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[ Date - 2" Feb 2026, Monday ]

HIGHLIGHTS OF UNION BUDGET 2026-27

After Reading This Article You Can Solve This UPSC Mains Model Question:

The Union Budget 2026-27 reflects a calibrated approach towards growth, inclusion, and fiscal
consolidation.” Critically examine this statement in the context of India’s goal of achieving Viksit Bharat
2047. 250 words (GS-3, Economy).

CONTEXT

The Union Budget 2026-27, presented by
Nirmala Sitharaman, is the first Budget
prepared in Kartavya Bhawan, symbolising

a shift from entitlement-based governance to
duty-driven (“Kartavya”) development.
It is framed around three Kartavyas, aiming
to balance growth, inclusion, and resilience
amid global economic volatility, supply-chain
realignments, and India’s aspiration of Viksit
Bharat @2047.

Macroeconomic Snapshot

e Total Expenditure (BE 2026-27): ¥53.5 lakh crore

¢ Non-debt Receipts: 336.5 lakh crore

¢ Net Tax Receipts: 328.7 lakh crore

e Capital Expenditure: ~%12.2 lakh crore (growth-oriented stance)
¢ Fiscal Deficit: 4.3% of GDP (glide path consolidation)

e Debt-GDP Ratio: 55.6% (improving sustainability)

Philosophy & Framework of the Budget

The Budget is anchored in three Kartavyas, reflecting a transition from entitlement-based to
responsibility-based public policy.

1. First Kartavya - Accelerate & Sustain Economic Growth

e Enhance productivity and competitiveness
e Build resilience against volatile global economic conditions

2. Second Kartavya - Fulfil Aspirations & Build Human Capacity
e Empower citizens as partners in India’s growth
e Focus on skills, employability, and services-led growth

3. Third Kartavya - Sabka Sath, Sabka Vikas

e Ensure equitable access to resources and opportunities
e Focus on regions, communities, and vulnerable sections
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1. FIRST KARTAVYA: ACCELERATE & SUSTAIN ECONOMIC GROWTH

Manufacturing Push in Strategic & Frontier Sectors
(a) Biopharma SHAKTI (Strategy for Healthcare Advancement through Knowledge,

Technology and Innovation)

e 310,000 crore (5 years) to position India as a global biopharma hub

e New & upgraded National Institutes of Pharmaceutical Education and Research
(NIPER), 1,000+ clinical trial sites

¢ Significance: Moves India up the pharma value chain

(b) India Semiconductor Mission (ISM) 2.0

e Focus on equipment, materials, full-stack IP, and industry-led R&D
e Reduces import dependence, strengthens strategic autonomy

(c) Electronics Components Manufacturing

e Outlay enhanced to ¥40,000 crore
e Complements PLI ecosystem

(d) Rare Earth Corridors

e (Odisha, Kerala, Andhra Pradesh, Tamil Nadu

(e) Chemical Parks & Capital Goods

e 3 Chemical Parks (challenge mode)

e Hi-Tech Tool Rooms, CIE Scheme, Container Manufacturing (310,000 crore)

Integrated Programme for Textile Sector

¢ National Fibre Scheme: Natural fibres (silk, wool, jute), man-made & new-age fibres

¢ Textile Expansion & Employment Scheme: Cluster modernisation, machinery, testing &
certification

o Mega Textile Parks: Focus on technical textiles, value addition

¢ Mahatma Gandhi Gram Swaraj Initiative: Khadi, handloom & handicrafts + branding &
global linkage

Ill. Rejuvenation of Legacy Industrial Clusters

e 200 clusters to be revived via infrastructure & technology upgrade

IV. Champion SMEs & Micro Enterprises

e 310,000 crore SME Growth Fund to create future Champions, incentivizing enterprises
based on select criteria

e Additional %2,000 crore to Self-Reliant India Fund to continue support to micro
enterprises and maintain their access to risk capital.

e Corporate Mitras via ICAI/ICSI/ICMAI to design short-term, modular courses and practical

tools.
V. Infrastructure as Growth Engine
e Public Capex: ¥12.2 lakh crore
¢ Infrastructure Risk Guarantee Fund (crowding-in private investment)
e New Dedicated Freight Corridor (Dankuni-Surat)
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e 20 National Waterways (5 years)

o Start: NW-5 (Odisha — Talcher/Angul to Paradeep/Dhamra)

e Ship repair hubs: Varanasi & Patna

e Coastal Cargo Promotion Scheme- Modal share: 6% — 12% by 2047
e Seaplane VGF Scheme (connectivity + tourism)

VI. Energy Security & Climate Action
e 320,000 crore for Carbon Capture Utilisation & Storage (CCUS)
VII. City Economic Regions (CERs)

e 35,000 crore per CER (5 years)
e 7 High-Speed Rail Corridors as growth connectors
¢ Municipal Bonds: 3100 crore incentive for issuances >31000 crore

2. SECOND KARTAVYA: ASPIRATIONS & HUMAN CAPITAL
I. Services-Led Growth

¢ High-Powered Education-to-Employment & Enterprise Committee recommends
measures that focus on the Services Sector as a core driver of Viksit Bharat.

Il. Health & Human Resources

¢ 100,000 Allied Health Professionals to be added over the next 5 years.
e 5 Regional Medical Hubs (medical tourism)

¢ 3 new All India Institutes of Ayurveda

e 1 girls’ hostel to be established in every district

Ill. Orange Economy (AVGC)

e Visual Effects, Gaming and Comics (AVGC) labs in 15,000 schools & 500 colleges,
Support via Indian Institute of Creative Technologies, Mumbai

IV. Tourism, Culture & Sports

¢ National Institute of Hospitality

e 10,000 trained tourist guides in 20 tourist sites

¢ National Destination Digital Knowledge Grid to digitally document all places of
significance—cultural, spiritual andheritage.

e 15 iconic heritage sites (Lothal, Dholavira, Rakhigarhi, Adichanallur, Sarnath,
Hastinapur, and Leh Palace etc) to be developed into vibrant, experiential cultural
destinations

¢ Khelo India Mission (decade-long vision)

3. THIRD KARTAVYA: SABKA SATH, SABKA VIKAS

I. Increasing Farmer Incomes (Centred on water security, crop diversification, and digital
enablement).

e Integrated development of 500 reservoirs & Amrit Sarovars to reinforce irrigation
capacity, ensure reliable water availability, and strengthen rural livelihoods.

e High-value crops: coconut, sandalwood, cocoa, cashew

¢ Coconut Promotion Scheme
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e Bharat-VISTAAR: (Virtually Integrated System to Access Agricultural Resources)— a

multilingual, Al-enabled platform that integrates AgriStack portals with ICAR’s
agricultural practice packages,

Il. Empowering Divyangjan
¢ Divyangjan Kaushal Yojana (IT, AVGC, hospitality)
lll. Mental Health & Trauma Care

e NIMHANS-2 in North India
e Upgrade Ranchi & Tezpur institutes as regional apex bodies.

