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Context: Recent research has raised alarm bells across the scientific 
community as Earth's magnetic field continues to show signs of 
weakening and shifting. These fluctuations hint at the possibility of a 
magnetic excursion or even a complete polarity reversal — an event 
that could have widespread implications for our planet and its inhabitants. 

What Powers Earth’s Magnetic Field? 

Earth’s magnetic field originates from the dynamo action in the liquid 
outer core, where molten iron and nickel circulate due to thermal and 
rotational forces. This constant churning creates a dipolar magnetic field, with magnetic north and south 
poles roughly aligned with the planet’s rotational axis. 

 The solid inner core plays a stabilizing role, anchoring this dynamo effect. 

 Earth's rotation enhances the Coriolis effect, further influencing the magnetic field's structure. 

What Triggers a Magnetic Reversal? 

Short-Term Variations: 

 Caused by interactions with solar winds and charged particles from space. 

 These changes occur over milliseconds to days and are typically localized. 

Long-Term Variations: 

 Result from turbulent flows in the outer core, influenced by heat loss from the inner core and 
planetary rotation. 

 A full reversal occurs when the flow pattern in the outer core changes dramatically — potentially 
switching from clockwise to anticlockwise — altering the overall field orientation. 

Magnetic Reversals vs. Excursions: 

Magnetic Reversals: 

 Involve a complete swap of the magnetic north and south poles. 

 Have occurred 183 times in the last 83 million years. 

 The last known full reversal, the Brunhes-Matuyama reversal, happened approximately 780,000 
years ago. 

 Reversals are gradual processes, typically taking thousands to tens of thousands of years to 
complete — average estimate: 22,000 years. 

Magnetic Excursions: 

 Represent temporary, incomplete shifts in the magnetic field direction. 

 Occur ten times more frequently than full reversals. 

 Notable events include: 

o Norwegian-Greenland Sea Excursion (~64,500 years ago) 

o Laschamps and Mono Lake Excursions (~34,500 years ago) 

o Bagwalipokar Excursions (found in Uttarakhand, India): 15,500–14,700 years ago and 
8,000–2,850 years ago. 

 1 Magnetic Flip-Flop: Earth’s Magnetic Field in Flux 

GS Paper 3 –  Science & Technology 

https://www.youtube.com/@freedomupsc
https://www.youtube.com/@freedomupsc
https://www.youtube.com/@freedomupsc
https://play.google.com/store/apps/details?id=com.xfnnti.jmikou


 

  3 
 

Freedom UPSC with Dhananjay Gautam 
Page No 

Download Our Application 

Why Should We Be Concerned? 

1. Atmospheric Exposure: 

During weak phases, the magnetic field’s shielding capability diminishes, making Earth’s atmosphere 
more vulnerable to solar wind, cosmic rays, and radiation storms. This increases risks such as: 

 Ozone layer depletion 

 Enhanced auroras at lower latitudes 

 Potential climate disturbances 

2. Technological Vulnerabilities: 

In our increasingly digital world, magnetic instability could: 

 Disrupt GPS, satellite operations, and radio communications 

 Affect airline navigation and military systems 

 Cause blackouts in power grids due to induced currents from solar storms 

3. Impact on Wildlife: 

Many species use geomagnetic cues for navigation. A shifting or reversing field may: 

 Confuse migratory animals like birds, turtles, and whales 

 Disrupt breeding patterns and nesting behaviors 

 Pose a threat to ecosystem stability 

Did You Know? 

 A region called the South Atlantic Anomaly, stretching from South America to Africa, is experiencing 
an unusual weakening of the magnetic field, possibly hinting at an ongoing excursion. 

 The magnetic north pole is drifting at unprecedented speeds — moving from Canada toward 
Siberia at a rate of 50–60 km per year. 

 Despite the concerns, fossil and geological records suggest that life has persisted through past 
reversals with no mass extinctions directly linked to them. 

Conclusion: Preparing for the Unknown 

Though magnetic reversals are a natural part of Earth's geological history, the timing and triggers remain 
difficult to predict. As we continue to unravel the mysteries of Earth’s inner workings, it's vital to monitor 
field behavior closely, enhance our technological resilience, and invest in space weather preparedness. 

