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Abstract

Considering the need and importance of a studyherirhpact of global changes on the unique
systems in the Himalayan Mountain regions and ttegjional significance, this collaborative and
multidisciplinary project has been undertaken wtith participation of researchers from Nepal,
India and Pakistan.

The research study focused primarily on the obskmed potential climatic changes in the
Himalayan mountain regions as well as their impamiswater resources, food security and
livelihood of the mountain people. The ongoing dodg term effects of the process of
globalization were also briefly considered. Foyresentative basins draining different parts of
Himalaya, one each from India and Nepal and twonfRakistan were chosen for the assessment
of impacts.

The various activities carried out during the pecojperiod as well as some of the results of the
research study on the ongoing and potential cloretid socio-economic changes in the regions
and their observed and possible future impactbi@edly described in this report and some of the
products providing further information on them gireen in annexes.

APN has funded this project, directly in organizioiga scoping workshop in the first year and
through START in carrying out project activitiestire subsequent two years.
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Introduction

The mountain ecosystem provides goods and sersustaining the life of almost half of
the human population. In addition, the mountaiosgstem is vital to sustaining the earth
system by providing the following environmentahsees:

« Cold source and carbon sink to respond to the tlofeglobal warming;

« Sources of water as the origin of all major rivierthe world;

« Genetic resources to the rest of the world and-éugenerations with its richest
ever bio-diversity;

+ Indigenous knowledge of best practice managingl&agountain environment;

« Cultural and spiritual assets derived from the llgesgraphy and history;

« Recreational sites for people all over the world.

The United Nations have hence, recognizing theiaruole of the mountains in global
ecology, declared the year 2002 as the Interndtigear of the Mountain (I'YM) for
promoting the conservation of mountain ecosysteth sarstainable development in the
mountain regions. Having received a good respofigheocelebration of IYM and the
need to further reinforce the commitment, Unitedtibiee General Assembly has
designated 11 December, from 2003 onwards, asrrltienal Mountain Day'.
International Mountain Day thus provides a unigppartunity to move mountain issues
higher on the global agenda and also help to ses\a&espringboard and catalyst for long-
term, sustained and concrete action for the swatigrdevelopment of the mountain areas
and the mountain people.

The Himalayan Mountain range, the youngest, largadthighest on earth and extending
east—west in over 2,400 km long arch in the noftBauth Asia, are home for over 100
million people with some of them living at very higltitudes. The range triggers
orographic precipitation and influences the regsoweather including the South Asian
Monsoon; stores water as snow and ice; acts axesairlarge rivers such as Indus,
Ganges and Brahmaputra and thus constitutes theefwawver” for almost one billion
people living downstream in the Indo-Gangetic @aiMoreover, due to their unique
position and physical features, they act as alstarge of valuable biodiversity resources
and hold a mosaic of age-old human cultural ditersi

However, because of their young and fragile natuepled with sharp gradients, the
Himalayan Mountains are particularly vulnerable damate change and variability.
Further, due to the rapidly growing population prge, natural and socio-economic
systems in these mountain regions are at risk,aiqular regarding the impacts of
global change and globalization. The rapid chanfbéhe ecosystem, driven by both
natural and anthropogenic determinants poses uegheated threat not only to the
livelihood of the local people, wildlife and culgyrbut also to the billions living in the
downstream and ultimately to the global environmértte inherited environmental
fragility and social economic vulnerability haveithput the Himalayan ecosystem on the
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top of the World Summit on Sustainable Developm@uSSD) and Bishkek Global
Mountain Summit (BGMS) agenda.

Due to the rugged terrain and the thus posed sthioagiers to transportation,
communication, trade and political integration, theuntain regions traditionally used to
be well known for their pristine ecology. And moaint people have survived and
flourished in the past exhibiting resilience stemgnifrom their sustainable use of
environmental resources. But with the technologisabvations in communication and
transportation system combined with linkages toaexing market economy, use-
intensification and over exploitation of environnedresources are leading to high rates
of environmental changes in the fragile ecosystaththus turning the mountain regions
into ‘critical regions’. Consequently, the traditel resilience is being rapidly breached
leading to growing dependence on external inputs @ver exploitation of selective
resources threatening their sustainability. Thesl#mdscapes and human groups in the
mountain regions are being simultaneously affedbgd environmental and socio-
economic threats and perturbations leading toi¢alistage’ as a result of global changes
and globalization.

While the Himalayan Mountains are particularly ssdle to impacts of a rapidly
changing climate often coupled with anthropogetieraation of mountain landscapes
due to population changes and economic activities,region’s politic and economic
marginalization creates added vulnerability dueateeduced capacity to adapt to these
changes. Research on global change issues hasaljeriecused on uncertainties in
climate projections and calculation of mitigatiolwsts. The fragility of mountain
ecosystems itself represent a considerable chalémgustainable development due to
the fact that the impacts of unsustainable devedpirare more rapid, heavier and more
difficult to correct than in other ecosystems. Thest pressing issues associated with
global change, furthermore, involve the potentfidats on ecosystems and resources as
well as the societies that depend on them. As nodrilgese effects are interactive with
some specific thresholds, vulnerabilities and aataqts, the understanding of response
to global change is crucial especially for the austble development of mountain
regions.

The identification and understanding of key ecatagjand socio-economic parameters of
the mountain regions, including their sensitivitiaed vulnerabilities under global
changes and cumulative changes due to ongoing humemwentions have all become
crucial for planning and policy making for enviroantal management and sustainable
development of the mountain regions as well asdthenstream areas. Furthermore, as
food security and water availability are obviouig key elements in all the sustainable
mountain development strategies, they naturalli« fagh in the priority list.

Meanwhile the mountain regions due to their steiifudinal gradients coupled with

sharp contrasts between areas of greater or ldgset human impact also provide a
unique and important setting within which to exaenthe interplay of global climate

change and globalization as well as to detect aati/ae global change process.
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A collaborative project on ‘Global Change Impacts@ssment for the Himalayan
Mountain Regions’ was developed with the aim atasessment of the impacts of and
vulnerability to global change on food securityt@raesources and livelihood of people
in the Himalayan Mountain regions. The APN suppbrter a Scoping Workshop in
2001 for its improvement and finalization.

