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GEOGRAPHY, ENVIRONMENT &
DISASTER MANAGEMENT

India’s Growing Heatwave Crisis: Causes, Impacts, and Urgent Solutions

Syllabus Mapping: GS-I- Geography, GS-3- Disaster Management
Context

In the last decade, the number of severe heat days and the severity/intensity of heatwaves have been rising.

Heat wave Scenario 40°C 30°C
Maximum Temperature Plains Hills
Heat wave conditions prevail when... { Severe heat wave conditions prevail when....
Normal maximum  Deviation from Normal maximum Deviation from
temperature normal temperature normal
A EEEEE A I
Above Above
0 o 0 0
40 C 4'5 C or more 40 c 6 c or more
I B
v o v
At or lﬁelow At or below
o 0 0
40C 5-6°C omoe 40°C 7°C ormore

About Heatwaves

* Heat waves are prolonged periods of excessively hot weather, typically lasting for several days or even weeks.

* In India, a heatwave is typically defined as a period when the maximum temperature in a particular area reaches or exceeds
40 degrees Celsius for the Plains region, and at least 30 degrees Celsius for Hilly regions.

Causes of heatwaves
* Hot and Dry Air Masses: Extensive zones of hot, dry air serve as heat reservoirs, and prevailing winds transport this heated
air to adjacent regions, raising local temperatures further.

* Lack of Atmospheric Moisture: Moist air helps trap heat and moderate temperature rise, whereas dry air permits more
solar radiation to reach the surface and escape quickly at night, leading to sharper increases in daytime temperatures.

* Clear Skies and Enhanced Solar Heating: In the absence of clouds, more sunlight directly reaches the Earth’s surface,
significantly increasing surface temperatures due to the lack of reflective shielding.

* High-Pressure Anticyclonic Systems: Anticyclones involve descending air that warms through compression (adiabatic
heating), which adds to surface temperature rise and sustains heatwave conditions.

* Geographical and Climatic Factors: Heatwaves are more common in dry regions like Northwest India,and during summer,
westerly winds often carry this heat toward central and eastern parts of the country, expanding the impact.

* EI-Nino: El Nino weakens trade winds, reducing moisture and heat availability, which disrupts rainfall patterns and contributes
to heatwave conditions in India.

* Urbanization: Rapid urbanization and the growth of concrete jungles in cities can lead to the phenomenon known as the
‘“urban heat island effect.”

» Climate Change: The IPCC’s 6th Assessment Report projects that, for 1.5°C of global warming, there will be increasing heat
waves, longer warm seasons and shorter cold seasons.

Study 1Q Publications
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Impact of heatwaves

* Human Health: Heat stress increases risks of heat-
related illnesses, dehydration, and worsens respiratory and
cardiovascular conditions.

— According to the “Heat Watch 2024” report, in 2024,
between March and June, 733 deaths due to heatstroke
were reported across |7 states in India.

* Agricultural Productivity: Extreme heat reduces crop
yields, damages livestock, and disrupts plant growth.

— Punjab and Haryana reported 20-30% wheat yield losses
in 2022 due to early, intense heatwaves affecting the
grain-filling stage.

*  Water Resources: Heatwaves increase evaporation and
water demand, straining supply.

— According to the article Global Water Gaps Under
Future Warming Levels, water gaps are expected to
widen as consumption outpaces renewable availability.

&

Heat waves form when
high pressure aloft
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strengthens and remains
over a region for several
days up to several weeks
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* Energy Demand and Power Supply: Rising temperatures drive up electricity demand, stressing grids

— During the May 2023 heatwave, peak power demand in India hit a record 239 GW

* Economic Impact: Heat stress causes lost labor hours and crop losses in India, costing billions annually, driving food inflation,

and severely impacting the informal workforce.

— According to the World Bank (2022), India could account for 34 million of the projected 80 million global job losses from

heat stress associated with productivity decline by 2030.

Measures taken in India

* IMD’s colour codes for heatwave warning

Colour code Alert Warnings
Green (No Action) Normal day Comfortable temperature. No cautionary action required.
Yellow Alert (Be Updated) Heat Alert Moderate temperature. Heat is tolerable for public but moderate health concern

for vulnerable people e.g., infants, elderly, people with chronic diseases

Orange Alert (Be Prepared)  Severe Heat Alert High temperature. Increased likelihood of heat illness symptoms in people who are

either exposed to sun for a prolonged period or doing heavy work. High health
concern for vulnerable people e.g., infants, elderly, people with chronic diseases.

Red Alert (Take action) Extreme Heat Alert  Very high likelihood of developing heat illness and heat stroke in all ages

NDMA Guidelines for Preparation of Action Plan-Prevention and Management of Heat Wave: Prepared by NDMA
in 2019, the guidelines aim to improve and strengthen India’s preparedness and response to heatwaves in the short term and
mitigate their adverse impact in the long term. Major strategies suggested include:

— A rapid heat alert system

— The task of disseminating information should be a shared responsibility between the Nodal agency and relief agencies
— upgraded medical facilities with heat treatment units,

— widespread public advisories,

— mass awareness campaigns across media,

— Collaboration with NGOs for shelters

— Improved water delivery systems in public areas

Heat wave action Plans: It involves a combination of early warning systems, preparedness measures, and response strategies
to reduce heat-related illnesses and fatalities.

— Many states and cities have developed their action plans for heat wave hazard mitigation. E.g., Ahmedabad, Delhi

Study 1Q Publications
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Challenges with Heatwaves Management in India

* Notifying Heat waves as a Disaster: Heat waves are not notified as a disaster at the national level under the existing

disaster relief policies.

* Lack of Cool Roofing: Challenges arise in executing the cool roof program due to its absence from building codes, while
uncertainties persist regarding its effects on human health and energy usage.

* No heat related work standards: Unlike the ACGIH (American Conference of Governmental Industrial Hygienists) standards
in the USA, there are no established heat-related work standards in India.

* Issues with Heatwave action plans:

— Not built for local context: Most heat action plans are not built for local context and have an oversimplified view of

hazards.

— Inadequate targeting of vulnerable groups: A study by the Centre for Policy Research (CPR) found that only 2 out of
37 HAPs include vulnerability assessments, leaving implementers with limited data to effectively allocate scarce resources

and risking poor targeting.

— Underfunded: Only |1 of 37 HAPs discuss funding sources. Of these, eight asked implementing departments to self-

allocate resources, indicating a serious funding constraint.

— Weak legal foundations: There is a lack of legal authority in heat action plans, leading to reduced bureaucratic compliance

with plan instructions.

- Insufficiently transparent: There is no national repository of heat action plans, very few plans are listed online, and it
is unclear whether the plans are being updated periodically.

Recommended Measures to Strengthen Heatwave Management in India

Short-Term Measures Long-Term Measures

I.Improving Early Warning Systems for heatwaves to enable
timely preventive action and better preparedness among the public.

2.Replace generic ‘“stay indoors” messages with hyperlocal
warnings that consider neighborhood-specific heat risks and
housing conditions.

3.Launch awareness campaigns to educate people on heatwave
risks and promote lifestyle changes to improve resilience.

4. Ensure Basic Amenities such as drinking water stations and
distribution of ORS/electrolytes during heatwaves.

5. Encourage staggered or cooler-hour work shifts, especially
for outdoor and informal sector workers.

6.Create Summer Shelters particularly for urban poor and
homeless populations.

7. Develop or update localized HAPs that incorporate humidity
data and vulnerability assessments.

8. Data-Driven Mortality Analysis to identify vulnerable groups
and neighborhoods for targeted support.

I. Conduct a comprehensive, nationwide heat vulnerability
assessment and develop adaptive, hyper-local heat action plans.

2.Increase government investment in green infrastructure,

particularly in heat-prone urban areas.

3. Promote large-scale use of reflective and insulating roofing

materials to provide thermal comfort, especially for low-income
households. E.g., Telangana’s Cool Roof Policy

4. Implement dual day-night temperature tracking along with

predictive modeling for thermal comfort. E.g., UK’s Heat Health
Alert system

5. Invest in Long-Term Urban and Housing Resilience such as

climate-sensitive architecture.

6. Recognize heatwaves as a social equity issue by prioritizing

support for vulnerable populations through integrated efforts.

7.Focus on affordable interventions that minimize

healthcare strain and economic disruptions, including
integrating insurance for heat-related work interruptions.

When the Sky Breaks: Understanding Cloudbursts in India

Syllabus Mapping: GS-I- Geography, GS-3- Disaster Management

Context

A catastrophic cloudburst struck the Ramban district of Jammu and Kashmir.

About Cloudbursts

* It is a sudden spell of localized, heavy rainfall over a small area.

* The India Meteorological Department defines cloudburst as the condition where the amount of rainfall over a particular area

exceeds 100 millimetres in an hour.
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In India, cloudbursts occur during monsoon season over orographically dominant regions like Himalayan region, northeastern
states and Western Ghats.

How does cloudburst occur?

A cloudburst occurs when moisture-laden air is forced upward over a mountainous region, leading to the formation of tall,
dense Cumulonimbus clouds.

This process, known as orographic lift, often results in intense rain, thunder, and lightning.
These unstable clouds can release heavy rainfall over a very small area in a short period, causing flash floods.
Conditions for cloudbursts

— The upward movement of clouds provides the required energy for a cloudburst. It usually happens at 1,000-2,500 meters
above sea level.

— The moisture is usually provided by low-level eastern winds associated with a low-pressure system over the Gangetic plains.

4.Increased concentration 3.Lack of upper air

of water cause sudden prevent dissipation and
localized downpour of water concentration
water increases

Q C{b {Q]D 2.Continued rise of air

mass form large clouds
N
"

1.Warm and humid air
moves upward

4.Steep slopes and
lack of vegetation
cover cause flash
flood

Why do Cloud Burst occur in Hilly Areas?

Cloudburst are more likely to occur in mountainous zones mainly because of terrain and elevation.

It is because, in hilly areas, sometimes saturated clouds ready to condense into rain cannot produce rain, due to the upward movement of
the very warm current of air.

Instead of falling downwards, raindrops are carried upwards by the air current.

New drops are formed and existing raindrops increase in size. After a point, the raindrops become too heavy for the cloud to hold on to,
and they drop together in a quick flash.

Impact of Cloudbursts

Flash Floods: Cloudbursts often cause sudden flash floods that overwhelm rivers and sweep away people, vehicles,and livestock.
— E.g, InJuly 2023, a cloudburst in Kishtwar, Jammu & Kashmir triggered flash floods

Landslides: The heavy rainfall saturates the soil, increasing the risk of landslides.

— In August 2023, a cloudburst in Himachal Pradesh’s Mandi district led to multiple landslides

Infrastructure Damage: Roads, bridges, buildings, and communication networks are frequently damaged or destroyed.

Loss of Lives and Livelihoods: Many lose their homes, sources of income, and essential resources, leading to long-term
socio-economic hardship.

Environmental Degradation: Cloudbursts contribute to severe soil erosion, loss of vegetation cover, and degradation of
the local environment.

