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Glacial Lake Outburst Floods

How is India preparing against GLOF events?

How many Glacial Lake Outburst Flood events has Nepal withessed in recent times? What are the two most prominent types of glacial lakes found in the Indian Himalayan

Region? How is the National Disaster Management Authority mitigating risks associated with GLOF events?

EXPLAINER

Safi Ahsan Rizvi

The story so far:
n July 8, Nepal experienced a
catastrophic Glacial Lake
Outburst Floods (GLOF) event
which caused a flash flood
along the Lende river, flowing from Tibet
to Nepal, and washed away a China-built
friendship bridge. The bridge had
serviced the 10-year old inland container
port at Rasuwagadhi in Rasuwa (north of
Kathmandu). The catastrophe is also
reported to have made four Nepalese
hydro-power plants along the Bhote Kashi
river unusable, obliterating 8% of the
country’s power supply. With rising
temperatures and subsequent glacial
melt, the increased risk of GLOFs is
threatening life and property in the
higher Himalayas.

Do trans-boundary watersheds
diminish possibilities of early

wal

While Chinese authorities have as yet
refrained from confirming the cause,
most Nepalese scientists and officials
confirmed a GLOF event in Tibet, where a
supra-glacial lake had burst, diminishing
its surface area to 43 hectares from 63
hectares a day before. Nepalese officials
were quoted lamenting in local media
that neither did the Chinese authorities
provide an early warning, nor was there
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As per India’s National Remote
Sersing Centre, the Indian
Himalayan Region (IR} &
home to 11 river basins and
28,000 glacial lakes.
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The National Disaster
Management Authority [NDMA]
has markedly accelerated its
efforts to manage these
increasing risks. With respect to
matigation, it has nitisted a
proactive shift from mere
post-disaster response to risk
reduction through its
Committee on Disaster Risk
Reduction [CeDRR).

v

One of the critical parameters
in the exercise was to
encourage Indian technology,
systems and scientilic
expertse, one of which is the
science of SAR interferometry.

CONTEXT

d Indiais intensifying efforts to
counter Glacial Lake Outburst Floods
(GLOFs), also known as glof events, as
such incidents have increased across
the Himalayan region, especially

in Nepal.

O The NDMA has launched a national
programme to identify, monitor, and

an established system of doing so, despite | Definite risk: The south-end of the Shake Cho lake {5,200 m| in parth Sikkim. The south-end shaws the weak debris that forms its mecaine-dam. NOMA
arecent increase in supra-glacial lakes on | Join FREE Telegram Channel hitps://t.me/+]UYKgOAFHBAWMGQ!
the Tibetan side. Almost two-thirds of GLOF events are casualties and billions in infrastructure | landslides is an identified gap that needs

mitigate risks from at-risk glacial
lakes.




What is a GLOF?
Rising GLOF Threat Across the Himalayas

O A Glacial Lake Outburst Flood (GLOF) is

O Nepal recently faced multiple glof events, including a sudden release of water from a glacial

in Mustang, Humla, and Solukhumbu districts. lake due to dam failure, often leading to
catastrophic downstream flooding.

O The July 2024 glacial lake outburst destroyed
a China-built bridge, disrupted power supply, and
highlighted a lack of transboundary early warning
systems.

Q Historical GLOFs like Digi Tsho (1985) and Tama , Btacial (#8 _re common In the high

] ) elevation of g terlsc_ad basins. They are
Pokhari (1998) show the recurring nature of the glof formed when glacial ice or moraines or

th t a Glac‘al natural depressions impound water
reat.
Lake The moraines create topographic

depression in which the melt water

O Supraglacial and moraine-dammed lakes are the two accumulates
major types of glacier lakes in the Indian Himalayan
. Moraine-dammed lakes are the most
Reglon (lHR) . common type of glacial lakes

Glacier

d India's IHR houses 28,000 glacial lakes, with 7,500 in
India, many above 4,500 m, making
monitoring logistically challenging.
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India’s Mitigation Strategy via NDMA

Q

Q

The NDMA, through CoDRR, shifted focus to risk reduction and early warning
systems for disaster preparedness, particularly for glof events.

A $20 million programme was launched, now covering 195 glacial lakes, prioritised by
risk levels to prevent potential glacial lake outburst floods.

Five-pronged approach: glacial hazard assessment, AWWS, EWS, retention structures,
and community engagement for comprehensive disaster risk reduction.

States deployed expeditions using bathymetry, ERT, UAV surveys, and SAR
interferometry to study terrain changes and assess glof risks.

ITBP supports manual alerts; permanent stations now installed at some glacier lakes for
flood early warning.

