

  water-12-01610




water-12-01610







Water 2020, 12(6), 1610; doi:10.3390/w12061610




Article



Drought Stress and Livelihood Response Based on Evidence from the Koshi River Basin in Nepal: Modeling and Applications



Ran Zhu 1,2, Yiping Fang 1,3,*, Nilhari Neupane 4, Saroj Koirala 1,2[image: Orcid] and Chenjia Zhang 1,2





1



Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China






2



University of Chinese Academy of Sciences, Beijing 100049, China






3



College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100190, China






4



Center of Research for Environment, Energy and Water (CREEW), Kathmandu 44600, Province No. 3, Nepal









*



Correspondence: ypfang@imde.ac.cn







Received: 11 May 2020 / Accepted: 2 June 2020 / Published: 5 June 2020



Abstract

:

Drought vulnerability analysis at the household level can help people identify livelihood constrains and potential mitigation and adaptation strategies. This study used meteorological and household level data which were collected from three different districts (Kavrepalanchowk, Sindhuli, and Saptari) in the Koshi River Basin of Nepal to conduct a drought vulnerability analysis. We developed a model for assessing drought vulnerability of rural households based on three critical components, i.e., exposure, sensitivity, and adaptive capacity. The results revealed that Saptari (drought vulnerability index, 0.053) showed greater vulnerability to drought disasters than Kavrepalanchowk (0.014) and Sindhuli (0.007). The most vulnerable district (Saptari) showed the highest exposure, the highest sensitivity, and the highest adaptive capacity. Kavrepalanchowk had the middle drought vulnerability index with middle exposure, low sensitivity, and middle adaptive capacity. Sindhuli had the lowest vulnerability with the lowest exposure, the lowest sensitivity, and the lowest adaptive capacity. On the basis of the results of the vulnerability assessment, this paper constructed livelihood adaptation strategies from the perspectives of households, communities, and the government. Many households in Kavrepalanchowk and Sindhuli significantly depend on agriculture as their main source of income. They need to implement some strategies to diversify their sources of income. In addition, the most important livelihood adaptation strategy for Saptari is improving water conservancy facilities to facilitate the allocation of water.
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1. Introduction


Understanding, evaluating, and mitigating the impact of climate changes such as frequent drought and flood disasters poses one of the most important and challenging issues of the 21st century. Climate change causes negative impacts on the economic, ecological and social services, and the impacts vary greatly by region [1]. Additionally, the effects of climate change are more serious in poor regions because these regions rely heavily on natural resources but have a low coping capacity for natural disasters [2]. Many studies have concluded that recent extreme weather events are very likely to lead to reduced agricultural yields, wetland losses, and social unrest [3,4,5]. Therefore, comprehensive research on the impacts of climate change would provide information for proposing effective strategies for disaster prevention and mitigation.



Natural disasters happen and affect people’s livelihoods in most parts of the world. Some people are more vulnerable as differences exist among countries and communities within a nation, and the effect of disasters driven by climate change on different households can vary within communities [6]. The United Nations have evaluated that about 1.5 billion people in the world are vulnerable to drought, and the national drought vulnerability is the highest in Asia [7]. For vulnerable households, the threat of drought is very likely to prevent them from making full use of their resources and cause them to be poorer than they used to be [8].



A regional vulnerability assessment provides prerequisites and strategies for climate change adaptations [9]. The Intergovernmental Panel on Climate Change (IPCC) has defined climate change vulnerability as a function of the character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity [10,11]. Typical vulnerability analysis includes three aspects, namely, exposure, sensitivity, and adaptation. Exposure refers to the magnitude and duration of changes in climate such as temperature rise and precipitation reduction, sensitivity refers to the degree that a system is affected by climate risk, and adaptive capacity is the ability of the system to recover from an exposure [12,13,14,15,16]. Therefore, assessing vulnerability to climate change, by estimating its three components, is key for evaluating and improving households’ livelihoods.



Previous research has shown the vulnerability of various objects to climate change including physiographic zones [10], crops [17], soil [18], elevation levels, aquaculture [19], tourism [20], and extreme events. However, the vulnerability assessment of agricultural countries at the household level is limited, but it is important for policy recommendations. Moreover, studies on vulnerability to disasters caused by climate change, namely, floods, landslides, windstorm etc., have shown that climate change damage was very likely to affect residents’ livelihood in Nepal. In order to address vulnerability, Nagoda and Nightingale [6,21,22] improved climate change adaptation (CCA) approaches and qualitatively described the vulnerability of food security faced with climatic stressors in Nepal at the village, district, and national levels. Additionally, Baffoe and Matsuda [23] employed the livelihood vulnerability index (LVI) investigated the spatial variation of each household’ livelihood vulnerability and their results showed that disparity existed but it was not significant. In addition, the climate vulnerability index has been proposed to quantitatively evaluate population vulnerability to climate change at the regional level [24,25]. The household vulnerability index (HVI) has been developed to measure household vulnerability by the Food Agriculture and Natural Resources Policy Analysis Network [26], and Pham et al. [27] employed it to estimate the vulnerability of smallholder farmers under the influence of flash floods and landslides. An analytical framework was used for drought vulnerability assessment, consisting of a social-ecological model, an operationalized measure for livelihood security assessment, and a strategy for vulnerability assessments of households [28]. Silva and Kawasaki [2] estimated household vulnerability to droughts and floods based on access models and the pressure and release (PAR) and their results showed that low income households who depend heavily on agriculture suffered most from disasters. Work on the impacts of floods, landslides, and earthquakes in Nepal is well researched but the vulnerability research on drought disasters at a household level is limited [29,30].



