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Abstract 
Nepal’s temperature is rising faster than the global average, and rainfall is becoming 

unpredictable. Water resource is projected to become one of the most pressing 

environmental problems with high impacts from climate change in hills and mountains 

of Nepal. Drying up of water sources is likely due to dry seasons, irregular rains, and 

high intensity rainfall leading to high run-off and less infiltration. Rural communities in 

hills and mountains of Nepal are experiencing the impact on water resource due to 

climate change. The study was done to identify the climate change impacts on water 

resources in Prok VDC of Manaslu Conservation Area, Gorkha, Nepal. The major 

elements of this methodology include the use of primary and secondary data, household 

questionnaire survey, focus group discussion, key informant interviews and field 

observations. Temperature, rainfall and discharge of thirty years data of the nearest 

hydro-meteorological station and non-climatic indicators based on community 

perceptions of climate variability were documented to assess climatic variability 

scenario. The climatic data interpretation showed that temperature has increased whereas 

trend of rainfall and discharge has decreased and non climatic indicators on community’s 

perception also illustrated on climatic variability in the area. Drying up of the water 

resources was the major impact of climate change and decreased in water volume in 

stream and river of the study area. Decrease in water sources caused problems for the 

water availability and adverse effects on agricultural production, human health and 

biodiversity of the area. 

The Physico-chemical and microbiological analysis of water samples were taken from 

stream, tap and reservoir from the Prok VDC of Manaslu Conservation Area. The 

physical and chemical analysis includes the determination of pH, temperature, turbidity, 

conductivity, chloride, free carbondioxide, hardness, alkalinity, iron, nitrate and 

ammonia using standard methods. Microbiological analysis was done by assessing the 

total coliforms from membrane filtration method. The physico-chemical qualities of 

these samples make them good and fit for drinking. But the microbial analysis was 

found to be the presence of total coliform in all water samples and revealed that climate 

change might be responsible for degrading situation of water quality due to increasing 

temperature and precipitation variability in the study area.  

 

Key words: Climate change, Water quality, Water resources 
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CHAPTER I: INTRODUCTION 

1.1 Background 

Climate change refers to the variations in the Earth’s global climate or in regional 

climate over time. United Nation Framework for Climate Change Convention 

(UNFCCC) defines it as “a change of climate which is attributed directly or indirectly to 

human activity that alters the composition of the global atmosphere”. The 

Intergovernmental panel on Climate Change (IPCC, 2007) concludes that increased 

global temperature since the twentieth century is likely due to increased anthropogenic 

Green House Gas (GHG) emissions from burning of fossil fuel and forest conversion. 

The climate change is real and happening now. The planet is already experiencing its 

impact on biodiversity, freshwater resources and local livelihood (WWF, 2006). 

The World Meteorological Organization (WMO) reported that the global average 

surface temperature has risen about 0.7°C since the beginning of the 20th century; but 

this rise has not been purely linear.  The global average temperature has risen sharply at 

0.18oC per decade from the late 1970s. In the northern and southern hemispheres, the 

1990s were the warmest decade with an average of 0.38oC and 0.23oC above the 30 

years mean respectively (WMO, 2005). Moreover, according to the 2009 WMO report 

regarding the warmest decade, the 2000s was warmer than the decade spanning the 

1990s (WMO, 2009). The 10 warmest years for the earth’s surface temperature all occur 

after 1990, and 2005 was the warmest year on record (Jones and Palutikof, 2006). 

Nepal climate is influenced by the Himalayan mountain range and the South Asian 

Monsoon (NCVST, 2009). Pre-monsoon (March to May), Monsoon season (June to 

September), Post-monsoon (October to November) and winter (December to February) 

are the four distinct characterized in Nepal (MoE, 2010). Average annual rainfall is 

approximately 1800mm but there are marked spatial and temporal variations both north-

south and east-west and the monsoon rain is most abundant in the east declines 

westwards, while rains are higher in the northwest and declines south-westwards 

(Practical Action, 2009). Temperature varies with topographic variations and increases 

from north (Mountains) to south (Terai) (MoE, 2010) and the average temperature 

decreases by 6oC for every 1000m gain in altitude (Jha, 1992). In Terai, winter 
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temperatures are between 22-27oC, while summer temperatures exceed 37oC and in the 

mid-hills, temperatures are between 12-16oC. 

In a humid climate like that of Nepal, there will be changes in the spatial and temporal 

distribution of temperature and precipitation due to climate change, which in turn will 

increase both the intensity and frequency of extreme events like droughts and floods. 

Increases in temperature result in a reduced growing season and a decline in 

productivity, particularly in South Asia (Pachauri, 1992). Reduced river flows will 

affect the hydro power generation, inland water transport and aquatic ecosystem. 

Similarly, reduced water availability may create conflicts between water users within 

and among nations. 

Climate induced impacts in Nepal result from changes in precipitation patterns, 

flooding, landslides, erosion and increased sedimentation. These changes threaten the 

livelihoods of local communities through changes in agro ecosystem and direct threats 

such as loss of land, livestock and household assets. While increasing attention has been 

placed on glacial lake outburst floods in Nepal, less attention has been given to other 

effects of climate change on downstream communities in terms of changes in water 

availability and flow. Climate change will result in more intense precipitation events 

causing increased flood, landslide, avalanche and mudslide damages that will cause 

increased risks to human lives and properties (IPCC, 2001a). Besides, intensified 

droughts are expected due to climate change that may result in decreased agricultural 

productivity. Likewise, warmer temperatures increase the water-holding capacity of the 

air and thus increase the potential evapo-transpiration, reduce soil moisture and decrease 

ground water reserves (IPCC, 2001b) which ultimately affects the river flows and water 

availability. 

There is no distinct long term trend in the precipitation records in Nepal during 1948 to 

1994, but significant regional and seasonal variations in annual and decadal 

precipitation has been observed (Shrestha et al., 2000). 

A decrease in water availability can cause severe problems in sectors or places that 

depend on water. People use water for domestic purposes, agriculture and industry; and 

ecosystems are dependent on water availability. Both water quantity and quality play a 

role for people and ecosystems (UNDP, 2006). Effects of climate change on water 

resources could yield manifold implications either due to too much and/or too little 

water. Climate induced water stressed directly affects agricultural productivity, 
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malnutrition, human health and sanitation while too much water impacts human 

settlements, infrastructure and agricultural land (MoE, 2010). Water-induced disasters 

are very prevalent in Nepal and annually many lives and properties worth millions of 

dollars are destroyed. Owing to the diverse geological settings, rugged terrain and 

monsoon precipitation, Nepal is prone to floods, landslides and glacial lake outburst 

floods. The monsoon season in Nepal occurs between June and September; monsoon is 

the dominant rainfall season, with 80% of the annual rainfall occurring in that period. 

Based on 20 years of data (1980–2000), Nepal is found to have high vulnerability to 

flood disasters as reported in the UNDP global report on reducing disaster risk (UNDP, 

2004). 

Changes in water supply, changes in its demand and changes in resources availability 

are some impacts of climate change impacts on water resources (Nicol and Kaur, 2009). 

According to projections from the Food and Agriculture Organization (FAO), the 

irrigation water demand will increase by between 5-20% by 2080. On the other hand, 

the projected increase in household water demand and industrial water demand due to 

climate change is less 5% by the 2050s in some parts of the world (Bates et al., 2008). 

In general, temperature must be viewed as the main factor affecting almost all physico-

chemical equilibriums and biological reactions. It is well known that all physico-

chemical “constants” vary with temperature, and frequently increasing endothermic 

reactions. According to Arrhenius relation, kinetic of a given chemical reaction can be 

doubled for a temperature increase of 10°C. Remind that, whatever the IPCC scenario 

the average global air temperature should increase between 1.8 and 4.0°C (Bates et al., 

2008) during the 21st century. Moreover, a drying tendency in summer is expected, 

particularly in subtropics, low and mid-latitudes, in addition with an extreme events 

increase in general (Bates et al., 2008). Floods and droughts will also modify water 

quality by direct effects of dilution or concentration of dissolved substances. For low 

river flow rates, the main effect on water quality is as for a temperature increase, a 

concentration increase of dissolved substances in water but a concentration decrease of 

dissolved oxygen (Prathumratana et al., 2008). A correlative positive effect is the 

concentration decrease of some pollutants due to a low water velocity. For heavy rain 

falls and strong hydrologic conditions, runoff and solid material transportation are the 

main consequences. For countries in the temperate zone, climate change will decrease 

the number of rainy days but increase the average volume of each rainfall event 
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(Brunetti et al., 2001; Bates et al., 2008). As a consequence, drought–rewetting cycles 

may impact water quality as it enhances decomposition and flushing of organic matter 

into streams (Evans et al., 2005). 

1.2 Statement of Problem 

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 issues. Mountain regions of Nepal are 

more susceptible to climate change impacts. Water resource and hydropower ranks 

highest impact sector among others (OECD, 2003) and is predicted to become one of 

the most pressing environmental problems with high impacts from climate change in 

hills and mountains of Nepal. Drying up water resources, ground water depletion is 

likely due to long dry seasons, irregular rains, and high intensity rainfall leading to high 

run-off and less infiltration. 

Climate change impacts on water resources may be addressed by focusing on research, 

optimum observation network and strong database. Moreover, Manaslu Conservation 

Area is a comparatively less explored site in terms of research and few studies have 

been carried out to understand the changes in climatic variability to climate change 

effect on water resources in local level but till date no any studies on degradation of 

water quality due to climate change have been carried out in Nepal.  In this scenario, 

this work has tried to evaluate and identify the climate change impact on water 

resources of the area. 

1.3 Research Questions 

• What is the perception of local people on temperature and precipitation change in 

Prok VDC? 

• What are the observed impacts of climate change on water resources and agriculture 

in the study area? 

• What is the state of water quality available at community level? 

1.4 Objectives  

The general objective of the study is to assess the climate change impacts on water 

resources in Prok VDC of Manaslu Conservation Area, Gorkha, Nepal.  

The specific objectives of the study are: 
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• To assess the pattern and trend of climate change based on recorded hydro-

meteorological data and perception/experience of local people. 

• To determine and evaluate the impacts of climate change on water resources. 

• To analyze physico-chemical and microbiological parameters of drinking water. 

1.5 Scope and Limitations of the Study 

To address the research questions, this research focuses on the climate change 

impacts on water resources in Prok VDC of Manaslu Conservation Area, Gorkha. 

The study is based on field survey, analysis of data of hydro-meteorology from nearby 

stations. The field also aimed to analyze water quality of the VDC. The report 

includes analysis of climate change impacts on water resources as well physico-

chemical and microbiological parameters of water. The findings will help other 

researcher engaged in studies on climate change, water resources and water quality of 

the area. The report has following limitations: 

•  There was lack of baseline information on the physical as well as socioeconomic data 

of concern; it was collected on the basis of memory of the people. 

•  Prok VDC of Manaslu Conservation Area was selected for this study and hydro-

meteorological data of out of VDC and out of district were taken for analysis. 

•  Due to unavailability of water quality data, trend of quality of water couldn’t 

determine for understanding the state of water quality of the area. This result will be the 

baseline data for other research. 
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CHAPTER II: LITERATURE REVIEW 

2.1 Global Climate Change 

UNFCCC (1992) in its Article 1 defined climate change as a change in 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. 

 IPCC (2001) defined climate change as any change in climate over time, whether due 

to natural variability or human activities. The updated definition by IPCC (2006) stated 

that 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. 

Xiaodong et al. (2000) identified that the global temperature has increased by 0.3oC to 

0.6oC since the last 19th century and by 0.2oC to 0.3oC over the last 40 years (1960-

2000) with the indication of more increase in the global temperature in coming days 

making earth’s sustainability more vulnerable. 

UNFCCC (2007) stated that the atmospheric concentration of CO2 has increased from a 

pre industrial value of 278 ppm to 319 ppm in 2005 which leads to increase in global 

average temperature by 0.74oC. 

Article 17 of Marrakesh Accords UNFCCC (2001) indicated that least developed 

countries with the mountainous terrains are among the most vulnerable to extreme 

weather events and the adverse effects of climate change. They also have least capacity 

to cope with and adapt to the adverse effects of climate change. 

2.2 Climate Change in Nepal 

Sharma (2004) studied the maximum temperature trends across 39 stations of Nepal and 

found that the maximum temperature trend showed a warming rate throughout the 

country. Though the warming trend is varied, maximum occurring in the middle 

mountains and Himalayan region whereas low warming rate was observed in Terai 

region with some exceptional pocket areas. The study also revealed that the warming 
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trend observed in Nepal is as consistent as is observed in the other region but the rate is 

greater as compared to global average trend. 

Baidya et al. (2008) analyzed both annual mean minimum and maximum temperature 

for the years 1981 to 1998 and found that annual mean maximum temperature has 

increased at a higher rate (0.057oC/year) than annual mean minimum temperature 

(0.025oC/year). While exceptionally in Terai region, decreasing trend in maximum 

temperature during winter season (-0.038oC/year) was observed. 

Marahatta et al. (2009) concluded the temperature of the years 1976 to 2005 showed 

higher increase in maximum temperature (0.05oC/year) than minimum temperature 

(0.03oC/year) in the context of whole Nepal. But the temperature increase was found 

significantly lower or even lacking in Terai and Siwalik regions (<0.03oC/year). The 

rate of temperature increase was less in the lower altitude while high in the higher 

altitude. 