More expeditions planned post-monsoon to address critical data and technology gaps in
the Himalayan cryosphere and improve glof prediction.



Understanding GLOFs and Risk Factors:

@® Glacial Lake Outburst Floods (GLOFs) occur when dammed water bodies suddenly release due
to ice/landslides, melting, or earthquakes.

® IHR has 11 river basins prone to glacial lake outbursts.

® Factors include rising global temperatures due to climate change impacts, inaccessible
terrains, and lack of real-time weather stations.

@ Past disasters like the Kedarnath (2013) and South Lhonak (2023) floods underscore the high-
impact risks of these mountain hazards and the need for effective glof mitigation strategies.

The increasing frequency of GLOFs highlights the urgent need for climate change adaptation and
improved risk reduction strategies in the Himalayan region.

As global temperatures continue to rise, the threat of GLOFs and other climate-related disasters is
expected to grow, necessitating robust disaster risk management approaches and enhanced early
warning systems for glacial lake outbursts.



Age of Consent under POCSO Act

Not the way
Criminslising ac :ll.':il.k.'lﬂ'k will C o n teXt

undermine the aim of the POCSO Act

hee ke ljictive ol the Pratection of Chil-
I dren from Sexual Offences (POCSO) Act,
2042 is the [III.III.‘\’. o -:|Ia'.|||b:||:¢|| |Jl.II -

A Senior Advocate Indira Jaising, appointed amicus curiae,
_ ‘ submitted to the Supreme Court that consensual sexual
m relationships between adolescents aged 16-18 should

her s not be criminalised under the POCSO Act, 2012, urging a
nuanced interpretation to prevent misuse.
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. t v The Protection of Children from Sexual Offences (POCSQ) Act was
;g;;";':;j;;t;: til!f;f.'.,"““'u"i.“-“.‘,.“ﬁul?fi i enacted in 2012 especially to protect children aged less than 18 from
sexual assault.
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itent ol the Loy is adhered to, as the Madras High .

"J:IIJII!'\LI,II.LI.H.I.IJII 2021, ir \ '|||1'r:'!=|un' e v § f:‘l-:" effect“[e detefrence
FRep. The High Court said e age dilference in
consensual relationships should not be more
|:| 1 five years Lo ensun: that a girl of an bopres-

an achvantage of by an alder
dascents about |.|1I. Evw on

The UN Convention on the Rights of the Child which was ratified by
: e India in 1992 requires sexual exploitation and sexual abuse to be
exploitative sexual offences. Oddressed as heinous Crimes




0 The Protection of Children from Sexual
Offences (POCSO) Act, 2012 defines a “child” as

anyone below the age of 18; hence, any sexual About The Protection of Children from
act with a person under 18 is considered non- Sexual Offences (POCSO) Act 2012
consensual and criminal, regardless of mutual f Alm: Gender-neutral legislafion snsures
agreement. child safety, punishes offenders based on
the severity of offenses, and
.. . . . comprehensively addresses child sexual
O Judicial observations and rights-based critiques _abuse.

N '9 n |.|g ht tbat c"mlnaIISIng consensual ( Definition of Child: Any individual below 18
relationships among adolescents aged 16-18 “4) years of age. |
leads to u njust prosecutions a nd social stigma, (Three broad categories of sexual offences

punishable: Sexual assault, sexual
harassment and using a child for
kpornography.

despite absence of exploitative intent.

d Under Section 6 of the POCSO Act and aligned
provisions in the IPC, BNS, and the Prohibition
of Child Marriage Act, 2006, penetrative sexual
assault on any minor attracts severe penalties,

(2019 Amendment introduced more

stringent punishment including the death
') penalty for committing sexual crimes on
_children.

with no current legal scope for exceptions in
consensual adolescent cases.



Judicial and Legal Interventions

0 The petition by Advocate Nipun Saxena and the
submissions by Indira Jaising call for an Crime & punishment
exception for consensual sexual activity The Cabinet has made the POCSO Act
between 16-18-year-olds to be read into U At il

i = Aggravated sexual assault on a child
POCSO and Section 63 of the BNS. ka2 yaars: 20 vesrs tniall /o

term/death penalty

= Minimum jail term for aggravated
sexual assault enhanced from
7 years to 10 years

Q In Vijayalakshmi v. State Rep. (2021), the
Madras High Court proposed a safeguard by
recommending that the age gap between the
partners be no more than five years, to prevent
predatory relationships disguised as consensual.

