foods (whole grains, fruits, legumes, nuts, vegetables) and moderate animal-source foods (fish, dairy, meat).
e Benefits:

o Reduces diet-related diseases such as obesity and cardiovascular ailments.

o Cuts agriculture-driven GHG emissions and deforestation.

o Promotes nutritional adequacy and food justice.

~ The EAT-Lancet Commission estimates that adopting the PHD globally could prevent up to 11 million premature deaths per year.

2. Conservation Agriculture

o Integrates ecological intensification to sustain productivity while restoring soil health.
o Core Practices:
o Reduced soil disturbance (minimal tillage).
o Continuous soil cover (mulching or cover crops).
o Crop diversification (rotations, intercropping).
o Enhances carbon sequestration, water retention, and soil biodiversity, reducing dependence on chemical inputs.

3. Policy Integration and Global Cooperation
e Food systems must be aligned with international environmental frameworks and national policy goals.

Framework / Agreement Relevance to Food System Transformation
Paris Agreement (2015) Integrate agriculture in Nationally Determined Contributions (NDCs)to mitigate
climate impacts.
Kunming-Montreal Global Biodiversity Framework Restore agricultural landscapes and conserve agrobiodiversity.
(2022)
UN SDG 2 (Zero Hunger) Ensure equitable access to safe, nutritious, and sustainable food.
National Food-Based Dietary Guidelines Encourage dietary shifts consistent with the Planetary Health Diet.

Interlinkages: Climate, Health, Biodiversity, and Justice

Dimension Impact of Food System Transformation
Climate Change Reduces GHG emissions and enhances carbon sinks through regenerative agriculture.
Public Health Prevents malnutrition and non-communicable diseases through balanced diets.
Biodiversity Protects habitats, pollinators, and genetic diversity in crops and livestock.
Social Justice Ensures fair resource distribution, sustainable livelihoods, and reduced inequality.

The report stresses that transforming food systems offers co-benefits across multiple global crises—a “quadruple dividend” for people, planet,
prosperity, and peace.

Challenges Ahead

o Political Economy of Diets: Powerful agribusiness lobbies and cultural food preferences resist dietary transition.
e Policy Fragmentation: Agriculture, health, and environment ministries often work in silos.

e Economic Transition: Smallholder farmers need support to adopt sustainable practices without losing income.

e Behavioural Barriers: Changing food habits requires awareness, affordability, and social acceptability.

Way Forward
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Integrate Climate and Food Policies: Mainstream agriculture in climate adaptation and mitigation plans.

Promote Localized Food Systems: Encourage farm-to-table models, urban farming, and shorter supply chains.

Invest in Sustainable Agri-Innovation: Support research in climate-resilient crops, alternative proteins, and low-emission fertilizers.
Empower Farmers and Consumers: Ensure fair pricing, agroecology training, and awareness of sustainable diets.

Global Governance: Establish a UN-led Global Food Systems Council for monitoring sustainability indicators.

SANC O

Conclusion

The EAT-Lancet 2025 report makes it unequivocally clear: the global food system is at the heart of multiple crises—climate instability,
biodiversity loss, nutritional imbalance, and social inequality.

Transforming it through sustainable production, equitable consumption, and integrated policies is central to achieving both the Paris Climate
Goals and the Sustainable Development Goals (SDGs).

For India, reforming its food system must balance environmental limits with livelihood realities, positioning agriculture not as a problem, but as
the solution to a planetary future.

Mains Practice Question:

“Transforming food systems is crucial for solving interconnected crises of climate change, public health, biodiversity loss, and inequality.
Discuss the key findings of the EAT-Lancet Commission 2025 and their policy implications for India.”

Penal Compensatory Afforestation Rationalised

o Syllabus Mapping:
GS Paper III - Environment (Forest Conservation and Governance)

Introduction

The Forest Advisory Committee (FAC) of the Union Environment Ministry has proposed rationalisation of penal provisions under the Van
(Sanrakshan Evam Samvardhan) Adhiniyam, 1980, aiming to harmonise penalties related to forest violations.

Key Recommendations

o Penal Compensatory Afforestation (CA): To be imposed on an equal area of forest land involved in violation.

o Alignment with Penal NPV: The Net Present Value (NPV)—monetary valuation of ecosystem services lost—should correspond with
the extent of violation.

e Objective: Ensure uniformity, transparency, and proportional accountability across states.

Significance

o Encourages compliance and environmental accountability in infrastructure projects.
e Helps streamline compensation mechanisms and avoids arbitrary penalties.
o Strengthens India’s forest governance framework under the updated Forest (Conservation) Amendment Act, 2023.

Conclusion

FAC’s recommendations reflect a move toward standardised environmental enforcement, ensuring that forest diversion costs reflect
true ecological loss while enabling responsible development.

Mains Practice Question:
“Discuss the importance of rationalising compensatory afforestation and NPV measures in ensuring sustainable forest governance in India.’

)y

Baku-Belém Roadmap: Financing Climate Action

o Syllabus Mapping:
GS Paper III - Environment (Climate Finance and Global Environmental Governance)
GS Paper II - International Relations (COP-30 and Global Commitments)

Introduction

The “Baku to Belém Roadmap to 1.3T Report”, released ahead of COP-30, urges developed countries to scale up predictable climate finance to
achieve USD 1.3 trillion annually by 2035, with an interim target of USD 300 billion.
The report outlines a “5R” mechanism to transform global climate finance architecture—moving from pledges to actual delivery.
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Five Action Fronts (SR Mechanism)

Component Description
1. Replenishment Developed nations must increase concessional finance and grants to meet rising climate adaptation needs.
2. Rebalancing IMF and multilateral banks should help restructure or alleviate unsustainable debt of developing nations.
3. Rechanneling Expand risk mitigation instruments and catalytic finance through development banks and climate funds.
4. Revamping Integrate climate and nature objectives into national budgets and planning systems.
5. Reshaping Reform global financial structures to enhance capital flows toward developing economies.
Significance

o Strengthens the global climate finance architecture under the Paris Agreement.
e Addresses climate justice by linking debt relief with green financing.
o Promotes predictable, scalable, and transparent financing flows for adaptation and mitigation.

Conclusion

The “Baku to Belém Roadmap” provides a strategic blueprint for equitable climate finance, emphasizing that finance is the bridge between
ambition and implementation. For India, it aligns with its call for “common but differentiated responsibilities” in global climate governance.

Mains Practice Question:

“Critically examine the ‘5R Mechanism’ outlined in the Baku to Belém Roadmap. How can such frameworks make global climate finance
more equitable and effective?”

