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2008 : Discuss the mechanism and origin of Monsoon winds and
explain the role of ElI Nino on Monsoon circulation.

Introduction The Indian Monsoon is a seasonal reversal of winds driven by complex thermal
and pressure gradients. Rather than a single local event, it is a global atmospheric phenomenon
involving the interaction between land, ocean, and the upper-tropospheric circulation. Its origin
is explained by two primary schools of thought: the Classical (Thermal) theory and the Modern
(Dynamic) theory.

Mechanisms and Origin of Monsoon Winds

The Classical Theory (Edmond Halley)
This theory views the monsoon as a giant land-sea breeze.

Summer Monsoon: During summer, the sun is overhead the Tropic of Cancer. The vast
landmass of Asia (specifically the Tibetan Plateau) heats up intensely, creating a low-pressure
zone. Simultaneously, the Indian Ocean remains relatively cooler (high pressure). Air moves
from the high-pressure ocean to the low-pressure land, bringing moisture-laden winds.

Winter Monsoon: The process reverses in winter as the sun moves to the Tropic of Capricorn.
The land cools rapidly (high pressure), while the ocean retains heat longer (low pressure),
causing winds to blow from land to sea.

The Modern Theory (Dynamic)

Modern meteorology attributes the monsoon to the seasonal migration of planetary pressure
and wind belts, specifically the Inter-
Tropical Convergence Zone (ITCZ).

Shift of the ITCZ: During the summer,

the ITCZ shifts north of the equator to

create  Monsoon Trough. This draws the

southeast trade winds across the equator.

As they cross, the Coriolis force deflects -
them to the right, transforming them into oy 12 — :
the Southwest Monsoon. '
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The Role of Jet Streams:

Tropical Easterly Jet (TEJ): In summer, a powerful easterly jet stream flows at high altitudes
(near the tropopause) from East to West over the Indian peninsula. It is believed to assist in the
"pumping” of air, intensifying the low-pressure system over the Indian subcontinent, thereby
strengthening the monsoon.

Sub-Tropical Westerly Jet (STWJ): During winter, the STWJ blows south of the Himalayas.
For the monsoon to set in (summer), this jet must retreat northwards (tibetan plateau heating is a
catalyst for this shift).

The Role of El Nifio on Monsoon Circulation

El Nifio is a periodic warming of the sea surface temperatures (SST) in the central and eastern
equatorial Pacific Ocean, which disrupts the normal Walker Circulation and acts as a major
atmospheric "spoiler” for the Indian Monsoon.

Mechanism of Disruption

Normal Conditions (Walker Circulation): Under normal conditions, strong trade winds push
warm water toward the Western Pacific (near Indonesia/Australia). This creates a low-pressure
area (warm, rising air) in the west and a high-pressure area (cool, sinking air) in the east. This
helps maintain the monsoon moisture transport toward India.

El Nifio Conditions: The trade winds weaken or reverse. Warm water surges toward the South
American coast. The convective "rising air" center shifts from the Western Pacific toward the
Central/Eastern Pacific.

Impact on India: This shift triggers a descending (subsiding) air limb over the Indian Ocean
and the Indian subcontinent. High-pressure conditions over India inhibit the moist convection
required for rainfall, leading to weak monsoon performance, drought, or delayed onset.

The ENSO-Monsoon Link

Teleconnections: The atmosphere acts as a bridge. The change in Pacific heating alters the
global pressure distribution, which pushes the Tibetan High (the upper-air high-pressure cell
that drives the monsoon) out of position or weakens it.

Inverse Correlation: Historically, strong El Nifio years have frequently correlated with sub-par
rainfall in India. However, the correlation is not always linear, as other factors like the Indian
Ocean Dipole (I0D) can sometimes offset the negative impacts of EI Nifio.
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Supplementary Factors: IOD and MJO
While EI Nifio is a major driver, the monsoon is also modulated by:

Indian Ocean Dipole (I0OD): A "positive” 10D (warmer western Indian Ocean relative to the
east) can act as a buffer against El Nifio, effectively "pulling” the monsoon toward India even
when Pacific conditions are unfavorable.

Madden-Julian Oscillation (MJO): An eastward-moving pulse of cloud and rainfall near the
equator that can bring "active” and "break" phases to the monsoon cycle on a 30-60 day
timescale.

Conclusion The Indian Monsoon is a highly resilient but sensitive system. While the origin of
the monsoon is fundamentally tied to the thermal heating of the Tibetan Plateau and the shifting
of the ITCZ, its variability is governed by complex global teleconnections. El Nifio serves as a
primary disruptor of the atmospheric circulation, proving that the rainfall in rural India is deeply
interconnected with the ocean-atmospheric dynamics of the distant Pacific.

2022 : Critically examine the factors affecting the unpredictability of
South West Monsoon system in India.

Introduction -The South West (SW) Monsoon is the lifeblood of the Indian economy,
accounting for nearly 75-80% of the country’s total annual rainfall.

Famously termed a ""gamble on the monsoons™ by economists, its structural unpredictability
spans across its onset, spatial distribution, temporal progression, and withdrawal.

It's unpredictability involves chaotic matrix of global atmospheric-oceanic teleconnections,
high-latitude triggers, and modern anthropogenic climate shifts.

The Global Drivers -Macro-Scale Oceanic Teleconnections

The primary reason the SW monsoon behaves erratically in any given year is its sensitivity to
oceanic conditions thousands of miles away. However, these factors do not act in isolation; their
fluctuating interactions create immense forecasting instability.