The present method differs from previous approaches in that it employs primary data from household surveys to calculate the drought vulnerability index, which avoids the pitfalls associated with using secondary data. Additionally, empirical researches on vulnerability to climate change have been conducted at the national and subnational level [31,32,33]. A vulnerability assessment is usually required for the current scales and it needs to be more localized, such as at the community or household levels [34]. If we study drought vulnerability at the national level, the strategies are not suitable for households in most parts of Nepal in the context of different geographical features. Thus, this study developed a model for assessing drought vulnerability of rural households and constructed a strategy system for adaptation to climate change to address its negative impacts in different geographical areas.



There are many challenges, including frequency droughts, heavy relance on rainfed agriculture, and a low socioeconomic status in the Koshi River Basin, which result in high sensitivity to climate change. This study attempts to assess household vulnerability to drought disasters in three districts and aims to identify the most vulnerable group using data from household questionnaire surveys. It further compares the specific indicators which depict the three contributing factors to drought vulnerability (exposure, sensitivity, and adaptive capacity) at the household level. The ultimate goal is to present recommendations on how to mitigate vulnerability to droughts and improve the adaptive capacity. It is efficient to implement the drought adaptations through a multi-stakeholder process.




2. Methodology


2.1. Study Area


2.1.1. Topography


The Koshi River which runs from north to south for a total length of 255 km originates in the middle part of the Himalayan orogen. The basin spans some parts of Tibet in the southwest of China, eastern Nepal, and northern India and it covers an area of 59,000 km2. This paper focuses on the part of the basin in Nepal, with an area of about 39,500 km2 and a population density of 329 per square kilometer [35]. The study area can be divided into five regions including High Himalayas, High Mountains, Middle Mountain, Siwalik, and Tarai [36]. The elevation ranges from 57 masl in the Tarai to 8431 masl in the High Himalayas. More than 70% of the study area is mountainous, which increases the household vulnerability to natural disasters, especially droughts and floods (Figure 1).




2.1.2. Climate


In the study area, the annual average temperature is 10.5 ℃ and the average rainfall is 1683 mm [35]. There are the following four distinct climatic seasons in the Koshi River Basin: pre-monsoon (March–May), monsoon (June–September), post-monsoon (October–November), and winter (December–February) [37]; about 80% of the precipitation occurred in the monsoon season (Figure 2). Figure 3 shows the trend line of precipitation during the monsoon season for 1901–2015, indicating a clear picture of decreasing precipitation. Seasonal drought is the main threat to rural livelihood. Almost every year, people experienced localized droughts which caused crop losses and jeopardized sustainable development of the study area [38]. The spring drought from 1985 to 2014 was reported to be frequent in Nepal. It occurred at least 4 or 5 times in most regions of the Koshi River Basin [39]. Frequent droughts have threatened food production, water security, and livestock losses. As a result, the household income decreased and some people suffered from hunger, thirst, and poverty.




2.1.3. Social Economy


There are 77 districts in Nepal. It occupies a land area of 147,181 km2 and has a population of 26.49 million. This study was conducted in the Koshi River Basin of Nepal, which contains 27 districts. It covers an area of 39,500 km2 and the population is around 13 million [40]. Agriculture which is subject to climate change is the main source of income, and therefore residents are sensitive to natural hazards. Kathmandu, the capital of Nepal is the center for tourism with a lower dependence on agriculture than other districts. According to the Nepal Human Development Report 2014 published by the government of Nepal National Planning Commission, the per capita income is 1197 USD, which shows the study area has a low level of economic development.