IV. Purvodaya & North-East Focus

e East Coast Industrial Corridor (node at Durgapur)

e 5 tourism destinations in Purvodaya States

e 4,000 e-buses

e Development of Buddhist Circuits in Arunachal Pradesh, Sikkim, Assam, Manipur,
Mizoram and Tripura.

Fiscal Federalism: Government provided 1.4 lakh crore to the States for the FY 2026-27 as Finance
Commission Grants as recommended by the 16th Finance Commission.

Critical Analysis of Union Budget 2026-27
Strengths of Union Budget 2026-27

e Strong growth push with fiscal prudence: Public capital expenditure raised to ¥12.2 lakh crore,
while fiscal deficit reduced to 4.3% of GDP (from 4.4% in 2025-26).

¢ Manufacturing and self-reliance focus: Major allocations such as ¥40,000 crore for electronics
components, ¥10,000 crore for Biopharma SHAKTI, and ¥10,000+ crore for container
manufacturing strengthen industrial depth.

¢ Infrastructure-led multiplier effect: Total expenditure at ¥53.5 lakh crore, with large
investments in freight corridors, waterways (20 NWs), and high-speed rail to boost logistics
efficiency.

e Support to MSMEs and entrepreneurship: ¥10,000 crore SME Growth Fund and ¥2,000 crore
additional support to the Self-Reliant India Fund improve access to risk capital.

e Energy and sustainability orientation: 20,000 crore committed over five years for Carbon
Capture, Utilisation and Storage (CCUS), aligning growth with climate goals.

¢ Human capital and services emphasis: Creation of 100,000 Allied Health Professionals, AVGC
labs in 15,000 schools and 500 colleges, and tourism skill initiatives strengthen employment
potential.

e Balanced regional and social inclusion: Targeted spending on Purvodaya & North-East,
agriculture (500 reservoirs, Amrit Sarovars), and ¥1.4 lakh crore Finance Commission grants to
States.

Concerns of Union Budget 2026-27

¢ High borrowing requirement: Gross market borrowing at ¥17.2 lakh crore keeps pressure on
interest rates and private investment (crowding-out risk).
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¢ Revenue dependence on optimistic assumptions: Net tax receipts projected at ¥28.7 lakh

crore may be vulnerable to global slowdown and trade uncertainties.

¢ Implementation capacity risks: Large-scale initiatives—200 legacy clusters, 20 national
waterways, 7 high-speed rail corridors—demand strong Centre—State coordination.

¢ Limited direct income support to farmers: Despite structural measures (500 reservoirs, high-
value crops), absence of major enhancement in direct income transfers may delay short-term relief.

e Private investment uncertainty: Infrastructure Risk Guarantee Fund announced, but
effectiveness depends on design; private capex response remains unclear.

e Social sector outlay visibility: While programmes are announced (mental health, Divyangjan,
skills), explicit budgetary allocations for some schemes are not clearly specified.

WAY FORWARD

e Strengthen implementation: Ensure time-bound execution through robust Centre-State
coordination, outcome-based monitoring, and third-party audits.

e Deepen fiscal consolidation: Gradually reduce debt-GDP ratio by broadening the tax base,
improving compliance, and rationalising non-merit subsidies.

¢ Crowd-in private investment: Operationalise the Infrastructure Risk Guarantee Fund with clear
rules to unlock private and foreign capital.

e Boost farm incomes faster: Complement structural reforms with targeted income and price-risk
support, stronger agri-value chains, and export facilitation.

e Enhance human capital delivery: Align skilling, education, and health initiatives with industry
demand through PPPs and district-level skill mapping.

e Improve transparency: Clearly earmark and disclose scheme-wise allocations and outcomes to
strengthen credibility and accountability.

CONCLUSION

The Union Budget 2026-27 lays the foundation for Viksit Bharat 2047 by combining fiscal discipline,
manufacturing-led growth, and human capital investment. Its focus on infrastructure,
technology-driven agriculture, green transition, and inclusive regional development positions
India to transform demographic potential into sustainable, globally competitive prosperity.

[ Date - 3" Feb 2026, Tuesday ]

WETLANDS AS A NATIONAL PUBLIC GOOD

After Reading This Article You Can Solve This UPSC Mains Model Question:

Discuss the major challenges and threats to wetlands in India and suggest context-specific measures

to ensure their sustainable conservation and management. (250 words) (GS-3, Environment)

CONTEXT:

World Wetlands Day 2026 (2 February) was observed under the theme: “Wetlands and Traditional
Knowledge: Celebrating Cultural Heritage.” Wetlands are "multiple-use" systems and "nature-
based infrastructure” sitting at the intersection of land and water.
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Traditional Wetland & Water Management Systems

Tamil Nadu: Kulams (human-made tanks)
forming cascading irrigation networks for paddy.
Kerala (Wayanad): Kenis (shallow wells) used
for drinking water and rituals for over 200 years.
Andhra Pradesh (Srikakulam): Traditional
fishing practices sustaining local livelihoods.
Rajasthan (Baoris / Jhalaras): Ornate
stepwells used for community water storage and
social gatherings.

North-East:

o Zabo System (Nagaland) Combines water conservation with forestry, agriculture, and animal

husbandry.
o Bamboo Drip (Meghalaya) Using bamboo pipes to tap stream water for black pepper
cultivation.

Status of Wetlands in India

Ramsar Sites: India has 98 designated Ramsar sites, the highest in South Asia, covering over 1.3
million hectares.

Total Count: India has over 7.5 lakh wetlands (mapping by ISRO’s National Wetland Inventory
and Assessment).

Geographical Spread: They cover approximately 4.63% of India’s total geographical area.

Alarming Trends: The "Red Flags”

Massive Attrition: 40% of natural wetlands have been lost in the last 30 years—primarily due
to urban conversion.

Ecological Decay: 50% of remaining wetlands are considered "ecologically degraded," meaning
they no longer provide full ecosystem services (flood control, water purification).

The "Double Bind" (Coastal Specific): Mangroves and lagoons are being "squeezed" between
rising sea levels on the seaward side and infrastructure development on the landward side.

National & International Existing Regulatory Framework

1.

