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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

In recent years climate change and variability has become one of the biggest 

challenges of the world today, which have been recognized globally as the most critical 

issue affecting the survival of mankind in the 21st century. The Intergovernmental 

Panel on Climate Change (IPCC) defined climate change as any alteration in climate 

over time (IPCC, 1990), It is the unprecedented permanent or long-term continuous 

atmospheric change of at least 30 years, while climate change refers to the significant 

deviations from climatic norms, climate variability on the other hand refers to 

variations from climate means, the variation in climate that typically occurs from 

month to month, season to season, year to year and decade to decade is referred to as 

climate variability (WTO-UNEP, 2009; Tam, 2012). Climate variability is also often 

defined as the variation on the climate statistics from its mean value over a specific 

time span, the variability in climate might be cause due to two main factors, which are 

“natural internal process” caused within the climate system or due to deviation in 

natural or “anthropogenic external factors” (IPCC, 2001) 

Due to its serious implications in the sustainability and liveability of the earth, 

climate change study has become one of the most important topics in recent years. 

Climate change is a slow and gradual process, significant noticeable changes are in 

temperature, precipitation or wind pattern, it is rather difficult to detect and perceived 

without adequate temporal climate data. The most evidently manifestation of climate 

change is gradually rise and increase of global average temperature, commonly termed 

as global warming. Global average temperature is estimated to be increased by 0.6°C 

over the past 100 years, and snow and ice cover has declined by 10% since 1960’s 

(Walther et al., 2002).  

In present day climate change or global warming is an important research area, 

in the absence of proper implementation of adaptation strategies, it can result in an 

extensive environmental change that could have severe consequences on societies 
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throughout the world in terms of agriculture, disease prevalence, human health, sea 

level etc. It is therefore crucial to take into account the vulnerabilities of the different 

regions in any scientific study on climate change and consider its impacts on several 

sectors. 

Vulnerability is a term referring to the total exposure to risk, in this case those 

risks associated with climate change and variability [Disaster risk = Function (Hazard, 

Exposure, Vulnerability)] (Kelly & Adger, 2000: Gallopin. 2006). The IPCC defines 

vulnerability as the degree of susceptibility of individual or system to which they are 

unable to cope with the adverse effects of climate change, climate variability and 

extremes (Smit & Pilifosova, 2001). In context of vulnerability assessment, IPCC has 

defined the contextual vulnerability assessment and the outcome vulnerability 

assessment, as an important medium for assessing vulnerability (IPCC, 2007). The 

contextual vulnerability assessment mainly assesses the vulnerability in a 

constructional approach, with the help of survey instruments and case studies it obtains 

a qualitative picture of the vulnerability. Whereas the outcome vulnerability 

assessment is practiced by utilizing reductionist approach, modelling and dose-

response functions are performed as part of quantitative techniques. (Fussel, 2009).  

Vulnerability to climate change and variability is not universally the same 

among individual or groups. In order to define the risks posed by climate change and 

to provide information for identifying measures to adapt to climate change impacts it 

is important to assess vulnerability. The Intergovernmental Panel on Climate Change 

(IPCC) identifies three components of climate change vulnerability: Exposure. 

Sensitivity and Adaptive Capacity. 

1.  Exposure:  Exposure refers to the degree and nature to which a system is 

exposed to the potential impacts of climate change. 

2. Sensitivity: Sensitivity refers ‘to the degree to which a system is affected, 

either adversely or beneficially by climate related stimuli. The effect may 

be direct or indirect’. 
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3. Adaptive capacity: Adaptive capacity refers to ‘the ability of system to 

cope and adapt to climate change, variability and extremes- to take 

advantage of the opportunity or to adjust with the consequences.  

(McCarthy et al., 2001) 

The level of vulnerability of a group to a natural hazard depends on the “exposure, 

sensitivity and response/adaptive capacity” to stressors (Cutter and Finch. 2008). 

The effects of climate change and variability on social well-being have been 

documented throughout the world. Climate change has negative impacts on food 

production and security, water supply, biodiversity, human health and settlements. 

Many populations will be at risk to health effects from weather and temperature related 

events, air pollution and water borne, food borne, vector borne and zoonotic diseases 

(Patz and Kovats 2002). It is also projected that with increased warming, the intensity 

and frequency of heat waves will increase (McGeehin and Mirabelli, 2001). 

Throughout the world, many indigenous communities have been negatively affected 

by climate change. The negative effects of climate change on communities go beyond 

immediate threats to food supply (Diffenbaugh et al. 2007) to encompass aspects of 

health such as susceptibility to diseases as epidemiologies are affected by 

environmental factors (McCarthy et al. 2001), and a long-lasting cultural disturbances 

and losses affect well-being (Sakakibara, 2008). 

The consequential effects of climate change have reached to a crucial extend 

that irrevocable change in the functioning of the planet is feared, there are multiple 

folds in the effects of the global climate change which demands the need to create 

awareness about its impact on various welfare of mankind (Venkateswarlu and 

Shanker, 2009). Anthropogenic activities, solar radiation at the earth surface, biotic 

and abiotic processes might be the cause of climate change. According to (IPCC 2007) 

the estimated increase in the global average temperature in the last 100 years have 

increased by 0.3˚C to 0.6˚C and in the year 2100 it is projected to rise by 1.8˚C to 

4.0˚C.  
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One strategy to lessen the harmful effects of climate change is adaptation, as it 

without a doubt a crucial part of the policy response to climate change. (Adger et al., 

2003). The standard definition of adaptation to climate change is a modification to the 

ecological, social, or economic system to lessen the negative effects of climate change 

and as a reaction to the actual or anticipated change in climatic stimuli. The IPCC's 

Fifth Assessment Report (AR5) defines "adaptation" as “the process of adjustment to 

actual or expected climate and its effects. In human systems, adaptation seeks to 

moderate or avoid harm or exploit beneficial opportunities. In some natural systems, 

human intervention may facilitate adjustment to expected climate and its effects’ 

(IPCC, 2014), as a result, adaptation includes making decisions to adapt and carrying 

them out by people, groups, or organizations. 

Numerous studies have shown that in the absence of adaptation, climate change 

and variability possess adverse effects on social well-being as well as have an immense 

environmental impact. Multiple possibilities must be taken advantage of in this respect 

in order to lessen susceptibility to variability and climate change in the context of 

adaptation (Easterling et al., 1993). There are several chances and solutions for 

adaptation, ranging from technological ones like drought management, integrated 

water resources management, and rainwater collection. It is also possible to increase 

groundwater availability by combining new infrastructure with supply-oriented 

initiatives like desalination, reuse, and water marketing, artificial groundwater 

recharge, and regulations on groundwater usage (Upadhyaya, 2014).  

