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Abstract

Nepal has a negligible share of global Green House Gases (GHGs) emission. However, amidst sluggish economic growth
rate, the emission is increasing at significantly higher rate compared to its fast growing neighboring economies like China, India
and Bangladesh. This higher growth rate of emission is mainly due to the constantly increasing use of fossil fuels, emission from
livestock, and use of nitrogen fertilizer. Sector-wise emission shows that agriculture and forestry are two most important sectors
contributing almost ninety percent of the total emissions. Hence, any mitigation effort in Nepal should consider these two sectors,
which are also the most important sectors for poor people. Consequently, intervention in these sectors will help to build rural
community’s resilience to Climate Change (CC). Increase in temperature and variable rainfall pattern have a negative direct
influence on water resources at the highest level followed by agriculture, forest, and health sectors of the country. Increased risk of
Glacial Lake Outburst Floods (GLOFs) and higher variability in run-off will adversely affect livelihood assets. Crop loss due to
flooding, inundation, landslide, and drought is a common phenomenon in Nepal causing reduced production of major crops. Nepal
is experiencing depletion of forest land due to landslides, floods, water erosion, and forest fires. The spread of vector-borne disease
in the new regions as a consequence of CC is the major challenge in the health sector. Being signatories of major international
legislations related to CC, Nepal has a prospect to generate revenue through mitigation effort, which could be used to deal with
adverse impact caused by CC. Alternative energy promotion, forest management, and agricultural practice are potential areas,
which can generate revenue from carbon trading. All these prospective areas have multiple functions of mitigation, adaptation as
well as economic empowerment of the vulnerable section of the population. Therefore, a proactive role of Nepal in international
forum with adequate research and development to incorporate these aspects in international negotiations and capacity development
of its own in the field is very crucial to deal with the adverse impacts of CC and meet its overarching goal of poverty reduction as
well. In addition, further research on the impact of climate variables on agriculture based on the historical evidence as well as
livelihood of rural poor based on the household level data is recommended.
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1. Introduction

Climate Change (CC) refers to a change in the state of climate that can be identified by changes in the mean and/or variability
of its properties and that persists for an extended period, typically a decade or longer (Intergovernmental Panel on Climate Change,
2007a). Natural variability or human induced increase in Green House Gases (GHGs) are the main factors responsible for CC.
Fuel-combustion, deforestation, agriculture, urbanization and industrialization are the main sources of anthropogenic GHGs
emissions. Marked increase in the concentration of these GHGs compared to pre-industrial era has been reported. At present total
CO, equivalent (CO,-eq) of prominent GHGs is estimated to be around 455 parts per million (ppm) CO,-eq, which if not stabilized
below 550ppm CO,-eq, would lead to the most harmful irreversible consequences of CC through a temperature rise of more than
2°C (Intergovernmental Panel on Climate Change, 2007a).

Several indications of CC on the earth have been reported. For instance, the temperature of earth surface has been rising over
the last few decades. This has caused changes in weather patterns, melting of glaciers, and rise in sea level. In addition, more
frequent storm events, increased events of drought, increased number of El-Nino and other adverse climatic situations can also be
attributed to the global CC. Predictions show that rise in 2°C temperature is inevitable even if emissions are reduced to less than
fifty percent of the current level by 2050. This increase in temperature is determined to be ‘an upper limit beyond which the risks
of grave damage to ecosystems, and of non-linear responses, are expected to increase rapidly’ (Intergovernmental Panel on Climate
Change, 2007b, p99). However, the current trend of emission, i.e., emission well above 2000 levels in 2100, would lead to 4°C
increase in temperature causing unavoidable devastating losses, and excessively higher adaptation costs (Intergovernmental Panel
on Climate Change, 2007b). Thus, any adverse impact of CC will put the poorest countries and the poorest people there in the most
vulnerable situation as they are highly dependent on natural resources. In this decade alone, around 3.5 billion people, almost all
from developing and least developed countries, are likely to be affected by climate related disasters. This figure is significantly
higher compared to approximately 0.8 billion in 1970s, 1.4 billion in 1980s and 1.9 billion in 1990s. Based on this, the World Bank
estimates that people in developing countries are affected at twenty times higher the rate of those in developed countries (World
Bank, 2007a; World Bank, 2008).

Degree of vulnerability in Nepal is even higher due to its rugged terrain with steep topography, and fragile geological
conditions, which make the country disaster prone. In addition, significant proportion of marginal population with low income,
limited institutional capacity and greater reliance on climate-sensitive sectors like agriculture increase the degree of vulnerability
(Regmi & Adhikari, 2007; World Bank, 2008). Hence, exposure to risks and low adaptive capacity to cope with those risks are
major factors contributing to the vulnerable situation of the country. This justifies the strong need of understanding CC at national
context and its relation with poverty in order to develop mitigation and adaptation programs to minimize risks at different levels.
Therefore, this paper aims to analyze different aspects of CC in Nepal namely; emission scenarios, CC scenarios, impacts of CC on
poverty, and initiatives taken by Nepal and their prospects to generate revenues from international CC regimes in relation to their
possible impact on poverty reduction.

