The

Earth News

LEH
Tuesday | July 21,2026

7

THE STUDY

A comprehensive analysis of
ground observations and
atmospheric reanalysis data
(1980-2024) by scientists at
IIT Kharagpur's CORAL Centre,
published in Scientific Reports.

NIGHTS ARE WARMING FASTER
Rise in minimum
(night-time)
temperature is
much faster
than daytime
maximum
temperature,
especially in the
pre-monsoon
season.

NIGHT-TIME
MINIMUM TEMPERATURE

upto 0.6°C

per decade

€ The Himalaya is among the most

DAY-TIME
MAXIMUM TEMPERATURE

Slower increase
(varies by location)
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WHY IS IT HAPPENING?
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Reduction in snow cover
lowers surface reflectivity
(snow-albedo feedback),
leading to more heat
absorption.

Increase in atmospheric
moisture traps more
longwave radiation,
especially at night.

IMPLICATIONS BEYOND THE HIMALAYAS

The Himalayas feed major

rivers that sustain millions Indus
across northern India. : =t
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Impact on agriculture,
drinking water, hydropower Chenab
and communities far Beas |
downstream. Ravi

. STRENGTHEN
L 2 MOUNTAIN
MONITORING

Expand high-altitude
weather stations and
long-term observations.

( [ Continued warming could accelerate glacier retreat, reduce snow storage, alter river flows, increase the likelihood of climate-related hazards,
and threaten livelihoods that depend on Himalayn water resources.

climate-sensitive regions on Earth.

Our results show that warming is not uniform across elevations and the -
accelerated warming in mountain areas threatens glaciers, freshwater
availability and ecosystem stability.” — Jayanarayanan Kuttippurath, Lead Author

HIGH-ALTITUDE REGIONS WARMING IS STRONGER
ARE WARMING MORE IN THE MOUNTAINS
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WHAT IT MEANS

KEY FINDINGS

Enhanced longwave Accelerated glacier Altered river flows Higher risk of floods, Threats to fragile
radiation contributes to retreat and loss of and reduced water landslides and glacial mountain ecosystems,
rapid rise in night-time seasonal snow cover security in the lake outburst events biodiversity and
temperatures across long run livelihoods
the region.
WHAT MUST BE DONE
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Develop region-specific
adaptation strategies
for water, agriculture
and disaster risk.

Invest in high-resolution
climate models and
continuous data systems.
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Strengthen early warning

systems and local
preparedness.

Source: Kuttippurath J., Gopikrishnan G.S., Chandran V.M.P,
Warming of the high-mountainous climate sensitive Jammu and Kashmir
during the period 1980-2024. Scientific Reports (2024). DOI: 10.1038/s41598-026-61302-2

Sustainable land use
and conservation are
critical for the future.

TheHimalayas are Sending an Unmistakable Warning

Fresh research shows that Jammu and Kashmir's high-altitude regions are warming at an alarming pace,
placing glaciers, snow-fed rivers and the ecological balance of northern India under growing strain.

[l BY SAROOR SINGH JAMWAL

he Himalayas have long been described as the

water towers of Asia, sustaining millions of lives

through glaciers, snow-fed rivers and fragile

mountain ecosystems. Yet, beneath their im-
posing silence, a profound transformation is unfolding.
Scientific evidence is increasingly pointing to a warming
Himalayan climate, but a new study focusing on Jammu
and Kashmir offers one of the clearest indications yet
that the region's high-altitude landscapes are heating
up at an alarming pace. The findings are not merely an-
other addition to the growing body of climate literature;
they serve as a warning that the environmental stability
of northern India is entering a period of unprecedented
uncertainty.

Published in Scientific Reports, the study titled
"Warming of the High-Mountainous Climate Sensitive
Jammu and Kashmir During the Period 1980—2024"
presents compelling evidence that several high-altitude
regions of Jammu and Kashmir have recorded nearly
one degree Celsius of warming over the past two
decades. More importantly, the research demonstrates
that mountain regions are warming considerably faster
than lower elevations, reinforcing the phenomenon
known as elevation-dependent warming. Such uneven
heating has profound implications not only for the Hi-
malayan ecosystem but also for water security, agricul-
ture, disaster management and the livelihoods of mil-
lions who depend directly or indirectly on the rivers
originating from these mountains.