Sharma et al. (2000) found an increasing trend in observed precipitation data from 

Koshi Basin in eastern Nepal but the trend widely varied in seasons and in sites. The 

precipitation fluctuation in Nepal is not the same as the all-India precipitation trend. 

Pokhrel (2003) found the precipitation pattern in Nepal by considering 77 precipitation 

stations distributed across the country for the study period of 1968 to 1998. In this 

study, the annual mean precipitation was found to be 1717mm in Nepal. But, owing to 

the great variation in topography it ranged from 5098mm along the southern slope of 

Annapurna range in the western part of Nepal to 324mm in the western portion near the 

Tibetan Plateau. 

HMG/MOPE (2004) showed the overall annual average precipitation trend is decreasing 

at the rate of 9.8mm per decade for Nepal. The monsoon rain has increased by increase 

in number of rainy days and rainfall magnitude. 

OECD (2003) ranked different resources of Nepal based on the climate change impact 

on them which is shown in table 1. According to OECD, the certainty of climate change 

impact is high for water resources and hydropower, medium for agriculture and low for 

human health, ecosystem and biodiversity. 
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Table 1: Priority ranking of climate change impacts for Nepal 

Resource 

Ranking 

Certainty 

of impact 

Timing of 

impact  

Severity  

of impact 

Importance  

of resource 

Water resource High High High High 

Agriculture medium-low medium-low Medium High 

Human health Low Medium uncertain medium-low 

Ecosystem Low Uncertain uncertain medium-low 

                                                                                                        (Source: OECD, 2003) 

2.3 Impact on Water Resources 

MoE (2010) studied on assessment of climate change impacts on water resources and 

vulnerability in hills of Nepal found about sixty percent of the sources have been dried 

up and substantial decrease in the volume of Dhare khola watershed. More than five 

small ponds and most of the water holes in the forest areas have been dried up. Human 

and production system also were found to be the most impact sectors. 

2.3.1 Impact on Water Availability 

Agrawal et al. (2003) studied on glacier retreat and found that in turn causes greater 

variability (and eventual reduction) in stream flow, and glacial lake outburst floods that 

pose significant risk to hydropower facilities, and also to other infrastructure and human 

settlements. 

Chaulagain (2006) concluded that for a temperature rise of 4ºC and a precipitation increase of 

10%, range of flows (i.e. the difference between the highest and the lowest flows) in the 

Bagmati River would increase from the present 268 m3/s (i.e. from 7.3 m3/s to 275.3 m3/s) 

to 371.6 m3/s (i.e. from 6.9 m3/s to 379.6 m3/s). 

2.3.2 Impact on River Discharge 

Global El Niño/Southern Oscillation (ENSO) events have directly affected the regional 

annual precipitation in the Yellow River Basin and resulted in an approximately 51% 

decrease in river discharge to the sea (Wang, 2006).Although many other factors are 

involved, the growing incidence and toll of related natural disasters, such as flood and 

drought, is of particular concern. 
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Alam and Regmi (2004) the changes in temperature and precipitation alters the 

hydrological cycle and water resources. The monthly variability of runoff is quite high 

in Nepal, for example, with the Sapta Koshi varying from 400m3/s in February to 4300 

m3/sec in August. This could lead to increased flooding and more pronounced variations 

in water availability throughout the year. 

2.3.3 Impact on Snow and Glacier 

IPCC (2008) reported that snow cover has effect on both temperature and precipitation 

and it exhibits a strong negative correlation but more with air temperature in most of 

areas. As climate warms, snow cover is projected to shrink and decreases, glacier ice 

cap to loss mass as a consequence of the increase in summer melting being greater than 

the increase in winter rainfall. Widespread increase in thaw depth over much of the 

permafrost region is projected to occur in response of warming. 

ICIMOD/UNEP (2001) stated that there are 3252 glaciers in Nepal covering a total area 

of 5323 sq. km. and found significant glacier retreat has been documented in recent 

decades, with a very high likelihood that this is linked to rising temperatures. 

Glaciological Expedition in Nepal (GEN), collaboration between Nepal and Japan, 

started glacier study in a regular basis in Nepal in several glaciers in Hidden Valley of 

Dhaulagiri Region, Langtang Region, Khumbu Region and Kanchenjunga Region since 

early 70s. 

Asahi and Watanabe (2000) studied that glacier fluctuation in Ghunsa Khola basin of 

Kanchenjunga area and a comparison of the 1992 glaciers with those of 1958 in the area 

revealed that out of 57 glaciers, 50% of them have retreated in the period from 1958 to 

1992. Also, 38% of the glaciers are under stationary conditions and 12% are advancing.  

2.3.4 Impact on Agriculture 

MOPE (2004) showed that temperature rise had negative effects on maize and gave a 

decrease in yield with an increase in temperature. The average potential yield increased 

by about 12% in Nepal considering the effect of double CO2 (580ppm) without an 

increase in ambient temperature. A double CO2 condition, with a 4ºC rise in 

temperature and 20% increase in precipitation, showed 12% to 35% decrease in the 

potential maize yield in the hilly and Terai region of Nepal. 

Chaulagain (2006) carried out an analysis on the decrease in rice production due to 

temperature rise. It was calculated by hypothetically reducing the equivalent land area 
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of increased irrigation water demand (i.e., 1m3 of increased water demand = 1/15000 

ha of rice field* 2.67 metric tonnes/ha of rice yield = 0.18 kg of rice). A 5ºC rise in 

temperature would cause a decrease in the average per capita supply from 2440 

kcal/day to 2264 kcal/ day. Because of the large disparity in consumption patterns 

among the population, such a decrease would have different effects on the various 

income groups. 

Gurung and Bhandari (2009) concluded that the actual monsoon month and the main 

rice planting month July is becoming erratic. Farmers from Kabilash VDC in Chitwan, 

Nepal could not transplant rice for two consecutive monsoons (2004 and 2005) because 

of dry months. 

2.3.5 Impact on Biodiversity 

ADB (2009) reported that climate is one of the main factors that influence the 

distribution and population density of species of flora and fauna on Earth. 

LFP (2009) concluded that under all of the climate scenarios, many of the forest types 

adapted to cooler temperatures are predicted to migrate northwards or upwards, while 

isolated communities of other species may become extinct within their current region. 

2.3.6 Impact on Water Quality 

Delpla et al. (2009) carried out that study on the impact of climate change on surface 

water quality in relation to drinking water production and found that there is a 

degradation trend of drinking water quality leading to an increase of at risk situations 

with regard to potential health impact, mainly during extreme meteorological events. 

Among water quality parameters, dissolved organic matter, micro-pollutants and 

pathogens are susceptible to rise in concentration or number as a consequences of 

temperature increase (water, air and soli) and heavy rainfall in temperate countries and 

concluded that water borne diseases potentially highly linked to climate change impacts. 

Peter et al. (2000) carried out study on the potential effects of climate change on surface 

water quality in North America and found that water quality in ecological transition 

zones and areas of natural climate extremes is vulnerable to climate changes that 

increase or decrease temperature and/or precipitation variability. 

Mooij et al. (2009) studied and it was found that climate change might be responsible 

for the reduction of transparency of water bodies in several ways: it increases matter and 
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nutrient loading (soil erosion) and decreases the critical nutrient threshold value at 

which a system switches from clear to a turbid state. 

Moatar et al. (2006) found that water temperature is determined by heat exchange with 

the atmosphere and also concluded that water temperature increased with air 

temperature of the region. 

Brody et al. (2008) concluded climate change might lead to increasing frequency and 

intensity of floods and deteriorating water quality due to increasing temperature and 

decreasing precipitation. 

2.4 Study on Physico-chemical and Microbial quality of water in Nepal  

Diwakar et al. (2008), studied on the physico-chemical and microbiological analyses of 

the 116 water samples from four different sources namely, public tap, well, tube well 

and stone spout of Bhaktapur Municipality area in pre-monsoon season and found that 

the pH values of all water samples were lie with in Nepal standard. Similarly 

57(49.14%), 9(7.76%), 56(48.28%) and 1(0.87%) of water samples were found to 

exceed Nepal standard value for conductivity, turbidity, iron and chloride content 

respectively. The bacteriological water samples revealed the presence of total coliform 

in 96(82.76%) of samples. So the study has pointed out that drinking water quality of 

city water supply has not been improved and traditional sources like stone spouts and 

tube well water are also not free from contamination. 

Jayana et al. (2008)  assessed  the existing status of drinking water quality of Madhyapur- 

Thimi and found that out of 105 water samples comprising 50 (47.61%) wells, 45 

(42.82%) tap water and 10 (9.52%) stone spouts analyzed, pH (19%), conductivity 

(34.28%), turbidity (16.19%) of samples crossed the permissible guideline values as 

prescribed by (WHO, 2007) and national standard. All samples contained nitrate 

values within the WHO permissible value as well as standard but hardness (2%), chloride 

(2.85%), iron (26.66%), ammonia (11.42%) and arsenic content (1.90%) crossed the 

WHO guideline value but none of the water samples crossed the national standards for 

arsenic. Similarly total coliform count showed 64.76% of samples crossed the WHO 

guideline values. Eleven different kinds of enteric bacteria were isolated from different 

source. 

Rai et al. (2009) studied the status of drinking water contamination in three mountainous 

districts in Nepal. A total of 43 water samples (Sankhuwasabha: 11, Rasuwa: 12 and 
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Dolpa: 20) were tested for the presence of total coliform (TC) and Escherichia coli as 

fecal coliform bacilli using commercially available test system called Colilert (Japan). 

Of the total, 85.7% (36/43) were positive for TC whereas 67.4% (29/43) were positive for 

Esch. coli. The fecal contamination rates (as indicated by the growth of Esch. coli) in 

Sankhuwasabha, Rasuwa and Dolpa Districts were 81.8% (9/11), 75.0% (9/12) and 

65.0% (13/20), respectively. 

Prasai and Lekhak (2007) carried out the microbiologically analysis of drinking water of 

Kathmandu valley. A total of 132 drinking water samples were randomly collected 

from 49 tube wells, 57 wells, 17 taps and 9 stone spouts in different places of 

Kathmandu valley. Total plate and coliform count revealed that 82.6% and 92.4% of 

drinking water samples found to cross the WHO guideline value for drinking 

water. 

Shakya et al. (2012) carried out the evaluation of physico-chemical and 

microbiological parameters of drinking water supplied from distribution systems of 

Kathmandu municipality and found that there was distinct variation in physico-

chemical parameters and the mean residual chlorine was found 0.24 mg/L. Total 

coliforms was found in 61.4% (70/114) of water samples. 
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CHAPTER III: STUDY AREA 

3.1 Study Area 

Manaslu Conservation Area (MCA) lies in the upper region of Gorkha District and is 

bordered by Tibet Autonomous Region of China to the north and east, Manang District 

to the west, and Gorkha District to the south. MCA covers an area of 1,663 sq. km and 

was declared conservation area in December 1998. MCA includes seven VDCs: 

Sirdibas, Chhekampar, Bihi, Prok, Lho and Samagaon. The elevation of the area ranges 

from 1,400m to 8,163m asl (NTNC, 1998). 

 

Figure 1: Map of study area 

3.1.1 Location of Study Area 

Prok VDC of MCA was selected as the study area. With an area of 144.69  sq.km, Prok 

VDC is situated between latitudes of 28° 36' 46.5'' North to 28° 26' 53.0'' South and 

longitudes of 84° 51' 45.9'' East to 84° 41' 11.4'' West and is bounded by Tibetan 

autonomous region of China in north, Sirdibas VDC in south, Lho VDC in west and 

Bihi VDC in east.  
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3.1.2 Climate 

A significant area of the Manaslu Conservation Area is surrounded by a series of high 

mountains/ extension of the great Himalaya protecting it much from the southern 

monsoon cloud. Maximum and minimum temperature recorded in Gorkha station is 

33.5oC and 2.3oC respectively from 1982 to 2011. Average yearly rainfall from 1981 to 

2011 is 1256.55mm (DHM, 2012). Prok VDC has 187 households with total population 

of 575 out of which 273 are males and 302 are females (CBS, 2011). 

 

Figure 2: Graph showing seasonal variation of average rainfall (mm) and temperature 

(oC) of Gorkha station (Data source: DHM, 2012).  

3.1.3 Ecology 

From the general ecological viewpoint, the studied area is not very different from other 

areas of the country. The ecological zones are roughly representative of the country in 

general and its central zone in particular with sub-tropical, temperate, sub-alpine, alpine 

and nival zone extend roughly to 2,000m, 3,000m, 4,000m, 5,000m and above 5,000m, 

respectively. Budhi Gandaki is the major River of this area. Nineteen (19) vegetation 

types are reported from Manaslu Conservation Area (NTNC, 1998). 
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CHAPTER IV: MATERIALS AND METHODS 

4.1 Research Design 

The field work for the research was carried out on the April and May, 2012. 