1.2. Study area  

Mizoram lies in the southern-most part of Northern Eastern hill ranges of the 

Himalayas, which is blessed with an evergreen forest, 85 per cent of its geographical 

area are still under forest cover (FSI, 2019), untouched forest reserved, streams which 

together makes it a climate sensitive Himalayan eco-system. The state has been 

divided into three sub-agro climatic zones, viz. Humid Mild Tropical Hill Zone, 

Humid Subtropical Hill Zone and Humid Temperate Subalpine Zone (Sahoo et al., 

2018). The Meteorological Department (Aizawl) have categories 4 main seasons viz, 

Winter (Nov-Jan), Spring (Feb- April), Summer (May-August) Autumn (Sept- Oct). 
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Monsoon plays an important role in defining the climate characteristic of the state, the 

climate is characterized with short and dry winter in the month of November to 

February followed with Monsoon rainfall from the month of May to September. The 

months of June to August receives the highest Monsoon rainfall in a year. The state’s 

economy is highly dependent on the agricultural sectors. However, the large number 

of agricultural practices belongs to the shifting cultivation, according to the State 

Action Plan on Climate Change issued by Government of Mizoram show only 5% of 

the total land is under cultivation and about 11% of the total cultivated area is under 

irrigation. 
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Figure 1.1 The study area, Mizoram, India 

1.3 Scope of the study 

Variability in regional climate conditions is becoming more evident every day 

(Stenseth et al., 2002; Patz et al., 2005). It directly influences the suitability of land for 

agriculture and agricultural productivity, and therefore affects current patterns of 

agricultural production (Parry and Carter, 1989). Indigenous people various parts of 
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the world are already feeling the impact of climate change and variability. Changes in 

precipitation patterns have been observed and extreme events are becoming more 

common (De la Torre, et al., 2009). These changes are affecting indigenous people 

livelihoods, health and general well-being, and additional impacts are anticipated, such 

as conflict, migration, greater income inequality, and increasing dependence on food 

aid and similar forms of assistance (Jones and Thornton, 2003; Ford, et al., 2006; 

Mcleman and Smit, 2006; Reuveny, 2007; Ford, et al., 2010). 

Mountains are unique ecosystems covering all latitudinal belts and 

encompassing within them all the earth’s climatic zones. Mountains are widely 

recognized as containing highly diverse and rich ecosystems, and thus they are key 

elements of the global geosphere-biosphere system. At the same time mountains 

contain ecosystems that are unique sensitive and highly vulnerable to natural risks, 

disasters and ecosystem changes (Messerli and Ives, 1997). 

The present study is an attempt to determine the change and variability in 

temperature and rainfall patterns in Mizoram and its potential effects on the social 

well-beings of the tribal society. Very limited studies have been carried out in the field 

of climate change and its vulnerability assessments on social well-being in Mizoram. 

The scarcity of reliable scientific study on climate change and variability and societal 

response to the changing climate scenario has enhanced the scope and significance of 

the present study.  

The study will incorporate the traditional method/knowledge of climate studies 

and correlate it with the existing scientific information. All these will provide a 

comprehensive, evidence-based and quantitative estimation of climate change and 

variability and climate vulnerability in Mizoram.  

1.4. Research Questions 

1.  Is Mizoram experiencing climate variability and change in the past 30 years? 

2.  What are the effects of climate variability and change on the agricultural and health 

sector? 
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3. Does Traditional Ecological Knowledge helps in understanding the current change 

in the climate and environment? 

1.5 Objectives 

The main objectives of the study are- 

1. To examine past climate change and variability in Mizoram through instrumentally 

recorded climate data.  

2. Analysis of climate variability by traditional ecological knowledge.  

3. To assess climate vulnerability in Mizoram and develop a district-wise vulnerability 

index.  

4. To analyse the dynamic relationship between climate and social well-being of 

various communities in Mizoram. 

1.6 Chapterization of the study 

The chapters in the thesis will be arranged as follows- 

Chapter I : Introduction 

 The Introduction chapter deals with the introductory aspects of the study, 

which includes the importance of the study, location extend of the study area and its 

general information, scope and objective of the study. 

Chapter II : Review of Literatures 

 This chapter is concerned with the different studies of literatures, which have 

been reviewed from numerous international, national and regional journals and books 

related to the study. 

Chapter III : Methodology 

 This chapter involves the different statistical techniques, methods employed 

for the analyzing of the meteorological as well as socio-economic data. It also gives a 

detail account on the different sources of data and materials utilized in the study.  

Chapter IV : Analysis of Climate Change and Variability in Mizoram 

 This chapter involves a detail study on identifying the changing trend and 

variability of the time-series data on climatic parameter viz, Temperature (maximum 

and minimum) and rainfall for the period of 1986-2020. The chapter shall also include 

the non-scientific way of understanding the general change in the pattern of climate by 

the Traditional Ecological Knowledge technique. 
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Chapter V : Spatial Pattern of Climate Vulnerability in Mizoram  

 This chapter is concerned with identifying different spatial pattern which are 

most vulnerable to the effects of climate variability and change.   

Chapter VI : Coping Adaptive Strategies to Climate Variability 

 This chapter is involved with formulating and construction of different 

strategies and adaptive steps and measures which would be essential for coping and 

better management with the changing climatic condition and to limit its effects on the 

different sectors of social well-being.  

Chapter VII : Summary and Conclusion 

 This chapter involve the brief summary and conclusion of the research work.  
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CHAPTER 2 

REVIEW OF LITERATURES 

2.1 Introduction  

This chapter examines the body of literature that has been written about various 

aspects of the current study. The literature review’s sources included numerous books, 

reports, Ph.D. thesis. One of the primary sources for the literature study was online 

website searches. Every scientific research project must include a thorough review of 

the literature. The primary purpose of a review of the literature is to familiarise the 

researcher with both past and present research in the area of study. It offers detail on 

“what has been done” and instruction on “what is to be done”. 

2.2 Studies on climate change and variability through recorded climate data 

Recent studies have analyzed the variation in temperature and precipitation and 

their impact on different economic activities (Alexandrov and Hoogenboom 2000). 

Studies on climate change and variability through recorded climate data a number of 

studies have been taken out on climate change and variability at international, national 

and regional levels. Developing countries and their economic progress are likely to 

suffer tremendously from climate change, given their extremely nature-dependent 

agrarian economies (Mendelsohn & Dinar, 2009).  

Kripalani et al. (2003) examined the inter-annual and decadal variability in 

summer monsoon rainfall over India by using observed data (1971–2001).They found 

random fluctuations in annual rainfall and distinct alternate epochs(lasting 

approximately three decades) of above-and below-normal rainfall for decadal rainfall. 

They also concluded that this inter-annual and decadal variability appears to have no 

relationship to global warming. 

Goswami et al. (2007) discussed about the variability of rainfall resulting in 

the increase of extreme rain events such as – landslides, flash floods, crop damage etc. 

in spite of the fact that no significant long-term trend is identifiable. For the study, the 

scholars used a daily gauged rainfall data at 1 by 1resolution from IMD based on 1803 
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stations that have at least 90% data availability for the period 1951-2000. The Central 

India is selected as the region to examine the trends. The findings suggest that the 

maximum 1-day rainfall during the summer monsoon of 1951 to 2003 is C1 was 58.2 

cm and there is a 10% increase per decade in the level of heavy rainfall since 1950‘s 

whereas the number of extreme events have more than doubled indicating a large 

increase in disaster potential Studies on rainfall and the temperature regimes of 

Northeast India indicate that there is no significant trend in rainfall for the region as a 

whole i.e. rainfall is neither increasing nor decreasing appreciably for the reason as a 

whole although significant change in seasonal rainfall was observed in southern Assam 

(Das et al., 2013). The summer monsoon rainfall is found to be decreasing over this 

region significantly during the last century at an approximate rate of 11mm per decade 

(Mizra, 2003). 

