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ABSTRACT 

Climate risk in dairy farming is complicated and pervasive. Extreme climate events 

such as heatwaves, drought, and heavy rainfall translate into milk production and price 

risks, significantly impacting the income and profitability of dairy farmers. Milk 

production has faced numerous challenges in India over recent decades. These 

include fluctuations in yield, low milk prices, feed management challenges, animal 

health issues, and breeding aspects. More importantly, an increase in year-to-year 

and intra-seasonal variability in rainfall across the country has posed major challenges 

to dairy farmers and has harmed milk production. This emphasises the need to 

develop robust risk management strategies to effectively manage climate risk in dairy 

farms in rural areas in India. However, studies on dairy farmers' response to climate 

risks and how these risks affect their income generation in India are limited. The 

objectives of this PhD research project are as follows: 1) To investigate smallholder 

dairy farmers' perceptions of climate risks and their impact on dairy activities, examine 

the current risk management strategies, and identify hindrances and opportunities and 

factors driving their choice of coping and adaptation strategies for climate-change-

related risks in their dairy farming system; 2) To understand the knowledge of existing 

livestock insurance and factors that influence their willingness to pay for index-based 

cattle insurance products and; 3) To assess and quantify the impact 

of climate impact change on milk production and how much of an impact they have in 

the study area. A total of (N=104) dairy farmers spread across Bengaluru urban, 

Bengaluru rural, and Chikkaballapur districts of Karnataka were surveyed for this 

study. The data was statistically analyzed with farmer responses and preferences for 

climate risk management, and their willingness to pay for index insurance assessed, 

as well as their perspectives on a range of different climatic factors most affecting milk 

production.  The study's findings indicate that dairy farmers see drought, pests, 

diseases, and high temperatures as the primary risks of climate change. This has led 

to a decrease in dairy income and an increase in management requirements such as 

nutrition and temperature control methods. The coping mechanisms adopted include 

buying livestock insurance, keeping low debt obligations, and growing drought-tolerant 

grass varieties. Further, the research shows that the uptake of current cattle insurance 

is low (6%) due to a lack of awareness of its benefits. However, most farmers face 

significant challenges in adopting these strategies due to high costs and weak 

institutional support. Most importantly, the study found that certain factors like age, 

education, number of earning family members, milk production, cost of production, and 

farm holdings significantly influenced climate risk adaptation strategies that were 

adopted. The study recommends that providing reliable seasonal climate forecasts, 

access to new technologies for feeds and fodder preservation, implementing improved 

policies in cattle health services, affordable cattle insurance, and strong institutional 

support systems and extension services can help dairy farmers become more resilient 

to climate change and improve their livelihoods. 



 

ii 
 

CERTIFICATION OF THESIS 

I, Anupama Shantharaju, declare that the PhD Thesis entitled Climate Risk Management Of 

Small Dairy Farmers In Regional South India is not more than 100,000 words in length, 

including quotes and exclusive of tables, figures, appendices, bibliography, references, and 

footnotes.  

This Thesis is the work of Anupama Shantharaju except where otherwise acknowledged, with 

the majority of the contribution to the papers presented as a Thesis by Publication undertaken 

by the student. The work is original and has not previously been submitted for any other award, 

except where acknowledged. 

 

 

Date: 6/11/2024 

 

 

Endorsed by:  

 

Prof. Shahbaz Mushtaq 

Principal Supervisor 

 

Dr. Jarrod M Kath 

Associate Supervisor 

 

Dr. Arun Muniyappa 

Associate Supervisor 

 

 

 



 

iii 
 

STATEMENT OF CONTRIBUTION 

The articles produced from this study were a joint contribution of the student and  

supported by the supervisory team. The details of the scientific contribution of each  

author in the publications are provided below: 

 

Paper 1:  

Anupama Shantharaju, Md Aminul Islam, Jarrod M.Kath, Shahbaz Mushtaq, Arun 

Muniyappa, Lila Singh Peterson, (2024)." Understanding Constraints and Enablers of 

Climate Risk Management Strategies: Evidence from Smallholder Dairy Farmers in 

Regional South India". Sustainability 2024, 16(5), 2018. DOI: 

https://doi.org/10.3390/su16052018 

The overall contribution of Anupama Shantharaju was 65% to the concept 

development, analysis, drafting, and revising of the final submission; Md Aminul Islam 

contributed 25% to concept development, statistical analysis, and providing critical 

inputs; Shahbaz Mushtaq, Jarrod M.Kath and Arun Muniyappa contributed 20%, for 

editing and provided comments on the manuscript. 

Paper 2:  

Anupama Shantharaju, Jarrod M.Kath, Shahbaz Mushtaq, Arun Muniyappa, (2024).” 

Willingness to Pay for Index-based Cattle Insurance among Dairy Farmers in Southern 

India”. 

The overall contribution of Anupama Shantharaju was 70% to the concept 

development, analysis, drafting, and revising of the final submission; Jarrod M.Kath 

and Shahbaz Mushtaq contributed to concept development, statistical analysis, and 

providing critical inputs 10% each, respectively, Arun Muniyappa contributed 10% for 

editing and provided comments on the manuscript. 

 

 

 



 

iv 
 

Paper 3: 

Anupama Shantharaju, Jarrod M.Kath, Shahbaz Mushtaq, C.G.Shashank, Thanveer  

Shaik, Arun Muniyappa, (2024).” Climate variability impacts cattle milk production 

across three villages in regional south India” 

The overall contribution of Anupama Shantharaju was 65% to the concept 

development, analysis, drafting, and revising of the final submission, Jarrod M.Kath, 

Shahbaz Mushtaq, C.G. Shahshank Thanvee Shaik contributed 35% to the concept 

development, statistical analysis, and providing critical inputs respectively, Arun 

Muniyappa contributed for editing and provided comments on the manuscript. 

 

Conference :  

A poster was presented at “The 3rd International Symposium on Disaster Resilience 

and Sustainable Development” on Dec 7th, 2023 at the Asian Institute of Technology, 

Bangkok, Thailand.  

Anupama Shanthaju, Jarrod Kath, Shahbaz Mushtaq “DRSD_2023_33: Willingness 

to Pay for Index-based Cattle Insurance among Dairy Farmers in Southern India”, 

presented under the theme “Climate change, Risk Reduction, and Adaptation” 

 

 

 

 

 

 

 

 

  



 

v 
 

ACKNOWLEDGMENTS 

 

I feel very lucky to have Prof Shahbaz Mushtaq as my principal supervisor, who gave 

me this opportunity to try something new and to work on topics I am interested in. It 

has been a great honor to work with you in the past four years. I deeply appreciate 

your patience, support, valuable feedback, and encouragement when I lost confidence 

and struggled with research study during the entire process.  

I express my sincere thanks to my associate supervisors  Dr. Jarrod Kath, and Dr. 

Arun Muniyappa for offering valuable feedback on each of the manuscripts. Thanks 

a ton for the valuable insights and feedback, encouragement during the entire study 

period.  

My special appreciation to Dr. Louis Kouadio, Dr. Thanveer Basha Shaik, Dr. Lila 

Singh Peterson,  Dr Shashank, Torben Marcussen, and Suresh Babu. A  special 

thank you to all dairy farmers who participated in the interviews and generously 

provided information about their cattle.  

I express deep gratitude to my parents, my husband Vivek, and my son Yukta, as well 

as my brothers, sisters, and friends for their priceless support and encouragement in 

this PhD journey.  

Finally, I would also like to acknowledge the contribution and support of the Centre for 

Applied Climate Sciences friends and community. UniSQ is a great place to be and 

has made a great impression on my research study.  

This research has been supported by the Australian Government Research 

Training Program Scholarship. 