Gogabeel Lake: Bihar’s New Ramsar Site

o Syllabus Mapping:
GS Paper III - Environment (Wetlands, Biodiversity Conservation)

Introduction

Gogabeel Lake, an oxbow wetland in Katihar district of Bihar, has been designated as India’s 94th Ramsar site, highlighting its ecological and
community significance.
It also holds the distinction of being Bihar’s first community reserve, underscoring the importance of local participation in wetland conservation.

About Gogabeel Lake
Feature Details
Type Oxbow lake formed by the meandering of rivers.
Formed by The Mahananda and Kankhar Rivers in the north and the Ganga River in the south and east.
Location Katihar district, Bihar.

Unique Status First community reserve in Bihar.
Ecological Significance

e Serves as a critical habitat for migratory and resident bird species.

o Contributes to flood mitigation and groundwater recharge.
e Supports local livelihoods through fishing and ecotourism.

Other Recent Ramsar Additions in Bihar

e Gokul Jalashay (Buxar District) - 92nd site.
o Udaipur Jheel (West Champaran District) - 93rd site.

Conclusion

The recognition of Gogabeel Lake as a Ramsar site underscores the need for community-led wetland governance and reinforces India’s commitment
to the Ramsar Convention (1971).

Mains Practice Question:

“Explain the ecological and socio-economic importance of oxbow lakes like Gogabeel. How does community participation strengthen
wetland conservation in India?”

59



IQRA IAS

An Institute for Civil Services

UNEP Emission Gap Report 2025

o Syllabus Mapping:
GS Paper III - Environment (Climate Change, Reports, International Conventions)
GS Paper II - International Relations (Global Environmental Governance)

Introduction

The United Nations Environment Programme (UNEP) released the “Emission Gap Report 2025: Off Target”, warning that current global climate
commitments are insufficient to meet the Paris Agreement’s 1.5°C goal.

Despite renewed pledges, the world remains far off track, with emissions still rising and a growing gap between scientific necessity and political
action.

Key Highlights of the Report

Parameter Finding
Projected Warming Updated Nationally Determined Contributions (NDCs) still imply a temperature rise of 2.3-2.5°C by 2100.
Paris Target Gap Fails to meet the goal of limiting warming to well below 2°C and pursuing 1.5°C.
Emission Levels Global GHG emissions rose 2.3% in 2024, reaching 57.7 GtCO.e.
Reduction To meet 1.5°C goal, emissions must fall by 55% by 2035.
Requirement

Regional Observations India and China recorded the highest absolute rise in GHGs, but India’s per capita emissionsremain below the
global average.

Analysis

o Global Responsibility Gap: Developed nations continue to fall short of climate finance and mitigation commitments.

« India’s Balanced Position: Despite rising emissions from growth, India remains committed to Net Zero by 2070and is
expanding renewables, green hydrogen, and carbon markets.

o Urgent Need for Transition: The report calls for deep decarbonization of industry and transport, emphasizing equity-based burden-
sharing.

Conclusion

The 2025 report underscores a crucial message — without transformative action by major economies and structural support for developing
countries, the world will breach safe climate thresholds.

India’s low per capita footprint highlights the importance of climate justice and differentiated responsibility in global mitigation efforts.
Mains Practice Question:

“The UNEP’s Emission Gap Report 2025 shows the world is still off target to limit warming. Analyse the implications for India’s climate
policy and global environmental leadership.”

Umngot River: Threat to Meghalaya’s Clear Waters

o Syllabus Mapping:
GS Paper III - Environment (Rivers, Pollution, Conservation)

Introduction

The iconic Umngot River in Meghalaya—famous for its emerald-green clarity—is turning murky, raising concerns about river ecosystem
degradation in ecologically sensitive northeastern India.

About Umngot River
Feature Details
Origin Eastern slopes of Shillong Peak, Meghalaya.
Flow Path Passes through Dawki (East Jaintia Hills) near the India-Bangladesh border, before entering Bangladesh.
Significance Acts as a natural boundary between Ri Pnar (Jaintia Hills) and Hima Khyrim (Khasi Hills).

Cultural and Economic Role Supports fishing, tourism, and cross-border trade.

Causes of Degradation

e Unregulated Tourism and boat traffic.
e Sand mining and deforestation in catchment areas.
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e Urban runoff and waste dumping.

Conclusion

Protecting Umngot’s pristine ecosystem demands sustainable tourism, watershed management, and community-based conservation, ensuring
the river remains a symbol of Meghalaya’s natural heritage.

Mains Practice Question:
“Discuss the ecological significance of the Umngot River and the challenges it faces due to unregulated human activity.”

Mussels as Indicators of Marine Microplastic Pollution

b 4 Syllabus Mapping:
GS Paper III - Environment (Pollution and Marine Ecology)

About Mussels

o Bivalve mollusks with blue-black shells that attach to marine surfaces.
o Filter-feeding organisms that trap microplastics and contaminants, making them vital bioindicators of ocean pollution.
e Rich in protein and widely consumed globally.

Significance

e Serve as sentinels of marine health, revealing trends in plastic contamination and chemical pollutants.
e Used in long-term marine monitoring programs across Europe and Asia.

Mains Practice Question:
“Explain how marine organisms like mussels act as natural indicators of ocean pollution and its implications for food security.

BIOTECHNOLOGY & HEALTH

NexCAR19: India’s Indigenous CAR-T Therapy

»

» Syllabus Mapping:

GS Paper II - Government Policies & Interventions (Health and Biotechnology Initiatives)
GS Paper III - Science & Technology (Biotechnology, Healthcare Innovations)

GS Paper III - Indian Economy (Public-Private Research and Affordable Healthcare)

Introduction

The development of NexCAR19, India’s first indigenous CAR-T Cell therapy, represents a historic advancement in cancer treatment and
biotechnology innovation.

Developed by ImmunoACT, a startup incubated at IIT Bombay and Tata Memorial Hospital, with support from the Department of Biotechnology
(DBT) and BIRAC (Biotechnology Industry Research Assistance Council), NexCAR19 has revolutionized affordable cancer immunotherapy.
Granted market authorization by the Central Drugs Standard Control Organisation (CDSCO) in 2023, it marks India’s entry into the elite group of
nations—Ilike the US and China—that have successfully commercialized CAR-T cell therapy.