National Regulatory Framework

e Wetlands (Conservation and Management) Rules, 2017:
o Legal Backbone: Notified under the Environment (Protection) Act, 1986.
o Decentralization: Established State Wetland Authorities (SWA) to identify and monitor
wetlands.
o Prohibitions: Strictly bans activities like land reclamation, solid waste dumping, and
discharge of untreated effluents.
¢ NPCA (National Plan for Conservation of Aquatic Ecosystems):
o Integration: Merged the National Lake Conservation Plan and National Wetlands
Conservation Programme.
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o Focus: Provides financial assistance for "outcome-oriented" management and

conservation of both lakes and wetlands.
¢ Coastal Regulation Zone (CRZ) Notification:
o Coastal Protection: Specifically protects coastal wetlands like mangroves, mudflats, and
salt marshes (CRZ-| areas).
¢ National Wildlife Action Plan (2017-2031):
o Inland Protection: Focuses on the conservation of inland wetlands as crucial habitats for
migratory birds and aquatic fauna.
¢ MISHTI (Mangrove Initiative for Shoreline Habitats & Tangible Incomes)
o Focus: Afforestation of mangroves along the coastline and on salt-pan lands.
o Data: Covers approximately 540 sq. km across 9 states and 4 UTs over 5 years.
¢ Amrit Dharohar (Ramsar Site Focus)
o Focus: Ensuring "Wise Use" of Ramsar sites to balance conservation with economic
development. India has increased its Ramsar sites to 98.

2. International Regulatory Framework

¢ Ramsar Convention (1971):

o The "Wise Use" Principle: Sustainable utilization of wetlands for the benefit of humankind
in a way compatible with the maintenance of the natural properties of the ecosystem.

o Commitment: India’s 98 Ramsar Sites are designated as "Wetlands of International
Importance," requiring rigorous management plans.

¢ Montreux Record:

o The "Red List": A register of Ramsar sites where changes in ecological character have
occurred, are occurring, or are likely to occur due to technological developments or
pollution. (e.g., Keoladeo National Park, Loktak Lake).

e CBD (Convention on Biological Diversity):

o Synergy: Wetlands are recognized as key biodiversity hotspots; their protection contributes
to the Kunming-Montreal Global Biodiversity Framework.

¢ Sustainable Development Goals (SDGs):
o SDG 6 & 15: Specifically target water management and life on land/wetlands.

Significance of wetlands
1. Ecological Significance

¢ Biodiversity: Though they cover only 6% of the Earth’s surface, they are home to 40% of all
species.

¢ The "Central Asian Flyway": India’s wetlands (like Chilika or Keoladeo) are critical stopovers
for over 270 species of migratory birds.

¢ Purification: Often called the "Kidneys of the Earth,” a single acre of wetland can filter 7.3
million gallons of water annually.

2. Hydrological Significance

e The "Sponge" Effect: One acre of wetland can typically store about 1-1.5 million gallons of
floodwater.
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e Groundwater: In India, wetlands are responsible for recharging aquifers that provide 80% of

rural and 50% of urban water needs.
3. Climate & Disaster Risk Reduction

¢ Blue Carbon: Mangroves sequester carbon at a rate 2-4 times higher than mature tropical
forests.

e Bio-Shields: During the 1999 Odisha Super Cyclone, villages protected by wider mangrove
belts (like Bhitarkanika) suffered significantly fewer deaths than those without.

e Sea-Level Rise: Coastal wetlands provide a buffer that saves an estimated $65 billion in flood
damages globally per year.

4. Economic & Livelihood Significance

e Market Value: The global economic value of wetland ecosystem services is estimated at $47.4
trillion per year.

¢ Inland Fisheries: India is the 2nd largest producer of inland fish, a sector almost entirely
dependent on healthy wetland ecosystems.

e Agriculture: Systems like the Kuttanad Above-Sea-Level Farming (Kerala) demonstrate how
wetlands sustain food security.

5. Social & Cultural Significance

¢ Traditional Engineering: The Ahar-Pyne system of Bihar and Zing of Ladakh are centuries-
old examples of "social hydrology."

e Urban Identity: Wetlands like the East Kolkata Wetlands act as the city's free sewage
treatment plant, saving the municipality millions while providing livelihoods for 30,000+
people.

6. Urban Significance
¢ Heat Island Mitigation: Urban water bodies can reduce local temperatures by 2°C to 4°C.

e Economic Saving: Replacing a natural wetland with a drainage pipe system costs 3-5 times
more in maintenance over its lifecycle.

Major Challenges to Wetlands
1. Structural & Anthropogenic Threats

¢ Hydrological Fragmentation: Dams, sand mining, and embankments disrupt the "timing and
flow" of water, turning dynamic systems into stagnant pools.

e Catchment Erosion: Degradation of the surrounding basin leads to heavy siltation and the
blockage of feeder channels.

2. Pollution & Ecological Decay

e The Eutrophication Crisis: Runoff from agriculture (nitrates/phosphates) and raw sewage
leads to oxygen-depleted "dead zones" and algal blooms.

e Dumping Grounds: Urban wetlands are often used as de facto primary treatment plants and
solid waste sites.
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3. Climate & Coastal Dynamics

e The "Double Squeeze": Coastal wetlands (mangroves/lagoons) are trapped between Sea-
Level Rise (seaward) and Infrastructure (landward), leaving no space for migration.

o Extreme Events: Increased cyclonic intensity and shoreline erosion are overwhelming the
natural buffering capacity of coastal ecosystems.

4. Governance & Institutional Gaps

e Departmental Silos: Land, water, and forests are managed by different agencies, preventing
a "Watershed-scale" approach.

e Capacity Deficit: State authorities lack specialized skills in Hydrology, GIS, and Remote
Sensing, leading to weak management plans.

5. Socio-Cultural Erosion

e Erosion of Stewardship: Modern management often ignores traditional knowledge (like
Kulams or Ahar-Pynes), disconnecting local livelihoods from conservation.

Way forward

1. Boundary Security: Use satellite remote sensing and drones for participatory "ground-truthing."
Creating publicly accessible digital maps with clear demarcations to prevent "paper-dry"
encroachments.

2. Integrated Watershed Governance: Establish a unified operational rhythm between urban
planning, irrigation, and environment departments.

3. Nature-Based Infrastructure (NbS): Incorporate wetlands into Disaster Risk Reduction (DRR)
frameworks. Treat mangroves, floodplains, and urban lakes as "green/blue infrastructure"
equivalent to "grey" infrastructure (dams/seawalls).

4. Institutional Capacity Mission: Accredited training in restoration of ecology, GIS,
environmental law, and hydrology.

5. Mainstreaming Traditional Knowledge: Integrate community-led stewardship (like Kulams and
Kenis) into modern conservation plans. The "Sahbhagita” model—engaging local "Wetland
Mitras" to ensure "wise use" and livelihood-linked conservation.

Case Study on Wetlands

1. East Kolkata Wetlands (EKW) (West Bengal)- "Living Laboratory": Uses the city's sewage to
feed fish ponds (bheris). It is the world’s largest wastewater-fed aquaculture system.