= Aggravated sexual assault on a child
below 16: 20 years in jail

= Use of children for porn/possession of
child porn: 5/3 years in jail

= Storing child porn: ¥1,000 fine

O The Law Commission opposed changing the
age of consent but endorsed “guided judicial
discretion” during sentencing to differentiate
between exploitative conduct and non-
exploitative adolescent intimacy.



Way Forward and Policy Concerns

a0 An exception clause for consensual acts
between adolescents aged 16-18 would
protect individual rights while upholding the
protective objectives of POCSO, ensuring
genuine cases of abuse are not diluted.

O Comprehensive adolescent sex education
and legal awareness initiatives must be
Implemented to inform youth about the
implications of the law and the concept of
consent.

d Blanket criminalisation risks undermining
judicial efficiency and harming young
individuals emotionally and socially; hence,
judicial discretion must be codified with
safeguards to prevent arbitrary outcomes.

Key factors

Real-life considerations for
court while dedding ball

Age of the minor victim: The
younger the victim, the more
heinous the offence alleged

Age of the accused: The
older the accused, the more
heinous the offence alleged

Comparative age of victim
and accused: The more their
age difference, the more the
element of perversion in the
offence alleged

Familial relationship: The
closer such relationship, the
more odious the offence

alleged

WHAT DOES SECTION 29 OF THE POCSO ACT SAY

When a person is prosecuted for committing an offence of
sexual assault against a minor, the special court trying the
case “shall presume” the accused to be guilty



China's mega dam on Brahmaputra

DIVYAA
NEW DELHI, JULY 27

CHINA ON July 19 formally began the con-
struction of a massive dam on the Brahm-
aputra river, close to the border with
Arunachal Pradesh. The $167.8-billion hy-
dropower project, with a generation capac-
ity of 60,000 MW, will be the workd's largest
upon completion.

Since being announced in
2021, the project has raised
concerns in India and Bangl-
adesh about the impact it may
have on the flow of the river.

Concerns in Arunachal

The dam on the Yarlung Zangho, as the
Brahmapautra is known in Tibet, is being built
at the"Great Bend”, where the river makesa
U-turn in Medog county before entering
India at Gelling in Arunachal Pradesh. The
river is called Siang in Arunachal Pradesh.

A week before the dam’s groundbreak-
ing ceremony, Arunachal Pradesh Chief
Minister Pema Khandu told PITthat it was a
potential “water bomb" and an "existential
threat" He said if China “suddenly release

EXPLAINED

GLOBAL

water, our entire Siang belt would be de-
stroyed... In the long run.. Siang and Brah-
maputra rivers could dry up considerably”,
Other experts too have flagged the sk of
flooding due to the intentional or

TOBEWORLD'S LARGEST

tional operation of reservoirs in Tibet, and
unforeseen events such as dam failure, land-
slides, or earthquakes. Tibet is a seismically
active zone, and the region where the dam
iscoming upis considered to be earthguake-
prone and ecologically fragile.

View from Assam

The Brahmaputrais the life-
line of Assam, fundamental to
its economy, and central to its history, cul-
ture, and ecology. Any significant disruption
in the flow of the river in the state will have
far-reaching consegquences.

But Assam CM Himanta Biswa Sarmaon
July 21 said that he was “not immediately
worried because Brahmaputra... is not de-
pendent on a single source [of water]" [t gets
most of its waters from Bhutan, Arunachal
Pradesh, and raimwater in Assam, Sarma said.

On June 2, he had poested on X that “the
Brahmaputra is not a river India depends on
upstream”, and that “China contributes only
~30-35% of the Brahmaputra's total flow’.
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In the unlikely event of China reducing
water flow, it may actually help India miti-
gate the annual fleods in Assam”, be had said.

The Indian response

While it hasissued no official reaction af-
ter the July 19 ceremony, New Delhi has long
been monitoring Chinese infrastructure in-
terventions on the river. n January, Ministry
of External Affairs spokesperson Randhir
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Jaiswal said: "As a lower ripanan state with
established user nghts to the waters of the
river, we have consistently expressed... our
views and concerns to the Chinese side aver
mega projects on rivers in their territory.”
On July 23, Guo Jiakin, spokesperson for
the Chinese Foreign Ministry, told reporters
that the project was " fully within China's sov-
ereignty”. "China is engaged in cooperation
with downstream countries on sharing hy-

drological data, flood prevention and disas-
ter reduction.” he said.

Ashok Kantha, a former Indian Ambas-
sador toChina, had previcusly told The Indian
Express that the project, with its “very large
resenvoir, in a very difficult area” was “very
risky. dangerous, and irresponsible”. India,
Kantha had said, needed toraise its concems
with China “forcefully”.

