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1.0 INTRODUCTION

Global warming induced clinate change has triggereavents such as meltig glaciers, rising sea levels and changing weathpatterns.This in turn has
lead to storms, droughts, flash floods;loudbursts, change in vegetationGrowing body of scientific evidencehas established that this phenomenon is
directly linked to unprecedented amount of GHG gases released in the atmosphdaegely due to burning of fossil fuels since the beginning of
industrialization in last century. The situationis likely to worsenascountries with low industrialization including China and India began to pursue the
same path of carbon based economic gratv.

However, the impact of climate change is not distributed evenly across the world. Mountain esgstems are more sensitive to the habitat and climate
change due to the interaction of tectonic, geomorphic, ecological and climate agents. For instanemperatures are rising more rapidly in the
Himalayas than theglobal average. Over the last decade the average temperature in Nepal has risen 0.6 degrees, compared with an increaseragave
temperatures globally of 0.7 degrees over the last hundred yeaf&ravgaard, 2010). In another Himalayan region, Tibetan Plateau, temperatures have
gone up over three times the global average (Schell, 2010). On an average, surface air temperatures in the Himalayan regiom doone up to 1.0 degree
in last decade (Srinvasan J, 2006). For this reason, Himalayas, in addition to continental ice masses, Alaska, Patagonia and the Karakoram éawe b
identified as critical regions in the world.

Communities inhabiting mountain ecosystems are particularly vulnerable to extrem&eather conditions such as high temperatures, altering rainfall
patterns, receding glaciers and permafrost thawing, etc.Recent instances include the disastrousloud bursts in near Leh in Ladakh andKapkot,
Uttarakhand, the apple orchards #$ifting towar ds higher altitude seeking lesser temperatures andrrival of mosquitoes even at an altitudeof 12700 ft
in Tsomgo in Sikkim.This vulnerability further exacerbates due to high dependency on natural resources for livelihoods.

Climate change is increasigly being debated at the local levels. The thresholds for vulnerability are still unknown in specific local contexts. Since
benchmarking has never been seriously attempted, to isolate climate induced vulnerability becomes a daunting task. Mostly peoh data and
cumulative models are adopted. Comprehensive basin level planning has not evolved since the monitoring itself is not welhp&d over the basin and
the weather-monitoring infrastructure is thinly dispersed. However, we must concede that despite verlimited data, the regional models have given
broad estimates of changes in temperature and some of the potential implications.

There are still no welldefined determinants at the micro level as they vary with physiography and several other factoisstablishing them with known
micro-meteorological responses can produce empirical evidences to isolate changes due to global warming in a particular conteigt.&tlso true that
climate change is largely induced by industrialization as a major contributoof GHGs. It seems that these regions too, apart from the burden they face of
the global pollution, will eventually industrialise. This cannot be achieved without physical developments and these are taffi place rapidly. The
enormity of the local impacts isleading to unrest and discontent. Businesas-Usual planning without a mountain perspective, particularly in the
Himalayan States, is increasingly adding on to the vulnerabilities with varied multiplier effects.



This research is the Himalayan componeraf INECCcoordinated researches across different ecaegimes in the country. The purpose of the study is to
provide an overview, understand peoples perceptions and identify potential opportunities for action which could be undertakdsy the civil society and

the State. The Himalayan Mission on Climate, the Water and Agricultural Missions can incorporate the suggestions made faraied risks and building
resilience.



2.0 NORTHWESTERNHIMALAYAS- PHYSIOGRAPHIG-EATURES

The youngest mountainsystt O ET OEA x1 O1 A AT I POEOET C xI Ol A0 OAI 1 AOGO PAAEOh OEA (EI AT,
region is one of the critical biodiversity hotspots of the world due to its unique geography and ecology. This mountain syateuns from west to east

covering an area of nearly 7.5 lakh k& (0.75 million km2) spanning over 3,000 km in length and average width 300 km, and rising from low lying

valleys to > 8,000 m. It stretches from northern Pakistan on the west to thertheastern region of India through Nepal and Bhutan. The range consists

of three coextensive sukranges, with the northernmost, and highest, known as the Great or Inner Himalayas.

