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Questions or
Comments?

“Why am I muted?” 
Don’t worry. Everyone is 
muted except the Presenter 
and the Host. Thank you 
and enjoy the show.

Type them into the
questions box!
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Chat
Announcements and

hyperlinks from our team
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linkedin.com/company/
american-chemical-society@amerchemsociety@AmericanChemicalSociety@AmerChemSociety

Let’s Get Social!
Follow the American Chemical Society on Twitter, Facebook, 
Instagram, and LinkedIn for the latest news, events, and 
connect with your colleagues across the Society.

Contact ACS Webinars® at acswebinars@acs.org

mailto:acswebinars@acs.org
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Where is the Webinar Recording?

All Registrants
Watch the unedited recording 
linked in the Thank You Email 

for 24 hours.

www.acs.org/acswebinars

ACS Members w/Premium Package

Visit the ACS Webinars® Library 
to watch the edited and 

captioned recording.

http://www.acs.org/acswebinars


5



ACS Industry 
Member Programs

• ACS Industry Matters

ACS member only content with exclusive 
insights from industry leaders to help you 
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

• ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about 
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub



7https://chemidp.acs.org

A Career Planning Tool For Chemical Scientists

ChemIDP is an Individual Development Plan 
designed specifically for graduate students and 
postdoctoral scholars in the chemical sciences. 
Through immersive, self-paced activities, users 
explore potential careers, determine specific skills 
needed for success, and develop plans to achieve 
professional goals. ChemIDP tracks user progress 
and input, providing tips and strategies to 
complete goals and guide career exploration.

https://chemidp.acs.org/


8www.acs.org/careerconsulting

Career Consultant Directory

• ACS Member-exclusive program that allows you to arrange a one-on-one appointment with 
a certified ACS Career Consultant.

• Consultants provide personalized career advice to ACS Members.

• Browse our Career Consultant roster and request your one-on-one appointment today!

http://www.acs.org/careerconsulting


“The ACS Scholars Program provided me with monetary 

support as well as a valuable network of peers and mentors 

who have transformed my life and will help me in my future 

endeavors. The program enabled me to achieve more than I 

could have ever dreamed! Thank you so much!”



REGISTER TODAY 
ABCChem.org
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ACS Career Resources

https://www.acs.org/content/acs/en/careers/personal-career-consulting.html

https://www.acs.org/content/acs/en/careers/developing-growing-in-your-career.html

https://www.acs.org/content/acs/en/careers/personal-career-consulting.html
https://www.acs.org/content/acs/en/careers/developing-growing-in-your-career.html


If you are a student from a group underrepresented in the chemical sciences, we 

want to empower you to get your graduate degree!

The ACS Bridge Program offers:

• A FREE common application that will highlight your achievements 

to participating Bridge Departments

• Resources to help write competitive grad school applications and 

connect you with mentors, students, and industry partners!

Are you thinking of Grad School?

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org

ACS Bridge Program
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http://www.acs.org/bridge
mailto:bridge@acs.org
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The Office of Diversity, Equity, Inclusion & Respect (DEIR) 

is the central hub at the American Chemical Society that 

coordinates, supports, and guides all efforts by staff, 

members, and governance toward Strategic Goal 5, 

“Embrace and Advance Inclusion in Chemistry.” The Office 

of DEIR at ACS is committed to empowering everyone, 

irrespective of lived experience and intersectionality of 

identities, to fully participate in the chemistry enterprise. 

The Office of DEIR welcomes comments, suggestions, 

and questions around issues of diversity, equity, inclusion, 

and respect from members at any time. Please do not 

hesitate to reach out to the Office through this form.