This 2-year collaborative and multidisciplinary ARIXbject described here is thus based
upon recommendations and project proposal finalaethe APN Scoping Workshop
held in Kathmandu, Nepal during 2-5 October 20(ie €arlier Meetings of the South
Asian Committee of START (SASCOM) held in Dhaka,nBkdesh in 2000 and in
Kathmandu, Nepal in 2001 had also recommendeducdhn s study for the Himalayan
Mountain regions. The objectives of the projectasdollows:

Objectives:

* To assess the relative importance of global chamgacts on the Himalayan
mountain environments in order to prioritize moririg efforts and to anticipate
consequences with respect to food security and rwasources including
transfer of resources between uplands and lowlands;

» Assessment of the vulnerability to and impactslobgl change on food security
and water resources, including transfer of resaurbetween uplands and
lowlands;

* To assess the vulnerability of mountain people toba change and to
investigate the factors that promote resiliencehefse groups in the face of
multiple and interacting environmental stressesd; an

* To synthesize and aggregate national assessmeahtsitaar pertinent studies to
inform on the scientific basis the policymaking geeses at local to regional
scales regarding global change impacts on foodrisg@nd water resources in
the Himalayan Mountains as well as response stestiefgr coping/adapting
with the changes.

Vulnerability concepts, which encompass both bigitgl and socio-economic aspects
of risks, provided a framework for integrating assments of the impacts of global
environmental change with the impacts of the onga@ononomic, political and cultural

changes associated with globalization.

For conducting the project in collaboration withe tresearchers from India, Nepal and
Pakistan, the worked out phase-wise activity fraorévis presented below:
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First phase (year one: 2002 - 2003) Second Phase (year two: 2003 - 2004)

m  Collection, compilation and collation = Expanding transect in the second
of data sets; Start-up Workshop for  year if necessary with suitable sjte
developing protocols for cross-site selection as guided by gap analysis
comparisons; in the first year;

= Qualitative assessment and s Make database more quantitative
predictions/scenarios of interactions  through various measures includipng
and sensitivities; highlight gaps In field surveys;
knowledge and data; assessment of Model interactions and
relative contribution of different  yyinerability assessment scenarios
parameters in driving change; m |dentify within and between

= Create common web site for projedt;  watersheds, villages and groups that
m  Synthesis activity; and have greater water and food

m Project review meeting at end of first ~ Security; qualitative analysis = of
phase and developing detailed work institutional and other strengths that
plan for second phase. prOVide resilience; and

m  Workshop/Seminar for finalizing
and disseminating the reseafch
findings among researchers,
stakeholders and policy makers.
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Activities Conducted

Y ear one

Outline of activities conducted

In the Year One, a Scoping Workshop supported tjrelsy APN was held in
Kathmandu on 2-5 October 2001 with the participatd experts from India, Nepal and
Pakistan as well as two representatives from thel iRl one from the APN for
deliberating and discussing as well as finalizing project proposal on Global Change
Impact Assessment for the Himalayan Mountain Regiofor Environmental
Management and Sustainable Development. The Wopkalas preceded by an initial
meeting of representatives from India, Nepal an#tigean on 21-22 July 2001 for
working out the framework and logistics for the fiog Workshop. The proceeding of
the workshop has been published as another outpii gear-one activity.

Year Two

Outline of activities conducted

During the second year (2002/3) of the projectlection, collation and analysis of all
relevant available data, information and recenteelgnce on climate, climate variations
and extreme events over the Himalayan regions hegewith initial assessments of
vulnerability of and impact on water resource amggogecosystem and the mountain
people were carried out by the three research téantiseir respective countries.

At the very beginning of the Project, a preparagigyt-up workshop was organized in

Kathmandu from 20 - 22 June 2002 with the partingpeof all the key researchers from

all the three participating countries for finaligithe work plan and developing protocols
for cross-site comparisons. The Start-up meetisgudised and came up with a common
format and tools for the collection and analysisadévant data and information.

The data collection and analysis activities covehedHimalayan mountain regions in the
respective participating countries in general andu$ed in particular on the three
selected watersheds, namely,

* Alaknanda Watershed in India
» Kaligandaki Basin in Nepal, and
» Siran Valley in Pakistan.

The project activities included:

1) Country reviews of recent climate variability andtreme events; water
availability and agricultural practices and assesgnof their sensitivities to
climate change and variability;

2) Assessment of socio-economic vulnerabilities tomate change and variability as
well as the process of globalisation;

3) Synthesis and aggregation of country studies gbtihg the regional sensitivity
and vulnerability to global change;
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4) Developing common approach and sharing of reseagshlts and experiences
within the involved group of researchers from tletigipating countries.

5) Publication of the Country Studies

A year-End Workshop was organised in Kathmandu®n 12 January 2003 wherein all
the key researchers from the three countries aated. In addition to exchanging their
results and experiences, they discussed and wankied programme of activities for the
next year as well as a tentative framework forfiha report.

Year Three

Outline of activities conducted

In the third year (2003-2004), project work focused global change related
vulnerability analysis and integrated impact assess with respect to food security and
water resources, including highland-lowland trangéé resources in the Himalayan
Mountain regions. In order to capture the impactthe far western region of the
Himalayas, where the effect of the Southeast Momsedeast, an additional site viz.
Hunza Watershed in Pakistan was also includederstady this year. Thus, the studied
watersheds now included:

- Alaknanda in India;
- Kali-Gandaki in Nepal; and
« Siran and Hunza in Pakistan.

Studies focused on the identification of cruciattées that need close monitoring to
reduce vulnerability of Himalayan water resourcagricultural systems and mountain
peoples’ livelihoods to global change. Activitiesnducted during the project period
included the following:

1. Database generated during the first year was inggldoy collecting more data
from concerned agencies, as well as through otheasuores including field
studies and interviews with key-actors in the delgédimalayan river basins in
the participating countries.

2. Earlier works on Himalayan glaciers were review&llithose indicated clearly a
general trend of recession of glaciers in the megiorapid rates.

