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GS Paper 1 — Geography
n How the Madden-Julian Oscillation (MJO) Helped Trigger India’s Early Monsoon in 2025

Context: The early onset of the southwest monsoon over Kerala on May 24,
2025, has drawn keen attention from climate scientists and meteorologists. One of
the key atmospheric phenomena responsible for this unusual timing is the
Madden-Julian Oscillation (MJO) — a powerful eastward-moving pulse of clouds,
rainfall, and winds.

According to the India Meteorological Department (IMD), the presence of the MJO
in a favorable phase over the Indian Ocean significantly enhanced rainfall conditions, triggering the early
advance of the monsoon over southern India.

What Is the Madden-Julian Oscillation (M]JO)?

The Madden-Julian Oscillation is a large-scale tropical weather pattern, discovered in 1971 by Roland
Madden and Paul Julian. It consists of a moving system of enhanced and suppressed rainfall, cloudiness,
and winds that travels eastward along the equator.

e The MJO moves at a speed of 4-8 metres per second, completing a global circuit in approximately
30-60 days, and sometimes extending up to 90 days.

e It alternates between an active phase, which boosts rainfall and cloud formation, and a
suppressed phase, which reduces precipitation.

e Its effects are strongest in the tropics, between 30° North and 30° South, but can also influence
weather patterns in mid-latitude regions.

Why Is MJO Crucial for the Indian Monsoon?

India lies well within the tropical belt, making the MJO a major influencer of monsoon activity. During its
active phase, the MJ]O strengthens:

e Cloud convection
e Cyclonic circulation
o Rainfall intensity

When the MJO is favorably positioned over the Indian Ocean, it increases the likelihood of early or stronger
monsoon onset.

How MJO Triggered the Early Monsoon in 2025:

In late May 2025, the MJO entered Phase 4 — associated with the central Indian Ocean — with an
amplitude above 1, signifying strong activity.

o Phase 4 is typically linked with heavy rainfall and enhanced atmospheric convection over the Bay
of Bengal and Arabian Sea.

e This setup led to the formation of low-pressure systems, frequent cyclonic disturbances, and
widespread cloud development, all of which supported the early arrival of the southwest
monsoon over Kerala.

Additional Factors That Contributed to the Early Monsoon:
1. Transition Toward La Nifia:

o El Nifio conditions were observed weakening in early 2025.
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e Climate models began pointing to a potential La Nifia phase, which is generally associated with
stronger, wetter, and sometimes earlier monsoons in India.

2. Strong Cross-Equatorial Winds:
e In May, robust winds from the southern hemisphere cross the equator into the Arabian Sea.

e In 2025, these winds were more intense and better organized, pushing moisture-rich air quickly
toward India’s west coast.

3. Above-Normal Sea Surface Temperatures:

e The Arabian Sea and Bay of Bengal recorded higher-than-average sea surface temperatures,
leading to:

o Enhanced heat and moisture availability

o Intensified convection and cloud bands

o Increased chances of monsoon-supporting low-pressure systems
Looking Ahead: Managing the Impacts of Early Monsoons

While an early monsoon offers agricultural benefits such as timely sowing and extended crop cycles, it
also brings climate uncertainties:

o Increased variability in rainfall distribution
e Flood risks in certain regions
o Potential for long dry spells later in the season
As climate change continues to alter weather systems, it’s essential for India to:
o Strengthen forecasting models
o Investin early warning infrastructure
o Promote adaptive agricultural planning
In Summary:

The early arrival of the 2025 monsoon was a result of complex interactions between atmospheric and
oceanic systems. The Madden-Julian Oscillation, alongside La Nifia signals, warm seas, and strong wind
patterns, played a defining role in shaping this year’s monsoon timeline.

Download Our fipplicalion ammmmmmmmmmmm————mmmmmmm e e e e e e e e e .

Treedom UPSC with Dhananjay Gautam



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

To the Point
o the Point () - | — )may/
Jaily Current dffaira .

GS Paper 2 — Polity and Governance

Freedom UPSC

Context: In a move with far-reaching implications for employment and *\
regional identity, the Union Government is considering a proposal that
would require a 15-year continuous residency in Ladakh, starting from
2019, for individuals to qualify as domiciles of the region. The idea,
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currently under discussion, aims to address the growing concerns of local .. “’:;":j;;ﬁ“?hm; --------
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communities about job security, demographic balance, and cultural Bgri e tEEn T "" —
preservation.

