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Abstract
N

Community Vulnerabilities to Climate Change and Local Coping Mechanisms in Khudi Watershed.
A.R. Sharma®

The Khudi watershed lies in western Nepal within 28°03°-28°30” north, 84°11°-84°38’
east and 823 m-3000 m above sea level. The agrarian watershed with seven hundred
households was dominated by Bahun/Chettri (51%), Gurung (21%) and several others
(28%). Temperature and precipitation data analysis between 1987 to 2006 and 1975 to
2006 respectively showed some changes. Temperature was in increasing trend. The
maximum mean temperature was increasing at 0.81°C/decade and the minimum mean
temperature was increasing at 0.26°C/decade. Seasonal temperature data also showed
increasing trend, winter temperature was highly increasing trend (1.17°C/decade
maximum and 0.76°C/decade minimum temperature trend). Average Precipitation of two
trends of driest months, November and December, was decreasing by 0.58 mm/yr and
0.10 mm/yr respectively while that of wettest month, July showed the increasing trend of
1.91 mm/yr. Regarding the experience of local inhabitants, more than 90 percent
respondents have experienced increasing temperature, and 91 percent respondents have
experienced unusual rainfall events. Fifty percent respondents believed that rainfall
amount was decreasing in recent past with direct impacts on agricultural production and
water resources. Most of the farming communities experienced unusual weather patterns
with negative impacts on agricultural production, increasing water scarcity and increased
frequency of weather related disasters. Local adaptive capacity was poor. Knowingly or
unknowingly some coping strategies like use of sprinkle irrigation, use of new varieties
of crops, were adopted within the communities. There was an urgent need to formulate
adaptive strategies for food securities and for dealing with water scarcities and climate

change induced disasters.

Key Words: Climate change, Disaster, Community, Vulnerability, Coping Mechanisms,

Adaptive Capacity, People’s perception.

! Central Department of Environmental Sciences, Tribhuvan University, Kritipur Kathmandu, NEPAL
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Chapter |

INTRODUCTION
E——

A. Background and Context

It has been universally accepted fact that world climate is changing more vigorously at
present than any time period in the past putting greater threats to the wellbeing of human
beings as well as earth system. According to [IPCC (2007) summery report, eleven of the
last twelve years (1995-2006) rank among the twelve warmest years in the instrumental
record of global surface temperature (since 1850). The 100-year linear trend (1906-2005)
of 0.74 [0.56 to 0.92] °C is larger than the corresponding trend of 0.6 [0.4 to 0.8] °C
(1901-2000). The linear warming trend over the 50 years 1956-2005 (0.13 [0.10 to 0.16]
°C/decade) is nearly twice that for the 100 years 1906-2005 (IPCC, 2007).This changed

scenario in the earth climate is challenging both the developing and developed worlds.

The increasing temperature and unusual rainfall, drought, flooding, high rate of snow
melting and sea level rise are threatening the sustainable continuity of the living earth.
Recently, human activities have been identified as likely contributors to global as well as
regional climate change (IPCC, 2006). Temperature is a good indicator of climate
change. Precipitation may be of equal or greater importance in terms of monitoring global
change in low and mid-latitude regions because of their vulnerability to both water
shortages and quality (Shrestha & Wake, 2000). Extending the instrumental record with
proxy data for the Northern Hemisphere indicates that over the past 1,000 years the 20"
century increase in temperature is likely to have been the largest of any century, and the
1990s was likely the warmest decade Figure 1 from IPCC climate change synthesis report
2001. To understand climate variation and change it is essential to assess the climate
sensitivity to a variety of factors both human and natural. The global and national data
clearly show that the numbers of natural disaster events are increasing in recent years.
Socio-economic and environmental losses caused by these natural disasters are also

increasing. The increasing trend of all type of natural disasters noticeably reveals that

1]



highest portion of natural disasters is contributed by climate related disasters compared to

other kind of disasters (UNISDR, 2005).

Extreme weathers events have, in recent years caused heavy loss of life and extensive

Departures in temperature in “C (from the 1961-1990 average)

M the past 1000 years (Northern Hemisphere)

ad ol T b T -
0.0 7 | 00
-0.4 7 04
081 8

1000 1200 1400 1600 1800 2000

Figure 1: The past 1000 yrs temperature (Northern Hemisphere) (after IPCC 2001, the oval indicates increasing trend).

damages. As a famous Yiddish proverb you can’t control winds but can adjust your sails

it’s time for us to work for the reduction of climate change risk.

The deaths in 5 years period of 2000 to 2005 by extreme weather events are shown in

Figure 2 (Dow & Downing, 20006).
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Figure 2: No of human deaths in 5 years time from 2000 to 2005 by different (Dow & Downing, 2006).

Similarly the following graph is the evidence for the increased number of disasters
worldwide in recent years. These evidences clearly show that we are vulnerable due to

changing climate.

Floods and windstorms

Numberof disasters worldwide
1960-2005
— floods

—_— windstorms

;f\_d‘z‘g"——
1960 1965 1 1985 1990 1995 2000 2005

Figure 3: Number of disasters (Flood and windstorms) since 1960 -2005 worldwide (Dow & Downing, 2006).

Many natural systems are being affected by regional climate change and increased
temperature (IPCC, 2007) putting the rural livelihood at risk. The earth’s rising
temperature has ultimately brought unavoidable climate change consequences.

Widespread implications are predicted for agriculture, water resources, fisheries, forestry,

3]



ecosystem and human health as well as social, economic and political systems (Reilly,
2001) making climate change more complex global issue of social, economic and

political dimension.

Vulnerability is the degree to which a system is likely to experience harm due to its
exposure to hazards (Tunner II, 2003). It is determined by the capacity of a system to
anticipate, cope with, resist and recover from the impact of hazard. Exposure to natural
hazards of the community is increasing day by day, making it more vulnerable with

increasing global change and frequent extreme events.

Although it is difficult to link, with direct example, the dramatic power of the earth’s
meteorological system to climate change, however collected data shows response (Dow
& Downing, 2006) with increasing extreme events. The international disaster database
indicates that the incidence of flood and windstorm disasters has not only increased
markedly since 1960s but also the events are more intensive, last longer and affect more
people (Dow & Downing, 2006). Figure 2 shows the positive correlation of global
change and vulnerability due to climate change. Researches over the climate change and
global warming show that human-induced climate change is a tangible reality that affects

human life triggering various disasters.

We are globally interconnected and climate change is considered to be problematic issue
for many countries impacting various sectors and areas. Widespread implications of
climate change indicate that climate change is a complex and cross-cutting issue. We
know that dramatic changes are still to come and they will result in huge economic cost at
community level to regional level. Along with the mitigation approach to climate change
and associated risk, mainly for the developing countries, it is coping mechanism

developed within the community that counts for risk reduction due to climate change.

According to IPCC report "Global atmospheric concentration of carbon dioxide methane
and nitrous oxide have increased markedly as a result of human activities since 1750 and
now far exceed pre-industrial values determined from ice cores spanning many thousands
of years. The global increase in carbon dioxide concentration is due primarily to fossil

fuel use and land use change, while those of methane and nitrous oxide are primarily due

4|



to agriculture." Human activities are increasingly altering the earth’s climate (American
Geological Union, 2003) changing it in such a way which is not good for the sustainable
continuity of the living planet. Cumulative effects of the human activities on the
concentration of the gases are increasing threat to increase disasters and unsustainable

livelihood.

Global warming, the quicker warming of the earth enhanced by green house effect, has
ultimately brought unavoidable climate change consequences. Warming of the climate
system is now unequivocal. It is now clear that global warming is mostly due to man-
made emissions of greenhouse gases mostly CO, (UNFCCC, 2007). In this context the

adaptation is the best technique to minimize the risk of vulnerable communities.

Developing countries like Nepal are more susceptible to the climate change and its
impacts due to their limited capacity to cope with hazards associated with changes in
climate (Kates, 2000). Nepal has good reasons to be concerned about climate change.
Over two million Nepalese people depend on climate sensitive sectors like agriculture

and forestry for their livelihood (Garg, Shukla, & Kapshe, 2007).

Sharp variation of the climate with enormous range of elevation with in short span of
North-South variation makes this country rich in biodiversity but at the same time it has

the great impacts of even the slight change over the natural climate system.

B. Climate change, Vulnerability and Adaptation

Climate change refers to the variation in the Earth's global climate or in regional climates
over time (UNFCCC, 2001) defines this as "a change of climate which is attributed
directly or indirectly to human activity that alters the composition of the global
atmosphere". Climate change impacts are the consequences of natural and human

systems.

Vulnerability of the system is “a function of the character, magnitude, and the rate of
climate variation to which a system is exposed (IPCC, 2007). In disaster planning,
vulnerability is the social, economic and environmental exposure and sensitivity.

Adaptation is the adjustment in natural and human systems to a new or changing
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environment (Dow & Downing, 2006). For community and people adaptation is the
process of social learning too. Adaptive capacity is the ability to understand climate
changes and hazards, to evaluate their consequences for vulnerable peoples, place and
economies and to moderate potential damages to take advantage of opportunities, or to

cope with the consequences (Dow & Downing, 2006).

Yes, climate change is a reality and what we can do next is adaptation because mitigation
for the country like Nepal is not so significant. As a developing country with very less
contribute to emit GHGs in atmosphere, Nepal have to focus more on adaptation
approach rather than control of the emission (Smit & Wandela, 2006). Vulnerability is a
subjective concept that includes three dimensions: exposure, sensitivity, and adaptive

capacity of the affected system

Adaptation is processes through which societies make themselves better able to cope with
an uncertain future. Adapting to climate change entails taking the right measures to
reduce the negative effects of climate change (or exploit the positive ones) by making the

appropriate adjustments and changes (UNFCCC, 2006).

There are many options and opportunities to adapt. These range from technological
options, behavior change at the individual level to other strategies including early
warning systems for extreme events, better water management, and improved risk
management, various insurance options and biodiversity conservation. What is required is

the better adaptation strategy along with its proper implementation at community level.

C. Rationale of the Study

The research on community vulnerability within the country is very less. Although few
national level study and reports have been published on community vulnerability, local
level study are sporadic in spite of the fact that the micro-scale vulnerability assessment
is more relevant than mega-scale in the country like Nepal which has high diversity in
natural as well as human system within a short (of few kilometers) spatial variations.

Hence local level study is important.
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Researches over the climate change and global warming show that human-induced
climate change is a tangible reality that affects human life triggering various disasters.
The cumulative increase of Green House Gases (GHGs) concentration in the atmosphere
has enhanced green house effect resulting in increasing rate of global warming. The
reported global cost of natural disasters has risen even more, with a 15-fold increase
between the 1950s and 1990s (IFRC, 2001), which shows more need of research based

decisions to mitigate their impacts.

Climate change is considered to be problematic issue for many countries impacting
various sectors and areas. Widespread implications of climate change indicate that
climate change is a complex and cross-cutting issue. In these scenarios local level case
studies are vital both for policy formulation and adoption, stir local people knowledge on
present day’s most challenging issue. Mountain regions of Nepal are more susceptible to
climate change impacts and vulnerability. In this context study on community

vulnerability due to climate change has great significance.
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D.

Objectives

The contribution in GHGs emission in Nepal is far below. So Nepal could not contribute

much in mitigation of climate change, but the impacts are high- the high land

mountainous region, landlocked political boundary, subsistence agricultural practices,

poverty and low literacy rate all enhance increased vulnerability of community to climate

change induced disasters.

The general objective of this study is to assess the nature of physical and socio-economic

vulnerabilities, on the community due to climate change and its adaptation mechanisms.

The specific objectives of the study are;

a.

identify the types, magnitude and recurrence interval of weather and climate
related hazards/disasters based on local people's experiences in the study area,
assess their impacts in the past,

assess the pattern and trends of climate change based on recorded hydro-
meteorological data and perception survey of experts and local people,

assess vulnerability and risk in terms of physical and socio-economic system in
the changed context,

assess mitigation and adaptation techniques in context of changing climate,

recommend potential disaster risk reduction mechanisms,
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E. Scope and Limitations of the study

The scope of this study is solely to carry out research on community vulnerability at
Khudi watershed. The study has been carried out in the Khudi watershed of western hill

of Nepal in Lamjung district. The scope of the work includes the following activities.

Major activities

The following key activities have been carried out under this work:

—

collection and review of literature and available maps,

2. collection of hydro meteorological data,

3. sharing of the ideas from national and international institutions and
organizations,

4. filed observation and field survey( household survey, group discussions, key
informant survey),

5. digital data base preparation processing and analysis,

6. Preparation of dissertation.

The work is, due to different technical constraints, limited to the followings.

» Only the community area of the Khudi watershed in lower zone has been
considered.

» Only the single station data has been calculated for last 30 years,

» Detail physical vulnerability based on engineering tools was out of scope,

» Study is based on people perception. Its scientific verification is not carried out.

9|



Chapter 11

STUDY AREA
I

A. Country Background

1. Location and Physiography

Nepal, a Himalayan mountainous country, sandwiched between two large countries,
China in north and India in South, East and West, occupy an area of 1,47,181 sq
kilometers which is about 0.03% of Asia continent and 0.003% of world land mass.
Situated on the southern slope of the Himalayas, it stretches in between the latitudes
26°22" and 30°27' north and the longitude 80°40' and 88°12' East (Chaudhary, 1998).
With representation of about one third of the whole Himalayan range (2400 km), it shows
unique climate with rugged topography and sharp altitudinal variation from 68 m in south
to 8848 m, the world’s highest peak in north within a short span of 145 km to 241 km
with average of 193 km. Average east west length is about 885 km. About 83 % of the
total land of the country is occupied by high mountains and wavy hills while remaining
as flat land of Terai. Within this location of the country we can find tremendous climatic,

biodiversity and cultural variation.

Wide altitudinal variation and diverse climatic condition make this country unique in the

world in terms of physiography (Chaudhary, 1998).

T. Hagen (1969) first purpose the physiographic subdivision of Nepal on the basis of its
physical and geological characteristics. Following are the physiographic subdivision of

Nepal after T. Hagen with some modification given by Uprety (1999).

a) Terai (Northern Genetic Plain) and Dun valley ( 100-200 m)
b) Churia range( Siwaliks) ( 200- 700 m )

¢) Mahabharata Range(1000-2500 m)
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d) Himalaya and Mid lands:( 300-2000 m )
e) Fore Himalaya ( 2000-4500 m)
f) Higher Himalaya ( > 4000 m)

g) Inner Valleys ( 2500 — 4000 m )

INDIA

INDIA

RO° P B

Figure 4: Physiographic subdivision of Nepal (Uprety, 1999).

2. Climatic variation

Within the short span of width, due to sharp altitudinal variation, a wide range of climatic

conditions exist in Nepal. Climate of Nepal varies from tropical to arctic within the two

hundred km span of from South to North largely being a function of elevation making the

country more sensitive to climatic variation. Nepal has a monsoon climate, dominated by

an extended wet season starting in June with the arrival of the South-west Summer

Monsoon.
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MNEPAL: Annual Precipitation

Tempealure incraases in Mepal from 18771804
Source: Shrestha, ef al, 1865

Figure 5: Temperature and Precipitation maps
of Nepal.

