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Abstract

:

Being a country in the Himalayas, Bhutan is highly prone to the vagaries of weather events that affect agricultural production and the subsequent livelihood of the people. To identify the main issues that affect crop production and the decisions of farmers, a survey was conducted in three different agro-ecosystems in Bhutan. Our key findings indicate that farming and the decisions of farmers were largely affected by different climatic and non-climatic factors. These were in descending order of importance: irrigation availability > farm labour > crop seasonality > crop damage (climatic) > land holding > crop damage (wildlife) > crop damage (diseases and pests). The most important consequences of climate change impacts were the drying of irrigation sources (4.35) and crop losses due to weather events (4.10), whereas land fallowing, the occurrence of flood and soil erosion, weed pressure and changes in cropping pattern (with mean ratings of 2.53–3.03) experienced lesser consequences. The extreme weather events, such as untimely rains, drought and windstorms, were rated as the ‘most common’ to ‘common’ occurrences, thus inflicting a crop loss of 1–19%. These confirm our hearsay knowledge that extreme weather events have major consequences on irrigation water, which is said to be either drying or getting smaller in comparison to the past. Therefore, Bhutan must step up its on-ground farmer-support system towards improving the country’s food production, whilst embracing climate smart farm technologies for adapting to the impacts of change.
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1. Introduction


The bio-physical factors of the environment and socio-economic conditions of the farmers play an important role in agricultural crop production and farming business enterprises [1]. While technological advances have fueled growth in agriculture, farming has become increasingly challenging in recent years, mainly due to the impacts of climate change [2,3]. Among the climate change-induced incidences, the occurrence of extreme weather events has become a more common phenomenon, and these are projected to be more frequent into the future [4,5]. Such incidences have reportedly influenced crop production and the management decisions of many farmers across the globe [1,6,7,8]. The extreme weather events were also considered to be impacting the developmental pace and progress of many developing countries across the world [9]. Estimations showed that economic losses from weather and climate-related disasters cost over USD 200 billion, annually [10]. With climate change proving to have real impacts, both in terms of frequency and severity, extreme weather events and their associated impacts are likely to increase manifold in the future.



According to the Intergovernmental Panel on Climate Change (IPCC), “An extreme (weather or climate) is generally defined as the occurrence of a value of a weather or climate variable above (or below) a threshold value near the upper (or lower) ends (tails’) of the range of observed values of the variable” [10]. While studies have reported many forms of extreme weather events, the most common ones include heat waves, windstorms and cyclones, floods, droughts, rising sea level, and high-intensity precipitation [11,12]. These events have been attributed to the changes in the climatic conditions and are sensitive to the natural and human systems [12,13]. It has been reported that agriculture, transportation, infrastructure, water, tourism and coastal settlements in both developed and developing countries fall under increasing risk of climate extremes. Studies have revealed that the mighty Himalayas and Hindu Kush regions are climatically very sensitive and have been experiencing large impacts of climate change in recent years [14,15]. Moreover, Bhutan is located in the eastern part of the Himalayas [14,16], where the impacts of global warming are reported to be very severe [17,18]. In the last couple of decades, the country has been witnessing a number of extreme weather events, such as hailstorms, windstorms, cyclones, droughts, and localized high-intensity and erratic rains [19,20]. Dorji and Tamang [21], analysed the historical climate of Bhutan and reported large variability in climatic conditions and associated hazards, such as heavy seasonal rains, flooding and landslides. Ren et al. [22] also reported that the annual precipitation trend in the entire Hindu Kush region showed large increases in the last couple of decades, although there were spatial variations in different countries, however, it should be mentioned that this was a broad-scale study using coarse-resolution data. Furthermore, there was a report on the increasing rate of snows and glacial melts in the northern parts of the country, thus posing a risk of Glacial Lake Outburst Flood (GLOF) [23]. The country has already experienced a few devastating incidences of GLOF in recent years, among which the GLOF of 1994 was the most severe [24,25]. It caused extensive damage to agricultural land, housing, livestock, infrastructure and communication networks. With an unabated upward trend in temperature due to the warming of the earth, glaciers in Bhutan are said to be retreating very quickly [17,26]. This is likely to trigger major GLOF since the country is confirmed to have 24 potentially dangerous glacial lakes situated between 4000–6000 m above mean sea level [25]. Climate change impacts, such as these, and many incidences of extreme weather events, especially high-intensity rainfall events, will enhance the erosive activities of rivers and streams, thus contributing to increasing levels of soil loss [27]. Therefore, the combined effects of weather phenomena, together with land degradation factors, would negatively impact environment conservation and agricultural development in the country. It is known that the extreme weather events are becoming quite frequent, and more severe. According to Sheikh et al. [28], temperature and precipitation extremes have increased over southern Asia, particularly in the eastern Himalayas. Similarly, the effects of climate change pose a serious challenge to agricultural production in Bhutan [19,29]. Elsewhere, between 2012 and 2014, there were incidences of extreme heatwaves in California, winter storms in North America, high-intensity winter rain in the United Kingdom, record rainfall and flooding in Indonesia and a severe heat wave in Australia [30]. There were also reports of heatwaves, dangerous bushfires and a series of destructive tropical cyclones causing colossal loss and damage to properties and infrastructure in Australia [5]. All these indicate issues of extreme weather events, which are attributed to the changes in climate system caused by global warming. Moreover, developing countries and island states are most vulnerable to the impacts of climate change [31,32,33].



