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Abstract 
According to several scientific reports, climate change will have an impact on water provision 

and thus agriculture, which depends on soil moisture for plant survival. India is a country that 

is heavily dependent on agriculture as a source of income. One of the country’s future 

challenges is securing water for irrigation. Cotton in India is an important cash crop which is 

grown under high evapotranspirative demand, using about 15% of the national water 

resources, making the crop vulnerable to changes in water availability.  

 

The purpose of this study is to evaluate the resilience of cotton production with regards to 

water availability and pesticide use in Punjab and Andhra Pradesh. Three aspects of 

resilience: latitude, resistance and precariousness has been used to analyse three variables, 

precipitation, irrigation and pesticide in order to understand how these cotton growing 

systems are going to be affected by climate change. By bringing together existing data from 

several scientific reports and governmental websites, assumptions could be made whether 

these systems are resilient or if they are reaching a threshold. The results show that the cotton 

growing regions of Punjab are highly vulnerable when it comes to water provision in the 

region and that they might be reaching a threshold. Changes in climate are predicted to affect 

precipitation and temperature in the area, which in time might ultimately affect water 

resources in the region. Groundwater depletion and water logging are already prevailing 

problems in the area where almost all cotton production is irrigated. Cotton farmers in Andhra 

Pradesh are struggling with pest infestation which induces them to overconsume pesticides, 

affecting not only water quality in the area, but also farmers’ livelihood. It is likely that 

climate change will not minimize the outbreaks; on the contrary it might benefit some pests, 

which might increase the consumption of pesticide in the region. Coastal districts are more 

exposed to extreme weather which can harm cotton cultivation.  
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1. Introduction 
According to the United Nations Environment Programme (UNEP), water demand is going to 

rise to such high levels that it will be difficult to provide water for our sustenance due to 

population growth, irrigation for expanded agriculture and industrial development (IWMI, 

2007). Climate change will pose an additional challenge when it comes to provision of water 

in different parts of the world. Precipitation patterns will be affected, causing changes in river 

flows and in the recharge of groundwater resources (IPCC, 2001). The Millennium Ecosystem 

Assessment report has estimated that water scarcity due to increased water demand and 

effects of climate change will affect all businesses either directly or indirectly, resulting in 

substantial increases in the cost of business operations (Millennium Ecosystem Assessment, 

2005). One business sector that is most vulnerable is agriculture. Almost 70% of all water 

usage in the world is claimed by irrigation for agriculture (The United Nations World Water 

Development Report 2, 2006). The need to produce and process more food to meet the 

demand of growing population will in fact increase the demand for irrigation (Ibid). In 

addition, agriculture continues to produce non-food crops, such as cotton, in areas where 

water is already scarce (IWMI, 2007).  

 

India’s economy has been largely dependent on agriculture and continues to be so 

(www.wrmin.nic.in, 2007-11-28). Demand for water for agriculture is growing due to the 

increasing food grain needs of the growing population and due to the growing preference for 

cash crops which requires large amounts of water (IWMI, 2007). 

 

This study will specifically address the resilience of cotton production in India in regards to 

water provision and pesticide usage, and how climate change will affect both provision and 

usage in two cotton growing regions of India. This is of importance to cotton cultivators 

because their crop might have to compete for water availability with other highly water 

consuming crops such as rice and wheat (Soth, 1999) in areas where water is already scarce.  

 

Why cotton matters 

Cotton is used to a large extent by the global textile industries and takes up about 40% of 

textile production while synthetic fibres take up about 55% (Chapagain et al, 2005). The fibre 

is considered an important cash crop to small scale farmers and it contributes to economic 

growth in developing countries (Mohapatra, 2002). Cotton is grown in various parts of the 
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world with differing agro- climatic conditions (Soth, 1999). The leading cotton producing 

countries are United States, China and India, which together contributes to almost half of the 

world’s cotton production (www.unctad.org, 2007-10-03). The fibre is known as a water 

consuming crop where almost 7,000- 29,000 litres of water are required to grow one kilogram 

cotton, and has therefore a severe impact on regional freshwater resources (Soth, 1999). These 

impacts have more than one characteristic. Not only does cotton have an effect on water 

depletion, but also on the water quality due to great amounts of fertilizer and pesticides used 

by cotton farmers (Chapagain et al, 2005). 

  

One of the most well-known examples of impact on local water resources took place at the 

Aral Sea. Since 1960, enormous amounts of water have been diverted from the Aral Sea and 

its two feeder rivers to create one of the world’s largest irrigation areas (Miller, 2004). This 

has resulted in one of the world’s worst Salinisation problems and severe groundwater 

pollution. Although irrigation might have helped the economy in the area for a while it was 

not sustainable in the long run. Crop yields have been reduced by 20-50% and 20 of the area’s 

native fish species have become extinct (Ibid). 

