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1. Executive Summary

Scientific evidence suggests that climate change is likely to impact on water
resources, and the severity of this impact will vary with both spatial and temporal
scales. Millions of very poor people throughout the world may be affected by future
changes in water resource availability, and also by more extreme events in the
medium and longer term. This component of the SAGARMATHA project has served
to identify livelihood opportunities in mountain communities in the Hindu Kush
Himalaya, and through a process of participatory consultation has investigated how
scenarios of climate-induced deglaciation may impact on mountain communities and
livelihoods. This report provides Volume 3 of the SAGARMATHA Final Technical
Report, and full details of all aspects of the project as a whole can be found in the
other volumes 1,2 and 4.

Local communities in mountain systems are often heavily dependent on open access
resources and, as a result, often have a comprehensive ecological knowledge of how
resources can change. In the case study carried out in Nepal for this project, it is clear
that people are already aware of climate/weather-induced changes, and their inputs
into future decision-making on resource use would be valuable. On the basis of the
hydrological modelling carried out in the project, it is evident that communities living
at higher altitudes will be more vulnerable to the impacts of climate change than those
living lower down the catchments but, ranging from east to west across the region,
there are significant differences in how these effects will be felt.

Linking information from different scales is clearly a challenging task. How small
communities in isolated valleys in the mountains may be affected in the future is
difficult to discern from large scale hydrological and climatic models. The potential
variation in both impact and response to climate-induced deglaciation across the
region cannot be overstressed, but nevertheless, this work has not only provided some
insight into potential impacts, but has also has served as a consultative platform
through which these issues have been discussed with key stakeholders, at the local,
national and regional scales.

Suggestions which have been generated through this consultation process include
more awareness raising, better monitoring of key indicators in high altitude zones,
more community involvement in both monitoring and policy development, and the
need for more emphasis on mechanisms to support and promote adaptation strategies.
The major DFID goal associated with this project is W1 — Improved assessment,
development and management of water resources. This project has contributed to this
goal by developing a more integrated modelling approach by which more accurate
and spatially distributed assessments can be made of water resources in snow-fed
catchments. This will facilitate better future management of those resources, by
raising awareness about the key issues, and by enabling stakeholders and communities
to discuss possible future options for such management.

Three full size posters have been distributed to project beneficiaries in Nepal, India,
Bhutan and Bangladesh. Workshop proceedings have been compiled, and sent to
participants following the national and regional workshops. In addition, as a
mechanism to provide maximum opportunity to deliver research findings in a succinct
way to policy makers and other stakeholders, two ‘policy briefing notes’ have been
generated for widespread distribution.



2. Background

Some 500 million inhabitants live in the Indus, Ganges, Mekong and Brahmaputra
river basins and, in many areas, they rely heavily on a perennial supply of melt-water
from the Himalayas. As population has continued to rise rapidly in these areas, water
demand has risen dramatically, particularly from agriculture and industry, giving rise
to problems of water stress in the region. As a result, any reduction in the availability
of freshwater could have serious impacts on the day to day lives of many millions of
people, not only within the effected basins, but in the wider economies of South Asia.
Concern has been raised about the rate of glacial retreat in the Himalayas (IPCC,
1998; WGMS, 1998), and, given the fact that over half of human populations
worldwide rely on freshwater which first accumulates in mountains (Mountain
Agenda, 1998), this has now become a global concern (Down To Earth, 1999;
Worldwatch News Brief, 2000; Frontline, 2001; Sharma, 2001). It has even been
suggested that "glaciers in the region will vanish within 40 years as a result of global
warming" and that the flow of Himalayan rivers will "eventually diminish, resulting in
widespread water shortages" (New Scientist, 1999, BBC, 1999).

As a result of this concern, scientists and water managers with an interest in the region
highlighted the need for more integration between hydrological modellers,
glaciologists and climate scientists. It is hoped that this collaboration has enabled
better understanding of potential climate impacts across the Hindu Kush Himalaya
region, and possible impacts on its huge dependent human populations.

The Himalayas extend 3,500 kilometres from Myanmar in the east to Afghanistan in
the west, and contain several of the world’s highest peaks. Altitude varies
dramatically from some 50m in the plains (Terai) to the south to over 8000m in the
high mountains, only 150kms away. It has been estimated that between 10-20% of the
total surface area of the Himalayas is covered by glaciers or permanent snow, with an
additional 40% affected by seasonal snow cover. This represents a huge freshwater
reservoir for the river systems that emerge from the mountains, and a complex system
of micro-climates exist across the region, determined by variations in slope, aspect
and relative altitude (Alford, 1992). The mountain ranges block the northward
advancement of the moist monsoons, causing widespread and intense rainfall on
southern slopes, whereas on the lee of the mountain ridges drier conditions prevail. As
the winds move from east to west, rains come later and precipitation decreases. The
variation in topography results in numerous local irregularities to this general trend of
orographic precipitation and, often, extreme differences can be observed even
between adjacent catchments.

Some of the highest annual rainfall totals on Earth are experienced on the southern
slopes of the Eastern Himalayas, while other areas receive only 50mm a year. In
Nepal, average annual rainfall ranges from 250mm to 4500mm (average 1600mm),
with about 85% coming from the summer monsoon and 15% from winter rains.
Evapotranspiration increases steadily from a minimum in December to a maximum in
May. As a general rule, evaporation losses decrease with altitude, as available thermal
energy decreases (Alford, 1992). Mean daily air temperatures generally decline during
the post-monsoon period (October to January).

This significant climatic and topographic variation ensures that all rivers in the
Himalayas are characterised by great variations in seasonal flow. Runoff is
concentrated in the summer months, as the monsoon coincides with the optimal period
for the melting of snow and glacial ice. Flow recession in rivers starts in



October/November and continues until the following spring. Rivers of catchments
containing snow or ice generally recover from low flows earlier than rain-fed
catchments, as melting recommences due to the temperature increases of early spring.
This perennial occurrence of snow and ice-melt, ahead of the summer monsoon, is
vital for the successful cultivation of crops, for the hydropower industry and for most
other water resources projects (Sharma, 1993). It is felt that the disappearance of the
region’s glaciers would affect the timing and quantity of the melt contribution during
this critical period and would, thus, threaten food production, industrial productivity
and the economy of the region in general.

Changes in the timing and volume of the water available for irrigation will threaten
agricultural productivity (IPCC, 2001). Some of the largest irrigation networks in the
world are supported by Himalayan waters (Messerli and Ives, 1997), and changes in
water availability in these major Asian rivers will impact heavily upon the economy
of the region (Matthews et al., 1995), and on the food security of millions of people
who are already described as undernourished (FAO, 1999; UNICEF 1999). While it
may be possible to adapt to changing conditions using novel farming methods and
more intensive land conversion, this could lead to problems of water pollution, soil
erosion and degradation, and subsequent knock-on impacts on the ecology and bio-
diversity of the region (IPCC, 2001).

Poverty is a major constraint to development in the region, affecting as it does well
over half of the regional population (DFID, 2000). Rapid population growth continues
to put a strain on resources, and a reduction in water supply from the mountains could
further affect economic activity by limiting energy from hydropower plants and
hampering industrial productivity. In India, power shortages are already at about 10%
of total electrical energy and 20% of peak capacity requirements (World Bank, 2000),
and in other countries of the region power cuts are a common event. Any possibility
that the energy potential from hydropower may not be achieved (due to climate
change) would have serious implications for the development plans of the whole
region.

Furthermore, industries that require a reliable supply of water, both as an input to the
manufacturing process and as a medium for the dilution of effluent, (e.g. food
processing, mining, paper, chemical and steel production) would also be effected. At a
time when the Government of India is actively promoting poverty reduction
strategies, and the use of renewable energy sources as a clean and sustainable way of
meeting the nation’s growing energy requirements (MNES, 2001), this is a
particularly worrying scenario.

While climate-induced deglaciation may hinder economic development nationally, the
impacts are likely to be hardest felt at the local level by the most vulnerable in society,
particularly the women and children of poor families. Already these are the members
of society who bear the greatest burden of domestic water provision, and reduction in
water resources will make their lives more difficult and more vulnerable to negative
health impacts such as cholera, giardia and salmonella. Since some 25-40% of the
urban population in developing countries already live with little or no access to water
and sanitation (Word Bank, 1997; IPCC, 2001), any further increase would impose
considerable stress on urban infrastructure, yet reductions in rural resources and
livelihood opportunities may create rural out-migration, increasing pressure on
systems already under stress. Numerous social, economic and cultural implications for
both the rural and urban areas are well known (Pebley, 1998).



Much literature is available on the social and economic impacts of climate change in
the region. Bartarya (1997) has highlighted the effect of diminishing water resources
on village life, while Conway et al. (2000) have considered environmental pressures
on the livelihoods of people at the frontier regions of Nepal. ICIMOD (2000) has
examined poverty and social exclusion in the South Asian Highlands, and the specific
impacts of climate change on crop production in Asia have been identified (Iglesias et
al., 1996). The challenges of sustainable development in the Himalayas have been
widely discussed (Ives and Messerli, 1989; Ramakrishnan et al., 1994), and the
implications of climate change for human health have been identified (McMichael et
al., 1996). From these studies it is clear that some efforts should be made to consider
possible adaptation to the impacts of climate change in the region (Sharma, 2001) and,
indeed, some work has been done to address this. Appropriate adaptation strategies
will vary both between and within countries, according to the bio-physical
characteristics of different regions (IPCC, 2001). Specific adaptation options for
Bangladesh have been considered (Ali, 1999) but, in general, such strategies will
involve improving the planning and management of water resources to ensure more
efficient and sustainable use. Such strategies would necessarily be determined in
consultation with local communities and should include measures that are applicable
at local, regional and national level (IPCC, 2001). It is hoped that the outputs of the
SAGARMATHA project will contribute to this process, by identifying stakeholder-
driven adaptation strategies based on consultations at the local, national and regional
levels.



3. Project Purpose

The overall purpose of the SAGARMATHA project is “to assess the seasonal and
long term water resources in snow and glacier fed rivers originating in the
Himalayan region, and to determine strategies for coping with impacts of climate
change induced deglaciation on the livelihood of people in the region”. It is hoped
that this work will enable a better understanding of how water resources may be
influenced by climate-induced deglaciation and, subsequently, how this may impact
on people. The overall aim of this is to identify mitigation and adaptation measures
which may be appropriate for communities in the Hindu Kush Himalaya.

This report is concerned with the activities and outputs associated with that part of the
project that addresses the impact of climate-induced deglaciation on water resources
and livelihoods in the Himalayan region. While the hydrological component of the
project provides a regional model for the whole Hindu Kush Himalaya region, and on
the water resources of the Indus, Ganges and Brahmaputra river basins, the livelihood
impact study has been restricted to selected communities within Nepal. This is due to
the limited resources available for the project, and the fact that within Nepal there is
great diversity of both ecozone type and of livelihood strategies, both of which can
serve as a proxy for communities across the region'. In addition, it was felt that the
security 2situation within Nepal was likely to be most favourable for this type of
research”.

One of the main objectives of the livelihood component of the project was to
investigate how downstream communities would be influenced by deglaciation, and
what possible adaptation strategies could be developed in response to these impacts.
The findings from this research are based on detailed household surveys in 12
communities across the range of ecozones in the study catchment, and on extensive
stakeholder consultation at local, national and international levels. These findings
have been analysed and disseminated to a wide selection of local stakeholders in
Nepal, as well as to a range of international researchers and practitioners from the
region. On the basis of inputs from a number of stakeholder consultation workshops
carried out at different scales, 2 policy briefing notes have been produced to deliver
the research results to policy makers and other relevant groups who represent the
beneficiaries of this work. These can be seen in Appendix 4.5 and Appendix 4.6.

"It is important to stress that while this socio-economic and hydrological variation provides some
insight into how different communities may be impacted by potential changes in water resources, the
results of this specific study cannot be generalised to all types of communities and conditions across the
whole HKH region. These results can only provide a preliminary assessment of how some types of
communities may be impacted by the effects of deglaciation.

2 Unfortunately, the security situation in Nepal deteriorated during the life of the project, coinciding as
it did with the mass murder of the ruling royal family, and the rise of Maoist insurgency in rural areas
(a State of Emergency was declared in Nepal on 23 November 2001). While this did impact on some of
the research and consultation activities, it was possible to safely complete the work by taking care with
the timing and location of surveys, workshops etc.



4. Research Activities

The research activities carried out in this project are summarised below. These
included:

e Community assessment in the Modi Khola catchment;

e Development of a spatial database and GIS mapping of the catchment;
e Upscaling: Modi/Kaligandaki river corridor study;

e Inventory of water use in Nepalese rivers;

e Stakeholder consultation and workshops

All of these activities were carried out as a collaborative effort between the research
team. Local level consultation was carried out by Shiva Rijal, assigned as the case
study researcher for this part of the project. In spite of Maoist insurgency and other
political turmoil in the country, all the work was carried out more or less on schedule,
and the consultation exercise, with various key stakeholders at different scales, was
completed successfully. More details on all the actual activities conducted during the
research are found in the background documents provided with this Final Technical
Report.

4.1 Community Assessment, Modi Khola

In order to establish a base line of understanding about how people live in
mountainous catchments, household surveys were carried out in sample households in
12 communities. These communities were selected on the basis of their geographical
location within the catchment, and provided a longitudinal section from the high
mountain zone right down to the lower areas. Variations in aspect were also taken into
account in the selection of the study villages. The distribution of these settlements
within the catchment is shown in Figure 1, with the study zones and location of the
area within Nepal.
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Figure 1. Study Settlements and Study Zones in the Modi Khola

In addition to the household surveys, information was sought through group
discussions with key informants, and these were further cross-checked by a number of
informal discussions carried out with different individuals or groups during the
fieldwork period. These activities provided community level information about
resources, livelihood assets (natural, physical, human, social and financial capitals)
distributional issues and current utilization patterns, and qualitative information about
people’s perceptions of climate change and its relation to local livelihoods. For this
purpose, groups consisting of 5-10 persons representing different occupational groups
were brought together, including elected persons, social workers and farmers were
formed for group discussion. A photograph from one of these sessions is shown in
Figure 2. Participants were mostly senior persons from the community. A total of 12
groups were organized for discussion, one per selected settlement.



Figure 2. Group discussion in Landruk, Modi Khola

Discussions were facilitated in Nepali by a Nepalese project team member, and
responses were recorded by an assistant. During discussions, participants also made
maps on the ground (with sticks, pebbles etc.) showing areas of snow cover, and
changes in the area and density of forest and pasturelands. These maps were checked
and compared with topographical maps of the area. Consensus and majority views
were recorded. A checklist (see Appendix 1.4) was used to promote discussion.
Details of group composition by community are given in Table 1. Results from the
community surveys and group discussions are provided in Section 5.1.



Table 1. Composition of community discussion groups

Settlements No. of | Group composition
particip
ants
Chhomrong 9 | Ward chairman and chairperson of mother's group,

businessman, farmers and electricity users
committee members (Chairman and Secretary)

Melache 5 | Teachers, and farmers (1 female)

Ghandruk 7 | Ward chairman, female representatives
(Chairperson and member of mother's group),
teacher, and farmers

Landruk 9 | Ward chairman, teacher, businessman, and farmers
Syaulibazar 5 | Teacher, farmers and businessman

Moharia 6 | Ward chairman and farmers

Rele/Halzure 6 | Farmers (1 female)

Halhale 10 | Social worker, VDC secretary, and farmers
Bajung 5 | Vice chairman of VDC, teacher, farmers

Jhorbang 5 | Teachers, social workers and farmer

Chuwa 5 | VDC chairman, and farmers

Katuwa Chapari 7 | Social worker, teacher, farmers

Source: Rijal 2002.
4.1.1 Development of a spatial database and use of GIS mapping

In addition to the qualitative, participatory mapping approach described above, a
spatial database was developed with the use of Geographic Information Systems
(GIS) technology and methods. A spatial database for the Modi Khola catchment was
developed by digitizing existing hard-copy maps and from the georeferencing of
primary data from the community survey and an inventory of water use in the area.

Existing topographical and political maps (at scales 1:25,000 and 1:50,000) were
digitized and data extracted relating to elevation, major rivers, land use and land
cover, administrative boundaries, roads, services and settlements.

An inventory of different water uses was made for the whole catchment through
observation by team members and in consultation with local people and spatially
referenced with the aid of GPS (Global Positioning System) receivers. The water uses
recorded include water mills, irrigation canals, power plants, woodcarving workshops,
sources of piped water supply and religious and culturally important places. The
inventory included the taking of a number of photographs of related locations,
infrastructure and people. Figure 3 shows the Modi Khola catchment and some
features including the location of domestic water sources, micro-hydro generation
sites and the study settlements. Figure 4 shows a local water mill and its operator.
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Figure 3. Water use in the Modi Khola

Figure 4. Water use in the Modi Khola: local water mill and operator
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The creation of this integrated digital database provides a useful set of baseline
information from which future work in the area can draw. The database itself is
currently held in the University of Tribhuvan, Katmandu. See Appendix 2 for a
background to the GIS approach, and additional examples of mapping from the spatial
database.

4.2 The Modi/Kaligandaki river corridor study

To investigate the potential impacts of deglaciation at a wider scale, a study of the
whole Modi/Kaligandaki river corridor was initiated during this study. This was
designed to examine which large scale riparian activities may be impacted by climate
change, and the extent to which such activities could be influenced by possible
changes in river flows. On the basis of model outputs, a hypothetical scenario of 50%
deglaciation for Himalayan glaciers indicates that runoff in snow and ice-fed rivers is
likely to be affected for a distance of up to about 100km downstream from the
glaciers. In higher precipitation areas, these impacts are likely to be less significant
than in areas where precipitation is lower. Modeling also indicates that this trend is
consistent for any level of deglaciation, and there is a clear difference between eastern
and western areas of the region in terms of the degree of impacts likely to be felt. This
is mostly due to the fact that in the western part of the Hindu Kush Himalaya,
precipitation is much lower than in the east, particularly in the upper Indus region. In
addition to this east-west variation, there is also considerable variation in potential
climate induced impacts as a result of altitude and aspect in different locations.

As a way of linking to the studies carried out at the community level, a ‘basin scale’
assessment was made using data collected along the whole length of the river, from
the headwater areas of the Modi Khola, to its confluence with the Kaligandaki, and
along the Kaligandaki river down to the Nepal-India border. The study area was
divided into four sections from upstream to downstream:

1) The Modi river from Ghandruk to Kusma,

i1) The Kaligandaki river from Kusma to Rampur,

111) The Kaligandaki river from Rampur to Devghat, and

iv) The Gandaki river from Devghat to the Nepal-India border.

The hypothesis tested by this survey was determined on the basis of hydrological
modelling, which suggested that as the distance increases from the glacial source of
the Modi Khola, changes in the hydrological regime as a result of deglaciation
becomes less significant.

Along the river corridors of the Modi/Kaligandaki rivers there are nine districts
namely Kaski, Parbat, Baglung, Gulmi, Syangja, Palpa, Tanahun, Nawarparasi and
Chitawan, and the specific area studied within these districts is shown in Figure 5.
These areas contain a total population of 617,368 persons, and these people live in
communities located on either side of the river (Table 2). In Nepal, the smallest
administrative unit is the Village Development Committee (VDC), and water from the
Modi and Kaligandaki rivers are used directly or indirectly by the people in more than
116 VDCs, as well as some of those living outside those areas.

11
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Table 2. Number of adjoining Village Development Committees and population by

district
Number | Population

Name of district of VDCs | (2001)* Remarks
Kaski 4 17,853 | Headwaters
Parbat 22 63,745 | Upper/middle
Baglung 7 27,485 | Middle
Gulmi 9 31,026 | Middle
Syangja 15 81,340 | Middle
Palpa 17 77,524 | Middle/lower
Tanahun 8 48,556 | Lower
Nawalparasi 28 204,381 | Lower/lowest in Nepal
Chitwan 6 65,458 | Lowest in Nepal
Total 116 617,368

Source: CBS, Population census, 2001

To collect information on water use patterns along the Modi and Kaligandaki rivers,
group discussions and key informant interviews were carried out on any installation or
community within 2.5km either side of the river. To examine livelihood impacts,
these discussions were focused on energy (the supply of hydro-electricity and
operation of water mills), production (irrigation, industrial use, fishing etc.) and
household consumption of river water (drinking, washing and livestock feeding), as
well as other religious and recreational activities. Results of this investigation are
shown in Section 5.2 and some pictures of water use impacts are shown in Figures 6

and 7.
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Figure 7. The Modi Khola downstream of the hydropower intake, March 04. This
highlights the problem of downstream low flows observed after the plant construction.

4.3 Inventory of water use in the rivers of Nepal

In addition to the detailed water use inventory carried out in the study catchment of Modi
Khola, a water use inventory of all other rivers of Nepal was prepared through the
collection and rigorous review of published secondary statistical data and information
from several national and international organizations in Nepal. The inventory of water
use in the rivers of Nepal includes information on irrigation, hydropower, industrial use,
household water supply, fishing, and water transportation. The major sources of
information were the Water and Energy Commission Secretariat, Department of
Irrigation, Nepal Electricity Authority, Center for Rural Technology and the Nepal
Association of Rafting Agents. The full report Inventory of Water Use in the Rivers of

Nepal is included as one of the background documents attached to the SAGARMATHA
Final Technical Report.

Many of the datasets collected have been spatially referenced and integrated for display
and analysis using GIS software. Figure 8 shows the status of hydropower development
across the country and highlights snow-fed river locations.
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Figure 8. Hydropower development across Nepal

See Appendix 2 for background and additional examples of mapping from the water
use inventory.

4.4 Stakeholder consultation and workshops

One of the most effective ways to evaluate conditions and behaviour in any location is
through the process of participatory appraisal and consultation (Pretty et al., 1995).
During the course of the SAGARMATHA project this was seen to be an important part
of the research process, and consultation with communities and stakeholders took place
at local, national and regional levels. To produce effective outputs from this research,
the information generated from this multi-sectoral consultation has been combined with
other findings from the project and used as the basis for the development of a policy
briefing note. This is shown in section 5.4.6 and it is hoped that this will be seen as a
useful way of delivering the project findings to target institutions and project
beneficiaries. Posters consolidating these findings and a comprehensive CD of
workshop proceedings have also been distributed to key stakeholders.

4.4.1 Objectives of stakeholder consultation

Any changes in water availability in the river resulting from deglaciation will have
direct and indirect impacts on people's livelihoods. Floods, landslides, bank cutting
and changes in river course as well as destruction of water delivery infrastructures are
possible hazards of the increase river flows, whereas decreases in river flows will
cause major water shortages, and infrastructure failure, influencing industry,
hydropower, irrigation, drinking water projects, and water transportation.
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The major objective of stakeholder consultations carried out as part of this project was
to gather information, ideas and knowledge from local people, experts, water
scientists, and other concerned authorities about how water resource impacts may be
felt by different sectors of the economy and different social groups. This was then
used to provide the basis for the development of adaptation strategies to cope with the
impacts of climate-induced deglaciation. These consultation activities were carried
out during the second part of the project period, and key local, regional and
international workshops were held over a period of four months at the beginning of
2004. In these workshops, information from the project was disseminated (including
model results where relevant) and structured consultation was carried out (see
Appendix 3 for the consultation documents used in the various workshops).

4.4.2 Modi Khola workshops: consultation at the local scale

Two stakeholder meetings were organized in the Modi Khola catchment, one at
Kusma and another at Ghandruk, representing downstream and upstream sub-regions
respectively. People from all the villages selected for the household survey were
invited to participate in these meetings. There was participation by representatives of
all villages except Halhale, Mohoria and Landruk. Participants represented many
different groups, including farmers, social workers, technicians, businessmen and
representatives of hotel keeping and tourism activities. Official representatives from
district irrigation, drinking water, electricity authority, and alternative energy
development also participated in the meeting. Participant lists for these meetings are
provided in Appendix 3.1.1. A leaflet was prepared prior to these meetings and
distributed to all participants along with a background document in Nepali. A
community workshop feedback sheet was also used to collect potential responses of
the groups regarding adaptation strategies. Documents used in the meetings are
provided in Appendix 3.1.

The local consultation meetings were divided into two sessions. In the first session, a
brief account of the project, its objectives etc. were provided. In the second session,
the major findings of the socio-economic survey carried out in the Modi Khola were
presented, with requests for comments. Participants were encouraged to express their
views, feelings and their experiences on different aspects of climate change and
possible impacts on livelihoods. The views and experiences shared by participants
were listed and recorded.

During the second session, detailed discussions on adaptation strategies took place. A
round-table discussion was organized to facilitate interaction and group deliberation
on possible adaptation strategies and a community workshop feedback sheet was
used. Each participant had a chance to express his or her views and at the end of the
meetings preliminary conclusions were drawn. Participants in local stakeholder
workshops in the Modi Khola are shown in Figures 9 and 10.
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Figure 10. Participants of the Local Stakeholder Workshop in Kusma, March 2004

4.4.3 The Kaligandaki corridor workshop — consultation at the basin scale

This one-day workshop took place on April 21% 2004 in Pokhara, Nepal. The
objective of this workshop was twofold. Firstly, it was to provide feedback to relevant
stakeholders about the work and findings of the project and secondly, it was used for
the purpose of consultation on potential adaptation strategies. Outputs from these
discussions were also used to generate the content of a policy briefing note for later
delivery to relevant policy makers and others.

Participants from all relevant groups in the region attended the workshop. These
included government officials from a number of relevant offices, academics from the
local science community, water resource managers, hydro-power engineers, NGOs,
farmers, tourism officials and local political representatives. A total of 38 local
stakeholders attended including 5 women. Presentations were given in both Nepali
and English, with translations provided by members of the project team. Participants
at the meeting are shown in Figures 11 and 12 and materials used in the workshop are
shown in Appendix 3.2.
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Figure 11. Pokhara workshop delegates

Figure 12. Groups in discussion at the Pokhara workshop

In the opening session of the workshop the nominated chairperson Mr. Kamal Man
Gurung, chairman of the Kaski District Development Committee, highlighted the
importance of work to investigate climate change impacts on Nepalese glaciers, citing
the recent problems of glacial lake outbursts and flooding in the Madi River, and dry
landslides in the Kimrung river, a tributary of the Modi Khola. This was followed by a
presentation by the chief guest, Mr. Bodh Raj Adhikari, Regional Administrator for
the Western Development Region of Nepal. These presentations were followed by
scientific presentations by various project team members to deliver the results of the
study to the participants.

The second part of the workshop provided the opportunity to investigate group
perceptions of various adaptation options, and to generate inputs to the policy briefing
note, a useful output from the project. These were separately addressed in two
discussion sessions. In the ‘adaptation options’ session, participants were allocated to
groups on the basis of their professional backgrounds to provide a good cross section
in each group. They then spent the first part of the breakout period discussing possible
adaptation strategies which were distributed on feedback sheets. After discussion,
they developed a group response to the listed issues and recorded these on the
feedback sheets (one for each group). These were also supported by flip chart sheets
which were used to enable feedback to all participants by a rapporteur from each
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group. The results of these group discussions are shown in Section 5.4.2.2, in Tables
17,18 and 19.

In the ‘policy briefing note’ consultation session, all participants were given a
consultation document relating to the proposed policy briefing note (see Appendix
3.2.7). These were first completed on an individual basis to enable more detailed
information to be collected, and to ensure full representation of all issues raised. The
same issues were then discussed by each group and a summary consensus group
version was produced. At the end of lengthy and enthusiastic discussion, each group
reported back to the plenary session. Preliminary analysis of individual feedback
sheets was also made to provide information to the plenary group about what had
been said by individuals. This was analysed more comprehensively after the
workshop. The suggestions made by both individuals and the groups on issues to be
included in the policy briefing note are provided in Section 5.4, and Appendix 3.2.3,
which also includes other details of the workshop.

At the end of the workshop, concluding remarks were provided by Dr. Binyak
Bhadra, Deputy Director General at ICIMOD. This provided the opportunity to
present a summary of the issues raised during the breakout and feedback sessions. He
congratulated the participants on their diligence and interest in the topic and the
variety of suggestions and comments received. He pointed out that it was important to
consider the effect of the rain-shadow in certain places in the catchments in the high
mountain areas. Mr Rees pointed out that this had been taken account of in the model
developed during the project. The meeting concluded at 7pm with full participation
for the whole day. A heavy hailstorm event occurred during the meeting providing a
perfect example of the problems which can be faced as a result of extreme events.
Much damage to vegetation (including crops) in the area was observed. After the
workshop, all participants were sent a CD of the presentations, the posters, other
relevant information, and a draft version of the completed policy briefing note.

4.4.4 The International stakeholder consultation workshop, New Delhi, India

This workshop was held over two days at the end of April 2004 and designed to
provide feedback from the project to relevant stakeholders from different countries of
the Hindu Kush Himalaya region, and also to the international scientific community.
In addition, it was an important opportunity to examine the views of stakeholders
concerned with larger scale issues on the potential impacts of climate change on water
resources and possible adaptation strategies which could be developed.

This workshop was attended primarily by senior government officials from a number
of different departments and from a number of countries, along with several
representatives of the international research community in the region. The inaugural
address was provided by the Chief Guest, Mr Shri S.K. Das from the Central Water
Commission, Government of India. In his address, he highlighted the vast numbers of
people who were dependent on glacial meltwater and pointed out the huge
significance of both irrigation and hydropower to the continued development of the
Indian economy and its efforts towards poverty alleviation. Presentations were given
both by the project team and by representatives from other countries in the region
where different types of climate induced impacts may be seen. The situation faced in
India, Nepal, Bangladesh and Bhutan was described in these sessions, and this
provided the opportunity to highlight significant regional variations in potential
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impacts. Many of the speakers highlighted the importance of including site specific
issues in model design and interpretation, and on potential adaptation strategies.
Participants at the workshop are shown in Figures 13 and 14.

Figure 13. Delegates at the Delhi workshop

TATIONS FOR WATER RESOURCES
005 1 THE KIMALAYAS

Figure 14. Group discussions

As with the Pokhara basin-scale workshop, this meeting provided an important
opportunity for stakeholder consultation to be carried out. Once again, the focus of
this consultation was on adaptation strategies and on the generation of a policy
briefing note as an important form of dissemination of project results. The whole of
the second day of the workshop was devoted to discussions of impacts and adaptation
strategies and, in this case, attention was focussed on 3 areas — hydropower, food
security, and commerce and tourism. Again, participants were divided into three
groups and both individual and group responses were collected to obtain maximum
information from the consultation exercise. Documentation used at the workshop is
provided in Appendix 3.3 and the final draft of the policy briefing note generated
from the workshop is shown in Section 5.4.6. Once again, participants were sent a CD
of information from the project and the workshop after its completion.
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5. Research Findings

The various forms of investigation used in this project have facilitated the development
of a more comprehensive understanding of livelihood issues in the Hindu Kush
Himalaya region. Local knowledge and views have been instrumental in characterizing
these livelihoods and their relative importance. In terms of the identification of
adaptation strategies, this has meant that potential actions have already been considered
by local people and other stakeholder representatives. This paves the way for further
awareness raising and policy implementation at some future date.

This section provides an overview of key issues which arose as a result of these
investigations. For more detail refer to the project report Water and Livelihoods in
Mountain Areas: A Case Study of Modi Khola Watershed, Nepal, included in the
background documents attached to the SAGARMATHA Final Technical Report.

5.1 Findings from the household surveys.

Some 75,000 people live in the Modi Khola, with the majority living at altitudes
between 1000 and 2000 metres. A total of 360 households were surveyed during the
study, representing 2,331 people. Table 3 shows how this population is distributed in
the different altitude zones.

Table 3. Total and sample population of Modi Khola by altitude zone

Estimated

population Sample Sample | Avg. HH
Altitude zone|  Altitude (Census 2001) HHs population size
Lower zone <1000 m 12,500 60 443 7.4
Middle zone {1000-2000m 56,200 150 995 6.6
Upper zone P2000m 6,300 150 893 6.0
Modi Khola 75,000 360 2331 6.5

Source: CBS, Population census, 2001

5.1.1 Primary occupations in the Modi Khola

Taking the Modi Khola as a whole, most people (48.8%) consider agriculture as their
primary occupation, although 28.9% say they spend most of their time studying,
reflecting the high proportion of the population who are below 25. For some 13%,
‘Service’ is the third major occupation. How occupations vary according to altitude
zone is shown in Table 4.
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Table 4. Occupations in the Modi Khola, 2002 (Age 10 years and above)

% in occupation in each altitude zone

Occupation Lower Middle |Upper Total number

No occupation 26.7 42.2 31.1 45
Agriculture 15.7 44.6 39.7 906
Business 36.1 30.6 333 36
Service 22.4 423 35.3 241
Sikarmi/Dakarmi 0.0 85.7 14.3 7
Tailoring 100.0 0.0 0.0 3
Labour 0.0 57.1 42.9 14
Study 24.1 39.6 36.4 536
Other 18.8 18.8 62.3 69
Total 19.7 41.7 38.6 1857

Source: CBS, Population census, 2001
5.1.2 Land use and agriculture in the Modi Khola

The Modi Khola catchment is primarily forested, although over 28% of the area is
covered by snow and ice or rocky cliffs. On the sunny aspects the sun heats up the soil
and there is significant diurnal and spatial variation in temperatures and crop yields.
Almost 20% 1is cultivated, with paddy rice being the most important in terms of
production followed by maize and millet. Figure 15 shows some typical scenes of
agricultural activities in the Modi Khola and emphasise the labour-intensive nature of
this type of farming. Land cover and crop production data are shown in Tables 5 and 6
and they show how production of certain crops is influenced by altitude zone. It may
be noted that this indicates which crop types may be more vulnerable to climate

change impacts.

Figure 15. Agriculture in the Modi Khola

B
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Table 5. General land use, Modi Khola, 2002.