In case of Mizoram, it was observed that pattern of rainfall in Mizoram during 

1986-2005 show a gradual declining trend but a sudden increase during 1990-1995 

(SAPCC, 2012). Temperature data has also been analyzed using 20 years temperature 

data collected and studied for two decades. The average monthly maximum 

temperature taken during the decade of 1995-2005 shows an increase over the previous 

decade of 1986-1995. When analyzed on a whole, there has been an increase in the 

average maximum temperature during 1996-2005 by +0.28˚C over the decade of 1986-

1995, which denotes a trend in increase in temperature during the last decade. 

Jain and Kumar (2012) studied the trend analysis of rainfall and temperature 

data for India, to estimate the magnitude of trend in the variability and change of 

climate; they have employed the Sen’s non parametric estimator of slope. To 

understand rainfall variability for the country it is necessary to appreciate the impacts 

of climate change, under the study it has been observed that the variability of rainfall 

and rainy days during winter, pre monsoon and post monsoon is very high. They also 

found that the annual rainfall for the period of 1901-1960 had a positive trend over 

Central India and the adjoining parts of the peninsula, and decreasing trend over some 

parts of eastern India, A stable northeast monsoon rainfall was found over Tamil Nadu, 

it is also reported that  northeast peninsular, northeast India and northwest peninsula 

experienced a decreasing trend (ranged between -6% and -8% of the normal per 100 
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year) in the monsoon rainfall. But the west coast, central peninsula and northwest India 

experienced increasing trend (about 10-20% of the normal per 100 years) in monsoon 

rainfall. It has also been found that the trend analysis of rainfall data of 135 years 

(1871-2005) indicated no significant trend for annual, seasonal and monthly rainfall 

on an all-India basis. Annual and monsoon rainfall decreased, and pre monsoon, post 

monsoon and winter rainfall increased over the years, with maximum increase in the 

pre-monsoon season. 

A case of study of Ethiopia on the impacts of weather variability and climate 

change on the agriculture by Bezabih et al., 2014, data and variables were collected 

though four waves of rural house hold surveys, conducted in the years 2000, 2002, 

2005 and 2007 with same household and collection of climate data from the Ethiopian 

Meteorological Authority for the years of 1976-2006. They employed an inverse 

distance weighting interpolation method, in order to impute farm specific information 

from station level observation. They found that the impact of short summer 

temperature on revenue from cereal crops shows statistically significant and positive 

impacts of almost all the categories of temperature. However, for long run term 

temperature measures, both the lower (>3° C) and upper (>37°C) coefficients show 

strongly significant and negative impacts on the small cereal revenue. The average of 

summer precipitation has no effect, while the average of spring rainfall has a 

significant and positive effect, indicating that spring rainfall has important and positive 

effects on overall farm level revenue, while the crop-specific effects of rainfall are 

generally much weaker across or seasons.  

Gebrehiwot and Veen, (2013) studied the evidences of climate variability in 

northern part of Ethiopia, where episodes of droughts of varying severity and duration 

occur, the occurrence of these droughts is associated mainly with the seasonal rainfall 

variability. A period of 1954-2008 has been taken for the study of variation in 

temperature and rainfall. They employed the standardized rainfall anomaly to examine 

the temporal characteristics of climate variability and determine the prevalence of 

drought. The analysis revealed that the average annual minimum and maximum 

temperature over the region has been increasing by about 0.72°C every ten years while 

average annual maximum temperature has been increasing by about 0.36° C per 
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decade. they also found that northern part of  Ethiopia is warming faster than the 

national average of 0.25° C per decade. 

Hossain et al. (2014) examined the spatial and temporal rainfall from the 1940- 

2007 in the south-west coastal region of Bangladesh. They divided the spatio-temporal 

trends in three segments (1948-1970), 1971-1990 and 1991-2007) and four seasons 

(Pre-monsoon, Monsoon, Post-monsoon and winter) during the period of 1948-2007. 

Time-series statistical test was applied to analyse the variation. In the study of temporal 

change it is observed that post-monsoon and winter follow significant positive trends 

at most weather stations during the period 1948-2008, the rate of change was found in 

exposed zone and interior zone are +12.51 and +4.86 mm/yr, respectively over post 

monsoon and +0.9 and +1.86 mm/yr, respectively over winter.  

Rajeevanand & Nayak, (2017) concluded from their all-India level studies that 

the Southwest monsoon rainfall does not show any long-term trend, but it exhibits 

significant multi-decadal variability. Annual mean, maximum and minimum 

temperatures averaged over the country as a whole showed significant warming trend 

of 0.60, 1.0 and 0.18 °C per 100 years respectively. The rate of warming trend in the 

annual mean temperatures since 1980s is much sharper, 0.2°C per decade  

Temperature and rainfall are regarded as the essence of climate and therefore, 

its variability is often considered as synonym of climate variability. Wani et al. (2020) 

investigated the climate variability over Srinagar and identifying the trends. In their 

study they have analyze monthly, seasonal and annual rainfall and temperature trends 

over Srinagar. The study shows that the mean maximum temperature for winter and 

autumn has shown a sharp increasing trend suggesting a warm trend for the period of 

the year. Examination of the seasonal mean minimum temperature series indicates that 

the winter season and spring season show warming trend as the seasons have shown 

drastic increase in trend especially for winter season. 

2.3 Studies on climate change and variability through Indigenous Knowledge  

Traditional ecological knowledge refers to knowledge, innovation and 

practices of indigenous and local communities embodying traditional lifestyle. 
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Indigenous knowledge was acknowledged in the fourth assessment report of the 

Intergovernmental Panel on Climate Change as a reliable method of studying climate 

change and variability. The importance of indigenous knowledge on climate change 

was acknowledge in the Fourth Assessment Report (AR4) of the Intergovernmental 

Panel on Climate Change (IPCC) as ‘an invaluable basis for developing adaptation and 

natural resource management strategies in response to environmental and other forms 

of change’ (IPCC 2007).  

Traditional knowledge and its contribution have been appreciated in many 

fields including biodiversity conservation, environmental assessment, biological 

information and ecological insights, social development and environmental ethics. 

However, to explore the value of traditional ecological knowledge related to climate 

change very little research have been done to understand its potentials. For a very long 

time the role of traditional knowledge system in mitigation and adaption have been 

neglected in many developmental policy formulation and implementation (Riedlinger 

& Berkes, 2001; Macchi, 2008). 