3. Field surveys, together with a number of parti@patrapid appraisals (PRA's),
were conducted at three altitudinal transects icheaf the four selected
watersheds to ascertain people’s perceptions amatdi change and globalization
as well as their vulnerabilities and coping mechiars.

4. The field survey data were analyzed using suitédidds including the use of the
SPSS package. The extracted data and informatwade altitudinal variations
regarding the impacts of climatic extreme eventswater availability, food
security and peoples' livelihood together with thesilience capacity and coping
mechanisms. Those also include information on msdglerception about global
change and the perceived requirements of adaphatitigation measures.
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5. Hadley Centre RCM2 data, obtained with the helpthef Indian Institute of
Tropical Meteorology (IITM), for both controlled asell as potential GHG
emission conditions on daily temperature, predipitaand relative humidity for
selected grid points in the selected study areas a\period from 2041 to 2060
were utilized to get a gross view of the envisagbdnge in the Himalayan
mountain region half a decade later. Monthly meatador intermediate time
slices for 2010s and 2020s obtained later were teseérive short term impacts.
The model run data for 1990 were used together thétobserved data for model
validation.

6. For the Kaligandaki basin, the Tank and DSSAT medetre used to study the
impacts on water resources and agriculture, resgdctDue to unavailability of
necessary and adequate data, the same could catriEd out for other selected
watersheds. However general pictures were derivaditable form for them with
whatever data and information that could becomdabla.

7. A very simple Ecological Health model has also bé&@sd to develop socio-
economic vulnerability and impact assessment smendor the Kaligandaki
basin.

8. Model exercises for the other selected watershedkl mot be carried out in the
absence of necessary hydro-meteorological datardnfes on vulnerability of
water resource, food security and livelihood of mtain people were based on
field survey data and HadRM2 climate scenarios.

Global Change Impact Assessment for Himalayan MainriRegions 12
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Outcomes and Products

Some of the Resear ch Results

Sdlected Basins

In the process of assessing the impacts of globahge in particular on the water
resources and food security in the mountains akasehe livelihood of the people living
in the region, three selected watersheds in theetlparticipating countries viz. Kali
Gandaki basin (28N, 83 E) in Nepal, Alaknada basin (36l, 79 E) in India and Siran

basin (34 N, 73 E) and Hunza basin (38, 75E) in Pakistan, were chosen as
representative mountain regions and basins draidiffgrent parts of the Himalaya.
Some of the results of the research study to asnetie ongoing and potential climatic
and socio-economic changes in the regions and thieserved and possible future
impacts are presented and discussed.

Observed Climate Change and Variability and their |mpacts

There are clear indications of climate change sigeain the Himalayan Mountainous

region of the sub-continent. There are perceptitdads of changes in the rainfall and
temperature of varying magnitudes in the past thesmades in the different study areas
that are evident both from the analysis of avadladdrlier meteorological data and also
from the field survey carried out to ascertain pesgerception of such changes.

All the available data on temperature and predipmafrom the meteorological stations
in and around the selected watersheds were callecig analyzed.

Temperature Change

A trend analysis on the available temperature daiated the ambient temperature in
the selected watersheds to be increasing at aamatgng from 0.02 — 0.02C/year. The
temperature rise was found higher in higher algtudThe observed changes in the
temperature at the various watersheds during thengntervals are tabulated below. It
may be noted that a negative trend ranging from0e®to -0.06°C/year have been
reported in some earlier study in the eastern Higeal This marked difference between
the eastern and western Himalaya may well be dueot@ cloud coverage in the eastern
regions that have much higher precipitation as @egbto western Himalaya.

Glacier Retreats

A clear consequence and important indicator of th&ming trend is apparently the
observed retreat of Himalayan glaciers, which hgytts the impact of global climate

change at high elevations and the consequencesviteind agriculture, hydroelectric

power generation, ecotourism and the society iregenT All the available records have
clearly indicated that glaciers in the Himalayagioe are retreating at a rate ranging
from 5 to 30 meters per year and the amount an@rpadf snowfall is also apparently
changing in the region.

The change in snowmelt as well as the biologicahmaoinity covering the mountain
watershed equally affect water storage and wated yio the down stream regions as
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well. The increasing glacier retreat will cause ldefiect on river hydrology. Large
variations in river peak flows will increase quaytof glaciofluvial sediments transport
due to excessive melting. It can cause large stateage to downstream river valley
schemes, agriculture and water supply. In additioere are increasing threats due to the
formation and outbursting of glacial lakes in thghhaltitudes causing Glacial Lake
Outburst Floods (GLOFs).

Analyzed Changesin Temperature

« As reported in some other study

Observed
Country | Location Year Temp| Variation°C /
year
Tmax | 0.0264
Kali Gandaki 1970s-1990ST min 0.0239
Nepal Tmean | 0.0246
0.06-0.12
Nepal 1971-1994
P e 0.03
Siran 1961-200 |Jmac | 0.017
Pakistan Tmin | 0.005
'Pakistan 1931-1960/ | Tmax | 0.026-0.04
1960-1990 | Tnmin 0.016-0.03
Alaknanda 1994-2002 | Ean | 0.151
India Nainital 1987-1996 | Jean | 0.0276
North-East Himalaya’ 1969-1990 | Tea |-0.008 to -0.06

Precipitation Change

Precipitation change and extreme events do not smwspecific pattern and seem to
change from place to place. But a decline in snbwfas reported by the respondents
during the field survey in all the selected basiifse Table below gives a general trend of
precipitation change in the selected Himalayanaeg)i

For Alaknanda, analysis of past rainfall data toe trend revealed that the rainfall of
lower and middle transects was decreasing. Theepgon of local people also

confirmed climate change in the form of reductiaorshowfall and variations in rainfall

pattern along all three transects. Lower transegoeeencing moisture deficit and draught
conditions in some years whereas more flood camdtin monsoon. Most populated
Middle Transect showed largest decline —34.98 man/y# the same trend continues in
the future, more chances of drought are expected.

