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Objective of Fellowship 

The Travelling Fellowship was awarded to support the travel costs from Australia to the 

University of Reading to work under Dr Hefferman on developing a simple deterministic 

model capable of investigating the impacts of climate change on smallholder dairy production 

within the resource constrained environment of Orissa, India 

 

Background 

Over the past 20 years the Indian dairy sector has sustained annual growth rates of 5.6% (Ali, 

2007). The increase is largely attributed to the success of the government programme, 

Operation Flood. Operation Flood set about increasing India’s milk production potential via 

smallholders (Gautam et al., 2010). A key feature of this policy was the advocacy and 

introduction of exotic germ plasm for cross-breeding with indigenous breeds (GOI, 2012b).  

 

Within a climate-change context the pro-production (see Heffernan et al. (2012)) policies of 

Operation Flood may have placed Indian dairy producers in an increasingly precarious 

position (Sirohi and Michaelowa, 2007). The elevated temperatures expected under climate 

change will precipitate heat stress amongst dairy animals and cause declines in productivity 
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(West, 2003). By 2020, it is estimated that heat stress will decrease India’s milk production 

by 1.6 million litres (Upadhyay et al., 2007). 

Orissa is considered amongst the Indian states most likely to be affected by climate change 

(Upadhyay et al., 2007) due to the high incidence of poverty (37% of the population) (GOI, 

2012a), and heavy reliance on livestock (30% of household income) (Kurup, 2007). Annually 

in Orissa, heat stress is expected to cost crossbred producers USD$33.91 per head, whilst 

producers reliant on indigenous cows will experience declines of USD$7.77 per head 

(Upadhyay et al., 2007). The larger decrease in productivity of crossbred cows is likely due to 

the susceptibility of Bos taurus breeds to the effects of high temperature (Nardone et al., 

2010; Thornton et al., 2009). 

 

The percentage of Bos taurus genetics in India’s crossbred cows is largely unknown. 

Anecdotal evidence suggests that Bos taurus genetics could be in the realm of 80-90%. In this 

circumstance, attempts could be made to manage heat stress through; manipulation of the 

micro-environment (including; shading, fanning and sprinkling with water), development of 

heat tolerant genotypes, and altered nutritional strategies (Beede and Collier, 1986). 

 

The extent to which the management of heat stress is advantageous is highly variable 

between production systems (St-Pierre et al., 2003) and is largely dependent on access to 

technology and capital (Hoffmann, 2010; Sirohi and Michaelowa, 2007). However, the 

underlying premise of heat stress management techniques is that the economic gains are 

greater than the cost of implementation (St-Pierre et al., 2003). The research aims to explore 

this concept within the resource-constrained environment of Orissa, India.  

 

A simple deterministic model was created to examine the impact of climate change and the 

subsequent effectiveness of adaptation strategies in protecting household food and livelihood 

security. Thus, providing the evidence-based support for the development of climate-sensitive 

dairy policy and practice. 

 

Methodology   

Meteorological data.  The publicly-available climate dataset collated by the Tyndall Centre 

for Climate Change Research (University of East Anglia, UK) for the Indian state of Orissa 

was utilised (Mitchell and Jones, 2005). Mean monthly temperature (oC) and vapour pressure 
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were imported into Microsoft Excel 2010 for the year 2002 (the most recent year with data 

available). 

 

 

 

 

This data set was then used to create a Temperature Humidity Index (THI). Heat stress in 

livestock is primarily measured in THI units (Johnson et al., 1962). This is a combined 

measure of temperature and humidity and denotes thermal discomfort (Johnson et al., 1962). 

However, the dataset did not contain the necessary measure required for THI calculation (ie. 

humidity). Thus, the Goff-Gratch equation was required to obtain the water vapour saturation 

pressure at each temperature point (Goff and Gratch, 1946). The Goff-Gratch equation is 

outlined below, where T = Temperature in Kelvin, and ew = the water vapour saturation 

pressure in Hectopascal Pressure Units (hPa). 