Drawing experience from other countries, and based on local observations, it is critical for Bhutan to collate and analyse all information linked to the ill-effects of weather extremes for scenario-building and possible extrapolations towards sustainable farming systems. This is expected to offer well substantiated information not only for managing limited resources effectively, but also to facilitate the identification of suitable climate change adaptation strategies [34,35,36]. The current research was aimed at providing information on a range of issues that contribute to sustainable agricultural production. Thus, the objectives of the study were: (1) the identification and ranking of the main issues (as factors) impeding farm works, or the decisions of farmers, and (2) to reduce knowledge gaps concerning the consequences of climate change impacts, including the impacts of extreme weather events on individual farmers’ experiences. These data are required not only for agriculture, but also for overall risk management, development and planning. Besides, there is an urgent need to improve the country’s database on disasters related to extreme weather for long-term adaptation efforts and climatic resilience, which, in the current context, is at a nascent stage.




2. Materials and Methods


This study was carried out from March-May in 2019, spanning over six districts of Bhutan (Paro, Wangduephodrang, Punakha, Tsirang, Sarpang and Samtse). Ecologically, these six study districts represent the high, mid and low agro-ecosystems of the country and are located between 26°42′2.36″ N to 28°14′51.64″ N latitudes, and 89°46′5.7″ E to 90° 32′3.29″ E longitudes [37]. The elevation of the study site ranges between 100 and 2600 m above mean sea level and is bordered by China in the north and India in the south, east and west. As indicated in the study site map (Figure 1), Samtse and Sarpang districts fall in the southern subtropical zone (<1000 m), whereas Tsirang, Punakha and major parts of Wangduephodrang (Wangdue) are in the mid-altitude zone (elevation between 1000–2000 m). Paro and northern parts of Wangdue and Punakha are typically in the high-altitude zone, with elevations of more than 2000 m above mean sea level. Thus, these districts could very well represent the varying environmental conditions of Bhutan and their challenges related to the issues with climate change and socio-economic factors. The physiography of Bhutan is such that there are dramatic changes in elevation over even very small distances [16,38]. This has given rise to large variations in climatic conditions that affect farming and livelihood of the people.



The survey was undertaken using a semi-structured questionnaire, which is considered as a versatile technique that offers focused structure for discussion [39,40]. The questionnaire survey was designed in such a way so that the interview did not take more than 45 min per farmer. During the survey, 40 random samples of farmers were taken from each of the districts, resulting in a total of 240 samples from six districts, comprising of 117 males and 123 females. This means that the study had more than the minimum number households (>30) required for statistical validity and thus representation. Six different districts were selected from three different agro-ecological climatic zones, and this is representative of the Bhutan environment. The actual survey was carried out by the extension officers of the six respective districts, given their experiences and knowledge about farmers and the study sites [41]. To achieve uniformity of data across the regions, the extension officers were trained prior to actual execution of the survey. The questions in the questionnaire were framed based on our hypothesis that the “climatic factors could be one of the most important issues affecting farming and the farm-decision making in Bhutan”. While the survey assessed a wide range of issues affecting Bhutanese farmers, a major focus was on to identify the relative position of climatic factors, among the issues affecting the farming system in Bhutan. In order to relate these issues, detailed information on the frequency and severity of extreme weather events, including accounts of the consequences of climate change impacts either observed or experienced by the focal farmers. Six different types of extreme weather events considered in this study were drought, untimely rain, heat waves, high-intensity/heavy rain, warmer winters and windstorms.