2. Loktak Lake (Manipur)- "The Phumdi Management": Use of traditional knowledge to manage
floating islands (Phumdis) while balancing the needs of the Ethai Dam.

3. Pallikaranai Marsh (Tamil Nadu)- Adaptive Restoration: Efforts to reclaim the marsh from a
massive garbage dump, highlighting the "Urban Significance"” of wetlands.
Landmark Judgments

1. M.K. Balakrishnan vs. Union of India (2017): Mandated the geo-mapping of 2 lakh+ wetlands,
extending legal protection to all wetlands regardless of their notification status.
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2. H.N. Mehal vs. Union of India (2020): Invoked the "Public Trust Doctrine," affirming the State as
a trustee of water bodies, prohibiting their conversion for private or real estate use.

Conclusion

By 2030, India must transition from treating wetlands as "wastelands” to vital natural capital. By
integrating Al-driven remote sensing with ancient ethno-hydrological wisdom, we can secure
water resilience. Evolving wetlands into "Climate-smart Bio-shields" will ensure they remain functional
ecosystems, safeguarding India’s biodiversity and economic future against the escalating climate
crisis.

[ Date - 4t Feb 2026, Wednesday ]

STRENGTHENING INDIA'S TEXTILE VALUE CHAIN

After Reading This Article You Can Solve This UPSC Mains Model Question:

Critically examine how recent policy initiatives, including those announced in the Union Budget 2026—
27, aim to strengthen India’s textile value chain and enhance its global competitiveness.” (GS-3 —

Economy | 250 words)
\ND\AN TEXTILE SECTo R

Context

The Union Budget 2026-27 positions the
textile sector as a "frontier sector" essential

W =z

for India’s growth strategy. It transitions from
fragmented support to an integrated value-
chain approach (Fibre to Fashion), focusing
on global competitiveness, sustainability (ESG
compliance), and large-scale employment.

Current Status of the Indian Textile Sector

e Economic Contribution: Contributes ~2% to India’s GDP.
o Accounts for 11% of Manufacturing GVA.
o 8.63% share in total exports (FY25).
¢ Global Standing: 6th largest exporter of Textiles & Apparel (T&A) globally (~4% market share).

World Leader:

e World's largest cotton cultivator by acreage
e Largest producer of jute
e 2nd largest producer of silk and cotton
¢ 2nd largest global hub for Man-Made Fibres (MMF)
¢ 2nd largest producer of polyester and viscose fibres
o Export Performance: Reached USD 37.75 billion in FY25 (up from USD 35.87 billion in FY24)
despite global headwinds.
o Employment: 2nd largest employer after agriculture; provides direct jobs to 45 million+
people, with a high participation rate for women and rural youth.
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Significance of the Textile Sector
1. Economic Engine

e GDP & GVA: Contributes approximately 2% to India's total GDP and 11% to the
Manufacturing Gross Value Added (GVA).
e Market Size: Currently valued at $179 billion, with a vision to reach $350 billion by 2030.

2. Socio-Economic Impact

¢ Mass Employment: The second-largest employer in India after agriculture, providing direct
jobs to over 45 million people.

¢ Women Empowerment: One of the few sectors with a high percentage of female labor
participation, driving financial independence in both urban and rural areas.

¢ Rural Livelihoods: Deeply integrated with the rural economy through 6 million cotton
farmers and millions of artisans in the handloom/handicraft clusters.

3. Strategic & Cultural Importance

e Technical Textiles: A frontier segment for Industrial, Medical (Meditech), Defense, and
Infrastructure applications, moving India up the technology value chain.

e Heritage Preservation: The sector keeps alive centuries-old traditional crafts (Varanasi Silk,
Kanchipuram, Chanderi) which are leveraged under the One District One Product (ODOP)
initiative.

e Sustainability Leadership: Through the Tex-Eco Initiative, the sector is transitioning toward
circularity (upcycling and natural dyes), aligning with global ESG (Environmental, Social, and
Governance) norms.

e Strategic Hub: Positioned as a "China Plus One" alternative for global brands seeking
resilient supply chains.

Government Initiative for the Textile Sector
Integrated Programme for Textile Sector (Budget 2026-27)

The Integrated Programme for the Textile Sector introduced in the 2026-27 Budget is a holistic
"Fibre-to-Fashion" strategy. It moves away from piecemeal schemes toward a unified framework.

The 5 Pillars of the Integrated Programme
1. National Fibre Scheme (Raw Material Security)

e Objective: Achieving self-reliance across the entire fibre spectrum.

e Focus: While supporting natural fibres (Jute, Silk, Wool), it gives a major push to Man-Made
Fibres (MMF) and Technical Textiles.

e Impact: Reduces import dependence on high-performance synthetic fibres and encourages
diversification beyond cotton.

2. Textile Expansion and Employment Scheme
e Objective: Upgrading the "mid-stream" of the value chain (spinning, weaving, processing).
e Strategy: Capital support for state-of-the-art machinery.

o Establishing Common Testing and Certification Centres to meet global quality
standards.
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e Impact: Increases productivity and facilitates "Plug & Play" manufacturing for large-scale

employment.

3. National Handloom and Handicraft Programme

e Objective: Unifying fragmented schemes to support the "Orange Economy"” (Artisans).
o Key Features:

o Enhanced market linkages for weavers.

o Promotion of Natural and Vegetable Dyes through "Mega Cluster Development.”
e Impact: Preserves India’s cultural heritage while improving the income of rural artisans.

4. Tex-Eco Initiative

e Objective: Aligning Indian textiles with the European Green Deal and global ESG
(Environmental, Social, and Governance) normes.

¢ Focus: Promoting circularity, upcycling, and eco-friendly manufacturing processes.

e Impact: Ensures Indian exports are not hit by "Carbon Border Taxes" and captures the
premium global green market.

5. Samarth 2.0

e Objective: Revamping the textile skill ecosystem.

e Strategy: Deeper collaboration between Industry and Academia to create a pipeline of
"Industry-ready" skilled manpower.

e Impact: Bridges the skill gap in specialized areas like technical textiles and apparel design.

Budgetary Synergy: The "3S" Strategy

The Integrated Programme is designed to achieve three specific outcomes:

Scale: Through Mega Textile Parks (PM MITRA).

Sustainability: Through the Tex-Eco Initiative.

Speed: Through TReDS (Trade Receivables Discounting System) for faster MSME liquidity and the
extension of Export Obligation periods (from 6 to 12 months).

Other Key Government Initiatives

1.

PM MITRA Parks- 7 Parks across TN, Telangana, Gujarat, Karnataka, MP, UP, and Maharashtra.