Based  on traditional knowledge of weather patterns and climatic conditions, 

indigenous peoples in many parts of the world are increasingly reporting that weather 

and climate are changing. Such observations have been recorded for indigenous 

peoples around the world, for example, in the Arctic, Africa, Asia and North America. 

(Krupnik and Jolly, 2002; Gearheard et al., 2006; Aporta and MacDonald, 2011).  

For thousands of years, Early Warning System (EWS) have been existence, in 

a case study of the tribes in Kenya by Ojwang’ et al. (2010), due to the country’s 

inadequate data on climate, traditional knowledge of understanding the variability in 

climate was employed, they highlighted Indicators of traditional knowledge such as, 

  i) Traditional Indicators: in sub-Saharan Africa, especially the pastoral areas, 

elders read the intestines of slaughtered small stocks (goats and sheep) to forecast 

forthcoming drought. The use of such knowledge triggers movement of pastoralists 

with their livestock to areas of low risks, this may also be an early warning for the 

people to store food, brace for sickness or perhaps trigger movement. 
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ii) Nutritional Indicators: Observation arising from malnutrition is an indicator 

of stress. Children are usually the vulnerable group under this condition and observed 

to show exhaustion. This method is popular in monitoring the dietary balance in the 

ASAL and acts as a warning to relief agencies to donate food or simply signify 

deficiencies in food supply during the prevailing seasons. 

iii) Weather and Climate Indicators: The most common method used in 

traditional forecast is observation of weather and climate indicators. This relies on the 

change in weather pattern. For e.g. a change in the wind direction or formation of dark 

clouds is a precursor to the coming rain. In some instances, the elders are capable of 

predicting the onset of rains from simple astronomical observations, while certain 

pastoral groups rely on the phonological change taking place on certain vegetation. In 

the drylands the flowering of certain Acacia species heralds the end of a dry season. 

Spink’s (1969) work have been identified as first research in the field of 

traditional knowledge and climate change. In his study, the oral history of indigenous 

people has been regarded as crucial evidence to support the idea of sea level change. 

Cruikshank’s (1984) studied the indigenous community at Yukon also identified oral 

history as an important element to understand the past climate (Riedlinger & Berkes, 

2001). 

Riedlinger and Berkes (2001) mentioned that it is from the Hudson Bay 

Bioregion project and the Northern River Basin study (McDonald et al., 1997; Bills et 

al., 1996) that the first attempts to understand the environmental change through 

traditional knowledge was initiated. It is from these communities-based projects that 

the environmental change due to large scale developments and incidentally addressed 

climate related change were documented. From the study it was established that 

indigenous elders were able to differentiate cycle, changes and pattern in the 

environment and ecosystem and these knowledge of change in the land and 

environment became vital indicators to interpret and recognize the change in the 

season. 

Berkes (2009) made a significant statement on conducting research on 

indigenous knowledge, in which he stated that indigenous knowledge should be 
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examined as process, not as content. Considering the indigenous people of Harbor and 

Wemindji as an example, the author mentioned that indigenous people regularly 

observe land, resources, water, birds, animals and based on their behaviour and change 

the indigenous people have developed the knowledge of climate change. Due to this 

close interaction with nature and based on their understanding they could identify the 

abnormal behaviour and change and comprehend what is happening.  

The study conducted by Lammel et al. (2011) suggested that indigenous people 

highlight the persistence of holistic thinking on the perception of climate change, 

largely based on analytic thinking. Their worldview and their interaction between the 

different component of climate change have been transmitted from generation to 

generation. 

A case study by Tebtebba Foundation (2011) about the indigenous women of 

Tuapi consider climate change as a change in the Earth. The indigenous people can no 

rely on the consistency of natural pattern to guide their activities throughout the year. 

They expressed that temperature are gradually becoming warmer, seasons are 

occurring outside their usual time and extreme events of floods and drought are 

occurring frequently. The change in season has eventually affected the ripening of 

fruits and has been thrown out of synchronicit. 

Nakashima et al. (2012) mentioned in order to solve the issue of climate change 

the scientific knowledge alone is insufficient hence to deal with climate change it is 

important to give more importance to all kinds of available knowledge. They further 

suggested that to understand nature and social interaction it is important to appreciate 

the contribution of bio-physical and social sciences. The knowledge of local and 

indigenous peoples often referred as local, indigenous knowledge, which means the 

long-standing information, wisdom, tradition and practices of certain indigenous is 

increasing being recognized as an important source of climate change adaptation 

strategies and climate knowledge (Kothari, 2007). 
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2.4 Studies on climate vulnerability 

The concept of vulnerability is often discussed in relation to natural hazards 

and the ability of individuals or social groups to cope with these hazards (Adger and 

Vincent. 2005). On the other hand, although the study of adaptation of humans to 

environment variability has its roots in anthropology (Janssen, et al., 2006), Recent 

decades it has principally been applied to issue of global climatic change and its 

impacts (Adger, et al., 2005; IPCC, 2001). The Intergovernmental Panel on Climate 

Change (2007) pointed out that those in the weakest economic position are often the 

most vulnerable to climate change and are frequently the most susceptible to climate 

related damages, especially when they face multiple stresses. 

Mall et al. (2006) pointed out that crop growth, development, water use and 

yield under normal conditions are largely determined by weather during the growing 

season and even with minor deviations from the normal weather, the efficiency of 

extremely applied inputs and food production is seriously impaired. Their study 

pointed out that climate variability and food production are enormously linked as 

extreme weather conditions, such as floods, droughts, heat and cold wave, flash floods, 

cyclones and hailstorm, are direct hazards to crops and subtle fluctuation in weather 

during critical phases of crop development can also have substantial impact on yields.  

Studies on climate change and social well-being Several authors have 

recognized that that climate change has the potential to profoundly impact human well-

being, and that individuals and communities play an important role in responding and 

adapting to climate change (Fritze, et al., 2008; Berry et al., 2009). This includes the 

impact of climate change on issues such as health (Costello et al., 2009), security and 

conflict, and human development (United Nations Development Programme, 2009), 

as well as on groups such as women and children (Carvajal-Escobar, Quintero-Angel, 

and Garcıa-Vargas, 2008). 

Vulnerability is a dynamic phenomenon however very limited studies have 

adapted the temporal scale to assess the pattern of climate change vulnerability 

(Chhotray, 2012; Pranjay, 2012) suggesting that the dimension requires further 

research. Bosher et al. (2007) argues that with difference in socio-economic groups 
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there is differential vulnerability to climate change. Further on the basis of region and 

sectors many researchers have highlighted their studies on vulnerabilities to climate 

change. From the community perspective mapping of vulnerability may yield different 

results in the same region because socio-economic-cultural dynamics of different 

communities differs from village to village and community to community in the same 

region. Therefore, it is crucial to conduct climate change adaptation mapping and 

perception of climate change in micro scale, i.e. a particular community at a village 

scale. 