Participatory tools and methods along empirical field studies were used to collect data 

from the field. Both qualitative and quantitative research techniques were applied to 

gather the information related to objectives. The major elements of this methodology 

include the use of primary and secondary data, household questionnaire survey, focus 

group discussion (FGD), key informant interviews (KII) and field observation. Based 

on the community water sources, 12 water samples were collected from stream, 

reservoir and tap for understanding the condition of water quality in the area. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 3: Research Design 
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4.2 Sample Design 

The detail study was carried out in the month of April and May, 2012. The stratified 

random sampling method was adopted for the household survey. The survey was 

carried out among the Bhote and Lama’s people. Out of 187 households, 62 households 

representing thirty percent samples from each ward and in whole as well were taken 

purposively for household survey. The reason behind taking 30% sampling from each 

ward is to maintain homogeneity in the data and with the intention of minimizing the 

bias between the samples. Based on source distribution, 12 samples were collected 

from stream, reservoir and tap of the study area. 

4.3 Methods of Data Collection 

Primary as well as secondary data were collected for the conduction of this research. 

4.3.1 Primary Data Collection 

The primary data was collected by using household survey, focus group discussion and 

key informants interview while field observation was also made. 

Household Survey: Questionnaire containing questions related to climate, water 

resources and its utilization, impacts on livelihood was developed and administrated in 

the Prok VDC. 

 Focus Group Discussion: Discussion was conducted by gathering of local residents to 

get information about the past and present condition of water quality, quantity and 

availability, climatic extremes and the adaptation measures adopted by local to cope 

with the changing climate. A focus group discussion was conducted in ward number 

three of Prok VDC. The size of group was 8 to 10 members. 

Key Informants Interview: Informal interview was carried out with key informants of 

the study area that helped to find out the differences between past and present water 

availability, quality in the river due to climatic extremes and associated livelihood 

security- food, drinking water, health and sanitation etc. 

Field Observation: During the field survey, field observation was made carefully to 

document climate changes, disasters and its impact on water resources. 

4.3.2 Secondary Data Collection 

The recorded temperature, rainfall and discharge data of the nearest local stations were 
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collected from Department of Hydrology and Meteorology. The available temperature 

data recorded from Gorkha station for 30 years (1982-2011), precipitation data from 

Jagat and Chame station for 30 years (1981-2010) were collected for the analysis of 

temperature and precipitation data. Similarly, discharge of Arughat station for 30 years 

(1981-2010) was collected for analyzing the run off of the river. 

The village profile was collected from the MCA Project Office of Philim, Sirdibas as 

well as published data from the Central Bureau of Statistics and the national level 

reports were also collected. The relevant study materials were also collected by 

consulting various books, journals, magazine and other research publications. 

4.3.3 Assessing Climatic Scenarios 

In this study, thirty year data (1981-2011) on temperature rainfall and discharge of the 

nearest hydrological and meteorological station were collected from Department of 

Hydrology and Meteorology (DHM), Kathmandu. 

The annual and seasonal temperature, rainfall and discharge for different time period 

were also analyzed to indicate the climatic variability. Missing data were estimated by 

linear interpolation of the data of the same months of the adjacent years on either side of 

the missing values. The trends were calculated by using simple linear regression 

analysis. Besides, non-climatic indicators based on community perceptions of climate 

variability were also documented during FGD, KII and field observation and analyzed 

to support as indicators of climate change ability from 20-30 years of time. 

4.4 Methods for Drinking Water Quality 

4.4.1 Water Sample Collection 

Prok VDC was taken as the sample site. Three water sources were taken as namely 

stream, tap and reservoir. Water samples were collected following the guidelines 

described by Americian Public Health Association (APHA, 1998). Analysis of the 

physico-chemical parameters of water that is temperature, turbidity, conductivity, pH, 

chloride, free carbondioxide, alkalinity, hardness, iron, nitrate and ammonia were 

measured with standard procedure (APHA, 1998).  

A total of 12 water samples from streams, reservoirs, and taps water of Prok VDC were 

collected in clean polythene bottles and brought to the laboratory. The temperature, pH, 

conductivity, chloride, hardness, alkalinity, free CO2 were determined on the spot by 
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using thermometer; pH meter, conductivity meter and chemical analysis. Laboratory 

analysis was done at Environmental Research Laboratory of Nepal Academy of Science 

and Technology.  

4.4.2 Physico-chemical Analysis of Drinking Water  

a. Water Temperature  

The temperature of water was measured by using a mercury filled Celsius thermometer. 

For determination of temperature, the sample water was collected in a beaker. Soon 

after the collection of the water sample, the thermometer was dipped into the water 

sample keeping the thermometer away from direct sunlight and noted the reading. 

While taking the reading, the scale of the thermometer was immersed in the water up to 

the level of mercury in the capillary column (APHA, 1998). 

b. Turbidity 

The turbidity of water was measured by using a Nephelometer. For determination of 

turbidity, turbidity tube was washed with distilled water properly. The tube was rinsed 

with adequate amount of shake sample solution and introduced into it. The outer part of 

tube was wiped with tissue paper and noted the reading from meter (APHA, 1998). 

c. pH  

For the determination of pH of water, water sample was taken in a clean beaker and 

electrode of pH meter was dipped into the water sample. Equilibrium between electrode 

and water sample was established by stirring water sample to ensure homogeneity. Then 

the reading of pH meter was noted (APHA, 1998). 

d. Electric Conductivity  

For measuring the conductivity of water, the electrode was rinsed with distilled water 

and dipped in the beaker containing the water sample. The reading was noted after the 

reading stabilized at a certain point (APHA, 1998).  

e. Alkalinity  

The alkalinity are determined by titrate the water sample with a strong acid 0.1 N HCl 

by using the indicators phenolphthalein at first and methyl orange at the second time. 

The volume of acid used with phenolphthalein indicator corresponds to phenolphthalein 

and the whole of the acid used with both indicators corresponds to the total alkalinity.  
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For the determination of alkalinity, 100 mL of sample was taken in a conical flask and 2 

drops of phenolphthalein was added. When the solution remains color disappeared. This 

gives phenolphthalein alkalinity. Then 2-3 drops of methyl orange was added to the 

same sample and titrated with a strong acid 0.1 N HCl further until the yellow color 

changed to pink at end point. This gives total alkalinity. 

Calculation, 

PA as CaCO3, mg/L = A x N x 1000 x 50 

                                Volume of sample (mL) 

TA as CaCO3, mg/L = B x N x 1000 x 50 

                                 Volume of sample (mL) 

Where, A = mL of HCl used with only phenolphthalein 

B = mL of total HCl used with phenolphthalein and methyl orange 

PA = Phenolphthalein Alkalinity 

TA = Total Alkalinity 

f. Chloride  

Chloride content of water was determined by “Argentometric method” in which water 

sample is titrated with 0.02 N AgNO3 using K2CrO4 as indicator. 50 mL of water 

sample was taken in a conical flask and 2 mL of Potassium chromate was added to it 

and stirred well. The content in the flask was titrated against AgNO3 solution until 

persistent red tinge appeared. The chloride is calculated by the following equation 

(APHA, 1998).  

Calculation, 

Chloride, mg/L = (mL x N) of AgNO3 x 1000 x 35.5 1000 

                                      Volume of sample taken 

g. Total Hardness  

For the determination of hardness, 50mL of water sample was taken in a conical flask. 

Then 1 mL of ammonium buffer solution was added. If the water sample is having 

higher amounts of heavy metals, 1 mL of Na2S should be added. Then 100-200 mg of 

Eriochrome Black T was added and the solution turned into wine red. The content was 
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titrated against standard 0.01 M EDTA solution until the color changed from wine red 

to blue. The hardness is calculated by the following equation (APHA, 1998).  

Calculation, 

Total Hardness as mg/L CaCO3 = Volume of EDTA used x B x 1000 

                                                         Volume of sample taken (mL) 

                                                   = Volume of EDTA used x 1000 

                                                  Volume of sample (mL) 

Where, B = mg of CaCO3 equivalent to 1 mL of 0.01M EDTA = 1 

h. Free CO2  

For the determination of free carbon-dioxide content of water sample, 100 mL of water 

sample was taken in a conical flask and a few drops of phenolphthalein indicator were 

added to it. If the color turns pink, free CO2 is absent. If the sample remained colorless, 

it was titrated against 0.05 N NaOH. At the end point the color of solution changed into 

pink.  

Calculation,  

Free CO2, mg/L = (mL x N) of NaOH x 1000 x 44 

                                      Volume of sample 

 

i.  Iron  

The iron contained in water is usually determined by Phenonthroline method. 50 mL of 

water sample was taken in a conical flask. 2 mL of conc. HCl and 1mL of 

hydroxylamine hydrochloride solution was added to the sample. Some glass beads were 

added in the flask and heated. The content was boiled to half of the volume for 

dissolution of all the iron. 10 mL of ammonium acetate buffer and 2mL of 

Phenonthroline were added. An orange red color appeared. The volume was made 100 

mL by adding distilled water and the flask was shaken well. The solution was kept for 

10 minutes for maximum color development. The reading was taken for the absorbance 

at 510 nm on a spectrophotometer. The concentration of iron was directly determined 

from the standard curve. 
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Preparation of Standard Curve: Standard solution of 0.5 ppm (0.5mg/L) was 

prepared by adding 2 mL conc. HCl, 1 mL hydroxylamine hydrochloride, 10 mL 

ammonium acetate buffer and 2 mL phenonthroline to 5 mL standard solution of iron in 

a volumetric flask and then diluting the solution to 100 mL. Similarly 1.0 ppm, 2.0 ppm, 

3.0 ppm, 4.0 ppm standard solution were prepared by adding 10 mL, 20 mL, 30 mL, 40 

mL standard iron solution respectively to the same quantities of all other constitutes 

mentioned above and diluting these to 100 mL. The absorbance of all the standard 

solutions were measured using spectrophotometer and a standard curve was prepared. 

j.  Nitrate  

Nitrate-Nitrogen is determined by Brucine Absorbtivity method. 10 mL of sample was 

taken in 50 mL beaker separately. All the beakers were kept in a wire rack and placed in 

cool water bath. 2 mL of NaCl solution was added in the each beaker. 10 mL of H2SO4 

solution was added in each sample and shaked properly. Then 0.5 mL brucine reagent 

was added and mixed thoroughly. All samples were placed in a hot water bath with 

boiling water for 20 minutes. The contents were cooled in a cold water bath and the 

reading was taken at 410 nm. The concentration of Nitrate - Nitrogen was calculated 

from the standard curve. 

Preparation of Standard Curve: The standard curve was prepared between 

concentration and absorbance 0.1 to 1.0 mg N/L at the interval of 0.1. The absorbance 

of all the standard solutions were measured using spectrophotometer and a standard 

curve was prepared. 

k. Ammonia  

For the determination of Ammonia, Direct Nesslerization method was used. 50 mL of 

sample was taken in a volumetric flask. Two drops of Rochelle salt solution and 1 mL 

nessler reagent was added to the flask. The mouth of the flask was covered with 

aluminum foil and kept for 10 minutes for complete reactions after the addition of 

nessler reagent. Reddish brown color appeared after sometime. The reading was taken at 

420 nm on a spectrophotometer using a distilled water blank with the same amount of 

chemicals. Finally the ammonia concentration of the sample was determined with the 

help of standard calibration curve. 

Preparation of Standard Curve: The standard calibration curve containing 

concentration and absorbance was prepared as follows. 3.819 g of anhydrous NH4Cl 



22 
 

was taken and dissolve it into the 1000 mL of distilled water. After that the solution was 

dilute for 100 times to prepared the solution containing 10 mg/L ammonia – N. Then 

various dilutions at the interval of 0.1 mg/L were made from standard NH3-N solution. 

The reading was taken at 420 nm on a spectrophotometer and a standard curve was 

made by plotting a graph of absorbance against concentration. 

4.4.3 Microbiological Analysis of Drinking Water  

Water samples were collected in sterile bottles for microbiological analysis. Sample 

bottles in one hand have been hold and removed the cap without touching the neck of 

the bottle. Without taking cap on any surface, bottled were filled with water leaving a 

small air gap. Flow rate of water did not alter at the time of sample collection. All the 

samples were kept in ice box and transported immediately for the lab analysis. Total 

coliforms were premeditated by using member filtration technique.  

Membrane Filter Technique: Total Coliform was enumerated by the membrane 

filtration (MF) technique (APHA 1998). Membrane filtration was done in M-Endo agar 

using sterile membrane filter of pore size 0.45μm. The sample of water was well mixed 

and then 100mL of water was poured through funnel and filtered under partial vacuum 

by using electric vacuum pump. Then the membrane was incubated in M-Endo agar at 

37oC for 24 to 48hrs. After incubation period, total colony forming unit (CFU) were 

counted. For this, all green metallic sheen-producing colonies were counted (APHA 

1998). 

4.5 Data Analysis 

The information collected from primary and secondary sources were tabulated and were 

analyzed. Quantitative information derived from the household survey was analyzed 

using Microsoft Excel 2007 and SPSS 15.0 version. The qualitative information 

collected through focus group discussions and key informant interview were analyzed 

using bar and chart diagrams. Map of Prok VDC has been prepared by using Arc GIS 

9.3. 
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CHAPTER V: RESULTS 

5.1 Temperature 

a. Maximum temperature (Gorkha Station) 

The nearest meteorological station taken for temperature is Gorkha station on which the 

annual mean maximum monthly temperature is 26.3oC. The highest average 

temperature recorded in the station on 2010 which is 33.5oC the lowest temperature 

recorded is 17.3oC on the year of 2000. The analysis of mean maximum temperature 

shows that the maximum temperature is increasing at the rate of 0.09oC/year. The graph 

with trend line is shown in figure 4. 