In a world increasingly reliant on electromagnetic systems, understanding Earth’s invisible shield is not just 
a scientific pursuit — it's a necessity for global stability and security. 
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Context: According to the Sample Registration System (SRS) Statistical 
Report 2021, released by the Registrar General of India (RGI), India’s Total 
Fertility Rate (TFR) remained constant at 2.0 in 2021—unchanged from 2020. 
This marks a critical juncture in India’s demographic journey as the country 
approaches replacement-level fertility. 

The report was compiled using data from 8,842 sample units across all Indian 
states, covering a population base of approximately 84 lakh people. 

Understanding the Sample Registration System (SRS): 

The Sample Registration System is India’s principal source for vital statistics such as birth rate, death 
rate, and infant mortality rate. Key features include: 

 Dual Record System: Data is collected via continuous enumeration by part-time enumerators, 
followed by six-monthly retrospective surveys conducted by supervisors. 

 Sample-Based Approach: Covers rural villages and urban blocks, making it cost-efficient and 
statistically robust. 

What is Total Fertility Rate (TFR)? 

Total Fertility Rate refers to the average number of children a woman is expected to have during her 
reproductive years (15–49 years). A TFR of 2.1 is considered the replacement level, which ensures a stable 
population in the absence of migration. 

Key Findings of the 2021 Report: 

1. State-Wise Variation: 

 Highest TFR: Bihar at 3.0 

 Lowest TFRs: Delhi and West Bengal at 1.4 

2. Demographic Shifts (1971–2021): 

 Children (0–14 years): Declined from 41.2% to 24.8%, indicating a shrinking young population. 

 Working-age Population (15–59 years): Increased from 53.4% to 66.2%, offering a demographic 
dividend. 

 Elderly Population (60+ years): Rose from 6% to 9%; Kerala has the highest elderly proportion at 
14.4%. 

 Mean Age at Effective Marriage (Females): Increased from 19.3 years in 1990 to 22.5 years in 
2021. 

Why It Matters: The Significance of a 2.0 TFR 

Population Stabilization: 

 India is edging closer to demographic equilibrium, reducing future strain on resources, 
infrastructure, and the environment. 

Harnessing the Demographic Dividend: 

 With a larger working-age population, India is well-positioned for economic expansion and 
increased labour productivity, provided that job creation and skill development keep pace. 

 2 India’s Total Fertility Rate Holds Steady at 2.0: A Demographic Turning Point  
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Improved Health Indicators: 

Fewer childbirths per woman and delayed marriages contribute to: 

 Lower maternal mortality 

 Healthier children 

 Stronger family well-being 

Empowerment of Women: 

 A declining TFR often reflects higher female literacy, employment, and autonomy, reinforcing 
progress toward gender equality and social development. 

Challenges of a Declining Fertility Rate: 

Rising Elderly Burden: 

A growing senior citizen population means increased pressure on: 

 Pensions and retirement systems 

 Healthcare services 

 Social protection schemes 

Risk of Skewed Sex Ratios: 

 In areas with persistent gender bias, falling fertility without social reforms may intensify sex-
selective practices, resulting in imbalanced demographics. 

Interstate Demographic Disparities: 

The gap between high-fertility and low-fertility states may drive: 

 Migration surges 

 Cultural and linguistic shifts 

 Resource allocation conflicts 

Global and Historical Perspective: 

 Global Average TFR: Around 2.4 as of 2020, according to the UN. 

 Countries like Japan (1.3) and South Korea (0.72) now face population decline and economic 
stagnation, highlighting the long-term risks of sub-replacement fertility. 

 India's experience mirrors global trends, but its diversity across states requires region-specific 
responses. 

Conclusion: A Critical Window of Opportunity 

India’s stable Total Fertility Rate of 2.0 signals the onset of population stabilization, a historic 
demographic transition. However, this milestone brings both opportunities and risks. 

To fully leverage the demographic dividend and prepare for an ageing population, India must: 

 Invest in healthcare and social security 

 Strengthen education and employment avenues 

 Promote gender equality and reduce regional disparities 

The road ahead demands a balanced and forward-looking approach, ensuring that this demographic shift 
leads to a resilient, inclusive, and prosperous future. 
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Context: Recent devastating floods have struck the eastern 
region of the Democratic Republic of the Congo (DRC), 
particularly near the shores of Lake Tanganyika. These floods 
have displaced thousands and underscored the region’s 
vulnerability to climate change, poor infrastructure, and 
ongoing humanitarian challenges. The affected areas lie near 
the borders with Burundi, Tanzania, and Zambia, 
intensifying regional concerns. 