To gather information on important issues affecting farming, the farmers were asked to share their experiences on some of the common climatic and non-climatic issues either observed, or felt by the individual farmer, or their household. Following the Likert scale technique, we used point scales to score the responses of the farmers [42,43]. The responses were rated on a point scale of 1 to 5 where: 5 = most common, 4 = very common, 3 = common, 2 = somewhat common and 1 = least common. Similarly, a point scale of 1 to 5 was used to assess ratings for the consequences of climate change impacts experienced by the farmers, including the frequency and severity of extreme weather events. However, in the case of frequency of extreme weather events, farmers were asked to comment on the frequency, or prevalence, of the different forms of extreme weather events, which were also rated on a 1- to 5-point scale (5 = most common, 4 = common, 3 = somewhat common, 2 = less common, and 1 = least common). Likewise, for severity, farmer’s views were sought on the extent of crop damages caused by the different weather events, also utilizing a 1- to 5-point scale (5 = most severe, 4 = severe, 3 = somewhat severe, 2 = less severe and 1 = least severe). The responses of the farmers (rating points) were analysed to rank them in descending order of the relative positions occupied by the issues. For this, a weighted average, with weights of 1 to 5, were assigned corresponding to the ranking scale of 1 to 5 and then calculated using a simple arithmetic formula (Equation (1)). To provide holistic information on the impacts of extreme weather events, the last question was on the extent of actual crop damage in terms of percentages. The scales for the crop damage, or crop loss were rated against the eight most commonly grown crops on the scale of: (1) <10%, (2) 11–19%, (3) 20–29%, (4) 30–39%, and (5) >40% for the 1–5 rating points, respectively.


  X =        ∑   i = 1  n     w i   x i          ∑   i = 1  n     w   i       



(1)




where X is the weighted average mean, xi is the multiset of data, and wi is the weights (1–5) assigned to each of the data sets.



As part of this study, we obtained some relevant information on the age, family size, land holding, farm work experience and number of crops grown by the farmers (Table 1). The data in the table shows that the mean age of the participating farmers was 50 years, with a mean family size of 5. It also indicates that the farmers interviewed had a mean farming work experience of 30 years, thus indicating that the data were of the actual farmers who have been experiencing various forms of issues and hardships in the villages.



The information gathered from the survey was pre-processed in Microsoft Excel and data analysis was undertaken using statistical software R, version 3.5.1 [44]. Among the R packages, we used ‘Dplyr’, ‘tidyverse’ and ‘ggplot2’ for plotting works. Comparison of means were subjected to an analysis of variance (ANOVA) and descriptive statistics were also applied to obtain means, standard deviations, data range, minimum and maximum values of the variables used in the study. While all graphs and plotting computations were undertaken in R, ArcGIS version 10.5 was used for visualization. The Shapefile of Bhutan map (country boundary with administrative sub-division) and digital elevation model (DEM) was obtained from the Ministry of Agriculture and Forest, Royal Government of Bhutan.



The meteorological data (1996–2017) used in the current study was obtained from the National Centre for Hydrology and Meteorology (NCHM), Ministry of Economic Affairs, Royal Government of Bhutan. The general information of rainfall and temperature at the study sites showed decreasing and increasing trends, respectively, although temperature increases were not clearly visible during the same study period (Figure 2). It should be noted that the rainfall and temperature data are only for a 20-year period, and longer period data would be needed to confirm any trends. These data are not available for Bhutan.




3. Results


3.1. Issues in Farming


The analysis showed that issues experienced by the farmers differed among the study districts (Figure 3). Farmers were affected with a number of issues, or factors that affected agricultural farming. These factors contributed to variability in farmers’ decision to adapt or undertake farming technologies [36,45,46]. Specifically, farm labour shortage and availability of irrigation water played important roles in farming operations as the two topmost important issues. These two were closely followed by crop seasonality and crop damage due to weather events. A majority of the responses of the farmer rated these factors as ‘most important’ and ‘important’, thus indicating the importance of these factors in farmers’ decision-making process (Table 2). Other factors, such as crop damage by wildlife (animals), and land holdings, also contributed to the farmers’ decision on farming. Furthermore, the weighted average ranking of these factors showed that the availability of irrigation water and farm labour shortage were the top two most important factors influencing the farmers’ decisions (Table 2). The weighted average score-based issues in descending order of importance were: irrigation availability > farm labour > crop seasonality > crop damage (climatic) > land holding > crop damage (wildlife) > crop damage (diseases and pests).