Caxton et al. (2013) in his study assessed the impacts of climate stresses and 

shocks and tries to measure how different types of subsistence livelihoods were 

affected by the impacts of these climatic stresses and shocks. In order to find out the 

degree of impact of climatic hazards on natural resources and livelihood and which 

resources and livelihood were most vulnerable to climatic hazards the author adapted 

the Livelihood Sensitivity Matrix and the study was undertaken in Lesotho a South 

African countryside which can be broadly categorized into highlands, foothills and 

lowlands agro-ecological settings. The study reveals that all the three region 

experiences change in livelihood system which was due to the direct relationship 

between climate change and decline of forest resources. By carefully assessing the 

range of livelihood that are prevailing in the three region it was found that farming and 

gathering were the worst affected livelihood with related to climate change and the 

study also shows a decline of cultivable area along side with decline in number of 

livestock owner and livestock population. However, it was observed that there was no 

decline of land fertility due to climate variability. Majority of the community are aware 

of the changing climate trend which have led to shifting of agriculture pattern in the 

study area, the community shifted to drought resistant sorghum and diversified the 

existing farming system with horticulture crops.  

Eucharia et al. (2015) studied the climate variability on the choices of 

livelihood In the Anambra state of Nigeria. The Multinomial Logit was employed in 

the study case, where the livelihood choices were grouped into four categories 1, if he 

farm household chose crop production; category 2, if fishing was chosen; category 3, 

if livestock production was chosen and category 4, if the major livelihood choice was 
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from agro forest resources. In their findings, the perception on the effects of climate 

variability on choices of livelihood shows that the farm household in all the 

communities sampled perceived the effects of these elements of climate variability 

which had adverse effects on their choices of livelihood. The finding noted that climate 

variability through sea level, storm and flood frequency, impact on the physical capital 

of the households or of entire communities, leading not only to decrease harvesting 

capacity but also to disrupting of public infrastructure and services that support 

livelihood.  

Ogra and Badola (2015) found that the reason behind poor households to 

diversify their income source is mainly due to crop failure and declined agricultural 

yields. The women members of the poor households are compounded to this hardship 

who do not enough financial support to purchase fodder and fuelwood which they 

arrange these requirements with their own labour in the absence of alternative assets. 

In the face of climate induced crop failure animal husbandry becomes an alternative 

of agriculture.  

In a global aspect vulnerability to climate change has been conceptualized 

through a range of discipline whereas in the Indian context it is largely confined to 

disciplines like disaster and hazard management (Singh et al., 2016). Their findings 

also reveals that very limited research emphasized on the concept of vulnerability from 

the disciplines like political economy, sustainable livelihood, poverty and social 

protection. Their study also found that only 19% of studies associate to vulnerability 

to climatic and non-climatic risks. 

Deb and Haque (2016) found the increasing climate uncertainties and decline 

in the natural resource base have resulted food insecurities among the fisher folks of 

coastal and flood plain region of Bangladesh. By virtue of opportunities and 

capabilities the fisher folks have learned to adopt multiple livelihoods in the context 

of changing social relations to cope with the adverse effects of climate change. The 

ability to cope with different stressors of climate varies greatly and is largely 

determined by a host of factors: age/experience, gender, altitude, one’s physical 

condition, literacy, social capital and economic endowments.  
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Barla (2016) revealed through his study that the most adversely effected 

community due to climate change are the tribals who are primarily dependent on 

natural resources and rain-fed agriculture. Therefore, it is necessary to intervene and 

reduce the adverse effects of climate change face by the tribal communities. Some of 

the key strategies to reduce climate change and GHG emission affects faced by the 

tribal communities were found to be improved communication on weather related 

information, practice of improved water management techniques, adoption of climate 

smart agriculture, utilization of improved rice varieties which requires less water, 

reduction in the utilization of pesticides and chemical fertilizers.  

Asravor (2017) in his study found that the small holder farmers in areas with 

high rainfall follows diversifying labour supply for total labour and female labour of 

the region whereas the risky pattern of rainfall compelled the small-holder farmer to 

go for income diversification. The study also reveals that as compared to the male 

farmers the women were found to be more diversified due to their larger involvement 

in many income generating activities. Households with higher farm holdings were 

found to have diversified their cropland activities whereas households with lower farm 

holdings were found to have diversified their total labour supply to other economic 

activities.  

Jha et al. (2017) concluded for improving the socio-economic status of the 

tribal people in developing countries a well-designed government programme and 

policies plays a vital role and have a wider scope in reducing the vulnerability to 

climate change. Increase in the availability of water plays a significant role in 

improving agricultural diversity, helps in increase of crop yield and decreases the 

vulnerability to climate variability and change. In a tribal dominant areas labour 

opportunities and daily wage level for unskilled labours plays a better scope than that 

of non-tribal communities. With increase in the intake of income subsequently lead to 

increase in the expenditure of nutritious food, health and education thereby reducing 

both vulnerability aspect of socio-economic and climate change in the marginalized 

tribal community.  
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2.5 Studies on adaptation to climate change and variability 

Devenan (1983) stated that in the context of changing circumstances, the 

cultural practices that allow societies to survive are considered adaptation. Bruton 

(1997) viewed that depending on the experience, time horizon and the risk tolerance 

of individual decision-makers, there is a willingness to adapt to climate change and 

variability. Frequency of extreme events with respect to climate hazards adaptation 

can be expected to increase as well. 

In a study on climate change and variability in California by Wilkinson and 

Teresa (1998), involves the representatives from abroad cross section of California’s 

major economic, social, government and environmental issues. The analysis of study 

shows that climate change and variability will potentially affect the state’s diverse 

economic sectors in important and different ways. Some activities and enterprises will 

be impacted directly through changes in natural resources and ecosystem services. 

Precipitation falling as rain instead of snow could cost the state’s world class winter 

sports sector to suffer serious losses and will pose major problems for water managers. 

Agriculture will perhaps be the sector most highly susceptible to climate change, 

California will hopefully be able to maintain its productivity and contribution to the 

nation’s economy, but farmers may have to alter their practices. As Lowell Lewis, 

William Rains, and Lynne Kennedy note in “Global climate change and California 

Agriculture”, “A consensus of many scientists is that agriculture is on a collision 

course with itself; without significant change there may be no agriculture left in some 

parts of California for climate change to affect.” 

In climate change studies, the process of social development is increasingly 

linked in contemporary literature to concepts of vulnerability and adaptation to climate 

change. Adaptation to changing climate has been documented for agricultural 

communities in Bangladesh and Vietnam, and indigenous hunting communities in the 

Canadian Arctic (Cross & Barker, 1992; Lewis & Mortimore, 1998; Berkes and Jolly, 

2001). 

Bryant et al. (2000) in his study on agricultural adaptation to climate change as 

a multidimensional and multi-scale and a complex process that may take a number of 
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forms. He identified four main components of adaptation: (1) characteristics of the 

system (political, economic, cultural and biophysical environment), (2) characteristics 

of the stress, (3) multiple scales, (4) adaptive responses. 

Smit et al. (2000) explained the process through which people reduces the 

adverse effect of climate on their well-being and health and turning what climatic 

environment provides as their advantages could be defined as adaptation to climate 

change. Adaptation involves adjustment to longer term climate change including its 

current variability and extreme events, to reduce vulnerability to climate and enhance 

the viability of social and economic activities.  