Geopolitical Importance of the DRC: 

Location and Borders: 

Situated in the heart of Central Africa, the Democratic 
Republic of the Congo is the second-largest country in 
Africa (after Algeria) by land area. It shares land borders with 
nine countries: 

 North: Central African Republic (CAR), South Sudan 

 East: Uganda, Rwanda, Burundi, Tanzania 

 South: Zambia 

 West: Angola, Republic of the Congo (RoC) 

It also has a narrow strip of coastline along the Atlantic Ocean, giving it maritime access—a rare advantage 
for a mostly landlocked region. 

Capital City: Kinshasa, one of the largest French-speaking cities in the world, lies on the banks of the Congo 
River, directly opposite Brazzaville, the capital of the Republic of the Congo. 

Physical and Environmental Features: 

Tropical Climate and Equatorial Position: 

 The DRC experiences a humid tropical climate, as the Equator runs through the country. This leads 
to high rainfall, especially in the Congo Basin, and fosters some of the world's richest biodiversity. 

The Congo River System: 

 The Congo River, the second-longest river in Africa and the deepest river in the world, is vital for 
transport, fishing, and hydroelectricity. Notably, it crosses the Equator twice, a rare geographic 
feature. 

The Congo Basin: Africa’s Green Lungs: 

The DRC lies at the core of the Congo Basin, the world’s second-largest tropical rainforest after the 
Amazon. Spanning about 500 million acres, the basin covers parts of six countries: 

 DRC 

 Cameroon 

 Central African Republic 

 Republic of the Congo 

 

 3 Democratic Republic of the Congo: Floods and Strategic Significance in Central Africa 
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 Equatorial Guinea 

 Gabon 

It contains the world’s largest tropical peatlands, crucial carbon sinks that store more than 30 billion 
tonnes of carbon. The degradation of these ecosystems could dramatically accelerate global warming. 

Natural Wealth and Strategic Minerals: 

The DRC is endowed with a vast range of natural resources, making it a global hotspot for mining and 
geopolitics: 

 Cobalt: The DRC produces over 70% of the world’s cobalt, a critical component for lithium-ion 
batteries used in electric vehicles and renewable energy storage. 

 Copper, Gold, Diamonds, Iron Ore, and Tin: Abundant but often exploited through informal or 
conflict-linked mining. 

 Lithium and Rare Earths: Gaining international attention as countries shift to clean energy 
transitions. 

However, despite this mineral wealth, poverty, political instability, and conflict remain prevalent, 
especially in eastern provinces. 

Additional Insights: 

 The DRC is part of the African Great Lakes region, with lakes like Tanganyika, Albert, and Edward 
forming part of its eastern geography. 

 The country is rich in biodiversity, hosting endangered species such as the mountain gorilla, forest 
elephants, and the okapi (a unique forest-dwelling giraffid found only in the DRC). 

 The Virunga National Park, a UNESCO World Heritage Site, is Africa’s oldest national park and a 
crucial sanctuary for gorillas and other megafauna. 

Conclusion: 

The Democratic Republic of the Congo remains a geopolitically and environmentally pivotal nation. 
While the recent floods near Lake Tanganyika highlight its climate vulnerability, its strategic location, 
immense mineral wealth, and ecological significance make it central to both African development and 
global environmental sustainability. 

As the world moves toward a green economy, the DRC’s future will increasingly shape global conversations 
on resource justice, biodiversity protection, and sustainable development. 
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Context: Despite rising discussions around crop diversification 
and environmental sustainability, a majority of Indian farmers 
continue to rely on rice and wheat. This preference is rooted in 
a complex blend of economic security, government policy, 
ecological suitability, and a historical legacy shaped by the 
Green Revolution. 

India’s Rice and Wheat Landscape (2024–25): 

 Wheat: Estimated production stands at 122.7 million 
tonnes, grown over 330.8 lakh hectares. 

o Key wheat-producing states: Uttar Pradesh, Madhya Pradesh, Rajasthan, Punjab, Haryana, 
Bihar, Gujarat, and Maharashtra. 