The High Himalaya range retains the moist air masses of the monsoon, increasing
precipitation in Nepal and keeping the areas to the north in deep rain shadow. These same
mountains also act as a barrier to the cold fronts from central Asia, giving warmer winters

to Nepal and northern India.

National mean temperature hover around 15°C and increase from north to south with the
exception of the mountain valleys. In the Terai the mean winter daytime temperatures are
between 22 and 27°C, whilst summer temperatures exceed 37°C. Higher up in the Mid-
Hills temperatures are between 12 and 16°C, with a general temperature decrease of

about 6°C for every 1000 m gain in altitude.

Average rainfall is 1500mm with rainfall increasing from east to west (HMGN/MoFSC,
2002) creating diverse rainfall and temperature within the country. More than 80%
rainfall is during the 4 months of monsoon and due to the great variation in the
topography different parts of the country receive rainfall in varied magnitude and
intensity, making different parts of the country more vulnerable to flood and landsides

disaster.

Five climatic zones in Nepal based on altitude are the tropical and subtropical zone of
below 1,200 meters; the cool, temperate zone of 1,200 to 2,400 meters; the cold zone of
2,400 to 3,600 meters; the subarctic climatic zone of 3,600 to 4,400 meters in altitude;
and the arctic zone above 4,400 meters in altitude (Library of Congress, 2008). On the

basis of precipitation the seasons of Nepal are pre-monsoon (the weather is dry and hot
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receiving occasional rain showers), monsoon (very hot with about 80% of annual

rainfall), post-monsoon (warm and humid) and winter (weather is cold and dry).

Rainfall varies greatly across the country with the general trend of wetter conditions in
the east (Taplejung, 1,768 m altitude, receives an annual average rainfall of 2,024mm)
and drier in the west (Baitadi, 1635 m, receives 1,037 mm). The average rainfall in Nepal
is about 1,600 mm. The southern slopes of the Himalaya receive the highest rainfall
(3,477 mm in Pokhara, 850 m; 5,550 mm in Lumle, 1,642 m), whilst the trans-Himalaya
lands north of the main Himalayan range (Mustang, Dolpa, Manang and Jumla) are in
rain shadow with a desert-like barren tundra, barely getting 250 mm of annual rainfall
(Jomsom, 2,650 m, receives 255-295 mm (Agrawal et al, 2003). Precipitation is greatly
influenced by the prevailing wind systems which are northeasterly in the winter and
southwesterly in the summer. The winter winds bring cold, dry airstreams from Central
Asia, in marked contrast to the warm, wet air masses from the south bringing the summer

monsoon.

3. Population and its Distribution Pattern

Nepal with a population of about 23 million has a relatively low population density
compared to other Asian countries such as India or Bangladesh; however, the population
is overwhelmingly rural, with only 12% living in urban areas (Agrawal et al, 2003). Rural
population density is relatively high at 686 people per square kilometer, a figure that
exceeds that for most low income countries. This figure also indicates that rural to urban
migration is high. At the time of 1981 census, the total population of Nepal was
15,022,839 the average family was made up of 5.8 persons, and life expectancy at birth
was close to fifty years. As of 1991, the population was estimated at 18,491,097 persons
(CBS, 2005). The Central Bureau of Statistics, as per 2001census, shows Nepal
population as 22,736,934 persons with average household size 5.45 persons. The
population density in 2002 was 162 per sq km. Population distribution is uneven, with
about 45% of all Nepalese concentrated in the hilly central region, 47% in the fertile
Terai plain, and only 8% in the mountains (Encyclopedia of Nations, 2007).
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4, Socio-economic context

Nepal is a multi-cultural country with diverse livelihood of Aryan and Mongolian
communities. Nepal has not rich economy. Despite its natural beauty and enormous
potential for hydropower and tourism, Nepal is one of the poorest countries in the world,
with 82.5% of the population living below the international poverty line of $2 per day. A
Gini coefficient 2 of 0.37 indicates that income distribution is somehow uneven.
Approximately 40% of the country’s GDP came from agriculture in 2000, down from
52% in 1990. Agriculture also provides a livelihood to nearly 81% of the labor force.
Any direct change in the climatic variables will affect the agriculture and hence the
economy of the country too. A heavy reliance on tourism and agriculture makes Nepal’s
economy very sensitive to climate variability (Agrawal et al, 2003). It is difficult to
determine Nepal’s potential to adapt to climate change, but several key statistics may

give some insight as to the state of its infrastructures and social and human capital.

B. Khudi Watershed

1. Location
Khudi Watershed of Lamjung District was selected as study area. Lamjung district lies in

the Gandaki zone of Western Development Region of Nepal with geological extension
from middle hill to northern Himalaya. Lying near to the middle of Nepal, Lamjung
district, with its area of 1692 square kilometers, is one of biodiversity rich fragile hill
region of Nepal.

Geographical location of the Lamjung district:

Latitude: 28°03°-28"30 North

Longitude: 84°11°-84°38" East

Altitude: Lowest 385 m and Highest 8162 m (From Sea Level).

The mean district minimum and maximum temperatures are 15.97°C and 27.33°C
respectively (Narayani River Basin, Pokhra, DHM). Mean annual precipitation of the
district is (only rain fall, as snow fall was not measure) is 2371.5 mm (Narayani River
Basin, Pokhra, DHM). It is a typical hilly district with landscape of rugged topography
of Northern Mahabharata range to Himalaya belt with Manaslu and Lamjung Himal.
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According to CBS 2001 Census, the total population of Lamjung district is 177,149 with
population growth rate of 1.42 per year and consists of 36,525 households with
population density of 104.70 per square kilometer (CBS, 2006). There are 61 VDCs
within the district. Lamjung is one of the tourist destinations within the country. Khudi is

the entry point for ACAP.

Khudiwatershed of Lamjung is located in between latitude 28°17’ and longitude 84°22°
and elevation ranging from 823 m to 3000 m (Figure 6). Khudi watershed is a subsystem
of Marsyandgi watershed. The watershed encompasses different wards of three VDCs
namely Khudi, Simpani and Ghanpokhara. This area was selected as study site as western
region of Nepal is considered as one of the highly temperature increasing region of

country and because of the availability of hydrological and meteorological data since

1981.

Location of Khudiwatersehd.

&

Lamjung District
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Map of Khudi Khola Watershed, Lamjung
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Figure 6: Location and Map of Khudi watershed.

2. Socio-economic condition

Total population of the three VDCs of the watershed area is 10,447 (4,890 male and
5,557 female) and total households are 2,099 with average population density of 133.54
(CBS, 2006). The watershed area is dominated by Indo-Aryan castes such as Brahmin,
Chhetri, followed by Mongolian Gurungs. Agriculture is major occupation followed by
foreign employment as Lahure mainly from Gurung community (Gurung, 2004). Almost
all the household of Gurung has at least one Indian or British army or ex-army pensioner.
Livelihood of most of the people is based upon the integrated system of farming, forests
and livestock as in other hilly areas of Nepal. But recent years young generation is being

more engage in foreign employment, tourism an
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3. Biophysical condition

The watershed is a typical example of mid hill region of Nepal and lies in middle
mountain ecological zone. Altitude rises from 823m to 3000 m. Generally watershed area
is sloppy land with upper portion comprises of steep slope and lower belt gentle slope.

Near to the Khudi River the area is flat too.

4. Climate

Climate of the area varies from sub-temperate at lower altitude to sub-alpine at higher
altitudes with average annual rainfall 3345.755 mm and average maximum temperature
27.17°C and minimum temperature 15.50°C. More than 80% of total rain occurs between

June to September i.e. during monsoon period.

24,/,08/2008

Picture 1: Khudi watershed.

5. Vegetation

The area’s forest is mostly hardwood forest dominated by Sal (Sorea robusta). It is
common in the southern aspects and lower altitudes. In the upper parts of northern
aspects Schema-Catanopsis forest is dominant with other associate species. Other
associated species are Rhus sps. Syzygium cumini, Teminalia alata, Phyllanthus emblica,
Cleistocalyx operculat, Engelhardia spicata ectc. on lower altitudes and Myrica
Esculenta, Pinus sps. Madhuca indica, Lyonia ovalifolia, etc on higher altitudes. At the
top part of the Northern aspect of the Southern hills Rhododendron sps. Pinus roxburgi

and other temperate species are recorded.
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Chapter 111

LITERATURE REVIEW
I

Climate change impact studies focus primarily on physical exposure to average climatic
conditions. It attempts to identify the vulnerabilities of a system in different climatic
conditions. There is need to conduct assessments on climate change in order to assist in

evaluating vulnerabilities arise due to this.

Climate change and global warming

United Nations Framework Convention on Climate Change (UNFCCC, 2002) defines
"climate change" as "a change of climate which is attributed directly or indirectly to

human activity that alters the composition of the global atmosphere".

United Nations framework Conventions on Climate Change (UNFCCC) in its Article 1
defines climate change as a change of climate which is attributed directly or indirectly to
human activity that alters the composition of the global atmosphere and which is in addition
to natural climate variability observed over comparable time periods. Climate change
refers to a statistically significant variation in either the mean state of the climate or in
its variability which may be due to natural internal processes or external force, or to

persistent anthropogenic changes in the composition of the atmosphere or in land

use" (IPCC, 2006).

Global temperature is increasing by 0.3°C to 0.6°C since the last 19" century and by
0.2°C to 0.3°C over the last 40 years (1960- 2000) (Xiaodong & Baode, 2000) with
indication of more increase in the global temperature in coming days making earths

sustainability more vulnerable.

According to the Intergovernmental Panel on Climate Change Synthesis Report (2007) there
has been an unprecedented warming trend during the 20" century. The current average
global surface temperature of 15°C is nearly 0.6°C higher than it was 100 years ago - most
of the increase has been the consequence of human activity. A further increase of 1.5-6.0°C

is projected for the period to 2100. Forth Assessment Report of IPCC (2007) concluded that
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"most of the observed increase in globally averaged temperatures since the mid 20™ Century
is very likely due to the observed increase in anthropogenic greenhouse gas concentrations".
The average atmospheric CO, concentration has increased from 280 ppm in 1850 to 365
ppm at present, and could exceed 700 ppm by the end of the present century if emissions

continue to rise at current rates (IPCC, 2007).

Scientists predicted through the global climate models that the average global surface
temperature increase from 1.4°C to 5.8°C due to presumed doubling of CO, concentration in
the atmosphere by the end of the 21 century. In the northern hemisphere, precipitation has
increased by 0.5% to 1.0% per decade whereas the increase in tropical countries has been
0.2% to 0.3% per decade. The trend over the course of the last century has been uneven, but
in the period since 1976 the warming trend is roughly three times that of the past 100 years
as a whole (WMO, 2004).

The increases in average global temperature (global warming); changes in cloud cover and
precipitation particularly over land; melting of ice caps and glaciers and reduced snow
cover; and increases in ocean temperatures and ocean acidity — due to seawater absorbing
heat and carbon dioxide from the atmosphere (UNFCCC, 2007) clearly indicates the
changing trend in climate. Over the last century, atmospheric concentrations of carbon
dioxide increased from a pre-industrial value of 278 ppm to 379 ppm in 2005, and the
average global temperature rose by 0.74° C (UNFCCC, 2007) which supports the fact the
global increase in the temperature is mainly due to the excess emission of CO, from human

induced sources.

The scenario of the global change impacts in the fragile mountains of Nepal and around is
greater, the major impacts and threats of global warming are widespread. As a result of
global warming, the type, frequency and intensity of extreme events, floods, droughts and
heavy precipitation events, are expected to rise even with relatively small average
temperature increases. Changes in some types of extreme events have already been
observed, for example, increases in the frequency and intensity of heat waves and heavy
precipitation events (Meehl, et al., 2005) and such events bring more risk to the people

living near to riverside or the marginal community.
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Vulnerability and Coping Mechanism

Future vulnerability depends not only on climate change but also on the type of
development path that is pursued (IPCC, 2007) and for any development we must focus on
the sustainable approach minimizing not only environmental hazard but also long term
impacts on lifestyle, human behavior and associated effects. Although higher level of
development creates higher coping capacity, it might also imply increased social exposure to

climate hazards.

The developing countries are more susceptible to climate change impacts as they have
limited capacity to adapt. The least developed countries are among the most vulnerable to
extreme weather events and the adverse effects of climate change. They also have the
least capacity to cope with and adapt to the adverse effects of climate change (UNFCCC,
2006).

Although Nepal’s contribution to the GHGs emissions is very less, it is the country where

its impacts are very high (Chalise, 1994).

IPCC summery report 2007 indicates that human beings are the main responsible for the
increased amount of the green house gases. Developing countries are considered to be
particularly susceptible to climate change due to their limited capacity to cope with
hazards associated with change in the climate. The major risk reduction approach is

adaptation to global change (UNFCCC, 20006).

Article 17 of The Marrakesh Accords UNFCCC (2001) said " the least developed
countries are among the most vulnerable to extreme weather events and the adverse
effects of climate change due to mountainous and landlockness”. They also have the least
capacity to cope with and adapt to the adverse effects of climate change. Considering this
fact UNFCCC article 4.4 said “the developed country parties shall assist the developing
country parties that are particularly vulnerable to the adverse effects of climate change in

meeting cost of adaptation to those adverse effects.

Focusing on the preventive measures to control climate change UNFCCC Article 2 said

...stabilization of GHGs concentrations in the atmosphere at a level that would prevent
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dangerous anthropogenic interference with the climate system. Such a level should be
achieved within a time frame sufficient to allow ecosystems to adapt naturally to climate
change , to ensure that food production is not threatened and to enable economic

development to proceed in sustainable manner.........

Changes in land surface can result in emission or removal of CO, to the atmosphere and
also change in the Earth's radiation balance by altering the Earth's surface albedo. In
addition, changes in land surface can alter the fluxes of sensible and latent heat to the
atmosphere and thus the distribution of energy within the climate system; and in so doing
can alter climate at the local, regional, and even global scale. It is estimated that one-
quarter of the anthropogenic contribution of carbon to the atmosphere is derived from
land cover changes such as deforestation (IPCC, 2001). Scientific understanding and
tools are increasingly becoming available to address the broader implications of land
surface interactions within the climate system for national and international policy (IPCC,

2007).

A wide array of adaptation options is available, but more extensive adaptation than is
currently occurring is required to reduce vulnerability to climate change. There are

barriers, limits and costs, which are not fully understood (IPCC, 2006).

Adaptation can reduce vulnerability (IPCC, 2006). Adaptive capacity is intimately
connected to social and economic development but is unevenly distributed across and
within societies (IPCC, 2006). The greatest challenge in this century is rising
temperatures which will have serious effects on rainfall, the strength and distribution of
tropical storms, sea levels and glacier melt, thereby causing greater risks to life and

livelihood and increasing damage-related costs.