Smit et al. (2000) explains that describing an adaptation necessitates 

identifying the adapter (or adapters), the stimulus for which the adaptation is made, 

and the method and shape that the adaptation takes. The phrase, “adaptation to what” 

refers to whether adaptation is being made in response to climate change fluctuation, 

climate change, or just the climate itself. Additionally, there are variations in how the 

issue of adaptation relates to who or what adapts. It can be made up of individuals, 

social and economic groups and endeavours, as well as regulated or unmanaged 

ecological and natural systems. A system’s adaptation to climate stimuli can happen 

in many different ways and take many different forms. Purposefulness and timeliness 

are the two most frequently mentioned distinctions. Autonomous or spontaneous 

adaptations are those that naturally occurs in reactive to climate stimuli as a matter of 

course and without the purposeful intervention of a public agency (after early impacts 

are obvious).  

Tompkins & Adger (2004) proposes the belief that adaptation to climate 

change requires a broader conceptualization of equitable, legitimate, and sustainable 

development in effective and resilient response. Some natural systems have inbuilt 

ability to adapt whereas others have to learn how to become resilient. Here the focus 

to built resilience in both social and ecological features is on the role of networks and 

institutions. Managing natural resource systems with the added stresses associated 

with climate change poses a challenge for socio-ecological systems. 
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According to UNDP (2005) there has been a significant shift in emphasis on 

the adaptation to climate change. Adaptation to climate change has changed 

significantly from being a response mechanism to impact cycle to now being viewed 

as a process of resilience of communities to the different adverse of climate change 

and variability and also giving more emphasis on the enhancement of sustainable 

development. Development programmes are now an ongoing mainstream focus in the 

field of climate change adaptation research.  

Maddison (2006) argued that in order to successfully implement adaptation to 

climate change it is necessary for farmers to notice that there is a change in the climatic 

system, and then implement useful adaptation. The author also suggested that there are 

three ways for farmers to learn the best way of adaptation to climate change: (1) 

Learning by copying, (2) Learning by doing and (3) Learning by Instruction. 

Smit and Wandel (2006) observed that people modify in response to climate 

stimuli and their impacts in order to lessen the damage or to take advantage of an 

opportunity. This occurs both automatically and in a planned, anticipatory manner.  

Fussel (2007) emphasized that human activities have already affected the 

climate, from the study of past climate we have learned climate is continuously 

changing, and the results of emission reductions will take several decades to be 

notable, in which the author argued emphasis should be focused on formulating 

adaptation measures to climate change. It is also observed that the action of others 

highly determines the adaptation measures, the measures can be undertaken at the local 

or national level.  

Nielsen and Reenberg (2010) examined the cultural obstacles in adaptation to 

climate change in Northern Burkina Faso. The study adapted the method of semi-

structured interviews, focus group discussion, questionnaire survey, participant 

observation and GPS measurement respectively. It was observed that in the 

development projects and women’s engagement in economic activities the culture 

practiced by the community served as a major setback for adaptation measures. 
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Jones and Boyd (2011) conducted a study in the Himalayan region of western 

Nepal, the study reveals the role of normative, cognitive and institutional dimension 

of social barriers in formulating adaptation. It was found that in making a successful 

logical adaptation the social barriers play a significant role in enabling or obstructing 

it from happening. The study also suggested the importance and requirement of 

complexity and diversity of social barriers, incorporating the strategic planning in local 

as well as national level by putting underlying factors behind social exclusion in 

control and vulnerability.  

Dasgupta et al. (2014) investigated “the list of climate change adaptation 

barriers in small holding agriculture”. The study observed that notable barriers in 

small-scale agriculture in-terms on risk and benefits of climate change adaptation are 

inadequate information on climate change and its impact, inadequate adoption of 

adaptive strategies, lack of functioning markets and insurance systems, lack of 

technical options, inadequate extension services and financial constraints.  

Falco et al. (2010) have investigated the factors influencing farmer adaptation 

and how it affects food production in Ethiopia. The researchers discovered that 

adaptability boosts food output, access to credit, knowledge of climate change and 

extension services are among the factors that have been identified to increase the 

likelihood of adaptation. The likelihood of adaptation is increased by both institutional 

agricultural extension and farmer-to-farmer extension. 

Patra (2014) have suggested that the ongoing climate change adaptation policy 

and measures practice in India can be improved at a higher level by providing adequate 

and timely information to decision makers and planners in-order to execute effective 

planning and action to allocate resources. Such approaches are availability of 

information and allocation of resources, analysis of adaptation. 

Jianjun et al. (2015) have discovered in their research that farmer’s risk 

aversion is positively connected to purchasing weather index crop insurance but 

negatively related to making climate change adaptation like planting new varieties or 

implementing new technology. Additionally, education level, farming experience, 
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farm size, household income and perception of the implications of climate change are 

the primary elements that affect farmer’s adaptation decisions. 

2.6 Studies on climate change and human health Vulnerability 

The changes in the ecological conditions by the change in climate are the indirect 

effects of climate change on human health, which in-turn favour the problematic issues 

like infectious diseases. Infectious diseases are highly determined and controlled by 

environmental conditions for its transmission and therefore highly affected by climate 

change. An infectious diseases are also called communicable diseases or transmissible 

diseases and are clinically evident illness resulting from the presence of pathogenic 

microbial agents, viruses, bacteria, fungi, multi-cellular parasites. The infectious 

diseases can classify into vector-borne and water-borne diseases, in which vector-

borne diseases are mediated through intermediate organisms that act as a carrier in 

disease transmission to the host. Malaria and dengue are the commonly known and 

widely spread vector-borne diseases. While, the water-borne diseases are due to the 

poor quality of potable water that reach human system and cause an effect (Dorland’s 

Medical Dictionary, 1980). 

The duration of survival of female Anopheles with plasmodium infection 

determines the malaria transmission which is known as the incubation period, the cycle 

takes about 9-21 days at 25˚C. Thus, temperature plays a vital role in determining the 

extrinsic incubation period. (MacDonald, 1957; Boyd, 1949). Temperature with 

warmer ambient shorten the duration of the extrinsic cycle which leads to the increase 

of transmission. The various studies conducted on the role of temperature and its effect 

on mosquito bionomics and malaria risk using ambient temperatures shows the 

confirmation of the effects of temperature on the incubation period and higher chances 

of transmission (Guerra et al., 2008; Roger and Randolph 2006; Hay et al., 2000; 

Martens et al., 1999). 

In the central Indian sub-continent, a study was carried to investigate whether 

climate and malaria incident were related in a highly malaria prone village from 1967-

2000. The shows a very weak relation between the two variables (Singh et al., 2002). 

Similar study examined by (Bhattacharya et al., 2006) to find the relationship between 
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climate change and malaria transmission in India, from the study it has been noted that 

highest number of reported cases of malaria occurred when the average temperature 

ranges between 15˚C to 30˚C and shows a positive correlation between relative 

humidity and malaria transmission when the humidity range is 55% to 80%. In a study 

at the Ethiopian highlands, the findings show a positive correlation between malaria 

transmission incidents with increase of temperature from 1968-1993 (Tulu & Nega, 

1996).  