— E.g, Frequent cloudbursts in the Western Ghats and Himalayan regions have caused extensive soil erosion

Disruption of Relief Operations: The destruction of roads and bridges makes it difficult for rescue teams and relief agencies
to reach affected areas quickly, delaying aid and increasing the suffering of survivors.

Widespread Chaos and Displacement: Large numbers of people may be displaced, leading to temporary shelters and
humanitarian crises.

© Study IQ Publications
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— E.g, the 2013 Uttarakhand disaster where thousands lost their homes.
Long-term Societal Impact: The aftermath of cloudbursts can have lasting effects on the mental health, economic stability,
and overall well-being of affected populations.

Major Cloudburst Events In India (2013-2023)

Lahaul-Spiti Amarnath Cave
Tragedy Disaster
Flash floods claim 7 16+ pilgrims die and
lives and damage 40 injured in flash
infrastructure in floods at pilgrimage
Himachal Pradesh site
A A Y N, Y
June 2013 July 2021 July 2022 July 2023
Ji
Kedarnath Gaurikund
Catastrophe Flash Floods
Massive flash floods Flash floods near
kill over 5000 and 26+ deaths and Kedarnath cause
devastate dozens missing in loss of life and
Uttarakhand Jammu and Kashmir infrastructure
flash floods damage

Measures taken in India

Cloudburst Prediction: India Meteorological Department (IMD) monitors the thunderstorm activities leading to cloud burst
through its surface observation network and Doppler Weather Radar (DWR) Network.

— The Himalayan region has seven doppler radars two in Jammu and Kashmir (Sonmarg and Srinagar), one each in Uttarakhand
(Kufri), Mukteshwar (Uttarakhand), Mohanbari (Assam), Meghalaya (Sohri) and Tripura (Agartala).

— High resolution Numerical Weather Prediction (NWP) models are also available with IMD to provide forecasts on occurrence
of thunderstorms in short range.

NDMA Guidelines:

— Early Detection: Use Doppler radars and satellites for accurate cloudburst prediction.

— Resilient Infrastructure: Build drainage systems, protective walls, and flood barriers in vulnerable areas.

— Smart Land Use: Identify cloudburst-prone zones and restrict construction there.

— Reforestation & Soil Stabilization: Promote native tree planting and erosion control methods like terracing.
— Community Training: Provide disaster response training, including rescue and medical aid.

— Public Awareness: Run campaigns on preparedness, emergency kits, and evacuation plans.

— Collaborative Response: Ensure coordination between government, communities, NGOs, and private sectors.

Challenges in Cloudbursts Forecasting

Small Spatial Spread: Cloudbursts are hyperlocal events, often affecting areas less than 20—30 km? and lasting minutes to hours.

Complex Himalayan Topography: The interplay of steep terrain, wind patterns,and moisture convergence in mountainous

regions like Uttarakhand and Himachal Pradesh creates unpredictable convective systems.

— Numerical weather models struggle to simulate localized cloud dynamics and microphysical processes (e.g., ice-phase
interactions) at the required |-2 km resolution.

Technological and Infrastructural Gaps: Current satellite and radar systems lack the resolution to detect such microscale

phenomena, leading to missed warnings.
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* Data Scarcity and Prediction Tools: India has only 3| recorded cloudburst events, limiting training data for machine
learning models.
— Researchers often rely on adapted international datasets, reducing prediction accuracy.

— Traditional rain gauges fail to capture sudden intensity spikes, while newer methods like laser-based atmospheric monitoring
remain experimental.
* Short Lead Time: Even with improved monitoring, cloudburst warnings typically provide only 1-3 hours of lead time—
insufficient for large-scale evacuations or infrastructure preparation.
+ Climate Change Complications: Warmer temperatures amplify moisture retention, increasing rainfall intensity. However,
linking specific cloudbursts to climate change remains uncertain due to chaotic atmospheric feedback.

— E.g., InJuly 2021, Uttarakhand’s Chamoli district saw devastating floods from an unpredicted cloudburst.

Suggested Measures to Strengthen Cloudburst Management in India

* Enhance Predictive Capabilities: Scale up India’s High-Performance Computing (HPC) capacity to 100 PetaFlops by 2024
to enable |-3 km resolution forecasting, critical for detecting micro-scale cloudburst dynamics.

— Expand Doppler radar coverage beyond the current 7 Himalayan stations to include vulnerable regions like Himachal
Pradesh and Uttarakhand.

* Data Infrastructure Development: Build India-specific datasets (currently only 3| recorded events) by integrating historical
data, satellite inputs, and loT sensors for real-time monitoring.

- E.g., Adapt global datasets (e.g., from Australia) with Indian meteorological variables to train ML models while addressing
data scarcity.
* Early Warning Systems:
— 48-Hour Probabilistic Forecasts: Leverage upgraded HPC to provide probabilistic warnings 2 days in advance, as planned
by the Ministry of Earth Sciences by 2024.

— Hyperlocal Alerts: Use 3 km resolution forecasts to issue location-specific warnings, reducing false alarms and improving
community response.

* Infrastructure and Policy Measures: Enforce building codes for flood-resistant structures, improve stormwater
drainage, and create retention ponds in cloudburst-prone areas.

— Promote reforestation, green roofs, and soil conservation to enhance water absorption and reduce landslide risks.

*  Community Preparedness: Educate communities on evacuation protocols and emergency response, particularly in high-
risk Himalayan villages.

— Establish emergency shelters (modeled after heat/cold shelters) with stockpiles of food, water, and medical supplies.
* Interagency Coordination:

— Disaster Risk Reduction (DRR) Integration: Mainstream cloudburst mitigation into national policies, aligning with the
Sendai Framework (2030 targets).

— Partner with neighboring countries for cross-border data sharing and technology transfer, especially in shared river basins.
* Post-Disaster Management: Deploy Al-powered drones and GIS tools to map affected areas and prioritize resource allocation.

— Provide insurance for lost wages and expedite financial aid through digitized relief distribution systems.

India’s Weather Watch: Significance, Challenges, and the Road Ahead

Syllabus Mapping: GS-I- Geography
Context
The Ministry of Earth Sciences has established a dedicated Al and ML centre to enhance short-range rain forecasts, create high-
resolution urban weather datasets, and use Doppler radar data for real-time rainfall and snowfall prediction.
Significance of Weather Forecasting in India

* Disaster Management: Accurate weather forecasting helps mitigate the impact of natural disasters like cyclones, floods,
and heatwaves.

— E.g,Timely warnings of Cyclone Fani in 2019 and Amphan in 2020, reduced loss of life and property.
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Agricultural Planning: Farmers rely on weather forecasts for crop planning, irrigation scheduling, and managing harvests.
— E.g.,IMD’s Agromet Advisory Services provide valuable insights to farmers for decision-making.

Transport and Logistics: Accurate weather forecasts are essential for ensuring the safety and smooth operation of road,
rail, and sea transport.

— E.g., winter fog predictions assist in managing flight schedules effectively.

Urban planning: Weather forecasts play a critical role in construction and urban planning, by helping to prevent delays,
ensure worker safety, and reduce costs.

— E.g,in cities like Mumbai, accurate monsoon predictions are used to schedule construction activities.

Energy Production: Weather forecasts guide energy generation and distribution, particularly renewable energy sources like
wind and solar.

Key Milestones in Indian Weather Forecasting

Ancient Period

IMD Established
1875
India Meteorological

Varahamihira documents
advanced meteorology

Department founded by
Sir Henry Blanford

+N°. NWP Models

1980s 5 s . . i
“* IMD introduces numerical
weather prediction
I models
Satellite & Radar
o— —o 2000s
INSAT series and Doppler
Weather Radars enhance
monitoring I
Monsoon Mission
2012 o— —o
Government launches
Monsoon Mission for
I better forecasts

Mission Mausam

Ministry of Earth
Sciences launches
Mission Mausam

2024

Institutions Involved in weather forecasting in India

India Meteorological Department (IMD): It is the principal agency responsible for meteorological observations, weather
forecasting and seismology. It operates under the Ministry of Earth Sciences and is headquartered in New Delhi.

National Centre for Medium Range Weather Forecasting (NCMRWF): Located in Noida, NCMRWEF focuses on
medium-range weather forecasting using advanced numerical models.

Indian Institute of Tropical Meteorology (IITM), Pune: IITM focuses on research in tropical meteorology and climate
science, it functions as a national center for basic and applied research in monsoon meteorology.

The Indian National Centre for Ocean Information Services (INCOIS): It is an autonomous body under the Ministry
of Earth Sciences, established in 1999, that provides ocean information, warnings, and advisory services to various stakeholders.

Space Applications Centre (SAC), ISRO: SAC is the lead centre in the development of key payload technologies for Earth
Observation, Communication, Navigation and Space Exploration.
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Satellites used in Weather Forecasting by India Forecasting Models and Tools

INSAT Series: INSAT is a fleet of Indian geostationary satellites
providing telecom, broadcasting, weather monitoring, and rescue ‘ ‘ (TC:\ES?Jggzlr;;rgcbis;c;g?;ergides

services. LR
deterministic weather
— Currently, INSAT-3D (2013) and INSAT-3DR (2016) are

forecasts with a 12 km resolution.
operational for meteorology, offering weather updates every |5 The lnified iMedel=ediby

minutes. NCMRWEF, provides medium-

— INSAT-3D: Launched in 2013 by ISRO, INSAT-3D is designed for range weather predictions,
enhanced meteorological observations, monitoring of land and A [  while the Global Ensemble
ocean surfaces, generating vertical profile of the atmosphere in Forecast System (GEFS from IITM

terms of temperature and humidity for weather forecasting and offers probablllstlc ehieslmes)
. . useful in risk-based forecasting.
disaster warning.

— INSAT-3DR: Launched in 2016 as an advanced version of INSAT- Short-range models such as

3D, with a 6-band imager for tracking clouds, sea temperatures, It:he Weatt.her(\li;\;:-;%a\rcfézmd
diation, and . orecasting and Hig-
radiation, and more Resolution Rapid Refresh

OCEANSAT Series (I, 2, 3): Part of IRS, these satellites monitor (HRRR) are used for nowcasting
ocean parameters useful for fisheries, marine studies, and climate and thunderstorm prediction.
research. e .

To visualize satellite data,
SARAL: An Indo-French satellite with instruments ALTIKA (altimeter) ) forecasters use RAPID,
and ARGOS (data collection), used to study sea surface height and £ a real-time data interpretation
ocean circulation. * e tool co-developed by SAC
Megha-Tropiques: A 201 | Indo-French satellite focused on tropical and IMD.

weather and climate, studying cloud systems and their effect on global ;\‘
climate.

International Satellite Support: India also leverages data from international satellites such as METEOSAT-8 (EUMETSAT)
and Himawari-8 (Japan), enhancing global weather data integration for better regional forecasting accuracy.

Weather Forecasting Services Provided by IMD

General Public Forecasts: IMD issues daily forecasts that include information on temperature, rainfall, wind speed, humidity,
and sky conditions.

Nowcasting Services: IMD provides nowcasts for 897 locations using inputs from Doppler radars, satellites, lightning detection

networks, and surface observations.

— Nowecasting refers to very short-term forecasting, usually within 0 to 3 hours.

Impact-Based Forecasting: IMD has introduced an Impact-Based Forecasting (IBF) system to help decision-makers prepare

for extreme events.