What the Proposal Entails:

This proposed change stems from deliberations of a High-Powered Committee (HPC) chaired by Minister
of State for Home Affairs Nityanand Rai. The panel, constituted in 2023, was tasked with engaging civil
society leaders from Leh and Kargil to address local concerns following the reorganization of Jammu &
Kashmir and Ladakh in 2019.

Key highlights of the proposed domicile rule:

e 15-year residency requirement starting from 2019 for individuals to be considered Ladakh
domiciles.

e Those who migrated to Ladakh after August 2019, when Article 370 was abrogated, will be eligible
for domicile status only after 2034.

e Domicile status will determine eligibility for 5% of gazetted government posts in Ladakh.
If approved, the job quota breakdown would be:

o 80% reserved for Scheduled Tribes (ST)

e 4% for residents near the Line of Actual Control (LAC) or Line of Control (LoC)

e 10% for Economically Weaker Sections (EWS)

e 1% for Scheduled Castes (SC)
Why Domicile Status Matters in Ladakh:

e Since Ladakh became a Union Territory (UT) in 2019, no formal recruitment for gazetted
government posts has taken place. There’'s growing anxiety among locals that outsiders might
dominate future job opportunities, potentially sidelining Ladakh’s indigenous population.

Background: The Fallout of Article 370 Revocation

Ladakh was carved out as a separate UT without a Legislative Assembly when Article 370 — which
previously gave special status to Jammu & Kashmir — was read down. The decision triggered widespread
protests in Ladakh, particularly over:

o Political marginalization
o Fears of cultural dilution
o Demand for constitutional safeguards

Both Leh (Buddhist-majority) and Kargil (Muslim-majority) districts united in calls for greater
autonomy and protections under the Constitution, including:

o Statehood or a Legislative Assembly
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¢ Inclusion under the Sixth Schedule

 Reserved job quotas
o Dedicated parliamentary representation for both Leh and Kargil

Understanding the Sixth Schedule and Ladakh’s Demands: The Sixth Schedule of the Indian Constitution
(Article 244) provides autonomy to tribal regions through Autonomous District Councils (ADCs). These
councils have legislative, administrative, and judicial powers over land, forests, customs, and more.

Currently, the Sixth Schedule applies only to Assam, Meghalaya, Tripura, and Mizoram. However,
Ladakhis have demanded similar protections, arguing that:

e Over 95% of Ladakh’s population belongs to Scheduled Tribes
o The region has a fragile ecosystem and a distinct cultural identity
o There is an urgent need for local control over land and resources
J&K Domicile Policy vs Proposed Ladakh Policy:
The Jammu & Kashmir Domicile Policy 2020 introduced broader eligibility criteria, including:
e 15 years of residence
e 7 years of study and Class 10/12 exams in the region
e Children of Central Government officials posted in J&K for 10 years
e Inclusion of West Pakistan refugees and women married to non-locals

In contrast, Ladakh’s proposed rule is much stricter, with a fixed cut-off year (2019) and no academic or
service-based flexibility. The intent is to safeguard Ladakhi identity and livelihoods.

Core Concerns of the People of Ladakh:

¢ Political Autonomy: Lack of a Legislative Assembly means all administrative powers rest with the
Lieutenant Governor and central ministries, alienating local voices.

e Demographic Anxiety: There is a strong fear of demographic dilution due to migration, which
could marginalize the indigenous Buddhist and tribal communities.

¢ Environmental Threats: Rapid infrastructure growth, mass tourism, and military expansion have
strained water resources, increased pollution, and disrupted glacial systems.

¢ Youth Unemployment: Many young Ladakhis face joblessness and limited access to higher
education or technical training, leading to widespread frustration.

e Cultural Preservation: The region’s unique Tibetan-Buddhist heritage and monastic institutions
are under threat from commercialization and modern lifestyle shifts.

Looking Forward: The Path to Inclusive Governance

A balanced approach is essential to meet both national strategic objectives and local aspirations. To
achieve lasting peace and prosperity in Ladakh, the government must:

e Respect and embed cultural and tribal identities in law
e Implement sustainable development policies

o Strengthen environmental safeguards

e Ensure local participation in governance and economy

e Consider Sixth Schedule inclusion or statehood-like autonomy
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GS Paper 3 — Indian Economy

B CPM Named in Money Laundering Case by ED: A New Twist in Karuvannur Bank Scam

Context: In a rare and unprecedented move, the Enforcement
Directorate (ED) has named the Communist Party of India (Marxist) _ =T
or CPM as an accused in the Karuvannur Cooperative Bank money | [ [

political party has been formally implicated under the Prevention of §
Money Laundering Act (PMLA).