 

 

 

 

 

 



 

vi 
 

 

 

Table of Contents 

ABSTRACT ................................................................................................................. i 

CERTIFICATION OF THESIS ..................................................................................... ii 

STATEMENT OF CONTRIBUTION ............................................................................ iii 

ACKNOWLEDGMENTS ............................................................................................. v 

LIST OF FIGURES ................................................................................................... viii 

CHAPTER 1: INTRODUCTION .................................................................................. 1 

1.1 Background ................................................................................................................. 1 

1.2 Statement of the problem ............................................................................................ 3 

1.3 Research aims and objectives ..................................................................................... 4 

1.4 Scope .......................................................................................................................... 5 

1.5 Thesis organisation...................................................................................................... 5 

1.6 Summary ..................................................................................................................... 8 

CHAPTER 2: LITERATURE REVIEW ...................................................................... 10 

2.1 Smallholder dairy farmers’ perceptions of climate risk and adaption strategies in South 

India ................................................................................................................................ 10 

2.2 Willingness to Pay for Index-based Cattle Insurance among Dairy Farmers in Southern 

India ................................................................................................................................ 12 

2.3 An overview of livestock insurance in India ................................................................ 14 

2.4 Climate variability and change, and its impacts on Indian dairy ................................. 16 

2.5 Summary and research gaps ..................................................................................... 19 

CHAPTER 3: PAPER 1: UNDERSTANDING CONSTRAINTS AND ENABLERS OF 

CLIMATE RISK MANAGEMENT STRATEGIES: EVIDENCE FROM SMALLHOLDER 

DAIRY FARMERS IN REGIONAL SOUTH INDIA .................................................... 21 

3.1 Introduction ................................................................................................................ 21 

3.2 Published paper ......................................................................................................... 21 

3.3 Links and implications................................................................................................ 41 

CHAPTER 4: PAPER 2: WILLINGNESS TO PAY FOR INDEX-BASED CATTLE 

INSURANCE AMONG DAIRY FARMERS IN SOUTHERN INDIA ............................ 42 

4.1 Introduction ................................................................................................................ 42 

4.2 Submitted paper ........................................................................................................ 42 

4.3 Links and implications................................................................................................ 78 

CHAPTER 5: PAPER 3: CLIMATE VARIABILITY IMPACTS ON CATTLE MILK 

PRODUCTION ACROSS THREE VILLAGES IN REGIONAL SOUTH INDIA .......... 79 



 

vii 
 

5.1 Introduction ................................................................................................................ 79 

5.2 Submitted paper ........................................................................................................ 79 

5.3 Links and implications.............................................................................................. 114 

CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS ................................. 115 

6.1 Significance and scientific contribution of the study ................................................. 116 

6.2 Limitations of the study ............................................................................................ 118 

6.3 Key recommendations ............................................................................................. 119 

6.4 Recommendations for future work ........................................................................... 119 

REFERENCES ....................................................................................................... 122 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

viii 
 

 

LIST OF FIGURES 

                          

Figure 1.1: Flow diagram of the thesis .............................................................................................. 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1 
 

CHAPTER 1: INTRODUCTION 

1.1 Background 

Climate change & climate risks across regions of the world demand attention, 

particularly in the dairy industry (Eisen et al. 2020; Sattar 2020; Masson-Delmotte et 

al. 2021). The rapidly increasing human population combined with dwindling 

environmental resources and a changing climate impacts grazing lands, fodder, and 

water sources for the dairy industry (Devkota et al. 2011; Pulwarty & Sivakumar 2014; 

Eisen et al. 2020). In many regions of the world, cow’s milk is traditionally a significant 

food source.  It remains important despite various changes, such as technological 

advancements, policy and regulatory shifts, and socioeconomic impacts affecting 

different dairy systems. These systems range from small, large-scale operations in 

poor and developing countries to developed nations' industrialized milk production 

systems (Aryal et al. 2020; Jatwani & Swain 2020; Woetzel et al. 2020; DAHD 2021a).   

The dairy sector in India plays a crucial role in supporting livelihood opportunities for 

81 million dairy farmers (DAHD 2021a), predominantly small dairy farmers and the 

landless in rural areas. These small farmers with between 2 to 5 cattle contribute to 

62% of the country’s milk production  (Jatwani & Swain 2020).  It is highly livelihood-

concentrated and has grown into a vital secondary source of income for millions of 

rural families and has assumed the most valuable role in providing employment and 

income-generating opportunities, especially for small farmers (Rajeshwaran et al. 

2015; Eisen et al. 2020; Hu 2020; Sattar 2020).  

Cattle, along with buffalo, are the most common species kept by the dairy and farming 

community in India. Dairy milk production in rural India, China, Nepal, Pakistan, and 

Ukraine takes place as a household activity and hardly ever employs hired labour 

(Budhathoki et al. 2019; Eisen et al. 2020; Hu 2020; Sattar 2020). Over 90% of the 

tasks associated with the maintenance and supervision of cows are mainly performed 

by family members (Rangnekar & Thorpe 2001).  

Approximately 48% of the total milk produced in India is consumed or sold locally in 

rural areas, leaving 52% available for sale in urban areas (FICCI 2020). Out of the 

marketable milk surplus, approximately 40% is handled by the Dairy Corporative 

Societies (DCS), which consists of 16.93 million farmers from over 190,516 villages 

as of March 2019 (NDDB 2019). 
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The dairy sector in India faces several challenges, including low cattle productivity, 

persistent shortages of feed and fodder, poor animal health care, lack of suitable 

immunisation and hygienic programs, inadequate cold chain logistics in milk 

transportation, and unorganised marketing. These challenges are exacerbated by 

climate variability and change. Indeed, according to the Ministry of Agriculture and 

Farmers Welfare (MAFW), about 16 districts in the Karnataka province experienced 

10 droughts between 2001 and 2015 (KSNDMC 2018; Government of India & Welfare 

2019; DAHD 2021a). Such patterns in climate variability and change may get worse 

in the next few years in several districts in Karnataka, particularly Bengaluru (rural and 

urban) (Surie & Sharma 2019). Additionally (KSNDMC 2018) estimates that the 

Chikkaballapur district will experience drought situations with a probability of 86% in 

the near future, which is the highest drought likelihood among districts in the state of 

Karnataka. It is anticipated that the impacts of climatic events will pose more serious 

risks, particularly drought, to these regions  (Kumar Goyal et al. 2023; Santhosh & 

Shilpa 2023). 

Smallholder farmers traditionally have taken various adaptive and environmentally 

friendly measures, including opportunistic seasonal mobility such as shifting cattle to 

better pasture available areas (seasonal grazing), mixed agriculture crop-livestock 

farming, and efficient water harvesting, to cope with extreme climatic events (Herrero 

et al. 2015). However, with the increasing adverse impacts of constraints (shortage of 

feed and fodder, poor animal health care services, and lack of cold chain logistics), the 

coping mechanisms have become ineffective (Kumar et al. 2011). While a few 

development-based solutions (cow-monitoring technologies not visible to normal eyes, 

such as sensor systems and radio frequency identification tags) have shown 

encouraging results, their impact remains limited (Prokopy et al. 2015).  

The financial sector and insurance companies, such as Pradhan Mantri Fasal Bima 

Yojana, can offer insurance coverage to smallholder farmers. However, they are not 

linked with private insurance companies, which leads to several challenges. For 

instance, premiums are often deducted from the farmers' accounts without their 

knowledge (Tiwari et al. 2020). The role of state and federal governments in such 

insurance schemes remains limited and unclear, despite the projected population 

growth trend and urbanization change for the next four decades. It is estimated that 

India might need 600 million tonnes of milk and milk products (FICCI 2020). With the 



 

3 
 

projected change in climate across Indian milk-producing regions (IPCC 2014), there 

is a critical need to develop improved climate risk management for the dairy sector in 

India.  

Several studies highlight the importance of understanding the socio-economic factors 

that influence farmers' actions toward climate risks, their perceptions of these risks, 

and their uptake of insurance products (Devkota et al. 2011; Kumar et al. 2015; 

Eitzinger et al. 2018; Amare et al. 2019; Budhathoki et al. 2019; Ndlovu et al. 2020). 