Land use Area (km®) %

Cultivated land 133.3 19.7
Forest 256.7 37.9
Grass 64.6 9.5
Bushes 17.1 2.5
Glacier/Ice 105.9 15.7
Rock/cliff 91.7 13.6
Sand/Gravel 6.3 0.9
Water bodies 1.0 0.1
Other 0.2 0.0
Total 676.8 100.0

Source: Topographical maps of Nepal

Table 6. Area, production and yield of different crops

Crops Lower zone | Middle zone | Upper zone Total

Aread 26.3 89.6) 13.3 129.2

Production 61,850 100,800 12,588 175,238

Paddy Yield| 2,350 1,125 946 1,356
Area) 19.5 56.8 44.7 120.9

Production| 31,886 56,880 34,833 123,599

Maize Yield| 1,633 1,001 779 1,022
Area) 6.2 433 35.5 85.1

Production| 8,359 48,453 33,495 90,307

Millet Yield| 1,341 1,119 944 1,061
Area 7.7 15.2 3.7 26.5

Production| 13,739 11,576 3,149 28,465

'Wheat Yield| 1,773 761.5 851 1,075
Area 0.8 2.2 8.3 11.4

Production| 2,145 1,753 7,729 11,628

Barley Yield| 2,570 797 931 1,020
Area 2.4 5.5 20.8 28.6

Production 11,420 15,615 47,835 74,870

Potato Yield| 4,804 2,839 2,300 2,615

Source: Rijal, S. Household Survey, 2002

5.1.3 Vulnerability in the Modi Khola

As in many countries, subsistence households often have difficulty with the cash flows
needed for participation in a modern economy. School fees, health costs, footwear etc.
usually require cash payments. An indicator of the vulnerability to cash crises, the
percentage of people in a society who are in receipt of a loan of any type represent
households whose consumption patterns are likely to outweigh their income streams.
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This is clearly an unsustainable situation, likely to increase household vulnerability and
food insecurity.

On this basis, we can see that households in the lower zone are much less likely to be in
receipt of loans than those in the upper zones. More detailed investigation would be
needed to explain why these differences exist, but they do indicate the increased levels of
vulnerability felt in communities living at higher altitudes. Sources and receipts of loans
in the different altitude zones are shown in Table 7 and 8. Banks are the major provider
of loans in the lower zone, but elsewhere they are much less important. In the middle and
upper zones, local merchants and relatives provide the majority of loans. This reflects
that there is less social capital available to local communities in these upper areas.

Table 7. Percentage of households receiving loan

Loan status Lower zone | Middle zone | Upper zone

Yes 25.0 41.7 56.1

No 75.0 58.3 43.9

Total 100.0 100.0 100.0

Source: Rijal, S. Household Survey, 2002

Table 8. Sources of loans

Sources Lower zone Middle Upper Total
No %' No % | No % | No | %

Bank 27 1450 28 187 9 6.0 | 64 [17.8

Community fund 3 5.0 9 6.0 2 1.3 | 14 | 39

Local merchants 17 | 283 37 1247] 29 | 193 | 83 |23.1

Relatives 14 233 31 [20.7] 26 [ 173 | 71 [19.7

Source: Rijal, S. Household Survey, 2002
'percentage of all surveyed households in each altitude zone

Another factor that will influence a household’s vulnerability to the hydrological
impacts of climate change is the availability of more than one source of water. In
these communities we found that, in general, people use the rivers for domestic use
when boreholes and wells run dry. As can be seen in Table 9, in some areas it was
stated that there was no alternative source and of course, in this case, these households
are particularly vulnerable.
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Table 9. Alternative water sources if present source of water not functioning

Alternative sources | Lower zone | Middle zone | Upper zone Total
No % No % No % No %
Modi 31 51.7 65 433 10 | 6.7 | 106 |294
Malyangdi 16 26.7 0 0.0 1 0.7 17 | 4.7
No alternative (Modi) 7 11.7 11 7.3 6 40 | 24 | 6.7
Jhari khola 0 0 11 7.3 0 0.0 11 3.1
Makes no difference 0 0 2 1.3 0 0.0 2 0.6
Other bigger river
(nearby area) 6 10 61 40.7 | 133 |88.7| 200 |55.6
Total 60 100 150 100 | 150 | 100 | 360 | 100

Source: Rijal, S. Household Survey, 2002

In all altitude zones, loss of crops from water related natural disasters was reported.
There were marked differences, however, between the zones since the low altitude
zones suffered mostly from drought, hailstones and floods and landslides, while in the
high altitude zone hailstones were by far the most damaging impact, with 80% of
households reporting that problem. Other damaging impacts on crops in the upper
zone were landslides and drought. Hailstorms were also widely reported in the middle
zone, with landslides being the second major cause of crop loss. Details of disaster
impacts on crop loss are shown in Table 10.

Table 10. Households reporting loss of property by water induced disasters

Lower zone Middle zone |Upper zone [Total
Land HH % HH % HH % HH %
Flood 7 11.7 16 10.7 5 33 28 7.8
Landslide 7 11.7 38 253 | 32 21.3 77 | 214
Crop 0.0 0.0 0.0 0.0
Flood 2 33 9 6.0 0 0.0 11 3.1
Draught 8 13.3 20 133 | 29 19.3 57 | 15.8
Landslide 2 33 13 8.7 7 4.7 22 6.1
Snow/avalanche 0 0.0 0 0.0 5 33 5 1.4
Hailstorm 9 15.0 95 633 | 120 | 80.0 | 224 | 62.2
Storm 1 1.7 8 53 4 2.7 13 3.6

Source: Rijal, S. Household Survey, 2002

5.1.4 Community perceptions of the impacts of climate change and extreme events

In all communities, widespread views on the impacts on various crops were expressed.
These are summarised in Table 11, but it is clear that in the lower zone more people
think that the overall crop area remains much the same over the last 10 years, but there is
much more uncertainty about productivity and more views indicating change.
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In the middle zone, many respondents suggested that there had been little change in crop
area, although 40% did feel that there had been a decrease in the productivity of paddy
rice production. Responses indicated significant variation in views about changes that
had occurred in productivity, but it seemed that respondents’ thoughts on crop
productivity was more variable than in the lower zone.

In the upper zone, the majority of respondents indicated that they felt that crop area had
not changed very much in the last 10 years but, in terms of productivity, respondents
suggested most change would occur in relation to maize, millet and potato which were
all seen to be declining.

Table 11. Proportion (%) of households reporting changes in area and productivity
of different crops (within 10 yrs)

Area Productivity

Lower No No
Zone response | Increase |Decrease| Same |response|Increase Decreasel Same
Paddy 6.7 16.7 15.0 61.7 10.0 26.7 35.0 | 283
Maize 0.0 13.3 11.7 75.0 5.0 233 25.0 | 46.7
Millet 28.3 8.3 6.7 56.7 31.7 16.7 16.7 35.0
Wheat 20.0 10.0 13.3 56.7 28.3 15.0 21.7 35.0
Barley 88.3 1.7 0.0 10.0 88.3 5.0 1.7 5.0
Potato 18.3 8.3 6.7 66.7 21.7 18.3 13.3 46.7
Other 76.7 1.7 5.0 16.7 81.7 3.3 1.7 13.3

Middle zone
Paddy 12.7 12.7 20.7 54.0 12.7 9.3 40.0 38.0
Maize 53 12.7 17.3 64.7 53 11.3 38.0 | 453
Millet 8.0 13.3 14.7 64.0 7.3 10.7 30.7 51.3
Wheat 57.3 53 9.3 28.0 58.0 2.7 17.3 22.0
Barley 91.3 0.7 33 4.7 92.0 0.0 33 4.7
Potato 44.7 53 7.3 42.7 44.0 7.3 15.3 333
Other 73.3 0.7 1.3 24.7 74.7 1.3 8.7 15.3
Upper zone
Paddy 70.0 1.3 4.7 24.0 72.7 1.3 15.3 10.7
Maize 17.3 2.7 9.3 70.7 18.0 9.3 38.0 34.7
Millet 26.7 1.3 9.3 62.7 26.0 6.0 29.3 38.7
Wheat 84.7 0.0 2.7 12.7 84.7 0.0 8.0 7.3
Barley 70.7 0.0 2.0 27.3 71.3 2.0 10.0 16.7
Potato 23.3 4.0 53 67.3 24.0 12.7 37.3 26.0
Other 86.7 0.0 1.3 12.0 86.0 0.0 8.0 6.0

Source: Rijal, S. Household Survey, 2002

Table 12 indicates people’s views on the impact of changing weather patterns on
farming. While very few respondents thought that food shortages would occur, it was
clear that both the middle and upper zone inhabitants considered longer (colder)
winters likely to reduce crop production. This could imply that shorter (hotter) winters
may increase productivity, but this would have to be examined before conclusions
could be drawn. Since the IPCC (2001) clearly shows the tendency of temperatures to
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be rising, there could be a positive benefit in crop production, although the impact of
increased yields on crop prices is uncertain.

Table 12. Impacts on farming if cold weather continued until March

Lower zone | Middle zone | Upper zone Total

No % No % No % No | %
Makes no difference 39 | 65.0 | 42 | 28,0 | 22 14.7 | 103 | 28.6
Production decreases 19 | 31.7 | 108 | 72.0 | 124 | 82.7 | 251 | 69.7
Creates food shortages
due to decline in

roduction 2 33 0 0.0 4 2.7 6 1.7
Total 60 100 | 150 | 100 | 150 | 100 | 360 | 100
Source: Rijal, S. Household Survey, 2002

During the household surveys, people were asked their views on a number of possible
environmental changes observed over the last 20 years. These are summarised in
Table 13. It is interesting to note that the majority of views expressed some positive
indications relating to forestry, with most people (69.4%) observing that forest cover
has increased. This was also reflected in the majority suggesting crown cover and tree
species diversity also had increased. While fodder seemed to be more available, time
and fuelwood were definitely thought to have decreased in the same period. This
perhaps suggests that structural changes may be occurring in forest areas, possibly the
result of both deforestation and of reforestation projects.

A decrease in land productivity was observed by 48% of respondents but, on the
positive side, 67% felt that water collection distances had decreased, indicating water
access had been improving over the period. The majority of respondents considered
that there had been no change in rainfall, temperature or snowline (57.8%), and 68%
felt that river flows were unchanged. Availability of forest foods, litter and herbs
remained the same according to the majority of respondents, along with crop diversity
(86%).

Land productivity is influenced by many factors but, if a declining trend is already
observable, it is likely that additional climate-induced variability will strengthen that
downward trend. While some 70% reported no change in the rate of flooding, drought
periods were reported to have created crop losses. This suggests that more research
should be initiated to investigate potentially robust crop types, or those which would
improve under the expected conditions. This research should be a participatory
investigation involving local communities and farmers groups.
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Table 13. Overall perception on environmental changes in local conditions (within 20
years)

Perception on %]Increase| | %Decrease %Same
Total agricultural area 10.0 44.7 45.3
Area under cereal crop 8.3 36.7 55.0
Area under fruit 41.4 9.7 48.9
\Area under vegetables 594 2.8 37.8
Crop diversity 11.7 2.2 86.1
Crop intensity 16.1 2.5 81.4
Productivity of land 19.7 49.2 31.1
Use of improved seeds 514 3.1 45.6
Use of fertilizer 394 5.8 54.7
Use of pesticides 24.4 2.8 72.8
Area of forest 69.4 8.1 22.5
Number of tree species 54.4 53 40.3
Crown cover 55.6 8.3 36.1
Availability of fuel wood 19.7 47.2 33.1
Availability of timber 17.8 46.7 35.6
Availability of fodder 514 9.2 39.4
Availability of litter 23.9 18.1 58.1
Availability of herbs 7.5 10.3 82.2
Wildlife 80.3 6.4 13.3
Availability of forest food 11.1 20.0 68.9
Area under pasture 6.9 47.5 45.6
Productivity of pasture 10.6 294 60.0
Area of wasteland 11.1 40.6 48.3
Use of wasteland 39.2 7.2 53.6
Surface runoff 23.3 16.4 60.3
Soil erosion 32.2 17.2 50.6
Landslide 29.7 13.9 56.4
Floods 15.6 53 79.2
Pesticides 34.7 8.6 56.7
Forest fire 33 49.2 47.5
Water quantity 15.8 11.7 72.5
Water quality 25.3 10.8 63.9
Water collection distance 3.6 67.8 28.6
Rainfall 40.3 8.1 51.7
Temperature 28.9 13.1 58.1
Snow line 18.1 24.2 57.8
\Volume of river flow 21.7 9.7 68.6
Changes in season 11.1 1.9 86.9

Source: Rijal, S. Household Survey, 2002

In response to discussions on the impacts of increased rainfall, respondents from the
higher altitude zone were much more conscious of potential negative effects, as
shown in Table 14. Crops and infrastructure were considered the most vulnerable

28



sectors, with large numbers of people being affected particularly in the middle altitude
zone.

Table 14. Estimated number of people likely to be impacted adversely by more
rainfall

% People considering more |[Number of people likely to

Impacts on | rainfall as negative impact be impacted
Lower zone
Crops 50.0 6,250
IAnimals 50.0 6,250
People 53.3 6,667
Forest 38.3 4,792
Infrastructure 68.3 8,542
Middle zone
Crops 76.1 42,774
Animals 62.5 35,125
People 65.6 36,842
Forest 44.7 25,134
Infrastructure 73.6 41,369
Upper zone
Crops 91.7 5,775
lAnimals 80.0 5,040
People 80.0 5,040
Forest 50.0 3,150
Infrastructure 83.1 5,233

Source: Rijal, S. Household Survey, 2002

Rising temperatures are a further likely characteristic of climate change over the next
century (IPCC, 2001). In this case, communities in lower parts of the catchment are
clearly concerned, while those in the upper and middle zones do not see that so much
as a problem, although large numbers of people are likely to be impacted by this as
shown in Table 15.

Table 15. Estimated number of people likely to be impacted adversely by hot weather

29



% People considering hot |Number of people likely to be
Impacts on weather as a negative impact impacted
Lower zone
Crops 85.0 10,625
Animals 81.7 10,208
People 80.0 10,000
Forest 73.3 9,167
Infrastructure 85.0 10,625
Middle zone
Crops 43.3 24,353
IAnimals 40.8 22,948
People 48.1 27,007
Forest 54.4 30,598
Infrastructure 46.9 26,383
Upper zone
Crops 10.8 683
Animals 9.4 592
People 8.1 510
Forest 27.8 1,751
Infrastructure 19.2 1,210

Source: Rijal, S. Household Survey, 2002

5.1.5 Conclusions from the household surveys

On the basis of this and the rest of the information generated by this study (see Rijal
2002, Khanal et al. 2003 and other project background papers?), it can be concluded
that the groups most likely to be vulnerable to climate-induced hydrological variation
are those living at higher and middle altitudes. Large numbers of people live in the
middle altitudes in the Modi Khola and if the change in climate is characterised by
shorter warmer winters, it may be that increases in crop productivity will be observed.
While this suggests an improvement in food security the impact on farm incomes is
uncertain. If, on the other hand, winters are colder and longer, crop production is
likely to fall. This highlights the uncertainty associated with climate impact research
and emphasizes that great care must be taken when interpreting the results.

5.2 Findings from the Kaligandaki Corridor Survey

On the basis of the modelling results, it is likely that the Kaski and Parbat districts
located in the upper part of the corridor will be considerably influenced by any change
in runoff due to deglaciation. In the middle part of the corridor, the Baglung, Parbat,
Gulmi and Syangja districts may experience high to moderate impacts, with Palpa and
Tanahun in the in the lower part of the corridor are likely to be less effected. In the
far downstream areas of southeastern Nawalparasi and western Chitawan, impacts
will be least marked. In addition to the direct impacts of changes in flow rates of the

? Project background papers are provided in a separate volume.
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Kaligandaki, the combined effects of other snow-fed rivers such as the Seti, Madi,
Marsyangdi, Budhigandaki and Trisuli will also be felt downstream of Devghat where
they influence the Kaligandaki flows.

Any changes in hydrological regimes can have serious consequences for infrastructure
such as dams, hydropower and irrigation schemes. Currently, there are three
hydroelectricity projects in the corridor. Another three have been proposed and
planned. The Modi Khola hydroelectricity project is located at the Deupur VDC in
Parbat district, and was completed in 2000 with an installed capacity of 14.8MW. The
29.1GWh of power generated is partially distributed locally with the remaining
transmitted to the national electricity transmission grid through a 37 km long 132 kV
transmission line to Pokhara substation.

In the middle part of the corridor, at Mirmi in Syangja district, is the Kaligandaki ‘A’
hydroelectricity project. It was completed in 2002 and is expected to generate about
868 gigawatt-hours (GWh) of electric energy per annum. The power is connected to
the central grid to the Pokhara and Butwal substations. The Gandak hydroelectricity
project is near the Nepal-India border and has an installed capacity of 15 MW. This
was constructed by India after agreement between the governments of Nepal and
India in 1959. Control of it was given to Nepal in 1981 and its output is shared
between the India and Nepal national grids. A total of 527446.37 MWh power was
generated in 2002/03 from these three hydropower projects, generating a revenue
stream” of some Rs 353,389,067,900 for 2002/03 (NEA, 2003). This is a significant
sum and would be at risk if these power stations were adversely influenced by
changes in river flows.

Two of the three other proposed hydroelectric projects planned for construction in the
headwaters of the Modi Khola area are likely to be affected by deglaciation. To take
account of this, it will be important to consider the impact of changes in runoff, both
on infrastructure and on power generation design. The Kaligandaki II has been
proposed in the lower part of the corridor, so the impact of deglaciation will be less
significant but the impact of increased extreme precipitation and floods is still to be
assessed.

Another very important traditional use of water is to power water mills for grinding
food grains particularly paddy, maize, millet and barley. In some areas, local people
have been using water in this way for many centuries and they are an important part
of the local social and physical capitals. There are altogether 55 water mills run by
water from the Modi River in the upper part of the catchment. Some 3,320 households
directly benefit from these mills, and they provide an important link in the food
security chain. The average annual income earned by mill owners is estimated to be
Rs 1500, so they contribute to financial capital as well. However, there are only a few
water mills run on the Kaligandaki River. The Kaligandaki is large and flows in a
confined gorge, providing limited water for water mills. About 50 percent of the water
mills in the Modi Khola basin are seasonal but the rest operate throughout the year. In
the event of climate change induced deglaciation, some of these mills may be
effected, especially the seasonally operated ones.

There are a total of 11 formal irrigation schemes and a number of traditional irrigation
kulos (canals) providing irrigation facilities in the Modi Khola. Water for irrigation is
diverted from tributaries of the Modi Khola and natural springs. Water from the main

* Based on the average tariff rate fixed by Nepal Electricity authority of Rs 6.70 per unit.
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channel of the Modi Khola and Kaligandaki rivers is only of limited use for irrigation
due to the fact that rivers are very deep and cultivated land is located at higher
altitudes on river terraces.

The Narayani Lift Irrigation Project was completed in 1985 in Chitwan District.
Presently about 4700ha of land 1is irrigated from this project in five
VDCs/municipalities. Around 37,000 families benefit from the irrigation water it
brings. The Gandak Irrigation Project provides benefits for over 15,000 households in
Nepal, as well as many more in India who also benefit from these waters.

In the Kaligandaki corridor water is being used for industrial use, especially in the
lower part where the pulp and paper industry is using approximately 450 cubic meters
per hour. This water is also used for drinking for workers and local people. There is,
however, no other organised industry in the Modi basin but there are some cottage
industries, which use water in their production.

Fishing is another important economic activity along the Kaligandaki river corridor.
The economic activities of the Bote, Majhi, Darai and Kumal ethnic groups are
traditionally based on river water, with ferrying and fishing as major sources of
income. Income from ferrying has now disappeared in many places so these groups
are solely dependent on fishing. Other communities such as the Darai and Kumal are
also heavily dependent on fishing for their diet and for cash incomes.

Fishing is important not only for subsistence but also for commercial and sports
fisheries. The annual catch from the river is estimated at between 80 to 150 tons, with
the principal species being snow trout, mahasheer, carp, catfish, eel, murrel, loach and
barbs. The Kaligandaki has a number of fish species specially adapted to the extreme
gradient, and there is concern that the irrigation schemes are impacting on the aquatic
habitat downstream from their intakes. The uppermost 13 km is particularly
vulnerable as there are no tributaries to contribute flows and in recent years low flows
in these and other stretches have resulted in no fish migration and reduced access to
spawning or nursery grounds. Table 16 shows the population of these ethnic groups
living in VDCs adjoining the river. There are in total 23,037 communities living in the
corridor of the Modi/Kaligandaki River and, to some degree at least, most of them are
likely to be affected by any change in runoff.
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Table 16. Population of ethnic groups engaged in fishing along Modi/Kaligandaki
Corridor

Districts Bote Majhi Darai Kumal
Kaski 0 8 0 1
Parbat 9 244 0 374
Baglung 0 82 0 16
Gulmi 0 44 0 23
Syangja 1 307 0 859
Palpa 344 495 106 2,165
Tanahun 477 0 546 1,979
Nawalparasi 1.702 430 1,548 6,729
Chitwan 68 75 867 3,538
Total 2.601 1.685 3,067 15,684

Source: CBS, Population census, 2001

The impact of a change in runoff on fishing and livelihoods of these ethnic groups is
difficult to quantify, but it is likely that these ethnic groups will be further affected
due to deglaciation.

Water in the region also has important religious and spiritual uses. There are
altogether 22 traditional ghats (water mills) along the Modi/Kaligandaki river corridor
used for bathing and cremating. Changes in runoff, either increases or decreases, may
cause inconvenience and increased risks for local people. It is likely that these ghats
would have to be relocated, reconstructed or renovated, at high cost to the community.
This provides another example of how the social and physical capital available for a
community can be changed as a result of changes in the natural resource base.

The Kaligandaki is a popular destination for tourism, particularly for white-water
rafting starting from different locations such as Kusma, Riri and Ramdi. It is reported
that every year about 1500 tourists are involved in rafting. The change in runoff may
affect rafting activities. In turn, this will affect employment and marketing
opportunities of local people living along the corridor, although it is difficult to
quantify the impact accurately.

Runoff in the snow-fed rivers is likely to change due to global warming. In some
areas, people and infrastructure along the corridor could be significantly affected.
Efforts should be made to raise stakeholders’ awareness of these potential changes,
and planners, policy makers, development workers and local people should be
encouraged to develop appropriate adaptation strategies to cope with these changing
conditions.

5.3 Observations from studies across the HKH region

A review of case studies from river basins across the Hindu Kush Himalaya region
highlighted how observed and predicted climate change and variability are impacting
populations across the region in economic, social, cultural and environmental terms. The
review focused on observed changes in temperature, precipitation and water resources,
and the apparent impacts on livelihoods in each area, providing comparative assessments
with the case study in Nepal. Figure 16 shows the region and the case study locations.
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Figure 16. Case study sites in the HKH region

A study from the Siran River valley in the northwest region of Pakistan showed a decline
in temperatures and increase in precipitation in areas below 2000 metres, an increase in
both temperatures and precipitation in areas above 2000 metres, and an increase in the
frequency and intensity of the monsoon with a shift in rainfall activity from northwest to
northeast. River flow along the Siran showed an increase over a 32-year period to 1991
followed by a sharp decline in 2000. The study predicts negative impacts on livestock
production in the area due a decrease in suitable pasture, although an increase in the
forested area is expected. Being located in a humid mountain region, the valley is
expected to receive increased precipitation in future with climate change. However,
water for drinking and irrigation may decrease and the potential for damage to life and
property increases as deforestation and inappropriate agricultural practices continue.

Studies from the Jhelum River basin in India revealed significant observed climate
change, environmental degradation and cultural adaptations. Increasing temperatures
have been observed in the Kashmir region over the last 20 years and for over a decade
this region has not experienced the season of ‘Tosh’ - the 20-30 day snowy period
between winter and spring. At the same time, rainfall during September has increased
causing flash floods. A general decline in water quantity and quality has been observed
in the Jhelum River and in nearby tributaries, springs and lakes. The area of Dal Lake
has reduced by 50% during the last 50 years and the famous wetlands of Hokersar are
suffering ecological degradation. The warming observed in the region is seen to have
affected society in areas such as the dressing patterns of people and in building design.
Traditional clothes have been replaced by much lighter woolens and the wearing of long
rubber boots has been abandoned. The size of buildings is changing and the use of
traditional construction and insulative materials has decreased.
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The full report Review of Case Studies on Climate Change and Livelihoods in the
Himalaya is included as a background document of the SAGARMATHA Final
Technical Report.

5.4 Results and conclusions from stakeholder workshops

The workshops carried out during this project have enabled consultation to take place at
a range of spatial scales. More detail on procedures etc. is provided in the project
background documents to the SAGARMATHA Final Technical Report, but results are
summarised here.

5.4.1 Local workshop results: Modi Khola Catchment

Following stakeholder consultation meetings carried out in early 2004 in the Modi
Khola, the following issues were identified:

5.4.1.1 Perception of climate change

Participants of the stakeholder consultation exercises perceived that temperatures have
been rising over the last 10 years, and they observed that the amount and intensity of
rainfall has been increasing in the Modi Khola catchment. They also expressed the
view that the snow-covered area of the glacier has been shrinking. The participants
also expressed the view that over the last decade extreme events have been
increasing. They have experienced more events of localized high intensity rainfall,
causing heavy erosion and damage to life and property. The pattern of hailstorms and
snowfall has also been seen to have changed. In the past, hailstorms usually occurred
in the month of April, but now they seemed to be occurring in February, having clear
implications for farming. The prevalence of mosquitoes in the higher altitudes was
also noted, along with the upward shifting of paddy cultivation and early ripening of
crops. Local people felt that these changing conditions served as proxy indicators of
climate change. The majority considered that higher intensity and untimely rainfall
events have a negative impact on livelihoods, especially farming. It was also
considered that increases and decreases in river flow would adversely affect
livelihoods.

5.4.1.2 Adaptation strategies

Members of the research team presented some generalised results from the
hydrological modelling carried out in the project. These were presented carefully to
avoid creating unnecessary concern in local communities. Responses to key issues
were sought, and participants in these discussions believed that increases in
temperatures greatly influence glacial retreat, and the amount, intensity and timing of
rainfall. This is believed to have a major influence on water availability in the river. In
the Modi Khola, people use river water for a number of purposes, and local
stakeholders suggested the following strategies would be suitable to cope with
changing water availability in the future:

e Changes in cropping pattern, substitution of crop varieties and
species

Agriculture in the Modi Khola is characterized by food crop
production. Paddy (rice), maize, wheat, and millet are the major
food crops grown in this area. Over the last decade, extreme events
have been increasing and people experienced more events of
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localized high intensity rainfall followed by droughts in adjoining
areas. Changes in the periodic pattern of hailstorms and snowfalls
were observed, and these badly affect winter crops such as wheat,
barley and potato, particularly in the upstream sub-region. Also,
untimely and variable rates of rainfall (both high and low) affect
crop productivity. They expressed their concern that an introduction
of new varieties of crops suited to the changing weather pattern
should be explored. They viewed dry resistant varieties such as
Ghaiya, Musuro, etc. as being suitable in dry areas.

Changes in animal husbandry techniques

The contribution of livestock to the local economy is significant. It
has both direct and indirect benefits. The livestock population has
declined in the Modi Khola area due to various reasons such as the
expansion of forest land, and restriction of grazing in the forest area
after the establishment of the Annapurna Conservation Area Project
(ACAP), the development of local tourism activities, and out-
migration of the working age population. Transhumance activity
was formerly a major source of household income in the upper parts
of the Modi Khola, but in recent years there has been a sharp
decline. This decrease in livestock population has affected crop
productivity due to a decline in manure availability. In spite of this,
the demand for livestock products such as milk and meat is
increasing in this area, and the introduction of community as well as
commercial livestock farming of improved varieties would be
considered beneficial. It was thought that this could meet local
demand, as well as providing employment generation and extra
income. Many thought that more livestock would help maintain
productivity and soil fertility.

Promotion of social networks

People in the meeting felt that social networks greatly help local
people in difficult situations. It was stated that the existing social
networks are not adequate to cover environmental issues. They
expressed the view that there is a need to increase awareness of
local people regarding global climate change and its associated
impacts. They felt that there would be much benefit from
considering how these impacts may influence different livelihood
sectors such as production of crops, forest, infrastructure, animal
health, etc.

Development of early warning systems

As reported previously, extreme events are frequent in the area, and
loss of life and property is increasing. The SAGARMATHA model
has predicted that water flows in the Modi Khola are not likely to
decrease for a number of decades. This causes some concern as
there are many settlements situated close to the river, such as
Himalkyu, Syaulibazar, Birethanti, and Dimuwa, and these may be
at risk. Increased river flow coupled with high intensity rainfall may
cause heavy floods, damaging life and property in these areas. There
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was a call for the need to develop early warning systems in these
areas to protect communities from these possible extreme flood
events.

Development of fishponds and fish breeding

People in this discussion observed that the fish population in the
Modi Khola has declined sharply. The main reasons for this decline
are thought to be the construction of the Pokhara-Baglung highway,
and the dam for the Modi hydroelectric project. While these impacts
are not due to climate change, it was considered by the group that
the development of fishponds and the introduction of new varieties
of fish could greatly help in restoring fishing and related activities
for the community. This was considered to be a potentially
important adaptation strategy to be developed in the future.

Promotion of cultural tourism

The contribution of tourism to the household economy is
significant in the upstream region of the Modi Khola catchment. A
large proportion of the population of this region is engaged in
tourism and related activities, such as hotels and restaurants,
lodges, guides and portering. Some concern was expressed that the
natural beauty of the Annapurna area is likely to decline due to
shrinkage in snow cover area as caused by deglaciation, but in
reality the scale of this change is not likely to be widely observed
at the landscape scale. Deterioration in natural beauty may affect
tourism activities and tourism business, and, according to local
stakeholders, the establishment of a natural and cultural museum
would be beneficial in promoting tourism activities in this region.
A suitable area for such a museum is available in the upper parts.
The construction of the road connecting Nayapul-Ghandruk-
Chhomrung provides easy access for comfortable trekking,
especially for older people.

Migration

Local stakeholders considered out-migration as an important
source of family income in the region. The contribution of
remittances to household income is significant, with some 31.2 %
of household incomes accruing from them in 2001. It was
considered important that such income transfers were a very
important part of household livelihood strategies, and any

disruption to these could cause severe income poverty in some
households.

Changes in design specifications for water and other
infrastructure, and modification of existing structures

The design specification of water use infrastructure such as water
mills and micro-hydro plants should be modified. Most of the
water mills in this area are of traditional (wooden chute with
wooden blade) type and operated only in the rainy season, with a
low processing capacity. Improvement in the design to increase
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processing capacity would be beneficial. Suggestions included the
introduction of a cascading system of water mill operations for the
perennial rivers. Improvements in irrigation canals and
construction of reservoirs for micro-hydro plants were considered
necessary to overcome the adverse situation in the dry season.
Rainwater harvesting and development of alternative energy
systems would also be possible and should be encouraged.

Development of management strategies to cope with reduced
water availability in an equitable way to prevent conflict

According to the model outputs, a reduction in river flows and
water supplies is not a likely phenomenon in the area for decades.
However, there are issues arising out of seasonal fluctuation of
water flow and conflict between users. The majority of watermills
in this region remain closed during the dry season due to low flows
in the tributaries of the Modi Khola. Micro-hydro plants and
irrigation systems are also facing similar problems, and this is
likely to be restricting income generation potentials from this
infrastructure. It was suggested that a priority list of water uses
should be prepared, and legal provision for water use should
strictly be followed to avoid conflicts on water use. As suggested
by local stakeholders, mutual understanding and discussions could
solve conflict among water users.
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5.4.2 National Workshop Results: Kaligandaki
Workshop, Pokhara, Nepal, April 21%, 2004

The first session of this workshop provided the opportunity to deliver feedback to the
participants on outcomes from the research. In addition, responses to a series of
stimulus material were sought from both individuals and groups, with a view to
developing a more comprehensive understanding of the positions and opinions of
different stakeholders.

Stakeholder Consultation

5.4.2.1 Results from individual responses

During the course of the discussion sessions, individuals had the opportunity to
express their personal views on a number of issues. Over 36% of them expressed the
view that there was a need for more equitable water allocation, while 22% felt that
more public awareness should be raised about the possible impacts of climate change
on water resources. Almost 20% suggested that there was much need for better water

and natural resource management.

5.4.2.2 Results from group discussions on possible adaptation strategies

These are summarised in Tables 17, 18 and 19.
Table 17. Group I Results

Topic

Positive advantages

negative disadvantages

Change in cropping patterns, new
varieties etc

Traditional ways of agriculture should be continued along
with the introduction of new technology

Introduction of new species would lead to the
need for improvement in eating habits. New
species should be identified on the basis on
senstivitiy to climate change

Promotion of soc networks

Social mobilisation and networking across geographical
boundaries should be promoted, including inter-caste
marriage

There may be a negative effect on culture, may
create conflict between different groups

Changes in location of
activities,fishing etc

Local species of fish must be conserved and developed.
Improved species should be cultivated and increased in
production . Fish ponds should be developed

none

Changes in appropriate location of
tourism

On the basis of feasibility studies, proper management of
rivers for tourism use, rafting etc should be introduced

pollution could lead to ecological imbalance

Changes in animal husbandry
techniques

Selection of local species of livestock for further
improvement and development of the breed.

new diseases could be introduced

Migration

Migration from rural area should be discouraged

People may become more narrow minded

Changes in design of infrastructure

More equitable water allocation should be porsued and
infrastructure developed accordingly

This could be costly and some existing
infrastructure may no longer be of use

Development of management
strategies to cope with changes in
'water

build awareness of the proper utilisation of water

changes in availablity may make management
more difficult

Additional policies for local
stakeholders

stakeholder consultation should be incorporated to reduce
possible conflicts

existing policies may be inequitable

Important recommendations for
policy

give priortiy to HEP based on small scale community
involvement and investment, as well as in water supply and
irrigation

conflicts must be minimised, some policies are
conflicting, need integration of policies
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Table 18. Group 2 Results

Topic

Positive advantages

Negative disadvantages

Change in cropping patterns, new
varieties etc

Introduction of new high yielding varieties, especially for
different ecological regions

Danger to biodiversity. Threat to indigenous
vegetation

Promotion of soc networks

Informal education for awareness raising. Empowerment of local
user groups

Group conflict. Resource constraints

Changes in location of
activities, fishing etc

Introduction of improved species, taking account of local
ecology. Encouragement of private fish production through the
development of pond fishing

Marketing problems, ecosystem and biodiversity
impacts

Changes in appropriate location of
tourism

Identification of new tourism destinations, development of eco
friendly tourism infrastructure, and heritage based tourism

cultural pollution and environmental degradation

Changes in animal husbandry
techniques

introduction cross breeds and hybrids to build stock resilience,
improvement in fodder production

new breeds may be more suceptible to diseases and
worms

Migration

Development of detailed land use maps to identify good
locations for human settlements

socio-cultural conflicts

Changes in design of infrastructure

Development of multipurpose dams, integrated basin wide water
development plans and prioritisation of water uses

resource constraint

Development of management
strategies to cope with changes in
'water

participatory water development plan needed

water rights problems may arise

Additional policies for local
stakeholders

more social equity, employment generation policies and
educational awareness promoted

none

Important recommendations for
policy

More user empowerment, policy on water quality, demand
driven water uses

beneficiary conflict, resource constraints, paradoxical
stategies and policies

Table 19. Group 3 Results

Topic

Positive advantages

Negative disadvantages

Change in cropping patterns, new
varieties etc

Increases in yield possible, taking advantage of new conditions
(more rain, hotter weather etc) potential gain from new varieties
if patents are put in place for new cultivars. Promotion of
biodiversity conservation

lack of patent rights could cause the loss of all
benefits

Promotion of soc networks

Public awareness raising on potential natural disasters and
development of warning systems. Promotion of indigenous
knowledge and skills.

could create social conflicts and worry

Changes in location of
activities, fishing etc

ponds

none

Changes in appropriate location of
tourism

could promote employments opportunities as an alternative to
tourism

difficult to find markets and poor transport create
limitations to this

gﬂ:ﬁ:ﬁ;ﬁ animal husbandry Community based livestock management schemes Marketing problems, erosion through over grazing

Migration Encourage push back migration and discourage rural emigration fack (?fJObS and aildequate housing in situtations of
growing population

Changes in design of infrastructure |Plans should be made so as to not disturb the environment Z:;H;I::thal and socio-economic disruption,

Development of management
strategies to cope with changes in
'water

Better implementation of existing laws with more participation
in enforcement

If not done properly, could increase conflict

Additional policies for local
stakeholders

Establishment of water user groups etc., promotion of water
conservation techniques

conflicts could arise if shortages develop

Important recommendations for
policy

Implement a poverty reduction programme through better water
resources

underutilisation of water could be wasteful

5.4.2.3 Summary of group and individual inputs into policy briefing note

a. The nature of mountain livelihoods should include farming,
tourism, external remittances, small scale industry and handicrafts. Key
issues suggested by stakeholders were: livestock and dairy, the
cultivation of medicinal plants and herbs, and the promotion of
community forestry and non-timber forest products (NTFPs).

b. Current problems in mountain communities

Depopulation, unemployment, unpredictability of seasons and poverty
were agreed as the main issues, with other problems including lack of
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infrastructure being given significance, along with inappropriate
farming policies.