 
 

Figure 4: Annual maximum temperature and its trend (Source: DHM, 2012) 

Analysis of the seasonal maximum temperature shows increasing trend of temperature 

in all the four seasons. Maximum temperature of pre-monsoon season is increasing in 

the rate of 0.12oC/year, temperature of monsoon season by 0.087oC/year, that of post-

monsoon season by 0.079oC/year and maximum temperature of winter season by 

0.088oC/year. The trend of seasonal maximum temperature is given in figure 5.  
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Figure 5: Average seasonal maximum temperature of Gorkha station. a) Pre-monsoon 

b) Monsoon c) Post-monsoon d) Winter (Source: DHM, 2012). 
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b.  Mean Temperature 

The maximum temperature recorded for the station was found to be 25.9o C of July. On 

the basis of thirty years data the highest temperature is recorded on the year 2006. The 

annual mean monthly temperature of Gorkha station is found to be 21.1oC. The annual 

mean monthly temperature is increasing at the rate of 0.064oC/year. The graph with 

trend line is shown in below figure 6. 

 
Figure 6: Annual mean temperature with trend (Source: DHM, 2012) 

Analysis of seasonal rainfall shows increase in temperature in all the four seasons. The 

mean pre-monsoon temperature increases by 0.076oC/year, monsoon by 0.084oC/year, 

post monsoon by 0.064oC/year and that of winter mean temperature is increasing by 

0.025oC/year. The graphical representation of increment is shown in below figure 7. 
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Figure 7: Mean temperature trend  a) Pre-monsoon b) Monsoon c) Post-monsoon d) 

Winter season (Source: DHM, 2012) 

c. Minimum Temperature 

The annual average minimum temperature of Gorkha station is recorded as 15.8oC. 

Within the last 30 years highest minimum temperature is recorded as 23.7oC on 2006 

and lowest minimum temperature is recorded as 2.3oC. The annual minimum monthly 

temperature of Gorkha station is increased at the rate of 0.03oC/year. The figure with the 

trend line is shown in figure 8. 
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Figure 8: Annual minimum temperature with trend (Source: DHM, 2012) 

Analysis of the minimum temperature of Gorkha station shows that the minimum 

temperature is increasing for pre-monsoon, monsoon and post-monsoon i.e at the rate of 

0.022oC, 0.079oC and 0.043oC per year whereas decreasing for winter season at the rate 

of -0.032oC per year. The seasonal minimum temperature is given in the following 

figure 9.  
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Figure 9: Minimum temperature with trend  a) Pre-monsoon b) Monsoon c) Post-

monsoon d) Winter season (Source: DHM, 2012) 

5.2 Rainfall 

a. Jagat station 

Jagat lies in Sirdibas VDC of Manaslu Conservation Area. The temperature data of 

1981 to 2010 was observed to analyze the climate change scenario. Rainfall of July is 

seen to be increasing with highest rate of 10.21 mm/year which is followed by August, 

June and September which shows increasing rate of 8.61mm/year, 5.93mm/year and 

5.68 mm/year respectively. November, December and January shows decreasing in 

rainfall trend with the rate of 0.21 mm/year, 0.37mm/year and 0.89 mm/year. Except 

these three months other nine month has increasing trend of rainfall. It is observed from 

monthly average of annual rainfall that it is increasing with the trend of 3.25 mm/year. 

The graph with trend line is illustrated in figure 10. 
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Figure 10: Average annual rainfall of Jagat with trend line (Source: DHM, 2012) 

The seasonal rainfall trend shows maximum increment is observed during monsoon 

season with rate of 7.57 mm/year. During post-monsoon season rainfall trend shows the 

increment rate of 1.82 mm/year and the rate of increment is 1.15 mm/year for pre-

monsoon and 0.04 mm/year for winter season. The seasonal rainfall graph with trend 

line is shown in figure 11. 
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Figure 11: Seasonal rainfall graph with trend line a) Pre-monsoon b) Monsoon c) Post-

monsoon d) Winter (Source: DHM, 2012). 

The analysis of rainfall by comparing the rainfall amounts of three recent decades 

shows that the rainfall of July and August has increased in the recent decade of 2001 to 

2010 as compared to the past decade of 1991 to 2000 and the rainfall of November and 

December has decreased in recent years. The following figure shows the rainfall 

comparison in three decades. Rainfall comparison during two recent decades in Jagat is 

given in figure 12.  

 
Figure 12: Rainfall during three decades for Jagat (Source: DHM, 2012) 
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b.  Rainfall for Chame staion 

Chame station is the nearest hydro-meteorological site taken to analyze the trend of 

rainfall of Prok VDC. Average rainfall of Chame station shows the decreasing trend of 

rainfall. The annual average rainfall shows the decreasing rate of -0.056 mm/year, the 

graph of which with trend line is shown in figure 13. 

  

Figure 13: Annual average rainfall for Chame station (Source: DHM, 2012) 

The seasonal rainfall trend shows decrease in rainfall in all three seasons. Decrease rate 

is highest in post monsoon followed by pre-monsoon and winter season which become 

to be 1.94, 0.65 and 0.22 mm/year respectively. The monsoon rainfall is in increasing 

trend with the rate of 1.44 mm/year. The graph of rainfall with trend line is shown in 

figure 14. 

 

y = -0.056x + 81.61
R² = 0.000

0

50

100

150

1982 1986 1990 1994 1998 2002 2006 2010

R
ai

nf
al

l (
m

m
)

Annual average rainfall

y = -0.658x + 73.60
R² = 0.065

0
20
40
60
80

100
120

1982 1986 1990 1994 1998 2002 2006 2010

R
ai

nf
al

l (
m

m
)

Pre-monsoon



32 
 

 

 

 
 

Figure 14: Seasonal rainfall with trend of Chame station a) Pre-monsoon b) Monsoon 

c) Post-monsoon d) Winter (Source: DHM, 2012) 

The analysis of rainfall by comparing the rainfall amounts of three recent decades 

shows that the rainfall of July and August has increased in the recent decade of 2002 to 

2011 as compared to the past decade of 1992 to 2001. The following figure clearly 

shows the rainfall trend in the Chame station.  
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Figure 15: Rainfall during three decades for Chame station (Source: DHM, 2012) 

5.3 Discharge of Budhi Gandaki River  

The discharge data of Budhi Gandaki at Arughat was obtained from the Department of 

Hydrology and Meteorology. 

a. Minimum Discharge 

The analysis of mean minimum discharge shows that the minimum discharge is 

decreasing at the rate of -0.39m3/s. The graph with trend line is shown in figure 16. 

 

Figure 16: Annual minimum discharge with trend at Arughat station 

The seasonal average minimum discharge trend shows that the discharges of three 

seasons are in decreasing trend and whereas one season is in increasing trend. The 

discharges of pre-monsoon is increasing at the rate of 0.263m3/sec whereas monsoon, 

post-monsoon and winter are decreasing at the rate of 0.318m3/sec, 0.68m3/sec and 

0.252m3/sec respectively. 
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Figure 17: Seasonal minimum discharge with trend (Source: DHM, 2012) 

 

y = 0.263x + 1014.
R² = 0.243

1010

1015

1020

1025

1030

1981 1985 1989 1993 1997 2001 2005 2009

D
is

ch
ar

ge
 (m

3 /s
)

Pre-monsoon

y = -0.318x + 244.1
R² = 0.009

100

150

200

250

300

1981 1985 1989 1993 1997 2001 2005 2009

D
is

ch
ar

ge
 (m

3 /s
)

Monsoon

y = -0.648x + 87.04
R² = 0.242

50

70

90

110

130

1981 1985 1989 1993 1997 2001 2005 2009

D
is

ch
ar

ge
 (m

3 /s
)

Post-monsoon

y = -0.252x + 36.36
R² = 0.358

25

30

35

40

1981 1985 1989 1993 1997 2001 2005 2009

D
is

ch
ar

ge
 (m

3 /s
)

Winter



35 
 

b. Mean Discharge 

The analysis of thirty years data from 1981 to 2010, the annual average mean discharge 

of Budhi Gandaki river is in decreasing trend at the rate of -0.109m3/s. 

 

Figure 18: Annual mean discharge with trend 

The seasonal mean discharge trend shows that the discharge trend is decreasing for 

three seasons. The mean discharge is decreasing at the rate of 0.62m3/sec for pre-

monsoon, 0.48m3/sec for post-monsoon and 0.22m3/sec for winter season whereas 

discharge of monsoon is increasing at the rate of 0.38m3/sec. 
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Figure 19: Seasonal mean discharge with trend (Source: DHM, 2012) 

c. Maximum Discharge 

The analysis of annual maximum discharge shows that the maximum discharge is 

increasing at the rate of 0.51m3/s. The graph with trend line is shown in figure 20. 

 

Figure 20:	Annual maximum discharge with trend 
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discharge is increasing at the rate of 2.19m3/sec, 2.29m3/sec and 4.38m3/sec for the 

season of pre-monsoon, monsoon and post-monsoon respectively. 

 

 

 

Figure 21: Seasonal maximum discharge with trend (Source: DHM, 2012) 
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5.4 General Information about the Respondents 

According to sex category, out of total, 66.67% of the respondents were male and 

33.33% were female. But females were not willing to put their names into the survey in 

front of their male counterparts.  

The respondents were from 30 to 71 years age group. Only 14% of the respondents were 

below 35 years and 67% of them were from the age group of 35-65 years. About 19% of 

the respondents were the age of more than 65 years.  

As per the education level, the biggest group was of just literate (13%), following 

having school education (12%) and totally illiterate (67%). The persons having higher 

education were only about 8%.  

Agriculture was the main source of income in the area. Majority were farmer 

representing 80% of the total. Of the remaining population 5% have their own business 

and another 11% were involving in service and 4% were in trekking. It shows that the 

majority of the populations are very vulnerable to the effect of climate change in 

agricultural sector. Almost all of them, (91%) were living at the village of present 

residence since the birth and only 9% were migrated from elsewhere. 

Table 2: Social characteristics of the sampled respondents/HHs 

Characteristics % Characteristics % 

Gender  Occupation  

Male 67 Agriculture 80% 

Female 33 Business 5% 

Caste  Service 11% 

Lama/Bhote 100 Labour 4% 
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Figure 27: Percentage of people reporting on climatic hazards 

Most of respondents have indicated that frequency and intensity of extreme weather 

events have increased with the change in climate. Locals are observing more extreme 

climatic events like loss of springs, drought and windstorm. Almost total of the 

respondents indicated the decrease in natural springs, small Kuwa in the area as 

compare to past. Figure 27 about 72% of respondents indicated that drought events are 

increasing and 84% of the respondents indicated the increase in windstorm events in the 

area. About 12% and 9% of the respondents indicated that drought and windstorm are 

decreasing and rest of the respondents indicated that climatic hazards are remained same 

as before. 

5.5.5 Understanding of Change in Water Resources 

The result of the questionnaire survey, focus group discussion and key informant 

interview shows that almost all the respondents have notices decrease in water resources 

in recent years. According to respondents, spring water has dried up in recent years. 

They have felt decreased water level in nearby streams and rivers. For the response 

regarding change in level of spring water, 79% respondents agreed that the level of 

spring water has been decreasing for the last four year while only 21% said that it has 

been increasing for the last four years. When another question on change in amount of 

stream flow asked, 58% respondents said that the amount of stream flow has been 

decreasing for the last five years whereas 42% respondents claimed that the amount of 

stream flow has been increasing for the last five years and due to which the flooding has 

been arising in our village nowadays.  
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Figure 28: Perception of respondents regarding on change in water resources 

But on the other hand, there were divided opinions on the reasons for such decreasing of 

water sources such as due to deforestation, due to landslides, due to changes climatic 

variability etc. When it was tried to analyze the relationship of age group, education and 

profession of the respondents with the decrease in springs, it was found that the 

responses were strongly dependent on their profession, but independent on age group 

and education level. The people with the profession of agriculture were more sensitive 

to the decrease in spring water sources. 

5.6 Impacts of Climate Change  

Climate change is going to be a burning issue in study area. Locals have perceived 

changes in their local environment around their surroundings. Most importantly the 

impacts have been seen in water resources, agriculture, human health and biodiversity. 

Impacts on various factors have been discussed in subsequent paragraphs. 
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5.7 Water Quality Analysis 

5.7.1 Physical and Chemical Quality of Water 

Table 3: Average result of stream, reservoir and tap water quality 

Test 

Parameters 

Unit Results NDWQS 

Stream Reservoir Tap 

   

Temperature oC 13.8 15.7 14.08 - 

Conductivity µS/cm 32.5 38.0 45.4 - 

Turbidity NTU 3.72 2.02 2.87 5(10) 

pH - 6.7 6.6 6.6 6.5-8.5 

Chloride mg/L 17.6 18.4 17.04 250 

Total Hardness mg/L 4.8 3.0 4.8 500 

Total Alkalinity mg/L 6.0 5.0 6.0 - 

Free CO2 mg/L 7.92 6.6 7.04 - 

Ammonia mg/L 0.04 0.047 0.07 1.5 

Iron mg/L 0.06 0.06 0.04 0.3 

Nitrate mg/L 0.01 0.02 0.03 50 

Total Coliform cfu/100mL 27 37 16 0(95% sample)
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CHAPTER VI: DISCUSSION 

Prok VDC, which is one of the remotest VDCs of Gorkha and dominated by ethnic 

community (Bhote and Lama) has just literacy rate of 13% and the percentage of people 

having higher education is very poor. As majority of the farmers do not own irrigated 

land, cereal production of the area is insufficient to meet the need of people residing in 

the area. The respondents or community observation shared their interesting stories 

about climate change and its impact of the diverse aspects of the natural phenomenon. 