2. Green House Gas (GHG) emission situation in Nepal

Carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,0) are the major GHGs that contribute to CC in Nepal and,
therefore included in national GHG inventory of 1990/91 and 1994/95"' (Dhakal, 2001; Ministry of Population and Environment &
United Nations Environment Programme, 2004). Nepal has a very negligible share (0.025 percent) of global GHG emission
(Ministry of Environment, 2011). However, if we see the trend of emission, it is increasing at a higher rate in Nepal. There was a
63.5 percent increase in CO, emission between the first inventory period (1990/1991) and the second inventory period (1994/95),
which shows annual growth rates of 13.1 percent (Figure 1). Similarly, despite the sluggish economic growth, annual growth rate
of 9.3 percent per capita CO, emission was reported between 1990 and 2004, which is significantly high compared to its
economically fast growing neighboring countries like India (3 percent), China (4.4 percent), and Bangladesh (4.4 percent) (United
Nations Development Programme, 2007; Joshi, Maharjan, & Piya, 2010). Growing consumption of fossil fuel is the main reason
for such increase. Fuel consumption increased from 4,000 barrels per day to 7,258 barrels per day during 1990-1995 and reached
17,200 barrels per day in 2007, which indicates the annual growth rate of 16 percent between 1990/91 and 1994/95 (Energy
Information Administration, 2009).

Mainly, rice production, livestock, and biomass burning are responsible for CH, emission in Nepal (Figure 1). Methane
emission shows some positive signs in terms of emission reduction. This is mainly due to significant reduction in emission from
rice production, and biomass burning or manure management. In addition, the promotion of minimum tillage farming in rice
cultivation such as System of Rice Intensification (SRI) and visible reduction in rice production area from 1.4 million ha in 1990/91
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to 1.3 million ha in 1994/95 could have contributed to the reduction of CH, emission. However, a rising population of ruminant
livestock in the same periods resulted in an increase in CH, emission from livestock through enteric fermentation (Ministry of
Agriculture and Cooperatives, 2005). At the same time manure management as well as replacement of fuel wood achieved through
installation of 11,941 biogas plants between 1992/93 and 1994/95 could be the reason behind the significant reduction in CH,
emission from biomass burning (Laudari, 2008).

The significant increase in consumption of nitrogen fertilizer has resulted in a drastic increase in the emission of N,O, despite
reduction in the area under rice cultivation. Annual sales of urea increased from 81 thousand tons to 121 thousand tons between
1990/91 and 1994/95 (Ministry of Agriculture and Cooperatives, 2005). Rice cultivation in Nepal is mostly done under submerged
condition. Therefore, the increased use of nitrogen fertilizer (urea) triggered N,O emission between these periods. However,
thereafter there is a continuous decline in the use of nitrogen fertilizer and reached only around 7 thousand tons in 2003/04
(Ministry of Agriculture and Cooperatives, 2005). This may signify that there is a decline in N,O emission since 1994/95 in Nepal.
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Figure 1. GHGs emission from different sectors in Nepal from 1990/91 to 1994/95 (in ‘000’ tons)

Source: Dhakal, 2001; Ministry of Population and Environment & United Nations Environment
Programme, 2004; Intergovernmental Panel on Climate Change, 2007¢c
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Figure 2. CO,-eq emission from different sectors in Nepal 1994/95 (in ‘000’ tons)

Source: Ministry of Population and Environment & United Nations Environment
Programme, 2004; Intergovernmental Panel on Climate Change, 2007¢
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The rise in total CO,-eq emission in Nepal can be observed between the same duration. The total CO,-eq emission reached
28.2 million tons CO,-eq in 1994/1995 from 22.4 million tons CO,-eq in 1990/91. This indicates the increase in CO,-eq emission
at the annual rate of 5.8 percent. With the inclusion of important GHGs sources like land use change and forestry, wastes and lime
production, GHG emissions in 1994/95 reached 39.3 million tons of CO,-eq. Agriculture has significant bearing on the total CO,-
eq emission. Enteric fermentation in livestock (29 percent), manure management (3 percent), rice cultivation (16 percent), and
agricultural soils (22 percent) as components of agriculture altogether emit around 69 percent of total CO,-eq emission. This is
followed by land use change and forestry, which contribute around 21 percent of the total CO,-eq emission, fuel combustion (8
percent) and waste (1percent) (Figure 2). This suggests the importance of agriculture and forestry sectors in any mitigation effort to
reduce GHGs emission as well as building resilience to CC among the farmers. Since agriculture and forestry are the most
important sources of livelihood for the majority of the poor in the country, mitigation measures on these sectors will have a high
significance in reducing emission as well as poverty. Further, adaptation measures on these sectors in the short term are very crucial
to deal with vulnerability caused by CC.

3. Climate change scenario

Climate change can be assessed mainly in terms of variability in temperature, and precipitation (Shrestha et. al., 2000;
Intergovernmental Panel on Climate Change, 2007b). Nepal has experienced the fastest long-term increase in temperature with
1.6°C increase between 1976 and 2005 (Figure 3), which is very high compared to global temperature increase of 0.6°C in the last
three decades (Intergovernmental Panel on Climate Change, 2007b). Trend analysis shows that temperature is increasing at an
annual rate of 0.054°C, which is statistically significant (Table 1). The rate is higher in winter (0.06°C) compared to summer
(0.05°C). Moreover, several climate models show that the warming trend will continue in Nepal throughout the 21* century
(Agrawala, et al., 2003; NCVST, 2009).

Table 1. Trend coefficient of temperature and rainfall in Nepal between 1976 and 2005

Variables Coefficient R’ value P-value
Annual temperature 0.05 0.74 0.00™"
Winter temperature 0.06 0.50 0.00™"
Summer temperature 0.05 0.70 0.00™"
Rainfall 6.10 0.10 0.10"

Source: CBS, 1987; CBS, 1993; CBS, 1997; CBS, 2005; CBS, 2007
Note: *** and * significant at 0.01, and 0.1 level of significance respectively.