¢. Research findings to be included

d

Modeled outputs suggesting changes in water availability

Potential impacts on communities

Potential adaptation strategies which would be suitable and
acceptable

Issues which are important for health and welfare of human
populations

Promotion of more equitable water management

The need for more awareness raising re. climate change impacts

. Policy recommendation suggestions

Participants were asked to rank a selection of issues as important to be
included in policy recommendations. Those considered to be most
important were:

1.
2.
3.

SN

Build awareness of the impacts of climate change

More participation in development of climate response policy

Better monitoring and data collection about conditions in upper
mountain areas

Participatory survey on selected indicators of climate change
implemented in key areas

Develop mechanisms to support and promote adaptation strategies
Investigate potential for water saving techniques

Encourage the development of experimental cropping (in
conjunction with the Ministry of Agriculture)

e. Other issues which were also considered, but seen as less urgent

were:

e Investigate scale of impacts on infrastructure in key basins
e Assess appropriate infrastructure responses

e Investigate potential for early warning

e Investigate potential need for water storage facilities

f. Other suggestions for inclusion made by individuals were:

Research findings should be disseminated widely to people at all
levels of society, not just policy makers

Identification of geographical locations which might be safe from
hydrological accidents and other natural disasters

Introduction of a comprehensive (environmentally friendly,
participatory, equitable) water use act by the government
Development of a mountain database

Restoration of forests in upper catchment areas (near glaciers)
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Need for more participation by women and marginalized people,
including lower caste groups

More integration and coordination between government
departments, NGOs, etc.

Implementation of participatory catchment conservation projects
and afforestation programmes

Promotion and fostering on existing social heritage in tourism
development
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5.4.2.4 Final Policy Briefing note generated by the Pokhara workshop

@ Centrefor, 1 iroogy  IDIFID

NATURAL ENVIRONMENT RESEARCH COUNCIL

@": Moo @ His Majesty's Government of Nepal

Department of Hydrology & Meteorology
@ JAWAHARLAL NEHRU UNIVERSITY

Mountain Livelihoods, Water Resources
and Climate Change in Nepal

POLICY BRIEFING NOTE

The nature of mountain livelihoods

In Asia, 65% of the rural population live in upland areas, depending on farming, small scale industry,
handicrafts, tourism and external remittances. While there is considerable cultural and social diversity
in such regions, people often face the same kinds of threats and challenges. The topography and
ecology of the region is also highly diverse, giving rise to many different microclimates and
geographical conditions impacting on how people live, but in spite of adversity, people generally tend
to be resilient and resourceful. In the upland areas of Nepal, livelihoods depend predominantly on
animal husbandry, cultivation of medicinal plants, and the utilisation of non-timber forest products.
Small scale hydropower and water mills are used to support communities within these mountain
catchments, and domestic water supplies are almost always taken from springs, small tributaries or
wells, rather than from the main rivers themselves, due to the fact that communities are usually located
on steep valley slopes away from the river. Irrigation is important in some areas, and rivers originating
in these upland zones provide water for people and the economy for hundreds of miles downstream.

Current problems in mountain communities

Poverty is a major problem for upland communities, and rural depopulation is a direct consequence of
that, as young people leave the area in search of work. Because of the high levels of unemployment,
non-cash income is important, and there is much dependence on the utilisation of open-access natural
resources. Forests and water play an important role, but concern has been raised about environmental
degradation, often characterised by landslides and floods. Unpredictability of seasons creates a
problem for farmers, and people feel that outdated and inappropriate agricultural techniques currently
in use should be revised. Lack of infrastructure such as irrigation schemes and transport, and poor
educational facilities are considered a problem for these communities, along with lack of markets and
political instability. In the mountain communities of Nepal, and other countries in the HKH region,
people have considerable ecological knowledge, and from experience, have good understanding of
how climate variation can influence local livelihoods. There is much scope for drawing on this local
and indigenous knowledge, to support the development of more integrated and holistic resource
management policies, in which communities are keen to be involved.

Research findings

1. Integrated hydrological modelling has suggested possible changes in water availability across the
Himalayan region, as a result of climate change. Rising global temperatures are bringing about a
process of deglaciation, directly impacting on river flows, initially causing an increase in flow rates in
many areas, followed later by a reduction, as glacier melting rates decrease.

2. In the east of the region, increased volumes of water flowing out of mountain areas are likely to
increase flows downstream, where precipitation is high during monsoon seasons. In western areas of
the region, however, where rainfall contributes much less to local conditions, impacts of changes in
snow melting rates will be more severe, resulting in significant reductions in water availability in the
longer term.

3. Across Nepal, both immediate and longer term impacts may be felt, but not with the severity felt in
other parts of the region. This is mainly due to the volume of snow and ice available at high elevations
in Nepal.
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4. These changes in water availability are likely to impact more on communities in upper parts of river
basins, and this will have both regional and global implications. As a result, there is a need for the
development of suitable and acceptable adaptation strategies, to address issues which may impact on
the health and welfare of diverse human populations across the region.

5. Participatory consultation with a range of stakeholders highlighted the need for better, more
equitable water allocation and management strategies, along with more public and professional
awareness-raising campaigns.

POTENTIAL ADAPTATION STRATEGIES
Following extensive consultation at the local, national and regional levels, a number of adaptation
strategies have been identified for further investigation:
e Develop management strategies to cope with changes in water availability
Review approaches to techniques in the design of infrastructure, dams, irrigation schemes etc.
Investigate change in cropping patterns, identify new, less climate-sensitive varieties
Promote social networks of knowledge transfer and support
Evaluate changes in location of fishing activities, development of community fish ponds
Investigate appropriate alternative locations of tourism activities and options
Review animal husbandry techniques, and development of new breeds
Migration — need to prevent further rural depopulation

POLICY RECOMMENDATIONS'
Build awareness of the impacts of climate change
Encourage more participation in the development of climate response policy
Promote better monitoring and data collection about conditions in upper mountain areas
In key areas, introduce participatory surveys on selected indicators of climate change
Develop mechanisms to support and promote adaptation strategies
Investigate potential for water saving techniques
Encourage the development of experimental cropping (in conjunction with the Ministry of Agriculture)
Investigate potential for early warning
Investigate scale of impacts on infrastructure in key basins
Assess appropriate infrastructure responses
Investigate potential need for water storage facilities
Facilitate the introduction of a comprehensive (environmentally friendly, participatory, equitable) water use
act by the government
Support more integration and coordination between government departments, NGOs, etc., and development
of a comprehensive mountain database
Encourage the implement of participatory catchment conservation projects, and afforestation programmes
near glaciers
Promote and foster existing social heritage in tourism development
Identification of risk levels associated with hydrological accidents and other natural disasters, in specific
geographical locations
Enable more participation by women and marginalized people, including lower caste groups, and encourage
their empowerment and support
Research findings should be disseminated widely to people at all levels of society, not just policy makers.
Children are important recipients of knowledge about climate change impacts and adaptation strategies

! These are based on consultation outputs from local and national stakeholders. Full details can be found in Sullivan et al. (2004), 4n
assessment of the potential impacts of climate-induced deglaciation on communities in the Hindu Kush Himalaya. CEH, Wallingford,
UK.

This publication is an output from the SAGARMATHA research project (R7980), funded by the United Kingdom Department for International Development
(DFID) for the benefit of developing countries. The views expressed are not necessarily those of DFID. Reproduction of this publication for educational or other
non-commercial purposes is authorised without prior permission from the copyright holder provided the source is acknowledged.

Full details of this work can be found in the SAGARMATHA Final Technical Report, Rees et al, 2004, CEH. Wallingford, UK.

© CEH Wallingford 2004
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5.4.3 Results of the International consultation and dissemination workshop, New
Delhi, India, April 27"-28", 2004

During this workshop, an overview of the current situation relating to deglaciation in
selected countries of the HKH region was given. These are summarised below and
they provide some insight into how water resources may be impacted by climate
change in different parts of the region.

e India

In India there are some 5000 glaciers, and about 50% of streamflow in the Himalayan
foothills is said to come from snow and ice. 64% of the total water resources for India
come from the three main river systems, Ganges, Brahmaputra and Indus. In all of
these basins, the response to climate impacts will be greater near the glaciers, and
there appears to be a likelihood of significant increases in runoff under higher
temperature conditions. Current Landsat satellite data suggests that the retreat of the
glaciers is likely to give rise to more flooding, but much more site specific
information is needed for water resource planning. In contrast to this, in recent years
low flows in major river systems have had the effect of reducing the output from
hydropower plants by as much as 50% in some cases.

e Nepal

Nepal is characterised by very variable topography and a wide range of annual mean
temperatures. There is some evidence of a rising trend in maximum temperatures,
although minimums are little changed. These trends are most clearly seen in the post
monsoon period and these impacts are exacerbated at higher altitudes. Overall the
most significant issue for livelihoods is the much greater degree of seasonal variation
which presents problems for farmers and water managers.

In Nepal, there are some 3252 glaciers (5323 sq kms) and many have been showing
some evidence of retreat, in some cases almost 10m/yr. This suggests there is
currently a decline in glacier mass balance, with implications for current and future
water volumes in the catchment. In general, glacier lakes are growing in size and the
observed hydro-meteorological and glaciological data in Nepal tends to support the
model findings indicating a degree of glacial retreat with subsequent impacts on water
resources. In some areas, glacier lakes have become very unstable, and in 26 cases
these have been identified by the IUCN as ‘very dangerous’ since the risk of outbursts
(glofs) is high. Several examples of ‘glofs’ were given, including the most severe in
1998. Some attempts to find a technical solution, including siphoning of water from
the lakes and attempts to generate power from them, have been tried but with no real
success. As a result, the development of early warning systems has begun with an
investment of over 1M rupees to establish 19 sirens and 2 operational offices.

eBangladesh

The whole of the country is subject to high level of water availability, including
frequent flooding. In all river basins, precipitation is increasing in all rivers with
corresponding increases in runoff. There are big impacts from seasonal variation and,
as there has been an increase in total rainfall over the last 5 years, the Syr discharge
rate at the Ganges/Brahmaputra confluence is increasing. In spite of this, there has
been in some areas a reduction in flow rates following the 1977 water sharing treaty
which resulted in more upstream abstraction from the rivers. This is thought to have
significant impacts on the Sunderbans wetland delta area. The actual impacts that
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have been observed include bank erosion, loss of trees and crops, non-potable river
water, saline intrusion, water logging of channels, dry season drought and persistent
floods. In 1998, 73% of the country was flooded and, in an average year, some 22%
of the country is flooded. Drought also affects some 25% of the country, and large
areas are also subject to arsenic contamination. In 1999, salinity reached a record
level, likely to increase in the event of sea level rise.

e Bhutan

Bhutan is an area where much study has been made of glaciers. There are 677 glaciers
in the country of which 24 are potentially dangerous. Concern has grown over this
issue since a large glacial lake outburst flood occurred in 1994. In 1974 and 1981,
aerial surveys were carried out and glacier shrinkage has been estimated at an average
of 8.1%. These studies have tried to identify triggers of outburst floods and better
modelling may help to reduce risk and identify safe places for plant construction.

5.4.3.1 Climate risks and adaptation strategies — consultation results
Sectoral group discussions

Group discussions were held on hydropower, food security, and commerce and
tourism, and the views expressed are summarised below:

5.4.3.2 Hydropower

Potential impacts

e Changes in water availability will influence the efficiency of
hydropower projects

e Management strategies will be needed to cope with changes
in water availability, but this is not likely to influence
employment levels significantly

e Changing water levels may influence livelihoods and work
activities, business profitability and migration levels

[ ]

Potential adaptation strategies

e More accurate assessment of the links between deglaciation
and climate change

e More testing of models needed

e Better understanding of the links between deglaciation and
water availability

e More accurate meteorological data needs to be collected at
high altitudes.

e Scope for participatory monitoring of ecosystem indicators

e Long term monitoring and database needed on discharge
rates and suspended sediment
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5.4.3.3 Food security

Potential impacts

e Risks perceived in terms of fluctuation in flows, span of
seasons, extreme events — likelihood of reduction in efficiency
of food production through crop loss and yield reduction.

¢ Flooding, crop damage, erosion and change in water quantity
and quality may lead to the need to change location of farming
activities

e Need for less climate sensitive varieties (mango, apple) as
farm incomes will decline with loss of yield

e In both agriculture and fisheries these impacts may result in
reduction in employment

Potential adaptation strategies

e Change in cropping pattern and introduction of new varieties
e Resettlement and employment opportunities

e Implementation of more integrated policies

5.4.3.4 Commerce and tourism

Potential impacts

¢ Disruption of infrastructure if more extreme events occur
Transport, power and water systems impacted
Production and revenue decline

Employment levels down

Tourism patterns changing

Potential adaptation strategies

e Construction of all weather roads and strengthened services
e Increasing capacity of water storage

e Shifting of business interests

e Technological advances

5.4.3.5 Individual responses
a. The nature of mountain livelihoods

Should include farming, tourism, external remittances, small scale industry and
handicrafts. Key issues suggested by stakeholders were: livestock, fisheries,
carpentry, portering, skilled and unskilled labour, and the need for more basic
education services and an improved understanding of the impacts of climate change.
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b. Current problems in mountain communities

Depopulation, unemployment, the unpredictability of seasons and poverty were
agreed as the main issues. Other problems highlighted included low literacy rates,
inequity in land distribution, the caste system, a lack of medical facilities, and poor
communications and infrastructure development. Environmental problems such as
deforestation, extreme events, soil erosion and lack of capacity in natural resource
management were seen to be exacerbating the situation.

c. Research findings to be included

Modelled outputs suggesting changes in water availability

Potential impacts on communities

Potential adaptation strategies which would be suitable and acceptable
Issues which are important for health and welfare of human populations
Importance of traditional knowledge

The need for more awareness raising re. climate change impacts

d. Policy recommendation suggestions

There was seen to be a need to build public awareness of climate change impacts,
and it was felt that mechanisms to support and promote adaptation strategies should
be developed. More participation in development of climate response policy is
recommended, along with more surveys of key indicators, especially in high altitude
areas. Potential need for water storage facilities and water saving techniques need to
be examined, along with the impacts of climate change on infrastructure.

e. Other suggestions for inclusion made by individuals were:

Consider technological in addition to socio-economic alternatives

Make domestic water supply available to all people

Intensify adult education

Create storage reservoirs

Establish small-scale industries requiring less water

Development of a mountain database with regular monitoring
Increase/improve social networking

Mitigation at the global level is required

Needs long-term strategic planning

Create a common framework for analysis and integration of data/information
Assess the impact of land use changes on water resources in mountain regions
Government should provide ‘disaster shelters’

Improve the standard of living in mountain communities

Promote tourism as an employer both seasonal and throughout the year
Reduce pollution by reducing the influence of ‘outside communities’ such as
tourists - ‘shift the interest of tourists’ - create new employment opportunities
for local people
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5.4.4 Conclusions and recommendations from the Delhi workshop

On the basis of the sectoral discussions held during the workshop, it seemed to be
considered that all sectors of the economy are likely to be impacted by deglaciation.
There was less certainty about commercial outcomes, and more risk associated with
livelihoods. Key infrastructure will be at risk and measures should be taken to
strengthen these. Disruption to economic activity may be expected as a result of more
frequent extreme events. Measures should be taken to improve water management to
take account of competing needs. Diversification of crops, increases in water storage
and building stronger institutions were all considered to be worthwhile.

5.4.5 Summary of recommendations made on the basis of responses from the
participants at the regional consultation workshop, Delhi

1  Build awareness of the impacts of climate change

2 Develop mechanisms to support and promote adaptation strategies

3 Participatory survey on selected indicators of climate change implemented in key
areas

More participation in development of climate response policy

Better monitoring and data collection about conditions in upper mountain areas
Investigate potential for water saving techniques

Investigate potential need for water storage facilities

Encourage the development of experimental cropping (in conjunction with the
Ministry of Agriculture)

9 Investigate scale of impacts on infrastructure in key basins

10 Investigate potential for early warning

11 Assess appropriate infrastructure responses

03O\ LD K
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5.4.6 Policy briefing note from the Delhi workshop

@ Contrefor aroiogy D IFIID i

NATURAL ENVIRONMENT RESEARCH COUNCIL

@ oD His Majesty's Government of Nepal
Department of Hydrology & Meteorology

@ JAWAHARLAL NEHRU UNIVERSITY

Climate Change, Water Resources and
Livelihoods in the Himalayas

POLICY BRIEFING NOTE

Water resources and mountain systems

There is compelling evidence that climate change is a widespread problem with serious consequences
for water resources around the world, and more than half of humanity relies on the freshwater that
accumulates in mountains. The Hindu Kush-Himalayan (HKH) mountain region stretches across eight
countries, is home to more than 140 million people, and influences the lives of three times as many in
the plains and river basins below. The snow and glaciers of the HKH provide up to 90% of the lowland
dry-season flows of the Indus, Ganges and Brahmaputra rivers and their vast irrigation networks.
Scientists are studying the retreat of Himalayan glaciers and, although uncertainty exists, the
consequences of deglaciation on water resources in the region could have serious consequences for the
environment, national and regional economies, and for the day to day lives of many millions of people.
To cope with these predicted and potential changes, and in the face of the increasing demands on water
resources from growing populations and economic development, the effective management of mountain
water resources is essential. Policies and adaptation strategies need to be developed and achieved in
consultation with different stakeholders, considering the ideas, experience and knowledge of local
people and scientists, as well as government and non-government organisations.

Current issues in mountain communities

Communities in mountain regions face many problems such as poverty and inequity, depopulation,
unemployment, a lack of healthcare and educational facilities, and poor infrastructure. People across the
HKH region share these problems which are exacerbated by environmental issues such as the
unpredictability of seasons, extreme events (e.g. floods, storms, droughts), deforestation, soil erosion,
and a lack of capacity in natural resource management. Water is vital for all kinds of economic and
livelihood activities and any changes in the quantity, availability and quality of water resources would
add to the current social, economic, and environmental problems faced by populations across the region.

Research findings

The SAGARMATHA project' has made an assessment of the potential impacts of deglaciation on the
water resources of the Himalaya and on the livelihoods of people in the region. This has been achieved
through the development of hydrological modelling and livelihood assessment and with the involvement
of many stakeholders across the region. The studies have found that:

1. Changes in water availability in Himalayan Rivers as caused by deglaciation can have direct and
indirect impacts. An increase in river flows can affect human activities in many ways through flooding,
landslides and the destruction of water delivery systems. Reduced water availability creates water
shortages for water-dependant activities such as agriculture, fisheries, hydropower, industry, domestic
water supply and water transportation.

2. For many areas, the catastrophic water shortages forecast by some experts are unlikely to happen for
many decades, if at all. Rather, some areas may benefit from increased water availability in the medium-
term. Areas where glacial meltwater contributes significantly to river flow, such as in the upper Indus,
however, appear to be vulnerable to deglaciation and this could have serious consequences for water
availability and use throughout the basin. Eastern Himalayan areas, benefiting from high summer
monsoon rainfall, are less susceptible to droughts, but more likely to experience flooding.
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3. In the longer term, a reduction in water supply from the mountains could affect the economy of the
region by limiting the energy from hydropower plants and hampering industrial productivity.
However, while deglaciation may hinder economic development nationally, the impacts are likely to
be hardest felt at the local level by the most vulnerable in society, particularly the women and children
of poor families, and the communities most vulnerable are those living at higher and middle altitudes
and dependent on their crops, livestock, and small-scale industry.

4. The impacts of deglaciation, and other effects of climate change, will vary considerably with time
and specific location across the HKH region. The research has also highlighted the uncertainty
associated with climate research and emphasises that care must be taken when interpreting the results.

'Rees et al., SAIGARMATHA: Snow and Glacier Aspects of Water Resources Management in the
Himalayas, CEH Research Report 2004.

POTENTIAL ADAPTATION STRATEGIES
Following extensive consultation at the local, national and regional levels, a number of adaptation
strategies have been identified for further investigation:
e Improve long-term monitoring, data collection, and modelling of the links between climate
impacts and hydrological regimes
Carry out research into alternative cropping patterns and crop varieties
Increase water storage capacity
Promote water saving techniques in all sectors
Develop early warning systems to give longer warning of forthcoming events, hail storms etc.
Diversify employment opportunities in upland areas
Improve and expand planning of communications & infrastructure to take account of potential
impacts of changes in river flows
Develop integrated, equitable & sustainable water resource management strategies
Promote institutional networking and development
Empower women and marginalized communities to have more inputs into water policies

POLICY RECOMMENDATIONS?

It is considered that deglaciation could impact on all sectors of the regional economy and on many people’s
livelihoods and that mechanisms to support and promote appropriate adaptation strategies need to be developed
to face these challenges. These strategies will need to be site-specific and aimed at creating sustainable
livelihoods for all people across the HKH region, particularly the poorest.
There is a need to improve systems of data collection and modelling to reduce uncertainty
In key areas, introduce a survey on selected indicators of climate change, to improve monitoring of
conditions in upper mountain areas
Investigations should be carried out to assess the potential for the introduction of water saving
techniques, and to identify the need for water storage facilities
Assessments of the scale of impacts on infrastructure in key basins is needed
Development of experimental cropping and new crop types are recommended
General awareness-raising of climate change impacts is needed, and specific training about climate
change mitigation should be given to key persons and institutions
Alongside scientific and technical approaches, it is particularly important to take a more participatory
approach in the development of climate response policy
There is a need for an assessment of the potential benefits of early warning systems for extreme
events, and providing better communication of forthcoming hailstorms etc.
Long-term and appropriate strategies are required that will build stronger institutions and improve
water management to take account of competing needs
% These are based on consultation outputs from local and national stakeholders. Full details can be found in Sullivan et al.
(2004) An assessment of the potential impacts of climate-induced deglaciation on communities in the Hindu Kush

Himalaya. CEH, Wallingford, UK.

This publication is an output from the SAGARMATHA research project (R7980), funded by the United Kingdom Department for International Development
(DFID) for the benefit of developing countries. The views expressed are not necessarily those of DFID. Reproduction of this publication for educational or other
non-commercial purposes is authorised without prior permission from the copyright holder provided the source is acknowledged.

© CEH  Wallingford 2004
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6. Conclusions from the project

6.1 Summary

The main objective of this part of the overall project was to identify how people in
mountain communities are likely to be impacted upon by changes in water resources
resulting from climate-induced deglaciation. Budgetary and other limitations meant
that specific study was restricted to Nepalese communities and larger scale
stakeholders in Nepal, with inputs from other countries being made through desk
studies, literature reviews, and workshop consultations. While the results from the
Nepali study may provide some generic insight into how mountain communities may
be influenced by deglaciation-induced changes, it must be noted that such impacts
will vary considerably according to site specific variation across the region.

In general, the findings can be summarized as follows:

. Climate change is likely to impact on water resources, and the severity of this
impact will vary with both spatial and temporal scales;

. Millions of very poor people may be affected by significant changes in water
availability, and by more extreme events in the medium and longer terms;

. People in the higher altitudes are most likely to be effected by climate change,
but there are significant differences in these effects ranging from east to west
across the region;

. Local communities are already aware of climate/weather induced changes in an
anecdotal way;

. Appropriate mitigation and adaptation strategies are needed, and community
responses to these strategies may be influenced by social and economic factors;

. ‘Appropriate’ here means what is relevant and suitable for the very diverse
communities dependent on the water resources flowing from the Himalayas. The
variation in both impact and response to climate change across the region cannot
be overstressed. Not only are water resources very site specific, but the cultural
and ethnic diversity across the region are also very significant and will influence
how people will respond to different situations.

While some attempt has been made to examine these impacts at different scales, much
more work needs to be done if a more comprehensive understanding of these issues is
to be achieved. It is suggested that the kinds of activities carried out in this study
could be carried out in other parts of the region, and, in this way, greater account
could be taken of local stakeholder considerations in other areas. The key issues
expressed by participants in the consultation process have been considered and, in
Table 20, examples are shown of how attitudes to these issues vary according to the
scale of enquiry. While building awareness of the impacts of climate change was seen
as the most important issue at both the national and regional (supra-national) scales,
better monitoring in high altitude zones, and more participation in monitoring and
policy development were seen as being more important at the local and national level
than they were at the larger regional scale. At this larger scale, more emphasis was put
on mechanisms to support and promote adaptation strategies, and to develop greater
storage facilities to cope with increasing seasonal variation. This is an interesting
reflection of the fact that local people want to be much more involved in water
resources planning and management than they are at present, while at the same time,
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there is a clear appreciation of the need for more strategic issues to be addressed at a
larger scale.

Specific information on how the project contributes to DFID’s development agenda,
and how its outputs can be shared with beneficiaries and target institutions, are
considered below. In addition, we make some recommendations for further work and
we have crystallized the core of these findings in the policy briefing notes.

Table 20. A comparison on how key issues have been ranked in importance by
participants in the national and regional consultation workshops

NEPAL RESPONSES INDIA RESPONSES
1 Build awareness of the impacts of climate change 1 Build awareness of the impacts of climate change
2 More participation in development of climate response policy || 2 Develop mechanisms to support and promote adaptation strategies

Better monitoring and data collection about conditions in Participatory survey on selected indicators of climate change
upper mountain areas implemented in key areas

Participatory survey on selected indicators of climate change
implemented in key areas

Develop mechanisms to support and promote adaptation

4 More participation in development of climate response policy

Better monitoring and data collection about conditions in upper

5 strategies 3 mountain areas
6 Investigate potential for water saving techniques 6 Investigate potential for water saving techniques
7 Ean) urage thé develop 1?‘?‘“ of exp er'lmental cropping (in 7 Investigate potential need for water storage facilities
conjunction with the Ministry of Agriculture)
8 Investigate potential for early warning 8 Encourage the development of experimental cropping (in conjunction|
9 Investigate scale of impacts on infrastructure in key basins 9 Investigate scale of impacts on infrastructure in key basins
10 Assess appropriate infrastructure responses 10 Investigate potential for early warning
11 Investigate potential need for water storage facilities 11 Assess appropriate infrastructure responses

6.2 Contribution to DFID’s developmental goals

The major DFID goal associated with this project is W1 — Improved assessment,
development and management of water resources. This project has contributed to this
goal by developing a more integrated modelling approach by which more accurate
and spatially distributed assessments can be made of water resources in snow-fed
catchments.

It has also contributed to this goal in so far as it facilitates better future management
of those resources by raising awareness about the key issues, and by enabling key
stakeholders and communities to discuss possible future options for such
management.

6.3 Promotion of outputs to client institutions and beneficiaries

The major beneficiaries of this project are the millions of people living in the Indo-
Gangetic plain who depend on water resources which originate in the Himalayas. By
improving our understanding of the impacts of changes in the level of meltwater
runoff, it becomes more possible to anticipate and cope with potential difficulties in
the future. The more reliable estimates of water availability which result from the
project outputs will help water authorities, hydropower companies, and farmers to
make more informed decisions about water allocation and use. Hopefully, this will
also result in a more informed stakeholder body and more effective water resource
management at both the local and basin scale. By ensuring future water resource
decisions are made in the light of better information about climate change, it is likely
that the needs of the most vulnerable groups (women, children and the poorest of the
poor) will be addressed.
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As a result of the stakeholder consultation and dissemination workshops held at the
local, national and regional scales, it is hoped that the project results and conclusions
will be incorporated into the long-term strategic plans of appropriate authorities. In
addition to the participation of staff from these institutions, the findings have also
been distributed in the form of a workshop CD distributed to all participants, and in
the form of more formal ‘policy briefing notes’ which have been explicitly drawn up
in a participatory manner for widespread dissemination to all relevant institutions and
beneficiary groups.

Other beneficiaries from the project include the many researchers from the
participating institutions in India and Nepal who have had the opportunity to benefit
from the capacity building element of the project. Furthermore, the integrated
database developed for the Modi Khola will also be a useful output which can be
made use of by future researchers.

6.4 Follow-up research to promote findings to achieve development
benefit

In order to maximise the benefits from the study, there is much potential to provide
greater awareness-raising through additional dissemination workshops. These have
not been budgeted for in this project, but it would be extremely beneficial to plan and
deliver such events in other parts of the region, notably Pakistan, Bhutan and
Bangladesh. It is hoped that some future funding opportunity may provide the chance
to take this issue further in the future. It is also hoped that this could provide resources
by which these outputs could be translated into appropriate languages.

6.5 Further studies

There is little doubt that there is much need for further studies. Huge uncertainties
associated with both meteorological and hydrological modelling mean that the results
from this project need to be verified to build confidence in the findings. On the basis
of the recommendations from the workshops, it is clear that communities are keen to
be more explicitly involved in water resource planning and the development of
climate policies. Much more awareness raising has been called for at all levels. One
particular area of interest which would benefit from further work would be the
development of participatory monitoring of key indicators in high altitude zones. In
addition, there is a clear need for strategic research into cropping patterns and crop
types to cope with future climate change impacts.

6.6 Availability of outputs to intended users

All the outputs from this part of the project are listed in Appendix 4 of this report. Full
size posters have been distributed to project beneficiaries in Nepal, India, Bhutan and
Bangladesh. Representatives from the other HKH region countries will be sent the CD
of the workshop findings and other outputs, and they will be able to print these and
use them as they wish. Other material will also be available from the project website.
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6.7 Project policy briefing notes

As a mechanism to provide maximum opportunity to deliver research findings in a
succinct way to policy makers and other stakeholders, two-page policy briefing notes
have been generated for distribution. One of these is specifically targeted at
institutions in Nepal, while the other is aimed at a wider audience across the HKH
region. If it were considered appropriate, it would be useful to translate these to
relevant languages for wider distribution.
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Appendix 1.1
Water and Livelihoods in Mountain Areas: Conceptual Framework

Conceptual Framework

Sources/supply Water demand Performance indicators Effects
Precipitation —» Household \D;/rm];.mg gj Cl(’(’kl,ng Production efficiency
River and spring use > Washing & cleaning L |,
Snowmelt Waste management
Underground water
1 Cropping intensity \
Agricultural extension Livelihood
Crop diversification Production, Outcomes
Productivity. employment & food
securitv
Industry Production & processing
WATER L -
(Natural Health, production ~ |[—

Capital)

Climate change

Electricity

Light & energy

& forest

Fishery

Fishing activities

Food security
Aquatic resources

Transportation

I

Animal and goods

Cost/price, time &

transportation —»| employment
Population Li Drinking, waste Livestock health, &
— vestock > > >
Culture/ belief > management production
Technology —
Laws/ policies Lo .
. Pilgrimage/ bathing and

Capital assets —» Cultural use — cre%n atioi & Cultural heritage
Other factors N

. L Tourism & —» Swimming/bathing, L 5 !Employment & L

Influencing factors Recreation boating & rafting income
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Appendix 1.2
Household Survey Questionnaire

Water and Livelihoods in Mountain Areas
(Questionnaire for Household Survey)

1. Background information

Date of Survey: .........ccvvviinnn.n. Name of the interviewer: .............ccooevviviiiiiinnnnnn.
District: ............ VDC:ooooii Village......c.cocoenenen. House No...............
Name of the Respondent:..........o.oriiiiitiiii i e aeas

Ethnicity:................ Religion:...................... Mother tongue:..........ccoevveveninnn.n.

Roof'type:......coovvinninn. Wall type: cooovvviiiiiinnnnn. Window
137015 Floortype........ccovnnnnn. Number of room:................
N1 10) A Ownership: a) Own b) Rented
3. Facilities available in the house
a) Radio b) Television ¢) Wall clock d) Electricity
¢) Wall mirror f) Bio-gas plantg) Improved stoves  h) Solar power
1) Water tap j) Improved latrine k) Refrigerator 1) Sewing machine
m) Furniture (chair, table, cupboard etc.) n) Others
(specify)...covivriiiiii
4. Migration:  a) Native b) Migrant
If migrant: a) Year of in-migration: ............ b) Place of origin
¢) Place of birth if different.............................. d)Reasons for
migration:...................
5. Family size: Total family members............ Member present......... Member
absent............
SN|  Family Age |Sex |Marital| Education Occupation Working outside village Remarks
members status Primary [Secondary| Work |Duration| Earning
Place (monthly)
1 | Head
2
3
4
5
6
7
8
9
10
11
12
13
14

Note: Marital status: 1 = unmarried, 2 = married, 3 = widow/widower, and 4 = divorced
Work place: 1 = within VDC, 2 = outside VDC within district, 3 = other district within country, and 4 = other
countries
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6. Land distribution by ownership (in Ropani)

Ownership

Khet

Bari

Kharbari

Pasture

Forest

Abandoned land

Other if specify

Own land

Land rented in

Land rented out

Total land

7. Area and production of major crops by irrigation status

Crops

Irrigated area

Non irrigated area

Local seed

Improved seeds

Local seed

Improved seed

Area

Production

Area

Production

Area

production

Area Production

Paddy

Maize

Wheat

Barley

Potato

Vegetables

Fruit orchards

others

8.Is there any difference in productivity of crops between areas irrigated from Modi River and

other rivers?

a) Yes

If yes, how much and why?

b) No

9. Area by cropping intensity and irrigation status (in Ropani)

Irrigation facility

One crop

Two crops

Three crops

Through out the year

Only in rainy season

Only in winter season

No irrigation at all

10. Use of agricultural inputs by irrigation status:

Labor
(Number)

Major crops

Manure

Chemical fertilizer

Pesticides

Irrigated

Non-irrigated

Irrigated

Non-irrigated

Irrigated

Non-irrigated

Paddy

Maize

Millet

Wheat

Barley

Potato

Others....

