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Abstract 

Springs are the major source of water supply for domestic 

and agricultural uses in the mid-hills of Nepal. Therefore, 

these resources must be preserved and protected for the 

benefit of the ecology, environment, economic wellbeing and 

quality of life. This study aimed to assess the community 

perception and vulnerability assessment of spring water. 

Based on the participatory methods, views and experiences 

of communities were analyzed to understand their perception 

towards climate change. On the other hand, vulnerability 

assessment was carried out to analyze the situation of water 

availability in springs. The study reveals that water consumer 

communities have experienced changing patterns of local 

climate which correlates with the long-term rainfall and 

temperature data. Vulnerability ranged from 0.10 to 0.67. 

Moreover, meager water resources and low discharge during 

summer have resulted a lot of hardship to the people. The 

findings will assist policymakers and development agencies 

to plan and implement their projects more effectively at the 

local and national levels. 
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Introduction 

 

Climate change is one of the key challenges for human population, and the most serious threat to 

the sustainability of development. Adverse effects of the climate change are visible on human 

health, food security, and socio-economic activity (Salem et al., 2019). Roughly about one-quarter 

of the world population, nearly 1.7 billion people, live in countries experiencing water 

stress (Watson, 2001). When water resource is sensitive to climate change (Chaulagain, 2009; 

Chhetri and Kumar, 2018), pressure of non-climatic factors such as population increase, rapid 

economic development, and land-use changes will further aggravate the impacts of climate change 

on fresh water resources (Kundzewicz et al., 2007; Stathatou et al., 2016; Chhetri et al., 2020). 

Hence, water resource planning and management is becoming an increasingly difficult task in the 

21st century (Raneesh, 2014). 

 

Addressing the issues of water resource management is reflected in the growing use of 

terminologies, such as ‘virtual water’, ‘water as blue gold’, ‘water war’, ‘more value per drop of 

water’, ‘recycling/reuse of water’, ‘water security’, etc. (Pandey et al.,2011). However, freshwater 

availability is drastically changing worldwide due to natural variability and direct or indirect impact 

of human activities (Kummu et al., 2016; Rodell et al., 2018; Koutroulis et al., 2019). Current 

water resource planning and management do not address the effects of climate variability (White, 

2006).Nevertheless, vulnerability to the climate change is one of the most crucial concerns of 

developing countries, and it is a critical element in the planning of any long-term development 

strategy (Beg et al., 2002). 

 

Drawing upon the broader vulnerability literature (Kelly and Adger, 2000; Luers, 2005), 

vulnerability in the context of water resources refers to the susceptibility of a system (individual, 

community, place) to damage as a function of exposure to external forces (shocks, stress, 

disturbances), sensitivity of the system, and the ability of the system to respond (cope, recover, 

adapt). In this article, exposure, sensitivity and adaptive capacity are considered the three aspects 

of vulnerability. Based on the definitions provided by several authors (Watson & Albritton 2001; 

Gallopín, 2006; Stathatou et al., 2016), exposure, sensitivity and adaptive capacity can be defined 

as follows: 

▪ Exposure: the nature, degree, duration and/or extent to which the system is in contact with, 

or subject to perturbations. 

▪ Sensitivity: the degree to which a system can be modified or affected by a disturbance or 

set of disturbances. 

▪ Adaptive capacity: the ability of a system to adjust to disturbances, to moderate potential 

damages, to take advantage of opportunities, or to cope with the consequences of 

transformations that occur. 

 

Thus, vulnerability assessments are essential in a bid to respond to future climate risks, and the 

assessment process itself can help combat current climate risks (TU-CDES, 2016). It is a process 

of identifying, quantifying, and prioritizing (or ranking) the vulnerabilities in a system. The 

frequency and magnitude of extreme weather events and disasters are increasing; and the 

developing countries are vulnerable to extremes of climatic variability and climate change (Turner 

et al., 2003). Coincidentally, increasing vulnerability in different spheres of life - social, physical, 

human, financial, and natural - increases people’s susceptibility (Sarker et al., 2019; Rai et al., 

2020).Rural communities in hills of Nepal are experiencing the impact of climate change on spring 
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water resource (Chhetri and Adhikari, 2018).Water scarcities have multiple impacts on the living 

condition of people in these areas (Ghimire and Aryal, 2013).Water scarcity is now becoming an 

emerging global issue especially related to food and energy insecurity and impeding the gross 

domestic product (Panthi et al., 2018; Gurung et al., 2019). Dwindling water availability is the key 

issue impacting local livelihoods in the hills of Nepal (Bhatta, 2015; Chhetri et al., 2020). 