In case of Kaligandaki basin, in general, an insirgatrend of precipitation has been
noted while a decadal pattern of change in pretipit extremes was observed with a
lower extremes in 70s and distinctive higher exereiim 90s and in between in the 80s.
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In Pakistan eight out of nine stations in and adbHnnza valley show increasing trend in
monsoon rains, although, the contribution of monswains to the total precipitation is
not large. The winter rains have dropped but nghificantly. In Siran basin, both
monsoon and winter rains on the average have isedeslightly, while Oct-Nov which is
already the driest months of the year appear te bacome drier.

Changesin Precipitation

Country| Location Year " mvrslryi/?t;orr:n %
Nepal | Kali Gandak| 1971-2000 1.6-31.0
Siran Valley | 1981-1998 40%
Pakistan,  Murree 1961-1999 25%
Sub-tropical| 1971-2000 -20%
India Nainital 1965-2001 15%

Change in Hydrology

As a result of change in temperature and precipitaand other anthropogenic changes,
the hydrology of the basins is also found changing.Pakistan and India, there is a
general increase in trend in the runoff in the tdéreas. Snow fed rivers especially are
found to have increased dry season flow whereassnow fed rivers have decreasing
trend during dry season. The trends of hydrologibainge in the region are shown in the

Table below.

In case of Alaknanda river, the maximum flow (dgrimonsoon) and the minimum flow
(during winter) showed increasing trend, while miom flow indicated smaller
variations. Also in case of Mandakini river, the im#&ibutary of the Alaknanda, an
increasing trend was observed in the maximum amdnmim flow and the variation in
the flow was higher than those in Alaknanda.

Changesin Hydrology

Country | Location Year Var_latlong
million m°/year
Nepal Kali Gandaki| 1964-2000142 (1%)
Pakistan| Siran 1968-2000 5.8 (1%)
Indus (Pratap) 1968-2000 240 (13%)
Indus (Qila) | 1968-2000120 (5%)
India Alaknanda 1980-20001767 (2.8%)

Global Change Impact Assessment for Himalayan MainriRegions
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Impacts on Water resources

The western parts of Himalaya in particular arentbdacing water shortage during
winter dry period. The observed trend indicates tha drought conditions are getting
worst. Similarly the flood incidences during themsoon periods are showing increasing
trends. Thus the impacts of climate change on wassurces are aggravating the present
condition by making the dry period drier and wetipe wetter. With the increase in
population and intense farming, the demand for watk increase in the mountain areas
thus reducing the supply to the down stream aieaglence of soil erosion, land slides,
etc. will increase with increase in frequency annsity of extreme climate events and
land usechanges. Conventional planning of water resourcénhyaropower generation,
irrigation, industrial use etc. based on past higdjical trends are no longer going to be
valid in the context of global change.

While Himalayan River System and Himalayan Watdearty depicts the role of the
mighty mountains in regulating South Asia’s climated the region’s water resource
base, studies have revealed that global climatagehaan have a profound effect on the
Himalayan water resource base. Sustainable develaipaf the region demands rational
use of this resource. At present, the models tectst resources and define their optimal
use are all defined on a national scale. Neversseleshould be acknowledged that such
an approach should be complemented by a regiomabaph, since both water forecast
and regional water consumption has transboundegyomal aspects and teleconnections
to more global aspects such as global change. &uegional approach that does not
exist so far demands a concerted scientific regiimegrated endeavors initiated through
an enhanced and improved flow of information on Hlmyan water resource and
management issues.

Impacts on Food Security

All the mountain areas, in particular the mid anghhmountains, are in general found
food deficit areas. Their dependency on food suppdyn the plains have been found
increasing further due to the change in populagiod food habits, the increased linkages
with external markets and economy and the laclppf@priate technology.

Due to climate change, higher temperature at ter@ltitudes beyond the growth limits
of agricultural crops will lead to reduced prodoatiand productivity. As the elevation
limits will move higher than thpresent 3,000 m, thus causing spatial shiitudfivated
areas to higher elevation, and introduction of n@aps in the high mountains and
increase in cultivated area and crop productivilyenalready been noticed in the high
mountains of the Kaligandaki basin. But meanwhiiejdence of pest and disease attack
on cropsare found to increase damage to crops, especalisuit trees, on account of
extreme climatic events.

Indigenous knowledge and traditional practiceshia agricultural systems have been in
existence in the Himalayan region for millenniarrfars with their practical knowledge
had developed several production systems suitedhdoginal and fragile mountain
environments. The eco-friendly agriculture and awnstble soil management are
practiced even in such harsh environments throegiading, composting, mulching,
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mixed copping, mixed farming, etc. Traditional famg practices have been significantly
contributing in maintaining a balance in the natbse promoting interdependence of
agro-horticultural crops, forestry, animal husbgnaind medicinal and aromatic plants in
the mountains. They still have intrinsic value Ire tagricultural system of the region.
Farming communities of the Himalayan region attgadat value to the forest ecosystem
as well as to the integration of livestock into theountain farming system. The
communities in the Himalayan mountain regions htues been practicing traditional
farming systems for harnessing ecological potentifalland and conserving natural
resources for millennia.

However, much to the dismay of these mountain fespthe protection and promotion of
such practices are not a national priority of tlherdries in the region. In the national
plans and policies, they are, more often thanigogred. In addition, in recent years, due
to globalization and the World Trade OrganizatidiT©O) system, new challenges are
surfacing. Different WTO agreements deprive farm&mn enjoying their right to
exercise traditional farming practices. Countriasthie region have not been able to
devise appropriate policy instruments and legal raetsms that protect and promote
traditional farming practices. Such a policy andaleconstraints has severely limited
farmers' freedom and their ability to practice itiadal farming systems, thereby directly
affecting their rights and livelihood options.

To increase the agricultural production and progitgt for economic gains and for
feeding the increasing population, modern agricaltyractices and systems are now
being introduced in most of the areas. But mortacal agricultural practices and
excessive use of chemical fertilizers and pestiitlethe tea gardening in the eastern
Himalayas for instance are causing problems ofdsmradation and water pollution.

Meanwhile, as the subsistence agriculture in thantaens has not been able to meet the
food requirements as well as other necessitieh@®fhbuseholds, at least one or more
members in general are found to go to urban origoreountries to work as wage
labourer to supplement the household income. Theeguinsurgency problems in the
mountain regions have further aggravated the snand there are greater exoduses of
youths from the mountain areas to foreign countii@some from remittances and wage
labor and service has become the chief sourcecoime and much of this is spent on to
purchase of foodstuff and daily necessities.