The impacts of climate change increase, among other things, are associated with water
and food shortages, coastal inundation, the distribution of vector-borne diseases such as
malaria and dengue fever, and the rate of extinction for many species (up to 30 per cent

with a 2°C rise in temperature) (IPCC, 2007).
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IPCC (2006) concluded that increased global temperature since 20" century is very likely
due to increased anthropogenic greenhouse gas emission from burning of fossil fuel and
forest conversion. The planet is already experiencing climate change impacts on
community and livelihood, water resources agriculture and disasters (WWF, 2007).
Using current temperature trends, by 2100, the average temperature may rise by 1.4-
5.8°C (IPCC, 2006). This increases certainty of occurrence of disasters in fragile
ecosystems (WWF, 2007).

Climate change is emerging as one of the most profound ecological and social concerns
over our time (Y2Y, 2007). The ecological axiom "adapt, migrate or die” takes a
particular relevance and urgency as scientists continue to study potential scope of climate
change. In the face of warming temperatures many species, not leaving human beings,
will be forced down one of the three paths (Y2Y, 2007) of adaptation, migration or die.

Associated effects of climate change were already observed such as increase in dry
period, intense rainfall, flood, landslides, forest fires, glacial threats etc (Shrestha &
Wake, 2000). Because climate has an important role in determining the altitudinal zone
of vegetation and life zones, it is possible that high altitude communities in mountain
areas will be sensitive to the effects of long term climatic change (Grabherr, Gottfried, &

Pauli, 1994).

Mountainous regions are characterized by sensitive ecosystems, enhanced occurrences of
extreme weather events and natural catastrophes. These are also the regions of conflicting
interests between economic development and environmental conservation. In context of
Climate Change, significant perturbations can be expected to natural systems and these will
inevitably have an influence on the economy of the mountainous region. Global change will
probably exacerbate the present conflict situation between environment and economy.
International conference on Adaptation to climatic variability and change (2006) mention
that generalization of the climate in the Himalayas is largely due to the absence of long term

data and extremely limited number of meteorological stations.

Dow and Dowing have published “The Atlas of Climate Change Mapping” the world’s

greatest challenge in 2006 from Earthscan. This provides essential background readings
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on climate change impacts and coping mechanism. New records and observations around
the world are consistent with scientists’ expectations of climate change. Correlation
between increasing uncommon weather events and observed changes in temperature, and
in atmospheric composition led to conclude that global weather pattern are likely to be
affected by climate change. Polar changes, glacial retreat, everyday extremes are the
warning signs of the impacts of climate change. Trends or/and events of local
temperature rise, extreme heat and/or drought, extreme precipitation and/or wind and
changing animal and plant behavior are consistent with the theories of climate change
since 1990s to 2005. It was predicted that global temperature will continue rising in
coming days and expected to increase in average by 2 to 4.7 °C in 2000-2100. As a
consequences of these changes, world biodiversity is at risk and many species and
ecosystems, already at risk from human development, may not be able to adapt to new
climatic conditions and stresses, increase water scarcity and induced conflict, threatens
food security, human health, sea level rises and coastal cities at risk, cultural losses

through damage to indigenous cultures, historical monuments etc will occur.

Nepal and Climate change vulnerability

The response for country like Nepal to these consequences is adapting to these changes.
The capacity to adapt to climate hazards and stresses depends on a country’s wealth,

resource and governance (Kates, 2000).

The climate change risk can be traced by studying the rate of snowmelt, landslides,
flooding and change of vegetation. For vulnerability assessment, the place based (micro
scale) study is more relevant than larger area if we give due consideration to spatial

variation of natural hazard and vulnerability (Tunner II, 2003).

Nepal demonstrates diverse geo-physical and climatic conditions within relatively small
areas resulting vast biological diversity, therefore, it is an ideal place to study climate
change impacts on natural and socioeconomic spheres. In context of Nepal, a few studies
have been carried out on vulnerability and risk assessment of natural hazards. Some of

them are (Chhetri & Bhattarai, 2001), (Dhital, Khanal, & Thapa, 1993), (Dixit, 2003),
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(ICIMOD, 2002), (Khanal, 2005), (Khanal, 1999), (Mool, Bajracharya, & Joshi, 2001).
However most of them are based on the available information of the past without or in
only some extent to climate change and potential future risk of climate change related

disasters.

Although Nepal is responsible for only about 0.025% of total annual greenhouse gas
emissions of the world (Karki, 2007) it is experiencing the increasing trends and the

associated effects of global warming.

Precipitation and temperature maps of Nepal have been constructed showing the
regional variation in monsoon (maximum and minimum temperature’s regional

variation) with its trend.

Monsoon

P Monsoon Linear tre

0 &0 Wi e Se e 30 M AW W

4 - a ] a
i 6 * ‘ ‘ * T T T T T T T T
[ ] i a2 -] [ -] ] [ ]

Figure 7: Monsoon precipitation in cm and its linear trend in percent of normal per decade. (After Baidhya, 2008)
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Figure 8: Annual mean maximum temperatures in 2C and their linear trend in 2C per decade.( After Baidhya, 2008).

Nepal Stocktaking report (2008) has mentioned the climatic scenario of Nepal.
Climate of Nepal is characterized mainly by altitude, topography, and by the

seasonal circulation system. Summer Monsoon contributes most of the annual
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precipitation in Nepal during the rainy months, June through September. Spatial
distributions of the total monsoon precipitation (cm) and its linear trend (% of

normal/ decade) over Nepal for the period of 1971-2004 are depicted in Figure 8.

Spatial variation of surface air temperature in general follows the broad scale
topography of Nepal and shows a variety of trends in seasonal patterns. The winter
is the coldest period, generally due to the passage of north-westerly continental dry
air. However, hottest period is just before onset of the monsoon. Cloudiness and
precipitation during monsoon usually slightly reduced surface air temperature. The
remaining periods are generally mild. The average warming in annual temperature
between 1977 and 2000 was 0.06°C/yr, which was found more prominent at higher
altitude regions of Nepal particularly during winter (Shrestha et al, 1999). The
spatial distributions of the mean annual maximum temperature and their linear
trend over Nepal for the period 1971-2004 are depicted in Figure 9. Similarly the
spatial distribution of mean minimum temperature and their linear trend over Nepal

for the period of 1971-2004.
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Figure 9: Annual mean minimum temperatures in °C and their linear trend in °C per decade.( After Baidhya,
2008)

These temperature analysis graphs clearly indicate the warming trend of total surface
temperature of the country. The temperature differences are most pronounced during

the dry winter season, and least during the height of the monsoon.

Analyzing the recent climatic trend, it is reported that there is significant warming trend
in Nepal with more pronounced at higher altitudes. This finding is reinforced by

observations of X. Liu & B. Chen (2000) on the other side of the Himalayas on the
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Tibetan Plateau (Figure 10). They have predicted mean temperature increase by 1.2°C
and 3°C by 2050 and 2100 respectively. It has been observed such as increase in dry
period, intense rainfall, flood; landslides forest fires, glacial retreats and GLOF threats

(Shrestha & Wake, 2000).

Figure 10: Temperature changes according to Elevation (Liu & Chen, 2000).

IPCC (2006) reports an increase in mean surface temperature in the range of 0.3°C to

0.8°C over the past 100 years in tropical Asia including Nepal.

However, (Shrestha et al, 1999) reported the temperature increase of 0.06°C to 0.12°C per
year in most of the middle mountain and Himalayan regions, while the Siwalik and Terai
regions shows warming trends of less than 0.03°C/yr from 1971-1994. Climate change
scenarios across multiple general circulation models meanwhile show considerable

convergence on continued warming, with country averaged mean temperature increases of

1.2°C and 3°C projected by 2050 and 2100.

Nepal’s National Assessment Report for the World Summit on Sustainable Development
(2002) recognizes the links between climatic circumstances and land degradation, erosion
and landslides: “in a nutshell, ‘too much water’ and ‘too little water’ is responsible for
land degradation in different land uses in Nepal.” It also recognizes the increase in
landslide risks due to the effects of paddy cultivation and livestock grazing in the hills
and mountains. However, the fact that climate change might increase those risks is not

discussed, and adaptation to climate change is not mentioned anywhere.
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The SDAN lists Nepal’s continuing vulnerability to climate change, natural disasters and
environmental degradation are among the constraints facing Nepal’s Sustainable
Development. It also contains a separate section on climate change, which lists the
potentially serious consequences for infrastructure, agriculture, drinking water, irrigation,
hydropower, and biodiversity, and mentions the risk of GLOFs. Broader climate risks,
including natural hazards such as floods and droughts, feature prominently, and concrete
disaster mitigation measures are proposed including the establishment of a national
disaster preparedness and management agency, the creation of village-level early warning
systems for floods, landslides or earthquakes, building decentralized emergency response
capacity, enforcing design standards for buildings and infrastructure that take into
account site-specific risks etc. It also focus on broader perspective on Nepal’s
development patterns incorporating migration, watershed management, flood
management, and disaster preparedness which will also help communities adapt to

climate change.

One of the most important indicators of vulnerability to climate change and disasters is
poverty. This is the unfortunate situation for most Nepalese living in mountainous and
hill regions. Only 2% of the land is suitable for cultivation, and it can support only 8% of
the population (Tianchi & Behrens, 2002). Human activities to build settlements,
cultivate steep slopes, gather fuel wood, and construct other infrastructure have led to
severe land degradation. Deforestation is another problem in the mountain areas, leading
to increased landslides—up to 12,000 per year—and floods. From 1979-1998, forested
area decreased by one third (Tianchi & Behrens, 2002).

Different reports from (IPCC, 2001), (IPCC, 2006), (IPCC, 2007), (World Bank 2005),
and (DFID, 2006) gives in their reports options and ways to reduce the vulnerability in
developing country like Nepal. A number of options can reduce vulnerability in all
regions of Nepal to climate change and climate related disasters. Non-structural measures
are particularly attractive as they generally involve lower costs than engineering
measures and would go a long way towards building capacity for disaster preparedness
and water resource management. Such measures include: Developing and implementing

land use/zoning policies; maintaining up to date hazard and vulnerability maps; training
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and capacity building for disaster and water resource management; working with the
community to increase public awareness and develop early warning systems and
evacuation plans; afforestation and reforestation programs (for reduction in

flooding/landslide risk).

In Nepal, in between 1995 to 2002, the totals of 6854 lives were lost by the landslide and
flood disasters (ADB/ ICIMOD, 2006) with billions of dollars economic lost of land and
infrastructures. In total more than 500000 people were killed by landslides in the 20™
century globally. In first 25 weeks of 2003, there were 2000 landslides fatalities in 139
large events, 95% of which occurred in less developed countries (ADB/ ICIMOD, 2006).
Because of its location in the central part of the Himalayas and with its fragile geology,
steep slopes, high relief, and intense monsoon climate, Nepal is prone to water induced
disasters such as flood and landslides. Over the last twenty years from 1983-2002, flood
and landslide caused 6466 deaths and more than US $200 million in damage. In 1993
alone there were more than 1300 lives lost and over US $ 2 million of property and
infrastructure destroyed by an individual event recording the highest 24-hr precipitation

of 540mm (ADB/ ICIMOD, 2006).

In Nepal, recorded 55 fatalities in 2000, 185 fatalities in 2001 and 345 fatalities in 2002,
(Oven et al, 2008) reflecting a rising trend of disasters impact with the economic costs
exceeding billions of dollar per year, with remote and rural communities being

particularly affected.

There are many reports and case studies focusing on different aspects of climate change
in Nepal. Local level vulnerability assessment studies are rare in context of hilly region

of Nepal. Available literature has been reviewed before carrying the study.
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Chapter IV

THE METHODOLOGY

A. Research Approach

This research has followed climate change vulnerability approach (Desanker and Nassef,
2003; Kelly and Adger, 2001; Lim, 2003 as quoted in (Sutherland, 2004; Kelly &
Adger, 2001). In this approach, the scientific data along with people participation and
experience sharing are used to assess the vulnerability to better understand the nature of
vulnerability of community to climate change and induced disasters. For the research
purpose two major vulnerabilities viz. physical vulnerability and socio-economic
vulnerability has been taken into account. The nature of a hazardous event or condition
is a social construct and not solely a biophysical condition. Thus research on disaster
related risk to climate change is performed by considering social and physical condition

of the area (Kates, 2000). Following this approach the assessment was carried out.

Climate .| System (physical and Impact

>

change socio-economic)

Vulnerability

A\ 4

Climate change impact assessment approach.

Using this approach, vulnerability will be determined using following equation,

V=I-A Where, V= vulnerability,

I = impact

A = adaptations

Physical vulnerability is often measured by considering the reference to physical
indicators such as dampness of land, loss of vegetation, return period of storms or floods
or length of severity of drought etc. Social vulnerability is often measured by threats to
lives, infrastructures etc. to support basic needs. Participatory case-study methods were
adopted for assessing vulnerability to better understand the nature of vulnerabilities of

communities to climate change. The assessment begins with the system in questions and
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examines the conditions of the community and of various stimuli that gives rise to its

vulnerability and the interrelationship between them.

An assessment of vulnerability began with the documentation of the current exposure to
climate change of a community. Exposure refers to both the physical conditions of the
climate related risks, including its extent and magnitude. Consultation with local
community helped to document the exposure of community and it was based on personal
experience of the respondents. The settlement pattern, location of assesses and
infrastructures in the community were based on field observation. The climate change

vulnerability approach is as follows:

Document current exposure

Climate science Assess current adaptive capacity

A 4

»  Assess future change exposure Social changes and

\ 4

A

Assess future adaptive capacity

A 4

Identifying modifications for

future adanptive capacitv

The climate change vulnerability approach. (Desanker and Nassef, 2003; Kelly and Adger, 2001;
Lim, 2003 as quoted in (Sutherland, 2004; Kelly & Adger, 2001).

Future changes in the climatic attributes for which the community is sensitive have been

estimated by reviewing the climate science literature with proper extrapolation.
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B. Data Collection

Sources of Information

1. Primary Data
a) Reconnaissance survey

A reconnaissance survey was carried out in field to get the general understanding of the

status of the study area before starting the detail work.

b) Sample Design

Stratified Random Sampling is often used when the population characteristics are
heterogonous. This sampling technique gives a better cross-section of the population so
as to gain a higher degree of relative precision. Here the entire population that is number
of household within the watershed is divided into two strata considering that the
altitudinal variation creates heterogeneity in the livelihoods of the local people, especially
on the factors related to climatic variation (Weiss & Hassett, 1982). Therefore the entire
watershed was stratified into two area one below 1000 m and another above 1000 m so

that changes in the community at different altitude can easily be assessed.