How the CPM Became an Accused:

e The CPM, registered under Section 29A of the Representation of the People Act, 1951, qualifies as
an “association of individuals.” Under Section 70 of the PMLA, this classification places it within
the definition of a ‘company’, making it liable for offenses committed by its members or
functionaries.

Section 70 of the PMLA states that:

“If a company is involved in any offense under this Act, every person who was in charge of, and responsible
for the conduct of the business of the company, shall be deemed guilty unless they prove otherwise.”

By this logic, the ED argues that the party as an entity bears institutional responsibility in the alleged
laundering of public funds through the cooperative bank.

Understanding Money Laundering:

Money laundering is the illegal process by which funds generated through criminal activities—such as
corruption, drug trafficking, arms smuggling, or terrorist financing—are disguised as legitimate income. The
aim is to “clean” the money, removing any trace of its illegal origin.

It typically involves three stages:
1. Placement - Injecting illicit funds into the financial system.
2. Layering - Concealing the origin of the funds through complex transactions.
3. Integration - Reintroducing the ‘cleaned’ money into the economy.

Wider Implications of Money Laundering:

The impact of money laundering extends beyond financial fraud. It has broad socio-economic
consequences, such as:

o Loss of Tax Revenue: Undisclosed earnings result in revenue shortfalls for governments.

o Distorted Economies: lllicit funds drive asset bubbles in real estate and luxury sectors.

o Investment Barriers: Lack of financial transparency deters foreign and domestic investors.
e Fueling Crime: It acts as the lifeline for organized crime, terrorism, and extremist groups.

e Global Fallout: Countries with weak anti-laundering regimes risk blacklisting by international
watchdogs like the Financial Action Task Force (FATF).
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India’s Fight Against Financial Crime:

India has ramped up efforts to combat financial misconduct through a multi-layered approach:

JAM Trinity (Jan Dhan, Aadhaar, Mobile): Strengthens financial inclusion and traceability.

GST E-Invoicing: Enhances transparency in business transactions.

Cyber Crime Coordination Centres: Target digital fraud and laundering through online platforms.
Central KYC Registry: Ensures standardized and centralized customer verification.

Special Task Forces: Focus on black money, narcotics, counterfeit currency, and corruption.
Key Agencies:

o Enforcement Directorate (ED): Investigates economic crimes and foreign exchange
violations.

o Financial Intelligence Unit-India (FIU-IND): Monitors suspicious transaction reports
(STRs) and acts as a central node for anti-laundering efforts.

The Political Angle: Need for Greater Oversight:

The ED’s move has reignited the debate on the financial transparency of political parties, which often
remain outside the scrutiny applicable to corporate or individual entities.

Key Suggestions for Reform:

Legislate Financial Accountability: Introduce clear laws to govern political party finances without
undermining their democratic roles.

Strengthen Election Commission Oversight: Empower the Election Commission of India (ECI) to
audit, inspect, and enforce compliance in party finances.

Ensure Fair Investigations: Bodies like the ED must operate with full independence,
transparency, and impartiality, to avoid political misuse or bias.

Conclusion: A Landmark Case in Political Accountability

The naming of the CPM in a money laundering case by the ED marks a turning point in the scrutiny of
political finance in India. Whether it leads to convictions or not, it underlines a pressing need to clean up
the opaque world of political funding and bring accountability across all institutions, irrespective of

their ideological or organizational standing.
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GS Paper 3 — Science and Technology

A Leap into the Quantum Era: DRDO Launches QTRC

Context: In a major step towards bolstering India’s strategic
technological edge, the Defence Research and Development
Organisation (DRDO) has inaugurated the Quantum Technology
Research Centre (QTRC). This cutting-edge facility is dedicated to
advancing indigenous quantum technologies with a sharp focus on
national defence and security applications.

Mission and Vision of QTRC:

The newly established QTRC is envisioned to develop critical quantum technologies that will transform
areas such as secure communications, advanced sensing, and timing systems. It aims to enable India to
lead in the post-quantum era, where quantum-powered systems will redefine national security,
surveillance, and communication.