Highly climate-sensitive diseases such as diarrhoea, cholera, Malaria and dengue 

have been predicted to be worsen as climate changes and due to the lack of 

infrastructure facilities and less assistance to prepare and respond to such calamities it 

is expected that the developing countries will be least able to cope to the adverse effects 

of climate change situation (McGuigan et al., 2002). 

On a regional scale the climatic impacts on health can be broadly classified into:  

i) Direct heat-related mortality and morbidity and  

ii) ii) Climate-mediated change in the incidence of infectious diseases (Patz et 

al., 2005).  

The major evidences of direct effects on climate change on human health was 

during the year 2003 in the “Heat wave Episode in Europe”, due to the excessive 

anthropogenic emission resulted in an unusual increase in temperature during the 

period of 4th August-18th August 2003, which led to an excess of 14,974 deaths in 

France. Mortality was attributable to dehydration, hyperthermia, heat stroke which are 

directly link to heat. Seasonal variation, existing respiratory problems and air 

pollutions were other confounding factors for heat stress (Poumad’ère et al., 2005; 

McMicheal et al., 2003).  

A study in Burkina Faso (Yazoume Ye et al., 2007) investigated the effects of 

meteorological conditions upon clinical malaria risk among children. The findings 

confirmed that the malaria rates among children under five years were positively 

affected by weather and had a significant influence on the transmission of the disease. 

The mean temperature was the best predictor of clinical malaria incidence, where the 
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risk of the increase in rate of clinical malaria increased with mean temperature up to 

27˚C. whereas the increase of clinical malaria cases in-terms of rainfall was observed 

when it was 100mm. In the highland region due to the high altitude and low 

temperature its was found as a limiting factor for malaria transmission. For instance, 

in Bufundi, Kilibwoni, East Africa with an altitude of 2000m, (kristan et al., 2008) 

studied the association between malaria morbidity and climate. It was found that a 

peak in rainfall during the months of April – May was followed by a peak in malaria 

occurrence in June followed by the second peak of rainfall in August followed by low 

temperature in July, which set the scene for second peak of malaria incident in the 

month of October. 

The World Malaria Report 2011 stated there are about 216 million cases of malaria 

and 655,000 estimated deaths in 2010 in 106 malaria endemic countries including 

India, (WHO 2011). The parasites Plasmodium vivax and plasmodium falciparum are 

the main causes of malaria transmission and the female Anopheles mosquito acts as a 

vector in transmitting the malaria parasites into human system. Climate parameters 

affects the disease transmission through the combination of the following ways: 

i. affecting the spatial spread of exotic diseases 

ii. changing the seasonality and spatial spread 

iii. shortening the pathogen incubation period 

iv. increasing reproductive and biting rates 

All climatic parameters play a direct impact on the transmission of malaria either 

individually or in a combination. Among the climatic parameters rainfall can create a 

breeding site where Anopheles mosquito can complete its aquatic life stages, from egg 

to larvae and finally adulthood. Research findings carried on different regions 

supported a strong relationship between population of Anopheles mosquito and nature 

of rainfall, which shows a significant correlation between malaria case incidents and 

rainfall in human beings. (de Souza et al., 2010; Zhou et al., 2007; Kelly-Hope et al., 

2009; Gosoniu et al., 2012; Huang et al., 2011).   

Numerous studies have been conducted to understand complex relationship 

between climate and malaria. Various quantitative methods were reviewed by Grasso 
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et al. (2012) in the methods used in modelling climate change impacts on human health 

with special case study on malaria. Such models include cross-section and panel data 

studies, time-series model, non-statistical and general equilibrium studies. These 

studies have been carried in different geographical extend, for instance Ahmed et al., 

(2013) carried the studies in Bangladesh using multivariate regression model; Loha & 

Lindjon (2012) employed the time-series modelling using Transfer Function (TF) 

models and univariate auto-regressive integrated moving average (ARIMA) model for 

South Ethiopia, Kim et al. (2012) in the Kenyan region adopted the generalized linear 

poisson models and distributed lag non-linear model. Bi et al. (2003) studied the 

climatic variables and transmission of malaria for the period of 12 years in Shuchen 

County, China. The effects of climate change on malaria in Burundi was studied by 

Nkurunziza et al. (2010) by adapting the Bayesian Modelling. Bautista et al. (2006) 

studied the spatial analysis of malaria and epidemiology in the northern Peruvian 

Amazon. All these studies show the climatic phenomenon plays an important role in 

shaping the spatio-temporal distribution of malaria. 

2.7 Studies on the vulnerability of the agricultural sector to climate change 

Along with other inputs like land, water, chemical fertilizers, etc., climate 

variables like rainfall and temperature are direct inputs into the agricultural production 

function. Agricultural productivity is impacted by climate change in two different 

ways: (1) directly through temperature variation, rainfall and (2) the CO2 fertilization 

effect (Erda et al. 2005), and also indirectly influenced by the frequency of disease 

outbreak, pest infestation and changes in the soil moisture and distribution 

(Rosenzweig et al. 2001). Agarwal (2009) highlights the ways in which climate change 

has an impact on agricultural productivity. Firstly, changes in rainfall and temperature 

may affect how agroecological zones are currently distributed spatially as well as the 

length and timing of crops growing seasons. Secondly, with everything else being 

equal, higher CO2 level may have some impacts on agricultural yield by increasing 

photosynthesis and the efficiency with which plants use water. Thirdly, the availability 

water may have good or negative impact on agricultural output due to climate change. 

Fourthly, the increased frequency of climate extreme events, such as floods and 

droughts may have an impact on agricultural productivity.  
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Kumar and Parikh (2001) have used net revenue as the dependent variable to 

estimate the impact for India. They discovered that the overall impact due to climate 

change scenario for a 2˚C rise in temperature and a 7% increase in precipitation are 

negative and a fall in total farm net revenue for India of about 8.4%. Future reforms 

are expected to benefits the eastern districts of West Bengal, Orrisa and Bihar.  

The Energy and Resource Institute (TERI) (2003) sought to identify Indian 

agriculture’s susceptibility and potential for adaptation in light of both climatic and 

economic developments. According to the study, “the level of adaptive capacity is high 

in the districts falling in the Indo-Gangetic plains (except Bihar), whereas it is lower 

for the districts falling in the interior of the country, such as Bihar, Madhya Pradesh, 

Rajasthan, Maharashtra, Andhra Pradesh and Karnataka”. 

O’Brien et al. (2004) attempted to analyse India’s district level susceptibility to both 

globalization and climate change. According to the analysis, which used a method 

based on indicators and climate change modelling, “the districts concentrated in 

Rajasthan, Gujarat, Madhya Pradesh, Southern Bihar and Western Maharashtra are 

highly vulnerable to both climate change and globalization and more likely to pose 

combined challenges to the agricultural sector”. Low vulnerability zones, however, are 

found in the Indo-Gangetic plains.  