C) Household Survey

A total of 63 households (each stratum consisting at least 30 households) were selected
randomly for the purpose of household survey. Stratification was done based on the
spatial distribution i.e. each settlement was taken as a stratum. During fieldwork
similarity was observed in the socioeconomic condition within same settlement. The
household survey structured questionnaire was prepared and interview was conducted
incorporating different aspects of climate change, disasters, water resources and
agricultural production. Other key socio-economic parameters such as income,
expenditure, and landholding were also considered for household survey. Though

selection was random, focus has been given to consider the elder people.
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Figure 11: Khudi watershed with sampling strata and settlements.
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d) Focus Group Discussion

Discussion was carried out with local stakeholders to get information about the past and
present condition of climate, changes in the water resources, their economic shifting etc.
People who have been residing in the study area for at least 15 years were selected for
this purpose. Checklist has been prepared to include trend, impacts and mitigation
measures on climate change and disasters and focus group discussion was carried among

the concerned stakeholders. The major stakeholders involved in FGD includes,

1. Ama Samuha: Almost all the village bears Ama Smuha (Mothers Group), which is
a community level most active organization of women from different sectors like
agricultural, local business and teaching etc. These are highly interested in any
project as they are involved in community adaptation, disasters preparedness and

to bring the changes in community behavior.

2. Teachers: those are the well educated people who easily understand the climate
change disasters issues and can disseminate the information to young students that

spread to the overall community very easily.

3. Social workers/Local politicians: These are the leaders whom others listen and

follow. They are the medium of change and also can influence decisions at the

community.

4. Farmers: This is the dominant group in the community that is facing direct

impacts in agricultural production.

5. Others: Representatives from district level government office including District
Administration Office (Disaster Department), other district level offices such as
Development Committee, Irrigation, Soil conservation, agriculture, and forest,
Red Cross District Office, National Trust for Nature Conservation( NTNC)’s
Annapurna Conservation Area Project Office (ACAP) which is working for the
better environment in the study area and other local level organizations who have

been involved in FGD and K1I.
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e) Key Informants Interview

To document the changes and vulnerability, informal interview with key informants was
carried out about the climate change and agricultural change pattern, water availability,
extreme climatic events etc. Perception of people about the role of climate change on
following was collected: Climatic Hazards (flash floods, landslides, thunderstorms etc.),
agricultural change pattern, cropping & harvesting time and duration between them,
vegetation and crop shift, water source and its availability (quantity and duration). These
changes were considered as indicator of community exposure to climate change and

disasters.

f) Field observation

Field observation was carried out number of times. During field visit, observation was
made about the disasters and vulnerability. Photographs of the area were taken to
illustrate later. Important observed information was noted and noticeable changes had

been marked in the maps also.

2. Secondary Data
a) Climatic data

Khudi Meteorological station’s data of climatic parameters, temperature and rainfall,
which are being generated from the Department of Hydrology and Meteorology(DHM)
was collected as the major source of data to analyze the trend of climatic changes.
Monthly maximum and minimum temperature from 1987 to 2006, monthly precipitation
since 1975 to 2006’s station data were collected. This gave the instrumental measurement

of the changing climate change within the watershed area.

b) Socio economic and other data

Data published from CBS was used to analyze socioeconomic status of the study area.
Relevant publications like books, journals, magazine, symposium, internet papers,

newspaper, research publications etc were consulted and relevant data were used.
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3. Ancillary

Ancillary data source including available maps on different aspects like geology,

geomorphology, vegetation, drainage network; land uses etc were collected.

C. Data processing, analysis and interpretation

Data obtained through different sources were processed, analyzed and interpreted by
using appropriate statistical tools, tables, graphs, charts and pictorial devices. All the
statistical data were entered and analyzed using spreadsheets. Maps have been prepared

using concerned computer software.
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Chapter V

RESULTS AND DISCUSSION

A. Personal, Family and Ethnic Information

Out of 90 household surveyed in the study area in two ecological zones above 1000 m,
upper belt and below 1000 m lower belt, most of the respondents were elder people. The
ethnic diversity is high with about 67% of Bahun and Chhetri in lower belt and 47% in
Upper belt. Gurung (52%) are more in upper belt and few Magars household along a few
households of Dalits were surveyed in the area. Figure 12 indicates the ethnic

composition of the area.

Ethnicity of Respondent
80%

B below 1000
70%

[ above 1000
60%

M Total

50%

40%

30%

% of Respondent

20%
10%

0%

Bahun & Chhetri  Gurung & Magar Dalits Others
tnic group

Figure 12: Ethnic composition of the study area.

The average family size of the area is found to be 4.73 numbers in lower belt and only 4
in upper belt with average of 4.38 which ranges from minimum of 2 to maximum of 12
family members per household. The average family size of study area (4.38 persons per
hh) is below the national average of 5.45 (CBS, 2001).The male respondents are in
majority with nearly 85% followed by only 15% of the female respondent. As research
was focused on finding the people’s perception on climate change based on their
experience, interviewers were mainly conducted with elder persons of the community.

The literacy rate (5 years and above) is high (about 93%) but majority are only literate
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farmers, followed by teachers who used to stay in village and have acquired proficiency,

bachelor and masters degree too. Figure 13 show detail on education level at that area.

Education level of the respondent

80%
. M below 1000
(]
L 60% W above 1000
g O Total
2
S
2 40%
e
S 8%
X 18% 18%
6% 6%
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S

Level of Education

Figure 13: Education level of the respondents.
B. Socio-economic Context

It’s a diverse society with Bahun/Chhetri, Gurungs and Magars along with small cluster
of Dalits ( Mijar,Kami and Damai). Socially the study community is upper caste
dominant, with people involved in job, service and agricultural activities. Most Gurung
/Magars are Lahure (Foreign Army). Almost all family relies upon farming practices and
dependent upon agricultural products solely or partially. The land is used as irrigated
khet, rain fed khet, Bari, barren land and forest. Table 1 shows the distribution of

household by size of landholding.

Table 1: Average landholding capacity of community.

Landholding ( in ropani) Percent of households
Almost Landless (< 1) 7.95
Marginal (1-4) 14.29
Small (5-10) 39.7
Medium (11-20) 25.4
Large (> 20) 12.7
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Approximately 8% families are almost landless with landholding size less than 1 ropani.
They have to depend on either others land or other sector such as in shops/business for
basic needs, 14.25% families fall in marginal farmer group with landholding between 1-4
ropanis, about 40% are small farmers, 25% are medium farmers with land between 11 to
20 ropanis. Only 12% families have more than 20 ropanis of land for agricultural
practice. On average, each household has 2.89 ropani of permanently irrigated khet, in
lower belt its 4 ro/hh while in upper belt only 1.91ro/hh, and own rain fed irrigated khet
is 4.97 ropani/hhs in average, upper belt 5.67 ro/hh and lower 4.17 ro/hh. Upper belt

people have more barren land than people at lower belt (Table 2).

Table 2: Average size of landholding (in ropani).

Eco zone Own Own rain Own Own barren | Own
permanently fed irrigated | cultivated ' land forest
irrigated khet khet bari

Mean 1.91 5.67 1.73 2.21 0.82
Minimum | 0.00 0.00 0.00 0.00 0.00
above

1000 | Maximum | 11.00 20.00 5.00 30.00 16.00

Std. 133 5.96 153 5.91 2.95

Deviation

Mean 4.00 4.17 1.97 0.76 0.97

Minimum | 0.00 0.00 0.00 0.00 0.00
below

1000 | Maximum | 25.00 30.00 10.00 10.00 6.00

Std'. ) 5.57 6.40 2.03 2.03 1.94

Deviation

Mean 2.89 4.97 1.84 1.53 .89

Minimum |0 0 0 0 0
Total | \aximum | 25 30 10 30 16

Std. 1460 6.17 177 455 2,51

Deviation
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Although agriculture is the main occupation, most of the family (67%) said that the food
produced is not sufficient to feed them throughout the year. The annual yield of the area
is about 3 muri/ropani of paddy, 1.45 muri/ropani of maize and 2 muri/ropani of millet

(Table 3). Many of the houses depend upon the exported food to fulfill their needs.
Table 3: Productivity of the Major Crops in the Area.

Paddy Maize Millet Potato
Cultivated | Production{ | VYield | Cultivated |Production| Yield |Cultivated|Productio| Yield |[Cultivated| Productio| Yield
land (Ropani) |~ Muri)  [(Muri/Rop| land | (Muri) |(Muri/Rop| land | n(Muri) |(Muri/Rop| land | n{Muri) |(Muri/Rop
ani) | (Ropani) ani) | (Ropani) ani) | (Ropani) ani)
below
1000 842 23.55 280 6.79 9.55 141 1.2 210 213 048 097 2.00
ahove
1000 8.76 2352 268 6.76) 1034 153 0.66 103 1.56 0.28 0.59 207
Total 8.58 2353 274 6.77 9.92 4 0.98 19 1.96 039 0.79 202

Income and Expenditure

The major sources of family income are agriculture, job/service, business, pension and
remittance. Although agriculture does not give direct income, it’s major factor to balance
household budget. Other than agriculture, in the lower ecological belt major income
sources are job and services and tourism business while in upper belt it is remittance. It
indicates that there are job opportunities along with growing urbanization in lower Khudi
while in upper mountain belt its remittance from the youth working outside the country,
that support their livelihood. They are spending maximum amount of the money in

education followed by agriculture and other sectors.

i
IRREN0
(] ] ][R

Figure 14: Sectored Income and Expenditure of households in the area.
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C. Climatic Analysis

1.  Temperature

The monthly temperature analysis shows that maximum temperature reaches its peak
value in June while it’s December when lowest minimum temperature was recorded. The
highest and lowest value of the mean temperature reaches in July and January

respectively.

Monthly Temperature at Khudi(20 Yr Mean)

35.00 ~
30.00 -
25.00 ~
20.00 -
15.00 A
10.00 A
5.00 -
0.00 , T . T 1 , 1 . T . , 1
Jan FeEb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec

i [\|ean Max =k + Mean Min cecieee Mean

Figure 15: Mean monthly Temperature.

The recent IPCC Fourth assessment Report (2007) states that global warming is
unequivocal and the linear warming trend over the last 50 years is 0.13°C per decade.
Warming is also being observed in Nepal. Based on the records from 1979, the mean
Nepal temperature is increasing at 0.41°C per decade (Baidhya, 2008). The Khudi station
data shows that both maximum and minimum temperatures are increasing sharply,
with maximum temperature increase of 0.23°C per decade and mean temp increase of

0.18°C per decade.
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Figure 17: Minimum Temperature trend. (Mean, Winter, Pre-monsoon, Monsoon, Post-monsoon).

Trend in Minimum Temperature( Deg C/Year)*

Annual Winter Pre-Monsoon Monsoon | Post -Monsoon

Khudi Station

0.081 0.117 0.039 0.002 0.044
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Mean post-monsoontemperature with trend.
22
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Figure 18: Mean Temperature trend. (Mean, Winter, Pre-monsoon, Monsoon, Post-monsoon).

Trend in Mean Temperature( Deg C/Year)*

Annual Winter Pre-Monsoon Monsoon | Post -Monsoon

Khudi Station 0.001 0.037 -0.004 0.005 0.021

*Trend was calculated only for the months/years whose complete data were available.

The 25 years temperature analysis shows that temperature in the area is in increasing
trend. The average maximum temperature was increasing at 0.26°C/decade and minimum
temperature increase was 0.81°C/decade, which is greater than national average increase
of 0.4°C/decade. Winter temperature increase is alarming, the maximum temperature
increases at 0.76°C/decade and minimum temperature increases at rate of 1.17°C/decade
which indicates that the western mountain hill of Nepal is warming rapidly. The snow
cover area of upper Khudi is decreasing each year, as winter temperature is increasing
more, it’s sure to increase the rate of melting in coming years. Pre-monsoon maximum
temperature increases 0.16°C/decade and minimum temperature increase at rate
0.39°C/decade which hover around national average. Surprisingly the maximum
monsoon temperature shows constant trend while that of minimum temperature shows
very slow increase (0.02°C/decade). The post monsoon minimum temperature is also
increasing significantly (0.44°C/decade) but that of maximum temperature is increasing
very slowly (0.01°C/decade). Alarming increase in both maximum and minimum
temperature both in average and season, especially in winter has great influence on the
community’s livelihood as it hampers cropping pattern and yield, water availability in the

driest pre-monsoon months, chances of spread of diseases etc.
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2.

Precipitation (Rainfall)

The mean 30 years (since 1975) annual rainfall of the Khudi Watershed as measured at

Khudi meteorological station is 3345.93 mm.
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Figure 19: Monthly mean rainfall at Khudi Station.

The 30 years average monthly rainfall shows that November is the driest month with only

18mm of average rainfall while July is the wettest month with 860 mm of average

rainfall. The four months of monsoon season from June to September contribute about

81% of the annual total rainfall. These four months are highly sensitive to the weather

related disasters. Pre-monsoon (March-May) season accounts for 13% of the annual total

rainfall. Winter (December-February) is the driest season followed by post-monsoon

(October-November) season both contributing about 3% of the total annual rainfall (Figure

18),

46 |



Seasonal Rainfall in Percentage

B premonsoon
O Monsoon
M postmonsoon

M winter

Figure 20: Seasonal Rainfall Contribution in %.

Figure 21: Mean monthly rainfall of two wettest months with trend.

Monthly rainfall for the two wettest months shows slight increase in rainfall (1.89 mm/yr
in august and 1.91 mm/yr in July), in the period of 1975 to 2006 (Figure 19) but number
of dry months are increasing and the rainfall in driest months in decreasing order
supporting the fact of decrease total rainfall. November, December and January are the
three driest months in which two of them, November and December shows decreasing
trend of rainfall by 0.582 mm/yr in November and 0.096 mm/yr in November but in
January it is slightly increasing with 0.0822 mm/yr (Figure 20).
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Figure 22: Mean monthly rainfall of three driest months.

The high fluctuation on the rainfall indicates the increasing uncertainty in the dry season
rainfall in study area. It has great influence on agricultural practice and total production
yield.

Seasonal rainfall analysis indicates increasing trend in pre-monsoon and monsoon rainfall
but decreasing rainfall in winter and post-monsoon. Pre-monsoon and monsoonal heavy
rainfall makes the area more prone to water related disasters. Seasonal rainfall trend

analysis indicates uncertainty of the rainfall.
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b. Seasonal rainfall trend in monsoon
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c. Seasonal rainfall trend in post-monsoon
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d. Seasonal rainfall trend in winter
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a. Seasonal rainfall trend in pre-monsoon
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Figure 23: Seasonal Rainfall trend a. pre-monsoon, b. monsoon, c.post-monsoon & d. winter.
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Figure 24: Frequency of occurrence of heavy rainfall with trend.

In the mountainous region usually the heavy rainfall is responsible for weather related
disaster such as floods, landslides and erosion. So it is important to understand the trend of
heavy rainfall in the area. Heavy rainfall analysis shows that it is in increasing trend for

>=50mm and constant for >=100mm rainfall within 24 hrs.

The annual mean rainfall analysis shows high fluctuation in yearly rainfall but five year
moving mean indicates the gradual increase in average rainfall from 1975 to 1985 (3199.94
to 3621.92 mm) then it shows decreasing trend for next 5 years then again it increases
with 3644.26 mm in 1996. But in recent decade it’s in decreasing trend with 3098.728
mm in 2006. The linear trend line (Figure 23) showed the decrease in the rainfall in
recent years but average rainfall in recent years is fluctuating which explains the

uncertain pattern of rainfall.
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Figure 25: Annual mean and % years moving mean rainfall with trend.