The highest rate of increase in annual temperature is recorded in higher altitudes compared to the lower one (Maharjan et al.,
2009), which is expected to continue throughout the 21 century (Agrawala, et al., 2003). Similar scenario can be observed from
the seasonal breakdown of the meteorological observations. For instance, the temperature increase in winter is higher compared to
that of summer (Figure 3). This trend will continue throughout the 21* century (Table 2). Therefore, people are now experiencing
and expected to experience hotter summers and warm winters with increasing warm days and nights (Baidya & Karmacharya,
2007; NCVST, 2009).

Similar to the temperature, overall global precipitation has also increased by about two percent since the beginning of the
twentieth century, which is statistically significant. However, such increase is neither spatially nor temporally uniform. Indian
monsoonal rainfall has shown the increasing trend since 1974 (Intergovernmental Panel on Climate Change, 2001). Since Indian
monsoonal rainfall is the main source of precipitation in Nepal, it also experienced an increasing trend of precipitation though it is
very erratic over the years (Figure 4). Coefficient of trend value shows that annual national average rainfall is increasing. The
increase is statistically significant at ten percent level of significance (Table 1). Such increase can be attributed to global warming,
which results in an increase in land-ocean thermal contrast, thereby intensifying monsoon circulation (Shrestha, et al., 2000).
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Figure 3. Temperature trends in Nepal
Source: CBS, 1987; CBS, 1993; CBS, 1997; CBS, 2005; CBS, 2007
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Figure 4. Annual rainfall in Nepal
Source: CBS, 1987; CBS, 1993; CBS, 1997; CBS, 2005; CBS, 2007

General Circulation Model (GCM) estimates an overall increase of precipitation in Nepal (Table 2). Seasonal breakdown of
estimated precipitation shows that monsoon rain is going to be more intense whereas dry season will be drier (Agrawala, et al.,
2003; NCVST, 2009). In recent days, heavy rainfall events as well as a maximum 24-hour rainfall in the country is in increasing
trend and projected to increase further in the future (Baidya & Karmacharya, 2007; NCVST, 2009). Monsoon rain, which
contributes around 80 percent of total rainfall, is the main source of water borne disaster in Nepal. Therefore, increase in intensity
of summer monsoon can be translated into an increase in intensity of water borne disasters like flood, landslide, and sedimentation.
Consequently, there will be considerable losses of settlements, infrastructure, and fertile top soil resulting in lower agricultural
productivity. These are regular phenomena but have became more intense in recent years.
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Table 2. Prediction of temperature and precipitation in Nepal (GCM estimates)

Year Mean temperature increase (°C) Mean precipitation increase (mm)
Annual Winter Summer Annual Winter Summer
Baseline average 1433 73 894
2030 1.2(0.27) 1.3(0.4) 1.1 (0.2) 71.6 (3.8) 0.6 (9.9) 81.4 (7.1)
2050 1.7 (0.39) 1.8 (0.58) 1.6 (0.29) 104.6 (5.6) 0.9 (14.4) 117.1 (10.3)
2100 3.0 (0.67) 3.2(1.00) 2.9 (0.51) 180.6 (9.7) 1.5 (25.0) 204.7 (17.9)

Source: Agrawala, et al., 2003
Note: Figures in parentheses indicate standard deviation.

Moreover, topography of the location also dictates rainfall patterns in Nepal. Some region of the country will receive more
water, whereas other region will receive less (NCVST, 2009). Trend analysis shows the decreasing trend of rainfall in Dipayal from
Far-Western Hills of the country. However, rainfall is continuously increasing in Kathmandu (Central Hills) at a significant rate.
Similarly, rainfall is continuously increasing in Pokhara (Western Hills), Surkhet (Mid-Western Hills), and Dhankuta (Eastern
Hills). Pokhara has the highest coefficient, and due to its typical topography it also receives the highest annual rainfall in Nepal
(Mabharjan, et al., 2009).

4. Impact of climate change on poverty

Poverty is persistent and widespread in Nepal, more specifically in the rural areas. Poverty measurements made since 1977
show no indication of poverty reduction in the country. The sign of improvement in poverty reduction was realized only in the
NLSS 1T (2003/04) and NLSS III (2010/11) (Joshi et al., 2010; CBS, 2011). Despite such decrease in poverty, the nature of poverty
however, still remains the same. Poverty is more rampant, deeper and severe in rural areas, and much worse in Mid-Western and
Far-Western Hills and Mountains. Similarly, most of the poorest of the poor belong to the dalit (oppressed caste), and ethnic
communities. Agriculture wage laboring, casual laboring and self-employments in agriculture are the main sources of livelihoods
of the poor in rural areas. Thus, poverty in Nepal is complex, diverse in nature, and associated with location, gender, caste/
ethnicity, land ownership, occupation and low economic growth of the country. Consequently, due to persistent poverty in the
country, there is a lack of institutional capacity to adapt with any adverse impact of climate change in Nepal despite being prone to
natural disaster due to its rugged terrain with steep topography and fragile geological condition.

Nepal has a very negligible contribution on the global CC as it has a negligible share on global GHG emission and also has
one of the lowest per capita GHGs emissions in the world (Olivier & Peters, 2010; Ministry of Environment, 2011). But it is not
free from adverse impacts of CC. Its fragile geography, predominantly natural resource based livelihoods, and low level of adaptive
capacity due to higher incidence of poverty place the country among the fourth most vulnerable country to CC (Maplecroft, 2010).