 

India’s water availability and cotton production 

India is a country with a rich and vast diversity when it comes to water resources since the 

country has several major rivers with tributaries and large groundwater basin throughout the 

country (IWMI, 2007; www.wrmin.nic.in, 2007-12-04). Yet the country is experiencing 

physical water scarcity, where the demand outdoes the resources (IWMI, 2007). One of 

India’s most challenging problems in the future is how to secure water for irrigation (IWMI, 

2007). 

 

India’s irrigation investment in the past has made it possible to reduce poverty and increase 

crop production (Briscoe, 2005). In recent years the country has been experiencing water 

shortage and water logging problems in several regions (Ibid). Excessive use of ground water 

has contributed to the lowering of groundwater tables, which has made it difficult for farmers 

to extract water and thus limits the chance for farmers to receive high crop yields (Herring, 

2005). Some of the areas that mostly use surface water sources for irrigation are experiencing 

water logging problems, which cause salinisation of soil (Ministry of Water Resources 

Government of India, 2006). This problem is brought about by the rising of groundwater 

levels which causes salt particles that are in the soil to be dissolved and then to be taken up by 
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plants in the root zone. Salt is essential for plant survival but too much salt reduces the 

osmotic activity of the plants and kills it (Falkenmark and Rockström, 2004).  

 

Cotton is an important cash crop, not just for Indian farmers but for farmers in other 

developing countries as well. The fiber accounts for almost 33% of the total foreign exchange 

earnings from the national textile export which is approximately 12 billion dollars 

(www.cicr.nic.in. 2007-09-27). Cotton is grown by 4 million farmers in an estimated area of 9 

million hectares, which represents 27% of the total cotton cultivated area in the world 

(Mohapatra, 2002; Gillham et al, 1995; www.cicr.nic.in, 2007-09-24). Although the country 

has the world’s largest area under cotton it also has one of the lowest yields (Herring, 2005). 

The world average cotton yield in 2006 was 709.19 kg/ha and India’s yield was estimated at 

400.44 kg/ha. (www.faostat.fao.org, 2007-11-01). One of the reason that the yields are 

relatively low is the imbalance in the fertilizer use, pesticide, precipitation, micronutrient 

deficiency, pest and poor agronomic practices (Ibid) 

According to one of the press releases of The Cotton Corporation of India, whose role is to 

help cotton growers to sell their yields at the most competitive prices in the various markets, 

cotton production has been increasing continuously during the last three years and the area 

under cultivation in 2006-2007 has rised 6% (www.cotcorp.gov.in. 2007-11-20). This 

increase has been achieved through development of high yielding varieties, better farm 

management, better technology and increased areas under Bt (Bacillus thuringiensis) cotton 

production (Ibid) (Introduction on Bt cotton is presented in 4.3). In spite of the increase in 

cotton yields during recent years, cotton farmers in India have experienced hard times with 

loss of yields and large debts which have caused suicide among farmers in different regions in 

India, including Andhra Pradesh and Punjab (Down to earth, 2006). One of the main causes of 

these tragic events has been the low market price of cotton and the high cost of cultivations, 

which have driven farmer to despair (Ibid).  

 

The matter for this study is highly relevant since a great amount of people are dependent on 

cotton revenues to sustain their livelihood. Water scarcity is prevalent in several undeveloped 

countries (such as Africa) where cotton also is grown. By estimating the vulnerability of 

cotton production to water availability and the effects that climate change might have on 

water availability in the area, farmers can better manage their cultivation. They can, for 

example, either abandon cotton production for another less water consuming crop or find a 

new way to irrigate their crop that is not as water consuming as traditional irrigation practices. 
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1.2 Purpose 

The aim of this study is to discuss the vulnerability of two cotton growing regions in India to 

climate change in regard to water availability and pesticide use. Three variables namely, 

precipitation, irrigation and pesticide, have been used to look at water conditions, yields and 

farmers’ livelihoods, in the two regions and also how future precipitation (due to climate 

change) will affect these conditions. Can these variables tell us something about the system’s 

capacity to handle disturbances such as climate change?  

 

This study will investigate the resilience of the system in cotton production, with the help of 

the chosen variables. The central problem is whether these cotton producing regions are at 

risk to experience long-term reduction of cotton production due to water shortage in the area 

that might become aggravated by climate change. The main issue can be broken down into the 

following three specific questions. 

• Which effects will climate change have on the precipitation and thus the yield of 

cotton? 

• How will water availability, in terms of irrigation, affect future production of cotton 

yields in the area? 

• Is climate change going to have an influence on pesticide use and how will this in turn 

affect farmers’ livelihoods? 

 

In the analysis of the results, the aim is to see if these cotton productions are approaching a 

threshold where it is too difficult to continue to grow cotton in the area, in terms of water 

availability and pesticide use. If these systems are not resilient then cotton producers will have 

difficulty in sustaining their livelihood. 