More importantly, farmer’s ability to adapt to climate risks and climate change is 

constrained by severe technological, socio-economic, and institutional barriers (Ada 

et al. 2006; Barnes & Toma 2012; Adeyinka et al. 2015; Bishu et al. 2018; Singh et al. 

2020; Masson-Delmotte et al. 2021). This research aimed to address the challenges 

mentioned above for small dairy farmers in the Indian context. 

 

1.2 Statement of the problem 

Milk is one of the staple foods for the vast amount of the population living in poverty in 

India (DAHD 2021a).  It serves as an important indicator of food security, nutrition, and 

income for rural families. The growth of India's milk production is inspiring in 

comparison to other major milk producing countries especially given that it is a tropical 

country with a hot and humid climate. This commendable progress is due to millions 

of small farmers with holdings of one to four animals, which is a livelihood opportunity 

for most rural households (Rajeshwaran et al. 2015). 

The dairy sector in India, especially Karnataka, is famous for milk production, however, 

it faces various climate-related risks, similar to the agricultural sector. These risks 

include production, market, credit, technological, institutional, and human resource 

risks (Kumar et al. 2016). The agricultural environment is susceptible to frequent and 

severe fluctuations due to extreme climate events such as droughts, floods, cyclones, 

hurricanes, typhoons, tornadoes, and wildfires (Masson-Delmotte et al. 2021). The 

challenges in livestock, especially in the dairy sector, and agricultural risk are 

exacerbated by a changing climate (Moran 2009; Douphrate et al. 2013). The main 

challenge in the current mode of production is the inevitable climate risks and weather 

uncertainty.  
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Dairy farming has become uncertain due to climate change-driven natural disasters, 

particularly droughts and floods, which directly cause extremely variable production 

outcomes in terms of supply and threaten food security (Barnes & Toma 2012). These 

climate risks threaten millions of smallholder farmers who depend on dairy farming for 

their livelihoods.  

To achieve resilience in dairy farming, farmers need to develop integrated climate 

change adaptation and risk transfer approaches and identify cost-effective 

approaches(Reddy 2015). It is essential to establish innovative coping mechanisms, 

as well as develop risk management strategies and insurance solutions to ensure the 

sustainability of the dairy industry. Additionally, there is a need for a comprehensive 

investigation into the adaptation strategies chosen by farmers to develop effective 

climate-responsive adaptation plans. Furthermore, limited research has been 

conducted to assess the knowledge and perceptions of dairy farmers in Southern India 

(Below et al. 2015; Alam et al. 2017; Islam et al. 2020; Koç & Uzmay 2022). Therefore, 

it is vital to understand smallholder dairy farmers' perceptions of climate change and 

coping mechanisms. 

The Indian government views insurance as a key risk management strategy. However. 

despite efforts to address challenges faced by livestock insurance in India, the uptake 

has been minimal (Bora 2017; Rohith 2019; Chand et al. 2023). The insurance 

programs and products have been criticized for not involving stakeholders in 

developing suitable products, making the insurance products irrelevant to the risks faced 

by dairy farmers (Shirsath et al. 2019; Ghosh et al. 2021). Given the diverse agro-

climate conditions, perceptions and willingness to purchase insurance of farmers vary. 

Therefore, there is a need to study the farmer's preferences and willingness to pay for 

index-based insurance products tailored to a given area. 

 

1.3 Research aims and objectives 

The main purpose of this research is to assess and understand key climate risks, and 

how these risks are perceived and handled by small dairy farmers under varying socio-

economic and environmental settings in India. Specifically, this research aims to: 

1)  Analyse risk perceptions and risk management strategies to adapt and mitigate 

climate risks among rural dairy farmers.  
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2) Analyse drivers of the adoption of cattle insurance products and farmers’ 

Willingness to Pay (WTP) for insurance. 

3)  Examine the climate variables most affecting milk production among rural dairy 

farmers. 

 

1.4 Scope  

To achieve these objectives, the work was segmented into different tasks as follows: 

a) To understand dairy farmers’ perceptions a survey was carried out to explore 

their perceptions of climate risk, how it impacts their dairy farming system, the 

coping strategies they employ, and the barriers they face when implementing 

these strategies. The survey also investigated the factors that facilitate the 

adoption of adaptation measures. 

b) To assess the WTP for index insurance and farmers’ knowledge of existing 

cattle insurance schemes, a survey was conducted between  December 2022 

and January 2023. Based on key climate risks affecting the region, hypothetical 

insurance product were discussed, and responses were drawn from dairy 

farmers. The study further investigated what drives their decisions to take up 

insurance products using Generalised Linear Model (GLM) analysis with 

logistic regression.  

c) Using a dataset of milk production for the years (2019-2022), the impact of 

climate variables on milk production was assessed across 3 different villages. 

Periodically, the region faces drought and high temperatures impacting milk 

production, and availability of feed and water resources resulting in a noticeable 

impact on the dairy incomes of farmers and milk poured over the years. A 

subset of data concerning to the study villages was extracted to present dairy 

farm characteristics and farm management strategies.  

 

1.5 Thesis organisation 

This thesis is presented as a Ph.D. by publications and is subdivided into three main 

chapters. A general conclusions section that summarizes the findings and 

contributions of this study was included. A total of three articles produced from this 

research are presented below: 
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• Article 1: Anupama Shantharaju, Md Aminul Islam, Jarrod M.Kath, Shahbaz 

Mushtaq, Arun Muniyappa, Lila Singh Peterson, (2024).” Understanding 

Constraints and Enablers of Climate Risk Management Strategies: Evidence from 

Smallholder Dairy Farmers in Regional South India”. Sustainability 2024, 16(5), 

2018.( (Impact Factor: 3.9 and SNIP:1.31, Scopus rated Q1, 88th percentile in 

Geography,Planning and Development)  DOI: https://doi.org/10.3390/su16052018 

• Article 2: Anupama Shantharaju, Jarrod M. Kath, Shahbaz Mushtaq, Arun 

Muniyappa, (2024).” Willingness to Pay for Index-based Cattle Insurance among 

Dairy Farmers in Southern India“. Environment, Development, and 

Sustainability,(under review, submitted on July 2024). (Impact factor 4.7 (2023), 

Q1)    

•  Article 3: Anupama Shantharaju, Jarrod M.Kath, Shahbaz Mushtaq, 

C.G.Shashank, Thanveer  Shaik, Arun Muniyappa, (2024) Climate variability 

impacts cattle milk production across three villages in regional south India”. 

Regional Sustainability,(under review, submitted on July 2024). (Impact factor 4.3 

(2023), Q1)                        

 

The first objective of this study was to analyse risk perceptions and risk management 

strategies to adapt and mitigate climate risks among rural dairy farmers. In (Chapter 

3/Article I), the results indicate dairy farmers in the region perceive drought, pests and 

diseases, and high temperatures as the major risks associated with climate change, 

which has resulted in decreased dairy income, animal health problems, reduced 

fertility, and food intake problems for their cattle. In response to climate variability, dairy 

farmers have adopted various coping strategies among which the most important 

strategies include buying livestock insurance, keeping low debt obligations, and 

growing drought-tolerant grass varieties. Most importantly, the study found that certain 

factors such as age, education, number of earning family members, annual milk 

production, monthly cattle expenses, and landholdings significantly influenced dairy 

farmers’ strategies for adapting to climate change. 

 

The second objective of this study (Chapter 4 / Article II), was to analyze the factors 

driving Willingness to Pay for index-based cattle insurance. This study found that 

farmers who spend more time on dairy activities have larger landholdings, earn more 

https://doi.org/10.3390/su16052018
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from dairy, have younger cattle, and are more willing to participate in index-based 

cattle insurance. Interestingly, farmers opt to prioritize protecting younger cattle over 

older ones, likely due to their higher future value and increased susceptibility to risks.  

 

The third objective of this study was to investigate the impact of climate variables on 

cattle milk production in three villages in regional south India. This study found that 

rainfall significantly affected milk production and dairy incomes positively, and Mean 

Tmax and Mean Tmin significantly affected milk production and dairy incomes 

negatively. 