 Rice: Annual output exceeds 120 million tonnes, with cultivation spread across Kharif and Rabi 
seasons. 

o Leading rice producers include West Bengal, Uttar Pradesh, Punjab, Andhra Pradesh, and 
Tamil Nadu. 

Why Rice and Wheat Remain the Farmer’s First Choice: 

1. Government Support and Economic Assurance: 

 Minimum Support Price (MSP): Rice and wheat are among the few crops with assured 
procurement, ensuring financial security even when market prices are volatile. 

 Public Distribution System (PDS): Sustained demand for rice and wheat through welfare schemes 
like PMGKAY (Pradhan Mantri Garib Kalyan Anna Yojana) ensures a stable market for these grains. 

2. Legacy of the Green Revolution: 

 The 1960s Green Revolution introduced semi-dwarf, high-yielding varieties of wheat and rice, 
transforming these into high-return crops. 

 These varieties responded exceptionally to fertilizers and irrigation, making them low-risk and 
high-reward for farmers, especially in Punjab, Haryana, and western UP. 

3. Yield Stability and Irrigation Infrastructure: 

 Both crops are extensively grown in irrigated zones, which reduces dependency on erratic 
monsoons. 

 Continuous research and public sector breeding programs have improved their resilience to pests 
and diseases. 

 Use of hybrid rice varieties and mechanized farming practices further boosts productivity. 

4. Food Security and Strategic Importance: 

 Rice and wheat are cornerstones of India’s food security framework, forming the base of national 
buffer stocks and emergency reserves. 

 Their strategic role in maintaining price stability, avoiding food inflation, and supporting nutrition 
programs keeps them in policy focus. 

Technological Innovations: Making Rice More Sustainable 

 4 Why Indian Farmers Still Favour Rice and Wheat 
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 India has developed two genome-edited rice varieties using CRISPR-Cas9 techniques, improving: 

o Yield potential 

o Drought resistance 

o Nitrogen-use efficiency 

 These varieties also aim to cut methane emissions and reduce groundwater consumption, making 
rice farming more climate-smart. 

Challenges Confronting Rice and Wheat Cultivation: 

1. Climate Vulnerability: 

 Rising temperatures, heat waves, and unseasonal rainfall are threatening productivity. 

 Heat stress during the flowering and grain-filling stages leads to lower yields and grain quality 
deterioration. 

2. Water Crisis: 

 Rice is extremely water-intensive, requiring over 3,000–5,000 litres of water per kg. 

 Continuous cultivation in Punjab and Haryana has led to alarming groundwater depletion. 

 Wheat is also heavily dependent on canal and tube well irrigation. 

3. Changing Food Preferences: 

 Despite high production, domestic cereal consumption has plateaued at around 150 million 
tonnes per year. 

 Urban diets are shifting towards protein-rich and diversified foods, challenging the long-term 
demand projections for rice and wheat. 

Why India Needs to Encourage Alternative Grains: 

1. Climate Resilience and Environmental Gains: 

 Crops like millets, sorghum (jowar), maize, and pulses are more drought-tolerant and require less 
water. 

 They emit fewer greenhouse gases compared to flooded rice fields, thus lowering agriculture's 
carbon footprint. 

 Studies suggest that reallocating some rice acreage to climate-resilient crops could reduce climate-
induced production losses by up to 11%. 

2. Economic Incentives for Diversification: 

 Farmers are price-sensitive, and shifting away from wheat and rice demands assured returns and 
market access. 

 Price support, insurance coverage, and direct procurement of alternative crops are crucial to 
incentivize change. 

3. Strengthening Supply Chains: 

 Developing processing units, cold chains, and storage infrastructure for alternative grains can 
help build stable markets and reduce post-harvest losses. 

 Public awareness campaigns and branding of millets as nutri-cereals can boost consumer demand, 
especially in urban areas. 
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Conclusion: A Balanced Path Forward: 

While the dominance of rice and wheat in Indian agriculture is grounded in security and familiarity, the 
looming climate crisis, water stress, and changing food patterns demand a rethinking of cropping 
choices. 