Get in touch with the Office of Diversity, 

Equity, Inclusion & Respect

https://fs7.formsite.com/acsdiversity/ACSMemberFeedback/index.html

Please do not hesitate to reach out to the Office of 

DEIR at diversity@acs.org

https://fs7.formsite.com/acsdiversity/ACSMemberFeedback/index.html
mailto:diveristy@acs.org


z

www.acs.org/acswebinars

14

Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars

Starting a Company: How to Set 
Up Essential Business Contracts

Thurs., July 28, 2022 | 2:00pm–3:15pm ET

Co-produced with ACS Division of Small Chemical Businesses 
and ACS Division of Business Development & Management

How to Minimize Taxes and Create 
Your Legacy

Thurs., Aug. 4, 2022 | 2:00pm–3:00pm ET

Co-produced with ACS Office of Philanthropy

How the Evolution of Science 
Transformed the Art of Cooking

Thurs., July 21, 2022 | 2:00pm–3:00pm ET

Co-produced with ACS Division of Agricultural & Food Chemistry

http://www.acs.org/acswebinars
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https://www.acs.org/content/acs/en/acs-webinars/india.html

More from India Webinar Series!

https://www.acs.org/content/acs/en/acs-webinars/india.html
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THIS ACS WEBINAR® 

WILL BEGIN SHORTLY…

🖐 Say hello in the 
questions window!

www.acs.org/acswebinars
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Dr. Kunal Gupta, PhD, MS

This ACS Webinar® is co-produced with ACS International and ACS Publications. 

Dr. Shailesh Nayak, PhD

Outreach Manager, ACS Membership,
American Chemical Society

Director, National Institute of 
Advanced Studies, Indian Institute of 

Science Campus, Bengaluru 

The Himalayas in the 21st Century: Ecology, Environment, and Geopolitics

Download
the Presentation Slides
Under Handouts



The Himalaya in the 21st Century –
Ecology, Environment and 

Geopolitics 

Shailesh Nayak
National Institute of Advanced Studies 

Bengaluru

ACS Webinar, July 19, 2022.



Third Pole -The Himalayas
• Plays vital role in global weather and climate, Asian Monsoon. Warming

faster than rest of the globe.
• Large rivers viz. Indus, Ganges, Brahmputra, Irravady, Salween, Mekong,

Yangtze and Yellow rivers originate.
• These rivers provide much of the freshwater to 1.4 billion people in Asia.

Their river plains provide food to almost 40 % of the World’s population.
• Largest concentration of snow and ice outside polar regions. The high

albedo of snow & ice surface of Himalaya has a cooling effect on
mountains but warming effect over Persian Gulf and Arabian Peninsula
(Bush, 2000).

• Holds large reserves of trapped carbon in permafrost and wetlands.
• Prone to natural hazards, earthquakes and landslides.
• Limited mineral resources.
• Himalayan grasslands. Unique biodiversity.
• Profound impact on social, economic, cultural aspects and demography of

India, Bhutan, Tibet China, Nepal, Pakistan.
• Significant impact on Myanmar, Afghanistan, Bangladesh, Laos, Thailand

and Vietnam.



Evolution of the Himalaya 
• The evolution of the

Indian subcontinent and
Himalaya is linked to the
fragmentation and
dispersal of the
Gondwanaland Super-
continent (~133 million
years ago).

• The study of this
fragmentation process is
one of the most
challenging area.

• The permanent station,
‘Bharati’ at Larsemann
hills, provide opportunities
to study this process.



Evolution of the Indian Subcontinent
• The journey from the

southern hemisphere to the
northern hemisphere started
83 million years ago.

• India zoomed at speed of 18-
20 cm per year.

• The Indian plate collided with
the Eurasian plate and in
place of the Tethys Sea,
Himalaya mountain gradually
rose and continue to rise.

• The Himalaya had attained its
current elevation by 10-5 Ma
(Wang et al. 2014).



Geosphere



Evolution of Himalaya and Origin of Monsoon
• Strong coupling between surface uplift

of Himalaya and evolution of SAM.
• Himalaya as an orographic barrier is

more important for SAM circulation
than elevation and extent of Tibetan
Plateau (Boos and Kuantan, 2010).