2.1.4. Culture Norms


Nepal is a multireligious, multicultural, multilingual, and multiracial country. Hindus represent 81.3% of the total population, 9.0% identifying as Buddhists, 4.4% as Muslims, 3.0% as Kirant/Yumaist, 1.4% as Christian, and 0.9% of people follow other religions or none religious [41]. The most distinctive features of the culture of Nepal are the caste system and the land system. The caste system is a status symbol. It includes four classes which are Sudra priest (laborers), Vaisya (merchants and traders), Kshatriya (warriors), and Brahman (priests and scholars). Intercaste marriage tends to carry a social disgrace. In addition, the private ownership of land results in an uneven distribution of land, which greatly widens the gap between the rich and poor and limits economic growth. According to the National Sample Census of Agriculture Nepal 2012 carried out by the Central Bureau of Statistics (CBS), only about 47% of households own 15% of the total land, however, 5% of households own 37% of the total land in the study area. In this study, religious factor is not considered in the vulnerability model because it is complicated and difficult to quantify. We strengthen the analysis of all potential factors as far as possible in the next study.





2.2. Data Collection


For this study, we used meteorological data and farm survey data collected from three different districts (Kaverepalanchowk, Sindhuli, and Saptari) in the Koshi River Basin of Nepal. The meteorological data was taken from the MODIS evapotranspiration product (MOD16A3) in the high-resolution monthly grid dataset, the database from the International Centre for Integrated Mountain Development (ICIMOD), and the Climatic Research Unit Timeseries (CRU TS) dataset. Specifically, the crop water stress index (CWSI) in the Koshi River Basin during the period from 2000 to 2014 was computed according to MOD16A3. The data about the number of occurrences of drought disasters during spring season from 1985 to 2014 and the months of drought duration was taken from the database of ICIMOD, KBIS. The data about precipitation during the monsoon season for 1901–2015 was taken from the CRU TS dataset. The information used for the variables based on sensitivity and adaptive capacity was taken from household surveys.



We used both primary and secondary data in this study. When we asked the respondents information about drought disasters, they gave us an obscure answer. They could not clearly remember and describe the frequency, intensity, and duration of droughts. Therefore, the combination of meteorological data and farm survey data was used for the analysis in this study. It made the indicators more comprehensive, which helped us learn more information about the research subjects. However, there were some limitations caused by taking both sources. For example, the data used for drought intensity, frequency, and duration was a time series and could not reflect the latest information such as the questionnaire data. Nevertheless, it could show the spatial differences in climatic conditions.




2.3. The Empirical Estimation Technique


Empirical research is defined as research in. which results and conclusions of the study are strictly derived from concretely empirical evidence rather than from theory or belief [42]. The word empirical means that the data collection is based on observation, experience, or calibrated scientific instruments. Generally speaking, empirical research can be conducted by using quantitative or qualitative methods [43]. This study employed the quantitative research method. It was used to gather information through digital data which could quantify behaviors, opinions, or other defined indicators. Survey research commonly involves many people to gather a large amount of information, and uses a predetermined series of closed questions which are quite easy to answer. High responses are achieved due to the simplicity of this method, and now it is one of the most widely used methods for various research.



By using primary household data, the empirical evaluation was conducive to avoid the pitfalls linked with using secondary data [44]. For example, based on the information collected from the respondents, the minimum, mean, and maximum values for each of the variables used was determined, which showed gaps in exposure, sensitivity, and adaptability among households. Another advantage was that conclusions drawn from representative samples were generalizable to this region. In other words, the empirical evaluation helped draw conclusions applicable to the whole region through the sample study [2,29].



Household questionnaires helped us to understand the survey participants’ opinions on livelihood issues and actions about adaptation to climate change. Selecting survey sites at a district scale, we considered three crucial principles, namely, the topographies of the basin, mountains, hills, and plains; covering the middle and lower reaches of the basin; and the climate ranges from the cold mountains to the tropical Tarai. At the household scale, we considered four aspects, that is, livelihood issues, types of livelihoods, family income levels, and the distance to rivers. Interviews were conducted by four students from Kathmandu University and one staff from the ICIMOD. Before the team arrived in the village, the staff contacted the community leaders and obtained permission to conduct the questionnaire survey. The community leaders introduced basic information about the households to us when our field team came to a village. On the basis of the information, four factors including livelihood issues, types of livelihoods, family income levels, and the distance to rivers were considered when we selected samples. This study employed the household sampling method which was adapted from the World Health Organization (WHO) [45]. Specifically, the team drove to the center of the village and selected a direction for the first interviewer through randomly spinning a pen [44] and the selection of directions for other interviewers was conducted in the same way. The interviewers chose the houses based on the principles mentioned above, walking in their respective direction. They knocked on the door and interviewed the head of household. If a household was empty, they skipped it and moved to the next house. When the head of the household was not at home, the wife was interviewed. Identifying information which included the questionnaire number and the name of the district was recorded. Using the method of random sampling, we ended up with 130 questionnaires consisting of a set of questions which referred to basic family information, livelihood issues, livelihood capitals, and strategies for climate change adaptation, in April 2018. Table 1 showed some topographic characteristics of the sample districts.