The Himalayan system has a distinctive climate of its own, which in turn has an immsmimpact on the climate of Indian subcontinent and Tibetan
plateau. The range form a barrier preventing frigid, dry winds from arctic blowing south into the subcontinent which keeps rhuch warmer than
corresponding temperate regions in the other continets. The barrier also stops monsoon winds from traveling north causing heavy rainfall in the
Himalayan terai region. Similarly, they stop western disturbances in Iran from traveling further resulting in snow in Kashmand rainfall in Punjab.

The variations in topographical features along Longitude, latitude and Altitude create climatic variations resulting in unique and ridhiodiversity
elements ranging from genes and ecosystems. There are over 13000 plant species in the Indian Himalayan Region (IHRhvdonstitutes the largest
subgroup of the Himalaya with total area of 5.37 lakh k&(0.537 million km2). The region as a whole supports nearly 50% of the total flowering plants

in India of which 30% are endemic to the region. There are over 816 tree spes, 675 wild edibles and over 1,740 species of medicinal value in IHR.
Similarly, nearly 300 mammal species (12 endemic) and 979 birds (15 endemic) are recorded from the region. In addition, ofitatal 573 scheduled
tribes in India, 171 inhabit the Himdayan region showcasing the great diversity of ethnic groups. Besides geographical advantage of the Himalayan
region, the ecosystem services provided by it are of great and critical value. The IHR forest cover, which constitutes 42%heftotal area actsas a
carbon sink in addition to providing fruits and other benefits.

The Himalayan region contains the largest area under glaciers and permafrost outside of polar caps. In addition large parthad region receives

seasonal snow. Together they form a ugue reservoir from which 10 of! OEIAB@CA OO OEOAOO &I 1T x OOOOAETEIC 1 EOAO 1
biggest rivers, Brahmaputra and Ganga flow from Himalaya forming rich deltas, which provides livelihood for close to 400 ioitl people.

Though the Himalayan systems has supported and sustained civilizations that came about in its vicinity, it has recently stdrshowing signs of stress
both due to geological reasons and over exploitation of natural resources, curregmergy sources populaion pressures and other related changes.

The impact of climate change is also very immediate and profound in these sensitive ecosystems. However, any negative ingpeitte Himalaya due to
climate change will have damaging impact on the communitiedependent on it through various means. Himalayan regions have been considered to be
poor in economic terms (in terms of revenue generation but setting apart environmental serviceshich is still poorly understood) so the easiest way



out has been to promogé concessional industrial development, largely in the plains without understanding the impact on air and water environments i
such eco regions which have a direct bearing over micro climate (industrial pollutants equivalents to Carbon!). The curreatlwon market only
notionally displaces the pollutant from one

Table 1 - Variation in Key Meterological Parameters Dabka Catchment place to other and provides monetary
1985-1990 2005-2010 Change incentives for this whereas it is the reverse if
Temperature (C) 18 27 9 we see in context of Himalayas, incentives (tax
Rainfall (mm) 2120 2000 120 holidays) are being provided to polluting
Humidity (%) 60 52 8 industries to bring economic gain in the region.
Evoporation (mm) 535.57 602.43 66.86 This may not be true across the region but
Source there have been growing emphasis on

industrialization, in the lower & middle Himalayas. The importance of understanding micreclimates is emphasized by a study on the Dabka catchment
in Kumaon region indicating that locawarming could be as high as 9 degrees celcius.

Geographically, Himalayas have low density of population in the upper altitudes and ecosystem hierarchies provide a mutugracting space among
the biotic and abiotic componentsand develop a need foryst sustainability of the system thereby creating the need for ecological balance, any shift or
imbalance impacts the ecosystem and not all components be able to adjust. Higher Himalayas hold resources such as gldRiees,systems (glacial as
well as ron-glacial), biodiversity, high altitude plants and species. In this context, several communities have a very limited periodopfportunity to
extract services from these regions like the nomdic communities like Gujjars an@addis of Himachal or the Gragrs (Bhainsiyas) of Uttarakhand.

The higher Himalayas are inhabitable, snow bound and have series of protected areas, the middle Himalayas and Valleys ateddeith hydroelectric
projects, Reserve forests & submerged areas coupled with construction agty, the lower Himalayas too have protected areag thus people have
restricted geographical freedom. The whole issue of climate change in the Himalayan region is in protecting its resource gnitg and fragility in
whatever situation these exist and naowing the misbalance and disintegration of closely dependent natural resources which can increase the
vulnerability of the resources as well as the living beings (human beings and species).