 

A schematic flowchart is presented in Fig. 1.1 to depict the links between the studies 

and articles in this thesis. 
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Figure 1.1: Flow diagram of the thesis 

1.6 Summary 

India’s smallholder dairy farmers are facing significant challenges from climate 

change, which not only threatens their dairy activities but also the well-being of their 

livestock, which are valuable possessions. A better understanding of smallholder 

farmers’ perceptions of climate change and coping strategies helps in better planning 

of the mitigation strategies and protecting their livelihoods. The development of 

improved index-based insurance products/schemes with affordable premiums is 

expected to attract smallholder farmers and help provide financial support in extreme 
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climate years. It is critical to identify the regions with the best conditions for cattle milk 

production and improve these areas for expansion. There is a need to create 

awareness of cattle insurance benefits to increase dairy farmers' participation. The 

coping mechanisms adopted include buying livestock insurance, keeping low debt 

obligations, accessing better animal healthcare services, and growing drought-tolerant 

grass varieties to make dairy farming profitable. This study provides valuable 

information about dairy farm management strategies that can be used to establish an 

appropriate management recommendation for dairy farmers located in India and other 

regions with similar demographic and socioeconomic conditions.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Smallholder dairy farmers’ perceptions of climate risk and adaption 

strategies in South India 

India has been the largest milk-producing country in the world for nearly two-and-a-

half decades. India contributes 23 % to global milk production (DAHD 2022a). At 

present, global milk production is growing at a rate of two percent per annum, 

whereas in India, its growth rate is over six percent per annum (DAHD 2022a). The 

per capita availability of milk in India is also much higher than the world average. In 

the last three decades, the daily milk consumption in the country rose from 107 grams 

per person in 1970 to 427 grams per person in 2020-21, compared to a world average 

of 322 grams per day during 2021 (DAHD 2022a).  

The dairy sector in India plays a crucial role in supporting livelihood opportunities for 

81 million dairy farmers (DAHD 2021b), predominantly smallholder dairy farmers (i.e. 

2-5 cattle per farm family) and the landless, particularly in the rural areas of the country. 

These smallholder dairy farmers contribute to 62% of milk production in the country 

(Jatwani & Swain 2020). Dairy farming is highly livelihood-concentrated and has grown 

into a vital secondary source of income for millions of rural families and has assumed 

a valuable role in providing employment and income-generating opportunities, 

especially for small farmers (Rajeshwaran et al. 2015; Eisen 2020; Hu 2020; Sattar 

2020).  

The dairy cooperative societies that coordinate farmers at the village level have not 

only made the farmers self-sufficient but have also broken the shackles of gender, 

caste, religion, and community. Women producers form the major workforce of the 

dairy sector in the country and the sector is an important job provider and plays a 

strategic role in women’s empowerment (DAHD 2021b). However, this vital sector of 

the country is facing tremendous pressure from climate change impacts, which 

ultimately threaten sustainable livelihoods in the rural areas of India.  

Dairy farmers around the globe operate their farming activities in an external farm 

environment, which has become very uncertain due to abrupt changes in 

environmental factors induced by climate change. Climate change-driven natural 

disasters, particularly droughts and floods, directly cause extremely variable 

production outcomes in terms of supply and threaten food security (Barnes & Toma 
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2012). While climate change and associated risks are a global phenomenon, the large 

number of small dairy holdings in developing countries like India and a growing 

dependence on dairy farming where the cattle are vulnerable to climate change could 

affect the country more than other big dairy producers such as the US or Brazil 

(Thornton et al. 2022). The challenges in livestock, especially in the dairy sector, and 

agricultural risk are exacerbated by changing climatic and extreme event conditions, 

with droughts, floods, heat, and strong winds, hailstorms, and cyclones becoming 

more intense (Silanikove & Koluman 2015). These have emerged as a massive threat 

to the sustainable development of dairying and protecting the livelihoods of millions of 

small producers (Moran 2009; Douphrate et al. 2013; Birthal, P. S. 2022; Thornton et 

al. 2022).  

In India, mixed farming systems are most often benevolent due to the complementary 

nature of crop and livestock production. Much of the feed to animals is derived from 

agricultural remains and by-products. Because of the lack of relevant information, 

managing the multi-faceted risks associated with climate, feed, and milk prices in dairy 

farms is challenging (Birthal et al. 2006; Patel et al. 2016; Rohith 2019; Sarkar & Dutta 

2020). This challenge is more relevant for smallholder farmers dairy farmers as ever 

pressing climate risk decreases bearing capacity due to externally operating farming 

systems, which are more vulnerable to climate exposures (Schaper et al. 2010; Aidoo 

et al. 2014; Elum et al. 2017; Amamou et al. 2018; Bishu et al. 2018; Eitzinger et al. 

2018). There is a need for a thoughtful understanding of prospects of decision-making 

that are site-specific to help smallholder dairy farmers battling the wave of climate risks 

(Ahmed & Suphachalasai 2014; Byrareddy et al. 2021; Singh & Kagweza 2021).  

India has been experiencing widespread drought for many years, greatly affecting 

dairy farming since the 1990s. The southern semi-arid regions have been hit 

particularly hard by changes in rainfall patterns (Muralikrishnan et al. 2022). 

Temperature, sunlight, humidity, water, and air pollution all have a bearing on the cattle 

immune system, resulting in infectious disease occurrence. For example, FMD (Foot-

and-mouth disease) is a prime disease of livestock in India. It causes dairy farmers 

substantial economic losses, which have been reported to be more prevalent under 

extreme and abrupt changes in climatic parameters such as rainfall and temperature 

(Nejash & Kula 2016; Eskdale et al. 2022; Subramaniam et al. 2022).  
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A significant number of studies have been conducted worldwide on the farmers’ 

perceptions of climate change issues concerning livelihood adaptations in the cropping 

sector, signifying the importance of farmers’ perceptions of climate change and coping 

strategies. However, most of the existing studies on the farmers’ perceptions of the 

climate change discourses mainly concentrate on the climate change impacts on the 

livelihood aspects of the cropping sector farming communities, and their locally 

preferred adaptation strategies (Below et al. 2015; Alam et al. 2017; Islam et al. 2020; 

Koç & Uzmay 2022). However, a limited number of studies have been conducted to 

investigate farmers’ perceptions of climate change and adaptation strategies in the 

livestock sectors. For example, Montcho et al. (2022) reported that farmers adopted 

locally practiced measures to adapt to their perceived climate change (e.g. low rainfall, 

increased dry season) which had negative impacts on their livestock productivity (e.g. 

decrease in herd size, milk production, and fodder availability). However, smallholder 

dairy farmers’ adaptation choices and determinants of these coping strategies did not 

get much attention in the existing studies, which could have policy implications for 

developing climate-responsive adaptation planning on a large scale. In addition, the 

susceptibility of dairy farmers and animal production to climate risks in the Indian 

context is poorly documented (Singhal et al. 2005; Sejian et al. 2016).  

Furthermore, limited studies have been conducted to evaluate the knowledge and 

perceptions of dairy farmers in southern India, highlighting the need for additional 

research. Moreover, a thoughtful understanding of site-specific decision-making 

prospects could have profound potential to help small dairy farmers battling the wave 

of climate risks (Ahmed & Suphachalasai 2014; Singh & Kagweza 2021). It is, 

therefore, important to understand smallholder dairy farmers’ perceptions of climate 

change issues as well as coping strategies with factors affecting farmers’ adaptation 

choices. Formulating site-specific adaptation policies to combat climate change in the 

dairy sector would be helpful. 

2.2 Willingness to Pay for Index-based Cattle Insurance among Dairy Farmers in 

Southern India 

Climate change and impacts such as drought, extreme heat waves, floods, and other 

extreme weather events pose a significant threat to agricultural productivity and 

livestock production which are central to the livelihood protection of millions in India 

(Oduniyi et al. 2020; Singh & Agrawal 2020). The main challenge in the current mode 
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of production is the inevitable climate risks and weather uncertainty. Temperatures rise 

between 2.3 and 4.8℃ anticipated over the entire country, together with increased 

precipitation because of climate change, is likely to aggravate risks in farming, 

depending on the season and location (Sirohi & Michaelowa 2007).  