The research, carried out by scientists Jaya-
narayanan Kuttippurath, GS Gopikrishnan and VM
Pranav Chandran from the Centre for Ocean, River, At-
mosphere and Land Sciences at the Indian Institute of
Technology Kharagpur, draws upon more than four
decades of ground observations and atmospheric re-
analysis data spanning the period from 1980 to 2024.
The long duration of the study lends exceptional credibil-
ity to its conclusions, enabling researchers to distin-
guish long-term climatic trends from short-lived
weather fluctuations.

Among the study's most significant findings is the
stark contrast in warming rates between mountain sta-
tions and lowland areas. High-altitude locations such
as Bhaderwah, Pahalgam and Gulmarg have experi-
enced considerably faster warming than places situated
atlower elevations, including Jammu, where long-term
temperature increases remain comparatively modest
or statistically insignificant. This disparity underlines
an important reality of climate change: its effects are
rarely uniform. Geography, altitude and local environ-
mental conditions often determine how intensely dif-
ferent regions experience global warming.

Perhaps even more concerning is the discovery that
night-time temperatures are rising substantially faster
than daytime temperatures, particularly during the pre-
monsoon season. Minimum temperatures in certain lo-
cations have increased by as much as 0.6 degrees Celsius
per decade, while annual mean temperatures have
climbed by approximately 0.3 degrees Celsius every ten
years in some mid-altitude regions. This growing im-

balance between day and night temperatures signals
deeper changes in the Himalayan climate system.

Warmer nights may appear less dramatic than soar-
ing daytime heat, but their consequences are often more
severe. Traditionally, cold nights allow snowfields and
glaciers to stabilise by slowing the melting process. As
minimum temperatures continue to rise, this natural
cooling mechanism weakens, accelerating the loss of
snow and ice. Over time, this affects the timing and vol-
ume of river flows, disrupts groundwater recharge and
places increasing pressure on communities that depend
upon predictable water supplies.

The researchers attribute these warming trends to
several interacting physical processes. At higher eleva-
tions, shrinking snow cover reduces the Earth's ability to
reflect incoming solar radiation, a phenomenon known
as the snow-albedo feedback. As reflective snow sur-
faces disappear, darker land surfaces absorb more heat,

water availability and ecosystem stability. These con-
sequences, he cautions, extend well beyond the moun-
tains themselves, affecting downstream populations
across northern India.

His colleague GS Gopikrishnan highlights another
critical dimension of the study. The rapid increase in
minimum temperatures, he notes, reduces natural cool-
ing, hastens snow and ice melt and alters mountain hy-
drology. Such long-term observational evidence is in-
valuable for improving climate projections and
strengthening adaptation planning in Himalayan re-
gions. In a landscape where water availability deter-
mines agricultural productivity, energy generation and
human settlements, understanding these changes is no
longer an academic exercise but a policy imperative.

Indeed, the implications stretch far beyond scien-
tific curiosity. The Himalayan glaciers function as natu-
ral reservoirs, gradually releasing meltwater that sus-

His colleague GS Gopikrishnan highlights another critical di-
mension of the study. The rapid increase in minimum tempera-
tures, he notes, reduces natural cooling, hastens snow and ice
melt and alters mountain hydrology. Such long-term observa-
tional evidenceisinvaluable forimproving climate projections
and strengthening adaptation planning in Himalayanregions.