1.2 Limitations 

The complexity of agricultural systems and their dynamics make it difficult to select which 

variables are crucial to the system. Nutrients and water are certainly essential raw materials 

for plant growth (Falkenmark and Rockström, 2004). For this reason, this study looks at water 

availability for growing cotton, and how this most likely will be altered by climate change.  

 

Three variables, precipitation, irrigation and pesticide, have been used to better comprehend 

the situation (in terms of water demand and water availability) as well to facilitate discussion 

of sustainability. Focus is restricted to water, pesticide and future precipitation in regard to 
8
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climate change, and how this is going to affect cotton yields and cotton farmers’ livelihoods. 

The study will not include aspects of cultivation that are not directly connected to climate 

change, such as soil composition, land degradation as well as salinisation. Although this is 

important when discussing resilience for cotton cultivation, it is a subject for future studies. 

This is not a study in which solutions are provided, rather a study to comprehend the current 

situation and the system’s ability to cope with and respond to climate change. Since cotton 

cultivations has an impact on water quality, not only during production, but also during 

processing; this study will only focus on the impacts that cotton cultivations has on water 

during the production process. 

 

Cotton has different origins and thus different species and hybrids; despite the fact that this is 

relevant when it comes to adaptation to the environment where cotton is grown; this aspect 

will not be the focus in this study.  

In the analysis of this discussion is the use of pesticides limited to the use of insecticides, 

since the most toxic preparations are represented in this group and also because it is heavily 

used by cotton farmers. 

2. Theoretical framework 

With a growing population and an economic standard that is improving, the demand for water 

is going to increase not only in India, but around the world (United Nations World Water 

Development Report 2, 2006). Despite the improvement of both economic standard and 

technology, development of human society still relies on ecosystem services and support, and 

is going to continue to do so (Millennium Ecosystem Assessment, 2005). To be able to meet 

the demand for water it is of importance to know how close these cultivations are to their 

thresholds (where it might no longer be profitable to grow cotton) and how resilient they are 

to disturbances. As Brian Walker and David Salt state in their book Resilience Thinking 

(2006): 

“The bottom line of sustainability is that any proposal for sustainable development that does 

not explicitly acknowledge a system’s resilience is simply not going to keep delivering the 

goods (or services). The key of sustainability lies in enhancing the resilience of social-

ecological systems, not in optimizing isolated components of the system...” 

 

The term “resilience” has frequently been used to describe the capacity of an ecosystem to 

absorb disturbances and still retain its function and structure and to have the capacity to 
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reorganize while undergoing change (Walker and Salt, 2006). Although ecologist uses the 

term resilience it is also adopted by different scientific groups and thus adopts different 

interpretations. Resilience is often defined as a system’s capacity to bounce back after a 

period in which it was seriously disrupted from its equilibrium, and is often determined by a 

time frame (e.g. the speed of recovery). This way of defining resilience has been termed 

“engineering resilience” (ER). In ecological resilience the focus lies on the following: a 

system is dynamic and can exist in different stable states (adaptive cycles) and sometimes the 

system can be changed to an extent that recovery might be impossible and thus it enters a new 

regime, in which their functions, structure and feedbacks are different (Walker and Salt, 

2006). Unlike ecological resilience, ER does not consider thresholds and therefore does not 

focus on finding them. In recent literature, resilience theory has been developed to include 

social-ecological systems. According to resilience theory, a disturbance in a system does not 

only cause undesired outcomes, but can also create opportunities that can be beneficial for the 

system (Folke, 2006). Both the social systems and the ecological systems consist of sub-

systems which are linked to each other and thus influence one another. What happens in one 

part of the system can affect another part of the system. For example, the government can 

give subsidies to farmers for them to expand their agricultural practice. In doing so, farmers 

have to increase the amount of fertilizer, which over time can cause land degradation, 

contamination of groundwater and eutrophication in lakes and coastal areas (Resilience 

Alliance, 2007).  

 

The way of thinking is to comprehend how disturbance on a system not only causes an 

undesired outcome, but also has the potential to create the opportunity to do new things; it 

creates innovation and a capacity to plan for the future (Folke, 2006).  

The framework of social-ecological resilience is based on various ways of perceiving 

resilience. One way is the metaphor of moving towards its threshold and entering a new 

regime. To better explain resilience thinking, scientists also use a ball-in-a-basin model 

(Figure 1). The system is built up by a set of variables which are used to describe the state of 

the system (basin). The ball is the current state of the social-ecological system that within the 

basin (where the system has the same structure function and feedback) tends to roll towards 

the bottom of the basin, meaning that it tends to reach its equilibrium. In reality the system 

will never reach its equilibrium; that is a utopia. Due to changes in external conditions, such 

as climate changes, the system and therefore the basin is constantly altering (Walker and Salt, 

2006; Walker. et al, 2004; Resilience Alliance, 2007) 
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re or if they exist.  