— E.g, Warnings for heavy rainfall are color-coded and are accompanied by information about the expected societal and
infrastructure impact.

Agro-Meteorological Advisory Services: The Agromet Advisory Service (AAS) provides weather-based agricultural guidance

to millions of farmers.

— District-level forecasts are issued twice a week and shared through the Meghdoot app, Kisan Call Centres, and local media.

Urban Meteorological Services: IMD provides detailed city forecasts for 110 urban centers.

— These include parameters such as heat index, air quality, urban flooding risk, and event-specific advisories for tourism or
political functions.

Marine Forecasting: Marine services include high-seas and coastal forecasts, port warnings, and guidance for the Indian Navy.
Bulletins are issued in both text and pictorial format, especially for fishermen and coastal administrations.

Mission Mausam

¢ Aim:To make India ‘Weather Ready’ and ‘Climate Smart’.
* Objectives:

— Develop Cutting Edge Weather Surveillance Technologies & Systems
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— Implement Higher resolution atmospheric observations with better temporal and spatial sampling/coverage
— Implement Next-generation radars, and satellites with advanced instrument payloads

— Implement High-Performance Computers (HPC).

— Improve understanding of weather and climate processes and prediction capabilities

— Develop improved earth system models, and data-driven methods (use of Al/ML)

— Develop Technologies for weather management

— Develop state-of-art dissemination system for last mile connectivity

Nodal Ministry: Ministry of Earth Sciences

Implementing Agencies: India Meteorological Department, the Indian Institute of Tropical Meteorology, and the National Centre for
Medium-Range Weather Forecasting.

Challenges in Weather Forecasting in India

Tropical Weather: Unlike temperate areas where weather is largely driven by well-defined fronts and jet streams, tropical
weather features rapidly evolving convection, localized thunderstorms, and low-pressure systems with little lead time.

Diverse Climatic Zones: India’s vast and varied topography adds complexity to weather forecasting.

Climate Change:The unpredictability caused by changing climate patterns increases the complexity of weather forecasting,
making accurate long-term predictions difficult.

Lack of Data assimilation and modelling: The integration of diverse and accurate data into numerical weather prediction
models is challenging.

— E.g, during the 2015 Chennai floods, the IMD faced difficulties in assimilating satellite data, which affected the precision
of their predictions.

Poor Hyper-local Predictions: The lack of 3km X 3km grid, makes localized monsoon prediction unreliable
— E.g, IMD’s rainfall forecasts for Mumbai in July 2024 were inaccurate about 40% of the time.

Limited Observational Infrastructure: The IMD faces difficulties due to outdated and inadequate observational tools,
such as early warning systems.

— E.g, during the 2013 Uttarakhand floods, the failure of EWS to effectively disseminate information

Lack of Cross-Border Collaboration: The IMD struggles with limited collaboration in data sharing on transboundary air
pollution and shared water resources with neighboring countries like China and Pakistan.

Hindrances to Technology Adoption: India’s capacity to deploy advanced weather forecasting tools is constrained by
limited funding and infrastructure.

— E.g, only five Doppler weather radars currently cover the entire western coastline.

The Early Warnings for All (EW4AII) initiative

It is an UN initiative which aims to ensure universal protection from hazardous hydrometeorological, climatological and related environmental
events through life-saving multi-hazard early warning systems, anticipatory action and resilience efforts by the end of 2027.

It has four pillars
Disaster risk knowledge - led by the United Nations Office for Disaster Risk Reduction (UNDRR)

— Detection, observation, monitoring, analysis, and forecasting - led by the World Meteorological Organization (WMO)

Warning dissemination and communication - led by the International Telecommunication Union (ITU)

— Preparedness and response capabilities - led by the International Federation of Red Cross and Red Crescent Societies (IFRC)

Measures to Strengthen Weather Forecasting in India

Climate-Adaptive Models: Develop forecasting models that incorporate the growing impact of climate change to improve
long-term predictions and disaster preparedness.

Technology Upgrade: IMD should use Al and ML algorithms to process large sets of meteorological data that can help refine
prediction models and significantly increase the accuracy of weather forecasting.

Localized Forecasting: Enhancing localized and hyper-local forecasts by developing 3 km x 3 km grids, is crucial for timely
and actionable warnings.

Research and Development: IMD should engage with research from universities and institutions.
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— E.g.,the collaboration between IMD and IIT Bombay in 2024 has led to the development of advanced computing technologies
that offer more precise rainfall predictions.

* International collaboration: IMD should collaborate with global weather agencies for knowledge sharing,improved forecasting
techniques, and early warning systems.

How can Al transform Weather Forecasting?

¢ Smarter Predictions with Data: Al systems can study vast amounts of past weather data to recognize patterns and forecast events like
monsoons, cyclones, and heatwaves—without relying on the fixed equations used in traditional models.
— E.g.,A machine learning model developed at lIT Delhi achieved 61.9% accuracy in predicting monsoons (2002-2022), outperforming many

conventional systems.

¢ Faster and Scalable Forecasting:Al tools can quickly generate short-term forecasts with lower computing demands, making them ideal
for real-time warnings and nowcasting.

* Improved Forecasting of Extreme Events: Because Al can understand complex relationships between different weather variables, it’s
particularly useful for predicting rare and sudden events like flash floods or tornadoes.

¢ Blending Al with Traditional Methods: By combining Al with physics-based models, forecasters can increase both the accuracy and
trustworthiness of weather predictions.

Urban Forests Under Pressure: Issues and Interventions in Indian Cities

Syllabus Mapping: GS-lII- Environment
Context

For weeks, the 400-acre Kancha Gachibowli Forest near the University of Hyderabad (UoH) has been at the center of a fight
over Hyderabad’s urban development.

Components of Urban Forestry

Street Tree
Urban Orchards Planting

Planting trees along
streets and sidewalks

Cultivating fruit-bearing
trees in cities

Park
Management Green Belts
Maintaining and % Open spaces
enhancing urban parks A_ surrounding urban

areas

Community

Forests
Community Caring for individual
owned/managed trees in urban settings
forests within urban
areas

About Urban Forests

e Urban forests can be defined as networks or systems comprising all woodlands, groups of
* trees, and individual trees located in urban and peri-urban areas.

e They include forests, street trees, trees in parks and gardens, and trees in derelict corners.
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* Urban forests in India- Key Facts (ISFR 2023)

— The forest cover in India’s top seven mega cities was estimated at 509.72 sq km, showing a 0.5% increase over the previous

assessment.

— Delhi recorded 195.44 sq km of green cover, constituting a significant portion of its total geographical area.

— Bangalore reported 89.61 sq km sq km of green cover.While there were concerns about a decline in moderately dense
forest, the overall forest cover for Bengaluru showed a marginal increase (around 0.59%).

— Mumbai showed | 11.30 sq km of green cover, with pressures from population density affecting green space retention.

Benefits of Urban Forests

Environmental Benefits

* Air Quality Improvement: Urban trees absorb pollutants such as nitrogen dioxide, ozone, and particulate matter.

— E.g,A 2016 study by the Forest Survey of India found that Delhi’s green cover helped remove over 6,000 tonnes of air

pollutants annually.

» Carbon Sequestration: Trees act as carbon sinks—one mature tree can absorb up to 22 kg of CO, per year.

* Urban Heat Island (UHI) Mitigation: Trees provide shade and release moisture, reducing surface and ambient temperatures.

— E.g,In Hyderabad, the implementation of urban greening through the “Haritha Haram” program led to noticeable temperature

reductions in densely planted areas.

* Stormwater Management: Tree canopies slow rainfall, and their root systems help filter and absorb water, reducing urban

flooding and recharging aquifers.

— E.g,In Bengaluru’s Cubbon Park, tree
cover aids groundwater retention

* Soil Protection and Dust Reduction:
Trees stabilize soil, reduce erosion, and
trap dust particles.

— E.g., In Jaipur, urban forests help
combat wind-blown dust and
desertification at city edges.

* Biodiversity Conservation: Urban
forests create microhabitats that support
birds, insects, and small mammals.

— E.g., Delhi’s Sanjay Van is home
to over 200 species of birds and
multiple plant species

Social Benefits

* Health and Well-being: Access to
green spaces reduces stress, promotes
physical activity, and lowers the risk of
lifestyle diseases.

- E.g, A study in Mumbai found a
positive correlation between access
to parks and improved mental health.

«  Community Building: Green spaces
encourage social interaction,and are
linked with lower crime rates.

* Cultural and Natural Heritage
Preservation: Urban forests often
include sacred groves or historically
significant trees.

CITIES

WITHOUT FORESTS /)

CHALLENGES & CONSEQUENCES

Climate change Urban
areas are the source of
70% of global greenhou-
se gas emissions which
are responsible for
current global warming

Natural disasters
The phenomena of soil
erosion and compaction
coming from rainfall are
the cause of Increasingly
frequent and intense
floods and landsides

. 2

Health and well-being
The lack of plants in the city is a

matter of public health diseases,
stress, ansiety.etc Ultimately the

average life expectancy of city
divellers is declining

Biodiversity collapse
Urban spriaalis
responsible for the
. destruction of nathe
fauna and fora habeats

\

Heat islands
Clobal warming
manifests Itself in the
form of heat islands,
which correspond to a
rise in maximum
temperatures, in ﬂ =
©

urban areas
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poo '900 ()
Q ) ¢I
Air pollution
The particles produced by
the combustion of fossil
fuels due to cars and
industries, are responsible

for more than one in five
deaths worldwide

aa
aa
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ANA

Soil artificialization

The construction of
concrete Infrastructure
has gone hand in hand
with the artificialization,
and therefore the sealing,
of massive swaths of soils

S1g

Noise pollution

Noise, omnipresent in the city
can cause disturbances or a
feeling of discomfort for many
people, and is considered a
long-term risk factor
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— E.g,In Kerala, temple groves (kaavus) are protected for their cultural value and play a key role in biodiversity conservation
within cities.
Economic Benefits
* Cost Savings: By cooling buildings and enhancing water security, urban forests reduce public and private spending on energy
and water infrastructure.
— E.g, green roofs and tree cover in Chennai have been shown to cut household energy bills by 10—15%.
* Increased Productivity and Economic Output: Better public health leads to fewer sick days and higher workplace
productivity.
— E.g,The World Bank estimates that India loses about 4.3% of GDP annually to environmental degradation, including poor
urban air and heat conditions—issues urban forests directly mitigate.
* Boost to Tourism and Real Estate: Urban greenery enhances city aesthetics, attracting tourists and raising property values.

— E.g, Lodhi Garden in Delhi is a popular tourist destination.

Measures Taken to promote Urban forestry in India

* Nagar Van Yojana: Launched in 2020 by the Ministry of Environment, Forest and Climate Change (MoEFCC), it aims to
develop 1000 Nagar Vans by the year 2027.

— The scheme offers financial support of X4 lakh per hectare for developing and maintaining urban forests, promoting active
participation from citizens, students, and various stakeholders.

— Nagar Van areas span between 10 to 50 hectares and are applicable in all cities governed by Municipal Corporations,
Municipalities, and Urban Local Bodies (ULBs).