D. People’s Perception
1. Temperature, Precipitation, Cloudy days, Frost fall,
Hailstorm and snowfall pattern
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Figure 26: People’s perception on temperature change.
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Almost all the local residents,
especially elder people think that
temperature is increasing in recent

decades. All respondent living in the

zone below 1000 m felt that
temperature has been increased
while 97% respondent of above

1000 m accept the same but 3% said
it has not changed (Figure 24).
When respondents were asked about
the change pattern of the
precipitation in their region, 73% of
upper zone and 55% of lower zone
residents said that it is in decreasing
trend these days. Those respondents
who are directly related with
agricultural practice have noticed
rainfall change pattern more in depth
and said it is decreasing (Figure 25).
More than 75% of the respondent
felt that snowfall in the upper part of
the watershed is decreasing while
few respondents said it’s also
increasing (Figure 26). This type of

perception may be due to their short

Case Study -1

Devendra Kumar Jha, 45, Siraha - a subtropical climate
born person is serving in Khudi as high school science
teacher from last 25 years. As science teacher he is very
concern about climate change and disasters issues. He
had seen surrounding mountains covered with snow for
more than 3 months. But now it’s different the snow
fall only in the peaks and remains only for few weeks.
He in his initial days felt very difficult to cope with
cold climate of the area. But case is different now, days
are hotter. He said in the past winters were very cold
but now it’s not so.

He feels the changes as

» Summer days are more hotter than previous
years,
» Winter are less cold and frosty
» Rainfall is unusual and less in winter with
shifted time.
He thinks these changes impacts as
» Increase mosquitoes which is carrier of
different diseases
» Crop cultivation timing has been changed and
it gives less production hampering local
farmers
» Rate of heavy rainfall is increasing and flood in
Khudi is more frequent and increased too.
He gives some solutions as
» Climate change is not in our control- best
solution is to cope with it.
» We can increase plantation,
» Use mitigation techniques to minimize flood
and landslides impacts

and long term experience in the snowfall pattern because there is very rare snowfall event

in their area and they have to see it in upper belt.
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Figure 27: People’s perception on Precipitation change pattern.
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Figure 28: People’s perception on snowfall pattern.

Similarly the number of respondents who felt increased number of cloudy days is 21%

while that of decrease is 16% and not changed is 64%. In case of frost raining pattern,

48% of the total respondent felt the change, above 47% of the respondent in upper zone

said that they felt decreased frost raining days while only 18% in lower zone felt same

(Figure 27).
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Figure 29: People’s perception on Cloudy days.

Because frost raining days are more common in upper belt, the perception supports the

change in upper belt climatic variables (Figure 30).

Local People Perception on frost raining pattern
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Figure 30: People’s perception on Frost raining pattern.

When people were asked about their experience on hailstorm and lighting pattern, about
52% respondent said they do not have experience of any change in the hailstorm while
more than 70% said frequency of occurrence of lightening is increasing (Figure 29).
Although it can’t be concluded that climate change is inducing more lightening, it’s
increasing in the area, causing huge loss of life and properties each year. Change in

hailstorm pattern indicates changing climatic trend.
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Figure 31: People’s perception on Hailstorm pattern and frequency of occurrence of lighting.

2. Perception on changing climatic season
a) Summer and winter day’s temperature change

58% of the respondent in upper zone felt winter are less cold and frosty while 33% in
lower zone felt the same (Figure 30). 93% of total respondents felt that the days are
becoming hotter supporting their perception on increasing temperature in the area in
recent decade. Similarly 53% of upper zone respondent felt less cold winter days and
73% felt extreme hot summer days in the region. In case of lower zone, 94% respondent
felt extreme hot summer days but only 21% said they have felt less cold winter days.
These figures show the significant differences in experiencing the changing climate.
According to the elder people, especially from FGD, winters are less chilly, winter
rainfall has been decreasing and summer days are hotter in recent decades.

These figures also indicate significant change in the local climatic conditions particularly
with respect to temperature, precipitation and experiences in summer and winter day’s

temperature. The local people say that the region is not only getting warmer but also
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affecting their livelihood. The Khudi watershed, lying in the hilly region has temperate
climate, altitude varying from 850 m at Khudibazar to above 2000 m in Ghanpokhara.
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80%

60%

40%
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0% . T

felt winter are less cold felt days are becoming felt less cold winter days felt extreme hot summer
and frosty hotter days
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Figure 32: Experience in changing days in both strata.

b) Temperature seasonal change

On average 60% of the respondent felt the increase in winter temperature. Upper belt
respondents have perception of no increase in temperature. Only 10% of populations
have no perception of any change in temperature (Figure 31). Allmost all repondents said
that summer temperature is in increasing trend in recent years. These perception strongly
support that local community is vulnerable to spreading of vector agents and diseases
both to human and crops, the area is being more drier each year, with decrease in water

level and may cause effect on crop production too.
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People Perception on seasonal temperature change
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Figure 33: People Perception on climatic variables I.

C) Rainfall pattern change

Almost all the respondent perceived the unusual rainfall pattern in the area which is in
increasing trend these years. 97% of the lower zone respondent experienced that rainfall
pattern has been changed and increased uncertainty of rainfall which has direct impact on
the rain fed agriculture practice in the area. On average 1.67 ropani of rain fed khet per
household depends on rain water and unusual rainfall is affecting these households.
Similarly crop yields of Bari are also affected by this unusual rainfall phenomenon. 83%
of respondent said frequency of heavy rainfall has also been increased (Figure 32) but
about 10% said it has not change. Increase in heavy rainfall in short time enhances flash
flood in the area. Overall rainfall is lowering, 52% respondent said the lowering of
rainfall is occurring while 24% believe it has not changed. The low rainfall in the area
decreases water level in the river and can make the area drier. It has direct consequence
on agricultural production. Most respondent (86%) felt that the winter rainfall has been
decreased, it’s being sporadic. Few decades ago, there used to occur heavy rainfall in
winter but in these years it’s highly sporadic and sometimes even a single mm of rainfall

in winter is not observed.
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Perception on Rainfall change pattern
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Figure 34: People’s perception on climatic variables I1.

d) Monsoon change pattern

Monsoon rainfall duration has been changed. About 97% response that starting time of
monsoon has been delayed. The delay in starting of monsoon with heavy but low rainfall

has effects in every sector, especially agriculture (Figure 33).

People's perception on changing monsoon pattern
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Figure 35: People’s perception on climatic variable I11.
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3. Climatic risk in the area/Disasters

a) Disasters rank and cause

From field observation, KII and FGD survey along with household survey, the climate
related vulnerable risk
area includes the flood,
landslides, water
scarcity in dry season,
and loss in agricultural
production. The local
people think that one of
the  most prevalent
problems in their
community is natural

disaster specially [RAETPA

flooding, erosion and

Picture 2: Inundated farmland due to flooding at Khudi River.

landslides in upper belt.

The lower belt people gives flood as first ranked disaster (82%) and remaining
respondent consider landslides and other disasters as first rank disaster for them. But in
case of upper belt respondent rank landslide (62%) followed by lighting and flooding
(22%) as first ranked disaster affecting their life. According to them, in recent year,
drought and lighting is also increasing and inviting consequences related to it. Some elder
people said that not only the frequency of occurrence of disasters increase but also the
losses they cause are significantly increasing in recent decades. Figure 34 shows people’s

perception on causes of occurrence of the disasters in the area.

About 46% people thinks that these disasters occur due to unusual weather related events
like heavy rainfall. Similarly about 40% think that the occurrence of the disasters is due
to the deforestation although very less deforestation has been observed during field visit.

ACAP is doing a lot to conserve forest of the area, and about 11% considered that
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disaster occur due to other reasons such as development activities like construction of

roads, households etc.

Figure 36: Perception on causes of Occurrence of the Disasters.

46% respondent said that unusual heavy rainfall is causing the disasters implying that the
frequency of disasters, especially flood, is increasing as the large number of respondent

feels the increasing unusual heavy rainfall events in recent decades.

b) People’s perception on disaster events

About 51% of the respondents said that the trend of natural disasters has been increasing
in recent years while 25% felt the decreasing trend and remaining 24% thought that either
it’s not changing or they do not know about it. Almost all the residents (94%) have
experienced the increased frequency in heavy flood coming in recent years. The upper
belt residents said that landslides events are also increasing in spite of their effort to
control landslides through afforestation. The reason may be haphazard construction of

rural roads and deforestation.

Soil erosion rate is also increasing. 68% of the total respondents felt that its increasing.
Increase soil erosion may be due to unusual heavy rainfall, haphazard road constructions.
From the disastrous perspectives occurrence of lighting frequency has also been
increased in recent years. 73% of total respondent felt it. Similarly in upper eco-zone
37% of the respondent has felt the increased hailstorm frequency in recent years. But
frequency of occurrence of household firing has decreased (97% lower belt and 77%

upper belt). It may be due to the constructions of the new houses with concrete and
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corrugated roofs. The local residents said that due to the increased prolonged dry season,

the chances of forest firing have also increased.
100% -

80% 1w
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20%
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H below 1000 mabove 1000
Figure 37: People perception on changing disasters event.

The losses from different disasters in the area are not so pronounced although there are

some losses as in table 6.

Table 4: Loss from different disasters in the area in past 10 years.

Disasters | People Livestock Land lost Crop lost Properties
killed killed (ropani) in muri loss(amount)

Flood 0 0 13 69 685000
Landslide |0 0 20 52 550000
Lightning | 0 3 0 0 35000

Drought 0 0 0 0 0

Fire 0 0 0 0 0

Storm 0 0 0 0 0

C) People’s perception on different disasters impacts

About 77% of the respondents felt that flood disaster has impacts on land and crops and
60% said it also affect the water resources because it can sweep away the water sources
and also contaminate the water supply. Locals also felt that landslide has also great
impacts on crops and household. Although most of the respondent do not feel any risk
from flood to household they feel high risk of landslide, and 40% said landslide have

impacts on water resources too. 60% respondent said the drought has impacts on arable
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land, crops and water resource. The soil erosion also has impacts on arable land and by
consequence on agricultural yield. The respondent said that increasing heavy rainfall
frequency has increased the soil erosion indirectly affecting agriculture yield. Figure 36

shows the percentage of respondent observing different sectoral impacts of disasters.

Flood and landslide has great impacts on land and crop, making the agrarian community
more vulnerable because it directly affects the crop yield. Similarly frequently occurring
drought also affect on crop yield and water resources. Frequent and prolonged dry period
makes area drier. Prolonged dry period affects on biodiversity as it increases the chances

of forest fire too.
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Figure 38: % of respondent saying yes to different impacts of the disasters.
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d) Adaptive measures in the study area

Adaptive measures to cope with extreme disasters have not been adopted. 99%
respondents said “no” when asked about their practice of adaptive techniques. There are
not any adaptive techniques such as early warning system, knowledge transfer through
interactions and trainings, institutions and community forums etc to work for disaster
prevention. In the study area, other than political organization only Ama Samuha
(Mother’s Groups) are working as community forum whose scope is very limited to
social and agricultural work. Therefore there are not any institutions to cope with

changing climate and induced risks.

Practice of adaptive measures to cope with diasters.
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Figure 39: Adaptive measures to cope with disasters.

4, Agricultural impacts and adaptation

The study area is mostly agricultural land with almost all household directly or indirectly
involved in the agricultural practices. Climatic factors like temperature and precipitation

has direct impact on the agricultural production. Climate change, especially changes in
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rainfall pattern, temperature, humidity and frequency of occurrence of prolonged drought

has direct impacts on agricultural yield.

These changes have great effects on incidence of pest and insects, disease and

microorganisms. These also impacts on starting time of the cropping and phenology of

crops, generally, result is reduced yield.

Similarly heavy rainfall and increased soil erosion reduces soil nutrient content and soil

fertility.

Most of the people in the study area
said that productivity is decreasing
in these days. About 83% of the
above belt residents said paddy, the
major crop in the area, production is
in decreasing trend( 3 muri per
ropani to 2/2.5 muri per ropani) in
spite of increase input of fertilizers
it’s

and other care, and thinks

because  of unusual rainfall.
Similarly those who practice other
crops like maize, potato, millets also
experienced the decreasing trend of
the production in latest years (Figure
32). It was asked whether they have
practiced adaptive measures to
minimize the impact of climate
change in agriculture, and very few

of them have practiced it.

Daya Sagar Ghimire, 54, diploma in Amini with two sons )
and a daughter is veteran resident of the Khudi
watershed.

26/08/2008

Picture 3: Ghimre giving information to researcher about his lost land.

He has observed different climatic changes in the area
with time. With about 50 ropani of agricultural land
both irrigated and rain feed, he is producing paddy,
maize, potato and in some amount other commercial
vegetables. From his experience and observation he
says “Do not talk about the past years. These were the
golden years for us- the farmer. Now time has changed,
there is no sufficient rainfall in time. | think and feel that
monsoon is changing its time and if it continues, we will
have to leave this place or die due to starvation because

production is decreasing day by day ". He gives the
example of his own- he left 1.5 ropani of land without
paddy cultivation because there is no sufficient rainfall
in Asar when it is suitable for cropping and delay

cropping do not give profitable production.
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Figure 40: Production trend of the major crops.

The only adaptive strategy to reducing impacts of crop yield and hence risks posed to
food security is to crop new varieties, search for new water sources or to shift
occupation. Very few people (10%) knowing or unknowingly are adapting some adaptive
measures such as use of new crop varieties, rotational irrigation etc. No canal water
system has been developed and used for irrigation; development of such system will

reduce the effect caused by low and unusual rainfall.

Although loss of productivity is already in progress, this issue is being addressed
institutionally, neither from government nor from CBOs and NGOs. Shifting from
agricultural occupation and easy availability of imported food are helping to reduce

climate induced crop yield loss risk.
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Figure 41: Respondent % saying ‘yes’ to the adaptive measures adapted to agriculture.

o. Water resources

It is obvious that impacts of climatic change in water cycle are direct. Long dry season,
abnormal rainfall and less rainfall will affect the water recharge towers as well as affect
the water sources like well springs, river and rivulet. They start to dry up. Heavy rainfall
in short time duration will cause flash flood, landslides and debris flow and erosion.
About 58% of upper belt respondent said that they are under high risk of flash flood
during heavy rainfall, especially in monsoon. Because water is the basic need for
livelihood, the respondents have great concern upon it. Although most of the respondent
said that they have now new tap water distribution and they do not care about other local

sources, they also said local water sources are being depleted in recent years.
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100% respondents have tap
water distribution for drinking

from 6 central

purpose

collection chambers within
study area, where water is
collected from nearby brook.
Though they have sufficient
water these days, in case of
drought and emergency period
they have to depend upon local
sources. But the elder people
said that the local water
sources like well and spring
are now no more in existence.
These were perennial in past
years but now they had
become seasonal, may be due
to carelessness and

deforestation near these

sources, or may be due to
climate change which
enhanced prolonged drought
and less rainfall in recent
decades. Similarly in lower
belt, as all respondent said,
main source of water for
Khudi

irrigation  is and

s ]

Loss of a local well Timure Kuwa,

According to Chitra Bd Bhandari, 69, ex- ward representative
and farmer describes how they lost a local water source near to
their home Called timure kuwa.