Using a resilience perspective 

makes one wonder how much 

change can occur within the basin

before the system leaves the basin 

and enters a new regime. This way of thinking facilitates the work of sustainability, by 

defining thresholds and determining whe

Figure 1. Illustrates the ball -in a- basin 
model. In which the basin’s shape is 
determined by external influences that can 
facilitate the ball to reach a threshold (dotted 
line) and enter a new regime. The breadth is 
the basin’s latitude (L); the maximum 
amount of state variables that it can lose 
before the system loses its ability to
reorganize. The depth is the system’s
resistance (R); the system’s capability to
cope with disturbances and still maintain its
functions and structure.   

 
 

 
 

Source: Walker et al. 2004 

 

In this study, three aspects of resilience were used to measure the state of the social-ecological 

systems in the two cotton growing regions Punjab and Andhra Pradesh, using aspects that 

were developed by Walker et al. (2004), Latitude, Resistance and Precariousness.  

 

• Latitude- the maximum amount of state variables that a system can lose before it loses 

its ability to reorganize.  

 

• Resistance- the system’s capability to cope with disturbances and still maintain its 

functions and structure.   

 

• Precariousness- how close is this system to a threshold? If breached it can make 

reorganization difficult or even impossible 

 

These aspects are going to be used to discuss resilience of cotton cultivations by assessing 

water availability (e.g. water quality and quantity) and cotton yields (e.g. amount and quality) 

in the two cotton growing regions in response to climate change. It is also important to 

understand the economical role when discussing resilience for cotton cultivations. An over 

usage of pesticides not only affects the quality of water and cotton, but it also affects farmers’ 

economical situation.  

Jesserina Flores 



2.1 Definition of variables 

In the analysis of the results, three variables, precipitation, irrigation and pesticide usage, will 

be discussed within a resilience theory framework (latitude, resistance and precariousness). 

The focus will be on the following question: How vulnerable is this social-ecological system 

(cotton cultivations) to changes induced by climate change? Precipitation is the variable 

which climate change has a direct affect on but the other variables are also affected, only less 

directly. Direct effects of precipitation in the areas under study can either be expressed as an 

increase or decrease of amount rainfall, which is of importance since the impact will affect 

rain-fed agriculture. Indirect effect can be appeared when temperatures rises, affecting the rate 

of evapotranspiration in the area which (Falkenmark and Rockström, 2004) in turn affects the 

demand for irrigation. Some pests favour higher temperatures, and therefore climate change 

also threatens to increase the use of pesticides (Freeland et al, 2007). Below follows an 

explanation of the variables. 

 

Precipitation 
Rain fed agriculture in India is very dependent on the distribution of the monsoon. How will 

precipitation patterns be affected in Punjab and Andhra Pradesh according to the IPCC 

climate change scenario? What do precipitation patterns look like today? And what did they 

look like 30 years ago? The study will only concentrate on how precipitation has changed 

during the past 30 years in these regions, using data that have been registered in the 

Meteorological survey and the IPCC.  

 

Irrigation 
More and more areas are being irrigated by using water from surface or groundwater sources. 

In several parts of India, water scarcity is a reality (IWMI, 2007). Fresh water resources are 

being used for several purposes (domestically, irrigation for agriculture and industry) which 

put much pressure on the water resources (Ibid). Because most of the water requirement for 

cotton production in India comes from rainfall (only between a quarter and a third of the sown 

area is under irrigation), irrigation might be necessary to sustain commercial yields 

(www.indiaagronnet.com, 2007-12-07). 

Intensive use of water for irrigation has caused groundwater tables to decline in several parts 

of the states of Punjab and Andhra Pradesh (ministry of water resource Government of India, 

2006). The demand for irrigation might increase since increases in temperature affect the rate 

of evapotranspiration in the area, which leads to less soil moisture. Evapotranspiration rates 
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do not belong to this study’s focus; nonetheless they should be taken into consideration since 

the need for water to sustain agricultural production will increase. However, focus here is 

going to lie on the current situation that prevails in the region when it comes to water 

availability. What is the main source when it comes to water provision? How are cotton 

cultivations irrigated?  

 

Pesticide 
Cotton plants are very sensitive to pests and diseases and therefore pesticides are heavily used 

in cotton cultivation (EJF, 2007). Insecticides are the most common pesticide used by cotton 

growers. It is crucial for farmers to understand the effects on insects’ outbreak that can arise 

with temperature increase and wetter conditions. Pesticide usage not only deteriorates water 

quality in the area, but also yields and lives. 

This study will focus on the amount of pesticides that is currently used and the effects it has 

on water quality, cotton yields and cotton farmer’s lives.  

2.2 Implementation of resilience aspects and chosen variables  

The three variables (precipitation, irrigation and pesticide) that were chosen to understand 

current situation (not solely of the water and pesticide usage, but also effects on yields and 

livelihood) in Punjab and Andhra Pradesh have been used to analyse three aspects (latitude, 

resistance and precariousness) of resilience. In order to better explain and define the selected 

variables in relation to aspects of resilience, a table has been constructed (table 1).  