Furthermore, in scenario of water scarcity, the vulnerability of communities, especially at rural 

settings of mountainous regions, is the least analyzed (Pandey et al., 2014). Against this backdrop, 

this study has been carried out to assess spring water availability in rural areas, and how they face, 

fight back, and cope with the impact of climate change in the hills. 

 

Methodology 

 

Study Site 

 

Gulmi, a hilly district in five number province of Nepal is composed of 10 rural municipalities. 

The study was carried out at the sub-district level in Ruru rural municipality (see Figure 1) covering 

an area of 67.38 km2 and population of 18,581. It consists of 6 wards including more than 54 small 

villages. It is the major catchment area of Gandaki river basin. The population of Ruru rural 

municipality has 48% males and 52% females. The main sources of economic activities include 

agriculture, livestock farming, tourism and foreign remittance. Chhetri et al. (2020) mention that 

reduced rainfall, landslide, flood, forest fire, etc. are the key threats causing scarce water resources 

in the district. The main characteristics of the study area consisting of 6 wards in Ruru rural 

municipality are illustrated in Table 1. 

 

Table 1: Main characteristic of study area at ward level 

Ruru rural 

municipality 

Ruru Gwadi Thanpati Baletaksar Bamga Reemuwa 

 Wards 1 2 3 4 5 6 

Elevation (m) 420-119 438-1609 676-1318 750-1575 552-1652 447-1552 

Area (sq. km) 11.57 14.48 8.01 12.57 12.57 8.39 

Total population 3306 2586 2585 4210 3475 2419 

Population density 285.83 178.53 322.61 335.02 276.44 288.24 

 

Methods 

 

Community Perception on Climate Change 

Participatory approach was adopted for understanding communities' perception on climate change 

and water availability. Structured questionnaires were administered. Data was gathered through 

survey, field observations and GPS recordings of coordinates of springs’ locations, apart from 

current spring discharge. Focus group discussions (FGDs) were conducted followed by the 

questionnaire survey. The questionnaire was divided into three different sections:1) General 

information, 2) Vulnerability assessment, and 3) Checklist. The sample size of survey respondents 

was determined using Yamane’s formulae (Singh and Masuku, 2014). Based on this formulae, 

more than 394 water consumers were invited to participate focused group discussion (FGD) who 

expressed their views on climate change and its impacts on water availability.  
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The current discharge of the springs was measured by volumetric method (volume × time). Further, 

data of precipitation and temperature (minimum and maximum) was used from one of the nearest 

meteorological station. It helped understand trends of 30 years at micro level and compare the 

perception of climate change on water availability. 

 

 

Figure 1: Map (Province, district, rural municipality, wards) of study area 

 

 

Vulnerability Assessment at Sub-District Level 

Participatory tools and methods were used for vulnerability assessment process. Three major 

indicators for the vulnerability assessment i.e. Exposure, Sensitivity, and Adaptive Capacity, were 

used. These three indicators were estimated using 11 sub-indices (Table 2). An exposure indicator 

reflects the demands of water, whereas the sensitivity indicator reflects the characteristic of the 

water availability. It is associated with exposures and stresses, and those indicators directly or 

indirectly affect the vulnerability of the water sector (Zhou, 2004). Similarly, the adaptive capacity 

deals with the bearing capacity of vulnerability. 