* Green India Mission (GIM): Part of National Action Plan on Climate Change (NAPCC), GIM promotes ecosystem restoration,
including urban and peri-urban green spaces.

* School Nursery Yojana (SNY): Aimed at raising awareness about the importance of plants, this scheme encourages tree
planting in schools across India.

» CAMPA: Urban forestry is a permissible activity under the provisions of Compensatory Fund Act, 2016 and the Rules made
thereunder.

* Atal Mission for Rejuvenation and Urban Transformation (AMRUT): Launched by the Ministry of Housing and Urban
Affairs, AMRUT supports green infrastructure in over 500 cities by funding the development of city parks, biodiversity zones,
and green buffers.

* Smart Cities Mission: One of the objectives of the mission is Preserving and developing open spaces — parks, playgrounds,

and recreational spaces in order to enhance the quality of life of citizens, reduce the urban heat effects in areas and promote
ecobalance.

State Level Initiatives

¢ Kochi, Kerala: The Kawaki initiative, supported by WRI India, engages local communities to create urban forests using scientific mapping
and vulnerability assessments.

¢ Mumbai, Maharashtra: It adopted the Japanese Miyawaki technique to develop one of India’s largest urban forests in Chandivali, using
dense native plantations that support biodiversity with minimal maintenance.

* Vijayapura (Bijapur), Karnataka: Vijayapura transformed 250 hectares of barren land into an urban forest by planting 250,000 native
trees with solar-powered drip irrigation.

Challenges faced by Urban Forests in India

* Harsh Conditions for Growth: Urban trees face extreme heat, pollution, soil compaction, waterlogging, and limited root
space, making healthy growth difficult and increasing vulnerability to pests and diseases.

* Climate Change: Shifting weather conditions and more frequent extreme events place additional stress on urban trees.

* Encroachment: Urban forests are frequently cleared for roads, buildings, and real estate, reducing canopy cover.

* Policy Gaps and Institutional Overlap: Lack of a unified, enforceable urban forestry policy leads to fragmented implementation.
Multiple agencies with overlapping mandates often delay or dilute conservation efforts.

* Insufficient Resources for Maintenance: Municipal bodies often lack funds and trained personnel to care for trees.
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Weak Public Awareness and Support: Urban trees are often seen as expendable, with limited understanding of their
environmental and health benefits among the general public and policymakers.

Social Inequities in Urban Greening: Tree planting and green space development often occur in wealthier neighborhoods.
Marginalized groups are frequently excluded from decision-making processes and denied access to these green benefits.

Resistance from Developmental Lobbies: Environmental concerns are portrayed as obstacles to public infrastructure
projects like highways or metro lines.

Suggested Measures to Strengthen Urban Forest Management

Urban ElA:India needs policies for urban environmental impact assessment and the ecological carrying capacity of all the towns.
Comprehensive Policies: Urban forestry should be integrated into city master plans with clear guidelines for tree conservation,
plantation targets, and biodiversity goals.

— E.g,The Delhi Master Plan 2041 includes a dedicated chapter on green-blue infrastructure to balance development with
ecological sustainability.

Urban Forest Cells: Dedicated Urban Forestry Units with trained arborists, ecologists, and planners should be created within

municipalities for planning, execution, and monitoring.

Adoption of climate resilient species: Tree plantation drives should prioritize native, drought-tolerant, and pest-resistant

species to ensure sustainability and biodiversity conservation.

— E.g., Pune Municipal Corporation collaborated with ecologists to create species-specific urban plantations using indigenous
trees like neem, peepal, and jamun.

Proper Road planning: Urban roads, flyovers, parking zones, and building rooftops should be systematically designed to

incorporate green buffers, tree canopies, and bioswales.

— Further, linking parks and forests with tree-lined streets helps pollinators move and boosts ecosystem resilience.

Data Inventory: A regularly updated GIS-based tree inventory should be maintained to help monitor tree health, density,

and biodiversity across urban zones.

— E.g, Bengaluru’s Tree Census, started in partnership with citizen groups and NGOs, uses geo-tagging to record species,
girth, and condition of trees.

Innovative Techniques: In land-constrained cities, compact and high-density forest models like Miyawaki forests, rooftop

gardens, and vertical greenery systems should be promoted.

- E.g, Chennai Corporation created more than 150 micro Miyawaki forests between 2020-2023.

Ensuring accessibility: Green spaces must be equitably accessible to ensure wider benefits and build appreciation for nature.

Greening the Economy: Understanding the Framework of Green Taxonomy

Syllabus Mapping: GS-lll- Environment

Context

The Indian government has released the Draft Framework of India’s Climate Finance Taxonomy.

What is Green Taxonomy?

A green taxonomy is a framework for defining what can be called environmentally sustainable investments.

It acts as a guide for investors and companies, helping them make informed decisions about which investments contribute to
environmental goals like climate change mitigation and adaptation, and a circular economy.

It is a way to “green-label” investments, preventing greenwashing and promoting sustainable practices.

Need for Green Taxonomy in India

Bridging the Climate Finance Gap: India needs an estimated USD 2.5 trillion (at 2014-15 prices) by 2030 to meet its climate
goals. A clear taxonomy can direct investments toward the right sectors, improving efficiency in climate finance mobilization.
Preventing Greenwashing: With increasing interest in sustainable investments, a defined taxonomy helps in verifying the
authenticity of green claims, ensuring transparency and accountability.
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Aligning with National Goals: The taxonomy supports India’s national climate strategies, including Net Zero by 2070 and
developmental ambitions under the ‘Viksit Bharat@2047’ initiative.

Enhancing Investor Confidence: By setting clear performance criteria, the taxonomy helps domestic and international
investors assess which projects truly support low-carbon transitions, reducing ambiguity and risk.

Supporting Policy Implementation: It complements national missions like NAPCC and SAPCC by guiding financial flows
in a targeted, principle-driven manner.

Figure 2: Objectives of the Climate Finance Taxonomy

( Mitigation h
% Avoidance of GHG emissions, reduction in emission intensity,
improvements in energy efficiency, and R&D for mitigation.
v/ Facilitate greater s Adaptation ™~
resource flow to Resilience action including resilient infrastructure, agriculture
climate-friendly | practices, climate resilient seeds, sustainable water management,
technologies and ecosystem protection and restoration, geography-specific adaptation
activities, and building | - measures, and R&D for adaptation.
resilience ¢ Support transition in hard-to-abate sectors
3 | Transition activities in line with pathway for hard-to-abate
industries, innovation and R&D, taking into account the available
\ technology, its access and viability. P,

V' Prevent Greenwashing

v/ Consistency with Viksit Bharat @2047

About Draft Framework of India’s Climate Finance Taxonomy

Aim: To facilitate greater resource flow to climate-friendly technologies and activities, enabling achievement of the country’s

vision to be Net Zero by 2070 while also ensuring long-term access to reliable and affordable energy.

Features: The draft framework of India’s green taxonomy is structured as a living document and is being developed in phases.

— It adopts a hybrid design—combining qualitative principles with quantitative benchmarks and is tailored to reflect India’s
developmental priorities and acknowledges sector-specific challenges.

— It includes qualitative assessments (alignment with national goals) and will gradually integrate quantitative performance
thresholds (like GHG intensity reduction targets).

Core Principles: It is based on eight foundational principles-

— Consistency with stated position on Climate Action and development priorities
— Do no significant harm to other objectives of the climate finance taxonomy

— Focusing on pathways and trajectories in the country context

— Interoperability and consistency

— Support Transition Activities.

— Promoting the use of Indigenous technologies

— Be science-based and transparent:

— Proportionality - Support for MSMEs

Classification: Activities are categorised into two broad baskets:

— Climate-supportive activities: These directly avoid greenhouse gas emissions, reduce emission intensity, or promote
adaptation and resilience. They are divided into two tiers:

= Tier I:Involves absolute emission avoidance, such as the use of non-fossil fuel sources.
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= Tier 2: Involves emission intensity reduction where complete emission avoidance isn’t yet feasible, especially due to

technology limitations.

Transition activities: These are activities where currently no viable low-emission alternatives exist but efforts are made
to reduce emission intensity or improve energy efficiency in line with national policy.

Sectors Covered:

Power: Promotion of renewables, green hydrogen, nuclear, and clean coal technologies.

Mobility: Electric and hybrid vehicles, public transit systems, and emission-reducing fuels.

Buildings: Green construction standards, energy-efficient appliances, and design innovation.

Agriculture, Food, and Water Security: Enhancing climate resilience through irrigation, crop diversification, and water

conservation.

Hard-to-abate sectors: Including iron, steel, and cement industries, with an emphasis on technology upgrades and

transition finance.

Figure 4: Reflection of India’s Climate Finance Taxonomy Principles in Global Taxonomies

—

Consistency with Global Taxonomies | {:—‘—___

India’s Principles Global Taxonomies reflecting consistency with India’s principles
Consistency with stated EU, China, South Africa, ASEAN, Indonesia, Singapore, Egypt, Latin
position on Climate Action America, Malaysia, Sri Lanka, Brazil, EU-China Common Ground
and development priorities Taxonomy, IPSF-UNDESA G20 Sustainable Finance Working Group

Do no significant harm to
other objectives of the climate
finance taxonomy

Focusing on pathways and
trajectories in country context

Interoperability and
consistency
Support Transitional Activities
Promoting the use of
Indigenous technologies

Be science-based and
transparent

Proportionality -Support for
MSMEs

EU, South Africa, ASEAN, Indonesia, Latin America, Malaysia, Sri
Lanka, IPSF-UNDESA G20 Sustainable Finance Working Group

EU, South Africa, ASEAN, Indonesia, Latin America, Malaysia, Sri
Lanka, IPSF-UNDESA G20 Sustainable Finance Working Group

EU, ASEAN, Singapore, Indonesia, EU-China Common Ground
Taxonomy

EU, ASEAN, Latin America, Malaysia, Singapore, Brazil

China, Brazil, Malaysia

EU, ASEAN, Indonesia, Malaysia, Sri Lanka, Brazil, IPSF-UNDESA
G20 Sustainable Finance Working Group

ASEAN, Indonesia, Malaysia, Brazil

Challenges in Implementing Green Taxonomy

Data Availability and Quality: Limited access to sector-wise emissions and climate impact data hampers accurate classification

and monitoring of eligible activities.

Technological Constraints: Many sectors, especially MSMEs and agriculture, lack access to cutting-edge, low-emission
technologies, making compliance difficult.

Financial Barriers: High upfront costs and limited concessional finance options can deter investment in transition and

adaptation projects.

Institutional Capacity: Regulatory bodies and financial institutions may need substantial capacity-building to assess, certify,

and monitor climate-aligned investments.

Balancing Development and Climate Goals: India must carefully navigate its developmental needs without compromising

its sustainability objectives, particularly in hard-to-abate sectors.
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Suggested Measures

* Strengthen Data Infrastructure: Develop comprehensive databases and standard reporting mechanisms for climate-related

data across sectors.

*  Promote Technology Transfer: Encourage global partnerships and R&D investments to bring affordable clean technologies

to key sectors, especially MSMEs.