3.2. Experiences of Extreme Weather Events


Extreme weather events were assessed to be highly significant in terms of the frequency and severity at an alpha threshold of p < 0.001 (Table 3). Among six districts, the two southern districts of Sarpang and Samtse experienced the most frequent forms of extreme weather events with scores of 22.40 and 22.40, respectively. These two districts were followed by Punakha (score of 19.97) and Wangdue (19.65), and Tsirang had a mean score of 18.62. The least impacted district was Paro with a mean score of 16.40, thus indicating that this district had not experienced frequent extreme weather events as compared to other districts. In the case of severity, Samtse farmers (score of 19.80) had experienced more severe forms of extreme weather events in comparison to other study districts, followed by Sarpang with a mean score of 18.47. In terms of the total impacts of climate change, Sarpang was assessed as the most affected district, followed by Punakha and Samtse (Figure 3). Generally, the two southern districts of Sarpang and Samtse were found to be the most impacted, but other districts were also assessed to have experienced both frequent and severe forms of extreme weather events. However, Paro scored the lowest impacts, thus indicating that farmers in the district were not much affected as compared to other districts.



Among the extreme weather events, 57% and 45% of the respondents had categorized untimely rain and drought as the ‘most common’ weather events, respectively. Likewise, 37% and 32% of the respondents felt that the drought and untimely rains were not that frequent and were categorized as ‘common’ phenomena (Figure 4). However, 13%, 9% and 35% of the respondents rated drought, untimely rains and windstorms, respectively, as ‘somewhat’ occurring weather events. Windstorms were also analysed to be making occasional landfalls with 30% of the farmers reporting it as ‘common’. Heat waves and warmer winters were the two least frequent events, with only 1–3% of the farmers reporting these as ‘most common’ events. Though there is a dearth of information on such issues, the current study indicated that incidences of heat waves and warmer winters are at least present in Bhutan. Heat waves and warmer winters were considered as one of the most important issues of climate change in the neighbouring northern states of India [47]. Moreover, regardless of their frequency, some of these extreme weather events have been reportedly impacting farmers in the neighbouring Nepal [48,49], which share a similar climatic environment to Bhutan. In terms of the severity of individual extreme weather events, untimely rains (54%) and droughts (34%) were also the most severe forms of extreme weather events experienced by the farmers surveyed in this study (Figure 5). Similarly, 26% of the respondents had rated windstorm as ‘severe’ in terms of its impact.




3.3. Consequences of Climate Change Impacts


Our findings show that the various consequences of climate change impacts differed significantly across the districts (Table 4). The farmers in the five districts of Punakha, Samtse, Sarpang, Tsirang and Wangdue felt that the irrigation sources were affected the most with a mean score of 4.35 on a scale of 1–5. This was closely followed by crop losses due to the extreme weather events (mean score of 4.10). Studies in neighbouring India have also reported similar consequences of climate change impacts [50]. In the high-altitude district of Paro, changes in cropping pattern were the topmost important consequence of climate change impact, followed by incidences of diseases and pests. Furthermore, flood and erosion, weed pressure, cropping pattern change and land fallowing were the other consequences of the impacts of climate change that were categorized as ‘somewhat common’ to ‘less common’, with their mean scores ranging between 2.75–3.25. These consequences, if not addressed in a timely manner, could turn out to be a potential disaster in the near future under the unmitigated ongoing impacts of global warming.



In terms of its impacts on crop production, the majority of the farmers rated crop damage of 1–19% (Table 5. Rice, maize and potato damages of 11–19% were reported by higher percentage of surveyed farmers. Crops, such as vegetables, and fruits and nuts had a higher percent of people reporting less than 10% crop loss. The correlation of crop damage to both frequency and severity analysis showed a positive trend (Figure 6a,b), indicating an increased challenge for the farmers.