The frequency, amount, duration of rainfall has been decreased and particularly during 

winter monsoon has decreased. The observation also supports the scientific studies in 

general (IPCC, 2007). Similarly, the observations also correspond with the estimates of 

temperature rise of 0.41oC per decade in Nepal based on long-term meteorological data 

on climate change and its impact is visible in the study area. 

6.1 Trend of Climatic Variables 

6.1.1 Trend of Temperature 

Temperature analysis revealed that temperature of the study area is in increasing trend. 

Average annual maximum temperature of the area is increased by 0.09oC/year. Annual 

mean minimum temperature increased by 0.03oC/year and annual mean temperature 

increased by 0.06oC/year. 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. 

Projected temperature increases are lower in Eastern Nepal than Western and Central 

Nepal; by the 2090s this difference is about 0.7%. The frequency of hot days in the pre-

monsoon season is projected to increase by 15-55% by the 2060s and 26-69% by the 

2090s (NCVST, 2009). Seasonal maximum temperature of the study area was increased 

by 0.12oC/year, 0.08oC/year, 0.07oC/year and 0.08oC/year for pre-monsoon, monsoon, 

post-monsoon and winter season respectively. According to (NCVST, 2009), pre-

monsoon temperature is projected to increase by 1.7°C by 2030, 3.1°C by 2060s and 

5.4°Cby 2090s. The monsoon temperature is projected to increase by 1.4°C by 2030s, 

2.5°C by 2060s and 4.5°C by 2090s. The post-monsoon temperature is projected to 

increase by 1.2°C by 2030s, 2.6°C by 2060s, and 4.6°C by 2090s. Similarly, winter 

temperature is projected to increase by 1.6°C by 2030s, 3.4°C by 2060s and 5.4°C by 

2090s relative to mean of 1970 to 1999. Mean temperature of all seasons are in the 

increasing trend, which is increasing at the rate of 0.06°C/year. The mean minimum 
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temperature is in increasing trend with 0.03oC/year. This is coincided with respondent 

opinion that in recent years both summer and winter days became hotter that previous 

years. 

The increased temperature will finally accelerate the drying up of spring water and 

decreased water availability which directly affect on agricultural productivity of the 

area.  

6.1.2 Rainfall Trend 

Analysis of the 30 years mean annual rainfall of two stations Jagat and Chame shows 

the annual rainfall is in increasing trend for Jagat which is at the rate of 3.25mm/year 

and decreasing trend for Chame station (-0.056mm/year). Chame station has decreasing 

rainfall trend for winter, pre-monsoon and post monsoon season whereas increasing 

trend for monsoon season. Respondents reported that the winter rain has decreased in 

recent years which are in accordance with the winter rain projections of NCVST, 2009 

that winter rain shows a tendency of decreasing trend. This report also resembles to 

people's experience of decreased rainfall in winter and slightly increased rainfall in 

monsoon. Comparison of rainfall for three recent decades shows that rainfall of Jagat 

and Chame station has increased in recent years as compare to past. This trend is in 

accordance with the NAPA projection of increasing rainfall intensity and decreased 

winter rainfall. Similarly, the overall average trends of climatic conditions in Nepal 

indicate that the precipitation is decreasing at the rate of 9.8 millimeter (mm) per decade on 

annual basis. But there are variations in perception level in different parts of country, which 

matches with the respondents experiences and perceptions on rainfall and its variation. The 

local communities have experienced shortened monsoon which is also correlated with 

scientific observations. 

6.1.3 Discharge 

Discharge analysis of nearest river shows that the annual maximum discharge is 

increasing at the rate of 0.51m3/s whereas annual mean and minimum discharge is 

decreasing trend which is at the rate of -0.109 m3/s and -0.39 m3/s respectively. 

Respondents found flow of water in stream and river has changed as compared to past 

years. They added that mainly runoff in stream and river decreased mainly in winter 

season. Similar result carried out by Parajuli (2011) analyzed the discharge analysis of 

Tamur River for the Majhitar hydrological station and found the minimum, maximum 
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and mean discharge is decreasing, which matches with the respondents experiences and 

perceptions on river run off and its variation of the study area. 

Respondent experienced climatic hazards drought and windstorm are increasing in the 

area which might be change in climate and also reported the snowfall frequency and 

amount also decreased due to increase in temperature in the area. IPCC (2008) reported 

that snow cover has effect on both temperature and precipitation and it exhibits a strong 

negative correlation but more with air temperature in most of areas. As climate warms, 

snow cover is projected to shrink and decreases, glacier ice cap. 

6.2 Impact of Climate Change 

6.2.1 Impact	on	Water	Resources	

It was found that water resources are highly affected by climate change mainly 

decreasing water resources in the study area. Respondents felt few number of spring 

water like small Kuwa has already dried up. Respondents shared that level of spring 

water and amount of stream flow has been decreasing for the last five years. Examining 

the rainfall trend and community’s perception on climatic scenario in the last 20-30 

years, it is clear that the intensity of rainfall was increased whereas frequency and 

duration were decreased. This event results in increased flashflood, reduced in soil 

moisture and less water infiltration in the area. This  might  be  the  reason  of  drying  

water  sources  and  decreased in water availability  in the area. Same result was obtained 

by the study carried out by Baral et al. (2010) found that low rainfall affected the water 

resources in the area. Decrease in water sources in the area has not only the problem of 

drinking water sources, agriculture, threats to biodiversity and threats to human life also 

major impacts. Dhakal et al. (2011) also found that sixty percent of the water sources 

dried up in the last 15 to 20 years. Human and production systems were most affected. 

Drying up water sources was the major hazard in the area due to climate change and 

caused substantial decrease in water availability. 

6.2.2 Impact on Agriculture 

It was found that agriculture is also highly affected from climate change especially 

reduce in agricultural productivity system. Change in temperature and rainfall pattern is 

main causes the decrease in level of spring and stream flow in the study area which 

adversely affect in irrigation system. Respondents reported that production of both 

summer crops (maize, corn, beans) and winter crops (wheat, karu, vegetables) has 
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decreasing which might be untimely and decrease in winter rainfall in the area and also 

found size and quality of the apple has degraded in recent periods. Similar result was 

obtained by Bhatta (2011)  showed less rainfall and many incidences of high intensity 

rainfall, drought and hailstorm have damaged i.e reduction in recent years in comparison 

to the last 25 years. According to study villagers have changed their crop calendar in 

recent years.  

6.2.3 Impact on Human Health 

It was found that community at study site has experienced increasing temperature for the 

last few years that resulted in occurrence of different diseases, such as fever, diarrhoea, 

typhoid, common cold etc. In a study by Baral et al. (2010), about 40% of the respondents 

mentioned that diarrhoea is observed as major health problem and its cases have increased 

in current years. 37% respondents said that frequent cold due to high fluctuation in weather 

was seen as a major problem, while 18% said that people have suffered from the fever but 

the reason was unknown. Some (5%) mentioned that they did not find any change. The 

reason for increase in incidents of diarrhoea is reported to be the increase in temperature 

and low rainfall in recent years. In addition, temperature fluctuation has resulted in the 

increase in occurrence of common cold and fever too.     

6.2.4 Impact	on	Biodiversity	

It was found that biodiversity is also affected from climate change especially by 

increased in temperature. Change in temperature and rainfall pattern is creating 

favorable environment for flora and fauna and invasive species to spread in the pasture 

land. Respondents experienced that invasive species is spreading and damaging slightly 

forest lands. They felt that number of lizards and snake is slowly increasing in recent 

years as compared to past. Respondents felt that green vegetable such as Simsag are 

declined due to decrease in water sources in the area. Same result was obtained by the 

study carried out by Parajuli (2011) on Taplejung district. According to study locals 

reported of decreasing Simsag due to decrease in water availability. It was found that 

some habitat of animals has been changed. 

6.3 Water Quality  

Quality of water consumed is critical in controlling infectious diseases and other health 

problems. Water quality can be ensured through regular monitoring. A regular 

monitoring of water not only prevents diseases and hazards but also checks the water 
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resource from going further pollution (Jayana, 2008). Physico-chemical parameters of 

the drinking water found within Nepal Drinking Water Quality Standard, 2062. The 

testing was performed to find out the quality of the water supplied in Prok VDC and for 

understanding the degradation of water quality due to climate change. . 

Temperature is an important description of the chemical and biological properties of 

water. Temperature does not have direct health impact, but, drinking water having high 

temperature may impact on its aesthetic quality, lead to the higher rate of chemical 

reactions in water, reduce solubility of gases (Flournoy et al., 1999). In the study, 

conducted in USA the coliform bacteria increased significantly in drinking water 

distribution system when the temperature increased to over 15oC (USEPA, 2006). 

Conductivity correlates with the dissolved ions in water. Total dissolve solids is a 

measure of the total ions in solution. Water shows significant conductivity when 

dissolved salts are present. Over most ranges, the amount of conductivity is directly 

proportional to the amount of salts dissolved in the water. Conductivity of drinking 

water set by NDWQS has 1500μS/cm and in the study area maximum conductivity for 

tested samples was found 183μS/cm.  

In the present study water turbidity values ranged from 0.8 to 8.6 NTU. The results 

supported by Dagaonkar, A. and Saksena, D.N. (1992) and Garg et al. (2006b) have 

also reported high turbidity during rainy season. During rainy season silt, clay and other 

suspended particles contribute to the turbidity values, while during winter and summer 

seasons settlement of silt, clay results low turbidity. 

The pH is the indicator of acidic and alkaline nature of water. The pH of drinking water 

has a drastic effect on our health. Not only in the hydration of our bodies, but in the 

assimilation of food nutrients through our digestive system. The pH of drinking water 

can vary drastically because of its amazing soluble quality. NDWQS guideline value for 

pH is 6.5 to 8.5 pH. The pH range of 6.5-6.9 (for stream, tap and reservoir) could be 

considered as being within the acceptable range for natural water and within the 

NDWQS. According to Medera et al. (1982) the pH of most natural water range from 

6.5-8.5 which is a deviation from neutral 7.0 as a result of the CO2/bicarbonate 

equilibrium. 

Chloride is a component of common salt. It may occur in water naturally, but it may 

also be present due to local use of saline intrusion. The guide value is 250 mg/L. In 

Prok, Stream, reservoir and tap water recorded a chloride level of 17.6 mg/L, 18.4 mg/L 
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and 17.04 mg/L respectively. Almost all natural waters contain chloride ions even 

though its concentrations vary according to the mineral content found in the area, 

contributing to the total mineral content overall. Usually chloride was found low which 

is the good things since low chloride concentration can add a pleasant taste to the 

drinking water. A sudden increase of chloride content indicates probable domestic 

organic pollution.  

Hardness is caused basically by calcium and magnesium salts. Depending on other 

factor such as pH and alkalinity water with hardness above approximately 200 mg/L 

may cause scale deposit in the distribution system and results in excessive soap 

consumption. Hardness less than 100 mg/L may cause corrosion. As a general rule, a 

value less than 60 is considered soft, and values above 200 are considered very hard. All 

samples show the hardness less than 100 mg/L is called soft water. The guideline value 

for hardness is 250 mg/L and found all samples within the guideline value. 

Alkalinity of water may be due to the presence of one or more of a number of ions. The 

water contains bicarbonate alkalinity, which does not affect the total hardness. 

Alkalinity of the water is to neutralize acid. Moderate concentrations of alkalinity are 

desirable in most water supplies to balance the corrosive effects of acidity. No limits 

have been set for alkalinity level, although high concentration of bicarbonate could give 

rise to a taste problem. Maximum concentration of alkalinity was found 20 mg/L. 

Alkalinity in water comes from a high concentration of carbon based minerals. Water 

with high alkalinity is said to be hard.  

The parameters most commonly linked to aesthetic water quality problem are iron. The 

substances may be present naturally in raw water sources. Water used for drinking had 

significantly less iron ranges between the limit 0.018 mg/L to 0.159 mg/L. Water tested 

for iron concentration was found acceptable level of NDWQS guideline value i.e. 0.3 

mg/L. 

Nitrate and ammonia were not present in higher concentration based on the April 2012 

field data. The maximum concentration of nitrate and ammonia was found 0.027 mg/L 

and 0.143 mg/L respectively, where NDWQS guideline value for nitrate and ammonia 

is 50 mg/L and 1.5 mg/L respectively. Similar study by Bittner (2000) found the 

average concentration of nitrate in rural areas of Nepal was only 1.2 mg/L. 
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Bacteriological pollution is most common and widespread danger associated with 

drinking water. Bacteriological contamination of water is the presence of harmful 

pathogenic microorganism in water. Microbial analysis performed on water sample is 

not safe for bacteriological quality. There are number of coliform present in all water 

samples. Stream had a mean contamination of 27 cfu/100mL, reservoir had a mean of 

37 cfu/100mL and tap had a mean of 16 cfu/100mL total coliform. All of the tested 

waters were found to be contaminated with coliform bacteria. Sample wise variation of 

total coliform count showed that stream (100 %), reservoir (100 %) and tap (100 %) 

crossed the acceptable limit of NDWQS guideline value (i.e. 0 cfu/100mL). The above 

results of water quality show that all the water used by the villagers was contaminated 

either at source points or at collection points. Contamination at source points relates to 

anthropogenic activities and environmental surroundings near source whereas 

contamination at consumption points relate to households. 