* Facilitate Green Finance Access: Provide policy support, green bonds, and concessional loans to lower the cost of capital

for green projects.

* Build Institutional Capacity: Train financial institutions, regulators, and project developers to effectively apply taxonomy

principles and compliance mechanisms.

* Foster Public-Private Collaboration: Involve industries, financial institutions, and civil society in the development and
periodic review of the taxonomy to ensure practicality and inclusiveness.

TOPICS FOR PRELIMS (GEOGRAPHY)

Tsunami Zones

Context

As per the latest report of INCOIS, all Indian coastal Union
Territories and states are prone to tsunami.

How a tsunami occurs

An earthquake " —
rocks the =
ocean floor

B Displaces
volume of

walter, pushing
itup

) Sets off an
oscillation,
which develops
underwater at
great speed

£ Sea water is
sucked back
from the shore

Waves get
bigger as
water gets
shallower

p—
e
Sources: Nature/USGS AP

About Tsunami

* It is a series of large sea waves caused by the sudden
displacement of a large volume of water in an ocean.

* Causes of Tsunamis:

— Undersea Earthquakes (most common cause)-
Especially those occurring at subduction zones.

— Underwater landslides
— Volcanic eruptions (submarine volcanoes)

— Meteorite impacts (very rare).

* Subduction Zone:

— Itisatectonic boundary where one plate slides beneath
another into the Earth’s mantle.

— Subduction zones are highly active geologically — leading
to earthquakes, volcanoes and tsunamis.

* Key subduction zones affecting India:

— Andaman-Nicobar-Sumatra Island Arc:lt is a 5,000
km long chain of islands and mountains from Myanmar
in the north to Indonesian archipelago in the south.

— Makran Subduction Zone (near Iran-Pakistan): It is
a tectonic plate boundary where the Arabian Sea Plate
is subducting beneath the Eurasian Plate.

Indian National Centre for Ocean Information Services
(INCOIS)

e It is an autonomous body under the Ministry of Earth
Sciences.

¢ |t was established in 1999.

* Its primary mission is to provide ocean information, warnings
and advisory services to various stakeholders, including the
public, government and scientific community.

Indian Continental Plate

Context

According to a recent discovery, the Indian Plate is splitting into
two, with a portion of it sinking into the mantle.

About the Indian Continental Plate

* The Indian plate is a small tectonic plate situated in the
northeastern hemisphere.

* It is surrounded by four major plates: the Eurasian plate to
the north, the Australian plate to the southeast, the African
plate to the southwest, and the Arabian plate to the west.
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Indian Plate |\

Its northward movement results in a convergent boundary
with the Eurasian plate.

It shares a divergent boundary with the African plate and
a transform boundary with the Arabian plate due to their
lateral motion.

It was once fused with the adjacent Australian plate to form
a single Indo-Australian plate, but recent studies suggest
that India and Australia may have been separate plates for
at least 3 million years.

The Himalayan mountain range and Tibetan plateau have
formed as a result of the collision between the Indian Plate
and Eurasian Plate which began 50 million years ago and
continues today.

Delamination

:

Delamination of the Indian Plate

Delamination refers to a vertical tearing and peeling away
of the dense lower layer of a tectonic plate.

The lower part detaches and sinks into the Earth’s mantle,
while the upper part may remain in place or move differently.
Scientists discovered that a portion of the Indian Plate is
undergoing delamination.

This means the plate is splitting into two, and one part is
sinking into the mantle.

Delamination increases earthquake risks by changing how
stress builds up in the Earth’s crust.

Areas at Risk:

— Tibetan Plateau — already prone to earthquakes.

— Cona-Sangri Rift — a deep geological fracture possibly
caused by this ongoing tear; may become a new seismic
hotspot.

EARTHQUAKE BASIC

Causes of Earthquake I Measurement
of Earthquake

1. Richter Scale
measures magnitude

1. Plate Tectonics

2. Modified Mercalli
Scale - measurs intensity

. Anthropogencic Causes
drilling activities
deep underground mining
blasting of rocks by dynamites |
nuclear explosion tests
storage of massive volumes
of water in big reservoirs

Earthquake in Myanmar

o o 0o o o A

Context

Myanmar was struck by a magnitude 7.7 earthquake, causing
significant devastation in the country.

Cause of the earthquake

* Tectonic Plate Movements:

— The Earth’s lithosphere is divided into tectonic plates,
which have been moving for billions of years. Their
interactions create earthquakes and other geological
features.

— The Myanmar earthquake occurred due to “strike-slip
faulting”, which happens when two plates rub sideways
against each other.

* Sagaing Fault:

— ltisa 1,200 km long fault line, runs from north to south
through Mandalay and Yangon.

— Areas along this line are one of the country’s most
earthquake-prone areas.

Davis Strait proto-microcontinent

Context

A hidden landmass called the Davis Strait proto-microcontinent
has been found beneath the icy waters of the Davis Strait.
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About Davis Strait Proto-Microcontinent

* A new landmass has been discovered under the frozen
waters of the Davis Strait, between Baffin Island (Canada)
and Greenland.

— Davis Strait separates Canada’s Baffin Island from
Greenland.

* It has been classified as a “proto-microcontinent”—a
primitive, partially detached continental crust.

* It has been named the Davis Strait proto-microcontinent
since it formed owing to the tectonic evolution of the Davis
Strait.

» Size: Estimated to be 19 to 24 km wide.

About Proto-Microcontinent?
* It is a fragment of continental crust that has broken off
from a larger continent but hasn’t drifted away completely.
*  Other microcontinental features discovered:
— Jan Mayen - Iceland
— East Tasman Rise - near Tasmania.
— Gulden Draak Knoll - Western Australia

Intermediate-Mass Black Holes (IMBHs)

Context

Indian scientists detected an Intermediate-Mass Black Hole
(IMBH) using the Devasthal Optical Telescope (DOT).

About Intermediate-Mass Black Holes (IMBHs)

* IMBHs are the ‘missing link’ in the black hole family:
— They are smaller than supermassive black holes & larger
than stellar-mass black holes (a few times the Sun’s mass).
— Estimated mass range: 100 to 100,000 solar masses.

— They are believed to be seeds of supermassive black
holes. Their discovery helps understand black hole
growth and galaxy evolution.

* It was detected using a technique called Spectrophotometric
Reverberation Mapping.

About Devasthal Optical Telescope (DOT)

* DOT is India’s Largest Optical Telescope, commissioned
in 201 6.
— Size: 3.6 metres in diameter.

* It is located at Devasthal Observatory, near Nainital,
Uttarakhand.

* It is managed - ARIES — Aryabhatta Research Institute of
Observational Sciences

— ARIES is an autonomous institute under the Department
of Science and Technology (DST), Government of India.

Atmospheric Rivers

Context

A large part of the United States witnessed heavy rain, strong
winds and severe thunderstorms due to atmospheric rivers.

About Atmospheric Rivers

* They are relatively long, narrow regions in the atmosphere
— like rivers in the sky — that are responsible for 90 percent
of the movement of moisture from the tropics toward the
poles.

e Size: average atmospheric river is about 2,000km long,
500km wide and nearly 3km deep

* Occurrence: Between December and February in the
Northern Hemisphere— and in the Southern hemisphere
— typically between June and August, when extratropical
cyclones are prevalent.

* Conditions required for formation:

— Strong low-level winds that act as a highway for water
vapour to be transported across.
= The jet streams in the Northern and Southern

hemispheres act as these highways, with speeds
reaching as high as 442km/h (275mph).

— High moisture levels

— Orographic lift

* Impact of Atmospheric Rivers
— Redistribute freshwater globally.

— Increase water levels and snowpack in watersheds.

— Responsible for more than half of the rainfall in parts
of the coasts of North America, France, Spain, Portugal,
the United Kingdom, South America, Southeast Asia,
and New Zealand.

— Can cause landslides, mudslides, and major flooding.
= Seven of India’s 10 most severe floods in the monsoon

seasons between 985 and 2020 were associated with
atmospheric rivers.

» Categories: Five types based on their size and strength:
Weak, Moderate, Strong, Extreme and Exceptional.

Pineapple Express:

* Example of an atmospheric river storm that causes torrential
rains on the US West Coast, particularly California.

* Known as the “Pineapple Express” due to its moisture source
from tropical Hawaiian waters.

* Powered by the southern branch of the polar jet stream,
transporting warm, moist air from Hawaii.

Rare Earth Magnets

Context

China has suspended exports of several critical rare earth
elements, metals and magnets in response to US Tariffs.
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About Rare Earth Magnets

Rare earth magnets are strong permanent magnets made

from rare earth elements, like neodymium, samarium and

dysprosium.

They are 10-20 times stronger than traditional magnets

like ferrite or alnico.

Applications:

— Electric motors: Used in hybrid vehicles and other
applications requiring high efficiency.

— Generators: Used in wind turbines and other energy
generation systems.

— Hard disk drives: Used in computer storage devices.

— Audio speakers: Enhancing sound quality and
performance.

— Maedical devices: Found in MRI machines and other
imaging equipment.

— Defense: Used in precision-guided missiles, aircraft and
electronic warfare systems.

About Rare Earth Elements

The International Union of Pure and Applied Chemistry

(IUPAC) defines rare earth minerals as a set of seventeen

chemical elements in the periodic table.These metals have

similar properties.

— Thulium and lutetium are the two rare earth elements
with the lowest abundance.

— Cerium, yttrium, lanthanum, and neodymium are the
most plentiful rare earth elements.

China produces ~90% of the world’s rare earth elements

(REEs).

Highest Reserves Worldwide: (1) China (2) Brazil (3) India

(4) Russia (5) Australia

Rare Earth Element

Present Applications

Yttrium Phosphors, ceramics, metal alloys
Lanthanum Batteries, catalysts for petroleum refining
Cerium

Praseodymium
Neodymium

Promethium

Samarium
Europium
Gadolinium
Terbium

Dysprosium

Auto catalysts, Chemical Catalyst, glass polishing, metal alloys
High power magnets, yellow ceramic pigment

High power magnets

Beta radiation source

High temperature magnets,

fluorescent lighting

Magnetic resonance imaging contrast agent, nuclear reactor rods
Phosphors for lighting, high power high-temperature magnets

High power high-temperature magnets, lasers

Holmium Highest power magnets in existence
Erbium Lasers, glass colorant
Thulium Ceramic magnetic materials, which are still under development
Ytterbium Fibre optic technology, solar panels
Lutetium PET scanners
Golconda Blue :
Context

The Golconda Blue, once owned by Indian royalty, is set to
be auctioned at Christie’s Magnificent Jewels sale in Geneva,
Switzerland.

About Golconda Blue

It is a 23.24-carat fancy vivid blue diamond known for its
exceptional clarity & rich blue hue.

It is one of the rarest and most valuable diamonds globally.
It was mined in the Golconda region of present-day Telangana.

— Golconda mines were famed for producing high-quality
diamonds like the Kohinoor and Hope Diamond.

Historically it was owned by the Royal families of Indore
(Holkars) & Baroda.
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About Diamonds

Formation:

o

Diamonds form in the Earth’s mantle and are brought to the surface through
volcanic activity. They are found in volcanic landforms like dykes and sills.

their hardness.

o

Diamonds are utilised in jewellery, industrial cutting tools, and polishing due to

Global Diamond Production

k.