• Drilling platforms - JOIDES Resolution
(USA): Drilling was carried out at two
sites up to 1.1 km in the Arabian Sea
during April-May 2015.

• Recent analysis of cores provided an
evidence that SAM intensification took
place at c.3.2-2.8 Ma. The modern
strength of SAM was achieved around c.
1 Ma (Tripathi et al. 2017)

• Coincides with the Mid-Pliocene, period
of Global warmth, with CO2 levels, 400
ppmv, similar to present day.

• High-resolution & continuous records
(40 Ma years) provided insight into
evolution of Himalaya and climatic
transitions.



Trace Elements and Biogeochemistry

• The Bay of Bengal surface
water is composed primarily
from freshwater influx and
particulate matter from the
Ganga-Brahmputra waters.

• Excess Nd in BoB (decreasing
from N to S) is derived from
sinking detrital material or slope
sediments derived from the
Himalaya (Singh et al. 2012)

Ganga-
Brahmputra (GB) 

Indonesian 
Waters (IW)

Bay of Bengal Low Salinity Water



Gas Hydrates
• Ice-like crystalline form of methane

and water are considered future
hydrocarbon energy resources.
Occurs in shallow sediments along
continental margins of India.

• The total volume estimated is 1900 T
CM. 10 % recovery can provide
energy for 100 years (Sain and Gupta,
2012).

• CSIR-NIO & CSIR-NGRI have generated
database on geological and
geophysical information, and
characterized gas-hydrate reservoirs
and identification of prospective
zones in Krishna, Godavari, Mahanadi
basins & Andaman Offshore region.

• Two distinct gas hydrate
accumulations have been identified at
the depth of 2200 m by ONGC.



Natural Hazards



Earthquake Research

• Continued northward movement of the Indian plate and its under-thrusting
beneath Eurasian plate resulted accumulation of strain energy. Himalaya are rising
about 5 mm per year.

• GPS measurements provided evidence of strain accumulation in the region
(Bilham, 2014).

• Last 200 years, less than 50 % of the Himalayan Arc has been ruptured (Bilham,
2014). Seismic gaps (HP, UK) are considered as potential areas of future
earthquakes.

• A coordinated program to understand earthquake processes with neighbouring
countries is required. Assessment of long-term earthquake rates to be carried out
to facilitate probabilistic forecasting.



A Mega Earthquake in Uttarakhand? 
• High Potential for the Occurrence of Earthquake of M 8 in Central Seismic Gap

• High Plate convergence rate  ( ~18 mm/year )

• Evidence of presence of fault under the Himalaya

• Long seismic quiescence (No M8 in at least last 200 years)

• Low Potential for the Occurrence of Earthquake of M 9 in Himalaya

• M 9 earthquake required rupture length of around 1000 km and width of 200 km

• Such lengths and width are not available in Himalaya as Himalayan arc is segmented 
by transverse ridges running across it.
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Which of the following do NOT form the Himalayan cryosphere?

* If your answer differs greatly from the choices above tell us in the chat! 

• Snow and Glaciers

• Morainne-Dammed Lakes

• Plateau

• Vegetation

ANSWER THE QUESTION ON THE INTERACTIVE SCREEN IN ONE MOMENT

Audience Survey Question



Cryosphere



Snow and Glaciers
• Himalaya has largest cryospheric surface outside poles.

Plays important role in influencing earth system
processes. Glaciers cover 33,000 sq km area in
Himalaya.

• The ice cores provide an evidence of growth and decay
of large ice fields at lower latitudes are asynchronous
with high latitude glaciation and deglaciation that
occur on Milankovitch time-scales (Thompson, et al.
2005).

• The first inventory of Himalayan glaciers was based on
satellite data of 1987 and was prepared at SAC/ISRO
(Kulkarni and Buch, 1991).