¢ Finance: ¥4,445 Cr outlay; target investment of 10,000 Cr per park.
e Impact: Expected to generate 3 lakh jobs (1L direct, 2L indirect) via "Plug & Play"

infrastructure.
2. Mahatma Gandhi Gram Swaraj Initiative: Strengthening Khadi, Handloom, and Handicrafts.
¢ Key Pillars: Global branding, process modernization, and alignment with One District One
Product (ODOP).
e Goal: Linking village industries to international markets.
3. PLI Scheme for Textiles: Incentivizing production of Man-Made Fibre (MMF) apparel/fabrics
and Technical Textiles to achieve global scale.
4. Export & MSME Liquidity Measures
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e Polic Export obligation period extended from 6 to 12 months for textile/leather garments

manufactured using duty-free imported inputs.

¢ Financial Tech: Mandatory TReDS (Trade Receivables Discounting System) usage by CPSEs
and integration with GeM for faster MSME invoice discounting.

¢ Growth Fund: ¥10,000 Cr SME Growth Fund created to nurture "Champion SMEs."

e Cotton Reforms: 'Kasturi Cotton Bharat' for branding and 'Kapas Kisan' app for transparency.

Challenges in the Indian Textile Sector
1. Structural & Technical Challenges

¢ Highly Fragmented: Over 80% of the industry is MSME-driven, leading to a lack of
economies of scale compared to competitors like China or Vietnam.

e Technological Obsolescence: Traditional looms and processing units suffer from low
productivity and high energy consumption.

¢ Raw Material Imbalance: Historically "Cotton-centric” (~60% of output), whereas the global
market demand is shifting rapidly toward Man-Made Fibres (MMF).

2. Logistics & Infrastructure

¢ High Logistics Costs: In India, logistics costs are ~13-14% of GDP, significantly higher than
the 8% in competing nations, making Indian exports less price-competitive.

o Fragmented Value Chain: Spinning, weaving, and processing units are often located in
different states, increasing lead times and transport costs.

3. Global Trade & External Factors

o Tariff Disadvantages: Competitors like Bangladesh and Vietnam enjoy Least Developed
Country (LDC) status or favorable FTAs, giving them 10-12% duty-free access to EU/US
markets, whereas Indian exports face high duties.

e Sustainability Compliance: Emerging "Green" regulations (like the EU's Carbon Border
Adjustment Mechanism) pose a threat to units that haven't shifted to sustainable
manufacturing.

4. Financial & Labor Issues

e Credit Crunch: MSMEs struggle with delayed payments, though initiatives like TReDS are now
being mandated to solve this.
e Skill Gap: Lack of specialized training for high-value segments like Technical Textiles.

Way Forward

e FTA Utilization: Rapidly finalize implement the India-EU FTA and India-UK FTA to eliminate the
9-12% tariff disadvantage India faces against LDC competitors (Bangladesh/Vietnam).

e Market Diversification: Shift focus beyond traditional US/EU markets to emerging hubs in the
UAE, Japan, and Australia using existing CEPA/ECTA agreements.

¢ Product Mix Change: Globally, the ratio of Cotton to MMF is 30:70, while in India, it is reversed.
India must incentivize Polyester and Viscose production via PLI schemes to capture the global
activewear and specialized apparel market.

e Technical Textiles: Invest in R&D for high-value segments like Meditech, Protech (Defense),
and Geotech (Infrastructure).
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e Traceability: Implement Blockchain-based tracking to prove "Green" credentials, ensuring
Indian products are not blocked by future "Carbon Border Taxes."
e E-Commerce Linkage: Connect traditional artisans (under Mahatma Gandhi Gram Swaraj)

directly to global B2C platforms.

Conclusion

With a Vision 2030 target of USD 100 billion in exports (expanding from %3 lakh crore to %9 lakh
crore), the 2026-27 Budget provides the necessary structural scaffolding. By balancing "Village
Industries" (Khadi) with "Frontier Manufacturing” (Technical Textiles), India is well-poised to become
a resilient global sourcing hub.

Notes:

TReDS (Trade Receivables Discounting System) is a digital platform that allows MSMEs to

obtain timely finance by discounting their trade receivables through multiple financiers. These

receivables may arise from sales made to corporates, government departments, PSUs, and other
institutional buyers, enabling quicker cash flow and improved liquidity for small businesses.

[ Date - 5" Feb 2026, Thursday ]

INDIA Al STACK

After Reading This Article You Can Solve This UPSC Mains Model Question:

Examine the significance of the India Al Stack Mission in enabling population-scale delivery of public

services, technological self-reliance, and sustainable digital growth. 250 words, (GS Paper 3, Science
& Technology),

Context:

India’s Al strategy is anchored in Al for Humanity,
aiming to democratise access to artificial intelligence
so that benefits are not concentrated among a few
firms or countries. The focus is on population-scale
deployment, integrating Al into healthcare,
agriculture, education, governance, disaster
management, and justice delivery.

What is the Al Stack?

The Al Stack refers to the complete, end-to-end

ecosystem of technologies, infrastructure, and systems that work together to build, train, deploy,
and scale Artificial Intelligence applications in the real world. An Al stack is an integrated system
of five interlinked layers that together enable Al to move from experimentation to real-world impact:
1. Application Layer

2. Al Model Layer

3. Compute Layer
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4. Data Centres & Network Infrastructure Layer

5. Energy Layer

The 5 Layers of the Al Stack

1. The Application Layer (The "Face")- This is what the end-user interacts with. It translates
complex code into user-friendly services.
¢ High-Impact Adoption in India
o Agriculture: Al advisories improving sowing, yield, and input efficiency; 30-50%
productivity gains reported in states like Andhra Pradesh & Maharashtra.
o Healthcare: Early detection of TB, cancer, neurological disorders, strengthening
preventive care.
o Education: Al integrated via NEP 2020, CBSE curricula, DIKSHA, YUVAI for future-ready
skills.
o Justice Delivery: e-Courts Phase Ill uses Al/ML for translation, scheduling, and case
management with vernacular access.
o Weather & Disaster Management: India Meteorological Department uses Al for
rainfall, cyclone, lightning forecasting; Mausam GPT aids farmers and disaster response

2. The Al Model Layer (The "Brain™)- This layer consists of algorithms trained on data to recognize
patterns and make decisions.

¢ India's Focus: Developing indigenous models like BharatGen and Bhashini (for Indian
languages) to ensure "sovereign" Al that understands local contexts.

3. The Compute Layer (The "Muscle")- This provides the raw processing power (GPUs and TPUs)
required to train and run the "Brain."

e Key Fact: The IndiaAl Compute Portal provides high-end processing at subsidized rates
(under ¥100/hour), making it affordable for startups to compete globally.