* Leading producers: Russia, Botswana, Canada, Angola,Democratic Republic of Congo (DRC).

Diamonds in India:

* Other Areas:

/—

Largest Reserves: Russia, Botswana, DRC, Angola, South Africa )
~

* Madhya Pradesh: Highest in both Production and Reserves

°  Wajrakarur Kimberlite pipe: Anantapur district, Andhra Pradesh
o Krishna River basin gravels: Andhra Pradesh

F

Note: Kimberley Process (KP) is a global initiative to prevent conflict diamonds from entering the mainstream market. KP works
in partnership with the United Nations.

TOPICS FOR PRELIMS (ENVIRONMENT)

Seaweeds

Context

India’s seaweed farming is expected to grow significantly from its
current Rs 200 crore value to Rs 3,277 crore in the next decade.

About Seaweeds

Seaweed, or macro algae, refers to thousands of species of
macroscopic, multicellular, marine algae.

BENEFITS OF SEAWEEDS

Yy

(O

)

CARBON SEQUESTRATION ~ HABITAT CREATION CULINARY USES

(D dp .

PHARMACEUTICALS BIOFUELS ANIMAL FEED
AND COSMETICS

It includes Rhodophyta, Phaeophyta and Chlorophyta macro
algae.They range in colours from red, green, brown and black.

They vary in size, from microscopic to large underwater
forests.

Seaweed V.S. Seagrass:

— Seaweeds, classified as algae in the kingdom Protista, are
plant-like organisms. They lack features such as a true
stem, roots, leaves, and vascular tissues.

— In contrast, seagrass is a marine flowering plant with
distinct stem, roots, and leaves.

— Seagrass also has the ability to produce fruits and seeds,
unlike seaweeds.

Species of Seaweed Found in India

There are around 844 species of seaweed in Indian waters.
India has the highest number of seaweed taxa compared to
other countries bordering the Indian Ocean.

— Gracilariaverrucosa in Chilika Lake, Odisha

— Ulva Linza or Ulva prolife rain Chilika Lake, Odisha

— Gracilaria dura in Gujarat

— Ulva Lactuca or Ulva fasciata or Ulva indica all over
India coast

— Kappaphycus all over Indian coast
Tamil Nadu produces the highest amount of seaweed.

Initiatives taken in India for Promotion of Seaweed
Cultivation

Seaweed Mission launched in 2021 is a program by the
Technology Information, Forecasting and Assessment Council
(TIFAC) to commercialise seaweed farming and processing
in India.
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e The Indian government is promoting seaweed cultivation as Criteria & Examples of Industries
part of the Pradhan Mantri Matsya Sampada Yojana.

* Guidelines for Import of Live Seaweeds into India: To Industry  Pollution Examples

import live seaweed into India, a detailed application to the :‘:nex (P

Department of Fisheries triggers a review by the National o

Committee on Introduction of Exotic Aquatic Species, and Red P1>80 Thermal power plants, Cement
upon approval,an import permit is issued within four weeks manufacturing, Tanneries

for high-quality seaweed germplasm. Orange 55<PI<80 Brick manufacturing, Dry cell

battery, coal washeries etc.
CPCB'’s classification of industries

Green 25 <PI <55 Ice cream manufacturing, Assembly
units (non polluting)
Context
White Pl <25 Solar power generation, Medical
The Central Pollution Control Board (CPCB) has revised the oxygen etc.
classification of industries based on their pollution potential. Blue Variable Pl Waste to Energy plants, Landfil

T operators, CBG plants
Features of New Classification P P

* Industries are classified in 5 categories according to their Central Pollution Control Board (CPCB)

pollution potential. * It is a statutory body constituted in 1974, under the Water
(Prevention and Control of Pollution) Act, 1974. It is also
entrusted with the powers and functions under the Air
(Prevention and Control of Pollution) Act, 1981.

* A new category, called the “Blue Category’, has been
introduced specifically for industries that provide Essential

Environmental Services (EES). « Functions:

* |tincludes industries or utilities essential for environmental
management, such as:

— Preventing, controlling and abating water pollution

— Preventing, controlling, and abating air pollution & Improving

— Waste-to-Energy plants air quality.
- Certain Compressed Biogas (CBG) plants — Advising the central government on water and air pollution
— Landfill maintenance services
— Biomining operations Salt Pan Lands
* Extended Validity: Industries in the Blue category will  Context
receive an additional 2 years validity for their Consent to
Operate (CTO), as an incentive. The Maharashtra Government has approved allocation of 256

acres of salt pan land to rehabilitate slum dwellers under the
Dharavi Redevelopment Project (DRP).

Low High 500 metre
tide tideline

line  (HTL)

Costal Regulation Zone Rules, 2011 '

CRZ I: Eco-sensitive and intertidal areas

CRZ II: Areas which have been developed up to or close to
the shore

CRZ lll: Areas that are relatively undisturbed and do not
fall under CRZ-1 or CRZ-II

CRZ IV: Areas between Low Tide Line and 12 nautical
miles into the sea/tidal influenced waterbodies

NDZ: No development zone that exte nds up to 200m
from High Tide Line towards land in CRZ-Ill area
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Costal Regulation Zone Rules, 2019 .

CRZ | A: Eco-sensitive areas
CRZ B: Inter-tidal areas

CRZ II: Areas which have been developed up to or close to
the shore

CRZ IIl A: CRZ-IIl areas, where the population density is
more than 2,161sq km as per 2011Census

Wssprsssuney

CRZ Il B: Areas with population density of less than 2,161
per sq km, as per 2011 Census

CRZ IV A: 12 nautical miles from the Low Tide Line
towards the sea

CRZ IV B: Tidal influenced waterbodies

NDZ: 50 metres from High Line in CRZ Il A areas, 200 m
from HTL in CRZ-IIl B areas

About Salt Pan Lands

They are low-lying areas where seawater flows in and
evaporates, leaving behind salt and minerals.

Under the Coastal Regulation Zone (CRZ) notification
of 2011, salt pans fall under CRZ-1B, which restricts
economic activities except for salt extraction and natural
gas exploration.

Ecological Importance of Salt Pans:

— Flood Protection: Salt pans, together with mangroves
serve as natural flood barriers absorbing excess water
during heavy rainfall and high tides.This reduces the risk
of severe waterlogging in Mumbai.

— Biodiversity: These areas support a diverse range of
bird species and marine life, playing an important role
in maintaining the local ecosystem.

Bioluminescent Beaches - Kavaru

Context

Bioluminescent blue waves were observed in the backwaters
of Kochi, Kerala.

About Bioluminescence or Kavaru

It is emission of light by living organisms in the water caused
by microscopic organisms:

— Plankton (Noctiluca scintillans or sea sparkle)

— Certain algae, fungi and bacteria

These organisms produce light through a chemical reaction
inside their bodies.

The reaction involves a light-emitting pigment (luciferin)
and an enzyme (luciferase).

Low

High 500 metre
tide line

When water is disturbed — by waves, movement of boats
or even footsteps — the organisms light up as a defense
mechanism or to attract mates.

The glow is usually blue, but sometimes red or brown

(called red tide) depending on species and concentration.

It got popularised in the public imagination through the

Malayalam film “Kumbalangi Nights”.

What Causes These Blooms?

- Environmental Factors: Eutrophication, High salinity
and turbidity in estuarine and coastal waters, rising
temperatures and reduced rainfall.

— Human-Induced Drivers: Agricultural runoff, urban
discharge and Industrial effluents from nearby regions.

Bioluminescence can occur in: Beaches and shallow
waters, Backwaters and estuaries & Paddy fields near coasts
(like Kerala’s pokkali fields)

Famous Indian Spots:

— Kumbalangi & Chellanam (Kochi, Kerala)
— Thiruvanmiyur Beach (Chennai)

— Betalbatim Beach (Goa)

— Bangaram Island (Lakshadweep)

Ecological Implications

On Marine Ecosystems:

— Algal blooms can lead to Harmful Algal Blooms
(HABs) causing hypoxia (low oxygen) - fish deaths,
biodiversity loss.

— It releases toxic compounds like: Hepatotoxins,
Neurotoxins, Dermatotoxins etc.

On Aquatic Food Chains: While plankton are crucial

in the marine food chain, in excess they release harmful

substances:
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— Dimethyl sulfide, dissolved organic carbon, ammonium
etc.

Global Geoparks

Context

UNESCO has added |6 new sites across || countries to its
Global Geoparks Network.

About UNESCO Global geoparks

e UNESCO Global Geoparks are single, unified
geographical areas where sites and landscapes of
international geological significance are managed with
a holistic concept of protection, education and sustainable
development.

* At present, there are 229 UNESCO Global Geoparks
in 50 countries.

* Key Features:

— Recognizes geological heritage of global value.

— Promotes sustainable development, geo-education,
geotourism, and community involvement.

— Encourages participation of local and indigenous
communities in maintaining cultural and scientific
traditions.

* It was established in 2015 by the United Nations

Educational, Scientific and Cultural Organization
(UNESCO).

* Presently, India does not have any site included in the
UNESCO Global Geoparks list.

UNESCO

* The United Nations Educational, Scientific and Cultural
Organization (UNESCO) is a specialised agency of the United
Nations (UN).

* It was founded in 1945 as the successor to the League of Nations’
International Committee on Intellectual Cooperation.

¢ Members: UNESCO has 194 Members and 8 Associate
Members.

— India has been a member of UNESCO since its inception.
e HQ - Paris (France).

Flue Gas Desulphurisation

Context

In 2015, India’s Environment Ministry mandated all 537 coal-fired
plants to install FGD systems by 2018 to curb SO, emissions,
but due to multiple challenges, the deadline has now been
extended to 2027-2029.

About Flue Gas Desulphurisation (FGD)

* FGD refers to a set of technologies designed to remove
sulfur dioxide (SO,) from the exhaust flue gases of fossil-fuel
power plants and other industrial processes.

* The primary goal is to reduce SO, emissions, which
contribute to acid rain and respiratory problems.

* It uses various methods such as Wet scrubbing, Dry
Scrubbing etc.

* Advantages of FGD:
— It can remove up to 90% or more of SO, from flue gases.

— The gypsum (byproduct) produced can be used in the
construction industry, reducing waste.

— It helps power plants meet stringent environmental
regulations regarding SO, emissions.

* Challenge
— FGD systems are capital-intensive, with significant
maintenance requirements.

— Wet FGD systems require excess water, which can be
a concern in water-scarce regions.

National Institute of Advanced Studies (NIAS) Study
on FGD
* Findings of the Study:
— 92% of coal used in Indian plants has low sulfur content
(0.3%-0.5%), reducing the necessity for FGDs.

— Only 8% of plants have installed FGDs, with 230 in
various stages of installation and 260 yet to place orders.

— FGD installation costs are estimated at 1.2 crore per

Mw
* Recommendations:

— FGD installation should be limited to plants using
imported coal or coal with sulfur content above 0.5%.

— Focus should shift to controlling particulate matter (PM)
emissions, which are more detrimental to air quality in
India.