India is engaged with Chana in a series of
confidence-butlding measures after Fareign
Secretary Vikram Misri announced last
October that the two sides had reached an
agreement “on patrolling arrangements
along the Line of Actual Control, leading to
disengagement and a resolution of the issues
that had ansen in these areas in 20207,

Mitigation measures

As the heart of India’s concerns, as artic-
ulated by CM Khandu, lies the fear that China
may seek to weaponise the dam project at
some stage, perhaps to build pressure on be-
half of Pakistan during a future conflict.

India should make scientific calculations
about the Chinese dam project and build its
own capability to preempt any deliberate ac-
tion in the future, sasd Uttam Sinha, senior
fellow at the Manohar Parnikar Institute for

China’s mega dam on Brahmaputra, and concerns in India

Defence Studies and Analyses.

Water experts Naresh K Mathur and
Debarshee Dasgupta had previously written
in The Indian Express that as a mitigation
strategy, India could plan storage on rvers of
the Brahmagutra system to absorb potential
variations in flows.

The storage of the Upper Siang progect in
Arunachal Pradesh, wath its 300-metre-high
dam, can serve as a buffer against vaniations
in the flow of the mver. But progress has been
slowed by local resistance against the poten-
tial adverse environmental mpact of the dam.

Sinha said there is a need to build more
inland channels to carry the flow of excess
water. The National Water Development
Authority has proposed two links to connect
the Brahmaputra and its tributaries to the
Gangabasinwith the aimof transferring sur-
plus water to water-scarce regons.

Experts have also stressed on the need to
utilise diplomatic channels to seek detailed
hydrological and progect-related data from
Chinainocder to assess downstream impact.

India should also have conversations with
other low riparian neighbours — Bhutan,
Bangladesh and even Myanmar — ondevel-
oping a coordinated protocol for advance
warning and disaster preparedness.

Join FREE Telegram Channel hitps://tme/+jUYKqOAFHBAWMGQ!L

CONTEXT

O China has started building a massive hydropower project on the Yarlung Zangbo River
(Brahmaputra) near Arunachal Pradesh.

Q With a 60,000 MW capacity, this $167.8-billion mega dam has triggered concerns in India over water

flow, ecological impact, and strategic risks.




Strategic and Environmental Concerns for India

d The dam is located at the “Great Bend” in Medog
County, near Gelling in Arunachal Pradesh, where
the Yarlung Zangbo becomes Siang/Brahmaputra.

O Experts like Ashok Kantha, a strategic affairs analyst,
warn the project is in a seismically active zone and
ecologically fragile area, making it risky.

O India fears China may weaponize the dam during
conflicts to pressure India or alter water flows.

O Sudden water release or reservoir mismanagement
could cause flooding or drought downstream, especially
in Assam and Arunachal Pradesh.

0 CM Pema Khandu termed the project an “existential
threat” and a “potential water bomb.”

‘- China Begins Construction of
$167.8 Billion Dam on

Brahmaputra River in Tibet




India’s Response and Diplomatic Engagement

O India continues to express concerns about the downstream impact to China through
diplomatic channels.

Q Officials emphasize the need for transparent hydrological data sharing to assess flow
variations and flood risks.

d India plans buffer storage like the Upper Siang project but faces local opposition due to
environmental concerns.

O Foreign Secretary-level agreements have focused on confidence-building measures amid
broader tensions.

O Experts urge India to coordinate protocols with Bhutan, Bangladesh, and
Myanmar for disaster preparedness.

O The project’s potential adverse environmental impact on lower riparian states has led to
calls for an international water treaty to address these concerns.



Significance of the Brahmaputra River:

® The Brahmaputrais a lifeline for Assam, crucial for its agriculture, economy, and ecology.
@ It originates as Yarlung Zangbo in Tibet, enters India as Siang, and becomes Brahmaputra in Assam.
® Despite the dam, 70% of Brahmaputra’s flow comes from rainfall and tributaries in India and Bhutan.

® India is a lower riparian state with established user rights under international law.

® The National Water Development Authority has proposed inland channel links to redistribute surplus
water effectively.

d The construction of this mega dam on the Yarlung Zangbo River, which could become the biggest
dam in the world, has raised concerns not only in India but also among other low riparian
neighbours.

d The project’s formidable hydropower potential, while impressive, comes with significant risks due to
its location in a seismically active zone.