Dairy farming in India considerably contributes to food security and plays a helpful role 

in agriculture from misfortunes (Radhakrishnan & Gupta 2017). It is crucial to educate 

farmers about adopting climate-resilient technologies to counter the adverse impact of 

climate risks on food production (Patil et al. 2012). Dairy cattle are affected both 

directly and indirectly due to climate change-induced risks. Climate factors such as air 

temperature, humidity, strong winds, and other factors influence animal performance, 

including growth, production, health, and fertility. Long stretches of hot periods along 

with altered patterns of rainfall are likely to result in heat stress particularly in climate 

sensitive like semi-arid tracts, leading to decreased milk production and susceptibility 

to pests and diseases. Farmer’s ability to adapt to climate change and associated risks 

is constrained by severe technological, socio-economic, and institutional barriers (Ada 

et al. 2006; Barnes & Toma 2012; Adeyinka et al. 2015; Bishu et al. 2018). 

The introduction of weather index insurance schemes in recent years has gained 

traction due to new ways of controlling moral hazard and the growing concerns about 

increasing climate risks due to global warming. The uptake of weather index insurance 

products is below expectations despite the various benefits (functional potentiality, 

lessened moral hazard and adverse selection, timely indemnity payouts) that can be 

generated (Giné et al. 2008; Suarez & Linnerooth‐Bayer 2010; Jensen & Barrett 2017). 

The Index-Based Livestock Insurance (IBLI) project in Northern Kenya has shown that 

remotely sensed Normalised Difference Vegetation Index (NDVI) can be used to 

assess drought-related livestock mortality and help reduce the risk that pastoralists of 

arid and semi-arid lands are facing (Mude et al. 2010; Chantarat et al. 2013). This 

project has demonstrated the viability of predicting drought-related livestock mortality 

through remote sensing data overall and opens new prospects in this field of research 

(Mude et al. 2010; Chantarat et al. 2013; Amare et al. 2019). As drought significantly 

drives down prices for livestock affecting costs for farmers and making them 

vulnerable, weather insurance could be an answer on a larger scale for pastures 

(Adeyinka et al. 2015; Adeyinka et al. 2016). 
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Although various attempts to address Livestock Insurance challenges in India have 

been made, earlier initiatives were based on a top-down approach, thus lacking local 

stakeholders, particularly dairy farmer’s involvement in the program design processes 

(Shirsath et al. 2019; Gaurav & Chaudhary 2020; Singh & Agrawal 2020; Ghosh et al. 

2021). The main challenge is that farmers fail to be engaged in the design of programs 

they pay for. As such, their priorities, needs, and constraints facing them on the ground 

are not always considered.  

In a study by  Escarcha et al. (2018), the importance of researching climate change 

impacts and adaptation in mixed crop-livestock systems was emphasised. They 

suggested that research in this area could provide valuable insights into the 

sustainability of mixed crop-livestock production systems and the preservation of 

farmers' livelihoods in the face of a changing climate. Despite its significant capacity 

for improving agricultural growth and poverty reduction, India’s livestock sector 

remains understudied by social scientists and less appreciated in public policy, partly 

because of the lack of public data (Birthal 2022a).  

Regarding literature on the adoption of risk management strategies and their impact, 

it is not adequate to draw credible inferences to support their inclusion in agricultural 

development policies. Research on farmers’ adaptation measures against several 

climate shocks remains limited in India and is a requirement to address multiple 

farmers’ issues(CSTEP 2021; Birthal 2022b). There’s a need to address these 

research gaps and gain a better understanding of the risks posed by climate change 

to dairy farming in general and, more importantly, for different breeds of cattle at the 

state or district level.  

Although studies have been carried out to understand farmers’ level of awareness, 

perception, and willingness to pay for traditional livestock Insurance and index-based 

livestock insurance in developed and developing countries (Mude et al. 2010; Singh & 

Hlophe 2017; Aina et al. 2018; Amare et al. 2019; Dong et al. 2020; Subedi & Kattel 

2021) but barely any attention is paid to these critical aspects in the context of South 

Indian dairy farmers. 

2.3 An overview of livestock insurance in India  

Small and marginal farmers in India are involved in the practice of integrated farming, 

which comprises crops and livestock. Although the crop sector is vulnerable to climate 
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change and weather deviations to a greater degree, the livestock sector also has 

challenges as a result of natural calamities. Indian agriculture, which is known for its 

exposure to the vagaries of monsoon, benefits from livestock, particularly cattle in 

mitigating, associated risks, as dairying provides an alternative source of work 

&income to millions of farmers (Dalwai 2017). Livestock rearing is a practice of more 

than 70 percent of rural households, which by gender accounts for 70 percent of 

women participation alone. This section is seen as a class whose lives are entwined 

with animal farming (Dalwai 2017; Chand et al. 2023).  

Over four decades now, both central and state governments have played a significant 

role in livestock insurance with the thought of asset building goals among the poor 

segment of farmers. The private cattle insurance market in India experienced 

significant growth in 2003 following its deregulation. The private sector was granted 

permission to create and market their insurance products. Despite this, the state-

owned General Insurance Corporation and its subsidiaries still hold the majority share 

of the livestock insurance market in India (Singh, A. et al. 2020).  

Between 2005-06 and 2006-07, India piloted a centrally sponsored livestock insurance 

scheme as part of the 10th five-year plan. In 2014, the introduction of the National 

Livestock Mission (NLM) aimed to improve both the quality and quantity of livestock 

production systems and provide capacity building for all stakeholders. Livestock 

insurance did gain importance as a tool of risk management in this mission, but the 

uptake is barely 6 percent at the national level, excluding poultry (Bora 2017; Rohith 

2019; Chand et al. 2023).  

Despite the efforts of state and central governments, participation in livestock 

insurance schemes has always been low, and a matter of concern. What’s more 

shocking was the findings of the Parliamentary Standing Committee (PSC) on 

Agriculture, Animal Husbandry, and Food Processing report that said not even a single 

livestock was insured during 2022-23, whereas during 2021-22, 1,74,061 animals 

were insured (DAHD 2022b). Currently, only two factors, age, and types of cattle, are 

being used by insurers to determine premium rates for cattle insurance in India. Risk-

based pricing has not been adopted (Doss & Pathak Tiwari 2022).  

The Agriculture Insurance Company of India Limited (Akaichi et al.) is the primary 

agency responsible for implementing the Pradhan Mantri Fasal Bima Yojana, the 
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government’s flagship crop insurance scheme. AIC is now expanding its insurance 

product offerings in the livestock domain with Saral Krishi Bima and Sampoorna 

Pasudhan Kavach (PIB 2023). 

Saral Krishi Bima is a special type of insurance that provides coverage to cattle 

farmers against financial losses caused by unfavorable weather conditions. This 

insurance product uses specific weather parameters like temperature, rainfall, and 

relative humidity to determine economic losses. Cattle farmers often face the 

challenge of decreased milk production in their livestock due to the temperature rise. 

The heat stress experienced by cattle during hot weather can result in reduced feed 

intake, dehydration, and ultimately, decreased milk production and sometimes losing 

the animal in the process (Gupta et al. 2022; Thornton et al. 2022). Recognizing this 

challenge, the Agriculture Insurance Company of India Limited has introduced the 

“Saral Krishi Bima” an insurance product that offers coverage for economic losses 

suffered by cattle farmers due to heat stress in the Indian state of Kerala (PIB 2023)1. 

It is currently unclear how widely Saral Krishi Bima has been adopted, and further 

analysis is necessary to fully assess its effectiveness. This study has the potential to 

provide valuable insights and refine the implementation of this agricultural insurance 

program. 