4. Discussion


There can be large differences in the issues faced by farmers across different agro-ecologies due to the variations in environmental and socio-economic conditions. This was exhibited by significantly differing views and experiences shared by the farmers in the study area on the issues affecting their farm work. Studies have reported that farmers’ views and perceptions are integral to the adoption of farming technologies and their decision to undertake adaptation strategies [36,51]. In the current analysis, issues of farm labour, irrigation water, crop seasonality and crop damage due to climatic factors were the top four hindrances contributing to the decision-making on their farming practices. While the exposure of farmers to risks and uncertainties are quite common [52], the most pertinent issues identified herein qualify as top priorities for amelioration, especially in an agriculture-driven country such as Bhutan [53]. The weighted average ranking of the issues (Table 2) is a crucial finding as it provides information on areas of focus, requiring technical and policy interventions. It also indicates the relative position of climatic factors, as to where they stand among the issues affecting the farmers. Furthermore, a higher proportion of farmers citing farm labour and irrigation water as the most important issues also indicated that these factors are very important if food and nutritional security are the development targets of the government of Bhutan. The Department of Agriculture in Bhutan has also noticed that farm labour shortage and inadequate irrigation water were frequently reported field issues in the country [54,55]. Similar findings have been reported in Nepal, wherein some of the field issues prevailing in their farming communities of hilly areas were drying of irrigation sources, labour shortages, land fragmentation and large annual crop yield reduction [56,57]. Since Bhutan shares similar environmental conditions and meteorological influences to Nepal, including those of other neighbouring countries in Asia, our study could add much needed empirical evidences as a case study from the region. While farm labour shortages or labour scarcity due to increased rural-urban migration could be country specific, such as in the case of China [58], issues with irrigation water have been reported as one of the most pressing transboundary challenges facing agriculture in many countries of the world due to climate change and socio-economic factors [59,60,61].



Crop seasonality and climatic factors were among the top four issues experienced by the farmers, which is likely to pose even greater challenges under the predicted increasing impacts of climate change. Researchers in China have reported that crop seasonality and changes in climatic factors have already affected agricultural production [62]. Other issues, such as crop depredation by wild animals, crop damage due to diseases and pests and low landholding indicate that Bhutanese farmers face multiple threats to their practice, indicating that systemic approaches and sustainable solutions are required for ongoing farm sustainability and development. It has been shown that different geographic locations and ecosystems exhibit diverse environmental conditions [63,64]; thus, it is important to gather information on various consequences of climate change impacts observed, or experienced, by the farmers for ecosystem resilience and enhanced farm productivity. It is also equally important to relate these consequences with the issues, thereby helping us delve down to the root causes of farming constraints. This is very relevant for Bhutan, since 49.1% of its rural population depends on farming for employment and livelihood [65]. Therefore, for improving food self-sufficiency, food security and poverty alleviation, the focus of Bhutan’s development must be geared towards overhauling the productivity of the renewable natural resources (RNR) sectors [19]. Though Bhutan has seen an increasing trend in food production over the last decade, mainly due to the adoption of improved technologies, the country is very much concerned with the impacts of climate change that are increasingly being felt in the recent years [19,66]. It has been reported that the contribution of RNR sectors (comprising agriculture, livestock and forestry) to the national gross domestic product (GDP) stood at 17.37% [67]. This shows that the RNR sector’s contribution to the GDP is noteworthy and has tremendous potential to bolster socio-economic development of the country. There is a need to enhance investment in agriculture and allied sectors through enhanced rural livelihood support programs and public–private partnership initiatives [68,69,70]. With different geographic locations and ecosystems experiencing various forms of climate change impacts, identifying the key issues is a crucial part in helping farmers cope with their experienced adversities. Our findings show that the magnitude of the issues of climate change impacts differed significantly among the different study districts herein that represent different agro-ecological conditions. A similar study has also reported that farmers across agro-ecological zones have experienced different forms of climate change impacts, such as unpredictable weather, erratic precipitation and drying of water sources [29]. This consolidates the existing understanding that farmers face location-specific problems, ranging from climatic to social issues. Moreover, the 20-year meteorological data of the study sites show a decreasing annual total rainfall, with a slightly increasing temperature, thus supporting the findings of this study (Figure 2). These rainfall and temperature trends provide a link to the issues experienced by the farmers in the study sites. Studies also revealed that mountain springs and streams, which form the main irrigation water sources in the Hindu Kush and Himalayan regions, were observed to be drying or shrinking, thus making farmers highly vulnerable to the impacts of climate change [14,17]. The shrinking of irrigation water sources have been noticed in the mountainous regions of India as well [71]. These issues link well with the report of large anomalies of weather patterns observed within many south Asian countries [28,60], including those in the Asia-Pacific regions [9].