Water resource, agriculture, forestry and biodiversity, and human health are some of the important sectors, which could be
adversely affected by CC and consequently aggravate poverty in Nepal. Figure 5 shows how the two aspects of CC, namely;
temperature and precipitation along with their extreme events, affect poverty in Nepal through water resource, agriculture, forestry
and biodiversity, and health sector.

Water resource, which is the most important resource of Nepal having the highest economic potential in terms of
hydroelectricity generation as well as irrigation management, is ranked as the most vulnerable sector to CC in Nepal (Agrawala, et
al., 2003). This sector is affected mainly through variability in temperatures and precipitation. Rise in temperature in Nepal has an
adverse impact on 3,252 glaciers covering a total area of 5,323 Square Kilometers (km”) (International Centre for Integrated
Mountain Development & United Nations Environment Programme, 2001). These glaciers are retreating at a faster rate compared
to any other glaciers, and the rate is even higher compared to previous estimates (Pokhrel, 2007). For instance, The Rika Samba
Glacier in the Dhaulagiri region is retreating at a rate of ten meters per year. There are 2,323 glacial lakes in Nepal that cover an
area of 75.7 km’, of which twenty are reported to be dangerously close to bursting because of global warming (International Centre
for Integrated Mountain Development & United Nations Environment Programme, 2001). It is calculated that up to 70 percent of
snow and glacier in the glaciated area above 5,000 meters may disappear with the temperature increase of 4°C (Ministry of
Population and Environment & United Nations Environment Programme, 2004). Disappearance of glacier and snow consequently
leads to the development of more glacial lakes or swelling of existing glacial lakes and increase potential GLOF hazards in Nepal.

A GLOF comes with enormous destruction. It poses threats to downstream settlements, infrastructure, natural resource, and
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human lives. Nepal has already experienced twenty-five GLOFs in the past (Gum et al., 2009). The Dig Tsho GLOF that occurred
in 1985 was the most devastating one. It caused a ten to fifteen meter high surge of water and debris to flood down the Bhote
Koshi, and Dudh Koshi River for ninety kilometers in Eastern Nepal. The flood swept the newly built Namche Small Hydel
Project, fourteen bridges, wide areas of cultivated land, at least thirty houses among others including livestock and inhabitants
(Rana, et al., 2000; Alam & Regmi, 2004; Regmi & Adhikari, 2007). Just recently, a collaborative anticipatory planning and
management by the government, donors, and experts in GLOF mitigation is able to reduce the risk of a GLOF from the Tsho Rolpa
Glacial Lake. This is the biggest glacial lake situated in the Rolwaling Valley of Eastern Nepal covering an area 1.76 km®. Unless
the mitigation effort was taken, the glacial lake would have caused significant destruction claiming more than 10,000 human lives,
and huge infrastructure loss including sixty megawatts Khimti Hydropower (Rana, et al., 2000).

The higher variability of runoff is another important factor in Nepal that can lead to increased water disaster such as flood,
landslide and sedimentation, and more pronounced variations in water availability throughout the year. The available surface water
of Nepal is 202 Cubic Kilometers (km®), which goes down to only 26 km® in dry season (Ministry of Environment, 2010).

The uneven distribution of rainfall and glacier retreat is the main reason for such variation that leads to water borne disaster.
More than 80 percent rainfall occurs between June and September through monsoon rain that comes from the Bay of Bengal. The
current trend shows that the monsoon period is shortening, but at the same time the amount of rainfall is increasing, which means
monsoon rain is becoming more intense. This is causing the problem of flood and landslide in the wet season and severe drought in
the dry season. The widespread impact of change in hydrological flows has been observed in Nepal. It has impacted many irrigation
systems, water-powered grain mills, hydropower plants and drinking water supply systems throughout the country (Gum et al.,
2009). People are experiencing more intensive rainfall and subsequent flood and landslide that have a direct adverse impact on
livelihood assets such as physical, natural, financial, social, and human specially among the poor (Vidal, 2006; Gautam et al.,
2007a; Gautam et al., 2007b; Pokhrel, 2007). Therefore, water resource has high significance on overall livelihood of the majority
through a number of ways including disasters, hydropower that supplies around 91 percent of the nation’s power, irrigation,
transportation and other several infrastructures.

Agriculture is another important sector to be hard hit by CC as it can be linked to the impact of CC on water, forests, health,
and soil temperature. Considering its importance in Nepalese economy, any adverse impact on agriculture will jeopardize the life
of many people. Around 66 percent of the population (Ministry of Agriculture and Cooperatives, 2006), for whom agriculture is the
mainstay, will face the risk of food insecurity due to CC. Since agriculture is heavily dependent on weather condition, this sector
will be adversely affected through extreme rainfall, which results in increased runoff variability, soil fertility loss, temperature rise,
as well as drought.

Nepalese agriculture is predominantly rain-fed. Therefore, any variations in rainfall patterns will have a direct impact on its
agriculture. For instance, drought condition will result in decreased crop yields thereby total crop production. In 2005, food
production of the country was adversely affected by drought that has caused 2 and 3.3 percent decrease in paddy and wheat
production respectively. Nearly, 10 percent of agricultural land was left fallow due to rain deficit. Similarly, in 2006, drought in
Eastern Tarai resulted in decrease of rice production between 27 to 39 percent (Regmi, 2007). There were 21 percent decline in rice
production and 3 percent decline in millet production in the same year. This dragged the country under food self-insufficiency for
the first time since it started attaining food self-sufficiency in 1999 (Joshi et al., 2010). Moreover, World Food Programme (2010)
identified climate related natural disasters like drought, flood, hailstorm, late/early rain, landslide, and crop pest disease as the
major causes of high or severe levels of food insecurity in a number of districts in the Far-Western Hills. These natural disasters
have caused crop losses at 30 to 70 percent among over 50 percent of households (World Food Programme, 2010).