Comparative advantage accrued from the overseasvpaie labor and service has caused
labor shortage and decline in investment in agmical and livestock sector in all
transects, but most apparently in middle and higlumtains. As a result, agricultural
lands in the mountain slopes are getting abandahedin turn are accelerating the
process of soil erosion and landslides.
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Percelved Global Change Impacts: Assessment of vulnerabilities and coping
mechanisms

Field surveys and PRAs conducted in all the seleetatersheds have revealed the
notable decrease in amount and duration of snowfaélie regions where there used to be
significant snowfall a few decades earlier. Likesyigncrease in incidences of extreme
climatic events like floods and droughts were régbinvariably from the various survey
sites. The mid-mountains were found more vulneraslecompared to low- and high-
mountains. The coping mechanisms that relied oditipaal systems are getting
weakened as the social systems undergo rapid change

The rapidly growing population and greater physicatiministrative and market
integration of mountain and upland agriculture withainstream systems have
fundamentally altered local resource managementtipes leading to resource use
intensification and overexploitation. Thus the Iscapes and communities in the
mountain regions are being simultaneously affedbsd environmental and socio-
economic threats and perturbations.

All the mid- and high mountains are food deficitdarely on food supplied from the
down-hill planes. Changes in food habits have m#dsn more dependent on the
downhill supplies. The mountain farming systenmigieneral very complex and diverse
and characterized by strong linkages between theetspheres of crop production,
livestock and forest. Crop production cover in gahe3-9 months of the annual
household food demand and with little marketablplsis. Each household, for domestic
needs and for some extra income, keeps small nsmdfdivestock. Certain section of
people in highlands in proximity to pasturelandll sengages in transhumance.
Transhumance is more prevalent in the western Hiyaal regions. Forests are utilized
for domestic, agricultural and commercial purpogef-farm employment opportunities
are very limited locally. On an average, most of thouseholds have some of their
members engaged in temporal migration. A high odtabour migration indicates the
low local income opportunities as well as labouniteances being one of the important
sources of income of local households. The marandl rain fed crop fields are being
abandoned by the people as further fragmentatidanatholdings is not possible and as
young people migrate out from the region for jobegthere. Such incidences are now
becoming more common. The abandoned fields hatarmbecome hot spots of land
denudation, degradation and landslides.

Projected Potential Impacts

The fact that global change is projected to ocdéomukaneously and in concert with
changes in population, technology, economics, atigroenvironmental and social
changes clearly adds to the complexity of the imhmssessment and the choice of
appropriate responses. The characteristics of egiors and sectors of the Himalayan
Mountain Regions suggest that neither the impattglabal change nor the response
options will be uniform.

While the development of regional climate model elegment for the Himalayan
mountains is itself a big challenge and will requireater regional efforts, the effects of
climate change on the South Asian monsoon and M®&CEphenomenon, for instance,
are among the major uncertainties in the modeliihthe hydrological cycle. Similarly,
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projections of agricultural crop yields are uncirtaot only because of the uncertainty
in the hydrological cycle but also because of tbh&eptial positive effects of CCGand
production practices. The major challenges in mefean the Himalayan Mountain
regions are therefore to better understand, desarid model the impacts of the ongoing
global change processes in the region, their complerrelations and interaction and to
use the required integrated models (model systafte) their verification and validation
with reference to recent and past observationsnaomitoring programmes for scenario-
based simulations into the future. As a step towé#ndt endeavour, available data for the
selected watersheds were utilised to project piatleimpacts of climate change on the
chosen sectors and some of the results are bdefigribed below.

Future climate scenarios were generated by usiagidRM2 data for control (CTL)

runs representing 1990s and for projected GHG eomiserturbed runs for the years
2041 to 2060. The daily rainfall and temperaturadar different grid points are derived
from the model, which has been used for trendsvamidbility analysis. Monthly mean

data for intermediate time slices for 2010s and080&ere used to derive short term
impacts. The model run data for 1990 were usedthiegevith the observed data for
model validation.

With reference to the year 1990, the projected tzatpre rise for the year 2050 in the
Kaligandaki basin for instance ranges froiC 3o 6C, the rise in temperature being
more in the lower regions than those in the highgrons. Similarly, precipitation in the
basin is projected to increase between 160 mm @0 I®m annually with highest
increase in the middle mountain regions. Projet#etperature and precipitation changes
for the other selected basins are also availabowever, validation of the model
indicates that uncertainties in the projected #guare in some cases quite high that
demand improvement in the model and checking wileromodel results..

For studying the impact of climate change on wae=ources, the effect of climate
change on the stremflows was simulated using taoétein For the Kaligandaki basin, it
appears that the flood magnitude and frequencyilaly to increase and low flows are
likely to decrease. Thus the impact of climate gears going to pose a challenge in
incorporating the uncertainty into future wateron@es planning and management.

Similarly, validated crop models embedded in ICSAsdd DSSAT were used for
scenario based impact analysis for important cfopthe projected temperature and £O
rises. A graphical presentation of the percentdggnges in yield for a few crops is
shown below. The marked negative impacts on th®@wsrimportant crops in the low
mountains are significant and clearly call for ¢arattentions. While the productivity in
the mid mountains are projected to increase, #wylieffects of increased loss due to
pests and diseases due to warmer climate in tHoseles will need due attention. The
opportunities for increased production and proditgtiof new crops in the high
mountains would however be offset by the limiteteek and slope of the available land
area.
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Yearwise Out comes

The yearwise outcomes of the project activitiestarefly outlined below

Y ear one

1) Finalization of the Project Proposal on “Global 6ga Impact Assessment for
Himalayan Mountain Regions for Environmental Mamagat and Sustainable
Development” for submission to APN

2) Publication of the Proceeding of the Scoping Wodgskntitled "Global Change
and Himalayan Mountains"
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Year Two

1)
2)

3)

4)

5)

6)

7)

8)

Generation of an integrated regional database tenaE and society in the
selected Himalayan regions relevant to global ceamgact assessment studies.