Another very important consequence of climate change impact was crop loss resulting from the incidences of extreme weather events. Extreme weather events have been widely blamed for inflicting heavy crop damages in different parts of the world [6,72]. If left unattended, rural livelihood and food security is likely to be at risk, considering that Bhutan’s agricultural system is highly prone to the vagaries of climate change and external shocks [38]. Therefore, the Department of Agriculture and relevant stakeholders in Bhutan must vigorously pursue the climate smart agricultural technologies [66], not only to mitigate climate change impacts but also to overcome the issues for enhanced farm resilience into the future. In this context, information about field issues and climate-related consequences at various socio-economic and environmental conditions is crucial [36]. Understanding the key issues and drivers of changes in different locations needs strategic focus [73]. For instance, the most important consequence of climate change in Paro was cropping pattern changes, whereas, in other areas, irrigation and crop damages due to diseases and pests, and wildlife were more pronounced. Findings such as these also indicate that there is a need to seriously review Bhutan government’s environmental policy, which emphasizes on conservation of environment and protection of wildlife [74,75,76]. While such a stringent environment policy is important, its negative impacts, especially on large crop losses to wildlife would require top attention given the repercussion of land fallowing and rural–urban migration. While this paper did not assess the implications of environment conservation and wildlife protection policies, it is possible that this noble policy might be negatively impacting the farmers. There were reports of human–wildlife conflicts in Bhutan that not only resulted in a large loss of crop and livestock, but also led to the abandoning of precious agriculturally important land [77,78]. Cultivable land in Bhutan is considered very precious and the land act of Bhutan provides policy support to protect and safeguard land for the current and future generation [79], but increased land fallowing and the out migration of people indicate a need for further research and more practical policy interventions at the earliest. The current study also shows that land fallowing and soil loss due to flood and erosion were rated as ‘common’ to ‘somewhat common’ observations. This information provides an insight into the ecosystem level issues that link well with the generalized patterns of climate change impacts [46,80,81].



Delving deeper into the research findings, it is clear that the most common extreme weather events, which inflict the largest crop losses, were untimely rains (57%), droughts (45%) and windstorms (6%). This conforms to the studies undertaken in many countries of the world [80,82,83]. Furthermore, 30% and 35% of respondents reported windstorms as ‘common’ and ‘somewhat common’, indicating that this form of extreme weather is also an issue that clearly affect farmers in the region. Experiences from other countries also show that extreme weather events, including strong cyclonic disturbances, have become a more common occurrence in recent years, a shift previously attributed to the impacts of climate change [84,85]. Furthermore, there were also reports of heatwaves and general warming of the earth [86,87]. The incidences of heatwaves and warmer winters were rated as the ‘most common’ by only 1–3% of the respondents, demonstrating that such weather disturbances were also being felt by some Bhutanese farmers. Across the different agro-ecological locations, the extreme weather events were found to be significantly different both in terms of their frequency and severity. This shows that there is large variability in the intensity of extreme weather events that affect socio-ecological set up [88,89]. Sarpang and Samtse districts were the most impacted, with mean scores of 22.42 and 22.40, respectively, whereas Paro (16.40) had the lowest score, indicating that the former two districts were under more severe threat in comparison to the latter (Table 5). All other districts in the central and northern part of the country had scores ranging between 18.62 and 19.97, which indicates varying levels of extreme weather events throughout the surveyed region. Such a variation could be due to the geographical setting of the country, with a rapid rise and fall in altitude evident throughout Bhutan. Houze [90], who studied the orographic effects of clouds, revealed that the geophysical terrain of a place causes build-up of moisture gradients and airflow, which trigger occurrences of differing weather events. Therefore, increased incidences of extreme weather events, as well as biophysical context of the country pose a great challenge to improving food security situation of the country [38,91]. With a projected increase in the frequency and severity of extreme weather events under the impacts of climate change [4], agriculture is likely to face greater challenge under future climate scenarios [92]. It has been reported that crop damages due to the impacts of increased frequency and severity of extreme weather events are likely to increase throughout the 21st century [93]. In this context, farmers’ estimate of crop loss (1–19%) should be a matter of great concern. Though the coefficient of correlation values of crop damage to that of frequency and severity of extreme weather events were quite weak (r = 0.2 and 0.14), a positive relation between them was evident, confirming that that climate issues are one of the factors that has the potential to affect food security of the Bhutanese people. It is likely that there will be a linear increase in crop damage under increasing frequency and severity of extreme weather events as exhibited in Figure 6a,b. Pieces of evidence gathered from research outside Bhutan showed that the extreme weather events were responsible for the reduction in global food production through direct crop damage [94,95]. Therefore, there is a need to embrace climate-smart farming approaches to overcome the vulnerabilities of poor farmers in the developing countries [96,97]. There are policy-related initiatives on climate change adaptation in Bhutan. One such initiative was to identify priority activities to respond to the urgent and immediate needs with regard to the adaptation to climate change by way of framing the National Adaptation Program of Action (NAPA), which is a tool under the United Nations Framework Convention on Climate Change (UNFCCC). The NAPA projects pertain to landslide management, flood prevention and control, community-based forest fire management, disaster relief, mitigation of the effects of glacial lake outburst floods, and weather forecasting system [91]. Furthermore, the Ministry of Agriculture and Forests in Bhutan prepared the Sectoral Adaptation Plan of Action (SAPA) that included climate change adaption programmes for agriculture [98]. However, the adaptation policy has not been adequately streamlined to the development plans (five year plans), nor is there a clear research and development agenda to mitigate and adapt farming from the vagaries for climate change. The land holdings are fragmented and small and the nature of farming is basically subsistence or semi-subsistence. Hence, the reaction from the food market or mass media to the climate change effect is minimal. Therefore, there is an urgent need to come up with implementable policy instruments not only to mitigate but also overcome the issues arising due to climate change for enhanced farm resilience and improved food productivity in Bhutan.