Drought became even worse in 2008/09, which is considered one of the worst in the country’s history with least rainfall and
widespread across Nepal. It has resulted in decline in production of major winter crops; wheat and barley by 14.5 percent and 17.3
percent respectively. The situation was even worse in some districts of the Mid- and Far-West region. They received less than 50
percent of average rainfall during the period of November 2008 to February 2009 (World Food Programme, 2010). Consequently,
crop yields dropped by more than half. Thereby, many farmers are exposed to high risk of food insecurity as agriculture still
remains subsistence in nature. In contrast, excessive rainfall also results in more frequent flood events that not only inundate the
agriculture field and destroy the crops, but also destroy farmland and irrigation facilities. This consequently results in decreased
agriculture production. Heavy rain and subsequent floods, landslides, and soil erosion are regular phenomena in the Mid-Western
Tarai, and Western regions of the country. Increased variability in runoff, therefore, is the major source of soil erosion in Nepal that
washes away the fertile top soil in the sloppy areas, and sedimentation in inundated land. In both cases, soil fertility loss is the
major outcome that consequently leads to production loss in agriculture, which also indicates loss of livelihood for the people who
predominantly depends on agriculture.

Agriculture, being part of life science, will also respond to changes in temperature. Rise in temperature will affects
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agriculture through an increase in incidence of pests and diseases, and decrease in physiological performance of animal and
poultry, thereby reducing crop and animal productions (Intergovernmental Panel on Climate Change, 2007d). However, degree of
effects will vary depending upon the altitudes. It is reported that the rise in temperature under atmospheric CO, doubling will
initially increase the yield of rice, wheat, and maize in all three ecological regions of Nepal; Mountains, Hills, and Tarai. However,
the rise in temperature at 4°C will cause loss in rice and wheat yield in Tarai, which is considered the grain basket of the country
having the highest proportion of land area under cultivation. Although the continued increase in yield is reported in Hills and
Mountains, it will be obtained at the cost of exhausted soil fertility and likely adverse impacts on a nutritional value of the crops.
Increase in temperature under increased availability of atmospheric CO, leads to the vigorous growth of food-crops and reduce the
level of soil organic carbon, soil micronutrient, and enhances decomposition by activating the microbial population in the soil
thereby decreasing agricultural productivity in the long run (Malla, 2003). Similarly, temperature rise by 2°C would decrease the
quality of meat and milk, hatchability of poultry, and increases the possibility of disease in the livestock (Intergovernmental Panel
on Climate Change, 2007d). Besides, temperature rise above 4°C is detrimental to the existence of life on earth. Joshi et al., (2011a)
has shown that at the national level the current trends of climate variables have suppressed the yield growth of major food crops in
Nepal. Suppression of yield is more pronounced in summer food crops like maize and potato. At the regional level, Joshi et al.,
(2011b) has shown that the adverse impact on yield of major food crops is more prevalent in low lying Tarai.

Forestry and health are the other sectors to be adversely affected by CC. Changes in temperature and precipitation would
alter vegetation patterns of forests. It may cause a forest modification through migration of plant and animal species along with
other biotic species towards the Polar Regions, changes in their composition, extinction of species, etc. With the increase in
temperature, shifting upward of several domestic and wild plants and animal species has been reported in Nepal (Malla, 2008). A
study has shown that out of 15 types of forest categorized by Holdridge model existing in Nepal under current CO, condition; 3
types will disappear if CO, concentration is doubled. Tropical wet forest and warm temperate rain forest would disappear, and cool
temperate vegetation would turn into warm temperate vegetation (Ministry of Population and Environment & United Nations
Environment Programme, 2004). Such change in vegetation would affect biodiversity in forests of Nepal. In addition, landslides,
floods, and water erosions have resulted in massive depletion of forest. At the same time, summer drying and drought increased the
risk of forest fire that poses threat to adjacent human settlements. Forest being an integral part of livelihood, such depletion of
forest as well as loss of biodiversity will hamper the livelihood of the majority of the total population who are dependent on forest
based livelihoods, especially ethnic forest dwellers in rural Nepal like Chepangs (Piya et al., 2011).

Climate change has been recognized as one of the major challenges by the World Health Organization (WHO) for the health
policy makers, planners, and managers and urged to address the issues before it becomes too late. Intergovernmental Panel on
Climate Change (2007d) projects an increase in under-nutrition and related disorders, morbidity and mortality due to heat waves,
floods, droughts, windstorms, and fire. Similarly, an incidence of vector-borne diseases such as malaria, kalaazar, Japanese
encephalitis, and dengue in tropical and sub-tropical regions, diarrheal diseases, and cardio-vascular diseases due to increase in
ground-level ozone is expected to increase with the higher intensity of CC. In the particular case of Nepal, the vector-borne
diseases are now moving to new regions as mosquito from Tarai and Mid-Hills are being able to survive in the High-Hills as well.
In 2006, 7 out of 13 Mountain districts of Nepal were classified as malaria prone districts due to the spread of the vector in these
areas (World Health Organization, n.d.). Similarly, incidence of kalaazar is now reported in more than dozens of Tarai districts. In
addition, people in Nepal are exposed to death threats due to heat and cold waves. These extreme temperatures claimed more than
sixty lives in 2003, which then rose to more than 110 in 2004 (Figure 6). Since then, these extreme temperatures are continuously
claiming lives. Given that less than one fifth of the population has access to modern health services, vulnerability to future CC in
the health sector is quite high.
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- Loss of assets
- Loss of livelihoods
- Low agriculture production
- Deterioration of health
- Diversion of resources away from pro-poor program (or to meet
basic necessities) in order to cope with climate related disasters