2.4. Approaches to Measuring Vulnerability


The vulnerability concept proposed by the IPCC has been applied to a large variety of assessments in drought-prone areas [10]. For the purpose of deriving indicators, it is necessary to understand and distinguish the three components of vulnerability. Exposure refers to climate changes and it describes rural households’ pressure on drought disaster [46,47,48], which can be characterized by drought intensity, duration, and frequency. Sensitivity refers to the degree to which households are affected by drought disasters [10]. It is measured by the agricultural investment such as the proportion of the area of rainfed agriculture land, livestock ownership, and employment in agriculture. Adaptive capacity describes the ability of rural households to adjust to drought stresses [2] and it can be characterized by the economic strength, types of livelihood, access to water, and external support. Families with high exposure, high sensitivity, and low adaptive capacity are the most vulnerable. The variables used for the drought vulnerability assessment were selected based on available literature, as mentioned in Table 2.



The main difficulty of calculating indicators into a drought vulnerability index is that many indicators are expressed in different units. It is necessary to standardize the indicators. The data standardization approach (Equations (1) and (2)) is widely used to calculate a climate vulnerability index [44,55].



For the indicators with a positive correlation with the major components:


   r i  =    λ i  −  λ  i min      λ  i max   −  λ  i min      



(1)







For the indicators with a negative correlation with the major components:


   r i  =    λ  i max   −  λ i     λ  i max   −  λ  i min      



(2)




where λi is the original subcomponent; λimax and λimin are the maximum and minimum values, respectively; and ri refers to the standardized value of λi. This standardization makes for data with values ranging from zero to one, for the purpose of making variables comparable to each other. For example, the units of household income and average time to water source are different, the standardization can make them comparable to each other. In Equation (1), a higher λi means a higher ri, and in Equation (2), a higher λi means a lower ri. The dataset where a higher value means a lower corresponding major component was inverted by subtracting the standardized value by one. The inverted dataset only includes the average time to get water.



The rank correlation analysis is an improved method of analytic hierarchy process and it was adopted to distribute the weight of indicators in different dimensions. The rank correlation analysis is efficient to determine the mutual effects between indicators [56]. We used it to distribute the weight of each subcomponent in different dimensions and calculate the composite index. The calculation models of exposure index (EI), sensitivity index (SI), adaptive capacity index (ACI), and drought vulnerability index (DVI) can be written as Equations (3)–(6) [57].


  EI =    ∑   E i   ω i     ∑   ω i     



(3)






  SI =    ∑   S j   ω j     ω j     



(4)






  ACI =    ∑   A n   ω n     ω n     



(5)






  DVI = (    ∑   E i   ω i     ∑   ω i    −    ∑   A n   ω n     ω n    ) ∗    ∑   S j   ω j     ω j     



(6)




where i (i = 1, 2, 3), j (j = 1, 2, 3), and n (n = 1, 2, …, 5) indicate the number of exposure subcomponents, sensitivity subcomponents, and adaptive capacity subcomponents, respectively. Ei, Sj, and An are the standardized values of exposure subcomponents, sensitivity subcomponents, and adaptive capacity subcomponents respectively. ωi, ωj and ωn are the weights of exposure subcomponents, sensitivity subcomponents, and adaptive capacity subcomponents, respectively. EI, SI, ACI, and DVI represent the exposure index, sensitivity index, adaptive capacity index, and drought vulnerability index respectively.





3. Results


3.1. Exposure and Sensitivity


The subcomponents, major components, and the composite DVI for each district are presented in Table 3. Among three districts, the highest value of exposure was recorded in the Saptari district (0.700) and lowest value in the Sindhuli district (0.341). In a drought-prone region, the drought intensity, duration, and frequency can potentially create high exposure to climate change among farmers [58,59,60,61]. Saptari showed a higher drought intensity, longer drought duration, and lower drought frequency than Kavrepalanchowk and Sindhuli (the drought intensity was 0.80 in Saptari, indicating that the region was threatened by water scarcity which was a serious constraint for crop production [62]. Furthermore, the long drought duration could increase the risk of crop failure in Saptari).



Saptari (0.192) also showed greater sensitivity to drought disasters than Kavrepalanchowk (0.154) and Sindhuli (0.153) (Figure 4). The households in the three districts are involved in some other income earning activities such as fishing, collecting forest products, working in a different district, doing small business, and so on, whereas households in all three districts depend highly on agriculture as their main source of income. Furthermore, in the index showing the area of rainfed agriculture land, Saptari has the highest value, and Sindhuli has the lowest value. Rainfall plays an important role in rainfed agriculture, and therefore the regions relying heavily on rainfed agriculture are more sensitive to drought [10]. In the index showing the number of livestock, Saptari has the highest value (0.071), followed by Sindhuli (0.026) and Kavrepalanchowk (0.022). The households usually raise animals including cow, buff, goat, sheep and pig that demand a lot of food and water. Households who heavily rely on livestock farming means that the households are especially vulnerable to changes in precipitation (the number of livestock per household, Kavrepalanchowk 8, Sindhuli 9, and Saptari 26) [63].