 

Data Analysis 

The data is analyzed in a way that the higher indicator values correspond to higher degree of 

exposure, sensitivity or adaptive capacity. These indicator values were further normalized as ratios 

of their respective thresholds. It offers an expected value ranging from 0(non-vulnerable) to 1(most 

vulnerable) for determining the availability of water in the study area. Finally, vulnerability index 

was calculated in accordance with the definition of IPCC (Intergovernmental Panel on Climate 

Change), i.e. as the ratio of the product of sensitivity and exposure index to the adaptive capacity 
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index (Chhetri et al., 2018). The level of vulnerability was classified into four classes namely: 1) 

Low [0, 0.2], 2) Moderate [0.2, 0.4], 3) High [0.4, 0.7], and 4) Severe [0.7, 1] (Huang and Cai, 

2009; Cai et al., 2016). 

 

Table 2: Indicators of exposure, sensitivity and adaptive capacity of vulnerability assessment at 

sub-district level 

Index Index 

Reflects 

Vulnerability 

Class 

Measurement 

Scale 

Exposure  

Human population need Higher the water demand 

increases 

+ve Ordinal 

Livestock population need Higher the water demand 

increases 

+ve Ordinal 

Sensitivity  

Population density Population pressure and 

stress on a eco-system 

+ve Ordinal 

Self-drinking water 

accessibility 

Lower the water resource 

number increases sensitivity 

+ve  Ordinal 

Household Irrigation facility  Water dependence of 

agricultural production 

+ve  Ordinal 

Improved sanitation 

accessibility 

Higher value means lower 

access of sanitation  

+ve  Ordinal 

Household cultivated land 

area percentage 

Water dependence of 

agricultural production 

+ve  Percentage 

Adaptive capacity  

Literacy percentage Higher the literacy rate 

provides the higher 

awareness of water 

management 

+ve  Percentage 

Percentage household 

sufficient food production 

Higher the capacity higher 

the resilience 

+ve  Percentage 

Number (in 

months) 

Level of storage 

capacity(Rainwater collection 

tanks) 

Higher the storage capacity 

of water  

+ve  Percentage 

Improved sanitation 

accessibility 

Higher value means lower 

access of sanitation 

accessibility 

+ve  Ordinal 

 

 

Results 

 

The findings of the research are shown into two sub-sections like the first sub-section deals with 

community perception on climate change and second sub-section represents vulnerability 

assessment. 

 



Grassroots Journal of Natural Resources, Vol.3, No.3 (2020), pp.1-15    ISSN: 2581-6853 

Doi: https://doi.org/10.33002/nr2581.6853.03031 

 

6 

 
Ramesh Chettri, Rajeev Joshi, Sandip Rijal, Saroj Adhikari 

 

Community Perception on Climate Change 

 

Perception of respondents at all sites (six wards) and their responses are presented in Table 3. 

Majority of water consumer communities (more than 95%) responded that they have an experience 

about the long-term weather changes with respect to temperature, rainfall pattern, rainfall intensity, 

occurrence of erratic rainfall and low rainfall, respectively. Communities have perceived the 

changes in rainfall intensity, timing of rainfall, and rainfall days as major problems. The discussion 

reckons that crisis of water resources is due to declining rainfall magnitude, decreasing rainfall 

days and shortening of duration of the rainy season. Local people lamented that they faced longer 

drought period leading to drying up and depletion of water spring sources, which ultimately 

affected traditional ponds and local water mills in the area.  

 

Moreover, 90% respondents claimed that temperatures have been rising resulting into an increase 

in crop and livestock diseases and surged up drought occurrence. To adapt to climate induced 

problems such as drought, low and erratic rainfall, the water consumer communities have changed 

their cropping cycle. Although no flood risk was observed during the study, half of the respondents 

perceived landslide, soil erosion and flashflood may be due to the outcome of erratic and high 

intensity rainfall. Similarly, group interviews indicated that number of invasive plants (such as 

Ageratina adenophora, Lantana camara and Ageratum spp.) were increasing, and among them 

Ageratina adenophora was most dominant and has high dispersal rate in all the studied spring sites. 

A changing pattern in the plant phenology, especially in flowering period, was also observed in 

Rhododendron spp., Bauhania spp. and Mirabelle plum. Overall, majority of water consumer 

communities had common perception of changing climate. 

