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Abstract

:

Climate change and related hazards affect the livelihoods of people and their vulnerability to shocks and stresses. Though research on the linkages between a changing climate and vulnerability has been increasing, only a few studies have examined the caste/ethnicity and gender dimensions of livelihood vulnerability. In this study, we attempt to explore how cultural and gender-related aspects influence livelihood vulnerability in indigenous farming mountain communities of the Nepal Himalaya in the context of climate change. We applied the Livelihood Vulnerability Index (LVI) to estimate household (social group and gender-based) vulnerability in farming communities in the Melamchi River Valley, Nepal. The results identified female-headed families, and those belonging to disadvantaged social groups as more vulnerable and in need of being preferentially targeted by policy measures. Higher exposure to climatic extremes and related hazards, dependency on natural resources, lack of financial assets, and weak social networking were identified as components that determine overall vulnerability. The study also visualizes complex adaptation pathways and analyzes the influence of gender and ethnicity on the capacities of households and communities to adapt to climate change.
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1. Introduction


Climate change and its impacts on livelihood have become areas of prime concern in the scientific and political community [1]. The impacts of climate change are predicted to have severe consequences for societies and economies [2]. Current climate shocks and stresses already have an overwhelming impact on the vulnerability of households, particularly in rural communities [3,4,5]. Vulnerability is understood to be the result of the interaction between the biophysical drivers (include climatic exposure) and the function of the system’s sensitivity and adaptive capacity [4]. Frequency and intensity of weather-related extremes and gradual changes in the average temperature are expected to exacerbate vulnerability and are more prominent in mountainous regions [5,6]. In addition to exposure to climate extremes and gradual changes in climatic conditions, a combination of social, economic, and environmental factors is responsible for the vulnerability of rural households [7,8]. Inaccessibility, marginality, and fragility are constraints specific to mountains and contribute to the vulnerability of mountain communities. Climate change poses environmental, social, and economic challenges especially for indigenous rural communities in mountains because of their high dependency on climate-sensitive natural resources [9,10] and because lack of resources limits their ability to cope with and adapt to stresses of all kinds.



Little attention has so far been given to mountainous areas of the Himalayan region regarding how climate change and related hazards impact on marginalized community livelihoods [3,11,12] and with respect to the challenges faced specifically by ethnic minority groups [8,13]. Social hierarchies as well as geographic location, e.g. upstream, downstream, and access to resources are some key factors that determine the marginalization of social groups in the Himalayas [14,15,16]. Such marginalized social groups, including women, are particularly vulnerable and bear a disproportionate share of the costs of disasters [17]. Women are included in the marginalized groups mainly due to low literacy and cultural bias [17,18]. In general, the male is the household head in this region. However, in the absence of an adult male, women are often the breadwinners. Results from other studies have shown that women of female-headed households often face gender-based discrimination [19]. Their capacity to adapt to the changes is limited by socio-cultural, demographic, and policy trends. Therefore, adaptation planning at the community level has to take into account the differential vulnerabilities of men and women and leverage existing adaptive capacity [12]. There has, so far, been limited research on the relationship between changing climate and, livelihood vulnerability with a focus on, caste/ethnicity (based on households) and gender dimensions (male-headed and female-headed households) [7]. This study aims to fill this gap via a case study from Nepal.



Disciplines such as anthropology, geography, sociology, disaster management, climate science, and sustainable livelihood research provide the foundation for approaches to the study of vulnerability [20,21,22]. Hahn et al. [23] suggested examining climate change vulnerability at the community level to understand and compare the vulnerability of communities within a locality or region. Different vulnerability indexes have been developed and applied to assess changing climate vulnerability [4,24]. While examining the livelihood vulnerability of marginalized communities and households to climate change and climate variability in specific localities is important as a first step, a practical approach to designing and directing programs to minimizing vulnerability is also an urgent need. A contextualized index of livelihood vulnerability needs to be developed given the complexity of ethnicity and gender issues.