3.2. Adaptive Capacity


The adaptive capacity index ranges from 0.295 in Sindhuli to 0.422 in Saptari. Livelihood diversification strategies which are described by the average livelihood diversification index play an important role in development process (livelihood diversification strategies, Kavrepalanchowk 2.58, Sindhuli 2.84, and Saptari 3.12). In addition to agricultural activities, many households are involved in non-agricultural income earning activities such as working in a different district due to a lack of jobs in Kavrepalanchowk and Sindhuli (most of respondents are female in Kavrepalanchowk and Sindhulia nd when questioned further, they said that their husband worked in a different district such as Kathmandu and Lalitpur for more than eight months per year). Households in Saptari often employ livelihood strategies including growing crops, raising animals, and doing small business. They do not have to work away from their house when suffering from drought because there are more employment opportunities than the other two districts, which greatly reduces household vulnerability to climate change. Some respondents in Saptari mentioned that their husbands had left Nepal to work abroad and sent money home every few months, which is conducive to the improvement in living conditions.



Households without water supply facilities need to travel long distances from their house to collect water. Kavrepalanchowk households reported walking 22 min on average for a water source as compared with the other two districts (Sindhuli 8 min and Saptari 7 min). The main sources of drinking water for each district are presented in Table 4. Spring (32.56%) is the main source of drinking water in Kavrepalanchowk and many residents in Kavrepalanchowk mentioned that they did not have a consistent water supply, which greatly increases household vulnerability to drought disasters. Private tap (40.91%) is the main source of drinking water in Sindhuli. It greatly reduces the time needed for water collection. Private tube well is the main source in Saptari. People use hand water pumps to deliver water from wells. Additionally, the common types of irrigation facilities in the three districts include canals, tanks, water pumps, pipes, and tub wells. The percentage of households who have irrigation facilities was the lowest in Kavrepalanchowk (9.85%) as compared with Sindhuli (28.40%) and Saptari (57.50%). An irrigation problem that is difficult to avoid is how to move water from a source to farmland due to the rapid elevation drop from north to south in Kavrepalanchowk and Sindhuli. In addition, many respondents from Saptari mentioned that the water table was falling, and they had to replace hand water pumps with electric pumps.



The three districts had a low income per capita and there was a large income gap between the richest (3077.65 USD) and poorest people (17.05 USD). Many respondents said that private ownership of land is a source of inequality, and it creates an income gap between the haves and the have nots. The government and non-governmental organizations (NGOs) provide assistance to needy residents primarily through financial subsidies, agriculture loans, and technical training. The percentage of households with external support in Kavrepalanchowk (41.86%) was higher than Sindhuli (25.00%) and Saptari (18.60%). The government has promised to help fund the rebuilding of private homes, but many people affected by the earthquake have not received it. The respondents mentioned that most of them would not ask their relatives for help when suffering from natural disasters, and they always made a living by themselves. When questioned further, they explained that some farmers applied for a loan for a living, some young men chose to work away from their house, and some people did small business.




3.3. The Estimation of Overall Drought Vulnerability


Despite the analysis of individual components being helpful, it is important to evaluate the overall drought vulnerability in the three districts by linking the different components (exposure, sensitivity, and adaptive capacity) into a particular measure. Table 3 presents the composite DVI for each district. The results revealed that the drought vulnerability indexes of the three districts ranged from 0.01 to 0.06. Households in Saptari were found to be more vulnerable to drought disasters than Kavrepalanchowk and Sindhuli as measured by the DVI. A comparison of the exposure scores, sensitivity scores, and adaptive capacity scores of each district showed that Kavrepalanchowk belongs to the middle-exposure low-sensitivity middle-adaptive capacity group (MLM group), Sindhuli belongs to the low-exposure low-sensitivity low-adaptive capacity group (LLL group), and Saptari belongs to the high-exposure high-sensitivity high-adaptive capacity group (HHH group). The LLL group can have a low DVI such as Sindhuli, but it is not favorable for the development of agriculture due to the limited adaptive capacity. Strategies including livelihood diversification, accelerated coverage in water supply, and irrigation improvements are the most effective ways to enhance the adaptive capacity and reduce the drought vulnerability. With the exception of Saptari which has the highest adaptive capacity, the most vulnerable districts are those with the high exposure, high sensitivity, and low adaptive capacity (Figure 4). The most vulnerability households are those relying heavily on rainfed agriculture, repeatedly being hit by drought, and having almost no chance to engage in non-agricultural activities; many people do not have enough food to lead a healthy life. Furthermore, these districts are marked by low human capital, the lack of land, and so on. Davies et al. [64] stated that families who are highly dependent on subsistence agriculture suffered from a greater impact of drought disasters and rural needy residents who directly relied on grain output for their livelihoods feel these impacts more keenly.