Figure 5. Climate change - poverty nexus in Nepal

Source: Joshi, 2011
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Therefore, the loss of shelter and infrastructure (physical assets), spread of vector-borne diseases and loss of lives (human

assets), displacement of community (social assets), loss of water sources and cultivable land (natural assets), lower saving and

higher debt (financial assets) are widespread evidences of CC impact in Nepal. All of these factors are responsible for higher

vulnerability to CC, which exacerbates the problem of poverty especially among the marginal populations, who have very limited

resources to cope with the problem.
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Figure 6. Death caused by cold and heat waves in Nepal
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5. Opportunities created by international climate change regimes for poverty reduction

Nepal is signatory of the United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol
(KP), which are very crucial international legislations with regards to CC. However, the government of Nepal has not yet
internalized aspects of CC in its policy documents. It was only in the Tenth Periodic Plan (2002-2007), that the government of
Nepal committed itself to implement treaties on CC and took initiative to assess and control hazards caused by GLOFs taking CC
convention as the basis (National Planning Commission, 2003). The plan also envisaged the poverty reduction by optimal use of
natural resources through community participation. The Eleventh Periodic Plan (2007-2010) moves forward in this direction and
identify the promotion of carbon trade to achieve benefit from Clean Development Mechanism (CDM) under the KP. The
promotion of alternative energy, and management of natural resources especially forest have been identified as a means for
generating financial resources in the long term through carbon trading (National Planning Commission, 2007). Similarly,
possibilities of revenue generation from international CC regimes have been raised by Climate Change Policy, 2011 through low
carbon and climate resilient development path (Ministry of Environment, 2011).

Household biogas, micro/mini hydropower, solar energy, Improved Water Mill (IWM) and Improved Cooking Stove (ICS)
are some of the prospective alternative energy projects identified for international carbon trading. Two biogas projects that cover
19,396 biogas plants have already been registered in Clean Development Mechanism-Executive Board (CDM-EB) for carbon
trading under voluntary basis in December 27, 2005, and have started generating revenue. With the estimated net emission
reduction of 4.99 tons CO,-eq/biogas-plant/year, and given US$ 7/ton CO,-eq of carbon price (Koch-Mathian, 2010), these projects
are generating annual income of approximately US$ 0.65 million until 2012, the end of the first commitment period of the KP.
Such revenue generated is expected to reduce dependency on large subsidies provided by the government and external donors.
Also, such revenue will help to expand biogas installation in more remote and poorer areas of Nepal.

Considering the importance of biogas in tackling poverty, such expansion of biogas in remote and poorer areas of Nepal can
also help in reducing poverty to some extent. Biogas plant can help to alleviate poverty through time saving (approximately four
hours/day) and cash saving. Time can be saved from a shortened time for cooking in biogas as well as saving time involved in
collecting fuel-wood. Similarly, cash savings of NRs. 25,499/HH/year can be achieved through the replacement of kerosene for
lighting, reduced use of fertilizer, reduced expenses in health due to better sanitation, significantly lower indoor air pollution
compared to fuel-wood used for cooking and kerosene used for lighting. Until 2006/07, there are 185,585 biogas plants installed in
the country of which 96.2 percent are operational. Therefore, any effort to bring 178,533 operating biogas plants under the small
scale CDM project will generate around US$ 6.2 million per year. This amount can be utilized for scaling up of a biogas
installation among the poor through subsidy and credit. Thus, it will further support to achieve poverty reduction goal of the
country. Moreover, the existing number of biogas installation is only 10 percent of total potential (Laudari, 2008). Therefore, there



Understanding the Relationship between Climate Change and Poverty in Nepal 31

is a high scope for dissemination of the installation all over the country, especially in rural areas.

The Nepal Micro-Hydro Project (MHP) is the second CDM project in Nepal to be registered under CDM-EB, and the Energy
Reduction Purchase Agreement was signed on June 29, 2007 by Alternative Energy Promotion Center. Thus, there is a possibility
to generate Certified Emission Reduction of 324,999 tons CO,-eq through the promotion of 15 megawatt MHPs by the end of the
project year 2012. Out of these, 191,000 tons CO,-eq could be sold at the rate of US$ 10.25/ton of CO,-eq (World Bank, 2007b).
The price difference for CER from biogas and MHP is mainly due to the risk associated with the project as well as demand and
supply situation from the particular project (Ascui & Costa, 2007; Castillo, 2007). Thus, MHPs being more mature and reliable
compared to the biogas, the price offered for MHP is higher. MHPs will be developed under Rural Energy Development Programme
(REDP); therefore, will operate in the poorest and geographically isolated areas serving the marginalized groups in rural Nepal
through provision of off-grid electricity. This will provide a large number of rural households with electricity for lighting, milling
and other needs. Thus, the project will help in poverty alleviation through employment generation as well as direct local
environmental benefits through reduction in diesel and kerosene consumption (reduced CO, emission), and the use of dry cells
(lowering chemical pollution and health hazard) and lead acid cell batteries (reducing pollution and transport cost involved in
charging) (World Bank, 2007b). Similarly, Project Idea Note (PIN) for IWM has already been submitted to the Designated National
Authority (DNA), and that for ICS was supposed to be submitted to DNA on July 2008. These two CDM projects are very crucial
from a viewpoint of poverty reduction as they have rural orientation. Besides, the PIN is being prepared for solar energy projects,
electric vehicle, landfill solid waste management, and the vertical shaft brick kiln.