In this paper, we aim to enhance the understanding of the vulnerability of individual households by combining the livelihood vulnerability Index developed by Hahn et al. [23] and Islam et al. [25]. This combination helps to take into consideration the complexity of ethnicity and gender issues in the Himalayan region. We assess livelihood vulnerability to climate change in four ways. First, we incorporate indigenous knowledge of the local community into the selection of indicators. Communities’ adaptations are determined by local perceptions, observations, and experiences of climate change and related hazards [3,12]. Integrating local and indigenous knowledge can advise more effective decision-making, planning, and management in the Himalayan region susceptible to changing climate. Second, the study examines how ethnicity and gender influence livelihood vulnerability to climate change and related hazards. Third, the study used original empirical data for an assessment of the Livelihood Vulnerability Index (LVI). Only very few studies on climate change vulnerability have collected some form of primary empirical data. On the contrary, most were built on secondary data from various sources [4,24]. This study assesses the LVI based on observations in the field to provide insight for informing local climate change adaptation and mitigation planning. Lastly, by identifying key points of intersection between ethnicity, gender, and vulnerability, this study contributes to designing appropriate climate change adaptation activities in international research and development initiatives.




2. Materials and Methods


2.1. Study Area


This study was conducted in rural households of eight Village Development Committees (VDCs) out of 14 VDCs in the Melamchi River Valley (Figure 1). A VDC is the lowest administrative unit in Nepal. The Melamchi River Valley is located in the upstream part of the Indrawati River Basin in western Sindhupalchok, which is one of the most vulnerable districts in Nepal in terms of rainfall and temperature sensitivity [26].



Geographically, the valley can be divided into three parts: upland, middle hills, and lowland, where the major (30%) land cover is farmland (Figure 1b). The people who live in these geographic areas belong to different social groups (Table 1). The social group composition of the study area is also shown in Figure 1a. Baseline scenario (1950–2000) of the Worldclim dataset shows that the standard deviation of temperature was higher in the agricultural land (Figure 1c). Temperature data from the meteorological stations close to the study area revealed a rising temperature within the last three decades (Figure 1d). Similarly, erratic precipitation has been recorded in Dhaap, Dubachour, and Shermathang hydro-meteorological stations in the study area (Figure 1d).



A caste system is the hierarchical division of Hindu society into occupational groups, with Brahmins at the “top” and the “untouchables” (known as “Dalit”) at the “bottom” of this social class system [27]. We refer in this paper to castes/ethnic groups collectively as social groups. While the country is heading toward implementation of a new constituency, which recognizes people from every caste or ethnic group as equal, the impact of the existing system cannot be eliminated at once. It is still reflected in the livelihoods of different social groups particularly regarding access to resources, benefit sharing, and financial condition. However, it is important to point out that while, in the older literature, there was an emphasis on caste/ethnic group affiliation as a determining factor for economic wellbeing or poverty, recent studies point toward differences in economic status with social groups that can be due to a variety of factors including geographical remoteness or availability of family labor [28].



Hyolmo people are indigenous people living in the upland part of the valley, who are traditionally herders and traders. The Hyolmo people later diversified their occupations with tourism and wage labor, both domestic and abroad. The Hyolmo population (representing 0.089% of the total population in Nepal) has been recognized as an official minor ethnic group recently [29]. The Tamang constitute the major ethnic group in the study area representing nearly 39% of the Melamchi valley’s population [30]. The Tamang people were the first settlers of the region, and their settlements are well distributed in all 14 VDCs in the Melamchi River Valley. Most of the Tamang villages are located in the middle hills of the study area. Both Hyolmo and Tamang have been categorized as marginalized indigenous nationalities [31]. The detail ethnography of these two major indigenous groups is presented in Appendix A. The lowland of the Melamchi Valley is the dwelling place of Brahmin/Chhetri and Dalit. Furthermore, there are other social groups spread in the lowland and middle hills of Melamchi Valley, which include the Newar, Gurung, Magar, Danuwar, Majhi, Sanyasi, and Bhujel [32].