— Electrostatic precipitators, costing X25 lakh per MW,
can reduce PM pollution by 99% and are more cost-
effective than FGDs.

Blue Flag Certification

Context

Rushikonda Beach wins back the Blue Flag tag which was earlier
withdrawn due to poor maintenance.

About Blue Flag Certification

* The Blue Flag Certification is an international eco-
label awarded by the Foundation for Environmental
Education (FEE), Denmark.

» Itis given to beaches, marinas and sustainable boating
tourism operators that meet high environmental, safety
and cleanliness standards.

* Criteria: To receive the Blue Flag tag, a beach must fulfill
33 stringent criteria across four major categories:

— Environmental Education and Information.
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—  Water Quality.
— Environmental Management.
— Safety & Services.
* India has 12 Blue Flag certified beaches.

BEACHES IN INDIA

SHIVRAJPUR
Gujarat
GHOGHLA
Diu
RUSHIKONDA
KASARKOD Andhra Pradesh
Karnataka
e
Puducherry
RADHANAGAR
Andaman &
KAPPAD Nicobar Islands
Kerala
International Big Cat Alliance
Context

An agreement was signed between IBCA and the Government
of India, formalising India as the permanent host of the IBCA
Headquarters and Secretariat.

About International Big Cat Alliance (IBCA)

* Itis a global coalition comprising 96 big cat range and non-
range countries dedicated to conserving seven big cat species
and their habitats.

* It was proposed by India’s Prime Minister in 2019 and was
officially launched in April 2023 to commemorate 50 years
of Project Tiger.

* Objectives:

— Combat illegal wildlife trade involving the seven big cat
species.

— Promote the preservation of natural habitats.

— Mobilize financial and technical resources for conservation
efforts.

— Mitigate climate change impacts and align biodiversity
conservation with local needs, contributing to the UN
Sustainable Development Goals.

* Focus Species:Tiger, Lion, Leopard, Snow Leopard, Cheetah,
Jaguar, and Puma.

* Governance: Assembly of Members,a Standing Committee,
and a Secretariat in India.

— It follows a framework inspired by the International
Solar Alliance (ISA), with a Director-General appointed
by the Ministry of Environment, Forest, and Climate
Change (MoEFCC).

* Members: Currently, India, Nicaragua, Eswatini,and Somalia.

About Big cats

* Big cats are large wild cat species, primarily from the
Panthera genus, although some species outside this genus
are also included.

* In general, scientists categorize big cats based on two specific
qualities: they belong to the genus Panthera and have a special
two-piece hyoid bone in their throat that allows them to roar.

e The Siberian tiger is the largest big cat.

* The Indian subcontinent has historically been home to the
Bengal tiger,Asiatic lion, Indian leopard, Indian/Asiatic cheetah
(extinct in 1952), and Snow leopard.

The Asiatic Lion: Appendix |, All other lion populations: Appendix II.

Appendix | (except for the populations of Botswana, Namibia, and Zimbabwe, which are

About Emission Trading Scheme

* It is a regulatory tool designed to reduce air pollution

Species IUCN Red List Status CITES Appendix
Tiger Endangered Appendix |

Lion Vulnerable

Leopard Vulnerable Appendix |

Snow Leopard Vulnerable Appendix |
Cheetah Vulnerable

included in Appendix Il)

Jaguar Near Threatened Appendix |

Puma Least Concern Appendix Il

Emission Trading Scheme
Context

A latest study on the Surat ETS has revealed that employing
the market mechanism helped reduce pollution by 20-30% in
industrial clusters.

(especially greenhouse gases and particulates) by creating
a market-based system of permits.
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Real Real GHG
GHG Emissions
Emissions
Emitter A Emitter B
About Surat ETS

It is also known as ““cap-and-trade”, it sets a maximum
limit (cap) on emissions and allows industries to buy and
sell emission permits.

— Industries that pollute less can sell their unused permits.

— Industries that exceed limits can buy permits to remain
compliant.

Objectives of ETS:
— Reduce pollution in a cost-effective and flexible way.
— Incentivize industries to invest in cleaner technology.

— Replace punitive regulatory enforcement with market

mechanisms.

How an emission trading system works

Carbon Sale
/ 4 Credit
Reduced
GHG Emlssmns

Excess GHG
Emissions

It is the first ETS in the world to target particulate matter

& India’s first emissions market for any pollutant.

It was introduced in 2019 across 342 highly polluting
industries to control fine particulate pollution emitted due
to the use of solid fuel sources, such as coal, lignite, diesel etc.

Key Findings from the Study on Surat ETS:
— Participating plants reduced pollution by 20-30%.

— A total of 162 plants were studied — those under
the ETS performed better than those under standard

regulation.

— ETS plants had permits to cover emissions 99% of the

time.

— Non-ETS plants failed to meet norms for nearly 1/3rd

of the study period (almost two years).

India’s Current Model (Command-and-Control):

* Currently Central and state regulators (MoEFCC, CPCB, SPCBs)
monitor and penalize violators.
* Problems:
— Staff shortage, inefficient enforcement, bureaucratic
red tape.
— One-size-fits-all approach doesn’t account for size and
capacity of industries.
¢ ETS Advantage:
— Flexible: Allows smaller units to buy time by purchasing
permits.
— Market-driven: Encourages investment in pollution-reducing
tech.

— Self-regulating: Less burden on government inspection.

Fluoride

Context

Sonbhadra, Uttar Pradesh’s second-largest district, faces severe
fluoride contamination in drinking water due to natural leaching
from granite rocks and widespread reliance on borewells and
hand pumps.

Health Concerns

Fluorosis

Dental Fluorosis

Overexposure to fluoride
during childhood can lead to
white spots or streaks on teeth.

Skeletal Fluorosis
Prolonged high fluoride intake
/ can cause joint pain, stiffness
and damage to bones
Neurotoxicity
High levels of
fluoride exposure

may impair cognitive
development in children

@

Thyroid Function

Excess fluorlde affects
thyrold function

About Fluoride

Fluoride is a naturally occurring mineral found in soil, water,
plants and rocks.

It is the ionic form of fluorine, a highly reactive element.

Sources:

— Natural: Groundwater and volcanic emissions.

— Artificial: Added to water supplies, dental products like
toothpaste and some pharmaceuticals.

Uses of Fluoride

— Dental Health: Strengthens Tooth Enamel & reduces
cavities.

— Industrial Applications: Used in the manufacturing of
aluminum, pesticide, and refrigerants.

— Public Health: Added to drinking water to reduce
dental decay, known as water fluoridation.
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Fluoride Contamination in India

¢ Permissible Limit:

— Bureau of Indian Standards (BIS) - |-1.5 mg /I It is
believed that levels above or below this could cause dental
decay.

- WHO - .5 mg/L

* Fluoride levels exceeding permissible limits have been detected
in isolated pockets across 370 districts in 23 states.

¢ Rajasthan, Andhra Pradesh, Telangana, Tamil Nadu,
Gujarat and West Bengal are the relatively high-fluoride-
contaminated states in India.

Carbon Emissions From Wildfires

Context

According to the European Union’s Copernicus Atmosphere
Monitoring Service (CAMS), wildfires released approximately
800,000 tonnes of carbon into the atmosphere in January 2025
alone.

| More Forest Fire |

?

l Dry Season | More Evapo-
transpiration More
? Emission
0f CO2
| High Temperature | l Less Rainfall l
| Climate I

Carbon Emissions from Wildfires

* The burning of forests, peatlands,and grasslands contributes
to significant atmospheric carbon levels.

» Forests typically act as carbon sinks, absorbing CO..

*  When they burn, they release stored carbon and lose their
carbon absorption capacity for years or decades.

* Implications:
— Contributes to global warming as they burn through the

natural carbon reservoirs that have historically helped
regulate the earth’s climate.

— Increases public health risks due to smoke and particulate
matter.

— Affects biodiversity and soil quality.

Hotspots for Wildfires in India

* As per India State of Forest Report 2023, Uttarakhand
(alone witnessed 5,315 forest fires), Odisha, and Chhattisgarh
reported the highest number of forest fires during the year.

— The report also noted a declining trend in the number
of fire hotspots across the country — from 2.23 lakh
in 2021-22 to 2.12 lakh in 2022-23, and further down
to 2.03 lakh in 2023-24.

* Forest fires in India emit approximately 69 million tonnes
of CO, annually.
Arctic Boreal Zone Reversing Trend

* According to a 2024 study published in Nature Climate
Change:

— Over 30% of the ABZ has shifted from absorbing carbon
to releasing it, primarily due to increasingly frequent and
intense wildfires.

— Researchers tracked carbon patterns across 200 sites
(1990-2020), noting that while the ABZ remained a net
sink from 2001-2020, one-third of the region has now
become a net source of CO..

* This reversal is driven by:

— Wildfires: Events like the Eastern Siberia fires (2003)
and Timmins wildfire (Canada, 2012) released more
carbon than the ABZ could absorb.

— Thawing permafrost: Warming temperatures lead to
soil drying, vegetation changes, and the decomposition
of organic matter, releasing stored carbon.

Boreal Forests

- Tundra

De-extinction

Context

Colossal Biosciences, a Texas-based biotechnology company,
announced the birth of three dire wolf pups.

About De-extinction

» De-extinction is the process of reviving extinct species using
technologies like:
— Gene editing (e.g., CRISPR)
— Cloning
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— Cross-breeding with modern relatives.

* Colossal’s De-extinction Targets: Woolly mammoth,
Thylacine (Tasmanian tiger) & Dodo.

Controversy around De-extinction

» Scientific Concerns: Reintroducing extinct animals into
ecosystems may:

— Disrupt existing biodiversity
— Harm modern ecosystems not adapted to support them.

* Habitat Change Over Millennia: Ancient habitats that
supported species like the dire wolf:

— Had different climate, prey species and plant communities.

— Modern landscapes are fragmented and human-altered.

Buffer Zones in Tiger Reserves

Context

The Madhya Pradesh government has approved a scheme for
developing buffer zones in the State’s nine tiger reserves.

Key Features of the Scheme

* Chain-Link Fencing: Installation in ecologically sensitive
buffer areas to prevent human-wildlife conflicts.

* Habitat Development: Creation of grasslands and water
resources to support wildlife.

* Wildlife Protection Measures: Implementation of fire
safety protocols and health monitoring for wild animals.

«  Community Engagement: Skill development training
programs for local communities to promote sustainable
livelihoods and involvement in conservation efforts.

¢ Madhya Pradesh is the “Tiger State” of India. It has
witnessed a significant increase in its tiger population within
buffer zones:
— 2019: 526 tigers
- 2023: 785 tiger

About Tiger Reserves

e They are declared and administered by the National
Tiger Conservation Authority via Wild Life (Protection)
Amendment Act,2006 under Project Tiger.They are divided
into two zones- namely, Core and Buffer.

» Core Zone: It has the highest level of protection and
restrictions to protect its population and dependent prey.
— In addition, it has equal legal status as the National Park

and Wildlife Sanctuary.
— Activities such as grazing, forestry operations,and other
human activities are strictly prohibited in this zone.

* Buffer Zone: It has less level of protection as compared
to the Core zone., and its boundary starts from the outer
circumference of the core zone.