5. Conclusions


The experiences of farmers on the issues and consequences of climate change impacts, including some accounts of extreme weather events, provide valuable information on the gravity of problems prevailing in rural farming communities of Bhutan. Of the many issues affecting the decisions of surveyed farmers, farm labour, irrigation, crop seasonality and climatic issues were featured as the four most prominent factors. The most common extreme weather events observed were the untimely rain (57% of the respondents) and the occurrences of drought (45%) and the rarest weather extremes were heat waves (1% of the respondents) and heavy rain (1%) in the study site. The most important consequence of climate change impacts was the drying of irrigation sources. These findings link well with the meteorological data, which showed decreasing rainfall and a slight increase in temperature over the last 20 years (1996–2017). Data over a longer period, to derive trends, would have been more suitable; however, such data is not available for Bhutan. Crop losses to weather events (with mean score of 4.35 and 4.10), land fallowing (2.75), the occurrence of flood and soil erosion (2.53), weed pressure (3.03) and changes in cropping pattern (3.03) were the other consequences of climate change impacts experienced by the farmers. In terms of total climate change impacts, Sarpang was the most affected, followed by Punakha, whilst Paro experienced less impact. Generally, the consequences of extreme weather events have all been experienced by the farmers surveyed at differing scales. Therefore, all these would need further research towards identifying suitable mitigation and adaptation measures through increased resource allocations for farm sustainability. Crop damage of 1–19% due to the combined effects of extreme weather events (untimely rains, drought and windstorms) demonstrate the urgency of charting out the most appropriate action plans for improving the resilience of Bhutanese farms. Even though there are policy initiatives for the mitigation and adaptation of climate change, the mainstreaming of implementable policy instruments into the development plans needs major attention. Thus, context-based efforts, in addition to being tailored, must be backed by robust policy intervention towards a resilient agro-ecological environment and livelihood programme.
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Figure 1. Map of Bhutan indicating study site (six districts). 
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Figure 2. Rainfall and temperature trend of study sites for the last 20 years (1996–2017) (Rainfall is shown by the bars and temperature by line graph). 
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Figure 3. Issues affecting the decisions of farmers and variations in climate change impacts in the study districts. 
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Figure 4. Frequency ranking analysis of extreme weather events. 
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Figure 5. Severity ranking analysis of extreme weather events. 
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Figure 6. Correlation of total crop damage with the frequency (a) and severity (b) of extreme weather events. 
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Table 1. Information on the farmer respondents interviewed.
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	Particulars
	Mean
	Standard Deviation
	Minimum
	Maximum