2.4 Climate variability and change, and its impacts on Indian dairy 

The climate zones in India include the cold glaciated Himalayas, the humid subtropical 

north, centre, and east, the tropical south and southwest, and the arid and semi-arid 

west and southern centre (USAID 2017). According to the Global Climate Risk Index 

2021 published by Germanwatch, India was the seventh worst-hit country in 2019 

(Trivedi 2021). In that particular year, 1.8 million people were displaced in India 

because of floods caused by heavy rains (Trivedi 2021). The intense monsoon during 

the same period affected 11.8 million people, with an appraised economic damage of 

USD 10 billion (Rs 72,900 crore at USD 1= INR 72.9). Moreover, there were eight 

tropical cyclones in 2019, of which six were classified as very severe cyclones on 

record in the North Indian Ocean, impacting around 28 million people, with an 

economic loss of USD 8.1 billion (Rs 59,066 crore). Temperatures are projected to 

increase over the coming decades, which likely will increase heat stress in dairy 

 
1 https://pib.gov.in/PressReleasePage.aspx?PRID=1915851 



 

17 
 

animals, unfavorably affecting the animal’s productive and reproductive performance, 

and reducing fodder area, thereby making dairy cattle uneconomical (Sirohi & 

Michaelowa 2007). Dairy farming in India considerably contributes to food security and 

plays a helpful role in agriculture from misfortunes (Radhakrishnan & Gupta 2017). 

The susceptibility of animal production to climate risks is hardly documented in the 

Indian context and experimental studies dealing with effects of seasonal and climate 

variability on production, and other physiological limits of dairy animals (Singhal et al. 

2005; Sejian et al. 2016). It is crucial to educate farmers about adopting climate 

resilient technologies to counter the adverse impact of climate risks on food production 

(Patil et al. 2012).  

Climate risk across India is erratically distributed with its diverse climate zones, 

ecosystems, and topography. Snowballing temperatures and added severe dry 

seasons are likely to intensify drought impacts, and by 2030 India’s agriculture sector 

is expected to suffer more than USD 7 billion of annual losses due to drought alone 

(USAID 2017). Warming trends will increase heat stress on dairy animals (mainly 

water buffaloes and cows), leading to a decrease in milk (Jingar et al. 2014). Wind and 

rain during the summer and winter seasons increase heat loss and cold stress in cattle 

(Jingar et al. 2014). Based on the predominant climate during inhabitation, the 

productive and reproductive abilities of cattle and buffaloes were observed (Soumya 

et al. 2016). 

India is the world’s largest producer and consumer of milk, and it has the world’s 

largest dairy herd, comprising water buffalo and indigenous and crossbred cattle 

(Landes et al. 2017). For most Indians, milk is the major source of protein, and dairy 

farmers are the pillars behind nutritional security. Livestock production systems are 

broadly categorized as mixed rainfed, mixed irrigated, grassland, and 

landless/industrial (Kruska et al. 2003). In India, livestock are raised as part of mixed 

farming systems. Mixed rainfed systems are practiced on 46% of land and mixed 

irrigated systems on 37% of land, while grassland and industrial systems are limited 

to 4% and 13% of land, respectively (Birthal et al. 2006; Moran 2009, 2015; NDDB 

2019). Small livestock is indispensable to populations in rural regions to manage the 

evolving risks caused by climate variability and change. Milk as a product is a stable 

source of cash income and live animals are key natural assets for small dairy farmers, 
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which can be easily settled/sold for cash during emergencies (Thomas & Rangnekar 

2004).  

With a more affluent and urbanized population anticipated to grow noticeably in the 

coming decades comes an enormous appetite for dairy milk products. Dairy cow’s 

crucial livelihood functions in smallholder systems, such as nutrition, income, asset 

provision, and insurance, are seldom considered while there is a singular focus on 

livestock associated environmental impacts (Herrero et al. 2015). Given the increasing 

climate variability, the ability to cope with unforeseen circumstances and become 

aware of the potential risks is critical to the success of any farming activity. Kumar et 

al. (2015) highlighted the need for key information on climate change impacts and 

adaptation strategies that would be imminent to address the climate impacts on feed 

scarcity environments and shelter management of livestock to protect all breeds.  

Livestock researchers must recognize how livestock systems are changing, beyond 

broader sector growth, with specific attention to be paid to knowing/understanding how 

the poor /small dairy farmers can benefit from emerging opportunities, which, of 

course, will require targeted research and developmental interventions (Birthal et al. 

2006). 

Dairying activity consists of a mix of individuals, livestock, natural resources, 

technology, economics, and finance. Such activity is subject to various challenges and 

risks, e.g., how much grass can be grown; the amount of milk their cows will produce 

through the productive years and the quality of the milk and the price it would fetch for 

them; to what extent they are liquid lies in their ability of savings and paying interest 

on borrowings in case they loaned it to support dairying activities and the worth of it.  

To achieve food security, tackle poverty, generating employment opportunities for vast 

rural communities dairy plays a crucial role in rural households across all the poor and 

developing countries in the world (Revanasiddappa 2017; Abbas et al. 2019; Eisen et 

al. 2020; Hu 2020). 

Addressing climate risks is of the utmost importance to the health of dairy cows. While 

the agricultural sector is being blamed, it is also adversely impacted by climate 

change. The direct impacts of any climate risk must be understood in the context of a 

geographically defined area as they manifest locally (Hewitt & Stone 2021; Masson-

Delmotte et al. 2021). There are differences between provinces and within provinces. 
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Rising climate risks might, therefore, cause dairy systems to fail, for example, if key 

milk production hubs are affected. Mitigating and adapting to climate change now and 

in the future will not be solved by extreme measures, but rather by some middle 

ground, which is yet to be realized in the dairying systems of developing countries.  

2.5 Summary and research gaps  
 

Despite the widely acknowledged relevance of risk management in dairy farming, the 

literature review in these areas shows that there is a knowledge gap in understanding 

climate impacts on milk production in regional south India and cattle insurance. Limited 

documentation exists on the sensitivity of dairy animal production to climate risks 

highlighting the need for targeted research. There is a lack of comprehensive region-

specific studies on climate risk management in dairy farming focused on small dairy 

farmers that are required for better decision-making and getting to know risk 

management measures is key to addressing the impacts in any given geographical 

region.  

The adoption of effective coping and adaptation strategies is necessary for successful 

adaptation to the impacts of climate change in the dairy sector. However, little attention 

has been paid to understanding the perceived constraints and motivations toward such 

strategies. Addressing these gaps through participatory research that reflects dairy 

farmers' opinions and experiences is crucial for the sustainable growth of the dairy 

industry in India.  

Further research has been scant on the crucial elements of climate and the necessity 

for enhanced insurance, including index-based insurance products, in any given area 

of India.  The small dairy farmers in rural areas are vulnerable to climate variability due 

to changing precipitation patterns and rising temperatures, which considerably impact 

cattle milk production. Therefore, understanding the relationship between changing 

trends and milk production would advance our knowledge regarding the impacts of 

local climate changes and dairy farmers' livelihoods.  

This study aimed to explore the dairy farmers’ perception of climate risk, how it impacts 

their dairy farming system, the coping strategies they employ, the barriers they face 

when implementing these strategies, and their willingness to pay for proposed 
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hypothetical index-based cattle insurance. Further, this study aims to understand 

climate variability impacts on milk production in three villages of regional south India.  
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CHAPTER 3: PAPER 1: UNDERSTANDING CONSTRAINTS 

AND ENABLERS OF CLIMATE RISK MANAGEMENT 

STRATEGIES: EVIDENCE FROM SMALLHOLDER DAIRY 

FARMERS IN REGIONAL SOUTH INDIA 

3.1 Introduction 

This chapter delves into the thorough investigation of farmers’ autonomous adaptation 

choices, which is crucial for developing climate-responsive adaptation planning on a 

large scale. It is also important to document the susceptibility of dairy farmers and 

animal production to climate risks in the Indian context, as small-scale farmers are 

highly threatened by climate change.  