2.2. Data Collection


This study is based on primary data collected between February and July 2013 in surveys of 365 local households using a pre-tested, semi-structured questionnaire. Altogether 24 (three in each VDC) pretest surveys were done in order to assess the clarity of the questionnaire, suitability for participants, and to calculate the time needed for each interview, and to assess possible obstacles that could arise during the survey. Based on the pretest survey, the questionnaire was finalized. The finalized questionnaire consisted of three sections: exposure, sensitivity, and adaptive capacity as well as nine livelihood components. Interviews were conducted with the household head by trained field staff with the respective household head in Nepalese language. Community leaders were consulted to explain the purpose of the study and obtain permission to visit households. Households were selected randomly, and the sample size for the household survey was computed according to a formula with a 5% margin of error (95% of confidence level) and 50% of response distribution. Respondent households were identified through a multi-stage sampling approach. At the first stage, clusters were made according to a geographical location. At the second stage, samples were chosen through stratified random sampling. At the third stage, households were selected using the left-hand and right-hand rule. If a household was found to be unoccupied, s/he skipped that household and moved to the next closest household. The interviewers returned to any empty households to see if the habitants had returned and would agree to be interviewed. If the household was still empty when the interviewer returned, then they went back to the last household they interviewed and resumed interviewing at the next house on the original path. Verbal consent was obtained from each head of the household. Unwilling respondents were not interviewed.



Historical changes in temperature and precipitation, as well as extreme climate events, were taken as indicators of exposure. The monthly average precipitation data (1979–2009) from three stations (Shermathang, Dhaap, and Dubachour) were used for upland, middle hills, and lowland, respectively. The standard deviation of monthly average precipitation data was fitted into the current analysis. As temperature data was not available from these stations, we used ‘temperature seasonality’ from the Worldclim dataset (http://www.worldclim.org/), which is a grid-based raster data of 1-km resolution (Figure 1c). It is the amount of temperature variation over a given year, based on the standard deviation of the monthly temperature average.




2.3. Vulnerability Analysis


The IPCC Third Assessment Report (2007) mentions that climate change vulnerability is a function of exposure, sensitivity, and adaptive capacity [9,33]. The vulnerability is a positive function of the system’s exposure and sensitivity, and a negative function of the system’s adaptive capacity [19,34]. Exposure is the nature and degree to which a system is exposed to a significant change in climate. Sensitivity is the degree to which a system is affected, either adversely or beneficially by climate-related stimuli. Adaptive capacity is the ability of a system to adjust to climate variation and extremes to prevent potential damage or to cope with its consequences [9,33,35].



We used LVI and LVI-IPCC indices developed by Hahn et al. [23] to assess the risks derived from climate variability. Some modifications have been made to adapt their method to fit our specific case study. To that end, we added two more major LVI components (finances together with knowledge and communication) to the existing seven that were developed by Hahn et al. [23]. Financial assets—the first additional component—play a crucial role in determining livelihood options and strategies available to the people [36,37,38,39]. Households’ annual expenditure, annual savings, and ownership of livestock (Cows, goats, poultry, etc.) and cash crop growing by households are taken as indicators of financial assets. We assume that households with less financial assets are more vulnerable to climate change.



The second LVI component that we added including access to information on climate change and related hazards, increases the adaptive capacity of local people [40,41]. In addition, education of household heads enhances better understanding of climate-related hazards. Increased access to information on climate change enables a household in planning proactive adaptation measures against climate risks [42,43]. Each of the components is comprised of several indicators or sub-components. The indicators were developed based on a review of the relevant literature and consultation with experts. The sub-components of each major component of the LVI are listed in Table 2.



The LVI uses a weighted-average approach [23,44,45], where each sub-component contributes equally to the overall index even though each major component comprises a variable number of sub-components. Because each of the sub-components was measured on a different scale, they were standardized as an index using Equation (1).


 Indexsg=Sg−SminSmax−Smin,



(1)




where Sg is the original sub-component of the studied group g, and Smin and Smax are the minimum and maximum values, respectively, for each sub-component in all studied groups. These minimum and maximum values were used to transform this indicator into a standardized index. For variables that were measured in frequencies such as the “percent of households reporting conflicts over water resources in their social group,” the minimum value was set at 0 and the maximum at 100. Some sub-factors—such as the “crop diversity index”—were created because of an increase in the crude indicator, and, in this instance, the number of livelihood activities undertaken by a household was assumed to decrease with exposure. In other words, we assumed that households growing more than one crop have more adaptive capacity than the households growing only one crop. Using the inverse of the crude indicator, we created a number that assigns higher values to households with a lower number of livelihood activities. The maximum and minimum values were also transformed following this logic, and the equation above was applied to standardize these sub-elements. After each element was standardized, the sub-components were averaged using Equation (2) to calculate the value of each major component.