Policy makers must strike a balance: continue supporting essential cereals for food security while actively 
promoting sustainable and climate-resilient crops through economic support, infrastructure 
development, and market creation. 
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Context: Each winter, the Delhi-NCR region faces a suffocating haze, with 
stubble burning in neighboring states being a key contributor. In response, the 
Commission for Air Quality Management (CAQM) has launched an ambitious 
19-point action plan aimed at permanently addressing this issue. 

What Is the CAQM? 

The Commission for Air Quality Management in National Capital Region 
and Adjoining Areas Act, 2021 established CAQM as a statutory body to manage air quality through a 
centralized, coordinated mechanism. It covers Delhi, Punjab, Haryana, Rajasthan, and Uttar Pradesh, 
and aims to: 

 Develop a permanent and integrated framework for pollution control. 

 Replace the earlier fragmented system involving multiple overlapping agencies. 

 Ensure inter-state coordination, especially during peak stubble-burning seasons. 

Key Highlights of the 19-Point Strategy: 

1. Comprehensive Farm-Level Monitoring: 

 Mapping of All Agricultural Fields to monitor stubble management methods. 

 Deployment of one nodal officer for every 50 farmers to ensure localized supervision and 
accountability. 

2. Dual Approach to Stubble Management: 

In-Situ Management (on-site treatment): 

 Use of bio-decomposers, happy seeders, and mulching machines to decompose residue in the soil. 

Ex-Situ Management (off-site use): 

 Baling, collection, and transportation of paddy straw to power plants, packaging industries, 
brick kilns, and paper mills. 

 Launch of a pilot project where a common industrial boiler using paddy straw will be tested to 
supply steam, creating a circular economy model. 

3. Infrastructure and Logistics Planning: 

 Gap analysis of Crop Residue Management (CRM) machinery at the state level. 

 Creation of district-level straw supply chains to ensure effective transport and use. 

 Storage planning to prevent losses from fire and decay of baled straw. 

4. Crop Diversification and Long-Term Solutions: 

 Encourage crop diversification to reduce dependency on non-basmati paddy, a major source of 
residue. 

 Promote alternative crops like maize, millets, and pulses, which produce significantly less stubble 
and are climate-resilient. 

Enforcement, Oversight, and Accountability: 

5. Legal and Administrative Oversight: 

 5 CAQM Rolls Out 19-Point Action Plan to Eliminate Stubble Burning in Delhi-NCR 
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 Formation of state-level task forces headed by Chief Secretaries, as directed by the Supreme 
Court. 

 Monthly compliance reports starting June 1, 2025, to track progress. 

6. Real-Time Digital Surveillance: 

 Launch of a real-time online platform for live crop residue data reporting. 

 Citizens empowered to report violations through dedicated mobile applications. 

7. Creation of a 'Parali Protection Force': 

 A special force at the district and block level comprising police personnel, agriculture officers, 
and administrative officials. 

 Intensified evening patrols during the stubble-burning season. 

 Community-based reporting and reward mechanisms for whistleblowers. 

8. Penalties and Red Entries: 

 Non-compliance will result in monetary fines, and farmers could face ‘red entries’ in land records—
a significant deterrent for repeat offenders. 

 Escalation of penalties for repeat violations and establishment of grievance redressal cells for 
farmers with genuine concerns. 

Why This Plan Matters: Broader Impact and Added Facts 

 Stubble burning contributes up to 35% of PM2.5 pollution in Delhi during peak season, worsening 
respiratory health. 

 India loses an estimated ₹2 lakh crore annually in productivity and healthcare due to air pollution. 

 The move aligns with India’s climate commitments under the Paris Agreement, as reducing crop-
burning also helps cut methane and carbon emissions. 

Conclusion: A Sustainable Step Toward Cleaner Air 

The CAQM’s 19-point plan marks a strategic shift from reactive firefighting to proactive, systemic reform 
in combating agricultural residue burning. By combining technology, infrastructure, community 
engagement, and legal enforcement, this initiative aspires to deliver tangible air quality improvements 
not only in Delhi-NCR but also across northern India. 