Forestry is another important sector in which about two thirds of the globe’s terrestrial carbon is sequestered in the form of
standing forest, forest understory plant, leaf and forest debris, and in forest soils together with other non-natural stocks. Nepal has
39.6 percent of the total area covered by forest. Under the forestry sector, the CDM mechanism of the KP recognizes the afforestation
and reforestation project to be eligible for carbon trading for the first commitment period. However, despite substantial plantation
activities through community-based forest management and leasehold forest management programs, forestry-based CDM has not
been initiated in Nepal so far. Therefore, some of the Community Forestry (CF) projects, leasehold forestry projects, private lands,
and national forest have potentials to be brought under the CDM mechanism if such projects are developed to meet the necessary
criteria. They should meet at least the following three criteria: plantation area equal to or greater than 0.5 hectares, the crown
coverage should be less than 10 percent, and the plantation carried out in 2000 onwards in areas where there had been no forests
since 1990.

Most of the forest regeneration activities are taking place in the hilly regions of the country. Therefore, carbon sequestration
study done by the International Centre for Integrated Mountain Development (ICIMOD) in 2007 in the Himalayas including Nepal
could be very much relevant to the Nepalese context in general. The carbon sequestration capacity of Nepalese forest is 6.89 tons
CO,/ha/year (Banskota et al., 2007). It is estimated that Nepal can negotiate the price of at least US$ 5/ton CO, for the carbon
sequestration by Nepalese forest. Food and Agriculture Organization (2006) reported that in Nepal plantation activities were carried
out in 52,000 and 53,000 ha of land on 2000 and 2005 respectively. This also means that Nepal can claim USS$ 3.6 million from the
plantation activities in degraded land if such plantation was carried out with due consideration to bring under the CDM mechanism.
Plantation activities in Nepal basically took place on private land, community forest, leasehold forest, and government forest.
Similarly, by July 2000, plantation on 8,000 ha of marginal land was done through leasehold forestry, which has reached to 17,244
ha in 2007 (Food and Agriculture Organizations, 2000; Department of Forest, 2007). This indicates that between 2000 and 2007,
some 9,244 ha of degraded land was brought under plantation through the leasehold forestry program. Thus, the modest calculation
shows that Nepal can generate revenue of around US$ 0.32 million per year only through leasehold forest, which could go up
significantly if thorough study is made in this direction. Considering the success of the program in tackling poverty through secure
right of land and employment generation (Food and Agriculture Organization, 2006; Department of Forest, 2007), such revenue
could be crucial in scaling up the program in around 1.6 million ha of barren lands or grasslands with scattered trees. Thus,
afforestation and reforestation project eligible for CDM have economic potential of around US$ 55 million together with its
contribution on the overarching goal of poverty reduction from its extension in all potential areas.

Exclusion of projects on natural forest conservation under the category of ‘avoided deforestation’ hinders the possibility of
bringing CF of Nepal under the CDM mechanism. However, the recognition of avoiding deforestation by the international
community for its higher carbon mitigation benefits and sustainability has raised the prospects of Nepalese CF for carbon trading
(Intergovernmental Panel on Climate Change, 2007b). Considering a wide coverage of CF and protected areas in Nepal, it could be
an important sector for revenue generation through carbon trading. In addition, given that deforestation is being the single most
important source of carbon emission, there is an unequivocal emphasis to curb deforestation in developing countries as part of
future responses to CC. The international community made an agreement in this direction during the 13" Conference of Parties
(COP13) of the UNFCCC in Bali in 2007. The proposed Reducing Emissions from Deforestation and Forest Degradation (REDD)
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policy is a new international legal framework for CC mitigation, which emerged during the COP13, and at present, it is undergoing
vigorous discussions. As it recognizes forest as carbon sources, management of existing forests, and rights of indigenous people
who are dependent on forest resources to meet their subsistence needs, it is appealing for carbon trading. It is also considered as a
‘road map’ for post-Kyoto Protocol after 2012 on the role of forests in the global climate budget. It has a provision of compensating
developing countries in proportion to the amount of carbon emission that are reduced by halting its national deforestation rate
below the baseline.

The World Bank launched a forest carbon fund for the REDD initiative called “Forest Carbon Partnership Fund” (FCPF).
This fund has the dual objectives of building capacity for REDD in developing countries, and testing a program of performance-
based incentive payments in some pilot countries. The FCPF can also be regarded as a precursor to the REDD (Karky & Banskota,
2009). Nepal is one of the 13 tropical countries whose Readiness-Project Idea Note (R-PIN) is selected under this fund. After the
formulation of the full Readiness Plan and its approval, Nepal will be able to implement a prototype of REDD and gain experience
and build capacity to operationalize REDD by taking on board CF in an experimental way under FCPF. In addition, Nepal has
successfully started generating revenue from CF of three watersheds in Dolkha, Gorkha and Chitwan with the implementation of
the first-ever pilot Forest Carbon Trust Fund. A total sum of US$ 95000 was handed over to representatives from those three
watersheds as the payments for their successful effort to sequestrate additional 0.1 million tons of CO, in 2011 compared to that of
2010 from around 10,000 ha of CF (International Centre for Integrated Mountain Development, 2011). This shows that any
successful initiative of Nepal to implement REDD would fetch as much as US$ 42.7 million from CF and US$ 82.4 million from
protected areas (2.4 million ha excluding buffer zones as these areas are also covered by CF to some extent) annually. Besides,
there are also several hectares of land under private ownership, which could be brought under either CDM or REDD.