Table 2 z North Western Himalayas District -wise Altit udinal Profiles and Key Features

S.No.| State Districts Altitude Predominant Altitudinal Range in| Peaks Or Other Features Less
Range District Predominant
Altitudinal
Profile in
District
Bilaspur 300-1800m 300-900m GovindSagar (Bhakhry Parts of | 1350-1800
Mahasu valley m
Chamba 600z 7500m | 1800 z 4500 Kailash Peak (5656m)
Hamirpur 300z 1350m | 300z 900 Parts of Mahasu valley 1350 - 1800
Kangra 300z 7500m | 600z 900 Pong Reservoir & Wetland >900m
Kinnaur 1350 Z | 1350z 3000m, 3000z 6000m KinnarKailash  (6050m) (Satluj | Above
7500m Valley, Baspa Valley), 6000m
Kullu 1350 Z | 135071800 DeoTibba (6001m), Partly Rampur
Himachal 7500m Valley
1 Pradesh Lahaul&Spiti 3000 Z | Lahut Valley, Sarchu Peak (5741m) Lahut&Spiti valley, Sarchu Peal
7500m Chenab Sub Basin, Mulkilé6417m) (5741), Mulkila (6417)
Mandi 600z 3000m | 900z 1800
Solan 3007z 3000m | 300z 600 & 1350z 1800 Shiwalik&Mussourie Range 1800 Z
3000m
Sirmour 3007 1800m | Shivalik&Mussourie Rangez 300 z | Shiwalik&Mussourie Range
600m & 13507 1800m
Shimla 1350 Z | 13507 1800m, 1800z 3000m Nag Tibba, Part of Rampur Valley | 3000 Z
6000m 4500m
Una 300z 900m 300z 600m 601 z 900m
Almora 600z 3000m | 900z 1800 Few areas
above
1800m
Bageshwar 900z 6000m | 1800z 3000 Few areas
2 Uttarakhand above
4500m
Chamoli 900z 6000m | 4500 z 6000, 30007 4500 & 13507 | Part of Great Himalaya, Zaskar Range, Nanda D

1800m

(7817m), Dunagiri (7066m), Trishul (7120m),

Mangtoli  (6800m), Hathi

Parbat

(6727m),




Table 2 z North Western Himalayas District -wise Altit udinal Profiles and Key Features

S.No.| State Districts Altitude Predominant Altitudinal Range in| Peaks Or Other Features Less
Range District Predominant
Altitudinal
Profile in
District
Mana(7272m), Kamet (7756m)

Champawat 150z3000m | 900z 1800m Few areas
between
1800z 3000

Dehradun 300z 3000m | 900z 1800m Doon Valley Few areas
between
1800 Z
3000m

Haridwar 1507 1350m | 1507 600m Bhabbar&Terai

Nainital 150z 3000m | 3007 600m , 600z 900m Shiwalik Range & Higher hills Few areas
between
1800 Z
3000m

PauriGarhwal 300z 3000m | 900z 1350m & 600z 900m Few areas
between
1800 Z
3000m

Pitthoragarh 6007z 6000m | > 4500m, 900z 1350m & 1800 z | Part of Great Himalayaz Nanda

3000m Kot (6861m), PanchChulhi
(6984m)

Rudraprayag 900z 6000m | 1350z 3000m, 3000z 4500m >4500 Z
6000m

Udham Singh| 150 7 300m

Nagar

TehriGarhwal 600z 4500m | 1800z 3000m, 13507 1800m Few upper
regions
adjoining

Uttarkashi




Table 2 z North Western Himalayas District -wise Altit udinal Profiles and Key Features