In alandscape where water availability determines agricul-
tural productivity, energy generation and human settlements,
understanding these changesis no longer an academic exer-
cisebut apolicyimperative. Indeed, the implications stretch
far beyond scientific curiosity. The Himalayan glaciers func-
tion as naturalreservoirs, gradually releasing meltwater that
sustains majorriver systems throughout the year. Accelerated
glacier retreat may initially increaseriver discharge, but this
temporary abundanceis likely to be followed by declining wa-
ter availability as glacier volumes diminish. Such changes
threatenirrigation, drinking water supplies and hydroelectric
power generation across northern India.

creating a self-reinforcing cycle of warming. Simulta-
neously, increasing atmospheric moisture and en-
hanced longwave radiation are contributing to the rapid
rise in night-time temperatures across the region. To-
gether, these mechanisms create distinct warming pat-
terns that are unique to the complex terrain of the Hi-
malayas.

Lead researcher Jayanarayanan Kuttippurath has
observed that the Himalayas rank among the most cli-
mate-sensitive regions on the planet and that warming is
far from evenly distributed across elevations. Accord-
ing to him, the accelerated rise in temperatures at higher
altitudes threatens glaciers, seasonal snow cover, fresh-

tains major river systems throughout the year.
Accelerated glacier retreat may initially increase river
discharge, but this temporary abundance is likely to be
followed by declining water availability as glacier vol-
umes diminish. Such changes threaten irrigation, drink-
ing water supplies and hydroelectric power generation
across northern India.

The environmental risks are equally serious. Re-
duced snow storage and unstable mountain slopes in-
crease the likelihood of landslides, flash floods, glacial
lake outburst floods and other climate-induced disas-
ters. Recent years have already witnessed several devas-
tating incidents across the Himalayan region, highlight-

ing the growing vulnerability of mountain communi-
ties. Rising temperatures are likely to intensify these
hazards, placing additional pressure on disaster manage-
ment systems that are already struggling to cope with
increasingly frequent extreme weather events.

Beyond infrastructure and economics lies the
equally important question of ecological balance. The
Himalayas host extraordinary biodiversity, including
numerous endemic plant and animal species that have
evolved under highly specialised climatic conditions.
Even modest shifts in temperature can alter vegetation
zones, disturb wildlife habitats and increase the spread
of invasive species and pests. These ecological disrup-
tions ultimately affect tourism, agriculture and tradi-
tional livelihoods that have remained closely inter-
twined with the mountain environment for generations.

The study also carries an important message for pol-
icymakers. Climate adaptation strategies cannot rely
upon broad national averages when the pace of warming
varies so sharply across elevations. Mountain-specific cli-
mate monitoring systems, continuous observational
networks and high-resolution regional climate models
are essential for accurately assessing future risks.
Equally important is the integration of scientific find-
ings into local planning, infrastructure development
and disaster preparedness.

The researchers have therefore called for strength-
ened mountain climate monitoring, sustained long-
term observations and targeted adaptation policies to
protect one of the world's most vulnerable ecosystems.
Their recommendations deserve urgent attention. In-
vestments in glacier monitoring, improved hydrological
forecasting, resilient infrastructure, sustainable land-
use practices and community-based adaptation meas-
ures are no longer optional; they are becoming indis-
pensable.

Climate change often unfolds gradually, making it
easy to overlook until its consequences become impossi-
ble to ignore. The warming documented across the
mountains of Jammu and Kashmir is not an isolated re-
gional anomaly but part of a broader transformation
taking place across the Himalayan arc. Yet, the study
also offers an opportunity. By identifying the physical
processes driving mountain warming and document-
ing them with rigorous long-term evidence, it provides
policymakers with the scientific foundation needed to act
before the environmental costs become irreversible.

The Himalayas have endured for millions of years,
shaping the geography, climate and civilisation of the
Indian subcontinent. Their future, however, will in-
creasingly depend upon the choices made today. Scien-
tific warnings such as this should not remain confined to
academicjournals. They must inform public policy, in-
spire stronger environmental stewardship and encour-
age sustained investment in climate resilience. For if
the Himalayas continue to warm at their present pace,
the consequences will be felt not only in the mountains
but across the vast plains that have, for centuries, de-
pended upon their enduring strength.

(The Author is a Veteran Journalist, Political
Commentator based in Jammu and Kashmir)