• GSI carried out survey based on aerial photos of 1962-
63 (Sangewar and Shukla, 2009).



Snow and Glaciers
• Most glaciers have been retreating, 1-60 m

per year. Overall loss was about 16-17 %
due to faster retreat of smaller glaciers and
fragmentation (Kulkarni et al. 2011). The loss
in Chinese Himalayas is 16 % (Qui, 2010).
More than 50 % glaciers are advancing or
stable in Karakoram (Scherler et al. 2011).

• Glaciers in Western Himalayas are retreating
slowly, while monsoon-dominated Central
and Eastern Himalaya retreating at faster
rates (Pant et al. 2018).

• Mass balance studies are available for few
glaciers only. GRACE data showed mass
loss of about 4 billion tons of ice annually
(Jacob et al. 2012).

• Based on CMPI5 modelling, it has been
estimated that 10.6 and 27 % of glaciers may
disappear under low and high emission
scenarios (Chaturvedi et al. 2014).

• Geodetic network for studying fragmentation
of glaciers.

• The understanding of solid earth response to
deformation associated glacio-isostatic
adjustment need to be developed.



Morainne-Dammed Lakes

• Many moraine-dammed lakes form as a
consequence of retreat of glaciers.

• Total lakes are 20,200 as per ICIMOD survey.
• The increase in volume since 1970 is 26 %,

leading to increasing threat of Glacial Lake
Outburst Floods (GLOF).

• The risk of flooding is likely to increase in future.
• A model for formation of such glacial lakes and

their expansion has been developed (Maanya et
al. 2016).

• International network is required to monitor such
lakes and develop an early warning system.



Tibetan Plateau
• Large store of ice and vast expanse of permafrost (1.6 M sq

km).
• China had launched an International Third Pole

Environment (TPE) Project.
• Tibet has 46,000 glaciers. China had documented

characteristics of 24,300 glaciers. The total surface
decreased by 17 %, more or less similar as Indian Himalaya.

• Black-carbon levels in ice cores has been increasing due to
the rapid industrial growth. This has increased snow and
ice melting.

• The release of carbon (methane gas) in permafrost can
further enhance global warming.



Hydrosphere



Himalayan Rivers
• The rivers originating from Himalaya depend on snow and

glacier melt. Western Region: Snowfall-specific accumulation in
Feb.-Mar and post-monsoon. Central region: Winter snowfall
and monsoon rainfall. Eastern region: Rainfall and snowfall
seasons are close together (Munagapati and Tiwari, 2021).

• The average volume of snow in the Indus, Ganges and the
Brahmputra basins estimated to be 55, 9 and 15 billion cubic
meters, resp.

• The decreasing trend of snow cover can modify the water cycle
and sustainable supply of water is doubtful. In Bhutan, snow
cover shows decreasing trend at the rate of 3 % (Gurung et al.
2010). Decreasing trend was observed in Arunachal Pradesh
also (Chiphang et al. 2017).

• The Indus basin mainly depends on snow and ice melt for water
flow support most of the food production in Pakistan and about
25 % in India (RBI, 2011; Khan et al. 2010).



Floods in  NW Himalaya

Sep 5, 2014

The frequency of heavy
precipitation events has
increased over most land
areas consistent with
warming and observed
increase of atmospheric
water vapor.



Floods in NW Himalaya

• Five major flood events during last 10 years or
so.

• Uttarakahand Floods: Human casualty 4000.
Estimates of economic loss between US $ 500
to 2000 million.

• Pakistan Floods: 2000 people died. Economic
loss US $ 40 billion.

• Improved observations & modelling and
development of warning system.