Key focus areas of QTRC:
e Quantum Key Distribution (QKD) systems to facilitate ultra-secure communication networks.

o Laser characterisation tools including Vertical-Cavity Surface-Emitting Lasers (VCSELs) and
Distributed Feedback (DFB) Lasers.

e Single-photon source test-beds, essential for quantum cryptography and secure data
transmission.

e Micro-fabricated Alkali Vapor Cell set-ups, crucial for next-gen quantum sensors.
Foundational Quantum Research Capabilities:

QTRC will also serve as a nucleus for foundational quantum research, led by Solid State Physics
Laboratory (SSPL). Key technologies being explored include:

e Ultra-compact Atomic Clocks using Coherent Population Trapping (CPT) to enable precision
timing in GNSS-denied zones.

e Atomic Magnetometers based on optically pumped magnetometry to detect extremely weak
magnetic fields—ideal for military and intelligence applications.

e Development of solid-state quantum devices and novel materials, such as superconductors and
topological insulators, for cutting-edge defence applications.

Quantum Technology: A Revolution in the Making

Quantum technology leverages the unusual properties of quantum mechanics, such as superposition
and entanglement, to achieve what classical systems cannot. This emerging frontier is reshaping global
research and defence strategies.

Key Domains of Quantum Technology:

1. Quantum Communication - Enables unbreakable encryption and secure transfer of information.
2. Quantum Computing - Can solve problems exponentially faster than classical computers in

specific domains like cryptography and drug discovery.
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3. Quantum Simulation - Used to model quantum systems, particularly in physics and materials
science.

4. Quantum Sensing & Metrology - Offers unprecedented measurement precision, useful in
geophysics, defence, and navigation.

National Quantum Mission (NQM): India’s Quantum Roadmap

Launched in 2023, the National Quantum Mission (NQM) is a landmark initiative to position India as a
global leader in quantum innovation by 2031. The mission is focused on scaling research, developing
infrastructure, and accelerating quantum-powered applications.

Key Goals of the NQM:

e Build Quantum Computers with 50 to 1000 physical qubits using superconducting and photonic
platforms.

e Achieve satellite-based quantum communications across 2000+ km within India.
o Establish inter-city quantum networks with quantum memory integration.

e Design and manufacture high-sensitivity magnetometers and atomic clocks for critical use in
navigation and defence.

o Develop entangled photon sources, quantum detectors, and novel quantum materials.
Implementation Strategy:

The NQM operates through Four Thematic Hubs (T-Hubs), partnering with premier research institutions
and start-ups across India:

e Indian Institute of Science (IISc), Bengaluru

o IIT Madras, in collaboration with Centre for Development of Telematics (C-DOT), New Delhi
e IIT Bombay

e IIT Delhi

Together, these hubs integrate 14 technical groups across 17 states and 2 Union Territories, creating a
pan-India quantum ecosystem.

Why Quantum Matters for India’s Future:

As nations race to militarize and commercialize quantum capabilities, India’s focus on indigenous
quantum research ensures strategic autonomy, technological resilience, and security against emerging
cyber threats. By investing early and boldly, India can shape the global future of quantum science.

Conclusion: A Strategic Move Towards a Quantum-Ready India

The inauguration of the Quantum Technology Research Centre by DRDO is more than a scientific
milestone—it’s a strategic leap. By harnessing the disruptive potential of quantum mechanics, India is
poised to redefine its defence, technological, and economic landscape in the coming decades.
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GS Paper 3 — Environment & Disaster Management

E Bow Echo: The Arching Storm System Behind Delhi’s Recent Turbulence

Context: The recent powerful thunderstorms that swept across Delhi created
dramatic visuals resembling a crescent or an archer’s bow. Meteorologists refer to
this unique radar signature as a "Bow Echo." These storms are part of a larger
weather pattern known as squall lines, which can cause destructive straight-line
winds, intense rain, and even tornadoes in some cases.

Understanding the Bow Echo Phenomenon:

e ABowEcho is a curved line of thunderstorms visible on weather radar that
typically stretches over 20 to 100 Kkilometers, and can last for 3 to 6 hours.
The formation gets its name from its distinct bow-shaped curve, which is ‘e i
not just visually striking but also indicates intense storm activity and damaging w1nds

This term was introduced in the 1970s by renowned meteorologist Ted Fujita, the scientist behind the
Fujita Scale used to classify tornado intensity.

How Does a Bow Echo Form?

The formation of a Bow Echo is a complex atmospheric process involving several key stages:
Rain-cooled air from thunderstorms descends to the surface.

This cool air spreads outward horizontally, forming a gust front.

The gust front lifts the warm, moist surface air, triggering new thunderstorm cells.

These new cells produce more rain, further reinforcing the gust front’s power.

AN

Eventually, air begins to flow in from behind the storm line, causing the system to arch forward—
mimicking the shape of a bow.