Mg=∑i=1nSgin,



(2)




where Me = one of the nine major components of the studied group g (Socio -Demographic Profile (SDP), Livelihood Strategies (LS), Social Networks (SN), Knowledge and Communication (KC), Finance (FN), Health (H), Food (F), Water (W), or Natural Disasters and Climate Variability (NDCV)). Index Sgi represents the sub-components, indexed by Mg, that make up each major component, and n is the number of sub-components in each major component. Once values for each of the nine major components were calculated, they were averaged using Equation (3), to obtain the LVI for each group.




LVIg =∑i=19WMiMei∑i=19WMi,



(3)





This can also be expressed as Equation (4).


LVIg = WSDPSDPg+WSNSNg+WLSLSg+WKCKCg+WFNFNg+WHHg+WFFg+WwWg+WNDCVNDCVgWSDP+WSN+WLS+WKC+WFN+WH+WF+WW+WNDCV,



(4)




where LVIg is the Livelihood Vulnerability Index for the studied group, which equals the weighted average of the nine major components. The weights of each major component, WMi, is the number of sub-components that make up each major component, and are included to ensure that all sub-components contribute equally to the overall LVI [45]. In this study, the LVI was scaled from 0 (least vulnerable) to 1 (highly vulnerable). For explanatory purposes, step-wise calculation of the food major component for the LVI for Dalit is presented in Appendix B (Table A1).




2.4. IPCC Framework for Calculating LVI


LVI-IPCC incorporated the IPCC vulnerability definition, where we classify the nine major components under the three categories of exposure, adaptive capacity, and sensitivity. In this approach, each major component comprises several sub-components or indicators, as in the standard LVI. Similarly, Equations (1)–(3) were applied to calculate the LVI–IPCC. Instead of one weighted average, as in the standard LVI approach, we used three weighted averages of the major sub-elements, computed according to the three contributing factors. The index of exposure (Exp) contains natural disaster and climatic variability (Equation (5)), sensitivity (Sen) containing health, food, and water (Equation (6)), and adaptive capacity (Adp. Cap) containing the socio-demographic profile, livelihood strategies, social network, knowledge, communication, and finance (Equation (7)), which has been calculated as follows.


 Expg=We1ND+We2CVWe1+We2,



(5)




We1 and We2 are the weight for natural disasters and climatic variability, respectively, and equal to the number of sub-components. We assumed that the higher the rate of change of the climate variables and the higher the frequency of natural disasters, the higher will be the exposure of households to a changing climate and extremes.


Seng=Ws1H+Ws2F+Ws3WWs1+Ws2+Ws3,



(6)




where Ws1, Ws2, and Ws3 are the weights for health, food, and water, respectively.


Adp.capg=Wa1SDP+Wa2LS+Wa3SN+Wa4KS+Wa5FNWa1+Wa2+Wa3+Wa4+Wa5,



(7)




where Wa1, Wa2, Wa3, Wa4, and Wa5 are the weights for the socio-demographic profile, livelihood strategies and social networks, knowledge, communication, and finance, respectively.



The three contributing factors were combined using Equation (8) to calculate the LVI-IPCC.


LVI−IPCCg=Expg−Adp.capg∗Seng,



(8)




where LVI–IPCCg is the LVI for the studied group, which uses the IPCC vulnerability framework. Exp is the exposure score (equivalent to the Natural Disaster and Climate Variability), Adp.cap is the adaptive capacity score (weighted average of the socio-demographic, livelihood strategies, social networks, knowledge, communication, and finance), and Sen is the sensitivity score (weighted average of the heath, food, and water). The LVI–IPCC was scaled from 0 (least vulnerable) to 1 (most vulnerable). For explanatory purposes, a detailed step-wise calculation of the contributing factors of the LVI–IPCC for Dalit is presented in Appendix B (Table A2).





3. Results


Overall, we found financial assets, and natural disaster and climate variability to be the most important components affecting livelihood vulnerability of the social group, which is followed by the components of livelihood strategies. The former two components had the highest vulnerability score of the nine components used to calculate LVI while the remaining components contributed to identifying the vulnerability score among different social groups (Table 2 and Table 3).