11. Changes in area and productivity of major crops (within 10 years)

Major

Area

Productivity

crops

Increased/decreased/same

Reasons for change

Increased/decreased/same

Reasons for change

Paddy

Maize

Millet

Wheat

Barley

Potato

Others
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12. Types and number of trees in private land

Types

Number by types

At present

10 years ago

Fruit trees

Fodder trees

Other trees

13. Livestock: Number by types

Types

Number

Local Hybrid

Types

Number

Local

Hybrid

Cow

Sheep

Oxen

Pig

Yak/Nak

Horse/Mule

She buffalo

Chicken/Duck

He buffalo

Pigeon

Goat

Others (specify)

14. Animal grazing (place, duration and distance):

Types

Number

Place

Duration

Distance from house

Cow/oxen

Yak/Nak

Buffaloes

Goat

Sheep

Others

Total man days spent for animal grazing

17. Production and sale of livestock, and livestock products (last year)

Product types

Production quantity

Amount sold

Changes in production during 10 years

More

Less

Same

Milk products

Meat

Egg

Live animals

Wool

Skin/hide

Others.............

18. Food sufficiency by own production in months: a) At present

ago......... If changed, causes of change:

63




20. If surplus, how do you use?
a) Exchange other goods
d) Sale in local markets: Place..................

¢) Store for next years

e) Other uses (specify)

21. Persons affected by common diseases (last years)

Waterborne diseases Persons affected

Other diseases

People affected

Diarrhea

Whooping cough

Dysentery

Tuberculosis

Typhoid

Asthma

Jaundice

Common cold

Worms

Pneumonia

Scabies

Eye irritation

Others.................

Others...............

22. Industrial production (last year)

Types Employment

Duration of operation

Production | % sale Remarks

Brick and tile

Cement blocks/Hume pipes

Liquor making

Wool materials

Leather materials

Jute Materials

Paper making

Limestone (Chun )

Wooden materials

Bamboo materials

Ghatta (water mill)

Power generation

Metal works

Candle making

23. Sources of energy

Types

Purpose of use

Remarks

Lighting Heating | Cooking

Production purposes

Fuel wood

Kerosene

Electricity

Bio-gas

Solar power

LPG gas

Others

24. Annual expenditure of last year (%)

25. Investment during last 10 years (in Rs)
a) Land purchase
Irrigation......................
industry..................
g) Bus/trucks etc

(specify)

d) House
f) Business..................
h) Loan to others
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Transport............

b) Land improvements............

Electricity/kerosene. ..

Fuel wood
....... Social




26. Status of loan/borrowing

Sources Purpose

Amount

Interest rate

Banks/ Cooperatives

Community funds

Local merchants

Relatives

Other if any.........

27. Sources of family income (last year)

Source

Yes/No

Annual income (in Rs)

Crop production

Fruits

Vegetables

Livestock

Industrial production

Business (shops)

Tourism /hotel/ lodge

Wages/Portage

Service

Remittances

Pensions

Rent (house and other)

Sale of forest products

Other sources..............

28. Water use:
i) Agriculture (Irrigation)

Sources Irrigated area

Year round

Summer

Winter

Canal/ pipe
distance

Adequacy If inadequate
Reasons

ii) Use of water for household

Use type Sources

Quantity

Quality

Distance

Adequacy Remarks

Drinking and cooking

Washing and bathing

Livestock

Others........
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iii) Industrial use of water

Types

Source

Quantity

Distance

Adequacy

Remarks

Brick and tile factory

Cement blocks/Hume pipes

Liquor making

Wool processing

Leather processing

Jute processing

Paper making

Limestone (Chun making)

Wood carving

Ghatta (Water mill)

Power generation

Metal works

Candle making

Bio-gas plant

Others...........cc........

iv) Cultural and religious use of water

e Ghat

a) yes

» Religious bath

frequency...............

« Raise/offer at temple

frequency...............

v) Fish/ Acquaculture

SOUICC....oovvvviiiiiiinn.,

« Goods
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ix) Construction works a) Yes b) No If yes,

SOUICE. . e eeeeeeteneneneeeeaeennes
x) House cleaning/ washing a) Yes b) No If yes, source and
frequency................

xi) Other uses (specify)........ a) Yes b) No

29. Water use conflict

Conflicts on use Types and causes of conflicts Frequency Process of conflict management

Irrigation

Irrigation and
household use

Irrigation and
Industrial use

Household use

Household use and
industrial use

Industrial use

Other use

30. Participation in water use and management committee

Use type Institutions/ committee Membership Types and amount of contributions

Irrigation

Household use

Industrial use

Other use

31. Water induced disaster and loss/damages of property

Types Recurrence Last event Loss/ damages

interval (Year) Land Crop Animals Other properties

Floods

Draught

Landslides/debris flow

Snow/ Avalanches

Hail storm

Storms
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33. If present source of water would not functioning, where would you get your water supply?

35. If the weather would become hotter, would it be good or bad for:

1) Crops: a) good b) bad c¢) No
change

i) Animals: a) good b) bad ¢) No
change

iii) People: a) good b) bad ¢) No
change

iv) Forest: a) good b) bad ¢) No
change

V) Infrastructure: a) good b) bad c) No
change

36. If there would be more rainfall, would it be good or bad for

1) Crops a) good b) bad ¢) No change
i) Animals a) good b) bad ¢) No change
iii) People a) good b) bad c¢) No change
iv) Forest a) good b) bad ¢) No change
V) Infrastructure a) good b) bad c¢) No change

37. Would it be better for people if the river would become
a) Bigger b) Smaller ¢) The same
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38. Overall perception on environmental change in locality

Sectors

Changes within 20 years

Increase Decrease | Same

Reasons for change

Future trend

1. Agriculture

o Agricultural Area

o Areaunder cereal crops

e Area under fruits

o Areaunder vegetables

» Diversity of crops

» Intensity of crops

o Productivity

o Use of improved seeds

o Use of fertilizer

o Use of pesticides

2. Forest

e Area of forest

o Number of tree species

« Crown cover

»  Availability of fuel wood

o Auvailability of timber

o Availability of fodder

o Availability of litter

o Availability of herbs

o Forest foods

o Wildlife

3. Pasture/grassland

o Area under pasture

o Productivity of pasture

4. Waste land

e Area of waste land

o Use of waste land

5. Environmental hazards

e Surface runoff

e Soil erosion

o Landslides

« Floods

o Pests and diseases

o Forest fire

5. water

o  Quantity

e Quality

« Distance for collection
6. Weather

» Rainfall

o Temperature

e Snow line

e Volume of river flow

o Changes in seasons

39. General comment on climate change and water availability if
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Appendix 1.3
Participatory Rural Appraisal (PRA) Procedure

Community level information about resources/assets (natural, physical,
human, social and financial) distribution and present utilization pattern and
perceptions regarding climate change and its relation to livelihoods of the local
people were collected using PRA techniques. For this purpose, groups
consisting of 5-10 persons with representation from different occupational
groups, elected persons, social workers and farmers, wherever available,
were formed for group discussion. Mostly senior persons of the community
were included in the group. A total of 12 groups were organized for
discussion, one per each selected settlement. The researcher facilitated
discussions and one assistant recorded the responses, views and conclusion
of the group. During discussion, participants also made maps in the ground
(with sticks) showing snow cover area and changes in area and density of
forest and pasturelands. These maps were checked with the help of
topographical map of the area. Views were recorded on consensus. In some
cases views of majority was recorded. A checklist was used for discussion
and (see Appendix 1.4). Topographical maps were used to locate
infrastructure and the distribution of resources; their present condition and
their utilization pattern. A number of informal discussions with different
individuals or groups were also conducted. Details of group composition by
community are shown in Appendix 1.5.
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Appendix 1.4
Check list for group discussion/ PRA and recording schedule for water use survey

Water and Livelihoods in Mountain Areas
(Check list for group discussion/ PRA)
Natural Resources
Existing condition of the natural resources -Land, Forest, Water, and Pasture
Access right on these resources and households benefited
User's committee (number, size, decision making process, problems)
Conflict between committees or within community over the use of these resources with particular
focus on water and pasture
Changes on the status of resources over time
Availability of forest products and related issues
Area and production of crops, cropping intensity, use of inputs, changes over time, major export
items, irrigation coverage, and major problems related to agricultural development.
Use of energy and its availability (types, number, size, ownership, effectiveness, problems and
prospects)

Physical Resources
Existing road links and their condition
Availability and frequency of public transport
Post offices, and telephone services, health institutions and facilities available
Schools by types and level and their condition
Piped water distribution and coverage and its management
Industries, major products and potentials
Development trend of physical resources (roads, electricity, piped water etc.)
Fulfillment of local needs and sustainability
Existing/ongoing and future plans/programs related to physical resources.
Water mills and power generation (number, quality and problems)

Human resources
Accessibility of information -Sources and benefited groups
Use of modern technologies by community members (radio, television, email, internet)
People's feeling about sources and reliability of information sources
Perception about government policies with particular focus on water use.
Availability skilled and semi-skilled manpower
Employment opportunities

Financial capital/resources

Types of financial service organizations available and types of services provided
Access to these organizations

Households getting remittances and utilization

Social capital/Resources

Number of CBOs, traditional social organizations and formal groups (extent of membership)
Degree of participation on decision making.

Kin, income and occupational structure of the group

Social problems in the community (types and degree)

Religious and cultural ceremonies

Religious bath (place, frequency, problems)

Climate change and relations

Perception of people regarding climate change ( temperature, rainfall, snow cover area)

How would people's life change, if the weather become a) Hotter and drier b) Wetter/more rainy
¢) More colder d) Season changed

What would people do, if there were

a) More landslides b) The forest died c¢) Decrease tourist d) Difficult to grow staple crops

Cropping calendar and cropping pattern
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8

Infrastructure Mapping

o Irrigation
ID Type of Command Household Water Conflict and management
irrigation area benefited sufficiency
. Water mill (Ghatta)
ID | Ownership Duration of Household Monthly Water
operation benefited income sufficiency
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Water for household use

ID

Source Household
type benefited

Quality of
water

Adequacy of
water

Conlflict and
management
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« Ghat/ Reli

gious and cultural use of water

Location (ID)

Description
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9 Seasonal calendar

Months

Activities

Impact of climate change

More precipitation

Less precipitation
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Appendix 1.5

Group participants by survey settlement

Settlements Participants Group composition

Chhomrong 9 Ward chairman and chairperson of mother's group,
businessman, farmers and electricity users committee
members (Chairman and Secretary)

Melache 5 Teachers and farmers (1 female)

Ghandruk 7 Ward chairman, female representatives (Chairperson and
member of mother's group), teacher, and farmers

Landruk 9 Ward chairman, teacher, businessman and farmers

Syaulibazar 5 Teacher, farmers and businessman

Moharia 6 Ward chairman and farmers

Rele/Halzure 6 Farmers (1 female)

Halhale 10 Social worker, VDC secretary, and farmers

Bajung 5 Vice chairman of VDC, teacher, farmers

Jhorbang 5 Teachers, social workers and farmer

Chuwa 5 VDC chairman, and farmers

Katuwa Chapari 7 Social worker, teacher and farmers
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Appendix 1.6
Photographs: Community Survey/Water Use Inventory

1.6.2 Ghandruk Village
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1.6.3 A settlement with surrounding environs in Bajung

1.6.4 Typical farm house in Landruk
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1.6.6 Irrigation canal, Gyandi
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1.6.8 A local woman weaving Bhangra at Syaulibazar
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1.6.9 Water based woodcarving workshop at Melanche

1.6.10 Landslides at Ghurjung
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1.6.12 Paper-making
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Appendix 2: GIS Mapping

A2.1

A2.2

A2.2.1
A222
A2.23

A2.2.4
A2.2.5

A23
A23.1

A232

A2.4
A2.4.1
A2.42

A2.43
A2.4.4

Background to GIS Approach: Application of Geographic Information
Systems to Water Resources and Livelihoods in the Himalayas

Modi Khola Scale Mapping
Modi Khola: Study Area
Modi Khola: Study Zones and Study Settlements

Modi Khola: Water Use: Irrigated Agriculture & Micro-Hydro
Generation

Modi Khola: Water Use: Domestic and Drinking Supply
Modi Khola: Services and Markets

Modi-Kaligandaki Corridor Scale Mapping

Modi-Kaligandaki: rivers, major hydraulic schemes, cultivated land
and major towns

Modi-Kaligandaki: close-up of area around major hydropower scheme
with distribution of settlements and cultivated land

Nepal Scale Mapping

Nepal: Existing & Planned Hydropower Development

Nepal: Number of Watermills Running by Snow Fed Rivers
(Traditional & Improved)

Nepal: Irrigated Land from Snow Fed Rivers
Nepal: Rafting Rivers and Number of Tourists
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Appendix 2.1
Background to GIS Approach: Application of Geographic Information Systems to
Water Resources and Livelihoods in the Himalayas

Natural resource management and planning for sustainable development require the
collection and integration of data from many sources. The use of Geographic
Information Systems (GIS) is regarded as an effective and powerful tool for the
integration and analysis of often disparate datasets from environmental and socio-
economic research. The ability to integrate social, economic and biophysical data for
analysis and display enables policy-makers, managers and decision-makers at all
levels to formulate effective strategic development tools, and the mapping of spatial
information can be an effective tool for education and stakeholder participation. GIS
approaches are increasingly being used for research in sustainable mountain
development, by ICIMOD (see the website GIS for Sustainable Mountain
Development at www.icimod-gis.net/) and other organisations (see special GIS edition
of Mountain Research and Development, Volume 23, Number 4, November 2003).

Research for the SAGARMATHA project carried out in Nepal involved the
development of a spatial database to i) enable a better understanding of water use in
the study areas and across the country; ii) examine the relationship between water
resources and livelihoods; and iii) to assess the potential impacts of deglaciation in the
region. Data and information were collected at different locations and at different
scales, representing the household level, the community level, the watershed level, the
regional level, and the national level. The GIS database was developed from the
digitization of existing maps and data (such as elevation, major rivers, land use and
land cover, administrative boundaries, roads, and settlements), from the
georeferencing of primary data from an inventory of water uses carried out along the
snow and ice-fed rivers of Nepal, and from data collected during the case study in
Modi Khola. Details of the data collection and surveys can be found in the background
documents attached to the SAGARMATHA Final Technical Report. Data were
integrated using ArcGIS software and techniques and mapped at the national, regional
(Modi-Kaligandaki Corridor) and watershed (Modi Khola) scales.

84



Appendix 2.2.1
Modi Khola: Study Area

Modi Khola }’1
Study Area -« TETe,

Data supplied by Tribhuvan Unrversity, Kathmandu, Nepal
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Appendix 2.2.2
Modi Khola: Study Zones and Study Settlements

Modi Khola

Study Zones
Study Settlements

Upper Zofie ‘

Middle Zone

& Study Settlements

Oata supphed by Tnbhuvan Universy, Mepal
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Appendix 2.2.3
Modi Khola: Water Use: Irrigated Agriculture & Micro-Hydro Generation

Modi Khola

Irrigated agriculture &
micro-hydro generation

Legend

A Tmigation
® Hydropower

£ a-’E] Glacierlce Gap

- Cultrvated land

- P \_' =
C . ' L
A e =
| -
N =
L= 1 - r ' = = 1
ki ' Dete supphed by Tribhuvan Univeraity, Kathm andu, Mepal
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Appendix 2.2.4
Modi Khola: Water Use: Domestic and Drinking Supply

Modi Khola -
Domestic & Drinking 4
Water Supply X

A

Legend

Study Settlemeﬁts

Domestic Water Points

) Adequate

é Inadequate during winter

Drinking Water Points

Y Adequate

Y Inadequate 1n dry season

Dela supphed by Tribhuvan Univeraty, Kathmandu, Mepsl
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Appendix 2.2.5
Modi Khola: Services and Markets

Modi Khola _ -

Services & Markets . £

@ Markets

Services
& Health Post

Petrol Pump
* Police Station
- Post Office
Schoal
* Temple
‘e Transformer Station
* Transmission Tower

. Water Tank

Data supphed by Tnbhuvan Universiy, Nepal
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Appendix 2.3.1
Modi-Kaligandaki: rivers, major hydraulic schemes,
cultivated land and major towns

Modi - Kaligandaki
River Corridor

!
S
I L
=
LS (D
L]
D
T

Modi Khola & Major Towns

Major Hydraulic Schemes

Glacierflce Cap

Cultivated land

Doan aupplied by Tubbueo Bies e, K abmod, =gl
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Appendix 2.3.2
Modi-Kaligandaki: close-up of area around major hydropower scheme with
distribution of settlements and cultivated land

Legend

& Major Towns
Settlements
Hydranlic Schemes

- Cultivated Land et i,
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Appendix 2.4.1
Nepal: Existing & Planned Hydropower Development

Hydropower Sites

. Existing

» Under Construction

&

Planned & Proposed

Preliminary Works in Progress

Snow-fed River

POWER (KW)
o 32-45000
@ 45001- 180000
180001 - 402000 g l : :
| 402001 - 750000 / | ,—::’:—‘ r

750001 - 10800000
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Appendix 2.4.2
Nepal: Number of Watermills Running by Snow Fed Rivers (Traditional & Improved)

Water Mills Running by Snow Fed Rivers

% Traditional
® 106-119
d - f‘g ® 92-105

; ' 3} b ‘z é 79-91
\.’/ ) & 'rg . 50

- W L)

,, KL R
Improved &l —f} t

® 37-80 % L % (

® 23-36 ' | j’ s .

E 13- 22 i
3-12
1-2
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Appendix 2.4.3
Nepal: Irrigated Land from Snow Fed Rivers

Irrigated Land from Snow Fed Rivers

lrrigated Area (ha)

@ 50001 - 92500
®  20001- 50000
% 10001 - 20000

20 - 10000,
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Appendix 2.4.4
Nepal: Rafting Rivers and Number of Tourists

Rafting on Nepal's Rivers

Number of Rafting Tourists’

1501 - 9000
701 - 1500
151 - 700
12- 150

ﬁﬂajor Rafting Rivers
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Appendix 3: Stakeholder Consultation Workshops

A3.1

A3.1.1
A3.1.2
A3.13
A3.1.4

A3.1.5

A3.2

A3.2.1
A322
A3.23
A32.4
A3.2.5
A3.2.6

A3.2.7

A33

A33.1
A332
A333
A334
A33.5
A3.3.6

A3.3.7

A3.3.8

Community Workshops, Kusma & Ghandruk, Nepal, March 2004
Participant List

Participant Feedback Sheet: Adaptation Strategies
Photographs

Background Document 1 (Mountain Livelihoods and Climate Change
leaflet)

Background Document 2 (project objectives, methodology and major
findings of the survey - (Nepali)

Corridor Workshop, Pokhara, Nepal

(Snow and Glacier Aspects of Water Resources Management in the
Himalayas (SAGARMATHA): Kaligandaki Stakeholder Consultation
Workshop, Pokhara, Nepal, April 21, 2004)

Agenda (English & Nepali)
Participant List

Minutes
Photographs
Background Document (English & Nepali)

Participant/Breakout Group Feedback Sheet: Adaptation Strategies
(English & Nepali)

Participant/Breakout Group Feedback: Draft policy briefing note (also
used at Delhi workshop) (English & Nepali)

International Workshop, New Delhi, India

(Deglaciation: Impacts and Adaptations for Water Resources and
Livelihoods in the Himalayas: Stakeholder Consultation Workshop,
India International Centre, New Delhi, India, April 27-28, 2004)

Agenda

Participant List

Minutes

Photographs

Breakout group guidelines

Participant/Breakout Group Feedback Sheet: Sectoral Impacts and
Adaptation Strategies

Participant/Breakout Group Feedback: Draft policy briefing note (see
Appendix 3.2.7)

Results from Corridor Workshop (presented to Delhi participants after
breakout discussions)
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Appendix 3.1.1

Community Workshops: Participant List

Local Stakeholder Consultation in Modi Khola Basin

List of participants
S.N. | Name Address Occupation
1 Mr. Dhan Raj Sharma Chuwa 9, Parbat Business
2 Ms. Man Kumari Giri Siwalaya 4, Parbat Social work
3 Mr. Ram Prasad Acharya Siwalaya 3, Parbat Social work
4 Mr. Keshav Das Bairagi Katuwa Chaupari, Parbat Social work
5 Ms. Sima Mallik Rural energy Dev. Branch, | Service (Energy
Kusma Dev. Officer)
6 Mr. Tanka Prasad Poudel Salyan 9, Kaski Agriculture
7 Mr. Chudamani Sharma Salyan 9, Kaski Agriculture
Paudel
8 Mr. Shiva Sharma Poudel Katuwa Chaupari 3, Parbat | Industry (Diary)
9 Mr. Ms. Maya Subedi Chuwa 8, Parbat Agriculture
10 Mr. Dal Bahadur Malla Bajung 7, Parbat Social work
11 Mr. Prem Poudel Bajung 3, Parbat Social work
12 Mr. Tek Prasad Luitel District Agriculture Office, | Service
Kusma (Agronomist)
13 Mr. Devi Prasad Pathak Drinking water Office, Service
Kusma
14 Mr. Mahesh Bahadur Khadka | District Road, Kusma, Service
Parbat
15 Mr. Tek Bahadur Grung Ghandruk 4, Kaski Hotel/ business
16 Mr. Purna Bahadur Gurung Ghandruk 6, Kaski Hotel/ business
17 MrKrishna Prasad Poudel Ghandruk 5, Kaski Teaching
18 Mr. Jagadish Gurung Ghandruk 5, Kaski Teaching
19 Mr. Lila Nath Bhandari Ghandruk 3, Kaski Medical practitioner
20 Mr. Rameshwar Gurung Ghandruk 8, Kaski Hotel/ business
21 Mr. Purna Prasad Gurung Ghandruk 6, Kaski Teaching
22 Ms. Kanya Gurung Ghandruk 2, Kaski Tourism activity
23 Ms. Pyari Gurung Ghandruk 3, Kaski Social work
24 Mr. Damber Bahadur G.C. Ghandruk 1, Kaski Agriculture
25 Mr. Om Bahadur Gurung Ghandruk 9, Kaski Agriculture
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Appendix 3.1.2

Community Workshops: Participant Feedback Sheet 1 - Adaptation Strategies

Community Workshop Feedback Sheet: Adaptation Strategies

Group Name: .........

Page 1
Adaptation strategy Potential responses Practicality
Changes in cropping Easy to
patterns, substitution of
L adopt
crop varieties and
species Difficult to
adopt
Comments:
Promotion of social Easy to
networks adopt
Difficult to
adopt
Comments:
Changes in the location Easy to
of fishing activities, adont
promotion of fish p
breeding and river Difficult to
stocking adopt
Comments:
Changes in the Easy to
iate locati f
appropriate location o adopt
certain tourism
activities such as Difficult to
rafting adopt
Comments:
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Page 2

Changes in animal Easy to
husbandry techniques adopt
Difficult to
adopt
Comments:
Human migration Easy to
adopt
Difficult to
adopt
Comments:
Changes to design Easy to
specifications for water
and other infrastructures, adopt
and modification of Difficult to
existing structures adopt
Comments:
Development of Easy to
availability in an equitable Difficult to
way to prevent conflicts adopt
Comments:

100




Appendix 3.1.3
Community Workshops: Photographs

v

Participants of the Local Stakeholder Consultation in Kusma, 7 March, 2004

See also Section 4.4.2 of this report
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Appendix 3.1.4
Community Workshops: Background Document 1: Mountain Livelihoods and
Climate Change leaflet

(Side 1)

Mountain livelihoods and climate change

Global climate change Potential impacts of
= Peaple everynwhere ate noticing changes in their we ather and climate change
clirnate. (tlobal termperatures will rise,

= The IPCC {1996) estimates sugzests that zlobal glacier mass with changing average levels of

will be reduced by somme 25% b 2050 rainfall and mcreasing

: : variaghility. This means that both
NE;TP&E&EEI}DHE%}C?%’ the arrmal mean termperature change m worse druis and viorse flonds
: : can be expected.

How water influences livelihoods

= Water iz a factor of production in agriculture and industry;

= Water availability influences people’s health, especially for
wornen and childrer

» When people have to spend a lot of time colle cting water, it
IneAns tﬁey}im less ti.trlé to be irrobeed in pmdullefgive worl;,

= & healthy agquatic ersarorment provides ecosystem services to
cnmunitlesa?e a fish).

= Pollution, and dernand frorm large scale nsers can canse condlicts

G-mnp Dhicmeiion

Research Approach

Household surveys 12 settlements were randordy selected (from
all settlements in the catchrnent ), representing different eco-
zones i the Modi Ehola watershed, on the basis of altitude. &
total of 360 households were survesred.

Group discussions Informal discussions were carried out na
total of 12 groups represerting different occupational groups,
elected persons, social workers and farmers in each selected
corraunity. Corarnardty level inforination abont distrbation of b
agzets and present utilization pattern of these were collected Gzomp Dheows domatl Bomaony

TR
s
E -

nsing standard PRA approaches. In addition, perception =

regarding clirnate change and its relation to Invelithoods of local Ili:-.?é:liitlfétnﬂieg for sustainable

people wete exarined.
Inventory of water uses and mapping Ly irvrentory of different
water uges was made through consultation with local people and
field ohgervation. These were mapped using GPS and recent
topographic maps. The water uses ncluded water mills, inigation
canals, power plants, woodecarving workshops, pped water
supply, hot Sprngs, and religions and culturally raportant
places.

Field ohservation Extenstve field observation was made as a
supplernentary raethod to techniques mentioned dhonee.

Livelihood opiions in the Modi Ehola
L gricnlture
Beruttances

Hote: i cpite of thece

Tourism TArioe optiore, Aboat 56
Services afbumedholds prochce
Forest wtilisation mﬁodﬁﬁljﬁ&
1=k et o
%:rsm%hh from other comces,
Age, aaoun TeqrE a cash oome
Brewing
Wearinz and other
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(Side 2)

Hand | Wararab i
aTub YRR

People in the Modi Khela

= [n 2001, the poplation of the hiodi Khola watershed weas
eztitnated to be about 75,000 17,000 honsehalds. The averaze
farnily size of 4.6 varied betwreen 4.1 persons in Sankhar Polhan
to 5.7 in Ghandrule,

= Brersee literacsyr rate in the weatershed was 64 5 percent, ransing
from 51.7% in Arther Dandakharka and highest in Iudikmea
(30,75

Downsirean sub - Upsiream

Lamnd size TeFion sub-region | Tohl

(ha)  Lowrer Middle Upper Middle Upper
Zone TONR DONe DO TOLE

Ya e % e e Y

j [Moland 17 0o o.o 11 [ 22
{ Belowr 0.5 387 200 417 28% 3533 | 318

0.5-2.0 483 517 5173 610 344 | 538

whowe 20 133 HWIF &7 100 55 112

[Total 1000 100.0 100.0 1000 1000 1000

Household incomes Wany of the househnlds in this area do not have rouch access to financial
capital, although a sigraficant proportion do recerve money from outside.

Lower rome Middle rone Tpper zome Total

CoTe MUIes Rs Wi s Wi Rs W Rs

Agrimbre 34906 241 22095 06 1827 130 23 407

Eaeire = A0GTE 204 7280 [ 53 3B 10,557

Tomem 424 03 3081 a8 2930 A0E 13 546

Wage 2,619 12 A% 6.5 5261 37 5,799

Serrice 40,148 277 29711 266 S840 41 20818

Bemm #tatce 12, 54 123 29007 259 550977 418 10579

Pension 306 21 .77 o0 17AEr 133 10,530

Other 1524 1045 4,670 42 ™05 452

Tatad 44685 100 111787 100 141 053 100 130 3544

Omby 18 % of huowsehuold #ucorne cornoes Bromn agrioubhure’ooeps, 10%% Hrom bowrisn, 16%0 from senvdoes

Livelihood vulnerability Potiential adaptation strategies

Vulnerability exists wrhen rescurces arve limted and access to
them is ternuonas;

Human wilnerability to climate change 15 mfhenced by
poverty, capacty and geographical conditions,

Poor and politically wealk sroups are likely to be mowe
vulnerable than cthers;

Changes m ecological conditions arsmg fiom climate change
[eg changes m rver water ternperabures and chenustry] ae
likely to mfhience fish spaeming activities and infhence
fisheries m otherarays;

Livelihoods which ave dependet on water mpats as a ponarer
sonree, or as another factor of production will be partimalarhs
vilnerable, especially in tones of ko flowrs.

Some tions of climade change

Chver ﬁ'ﬁ?ﬂu reported bsing crops due to hailstorms over
the last 10 years

20% wpored losme crops due to landslides

169%: lost mrops doe tf:-gﬁmugd

135 % bst crops due 1o floo

sChanges in cropping pattems, substiation of
crop varleties and species;

= Changes mthe beaton of fishmg activities,
promotion of fishbreeding and mver stockmg,
s Changes inthe appropriate location of
certain tourism activities sach as raftme;

= Changes in antmal lnshandry teckruques

= Human migration;

= Changes to design specificatioms for water
and other mfrashuctores, and modification of
existing stactures;

= Develbpment of management strategies to
cope with reduced water availabalty in an
aquitable way to prevert corflicts.

= Promoton of social networks

Ile fonding o1 fhic worh b lean provided B fin TR Dhpertme o for Indermatio rel Tein kb pme st The 1ieme hom do ot neco e sl mpm eont fhoee of TEID.

For Mors nfe mistion, plsse contad N LT

Shiba Praad Rijal, Trbk ugs unmm:m,r.%.-) ety s A
katimandn, e pal.