Shrestha (2008) found all tested tap water samples of Kathmandu valley contaminated 

with total Coliform. However Bajracharya et al. (2007) and Aryal (2009) reported 

73.7% and 86.2% samples respectively contaminated with total coliform. Though 

slightly higher to present study, the recovery rate of the Coliform was found low that is 

19.6% (Aryal, 2009) to 23.3% (Shrestha, 2008). Chaidez et al. (2008) detected 46% 

Total coliform and 26% faecal coliform in drinking water conducted in Mexico. The 

reason for such a high percentage of total coliform in drinking water may be due to the 

depletion of the residual chlorine through the pipeline and the water may gets 

contaminated due to leakage, rusty pipelines. 

The report of Edama (2001) which indicates that the presence of bushes and shrubs 

around water bodies makes it likely and possible that some individuals may have been 

coming around to drink water thereby passing out faeces into the stream water. 

In summary, all the tested samples were found coliforms (pathogens) from stream to tap 

water source which leads to decreasing drinking water quality and leads to an increase 

of at risk situations with regard to potential health impact mainly due to changing in 

extreme meteorological events. Similar studied carried out by Delpla et al. (2009) found 

that the degradation trend of drinking water quality in surface water mainly during 

extreme meteorological events. 
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CHAPTER VII: CONCLUSION AND RECOMMENDATIONS 

7.1 Conclusion 

• From result and discussion, it can be concluded that there was change in 

precipitation pattern, temperature, river discharge in the study area.  

• The hydro-meteorological data analysis was found to be compatible with the 

perception of the local people. 

• Level of spring water and river/stream flow has changed in the area.  

• Rainfall variability and high windstorm has damaged the agricultural production 

and decreasing the availability of locally available vegetables (Simsag). 

• Occurrence of diseases i.e., diarrhoea, typhoid, dysentery, fever, cholera and 

common cold has increased due to meteorological events. 

• Number of snakes and lizards has increased. Invasion of unwanted weed species 

Lantana camera (Banamara) and Ageratum sp. (Gandhe) were also observed in 

the area. 

• The physical and chemical parameters of water were found within the NDWQS, 

2062. 

• The microbial analysis was found to be the presence of total coliform in all 

water samples and revealed that climate change might be responsible for 

degrading situation of water quality due to increasing temperature and rainfall 

variability. 

• Hence from above, it can be inferred that climate change has been occurring in 

the study area. Locals have perceived about change even though they have not 

got any formal information on climate change. Climate change has impacted on 

rural community in the factors like water resources, Agriculture, human health, 

biodiversity and water quality. From analyzing water quality (stream to tap), it 

was found that there was a degradation of drinking water quality leading to an 

increase of at risk situations with regard to potential health impact, mainly 

during extreme meteorological events. Among water quality parameters, 

pathogens (total coliform) are susceptible to rise in concentration or numbers as 

a consequence of temperature increase (water and air).  
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7.2 Recommendations 

Following recommendations are made based on the research: 

• More meteorological stations should be installed in the area to depict the exact 

scenario of climate (existing nearby stations only at Jagat and Gorkha). 

• Awareness programs on climate change and its impact must be raised for the 

rural communities of Namrung, Kawak and Chhak of Prok VDC. 

• Further studies should be done to determine the impact of climate change on 

water quality in Prok VDC.  

• Civil structures and flood protection structures should be designed across the 

River of Budhi Gandaki.   

• Monitoring of the drinking water quality from stream to tap of Prok VDC is 

necessary for health risk assessment. 
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ANNEXES 

Annex I:  Questionnaire 

I. General information of respondent’s 

1) Name: ………………………………………………………………………… 

2) Age/Gender…………../………….    

3) Address: …… VDC: ……  Ward No…..…   Tole……       

    No of family ….. Male……. Female……  

4) Level of Education:   a) Literate (level)…… b) Illiterate…… c) Up to   

SLC… … d) Up to intermediate……  e) Graduation and above……… 

5) Occupation: a) Agriculture… b) Job… c) Business…  

II. People’s perception towards climate change 

6) Have you heard about climate change?  a) Yes……………       b) No………… 

If yes, what have you heard about climate change?  ……………………………… 

7) Where have you heard from? 

 a) Radio/ TV…….           b) Newspaper…………        c) Trainings……….. 

d) NGOs/INGOs………..      e) Others…………. 

8) Have you experienced any change in any of the following in past 20 years? 

Change on: Any change Specify* Remarks 

Yes No 

Water Availability     

Water Quality     

Moisture in the Agriculture field     

Specify*:  1- increased,   2- decreased 

9) What are the climate related disasters in your community? 

Disasters Flood Landslide Drought Heavy 

snowfall 

Others (specify) 

Rank      

*Rank: highest priority 1 and lowest priority 2 

10) Have you observed any new type of diseases in crops, livestock or human? 

a) Yes…………………….    b) No………………….. 
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If yes,    

 Human (No.) Livestock (No.) Crops No.) 

Diseases    

 

11) What among the following changes do you have experienced in recent years? 

Changes Increase  Decrease Usual No idea Remarks 

Flood      

Landslide       

Hail/windstorm      

Drying water resources      

Heavy rainfall      

Lower rainfall      

Winter rain      

Duration of rainfall      

Unusual rain      

Monsoon      

Water level in rivers      

12)  Have you observed any new plant species in forest or agricultural field in the last 

10 years? 

a) Yes………….                         b) No……………… 

If yes, how many species of plant have you observed and where? 

S.N. Number of Species Mark Name of Species Where 

1 1    

2 2    

13) How changes in climate may affect following sectors in the future? 

Sectors Likely increase Likely decrease No idea Remarks 

Water availability     

Food scarcity     

Landslide     

Snowfall     

Agriculture production     
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14) Is there any organizations working in the field of climate change? 

a) Yes…………..      b) No…………… 

If yes, name them. 

……………………………………………………………………… 

III. Water resources  

15) What are the main sources of drinking water in your locality? 

a) Public taps………….b) Stone Spouts……..  c) Kuwa…………. d) Streams………  

16) How many springs / streams /taps / stone spouts / wells / ponds / rivers are drying 

out? 

…………………………………………… 

17) How many springs/ streams/ taps/ stone spouts/ wells/ponds/rivers are in the phase 

of drying out? 

…………………………. 

18) How many taps/ streams/ wells/ ponds are in normal condition? 

…………….. 

19) Are there any springs/ streams/ taps/ wells/ ponds newly formed? 

…………………. 

20) Are there any changes in the water quality? 

a) Yes…………….   b) No…………….. 

21)  Are you facing the problem of flood/drought? 

a) Yes…………           b) No…………… 

22)  Do you feel any changes in the sources of drinking water? 

a) Yes…………………………………b) No…………………………….. 

 

23) If yes, what is the change of its sources? 

 a) Increase       b) Decrease  

c) Almost no change 

24) What do you think is the primary reason of drying of water sources? 

a) Global warming……………..    b) Deforestation……………… 

c) Overall climatic change…………..     d) Others (specify)……………. 

25)  In which month do you experience the water shortage the most? 

         ………………………………………………………………….. 
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26) Do you have your own land assets? 

     Yes ……………   No…………… 

27) If yes, then what types of land do you have? 

a)  Khet…………         b) Bari   ………… c) Others……….. 

28) If your occupation is agriculture, please give me following information: 

Annual yield (in kg)     

a) Rice………b) Potato……… c) Maize…… d) Wheat…… e) Karu………  

29) Do you feel any change in crop species/sizes? 

a) Yes……………..                  b) No………………… 

30) Do you find any change in crop yield? (10 years) 

a) Yes……………..                  b) No…………………. 

31) Is the change happening due to following reasons? 

a) Fertilizer change…………… b) Water resources…………..  c)  Diseases……….. 

d) Ripening time…………..  e)  Disaster………  

32) Have you shifted growing season of any crops? 

a) Yes……………   b) No……………….. 

33) Have you felt any change on snowfall pattern? 

a) Yes………….. b) ………………. 

If yes, what is the reason behind it? 

…………………………………………………………………………… 

34) Have you noticed change in agricultural production over past 10-20 years or so? 

Yes....................  No........................ 

35) If yes, what kind of change you have noticed in agricultural production? 

Production has: Increased.................        Decreased............... 

36) In your opinion what are the possible causes for decrease in agricultural production? 

a. Drought   

b. Landslide 

c. Lack of irrigation 

d. Extreme whether condition 

e. New disease 

f. Flood 

g. Ripening time 
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Annex II: Climatic Data 

a. Temperature of Gorkha station: Latitude (deg/min): 2800, Longitude (deg/min): 8437, 
Elevation (m): 1097 

Maximum Temperature (oC) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1982 18.4 17.7 22.4 27.3 30.4 28 28.9 28.3 26.2 25.7 21.8 18 

1983 16.4 18.8 24.2 27.2 26.9 30.2 29 28.7 27.1 25.5 22.1 17.5 

1984 16.3 19.9 26.3 29.3 27.7 29.6 28.7 29.4 27.5 26.9 22.2 18.4 

1985 17.5 20.4 26.9 29.7 28.6 29.9 28.5 29.5 27.8 25.1 21.9 18.5 

1986 18 20.7 25.8 28.1 28 29.7 29 29.1 27.1 25.6 22.2 19 

1987 19.8 21.9 25.1 29.5 30.3 31 30.7 30.3 28.7 26.5 23.1 20.8 

1988 19.5 22.2 24.8 30.8 29.7 30.4 30.5 28.2 28.6 27.2 24.3 20.3 

1989 17.4 21.1 24.3 29.8 29.3 30.3 30.1 29.3 28.5 26.4 22.2 19.7 

1990 20.1 20 23.1 27.6 28.7 30.5 29.9 29.2 28.4 25.6 24 19.8 

1991 17.6 22.4 25.2 29 31 29.7 29.5 28.1 28.7 27 23 19.5 

1992 17.9 19 27.3 31.7 29.7 32.1 31.1 31 29.7 30.5 23.5 22.8 

1993 18.9 21.7 25.5 29.2 29.8 30.4 30.4 30.5 29.7 27.3 24.1 21.0 

1994 18.4 21.3 24.6 28.4 29.5 29.6 30.3 30 29.8 26.8 24.1 19.3 

1995 17.9 20.9 23.7 27.7 32.2 28.8 29.1 29.2 29.9 29.1 24.5 19.3 

1996 20.4 22 26.7 32.5 32.3 31.1 29.4 29.3 28.4 26.6 24.7 21.8 

1997 19.5 21.7 27.4 28.4 28.9 30.8 30.4 29.9 28.3 26.9 23.7 22.2 

1998 18.3 19.3 22.2 23.1 25.5 29.6 32.4 31.4 30.1 27.6 22.8 17.5 

1999 17.8 19.8 22.5 24.4 30.9 31.4 30.3 30.4 30.2 28.6 24.3 18.3 

2000 17.3 20.4 22.8 25.8 30.1 30.6 30.5 30.5 30.0 28.5 23.8 18.8 

2001 16.8 21 23.1 27.2 29.4 29.8 30.8 30.7 29.9 28.5 23.4 19.3 

2002 18.2 22.8 27.9 29.6 29.6 31.5 30.4 30.8 29.4 27.7 23.6 19 

2003 18.4 21.4 25.5 31.3 31.9 32.5 30.9 31.4 29.9 28.2 23.9 19 

2004 18 22.8 28.4 27.7 31.6 31.7 30.7 31.6 29.8 26.9 21.8 19.4 

2005 18.8 23 28.4 31.6 31.2 33.2 31.2 31.3 31.5 27.8 23.2 19.3 

2006 19.8 25.8 28.6 31.4 32.3 31.5 31.9 31.8 30.3 29.3 25 19.7 

2007 19.2 20.5 26.5 31.7 32.7 31.5 30.1 31 29.6 28.2 24.2 19.4 

2008 20.5 22.2 28.6 31.4 31.1 30.8 31 30.7 30.6 29.2 25.5 21.3 

2009 21.9 26.3 29.8 32.8 30.7 30.9 29.7 28.1 27.5 23.3 22.6 20.9 

2010 20.6 23.3 30.5 33.5 32.5 33.1 31.7 31.1 30.4 29.7 25.7 21.3 

2011 19.5 24.6 29.7 31.9 31.8 31.9 31 31.4 31.2 30 24.3 20.8 
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b. Mean Temperature of Gorkha station 

Mean Temperature (oC) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1982 14.1 13.6 17.7 22.0 24.9 24.2 25.2 24.8 22.9 20 17.1 13.7 