 

The resulting saturation value was then combined with actual vapour pressure to calculate 

Relative Humidity (RH%) as outlined below, where AVP= Actual Vapour Pressure in hPa, 

and SVP = the saturated vapour pressure in hPa at a particular temperature (B.O.M., 2012) 

( )SVP
AVPRH 100*% =  

A standard formula for THI was then employed utilising the calculated RH% values and 

temperature. The THI formula is provided below. This formula has been used in a number of 

other studies (Amundson et al., 2006; Bryant et al., 2007; Gantner et al., 2011; Mader, 2003; 

Mader et al., 2006; Nabenishi et al., 2011; Novak et al., 2009). 

 

 

 Model parameter estimation 

Data previously collected by the Livestock Development Group (LDG) at the University of 

Reading was used to identify the core model parameters. Household interviews (n=135) were 

conducted across two districts (Puri, Khurda) of Orissa. A range of quantitative, qualitative 

and participatory techniques was applied. Interviews were conducted in the local language 

(Oriya) and translated into English at the time by an interpreter. All interviews were 

conducted by a single individual researcher and translator to limit the likelihood of between-
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researcher biases. A voice recorder was utilised to ensure the interviews were transcribed 

verbatim. Interviews were then entered into Microsoft Access 2010. Interview length ranged 

from 3 to 7.5 hours. 

The core cow-productivity parameters (including milk yield) are provided in Table 1 (below). 

Adaptation parameters and costings are provided in Table 2 (below). A schema of the model 

is provided in Figure 1 (below). Breed definitions (Jersey, 1/4th Jersey, and Local) are farmer 

derived and loosely based on phenotypic appearance rather than genetic background. Of 

apparent phenotypic importance was the presence of a hump. Even a slight hump often 

resulted in farmers deeming their animals to be 1/4 Jersey. The presence of longer ears, and 

loose skin appeared of less importance. An example of each breed category is provided in 

Table 1. 

Table 1: The various breed parameters derived from household surveys conducted in Orissa 

Breed Visual example of the breeds Sample 

size (n)  

THI 

cut-offs 

Milk production  

(300-day adjusted L/cow/day) 

(2 dec. places) 

Jersey  53 >73 4.57 

1/4th  16 >75 3.27 
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Table 2: Adaptation parameters and costings determined from household surveys conducted 
in Orissa, India. 

Local  13 >78 1.43 

Adaptation option Installation 

cost 

(INRupee) 

Running 

cost 

(INRupee) 

Depreciation 

period (years) 

Effect on THI cut-off 

Fanning    +2 (shade effect) 

+0.5 (fanning effect) 

High quality shed + Electric fan* 

(Installation cost = cost of the fan) 

(Running cost = electricity/month) 

1838.68 55.5  5  

Low quality shed + Electric fan* 

(Installation cost = cost of the fan) 

(Running cost = electricity/month) 

1838.68 55.5 2.5  

Shade    +2 

High quality shed (Cost INRupee /cow) 9100 0 10  

Low quality shed 3563.16 0 5  

Tree shade (Cost:  INRupee /4m2 

shade) 

    

-‐ Coconut (Cocos nucifera) 108.78 0 0  

-‐ Mango (Mangifera indica) 19.51 0 0  

2nd Bathing (Running cost = labour 

required (INRupee**) per bath) 

   +3 

Natural source  0 9.89 0  

Well 6769.76 11.37 5.25  

Motorized pump 1946.97 11.49 2.625  
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* indicates that the cost of shed construction was added to the installation cost within the model. 
** labour price was calculated to be (INRupee)21.59/hour 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Results and discussion 
Temperature-Humidity-Index (THI) 

The THI for Orissa is provided in Figure 2 (below). As expected, the THI increases as 

warming intensifies under climate change scenarios. 

 

 

 

 

 

(labour) 

0.44 

(electricity) 

Figure 1: The simple deterministic model schemata. 