Creation of common web siteww.idi.org.np for the dissemination of project
results.

Training in 2002 of one research team member in@TATrieste workshop and
initiation of local capacity building exercises imyolving post-graduate students
in the research studies.

In an intensive 3-day inception workshop held inhtaandu, Nepal in June 2002,
country team members made background presentatioesared detailed work
plans and timelines for year one activities andlfzed outline of the country
studies and data formats.

Country studies on recent climate variability ameit impacts on water and
agriculture as well as global change associated-®monomic impacts with
adaptive responses (spontaneous and planned) mrgospecific sections of
Himalaya and in the selected watersheds.

A regional background paper and a synthesis rdégased on the country studies.

An intensive 3-day year-end workshop was held muday 2003 in Kathmandu,
Nepal wherein keynote background papers as wellesslts of country level
studies and the draft synthesis report were predeand discussed.

Keynote papers and focused national studies wempited and published.

Year Three

1.

2.

A general perspective on the trends of climatic,wadl as socio-economic
changes in the Himalayan mountain regions.

A general perspective of the retreating Himalayiacigrs and their consequences
in terms of increasing threats of Glacial Lake @usb Floods (GLOFs), as well
as in terms of changes in the flow of snow fedrswduring the dry seasons, and
their impacts on irrigation and hydropower develeptrschemes.

Derived trends of changes of meteorological, hystymal, food provision, and
socio-economic parameters at the selected repetsentwatersheds in the
different regions of the Himalayas.

Country reports including field survey results ¢ bbserved impacts of global
change including globalization on water resouréss security and livelihood of
mountain people as well as the current coping nreshes.

Identification of villages and groups with greateater and food security as well
as institutional and other strengths that provesglience.

Country level workshops in Nepal and Pakistan withuntain stakeholders and
policy-makers.

An intensive workshop held in Kathmandu on 16-20céeber 2003 (in
conjunction with the APN workshop on Water Resosrge South Asia) to
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discuss research findings as well as plan a sydtegoringing the project work
to a logical conclusion.

8. Press meeting with national newspapers, press mgeacd the electronic media
convened on 19 December 2003 for disseminating pfeidect research.

9. A paper based on the synthesis report has beentsehe Journal on Global
Environmental Research for publication.

10.Final report being published and disseminated tjinothe Internet. Relevant
papers based on the research to be sent for ptidstica peer-reviewed journals.

11.A no cost extension of the project period for six months has been rstpteand
granted for the identification of model-based pctge impacts through the
synthesis of all collected information and dataj #mus to bring the project to a
logical conclusion. Tasks in this timeframe incldde

- Validation of the data as well as the developmérghort-term scenarios
(HadRCM2 data for the selected grid points covetimg periods from
1980 to 2030 have been obtained through [ITM.)

= Using RCM data and assuming certain developmehspatfew scenarios
for global change impacts have been developed &edpblicy and
research implications under the various scenaries dnvironment
management and sustainable development in the Hyaual mountain
regions are ascertained and disseminated amongaliey makers and
researchers respectively.
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Documents and CDs

S. No.

Title

Document

CD

Global Change and Himalayan Mountains:
Proceedings of Scoping Workshop, 2 — 5 October
2001

\/

Global Change Impact Assessment in the Himalayan
Mountain Regions: Country Studies on Ecosystem
Conditions and Trends
a. India— A Case Study in Alaknanda Watershed
b. Nepal — A Case Study in Kaligandaki Basin
c. Pakistan — A Case Study in Siran and Hunza
Valley

Global Change Impact Assessment in Himalayan
Mountain Regions: Proceedings of the First Year-End
Seminar / Workshop, 10 — 12 JANUARY 2003

Micro Level Field Surveys in the Selected Himalayan
Mountain Regions on Global Change Impact
Assessment

Global Change Impact Assessment in the Himalayan
Mountain Regions: Scenarios, Response and Policy
Implications

Proceedings of the Second Year-End Seminar/
Workshop on Global Change Impact Assessment in
Himalayan Mountain Regions, 16 — 20 December
2003

Impacts of Global Change in Himalayan Mountains —
Tools, Observations and Synthesis

National Workshop in Nepal on Global Change
Impact assessment in Kaligandaki Watershed:
Proceedings of the Workshop held in Kathmandu on
1 November 2003

National Workshop in Pakistan on Global Change
Impact Assessment in Siran And Hunza Valley :
Proceedings of the Workshop held in Islamabad on 7
August 2004

10

Proceedings of the Initial Meeting held in Kathmand
on 21 — 22 July 2001 on Organizing a Scoping
Workshop on Global Change Impact Assessment for
Himalayan Mountain Regions

11

Proceedings of the Preparatory Workshop on Global
Change Impact Assessment for Himalayan Mountain
Regions held in Kathmandu on 20 — 22 June 2002

J -
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Conclusions

Data gaps, research imperatives and institutional support

Expansion of meteorological and hydrological network

Meteorological stations and their network in thenldiayan mountain region need to be
expanded and their capacity and efficiency enhafareghonitoring temperature, rainfall,
snowfall and other meteorological parameters, theial indicators of the global climate
change. Similarly a closer network of hydrologisshtions for regular monitoring of
water and sediment discharge, and water qualityl neeébe extended covering all the
major river basins. All these are so essentiapfojecting future scenario and associated
risk and vulnerabilities due to climate change eadability.

Mor e resear ch to reduce knowledge gaps

Although this study, within its limited scope andnstraints, has tried to cover on a
sectoral basis the wide spectrum of global chamgeact assessment, associated
vulnerabilities and adaptation in the Himalayan ntain regions; more focused and in
depth scientific researches on global change impadhe mountain system need to be
promoted through an integrated regional approach.

Institutional arrangement and support for promoting global change researches

An institutional arrangement and support systenh ladtthe country and regional levels
may be developed to facilitate greater understandirthe emerging impacts of climate
change and globalization processes on mountains asg@l communities through
information exchange and dissemination and sysiemedearches. This could also aim
to bridge the gap between such scientific findiagsl policy making process towards
minimizing the associated risk and vulnerabilities.