Picture 4: Local giving information about lost Timurekuwa to
researcher.

it was supplying water for 24 households from the time he
knew for round the year. But now condition is different. This
kuwa goes dry for about 4 months ( Falgun,Chaitra, Baisakh,
and Jetha) and no more supply of water. This water was used
for not only drinking but also to some extent local irrigation.
But these days there is no water. Although there is no water
problem due to community water supply, if some disturbances
occurred in that water sources, there will be
HAHAKAR(extreme scarcity), because there is no more
Timure Kuwa to give water. He thinks there are two reasons
behind the loss of this kuwa first people ignore it due to
community tap and carelessness lead towards the drying and
next, there are such unusual climatic variations/changes that
the water cycle must be changed drying their timure kuwa for
about 3 months per year .

Marsyangdi river water that is sufficient in monsoon season but not in summer. The case

of upper belt is different. 78% respondents said they use the local water sources for

irrigation of their rainwater fed Khet, remaining depends upon the local canal from

nearby rivulet.
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Almost all respondent agree that decrease in the water quantity and availability is
increasing. The common consensus among the villagers is that water scarcity is going up
day by day making it one of the major environmental challenges of climate change in

water resource in the study area.
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Figure 42: People perception on the change in the water quantity in the river.

From Figure 40, 40% respondent agrees that water level in river is decreasing while only
18% said it is increasing, remaining has no idea about the water level fluctuation in the
river. More than 60% respondent said that flood, landslides and drought have direct
impact on water resources. There was not any institutional practice to conserve and
manage the water resource in the area. Any particular adaptation measures have not been

obeyed by the villagers to cope with water scarcity.

Almost all HHs have shifted from traditional water sources to well managed piped water
system (93% of total respondents). Similarly above 60% of response was yes to wise use

of water in the time of scarcity.
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Impacts of diasters on water resource.
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Figure 43: People perception on impacts of different disasters on water resources.
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Figure 44: Adaptation to water scarcity.

About 50% respondent agree with preserving water sources to cope with its scarcity but
remaining 40% think they will never face the problem of water scarcity as they have
large forest nearby and water coming from the brook near to forest will never go dry

(Figure 42).

69 |



6. Drought

The elder people of the study area shared their experience in frequency of occurrence of
drought in their area. They claim that days are becoming more dry and hotter along with

increased frequency of occurrence of prolonged drought.

About 97% respondents said that drought does not do any impact on household but the
same population said it has great impacts on arable land & crops. Similarly all most all
agree that prolonged drought will have impacts on water resource, biodiversity and forest
resources. On average 84% respondent think that there will be impact of drought on

water resources.
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Figure 45: Impacts of drought in different sector.

Not particular adaptive techniques have been adopted to cope with these impacts of

drought; more than 90% have not adopted any particular adaptive measure.
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Table 5: % of respondents adopting techniques to combat drought effects.

Adaptive techniques

Percent of respondents adopting

these techniques(Yes)

Do nothing 96%
Rotational irrigation 45%
Other (specific) 10%
Planting crops that need less water 2%
Water preservation activities 1%
Changing cropping pattern 0%
Rainwater harvesting 0%
Storage of water 0%

7. Soil erosion

Soil erosion is another problem local people are facing these days. The unusual heavy

rainfall brings flash flood and heavy erosion of fertile soil in the steep villages. More

than 70% respondents (94% in upper belt and 61% in lower belt) think that landslides and

debris flow are the key driving force to the loss of fertile soil in their area. Construction

of rural road is also enhancing erosion in the area. 90% of total respondents think that

continuous loss of such erosion in the area will lead to decreased productivity and turn

their fertile land into a sterile one in long term. 65% respondent said that soil erosion has

impacts on fertile land and crops.
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Figure 46: Impact of Soil erosion on different sectors.

They said it’s urgent to minimize the impacts of soil erosion. Plantation and construction
of infrastructure such as gabion walls etc may control the erosion but they have not
practiced this. They seek the initiation for this from third party such as government or

ACAP, a leading conservation program working there; or someone else.

E. Adaptive Measures and Future Exposure

1. Factors for adaptive measures

From above data analysis and field inspection it can be said that the watershed is highly
vulnerable to climatic related disasters risk. Preceding data analysis has tried to
summarize the risk, impacts and adaptive measures. From the analysis of the
climatological data it’s clear that the temperature, precipitation and other climatic
variables changes in recent decades are alarming. 93% of elder respondents have felt

these changes through their experiences.
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As the effect of such climatic variables, agricultural production is decreasing from 5 to

10% annually with some
(Household
Survey 2008), area is being

fluctuation

drier, water resources are

at high risk, extreme
weather events are highly
increased and frequency of
occurrence of disasters
such as flood, debris flow,
lighting etc has been
increased. These changes
are jeopardizing the socio-
economic condition within
the watershed. The major
threats from such change
to the community are
reduction in agricultural
production and hence
increased susceptibility of
food scarcity, lack of

income and hence shifting

Prem Pd Pokhrel, 50 has expérienced completely new climatic
pattern as compared to his youth days. He said that days are
hotter, there is less and unusual rainfall ad his rice production has
been decreased from 8 muri to 6 muri in his two ropani land
within this decade. New palnt species are abundant and they are

affecting crop yield,new palnt deseases has been observed.

Picture 5: Local showing the new species of plant starts to grow in the area.

There is irrigation but not sufficient amount of the water. in those
previous year there was sufficient water but these days it’s not. In
past year, there was rainfall in month of Asar and good to crop
paddy, but now time has been changed. Rainfall occurs either in
Jestha or Srawan disturbing ropai schedule and reduction in the
production. Cloud burst are common which enhances the soil
erosion. Due to heavy rainfall less infiltration of the water making
water dry and reducing total production.

to new income sources, migration etc which have direct impacts on their livelihood such

as food consumption, education, daily and seasonal working routine.

It is beyond community capacity to control the adverse impacts of climate related impacts

and disasters. At community level, to minimize these effects only what can be done is to

minimize the adverse impacts which are either occurring or obvious to occur in coming

days. The strong effective and sustainable strategy and policy are to be formed and its

implementation is essential to mitigate these impacts.

Some of the current governing factors to adaptive capacity in the local area include
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> Communities Forum and social Networking

Different institutions, which are also considered as major stakeholders are working in
Khudi watershed. Ama Samuha (Mother’s group) are working as the form of social
networking in each village. Their working area is focused on social work and rituals of
the community and agricultural. Their promotion and update is essential to overcome
worse impacts in coming days. Most of the residents also agree with this but they are
seeking others technical and financial support to do this. Youth Clubs and other social
organization building and working will be very useful to reduce risk. Such community
forum will also help poor locals in the area who are directly and more prone to be
affected by disasters.

> Governmental organizations

It is governments’ responsibility to provide basic civil services and relief to the
community during the time of disasters. The district level organizations whose office lies
about 10 km from the study sites are working for disaster mitigation. But their scope is
limited to government policy. CDO’s office disaster mitigation and rescue unit, directly
under the Ministry of Home Affairs has major responsibility during the time of disasters.
Agriculture Office, Irrigation Office, Local Development Office, Forest Office are the
government bodies to work for climate change impacts mitigation. But they are doing
nothing in this aspect.

> Non-governmental organizations

In the country like Nepal where large numbers of national and International non-
governmental organizations are working in different capacity to work for different issues
of people, their role is vital for the awareness and mitigation technology utilization. It’s
time for such organization to work to cope with disasters and climate change induced
risk. NTNC is one of the national level conservation organizations which has been
conserving the watershed as a part of its ACAP project, has did nothing in the sector of
climate change risk reduction. Now it’s time for such organization to work here. Khudi
Hydropower Company is there. These organizations can provide maximum relief and

support. They also can provide technical assistance to local community to cope with risk.
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> Indigenous Knowledge technology and practices for Early warning system
The early warning system to forecast weather events can reduce loss of human life and
properties to some extent. In Khudi watershed, still there exists traditional Katuwallli
Partha (Calling villagers by a person under the order of village head). It can be one of the
good ways of early warning system in local area. But it should be systematized,
modernized and updated. Community based preparedness and adaptation strategies work
better for the reduction of climatic risk. Here in Khudiwatershed, there no availability of
any weather forecasting system. Only about 10% people hear through media about the
weather and most of the rural people do not know what’s happening. General practice is
that most family remains alert during long heavy rainfall, strong lighting etc but there is
no any particular early warning system. The mega loss of life and properties by
KhudiKhola flood in monsoon of 2007 is best example of lack of early warning system.
A lot of property and human life could have been saved if they were timely informed and
warned.

> Technology

Wise use of technology and techniques are best factors that mitigates the worse impacts
of climate change induced risk not only of disasters but also of agricultural production,
water scarcity, drought and erosion. Most of the villagers are unknown about cost
effective and simple techniques and technologies such as rainwater harvesting, sprinkle
irrigation etc. Availability of technical assistance such as heavy equipments will help to
reduce flooding and debris flow through land reclamation.

As temperature increase the chances of increasing pest is also increasing. Proper pest
control technology will minimize its worse impacts.

> Infrastructures

The facility of physical infrastructures is also one of the best adaptive measures to cope
with impacts of climate change. Although lower part of the watershed is somehow
facilitated with certain infrastructures such as gravel road, school building and irrigation
canal, health post and financial institutions, the upper belt lack all of these. Constructions
of bridges in river and road facilities to travel and work during the time of heavy rainfall.
Similarly the river canals, especially from Perennial River like Marsangdi and Khudi will

help to irrigate the land during dry period. As agriculture is the main occupation which
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have to face climatic change risk, the construction of agricultural related infrastructure is
vital. Construction of running water collection dam, water reservoirs etc will also help to
cope during the time of water scarcity.

> Knowledge, Awareness and communication

Knowledge, knowledge sharing and communication are very important to minimize the
impacts. In Khudi, very few people are well educated and know the context but most of
the rural people have very little knowledge of what’s happening and why it is happening.
From survey it was found that no one has even participated in any training or knowledge
sharing program about climate change, disaster etc. It’s important to aware the people
through local level workshops and idea sharing programs about climate change, its
impacts and ways of mitigation.

> Diversification of Livelihood ( Remittance and Migration)

Almost all population depends upon agriculture for their income source. Very few have
excess agricultural production to sell them in the market. In recent year’s remittance,
business and tourism has replaced the earning source from agriculture. Families with
diversified income source have recovered substantially compared to those who have only
one source of income.

Similarly loan given to rural people will help to uplift their economic status which will
minimize the worse impacts of disasters and other climatic risk.

Micro insurance is one of the good systems to resilience the loss due to disasters. Micro-
insurance policy has not been adopted and this practice of micro insurance will reduce the
risk. There is Mutthi Dan system, an indigenous practice of traditional insurance scheme.
It can be developed as micro-insurance scheme.

Migration is one of the best strategies for local community people to cope with disasters.
Those who can afford to buy new house in safe place will migrate to minimize the risk. In
the study area this practice was not observed. The victims are poor. Remittance is another

best solution to minimize worse impacts.
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2. Future Exposure

Most of the climate modeling and study report predicts that attribute of climate
particularly change in rainfall pattern, increased temperature, and extreme climatic
events, weather related disasters are going to be problematic in global, regional, national
and local level. Climate science literature provides an indication of future trend and
changes in the climate conditions and events with some level of uncertainty. Different
models adopted to predict future projections estimates that average annual temperature of
Nepal will rise in the range of 2 to 4°C when CO; level is doubled (MoEST, 2008).
Magnitude of temperature rise is greater in western part, in the periphery of Khudi
watershed. Similarly GFD3 model project general increase in precipitation for whole
Nepal with gradient from south west to north east in magnitude of 150 to 1050 mm when
CO; level is doubled (MoEST, 2008). Such fluctuation in precipitation and temperature
will impact more to local communities. From data analysis of the Khudi watershed, it is
clear that in coming days the community has to face more challenges due to the impacts
of climate related disasters. The fragile mountain area of Nepal is more prone to
erosions, landslides and flashflood. Small changes in regular weather pattern may bring
great impacts on these fragile eco-zones. Hence in coming days community will be more
vulnerable to climate related disasters and climate change impacts. When respondents
were asked about the chances of increased impacts of climate change on them almost all
agreed that they may have to face the worse impacts especially on agriculture, increased
frequency of flooding and water scarcity. Their perception on future exposure is as in

Figure 45.
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Figure 47: % of respondents saying "yes' future climatic risks.

99% respondents, based on their experience and observation said that temperature will
increase more in coming days. 92% respondents are sure that in future day’s trend of
unusual rainfall will increase and 87% respondent said the agricultural yield will decrease
more in coming days. Similarly 93% think that soil erosion rate increases with increasing
heavy rainfall while 78% agree that in coming days the flood and other disasters
occurrence frequency and quantity will increase. About 50% of the respondents think that
in coming days there will be scarcity and conflict due to water within different villages of
the community. They think that in future days there will not be deforestation. Only
about 30 % agree the fact of deforestation and remaining say that due to ACAP and
awareness among people, they will conserve the forest.

As said earlier there are problematic issues not only in Khudi but whole Nepal, due to
climate change and risk. Strong adaptive policy and its implementation through people

participation are basic needs to minimize the impacts of climate change in the area.
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Chapter VI

CONCLUSIONS AND RECOMMENDATIONS
E——

A. Conclusions

The Khudi watershed lies in the central western hilly region of Nepal in Lamjung district
with altitude from 823 m to above 3000m. The agrarian watershed with seven hundred
households was dominated by Bahun/Chettri (51%), Gurung (21%) and several others
(28%). Other then agriculture, the main sources of income includes pension and
remittance, tourism and related business. The area is also characterized by low human
development indicators like education, health, infra structures and economy in upper belt
while medium human development indicators in the lower belt around the Khudibazar.
The HDI of Lamjung district is 0.429, ranking 14™ (Thapa, 2008) out of 75 district of
Nepal.

The Meteorological station of DHM operating since 1975 in the Khudibazar has
generated data of climatic variables. The data analysis indicated some visible changes in
the climatic variables in recent years. Temperature and precipitation data analysis
between 1987 to 2006 and 1975 to 2006 respectively showed some changes. Average
temperature was increasing. Annual mean maximum temperature trend was increasing at
0.81°C/decade, and annual mean minimum temperature trend was increasing at
0.26°C/decade. Seasonal temperature data also showed increasing trend, winter seasons
temperature trend is very high (1.17°C/decade maximum temperature and 0.76°C/decade
minimum temperature). Average Precipitation trend of two driest months, November and
December, is decreasing by 0.583 mm/yr and 0.10 mm/yr while that of wettest month,

July showed the increasing trend of 1.91 mm/yr.