Em all: zpriak@wilk com.ap By % Sy Ot vope

o bt o bpmasingy 1 Wiy
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Appendix 3.1.5
Community Workshops: Background Document 2 (project objectives, methodology
and major findings of the survey - (Nepali)

CUIRIE 2 ERIRIEE]
(Snow and Glacier Aspects of Water Resources Management in the Himalayas)

Stakeholder Consultation in Modi Khola Watershed

L

A (e AT a9 F9EE E | T 9] AfaF S e 3R A | EEe
qivEde GO AREAl AE gidd fBd TR Nd fd9 9% T 9@ GEEar ke
A3wa TG | IIA o g (R TR qeifE g e f wseel g ) el
Y0 gY9T FAeEE FHAART |9 5 9 FEE e T G | FEE TaRed 3
T WIS T5EW fE 1 1 3% Iy o we Meed @ 39w ofee g
ATEFAETAT T G W TE 9 39 (a9 | TEE 9HI 39 T 3T
AT 51 1 IFAZ 39 1 AWET A1 TY 9 361 3 |

TAIH FEEAT ASNGT T CMIAT TG Ral SGSAeAAl F ] TENES
FHET 01 9F8d 1 O AWEIEE 9= U9 A9E] 39 WG 3 S 9 WAles
ATAIST 99 570 A= Gl ST ISV WRA I G (Snow and Glacier
Aspects of Water Resources Management in the Himalayas) @3 9= & | prip 31 A4S
TATE] FAET TE ST omop, 31 ¥ 3 WER REMEWT faF, feEd
fqmataey, aas dumae qw G o, agm seemsn s T AneeE
fyafarey e SR v e | 7% WRA AT TEEE 15 TR e |

» 1id% 94 (development of regional hydrological model)
» TS T A4S 99 (socio-economic component)

fFaeE G991 TRM TS TR 1 GEan s gasgan T dhal 9591 38 w9
1 A O EITIS TGN T % TEAT AS SaaTe aa I Tar 9 A6
TET T 1 76 FEEH IRGaTe MAFIMAA] 9 AEES 0 @eT HiEAay dad
&99] ArEte dvigt gAte M TEE Feud e fawnn W g I viEdet g |

R S adhEs oW

TS T AGS THAT AT AR A[AEAS A FHEG i q97 Fdag 98
YA TS W AES GEd 1Y Tl TEEAl 5 INGaRare o e e W giage
HAEME T Feran TS A9 FADAS! AE] W ARl (a9 gFen T
79 AHIEF G 991 S TE 380 T3 6
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3 IS T % Iy

39 I Tl

TRl IIAA TF SANTRATA% FaeT 50 990G Ad] JE T S0 3048 &I
41 (Rooy Fm) AT gAew ARt | el SemaTedEaTe 93 961 MERT g T
Y% IR MEAE 30 TH T FY KO T FAE T TG Ghed TOH 7T |
T T THATHI AEE FAT, T ST STHATHRN TFET =7 fafer of Jqarawsr
= |

3 3 Faery Afasm

139 i gy
o AR FAERTIR AGeE AfGFHa=a% a7 999 FAFAHE T FH
9281 | {9 RATSAIEsH %M, A%<, =R, THeq a9 497 =aer 709
A | M AT 3.3 ufaed dRdae 9 wusl 9= | wiy qesy
giyar), A9 9% iaera), Tes srEErT 9ok ey ¥ =T (5.9 Tiave
qifeaieE AR T ST9ES &

o HigER fEEeer aeOEEr 3 ) F7E wyoigyg ofreraw ok 3 3 B She

TE G T IS 3R TOEET oY B VT W0 WA R 3 | 9T oRER
#aa wHT 9.9 F9€€ @b Al

o ERITET TYESHT 99, SIS, T wEa THE O | 9 oieme 3 e 949 9.3
AT q9r 9.\ VSEE e AT | T 79 99 9w e A g
HTeE] TR 9=

o %Y gqOq OeHEeATs AR ATRAl JdEqd AN @F T T Fiwl kg
ofryaas @ AT T | ofast SEE GEAT e SEO @R
FreAtniz EAEe R @' w1 A

o HitEEr SUE e SRR SfaRTeer dfeT T WUET 9EAr | Al
AgTE, T9d, WSS T« g4l WXl §a 14 99 SFR] Tdeqd  qa«aragi
THHd HATHATIES &7 |

o  TAEATE I ATRIIAR TOF TH A7 | B0 TH THOH TAGETR S60 fe
w0 109 afET TR arEEy | wraser ' wiiET T ge ko gfae
farearar TOHr TrAT |

331 9 ST
A1 G T4 96 T80 AeReH T1 4™ 3399 7397 TS 72w, | (=g,
wad | I, i 949, " ", a9 9rEiae
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AT ATTHS TATSTHT TAT TRl I, | T AT ki T 9eg, 9' g wie
(T AT T4 Aok e @ied), 99 q€T fG=E Ao T4 GEr S rHr T
T TAT WA ATATATES TEH o |

JHATEEEdTe 300 WFl Tl qeare "iEd IR TEes | e Fia9 TRt
Erﬁ:;rlw A TS f TERD AT | T TEE ST SET We e areA i
SR OTEAT |

YT A REHT WA qen P ATHrSTATAC AT WEET ATHAT TR AT
VTR TTEAT | AT GTHAT GTR AT RS TEEr WAHET 9T |

Hrar AT & fafrd 8T ¥ (99sa Ted? STAT T80 g7 |
GIETR! T "rAfTs Ter afis ToreAT 9 TS I9ANT TR 9TEaT |

333 v sfEd= afa s
o FTATIT Ufeaed gl STTaen @uRd FTafes SR e T | 9% T8 THE Tl

f T GHFS ATTHH Tad TUh 10 | e GHAR Tk THRTZe TSRl HTAT Tkl
HATT 917 % FeT THEe (P SRUHRT 8F Tkl q0 |

o JUCAIATASHI GHT WGAT A1 TN FATS AT TS|, TRATAAT T, HIAE, A6

FoT ST [ATATEREAT THRECH® A€ T qIIC | ATEET STRT 4% gfTarae
] (oA mo giqeras OR9Ta 7Y T AIHEEE TREHE HHE T T |
Ay wo gfryEs Se ¢ o3 gfgeresr ohfas gafarear awereTE g
AT | A AR H wdl VAT PR 9eTET TR AHEES g e denl
VTTRT AT Ee I QTR0 TEeh! 9TEaT |

¥ "ig« (Model) s afas=m

Regional glacier melt model & & T67 % IR @ 99 0,12 Chyr AITHFA TGHAT G00
AT HTE @R wereHT feEE areer Afvest erAer ke 9fEerE © desr gEEr e
affere g0y PreEe gred 8 | i 9 S qwTeHT  wiier eAEr 9o e e
gfeerd T TedT SAAT & I 9o gigve TEe ared Tha T4 |

[

Y frepd

HIE STATHTEA AR A TTas®! SR ST AT AT GrET®! 97 %0 Aeergel Yiasr @ |
T TRTaHT fTeET ATIAT I SIEERT AT TETEe ST Se g geara, (EEr,
frgergre e T e WHTHT TR AN W RN S SR aear, e ey
T FITRITATHRT AT AReTETAT ToqET T T TTAT THILH® 9T T
THIE, | T WiTITAT AL TEra R MUEewre g AR S AGIETATE AT A9 qH
Ffee e fag swa dfam |
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Appendix 3.2.1
Corridor Workshop: Agenda (English & Nepali)

Centre for ﬂ /). Y _
Ecology & Hydrology WA IGIMoOL

Snow and Glacier Aspects of Water Resources Management
(SAGARMATHA)

Kali Gandaki Stakeholder Consultation Workshop
April 21, 2004
Organized by
International Centre for Integrated Mountain Development (ICIMOD)
and

Centre for Ecology and Hydrology (CEH), UK

Facilitated by
Society of Hydrologist and Meteorologist (SOHAM), Nepal

Supported by
Department for International Development (DFID), UK

PROGRAMME

Time Programme

09:30 — 09:55 | Registration

10:00 — 10:30 | Opening Session

Opening Remarks by Mr. Adarsha Prasad Pokhrel, Chairman, SOHAM
Opening Remarks by Mr Gwyn Rees, CEH, UK
Remarks by the Chief Guest

Remarks by the Chair

Vote of Thanks

10:30—11:00 | Tea Break and Group Photo

e Welcome Remarks by Dr. Binayak Bhadra, Director of Programmes, ICIMOD

11: 00 — 11:15 | Project background and objectives of workshop, Ms. Mandira Shrestha, [CIMOD

11:15-11:30 | Results of the hydrological model, Mr. Gwyn Rees, CEH
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11:30 - 11:45

Context: Livelihoods, socio-economic aspects, water and climate changes, Dr Caroline
Sullivan, CEH

11:45 —12:00 | Outcomes of the Local Stakeholder Consultations, Mr. Shiba Rijal, TU

12:00 — 12:30 | Discussion

12:30 — 12:40 | Briefing on Group Discussion, Mr. Adarsha Pokhral, SOHAM/ Mr. Shiba Rijal

12:40 — 12:50 | Formation of three break-out groups and distribution of worksheets

12:50 — 13:00 | Remarks by the chair

13:00 — 14:00 | Lunch Break

14:00 — 15:30 | Break-out group discussion continued

15:30 — 16: 30 | Break out group feedback and synthesis group (Facilitator - Dr Caroline Sullivan, CEH
and Ms. Mandira Shrestha, ICIMOD)

16:30 - 16:50 | Final discussion: recommendations for adaptation strategies (Facilitator - Dr Caroline
Sullivan, CEH and Ms. Mandira Shrestha, ICIMOD)

16:50 - 17:00 | Closing remarks and vote of thanks

17:00—17:30 | Tea
End of Day

Note: Topics for the 3 Break-out Groups:

1. Impact on hydropower/water mills
2. Impact on Agriculture/Irrigation
3. Impact on Tourism and Livelihood
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o @ it B7f e S AR SR ST
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I L — gl -
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T FEHH FoAEF A G790 TR , '
99.70 - 99.30 QTR TEYE, Wi g7 JTaedl — A TR 9%
99.30 - 97.00 W T g v — o1 e Ry 3w wrie B
7200 - 99.94 qiaTSATEr AT At ve - Al e |
§2.9% - 933 FAER G AoF guaedl — faa garg Pand ’
92.3% - 9300 AR TGl AT BT Twied "
Y300 - §¥ 00 eIl ) - | e g
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Appendix 3.2.2
Corridor Workshop: Participant List

S.N. | Name of Participant Organization Designation

1 Mr. Bodh Raj Adhikari Regional Administration Office Regional Administrator

2 Mr. Ambika Prasad Sapkota | Regional Administrative Office Section Officer

3 Mr. Kamal Man Gurung District Development Committee Chairperson

4 Mr. Gopal Prasad Manandhar | Western Regional Irrigation Directorate Senior Divisional Engineer
5 Mr. Sampat Yadav Western Regional Forestry Directorate Asst. Forest Officer

6 Mr .Kishore Shakya Dept of Water Supply & Sewage Chief, Regional Office

7 Mr.Ramesh Rijal Nepal Water Supply Corporation A. Manager

8 Mr. Girindra Jha DWIDP Pokhara Overseer

9 Mr. Dol Raj Paudyal (ACAF) Chairman

10 | Mr. Shishu Koirala ACAP Community Dev. Officer
11 | Dr. Krishana KC P.N. Campus Associate Professor

12 | Mr.Indra Bd. Chand NEWAH Technical Officer

13 | Mr. Ved Prakash Upadhya Tourism Office Pokhara Office Chief

14 | Dr. Tek Bahadur Gurung Fisheries Research Centre Senior Scientist - 4

15 | Mr. Ram Prasad Dhakal Fisheries Research Centre Technician

16 | Mr.Bishnu Narayan Gurung | Narayani Basin Office, DHM Senior Divisional Meteorologist
17 | Mr.Ram Gopal Kharbuja Narayani Basin Office, DHM Hydrologist Engineer

18 | Mr. Gokarna B. Motra Western Region Campus Campus Chief

19 | Mr. Shiva Pd. Rijal T.U. Lecturer

20 | Mr.Beda Nath Baral Bijayapur River Water User Group Secretary

21 | Mr.Bishnu Ghimre Western Regional Irrigation Directorate Agro economist

22 | Mr.Rameshwor Gurung Hotel Manisha Hotel manager

23 | Ms. Sima Malik Rural Energy Dev Section Energy Dev. Officer

24 | Ms.Man Kumari Giri Jana Kalyan Samajik Mahila Samuha Chair person

25 | Mr. Pream Pd. Poudel Acid-Asia Chairman

26 | Mr.Tara Bahadur chhetri Water Transport Member

27 | Mr. Madan Bd. Karki District Development Committee Vice Chairman

28 | Mr. Rajendra Pd. Adhikari Dept. of Irrigation Senior Divisional Engineer
29 | Mr. Govinda Pd. Poudel Shree Gyaneswi Shiv Mandir Member secretary

30 | Mr. Mahendra Man Bethita District Development Committee Legal Advisor

31 | Mr. Ram Charitra Mahato Narayani Irrigation Management Division | Irrigation Chief

32 | Dr. Binayak Bhadra ICIMOD Director Programmes

33 | Ms. Mandira Shrestha ICIMOD Water Resources Specialist
34 | Mr. Ritesh Pd. Gurung ICIMOD Research Assistant

35 | Mr. Gwyn Hefin Rees CEH, Wallingford Senior Hydrologist

36 | Mr. Dermot O'Regan CEH, Wallingford Researcher

37 | Dr. Caroline Sullivan CEH, Wallingford Head of Water Policy & Mgt.
38 | Prof. David Collins University of Salford Senior Research Scientist
39 | Mr.Adarsha Pd. Pokhrel SOHAM- Nepal Chairman

40 | Mr. Suresh Marahatta SOHAM- Nepal Secretary
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Appendix 3.2.3
Corridor Workshop: Minutes

Snow and Glacier Aspects of Water Resources Management In the Himalayas
(SAGARMATHA)

Kali Gandaki Stakeholder Consultation Workshop
April 21, 2004

Organised by

International Centre for Integrated Mountain Development (ICIMOD)
and
Centre for Ecology and Hydrology (CEH), UK

Facilitated by
Society of Hydrologist and Meteorologist (SOHAM), Nepal

Supported by
Department for International Development (DFID), UK
Opening Session
Chair: Mr. Kamal Man Gurung, Chairperson,

Dr. Binayak Bhadra, Director of Programmes, International Centre for Integrated
Mountain Development (ICIMOD) welcomed all the participants to the consultation. He
informed that the consultation workshop funded by the UK Department for International
Development (DFID) would focus on the issues of climate change and on the development of
adaptation strategies to cope with the impacts of deglaciation.

He said that there is growing awareness of climate change and its impacts including global
warming. The quantity of water in the rivers fed by glaciers would be affected and the
prediction of availability would not be an easy task. There has also been an increase in the
number of water induced disasters like cloud burst, flash floods, etc. He stressed on the
importance of developing adaptation strategies to cope with the impacts of climate change for
which the support of the stakeholders would be critical. He thanked all the participants for
their participation and wished success to the consultation.

Mr. Adarsha Prasad Pokhrel, Chairperson, Society of Hydrologist and Meteorologist
(SOHAM), Nepal said that Nepal is a country rich in water resources. Nepal has great
potential for hydropower development, which could help the whole country develop.
Although rich in water resources, Nepal faces the problem of water scarcity and it is the
children and the women who are affected the most. He said that the country is also affected to
a great extent by water induced disasters, which could be reduced if a database is developed.

Climate change occurs and an increase in the global temperature has been observed. He
informed that the average increase of temperature in the Himalayan region is 0.12 °C per
year, which has caused rapid melting of snow and glaciers.

He mentioned that some progress has been made in understanding some of these issues

through this project. He said that the aim of the consultation is to disseminate the findings of
the project as well to develop adaptation strategies to cope with the impacts of deglaciation.
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Mr. Gwyn Rees, Centre for Ecology and Hydrology (CEH), UK said that the project had
started after claims were made in 1999 that glaciers in Himalayas would disappear in 40 years
and the project was developed to study the impacts of deglaciation in the Himalayan Region.
CEH had contacted scientist, meteorologist and specialist from DHM, Nepal, ICIMOD, TU,
Nepal and the University of Salford, UK and a proposal was prepared and submitted to DFID.
He mentioned that the aim of the project is to assess the seasonal and long term water
resources in snow and glacier fed rivers originating in the Himalayan region, and to determine
strategies for coping with impacts of climate change induced deglaciation on the livelihood of
people in the region. The findings of the study were being disseminated at various levels:
from the local to the international level and the international dissemination workshop would
be held in New Delhi, India. He thanked all the participants for attending the consultation. He
thanked ICIMOD and SOHAM for organising the workshop.

Mr. Bodh Raj Adhikari, Regional Administrator, Western Development Region thanked
the organisers for inviting him to the workshop and said that global ecological imbalance has
caused temperature increase, ozone layer depletion and melting of glaciers. It would also
result in flooding. Nepal suffers from the problem of either too much or too little water and
the condition was aggravated by ecological imbalance. He stressed the importance of having
climate change as a national issue. He said that water induced disasters cannot be stopped but
can be controlled. He concluded by wishing success to the consultation.

Remarks by the Chair

Mr. Kamal Man Gurung said that many of the rivers in Nepal are snow fed and thus the issue
of climate change and water resources management is important. The amount of water
available would definitely change because of climate change. Sharing his recent experiences
he said that a glacial lake outburst flood occurred at the Modi River and the people there were
greatly affected. However, adequate resources were not available to reconstruct the roads
destroyed by the floods. He informed that Annapurna Base Camp and Ghandruk are important
tourist sites and climate change would definite affect tourism at those locations.

He informed that the settlements along the banks of the Khirna Khola, a tributary of Modi
Khola, is in the danger of being flooded because of a dam formed by landslide. The breach of
the dam would most likely affect the Modi Project at the downstream. The water level in the
dam was being lowered naturally but it was not happening at a good rate. He said that the
issue of climate change is of great importance and wished success to the workshop.

In her vote of thanks, Dr. Caroline Sullivan, CEH said climate change is challenging issue
in mountainous regions and therefore the project was important. She thanked the Chairperson
of the session Mr. Kamal Man Gurung and the Chief Guest Mr. Bodh Rah Adhakari. She
thanked Dr. Binayak Bhadra, Mr. Adarsha Pokhrel and Ms. Mandira Shrestha for their
contribution to the project and to the workshop. She thanked Mr. Shiba Rijal, TU for his
efforts in collection of the socio-economic data. She thanked the participants of the workshop
and DFID for their support. She mentioned that the people of Nepal were very helpful and
provided a lot of support in the study. She thanked all the Nepali communities and said that
the results of the study would be useful to help other mountain communities as well.

Working Session I

Chair: Dr. Kishore Shakya, Senior Divisional Engineer, Regional Water Supply
Directorate

Project background and objectives of the workshop, Ms. Mandira Shrestha, ICIMOD
Ms. Shrestha provided a background of ICIMOD. About 80% of the total rainfall in Nepal

occurs in the four monsoon month from June to September and hence there is either too little
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or too much water. There is an increase in water demand because of population increase and
change in the lifestyle of the people. There are growing evidences that the higher elevations
were more affected by climate change. There are also evidences of increase in the number of
extreme events. Water is used for various reasons in the Himalayan region including
irrigation, livestock, fishing, hydropower, and tourism industry.

She presented the objective of the project and informed it has two components viz.: regional
hydrological model and the socio-economic component. The regional hydrological model was
developed to estimate average annual and monthly runoff and model was used to forecast the
extent of deglaciation and its impacts on future river flows in the region.

The socio-economic study was done to assess the present livelihood and the adaptation
strategies adopted by the people of the Modi Khola Watershed. A water use survey was also
done for the Modi Khola and the Kali Gandaki Corridor and both primary and secondary data
was collected during the survey.

She presented the project outputs and informed that the object of the consultation is to
disseminate the findings of the studies conducted, to obtain stakeholder perception on climate
change and potential impacts, and to develop a better understanding of potential adaptation
strategies of stakeholders. The expected outcomes of the consultations were presented.

Introduction of Participants
Following the presentation, the participants introduced themselves.

Results of the hydrological model, Prof. David Collins, University of Salford, UK and
Mr. Gwyn Rees, CEH

Prof. Collins provided a global outlook of deglaciation and provided experiences from Alps in
Switzerland. He pointed out that climate change would affect runoff both directly and
indirectly. The temperature record of the last 250 thousand years show fluctuation in the mean
global temperature and the current temperature rise may be part of it. The rise in temperature
the discharge of a snow-fed river might increase but it may not be true for a rain-fed river.

He said that the rainfall pattern of a region influences the flow in a river and the percentage
contribution of glacier melt would be small in rivers flowing through an area of intense
rainfall whereas it would be high in rivers flowing through dry regions. The rate of glacier
melt would depend on the distribution of the volume of ice in the glacier.

Mr. Rees said that the glaciers in the region had melted to some extent. He said that the model
developed by the project gave different climatic scenarios for the prediction of the amount of
deglaciation and a macro-scale model for the Indus, Ganges and the Brahmaputra was
developed. He expressed the difficulty in developing a model for all the glaciers in the region
and added that a regional glacier melt model representing many glaciers in a grid cell was
required. He said that a temperature increase of 0.03 °C/year would cause very little change
in the existing flow of the rivers and for a temperature rise of 0.1°C/year, the amount of water
in the rivers would peak in the next 45-50 years and would then be reduced drastically. He
mentioned that the model indicated that the Western Himalayas would be more affected than
the Eastern Himalayas.

He said that different climatic scenarios predicted different impacts both at local and regional

level. Water shortages as forecasted are unlikely to happen in for many decades and the threat
that glaciers in the Himalayan regions would disappear was ill-founded.
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Livelihoods, socio-economic aspects, water and climate changes, Dr Caroline Sullivan,
CEH

Dr. Sullivan said that the rise in global temperature could cause more extreme events and
glacial shrinkage. The impact would be more pronounced at elevation more than 1800 m. It
would also affect the ecological conditions of the rivers.

She said that all livelihoods depend on water and it is important for both agricultural as well
as for industrial purposes. It is the women and children who are more affected by scarcity of
water and the poor are more vulnerable to the impacts of climate change. The reduction of
water supply coupled with population increase would make it very difficult to manage water
resources. She stressed on the need to design infrastructures on the basis of future prediction
rather than on past data and mentioned that the livelihoods that directly depend on water are
more. Although most of the households in the Himalayan region tend to use multiple
livelihood strategies about 56 % of the population included in the study were not able to
produce enough food.

She mentioned that some part of the world would be more affected by climate change than
others and efforts should be made towards adaptation to new conditions rather than trying to
revert to previous conditions.

The mountain communities had expressed awareness of changes in climate. During the
household survey over 58% of household reported losing of crops due to hailstorm in the last
ten years. The impacts of climate change would be felt more strongly on the western parts of
the Himalayan region than on the eastern side.

Outcomes of the Local Stakeholder Consultations, Mr. Shiba Rijal, TU

Mr. Rijal presented the results of the socio-economic survey and the local stakeholder
consultations. The component tried to identify the impacts on livelihoods due to changes in
water availability. Two types of surveys were carried out within the component: socio-
economic survey and water use survey. The socio-economic survey was carried out at the
Modi Khola Watershed and the water use survey was done at both Modi Khola Watershed
and Kali Gandaki Corridor. The socio-economic data was collected through household
survey, group discussion, field observation and literature review, and water use data was
collected through water use inventory and mapping, and group discussion.

Presenting the major findings of the study he said that the average landholding in the Modi
Khola watershed is about 1.1 ha and 53.9 % of the household have landholdings between 0.5
and 2 ha. He mentioned that 95.6 % of the households have either an animal or a bird and that
remittance is the main sources of livelihood. He also pointed out that 56% of the household
do not have sufficient food production.

He presented the perception of the communities on climate change and the results of the water
use survey. He that two local stakeholder consultations were held in Kusma and Ghandruk in
the Modi Khola watershed. He presented the adaptation strategies of the local stakeholder
consultation, which are as follows:

» Changes in cropping patters, substitution of crop varieties and species;
»  Changes in animal husbandry techniques;

=  Promotion of social networks;

* Development of early waning systems;

= Development of fish ponds and fish breeding;

=  Promotion of cultural tourism;

*  Migration;
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*» Changes in the design specifications for water and other infrastructure and
modification of existing structures; and

= Development of management strategies to cope with reduced water availability in
equitable way to prevent conflict

Remarks by the chair

Mr. Shakya said that it was an interesting technical session. He thanked Ms. Shrestha for
providing the background of the project. He mentioned the presentation by Prof. Collins was
very helpful in understanding how glaciers behave. He expressed his happiness that the study
findings showed that deglaciation would not affect the river in Nepal to a great extent through
reduction in flows. He mentioned that temperature is rising and disasters like floods are more
common. He also pointed out that there are more frequent floods and draughts. He mentioned
that the results should enable better water resources management and thanked all the
presenters and the participants.

Working Session 1T
Chair: Dr. Binayak Bhadra, Director of Programmes, ICIMOD

The participants were divided into three breakout groups. They were requested to fill a
feedback sheet with their view on climate change and potential adaptation strategies.

In this session, participants were allocated to groups to provide a good cross section in each.
They then spent the first part of the breakout period discussing adaptation strategies which
were distributed on feedback sheets. After discussion they developed a group response to the
listed issues and recorded these on the sheets (one for each group). These were also supported
by flip chart sheets which were used to enable feedback to the plenary group after the
discussion session, by a rapporteur in each group. The results of these group discussions are
shown in Table 1, 2 and 3.

Group 1.

Topic Positive advantages negative disadvantages

Introduction of new species would lead to

Change in cropping patterns,
new varieties etc

Traditional ways of agriculture should be continued
along with the introduction of new technology

the need for improvement in eating habits.
New species should be identified on the
basis on senstivitiy to climate change

Promotion of soc networks

Social mobilisation and networking across
geographical boundaries should be promoted,
including inter-caste marriage

There may be a negative effect on culture,
may create conflict between different groups

Changes in location of
activities, fishing etc

Local species of fish must be conserved and
developed. Improved species should be cultivated and
increased in production . Fish ponds should be
developed

none

Changes in appropriate
location of tourism

On the basis of feasibility studies, proper management
of rivers for tourism use, rafting etc should be
introduced

pollution could lead to ecological imbalance

Changes in animal husbandry

Selection of local species of livestock for further

new diseases could be introduced

techniques improvement and development of the breed.

Migration Migration from rural area should be discouraged People may become more narrow minded
Changes in design of More equitable water allocation should be porsued and This could be costly and some existing
infrastructure infrastructure developed accordingly infrastructure may no longer be of use

Development of management
strategies to cope with changes
in water

build awareness of the proper utilisation of water

changes in availablity may make
management more difficult

Additional policies for local
stakeholders

stakeholder consultation should be incorporated to
reduce possible conflicts

existing policies may be inequitable

Important recommendations for
policy

give priortiy to HEP based on small scale community
involvement and investment, as well as in water supply
and irrigation

conflicts must be minimised, some policies
are conflicting, need integration of policies
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Group 2.

Topic

Positive advantages

Negative disadvantages

Change in cropping patterns,
new varieties etc

Introduction of new high yielding varieties, especially for
different ecological regions

Danger to biodiversity. Threat to indigenous
vegetation

Promotion of soc networks

Informal education for awareness raising. Empowerment
of local user groups

Group conflict. Resource constraints

Changes in location of
activities,fishing etc

Introduction of improved species, taking account of local
ecology. Encouragement of private fish production
through the development of pond fishing

Marketing problems, ecosystem and
biodiversity impacts

Changes in appropriate
location of tourism

Identification of new tourism destinations, development of
eco friendly tourism infrastructure, and heritage based
tourism

cultural pollution and environmental
degradation

Changes in animal husbandry
techniques

introduction cross breeds and hybrids to build stock
resilience, improvement in fodder production

new breeds may be more suceptible to
diseases and worms

Migration

Development of detailed land use maps to identify good
locations for human settlements

socio-cultural conflicts

Changes in design of
infrastructure

Development of multipurpose dams, integrated basin
wide water development plans and prioritisation of water
uses

resource constraint

Development of management
strategies to cope with changes
in water

participatory water development plan needed

water rights problems may arise

Additional policies for local
stakeholders

more social equity, employment generation policies and
educational awareness promoted

none

Important recommendations for

policy

More user empowerment, policy on water quality, demand
driven water uses

beneficiary conflict, resource constraints,
paradoxical stategies and policies

Group 3.

Topic

Positive advantages

Negative disadvantages

Change in cropping patterns,
new varieties etc

Increases in yield possible, taking advantage of new
conditions (more rain, hotter weather etc) potential gain
from new varieties if patents are put in place for new
cultivars. Promotion of biodiversity conservation

lack of patent rights could cause the loss of all
benefits

Promotion of soc networks

Public awareness raising on potential natural disasters
and development of warning systems. Promotion of
indigenous knowledge and skills.

could create social conflicts and worry

Changes in location of
activities, fishing etc

ponds

none

Changes in appropriate
location of tourism

could promote employments opportunities as an
alternative to tourism

difficult to find markets and poor transport
create limitations to this

Changes in animal husbandry
techniques

Community based livestock management schemes

Marketing problems, erosion through over
grazing

Migration

Encourage push back migration and discourage rural
emigration

lack of jobs and adequate housing in situtations
of growing population

Changes in design of
infrastructure

Plans should be made so as to not disturb the
environment

environmental and socio-economic disruption,
degradation

Development of management
strategies to cope with changes
in water

Better implementation of existing laws with more
participation in enforcement

If not done properly, could increase conflict

Additional policies for local
stakeholders

Establishment of water user groups etc., promotion of
water conservation techniques

conflicts could arise if shortages develop

Important recommendations for
policy

Implement a poverty reduction programme through better
water resources

underutilisation of water could be wasteful

Policy briefing note consultation

All participants were given a consultation document relating to the proposed policy briefing
note. These were discussed as a group, and a group version was produced, but in addition,
these sheets were also completed on an individual basis to enable more detailed information
to be collected, and to ensure full representation of all issues raised. Preliminary analysis of
individual feedback sheets was made to provide information to the plenary group about what
had been said by individuals. This was analysed more comprehensively after the workshop.
The following suggestions were made by the group on issues to be included in the policy

briefing note:

1. The nature of mountain livelihoods should include farming, tourism, external
remittances, small scale industry and handicrafts. Key issues suggested by stakeholders were:
livestock and dairying, the cultivation of medicinal plants and herbs, and the promotion of
community forestry and NTFPs (non-timber forest products).
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2. Current problems in mountain communities

Depopulation, Unemployment, Unpredictability of seasons and poverty were agreed as main
issues, with other problems including lack of infrastructure being given significance, along
with inappropriate farming policies

3. Research findings to be included

Modelled outputs suggesting changes in water availability

Potential impacts on communities

Potential adaptation strategies which would be suitable and acceptable
Issues which are important for health and welfare of human populations
Promotion of more equitable water management

The need for more awareness raising re Climate change impacts

4. Policy recommendation suggestions
Participants were asked to rank a selection of issues as important to be included in policy
recommendations. Those considered to be most important were:

8.
9.

10.
11.

12.
13.
14.

Build awareness of the impacts of climate change

More participation in development of climate response policy

Better monitoring and data collection about conditions in upper mountain areas
Participatory survey on selected indicators of climate change implemented in key
areas

Develop mechanisms to support and promote adaptation strategies

Investigate potential for water saving techniques

Encourage the development of experimental cropping (in conjunction with the
Ministry of Agriculture)

Other issues which were also considered, but seen as less urgent were:

Investigate scale of impacts on infrastructure in key basins
Assess appropriate infrastructure responses

Investigate potential for early warning

Investigate potential need for water storage facilities

Other suggestions for inclusion made by individuals were:

Research findings should be disseminated widely to people at all levels of society, not
just policy makers

Identification of geographical locations which might be safe from hydrological
accidents and other natural disasters

Introduction of a comprehensive (environmentally friendly, participatory, equitable)
water use act by the government

Development of a mountain database

Restoration of forests in upper catchment areas (near glaciers)

Need for more participation by women and marginalized people, including lower
caste groups

More integration and coordination between government departments, NGOs etc.
Implementation of participatory watershed conservation projects and afforestation
programmes

Promotion and fostering on existing social heritage in tourism development
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5. Concluding remarks — Dr. Bhadra, Dep. DG ICIMOD

Dr Bhadra provided the concluding remarks for the workshop in which he summarised a
number of issues raised during the breakout feedback session. He congratulated the
participants on their diligence and interest in the topic, and the variety of suggestions and
comments received. He pointed out that it was important to consider the effect of the rain-
shadow in certain places in the catchments in the high mountain areas.

Dr. Bhadra further mentioned that he was very happy with the recommendations made by the
groups. He said that farming of medicinal plants would really be of great use. He said that it
would be good if there were legislations governing farming techniques. He mentioned that
animal husbandry techniques would require more focus. He said that there are problems such
as lack of infrastructure and unemployment and stressed on the need of an integrated plan to
address these issues. He mentioned that a more detailed monitoring is required at the upper
regions and priorities should be given to building awareness and participation survey. He
added that harmonisation of strategies would also be beneficial. He supported the policies that
would help reduce poverty by better management of water resources. He mentioned that the
policies should also take into consideration the water quality aspects. He concluded by saying
that the workshop was successful in meeting the expected outcomes. He thanked the
participants for there contribution.

The meeting concluded at 7pm with full participation for the whole day. A heavy hailstorm
event occurred during the meeting, providing a perfect example of the problems which can be
faced as a result of extreme events. Much damage to vegetation (including crops) in the area
was observed.
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Appendix 3.2.4
Corridor Workshop: Photographs

Kali Gandaki Stakeholder Workshop Participants, Pokhara, Nepal, April 21, 2004

See also Section 4.4.3 of this report.
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Appendix 3.2.5
Corridor Workshop: Background Document (English & Nepali)

Centre for Vaa

Ecology & Hydrology i /7%__ _____

NATURAL ENVIRONMEMNT RESEARCH COUNCIL t{\-_tvlf_- !=!MEE
S—

Snow and Glacier Aspects of Water Resources Management In the Himalayas
(SAGARMATHA)

Kali Gandaki Stakeholder Consultation Workshop
April 21, 2004

Organised by

International Centre for Integrated Mountain Development (ICIMOD)
and
Centre for Ecology and Hydrology (CEH), UK

Facilitated by
Society of Hydrologist and Meteorologist (SOHAM), Nepal

Supported by
Department for International Development (DFID), UK

Background:

The SAGARMATHA (Snow and Glacier Aspects of water Resources Management in The
Himalaya) project is a three-year project initiated in April 2001 and supported by DFID, U.K.
The aim of the project is to assess the seasonal and long term water resources in snow and
glacier fed rivers originating in the Himalayan region, and to determine strategies for coping
with impacts of climate change induced deglaciation on the livelihood of people in the region.
The project has two components: 1) the development of a regional hydrological model, and ii)
the socio-economic component. For the socio-economic study the Modi Khola and the
corridor along the Kali Gandaki Basin were selected. The hydrological model was also
developed for the Modi Khola Basin. As part of the project, studies have been conducted on
the use of water along the Modi Khola Basin and the Kali Gandaki Corridor.

The aim of the stakeholder consultation is to disseminate the findings of the studies that have
been conducted so far. The consultation also aims to obtain feedback from the stakeholder
along the corridor to develop adaptation strategies to help the downstream communities cope
with the impacts of deglaciation.

Objective:
e To disseminate the results of the studies conducted by the project so far
e Propose adaptation strategies based on the result of the water use survey
e To obtain feedback on the proposed adaptation strategies
o Finalisation of the adaptation strategies
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Expected Outcomes
e Adaptation strategies that would help the communities cope with the impact of
deglaciation.

Date and Venue
The regional stakeholder consultation will be held on April 21, 2004 at Pokhara, Nepal.

Expected Participants
The participants will include stakeholders from the Kali Gandaki Basin.

Number of Participants
The total number of participants for the consultation will be approximately 40.

Contact Addresses:

Mr. Adarsha Prasad Pokhrel

Chairman

Society of Hydrologist and Meteorologist (SOHAM), Nepal
GPO Box: 1339

Kathmandu, Nepal

Tel: +977-1-5538770

Email: adarsha@mos.com.np

Mr. Suresh Marathha

Society of Hydrologist and Meteorologist (SOHAM), Nepal
Putlisadak, Kathmandu Nepal

Tel: 977-1-4352707

Mobile: 977-1-9841223521

Email: recham@ntc.net.np

Mr. Shiba Prasad Rijal

Department of Hydrology and Meteorology
Tribhuvan University

Kirtiur, Lalitpur

Nepal

Tel: 977-1-4288972

Email: sprijal@wlink.com.np

Ms. Mandira Shrestha

Water Resources Specialist

International Centre for Integrated Mountain Development
GPO Box: 3226

Jawalakhel, Lalitpur, Nepal

Tel: 977-1-5525313

Fax: 977-1-5524509

Email: mshrestha@icimod.org.np

Mr. Ritesh Prasad Gurung

International Centre for Integrated Mountain Development
GPO Box: 3226

Jawalakhel, Lalitpur, Nepal

Tel: 977-1-5525313

Fax: 977-1-5524509

Email: rgurung@icimod.org.np
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Appendix 3.2.6

Participant/Breakout Group Feedback Sheet: Adaptation Strategies (English &

Nepali)

Kaligandaki Stakeholder Consultation Workshop, Pokhara
Participant Feedback Sheet: Adaptation Strategies

Name: ..cooevveviniiinniniinennnenns Institution:
Page 1
PART I POSITIVE POTENTIAL
Adaptation Strategies | SUGGESTIONS FOR NEGATIVE EFFECTS,
ACTIONS DANGERS

Changes in cropping
patterns, substitution
of crop varieties and
species

Promotion of social
networks

Please suggest options
for different places,
regions etc. e.g. at the
village level, at
national level etc.