Background and Development

Aspect Details
Developer ImmunoACT, a biotech company incubated under IIT Bombay and Tata Memorial Centre.
Regulatory Approval Approved by CDSCO in October 2023.
Supported by DBT and BIRAC, under the government’s National Biopharma Mission.
Target Disease B-cell cancers, including B-cell Acute Lymphoblastic Leukemia (B-ALL) and Lymphoma.
Therapy Name NexCAR19 — a fusion of “Next Generation” and “CAR-T Therapy”.

About CAR (Chimeric Antigen Receptor) T-Cell Therapy

Concept: CAR-T cell therapy is a form of personalized immunotherapy that uses a patient’s own T-cells (a type of white blood cell), genetically
modifying them to recognize and destroy cancer cells.
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Mechanism
Step Process
1. T-cell Extraction T-cells are collected from the patient’s blood.
2. Genetic Modification T-cells are engineered in the lab to express a Chimeric Antigen Receptor (CAR) that identifies cancer cell antigens.
3. Cell Expansion The modified CAR-T cells are multiplied in large numbers.
4. Infusion The engineered cells are reintroduced into the patient’s bloodstream.
5. Targeted Attack CAR-T cells recognize and destroy cancer cells, providing a targeted and lasting immune response.

Significance of NexCAR19

1. Indigenous Innovation and Cost Efficiency
o NexCAR19 reduces treatment costs by up to 70% compared to imported CAR-T therapies (which can exceed 34 crore per patient).
o Demonstrates India’s capability in advanced cell and gene therapy manufacturing.
2. Enhanced Patient Safety
o Designed with optimized receptors and safety mechanisms to minimize immune overactivation.
o Reduces risk of severe Cytokine Release Syndrome (CRS) and neurotoxicity.
3. Clinical Effectiveness
o Shown significant efficacy in patients resistant to conventional chemotherapy or stem cell transplant.
o Offers long-term remission potential due to the persistence of CAR-T cells in the bloodstream.
4. Make-in-India Success in Biotech
o Positions India among global leaders in immuno-oncology and precision medicine.
o Strengthens India’s bio-innovation ecosystem under the Atmanirbhar Bharat framework.

Advantages of CAR-T Cell Therapy

Feature Benefit
Personalized Treatment Uses patient’'s own immune cells, eliminating rejection risk.
Rapid Recovery Shorter treatment and hospital stay compared to chemotherapy.
Long-Term Efficacy Persistent CAR-T cells provide continuous immune surveillance.
Reduced Toxicity Avoids long-term damage associated with radiation or chemotherapy.
Challenges and Limitations

Challenge Explanation
Cancer Specificity Therapy for one cancer type (e.g., B-cell) cannot be used for another (e.g., solid tumors).
Side Effects Risk of Cytokine Release Syndrome (CRS) and neurotoxicity due to immune overactivation.
Infrastructure Requirements Needs GMP-certified cell processing facilities and trained personnel.
High Upfront Cost Despite being affordable, still costly for low-income patients without insurance.
Infection Risk As immune modulation suppresses normal immune response, infection vulnerability increases.

Policy and Institutional Support

o Department of Biotechnology (DBT): Funding and policy guidance for translational research in advanced therapies.

o BIRAC: Provided early-stage funding for InmunoACT under BioNEST incubation initiative.

o National Biopharma Mission: Supported capacity building for cell therapy research and manufacturing.

e Regulatory Support: CDSCO expedited approval, setting a precedent for fast-track review of gene and cell therapies.

Global Context and India’s Strategic Position

Country Flagship CAR-T Therapy Approximate Cost (per patient)
USA Kymriah (Novartis), Yescarta (Gilead) 3-4 crore

China Relma-cel, Carteyva X1.5-2 crore

India NexCAR19 (ImmunoACT) X30-40 lakh

India’s cost-effective model could transform access to advanced therapies across the Global South, redefining equity in healthcare innovation.

Broader Impact and Future Prospects

1. Strengthening India’s Bioeconomy
o Supports the national goal of achieving a $100 billion bioeconomy by 2030.
o Encourages startups in gene editing, regenerative medicine, and diagnostics.
2. Research Expansion
o Sets the stage for developing CAR-T therapies targeting solid tumors (lung, breast, prostate cancers).
o Opens collaboration opportunities with global biotech and academic partners.
3. Public Health Relevance
o Makes advanced cancer care accessible to middle-income patients.
o Reduces dependency on imported therapies and foreign clinical trials.
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Conclusion

The advent of NexCAR19 marks a turning point in India’s medical and scientific history—combining indigenous innovation, affordability, and
advanced immunology.

As India enters the era of personalized medicine and quantum biotechnology, therapies like NexCAR19 embody the nation’s transition from
being a consumer to a creator of global healthcare solutions.

By scaling production, expanding insurance coverage, and investing in clinical infrastructure, India can make life-saving immunotherapies truly
universal and equitable.

Mains Practice Question:
“Discuss the significance of NexCAR19 as India’s first indigenous CAR-T cell therapy in advancing affordable, personalized, and technology-
driven healthcare.”

Monoclonal Antibodies (mAbs)

Context: The Indian Council of Medical Research (ICMR) has invited partners to develop monoclonal antibodies (mAbs)against the Nipah virus,
a zoonotic pathogen that causes severe respiratory and neurological illness transmitted from bats or infected animals to humans.

About Monoclonal Antibodies (mAbs)

Definition: Laboratory-produced proteins engineered to bind to specific antigens, mimicking the body’s natural immune response.
Origin: Derived from identical immune cells cloned from a single parent B-cell.
Function:
o Used for diagnosis, prevention, and treatment of diseases.
o Applications in cancers, autoimmune diseases, and viral infections (e.g.,, COVID-19, Ebola).
Relevance for Nipah:
o Helpsin developing passive immunotherapy by providing targeted antibodies for viral neutralization.
o Aims to reduce fatality rates in outbreak-prone areas.

SCIENCE & TECHNOLOGY

GPS Spoofing: A Growing Threat to Aviation Security

o Syllabus Mapping:
GS Paper III - Science and Technology (Cybersecurity and Infrastructure Protection)

Introduction

A recent surge in GPS spoofing incidents over Delhi airspace has raised national security concerns, prompting government investigation. This
reflects the growing vulnerability of navigation and aviation systems to cyber interference.

About GPS Spoofing

o Definition: A cyberattack where fake GPS signals overpower legitimate ones, misleading receivers about their actual location.
e Mechanism: Manipulates satellite navigation data to disrupt flight paths or logistics networks.