The people’s perception the area indicates that 100% respondent of the lower belt has
experienced that the temperature is increasing in recent years while upper belt 93%
response same. Similarly about 70% respondent said that the rainfall pattern has been

changed; almost 91% respondents have experienced the unusual rainfall pattern while
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83% felt that in these days rainfall is heavy. 75% of the respondents said that winter
rainfall has been decreased while above 50% agree that total rainfall is lowering. These
changes in the rainfall pattern is very significant for the community people because the
community is directly dependent upon the rain fed agricultural practices and any changes
in rainfall will hamper the production. The changes in the rainfall pattern is of more
concern among the people of the area and people are worrying about what to do next if
such unusual behavior of rainfall continues and hence their farming schedule has been

lingered.

The study area is vulnerable to natural disasters specially flooding in Khudiriver during
monsoon when large amount of precipitation occur and upper belt is at high risk of both
landslides as well as rivulet’s flash flooding. People near to Khudi River are experiencing
increased frequency of river flooding nearby. About 82% of the respondent in lower belt
rank first to flood disaster while 62% of the respondent of upper belt consider landslides
as their first rank disaster, lighting and flooding specially from nearby brook is their
second ranked problem related to disasters. In recent years drought and lighting is also
causing them trouble. 46% respondent thinks disasters occur due to unusual weather
related events like heavy rainfall, 40% think that the occurrence of the disasters is due to
the deforestation and 11% considered due to other reasons such as development activities
like construction of roads. About 50% of the respondents said that frequency of
occurrence of the disasters is increasing in recent years in which 94% of respondents
have experienced the increased frequency in heavy flood. Soil erosion rate is also
increasing. 68% of the total respondent felt that it’s increasing. Most of the respondents
agree that lighting and hailstorm occurrence frequency is increased in recent years. The
loss due to disasters in past 15 years is not so pronounced. Each year certain amount of
the crops has been swept away by the river flood and sometimes heavy flood is causing

large loss of life and property, specially land and crops.

About 78% of the respondents said that their agricultural production is decreasing in spite
of their increased care, cropping of new variety of crops and use of fertilizers. Most of the
respondents claim that unusual and uncertain climatic events are causing negative

impacts in the field of agriculture. The agricultural yield is decreasing due to long dry
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periods( as winter rainfall become sporadic in recent years), extreme weather events,
excessive soil erosion and less input of human labor as most of the working man power

are leaving the village in search of new jobs and opportunities outside.

Local adaptive capacity is very poor. There is no availability of precautionary institutions
to cope with risks. Knowingly or unknowingly insignificant coping strategies are being
adapted within the community and neither particular coping strategy has been neither
formed nor likely to be formed in coming years, so the community is at high level of
vulnerabilities without well institutionalized coping mechanism. Very less educated
people used to live within the community and they do not have resources and knowledge
how to minimize the worse impacts of climate change induced disasters. The Khudi
watershed communities’ level of vulnerability is sure to be high in coming years. About
97% respondent said that the temperature will rise more in coming years while about
same fraction of respondent said the chances of extreme rainfall pattern will increase and
the agricultural production will decrease. They are worrying about their future. Although
some local NGOs are doing awareness on solid waste management, children and human
right issues, on one is working in the field of reducing climate change impacts in the area,
lots have to be done in coming years so that the exposure to the disasters will be less.
Factors that enhance the adaptive capacity includes common social forum, awareness and
communication, training and advocacy, institutions and infra-structures, wealth and
economic growth through income generating activities, modernization and practice of

indigenous knowledge.

Sufficient database and detail study is still lacking in study area. Proper predictions of
impacts and policy formulation to cope with such impacts require elaborate local to
regional level research in this field, only then the community will strengthen giving

sustainable living continuity of the area.

Looking at the picture of future climate both from previous data analysis and people’s
perceptions of the study area, in spite of development efforts and socio-economic trends,
Khudi watershed vulnerability to climatic induced disasters will be similar to what exists

today. Climate change is likely to enhance the severity of disasters, mainly flooding and
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unusual rainfall having impacts on agriculture in coming future. A shorter, intense
monsoonal rainfall in rainy season will result increased flood. Less or no rainfall in

winter or other season is causing drying of the area.

B. Recommendations

In order to reduce the climatic change impacts on community following

recommendations are made.

These recommendations will be helpful to the climate change impacts adaptation and
mitigation not only within the research area but also other parts of the country of similar
nature; it would be useful for disasters managements and planning to minimize the extent
of impacts of loss of life, property and community vulnerability in the region. It is better
to invest for prevention and mitigation rather than investing after the disaster have

occurred. The following are the recommendations.

Local community need to be aware of climate change induced impacts. Different hazards
zone can be mapped, safety measure can be taken to minimize the impacts of hazards in
the area. This delineation of the impacts and risk posed by climate change and weather

extremes must be backed by awareness building among the community.

Preparedness and early warning system should be built up in the community. The loss of
life and properties can be minimized by installing appropriate warning systems. Proper
maintenance of the warning system is a necessity otherwise it may not function when

needed.

Improving climate information applications through work with the meteorological office,
agricultural office, water resource managers, and other users would be quite useful for

enhancing flood and related disasters preparedness.

Efforts to preserve indigenous methods of forecasting could also prove useful, although
these have not been well-documented. The Kattuwali partha is one that can be

modernized and practiced. Mutthi dan is a traditional practice of mutual cooperation
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during disaster; it can be developed as the background for micro-insurance within the

community.

In the country like Nepal where most people are innocent rural villager, communities
forum are very important. Social networking between local stakeholders to policy
making and implementing institutions brings strong dynamic force to cope with changing
scenario. Neighborhoods and relatives are the group who directly help during the time of
disasters, scarcity and needs. Strong community forum formed by the local people is one

of the best assets to cope with these worse impacts.

The integrated working mechanism between different stakeholders/institutions is
essential. The government officers who are working in Lamjung district even do not
know the climate change issues (Personal communication, 2008) therefore it’s hard to
expect anything from them in this sector. Government has to formulate new policy and
should implement coping strategy in the local area where communities are vulnerable to

climatic risk.

Both autonomous and planned adaptation practice should be started in practice.
Awareness among the local people for the autonomous adaptation practice and proper
policy and plan formation and implementation is required for planned adaptation
programs. Farming adaptation is one of the important coping strategies to reduce the
impacts. Discussions with the communities of both above and below belt show the
importance of agricultural extension services and use and implementations of the
adaptive techniques in agriculture. Agricultural impacts are making the community more
vulnerable. It is recommended that the people in the community should be provided with
irrigation facility not depending only on the traditional practices of irrigation from the
nearby river but also can be done with the water collection dams and reservoir or rain
water harvesting practices. For this government’s irrigation department along with local

NGOs and CBOs can do more. Also new varieties of food cropping may be beneficial.

Conservation of the forest and biodiversity is very important. Conservation of these
resources also saves water sources. Local water sources should be conserved so that

during dry period also they can provide water.
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Community should have to change livelihood practices in order to reduce the risk of
impacts of disasters induced from climate change in coming days. Less dependence on
natural resources would be helpful to reduce vulnerability due to disasters and climate
change, however, its possibility is very less because the Khudi watershed community still
depends upon an agrarian economy and is sure to depend on same for coming many
years. Different income generating activities could be introduced. Income generation
through different indigenous to modern economic activities and flow of money through
local level co-operatives within the community is very beneficial not only to reduce the
risk but also to enhance the economic status of the local people. Further research,
assessments and local people training may be more fruitful. It is recommended that new
projects should be launched in the area to train local about the climate change induced

vulnerability and coping mechanisms.

Thus it is recommended to practice or perform the following activities in order to
minimize the risk of climate change impacts in local area. They includes research and
awareness, afforestation, water resources preservation, weather and climate information
distribution, alternative livelihoods through new and income generation economic
activities, proper policy and legislation and its implementation, land use and land use

mapping , infrastructure and institutions and disaster preparedness at community level.
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ANNEXES
I

Annex [: Questionnaire For Household Survey.

Household Survey on Community Vulnerabilities & Coping Mechanisms@ Khudi.

HHNo.................. VDCName:.......oooovviiiiiiiii e,
Interviewer:...........ooooiiii i Date: ...l
l. General Information:
a. dIHA:
b. SIfCT: c. 2y A
d. S| : AETFA 2
£ MBI
. Family Poster:
Sno | qrH gEAeg x| o | 3R fRret | uem | Hfthaa
(optional)
01
02
03
04
05
06
07
08
09
10
*Relation to respondent (('ﬁ el Cl'zﬂ'«'T), Marital status Education Level
Husband/wife 1 Married 1 llliterate 0
Son 2 Unmarried 2 Literate 1
Daughter 3 Widow 3 Up to SLC 2
Daughter in law 4 Widower 4 IA/+2 3
Grandson/daughter 5 BA 4
Others in family 6 &above
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1. Socio-economic (Land, Livestock & Income):
1. &P TUTSHY 3THA STIIMSTTHA S ?
1. & - 2. B -
L1 I 8 51, Turs hardl Stoamstia fafee ge]
12 IfE & Hel, Tt SaAfAeen! aRa et SR & e 2
ST3aTTeR! fR T MY 3ol | 3TeRTeRT 3PS HATS | Th Ui STIIMehT
AT IR feguat HeA(FuATHAT)
HATTR!

¥q | ot e

B arfereT

fafad
ardr
GoolTol A [@iRar
gel STl

2. I Y JUTS S i IeaTdTel Scurae 1] HAT ? & TS JoguTiel HAT 2
arferet fopfar | anforcronuent Ffda® | scured IR AT, AT | TPl AT, fohaiepl | ScUTee ol

&rthel rafera) @R TR Hed 7o @z

Gic)
AP
Prer
e
Sit
3Tef
B
ai
HCHNH
3

3. Heddiiel ScUTGAHT fohed cTHLT TCTS HUD! Blell ?
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4. T to-30 GYAT AITAATINAT IR TR IR TaArSfee] gee & 2

anfer /afkad=

HP

w

g

Hiar

3

el

afeel

3feer

e

el

afgel

aThel
(gfaa)

SITA( T )

F U7

ICEIEEGH
TN

gfafRrer gmr

IGEIEGERT)

K )

5. dUiSer! TR ATieh 3T feRor ar SR e goro foh 2

3Feifas A arﬁzﬁymﬁ( 12 * per month Rs)
puf 3eAurd
TEIHTS
Fftarddr AR
AUTAT AR
AUTeraTiRe! STTIR(aTe)
TIUR/Ide
HT
6. & TATT go-30 THHAT ITFETIADT HIAET TS TDT Be ?
[ ]
.o 2. B
I o 319 HaY aferueT o ?
7. UISH TRT dritieh @Y feror Regges & 2
Cp Gfdd W (FTAITT)
Gk TG
gfafa
e
fova
TIUR
g
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V. Climate Change:

Changes(TR@d)

9. & dAUISH T 3o-¥o TUAT TeTehl AT ol UNAcT HELH o] HURI T 2 (FUATV )

B3 B | AT | gRTSa AT T I

Iz BESl 3

10. % TaTgel deTHT G Aegd ITeg HTH S 2( V)
1. QY arar wfdter feeTE&®(Extreme hot summer days)
2. 3icded &Y Srer A (Extreme cold winter)
3. et & At T R Ut et (Winter are less cold and frosty)
4. feoTee 31T afe drdar E'Z)KS\T-[ (Days are becoming hotter)

5. HeT (SPeCify)...euiniiiiiiiiii

11. FEAURade, Uigpidd Thiugtel AAID ATdolddAT & Bl TAEE TRl Bel STEr

Is?

9% |




12. Impacts and mitigation (3R I FATYTAHRT 3UTIES)

Impacts due to change on (ATR@cIel IREHT ITFET)

Impacts( 378X &%)

Mitigation/adaptation/technology adapted
(AT 3ur, ufafer anfe)

Remarks (Hfrad)

Land use

Agriculture(aT)

Forest(TeTsIaTera)

Snow cover area( R3uet &)

Waste land(cI8 SITSTRI STTHTT)

Pasture land(TR=T &T73)

Biodiversity(stfa fafaerar)

Forest(deT)

NTFP(hTodTgehaT g terar)

Agriculture(?ﬁﬁ)

Animal(ST<Td)

Birds(TRTET)

Fish(TeT)

Crops

Crop productivity(3cUlGehed)

Crop quality(I[OTET)

Crop species(aforet i)

Crop calendar( Phenology) (Eﬂﬁf A T U 3-]74'@'[)

Water resources

Water availability (QTfelep! T=TaT)

water quality(QTfe¥epl JUTE)

Natural disasters

Flood(aTaT)

Landslides(qﬁff)

Drought(@s3)

Others(31ed )

Pest/Diseases and Health(fReTe], Tameza T3

Tourism(CRfIE?r)
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12. T 3rETETATs HH I dUIS o hit dRDES IHTATSG HUD! S ? AT,

Impacts on

Adaptation/Technology N

Agriculture

(TS

AT STcrep! aITfer o3

Adoption to agroforesty/Horticulture/crop rotation

arfer aRad=

oar ﬁ?ﬂé (Drip irrigation)

3TTEIUTell UTfel S9T3 (Rotational irrigation)

grsUdTe Urfa X3 91t f&arg (Sprinkle Irrigation)

%iia\ﬂj}' TAfaf (Green house technology)

I IIEYTUA (Pasture management )

IRT FAT3 (Terracing)

Water resources

(STel QIcTa)

uTeh! UTfar HeholeT aTef( Rainwater harvesting)

AeraTfEa! urfal Heheled(water harvesting through dam)

AT Hicep! AT ( shifting to new source)

Disasters(flood/landslides/
drought etc)

(1)

q?ialaaﬁ I &=t gg i (Early warning system)

aTfora, 130T T AT (Knowledge transfer/training organizational
visit)

H’Iﬁ?ﬂﬁ'&ﬁ Belthel T q\?flT-RJTﬁ (Interaction/preparedness forum in

community)

AR ( i'%?ff, %m, NENIEED) )(Use of

media(radio/newspaper/TV etc)

V. Disasters( Uepd):

14. u’rwa%mmﬁqaﬁmam g1 ? (Rank)

gfexr (Landslide)
173 (Flood)

ECEITY (Drought)
IS (Lighting)
H-8TT (Erosion)

N o v AW

gﬁzﬁﬂ'\q (Hail/wind storms)

3T (Others)........

15. T &ITAT ST AIfSURIIPY PROT TUISATS b &l STEAT IS 2

. gawsia R AU AUpA gEr 3. dal Uguor

4. 3Eaafae FHiEfd aRoeass 5. 3T
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16. UTSeT TUEEAT TUTES oIt GRIGEHT e TR T THTH T2

uRafdq v (V)

GEGH

AN
g cl

&

UTET ST

arfee & (Flood)

gfeienr @rar(Landslide)

-8 X (Rate of soil
erosion)

Teargaren shA(Lighting)

g gaw  (Hail/Wind
storms)

3rerenfar (Firing)

CIEICa] amgAT(Winter
temp)

affdr  ageEE(Summer
temp)

FEour  wid  (Heavy
rainfall)

% urfel (Low rainfall)
ST ud o (Winter
rain)

auar urfa gt
3radi(Duration)

& Uifel Uet shaA(low rain)

JAtafd  awi@ (Unusual

rain)

quid YTE g

(monsoon)

QT urfaen! dg
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17. T9Te 2o AT GehTuel TUTSRT TRAREAT QRATTD &Tfcient faaror i g=o feh 2

TRTEE | aiEs

aifa

Si(eafh) JEJHTS
(FTam) aear | st

ARSI | AT &7
Juf | | AR <t

18. CToTehT PTET TUIS T AUISHT HICTISAT YR APRICHD IEET b b gl ? ( Please quantify )

TaNea! &fd LCIG R IEE] S,
( HEITH) ERC GG

e, A7)

urfadent | | ad TqH | 3T
Sifaew
fafaerar

19. I &IFAIC Pl YhIT AT=h! ddHTs TS IR S ? ARG T A

1.

e 2. U 3. germa 4.