Figure 2: The Temperature-Humidity-Index (THI) calculated for Orissa, India under normal 
(N) 2002 temperature conditions and simulated warming scenarios of +2°C (N+2) and +4 °C 
(N+4). 
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  Adaptation and heat stress 

Effect on incidence of heat stress 

The number of days each breed experiences heat stress under the various warming scenarios 

with/without adaptation is provided in Table 3. The adaptation strategies have varying 

efficacies in reducing the incidence of heat stress amongst dairy cattle in Orissa.  The second 

bathing is the most effective method for reducing the number of heat stress days experienced 

by the local and 1/4th Jersey cows. However, for the Jersey cows, no difference in the number 

of heat stress days was experienced for shading, 2nd bathing, and the combined treatment, 

fanning and shading. These strategies were all seen to reduce the number of heat stress days 

by a similar quantity. This suggests that the heat stress experience by the Jersey cows is so 

severe that none of the adaptation strategies considered are any more (or less) effective at 

controlling heat stress in highly susceptible animals.  

 
Table 3: The number of heat stress days experienced by cattle in Orissa under simulated adaptation strategies. 

 

The economics of adaptation 

Due to the varying costs of implementing (and continuing) the adaptation strategies, the 

effect of adaptation on milk income was found to be different between the 

Breed Adaptation option Normal 

conditions (N) 

Normal conditions + 

2 degrees (N+2) 

Normal conditions 

+4 degrees (N+4) 

Local No  adaptation 0 61 61 

Shading 0 0 61 

2nd bathing 0 0 0 

Fanning and shading 0 0 31 

1/4th 

Jersey 

No adaptation 61 61 91 

Shading 31 61 61 

2nd bathing 0 61 61 

Fanning and shading 0 61 61 

Jersey No  adaptation 61 91 122 

Shading 61 61 91 

2nd bathing 61 61 91 

Fanning and shading 61 61 91 
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treatments/adaptations.  As shown in Figure 3 (below) the income received from the Jersey 

remains higher than both the 1/4th Jersey and Local cows even as temperatures increase by 

4°C. However, it should be noted that the Jersey cows were found to be the most susceptible 

to the effects of heat stress, and experienced the greatest decline in income. Such dramatic 

declines may become important when considering the overall cost of production based on 

exotic genetics. 

 

The adaptation strategies that were found to be the most effective at reducing the number of 

heat-stress days experienced by the cows (such as bathing) provided lower incomes than less-

effective strategies (such as shading). This suggests that the costs associated with these more 

effective strategies are greater than the benefit received from their implementation. This is 

seen particularly when adaptation lowers the overall income to levels below no adaptation 

simulations. For example, across all breeds and simulations using a motorised pump (or well) 

for bathing the cow provided an income consistently lower than no adaptation scenarios. 

	  
Figure 3: The income received by farmers from milk production after considering the cost of adaptation to 
climate change scenarios. 

 

Conclusions 

The study illustrates the complexities of design and implementation of climate change 

adaptation. While it is unlikely that the production levels of local breeds will be acceptable to 

farmers, high levels of exotic animal genetics are of most benefit to farmers when adaptation 
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strategies are applied. The benefit of such applications becomes more pronounced as the 

effects of climate change intensify. 

  

Though all of the adaptation measures under study (i.e. the electric fan, second bath and 

shade) decreased the incidence of heat stress to improve productivity, two were dependent 

upon potentially limiting resources: water and electricity. Therefore, to ensure the 

sustainability of hot-climate dairying, projects and programmes need to consider animal 

genetic resources in addition to the inclusion of environmentally sustainable adaptation 

measures. To achieve this, further research is required into sustainable climate change 

adaptation measures within the context of resource constrained smallholder production 

systems.  

 

Follow-up activities 
An abstract of the research was accepted for presentation at the World Dairy Summit in Tel 

Aviv, Israel. Funding from the British Society of Animal Science (£750) had been secured to 

support attendance. Unfortunately, the conference was cancelled due to the political situation 

in the country. We are currently exploring alternative conference options and considering 

submission to the high profile event, “Climate Smart Agriculture: 2015”. Submission will be 

made in March 2015. Further tailoring/editing of the work will be continuing with Dr. Claire 

Heffernan (via email) prior to submission of the work in a high impact journal.  
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