The table is used as a tool to explain how the three variables are going to be analyzed in 

regards to social-ecological resilience. Where measurements are what will be looked at within 

the chosen variable 

 
Table 1 The selected variables are used to analyses the three aspects of resilience in Punjab and Andhra Pradesh.  

 Precipitation Irrigation Pesticide 

Latitude 

The maximum 

amount of stated 

variables that a 

system can lose 

before it loses its 

ability to reorganize.  

 

Changes in precipitation can 

affect cotton plants by making 

them defoliate and thus 

reduce yields and quality, 

which makes it harder for the 

textile industry to use the 

fibre when ginning (e.g. when 

Water for irrigation is 

withdrawn from 

groundwater and surface 

water. If there is not 

sufficient water to irrigate 

the crops, cotton yields will 

decrease, making it hard for 

With increased 

events of pest 

outbreaks caused by 

more favourable 

climate (warmer and 

wetter conditions), 

farmers might 
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textile is made from the 

cotton fibre). If the monsoon 

does not come at the right 

time, or if the amount of rain 

is insufficient during 

flowering, it affects yields 

negatively. That is one of the 

reasons why cotton yields are 

relatively low in India 

compared to the world’s 

average, even though India 

has the largest area under 

cotton. 

those farmers that are 

dependent on cotton 

revenues to sustain their 

livelihood. 

increase their usage 

of pesticides. 

Contaminating both 

water and crop 

yields. 

Measurements Water availability and yields Water availability  Yields, water 

availability  

Resistance 

How robust are the 

systems? How easy 

or difficult is it to 

change the systems? 

 

Will the fluctuations of the 

monsoon, that the climate 

changes will induce, affect 

the cotton cultivations and 

the farmers that depend upon 

them? 

 

Will there be enough water 

to meet the increasing 

demand for irrigation that 

the climate changes will 

induce?  

 

Will water logging, which 

might be an effect of 

increased irrigation, 

destroy the cotton 

cultivations in the two 

regions?  

 

Will the increased 

temperatures, 

induced by climate 

change, favour 

pests so that the use 

of pesticides 

increases and 

thereby affects 

farmers’ livelihoods 

since they become 

more indebted? 

How can the usage 

affect the quality of 

cotton yields and 

water? 

Measurements Water availability and yields Water availability and 

livelihood 
Yields and 

livelihood. 

Precariousness    
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By estimating 

latitude and 

resilience of a 

system, how close 

are the systems to 

reaching a 

threshold?  

Cotton farmers in India are 

highly dependent on the 

spatial and temporal 

distribution of monsoon 

rainfall. What will happen if 

the distribution and timing of 

the rainfall is altered?  

Water provision in India is 

already highly strained. 

Groundwater levels are 

already declining in several 

parts of the country and 

water logging are being 

seen in different areas in 

the study regions. 

Can this affect cotton 

yields in the selected 

regions? 

The extensive use 

of pesticide by 

cotton farmers has 

already affected 

farmers’ livelihoods 

in Punjab and 

Andhra Pradesh 

(Down to Earth, 

2006). How will 

climate change 

affect the usage of 

pesticide? 

Measurements Yields and livelihood Yields and water 
availability 

livelihood 

 

3. Method  

This study’s methodology is qualified as a literature study. Information and statistical data 

were gathered from different scientific studies, governmental websites, as well as 

organizational websites (FAO, UNEP and The World Bank). These data are used to gain 

insight into the prevailing situation when it comes to water availability, pesticide use and 

cotton production in India. Climatic data were gathered from studies in which climate models 

were performed to compile national and regional precipitation data. The models used IPCC 

climate scenario as a framework to calculate future precipitation and compared them with 

current precipitation, using 30 years of rainfall records (1961-1990) to establish future 

patterns in the monsoon (Kumar et al, 2006; Triphati et al, 2005).  

 

The system which will be looked at is cotton cultivation in Punjab and Andhra Pradesh. These 

are two cotton growing regions in India that differ from each other in terms of economic 

development, geography and climate. These regions are not going to be compared with each 

other; rather they are going to illustrate the current situation in terms of water availability and 

cotton yields. Punjab is considered a high income state, while Andhra Pradesh is considered a 

medium-low income state (The World Bank, 2006). This is of relevance when understanding 

how they might respond, in terms of solutions to the problems, such as quality of water, 
15
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management. Because it was difficult to find information for a low income state, I have 

chosen Andhra Pradesh, not only for this economic reason but also for how this state might be 

affected by climate change due to its geographical position.  

 

The method was chosen to better comprehend the status of cotton cultivations since there was 

no possibility for onsite field research. By using data from international governmental website 

and reports from the United Nations and the World Bank, it was possible to attain 

comprehension of the water situation of the country to better discuss it from a resilience point 

of view.  