3.2 Published paper 
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3.3 Links and implications 

Dairy farming, both contributing to climate change and being affected by climate 

change, needs a transformation to become more sustainable and climate resilient by 

improving farmers’ livelihoods and cattle productivity. Transforming small dairy farmer 

systems in developing countries like India requires greater attention to their 

perceptions and related concerns, climate risks, adaption strategies, barriers, and 

enablers to climate adaptation. This study demonstrates that understanding farmers’ 

perceptions of climate risks could help avoid maladaptation and improve climate risk 

communication between researchers and dairy farmers. In the context of improved 

climate risk management, continuous adoption of targeted adaptation measures is 

essential to sustain the growing demand for dairy products. 
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CHAPTER 4: PAPER 2: WILLINGNESS TO PAY FOR INDEX-

BASED CATTLE INSURANCE AMONG DAIRY FARMERS IN 

SOUTHERN INDIA 

4.1 Introduction 

In developing countries like India, climate-related risks are among the leading causes 

of production and efficiency losses in smallholder agriculture and dairy production. 

Subsequently, the identification of suitable tools to help manage the risks related to 

climatic extremes is increasingly contemplated as among the key pillars of any agenda 

to augment agricultural growth and welfare in regions of India.  This chapter describes 

the factors influencing the willingness to pay for index-based cattle insurance, which 

is touted to be a promising innovation in insurance that seeks to bring the benefits of 

formal insurance to help manage the weather‐related risks faced by dairy producers 

in low‐income countries. 

4.2 Submitted paper 
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4.3 Links and implications 

This chapter provides insights for policymakers on how to help small dairy farmers 

manage risks associated with extreme climate weather events by determining farmers’ 

willingness to pay for index-based cattle insurance and what features dairy farmers 

most consider and value for the uptake of livestock insurance schemes. The most 

fundamental part of livestock insurance schemes is getting potential and existing 

farmers to understand them. Experience increases participation and influences 

neighbors’ decisions. Nonetheless, policymakers must pay attention to and address 

the needs and priorities of dairy farmers to promote participation. Most emerging 

markets have failed to promote livestock insurance, and insurers are unwilling to 

approach individual animal owners. Hence, there’s a need to understand dairy farmers' 

perceptions, design strategies for specific geographical locations, and make efforts to 

uptake cattle insurance.  
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CHAPTER 5: PAPER 3: CLIMATE VARIABILITY IMPACTS 

ON CATTLE MILK PRODUCTION ACROSS THREE 

VILLAGES IN REGIONAL SOUTH INDIA 

5.1 Introduction 

The productivity of cattle in various rural regions across India is significantly impacted 

by the escalating climate variability, leading to challenges such as reduced water 

availability and forage production, as well as diminished forage quality. In light of the 

growing impacts of climate change and the rising demand for milk products, there is 

an increasing need to prioritize the improvement of milk production to address these 

pressing challenges. In this chapter, the study looked into how climate variability 

affected milk production across three Indian villages in regional south India (2019-

2022), which is essential for implementing strategies to alleviate the adverse effects 

generated by climate change. Tropical agro-climatic zones are predicted to face an 

early rise in exposure to an increase in temperature and erratic monsoons.  

5.2 Submitted paper 
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5.3 Links and implications 

Climate change will affect the future availability of milk and milk products. The impacts 

of higher temperatures, changes in rainfall, and severe weather events will vary across 

geographical regions and socioeconomic capacity for adaptation. This study 

demonstrated the impact of climate variability among smallholder dairy farmers in 

three villages in regional south India, affecting milk production and dairy incomes. To 

mitigate against the imminent impact of climate risks in smallholder dairy farming 

systems, both short-term and long-term preventive measures are required. Such 

measures include the use of shades in the form of trees, hay, or straw shades to 

reduce temperature effects and the provision of adequate feed and water at all times 

for cattle to maintain health and production ability across weather changes. Further 

studies can explore the wider effects of climate risks on milk quality and growth in 

smallholder dairy farming in India with longitudinal datasets.  
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

Understanding dairy farmers' perceptions about climate change and the factors 

influencing their adaptation and coping strategies is key to effectively planning and 

developing adaptation strategies tackling climate change risks. This was the first part 

of this research. Findings from this research showed that farmer’s education level and 

landholdings were related to knowledge of climate change and adaptation strategies. 

Drought was perceived as the most severe climate risk having an impact on dairy 

farming. Dairy farmers primarily considered buying livestock insurance and 

diversification as key strategies for managing climate risks. Although dairy farmers’ 

family interests and economic security motivated them to adopt strategies, lack of 

climate forecasts and communication of scientific knowledge related to climate risks, 

and high adaptation costs in the region impeded adoption.  

Logistic regression analysis also showed how socio-economic variables influenced the 

adaptation decisions of farmers in the studied region. Further, it is important for policies 

to consider local perceptions and factors driving dairy farmers’ decision-making for 

effective climate change adaptation in dairy farming as they present unique 

environmental, economic, and social characteristics prevailing in each region. The 

results also indicated dairy farmers in the region perceive drought, pests and diseases, 

and high temperatures as the major risks associated with climate change, which has 

resulted in decreased dairy income, animal health problems, reduced fertility, and food 

intake problems for their cattle. 

A concern over extreme weather events in the study region and discontent with the 

traditional insurance scheme influenced the preference for hypothetical index-based 

cattle insurance. Based on the results daily hours spent on dairy activities, land holding 

size, and income from dairy farming affected farmers’ willingness to pay for index-

based cattle insurance. Based on the findings of the study, a small number of farmers 

found the existing cattle insurance acceptable, not being farmer-friendly (particularly 

valuation exercise)  and transparency affected the uptake according to dairy farmers 

surveyed in the study.  

Despite the potential benefits of insurance, dairy farmers considered inadequate 

understanding, trust issues with insurance providers, and high premiums as barriers 

to participation in cattle insurance. However, dairy farmers perceived insurance as a 
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more efficient risk management strategy, provided that the design of the insurance 

product took into account farmers’ preferences and ensured affordable premiums. This 

study emphasized the importance of addressing the issues of dairy farmers that would 

help the uptake of cattle insurance in India. It is concluded that it is crucial to address 

multiple factors to promote wider uptake of insurance products is highly unlikely. First, 

there is a need to enhance the affordability of these products, making them more 

accessible to a broader demographic region. Secondly, there should be a concerted 

effort to educate the public about insurance policies, ensuring that potential customers 

are well-informed about their options. Lastly, it is crucial to establish partnerships with 

reliable insurance agencies to facilitate the availability and distribution of these 

products. 

The third part of the study aimed to evaluate the effect of climate variability on milk 

production and income in the south Indian dairy cattle industry. Milk yields and dairy 

incomes negatively correlated with mean Tmin and mean Tmax and positively 

correlated with rainfall under conditions currently experienced in the studied villages. 

Particularly under smallholder dairy systems prevalent in India challenges like pests 

and diseases, feed shortages, and water shortages would further aggravate cattle milk 

production challenges during the hot and dry months of the year 

Given the projected increase in global temperatures, it is anticipated that the dairy 

industry will face significant challenges in maintaining milk production. These 

challenges include an elevated risk of pests and diseases due to changing climate 

conditions, potential shortages of animal feed caused by altered growing patterns, and 

the increasing threat of water scarcity. All of these factors combined will make it 

increasingly difficult to sustainably meet the growing demand for milk in the future. 

These findings have important implications in terms of investing in mitigation measures 

and further future developments in the dairy sector of India, which is of high importance 

to millions of farmers, particularly in arid and semi-arid regions. 

6.1 Significance and scientific contribution of the study 

The livelihood of millions of small dairy cattle farmers in southern India is at risk due 

to various climate-related challenges and uncertainties. For most small cattle farmers, 

animals are their prime productive assets, wealth reservoir, and nutrition source. 