3.1. Social Group: LVI


Our analysis revealed Dalit (0.50) as the most vulnerable group, which is followed by Tamang (0.48). Major contributing factors in determining the vulnerability of Dalit were health, food, water, natural disaster, and climate variability (see standardized values of each sub-component in Table 2 and detailed calculation in Appendix B, Table A1). Summing them up, the sub-components result in a higher score for the health index for Dalit than for others (Table 2). Dalit reported that food production is sufficient for five to six months only. The small size of land, high dependence on rain-fed cultivation, lack of access to new technologies, and lack of water security were listed as factors causing insufficient food production. About 77% of Dalit respondents reported conflicts over water use in their village and claimed that drinking water supply is sufficient for only nine and a half months. In addition to conflicts over water, climate-related hazards such as drought, erratic rainfall, hailstorms, and new crop pests emerging as a result of warmer temperatures were identified as important causes of low agricultural production. In addition, 100% of Dalit reported impacts on their livelihood due to climate variability and climate-related hazards like drought, crop pest, and hailstorm (Table 2).



Rice planting usually starts in May and June before the first rainfall. However, in drought years, farmers opt for delayed plantation, which leads to declining yield. Respondents also reported landslides, flood, and strong winds damaging their houses and farmland. Generally, the houses and farmlands of Dalit are located close to hazard zones (landslide and flood-prone areas), which makes them more vulnerable than those of other social groups.



Tamang were vulnerable regarding livelihood strategies due to a higher proportion (64%) of household members working in other communities, leaving women, elderly people, and children behind to handle the crises. This also relates to higher dependency on agriculture and livestock as an income source. The results also show that about 55% of households did not have membership in any social organization and that 64% of them reported poor relations with the local government and difficulties in making themselves heard.



Hyolmo people were found vulnerable in terms of socio-demographic parameters and finance. The remaining social groups, which are both smaller and more scattered, were found vulnerable in terms of information access. Conversely, the Brahmin/Chhetri group was the least vulnerable of all social groups (Table 2). Brahmin/Chhetri grow cash crops like coffee and cardamom on their farmland and earn cash income, which strengthens their financial assets. However, such crop diversification practice is not common among Dalit, Tamang, Hyolmo, and the remaining groups.




3.2. Gender: LVI


Comparison of female and male-head household-differentiated livelihood vulnerability (Table 3) showed that female-headed households (n = 37) were more vulnerable than male-headed households (n = 328). Table 3 shows that, in terms of natural hazards and climate variability, communication and knowledge, water, and health, female-headed households were highly vulnerable compared to male-headed households.



The result shows limited access of female-headed households to communication and proper information about climate-related hazards, as well as to membership in local organizations. About 68% of female-headed households reported conflict over water use in their communities. In general, they have less access to water resources for irrigation than male-headed households. All female-headed households reported that they use water directly from springs without any treatment even during the rainy season since they cannot afford the time and cost. Moreover, at the time when our study was conducted, about 60% of female-headed households did not have a toilet, which lowers their health index as compared to male-headed households.



However, in terms of socio-demographic profile, livelihood strategies, social network, finance, and food, the difference between female-headed and male-headed households was small. Female-headed households were still more vulnerable. About 57% of female-headed households are solely dependent on climate-sensitive agriculture for their livelihood, compared to 44% of male-headed households. Females are, in general, not involved in non-agriculture-based livelihood activities such as tourism, construction, and seasonal migration for work. Moreover, only 40% of female-headed households had membership in community-based or other social organizations during the survey period. All these factors contribute to a higher vulnerability of female-headed households.




3.3. Social Group: LVI-IPCC


The LVI-IPCC model showed that Dalit people were more sensitive to climate variables and were, thus, highly vulnerable (see Table 4 and a detailed calculation in Appendix B). Geographical location of the household from a hazard zone and economic opportunity were major factors increasing exposure and adaptive capacity of social groups within the community. Our results show that the adaptive capacity of Dalit and Tamang is lower, which indicates higher vulnerability. Dalit were found to be more exposed and sensitive than other groups. Although the adaptive capacity of Tamang was low, lower sensitivity and exposure made them less vulnerable than Dalit. The lowest level of exposure, sensitivity, and high adaptive capacity made Brahmin/Chhetri the least vulnerable of all social groups.