 

Studies have been done on the impacts that cotton production has on freshwater ecosystems 

and on the water footprint of cotton (e.g. the amount of water that is used to produce and 

process cotton worldwide) (Chapagain et al, 2005). The resilience theory approach will be 

useful in examining sustainability of cotton cultivation in Punjab and Andhra Pradesh, since 

they differ not only in terms of geographical placing but also in economical standard. 

 

There are some difficulties using this method. One is that statistical data do not specify the 

cultivation of different species of cotton; rather they combine them all and present them as 

cotton in general. Another is that the information gathered about the two regions comes from 

governmental websites where they often do not present recent updates and they do not present 

all the data.  

 

3.1 Chosen theory 

Using social-ecological resilience as a theoretical framework is motivated by the fact that 

cotton cultivation as a system is dependent of the ecosystems and the services that they 

provide. Climate change is going to affect cotton cultivations that in turn will give a feedback 

effect for farmers who might not be able to increase their yields and thus face ruin. In 

understanding the resilience of the system, farmers can make better decisions in managing 

their livelihood. Resilience theory offers a way to understand the system that we depend upon 

so that we can manage it more sustainably and benefit from the services that the system 

provides.  

 

16

Jesserina Flores 



4. Background 

The following chapter presents the study areas as well as some general facts on cotton and 

climate change as background about cotton production in general and how climate change can 

affect production.  

4.1 Study areas 

India is a large country (3.2 million km2) situated in south of Asia, with a population reaching 

over 1.100 million (www.landguiden.se, 2007-10-07). The country has in the past decade 

experienced population growth which ultimately will increase the demand for agriculture 

production to feed the growing population (www.worldbank.org, 2007-10-29). 

 

India has different climate varieties, as shown in figure 2, which makes it possible to grow 

different sorts of food grain as well as horticulture. The main source of employment in the 

country is agriculture. It provides livelihood for almost two-thirds of the workforce in the 

country and has an essential part in the Indian economy (www.india.gov.in, 2007-10-17).  

 

 
Figure 2.  The different climate-zones in the country. 

The case study areas of Punjab and Andhra Pradesh are 

situated in different climatic zones. Punjab’s climate is 

defined as semi-arid to humid subtropical, while 

Andhra Pradesh is tropical wet and dry to semi-arid. 

Since these states have different agro-climatic 

conditions, different cotton species are grown in the 

different states.  

Source: www.mapsofindia.com 

 

 

 

 

 

 

 

Cotton is one of the most important cash crop in the region, providing livelihood for almost 

60 million people (including production to finish products) and thus plays a central role in 
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India’s economy (Herring , 2005; Fortucci, 2000). Cotton with its different species is grown 

in different states with different agro-climatic conditions. India is the only country in the 

world that has cultivation of the different species (www.indiaagronet.com, 2000-10-20; 

Gillham et al, 1995).  
 

4.1.1. Punjab 

The state of Punjab is divided into 17 districts (figure 4) and sustains a population of 24.4 

million peoples. The region is not large in size; it occupies 50,362 square km (1.54% of the 

total geographical area of India) of which 42,240 km2 is cultivated (www.punjab.gov.in, 

2007-10-26). Agriculture is very important for the economy of Punjab and almost 60% of the 

work force is in agriculture (Ibid). The region has invested in irrigation projects were a vast 

network of canals and tube wells irrigates 95.1% of the total sown area. (www.punjab.gov.in, 

2007-10-26). Although Punjab is a small state in terms of geographical area, the state is big in 

terms of agricultural production. Two-thirds of the grain that is produced in the country 

derives from this state, hence the name “Granary of India”. 

Figure 3. Punjab’s different 
districts, where the largest 
cotton cultivations are situated 
in the south-west of the region. 
Source: www.punjabgovt.nic.in  

The main crops grown are rice, wheat and cotton (Ibid). Total area under cotton was estimated 

at 588,000 hectares or 5,880 km2 during 2006-2007 and the yield reached 752 kg/ha 

(www.cotcorp.gov.in, 2007-11-28). The most productive districts were in 2006, Muktsar (689 

Kg/ha), Firozpur (679 kg/ha) and Faridkot (571 kg/ha) (www.punjabgovt.nic.in, 2007-11-14).  
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Since the sixties the region has experienced an agricultural transformation, when the state 

invested in technology, irrigation, credits and agricultural science (Human Development 

Report- Punjab, 2004). The Green- Revolution was born which provided an economic 

upswing that laid the foundation of economic development that is seen in Punjab today, and. 

made it possible for India to be a self-provider of food grain rather than importer (Ibid). The 

favourable economic situation lead to an increase in cropping areas, more use of fertilizer and 

intensive irrigation, since most of the rainfall that comes in the regions is during a four month 

monsoon period. To be able to minimize threats to water supplies, the government invested 

large sums to prevent salinisation by investing in irrigation techniques and drainage of rain 

water (www.punjab.gov.in, 2007-11-14).In response to all of this there is an over-exploitation 

of land for agriculture and a decline in water table (Human Development Report-Punjab, 

2004).   