1st Hydrogen powered Train

India’s Ist hydrogen-powered train nears
reality as Rallways successfully tests coach

DHEERAJ MISHRA
NEW DELHI, JULY 27

INDIAN RAILWAYS has success-
fully tested the first hydrogen-
powered coach or driving-power
carearlier thisweek atits Integral
Coach Factory {ICF) in Chennai, a
key milestone in the its quest to
build India's first hydrogen-pow-
ered train as only a few railways
in the world have tried it, witha
bulk of the projects still in the trial
phase. Hydrogen is a cleaner fuel
and will reduce dependence on
fossil fuels with Railways one of
the key players in India's mission
to reduce greenhouse gas emis-
stons. The ICF projectwill increase
the share of renewable energy in
its energy mix.

Officials said the projectis in
its final stage with tests of various
equipment being conducted be-
fore the lydrogen-powered trains
enter commercial service.

What's the project?

The Nerthern Railway zone
undertook this project, costing
around Y136 crore, which began
in 2020-21 and comprises two

India's first hydrogen-powered coach at ICF, Chennai.

major components. Fiest, the con-
version of two conventional 1600-
HP diesel power cars into hydro-
gen fuel cell-powered traction
system, and second, setting up a
hydrogen storage and fuelling fa-
cility at Jind in Haryana, with a
storage capacity of 3,000 kg of the
clean fuel.

The primary design, valida-
tion, and testing is being under-
taken by Indian Railways'
Research Design & Standards
Organisation (RDSO). A senior
Railway Ministry official said that
the hydrogen train project was
conceptualised for conversion of

a 10-coach diesel-electric multi-
ple unit{DEMU)intoa hydrogen-
powered multiple unit, with two
1600-HP cars. With a train length
of 10 coaches, it can carry more
than 2,600 passengers.

How will it work?
Hydrogen fuel technology is
still an emerging field in the
Railways. There are many chal-
lenges and safety concerns as hy-
drogen, the lightest element, is
highly lammable, apart from be-
ing colourless, odourless and
tasteless. As the project involves
the retro-fitment of two diesel-

powered cars into hydrogen fuel
cell-powered cars, each power car
will carry 220 kg of hydrogen,
stored in specially designed cylin-
ders at 350 bar pressure,

The mounting structure of hy-
drogen cylinders and fuel cells is
critical and for that rounds of test-
ing are ongoing.

Giventhe characteristicsof the
gas, officials said that to minimise
the risk, Railways have done com-
putational fluid dynamics (CFD)
studies, wherein the worst cases
of hydrogenleak and otherfailure
modes are considered with con-
fnuous monitoring,

Fuelling facility

Atthe fuelling and storage fa-
cility in Jind, the storage capac-
ity has been divided into two
separate spaces — 2,320 kg at
low pressure and 680 kg at high
pressure.

The facility will be operated
and maintained in accordance
with the standards and specifica-
tion of Petroleum Explosives
Safety Organisation (PESO), a
nodal agency under the Depart-
ment for Promotion of Industry
and Intemal Trade (DPIIT).

CONTEXT

Indian Railways has successfully
tested the country’s first hydrogen-
powered coach at the Integral Coach
Factory (ICF) in Chennai.

O This is a major step toward
launching a hydrogen-powered train,
enhancing clean mobility and
reducing greenhouse gas emissions.



Project Overview and Technological Aspects

m Railway Current Affairs @ * Visit: Affairshub.in

O The Northern Railway zone is executing the 3136 INDIA’S FIRST HYDROGEN TRAIN
crore project, initiated in 2020-21. MOST POWERFUL IN THE WORLD

% *
d It involves converting a 10-coach DEMU train, 9 e S

. . Zero Emissions Supports Net-Zero Route: Jind-Sonipat 80 crore
Wlth two 1600 HP cars’ |n't0 a hydrogen_powered (Water Vapor Only) Carbon Goal (by 2030) (89 km, Haryana) per train
multiple unit. . .

“d .& —_— .
. Can carry 2,500+ Powered b Max Speed: 8 passenger 2 hydrogen
D EaCh power Car CarrIeS 220 kg Of hYdrOgen, Sto red pass?r:gers hydrogen fuel)cl:ells 140 k':n/h Fc)oachei stora;e cogaches

in cylinders at 350 bar pressure.

A The Integral Coach Factory (ICF) in Chennai is

spearheading the coach design and trials. s' .

“ Gkbooks.in [ Affairshub.in

Q Hydrogen will be used via fuel cell-powered traction g M2 ®
Systems’ repIaCing traditional diesel engines. Trial Start: January 2,800 crore total India’s Indigenous Engine: @ 1,200 HP

2025 | Full Operation: investment (35 Hydrogen Train (Worl'd most
March 2025 hydrogen trains) powerful Engine)
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B-47, Main Road Shivalik Enclave, Block-
B, Shivalik Colony, Malviya Nagar, New
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