Changes in the
location of fishing
activities, promotion
of fish breeding and
river stocking

Changes in the
appropriate location of
certain tourism
activities such as
rafting

125




Page 2

Changes in animal husbandry
techniques

Human migration

Changes to design specifications
for water and other
infrastructures, and modification
of existing structures

Development of management
strategies to cope with reduced
water availability in an equitable
way to prevent conflicts

Existing Policies in Water Use/
Irrigation/Water
Supply/Hydropower/Other use

Additional Policies to
incorporate local stakeholder
needs

Most important issues to be
included in recommendations for
Policy
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Appendix: 3.2.7
Participant/Breakout Group Feedback: Draft policy briefing note (also used at Delhi
workshop) (English & Nepali)

Centre for Department For
Ecology & Hydrology International
'NATURAL ENVIRONMENT RESEARCH COUNCIL. Development

His Majssty's Govermment of Nepal @ i
Department o Hydidogy & Meteordagy y ICIMoD @

POLICY BRIEFING NOTE

Mountain livelihoods, water
resources and climate-change

The nature of mountain livelihoods

People who live in mountains tend to be resilient and resourceful. They often have considerable
ecological knowledge and from experience, have good understanding of how climate variation
can influence local livelihoods. In the mountain‘communities of the Himalayan region, people

tend to depend largely on farming, tourism, external remittances, small scale industry and
handicrafts

What else do you think should be included here........

Current problems’in mountain communities
Depopulation, Unemployment, Unpredictability of seasons, Poverty
How would you'like to see these discussed —suggestions please

Research findings

Modelled outputs suggesting changes in water availability

Potential impacts on communities

Potential adaptation strategies which would be suitable and acceptable
Issues which are important for health and welfare of human populations
What do you think should be included here
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ADAPTATION STRATEGIES
Please list what you think are the most important things that should be done to take
account of the impacts of climate change in mountain areas

POLICY RECOMMENDATIONS
PLEASE ASSIGN NUMBERS IN THE APPROPRIATE BOXES TO INDICATE WHAT YOU
THINK IS MOST IMPORTANT FROM THE LIST ABOVE.

PLEASE GIVE ANY OTHER SUGGESTIONS YOU MAY HAVE.

Your

ISSUE ranking
of this

issue

1. Better monitoring and data collection about conditions in upper mountain areas

2. Participatory survey on selected indicators of climate change implemented in key areas

3. More participation in development of climate response policy

4. Build awareness of the impacts of climate change

5. Develop mechanisms to support and promote adaptation strategies

6. Encourage the development of experimental cropping (in conjunction with the Ministry of
Agriculture)

7. Investigate potential for water saving techniques

8. Investigate scale of impacts on infrastructure in key basins

9. Assess appropriate infrastructure responses

10.  Investigate potential for early warning

11.  Investigate potential need for water storage facilities

Other suggestions here please!

Contact: Put your contact details here
(voluntary)

This publication is an output from a research project funded by the United Kingdom Department for International Development (DFID) for the benefit of
developing countries. The views expressed are not necessarily those of DFID. Reproduction of this publication for educational or other non-commercial
purposes is authorised without prior permission from the copyright holder provided the source is acknowledged.
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Appendix 3.3.1
International Workshop: Agenda

G_. : His Majesty's Government of Nepal ERSITY
10! Depariment of Hydrology & Meteorology iICIMOD

DEGLACIATION: IMPACTS AND ADAPTATIONS FOR
WATER RESOURCES AND LIVELIHOODS
IN THE HIMALAYAS

Stakeholder Consultation and Dissemination Workshop
India International Centre, New Delhi, India
April 27-28, 2004

Jointly organized by

Centre for Ecology and Hydrology, Wallingford, UK
Jawaharlal Nehru University, New Delhi, India
International Centre for Integrated Mountain Development, Nepal

Facilitated by
HIGHICE, New Delhi, India

A contribution to the
Hindu Kush — Himalayan Flow Regimes from International Experimental and
Network Data (HKH-FRIEND) project of the
UNESCO International Hydrology Programme

Supported by the

UK Department for International Development (DFID) funded project

“Snow and Glacier Aspects of Water Resources in the Himalayas”
(SAGARMATHA)

D F I D Department For
International d
Development r‘e n

India

132



Day 1, Tuesday, April 27, 2004

Time Programme
09:00 — 9:30 Registration

09:30 — 10:20 Inaugural Session
Chair: Prof. R. K. Saxena, Rector, JNU

9.30 Welcome Remarks Prof. R. K. Saxena
9.35 Workshop Objectives Prof. Syed I. Hasnain, VC, Calicut University
9.45 Opening Remarks Mr. Gwyn Rees, CEH, and
Ms Mandira Shrestha, ICIMOD,
10.00 Inaugural Address by Chief Guest Shri S.K. Das, Member, (D&R), Central
Water Commission, Government of India
10.10 Address Dr. B. Lal, Additional Director General, IMD
10.15 Vote of Thanks Prof. V. Subramanian, School of

Environmental Sciences, JNU
10:20 — 10:45 Tea Break and Group Photo

Session 1: Introduction
Chair: Prof. Syed I. Hasnain, VC, Calicut University

10:45 — 11:00 Outline of the SAGARMATHA project and objectives of the workshop
Mr. Gywn Rees, CEH.
11:00 — 11:30 Introduction of participants

Session 2: Aspects of Deglaciation
Chair: Mr. A. Pokhrel, SOHAM, Nepal

11:30 — 11:50 Global perspective on deglaciation Prof. David Collins, Salford University, UK
11:50 — 12:10 Deglaciation in the Himalayas: evidence & potential impacts

Prof. Syed I. Hasnain, VC, Calicut University
12:10 — 12:30 Linking livelihoods to deglaciation  Dr. Caroline Sullivan, CEH.
12:30 — 13:00 Discussion

13:00 — 14:00 Lunch Break

Session 3: Impact of deglaciation on Himalayan water resources
Chair: Mr. S.K. Chowdhury, Bangladesh Water Development Board
14:00 — 14:30 Representing deglaciation regionally Mr. Gwyn Rees, CEH
14:30 — 15:00 Implications for Himalayan water resources
Prof. David Collins and Mr. Gwyn Rees
15:00 — 15:15 Discussion

15:15 - 15:30 Tea Break

Session 4: Modelling Results and Country Presentations
Chair: Mr. K. Chhophel, Hydrometeorological Services Division, Bhutan
15:30 — 15:55 Dissemination of results Dr. Rajesh Kumar, JNU & Mr Gwyn Rees
15:55 — 16:35 Perspectives on Climate Change and Water Resources in the Region:
- Bangladesh
- Nepal
- Bhutan
- India
16:35 — 16:50 Discussion  16:50 — 17:00 Concluding summary of Day 1. Prof David Collins
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Time

09:30 — 09:40
09:40 — 09:45
09:45 -10:30
10:30 - 11:00
11:00 - 12:30
12:30 - 13:00
13:00 - 14:00
14:00 — 14:30
14:30 - 15:00
15:00 - 15:10
15:10 — 15:40
15:40 — 15:50
15:50 — 16:00
16:10 — 16:30
14:30 - 17:00

Day 2, Wednesday, April 28, 2004

Programme
Review Day 1 Mr. Gwyn Rees
Objectives for day 2 Dr. Caroline Sullivan

Session 5: Livelihood impacts and adaptations
Chair: Dr. Caroline Sullivan, CEH

Impact analysis
Concept and approach Ms. Mandira Shreshta
Community-level — Modi Khola Watershed, Nepal

Mr. Shiva Rijal, Tribhuvan University
Basin-level — Kali Gandaki Corridor, Nepal

Ms. Mandira Shreshta
Regional level — Some examples of diversity in the HKH Region

Mr. Dermot O’'Regan, CEH
Tea Break

Impacts & adaptations breakout group discussions 1: Consultation
Discussion on regional impacts and adaptation strategies for:

— hydropower

— food production and food security

— commerce (industry, tourism, employment)

Feedback to the plenary session: Sectoral impacts and adaptations

Lunch

Results from earlier consultations
- Community-level consultation
- Basin level consultation

Mr. Shiva Rijal, Tribhuvan University
Dr. Caroline Sullivan

Impacts & adaptations breakout group discussions 2: Policy Recommendations

Tea break

Feed back to the plenary session: Policy recommendations

Discussion

Review of impacts and adaptations: Summary & potential recommendations
Ms. Mandira Shreshta

Closing session

Closing remarks

Vote of thanks

JNU, ICIMOD and
Mr. Gwyn Rees
End of workshop
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Appendix 3.3.2

International Workshop: Participant List

Deglaciation: Impacts and Adaptations for Water Resources and
Livelihoods in the Himalayas

April 27 - 28, 2004
India International Centre
New Delhi, India

Regional Participants

Nepal
Mr. Gopal Basnet

Mr. Purna Bhakta
Tandukar

Bhutan
Mr. Karma Chhophel

Bangladesh

Sazedul Karim
Chowdhury

New Delhi, INDIA
Mr. S. K. DAS

Dr. L. S. Rathore

Dr. Someshwar Das

Address

Senior Divisional Engineer, Dept. of
Electricity Development, Bijuli
Bazar, Ktm

Under Secretary, Trecking and
Mountaineering Section, Tourism
Industry Division, Ministry of
Culture/Tourism & Civil Aviation,
Tourism Industry Division, Bhrikuti
Mandap, Kathmandu

Superintending Engineer/Head,
HMSD, Department of Energy,
Ministry of Trade and Industry,
Royal Government of Bhutan, PO
Box: 106, Thimpu, Bhutan

Executive Engineer, North Eastern
Measuremnet Division, Surface
Water Hydrology, Bangladesh
Water Development Board, Dhaka

Member (D&R), Central Water
Commission (CWC) Seva Bhavan,
West Block, R K Puram, New
Delhi -110066, India

Scientist- G (Advisor), National
Centre for Medium Range Weather
Forecasting (NCMRWF), Mausam
Bhawan Lodhi Road, New Delhi-
110003

Director/Scientist - F, National
Centre for Medium Range Weather
Forecasting (NCMRWF), Mausam
Bhawan Lodhi Road, New Delhi-
110003
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Chief Guest
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somesh@scientist.com;
somesh@ncmrwf.gov.in
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20
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22

23

24
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26

Shri K.K. Gupta

Dr. Rajesh Kumar Mall

Dr. K. K. Singh

Dr. A. K. Gosain

Mr. Ramveer Singh

Mr. Shankar Mahato

Prof. Rajeev K Saxena

Ms. Richa Bansal
Mr. Raj Librahan

Mr. R.N. Nandwani
Capt. Rajiv ojha

Mr. A. K. Mandal
Press
Ms. Shruti Rajan

Mr. S. Suresh
Ms. Chandrika Mago

Ms. Sonu Jain

Outside New Delhi,
INDIA

Dr. Prapat Singh

Dr. Arun Kumar

Mr. Manohar Arora

Senior Joint Commissioner (ER),
Ministry of Water Resources, New
Delhi

Central Ground Water Authority, A-
2W-3, Curjan Road, Barrack,
Kasturba Gandhi Marg, New Delhi-
110 001

Scientist- D, Agromet Advisory
Services, NCMRWF, Mausam
Bhawan Lodhi Road, New Delhi-
110003

Indian Institute of Technology,
Delhi, Hauz Khas, New Delhi- 110
016

Technology Bhavan, Department of
Science and Technology, New
Mehrauli Road, New Delhi- 110 016

Director, Hydrology Division,
Central Water Commission, Seva
Bhavan, West Block, R K Puram,
New Delhi -110066, India

Rector, Jawaharlal Nehru
University, New Delhi - 110 067

CEFS, New Delhi

Director, India Habitat Centre, Lodhi
estate, New Delhi - 110 003

[I-C-101, Lajpat Nagar, New Delhi-
110 024

D-16, Press Enclave, Saket, New
Delhi- 110 017

Heritage World Wide, New Delhi

Indo-Asian News Service, New
Delhi
United News Agency, New Delhi

Times of India, 7, Bahadur shah
Zafar Marg, New Delhi- 110 055

Indian Express, C-6, Kutab
Institutional Area, New Delhi - 110
016

Natioal Indtitute of Roorkee, Jal
Vigyan Bhawan, Roorkee - 247667
(Uttaranchal), India

Head, Alternate Hydro Electric
Centre, Indian Institute of
Technology, Rourkee

Natioal Indtitute of Roorkee, Jal
Vigyan Bhawan, Roorkee - 247667
(Uttaranchal), India
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Director, Glaciology Division,
Geological Survey of India (GSI),
Northern Region, Aliganj, Lucknow,
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Department of Geology, Aligarh
Muslim University, Aligarh, Uttar
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Vice Chancellor, University of
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635, India

Glacier Research Group, School of
Environmental Sciences,
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Centre for Atmospheric Sciences,
Indian Institute of Technology,Hauz
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Glacier Research Group, School of
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Appendix 3.3.3
International Workshop: Minutes

DEGLACIATION: IMPACTS AND ADAPTATIONS FOR WATER
RESOURCES AND LIVELIHOODS IN THE HIMALAYAS

Stakeholder Consultation Workshop
India International Centre, New Delhi, India
April 27-28, 2004

Organized by
HIGHICE-India, New Delhi
Jawaharlal Nehru University, New Delhi
Centre for Ecology and Hydrology, Wallingford, UK
and the
Water, Hazard and Environmental Management Programme of
International Centre for Integrated Mountain Development

A contribution to the
Hindu Kush — Himalayan Flow Regimes from International Experimental and Network
Data (HKH-FRIEND) project of the
UNESCO International Hydrology Programme
Supported by the

UK Department for International Development (DFID) funded project
“Snow and Glacier Aspects of Water Resources in the Himalayas” (SAGARMATHA)

Centre for Department For
Ecology & Hydrology 6—‘ IcCIMOD International
NATURAL ENVIRONMENT RESEARCH COUNCIL Development

L
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DAY I: April 27, 2004
Opening Session
Chair: Prof. R K Saxena, Jawaharlal Nehru University (JNU), India

In his welcome address Prof. Saxena said that water is essential for all communities. The
growing use of fossil fuels has degraded the environment to certain extent. It is however,
possible to achieve development while preserving environment. Drying of rivers is one of the
most difficult problems caused by climate change. He expressed his happiness that JNU is
contributing to a project addressing these issues.

Prof. Syed I. Hasmain, Vice Chancellor, Calicut University, India provided background of
the project and said that its objective is to o assess the seasonal and long term water resources
in snow and glacier fed rivers originating in the Himalayan region, and to determine strategies
for coping with impacts of climate change induced deglaciation on the livelihood of people in
the region. The regional hydrological model developed by the project predicts flows in the
rivers of India, Ganges and the Brahmaputra Basins. The project result would also be
disseminated through the Hindu Kush Himalayan Flow Regimes form International
Experimental and Network Data (HKH-FRIEND), International Hydrological Programme
(IHP) of UNESCO and International Commission for Snow and Ice (ICSI). The second phase
of the project will not be funded by DFID and stressed on the need of the support of member
countries.

In his opening remarks Mr. Gwyn Rees, Centre for Ecology and Hydrology (CEH), UK
said that the project was initiated following claims that the glaciers in the Himalayan region
would disappear in the next 40 years. CEH together with other partner institutions prepared
and submitted a project proposal to DFID. The workshop is the second dissemination
workshop of the project. The first was held in Pokhara, Nepal on April 21, 2004. He thanked
all the participants for their presence. He also thanked Prof. Hasnain, Ms. Mandira Shrestha,
ICIMOD and Dr. Rajesh Kumar, JNU for their contribution to the project as well as to the
workshop.

Ms. Mandira Shrestha, International Centre for Integrated Mountain Development
(ICIMOD) thanked all the participants attending the workshop. She said that during the past
century, global temperatures have risen by 0.5°C the largest increase in at least one thousand
years. As a result, snow cover is decreasing, glaciers are retreating, lakes and rivers are
warming, rainfall patterns are changing and El Nino episodes are occurring more often.
Extreme weather, including thunderstorms flash floods, droughts, and rising sea levels further
contribute to global distress. There is evidence that this increase in the temperature has
resulted in the rapid melting of several of the glaciers of the Hindu Kush Himalayan Region,
causing changes in the flow regime of the rivers. Continued melting of the glaciers is likely to
result in an increase in glacial melt-water in the short-term, but a depletion of the resource in
the longer-term. This could severely affect the communities that depend on the snow-fed
rivers for their livelihoods.

She expressed happiness that ICIMOD could contribute to the project. She thanked DFID for
their support.
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Dr. S K Das, Member, Central Water Commission, Government of India mentioned that
fresh water is closely linked to glaciers. The year 2003, apart from being the International
Year of Fresh Water, was also declared as the Indian Year of Fresh Water. During 2003
programmes were being conducted to make the people aware of the importance of fresh
water. There are about 15,000 glaciers draining into India through the Himalayas. There are
settlements along the banks of the rivers and water is being used for various purposes. The
central water Commission (CWC) issues seasonal forecasts and reports have been published
since 1951. The National Hydrological Institute (NHI), under the Ministry of Water
Resources, has developed hydrological model for the Chenab and Sutlej Basin.

The rise in temperature has resulted in rapid melting of glaciers and rise in sea level. The
glaciers in the Himalayan Region are of great importance not only to India but also to other
countries like Pakistan, Nepal, Bhutan and Bangladesh. The workshop is an important one
since it focuses on these issues.

Dr. L S Rathore, Scientist, National Centre for Medium Range Weather Forecast
(NCMRWEF), India said that deglaciation by itself is not a disaster. However, disaster is
caused as a result of deglaciation and focus should be given to the impacts. Climate change in
the Himalayan Region should be considered as a different case altogether. There is also a
need for more detailed observation in the region.

He mentioned that it is possible to predict weather over the Himalayas. The model developed
by the project would help the NCMRWEF in issuing forecasts. A road map should be prepared
to reduce the rate of deglaciation.

Prof. V. Subraminium, School of Environmental Science, JNU thanked all the participants
for attending the workshop. He thanked DFID for their support to the workshop as well as to
the project. He thanked the JNU for facilitating the workshop.

Session I: Introduction

Chair: Prof. S I Hasnain, Calicut University, India

Outline of the SAGARMATHA Project and Objective of the Workshop: Mr. Gwyn
Rees, CEH, UK

Mr. Rees provided the background of the project. The project has two components: the
regional hydrological model and the socio-economic component. The hydrological model
incorporates regional glacier melt model to forecast deglaciation and future flow of rivers in
the Indus, Ganges and Brahmaputra Basin. He mentioned that the community level socio-
economic survey was done at specific watershed and a desk study was done for the region.

He provided the objective of the workshop. Day I of the workshop would focus on the
impacts of deglaciation and the hydrological model. Day II would focus on the socio-
economic component of the project and the impacts of deglaciation on livelihoods.

Following Mr. Rees’ presentation, the participants introduced themselves.

Session II: Aspects of Deglaciation

Chair: Mr. Adarsha Prasad Pokhrel, Society of Hydrologist and Meteorologist
(SOHAM), Nepal

Global Perspective on Deglaciation, Prof. David Collins, University of Salford, UK
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Prof. Collins said that glaciers have been sensitive indicators of global warming and there has
been change in glaciers with changes in climate. There were a lot of glaciers about 200 years
ago. Glaciers had retreated a lot between 1850 and 1890. Because of deglaciation there would
be more glaciers but they would be smaller in size. The flow in the rivers in the 20™ century is
actually more than the quantity supported by precipitation only. Climate change would
influence the runoff both directly and indirectly.

The reconstruction of temperature of the last 250 thousand years showed that there is a
fluctuation in the mean global temperature; the temperature of last few years is the highest. It
is so because this phase is an inter-glacier age and is also the end of ice age. Temperature
increase is also because of carbon dioxide (CO,). Infrastructures such as dams and bridges are
generally built considering past records but it should be done by making assumption of the
flow in rivers in future.

Deglaciation in the Himalayas: Evidence and Potential Impacts, Prof. S I Hasnain,
Calicut University, India

Prof. Hasnain said that the glaciers in the Eastern Himalayas are bigger and at higher
elevation than the glaciers in the Western Himalayas. The glaciers are monsoon driven fed by
the south west monsoons. The accumulation of snow and melt of snow occurs at the same
time in the Eastern Himalayas. There is also a lot of moisture present there during summer.
Temperature increase in the last few years has resulted in the formation of a number of
glaciers. The breach of the natural dams of these lakes could cause glacial lake outburst floods
(GLOF). Because most of the glaciers are trapped in natural lakes, the impact of mass balance
should be considered taking the change in mass balance of the glaciers and not the flow in
glacier fed rivers.

Linking Livelihoods to Deglaciation: Dr. Caroline Sullivan, CEH, UK

Dr. Sullivan said that climate change is affecting the livelihoods of the people in the region.
There are more cases of extreme events and climate change is also affecting the availability of
water. The impacts are more felt at elevation more than 1800 m. Climate change could also
cause more flooding, reduction in rainfall and runoff and change in the ecosystem, livestock,
farmers and fisheries. Any change in the climate would bring about a change in the five major
capitals viz. finance, infrastructure, social, physical and natural resources.

Dr. Sullivan said that people are vulnerable in different ways. Vulnerability increases because
of population increase and poverty. Efforts should be made to reduce these vulnerabilities.
Modern techniques should be combined with the indigenous knowledge to help the
communities.

Discussion:

Mr. S K Chowdhury, Bangladesh Water Development Board (BWDB), Bangladesh asked
about the increase or decrease in the crown in the Himalayan Region. Mr. Rees said that very
little data were available but temperature has been increasing in the last few years and the
snow line is receding.

Dr. Pratap Singh, National Hydrological Institute (NHI), India said that recent studies showed
that there would be very little change in the Ganges Basin because of climate change but
some change would occur in the Brahmaputra and the Meghna Basin. The change in rainfall
pattern is different from temperature increase. There are some data that say that precipitation
is decreasing.
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Prof. Collins said that some changes are being noticed. Winters are now shorter and therefore,
there is the time span for snowfall is reduced. Climate change might also cause it to rain when
it should be snowing.

Mr. Chowdhury enquired if it is possible to make any prediction. Mr. Pokhrel said that no
detail survey has been conducted on snow accumulation. The change in precipitation is not
very distinct and it is not possible to say weather precipitation would increase or decrease.
However, snowlines are receding.

Dr. Someshwar Dar, NCMRWF said that hundreds of lives are lost because of extreme
events. Forecasts can be made to an accuracy of 80 % but these forecasts should be made
available to the communities. He added that forecasts of cyclone in Orissa, India had
considerable reduced the number of lives lost. Ms. Shrestha said that it is important to
strengthen the process of dissemination. Mr. K K Gupta, Central Water Commission, India
said that dissemination is the most important component.

Mr. Chowdhury said that the Bangladesh would be greatly benefited if hydrological and
meteorological data were made available to them by India and Nepal. Dr. Singh said that
extreme events such as flash floods do not depend on climate change. However, there are
more cases of extreme events now.

Remarks by the Chair

The presentation clearly showed the impacts of climate change on water resources. It is also
seen that climate change can affect livelihoods. The discussion was focused on dissemination
of forecasts. Dissemination should be given priority.

Session II1: Impact of deglaciation on Himalayan water resources
Chair: Mr. S K Chowdhury, BWDB, Bangladesh
Representing Deglaciation Regionally, Prof. David Collins, University of Salford, UK

Prof. Collins said that the glaciers at higher elevations are thicker than the once at lower
elevation. It is difficult to determine the volume of a glacier since it is not geometrical in
shape and therefore, the area is generally measured. There are growing evidences that both the
area and the volume of glaciers are being reduced. He mentioned that very little temperature
and glacier volume data are available. While developing a model assumptions are being
made.

It is also very important to understand the relationship between glacier area, volume and
discharge. It is being noticed that while the area and volume of glaciers are decreasing, the
discharge is actually increasing. The contribution of glacier melt in river flows would be
higher in a highly glaciated basin. The decrease in the glacier area would ultimately lead to
the decrease in glacier discharge.

Implications for Himalayan Water Resources, Mr. Gwyn Rees, CEH, UK

Mr. Rees presented the results of the hydrological model. He said that deglaciation is
occurring across the whole of the Himalayan Region and most of the glaciers are melting. The
mean temperature of Nepal at elevation between 72 and 4100 m is increasing at the rate of
0.06°C/year and is increasing at the rate of 0.1°C/year at higher elevation. This has resulted in
the formation of a number of glacial lakes.

A macro-scale model was developed to predict the impact of climate change in the Indus,
Ganges and the Brahmaputra Basin. The model incorporates the first regional glacier melt
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model. The model estimates runoff in a 20km X 20km grid. Climate change scenarios are
then applied.

The model represents all the glaciers across the region. There might be more than one glacier
contribution to a single cell in the grid. To avoid complexities all the glaciers contributing to a
single cell is considered as a single glacier having an idealised shape. The area of this glacier
is equal to that of the glaciers contributing to the cell. The glaciers are split into 20 elevation
steps. Using lapse rate temperature as well as the type of precipitation is determined for
specific elevation.

Applying different climatic scenarios, the amount of runoff is runoff is predicted. The results
of the model showed that for an increase of temperature at the rate of 0.1°C/year the flow in
the rivers would increase. Peak flow in these rivers will occur in the next 45-50 years and then
the amount of water would be reduced drastically. For a temperature of 0.03 °C/year, there
would be very little change in the river flows.

It was concluded from the analysis that there is a distinct difference in the impacts both at
local and regional levels. The water shortages are unlikely to happen for many decades; some
regions might actually receive more water. The threat that Himalayan glaciers would
disappear in the next 40 years was ill-founded. However, deglaciation is occurring in the
Himalayan region and the highly glaciated catchments are more vulnerable to climate change.

Discussion

Mr. Somehswar Das enquired about the validity of the model. Mr. Rees said that the model
was developed by assuming future climate scenarios. The model could be more accurate if
real time precipitation data were available. The use of medium range precipitation forecasts as
issued by the NCMRWF would make it more realistic.

Dr. Singh said that the model should be validated. He mentioned that generally models are
first tested and then applied at a regional scale, which just the opposite in this case. Mr. Rees
said that the calibrating the model on a region scale was very difficult. The model could
however, be calibrated at a local scale. He also mentioned that the model was developed using
standard parameters and although it is not accurate, it would give a fairly good picture of the
future scenarios. Prof. Collins added that the whole process would be very time consuming if
it were done in detail.

Session IV: Modelling Results and Country Presentation

Chair: Mr. K Chhophel, Department of Energy, Royal Government of Bhutan
Dissemination of Results, Dr. Rajesh Kumar, JNU and Mr. Gwyn Rees, CEH

Dr. Rajesh Kumar demonstrated the regional hydrological model developed by the project. He
mentioned that the model uses Visual Basic Executable as the front end tool. The model
allows users to apply different climatic scenarios on a basin. This can be done by selecting a
basin and then selecting the built-in scenarios. The model also shows the river drainage map
of the Indus, Ganges and Brahmaputra Basins. Each line in these maps would give the
information about the particular stretch of the river.

Perspectives on Climate Change and Water Resources in the Region

The delegates from Bangladesh, Bhutan, India and Nepal presented the perspective of climate

change in their respective countries. It was mentioned that climate change induced
deglaciation is affecting the water availability in the regional countries. Industries such as
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hydropower, which are directly dependent on water availability, are affected the most.
Deglaciation has also led to the formation of large number of glacial lakes. Some of these
lakes are unstable and pose the threat of glacial lake outburst floods (GLOF). Most of the
unstable lakes are in Bhutan and Nepal. In Bangladesh the flow of sea water into the mainland
because of sea level rise has affected the fertility of the soil. The delegates from India, Nepal
and Bhutan mentioned that the glaciers are melt at a fast rate, which has resulted in the
reduction of snow covered areas.

DAY II: April 28, 2004

Prof. Collins provided the summary of Day I and Dr. Sullivan presented the objectives of Day
II.

Session V: Livelihood Impacts and Adaptations
Chair: Dr. Caroline Sullivan, CEH
Impact Analysis: Concept and Approach, Ms. Mandira Shrestha, ICMOD

Ms. Shrestha presented the background of the socio-economic component of the study. She
highlighted the methodology and provided information about the three levels of study: local,
basin and regional. At local level Modi Khola catchment was selected based on its catchment
area, basin characteristics (snow and glacier fed) and multiple use of water such as irrigation,
drinking, water mill, recreation, religious uses and hydropower. Household surveys, group
discussion were conducted including water use survey. At the basin level the Kali Gandaki
basin down to the border of Nepal and India was surveyed for water use along a 2 km
corridor. She informed that the details of the study would be presented subsequently by Mr.
Rijal.

Impact Analysis at Community Level: Modi Khola Watershed, Shiba Rijal, Tribhuvan
University (TU), Nepal

Mr. Rijal presented the results of the socio-economic and water use survey, as well as the
results of the local stakeholder consultations. Both primary and secondary forms of data were
collected during the survey. For socio-economic survey, data were collected through
household survey, group discussion and field observation. For water use survey data were
collected through water use inventory and mapping, and group discussion.

The communities in the study area perceived rise in temperature, increase in rainfall intensity
and decrease in snow covered area. The following indicated the change in climate:

» Upward shifting of snow line

* Availability of snow at higher altitudes

= Changes in the snowfall pattern

= Changes in the amount and rainfall intensity
* Increase in floods and landslides

» Early ripping of crops

= Expansion of rice covers at higher altitude

He mentioned that the availability of water was influenced by water quality. This could
greatly influence the livelihood in the region.

Discussion
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Mr. Chowdury enquired about cropping intensity at the study area. Mr. Rijal said that the
paddy was the most important crop in the lower reaches. About 2-3 types of crops were
cultivated. Not all of the water available are being utilised for irrigation.

Mr. Pratap Singh said that that early ripening of crops is also noticed. Since not much of data
were available it was not possible to say how it would affect the yield. More studies should be
conducted in this line.

Impact Analysis at Basin Level: Kali Gandaki Watershed, Ms. Mandira Shrestha,
ICIMOD

Ms. Shrestha mentioned that the socio-economic study at a basin level was done for the Kali
Gandak basin in Nepal. She presented the water use in the Kali Gandaki Basin along the 2 km
corridor. She said that it is important to consider changes in river flow while designing
hydropower projects. Industries using water from rivers are likely to be affected because of
variation in flow. Climate change could also affect irrigation projects, tourism and fisheries.
Since the amount of water used for domestic purposes is very small, very little impact would
be felt. However, if water quantity is reduced drastically, there could be negative impacts on
humans as well as animal health.

Discussion

Mr. K K Gupta said that the project was successful in accessing the present scenario to certain
extent but long term monitoring has to be done to predict climate change. Ms. Shrestha said
that with the baseline information obtained by the project monitoring could be initiated.

Impact Analysis at Regional Level: Diversity in the HKH Region, Dermot O’Regan,
CEH

Mr. O’Regan presented cases on water resources and livelihoods from India, Nepal and
Pakistan. The rivers selected are as follows:

» Kali Gandaki River, Nepal
=  Siran River, Pakistan
= Jhelum River, India

It was mentioned that temperature as well as rainfall intensity has been increasing in the
region. Impacts were more pronounced at higher elevation. There would be an increase in the
frequency of extreme events. Industries depending largely on water availability such as
hydropower, fisheries would be the more affected.

Impact and Adaptation Breakout Group Discussion

Chair: Dr. Caroline Sullivan CEH

The participants were divided into three groups for discussion on impact of climate change on
hydropower, food production and food security, and commerce. Following the discussion the
groups presented the outcomes.

Food production and food security

It was mentioned that agricultural products would decrease because of fluctuation in water
availability, change in span of seasons and increasing frequency of extreme events. It could

also reduce employment. There could also be a change in the location of fisheries and tourism
sites.
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The group felt that change in cropping pattern could help improve production.
Implementation of policies, development of infrastructures and employment would help
reduce the impacts.

Hydropower

The impact of climate change would be different at different locations. A better assessment of
extent of deglaciation and its linkages with climate change is required to predict impacts on
hydropower. There has to be better monitoring of discharge and suspended sediments.
Establishment of a long term database and availability of meteorological data would enable
better management. It is likely that there would be no significant changes in the employment
levels but could affect human migration. It was also mentioned that micro-hydro project
would be more vulnerable to climate change.

Commerce

Floods and GLOF could destroy transport infrastructure such as road and bridges.
Construction of all weather roads will help reduce impacts. Small-scale industries and tourism
are also vulnerable to climate change. This would affect production, employment and
revenue. Storage of raw materials and products would lessen impacts industries.

Remarks by the Chair

Dr. Sullivan said that there is a huge degree of uncertainty related with climate change. It
would not be easy to advice policy makes at this stage. However, there is an urgent need to
make both the policy makers and the public aware of the current scenarios. Climate change is
a slow process and takes a lot of time to happen. This gives more time to prepare for the
changes that would occur.

SESSION VI: POLICY RECOMMENDATION
Chair: Ms. Mandira Shrestha, ICIMOD
Results from Community Level Consultation, Mr. Shiba Rijal, TU

Mr. Rijal said that two local stakeholder consultations were held in the Modi Khola
Watershed on March 4, 2004 and March 10, 2004. The objectives of the consultations were to
disseminate the findings of the socio-economic survey, to obtain feedback of local
stakeholders for the development of adaptation strategies. The participants were from district
irrigation, drinking water and Gramin Urja Bikash Olffices. 1t also included social workers,
farmers and business entrepreneurs related to tourism activities.

Following are the adaptation strategies recommended by the participants:

- Changes in cropping pattern and husbandry techniques

- Promotion of social networks. - Development of early warning systems

- Development of fish ponds and fish breeding

- Promotion of cultural tourism

- Migration

- Changes in design specifications for water and other infrastructures and modification of
existing structures

- Development of management strategies to cope with reduced water availability in an
equitable way to prevent conflict

Discussion
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Mr. Goswain said that the findings were very general. For sustainable development detail
studies at local levels are required. Frameworks should be developed for monitoring and
implementation. However, these frameworks should be acceptable to all. It can be done by
doing a pilot study and then making recommendations based on the findings.

Results from Basin Level Consultation, Caroline Sullivan, CEH

Dr. Sullivan presented the outcomes of the regional stakeholder consultation held in Pokhara,
Nepal. She mentioned that the participants had recommended promotional of traditional
cropping pattern and social networks. Change in location of activities such as tourism should
be done only after doing a feasibility study. The participants discouraged migration. They
recommended that infrastructures should be developed with consultation with the
communities, although it would be more costly and time consuming. Awareness building
programmes on climate change would help the local communities better manage water
resources. Development of hydropower would help the communities develop economically.

Plenary Session: Policy Recommendation

Mr. Chowdury enquired if Climate Change Impact Assessment (CCIA) should be practiced
similar to Environmental Impact Assessment (EIA). Prof. Collins said that for implementation
of CCIA a much longer perspective is required. Using data of the period, which are
representative to the design/running period of the project, it is possible to predict the future
climate scenarios and thus CCIA could be done.

Mr. Pokhrel said that although important, EIA sometimes slows down economic
development. Comparisons of development and the negative impacts should be considered.
There would be very little progress in the hydrological projects of CCIA is practiced.