 

4.1.2. Andhra Pradesh  

Andhra Pradesh is the fifth largest state and is situated in southern India. The state is divided 

into 23 districts (figure 3) in an area of 275,069 km2 which holds a population of 73 million. 

About 62% of the population works within agriculture (www.india.gov.in, 2007-09-28) where 

the ownership is dominated by small private farms with a landholding of 1.56 hectares 

(Raymond, 2001; Government of Andhra Pradesh Economical survey, 2006). Almost 47% of 

the state’s geographical area is under cultivation of which 44% of the net sown area is 

irrigated, the rest is dependent on monsoon season (Government of Andhra Pradesh Economic 

Figure 4.  Presents the 23 districts of Andhra Pradesh  
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urvey, 2006; Raymond, 2001).  s

 

Andhra Pradesh is a big state with differences in climate and is thus divided into seven zones 

based on their agro-climatic conditions: soil, average rain fall and temperature 

(www.agri.ap.nic.in , 2007-09-28). Three rivers, Godavari, Krishna and Pennar and their 

tributaries, are important providers of water for irrigation in the region (www.aponline.gov.in, 

2007-09-28) and cover almost 70% of the land area (Irrigation Manager Transfer, 2001). With 

their extensive canal system water is provided for irrigation to different varieties of crops 

ndhra Pradesh Government).  

o increase food production (Government of Andhra Pradesh-

conomic survey, 2006).  

 

(A

 

Rice is the most important food grain in the district, which contributes 77% of the entire food 

grain production (Ibid). A High Yielding Varieties program (HYV) was initiated in the State 

during 1966-67 with the main objective of covering maximum area under high yielding 

varieties of five crops: rice, wheat, jowar (a grass species that is use for fodder as well as 

food), bajra (a white pearly grain that is harvest during autumn and is used for baking, and 

maize, which are used t

E

 

Cotton is one of the most important of the commercial crops grown in the state (Ibid). The 

crop is mostly grown in the northern part of Andhra Pradesh where it is mostly cultivated by

small scale farmers (www.cicr.nic.in, 2007-09-29). During 2005-2006 the region produced 

525 kg/ha of cotton in an area of 10,330 km2 (Ibid). Cotton is grown in almost all the district

but the major g

s, 

rowing districts are, Warangal, Guntur and Adilabad (www.kapasindia.com, 

007-10-05)  

nomena such as drought, storms, cyclone and heavy 

ins (www.agri.ap.nic.in

2

 

According to FAO newsroom, farmers have been coping with drought and have to drill deeper 

to support their cultivation of crops, which requires large amounts of water. This has turned 

out to be an expensive investment since failed bore wells have driven farmers to large debts. 

Programs have been developed to help farmers understand the groundwater system so they 

can make appropriate decisions which lead to better investment as well as management of 

their water. Precipitation varies throughout the state and the average annual precipitation is 

approximately 925 mm (Ibid). The geographical location of Andhra Pradesh makes it 

vulnerable when it comes to weather phe

ra , 2007-10-07). 
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ng area was 12.5% for Andhra Pradesh and 32% 

r Punjab (www.cicr.nic.in

 

Punjab and Andhra Pradesh are two of the largest producing states, when it comes to cotton. 

In 2004-2005, their share of the net harvesti

fo , 2007-11-03).  

 

4.3. Cotton 

The origin of commercial cotton (also known as new world cotton) which is currently 

cultivated in most of India comes from South and Central America (www.unctad.org, 2007-

09-23). Gossypium barbadanese, originated in Peru, is known for its high quality and fibre 

length. Gossypium hirsutum, better known as American cotton has its origin in Mexico. It 

covers almost 30 % of the cotton cultivated area in India (Freeland et al, 2007).Gossypium 

herbaceum (from southern Africa) and one of the native species which originates in the Indo

Pakistani subcontinent, Gossypium arboretum, are of no commercial value since they have  

short staple-length fibre (

-

www.unctad.org, 2007-10-01) that is not suitable for the spinning 

and ginning technique that is currently used (Down to earth, 2006; Gillham et al, 1995), but 

evertheless it is grown to create different cotton hybrids (Gillham et al, 1995).  

 in 

 

n

 

All the four cotton species are grown in the country, which makes India the only country

the world that grows all species of cotton (Ibid). Even though American cotton is more 

frequently used in India, it is not better suited to Indian conditions, since this cotton species 

requires more water and is less resistant to pests (Ibid). Recently, additional types of cotton 

have been introduced in India. Bt transgenic cotton is genetically modified cotton which has 

an insecticide gene to better be able to minimize the damage caused by the Lepidoptera pest,