	Age (years)
	50.00
	11.88
	22.00
	76.00



	Family size (number)
	5.00
	1.40
	2.00
	9.00



	land holding (ha)
	1.40
	2.01
	0.16
	5.80



	Farming experience (years)
	30.00
	13.00
	5.00
	65.00



	Crops grown (number)
	5.00
	1.64
	1.00
	9.00
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Table 2. Ranking of the issues influencing agricultural crop production based on number of respondents (percent respondents).
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Factors

	
Ranking Scale

	
Weighted Average




	
1

	
2

	
3

	
4

	
5






	
Irrigation availability

	
6

	
10

	
17

	
35

	
32

	
25.13




	
Farm labour

	
9

	
11

	
23

	
25

	
32

	
24.00




	
Crop seasonality

	
8

	
16

	
32

	
28

	
16

	
21.87




	
Crop damage (climatic)

	
10

	
23

	
26

	
29

	
12

	
20.67




	
Land holding

	
20

	
34

	
20

	
16

	
10

	
17.47




	
Crop damage (wildlife)

	
21

	
35

	
27

	
13

	
4

	
16.27




	
Crop damage (dis and pests)

	
27

	
36.2

	
25

	
27

	
2

	
14.69








Rating: 5 = most important, 4 = important, 3 = somewhat important, 2 = less important and 1 = least important.
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Table 3. Comparison of the mean score of frequency and severity in the study districts.
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	Districts
	Frequency ***
	Severity ***





	Paro
	16.40
	17.70



	Punakha
	19.97
	16.65



	Samtse
	22.40
	19.80



	Sarpang
	22.42
	18.47



	Tsirang
	18.62
	17.57



	Wangdue
	19.65
	16.47



	p value
	2.00 × 10−16
	2.40 × 10−8







*** means significantly different at 0.001 level.
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Table 4. Different consequences of climate change impacts experienced by farmers in six study districts based on a rating scale of 1–5.






Table 4. Different consequences of climate change impacts experienced by farmers in six study districts based on a rating scale of 1–5.





	Districts
	Crop Loss (Weather) ***
	Irrigation Sources ***
	Diseases & Pests ***
	Weed Pressure ***
	Cropping Pattern ns
	Flood & Erosion ***
	Land Fallowing *





	Paro
	2.97
	3.07
	3.10
	2.48
	3.25
	1.90
	2.25



	Punakha
	4.32
	4.45
	3.65
	3.10
	2.92
	2.60
	2.90



	Samtse
	4.22
	4.52
	3.32
	3.20
	3.20
	3.17
	3.02



	Sarpang
	4.72
	4.62
	3.50
	3.25
	3.07
	3.15
	2.75



	Tsirang
	4.40
	4.75
	2.65
	2.48
	2.65
	1.95
	2.57



	Wangdue
	3.97
	4.67
	3.30
	2.95
	3.10
	2.42
	3.00



	Mean
	4.10
	4.35
	3.25
	3.06
	3.03
	2.53
	2.75



	p value
	2 × 10−16
	2 × 10−16
	15 × 10−6
	5.1 × 10−9
	0.07
	9.79 × 10−12
	0.017







ns = not significant, *** = 0.001, and * = 0.05 level of significance; Rating scale: 5 = most common, 4 = common, 3 = somewhat common, 2 = less common and 1 = rarely common.
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Table 5. Extent of crop damage based on the percentage of respondents.
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Crops

	
Estimated Extent of Crop Damage (%)

	
Total (%)




	
<10

	
11–19

	
20–29

	
30–39

	
>40






	
Rice

	
55

	
17

	
3

	
0

	
1

	
76




	
Maize

	
21

	
21

	
5

	
1

	
1

	
49




	
Minor cereals

	
22

	
5

	
1

	
1

	
0

	
29




	
Potato

	
29

	
15

	
4

	
1

	
0

	
49




	
Vegetables

	
73

	
13

	
2

	
1

	
0

	
89




	
Apple

	
6

	
2.00

	
1

	
1

	
1

	
11




	
Mandarin

	
12

	
9.00

	
5

	
0

	
0

	
26




	
Fruits and nuts

	
43

	
6

	
0

	
0

	
0

	
49




	
Mean

	
32.62

	
11.00

	
2.62

	
0.62

	
0.37
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