Mr. Gupta said that CCIA cannot be project specific. It is an assessment to understand the
phenomena as they occur. The data from the assessment should be incorporated as project
parameters. Climate change is still very new issue and requires a great deal of monitoring.

Dr. Goswain said that EIA is very important for every project. Although EIA actually
constraints most of the projects, it has to be done accurately. Dr. Sullivan said that EIA is
mandatory but having a project by considering projections of future scenarios would make the
project more environmental friendly. Ms. Shrestha mentioned that an integrated approach
could be the possible solution. Integration could be done at various levels from community
level to regional levels. It would bring together different organisation and agencies working in
this line.

Dr. Goswain said that that it should be disused more in detail. The task should be assigned to
some one. A pilot study could be done. The relevant organisations should generate and update
information. This information should be sharable. It can be done by more than one
organisation together. Prof. Hasnain said that the relevant organisation should come together
and then get the government to join.

Summary of recommendation and suggestion

Ms. Shrestha summarised the recommendation of the workshop, which are as follows:

1. Need for more awareness raising at all levels, local, basin as well as regional levels.

2. Need for more participation in the development of climate response policy
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3. More integration between relevant organizations and agencies

4. Proposal for participatory monitoring/survey on selected climate change indicators in
upper catchments

5. Due to difficulty in separating deglaciation impacts from general climate change
impacts better assessment of deglaciation and its linkages with climate change needs
to be further researched.

6. There is a huge degree of uncertainty associated with the issue and need for more
information. Long term data base needed along with continuous monitoring;
systematic data collection has to be done to better understand the phenomenon of
climate change

7. Regulatory framework and management strategy is needed for proper management.

8. Further research needed to quantify the perceptions and the need for development of a
basic framework.

CLOSING SESSION

Prof. Hasnain made the closing remarks on behalf of JNU. He said that the model developed
by the project has given interesting results. The model needs to be refined but it was a good
start. Being a regional model it is of importance to the South Asian region.

He also stressed on the need of a database and better monitoring of hydrological and
meteorological parameters in the Himalayan region. Water authorities of the region should
come together and work in this line. They should also be joined by the government agencies.
He thanked the participants for attending the consultation.

On behalf of ICIMOD, Ms. Shrestha said that ICIMOD is happy to be a part of the project.
She hoped that findings of the project would initiate further activities on climate change. She
thanked Prof. Hasnain and Dr. Rajesh Kumar for their contribution both to the project as well
as the consultation workshop. The thanked the participants from CEH and the University of
Salford and also the participants from the regional countries of Bangladesh, Bhutan, India and
Nepal for their participation.

Mr. Rees introduced the regional network Hindu Kush Himalayan Flow Regimes from
International Experiments and Network Data (HKH-FRIEND). He mentioned that the project
is working very closely with the Snow and Glacier Group of this network. He invited the
participants to join and contribute to the network.

He mentioned that working the Himalayan Region was a good experience. The thanked the
organisers of the workshop and the India International Centre for providing the venue. He
thanked the JNU, ICIMOD, Department of Hydrology and Meteorology, Nepal and TU for
their contribution to the project as well as the consultations.

He said that the need for more detailed monitoring is clearly seen. The project and the series
of consultation were able to identify potential areas of impacts.

He thanked the regional participants for their participant attending the consultations.
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Appendix 3.3.4
International Workshop: Photographs
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3.3.4.2 & 3.3.4.4 Discussion in breakout groups
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3.3.4.6 Project manager Gwyn Rees interviewed for television
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3.3.4.7 Delegates from Nepal

Appendix 3.3.5
International Workshop: Breakout group guidelines

Breakout group guidelines

There will be two periods of group discussion planned in this workshop. The objective of this
process is to give the opportunity for experts and stakeholders to express their views and
share their knowledge, as a contribution to a better understanding of the potential impacts of
deglaciation on people and economies in the region. It is also hoped that we will be able to
generate some suggestions for appropriate coping strategies which could be implemented. A
policy briefing note for distribution to all interested parties will be generated on the basis of
this discussion.

Breakout session 1.

Group Discussion on regional impacts and adaptation strategies for:

— hydropower

— food production and food security

— commerce (industry, tourism, employment)

During the discussion, it is hoped that all participants will contribute their views either in their
professional capacity as experts, or as stakeholders with a particular interest, or simply as
human beings.... Ideally, we can all contribute in all three roles.

During this discussion session, the first thing to do will be to identify a chairperson for the
group, and a rapporteur. The chairperson should try to ensure that all members of the group
participate, and the rapporteur will be the one to report back to the plenary group at the end of
the session. Flip charts will be provided to assist with this.

Feedback sheets are provided to enable the group to summarize the discussion. Please take ten
minutes or so at the end of the session to record your own individual perceptions of the group
discussion. These will be collected at the end of the session, and later analyzed.

Just before lunch, there is a period for feedback to the plenary session on Sectoral impacts
and adaptations, and this will be given by the rapporteur from each group.

Breakout session 2.
This session will take place after lunch, and will follow a brief presentation on earlier

consultations carried out in the project.

The objective of this session is to generate inputs to be used for the policy briefing note. A
stimulus sheet will be provided for this, and this will be used as a tool by which individual
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feedback can be given, but again, reporting back from each group will be carried out just
after tea, and again the rapporteur will provide this feedback to the plenary group. This group
and individual feedback will be collected and used as the basis for the generation of policy
recommendations from the workshop.

Finally, a preliminary summary of impacts and adaptations will be provided by a member of
the project team.

Conclusion

Thank you very much for coming to the workshop and sharing your knowledge with us. Your
inputs are very important, and very much appreciated! Soon after the workshop, you will be
sent a CD with the proceedings of the workshop and the results of the consultation.
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Appendix 3.3.6
International Workshop: Participant/Breakout Group Feedback Sheet: Sectoral
Impacts and Adaptation Strategies

SECTION 1 Overall
Potential impacts likelihood
Comments: Unlikely
Quite
Likely
Very
Likely
Changes in
efficiency
Impacts felt
mostly at
Please describe how Local scale
this would be Basi
manifested within | asin
the sector scale
Regional
scale
All scales
Comments: Unlikely
Quite
Likely
Very
L Likely
Reduction in
employment levels
Impacts felt
mostly at
Please describe Local scale
how this would be
manifested within Basin
the sector scale
Regional
scale
All scales
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Comments: Unlikely
Quite
Likely
Change_s in Very
appropriate Likely
location for
activities
Impacts felt
mostly at
Pleasg describe Local scale
how this would be _
manifested within Basin
the sector scale
Regional
scale
All scales
Comments: Unlikely
Quite
Likely
. Very
Change in Likely
profitability
Impacts felt
Please describe mostly at
how ?h/s WOU/q b.e Local scale
manifested within .
the sector Basin
scale
Regional
scale
All scales
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Appendix 3.3.7
International Workshop: Participant/Breakout Group Feedback: Draft
policy briefing note

Centre for Department For
Ecology & Hydrology International
'NATURAL ENVIRONMENT RESEARCH COUNCIL. Development

His Majssty's Govermment of Nepal @ i
Department o Hydidogy & Meteordagy y ICIMoD @

POLICY BRIEFING NOTE

Mountain livelihoods, water
resources and climate-change

The nature of mountain livelihoods

People who live in mountains tend to be resilient and resourceful. They often have considerable
ecological knowledge and from experience, have good understanding of how climate variation
can influence local livelihoods. In the mountain‘communities of the Himalayan region, people

tend to depend largely on farming, tourism, external remittances, small scale industry and
handicrafts

What else do you think should be included here........

Current problems’in mountain communities
Depopulation, Unemployment, Unpredictability of seasons, Poverty
How would you'like to see these discussed —suggestions please

Research findings

Modelled outputs suggesting changes in water availability

Potential impacts on communities

Potential adaptation strategies which would be suitable and acceptable
Issues which are important for health and welfare of human populations
What do you think should be included here
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ADAPTATION STRATEGIES
Please list what you think are the most important things that should be done to take
account of the impacts of climate change in mountain areas

POLICY RECOMMENDATIONS
PLEASE ASSIGN NUMBERS IN THE APPROPRIATE BOXES TO INDICATE WHAT YOU
THINK IS MOST IMPORTANT FROM THE LIST ABOVE.

PLEASE GIVE ANY OTHER SUGGESTIONS YOU MAY HAVE.

Your

ISSUE ranking
of this

issue

1. Better monitoring and data collection about conditions in upper mountain areas

2. Participatory survey on selected indicators of climate change implemented in key areas

3. More participation in development of climate response policy

4. Build awareness of the impacts of climate change

5. Develop mechanisms to support and promote adaptation strategies

6. Encourage the development of experimental cropping (in conjunction with the Ministry of
Agriculture)

7. Investigate potential for water saving techniques

8. Investigate scale of impacts on infrastructure in key basins

9. Assess appropriate infrastructure responses

10.  Investigate potential for early warning

11.  Investigate potential need for water storage facilities

Other suggestions here please!

Contact: Put your contact details here
(voluntary)

This publication is an output from a research project funded by the United Kingdom Department for International Development (DFID) for the benefit of
developing countries. The views expressed are not necessarily those of DFID. Reproduction of this publication for educational or other non-commercial
purposes is authorised without prior permission from the copyright holder provided the source is acknowledged.
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Appendix 3.3.8

International Workshop: Results from Corridor Workshop
(presented to Delhi participants after breakout discussions)

Some results from the group discussion
on possible adaptation strategies

Positive ad

Topic

negative disadvantages

Change in cropping patterns

Traditiona ways of agriculture should be continued along with the
introduction of new technology

Introduction of new species wouold lead to the
need for improement in eathing habits. New
spcies should be identified on the basis on
senstivitiy to climate change

Promotion of soc networks

Social mobilisation and networking across geographical boundaries
should be promoted, including inter caste marriage

There may be a ngative effect on culture, may
create conflict between different groups

Changes in location of activities —
fishing etc

Local species of fish must be conserved and developed. Impreoved
species should be cultivatd and increased in production . Fish ponds
should be developed

none

Changes in appropriate location of
tourism

On the basis of feasibility studies, proper management of rivers for
tourism use, rafting etc should be introduced

pollution could lead to ecological imbalance

Changes in animal husbandry
techniques

Selection of local species of livestock for further improvement and
development of the breed.

new di could be introduced

Migration

Migration from rural area should be discouraged

People may become more narrow minded

Changes in design of infrastructure

More equitable water allocation should be porsued and infrastructure
developed accordingly

This couod be costly and some existing
infrastructure may no longer be of use

Development of management strategies
to cope with changes in water

build awareness of the proper utilisation of water

changes in availablity may make management
more difficult

Additional policies for local
stakeholders

stakeholder consultation should be incorporated to reduce possible
conflicts

existing policies may be inequitable

Important recommendations for policy

give priortiy to HEP based on small scale community involvement and

investment, as well as in water supply and irrigation

conlicts must be minimised, some policies are
conflicting, need integration of policies

Key policy recommendations
from the Pokhara workshop

Build awareness of the impacts of climate change

key areas

Better monitoring and data collection about conditions in upper mountain
areas

Participatory survey on selected indicators of climate change implemented in

Develop mechanisms to support and promote adaptation strategies

Investigate potential for water saving techniques

Encourage the development of experimental cropping (in conjunction with
the Ministry of Agriculture)
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Appendix 4: Dissemination OQutputs

A4.1 Project Leaflet: ‘Mountain Livelihoods and Climate Change’

A4.2 Posters (presented and distributed at India and Nepal Workshops 2004)

A4.2.1 ‘Climate Change, Water Resources and Livelihoods in the Himalaya:
case studies from across the region’

A4.2.2 ‘Climate Change and Water Resources in Nepal’

A4.23 ‘Mountain Livelihoods and Climate Change: a case study from Nepal’

A4.3 Press Coverage: Nepal Workshop

A4.4 Press Coverage: India Workshop

A4.5 Policy Briefing Note 1

A4.6 Policy Briefing Note 2

A4.7 Conference Paper: ‘Mountain livelihoods and climate change: A case

study from central Nepal’ (presented at The University of Bergen
Workshop: ‘Fragile Mountains — Fragile People? Understanding
“fragility” in the Himalayas’), Bergen, Norway, November 2003.
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Appendix 4.1

Project Leaflet: ‘Mountain Livelihoods and Climate Change’

(Side 1)

Mountain livelihoods and climate change

Global climate change

-hl_:‘e-:u le eseryrarhere are noticing changes in their weather and
clirnate.

= The ITPCIC {1998) estimates suggests that global glacier mass
will be reduced by some 25%, E%rﬁe Bl e

= Between 1991 and 1006, the annnal e an termperature charge
Hepal hias been 0.07°C.

How water influences livelihoods

= Water is a factor of production in agriculture and industry;
= Water availab ility influences people’s health, especially for
wn:umen and children,

B0 to spend a lot of time collecting water, it
Teans tﬁe E&VE less t].trl; to be rrobeed in prc:du]f:lfgwe Wt:urk

L} health natic ervirorement provides ecosystern services to
-:u:-mumtles&?e z fizh).

= Pollution, avd dernand fromw laree scale users can canse corflicts

Potential impacts of
climate change

GFlobal teraperatures will rise,
with e 1T VT age levels of
rainfall and mereasing
warighility. This means that hoth
worse dronghts end worse floods
can be expected,

Research Approach

Household surveys 12 settlernenits were randomdy selected (frorm
all settlements in the catchrnent ), representing different eco-
zones in the odi Ehola watershed, on the basis of altitude. &
total of 260 howseholds were swrveyred.

Group discussions Infborral discussions were carried out ina
total of 12 groups representing different occupational groups,
elected persons, social workers and farmmers in each selected
cornrrnity. Corwrdty level information about distrbution of
aszets and present utilization pattem of these were collected
using standard PRA approaches. In addition, perception
regarding clirnate change and its relation to velithoods of local
pecple were exarmined.

Inventory of water uses and mapping Ln treentory of different
water nses was made through consultation with local people and
field ohservation. These were mapped using GPS and recent
topographic maps. The water uzes melnded water mills, mization
canals, power plants, woodearving workshops, pred water
suppky, hot Springs, and religions and eulturally aportant
plarces.

Field ohservation Extenstve field observation was made as a

Goomp Dieswerionat( hbomrong

Capital types for sustainable
livelinoods

E_ Tl

supplementary thudt-:u techniques mentioned a}:ue. iwelihood options in the Modi -
| ' Lugricu e
Bemittances
] Hote: i spibe of thece
TE‘“I_Em Tarimis optiore, ahot 567
Services afhumsedholds prochace
Forest utilization mﬁndﬁgﬁ
1=k 37 il
E;;Shnglah from other somces,
g8, ANOIL TeqUIrE 4 sk oome
Brewing
Weaving and other
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(Side 2)

Hand | Wararab i
aTub YRR

People in the Modi Khela

= [n 2001, the poplation of the hiodi Khola watershed weas
eztitnated to be about 75,000 17,000 honsehalds. The averaze
farnily size of 4.6 varied betwreen 4.1 persons in Sankhar Polhan
to 5.7 in Ghandrule,

= Brersee literacsyr rate in the weatershed was 64 5 percent, ransing
from 51.7% in Arther Dandakharka and highest in Iudikmea
(30,75

Downsirean sub - Upsiream

Lamnd size TeFion sub-region | Tohl

(ha)  Lowrer Middle Upper Middle Upper
Zone TONR DONe DO TOLE

Ya e % e e Y

j [Moland 17 0o o.o 11 [ 22
{ Belowr 0.5 387 200 417 28% 3533 | 318

0.5-2.0 483 517 5173 610 344 | 538

whowe 20 133 HWIF &7 100 55 112

[Total 1000 100.0 100.0 1000 1000 1000

Household incomes Wany of the househnlds in this area do not have rouch access to financial
capital, although a sigraficant proportion do recerve money from outside.

Lower rome Middle rone Tpper zome Total

CoTe MUIes Rs Wi s Wi Rs W Rs

Agrimbre 34906 241 22095 06 1827 130 23 407

Eaeire = A0GTE 204 7280 [ 53 3B 10,557

Tomem 424 03 3081 a8 2930 A0E 13 546

Wage 2,619 12 A% 6.5 5261 37 5,799

Serrice 40,148 277 29711 266 S840 41 20818

Bemm #tatce 12, 54 123 29007 259 550977 418 10579

Pension 306 21 .77 o0 17AEr 133 10,530

Other 1524 1045 4,670 42 ™05 452

Tatad 44685 100 111787 100 141 053 100 130 3544

Omby 18 % of huowsehuold #ucorne cornoes Bromn agrioubhure’ooeps, 10%% Hrom bowrisn, 16%0 from senvdoes

Livelihood vulnerability Potiential adaptation strategies

Vulnerability exists wrhen rescurces arve limted and access to
them is ternuonas;

Human wilnerability to climate change 15 mfhenced by
poverty, capacty and geographical conditions,

Poor and politically wealk sroups are likely to be mowe
vulnerable than cthers;

Changes m ecological conditions arsmg fiom climate change
[eg changes m rver water ternperabures and chenustry] ae
likely to mfhience fish spaeming activities and infhence
fisheries m otherarays;

Livelihoods which ave dependet on water mpats as a ponarer
sonree, or as another factor of production will be partimalarhs
vilnerable, especially in tones of ko flowrs.

Some tions of climade change

Chver ﬁ'ﬁ?ﬂu reported bsing crops due to hailstorms over
the last 10 years

20% wpored losme crops due to landslides

169%: lost mrops doe tf:-gﬁmugd

135 % bst crops due 1o floo

sChanges in cropping pattems, substiation of
crop varleties and species;

= Changes mthe beaton of fishmg activities,
promotion of fishbreeding and mver stockmg,
s Changes inthe appropriate location of
certain tourism activities sach as raftme;

= Changes in antmal lnshandry teckruques

= Human migration;

= Changes to design specificatioms for water
and other mfrashuctores, and modification of
existing stactures;

= Develbpment of management strategies to
cope with reduced water availabalty in an
aquitable way to prevert corflicts.

= Promoton of social networks

Ile fonding o1 fhic worh b lean provided B fin TR Dhpertme o for Indermatio rel Tein kb pme st The 1ieme hom do ot neco e sl mpm eont fhoee of TEID.

For Mors nfe mistion, plsse contad N LT

Shiba Praad Rijal, Trbk ugs unmm:m,r.%.-) ety s A
katimandn, e pal.

Em all: zpriak@wilk com.ap By % Sy Ot vope

o bt o bpmasingy 1 Wiy
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Appendix 4.2.1

Poster: ‘Climate Change, Water Resources and Livelihoods in the Himalaya: case

studies from across the region’

Climate Change, Water Resources and Livelihoods in the Himalaya

- case studies from across the region -

Siran River, Pakistan ]
The Siran River is a tributary of the Indus and flows through the Siran
Valley located in the North Western Frontier Province of Pakistan
The climate is moist subtropical in the valley and moist temperate at
higher elevations

Climate Change Trend

« Decline in temperatures and increase in precipitation in areas below
2000 metres

« Increase in both temperatures and precipitation in areas above 2000|
et Vs

metres

« Increase in frequency and intensity of monsoon and shift in rainfall '

activity from northwest to northeast
Water Resources

Annual data show an increase in flow over 32 years to 1991, followed |
by a sharp decline in 2000

Potential Impacts |
« Crop and forest areas increase, pasture area decreases.

+Water avallable for drinking and imgation decreases despite |
increased precipitation

« Flooding and damage to life and property increase, exacerbated by
deforestation and inappropriate agricultural practices.

Gy Rees, CEH Walingford, UK harees @ceh ae
oot O'Regan, CEH Walingfora, K. dpo @ ac. i

Mandra Strostha, IGIMOD, Nepal rstiesinagiciod o 1

The SAGARMATHA project aims to assess the seasonal and long-term water resources in snow and glacier fed rivers originating in the Himalayan
region, and to determine strategies for coping with impacts of climate change induced deglaciation on the livelihoods of people in the region. The
consequences of the retreat of Himalayan glaciers on water resources downstream are sfill uncertain but could have serious consequences for the
economy, the environment and the day to day lives of many millions of people within the affected basins and beyond. Here, a review of case studies
from river basins across the Himalaya highlight how observed and predicted climate change and variability are impacting populations across the region.

[ Jhelum River, India
The Jhelum River rises in the mountains of the Indian state of Jammu and Kashmir.
| Climate Change Trend
| For over a decade, Kashmir has ot experienced the season of Tosh' - the 20-30 day snowy period between
‘w\nter and spring, At the same time, rainfall during September has Increased causing flash floods.
Water Resources
A general decline In water quantity and quality has been observed in the river and in nearby tributaries,
| springs and lakes. The area of Dal Lake has reduced by 50% during the last 50 years. The famous wetlands
| of Hokersar are suffering ecological degradation.
| Observed Impacts
I The warming observed in the region is seen to have affected sociely in areas such as the dressing patterns
of people and in building design. Traditional clothes have been replaced by much lighter woolens and the
| wearing oflong rubber boots has been abandoned. The size of buidings is changing and the use oftraditional
| construction and insulative materials has decreased.

|+ Ghanges in the migration pattern of swallows has been reported,

Kaligandaki River, Nepal
The Kaligandaki River flows through 11 districts in the
Western Development Region of Nepal. About 35 percent of
the study area lies below 1500m, where human activities are
intense. The climate ranges from hot humid sub-tropical to
cool temperate and semi-arid

Climate Change Trend

Generally in this basin, there is a positive trend in temperature
with increasing maximum temperatures. Likewise, the river

valley shows a positive trend in monsoon precipitation.

Water Resources

An increase in flow in wet months (June-September) is
observed with no significant change in discharge during dry
months. Increased flow in May is due to the increasing trend
of pre-monsoon rainfall or excessive snow melt contribution
Trend analysis of historical data shows a slight increasing
trend in low flows,

Potential Impacts

« Hydropower plarts, existing and planned, along the river
adversely affected.

« Exireme mansoon precipitation and severe floods increase.

« Agriculture, fishing, tourism and other economic activities
_adversely affected

The ect Repe or
casa Sudies on Cimate Chiangs and Lielloods produced by Trbvan Unversiy and
1CIoD.

“Trbhuvan Universty, Nepal

Cenere for
ESSSS S Hyarolosy

(@23 o

‘Snow and glacier aspects of water resource management in the Himalaya

LAL NEHRU UNIVERSITY

His Majesty's Government of Nepal
Department of Hydrology & Meteorology
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Poster: ‘Climate Change and Water Resources in Nepal’

Climate Change and Water Resources in Nepal

Nepal has over 6000 snow-fed and rain-fed rivers, many originating in the Himalaya. Important economic activities
and livelihoods in the country will be affected by climate change and its effect on water resources. Different
scenarios of climate change and deglaciation show that impacts would be felt in varying degrees in many sectors:
hydropower, industry, domestic water supply, food production, and other activities such as tourism and fisheries.
River flows could be affected along the entire length of major river basins, such as that from the headwaters of the

Modi Khola to its confluence with the Kaligandaki river and downstream ta the Nepal - India border.

Water Use in the Rivers of Nepal

Water Uses in Nepal in 2003

e U v e ¥ydropower Sites
e il o % The use of water is divided into Y l 21

e Sty ) o | " 1 o Contucon

e g i consumptive and non-consumptive. It (AN + Phmed & Proposad

o i 2 is estimated that 13,880 million m3yr N N Py EElmrod Wt n g g
o BEN L i water are consumed for domestic, L = N Shaws fEAREr
oo “h”q“_ .:::1. 5 wl s irrigation and industrial use, and 1,000 /

P Pz L] w| e@l million mPyr water is used in e

itk w ol w| hydrapawer generation and whitewater TpiE

E 7% 137 . . & Ir }

e t rafting on a non-consumptive basis. L g

SomiSha ot Tosty i | s - W 4
L fem— (Ao
Tourism Rafting on Nepal's Rivers | Water Mills
Rafting 1s a popular and growing Q JI*K\ It is estimated that 15 to 20
activity among tounsts in Nepal, {" N oS o thousand traditional  water
where Hlm?\ayan white waters o mills (ghattas) are In operation
offer a variety of grades It is (‘_ iﬁi across Nepal. The Center for
estimated that up to 14,000 i > Rural Technology has
tourists participated in this activity NG improved more than 632

during 2003 on some 10 rivers. =N J

Whitewater rafting activities were
recently initated on five more
Népal rivers

—— Wy Rt Rvers

treditional water mills through
donor support

Hydropower

Estimates put Nepal's total potential
hydropower output at 83,000 MW
with 42,000 MW economically viable
from snow-fed rivers. This includes
major and small {1 MW or greater)
hydropower generation sites.
Planned sites could provide a
further 22,407 MW of energy In the
future, including the Melamchi
Diversion Scheme (25 MW)

Water mill (Ghatta) at Syaulibazar

Potential Impacts along the Modi/Kaligandaki River Corridor

'Hydropower

There are three existing major hydroelectricity projects
in the corridor: Modi Khola, Kaligandaki A and Gandak.
The power generated at these sites 1s used locally and
transmitted to the national grid. Gandak also supplies
electricity to India. Another three hydroelectric projects
have been proposed - two upstream and one
downstream It is important to consider the impact of
changes in river flow while designing these projects, as
well as the impacts of potential increases in exireme
rainfall events and floods

Industrial use

Water Is extracted from rivers for major industry in the
lower part of the corridor, such as Bhrikuti Pulp and
Paper Industry where approxtmately 450 cubic metres
per hour is lited from the Narayani River. In the Modi
basin only cottage industries extract water,

Irrigation

A number of formal and traditional (kuios) irrigation
schemes provide irrigation facilties in the Modi Khoala.
where water is diverted from tributaries and natural
springs. In Kallgandaki, a number of larger schemes
are the Narayani Lift Irrigation Project and the Gandak
Irrigation Canal, which irrigates 8722 ha in Nepal and
1600 ha In india

Contact for further information about this research and the SAGARMATHA project
Guiyn Rees, CEM Wallingford, UK  hgreesgbeen ag uk

Dermot O'Regan CEH Wallingford, UK dpo@ceh.ac uic

Shiba Prasad Rijal, Triohuvan University, Nepal sprisl@sini.con.np.

Mandira Shrestha, ICIMOD. Nepal mshresina@icliod.ord.np

Modi Khola - Kaligandaki
River Corridor

s Ay
&7
1
Moui Khola / ®  Major Towns
o &  Major Hydraulic Stieties

Glacier/lce Cap

e 0 cultvated land

Water Mills

In some areas. local people use water mills for grinding
food grains. An estimated 3,320 households directly
benefit from water milis in the upper area of the cornidor.
It is likely that these ghats will need to be relocated or
reconstructed

Tourism

The region is a popular destination for tourists,
particularly for white water rafting, with 1500 visitors per
year taking part. The change in runoff may affect rafting
activities and impact. on the emplayment opportunities of
local people.

Fishing
Fishing 1s another mportant economic activity, especially
amongst the region’s ethnic groups Climate change 1s

expected to enhance the current negative impacts of
major hydraulic schemes on important aquatic habitats.

Other Water Uses

Water from rivers of the corridor 1s also important for
domestic use and for recreational and religious
purposes. Since the volume of water used for these is
relatively small, 1mpacts should not be significant
However, if reduced quality of water occurs there may be
negative effects on human and animal health

The Information and dala here are taken from the SAGARMATHA Projecl Reports
“Inventory of Waler Use In the Rivers of Nepal produced by the Water, Hazard and
Ermvironment Management (WHEM) Division of the Imernational Center for Inlegrated
Mounlaln Development (CTMOD) and ‘Livellhood Impact analysis of deglaciafion in
cormidor of modikaligandak river produced by Narendra Re] Khanal, Shiba Prasad Rijal
and Mandira Shrestha.

S ACGARNMNMATHA

Snow and glacier aspects of water resource management in the Himalaya

Centre for
Ecology & Hydrology

Tribhuvan University

@"ﬂ"op D] oo gy vy o

His Majestys Government of Nepal
epariment of Fiydiology & Mefearology

Dporioent Fox
International
Desclapment

DFI
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Mountain Livelihoods and Climate Change

- a case study from Nepal -

Changes in water availability in Himalayan rivers as caused by deglaciation can
have direct and indirect impacts on people's livelihoods. Reduced water
availability creates water shortages for water-dependant activities such as
industry, hydropower, irrigation, drinking water facilities, and water
transportation. Increase in river flows can affect human activities in many ways
through flooding, landslides, bank cutting and the destruction of water delivery
infrastructure. To cope with changes In water resources, adaptation strategies
need to be developed which must be achieved in consultation with different
stakeholders and consider the ideas, experience and knowledge of local
people, scientists, and governmental and non-governmental organisations

| Water and Livelihoods | Madi Khola Watershed ‘

| Modi Khola.
P 2 " ‘ Study Zcnes R
Limgated agriculture & £ ;r | Water is a factor of praduction in agrnculture and Study Settlements
micro-hydro generation VA | industry L

\ =g

-+ Water availability influerces people’s: health, f}
/ | especially for women and children " Upperzfoé

« When people have to spend a lot of time:
|callecting water, it means they have less time to be! . =
|involved in productive work

A Irigusion
®  Hydeopower + A heathy aquatic environment provides.
Land Use ecosystem services to communities (e.g. fish) ‘
| GlacierTee Cap « Pollution and demand from large scale users can,
I Cotiatedtand Icause conflcts | Middle Zcne
Study Settlements
. - Participatory Research Approach l
w Across the watershed, 12 settlements were
g g selected with communities represerted over 3
Landscape and People zones based on altitude
The Modi Is @ perennial fiver with its main source the Potential Adaptation Strategies + Household Survey & Key Informants

Annapurna glacier and is one of the main tributaries of the
Kaligandaki river. The river drains an area of 680 square
kilometres, The watershed s characterized by rugged
topography with elevation up to 8000 metres. The climate
varles with elevation from warm to cocl temperate. Around
75,000 people live in the area in 17,000 households. The
distribution of ethnic groups varies spatially within the Modi
Khola watershed, with mostly Gurung in the upper part of the
watershed and Chhetri and Brahmin downstream Many of
the households in this area do not have much access to
financial capital, although a significant proportion do receive
money from outside

- Community Workshop & Group Discussion

Change cropping pattern and crop varieties
- Invertory and Mapping of Water Uses

|+ Field Visit & Observation

Adjust animal husbandry techniques

\» Diversify fishing activities

Relocate tourism activities, e.g. rafting

Change animal husbandry techniques

Human migration

Redesign water facilities

Develop equitable water management

« Promote social networks

( Perceptions of Climate Change

« Over 58% of households reported losing
crops due to hailstorms over the last 10
years

+20% reported losing crops due to

| lendslides
Contact for further information abeud this research and the SAGARMATHA project
Guyn Rees, CEH Wallingford, UK horeas@eeh ac.uk

Dermot O'Regan, CEH Walllngford LK dpodbeeh.ac.uk

| +16.9% lost crops due to drought

5 ¥ The Information and data here are taken from the SAGARMATHA Project Reports: «13.6 % lost crops due to floods

3 priai@wiiniccom.np 6%
R ed Ryl THON v Dhturety; Nepg ot almutr Zuiiy “Weter and Livelipocds In Mountain Areas. A Case of Modi Watershed. Nepal and Reporl ‘ P —
Mandrra Shrestha, ICIMOD. Nepal mshresiha@icimod.ora. on Local Stakeholder Consulation in Modl Khola Watershed both by Shiba Prasad Rijal.

S AGARMATIELA

Snow and glacier aspects of water resource management in the Himalaya

9y
i His Majesty's Government of Nepat
@ Ecology & Hydrology - @ 1ICIMOD @ JANAHARLAL NEHBYY UNIVERSITY éﬂ Depamnem%(f Fighobgy & Meteaology
Tribhuvan University

Dporioent Fox
International
L Desclopment
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Appendix 4.3
Press Coverage: Nepal Workshop

Press cuttings from:
The Rising Nepal (26 April 2004)
The Kathmandu Post (26 April 2004)

The Himalayan (24 April 2004)
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PRESS RELEASES ON WORKSHOP FOR
KALI GANDAKI STAKEHOLDERS

27 APRIL 2004

Workshop for Workshop on impacts of climate change held

Kali Gandaki KATHMANDU,ApﬁIZG(PR)-ThepanicEpanlsOfworkshoporganizedinF.‘okhara
. by the International Center for Integrated Mountain Development (ICIMOD}

stakeholders stressedthe heed for better monitoring and datacollection on conditions affecting

mountain areas and for building awareness 2bout the impact of climate change.

By A Staff Reporter - This was stated in a press release issued by ICIMOD here today. The

KATHMANDU Al 26 recommendations from the participants atthe workshop, which concluded on Aprii

I ’ = ' S d 21, will be incorporated in the final report during a follow-up workshop o be held

mernﬂtfonal entre for Integrate in New Delhi, India from April 27 -28, 2004, the statement said.

Mountain Development (ICIMOD)

organised the Kali Gandaki

stakeholders consultation workshop

on April 21 in Pokhara, ICIMOD THE KATHMANDU POST

press release staled today.

‘The workshop was organised to
disseminate the findings of a three-
“year study on ‘Snow and Glacier
Aspects of Water Resources
Management in the Himalayas®
(SAGARMATHA) to various
stakcholders and to develop
adaplation strategies 1o help
communities to cope with the impact
of deglaciation caused by climate
" change
Supported by the UK Department
of International Development
(DFID), the study 1s being carned
out in collaboration with the Centre
for Ecology and Hydrology (ElI),
UK, Jawaharlal Nchru University,
India, Department of Hydrology and |
Metrology., Nepal, and the
University of Salford, UK.

As part of the project, case studies arc
being conducted on the use of wate
along the Modi Khota Basin and the :
Kali Gandaki Comidor, it stated.

THIEE RISING NEPAL
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 ONCE-OVER
ICIMOD workshop

KATHMANDU: The Centre for Integrated
Mountain Development (ICIMOD) had or-
ganised a 'Kali Gandaki Stakeholder Consul-
tation Workshop' on Wednesday at Pokhara
to disseminate the findings of the three-year
study related to melting of glaciers in the Hi-
malayas. About 40 participants attended the
workshop, said Mandira Shrestha, the water
resource specialist at ICIMOD. The aim of
the workshop was to assess the seasonal
and long-term water resources in snow and
glacier-fed rivers originating in the Hi-
malayan region, and to determine strategies
to cope with impacts of climate change in-
duced deglaciation on the livelihoods of
people in the region. Another workshop will
be held on April 27-28, 2004, in New Delhi,
India, to disseminate the findings of the
study at the international level. - s

- L | - = .. . .