Threats and Implications

e Aviation Safety: May cause loss of navigation accuracy for aircraft.
o Critical Sectors Affected: Aviation, defense, telecom, energy, and logistics.
e Strategic Risk: Could be exploited for espionage or warfare, impacting national security.

Conclusion

GPS spoofing represents a new frontier of cyber warfare, demanding urgent development of anti-spoofing technologies, Al-based signal
authentication, and international cybersecurity cooperation.
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Mains Practice Question:
“GPS spoofing poses serious risks to critical infrastructure. Discuss the need for technological and regulatory measures to safeguard India’s
navigation systems.”

India’s Quantum Key Distribution Network

» Syllabus Mapping:

GS Paper III - Science and Technology (Quantum Technology and Cybersecurity)

GS Paper II - Government Policies and Interventions (National Quantum Mission, NMICPS)
GS Paper III - Internal Security (Emerging Threats and Technological Safeguards)

Introduction

India has achieved a major technological milestone with the successful demonstration of its first extensive Quantum Key Distribution (QKD)
network, spanning over 500 kilometers.

This breakthrough, led by QNu Labs, a homegrown quantum technology startup, was executed under the National Quantum Mission (NQM) with
support from the I-Hub Quantum Technology Foundation and NMICPS (National Mission on Interdisciplinary Cyber-Physical Systems).

The demonstration marks a critical leap toward quantum-secure communication, ensuring unhackable data transmission for national security
and critical infrastructure.

About the Achievement
Aspect Details
Institution/Startup QNu Labs, Bengaluru-based quantum cybersecurity firm.
Supporting Mission National Quantum Mission (NQM) under the Department of Science and Technology (DST).
Network Extent Over 500 km, using existing optical fiber infrastructure.
Implementing I-Hub Quantum Technology Foundation, established under NMICPS.
Agency
Significance India’s first large-scale QKD demonstration, enabling quantum-secure communication over conventional fiber
networks.

This demonstration validates India’s capability to deploy indigenous quantum communication technologies on a national scale, comparable to
leading global quantum nations like China, USA, and Japan.

What is Quantum Key Distribution (QKD)?

Quantum Key Distribution (QKD) is a quantum cryptographic technique that uses the principles of quantum mechanics to securely distribute
encryption keys between two parties.

Key Concept
o Based on quantum superposition and Heisenberg’s Uncertainty Principle—any attempt to intercept or measure the quantum key alters its
state, alerting the communicating parties to eavesdropping.
o Ensures absolute data confidentiality, unlike classical encryption which can be hacked using computational power.
Mediums of Deployment
o Optical Fiber Networks (as in India’s latest demonstration).

o Free Space Optical Communication (FSOC) for short-range wireless QKD.
o Satellite-based QKD, essential for long-distance or intercontinental secure communication (as done by China’s Micius satellite).

Scientific Foundation

Quantum Principle Explanation
Wave-Particle Duality = Quantum particles (like photons) behave as both waves and particles, used to encode information securely.
Quantum Particles exist in multiple states until observed, allowing probabilistic key generation.
Superposition
Quantum Correlation between two quantum particles ensures that a change in one instantly affects the other, enabling tamper
Entanglement detection.
No-Cloning Theorem Quantum states cannot be copied without detection, ensuring key integrity.

Thus, QKD enables tamper-proof encryption key exchange, guaranteeing security even against future quantum computer-based decryption
attacks.

Advantages and Applications
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1. Security Superiority

o Detects and neutralizes eavesdropping attempts automatically.
e Immune to classical cryptographic vulnerabilities and brute-force decryption.

2. Critical Infrastructure Protection
e Applicable across sectors like:
o Defence communications and government data networks.
o Banking and financial transactions.
o Healthcare data systems.
o Telecommunication and data centers.

3. Technological Independence

e Reduces dependence on foreign cybersecurity technologies.
o Aligns with Atmanirbhar Bharat and Digital India initiatives.

4. Quantum-Resilient Future

e Prepares India against quantum computer threats, which can potentially break classical encryption systems like RSA or AES.

Other Related Quantum Innovations in India

Innovation Developer Description
QSIP (Quantum Random Number Developed India’s first quantum security chip that generates true random numbers from
Generator System-in-Package) under NQM quantum processes, ensuring strong cryptographic keys.
25-qubit Quantum Processing Unit Developed India’s first superconducting quantum computing chip, powering
(QPU) by QpiAl indigenous QpiAl-Indus, the country’s first full-stack quantum computer.

Both innovations, unveiled by the Prime Minister, complement the QKD network by enhancing quantum-secure infrastructure and computational
capability.

National Quantum Mission (NQM): The Policy Backbone

Launched by Department of Science and Technology (DST), 2023
Objective Develop indigenous quantum technologies for communication, computation, sensing, and metrology.
Budget 36,000 crore (2023-2031).
Four Thematic 1. Quantum Computing, 2. Quantum Communication, 3. Quantum Sensing & Metrology, 4. Quantum Materials &
Areas: Devices.

The mission aims to place India among the top five quantum research nations and create a quantum-ready digital ecosystem by 2031.

Global Context
Country Quantum Communication Achievement
China Launched Micius satellite (2016) for space-based QKD over 2,000 km.
USA DARPA’s quantum internet prototype connecting research hubs.
EU Quantum Communication Infrastructure (EuroQCI) for secure government and defense networks.
India QNu Labs’ 500 km QKD network marks South Asia’s first large-scale quantum-secure communication success.

India’s achievement demonstrates technological parity with global quantum powers and reinforces its role in quantum diplomacy and cyber
defense frameworks.

Strategic and Policy Significance

e Cybersecurity Sovereignty: Enhances data protection autonomy critical for national security.

e Economic Leadership: Positions India as a quantum technology hub for Asia.

e R&D Ecosystem Strengthening: Stimulates innovation in photonics, quantum algorithms, and secure networking.
e Public-Private Collaboration: Showcases success of startup-led innovation under government-funded missions.

Conclusion

India’s successful demonstration of a 500 km Quantum Key Distribution network represents a transformative leap in secure communication
technology.
By integrating quantum physics with digital infrastructure, India is moving toward a quantum-resilient cyberspace—vital for defence,
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governance, and economic stability in the 21st century.
Together with innovations like QSIP and QPU, this development places India firmly on the path to becoming a global quantum technology leader.

Mains Practice Question:
“Discuss the significance of India’s first extensive Quantum Key Distribution (QKD) network in strengthening national cybersecurity and
advancing the objectives of the National Quantum Mission.”