4. Data Centres & Network Layer (The "Highways")- This is the physical infrastructure—the fiber
cables and server warehouses—where Al is stored and transmitted.

e Status: India holds ~3% of global data centre capacity (~960 MW); India's 5G network now
covers 99.9% of districts, and data center capacity is projected to grow to 9.2 GW by 2030.

e Major hubs: Mumbai-Navi Mumbai (25%), Bengaluru, Hyderabad, Chennai, Delhi NCR, Pune,
Kolkata.

5. The Energy Layer (The "Fuel”)- Al is power-hungry. This layer ensures a steady, sustainable
electricity supply to keep the servers running.

e Sustainability: Over 51% of India’s power capacity now comes from non-fossil fuel sources,
ensuring Al growth doesn't come at a massive environmental cost.
e Future plans:
o 100 GW nuclear by 2047
o 57 GW pumped storage by 2031-32
o 43,220 MWh battery storage
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Significance of the India Al Stack Mission

1.

Democratisation of Al- Makes Al accessible beyond big tech by providing shared compute,
datasets, and models. Example- IndiaAl Compute Portal offers 38,000 GPUs + 1,050 TPUs at <
%100/hour,

Population-Scale Public Service Delivery- Enables Al deployment across agriculture,
healthcare, education, justice, and disaster management. Example: e-Courts Phase lll uses
Al for translation and case management, improving access in Indian languages.

Sovereign & India-Centric Al Models- Reduces dependence on foreign Al models and aligns Al
with Indian languages, laws, and socio-economic needs. Example- 12 indigenous Al models
under the IndiaAl Mission;

Boost to Startups & Innovation Ecosystem- Lowers entry barriers through subsidised compute
(up to 25%), open datasets, and shared infrastructure.

. Technological Self-Reliance (Atmanirbhar Bharat)- Integrates Al with semiconductor

manufacturing, chip design, and supercomputing. Example- 40+ petaflops under the National
Supercomputing Mission (PARAM Siddhi-Al, AIRAWAT).

Cost-Efficient & Scalable Al Growth- Shared infrastructure avoids duplication and reduces
national Al costs.

Inclusive Digital Governance- Supports vernacular, citizen-centric Al services, strengthening
transparency and trust.

Sustainable Al Development- Aligns Al expansion with clean and reliable energy. Example-
India has crossed 509 GW installed power capacity.

Challenges the India Al Stack Mission

1.

Hardware Monopoly: Despite the IndiaAl Mission, India remains heavily dependent on foreign-
designed chips (NVIDIA/Google). Domestic initiatives like SHAKTI are still in early stages compared
to global benchmarks.

High Capital Expenditure: Maintaining a GPU cluster is incredibly expensive; keeping costs under
%100/hour requires massive, sustained government subsidies.

Fragmented Data: While IndiaAlKosh hosts thousands of datasets, much of India’s public sector
data remains siloed, unorganized, or in non-digital formats.

Privacy Concerns: Scaling Al in healthcare and justice requires a delicate balance between "data
democratization" and protecting the sensitive personal information of citizens.

Skill Shortage: There is a significant gap between the demand for high-level Al researchers and
the current supply. Many of India's top Al talents are recruited by global tech giants abroad rather
than domestic startups.

Cooling & Power: Al data centers are "energy vampires.” Even with 51% renewable energy, the
sheer volume of water required for cooling and the 24/7 "always-on" power demand pose a
challenge to local grids and sustainability goals.

Algorithmic Bias: If models are trained on historical data that contains social biases (caste,
gender, or regional), the "Al for Humanity" could inadvertently automate discrimination in justice
or hiring.
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Way Forward

1.

Chip Autonomy: Fast-track the India Semiconductor Mission to transition from chip design to
domestic fabrication, reducing reliance on foreign GPU giants.

Edge Al: Prioritize "Edge Computing” to allow Al to run locally on devices, reducing the burden
on central data centers and the energy grid.

Data Standardisation: Create unified protocols for public sector data to make it "Al-ready" for
the IndiaAlKosh repository.

Privacy-First Frameworks: Implement robust "Privacy Enhancing Technologies" (PETs) to allow
data sharing for research without compromising individual citizen identity.

. Al-Ready Workforce: Integrate Al literacy into vocational training and higher education beyond

just elite institutions (1ITs/IISc).

Incentivizing Domestic R&D: Offer "Innovation Credits" to startups that contribute back to the
open-source BharatGen or Bhashini models.

Al Audits: Establish independent bodies to audit sovereign Al models for social bias (caste,
gender, or linguistic) before population-scale rollout.

Green Al Mandates: Incentivize data centers that utilize 100% renewable energy or innovative
liquid cooling systems to meet sustainability goals.

Conclusion

The India Al Stack transcends technology; it is a digital public infrastructure designed for 1.4 billion
people. By integrating sovereign models with green energy, India is pioneering a "Human-Centric

Al" model—transforming data into a democratic utility that powers inclusive growth and global
technological leadership.

[ Date - 6" Feb 2026, Friday ]

DISCOMS AND THE ROAD AHEAD

After Reading This Article You Can Solve This UPSC Mains Model Question:

Despite recent financial improvements, India’s power distribution companies (DISCOMs) continue to

face deep structural challenges. Critically examine
the major challenges confronting DISCOMs and
suggest measures to ensure their long-term
financial and operational sustainability. 250 words
(GS-3, Economy)

Context:

The Indian power sector, long plagued by a
"legacy of losses," is witnessing a historic shift.
Historically, ~Power Distribution Companies
(DISCOMs) have been the weakest link in the

energy value chain, characterized by mounting debt and operational inefficiencies. However, recent
data for FY 2024-25 reveals a decisive turnaround: DISCOMs recorded a positive Profit After Tax
(PAT) of 2,701 crore, a stark contrast to the 367,962 crore loss a decade ago.
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About DISCOMs:

1.

The Core Function

DISCOMs are responsible for buying electricity from GENCOs (Generation Companies) and

delivering it to the end consumer.

Procurement: They sign Power Purchase Agreements (PPAs) with thermal, hydro, or solar
plants.

Infrastructure: They maintain the network of poles, transformers, and local wires.

Revenue: They bill customers and collect payments to pay back the GENCOs and the
transmission companies (TRANSCOs).

Historical Mandate: Originally formed under the Electricity (Supply) Act, 1948, they were
legally required to maintain a 3% profit margin, a target they failed to meet for decades.

The "Utility" Landscape

There are 72 DISCOMs currently operating in India:

State-owned: The majority (44), often operated as government departments or state
corporations.

Private: 16 entities (e.g., Tata Power, Adani Power in cities like Delhi or Mumbai).

Power Departments: 12 (mostly in Union Territories).