Institutional efforts for enhancing resilience and coping capacity

The notable development in service and infrastrestun the mountain areas by the
government and the growth of NGOs and local institis in the last few decades have to
some extent improved the quality of life, reduclkeed physical hardships, and increased
the resilience and the coping capacity of the pediging therein against the mountain
adversities. But they are still inadequate and t=gsable to addresses the needs and
aspirations of the mountain people and to cope wWith risks associated with global
change and globalization.

Monitoring
Show cover and glacier monitoring
A regular monitoring of snow covered areas, glacard glacial lakes, land use and land

cover change based on remote sensing combinedfielithverifications requires to be
initiated at both the national and regional levels.
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River flow, sediment flux and river water quality monitoring

A regular monitoring of river flow, sediment fluxnad river water quality would be
valuable not only for water resource planning Hab g@rovide valuable inputs to assess
ongoing and potential future changes.

Cropwise agricultural yields at various altitudes
Cropwise agricultural yields at various altitudesed to be monitored for assessing
changes due to global warming and taking necesstaptive measures.

Enhancing Resilience and strengthening Coping Capacity

Integration of climate change considerations in sustainable development planning
Approaches toward exploiting synergies betweenrenumental policies and key national
socio-economic objectives like growth and equityuldohelp mitigate and reduce
vulnerability to climate change, as well as prongtstainable development.

Mountain specificities and development opportunities

By making use of traditional knowledge and compaeaadvantage of mountain niche
products and services, mountain people should lableth to make the best of the
development opportunities in the mountains whilatgeting the mountain interests from
negative impacts of globalization.

Environmental management and sustai nable devel opment

As a result of comparative advantage accrued frieendverseas job, wage labor and
service, agricultural lands in the mountain slopes getting abandoned due to labor
shortage and decline in investment in agriculturé lavestock sector in all transects, but
most apparently in middle and high mountains. Appede land use practices including
the use of traditional agricultural practices needbe promoted for checking the
accelerating process of soil erosion and landslides

Sustainable development of the Himalayan region do@n stream areas demands
rational use of water resource of the region. Asbgl climate change can have a
profound effect on the Himalayan River System anchdiayan Water Resource Base
and since both water forecast and regional waterswaption has transboundary,
regional aspects and teleconnections to more glabpkcts such as global change,
current national approach towards water resourcesasment and use needs to be
complemented by a regional approach.

Such a regional approach through scientific rediomagrated endeavors to begin with
through an enhanced and improved flow of infornmaba Himalayan water resource and
management issues need to be initiated and evbnitustitutionalized.
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Future Directions

Although the Himalayan mountain ecosystem is exélgrimportant for the South Asian
sub-continent for the goods and services it prayideegrated studies on the mountain
ecosystems have, thus far, been meager. The priestEtive is one of its own kinds
where a multidisciplinary and multi-national appbahas been adopted to identify the
signatures of global change and its impact on timeakhyan mountain environment, as
well as on the population living in the region. ldenas a prerequisite to institutionalize
this program in South Asia, certain necessary Wollgp measures are required.

The outcomes and research results of the presedy still be disseminated widely
amongst the concerned stakeholders through apptepmeasures including research
papers published in peer reviewed journals.

Assessment of current impacts of global changeviddally on any one of the few
subregions or sectors and choice of response teudthin the present capabilities. The
fact that they are projected to occur simultangowsid in concert with changes in
population, technology, economics, and other emwirental and social changes, as well
as the chosen development paths, however, add&etocamplexity of the impact
assessment and the choice of appropriate respofRggbermore, due to the marked
variations in the Himalayan mountain regions imgof latitude, longitude and altitude,
as well as biophysical settings and socio-cultgedl ups, neither the impacts of global
change nor the response options will be uniform.

As there are still large uncertainties in the pb&rimpacts of global change on the
studied processes, as well as the interactionsdegtwihem, the need for further detailed
studies is apparent. The projection of climate gedor the Himalayan mountain regions
with contrasting variations of altitudes, surrourgs, slopes and aspects over the small
spatial scale; the effects of climate change onSbeth Asian monsoon and the ENSO
phenomenon; etc. are among the major challengesircgttainties in the modeling, for
instance, of the hydrological cycle. Projectionsagficultural crop yields are uncertain,
not only because of the uncertainty in the hydrglalgcycle but also because of the
potential positive effects of GQand production practices. Integrated impact studies
considering multi-stress factors are needed tebettderstand, describe and model the
impacts of the ongoing global change processdseimegion, their complex interrelations
and interaction and to use the required integratedels (model systems) after their
verification and validation with reference to retand past observations and monitoring
programmes for scenario-based simulations intdutze.

In recognition of these issues, SASCOM has adojgtedntain Ecosystems as one of its
four priority research areas during this decadeSfauth Asia. Mountain ecosystems have
also been identified as a major research compof@nthe Earth System Science
Partnership (ESSP)/START Monsoon Asia Integratedid®al Studies (MAIRS). In
view of the aforementioned unique features of thmadtayan Mountains, international
programmes such as the ‘Mountain Research Inidat¥ the International Geosphere-
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Biosphere Programme (IGBP) and the Internationah&lu Dimensions Programme on
Global Environmental Change (IHDP) have also retxsgh the importance of and
willingness to support regional programmes in siggearch initiatives.

Appropriate follow-up works will be carried out inding the development of necessary
follow-up project proposals focusing on relateduess including those related to
integrated modeling for the assessment of the glab@nge impacts in the Himalayan
mountain regions and also looking out for the fagdiesources.