UN on Neurotechnology & Mental Integrity

» Syllabus Mapping:

GS Paper II - International Relations (UNESCO, Global Ethical Governance)

GS Paper III - Science and Technology (Emerging Technologies, Al & Neuroscience)
GS Paper IV - Ethics (Human Autonomy, Privacy, and Technological Ethics)

Introduction

The United Nations, through UNESCO and other global bodies, has recently raised critical concerns about the ethical, legal, and human rights
implications of neurotechnology—a rapidly evolving field that integrates neuroscience, artificial intelligence (AlI), and digital technology to
directly interface with the human brain.

As neurotechnologies such as brain-computer interfaces (BCIs) advance beyond medical use into commercial and cognitive enhancement
domains, they pose complex challenges to mental privacy, personal identity, and social equity, requiring urgent global regulatory attention.

Understanding Neurotechnology

Definition:
Neurotechnology refers to hardware and software systems designed to measure, access, monitor, analyse, or modulate the nervous system,
with the aim to understand, influence, restore, or enhance brain activity and cognitive functions.

Examples:

e Brain-Computer Interfaces (BCIs): Allow direct communication between the brain and computers (e.g., Neuralink).
e Neural Implants and Electroencephalography (EEG) devices: Used for cognitive monitoring and neurofeedback.

e Neuroprosthetics: Enable motor restoration for paralyzed patients.

o Al-integrated neural models: Simulate or enhance reasoning, memory, and decision-making.

Emerging Integration:
The convergence of Al and neuroscience is enabling machines to interpret and potentially influence cognitive processes such as learning,
perception, and decision-making, blurring the line between natural and artificial intelligence.

Key Concerns Highlighted by the United Nations

1. Mental Integrity and Cognitive Freedom

o Neurotechnology can directly access or manipulate the brain’s neural pathways, raising risks of unauthorized intrusion into thought
processes.

o Itthreatens “freedom of thought”, a right enshrined under Article 18 of the Universal Declaration of Human Rights (UDHR).

e The UNESCO Report (2024) calls mental integrity the “new frontier of human rights protection”, urging recognition of “neurorights” in
international law.

2. Personal Identity and Psychological Continuity

e Memory modification or manipulation could alter an individual’s sense of self and continuity of personal identity.

o The ability to edit or implant memories risks undermining human autonomy and authenticity.

o This raises profound ethical questions: Can altering memory also change “who a person is”?
3. Misuse of Neural Data

e Neural data collected from wearable or implantable devices could be exploited for surveillance, profiling, or targeted marketing.

e Private corporations may commercialize brainwave patterns or emotional responses without adequate consent.

e Unlike personal data, neural data reveals subconscious thought patterns, making it a unique category requiring special protection.
4. Widening Social Inequalities

e Access to neurotechnology may become skewed toward wealthier populations, creating a “neuro divide.”

e Cognitive enhancement for elites could lead to new forms of social stratification, akin to digital inequality.
o Disparities in access may reinforce existing inequalities in education, employment, and healthcare.

66



IQRA IAS

An Institute for Civil Services

UNESCO’s Recommendations and Global Ethical Framework

Area Recommendation Objective
Legal Enact neuro-rights legislation regulating how neural data and brain- Prevent misuse beyond medical or scientific
Protection computer interactions are used. contexts.
Data Develop robust frameworks for collection, processing, and sharing of Ensure privacy, consent, and accountability in
Governance neural data. data handling.
Ethical Establish international ethical committees to evaluate neurotech research  Encourage responsible innovation aligned with
Oversight and applications. human dignity.
Equitable Ensure fair and safe access to neurotechnologies globally. Prevent technological elitism and cognitive
Access inequality.
Public Promote education on neuroethics and cognitive privacy. Strengthen informed consent and civic
Awareness engagement.

UNESCO emphasizes the creation of “neurorights charters”, ensuring cognitive liberty and integrity, similar to digital rights frameworks developed
for data protection.

Comparative Global Developments

Country/Region Initiative / Law Key Focus

Chile Enacted Neuro-Rights Law (2021), the first of its kind globally. Protects brain data and cognitive integrity as
fundamental rights.

EU Exploring Al and neuroethics frameworks under the EU Al Act (2024). Regulating high-risk Al systems used in health and
cognition.

USA Research under DARPA’s Next-Gen Neurotech Focused on innovation, yet with growing privacy

Programand Neuralink by private sector. debates.

India Early-stage research under DST and DBT neuroinformatics initiatives.  Calls for integrating neuroethics under Al policy

frameworks.

These comparative approaches highlight a global momentum to treat mental integrity as a new domain of human rights protection.

Ethical and Legal Dimensions

Freedom of Thought (UDHR, Article 18) - must extend to protection from involuntary neural manipulation.
Right to Privacy (ICCPR, Article 17) - requires redefinition to include mental privacy and neurodata protection.
Bioethics and Human Dignity (UNESCO Declaration, 2005) - underscores human autonomy as central to technological advancement.
Emerging Concept - “Neurorights”:
o Cognitive Liberty (freedom to control one’s mental processes).
o Mental Privacy (protection from non-consensual data extraction).
o Personal Identity (preservation of psychological continuity).
o Equal Access to Cognitive Enhancement (preventing new social inequalities).

B e

Implications for India

e AsIndia advances in AI-neuroscience integration under initiatives like the National Brain Research Centre (NBRC) and Al Mission,
developing a Neuroethics FrameworKk is crucial.

e India can align its emerging Al governance policies (MeitY’s IndiaAl Mission) with global neuro-rights principles, ensuring safe, ethical, and
inclusive adoption.

o Integration with Digital Personal Data Protection Act (2023) must be expanded to include neural and biometric data protection.

Conclusion

The UN’s warning underscores that neurotechnology represents not just a technological revolution but a moral and legal frontier.

By enabling access to the human mind itself, it demands new global norms for mental integrity, privacy, and identity.

UNESCO'’s call for legal, ethical, and equitable frameworks aims to ensure that neurotechnology empowers humanity rather than eroding its
essence.

As nations race ahead in brain-machine integration, the challenge is to preserve the sanctity of human thought—the most private domain of all.

Mains Practice Question:

“Neurotechnology presents both transformative potential and profound ethical risks. Discuss the UN’s concerns and suggest how global and
national frameworks can protect mental integrity and personal identity in the era of brain-Al integration.”

Starlink—Maharashtra Satellite Internet

o Syllabus Mapping:
GS Paper III - Science and Technology (ICT, Digital Connectivity, Space Technology)
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Introduction
Elon Musk’s Starlink, a satellite-based internet provider, has signed an agreement with the Government of Maharashtra to deliver broadband

connectivity to remote and underserved regions.
This marks a step forward in India’s goal of achieving universal digital inclusion under Digital India and BharatNet 2.0.