3.4. The Impact of Drought Vulnerability on Livelihood Strategies


Many farmers in the Koshi River Basin choose the livelihood diversification strategy in the context of climate change. It takes a great deal of time to get a water source for many households in Kavrepalanchowk and most families do not have irrigation facilities, which greatly increases the water pressure on local people. Therefore, most households choose to seek off-farm employment to decrease their drought vulnerability and diversify their sources of income. Sindhuli is not a drought-prone area and families have low drought vulnerability. However, it is not enough to maintain their livelihoods if agriculture is the only source of income due to the scarcity of land in Sindhuli. Many men have to be seasonal out-working labors or do a small business to diversify their sources of income. Most households have high drought vulnerability in Saptari, therefore, they take advantage of the high population density and the convenient transport to engage in off-farm activities. Some households with access to irrigation are less vulnerable to drought disasters than others, and they depend on agriculture for their livelihoods (Figure 5).




3.5. Adaptation Strategies for Drought Disasters


The high exposure and sensitivity can easily result in livelihood losses such as a decline in grain production and the death of livestock. Households take different strategies to handle drought disasters because the problems families face are different. This paper constructed livelihood adaptation strategies from the perspectives of households, communities, and the government in Kavrepalanchowk, Sindhuli, and Saptari.



As shown in Figure 6, the three districts belong to the MLM group (Kavrepalanchowk), LLL group (Sindhuli), and HHH group (Saptari). There are three main problems in Kavrepalanchowk as follows: (A) Many households depend significantly on agriculture as their main source of income, which increases their vulnerability to climate change; (B) households without water supply facilities need to travel long distances from their house to collect water; and (C) households lack of irrigation facilities. People in Kavrepalanchowk often take livelihood strategies including working in a different district and doing small business to diversify their sources of income. In addition, they employ different types of strategies that help in reducing water pressure. Specifically, water pipes are used to transmit spring water to houses and water channels are used to guide water from rivers to the farmland. In addition, roof-catchment cisterns are important systems which are used to collect rainwater for households. Moreover, the Community Employment Alliance has been built to provide employment information for residents who need non-agricultural jobs and the government needs to improve the water supply. There are four main problems in Sindhuli as follows: (A) Many households depend highly on agriculture as their main source of income; (B) the income is at a low level; (C) households lack of irrigation facilities; and (D) the percentage of households with external support is low. People in Sindhuli often take livelihood strategies including working in a different district, working abroad, and doing small business to increase their income. The water pipe is used to move tap water to the farmland for irrigation, which greatly reduces household vulnerability to drought disasters. Water recycling is also an important drought adaptation strategy, which means reusing wastewater for beneficial purposes such as agricultural irrigation and toilet flushing is an efficient way to save water. In addition, employment information provided by the Community Employment Alliance plays a key role in diversifying residents’ sources of income. People in Saptari have high adaptive capacity, but there are still some challenges such as the high sensitivity to drought disasters and the low percentage of households with external support. The majority of water used for self-supplied domestic and livestock purposes comes from groundwater sources in Saptari and many people use electric water pumps and tub wells to get water out of the ground. The water channel is used to guide water from rivers to the farmland. In addition, agriculture loans provided by the government are vital for residents suffered from drought disasters. To facilitate the allocation of water, the government should improve water conservancy facilities.





4. Discussion


Assessments of socio-ecological vulnerability in Nepal generally lack in meteorological data [65]. But this study overcame the problem by combining meteorological data and farm survey data to assess drought vulnerability. For the empirical evaluation, it is crucial that samples take into account differences in climatic conditions, topography, types of livelihood activities, etc. By using random sampling, the high-quality data collection in this study succeeded in highlighting differences in drought vulnerability of rural households at different elevations. The results showed that Saptari is the most vulnerable district, followed by Kavrepalanchowk and Sindhuli. Low exposure, low sensitivity, and high adaptive capacity can lead to low vulnerability to impacts of drought disasters. Exposure is largely determined by climatic conditions, and it is hard to reduce it artificially. In order to lower sensitivity, reducing agricultural investment (e.g., less people engaged in agriculture, decrease in crop area and the number of livestock) is a direct approach, but it could impede the sustainable development of local agriculture. Therefore, among the three components, improving adaptive capacity is the most effective and common method to reduce vulnerability.



In terms of adaptive capacity, Kavrepalanchowk and Sindhuli are worse than Saptari. This result agrees with the climate change vulnerability assessment of Nepal by different organizations and scholars, such as Mainali and Pricope [25] who reported that adaptive capacity to climate change in the mountain and hill districts was lower than the rest of the Nepal, especially due to the long distance to the nearest city and the shortage of wealth and health infrastructure. Poverty is higher in the mountain and hill areas than the plain areas because of the large proportion of food insecure households that heavily rely on subsistence agriculture, which increases impacts of unpredictable climate change [66]. This could explain why the support from local governments, communities, and NGOs in Kavrepalanchowk and Sindhuli is more than Tarai.