Financial Status of DISCOM:

1. The Legacy Era (Pre-2014)
e Deep Red: Characterized by "never-declining” losses. In 2013-14, the sector recorded a
massive loss of ¥67,962 crore.
e The Gap: The ACS-ARR gap (Cost vs. Revenue) was wide, hovering around 78 paise per unit,
meaning DISCOMs lost money on nearly every kilowatt-hour sold.
o Efficiency: AT&C losses were high, exceeding 22%, due to rampant theft and aging
infrastructure.
2. The Struggle Period (2015-2021)
¢ Rising Debt: Despite various bailout attempts (like UDAY), debt continued to pile up. By 2020-
21, accumulated losses reached ¥5.5 lakh crore.
e Payment Crisis: DISCOMs became "defaulters” to power generators (GENCOs), leading to a
circular debt crisis in the entire energy value chain.
e Structural Issues: Delayed state subsidies and non-cost-reflective tariffs (prices not raised
despite rising coal costs) kept the sector in a "minus” state.
3. The "Decisive Turnaround" (2022-2025)
e Profitability: For the first time in decades, DISCOMs recorded a Profit After Tax (PAT) of
2,701 crore in FY 2024-25.
o Efficiency Gains: AT&C losses dropped significantly to 15.04%.
e Cost Recovery: The ACS-ARR gap narrowed from 78 paise to a negligible 0.06 paise per unit.
e Debt Liquidation: Outstanding legacy dues, which were ¥1.39 lakh crore in mid-2022,
plummeted to just ¥4,927 crore by January 2026 thanks to strict EMI-based repayment rules.
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Policy Reforms in the DISCOM:

1.

Revamped Distribution Sector Scheme (RDSS)- A performance-linked infrastructure
scheme with a %3 lakh crore outlay. It funds supply upgrades and Smart Prepaid Meters only if
DISCOMs achieve annual targets for reducing technical and commercial losses.

Late Payment Surcharge (LPS) Rules, 2022- A mandatory framework to liquidate legacy dues
via 48 interest-free EMlIs. It imposes strict penalties, including barring DISCOMs from power
exchanges for any defaults on current payments.

Electricity (Amendment) Rules- Ensure fiscal transparency by mandating timely subsidy
payments from State Governments. It requires subsidies to be paid upfront, ensuring real-time
bridging of the gap between supply costs and revenue.

Mandatory Feeder Segregation- Focuses on physically separating agricultural feeders from
others. This enables precise metering of farm consumption, facilitates daytime solar power supply,
and prevents masking commercial losses as agricultural use.

Integrated Rating Exercise- An annual Power Finance Corporation (PFC) assessment scoring
DISCOMs on 25+ parameters. These ratings dictate creditworthiness, influencing bank lending
and incentivizing operational improvements.

Challenges Faced by DISCOMs:

Despite the optimism, the "profitability" of DISCOMs remains fragile due to several underlying factors:

1.

Dependency on State Subsidies- Profitability is largely artificial, driven by massive tariff
subsidies and state loss takeovers. For example, TNPDCL's %2,073 crore profit exists only due to
%31,000 crore in state support; otherwise, it faces a 314,034 crore loss.

. Transient Revenue Surplus- The current surplus is temporary. Looming liabilities, including

periodic employee pay revisions and rising operational costs, threaten to pull DISCOMs back
into revenue deficits.

Non-Cost-Reflective Tariffs- Political reluctance prevents aligning consumer tariffs with the
actual Average Cost of Supply (ACS). This creates a structural revenue gap where collections fail
to cover procurement and distribution costs.

Lack of Agricultural Metering- Prevalent unmetered supply in the farm sector prevents
accurate data collection. Without metering, DISCOMs cannot distinguish between genuine
agricultural consumption and systemic technical or commercial losses.

High Outstanding Debt- Despite reducing legacy dues, total debt remains high at ¥7.26 lakh
crore. This burden restricts capital for grid modernization and the integration of green energy.

The Way Forward

1.

Universal Feeder Segregation- Physical separation of agricultural and domestic feeders must be
expanded nationwide. This provides accurate consumption data and prevents
technical/commercial losses from being hidden under the guise of agricultural supply.

Promotion of Solar Pumps- Aligning with NITI Aayog recommendations, scaling solar pumps

(via PM-KUSUM) reduces power procurement costs. Shifting the agricultural load to
decentralized solar minimizes the need for high-cost transmission and state subsidies.
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3. Targeted Subsidy & DBT- The political executive should move away from universal free power
to avoid benefiting economically stronger sections. Implementing Direct Benefit Transfer (DBT)
ensures subsidies reach the intended consumers while encouraging energy conservation.

4. Tech-Driven Efficiency- Rapid deployment of Smart Prepaid Meters is essential to eliminate
billing errors and improve collection. Modernizing infrastructure is key to lowering the Average
Cost of Supply (ACS) and integrating renewable energy.

5. Political & Administrative Will- Transforming DISCOMs requires a "public-spirited bureaucracy”
and the political will to implement cost-reflective tariffs. Commercial viability is the only way to
ensure long-term, reliable power for consumers.

Conclusion:

The future of India’s power sector hinges on transitioning DISCOMs from subsidy-dependent entities
to commercially viable hubs. Integrating smart-grid technologies, scaling decentralized
solarization, and ensuring cost-reflective tariffs will be pivotal. Only through sustained political will
and fiscal discipline can DISCOMs support India’s growing energy demand and Net Zero aspirations.

[ Date — 7*" Feb 2026, Saturday ]

RAILWAY SAFETY: KAVACH AND Al INTEGRATION

After Reading This Article You Can Solve This UPSC Mains Model Question:

Critically examine how the deployment of Automatic Train Protection (ATP) systems and artificial
intelligence is enhancing operational safety, network capacity, and institutional resilience of Indian
Railways. 250 words (GS-3, Economy)

Context:

Indian Railways is moving toward a "Zero
Accident” goal by leveraging indigenous
technology and Atrtificial Intelligence. The focus
has shifted from reactive measures to Predictive
and Automated Safety.

e Statistical Progress: Consequential train
accidents declined from 135 (2014-15) to 11
(2025-26) (as of Nov 2025).

¢ Fiscal Commitment: Safety expenditure has seen a nearly 3x increase, reaching ¥1,17,693 crore
in the 2025-26 budget.

KAVACH: The Indigenous Automatic Train Protection (ATP)

Kavach is a locally developed, high-tech situational awareness system designed by the Research
Designs & Standards Organization (RDSO).
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Technical Core

Safety Integrity Level (SIL-4): Certified to the highest global safety standard (probability of
error is 1in 10,000 years).

Mechanism: Uses RFID tags on tracks, UHF Radio communication, and On-board
computers.

Interoperability: Unlike many global systems, Kavach is designed for multi-vendor
interoperability, preventing "lock-ins" with a single supplier.

B. Key Safety Features

SPAD Prevention: Detects and prevents Signal Passing at Danger by automatically stopping
the train before the signal.