What is Satellite-Based Internet?

Aspect Description
Definition Wireless broadband delivered via communication satellites in Earth’s orbit.
Working Data is transmitted between the user’s dish antenna, orbiting satellites, and ground stations connected to the internet
backbone.
Key Low Earth Orbit (LEO) satellites—provide low latency and high-speed connectivity compared to traditional geostationary
Technology systems.
Significance

o Bridging the Digital Divide: Connects rural, hilly, and island regions beyond the reach of fiber-optic cables.
o Disaster Resilience: Provides connectivity during natural disasters when terrestrial infrastructure fails.
o Education & Healthcare Access: Facilitates e-learning and telemedicine in remote regions.

Conclusion

The Starlink-Maharashtra partnership highlights the transformative role of satellite broadband in inclusive digital growth, positioning India closer
to universal internet access goals by 2030.

Mains Practice Question:
“Discuss how satellite-based internet can bridge India’s digital divide. What challenges must be addressed for its large-scale adoption?”

Tidal Disruption Events (TDEs)

o Syllabus Mapping:
GS Paper III - Science and Technology (Space Research and Astronomy)

Introduction

Astronomers have recently observed the largest and most distant flare from a black hole, originating from a Tidal Disruption Event (TDE)—a
rare cosmic phenomenon that offers key insights into black hole physics and galactic evolution.

What is a Tidal Disruption Event (TDE)?

e Occurs when a star ventures too close to a supermassive black hole, and the black hole’s gravity tears it apart.
o The stellar debris forms an accretion disk, emitting intense radiation and X-ray flares observable across galaxies.

Scientific Significance
o Helps study black hole growth, accretion processes, and energy emissions.

e Provides clues to the distribution of dormant black holes in galaxies.
e Advances understanding of extreme gravity and relativistic jets.

Conclusion

TDEs act as natural laboratories for astrophysicists, revealing how black holes interact with their environments and influence galactic
evolution.

Mains Practice Question:
“Explain the process of Tidal Disruption Events (TDEs). How do they contribute to our understanding of black holes and cosmic evolution?”

Project Suncatcher: Google’s Al in Space

o Syllabus Mapping:
GS Paper III - Science and Technology (Space Applications and Artificial Intelligence)
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Introduction

Google’s Project Suncatcher aims to test Al-powered data centres in space, leveraging solar energy through a network of satellites in low-Earth
orbit (LEO).
The project marks a bold step in space-based computing, integrating renewable energy and Al infrastructure beyond Earth.

About the Project

Aspect Details
Objective Test feasibility of Al computation in space using solar-powered LEO satellites.
Technology Satellites equipped with Tensor Processing Units (TPUs)—Google’s Al chips.
Timeline Two prototype satellites to launch by 2027.
Purpose Assess power efficiency, chip performance, and data transmission reliability in orbital environments.

Significance

o Reduces terrestrial energy load for data processing.
e Opens avenues for green cloud computing and decentralized Al
e Enables continuous solar power usage without diurnal constraints.

Conclusion

Project Suncatcher symbolizes the next frontier of AI-space integration, setting the foundation for off-Earth data ecosystems and sustainable
computing futures.

Mains Practice Question:
“Discuss the potential advantages and challenges of space-based Al data centres like Google’s Project Suncatcher.”

VAIBHAVYV Fellowship for Global Researchers

b4 Syllabus Mapping:
GS Paper III - Science & Technology (Research, Innovation, Scientific Collaboration)
GS Paper II - Governance (Diaspora Engagement and Institutional Support)

Introduction

The VAIshwik BHArtiya Vaigyanik (VAIBHAV) Fellowship, launched in 2023 by the Department of Science and Technology (DST), aims
to leverage the Indian scientific diaspora for national capacity building in research and innovation.

Key Features of VAIBHAYV Fellowship

Parameter Details
Implementing Department of Science and Technology, Ministry of Science and Technology.
Ministry
Objective Strengthen collaboration between overseas Indian scientists and Indian Higher Educational Institutions (HEIs) and
public R&D bodies.
Duration Fellows can spend up to 2 months per year in India, for three years.

Mode of Engagement Collaborative research, teaching, mentoring, and innovation partnerships.
Institutional Choice Fellows may choose their host institution in India.

Significance

e Global Knowledge Integration: Encourages brain circulation and mitigates scientific brain drain.

o Capacity Enhancement: Facilitates transfer of new research methods, global funding linkages, and interdisciplinary innovation.

o Institutional Strengthening: Supports India’s ambition to become a global research hub under Atmanirbhar Bharat and Science Vision
2047.

Conclusion

By fostering diaspora engagement through structured collaboration, the VAIBHAV Fellowship represents a modern model of global scientific
networking, transforming India’s innovation ecosystem into a globally connected knowledge economy.
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Mains Practice Question:
“Discuss how programs like the VAIBHAV Fellowship can help integrate India’s global scientific diaspora into national innovation
priorities.”

ADAS: Advanced Driver Assistance Systems

o Syllabus Mapping:
GS Paper III - Science & Technology (Transport Technology and Road Safety)
GS Paper II - Governance (Public Safety and Regulation)

Introduction

The Government of India is considering making Advanced Driver Assistance Systems (ADAS) mandatory for all new truck and bus models,
including school transport, marking a major leap toward technology-led road safety.

About ADAS

o ADAS is a suite of integrated electronic technologies that enhance driver awareness, prevent collisions, and reduce human errors.
e Combines sensors such as Radar, Lidar, Ultrasonic, and Cameras to provide real-time data to assist in safe driving.

Key Features
Feature Function

Adaptive Cruise Control Maintains safe distance from the vehicle ahead.

Automatic Emergency Braking Detects imminent collisions and applies brakes automatically.
Blind Spot Detection & Cross-Traffic Alert Warns driver of objects or vehicles not visible directly.

Lane Departure Warning Alerts when the vehicle deviates from its lane.

Traffic Sign Recognition Identifies and displays road signs on dashboard.
Significance

e Reduces Accidents: Major step towards Vision Zero (no road fatalities).
o Improves Public Transport Safety: Particularly beneficial for school buses and heavy vehicles.
e Supports Electric and Smart Mobility: Complements autonomous vehicle development.

Conclusion

Mandatory ADAS integration will bring India’s vehicle safety ecosystem closer to global standards, aligning with the National Road Safety Strategy
2030.