Scar of 0.34 sq km

Feb 6, 2021 Feb 7, 2021

Uttarakhand - Rishigagnga Floods 

5600 m altitude

3800 m
altitude

Dust Plume 

N 1 Km
(A) (B)

Landslide & Avalanche Zone 



Courtesy: IIRS/ISRO



Damage to 
Project

Tapovan Project Site, Rishi Ganga, Uttarakhand

08 February 
2021

18 October 2020

ResourceSat 2 LISS IV

N N

Debris in the 
project site

Courtesy: IIRS/ISRO



Future Change in Precipitation Rate 

• Models suggest a decrease in light rain (10 mm) and increase in heavy (> 40 mm) 
precipitation.

• A rising trend of western disturbances has been observed during last few decades and 
will continue in 21st century (Krishnan et al. 2020)



Water Resources and Energy 
• All Himalayan states have built large and small dams for

hydropower generation. According to ICIMOD
(international Centre for Integrated Mountain
Development), there are about 550 hydropower projects
either built or under construction or planned in all
Himalayan states.

• The inclusion of hydropower within international “Clean
Development Mechanism (CDM).” This scheme subsidised
as “carbon offsets,” though large dams do cause
hydrological and ecological damage.

• Micro and Mini hydropower generation to be encouraged
to support local communities.

• Many scholars have suggested that future wars may be
fought on water.

• The developmental activities have affected hydrological
cycle and affected local ecosystem and people.



Himalayan Environment



Forest and Biodiversity
• About 1500 people depend on each sq km of

agriculture land on mountains compare about 500
persons on plains.

• The forest cover in Nepal has reduced from ~ 33 to 25
%. Bhutan has maintained its forest cover around 64 %.
There is an increase from 19.44 to 21.71 % in forest
cover from 1991-2021 in India.

• Loss of forest cover has increased incidences of
landslides, soil erosion, especially in Nepal.

• Optimum forest cover is vital for preserving
biodiversity.

• More than 40 % of forest is susceptible to forest fire.



Transformation of Himalaya
• The region is under stress due to border conflicts between Pakistan, India

and China. The military presence on permafrost and glaciers have led to
increased avalanches and landslides.

• In addition, urbanisation, large-scale infrastructure projects, construction
of roads, railways, tunnels, airfields, have been undertaken to support
defence as well as developmental needs (hydropower generation and dam
building) by all Himalayan States.

• Tourism is one of the major industries, especially in Nepal and Bhutan.
Tourism is growing on both sides of Himalaya. Tourists’ impact on such as
Mt. Everest, Gangotri has led to litter, soot pollution on ice and glaciers.

• India, China and Pakistan are making decisions about Himalaya primarily
based on their mutual enmity.

• The environmental issues are placed as secondary to state security and
development.

• Himalaya have to be looked from how political decisions and
anthropogenic activities interplay with the Himalayan environment,
climate change, natural hazards.

• Requires an interdisciplinary approach and mechanism to understand
Himalayan environment, its role in earth system vis-à-vis international
politics.



Global Engagements
• It is very difficult for single country to generate knowledge on the

Himalaya.

• International partnership required to improve understanding of the
earth system processes and developing numerical weather
prediction models to meet national and regional needs.

• Convert knowledge into products and services for weather, climate,
hazards for the country and neighboring region, viz. BIMSTEC, etc.

• ICIMOD have provided limited scientific knowledge on Himalaya.

• Issues of indigenous people inhibiting hazardous terrain.

• A knowledge-based society to sustain planet earth.

• An effective collaboration to build observational systems, data
standards and exchange, prediction system, networking of required
services, and preparing human communities is crucial to improve
quality of life.



Existing Cooperation Mechanism
• SAARC would have been ideal mechanism, however, it

is dysfunctional.
• BBIN (Bangladesh, Bhutan, India, Nepal), addresses

issues related to water resources management,
connectivity of power, transport and infrastructure.
Leaves out China and Pakistan.

• BIMSTEC (Bay of Bengal Initiative for Multi-sectoral
Technical and Economic Cooperation) though leaves
out Pakistan and China, addresses issues related to
“Environment and Disaster management.”