— Certain activities with regulations are allowed in this
zone such as grazing, scientific research, settlement of
forest dwellers, cultural activities, etc.

* Key Facts about Tiger Reserves in India
— Total Number of Tiger Reserves: 57

— LargestTiger Reserve: Nagarjunsagar-Srisailam Tiger
Reserve (Andhra Pradesh).

— Smallest Tiger Reserve: Bor Tiger Reserve
(Maharashtra)

Antibiotic Pollution

Context

A study estimates that of the 29,200 tonnes of top-used
antibiotics consumed globally, about 8,500 tonnes (29%) enter
rivers and 3,300 tonnes (1 1%) reach oceans or inland sinks after
metabolism and treatment.

Scientists used a global river
dataset (RiverATLAS) to estimate
how much antibiotic pollution exists
in the world's rivers.

They studied 21 commonly used
' antibiotics and estimated their
‘ levels in 8.5 million river segments,

- . covering around 36 million kilometer
of rivers worldwide.

Main contributing antibiotics:

Amoxicillin, Ceftriaxone & Cefixime

80 % of Indian rivers
are at risk of
antibiotic
contamination

Cefixime (used to treat
bronchitis and other infections)
is the biggest contributor

to river pollution in India

Other High-Risk Countries: Nigeria, Pakistan,
Ethiopia and Vietnam

Sources of Antibiotic Pollution

* Pharmaceutical Industries: Despite having wastewater
treatment systems, pharmaceutical industries often fail to
effectively remove antibiotic residues.

* Livestock farming: In India, livestock farming heavily uses
antibiotics for growth promotion, leading to their seepage
into soil and nearby water bodies.

* Aquaculture: Indian aquaculture, especially shrimp farming
along coastal areas, relies heavily on antibiotics due to
frequent infections from warm waters.
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¢ HumanWaste: Undigested antibiotics from human waste — They can disrupt natural microbial ecosystems in water.
enter sewage systems through urine and feces. » Antibiotic Resistance: The biggest threat is that bacteria

* Poor wastewater treatment: Inadequate wastewater in rivers become resistant to antibiotics. These resistant
treatment allows antibiotics to pass through and flow into bacteria can:

rivers.

Impact of Antibiotic pollution

— Enter human or animal bodies through water or food.

— Cause infections that cannot be treated by common
medicines.

¢ Environmental Damage: Antibiotics in rivers harm

aquatic life.

News in Short

Topic Details

Project ICE-CRUNCH

Pink Moon

Mesoscale Convective Systems
(MCS)

Paste Fill Technology

ICE-CRUNCH stands for: Ice nucleating particles and Cloud Condensation Nuclei properties in
the North-Western Himalayas.

It is a collaborative project between India & Switzerland to study microphysical processes in
clouds — particularly focusing on ice nucleating particles (INPs) and cloud condensation nuclei
(CCN) — in the north-western Himalayas.

INPs and CCN play a crucial role in cloud microphysics — they affect how clouds form, grow,
and lead to precipitation.

It will operate from the newly inaugurated Himalayan High Altitude Atmospheric and Climate
Research Centre, Nathatop, Jammu & Kashmir.
Pink Moon is the name given to the full moon that occurs in the month of April.

It is not actually pink in color — the name comes from a pink wildflower that blooms in early
spring and not from the moon’s appearance.

In 2025, the Pink Moon occurred on April |2. It was also a Micromoon:

— A micromoon appears smaller and dimmer because the Moon is at apogee — its farthest
distance from Earth in its orbit.

— Opposite of a Supermoon (which occurs at perigee — closest point to Earth).

According to a recent study Soil moisture levels can serve as an early warning signal for severe
mesoscale convective systems (MCS)

MCS is a large, organized cluster of thunderstorms.

It can cover areas larger than England and travel hundreds of kilometres.

Impact:

— It causes intense rainfall.

— It leads to flash floods, landslides, damage to infrastructure, livestock, and human lives.
Rainfall Contribution: In tropical regions, MCSs account for 50% to 90% of total rainfall.

Major Hotspots for MCSs:West and Central Africa, northern India, Argentina, China and Great
Plains of United States.

South Eastern Coalfields Limited (SECL) will be the first coal PSU in India to adopt paste fill
technology in underground coal mining.

Target Mine: Singhali Underground Coal Mine in Korba area, Chhattisgarh.

What is Paste Fill Technology?

Paste filling is an underground mining method used to fill mined-out voids.

The paste mixture includes: Fly ash (from thermal power plants), Crushed overburden (from
opencast mines), Cement,Water and Binding chemicals.

After coal extraction, the underground voids are filled with this paste. No surface land needs to
be acquired or disturbed.

Environmental and Structural Benefits:
Prevents land subsidence.

Improves mine stability and safety.

Recycles industrial waste (fly ash and overburden)

— Reduces environmental degradation.
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Topic Details

Echolocation

Green Grabbing

Baku to Belem Roadmap

Indonesia’s food and energy
estate” program

BatEchoMon

* A new study has revealed how bats use adjusted echolocation to avoid collisions when flying in

large groups.
Echolocation is a physiological process for locating distant or invisible objects (such as prey) by
means of sound waves reflected back to the emitter by the objects.

Echolocation is used for orientation, obstacle avoidance, food procurement, and social
interactions.

Other Animals That Use Echolocation

— Dolphins - To find fish and navigate underwater.

— Toothed Whales - To hunt prey and avoid obstacles.
— Oilbirds & Swiftlets - To fly through dark caves.

Green grabbing is the appropriation of land and resources under the pretext of environmental
conservation or sustainability projects.

It often displaces indigenous communities, small farmers, and marginalized groups.

The term is similar to “land grabbing” but is justified through claims of climate action, conservation
or renewable energy development.

India has urged BRICS nations to unite on ‘Baku to Belem Roadmap’ during the recent BRICS
Environment Ministers’ Meeting.

Baku to Belém Roadmap is an initiative established during the 29th United Nations Climate
Change Conference (COP29) held in Baku,Azerbaijan, in 2024.

Its primary objective is to scale up climate finance for developing countries.

It aims to mobilize at least $1.3 trillion annually by 2035 to support low greenhouse gas emissions

and climate-resilient development pathways.

Indonesia is planning to clear forests the size of Belgium to grow:

— Sugarcane (for bioethanol)

— Rice and other food crops

The project is part of a government-backed “food and energy estate” program.

— Food Estates are Large-scale plantations to boost food security.

It is considered the largest current planned deforestation operation in the world.

Rich Biodiversity of Indonesia:

— Indonesia has the third-largest rainforest in the world.

— Endangered species like orangutans, elephants, Papuan turtles and giant forest flowers.

— Total rainforest loss since 1950: 74 million hectares (285,715 sq miles) — twice the size
of Germany.

BatEchoMon is a fully automated bat detection and classification system, and the first of its kind

in India.

Developed by: Kadambari Deshpande and Vedant Barje at the Indian Institute for Human
Settlements (IIHS), Bengaluru.

It uses Audiomoth as an ultrasonic detector and a Raspberry Pi microprocessor for data
processing.

It is the First system globally to integrate recording + real-time classification.

Features:

— Activates automatically at sunset when bats begin flying.

— Records, stores, processes and analyses bat activity autonomously.

Identifies species-wise bat calls, activity levels and behavioral patterns.
— It costs only about one-third of advanced international detectors.
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Species in News

Species Details

Great Indian Bustard * |t is endemic to the Indian subcontinent.

» Habitat: open grasslands, arid plains and scrub forests.

* Range: Its population is confined mostly to Rajasthan and Gujarat. Small population found in
Maharashtra, Karnataka and Andhra Pradesh.

* Only less than 150 GIBs are left in the wild and almost exclusively restricted to India.
* Features:

— Males have a distinctive black crown, a long neck, and a buff-coloured body with white
underparts.

— Females are generally smaller and lack the prominent black crown.

— One of the heaviest flying birds, weighing between 10 to |5 kg.
— It is primarily omnivorous.
» Conservation Status
— IUCN status: Critically Endangered
— Wildlife Protection Act, 1972: Schedule |
— CITES: Appendix |
— Covered under species recovery program.
* Threats:
— Power lines (disturbs visibility)
— Habitat destruction and fragmentation & Overgrazing.
» Steps taken to conserve GIB:

Under Species Recovery Programme

Project Great Indian Bustard by Rajasthan Govt

Firefly Bird Diverters
— Artificial Hatching

Wombats * Itis a short, chunky animal from Australia that lives underground in long, cool tunnels (Burrows).

There are three species of wombats: Common wombat, Southern hairy-nosed wombat,
Northern hairy-nosed wombat (Critically endangered).

It is nocturnal - Active mainly at night.
Diet: Herbivore - mainly eat grass.
It has super strong claws for digging (not hunting).

Wombats are the only known animal to produce cube-shaped feces due to the shape and
elasticity of their intestinal muscles.

Wombats are Marsupials (Marsupials are animals that carry and nurse their young in a pouch).
* Other Marsupials: Kangaroo, Koala, Bandicoot, Wallaby, Tasmanian devil etc.
— All Marsupials do not have pouches.

Colossal Squid * It is a massive squid that lives in the deep sea surrounding Antarctica.
* It is the largest invertebrate on Earth.
* It lives in cold, dark environments with low light and pressure.
* Features:
— Shorter arms, bulky body (unlike the giant squid).
— Large, rotating hooks on its tentacles to capture prey.

— Basketball-sized eyes —among the largest in the animal kingdom, adapted for deep-sea vision.
(Larger than great Whale)

* As it matures, it can grow up to 7 metres in length and weigh nearly 500 kg - making it the
heaviest invertebrate on Earth.

* It belongs to the class Cephalopoda, which includes octopuses, cuttlefish and other squids.
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Species Details

Nilgiri Tahr * It is a mountain goat endemic to the Western Ghats of India. It is locally known as “Varayadu”
in Tamil and Malayalam.

* It is the only mountain ungulate in southern India amongst the 12 species present in India.
— Ungulate: A herbivorous hoofed mammal. E.g. cow, sheep, horse.
* It is also the state animal of Tamil Nadu.
» Habitat: Prefers montane grasslands (Shola-grassland ecosystem) at elevations of 1,200-2,600
meters.
* Eravikulam National Park has the highest density and largest surviving population of Nilgiri tahr.
* A grown up male of Nilgi Tahr is known as Saddle Back. (Due to light colored patch on their
back)
* Horn Rings: Its age is determined by counting the growth rings on its horns, which form
annually, similar to tree rings.
» Conservation Status:
— IUCN - Endangered
— WPA, 1972 - Schedule |
— CITES - Appendix |

* It is endemic to the Western Ghats and associated hills of southern India.

* Characteristics:
— They have a large beak but lack the casque that is prominent in some other hornbill species.
— It has a black undertail with white tips, and a pale eyebrow.
— They move around in pairs or small groups, feeding on figs and other forest fruits.

Their loud cackling and laughing call makes them familiar to people living in the region.

* Habitat:They are found mainly in dense forest and around rubber; arecanut or coffee plantations.

* [UCN Status:Vulnerable.

* India is home to nine hornbill species, including the Great Hornbill, Ma