 

 
  

https://www.youtube.com/@freedomupsc
https://www.youtube.com/@freedomupsc
https://www.youtube.com/@freedomupsc
https://play.google.com/store/apps/details?id=com.xfnnti.jmikou


 

  13 
 

Freedom UPSC with Dhananjay Gautam 
Page No 

Download Our Application 

 

 
  

Context: Conservationists are raising red flags over 
growing human intrusion into the Eco-Sensitive Zone 
(ESZ) surrounding the Bhimgad Wildlife Sanctuary (BWS) 
in Karnataka. This unauthorized activity not only violates 
environmental norms but also poses a grave risk to one of the 
richest ecological landscapes in the Western Ghats. 

Understanding Eco-Sensitive Zones (ESZs): 

Eco-Sensitive Zones serve as protective buffer zones—
extending up to 10 km from the boundary of protected areas 
like national parks and wildlife sanctuaries. These zones aim to minimize the impact of human activities 
on core ecosystems. 

Declared under the Environment (Protection) Act, 1986, ESZs follow the National Wildlife Action Plan 
(2002–2016) and categorize activities into: 

 Prohibited: 

o Commercial mining, polluting industries, large hydroelectric projects, sawmills, and 
commercial use of timber. 

 Regulated: 

o Tree felling, construction of hotels and resorts, commercial water extraction, and use of 
chemical pesticides. 

 Permitted: 

o Traditional agriculture, organic farming, rainwater harvesting, use of solar and wind 
energy, and eco-friendly technologies. 

About Bhimgad Wildlife Sanctuary: 

A Natural Treasure in the Western Ghats: 

 Location: Situated in the Belgaum district of Karnataka, near the Goa border, Bhimgad lies within 
the ecologically rich Western Ghats, a UNESCO World Heritage Site. 

 Establishment: It was declared a Wildlife Sanctuary in December 2011, aiming to protect endemic 
species and sensitive habitats. 

 Historical Legacy: The sanctuary is named after Bhimgad Fort, built in the 17th century by 
Chhatrapati Shivaji Maharaj as a strategic defense point against Portuguese invasions. 

 Area: The sanctuary spans approximately 190 square kilometers, and its landscape includes 
evergreen forests, rivers, and caves. 

Ecological Significance: 

Home to Rare and Endemic Species: 

 Avifauna Diversity: The region supports vibrant birdlife such as the: 

o Velvet-fronted Nuthatch 

o Malabar Grey Hornbill 

o Imperial Green Pigeon 

 6
6 

Bhimgad Wildlife Sanctuary: A Biodiversity Haven Under Threat 
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o Emerald Dove 

o Malabar Trogon (an elusive forest-dwelling bird known for its vivid plumage) 

 Wroughton’s Free-tailed Bat: The Barapede Caves within Bhimgad are the only known breeding 
site for this critically endangered bat species, making the sanctuary a global conservation 
priority. 

 Aquatic & Forest Ecosystems: Bhimgad includes the Vajrapoha Waterfalls and lies within the 
catchment of the Mahadayi River—a lifeline for downstream ecosystems and human settlements. 

Emerging Threats and Conservation Concerns: 

 Public Intrusion into the ESZ is disturbing natural habitats and could result in the displacement of 
wildlife, soil erosion, and forest degradation. 

 Illegal construction activities, unsustainable tourism, and unauthorized logging are reported in 
the periphery. 

 The Mahadayi River, originating in the sanctuary, is part of a politically sensitive inter-state water 
dispute between Goa and Karnataka. Any ecological damage here could impact water availability for 
multiple states. 

The Way Forward: Strengthening Protection: 

 Enhanced Monitoring: Use of drones and satellite mapping to track illegal activities in real time. 

 Community Involvement: Promoting eco-tourism, local guide employment, and awareness 
programs to involve nearby communities in conservation. 

 Strict Enforcement: Empowering the Forest Department and local governance bodies to 
implement ESZ guidelines with stricter penalties for violations. 

 Research and Habitat Restoration: Funding studies on species population trends and initiating 
reforestation drives to restore disturbed patches. 

Conclusion: Preserving a Natural Heritage 

The Bhimgad Wildlife Sanctuary is not just a biodiversity hotspot but also a critical ecological corridor 
within the Western Ghats, linking several protected areas across Karnataka and Goa. Immediate attention 
and coordinated conservation actions are essential to preserve its unique flora and fauna, water 
systems, and cultural heritage. 

Preserving Bhimgad today means securing a resilient ecosystem for generations to come. 
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