S.No.| State Districts Altitude Predominant Altitudinal Range in| Peaks Or Other Features Less
Range District Predominant
Altitudinal
Profile in
District
Uttarkashi 900 z 6000m | 4500 z 6000m, 30007 4500m, 1350 | Kedarnath (6968m), Bandarpunch
Z71800m (6320m)
Anantnag 1350 Z | 1800z 3000m, 4500z 6000m 3000 Z
6000m 4500m
Baramulla 1350 Z | 1350z 1800m Very few
6000m parts >4500-
6000m
Budgam 1350 Z | 1800z 3000m
6000m
Doda 900z 6000m | 1800z 3000m Zaskar Valley, Nunkun (7135) 4500 Z
6000m,
lower parts
900 1350m
Jammu 150z 3000m | 150-300m, 300z 600m, 900z 1350m Some higher
3 Jammu & portions
Kashmir between
1800 Z
3000m
Kargil 1800 Z | 4500z 6000m, 1800z 3000m Pirpanjal Range, Deosai Basin
6000m
Kathua 600z 3000m | 300- 600m, 600z 900m 1800 Z
3000m
Kupwara 1350 Z | 1350z 1800m followed by 1800z 3000m >4500m
6000m
Leh&Ladakh 3000 z 6000 | 3000z 4500m, 45007 6000m SaserKangri (7672), Aksal Basin, Kailash Rang
&> 6000m East Ladakh Plateau
Pulwama 1350 Z | 1350z 1800m, 1800z 3000m
3000m




Table 2 z North Western Himalayas District -wise Altit udinal Profiles and Key Features

S.No.| State Districts Altitude Predominant Altitudinal Range in| Peaks Or Other Features Less
Range District Predominant

Altitudinal
Profile in
District

Rajauri 6002z 3000m | 600z 900m 1800 Z
3000m

Udhampur 300z 6000m | 900z 1350m

Note: This table is a simple description oéltitudinal variations that a district may have, these can be further clubbed into agrolimatic zones at a
broader level. The altitude ranges are judged from the physiographic map available atvw.mapsofindia.comz a certain margin of erroris likely.

Source: Analysed and Compiled by Environics Trust, 2011



http://www.mapsofindia.com/

Figure 1z PhysiographicFeatures and altitudeof Peak# Uttarakhand
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Peak Altitude (in meters) Uttarakhand
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Figure 2z Physiographic Features of Jammu & Kashmir and Himachal Pradesh
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3.0 VULNERABILITY OF THENORTHWESTERNHIMALAYAS

3.1 Seismic Vulnerabilty

The northward drift of India from 71 Ma ago to present time indicates such a long movement such a huge land mass that the emagactivity at the
junction of these plates inwlving a huge momentum of impact. The Collision of the Indian continent with Eurasia is estimated to have occurred at about
55 million years ago and is relentless. Considering the inferred location of the landmass at this period to be around thespre day equator, the drift
has accelerated and greater must be the impact on the margins. It may be noted that the Indian landmass has simultaneoutdyat counter-clockwise
(Adapted from USGS).

It is this flight of India of the Indian Subcontinent and its continuous subduction that has given rise to the tallest mountain ranges in the world and

continues to be a region that abounds in seismic activig.1 CAO AT A " EIl EAI 68 O jAsian uglisin gokefshowd tHE esiirbaled 3lip Al
potential along the Himalaya and urban populations south of the Himalaya
(U.N. sources). Shaded areas with dates next to them surround epicenters and
zones of rupture of major earthquakes in the Himalaya and thigutch region,
where the 2001 Bhuj earthquake occurred. Red segments along the bars show
the slip potential on a scale of 1 to 10 meters, that is, the potential slip that has
accumulated since the last recorded great earthquake, or since 1800. The pink
portions show possible additional slip permitted by ignorance of the
preceding historic record. Great earthquakes may have occurred in the
Kashmir region in the mid 16th century and in Nepal in the 13th century. The
bars are not intended to indicate the locusf specific future great earthquakes,
but are simply spaced at equal 22m intervals, the approximate rupture
length of the 1934 and 1950 earthquakes. Black circles show population
centers in the region; in the Ganges Plain, the region extending ~300 lsouth
and southeast of the Himalaya, the urban population alone exceeds 40 million.
The inset is a simplified cross section through the Himalaya indicates the
transition between the locked, shallow portions of the fault that rupture in
great earthquakes, ad the deeper zone where India slides beneath Southern

Tibet without earthquakes. Between them vertical movement, horizontal

Figure - 3 Seismic Events contraction, and micro earthquake seismicity are currently concentrated.