The Volatile ENSO Metric: Historically, EI Nifio has meant drought and La Nifia has meant
surplus rain for India. However, this correlation is increasingly breaking down. For instance,
during certain EI Nifio years, India received normal rainfall, while during others, it faced severe
deficits. This unpredictability is amplified by the emergence of EI Nifio Modoki (warming in the
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central Pacific rather than the eastern Pacific), which alters atmospheric wave patterns differently
than classical EI Nifio events.

Classic El Nifo El Nifio Modoki

Eastern Tropical Pacific (near South Central Tropical Pacific

America)

Western Pacific cooled Both the Western and Eastern Pacific cooled
Single, weakened cell Two-cell atmospheric structure

Known for centuries by Peruvian Identified in 2004 by climate scientist Toshio
fishermen Yamagata

Historically more common Becoming more frequent in recent decades

The Indian Ocean Dipole (IOD): Often called the "Indian Pacific Twin,” a Positive 10D
(warmer western Indian Ocean) can completely neutralize a hostile EI Nifio, while a Negative
10D can ruin a promising monsoon. The exact timing, strength, and evolution of the IOD remain
notoriously difficult to model, injecting sudden volatility into mid-season monsoon performance.

Atmospheric and Upper-Tropospheric Dynamics

The monsoon is an deeply integrated vertical engine. Disruptions in the upper atmosphere
quickly translate into erratic rainfall patterns on the ground.

The Madden-Julian Oscillation (MJO): The MJO is a traveling band of rain-bearing clouds
that circles the globe along the equator every 30 to 60 days. If an "active™ phase of the MJO
enters the Indian Ocean during June—September, it dramatically boosts monsoon rainfall. If the
"suppressed” phase arrives, it can trigger a prolonged, damaging dry spell. Because the MJO
operates on a short sub-seasonal scale, it introduces severe week-to-week uncertainty.

Eurasian Snow Cover: Heavy, prolonged winter snow cover over Eurasia and the Himalayas
acts as a thermal damper. The snow reflects solar radiation, delaying the seasonal heating of the
Central Asian landmass and the Tibetan Plateau. This weakens the essential low-pressure
gradient required to draw moisture-laden winds from the Indian Ocean, delaying or weakening
the monsoon's initial surge.

Erratic Behavior of Jet Streams: The timely northward retreat of the Sub-Tropical Westerly
Jet Stream (STWJ) to the north of the Tibetan Plateau is essential for the monsoon's "burst."”
Any delay in this movement, or anomalous shifts in the Tropical Easterly Jet (TEJ),
destabilizes the high-altitude suction mechanism that sustains the monsoon trough.
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Climate Change and Anthropogenic Disruptors

The steady rise in global temperatures has transformed the fundamental thermodynamics of the
Indian subcontinent, rendering historical statistical forecasting models less reliable.

Asymmetric Warming and Thermodynamic Instability: The Indian Ocean is warming at a
faster rate than many other tropical oceans. This reduces the crucial thermal contrast between the
warm Indian landmass and the cooler ocean. With a weakened pressure gradient, the monsoon
winds lose their steady push, resulting in a highly fragmented and stuttering wind flow.

The "Fewer Days, Intense Downpours™ Paradox: Total seasonal rainfall volume often
appears statistically normal at the end of September, hiding a dangerous reality: the number of
rainy days is shrinking, while the frequency of extreme, localized heavy rainfall events is
skyrocketing. This is driven by increased atmospheric moisture-holding capacity due to
warming, turning the monsoon highly volatile.

Anthropogenic Aerosols (The Atmospheric Brown Cloud): Pervasive pollution, dust, and
black carbon over South Asia create a haze layer that scatters and absorbs solar radiation. This
blocks sunlight from reaching the ground (solar dimming), cooling the land surface and further
suppressing the thermal engine driving the southwest monsoon.

Intra seasonal VVariations: The "Active' and ""Break'" Phases

Even during a meteorologically normal monsoon season, the temporal distribution of rain is
rarely smooth. It progresses via alternating periods of intense rain (Active Phases) and
prolonged dry spells (Break Phases).

Trough Migration: The monsoon's stability depends on the position of the Monsoon Trough (a
low-pressure line). When the trough shifts south of its normal position, central and peninsular
India receives heavy rain.

The Break Phase Hazard: If the trough migrates northward to the foothills of the Himalayas,
rainfall completely ceases over the agricultural heartland of Central India, while triggering
devastating floods in Northeast India and Nepal. The timing, frequency, and duration of these
shifts remain highly unpredictable, often destroying crops mid-season.

Forecasting Remains a Challenge
The challenge for organizations like the India Meteorological Department (IMD) lies in the
transition from Statistical Forecasting Models (which rely on historical data correlations) to

Dynamic/Numerical Weather Prediction Models (which simulate physical atmospheric
equations).
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The monsoon is inherently a non-linear, chaotic system. Small, untrackable changes in the
southern ocean can amplify exponentially into massive weather anomalies over Central India
within a week. Current global climate models struggle with the sub-grid scale parameterization
of clouds and tropical convection, meaning that localized variations across India's diverse
physiographic zones (e.g., the rain shadow of the Western Ghats vs. the plains of Punjab) escape
precise long-range forecasting.

Conclusion

The unpredictability of the South West Monsoon has shifted from a natural climate cycle into a
highly volatile phenomenon driven by global heating. It is no longer governed solely by regional
thermal dynamics; it is continuously reshaped by the interaction of Pacific oscillations,
equatorial cloud bands, Arctic warming, and regional aerosol pollution. As the monsoon's
traditional rhythm gives way to a cycle defined by extreme weather events, India's approach
must pivot from simply trying to predict the unpredictable to building climate-resilient
agriculture, adaptive water resource management, and robust disaster infrastructure.
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