20. fIUE |9PIT ISP FHIAT JUTSHTS Bh-hEet TeAT IR (V)
1. ™afrar 2. TPRA

3. TUIfaT qEaTATI E hA 4. o7 faeehrtar s.3=.

V1. Awareness/knowledge/institution/Needs for capacity development.

20. & qUS STedry URTIA T FehlT FABIOTRI ST JUSeeel HTATS HUHT I JH

HACTIHAT HTHT ARDT IR SRR fore] gees ? STelfeh (V)
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1. qdg@aTiee ugfd(Early Warning System) 2. Af3acre | faaT (Insurance)

3. dgaid 4. QEARRTIATAH G 3T

21. duise! faaraT,sterary uRade fecarsea SAT-H & I F-& AT T, HEa T
HHR I ?

TR IIRAT(Description) HEL PRI A HEe! HITA A

TIATART

SAATAT

gfafa v o

qaEes geid

@TT FRAT

SERITed

FET ¥
T

K )

22. TUIS Pt HEEEYT HIT TSI, Gelgeo?

1.& L 2. 8 L

e & 97,

FITEAT g 32T

VII. Interviewer’s comment
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Annex II: Checklist for Focal Group Discussion.
Focal Group Discussion on Community Vulnerabilities & Coping Mechanisms@ Khudi.

(Base line survey in different ecological zones)

Moderators: Aseem, Raju, Yubraj Date: .....covvviiiiinnns

Checklist.

Climate Change (temperature):

I.  Trend
13. Have this community experienced any changes in temperature in last 30 years?
What type of change in Temperature?
14. How temperature is changing? ( promote by following points)

(Extreme hot summer days, Extreme cold winter, winter are less cold and frosty, Days are becoming
hotter, other)

I1. Impact/ Adaptation/mitigation
Then what you think are the impacts
( In agriculture, diseases spreading, water resources,.....)
15. What, you think, are the consequences of warmer days and seasons?
16. Then to escape from such changes, what your community use to do?

Climate Change (Rainfall/snowfall):

17. Have you experienced any changes in rainfall/snowfall within last 30 years?
If yes then,

What type of change?
1. Rainfall/Snowfall increasing
2. Rainfall/Snowfall is decreasing
3. Idon’t know

18. Do you have any experiences on followings?
Unusual rainfall

2. Increasing cloud burst ( heavy rainfall at once)
3. Longer rainy season

[a—
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19.

20.

21.

22.

23.

24.

25.

Shorter rainfall

Delayed monsoon starting
Longer drought

Decreased winter rainfall
Increased winter snowfall
Increased in hailstorm/windstorm

Lok

Impacts:
What, you think, are the consequences of changed rainfall pattern in agriculture?
(In Agriculture yield increased/decreased)
What are the consequences of changed rainfall pattern in Water Resources?
(Water availability increased/ decreased, Flood frequency increased/decreased
etc)
What are you doing to cope with these changes in rainfall?

(Delay cropping, new variety of plantation etc...)

Climate Change (Others):

Have you noticed any changes in wind pattern in this region?

Is there any long drought in this area in past years, how long was it , what are the
impacts and how you mitigate?

What about lighting occurring frequency in these days?

What are the impacts of these changes and how you are mitigating them?
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Disasters:

26. What are the most significant disaster in this community, you think?(Rank)

1 Landslide
2 Floods

3 Droughts
4 Lighting

5 Erosion

6 Hail/wind storms
T OtherS. ..o

27. What, you think, are the causes of landslide/ flood in the region?

]
]
]

EEEEEEE

(Deforestation, Global change, increased pollution, abnormal weather events (abnormal
rainfall, increased temperature etc)

28. Does this community feel any changes on the following in these years?

29. What are the losses you have due to disaster (flood, landslide, lighting, drought,
hailstorm etc.. within last 10 years ?

Disaster(V)

Increased

Decreased

Not changed

Do not know

Remarks

Flood

Landslide

Drought

Lighting

Hail/Wind storms

Firing

Winter temperature

Summer temperature

Heavy rainfall

Low rainfall

Winter rainfall

Duration of rainfall in
monsoon

Trend of cloud burst

Trend of unusual
rainfall

Starting  time  of
rainfall

Amount of water level
n river
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30.  Which disasters have caused migration of people from the village ( If any) ?
31.  What helped to recover you from disaster?
1. Support from neighbors
Support from government organization
Support from local NGOs and Red Cross
Loan/ Remittance
Migration

nhkw
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Annex III: Data of Temperature as recorded in DHM’s Khudi Station.

Jan | Feb | Mar | Apr | May |Jun |Jul | Aug | Sep | Oct | Nov | Dec
Temperature Maximum
1987 20.2 | 224 | 245 | 288 | 30.1 | 303|285 29.1 29| 264 | 244 | 21.1
1988 20| 22.2| 249 | 302 | 304|302 292 | 293|293 | 282 | 252 | 205
1989 17.6 | 20.3 | 252 31| 3121299 | 284 | 29.6 | 292 | 279 24| 20.8
1990 21.8 | 20.6 24| 29.1| 30.3 | 319|307 31| 30.1 | 27.2 | 257 | 212
1991 18.9 23| 26.8 | 29.9 311 30.6 309 | 304 31| 28.8| 243 | 19.8
1992 182 223 | 275|322 | 30.2| 319|302 30.2| 30.1 | 272 | 245 | 20.1
1993 19 ] 23.6 | 253 30 303|321 |31.7| 302 | 29.8 | 2809 | 252 23
1994 21.7 | 21.8 | 26.7 | 30.6 | 32.8| 322|326 323 | 30.6| 293 | 272 | 22.1
1995 20 22| 271|319 | 332314314 | 31.8] 312 | 29.8| 26,5 | 219
1996 199 | 224 | 279 | 31.7 | 332 | 31.1 | 31.1 | 31.6| 31.5| 28.1 | 26.5| 22.8
1997 202 | 212 27.1| 27.7| 315|315 31.1| 30.7| 29.5| 263 | 244 | 192
1998 19.6 | 23.1 | 248 | 298| 314 319 30| 295 | 30.6 | 288 | 254
1999 31321307 | 304 | 30.5| 28.7| 252 | 22.1
2000 20.3 21| 263 | 30.7 311307 (305| 29.7| 29.1 | 285 | 252 | 213
2001 20| 233 | 278 | 30.8 | 294 | 31.1|30.7| 309 | 29.2| 283 | 26.6 | 20.5
2002 211 237 | 278 | 29.1 | 304|313 ]29.5| 30.7 | 29.5| 27.1| 256 | 224
2003 22.6 | 224 | 251 | 303 | 30.2|29.6|29.5| 298| 289 | 283 | 243 | 208
2004 19.2 ] 22.7 | 282 | 28.1 | 29.6|29.6|29.2 | 30.2| 28.6 27| 242 | 213
2005 19.7 | 22.3 | 26.7| 30.5| 29.8| 312|299 | 298|299 | 269 | 23.6| 214
2006 22 | 249 271 29.6 | 30.2 30 | 31.2 | 304 | 303 | 28.7| 25.7| 219
Temperature Minimum
1987 126 | 13.6| 165 | 187 | 21.8|21.7 | 21.5| 209 | 159 | 122 9.2
1988 88| 11.1| 13.6 | 17.8 191 21.1 1222 218|209 | 16.1| 11.5| 104
1989 8| 88| 134 | 17.7| 19.7 | 21.1 | 21.6 | 21.3| 20.8 9.4 6.9
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1990 88| 9.6 11 153 ] 181|212 ] 21.1| 223 7.2
1991 65| 98| 145|172 | 193 | 21.1 | 22.1 | 21.7| 206 | 162 | 109 8
1992 7.7 111 | 135 177 174|213 |21.2| 21.5| 199 16 | 10.8 6.8
1993 206 | 21.8 | 21.5| 19.8 | 16.1 | 12.1 8.8
1994 7.1 7.8 | 13.6| 158 | 19.1 | 21.2 | 21.8 | 21.7| 20.5 | 14.6 | 10.1 7.1
1995 59 82| 11.8 | 163 | 20.6 | 21.8 | 21.5

1996 85| 135|162 | 183|202 216 | 21.1| 19.6 | 154 | 11.7 8.2
1997 6.4 8| 11.6 | 13.7| 16.8 | 19.2 | 21.1 21 ] 195 13 ] 10.5 7.3
1998 63| 87| 113 154 19 ] 21.3 22 | 21.7 21| 18.1 | 12.6 8.2
1999 69| 107 | 134 | 17.7| 19.1 | 213 22| 2251 206 | 16.7| 119 | NA
2000 75| 76| 114 | 173 | 21.5]20.6|21.6 | 21.1 | 19.6 | 159 | 124 8.2
2001 7.8 88| 12.8| 162 | 18.7 | 21.7 22| 2221 207 | 173 14 8.4
2002 731 109 | 147 | 17.1 | 19.6 | 21.2 | 21.6

2003 217 | 21.8 | 222 20.7 16 | 123 8.4
2004 721 9.6| 158 16.5 19203 |214| 21.6 | 203 | 153 | 10.7 8.5
2005 751 9.8 181209 | 219 | 219 | 20.7| 16.2 11 7.6
2006 7.1 13 133 | 162 | 195 20.8 | 224 | 21.6 | 20.7 | 16.6 | 12.4 10
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Annex IV: Data of Precipitation as recorded in DHM’s Khudi Station.

Rainfall (mm) for KHUDI BAZAR

Latitude(deg/min): 2817

Longitude(deg/min): 8422

Elevation(m): 0823

Year | Jan Feb | Mar | Apr | May | Jun | Jul Aug Sep | Oct | Nov | Dec
1975 549 | 254 | 140. | 235. | 676. | 923 554.8 | 620. | 154. |0 4.4
4 4 8 4 2
1976 377 | 1.2 99.8 |227. | 740. | 807.8 | 715.8 |426. |33.8 |0 0
2 2 2
1977 7.8 21 169. | 193. | 334. | 938.6 | 976.1 |491. | 105 | 85 39
1 2 8 6
1978 38.8 | 128. | 58.7 | 114. | 568. | 699.2 | 715.7 |416. | 48.3 | 8.8 |21
6 8 6 3
1979 61.6 |37.5 | 107 154. | 464. | 1017. | 845.1 | 312. | 285. | 14.8 | 40.3
8 1 1 9 1
1980 464 | 156 | Q2 76.5 | 361. | 954 7174 | 641. | 124 |0 0
7 1
1981 204 | 679 (445 |224. |236. | 684.2 | 533 354. | 1.9 2630
5 1 9
1982 59.1 | 166. | 129. | 120. | 423. | 6339 | 8424 |436. |47.1 |34.4|3.2
2 1 5 3 5
1983 89.7 |53 38.8 | 205. | 318. | 780 796.1 | 573 |257. |0 36.2
6 7 5
1984 | 12 4 47.6 | 95.5 | 465. | 737. | 1056. | 871.5 |414. | 31 0 0.5
4 6 8 1
1985 [ 19.5 |75 106. | 157. | 485. | 307. | 1067 |904.9 | 563. |292. |90 61.1
1 3 2 4 7 2
1986 | 0 279 |86.7 |142. | 121. | 641. | 860.4 | 595.7 |949. | 69 54.3 |43
3 8 6 8
1987 | 10.3 | 18.8 | 146 |214. | 125 |500. | 1064. | 933.5 |355. |116. |2 32.2
4 6 4 4 2
1988 | 0 37.8 | 674 |140.2 |199.1 |591. | 1038. | 11574 {380 | 153 |24 |93.6
2 6
1989 | 100. | 63.5 |30.2 |384 |373 |700. |602.2 |869.2 |497. | 154 |37.5] 18.1
6 3 5
1990 | 0 66.5 | 133. | 191. | 245. | 758. | 689.7 | 744 575. | 714 |0 4.6
2 9 2 5 3
1991 | 34.7 | 46 954 | 86.8 | 216. | 538. | 642.7 | 1033.5|473 |38.6 |7 44 .4
6 3
1992 | 254 |38.8 |[152 |85 113. | 206. | 646.5 | 849.5 | 557. | 170. | 12.2 | 23.7
6 7 1 2
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1993 204 | 844 | 136. | 242. | 498. | 644.8 | 1079.8 | 425. | 96 0 0
6 2 7 2
1994 | 235 | 51.1 | 88.1 | 859 |145. | 657. | 711.6 | 8983 |482. [344 |13.5|2
2 4 7
1995 | 32.6 |83.2 | 89.5 |50.1 |434. |464. | 9952 | 7354 |409. [88.2 972 |6
5 3 7
1996 | 50 204. | 142. | 25.1 | 111. | 873. | 1075. | 1298.3 | 561. | 93.1 | O 0
1 9 6 6 9 3
1997 | 42.7 {393 |0 151. | 130. | 488. | 827.4 |824.2 |437. |97.5 |26 | 189.
8 5 5 6 9
1998 | 0 254 | 192. | 79.2 | 254. | 653. | 8199 | 1095 |344 |705 (15 |O
3 2 9
1999 | 18 0 0 60 440. | 556 | 880.1 | 749.6 |631. |100. |0 0
5 2 6
2000 | 22 244 | 83.5 | 655 |288. | 616. | 874 884 684 |2 0 0
7 5
2001 | 11.5 |63 15.5 | 88.5 | 246. | 620. | 599 737.5 |565. | 184 |65 | 1.8
7 3 5
2002 | 105. [33.2 |42.8 |39.8 [330. | 784. | 9933 |645.6 |257 |52.8 |20.1|0
3 3 2
2003 | 0 70.5 | 79.8 | 75.8 | 129. | 533. | 1427. | 7854 | 673. |36 1.5 |36.2
2 8 5 5
2004 | 26.1 | 6.7 |48.6 |395 |500. | 685 |1109. | 681 465. | 222. |1 0
2 4 2 2 5
2005 | 72.5 |41.3 | 86 154 | 152 | 298 | 888 6382 |358. [149. |0 0
4 5
2006 | 0 577 | 54.1 | 171 |280. [472. | 630.8 | 840.5 |307. | 54.6 |45 |30.1
7 2 5
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Annex V: Snaps of Field Research.

pe— s R T
Picture 7: Khudi Bazar is Vulnerable from the flood of Khudi River. An evacuated house due to flooding in the
Khudi River.
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Picture 8: Researcher conducting Household survey.

Picture 9: Making Final presentation of the research work.
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