Agriculture in Nepal is predominantly subsistence in nature, with the very low level of external input use such as fertilizers,
irrigation, pesticides and improved seeds. Due to heavy energy required for these external inputs, especially fertilizer and irrigation,
any effort to reduce the use of these resources or efficient use of these resources could significantly reduce GHG emissions from
agriculture. Moreover, development and promotion of agricultural system that built on local resources for production input will be
crucial in building resilience to CC. In this line, SRI with the baseline of methane emission, and Organic Agriculture (OA) with the
baseline of nitrous oxide emission could be prospective projects to be brought under CDM. Steps to bring SRI under CDM are
already in progress. Therefore, Nepal can claim its share from more than 1,000 ha of area under SRI, which is expanding at a
higher rate in Nepal from Tarai (60 masl) to Mid-Hills (around 2,000 masl) (Upreti, 2008). Besides, considering tolerance of SRI to
adverse climatic influences such as drought, storms, hot spells and cold snaps that results in reduced economic and agronomic risk,
and higher yield compared to conventional practice, SRI could be an important practice of adaptation to CC (Uphoff, 2007).
Organic agriculture also serves in this direction. Love Green Nepal, an NGO, has taken an initiative to incorporate OA in the
carbon market (United Nations Environment Programme, n.d.). However, there is a lack of documentation for area under OA as
well as their certification mechanism. Any initiative to bring these practices under CDM through research and development not
only generates the carbon credit but also helps to adapt against the adverse impact of CC among the resource poor farmers.

6. Conclusion

Climate change is an unequivocal fact the earth is already experiencing, caused mainly due to the anthropological GHGs
emission. CC regarded as the greatest threats posed to the humankind putting more pressure on the poorest countries and the
poorest people therein. Nepal has rugged terrain with steep topography and fragile geological conditions as well as higher
incidence of poverty. The country is prone to disaster amidst limited institutional capacity and greater reliance on climate-sensitive
sectors like agriculture thereby quite sensitive to any adverse change in climate. Therefore, this paper dealt with different aspects
of CC and its relation with poverty. Nepal has a negligible share of global GHGs emission. However, the rate of emission increase
is high mainly due to the constantly increasing use of fossil fuels, emission from livestock, and use of N,O fertilizer. Sector-wise
emission shows that agriculture and forestry are two most important sectors contributing almost ninety percent of the total
emissions in Nepal. Therefore, any mitigation efforts in Nepal should consider these two sectors, which are also the most important
sectors for poor people to build resilience to CC. Despite such low level of emission, Nepal has already shown some indication of
CC in terms of rising temperature, variability in rainfall and more frequent occurrence of climate related natural disasters.

Increase in temperature and rainfall pattern have a negative direct influence on water resources at the highest level followed
by agriculture, forestry, and health sectors of the country. Increased risk of GLOFs poses threat to important infrastructures and
settlements downstream claiming properties and lives of thousands. Similarly, higher variability in run-off results in increased
water disasters such as flood, landslide, sedimentation, and variations in water availability throughout the year. These kinds of
events adversely affect livelihood assets. Agriculture is also adversely affected by variations in temperature and rainfall. Crop loss
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due to flooding, inundation, landslide, and drought is a common phenomenon in Nepal these days reducing the production of major
crops. The impact of CC in the forest is an alteration of forest composition and thereby loss in biodiversity. Increased temperature
will cause migration of forest species towards the Polar Regions thereby loss of three forest types. Also, Nepal is experiencing
depletion of forest land due to landslides, floods, water erosion, and forest fires. The spread of vector-borne disease to the new
regions is the major challenge in the health sector as a consequence of CC. In addition, increased incidence of water-borne disaster
and negative impact on agriculture and forest will affect the health sector adversely.

Being a signatory of major international legislations related to CC, Nepal has a prospect to generate revenue through
mitigation effort, which could be used to deal with adverse impact caused by CC. Alternative energy promotion, forest
management, and sustainable agricultural practice are potential areas, which can generate revenue from carbon trading. Two biogas
projects and one micro-hydro project have been successfully registered and have started generating revenue through CDCF/World
bank. Biogas project for CDM cover only 10 percent of installed biogas plant in the country, which itself is only ten percent of
potential biogas installation. Therefore, there is huge potential to generate revenue from the biogas sector through CDM
mechanism. Similar is the case from micro-hydro projects as the country is rich in water resources. In the forest sector, leasehold
forest and part of community forest has the prospect to generate revenue from the CDM mechanism under afforestation and
reforestation provisions. In the context that Nepal is in the process to prepare full readiness plan that enables it to implement a
prototype of REDD, any successful initiative to implement REDD policy would generate more than US$ 122 million from the
forest sector alone. SRI and OA are two sustainable agricultural practices that have the potential to be brought under the CDM
mechanism. These agricultural practices can also be regarded as adaptive measures against the adverse impact of CC as they reduce
dependency on external inputs as well as improve tolerance against adverse weather conditions. All these prospective areas have
multiple functions of mitigation, adaptation as well as economic empowerment of the vulnerable section of the population.
Therefore, a proactive role of Nepal in international forum with research and development to incorporate these aspects in
international negotiations and capacity development of its own in the field is very crucial to deal with the adverse impacts of CC
and meet its overarching goal of poverty reduction as well. In addition, further research on the impact of climate variables in
agriculture based on the historical evidence as well as livelihood of rural poor based on the household level data is highly

recommended.

Endnote
" Due to the lack of national GHGs inventory after 1994/95 the paper discussed national GHGs inventory between 1990/91 and 1994/95 only.
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