3.4. Gender: LVI-IPCC


Gender-based analysis using the LVI-IPCC model shows that female-headed households were more exposed (+0.18) and more sensitive (+0.06) than male-headed households (Table 4) while male-headed households showed a higher adaptive capacity (+0.04) than female-headed households.





4. Discussion


We used primary data obtained from the household survey to assess the livelihood vulnerability approaches, i.e., LVI and LVI-IPCC of a rural indigenous community. This avoids the dependency on secondary data and climate models, which fail to capture the impacts at the local community level. LVI identifies the important component(s) and nested sub-components, which are the most important drivers of vulnerability in the studied community, whereas LVI-IPCC identifies adaptive capacity, sensitivity, or exposure of the studied community, which could be useful for developing planning for the reduction of livelihood vulnerability to changing climate and related hazards. In addition, for adaptation and mitigation planning at the community level, livelihood components that are capable of leveraging existing adaptive capacity and sensitivity should be considered. Therefore, calculating both indexes concurrently has been found useful. In addition, vulnerability is assessed through specific indicators that we found suitable for the studied communities. Such indicators highlight a person’s, a group’s, or a system’s sensitivity to certain risks [46]. A comparative analysis based on the two approaches validates their results since both approaches identify the Dalit and female-headed households as the most vulnerable groups followed by Tamang. Although both approaches indicate similar results, they complement each other in the following ways.



Although the vulnerability index construction process was robust, there are some limitations regarding the estimates of the effects of changing climate in mountain systems. These are due to uncertainties associated with inaccuracies in describing dynamic systems of climate and community change, as well as data (e.g., climatic) unavailability, especially in developing countries [47]. The use of an equal-weighing scheme has been pointed out as another important limitation of this approach [48]. Since not all components are equally important for different communities, weighting would be applied more appropriately in research on a regional scale. In addition, our research calculated LVI with reference to past climatic conditions while not considering future projections.



The result shows that the livelihood strategy is one of the major contributors to the vulnerability index. A similar finding was reported by Hahn et al. [23], where the study was conducted in Mozambique. Approaches toward more diverse or more sustainable livelihoods are emphasized in a sub-component of this component. Our results indicate that social groups engaged in more than one income generating activity, are relatively less vulnerable.



Vulnerable social groups have less access to social organizations and community-based institutions than less vulnerable groups [49]. Similar research elsewhere has shown that involvement in a social organization enhances adaptive capacity [50]. In our study, this applies especially to the Tamang, whose limited involvement in local institutions and organizations and lack of political participation is a cause of their low adaptive capacity.



Financial assets that can be easily converted into other assets play a crucial role in determining livelihood options and the adaptive capacity to a changing climate [51,52]. Hyolmo people were the most vulnerable group in terms of financial assets, followed by the Dalit. However, about 50% of the Hyolmo households from Helambu and other VDCs were not available for an interview during our household survey because of their seasonal migrations. We learned from interviewed Hyolmo respondents that the migrated Hyolmo are engaged in different income-generating activities especially with regard to tourism, trekking, and hotel business rather than other cities and they are economically strong enough. We were, therefore, able to interview the subsistence-based households who are economically weaker than the migrating households. Because of this distortion and referring to the work of Graner [53], we conclude that Dalit people who must live on insufficient wages are the most vulnerable group in terms of finance. They borrow money from a money lender to fulfill their subsistence needs at high interest rather than for productive investment. Dalit often lack fixed assess as collateral in order to obtain a loan from formal banks, co-operatives, and finance. Therefore, the vulnerability of Dalit households is enhanced by borrowing money and incurring high amounts of interest.



Dalit and Tamang are the most vulnerable groups regarding health and access to health services, which is an important indicator of livelihood vulnerability [52]. A rising temperature has made the area suitable for mosquitos and lengthened the season for flies (field survey 2013). An increase in the number of disease vectors and widespread open defecation in Tamang and Dalit settlements were identified during our survey as important causes of poor health and high sensitivity. Until the date of the survey, there was no toilet in every household in the surveyed community.