This cycle continues as long as fresh storm cells form at the leading edge, pushing the system forward with
strong straight-line winds, sometimes exceeding 100 kmph.

Recent Bow Echo Over Delhi:

e The storm that recently battered Delhi was a classic example of a bow echo. It brought intense
winds, heavy rainfall, and widespread disruption. Interestingly, a similar bow echo occurred in
2022, also affecting Delhi and Noida, although it was short-lived and lasted for just an hour.

The 2024 event, however, was more intense and dramatic, causing damage to trees, infrastructure, and
power lines, and prompting experts to emphasize the growing frequency of extreme weather events in
urban India.

Why Bow Echoes Matter:

Bow echoes are more than just meteorological curiosities—they are critical warning signs. Their presence
on radar helps forecasters issue severe weather alerts, allowing authorities to prepare for high winds,
power outages, and flash floods.

Moreover, they highlight the need for urban planning that accounts for climate resilience, especially in
cities like Delhi that are increasingly vulnerable to extreme and fast-developing weather systems.

Looking Ahead: Monitoring and Preparedness

With climate change intensifying weather patterns, phenomena like bow echoes are expected to become
more frequent and severe. Advanced radar systems, real-time forecasting tools, and public awareness
are essential to mitigating the risks associated with such events.
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GS Paper 3 — Science & Technology

u India Creates History with Its First Gene-Edited Sheep

Context: In a landmark scientific development, researchers from Kashmir have
successfully created India’s first gene-edited sheep using the revolutionary
CRISPR-Cas9 technology. This milestone was achieved under a research
initiative supported by the Indian Council of Agricultural Research (ICAR),
marking a significant leap forward in the field of animal genetics and
biotechnology.

What Makes This Sheep Unique?

Scientists edited the myostatin gene in a local Merino lamb, a gene that naturally limits muscle growth. By
disabling this gene, the sheep experienced a remarkable 30% increase in muscle mass, resembling the
characteristics of the Texel sheep breed known for its muscular build in Europe.

This gene-edited sheep is non-transgenic, meaning it does not contain foreign DNA, and thus does not fall
under the category of genetically modified organisms (GMOs).

This is a critical distinction that could influence how the animal is regulated and perceived by the public and
policymakers.

Gene Editing: A Precision Tool for the Future

Gene Editing, also known as Genome Editing, refers to a set of technologies that allow scientists to
precisely modify an organism’s genetic code. Unlike traditional genetic modification, which involves
inserting foreign DNA, gene editing can simply turn off, delete, or alter specific genes within the existing
genome.

Popular Gene Editing Techniques:

e CRISPR-Cas9: The most widely used tool today, CRISPR-Cas9 uses a guide RNA (gRNA) to locate a
specific DNA sequence. The Cas9 enzyme then cuts the DNA at the exact location, allowing for gene
correction, deletion, or insertion.

o ZincFinger Nucleases (ZFNs): These are engineered proteins where zinc finger domains recognize
specific DNA sequences, and Fokl enzymes cleave the DNA at that point.

o Gene Knockout: A technique where a specific gene is disabled or deleted, preventing the production
of the protein it encodes. This approach helps in studying gene function and its impact on physiology
or disease.

Why Is This Development Important?

e Boosts Livestock Productivity: The enhanced muscle mass in sheep can significantly increase meat
yield, offering economic benefits to farmers.

e Precision Without Transgenics: Since no foreign DNA is introduced, it may bypass stricter GMO
regulations, making commercialization easier.

o Scientific Milestone for India: This positions India at the forefront of livestock genome editing,
aligning with global advances in agricultural biotechnology.

o Ethical and Regulatory Significance: The non-transgenic nature of the animal offers a middle
ground in debates over GMOs, where precision editing is seen as less controversial.

Looking Ahead: A Revolution in Animal Genetics
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This gene-edited sheep opens the door to new possibilities in breeding for traits such as disease
resistance, improved nutrition, and climate adaptability. With proper regulatory guidance, gene editing
could transform India’s livestock sector, enhancing food security, rural income, and sustainable
farming.

This development is a strong testament to India’s growing capabilities in cutting-edge science and its potential
to contribute meaningfully to the global bioeconomy.

India’s first gene-edited sheep is not just a scientific achievement—it’s a vision of how technology can
shape the future of agriculture, economy, and sustainability.

Download Our APPUCALON == == === == = = = = e e e e e e e e e e e e e e Page No

Freedom UPSC with Dhananjay Gautam R



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