 

Table 3: Water consumer communities' average perception on impacts of climate change from 

different study sites 

Indicators Responses (%) 

  Increase Decrease No change  Don't know 

Over rainfall 0 98 2 0 

Low rainfall 99 0 1 5 

Temperature 95 0 0 5 

Drought duration 93 0 0 7 

Snow fall/hailstorm/Strong wind 48 38 0 14 

Erratic rainfall 90 0 2 8 

Changes in the rainfall intensity 82 5 3 10 

Winter are colder 51 49 0 0 

Summer are hotter 49 46 5 0 

Number of rainy days 0 93 4 7 

Flood 1 99 0 10 

Landslide/soil erosion/flashflood 50 18 20 12 

Forest fire 53 37 9 1 

Invasive species 74 5 1 20 
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Spring number 0 98 1 2 

Spring discharge 0 95 2 3 

Local water mills 0 98 2 0 

Traditional ponds 0 98 0 2 

Change in cropping cycle 55 10 5 30 

Crop diseases 64 34 0 6 

Change in plant phenology 80 0 20 0 

Introduced of hybrids livestock/plant species 44 0 34 22 

Reduction in crop production due to drought 94 0 1 5 

New diseases in crops/livestock 64 30 2 4 

 

During the FGD and timeline analysis, respondents expressed that they had experienced and 

observed increased climatic risks and hazards. According to their responses, erratic rainfall 

and drought has resulted in drying up of water resources, which was the topmost hazard 

ranked in the study area (Figure 2). This ranking of hazard was followed by flashflood, soil 

erosion, invasive species, hailstorms/ strong wind and forest fires (Figure 2). 

 

 
Figure 1: Radar diagram on climate hazards/risks 

 

Spring Discharge Measurement 

 

The bar graph in Figure 3 illustrates the current spring discharge measurements taken during field 

study. More than 90 percent of peoples in the area were dependent on the spring sources for primary 

water consumption. Survey of 54 perennial springs was done in Ruru rural municipality from 

December 2018 to January 2019 (Figure 1). Discharge of 10 perennial springs was measured. 

 

The discharge results were found correlating with past trends. Average spring discharge in 10 

springs shows the rate of 0.58 liter/second. According to water consumer communities, more than 
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75 percent of springs discharges decreased in last three decades. Despite vegetation cover around 

the water sources and springs has increased, the drying up of springs is increasing. Drying up of 

spring sources resulted in lesser water availability for drinking, livestock and irrigation. Many 

villages in the area suffer from severe water crisis during dry period. It is also noted that it takes 3-

4 hours for fetching the water from far spring sources. Increased travel time revealed that climate 

change impacts are perceived by water consumer community especially drought has several 

impacts on springs water availability. 

 

.  

 Figure 2: Wards showing spring discharge rate (liter/second)  

 

Meteorological Data Analysis 

 

The pattern of a rainfall and temperature data from 1987 to 2017 shows the variations significantly 

(Figure 4). The highest annual rainfall was recorded during 1998 (2812.5 mm) and lowest in 2004 

(1233.6 mm). Likewise, the highest average temperature (18.56°C) was observed during 2016 and 

lowest was in 1997 (16.52°C). Additionally, annual and seasonal temperature and rainfall data 

were analyzed using the Mann-Kendall (Mann, 1945 and Kendall, 1975) and Sen's slope model 

(Sen, 1968), respectively. The Z values of Mann-Kendall and Sen's slope tests represent both 

positive and negative trends in the study area (Table 4). It has showed the decreasing trend 

(negative trends) in the pattern of annual rainfall, post-monsoon rainfall and winter rainfall, while 

pre-monsoon rainfall showed increasing trend. Over a period of 30 years, the trend of Z values of 

Mann-Kendall and Sen's slope tests appears positive for the annual and seasonal rainfall at average 

temperature, maximum temperature and minimum temperature. The trend analysis has been done 

for annual rainfall and seasonal rainfall at the 5% significance level (p< 0.05) and 10% significance 

level (p<0.1), respectively. When the p value is less than significance level, then the null hypothesis 

is rejected, which shows that there is a trend in the time series. When p value is high the significance 

level accepting null hypothesis indicates that there is no trend. On rejecting the null hypothesis, the 

result is statistically significant. 