Livelihood diversification is a commonly used strategy for coping with environmental and economic shocks in poverty reduction [67]. The well-endowed households are more likely to get jobs in high return sectors and acquire wealth [68]. It is a positive feedback effect where the asset rich households accumulate wealth which forms the basis for further diversification. However, the poor households often get jobs in low return sectors, which widens inequality between poor and rich households [69,70,71]. It is noteworthy that ethnicity and caste greatly reflect the distribution of both tangible (e.g., land, livestock, and houses) and intangible assets (e.g., background, access to information, and knowledge) and contribute to the pattern of livelihood diversification in Nepal. Thus, historical and socioeconomic dimensions of caste and ethnicity should be taken into account in an in-depth analysis of livelihood dynamics.



Households in Kaverepalanchowk have to take more time to get water as compared with Sindhuli and Saptari, which agrees with the assessment of household access to drinking water by Behera, Rahut, and Sethi [72] who reported that households in the ecologically sensitive mountainous areas have poorer access to secure drinking water than other regions in Nepal. Water scarcity has been a great challenge in the middle mountains of Nepal [73]. Houses with a piped water connection in the hill and Tarai areas are more than houses located in the mountain areas, which greatly saves time to get drinking water for them [72]. However, the households are more likely to get water by using public taps in the mountains. More seriously, some families have to spend more than an hour a day walking to the rivers and carrying water back home due to the scarcity of water supply facilities. Consequently, there is a more urgent need in the mountains to invest in capacity to improve access to drinking water as compared with the hill and Tarai areas. It is worth noting that male labor outmigration makes women the key decision makers of the households, which results in women playing an important role in water collection [74]. The consideration of gender factor in an in-depth study of water use is conducive to achieving the sustainable development goals (SDG) of the United Nations by 2030 [75].



Nepal faces a shortage of irrigation water despite the abundant water resources in the country because of insufficient irrigation infrastructure development [76]. Access to irrigation water is a key factor in meeting the food needs of a rapidly growing population in Nepal [77]. The percentage of households who have irrigation facilities was higher in Saptari as compared with households located in Kavrepalanchowk and Sindhuli. A possible explanation for this result could be that the positive impact of remittances on agricultural productivity is higher in Terai than the hill and mountain areas because households in Terai have better opportunities for investment in the agriculture due to a more favorable topography [78]. Residents use these remittances to increase their access to irrigation water, thereby reducing their sensitivity to climate change. Additionally, previous research has shown that lands with access to one type of irrigation facility have lower value than those with access to more than one type. A variety of irrigation sources and facilities can help increase agricultural productivity [79].




5. Conclusions


Due to the frequency of drought occurrence, diverse topography, agricultural-dominant pattern of production, and low coverage of water supply facilities in the Koshi River Basin, climate change has significant impacts on the livelihoods of rural residents. This study evaluated the drought vulnerability at the household level and identified the most vulnerable group. The results showed that the most vulnerable region was Saptari, followed by Kavrepalanchowk, and Sindhuli was the least vulnerable region. The high vulnerability of Saptari to droughts is not only due to high drought exposure but also to high sensitivity. The high drought intensity and long drought duration of Saptari is linked to high exposure due to the shortage of rainfall. It was concluded that the large percentage of population engaged in agriculture and the area of rainfed agriculture land are the primary determinants of drought vulnerability in Saptari, rather than the adaptive capacity. Given the significant spatial differences in drought vulnerability across the three districts, the government, communities, and households should, therefore, tailor adaptation strategies to local conditions. Specifically, many households in Kavrepalanchowk and Sindhuli depend highly on agriculture as their main source of income. They need to diversify their sources of income. In addition, the shortage of irrigation facilities determines that increasing investment in providing access to water is an important adaptation strategy for coping with future drought. With the exception of Saptari, the most important livelihood adaptation strategy is improving water conservancy facilities to facilitate the allocation of water.
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Figure 1. Geographical location of the study area. 
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Figure 2. Monthly distribution of precipitation in the Koshi River Basin. 
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Figure 3. The distribution of precipitation during the pre-monsoon, monsoon, post-monsoon, and winter season for 1901–2015 in the Koshi River Basin. 
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Figure 4. The radar map of exposure, sensitivity, and adaptive capacity index. 
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Figure 5. The distribution of the samples of rural households with different types of livelihood strategies in Kavrepalanchowk, Sindhuli, and Saptari districts. 
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Figure 6. The strategy system for adaptation to drought from the perspectives of households, communites, and government. 
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Table 1. Topographic characteristics of sample districts.
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	Agroecological Zones
	Sample Districts
	Altitude/m
	Number of Questionnaires