Mall et al. (2006) who examined and summarized the potential implications of 

climate change and variability on the production of food grains in India came to the 

conclusion that the effects varied both quantitatively and qualitatively by crop, level 

of agronomic management, region and season. Regarding the effects of the seasons, 

central and southern India’s “rabi” agriculture (winter season) would be more 

vulnerable. They believed that by the year 2080, when temperature had significantly 

increased, Indian agriculture would be particularly affected. 

Guiteras (2007) in his impressive work on the impact of climate change on 

Indian agriculture contends that expected temperature change over the period of 2010-

2039 will affect key crop yield by 4.5%-9%. His research indicates that the impact 

over the long term (2070-2099) is more severe, lowering yields by at least 25% in the 

absence of long-term adaptation. These observations make it abundantly evident that 
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both the food security of India and the Indian economy as a whole will be seriously 

threatened. He advised rapid adaptation to temperature changes in order to combat 

such negative conditions. 

According to Mariara & Karanja (2007) in their research in Kenya, variations 

in temperature have a considerably greater impact on agricultural production than 

changes in precipitation. The anticipated effects of different climate change scenarios 

on agriculture support their conclusion. They came to the conclusion that farmers in 

Kenya are aware of short-term climate change and that some had adopted adaptive 

measures after evaluating farmer’s views of climate fluctuations and their response to 

it.  

Wang et al. (2008) discovered that lower temperature and more precipitation 

increase the likelihood of irrigation when assessing the crop as well as irrigation 

preferences of Chinese farmers. Future climate scenario will force them to cut 

irrigation and switch from potatoes, rice, vegetables, soybeans and other crops to oil 

crops, wheat and cotton. 

Seo et al. (2008) has discovered that a rise in temperature encourages farmers 

to practice mixed farming rather than specializing on one type of farming. Such as 

raising either corps of livestock while a rise in precipitation prompts farmer to switch 

from irrigated to rain-fed crops. Additionally, they discovered substantially lower 

damages than under fixed farm type.  

Gbetibouo and Ringler (2009) investigated the climate change resiliency of 

South African farmers in various coping zones of South Africa provinces. The author 

utilized principal component analysis (PCA) for weight assignment, observed that the 

Western Cape, which is characterized by significant exposure to climate change and 

variability, also has a better capacity to adapt to climate change. Because of this higher 

affluence advance infrastructure and easy access to resources, it has a strong potential 

for adaptation.  

Ravindranath et al. (2011) developed vulnerability profiles for the agriculture, 

water, and forest sector at the district level in the North Eastern region of India under 
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the current and anticipated climate change scenario. The study found the agriculture 

in the districts of Tirap, West Siang, Nalbari, Changlang and Dibrugarh are the most 

vulnerable to present climate change whereas the district of Kolasib, N.C. Hills, 

Cachar, Ukhrul and Morigaon are the least vulnerable. The result was determined by 

using the vulnerability index, principal component analysis (PCA) and PRECIS 

model. 

Latha et al. (2012) who carried out a case study in Dharwad to examine how 

climate change is affecting rainfed agriculture came to the conclusion that climate 

variations, such as the occurrence of drought, have a significant impact on the yield of 

rainfed crops. Farmers are already adapting to the climate change, both positively by 

adopting technology coping methods and negatively switching to other occupations. 

They contend that small and medium rainfed farmers were more like to have 

established coping method methods for climate change than farmers and that these 

farmers were also extreme vulnerable to climate change.  

Sridevi et al. (2014) examine the sensitivity to climate change in various 

districts in Andhra Pradesh, Karnataka, Tamil Nadu and Kerela. The study’s composite 

vulnerability index was calculated using socio-demographic method, meteorological, 

agricultural, occupational and common property resource vulnerabilities. Adilabad, 

Chamrajanagar, Thiruvarur and Kasaragod in Andhra Pradesh, Karnataka, Tamil Nadu 

and Kerela respectively are most vulnerable districts. Whereas, Hyderabad, Belgaum 

and Thoothukkudi are the least vulnerable districts, according to the index.  

Varadan and Kumar (2015) examined Tamil Nadu, India’s agricultural 

variability to climate change. The three IPCC dimension of vulnerability- “Exposure”, 

“Sensitivity” and “Adaptive Capacity”, were used in the study. According to the study 

the normalized indicators of these dimensions were given weights based on relative 

acreage of important crops in each district with regard to the state. According to the 

vulnerable index, the most vulnerable districts are those in Madurai, Coimbatore, 

Tirunelveli and North Arcot. Whereas the district which are most vulnerable to climate 

change are Salem, South Arcot, Ramanathapuram, Dharmapuri and Erode, whilst 

Chengalpattu, Thanjavur and Pudukottai are the least vulnerable districts. 
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CHAPTER 3 

METHODOLOGY 

3.1 Introduction 

The proposed work will incorporate both quantitative and qualitative study of both 

primary and secondary data. The following methods will be use for the collection of 

data on climate variability, vulnerability and social well-being and various statistical 

methods will be employed to analysed the data.  

3.2 Data Collection 

Meteorological data have been collected for the different elements of climate: 

Temperature, Rainfall for the state and different districts of the state from State 

Meteorological Department (Aizawl), Department of Agriculture (Govt. of Mizoram) 

and Border Road Organization (GRIEF) Mizoram.  

To determine the impacts of climate variability and change on the social well-

being such as health, nutrition, water availability and measures of sustainable 

livelihood, data relating to these climate-sensitive parameters have been collected 

through questionnaire survey covering all the districts in the state. A sample household 

size will be determined by using Taro Yamane (Yamane, 1973) formula with 95% 

confidence level. The formula is given below- 

 

Where:  n= sample size required 

   N = number of population 

   e = error (0.05) 

Selection of households have been preceded by determination of sample size 

for the entire district which have been proportionately distributed in all the selected 

villages/towns. To ensure adequate representation of all sections of population, 
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random stratified sampling method was used to select respondents from each selected 

village/town. 

3.3 Coefficient of Variation 

To analyze the magnitude of variability in the time series meteorological data the 

statistical technique of Coefficient of Variation was employed for monthly, seasonal 

and annual time series data. 

The statistical technique of Coefficient of Variation (CV) was assessed in the time 

series data in order to observed the variation by categorizing the climatic variables of 

temperature and rainfall in to three different decadal groups, 35year time-series  

   CV 
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Where, CV ï Coefficient of Variation 

ů ï standard deviation   

µ - mean 

The change in percentage will be calculate by the following equation, 

Percentage change
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3.4 Trend analysis 

A trend analysis a statistical method of attempting to determine the future 

behaviors of a variable by analyzing historical data. It can also be explained as the 

method that aims to predict future movements by investigating past ones. Mann 

Kendall test (M-K test), has been employed to analyze the changing trend of 

Temperature (maximum/minimum) 1986-2020. Rainfall 1986-2020. Whereas, the 

Theil-Senôs Slope Estimator has been employed to find the degree of magnitude during 

the trend.  
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