Food security, which refers to the time period during which food is available from a farmer’s own farm production, also affects livelihood vulnerability scores [52]. Graner [54] found Dalit are the most vulnerable group with respect to food security, which is still true after about three decades, as shown in our results. This is because they do not own enough land (4.07 ropanies = 0.20 hectares) to produce sufficient food for their family. None of the Dalit households in the study area own irrigated land, which would increase their adaptation capacity by increasing crop yields and crop varieties [55].



Though water plays a subordinate role in the overall livelihood vulnerability determination, distribution of water among the households still affects household sensitivity. Dalit households reported water conflicts and usually have less water sufficiency for months than other ethnic groups. Folmar [56] mentions that Dalit households in some hill districts of Nepal are the first to be cut off from the water supply during water shortages. Similarly, Tiwary and Phansalkar [57], also reported the Dalit community faces multiple deprivations and discriminations in the community with regard to access to different natural resources, especially the community water resource.



Crop pests and drought were found to be major climate-related hazards that impact livelihoods in terms of crop production, water availability for irrigation systems, and household activities. These hazards were reported to have occurred frequently since the last decade. Other hazards such as landslides and floods damage infrastructure, mainly roads, during the monsoon period. The aggregate exposure value for Dalit was higher due to a higher percentage of Dalit households reporting changing climate hazards over the past 20 years [58]. This was also mentioned in their report where minorities like the Dalit community tend to live in the more marginal areas and exposed areas, which is seeing a more changing climate and is more susceptible to climate impact.



Due to the different roles played in household livelihoods, men and women experience and respond to the impacts of changing climate differently [59]. Men often migrate in search of alternative work, while women are left behind to face the crisis, as indicated by the increasing number of female-headed households in the study area [29]. Evidence suggests that female-headed households were more vulnerable than male-headed households. According to Tenge et al. [60], female-headed households are less likely to adopt technologies because female heads have less access to information and other resources due to traditional barriers. This has also been confirmed by our study. Our finding that female-headed households in the study area have less access to physical, social, financial, political, and natural assets is in accordance with previous gender studies [61,62]. There is limited ownership and lack of access to cultivated land among female-headed households. In addition, female-headed households own about 48% less cultivated land than male-headed households, which prevents women from growing a greater variety of staple and cash crops [4].



The Melamchi Valley is generally well endowed with water resources mostly from springs and streams. In spite of this, the respondents from some social groups, especially those from Dalit communities, reported conflicts over water resources, which, according to their assessment, are due to poor management rather than physical scarcity of water. Effective water governance can increase water security through irrigation, and improve livelihoods through water-based income generating opportunities such as fish culture. Moreover, participation in water governance can strengthen the social network among the vulnerable groups. Improvement of these components can improve the financial status of vulnerable groups and reduce livelihood vulnerability.



As indicated by the results, planting cash crops can provide an excellent opportunity for vulnerable groups to strengthen their financial status, provided they have access to markets [12]. Adaptation options such as irrigation management and promotion of cash crops are only viable if there is external institutional support. Therefore, local government and local institutions should support vulnerable groups in order to generate long-term strategies for improving adaptation capacity.




5. Conclusions and Policy Implication


This paper has tested the suitability of the livelihood and vulnerability index to understand the social group and female-headed and male-headed household-based dimension of local vulnerability to climate variability and social factors. We found the indicators that have been used are very important for calculating livelihood vulnerability and are suitable for mountainous regions. Therefore, these indicators can be very useful in the vulnerability assessment in other mountainous regions as well. The LVI and LVI-IPCC approach for a household vulnerability analysis structured around those indicators proved a powerful tool for understanding the diversity of vulnerability.



The overall vulnerability of the entire studied population is relatively similar across LVI components and LVI-IPCC criteria. While marginalized groups are relatively more vulnerable, none of the components revealed an extreme difference in the vulnerability score. The vulnerabilities related to the food, water use, and health are ranked lower than finance-related, climate-related, and hazard-related components. While food-related, water use-related, and health-related components contributed to increasing the gap between more vulnerable and less vulnerable groups, the later components play a more significant role in determining overall vulnerability in the study sites. Biophysical elements that determine exposure such as temperature and rainfall cannot be changed through policy. Financial assets, however, can be improved to strengthen the adaptive capacity of the community, and, ultimately, lower its vulnerability. Improving the adaptive capacity of marginalized groups through participatory approaches needs to be made a priority of adaptation policy. Livelihood Vulnerability Indices identified in the present research are a useful tool in adaptation planning for enhancing adaptive capacity and reducing sensitivity. The results are useful in developing interventions such as crop diversification and water-based income-generating opportunities. Changing climate and livelihood policies for improved well-being and resilient communities should take into consideration the major components responsible for vulnerability along with other environmental, socioeconomic, and demographic drivers.