1983 11.7 14.5 19.1 21.8 22.2 25.6 25.6 25.3 24.0 21 17.2 13.0 

1984 11.8 14.9 21.0 23.9 23.6 25.5 25.0 25.6 23.9 22 16.9 14.1 

1985 13.2 15.6 21.7 24.4 23.4 25.2 25.0 25.7 23.9 20 16.7 14.0 

1986 13.3 15.2 19.4 22.3 22.7 25.3 25.0 25.1 23.1 20 17.2 13.6 

1987 14.2 16.0 18.9 22.8 23.4 25.4 24.9 25.2 24.9 21 17.9 15.6 

1988 14.4 16.5 19.0 24.5 23.9 25.3 25.5 24.7 24.7 22 18.5 15.5 

1989 12.8 15.2 18.3 23.6 24.7 25.6 25.4 24.9 24.6 22 16.5 14.8 

1990 16.1 15.4 17.6 22.1 24.2 26.1 25.4 24.7 23.4 21 18.4 15.1 

1991 13.2 16.7 19.3 22.7 25.5 25.1 25.5 24.6 24.5 22 17.1 14.0 

1992 13.1 14.0 21.2 24.8 23.8 25.0 26.3 25.8 23.9 24 17.5 18.7 

1993 14.2 16.8 19.1 22.6 24.0 26.5 25.9 25.7 24.7 22 18.0 15 

1994 13.2 14.8 17.7 21.7 24.2 25.3 26.3 26.2 24.6 21 18.9 14 

1995 12.9 15.7 18.2 24.5 26.8 25.6 25.3 24.6 25.7 23 18.6 14 

1996 14.8 16.8 21.1 25.1 26.4 26.7 25.9 25.6 24.0 22 19.5 16 

1997 14.8 16.5 22.4 24.3 23.6 26.4 26.4 24.9 22.9 21 18.6 15 

1998 14.0 15.0 17.0 18.2 20.8 25.2 26.5 25.7 24.2 22 17.8 13 

1999 13.3 15.1 17.1 19.2 23.8 26.2 25.6 25.4 24.5 22 18.4 13 

2000 12.8 15.2 17.3 20.2 23.8 25.9 26.0 25.8 24.7 22 18.1 13 

2001 12.2 15.3 17.5 21.3 23.8 25.6 26.4 26.1 24.9 22 17.8 13 

2002 12.6 16.1 20.0 22.9 24.3 26.6 26.5 26.5 25.0 22 17.9 14 

2003 12.4 15.3 19.1 24.0 25.7 27.3 27.0 27.3 26.0 23 18.3 13 

2004 12.4 15.9 21.2 22.3 25.9 21.6 21.1 22.2 21.0 17 12.6 10 

2005 10.6 17.2 21.1 24.3 26.1 27.8 27.3 27.4 27.2 22 17.8 13 

2006 13.8 19.9 21.3 24.4 26.8 27.1 27.8 27.6 26.1 23. 19.2 14 

2007 13.6 15.7 20.2 25.1 26.8 27.0 26.8 27.2 25.9 23 18.4 14 

2008 14.6 15.5 21.6 24.3 25.2 26.6 27.3 26.9 26.2 23 19.3 16 

2009 15.6 18.9 22.1 25.6 25.3 26.5 26.5 25.6 24.7 20 17.2 15 

2010 13.9 16.2 22.9 25.9 25.9 27.4 27.3 26.8 25.9 24 19.9 14 

2011 13.0 17.3 21.8 24.2 25.8 26.8 26.9 26.9 26.4 23 18.8 14 
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c. Minimum Temperature of Gorkha station 

Minimum Temperature (oC) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1982 9.7 9.5 12.9 16.4 19.3 20.3 21.4 21.3 19.3 15.6 12.4 9.3 

1983 6.9 10.1 13.8 16.3 17.5 21.1 22.1 21.9 20.8 17.2 12.3 8.5 

1984 7.3 9.8 15.7 18.5 19.4 21.4 21.3 21.6 20.2 17.5 11.5 9.7 

1985 8.9 10.8 16.5 19 18.1 20.4 21.3 21.9 19.9 16.1 11.4 9.4 

1986 8.5 9.7 12.9 16.5 17.4 20.9 21 21 19.1 14.9 12.1 8.2 

1987 8.6 10 12.6 16.1 16.4 19.7 19.1 20.1 21.1 17.3 12.7 10.4 

1988 9.2 10.7 13.2 18.2 18 20.2 20.5 21.1 20.8 17.8 12.6 10.6 

1989 8.2 9.3 12.3 17.3 20.1 20.9 20.6 20.5 20.6 18.1 10.8 9.9 

1990 12.1 10.7 12.1 16.6 19.6 21.6 20.9 20.1 18.3 17.1 12.7 10.4 

1991 8.8 10.9 13.4 16.3 19.9 20.4 21.5 21.1 20.3 17.4 11.2 8.4 

1992 8.2 8.9 15.1 17.8 17.8 17.9 21.5 20.5 18 18.7 11.5 14.5 

1993 9.5 11.9 12.6 15.9 18.2 22.5 21.4 20.8 19.6 16.6 11.9 9.4 

1994 8 8.3 10.9 15 18.8 20.9 22.2 22.4 19.4 15.9 13.6 8.6 

1995 7.8 10.4 12.6 21.2 21.4 22.3 21.4 20 21.5 17.8 12.7 10.1 

1996 9.1 11.6 15.4 17.6 20.5 22.1 22.3 21.8 19.6 18.3 14.3 11 

1997 10.1 11.3 17.3 20.2 18.3 22 22.4 19.8 17.4 16.3 13.4 9 

1998 9.6 10.7 11.8 13.3 16.1 20.8 20.5 20 18.3 16.7 12.6 9.9 

1999 8.95 10.3 11.8 14.0 16.8 21 21 20.5 18.8 16.7 12.5 9.17 

2000 8.3 10.0 11.9 14.7 17.5 21.2 21.5 21.0 19.4 16.7 12.4 8.43 

2001 7.65 9.73 11.9 15.4 18.2 21.4 22 21.5 19.9 16.7 12.3 7.7 

2002 7 9.4 12 16.2 18.9 21.6 22.5 22.1 20.5 16.8 12.2 9.2 

2003 6.3 9.2 12.6 16.7 19.5 22.1 23 23.2 22 17.9 12.7 8.3 

2004 6.7 9 13.9 16.9 20.2 11.5 11.4 12.7 12.1 7.1 3.4 2.4 

2005 2.3 11.4 13.9 17.1 20.9 22.3 23.3 23.4 22.8 17.9 12.3 8.3 

2006 7.8 13.9 13.9 17.4 21.3 22.6 23.7 23.3 21.9 18.5 13.4 10.1 

2007 8 10.8 13.8 18.5 20.8 22.4 23.4 23.3 22.1 19 12.6 8.5 

2008 8.65 8.8 14.5 17.1 19.3 22.4 23.5 23.1 21.8 17.5 13 10.7 

2009 9.3 11.5 14.3 18.4 19.8 22.1 23.2 23.1 21.9 17.8 11.6 9.3 

2010 7.1 9.1 15.3 18.2 19.3 21.6 22.9 22.4 21.3 18.2 14 7.6 

2011 6.6 10.1 13.9 16.5 19.9 21.8 22.8 22.5 21.7 17.7 13.3 8.5 
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d. Rainfall for Chame Station  

Latitude (deg/min): 2833, Longitude (deg/min): 8414, Elevation (m): 2680 

Rainfall (mm) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1982 60.9 83.3 158 61.9 48.7 35.6 169 149 119 39.5 11 0 

1983 17.8 3.5 129 72 123 98.8 166 91.9 190 87.5 0 30.5 

1984 15.5 20.1 62.6 82 18 118 176 65 187 0 0 15 

1985 31 35 116 71.9 63.9 89.2 231 173 319 318 3.1 37 

1986 3.4 70 72.4 71.9 50.2 105 182 64 144 58 7.8 23 

1987 2.2 48 23.9 103. 95.7 22.1 176 36 231 188 5.4 30 

1988 21 0 34.6 51.6 66.7 58.6 196 91 231 188 5.4 30 

1989 12 24 29.2 77.7 102 206 246 167 216 68 26 14 

1990 3.5 79 143 59.6 63.8 69.1 193 109 167 54 2.3 11 

1991 40.3 38 98.4 63.2 39.4 132 181 186 133. 2.8 35 51.7 

1992 45.5 67 51.4 18 48.9 76.2 161 162 79.5 74 11 0 

1993 39.5 37 65.6 0 34.8 100 119 159 226. 15.1 0 0 

1994 52.2 39 6 110. 40.3 91.7 127 126 143. 7.3 2 2.3 

1995 110 94 159 52.2 65.2 155 184 192 114. 14.2 158 17.6 

1996 27.8 157 61.9 32.6 59 129 156 178 138 224 0 0 

1997 23.2 60 96.4 74 71.6 70 149 270 110. 64.4 73 156 

1998 0 87 166 33 39 73.2 167 108 39 9 10 0.8 

1999 16.4 54 7.6 5 108 182 116 133 88 32.2 0 6.4 

2000 11 24 19 31 20 116 136 140 76 0 18 0 

2001 6.2 28 23.8 23 25.2 112 121 146 34 6.2 2 0 

2002 62.8 35 32.8 74 87.2 97.6 80. 152 253. 0 34 0 

2003 40 49 115 55.6 40.2 137 113 203 149. 7 0 43 

2004 27.6 22 5 49.2 46.6 168 258 186 185 26 0 0 

2005 89 38 100 104 80 60 239 309 21 133 0 0 

2006 0 0 67 0 101 42 366 287 84 0 0 0 

2007 7 174 7 146 6 180 435 438 250 27 0 11.7 

2008 56.2 41 50 53 80.6 385 210 88 59.5 9.6 0 0 

2009 0 12 49.3 0 94.3 7 68. 141 21 86.2 0 3 

2010 16.3 66 55 64.5 184 135 235 263 214. 0 0 0 

2011 11.4 18 37 56.6 57.7 184 223 143 124. 0 7.6 0 
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e.  Rainfall of Jagat station 

Latitude (deg/min): 282, Longitude (deg/min): 845, Elevation (m): 1334 

Rainfall  for Jagat station 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1981 78 76 83.5 147 147 127 436 434 165 0 26 0.8 

1982 52 86.4 146 58.2 52.3 138 289 183 172 34 0 8 

1983 11 0 0.4 46.8 0 55.7 147 407 339 0 0 11 

1984 0.8 8 11.4 69.3 1 222 172 231 0 0 0 16.9 

1985 0.4 11 33.4 23.1 52.9 106 139 26.3 85.5 8.6 6.5 31.9 

1986 32 15.1 78.7 11.9 60.5 179 280 91.1 0.9 0 0 19 

1987 15 41.9 26 253 44.5 77.1 124 154 51.6 0 0 0 

1988 0 0 14.2 85.7 131 10.4 195 130 101 0.1 0 11.4 

1989 74 39.4 11.6 0.2 144 160 222 124 55.4 0.3 0 0.3 

1990 0 21.8 71.6 61.4 77.2 121 299 198 108 0.1 0 35.6 

1991 14 14.6 1.8 1.8 35.8 28.1 13.2 13.6 0.8 18 0 0.4 

1992 8 32.6 0 13 0 40.7 52.1 22.4 0 0.5 0 0 

1993 33 24.3 10.4 20.9 31.5 38.7 49.2 98.9 64.8 5.1 2.70 11 

1994 24 28.5 37.6 61.0 59 100 186 162 88.2 1.1 0 6.5 

1995 28 94.2 98.8 106 163 234 282 355 182 25 60 7 

1996 50 121 95.5 13.3 13 222 398 499 220 105 0 0 

1997 60 29.9 178 57.4 74 287 238 309 218 70 25.3 118 

1998 0 22 117 15 34 145 521 263 144 54 14.3 0 

1999 25 0 28 39 188 278 636 270 213 165 0 0 

2000 15 49.1 135 29.8 171 331 372 388 418 21 0 1.4 

2001 5.9 95.4 41 145 224 348 378 364 259 50 1.5 4.2 

2002 63 49.9 85.7 96.3 125 164 339 286 192 55 33.2 0 

2003 41 103 82.7 54.6 74 218 457 333 352 8.6 2.6 17.7 

2004 46 3.9 6.3 105 118 278 387 358. 174. 115 2.5 0 

2005 110 20 39.5 49.3 114 204 473 326 169 148 0 0 

2006 0 1.5 126 86.1 98.8 273 320 345 134 11 3.6 34.5 

2007 0 152. 69.4 125 94.6 199 364 312 315 157 12.4 0 

2008 15 13.9 77.7 68.3 44 443 496 417 266 101 0 4.1 

2009 0 1.5 72.9 80.6 107 62.9 369 290.9 199 113 0 1.5 

2010 0 56.3 46.7 75.1 78.9 240 545 353.4 418.3 70 2.1 0 
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f. Minimum Discharge for Arughat station 

Latidude (deg/min): 280237, Longitude (deg/min): 844859 

Minimum Discharge (m3/sec) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1981 38.7 37.8 26 48 102 144 339 375 233 110 61.6 42.3 