	Middle Mountain
	Kavrepalanchowk
	867
	43



	Siwalik
	Sindhuli
	414
	44



	Tarai
	Saptari
	76
	43
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Table 2. Primary variables used in vulnerability assessments.
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Major Component

	
Sub-Component

	
The Type of Data

	
Survey Question

	
Explanation and Measures

	
The Correlation of the Indicator to the Corresponding Major Component

	
Source






	
Exposure

	
(E1) Drought intensity

	
Secondary data

	
−

	
The crop water stress index was used to describe the drought intensity

	
+

	
[49]




	
(E2) Drought duration/months

	
Secondary data

	
−

	
Drought disasters lasted for different periods of time in different regions

	
+

	
[50]




	
(E3) Drought frequency/number

	
Secondary data

	
−

	
Number of occurrences of drought disasters during spring season from 1985 to 2014

	
+

	
[50]




	
Sensitivity

	
(S1) Percentage of population who engaged in agriculture/%

	
Primary data

	
How many people are there in your family?

What’s everyone’s occupation in your family?

	
−

	
+

	
[51]




	
(S2) The area of rainfed agriculture land per household/ha

	
Primary data

	
What is the area of rainfed agriculture land in your family?

	
The more rainfed agriculture land, the more sensitivity to drought disaster

	
+

	
[10]




	
(S3) Number of Livestock per household

	
Primary data

	
How many livestock are there in your family?

(Including cow, buff, goat, sheep and pig)

	
−

	
+

	
[52]




	
Adaptive capacity

	
(A1) Annual household income per capita/USD

	
Primary data

	
What is the annual income of each person in your family?

	
−

	
+

	
[10]




	
(A2) Average livelihood diversification index

	
Primary data

	
What’s everyone’s occupation in your family?

	
The livelihood diversity index means how many types of occupations in a family. The larger livelihood index, the stronger capacity adjusts to drought disaster.

	
+

	
[2]




	
(A3) Average time to get water/minutes

	
Primary data

	
How long will it take your family to walk to get water?

	
−

	
-

	
[53]




	
(A4) Percentage of households with irrigation facility/%

	
Primary data

	
Where does irrigation water come from?

	
A. rain B. river C. tap D. borehole E. dam F. well G. others

According to the respondents’ answers, we divided the households into the following two groups: households with irrigation facility and households without irrigation facility. Then, we assigned a value of 1 to the former and assigned a value of 0 to the latter.

	
+

	
[10]




	
(A5) Level of external support

	
Primary data

	
Did the government give you any help during a drought?

Did Non-Governmental Organizations give you any help during a drought?

Did any of your relatives help you during a drought

	
We want to quantify the help of the government, non-governmental organizations, or relative during a drought. If the household received one (two, three) type(s) of external help, we assigned a value of 1(2,3).

	
+

	
[51,53,54]








“+” means the indicators with a positive correlation with the major components, and “−” means the indicators with a negative correlation with the major components.
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Table 3. Indexed subcomponents, major components, and overall drought vulnerability index (DVI) for Kavrepalanchowk, Sindhuli, and Saptari districts.
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Subcomponent

	
Kavrepalanchowk

	
Sindhuli

	
Saptari

	
Major Component

	
Kavrepalanchowk

	
Sindhuli

	
Saptari






	
E1

	
0.000

	
0.750

	
1.000

	
E

	
0.413

	
0.341

	
0.700




	
E2

	
0.380

	
0.000

	
1.000




	
E3

	
1.000

	
0.140

	
0.000




	
S1

	
0.333

	
0.356

	
0.354

	
S

	
0.154

	
0.153

	
0.192




	
S2

	
0.040

	
0.013

	
0.090




	
S3

	
0.022

	
0.026

	
0.071




	
A1

	
0.159

	
0.132

	
0.172

	
A

	
0.319

	
0.295

	
0.422




	
A2

	
0.128

	
0.188

	
0.343




	
A3

	
0.759

	
0.913

	
0.923




	
A4

	
0.279

	
0.341

	
0.581




	
A5

	
0.419

	
0.250

	
0.186




	
Overall DVI

	

	

	

	

	

	

	




	
DVI Kavrepalanchowk

	
0.014

	

	

	

	

	

	




	
DVI Sindhuli

	
0.007

	

	

	

	

	

	




	
DVI Saptari

	
0.053
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Table 4. The main sources of drinking water in Kavrepalanchowk, Sindhuli, and Saptari districts.
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	The Main Sources of Drinking Water
	Kavrepalanchowk
	Sindhuli
	Saptari





	Public Taps (%)
	30.23
	11.36
	39.53



	Private Taps (%)
	18.60
	40.91
	4.65



	Public Tube Wells (%)
	9.30
	9.09
	11.63



	Private Tube Wells (%)
	9.30
	11.36
	41.86



	Spring (%)
	32.56
	27.27
	2.33











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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