The Himalayan (24 April 2004)
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Appendix 4.4
Press Coverage: India Workshop

Press cuttings from:
The Himalayan (28 April 2004)
The Times of India (29 April 2004)

The Tribune (3 April 2004)
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Study pooh-poohs forecast
glaciers would disappear

Himalayan News Service
New Delii, April 28

Aninternational study yesterday
setatres! the speculation by some
‘experts that Himalayan glaciers
would disappear within the next
40 years, as a result of giobal
Wwarming, and that flow of the Hi-
malayan rivers would eventually
diminish, resulting in widespread
water shortage.

‘The catastrophic water short-
age forecast by some experts are
'unlikely to happen for many
decades, if at all," says the sum-

) mary report of the project "Snow

and Glacier Aspects of Water Re-

sources Managemen( in the Hj-.

malayas (SAGARMATHA), funded

by the UK Department for Inter-

natioqal Development (DFID)

‘and the Natural Environment Re-
earch Council.

E——

"Rather some areas may henefit
from increased water availability
for the foreseeable future. While
the threat, that all of the region’s
glaciers will soon" disappear,
would seem ill founded,” Gwyn
Rees and David N Coilins of the
Centre for Fcology and Hydrology,
Wallingford, UK, and Alpine Glac-
ier Project, University of Salford,
UK, said while disclosing the
salient features of the study at a
seminar on "Assessment of the
Potential Impacts of Deglaciation
on the Water Resources of the Hi-
malayas" here yesterday.

They said the project, however,'

identified certatn areas of the re-
gion such as in the Upper Indus,
where deglaciation may, indeed,
cause a significant reduction of
river flows within the next few
decades. Y

Collins said catchments in the

The Himalayan (28 April 2004)
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eastern Himalayas, which benefit-

ed fromn high precipitation of the a

Summer monsoon every year,
were less vulnerable to the impact
of deglaciation than those in the

west, where the monsoon was

very much weaker. Pointing out
thg deglaciation was considered
to be a world-wide problem, he
said there was particular concern
at the alarming rate of retreat of
Himalavan glaciers.

“Giaciers in the Himalayas have
generaily been retreating since
1850 AD, and recent publications
confirm that, for many, the rate of
retreat is accelerating,” he said,
pointing out that the DFID had
Commissioned the study against
this background to assess the im-
pact of deglaciation on the sea-
sonal and long term water re-
sources in snow and glacier-fed
rivers of the Himalayan region.

1'1



“"Melting threat |
worst for Indus

TiMes NEws NETWORK

New Delhi: Here is
something India and
Pakistan can chew on to-
gether: A hydrological
model indicates that if
scenarios play out as as-
sumed, the effects of
melting glaciers in the
Indus region will be
much worse than the
Ganga or Brahmputra.

In about a hundred
years or so.

All this comes hedged
with many words of cau-
tion on how inexact the
.science is and how many
assumptions are being
made. With alarmist sug-
gestions on the region’s
glaciers  disappearing
“soon” being described
as ill-founded.

But when a group of

experts from England,
India and Nepal met here
over two days, ending
Wednesday, their basic
conclusion was that in
catchments where rain-
fall contributes its share
of river flows, the effects
will be less severe. Which
is why the Indus would
be in trouble, in the long
term, and the eastern Hi-
malayas, which get the
monsoon, would be “less
vulnerable”.

In the Upper Indus,
deglaciation, as they call
it, could cause a “signifi-
cant” reduction in river
flows within the next few
decades. This would have
“serious consequences’”
for water availability and
use throughout the
basin. Pakistan would be
worst hit.

e e e s S,

The Times of India (29 April 2004)
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Glaciers feeding rivers may be wiped out

by Shruti Rajan

LACIERS feeding the
Ganga, Yamuna, Indus and
the Brahmapudra rivers nay
be wiped outin 40 years, impacting
the economic, cultural and spiritu-
al life of India, wam scientists.
The waming bells were sounded
in the first report on melting glaciers
and their impact by Sagarmatha —
the Snow and Glacier Aspects of
Water Resources Management in
the Himalaya— presentedin Delhi

on Tuesday.

Sagarmatha, commissioned by
Britain's Department for Interna-
tional Development (DFID), gives
a decade-by-decade analysis for
Indian rivers over the next 100
years. The study wams that global
warming will result in increased
glacial waters in the pext 40 years
— and then the shortf4ll ofthe bré-
cious resource will begin.

Italso urges timely water anage-

ment activities.

Syed Igbal Hasnain, Vice-Chan-
cellor of Calicut University, told
IANS: "In today's times, the rivers
have shown 3 to 4 per cent surplus
due tothe 10 per centincrease in the
melting of the glaciers of the wesi-
em Himalayas, and the 30 per cent
increase in the eastern Himalayan
glaciers.

“But after 40 years, most of these
glaciers will be wiped out and then

wé Wil have stveré waepfnin:
lems.

"In order to lighten our fall, we

NEWSHOUNO

by RAP

Dont WOF};/}Y, T
¥in bz
eléch’_on_.u

AS!

25y

should start taking water manage-
ment steps, like water harvesting,
water recharging.”

According to the study, the upper
Indus over the first few decades will
have plus 14 per cent to plus 90 per
centincrease, after which there will
be a drastic fall 10 as low as 30-90
percent below the baseline level by
decade 0.

The Kaligandaki basin in the East,
however, contrasts in behaviour.
The decadal mean flow shows an
increase throughout the next 100

University, is quoted as saying: "T
had been studying the effect of de-
glaciation in Switzerland for the
past 30 years. The rivers there today
have double the expected water
amount due to melted snow.

"But in another half century, these
rivers will be reduced to half their
expected quantity.

"In the subcontinent too, while the
Indus basin spreading over Jammu
and Kashmir in Pakistan vill be ter-
ribly affected by glacial adtiviey the
Brahmaputra delta in Wekt Bengal

years; the most extreme teniy
scenario attaining a peak mean flow
of between plus 30 per centand pius
% per cent.

For the Ganga, near its headwaters
in Urtarkashi, the flow is predicted
topeak at plus 25 to plus 33 per cent
of haseline level within the first two
decades and then recede to as low
as minus 50 per cent of the baseline
by the sixth decade.

Further downstream, de-glacia-
tion impacts are barely noticeable.
David Collins, Professor of Salford

The Tribune (3 April 2004)

171

and Bangladesh will have i
water flow due to heavy rainfalls
caused by the melting of glaciers.

"The level of sca water is expect-
ed to rise by 35 cm. Inagine the
highest of tides and the biggest of
floods to be waller by 35 cni. The
issue is very serious.

“This could in fact submerge the
whole of India’s gradually sloping
eastern coastal region.”

But the water imbalance is just the
tip of the iceberg, says the study.
IANS .



Appendix 4.5
Policy Briefing Note 1

Ecology & Hydrology D IFIID

NATURAL ENVIRONMENT RESEARCH COUNCIL

@ ICIMOD & Maijesty's Government of Nepal
Department of Hydrology & Metgorology

@ JAWAHARLAL NEHRU UNIVERSITY

Mountain Livelihoods, Water Resources
and Climate Change in Nepal

POLICY BRIEFING NOTE

The nature of mountain livelihoods

In Asia, 65% of the rural population live in upland areas, depending on farming, small scale industry,
handicrafts, tourism and external remittances. While there is considerable cultural and social diversity
in such regions, people often face the same kinds of threats and challenges. The topography and
ecology of the region is also highly diverse, giving rise to many different microclimates and
geographical conditions impacting on how people live, but in spite of adversity, people generally tend
to be resilient and resourceful. In the upland areas of Nepal, livelihoods depend predominantly on
animal husbandry, cultivation of medicinal plants, and the utilisation of non-timber forest products.
Small scale hydropower and water mills are used to support communities within these mountain
catchments, and domestic water supplies are almost always taken from springs, small tributaries or
wells, rather than from the main rivers themselves, due to the fact that communities are usually located
on steep valley slopes away from the river. Irrigation is important in some areas, and rivers originating
in these upland zones provide water for people and the economy for hundreds of miles downstream.

Current problems in mountain communities

Poverty is a major problem for upland communities, and rural depopulation is a direct consequence of
that, as young people leave the area in search of work. Because of the high levels of unemployment,
non-cash income is important, and there is much dependence on the utilisation of open-access natural
resources. Forests and water play an important role, but concern has been raised about environmental
degradation, often characterised by landslides and floods. Unpredictability of seasons creates a
problem for farmers, and people feel that outdated and inappropriate agricultural techniques currently
in use should be revised. Lack of infrastructure such as irrigation schemes and transport, and poor
educational facilities are considered a problem for these communities, along with lack of markets and
political instability. In the mountain communities of Nepal, and other countries in the HKH region,
people have considerable ecological knowledge, and from experience, have good understanding of
how climate variation can influence local livelihoods. There is much scope for drawing on this local
and indigenous knowledge, to support the development of more integrated and holistic resource
management policies, in which communities are keen to be involved.

Research findings

1. Integrated hydrological modelling has suggested possible changes in water availability across the
Himalayan region, as a result of climate change. Rising global temperatures are bringing about a
process of deglaciation, directly impacting on river flows, initially causing an increase in flow rates in
many areas, followed later by a reduction, as glacier melting rates decrease.

2. In the east of the region, increased volumes of water flowing out of mountain areas are likely to
increase flows downstream, where precipitation is high during monsoon seasons. In western areas of
the region, however, where rainfall contributes much less to local conditions, impacts of changes in
snow melting rates will be more severe, resulting in significant reductions in water availability in the
longer term.

3. Across Nepal, both immediate and longer term impacts may be felt, but not with the severity felt in
other parts of the region. This is mainly due to the volume of snow and ice available at high elevations
in Nepal.
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4. These changes in water availability are likely to impact more on communities in upper parts of river
basins, and this will have both regional and global implications. As a result, there is a need for the
development of suitable and acceptable adaptation strategies, to address issues which may impact on
the health and welfare of diverse human populations across the region.

5. Participatory consultation with a range of stakeholders highlighted the need for better, more
equitable water allocation and management strategies, along with more public and professional
awareness-raising campaigns.

POTENTIAL ADAPTATION STRATEGIES
Following extensive consultation at the local, national and regional levels, a number of adaptation
strategies have been identified for further investigation:
¢ Develop management strategies to cope with changes in water availability

Review approaches to techniques in the design of infrastructure, dams, irrigation schemes etc.

Investigate change in cropping patterns, identify new, less climate-sensitive varieties

Promote social networks of knowledge transfer and support

Evaluate changes in location of fishing activities, development of community fish ponds

Investigate appropriate alternative locations of tourism activities and options

Review animal husbandry techniques, and development of new breeds

Migration — need to prevent further rural depopulation

POLICY RECOMMENDATIONS'

Build awareness of the impacts of climate change

Encourage more participation in the development of climate response policy

Promote better monitoring and data collection about conditions in upper mountain areas

In key areas, introduce participatory surveys on selected indicators of climate change

Develop mechanisms to support and promote adaptation strategies

Investigate potential for water saving techniques

Encourage the development of experimental cropping (in conjunction with the Ministry of Agriculture)
Investigate potential for early warning

Investigate scale of impacts on infrastructure in key basins

Assess appropriate infrastructure responses

Investigate potential need for water storage facilities

Facilitate the introduction of a comprehensive (environmentally friendly, participatory, equitable) water use
act by the government

Support more integration and coordination between government departments, NGOs, etc., and development
of a comprehensive mountain database

Encourage the implement of participatory catchment conservation projects, and afforestation programmes
near glaciers

Promote and foster existing social heritage in tourism development

Identification of risk levels associated with hydrological accidents and other natural disasters, in specific
geographical locations

Enable more participation by women and marginalized people, including lower caste groups, and encourage
their empowerment and support

Research findings should be disseminated widely to people at all levels of society, not just policy makers.
Children are important recipients of knowledge about climate change impacts and adaptation strategies

! These are based on consultation outputs from local and national stakeholders. Full details can be found in Sullivan et al. (2004), An
assessment of the potential impacts of climate-induced deglaciation on communities in the Hindu Kush Himalaya. CEH, Wallingford,
UK.

This publication is an output from the SAGARMATHA research project (R7980), funded by the United Kingdom Department for International Development
(DFID) for the benefit of developing countries. The views expressed are not necessarily those of DFID. Reproduction of this publication for educational or other
non-commercial purposes is authorised without prior permission from the copyright holder provided the source is acknowledged.

Full details of this work can be found in the SAGARMATHA Final Technical Report, Rees et al, 2004, CEH. Wallingford, UK.

© CEH Wallingford 2004
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Appendix 4.6
Policy Briefing Note 2
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@ oD His Majesty's Government of Nepal
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Climate Change, Water Resources and
Livelihoods in the Himalayas

POLICY BRIEFING NOTE

Water resources and mountain systems

There is compelling evidence that climate change is a widespread problem with serious consequences
for water resources around the world, and more than half of humanity relies on the freshwater that
accumulates in mountains. The Hindu Kush-Himalayan (HKH) mountain region stretches across eight
countries, is home to more than 140 million people, and influences the lives of three times as many in
the plains and river basins below. The snow and glaciers of the HKH provide up to 90% of the lowland
dry-season flows of the Indus, Ganges and Brahmaputra rivers and their vast irrigation networks.
Scientists are studying the retreat of Himalayan glaciers and, although uncertainty exists, the
consequences of deglaciation on water resources in the region could have serious consequences for the
environment, national and regional economies, and for the day to day lives of many millions of people.
To cope with these predicted and potential changes, and in the face of the increasing demands on water
resources from growing populations and economic development, the effective management of mountain
water resources is essential. Policies and adaptation strategies need to be developed and achieved in
consultation with different stakeholders, considering the ideas, experience and knowledge of local
people and scientists, as well as government and non-government organisations.

Current issues in mountain communities

Communities in mountain regions face many problems such as poverty and inequity, depopulation,
unemployment, a lack of healthcare and educational facilities, and poor infrastructure. People across the
HKH region share these problems which are exacerbated by environmental issues such as the
unpredictability of seasons, extreme events (e.g. floods, storms, droughts), deforestation, soil erosion,
and a lack of capacity in natural resource management. Water is vital for all kinds of economic and
livelihood activities and any changes in the quantity, availability and quality of water resources would
add to the current social, economic, and environmental problems faced by populations across the region.

Research findings

The SAGARMATHA project' has made an assessment of the potential impacts of deglaciation on the
water resources of the Himalaya and on the livelihoods of people in the region. This has been achieved
through the development of hydrological modelling and livelihood assessment and with the involvement
of many stakeholders across the region. The studies have found that:

1. Changes in water availability in Himalayan Rivers as caused by deglaciation can have direct and
indirect impacts. An increase in river flows can affect human activities in many ways through flooding,
landslides and the destruction of water delivery systems. Reduced water availability creates water
shortages for water-dependant activities such as agriculture, fisheries, hydropower, industry, domestic
water supply and water transportation.

2. For many areas, the catastrophic water shortages forecast by some experts are unlikely to happen for
many decades, if at all. Rather, some areas may benefit from increased water availability in the medium-
term. Areas where glacial meltwater contributes significantly to river flow, such as in the upper Indus,
however, appear to be vulnerable to deglaciation and this could have serious consequences for water
availability and use throughout the basin. Eastern Himalayan areas, benefiting from high summer
monsoon rainfall, are less susceptible to droughts, but more likely to experience flooding.
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3. In the longer term, a reduction in water supply from the mountains could affect the economy of the
region by limiting the energy from hydropower plants and hampering industrial productivity.
However, while deglaciation may hinder economic development nationally, the impacts are likely to
be hardest felt at the local level by the most vulnerable in society, particularly the women and children
of poor families, and the communities most vulnerable are those living at higher and middle altitudes
and dependent on their crops, livestock, and small-scale industry.

4. The impacts of deglaciation, and other effects of climate change, will vary considerably with time
and specific location across the HKH region. The research has also highlighted the uncertainty
associated with climate research and emphasises that care must be taken when interpreting the results.

'Rees et al., SAIGARMATHA: Snow and Glacier Aspects of Water Resources Management in the
Himalayas, CEH Research Report 2004.

POTENTIAL ADAPTATION STRATEGIES
Following extensive consultation at the local, national and regional levels, a number of adaptation
strategies have been identified for further investigation:
e Improve long-term monitoring, data collection, and modelling of the links between climate
impacts and hydrological regimes
Carry out research into alternative cropping patterns and crop varieties
Increase water storage capacity
Promote water saving techniques in all sectors
Develop early warning systems to give longer warning of forthcoming events, hail storms etc.
Diversify employment opportunities in upland areas
Improve and expand planning of communications & infrastructure to take account of potential
impacts of changes in river flows
Develop integrated, equitable & sustainable water resource management strategies
Promote institutional networking and development
Empower women and marginalized communities to have more inputs into water policies

POLICY RECOMMENDATIONS?

It is considered that deglaciation could impact on all sectors of the regional economy and on many people’s
livelihoods and that mechanisms to support and promote appropriate adaptation strategies need to be developed
to face these challenges. These strategies will need to be site-specific and aimed at creating sustainable
livelihoods for all people across the HKH region, particularly the poorest.
There is a need to improve systems of data collection and modelling to reduce uncertainty
In key areas, introduce a survey on selected indicators of climate change, to improve monitoring of
conditions in upper mountain areas
Investigations should be carried out to assess the potential for the introduction of water saving
techniques, and to identify the need for water storage facilities
Assessments of the scale of impacts on infrastructure in key basins is needed
Development of experimental cropping and new crop types are recommended
General awareness-raising of climate change impacts is needed, and specific training about climate
change mitigation should be given to key persons and institutions
Alongside scientific and technical approaches, it is particularly important to take a more participatory
approach in the development of climate response policy
There is a need for an assessment of the potential benefits of early warning systems for extreme
events, and providing better communication of forthcoming hailstorms etc.
Long-term and appropriate strategies are required that will build stronger institutions and improve
water management to take account of competing needs
% These are based on consultation outputs from local and national stakeholders. Full details can be found in Sullivan et al.
(2004) An assessment of the potential impacts of climate-induced deglaciation on communities in the Hindu Kush

Himalaya. CEH, Wallingford, UK.

This publication is an output from the SAGARMATHA research project (R7980), funded by the United Kingdom Department for International Development
(DFID) for the benefit of developing countries. The views expressed are not necessarily those of DFID. Reproduction of this publication for educational or other
non-commercial purposes is authorised without prior permission from the copyright holder provided the source is acknowledged.

© CEH  Wallingford 2004
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Appendix 4.7
Conference Paper: ‘Mountain livelihoods and climate
change: A case study from central Nepal’

(Powerpoint Presentation from the University of Bergen Workshop: ‘Fragile

Mountains — Fragile People? Understanding “fragility” in the Himalayas’,
Bergen, Norway, November 2003)
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Mountain livelihoods and climate change:
A case study from central Nepal
Caroline Sullivanl", Shiba Rijal?, Mandira Shreshtra® , arendra Khanal® and Dermot O°Regan!

1. Centre for Feology and Hydrology, Wallimgford, UK

2. Tribhwwan University, Kathmandu, Mepal

3. International Centre for Integrated hountain Development (ICIMODY, Kathmandu, Mepal
4. Corresponding author, Email coudceh acuk

Paper presented at The University of Bergen “Fragile b ins — Fragile Pecple? Understanding 'Fragility" in the Himalayas', Novenber 2003
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Climate change and mountain systems: 7=

some observations

» Data analysed by The World Glacier Monitoring Service
(WGMS, 2001) indicates that a significant degree of glacial
shlmkage has been occurring over the last 100 years, with
evidence that this rate of shrinkage has been increasing over the
last 30 years

* The IPCC (1996) estimates suggests that global glacier mass will
be reduced by some 25% by 2050

* The International Commission on Snow and Ice
(ICSI, 1999) suggests that this reduction 1is likely
to be most marked in the Himalayas

» Data collected by the Sagamartha Project (Rees
et al, 2003) suggests that the annual mean
temperature change in Nepal between 1991 and
1996 has been 0.07°C

» On the basis of data from a subset of gauging
stations at higher altitudes (between 1800m and

4100m), the mean increase in surface temperature —
has been as much as 0.1°C per year over the 35 year period
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How water influences livelihoods

TN oncea e
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Potential impacts of climate change on
water availability — ‘scientific’ evidence

* According to the IPCC, (2001, a and b), the impacts of climate
change will mean that global temperatures will rise, with
changing mean levels of rainfall, and increasing Vanabﬂlty

» Thig 1s likely to bring about two types of change in water
availability:
— ghifts in mean conditions,

— changes in the amount of variability around these new
conditions.

* the IPCC predicts that: “Flood magnitude and frequency are
likely to increase in most re gions, and low flows are likely to
decrease in many regions.” In other words, both worse
droughts and worse floods can be expected.

HY WA E TP T T L

The time spent in collecting water for domestic needs can be enormous. To give just one
example, in places where people do not have water piped into their homes in Tanzania,
the average time per household for domestic water collection was recorded at 7 hours per
day (Sullivan et al., 2003).

Both the loss of time, which might have been used for other productive purposes, and the
expenditure of physical energy collecting water from a distant source, have major impacts
on people’s livelihoods. Queuing for access or unreliable supply systcms mean that people
may sometimes have to travel to more distance sources or wait until late at night to get
domestic water supplies

These issues tend to affect women and children disproportionately, and are often reasons
why poorer children are unable to attend school.

clean water within a distance of not more than 1 km from the house tends to lead to
improved health status since people start to use substantially more water for eleaning and
washing

The health impacts related to water access are well known

The availablhtly of water for growing food and other productive purposes (eg small-scale
irrigation and livestock Watcrmg) are key components of livelihood strategies.

Small-scale and cottage industries (for instance, brick making, beer brewing, and textiles)
can help to lift people out of poverty, and rcquirc an adequate water supply.

Since the amounts of water required forlpuaposcs other than domestic needs are often
larger, espeecially for urigation, this can to competition between uses;

pollution of domestic water sources by agricultural and industrial use causes conflict.

The intc%'ity of the aquatic environment is relevant because of the goods and services they
provide, being the life support systems of poor people in rural areas.
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Climate change impacts on water

resources

* Increased mean temperatures and changes
in the transient snow line are likely to bring
about a rise in the rate of snow melt

» Higher mean temperatures may lead to
higher levels of evapotranspiration from both
natural vegetation and from crops

» Surface water run-off rates likely
to increase

» River flows likely to increase and
river levels to rise

* Probable difference in impacts over ¥ .
short, medium and long time periods

» Many more extreme events and
greater variability

W mall{ Fhaths ) at Sk

Water in the Himalayan region:
management issues and potential sources of conflict

+ Huge dependent populations
+ Spatial scale of impacts

+ Irrigation and food security
+ Livestock water provision

* Fishing

» Risk of extreme events

» Infrastructure

» Erosion and sedimentation of dams
+ Hydropower

+ Tourist water demand

+ Ecological degradation of river
systems and loss of biodiversity
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Research approach

Household surveys For the purpose of study the Modi Khola watershed was divided
into two sub-regions the upstream sub-region and downstream sub-region on the basis of the
water regime. The dam site of the Lower Modi Hydropower Project was considered as the
dividing line. Each sub-region was further sub-divided into different ecological zones on the
basis of altitude at a range of 1000 meters interval. Altogether 12 settlements were randomly
selected (from all settlements in the catchment Jto represent different eco-zones of the sub-
regions. 30 household units were taken as the sample size of individual settlements. A total of
360 households were selected for the whole watershed

Group discussions Community level information about distribution of assets and
present utilization pattern of these were collected using standard PRA approaches. In
addition, perception regarding climate change and its relation to livelihoods of the local
people were examined. For this purpose, a group consisting 5-10 persons representing
different occupational groups, elected persons, social workers and farmers were formed at
each selected community. A total of 12 groups were organized, and in addition, a number of
informal discussions were carried out.

Inventory of water uses and mapping An inventory of different water uses was made
through consultation with local people and field observation. These were mapped using GPS
and recent topographic maps. The water uses included water mills, irrigation canals, power
plants, woodecarving workshops, piped water supply, hot Springs, and religious and culturally
important places.

Field observation Extensive field observation was made as a supplementary method
to techniques mentioned above. Information on the physical environment, settlement pattern
and resource base was recorded. Spatial data were checked and updated in the field.

a -l
Profile of a catchment: The Modi Khola
| Modi Khola ;tudy sites | | * Longitudinal _ )
S irdiisee .Mm:_h lfhuls} e =
ranging from | | "TEan (0 )

upper
catchment and
glacier mouth
to the Indian
border

+ 12 villages
surveyed in
Modi Khola

» Large scale
Water uses
examined in
the
Kaligandaki

Legend

& Snlied Serenants
Drinking Water Points

i
5
i
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corridor
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Demographic characteristics W

of the Modi Khola people

= In 2001, the population of the Modi Khola watershed was estimated to be about
75,000 in 17,000 households. The average family size of 4.6 varied between 4.1
persons in Sankhar Pokhari to 5.7 in Ghandruk.

* Average literacy rate in the watershed was 64.8 percent, ranging from 51.7% in
Arther Dandakharka and highest in Mudikuwa (80.7%)

* Bramin/Chhetri people make up 51.1 percent of the total sample population
followed by Gurung (22.7 percent), Magar (16.3 percent) and others (8 percent). In
the upper part of the watershed, Gurung and magars are the dominant group, while
Chheiri and Brahmin are dominant in the lower parts.

Dowmnstream sub-region Upstream sub-region

Lowet Middle Upper Iiddle Upper Total
Ethnic groups Ma Pe [No PBo Mo B4 Ma P Mo Yo Mo Yo
Brahmin/Chhetri 379 856 379 92.7 19 54 301 514 113 2008 1190 51.1
Curung 0 oo 9 22 8 23 127 217 384 T2 528 227
Ilagar o 0.0 3 0.7 308 870 57 9.7 13 2.4 381 18.3
[ ami/Damal 55 124 o oo 1% 54 54 9.2 25 4.6 153 6.6
Sarl 3 11 10 24 O 0.of 47 80 0 0.0 fi2 27
M ewar 4 089 g 2.0 0 0.0 1] 0.0 0 0.0 12 0.5
Thakali o 0.0 0 oo 0 0.0 0 0.0 5 0.9 5 0.2
Tatal 443100.00 4091000 354| 1000f 584 100.0 539 1000 2331 1000

» Agriculture

* Brewing

» Figshing

* Brick making

 Tourism

» Transportation

e Weavmg ElIld Oﬂ'IEI' craﬁs Capital types for sustainable

s Forest uﬂlisaﬁon livelihoods

Note: in spite of these various
options, about 56% of hhs produce
insufficient food supplies, and
they have to buy food from other
sources, requiring a cash income
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Vegetation and water resources

The vegetation of the Modi Khola basin
can be grouped into four major types.
These include:

semi-evergreen hill and riverine forest in
subtropical zones,

Ouercus Lamellasy and mixed broad-leaved
forest in lower temperate zone,

Birch- Rhododendron and mixed broad
leaved forest in upper temperate/ sub-
alpine zone, and

pure grassland and pasture in alpine zones

The long term average flow of the Modi
Khola is 44.75 m3/sec at Nayapul (NEA,
2001). Downstream from the confluence
of Kimrung Khola, the average annual
digcharge is currently 30.48 m3 /sec and
at Syauli bazaar it is 33.592 m3/sec

Large areas of irrigation are mainly found
in the downstream areas, with most

hydropower plants being found upstream

Land holdings in the Modi Khola valley

Modi Khola

Irrigated agriculture &
micro-hydro generation

L
&
@
-
LB
- %
& Legend
3 .._ o & [migatson
s o) K ; 3 £ & Hydopower
o ,:> ' A _-"\L;ﬂ"* L &  Studicd Setiboments
‘: < 0 ~ P Land Use
o y =

Glavierlee Cap

Cultivated had

Land is an lmportant natural asset as
agriculture is the main source of
subsistence of the people in the Modi
watershed. The average size of the
landholding of the study area both
cropped and other lands is 1.1 ha
53% of hh hold between 0.5 and 2 ha
of land

Most large land holdings >2 ha are in

the middle zone of the downstream
subregion

+ Most land is used as Khet, (ir)
with Bari (rf) being found in
upper areas of both down and
upstream areas

» Most abandoned land is in the

upper zone of the upstream sub

Downstream sub- Upstream
Land size region sub-region | Total
tha) |Lower Middle Upper Middlel Upper
Fone | Fone  Fone  Zone | Zone
%o Yo Yo %o %o %o
Mo land 17 (00 Qo0 11| 87 22
Below 0.5 | 367 | 200 41.7 289 | 333 3.9 -
0.5-2.0 483 | 517 517 &0.0 | 344 3.9
hewe 2.0 | 133 | 283 &7 100 | 55 11.2 *
[[ctal 1000|1000 1000 100.0] 100.0) 1000
Dovmstream Upstream
sub-region sub-regim Total
Land type Lower M?dle Upper Mddleﬁlpper

Zme | zme | zone | zone | zone | Area %
[Ehet 60.7 | 545 | 117 | 485 | 195 | 1560 413
[Bari 217 192 | |6 | 30 | 522 | 1326 351
Grasd and 104 183 [ 02| 120 | le4 | 558 153
[Forest 59 70 42 | 34 | 20 2= 24
1Ah andoned 04 10 54 | 21 | 70 11.3 30
Total 1000 | 1000 | 1000 1000| 1000| 3780 1000

region

* Most grassland and forest is
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Household ‘wealth’ holdings and money =

L : DDWHSH;‘IEFEQUb_rE@GH I\quI.p;dtIeam subL—Iregwn - Many of the
i thiias s %z LLE sl households in
Radio 8%.3 88.3 83.3 878 93.9 90,0 :
this area do not
v 25.0 28.3 33 13.3 17.8 £3.9 e
Watch 53.3 333 16.7 24 4 35.6 213 aceess'bs
Bio-gas plant 8.3 6.7 0.0 0.0 1.1 2.3 :
financial
Solar power 0.0 0.0 50 1.1 4.4 2.2 tal
lmproved stove 23.3 ) 0.0 3.3 13.3 10.0 ;liil L
Piped water 63.3 Ty 58.3 322 28.9 75.0 ; ‘?th 4
Improved latrine 65.0 Fi 73.3 57.8 75.6 68.3 Srenl fhfmt .
Refriperator 33 0.0 00 0.0 29 238 proporiion do
Swing machine 53 1.7 0.0 4.4 6.7 44 TeakEe Moty
Fursi fure 70.0 451 183 411 54 .4 461 f“’?n outside.
This makes
D ownstreatn subregion Upstrearmn sub-region Somv..t ofthv..tm
Lower  Diddle Upper Iiddle Upper Total relatively rich,

[Worldng place Mo | % Mol % Mo %o Mo % | Mo o o % | and illustrates
Dutside VDT
within district s (133 2 33| 1 |17| 3 |33|4 a2 13 | sp |howresults

Outside district from one place
withincountry | 9 |15.0 14 |233] 2 |33 6 |67| 0 00 31 | 26 | cannot be

Other countries | 16 |267 15 |250] 21 |350] 27 |300] 33 367 112 |@GLD
Total 33 550 31 |517| 24 |400| 36 |400] 37 411 161 | ¥T

generalised

Only 16 % of hh income comes from agriculture/crops, 10% from tourism, 16% from services

Downstream of the Modi Khola: @ B
The Kaligandaki Corridor

The Kaligandaki River basin is a
0 tributary of Narayani River. This river
! basin is bordered in the north by
Tibetan plateau, in the south by
Narayani basin, in the east by Seti
basin, and in the west by Jhimruk and
Thuli Bheri basin. The total length of
the river is approximately 300 km.

kaligan Corridor

The relief of the basin ranges from 200 m
to over 7000m. About 35 percent of the
area lies below 1500 m where human
activities are intense, and about 40
percent of the area lies above 3000 m.
The climate ranges from hot humid sub-
tropical to cool temperate and semi-arid.
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Climate impacts in the Kaligandaki e

T, Conle e
Cenlagy & Hydroogy

corridor
» Over the last 30 years, monthly water availability in

Kaligandaki River has changed. In dry months thereisaclear ___________
indication of a decreasing trend of discharge rates. Since the e d
river is described as as a ‘surplus basin’, impacts of this may/ “ - S"% "
not be felt immediately, but potential hydropower plants '
within the river may be affected in future.

* Inrtecent decades, exireme precipitation in the monsoon
together with the basin topography has given rise to severe [g
floods, but other problems associated with cloud cover have n:';" e
had the effect of reducing winter crop vield by as much as
38% between 1988 and 1998

Iy e i ik
b 3 gl o e
s

[Lo S 3 |

13

* Recent research (Shrestha et al. ,2002) suggests that

there has been an increase in monsoon precipitation
ranging between 1.6 to 31lmm/ year. Af the same time,
mean temperature increases have been recorded at

rates between 0.026 and 0.029°C per year.

Livelihood vulnerability

Vulnerability exists when resources are limited and
access to them 1s tenuous;

Human vulnerability to climate change is influenced by
poverty, capacity and geographical conditions;

Poor and politically weak groups are likely to be more
vulnerable to shocks than others;

Changes in ecological conditions arising from climate
change (eg changes in river water temperatures and
chemistry) are likely to influence fish spawning activities
and influence fisheries in other ways;

Livelihoods which are dependent on water inputs as a
power source, or as another factor of production will be
particularly vulnerable, especially in times of low flows.
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Potential strategies for adaptation

» Changes in cropping pattems, substitution
of crop varieties and species;

» Changes n the location of fishing activities,
promotion of fish breeding and river
stocking;

» Changes in the appropriate location of
certain tourism activities such as rafting;

» Changes in animal husbandry techniques;
» Human migration;
» Changes to design specifications for water

and other mfrastructures, and modification
of existing structures;

» Development of management strategies to
cope with reduced water availability in an
equitable way to prevent conflicts.

Conclusions

* Climate change is likely to impact on water resources

* Local communities are aware of changes already

» Impacts will vary with both spatial and temporal scales
» Different adaptation strategies are available

« Community responses to these strategies may be
influenced by social and economic factors

» Attempts to understand these potential changes are
important in we are to develop appropriate mitigation
strategies.

» In this context, ‘appropriate’ means what is relevant and
suitable for the very diverse communities dependent on the
water resources flowing from the Himalayas
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* Preliminary results suggest that the people in the higher
altitudes will be most effected by climate change, but there is
gignificant differences in these effects ranging from east to
west across the region.

» Millions of very poor people may be effected both by more
extreme events, and by significant changes in water
availability, both in the medium and longer terms.
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