Mains Practice Question:
“Discuss the role of Advanced Driver Assistance Systems (ADAS) in improving road safety and its implications for India’s transport policy.”

Quantum Gravity & Black Hole Morsels

o Syllabus Mapping:
GS Paper III - Science & Technology (Fundamental Physics, Space Research)

Introduction

A recent study suggests that black hole “morsels”—hypothetical micro black holes—could provide insights into quantum gravity, a frontier theory
attempting to reconcile quantum mechanics with general relativity.

About Quantum Gravity

o Seeks to integrate Einstein’s General Theory of Relativity (macroscopic) with Quantum Mechanics (microscopic).
o Explains how gravity behaves at quantum scales, such as near black holes or at the Planck length.

Black Hole Morsels

e Tiny micro black holes, far smaller and hotter than standard black holes.
e Could emit measurable Hawking radiation, helping test theories of space-time quantization and information paradox.
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Significance

e Advances understanding of black hole physics and cosmic evolution.
e Provides linkages with quantum entanglement and particle physics.
e May pave the way for a unified theory of everything—a long-sought goal in physics.

Mains Practice Question:
“Explain the concept of quantum gravity and its significance in understanding black holes and the nature of space-time.”

X1 Lakh Cr RDI Scheme for Tech Self-Reliance

b g Syllabus Mapping:

GS Paper III - Science & Technology (Research, Innovation, and Indigenisation)
GS Paper III - Economy (Investment in R&D and Industrial Policy)

GS Paper II - Governance (Policy Implementation and Institutional Frameworks)

Introduction

In a landmark move to strengthen India’s innovation ecosystem, the Union Cabinet has approved the Research, Development, and Innovation
(RDI) Scheme (2025), with a X1 lakh crore corpus.

The scheme aims to propel India toward technological self-reliance, enabling breakthroughs in strategic and sunrise sectors, aligned with the
vision of Atmanirbhar Bharat and the Viksit Bharat 2047 roadmap.

The RDI scheme represents a structural shift from incremental innovation to mission-oriented deep-tech advancement, ensuring that India
transitions from being a technology consumer to a global innovation leader.

I. Objectives of the RDI Scheme

The RDI Scheme seeks to catalyze cutting-edge research, industrial innovation, and strategic technology development across critical domains.
Its key objectives include:

o Encouraging Private Sector Participation:
Stimulate private and venture capital investment in R&D-intensive and high-risk sectors.
e Scaling Up Indigenous Capabilities:
Support indigenization of technologies essential for national security, economic growth, and resilience.
e Fostering Deep-Tech Ecosystems:
Enable startups and industry-academia collaborations to accelerate technological maturity (high Technology Readiness Levels).
+ Financing Strategic Projects:
Fund research with long gestation periods or of high strategic significance, ensuring long-term national capability building.
o Establishing a Deep-Tech Fund of Funds (FoF):
Channel capital into emerging areas such as quantum computing, Al, robotics, and biotechnology.

II. Funding Mechanism: Two-Tiered Structure

The scheme features an innovative two-level funding architecture to ensure flexibility, accountability, and sectoral focus.

Level Function Institutional Mechanism
Level 1 - Special Purpose Fund (SPF) created within the ANRF (Anusandhan Anchored under Department of Science and
Custodian National Research Foundation) acts as the central custodian of funds. Technology (DST).
Level 2 - Funds allocated through Second-Level Fund Managers, who channel Includes public research institutions, startups,
Disbursement investments to eligible entities. industries, and venture capital funds.
Modes of Funding

e Concessional Long-Term Loans: For large-scale research and industrial innovation at low or zero interest rates.
e Equity Infusion: For deep-tech startups and MSMEs engaged in high-risk innovation.
e Fund of Funds (FoF): Multi-sectoral support for private and public-led R&D, encouraging co-investment.

I11. Targeted Sectors

The scheme categorizes sectors into three key clusters to ensure balanced national capability building:

Category Sector Focus Examples
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Sunrise Sectors High-growth potential areas shaping the future  Artificial Intelligence, Quantum Computing, Biotechnology,
economy. Digital Economy, Space, Renewable Energy

Strategic Sectors Technologies critical for national security and Defence, Cybersecurity, Semiconductors, Nuclear and Space
economic sovereignty. Technology

Public Sector / Societal Technologies essential for public welfare or Public Health, AgriTech, Clean Energy, Climate Resilience

Relevance environmental sustainability.

IV. Governance and Implementation Framework
Body / Institution Role / Function

Nodal Department Department of Science and Technology (DST) - responsible for coordination and oversight.

Governing Board of ANRF Chaired by the Prime Minister, providing strategic direction and vision alignment.

Executive Council (EC) Approves scheme guidelines and operational procedures under the ANRF framework.

Empowered Group of Secretaries Headed by the Cabinet Secretary to manage modifications, review progress, and ensure inter-

(EGoS) ministerial synergy.

This institutional layering ensures policy agility, strategic prioritization, and cross-sectoral coordination.

V. Significance of the Scheme

1. Strengthening Strategic Autonomy:
Reduces dependence on foreign technology imports in critical sectors.
2. Accelerating the Deep-Tech Revolution:
Encourages indigenous development in Al, space tech, defence innovation, and bioengineering.
3. Economic Competitiveness:
Catalyzes innovation-led growth contributing to the $10 trillion economy vision by 2047.
4. Public-Private Synergy:
Encourages collaboration between academia, startups, and large industries.
5. Alignment with National Missions:
Complements missions like Digital India, Make in India, National Quantum Mission, and Semiconductor Mission.

VI. Challenges and the Way Forward

Challenge Way Forward
Fragmented R&D Ecosystem Create a National RDI Portal for unified monitoring and inter-agency collaboration.
Low Private Sector R&D Spending Introduce tax incentives, co-funding models, and industry partnerships.
Commercialisation Gap Strengthen Technology Transfer Offices (TTOs) in universities.
Talent Shortage Build innovation-oriented education and skill pipelines through NEP 2020 alignment.
Analytical Insight

As innovation theorist Joseph Schumpeter argued, technological advancement drives “creative destruction” — transforming economies and
institutions.

The RDI Scheme, by fostering state-supported innovation capitalism, positions India to leapfrog global competitorsthrough indigenous frontier
technologies.

Conclusion

The Research, Development, and Innovation (RDI) Scheme is a landmark policy instrument that integrates finance, innovation, and
strategy to propel India into a new era of deep-tech leadership and self-reliance.