Global Change Impact Assessment for Himalayan MainriRegions 27



Asia Pacific Network for Global Change ResearchNAP

Appendix

Appendix A: Conferences/Symposia/Workshops

S. No. | Seminar/Workshops Dates Venue Np._ of Countries/Agencie
Participants| Represented
Initial Meeting on
Proposed Scoping
Workshop on Global .
1. Change Impact 21—22 July |y athmandu 13 India, Nepal and
2001 Pakistan
Assessment for the
Himalayan Mountain
Regions
Scoping Workshop on
Global Change Impact India, Nepal,
2. Assessment for the 2 -5 October Kathmandu 40 Pakistan, APN and
) . 2001
Himalayan Mountain MRI
Regions
Preparatory Meeting
for the Implementation
of the Project on .
3. Global Change Impact 20— 22 June Kathmandu 17 Ind"’.’l’ Nepal and
2002 Pakistan
Assessment for the
Himalayan Mountain
Regions
First Year-End
Workshop on Global -
India, Nepal,
4. Change Impact 7 —12 January Kathmandu 24 Pakistan, APN and
Assessment for the 2003 .
. . Univ. of Gueleph
Himalayan Mountain
Regions
National Workshop in
Kathmandu on Global Nepal / concerned
Change Impact 1 November b
5. Kathmandu 28 Nepalese
Assessment for the 2003
) . Stakeholders
Himalayan Mountain
Regions in Nepal
Second Year-End
Workshop on Global
6. Change Impact 16 — 20 Kathmandu 26 India, Nepal,

Assessment for the
Himalayan Mountain
Regions

December 2003

Pakistan and MRI
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National Workshop in

Islamabad on Global Pakistan /
Change Impact concerned
Assessment for the 7 August 2004/ Islamabad 20 Pakistani
Himalayan Mountain Stakeholders
Regions in Pakistan
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Funding Sour ces outside APN
Other funding source
» The Institutions in the participating countries yced necessary inputs in kinds
and manpower.

» START funded the participation of two representdifrom Mountain Research
Initiative (MRI) in the Scoping Workshop held in aandu on 2-5 October
2001.

* START funded training in 2002 of one research teaember in AIACC Trieste
workshop

* The Gueleph University of Canada funded the tratene of the paper presenter,
Ms. Archana Shrestha in the year-end meeting irhidahdu, Nepal on 6-10
January 2003.
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Glossary of Terms

AIACC - Assessments dMmpacts and\daptation tacClimate Change APN
- AsiaPacific Network for Global Change

BGMS - BishkekGlobal M ountainSummit

DSSAT -DecisionSupportSystem forAgro-Technologyl ransfer

ESSP -Earth SystemSciencePartnership

GCM - GeneralCirculationM odel

GLOF -Glacial L akeOutburstFlood

IGBP -InternationalGeospheraBiosphereProgramme

IIT™ - Indianlnstitute forTropical M eteorology

IPCC -IntergovernmentdPanel onClimate Change

MAIRS - MonsoonAsial ntegratedRegionalStudies

MRI - MountainResearcHhnitiative

PRA - ParticipatoryRapid Appraisal

RCM - RegionalClimate M odel

SAARC - South AsianAssociation folRegionalCooperation

SASCOM -SouthAsianSTART Committee

SAWTEE -SouthAsiaWatch onTrade,Economics &Environment

SPSS StatisticalPackage foiSocial Science

START -Global chang&ysTem forAnalysisResearch andiraining

UNFCCC -United NationsFrameworkConvention orClimate Change

WSSD -World Summit onSustainableDevelopment

WTO - World TradeOrganization

Global Change Impact Assessment for Himalayan MainriRegions 31



Asia Pacific Network for Global Change ResearchNAP

References

Ageta, Y., N. Naito, M. Nakawo, K. Fujita, K. Shaak A.P. Pokharel and D.
Wangda (2001) Study project on the recent rapichishge of summer-accumulation
type glaciers in the Himalayas, 1997 — 198illetin of Glaciological Research, 18:
45-49.

BAHC (1993). Climate-Hydrology-Ecosystems Interrelations in  Mountainous

Regions: An International Initiative for Integrative Research, BAHC Report No. 2,

Becker, A.,R. Avissar, D. Goodrich, D. Moon, and Bevruk (Eds.), IGBP-
BAHC/UNEP Workshop, St Morita, Switzerland, 2-5 Bater 1993.

Hasnain, S.I. (1999%eport on Himalayan Glaciology. International Commission on
Snow and Ice (ICSI), U.K.

IGBP (1997) Predicting Global Change Impacts on Mountain Hydrology and
Ecology: Integrated Catchment Hydrology/Altitudinal Gradient Sudies, IGBP Report
No. 43, Becker, A., and H. Bugmann (Eds.), IGBP Secrata8tockholm, Sweden.
IGBP (2001) Global Change and Mountain Regions, The Mountain Research
Initiative, IGBP Report No. 49, Becker, A., and Bugmann, IGBP Secretariat,
Stockholm, Sweden.

IHAS (2001) Cryosphere Research in the Himalayas-Collected Papers on Glaciers
in the Himalayas published in 1994-2001 by members of CREH, Institute for
Hydrospheric-Atmospheric Sciences (IHAS), Nagoyaersity, Japan.

IPCC (2001) Climate Change 2001: Impacts, Adaptation and Vulnerability.
Contributions of the Working Group Il to the Third Assessment Report of the IPCC.
Cambridge University Press, New York.

Jodha, N.S. (2000) Globalization and Fragile Moumt&nvironments: Policy
Challenges and Choicddountain Research and Development, 20, 4: 296-299.

Olschak, B.C., A. Gansser and E.M. Buher (1988)alayas. Bookwise, New Delhi,
India.

Shrestha, A.B., Wake, C.P., Mayewski, P.A., andbDiB.E. (1999) Maximum
Temperature Trends in the Himalayas and its ViginAn analysis based on
temperature records from Nepal for the period 19974. Journal of Climate, 12:
2775-2786.

Shrestha, K.L. (2001) Global Change and the Hinalaylountain Ecosystenin:
K.L. Shrestha (ed.)Global Change and Himalayan Mountains, Proceedings of a
Scoping Workshop, Kathmandu, Nepal, 2-5 October, 2001, Institute for Development
and Innovation, Lalitpur, Nepal.

Subba, B. (2001) Himalayan Waters, The Panos institSouth Asia, Kathmandu,
Nepal.

Global Change Impact Assessment for Himalayan MainriRegions 32



Asia Pacific Network for Global Change ResearchNAP

SWATEE (2003)Globalisation and Mountain Farmers. Tapping Opportunities and
Mitigating Threats, Munir, S. and K. Adhikari (Eds.), South Asia Waon Trade,
Economics & Environment (SAWTEE), Kathmandu, Nepal.

Global Change Impact Assessment for Himalayan MainriRegions 33