Improving the productivity and sustainability of cattle dairy farmers in the face of 
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climate risks will strengthen their ability to cope with these challenges now and in the 

future. To enhance resilience to climate disasters, millions of small dairy farmers can 

benefit from implementing tailored adaptation measures such as upgrading cow 

shelters to withstand extreme weather events and adjusting feed supply to account for 

potential shortages caused by climate-related challenges. Additionally, the 

implementation of risk transfer strategies through livestock insurance can further 

provide small dairy farmers with the necessary tools to mitigate potential financial 

burdens resulting from climate-related disturbances. 

This research study focused on dairy farmers' perceptions of how climate impacts their 

dairy operations, the practices they adopt, and how these perceived risks influence 

their choices regarding adaptation and mitigation strategies. The study also 

investigated the factors that drive farmers to adopt cattle insurance and their 

willingness to pay for index-based cattle Insurance. 

The key contribution of the study is that it helps in better understanding of small dairy 

farmers’ needs and priorities which would help researchers, dairy cooperative 

societies, cattle insurance providers, and other policymakers in their effort to develop 

and coordinate a comprehensive strategy to address various climate risks and their 

impacts on dairying activities across the study region and elsewhere in India. The 

study outcome filled a gap in knowledge relating to dairy farming to improve the 

knowledge about climate risks in the region and examined its impacts and the role and 

functioning of cattle insurance as a risk management tool. 

At the industry level, it is expected that this knowledge and information from regional 

south India will be used as a benchmark for better decision-making and risk 

management for all the stakeholders in the dairy industry. Improved management of 

dairy cattle and improving insurance options are a way to protect cattle and strengthen 

the incomes of small dairying systems. 

At the policy level, this study generates more insights into designing cattle welfare and 

cattle insurance programs specific to each region. Finally, this work aligns well with 

other work in the dairy/climate research community and will support cattle welfare and 

milk production as well as make poor and rural households more resilient and resistant 

to adverse climate conditions.  
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6.2 Limitations of the study 

Some of the limitations of the study are that surveying climate perceptions and 

adaptation strategies among dairy farmers presents practical challenges. This study 

was impacted by the COVID-19 pandemic and affected the sample size and number 

of study locations. The dependence on self-reported data introduces potential biases 

such as recall bias, where respondents may not accurately recall events. Additionally, 

the use of survey instruments translated into local languages may not fully capture 

differences in respondents' understanding of climate risks or adaptation measures, 

despite efforts to ensure linguistic accuracy through back-translation and piloting. 

Variability in climatic conditions, socioeconomic conditions, and dairy practices across 

different regions within South India may affect the applicability of findings to other 

geographic areas. 

Lack of availability of historical climate data sets specific to farm level, the data on the 

uptake of cattle insurance schemes, products, and payout triggers, and longer period 

data sets for milk production, fodders, and specific climate impacts. In addition, the 

study results may not be generalised to other areas, as the data were confined to only 

two districts of southern India. Hence, this prevented the identification and 

quantification of the specific adaptation strategy for each location.  

The study of index-based cattle insurance adoption among dairy farmers using the 

hypothetical willingness to pay (WTP) has inherent limitations that demand careful 

consideration. One primary concern is hypothetical bias, where respondents may 

provide WTP estimates that do not align with their actual behavior in real-world 

scenarios. Despite efforts to mitigate this bias through clear communication, 

inconsistencies between stated preferences and actual behaviors may persist due to 

the abstract nature of hypothetical situations. 

Additionally, strategic bias presents a challenge, as respondents may tactically 

manipulate their responses to influence study outcomes. While incentive-compatible 

mechanisms like experimental auctions and artifactual markets offer potential 

solutions to these biases, practical constraints such as logistical complexity and 

resource limitations in field settings often limit their application. 
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6.3 Key recommendations 

Collectively, findings from this research can be used as a guiding tool to rethink and 

develop long-term strategies such as optimizing feed and nutrition of cattle, providing 

timely climate forecasts, implementing improved policies related to vaccination and 

cattle health services, and establishing institutional support systems to manage 

inevitable climate change and protect the cattle which would enhance milk production 

in India and other tropical areas.  

To increase dairy farmers' participation in cattle insurance, the information on the 

benefits of insurance should be better communicated. Policymakers should co-design 

insurance schemes with an understanding of farmers' needs and other critical factors 

that influence participation in cattle insurance schemes and their viability.  

By adopting strategies such as growing drought-tolerant grasses, fodder preservation, 

farm diversification, drought-resistant cattle, and buying livestock insurance, dairy 

farmers can better manage the high-temperature effects and strengthen resilience 

against the adverse effects of climate variability. Overall better understanding of 

temperature and rainfall effects on milk production will help in improved management 

of dairy cattle farming and making the livestock sector sustainable. 

Encouraging research and development initiatives through institutional funding and 

budget provision can help identify vulnerable regions and developing tailored 

programs for the upliftment of the climate risk impacted dairy farming communities 

through a participatory approach would address multiple issues.  

With the increase in demand for milk products, a prime focus must also be on helping 

dairy farmers benefit from developing low-cost cost environmentally friendly animal 

shelters for improved cattle production and wellness. Further development of a 

strategy for the prevention of production diseases in dairy cattle relies upon the 

management of nutrition which must be communicated through dairy cooperative 

channels at each village level throughout the year.  

6.4 Recommendations for future work 

Research is a continued process and necessary condition to understand different 

approaches to climate risk adaptation by different social groups in developing 

economies, which would have wider economic and environmental implications for 

changes happening in smallholder dairy farming systems. Interactions concerning 
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climate change and cattle production are still not well understood, despite extensive 

research. In recognition of this fact, recommended future research to focus on : 

1) Replicating this study with the historical long-term datasets would provide an 

opportunity for robust analysis and quantification of extreme climate impacts. 

Particularly concerning a study on perceptions, would recommend studying 

changing aspects of the dairy farmers' complex livelihood system to identify 

adaptation pathways for farmers to cope with climate change. By examining the 

changing aspects that include economic, social, and environmental factors, 

research can identify adoption pathways in the context of feed and 

management practices to mitigate drought impacts, selection of heat-tolerant 

cattle types, training in pest management, and financial literacy, alongside 

diversifying income sources. 

2) A follow-up study could go beyond investigating the general interest in index-

based cattle insurance to quantify dairy farmers' willingness to pay for 

insurance premiums. This also includes conducting longitudinal studies to track 

changes in the demand for index-based cattle insurance over time. This could 

include assessing the factors influencing farmers' decisions to adopt or 

discontinue insurance and how perceptions of climate risks change. 

3) Conducting integrated impact assessments that consider not only climate 

variability but also socio-economic factors, market dynamics, and policy 

interventions would help evaluate factors influencing milk production, dairy farm 

income, and overall livelihoods. 

4) To investigate gender-specific factors influencing the demand for index-based 

cattle insurance. Analyzing differences in insurance uptake, risk perceptions, 

and access to information and resources between male and female farmers. 

5) To improve the applicability of findings on dairy farmers' climate adaptation in 

regional South India, future research should emphasize longitudinal studies to 

track adaptation practices in dairy farming over time and across different 

climatic conditions. Comparative studies across diverse agricultural regions 

within South India and inclusive sampling strategies that combine diverse dairy 

farmers would provide insights into region-specific adaptation challenges and 

strategies. Integrating both quantitative surveys and qualitative methods would 
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offer a broad understanding of adaptive capacities and contextual factors 

influencing farmers' adaptation decisions. 

The recommended research directions aim to address critical gaps in understanding 

climate risk adaptation among smallholder dairy farmers in developing countries. 

Replicating studies with historical datasets would facilitate rigorous analysis of climate 

impacts, informing evidence-based policy interventions. Investigating farmers' 

willingness to pay for insurance premiums and conducting longitudinal studies on 

insurance adoption dynamics is crucial for designing effective risk management 

strategies for dairy farmers' needs. These research possibilities not only advance 

scientific knowledge but also offer practical insights for policymakers and stakeholders 

seeking to enhance the sustainability and resilience of dairy farmers' livelihoods 

amidst climate risks and climate change. 
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