 

Statistically significant trend was found in annual rainfall; however, there was no significant trend 

in seasonal rainfall. At the same time, statistically significant trend was also found in average 

temperature and maximum temperature. It also shows the significant trend in seasonal temperature 
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during pre-monsoon and winter periods, while minimum temperature was recorded in monsoon 

season. 

 

Vulnerability Assessment 

 

The vulnerability assessment in the wards of Ruru rural municipality was done by using three 

indicators, namely exposure, sensitivity and adaptive capacity. These three indicators were 

estimated by using sub-indices based on 11indicators. Exposure of each ward at Ruru municipality 

was estimated by using livestock and human population demands and the value was ranged from 

0.17 to 0.75. The value of exposure index shows the highest at Reemuwa and lowest demand at 

Baletaksar (Table 4). While adaptive capacity of each ward at Ruru municipality was estimated by 

using four indicators. The estimated value ranged from 0.73 to 0.94 (Table 4). Highest adaptive 

capacity was found at Thanapati and lowest at Bamga. For obtaining the indicator value of 

sensitivity at ward level was determined by five indicators. Result of sensitivity index values 

ranged from 0.44 (lowest at Baletaksar) to 0.83 (highest at Gwadi) as shown in Table 

4.Vulnerability index of water availability classification was based onfour classes as follows:1) 

low [0-0.2], 2) moderate [0.2-0.4], 3) high [0.4-0.7], and 4) severe [0.7-1.0] (Huang and Cai, 2009; 

Cai et al., 2016) (Table 5 and Figure 4). Finally, the study demonstrates that the degree of 

vulnerability of water availability varies from 0.10 (lowest at Baletaksar) to 0.67 (highest adaptive 

at Reemuwa). 

 

Table 4: Value of exposure, sensitivity and adaptive capacity index of six wards 

Wards Ruru Gwadi Thanpati Baletaksar Bamga Reemuwa 

Exposure 0.67 0.67 0.58 0.17 0.67 0.75 

Sensitivity 0.59 0.83 0.59 0.44 0.66 0.78 

Adaptive capacity 0.93 0.89 0.94 0.75 0.73 0.87 

 

Table 5: Value of vulnerability index of water availability and ranks of six wards 

Wards Ruru Gwadi Thanpati Baletaksar Bamga Reemuwa 

Vulnerability 0.43 0.62 0.36 0.10 0.60 0.67 

Rank of vulnerability 4 2 5 6 3 1 

Value Interpretation High High Moderate Low High High 

 

Discussion 

 

Perceptions of climate change were based on views, values and experiences of community living 

in their particular area. Water consumer communities have perceived the impacts of climate 

change. Focus group discussions revealed the climate variability across different variables (such 

as the water, forests and agricultural sectors). All stakeholders show that they have perceived 

changes in temperature and rainfall patterns. Low rainfall and erratic rainfall were responsible for 

the drought. Moreover, local perceptions of climate change gathered through the survey show the 

same trends drawn from the meteorological data. The results of this study are identical to the 

outcome of increasing trend in average temperature as witnessed by other investigations (PAN, 

2009; Shrestha et al., 1999; Shrestha et al., 2019; Tiwari et al., 2010). The increment in occurrence 

of pests, diseases and invasive species is noticed. It conforms to previous studies done by 
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Chaudhary and Bawa (2011), Macchi et al. (2014) and Uprety et al. (2017) basing the perceptions 

of climate change. 

 

Figure 3: Map showing vulnerability index of water availability at sub-district level 

 

For the responses regarding the quantity and timing of rainfall, 90% of the local respondents felt 

or found the rising trend of erratic rainfall and decline in rainfall pattern. Meteorological data of 

rainfall also shows the decreasing trend with inter-annual variations as reported earlier (Joshi et al., 

2019; Piya et al., 2012). Occurrence of early flowering was observed in Rhododendronspp., 

Bauhania spp., Myrica esculenta, and Mirabelle plum, as noticed by water consumer communities. 