By coupling strategic funding with governance reform, the scheme ensures that India’s innovation ecosystem evolves from potential to
performance, strengthening its global technological standing.

Mains Practice Question:

“Discuss how the Research, Development, and Innovation (RDI) Scheme can help India achieve technological self-reliance and global
competitiveness in strategic sectors.”

Comet 3I/ATLAS: Water in Interstellar Object

» Syllabus Mapping:
GS Paper III - Science & Technology (Space Research and Astronomy)

About 3I/ATLAS

e Third interstellar object detected after ‘Oumuamua (2017) and 21/Borisov (2019).
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e Found by NASA-funded Asteroid Terrestrial-impact Last Alert System (ATLAS) telescope in Chile.
o Exhibits a hyperbolic orbit, confirming non-Solar System origin.
o Discovery of water offers new insights into interstellar chemistry and planetary evolution.

Mains Practice Question:
“Discuss the significance of interstellar comets like 31/ATLAS in advancing our understanding of cosmic evolution and planetary origins.”

China’s Thorium—Uranium Reactor Breakthrough

» Syllabus Mapping:

GS Paper III - Science & Technology (Energy and Nuclear Technology)

GS Paper II - International Relations (Science Diplomacy and Strategic Technologies)
GS Paper III - Environment (Sustainable Energy and Climate Change)

Introduction

In a landmark scientific breakthrough, China has become the first country to achieve thorium-to-uranium fuel conversion in a Thorium Molten
Salt Reactor (TMSR)—a feat that marks a significant step forward in next-generation nuclear power technology.

This development places China at the forefront of fourth-generation nuclear energy systems, with major implications for energy security, climate
mitigation, and global technological competition.

The Thorium Molten Salt Reactor (TMSR) is currently the only operational molten-salt reactor in the world, making this achievement a pivotal
moment in nuclear innovation.

I. Understanding Thorium Molten Salt Reactor (TMSR)
About TMSR
The TMSR is a fourth-generation advanced nuclear reactor design that uses molten salt both as a coolant and fuel solvent, operating at high
temperatures and atmospheric pressure.
It represents a shift from traditional uranium-fueled, water-cooled reactor systems.
Key Features
o High-temperature operation allows improved efficiency and hydrogen production.
e No water requirement, making it ideal for arid regions.
o Operates at atmospheric pressure, reducing explosion risk.
o Flexible fuel cycles, including thorium and uranium-233.

Passive Safety Mechanism

e Incorporates a freeze plug (salt plug) that melts automatically when overheated, safely halting the nuclear reaction without human
intervention — a model of “walk-away safety.”

I1. Advantages of TMSR Technology

Advantage Description
Enhanced Safety Passive shutdown features prevent meltdowns, avoiding Fukushima-like risks.
Reduced Nuclear Waste Produces fewer long-lived radioactive isotopes and minor actinides compared to plutonium-based fuels.
Resource Efficiency Extracts more usable energy per unit of fuel; higher burn-up rates than conventional reactors.
Climate Resilience No dependence on large cooling water sources, suitable for dry regions vulnerable to climate change.

I1I1. Thorium as a Nuclear Fuel

e Thorium (Th-232) is not fissile by itself; it must be converted into Uranium-233 (U-233) within a reactor to become a usable fuel — a
process now successfully demonstrated by China.

e Abundance: Thorium is three times more plentiful than uranium in Earth’s crust.

o Environmental Advantage: Produces less long-lived nuclear waste and cannot be easily weaponized, making it a proliferation-
resistant option.

o Challenge: High extraction cost and technological barriers to efficient thorium utilization.

IV. India’s Thorium-Based Nuclear Vision

India, a pioneer in thorium research, has long envisioned using its rich thorium reserves as part of a three-stage nuclear power
program formulated by Dr. Homi J. Bhabha.
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India’s Three-Stage Nuclear Programme

Stage Fuel / Reactor Type Objective
I. Pressurised Heavy Water Reactor (PHWR) Uranium-238 — Plutonium-239 Generate plutonium for breeder reactors
II. Fast Breeder Reactor (FBR) Plutonium-239 + Thorium Breed U-233 from thorium
III. Advanced Heavy Water Reactor (AHWR) Thorium + U-233 Commercial thorium utilization

Key Indian Initiatives

e Advanced Heavy Water Reactor (AHWR): Designed by Bhabha Atomic Research Centre (BARC) as a technology demonstrator for
thorium-based fuel cycles.

e Indian Molten Salt Breeder Reactor (IMSBR): Under development to explore molten-salt thorium fuel utilization.

o Reserves: India possesses the world’s largest thorium deposits, primarily in Kerala’s and Odisha’s monazite sands (8-10% thorium
content), with additional reserves in Andhra Pradesh, Tamil Nadu, West Bengal, and Jharkhand.

V. Strategic and Environmental Implications

=

Energy Security: Thorium-based reactors can provide stable baseload power, reducing dependency on fossil fuels and imported uranium.

2. Climate Commitments: Supports India’s net-zero target (2070) and China’s carbon neutrality goals (2060) by providing low-carbon
baseload energy.

3. Technological Leadership: China’s success in achieving thorium-to-uranium conversion could trigger a global nuclear technology race,
similar to the Al or semiconductor competition, reshaping global energy geopolitics.

4. Global Collaboration and Non-Proliferation: Thorium’s lower weaponization potential makes it ideal for multilateral research under

IAEA supervision, strengthening nuclear safety norms.

VI. Analytical Perspective

e Asper Alvin Weinberg, the scientist who first proposed molten salt reactors in the 1950s, “Thorium reactors promise safe and sustainable
nuclear energy if supported by consistent policy.”

o China’s demonstration underscores technological persistence and long-term planning, an area where other nations, including India, need
accelerated investment.

e This breakthrough aligns with the UN’s Sustainable Development Goal 7 (Affordable and Clean Energy) by merging energy innovation
with environmental stewardship.

Conclusion

China’s thorium-to-uranium conversion marks a historic milestone in nuclear energy innovation, symbolizing a shift toward safer, cleaner, and
more sustainable reactors.

For India—blessed with vast thorium reserves—this is both an inspiration and a reminder to fast-track its thorium fuel cycle research and
molten salt technologies.

In an era of energy transition, thorium-based reactors could become the bridge between current nuclear systems and the future of clean
atomic energy.

Mains Practice Question:

“Examine the significance of China’s success in thorium-to-uranium conversion in a molten salt reactor. Discuss how India’s thorium
program can contribute to sustainable and secure energy transition.”
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