1982 34.3 30.1 25.2 77 95 162 345 309 199 98.6 60.5 43.2 

1983 34.3 28.4 26.9 35.2 63.8 111 196 309 255 132 74.8 47 

1984 35.2 30.1 31.8 34.3 54 178 231 281 279 106 55 36.9 

1985 39.3 27.4 36.2 37.7 42.1 85.3 219 276 211 154 73.6 48.6 

1986 34 28 28 32 53.7 60.9 315 285 206 98.7 55.5 49.1 

1987 33.4 29.3 28 35.3 54.6 135 278 321 158 111 59 37.7 

1988 28 25.6 25.6 34.7 67.6 117 270 374 189 90.8 52.8 40.6 

1989 39.1 33.4 38.4 53.7 64.7 131 272 332 346 102 56.8 39.1 

1990 34.3 28 27.5 31.1 62.9 169 296 304 248 98.8 58.5 28.4 

1991 21.1 26.3 25.7 37 75.9 101 271 397 204 84 51.9 36.3 

1992 28.6 24 28.6 30.5 47.2 84 167 320 192 88.1 51.9 36.3 

1993 29.2 24.6 22.4 26.9 79.9 128 246 361 277 98.8 58.5 37 

1994 29.4 24 25.3 32.2 36.1 130 269 309 188 80.6 46.9 34 

1995 28.1 27 25.1 36.4 94.2 214 333 383 192 84.3 57.7 38.6 

1996 32.5 29.9 34.9 43.1 81.6 94.1 263 372 211 96.6 58.4 43.5 

1997 31.1 27 30.4 32.8 51.9 77.8 324 343 150 67.6 53.1 37.7 

1998 44.1 41 42 49.7 85.7 163 324 369 234 86.3 55.5 31.1 

1999 22.5 20.3 21.2 25.6 42.5 51.9 282 389 297 122 59 40 

2000 30 27 25.8 49.3 69.7 155 340 432 243 98.4 56.3 41.5 

2001 33.3 28.7 26.8 30.3 60.7 106 320 343 190 90.3 55.7 36.3 

2002 30.5 27.7 26.8 34.7 60.7 99.9 312 356 213 94.2 65.7 44.5 

2003 34.9 30.7 32.7 52.8 54 132 368 379 255 97 56 41 

2004 29.6 26.9 26.3 31.5 38.4 95.6 350 342 226 107 56.8 37.7 

2005 30.3 26.5 29.4 32.4 53 83.3 272 312 159 95.6 54.4 34.1 

2006 28 26.7 26.9 32.4 60.4 137 288 388 187 82.2 62.2 33.7 

2007 26.5 25.7 25.9 50 51.1 71.1 306 358 193 108 56 34.3 

2008 26.1 21.7 22.9 24 53 71.1 285 374 168 72 47.3 34 

2009 27.6 22.7 19.9 24.3 39.4 59.5 168 261 142 72 47.3 33.5 

2010 25.6 23.1 23.7 28.8 38.4 62 259 360 225 83 50.3 33.8 
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g. Miximum Discharge of Arughat station  

Maximum Discharge (m3/sec) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1981 48 43.2 47 127 185 461 582 570 500 243 108 62.7 

1982 45 42.3 86.6 122 166 403 505 547 517 188 96.2 60.5 

1983 42.3 34.3 43.2 83 165 351 532 483 520 447 128 72.6 

1984 46 36 54 66 185 315 555 471 650 279 102 54 

1985 36.9 39.1 45.3 72.6 121 274 508 453 431 412 147 73.6 

1986 43.7 34.7 49.4 82.1 89.7 485 555 490 410 206 98.7 56.4 

1987 39.1 37.7 46.2 147 130 390 662 616 453 217 110 73.6 

1988 38.4 29.3 43.7 84.2 160 319 563 689 453 188 88.6 79.9 

1989 94.2 47.8 57.2 76.7 394 422 545 511 532 328 100 56 

1990 39.1 39.8 78.9 104 180 384 604 630 477 237 95.6 57.7 

1991 43.4 31.1 54.4 84 189 334 506 665 599 198 82 50.2 

1992 35.6 33.7 45.6 66.4 110 338 484 801 427 198 87 51 

1993 37.7 36.3 34.3 98.8 146 367 529 830 602 262 98.8 59.4 

1994 37.2 51.8 54.1 49.8 159 459 627 566 439 181 77.6 46.5 

1995 34 35.4 97.8 136 529 683 575 630 433 184 237 56.4 

1996 41.7 58.3 57.7 91 190 511 660 843 598 293 96.6 57.7 

1997 43.3 41.2 59.4 59.8 129 538 556 650 374 141 67.3 89.4 

1998 51.7 48.8 64.2 128 220 543 814 903 551 312 84 44.9 

1999 31.4 22.2 30.5 72.2 259 843 460 679 653 410 123 67.3 

2000 39.1 29.8 50.3 78.5 277 869 792 906 666 229 96.2 54.3 

2001 42.8 39 37.3 60.7 200 534 700 772 490 210 89 55.3 

2002 50 42 52.1 107 297 403 631 687 474 220 93.5 65 

2003 47.8 42.5 56.8 112 142 540 772 770 646 234 104 55.5 

2004 39.1 33.3 60.3 55.5 179 404 580 631 401 308 105 56 

2005 44.6 31.3 43.7 81.2 133 301 573 620 356 179 93.4 53.5 

2006 35.2 32.6 48.5 58 224 457 584 557 456 183 80.3 62.8 

2007 36.4 41.9 66.6 77.1 136 333 549 643 695 341 105 56 

2008 34.2 25.9 30.5 70.6 107 532 565 760 358 176 71.7 46.5 

2009 33.3 27.5 28.9 64.6 119 195 497 477 367 685 78.9 46.9 

2010 32.8 29.7 40.8 66.4 78.4 327 517 732 554 214 79.6 50.1 
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h. Mean Discharge of Arughat station 

Mean Discharge (m3/sec) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1981 43.1 40.6 40.7 80.9 119 262 457 447 302 168 82.2 51.5 

1982 37.9 35.5 49.9 96.7 122 267 385 380 311 132 76.4 49.8 

1983 37.8 30.8 35.7 45.9 108 177 320 388 358 215 98.6 55.9 

1984 40.8 32.7 39.2 50.5 121 248 415 358 379 193 71.1 44.9 

1985 32.7 31.4 40.2 48.6 64.2 152 391 338 330 209 104 55.9 

1986 39.3 31.3 33.7 56.7 66.1 247 407 346 295 140 78.9 47.3 

1987 35.4 31.8 33.3 55.8 77.7 193 429 432 288 136 84.2 46.6 

1988 32.1 27.4 30.4 63.7 115 203 453 484 279 125 67.8 48.4 

1989 46.1 38.5 40.3 64 138 221 366 409 438 188 76.9 48.1 

1990 36.8 30.9 34.5 63.9 112 260 470 425 344 152 76.3 46.7 

1991 34.2 28.4 34.4 49.8 116 236 378 515 362 132 64.9 42.4 

1992 31.8 26.5 33.2 50.4 69.7 154 291 483 308 131 68.1 42.4 

1993 32.5 30.1 27.3 52.9 112 201 368 496 365 166 76.9 45.4 

1994 32.2 27.9 35.4 38 88.5 245 385 422 304 115 58.2 39.7 

1995 31.1 29 37.8 62.7 189 344 420 490 299 126 77.7 47.5 

1996 35.1 33.4 43.5 55.3 120 244 436 508 345 134 74.7 48.2 

1997 35.2 30.1 36.4 44 62.6 189 418 374 276 91.6 54.1 48 

1998 48.3 43 47.9 76 156 264 477 570 315 152 60.6 37.2 

1999 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 

2000 34.1 28.1 29.4 59.5 130 390 530 581 460 143 78.3 48.4 

2001 37.1 31 29 40.4 98.8 290 480 514 338 139 66.3 46.9 

2002 33.4 29.8 26.4 67.2 127 234 445 495 308 142 74.4 53.2 

2003 38.9 34.2 39.8 74.6 90 255 518 477 414 146 73.3 46.5 

2004 33.7 28.9 35.7 43.8 88.8 205 413 468 289 175 73.8 48 

2005 34.2 28.7 35.2 52.1 87.6 164 419 459 242 123 70.4 43 

2006 31.4 28.7 29.9 42.7 117 225 400 389 282 121 70.8 57.9 

2007 29.5 27.6 35.6 61.3 76.1 192 401 457 371 171 74.9 43.5 

2008 29.7 24.1 25.9 40.5 67.6 281 436 511 250 117 58.7 40.2 

2009 29.8 24.5 22.6 42.7 59 112 304 358 235 153 59.4 49.9 

2010 29.3 24.7 29.1 45.3 57.7 127 397 471 437 133 63.7 40.7 
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Annex III: Results of Water Quality Analysis 

 Table 1: Results of Microbiological Test for stream, reservoir and tap, 2012 

Sampling code TC  cfu/100ml Sampling code TC  cfu/100ml 

S1 54 T2 43 

S2 32 T3 15 

S3 12 T4 3 

S4 25 T5 10 

S5 13 R1 19 

T1 8 R2 56 

Note: TC = Total Coliform, cfu = colony forming unit, S = Stream water, T = Tap water 

and R = Reservoir water 

Table 2: Result for Physical, Chemical and Biological Test of Stream Samples, 2012  

S.N Parameters Unit Stream Samples 

S1 S2 S3 S4 S5 

1 Temperature oC 15.2 18.8 10.2 12.1 12.8 

2 Conductivity µS/cm 183 41 24.5 44 34.7 

3 Turbidity NTU 2.31 2.7 1.25 3.71 8.66 

4 pH pH 6.9 6.3 6.6 6.2 6.3 

5 Chloride mg/L 21.3 21.3 24.1 4.26 17.0 

6 Free CO2 mg/L 13.2 4.4 8.8 4.4 8.8 

7 Total Hardness mg/L 8 8 6 4 6 

8 Total Alkalinity mg/L 20 10 10 5 10 

9 Ammonia mg/L 0.013 0.104 0.038 0.078 0.006 

10 Nitrate mg/L 0.018 0.021 0.004 0.011 0.027 

11 Iron mg/L 0.159 0.088 0.05 0.018 0.019 

12 Total Coliform cfu/100mL 54 32 12 25 13 

Note: S = Stream sample 
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Table 3: Result for Physical, Chemical and Biological Test of Reservoir samples, 2012  

S.N Parameters Unit Reservoirs sample 

R1 R2 

1 Temperature oC 19.3 12.2 

2 Conductivity µS/cm 41.5 34.5 

3 Turbidity       NTU 1.34 2.7 

A pH pH 6.0 6.4 

5 Chloride mg/L 15.6 21.3 

6 Free CO2 mg/L 4.4 8.8 

7 Total Hardness mg/L 4 2 

8 Total Alkalinity mg/L 5 5 

9 Ammonia mg/L 0.014 0.143 

10 Nitrate mg/L 0.006 0.04 

11 Iron mg/L 0.039 0.093 

12 Total Coliform cfu/100mL 19 56 

Note: R = Reservoir samples  

Table 5: National Drinking Water Quality Standards 2062 

S.N. Category Parameters Units Concentrations Limits 

1 Physical 

 

pH pH 6.5-8.5 

2 Electrical Conductivity μS/cm 1500 

3 Temperature °C - 

4  

 

 

Chemical 

Total Alkalinity mg/L - 

5 Chloride mg/L 250 

6 Nitrate mg/L 50 

7 Ammonia mg/L 1.5 

8 Iron mg/L 0.3(3) 

9 Bacteriological Total coliform cfu/ 100 mL 0(95% samples) 

(Source: NDWQS, 2006) 
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Table 4: Result for Physical, Chemical and Biological Test of Tap water sample  

S.N Parameters Unit Tap water Samples 

T1 T2 T3 T4 T5 

1 Temperature oC 15.2 18.8 12.7 11.7 12 

2 Conductivity µS/cm 59.2 40.5 38 44.8 44.8 

3 Turbidity NTU 1.44 4.2 0.84 1.6 3.58 

4 pH pH 6.8 6.7 6.4 6.4 6.3 

5 Chloride mg/L 26.98 14.2 11.36 21.3 11.36 

6 Free CO2 mg/L 8.8 4.4 4.4 13.2 4.4 

7 Total Hardness mg/L 8 6 4 2 4 

8 Total Alkalinity mg/L 10 5 5 5 5 

9 Ammonia mg/L 0.037 0.027 0.078 0.076 0.137 

10 Nitrate mg/L 0.008 0.002 0.09 0.008 0.067 

11 Iron mg/L 0.048 0.05 0.02 0.045 0.07 

12 Total Coliform cfu/100mL 8 43 15 3 10 

Note: T = Tap water sample 
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Annex IV: Methods and Instruments used for Water Quality Analysis 

S.N Parameters Methods Instruments 

Physical Parameters 

1 Temperature - Thermometer 

2 Conductivity Conductivity meter method Conductivity meter 

3 Turbidity Nephelometric method Nephelometer 

Chemical Parameters 

4 pH Potentiometer method pH meter 

5 Chloride Argentometric method Burette, pipette 

6 Free CO2 Titrimetric method Burette, pipette 

7 Total Hardness EDTA method Burette, pipette 

8 Alkalinity Titrimetric method Burette, pipette 

9 Nitrate Brucine Absorbtivity method Spectrophotometer 

10 Total iron Phenonthroline method Spectrophotometer 

11 Ammonia Direct Nesslerization method Spectrophotometer 

Bacteriological 

12 Total Colifom Membrane Filtration  Millipore, Rocker 

(Source: APHA, 1998) 
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Annex V: Photo Plates 

   

Plate 1: Questionnaire Survey 

 

Plate 2: Key Informant Interview 
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Plate 3: Focus Group Discussion at Prok 

  

Plate 4: Field Survey with Local 

 



xix 
 

    

Plate 5: Tap Water at Prok-3 

 

Plate 6: Agricultural Field at Prok 
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Plate 7: Water sample collection from stream 

  

Plate 8: Culture of Bacteria 