• India and China have cooperated in green- focus
confidence building measures. Breakdown of
waterflow data sharing agreement after Doklam crisis.

• MoES did have an MoU with Chinese Earthquake
Administration, but no joint projects were undertaken.



Himalayan Science Council (HSC)
• The idea of the HSC was mooted in March 2013 to address all

Scientific issues which are common to all Himalayan nations as
well as neighboring states. However, it could not move forward.

• This issue was again revived in May 2015.
• It was felt that China and Pakistan may not support this idea and

it was decided to form HSC under BIMSTEC.
• The First Meeting of the BIMSTEC National Security Chiefs held

in New Delhi in March 2017 decided to prepare a Concept Paper
on HSC and Plan of Action.

• The Expert Group met in December 2019 in Goa and
recommended that HSC be established to promote scientific
cooperation, establish HSC Secretariat to coordinate activities,
and place a proposal for financial mechanism to the Council to
the BIMSTEC Permanent Working Committee.



A way Forward
• Augment systematic, continuous, automated, long-term

observations of atmospheric, hydrological, geological and
geophysical parameters to understand patterns and trends
of earth system processes and model the same.

• Future research to focus on ice dynamics, mass balance and
evolution of cryosphere to understand fate of glaciers and
driving forces and modelling of Glacial Lake Outburst
Flooding (GLOF).

• Reliable estimates of snowmelt contributions in Himalayan
river basins are crucial for forecasting regional water
availability.

• Understanding of earthquake processes, landslide and
avalanches.

• Collaborations with research institutes in understanding of
the Himalayan system to develop strategies to provide
resilience to large populations.



A way Forward
• The Himalaya lies beyond sovereign control of one nation.

HSC should strive to involve China and Pakistan.
• Participation of all Himalayan States along with local people

is needed to mitigate effects of climate change.
• To identify earth system processes having influence on the

Himalayan system and in turn influence by them.
• Water crisis especially in Pakistan, India and China is likely

to arise in future.
• Networking of scientific institutions
• Forum for Young Himalayan Researchers.
• Himalaya should be treated as a unique ecological system.

The degradation of this system likely to affect population
living in plains.

• A Polar Ambassador may be appointed to promote
scientific work related to Himalaya along with Arctic and
Antarctica.





1

https://www.acs.org/content/acs/en/acs-webinars/india.html

More from India Webinar Series!

https://www.acs.org/content/acs/en/acs-webinars/india.html
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THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions 
in the questions window!

www.acs.org/acswebinars
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Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars

Starting a Company: How to Set 
Up Essential Business Contracts

Thurs., July 28, 2022 | 2:00pm–3:15pm ET

Co-produced with ACS Division of Small Chemical Businesses 
and ACS Division of Business Development & Management

How to Minimize Taxes and Create 
Your Legacy

Thurs., Aug. 4, 2022 | 2:00pm–3:00pm ET

Co-produced with ACS Office of Philanthropy

How the Evolution of Science 
Transformed the Art of Cooking

Thurs., July 21, 2022 | 2:00pm–3:00pm ET

Co-produced with ACS Division of Agricultural & Food Chemistry

http://www.acs.org/acswebinars
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Edited Recordings
are an exclusive benefit for ACS Members with the 
Premium Package and can be accessed in the 
ACS Webinars® Library at www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to 
chemistry professionals at all stages of their careers, presented 
by top experts in the chemical sciences and enterprise.

Live Broadcasts
of ACS Webinars® continue to be available free to 
the general public several times a week generally 
from 2-3pm ET. Visit www.acs.org/acswebinars to 
register* for upcoming webinars. 

*Requires FREE ACS ID

http://www.acs.org/acswebinars
http://www.acs.org/acswebinars
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ACS Webinars® does not endorse any 
products or services. The views expressed in 
this presentation are those of the presenter 
and do not necessarily reflect the views or 
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org

mailto:acswebinars@acs.org?subject=I%20have%20a%20question
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