Collision Avoidance: Prevents head-on, rear-end, and side-on collisions through real-time
train-to-train communication.

Automated Braking: Enforces speed limits; applies brakes if the Loco Pilot fails to slow down
for turnouts, gradients, or permanent/temporary speed restrictions.

Cab Signaling: Displays signal status, target speed, and distance directly in the loco cab—
essential for visibility at 160 kmph.

Roll-Back/Forward Protection: Prevents unintended movement of the train when stationary
or on gradients.

SOS Functionality: Allows both Loco Pilots and station staff to broadcast an Emergency Stop
signal to all trains in the vicinity.

Auto-Whistling: Automatically triggers the train horn when approaching Level Crossing (LC)
Gates.

C. Evolutionary Versions

1.

Kavach 3.2 (The Foundation)

Core Role: Established basic Automatic Train Protection (ATP) protocols.

Deployment: Successfully tested and implemented on ~1,465 route km on the South-Central
Railway.

Capability: Focused on preventing SPAD (Signal Passing at Danger) and rear-end collisions in
non-complex environments.

Kavach 4.0 (The Current Gold Standard)

Status: Approved in July 2024; currently being rapidly deployed.

Upgrade: Designed to handle complex terrains, high-density traffic, and diverse Indian
Railway zones.

Key Milestone: Covered 472 km in a single month (Jan 2026).

Network Reach: Spans five zones including major sections of the Delhi-Mumbai and Delhi-
Howrah corridors.

Precision: Enhanced interoperability between different manufacturers and more robust radio
communication.

Kavach 5.0 (The Future / Urban Transit)

e Specialization: Optimized for Suburban Sections (e.g., Mumbai Local network).
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Headway Reduction: Its primary goal is to reduce the distance/time between trains safely,

allowing for higher frequency (more trains per hour).
Flagship Integration: Scheduled to be the safety backbone for Vande Bharat 4.0 trains.

Al and "Deep Tech" Integration

Indian Railways is deploying Al to move away from human-dependent inspections to Machine-Vision
and Acoustic sensing.

Intrusion Detection (IDS): Uses Distributed Acoustic Sensing (DAS) to detect elephants or
wildlife on tracks, alerting pilots instantly.

Predictive Maintenance: Al-driven Machine Vision (MVIS) and Wheel Impact Load Detectors
(WILD) identify faulty components or wheel wear while the train is in motion.

Electronic Interlocking: Replaces manual track-switching with a centralized computer-based
system, eliminating human error in route setting.

Video Analytics (VA): Employs Facial Recognition (FRS) and loitering detection at stations for
proactive security management.

Fog Safety Devices (FSD): GPS-based handheld devices that provide pilots with distances to
approaching landmarks (signals/gates) during zero-visibility conditions.

Other Government Initiative:

1.

Rashtriya Rail Sanraksha Kosh (RRSK): A dedicated Special Solvency Fund for critical safety
assets.

e Focus: Elimination of unmanned level crossings, track renewals, and bridge rehabilitations.

e Status: Extended for a second five-year period starting 2022-23 to sustain safety CAPEX.

Mission Raftar: To double the average speed of freight trains and increase passenger train speeds
to 160 kmph.

o Safety Link: High speeds necessitate the mandatory deployment of Kavach (ATP) and the
removal of all level crossings on Golden Quadrilateral/Diagonal routes.

Digital India in Railways: Implementation of the Network Management System (NMS) for

centralized real-time monitoring of every Kavach-equipped train.

e Connectivity: Expansion of the Optical Fibre Cable (OFC) network (67,233 km) to provide
the backbone for Al and communication.

Aatmanirbhar Bharat (Indigenous Innovation): Funding provided to RDSO to develop Kavach

as an indigenous alternative to the expensive European Train Control System (ETCS).

"One Station One Product” & Gati Shakti: Integration of railway safety with the PM Gati Shakti

National Master Plan to ensure multi-modal connectivity does not compromise track integrity

or safety protocols.

Key Challenges in Railway Safety in India:

1. Massive Scale & Geography: Covering over 68,000 route km across diverse terrains (mountains,
coastal areas, deserts) requires immense time and infrastructure.
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High Capital Expenditure: Estimated cost of ¥50 Lakh per km for trackside equipment and ¥70

Lakh per locomotive. Total network coverage requires multi-billion dollar investment.

Retrofitting Legacy Assets: Integrating modern Kavach 4.0/5.0 hardware into thousands of older
locomotives and varied signaling systems (mechanical to electronic) is technically complex.
Bandwidth & Spectrum: Kavach relies on UHF (Ultra High Frequency). Managing interference
and ensuring 100% signal availability in remote/hilly regions is a bottleneck.

Supply Chain & Interoperability: Dependency on a limited number of certified vendors. Ensuring
different manufacturers' equipment works seamlessly across all 17 railway zones.

Cybersecurity Risks: As signaling moves to digital and radio-based networks, the system
becomes vulnerable to cyber-attacks or signal jamming, requiring advanced encryption.

Human Factor & Training: Transitioning a workforce of over one million from manual/visual-
based driving to high-tech "Cab-Signaling" requires massive reskilling.

Way Forward:

1. Standardization: Expedite the transition from Kavach 4.0 to 5.0 across all 17 zones to ensure
uniform safety protocols.

2. Aggressive Rollout: Prioritize the 10,000 km of High-Density Network (HDN) to cover 90% of
traffic volume in the shortest possible timeframe.

3. Public-Private Partnership (PPP): Explore private investment for trackside equipment installation
to reduce the fiscal burden on the Rashtriya Rail Sanraksha Kosh (RRSK).

4. Indigenous Component Ecosystem: Foster a local supply chain for UHF radios and RFID tags to
lower the "per-kilometer" implementation cost.

5. 5G for Railways: Transition from UHF to dedicated 5G-R (Railway) bands to provide higher
bandwidth for Al-driven predictive maintenance and real-time 4K video surveillance.

6. Satellite Backup: Integrate ISRO’s NavlC for redundant positioning data, ensuring safety even in
radio-shadow regions like deep tunnels or mountainous terrain.

7. Dynamic Training: Implement Al-based driving simulators for Loco Pilots to master Cab-
Signaling and automated braking responses under diverse stress scenarios.

8. Track Fencing: Complete the fencing of all Mission Raftar routes (160 kmph) to eliminate cattle
straying and human trespassing—the leading causes of emergency braking.

Conclusion:

By integrating Kavach 4.0, suburban-focused 5.0, and Al-driven diagnostics, Indian Railways is

pivoting from reactive safety to a predictive, fail-safe architecture. This digital overhaul not only

secures lives but unlocks the capacity for high-speed logistics, positioning the network as a globally

competitive, Aatmanirbhar backbone of India’s future infrastructure.
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