The policy implication drawing from this research lies in two key aspects. First, we propose policy measures that aim to reduce the sensitivity of habitat conditions, improve the resilience of society, and enhance the stability of individuals in order to address livelihood problems. That required the external investment from the government to pay particular attention to marginalized groups. Second, it calls for international aid to help build local adaptive capacity in coping with climate change, given the fact that Nepal is a low-income country.
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Appendix A


Detailed ethnography of major social groups mentioned in the manuscript from the study site.



Hyolmo—The Hyolmo also called ‘Yolmo’ are an indigenous group living in the central part of Nepal Himalayas. In Nepal, 10,752 individuals representing Hyolmo are living in 11 districts of the country, according to the Nepal National Census of 2011 [63]. They are believed to have migrated from the Gyirong Valleys of southwestern Tibet about 300 years ago Clarke [64] and settled in the valleys of Helambu (about 99% of total Hyolmo population of Nepal) in the upland part of the Melamchi valley. This migration appears to have occurred slowly over multiple generations, rather than in one large migration event [32]. Intermarriages between the male Hyolmo and the local Tamang women in the region became common [64] after Hyolmo people settled in the upper part of the Melamchi valley.



Tamang—The Tamang are the largest ethnic group in Nepal belonging to the Tibeto-Burman language group that makes up 5.8% of the total population of Nepal [63]. They are mostly farmers planting corn, millet, wheat, barley, and potatoes. Rainfed agriculture and small land holdings cannot provide sufficient income. Therefore, they supplement their farming income with manual labor. Due to discrimination in the past, Tamang people, in general, remained poorly educated and the majority have been limited to working as farmers, portering in mountain trekking, and wage working in cities. They are mid-hill dwellers in Nepal and also in the Melamchi valley. The Tamang people were the first settlers of the region, and their settlements are well distributed in all 14 VDCs in the Melamchi Valley.



A caste system is the hierarchical division of the Hindu society into occupational groups, with Brahmins at the “top” and the “untouchables” (known as “Dalit”) at the “bottom” of this social class system [27]. There are several castes within these groups. According to the Nepal National Census of 2011 [63], Brahmin/Chhetri constitute about 12.6% Brahmin + 16.6% Chhetri and Dalit constitute 0.5% of the total population.
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Table A1. Calculating the food major component for the LVI for Dalit people.






Table A1. Calculating the food major component for the LVI for Dalit people.













	Sub-Components for Socio-Demographic Profile (SDP) Major Component
	Sub-Component Values for Dalit
	Max Sub-Component Value for Study Population
	Min Sub-Component Value for Study Population
	Index Value for Dalit
	Socio-Demographic Profile Major Component Value for Dalit





	Dependency ratio of HHs (SDP1)
	0.66
	3
	0
	0.22
	



	% of HHs head that did not attend school (SDP2)
	73.08
	100
	0
	0.73
	



	% of female-headed HHs (SDP3)
	7.69
	100
	0
	0.08
	0.30



	Average age of HH heads (1/years) (SDP4)
	0.02
	0.04
	0.01
	0.24
	



	Average HH size (SDP5)
	6.27
	23
	1
	0.24
	












	
Step 1 (repeat for all sub-component indicators): indexSDP1Dalit= 0.66−03−0;



	
Step 2 (repeat for all major components): SDPDalit=∑i=1nSein=SDP1Dalit+SPD2Dalit+SPD3Dalit+SPD4Dalit+SPD5Dalit5=0.22+0.73+0.08+0.24+0.245=0.30;



	
Step 3 (repeat for all study caste/ethnic group): LVIDalit=∑i=19WMiMei∑i=19WMi=50.30+60.55+30.44+30.49+40.81+40.52+30.27+50.32+50.755+6+3+3+4+4+3+5+5=0.50.
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