About 80% of the 13 million people living in the hilly and mountainous region of Nepal rely on 

springs as their primary source of water (Poudel and Duex, 2017). In the study area, water crisis 

occurred which was severe during dry periods. Average value of discharges of ten springs were 

taken and compared with other springs. In the view of water consumer communities, spring sources 

are drying up and decrease was noted in the discharge rate. This is positively correlated with the 

data of past two decades. It is challenging to get proper information and knowledge about climate 

change, which directly impacts the decision-making process at the local level. The uncertainty 

created by climate variability is already a key problem for the communities and it is must to be 

dealt with. It has strengthened the conclusion given by Silvestri et al. (2012). Further, Manandhar 
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et al. (2015) pointed out that such information is useful for decision makers who need to understand 

and facilitate climate change and its related hazard management at a local level.  

 

Meanwhile, the impact of climate change hampers local dwellers’ livelihood and invites frequent 

disaster to their life (Sarker et al., 2020). In the future, these impacts will further increase; therefore, 

it is the urgent need to mitigate and adapt to climate change impacts. Thus, well understanding 

about these perceptions can help policymakers for supportive climate-related actions and policies. 

Further, the vulnerability studies were carried out to know the situation of water availability in 

different wards. The vulnerability assessment for water availability was performed using three 

main indicators with sub-indices, and it characterized vulnerabilities at sub-district levels (ward 

levels). Human and livestock demands were included as sub-indices of exposure parameters while 

sensitivity included cultivated land area percentage, irrigation facility percentage, self-drinking 

water accessibility and spring discharge rate. Meanwhile, literacy percentage, household food 

production, accessibility to improved sanitation and rainwater collection tanks were included in 

adaptive capacity index at ward level. Finally, vulnerability of water availability at ward level was 

explored by using the 11indices.Vulnerability index (VI)values ranged from 0.10 to 

0.67.Vulnerability index of water availability at ward level shows high vulnerability in four wards, 

moderate in Thanpati and low in the Baletaksar, based on the classification of Huang and Cai 

(2009). About 80% of rural people were dependent on the agriculture in this area. Reduced water 

availability has several effects on crop production, human health and food security. The primary 

cause of the water vulnerability is the high dependency of rural people on agriculture (Pandey, 

2015; Chhetri et al., 2020). Community with low adaptive capacity and poor infrastructure further 

aggravate the vulnerability of these areas. They are highly dependent on government and other 

organization for the development plans. Likewise, the study conducted by Chhetri et al. (2018) and 

Chhetri and Adhikari (2018) also found that the increased vulnerability of the water resources was 

due to the low adaptive capacity. Through the way of spring water vulnerability analysis, great 

insight was achieved concerning the water availability situation which highlights the vulnerability 

profiles of wards. The proposed methodology can be a tool for identification of better solutions to 

water management-decision problems and/or can provide important insights during decision 

making in similar environments (Simha et al., 2017). 

 

Conclusion 

 

The main purpose of this study was to assess the vulnerability of diminishing spring water 

resources and to understand local peoples’ perceptions at the mid-hill wards of rural areas. More 

than 394 people took part in the focus group discussions. Perceptions of climate change based on 

views, experiences of community and climatic data of long-term rainfall and temperature (1987 to 

2017). It has been found that the majority of water consumer communities have an experience of 

changes in pattern of the local climate and environment. By comparing the climatic observation 

and correlating the public perceptions, this study reveals the change in rainfall, temperature and 

drought pattern. Overall, most of the wards were vulnerable to impacts of climate change due to 

increase in temperature, less or more erratic precipitation, drought, decrease of spring water 

availability, increase in invasive species, crop diseases and forest fires. Furthermore, for the spring 

water availability in wards, vulnerability index was found ranging between 0.10 to 0.67. 

Vulnerability profiles of water availability at wards level show high vulnerability in four wards, 

moderate in Thanpati and low in the Baletaksar. Finally, the outcomes of this study offer a clear 
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vision on identifying tasks for risk-mitigation, planning and management strategies that ultimately 

can support local communities to improve their livelihood sustainably. 
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