American Bollworm (www.indiaagronet.com, 2007-10-03). Hybrids of different species of 

cotton (G.hirsutum x G.barbadanese; G.herbaceum x G.arboretum) have been successfu

cultivated in Central and South In

lly 

dia (Ibid) to enhance crop yield and quality of cotton 

(www.unctad.org, 2007-10-01).  

eed of cotton 

 

The cotton fruit of the plant is a ball of seed surrounded by white lint fibre. The s

contains about 35% of fibre or what they call cotton lint, and 63% is cotton seed 

(www.faostat.fao.org, 2007-09-28). It is the fibre that is used to make 40% of the world’s

textile (

 

www.unctad.org, 2007-10-02) but the cotton seed is used for many purposes, for 
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stat.fao.orgexample, oil extraction (www.fao , 2007-09-28) and seed meal for animal feed 

ater is taken up by the plant 

 the soil to enable photosynthesis. If soil moisture falls below 

d et al, 

(www.fao.org

(Raven et al, 1992).  

4.3.1. Water requirement 

Adequate moisture in the soil is of great importance for plants. W

roots to take up nutrition from

the limit of what is adequate for the plant in question it can limit the plant’s growth or even 

kill it (The United Nations Development Report 2, 2006). 

 

Cotton has several growing stages that have different needs during growth (figure 5). The 

young plant can endure water stress and continue to flower, but if the water stress happens 

during the first 14 days after flowering, it may cause the cotton ball to fall off (Freelan

2007). Water deficit can also lead to reduction of plant growth and fibre length, which leads 

to lower yields (Ibid). Cotton crops are very sensitive to temperature, depending where the 

plant is in its growth stage, and needs at least a minimum of 200 frost-free days 

, 2007-09-28) otherwise the frost destroys the cell wall for both cultivated and 

most wild species (www.icac.org, 2007-09-29). The proper temperature for bud formation is 

above 20°C but not more than 40°C during daytime and higher than 12°C but not exceeding 

27°C during the night (www.fao.org, Cotton, 2007-09-28). It takes cotton two months from 

owering to bud formation (www.unctad.orgfl . 2007-10-07). Strong and cold winds might 

st 

harm the seedlings and the mature ball causing it to open out and be covered with dust, which 

reduces the quality of the cotton fibre and thus the yield (Freeland et al, 2007).  

 

Cotton is known as a thirsty crop and is after wheat and rice the crop that consumes the mo

water (Soth, 2005). Roughly you can say that 3.4 litres of water is needed to produce one  

cotton bud (EJF, 2007). During the growing period the plant needs a copious amount of water. 

It requires 700-1300 mm depending on the climate where it is grown and on what kind of 

cotton is cultivated (www.fao.org, Cotton, 2007-09-28). The water requirement is high during 

flowering seasons, but during harvest the cotton fibre is sensitive to rain since heavy rain can 

cause flower, bud and ball formation to fall (Ibid). Too much rain or irrigation in the last 

can also cause damage to the quality and yield, since insect attack, pest and disease can be 

more frequent in this stage (Freeland et al, 2007). Heavy rain or intensive irrigation can cause 

water logging, which causes the water table to rise. Saline water envelops the deep roots 

which eventually leads to lower productivity fo

stage 

r the plant and after a prolonged exposure, also 
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eath (Miller, 2004) .The crop is tolerant to salinity but the yield decreases at different soil 

salinity values; the maximum soil salinity value is at ECe 27 mmhos/cm (www.fao.org

d

, 

Cotton, 2007-09-29).  

 

 
Figure 5. Shows the different growth stages for cotton and their demand for water. The highest demands 

coincide with flowering until preharvest period. Source: Freeland et al, 2007 

 

Cotton in India is grown under different agro-climatic conditions that are divided in three 

zones. In the northern region (where Punjab is) cotton is grown under irrigation in 

soil

alluvial 

. The 

, but 

tton 

1 . The central region is predominately irrigated by rain and planted in black soils2

southern cotton region where Andhra Pradesh is situated is also mostly irrigated by rain

planted in red soils3, which makes it favourable for the different species of co

(www.cicr.nic.com, 2007-10-05). Cotton harvesting season starts in India in October 

                                                

continuing until February and the planting period is March to September (Ibid) which 

coincides with monsoon season (June to September) in most parts of India.  

 

 
1 Where the soil is deposited by a river or other forms of running water and it is made up of a variety of minerals 
(Marshak, 2004) 
2  The soil contains high percentage of humus 3-15% as well as phosphorus and ammoniac (Marshak, 2001). 
3 Is generally formed from iron-rich sedimentary rock, with a thin organic layer (Ibid). 

Jesserina Flores 



24

ed to 

irement of 

ntire 

e corresponding crop yield (ton/ha). The results showed that 

 order to produce cotton lint, 5019 m3/ton of blue and 15,198 m3/ton green water were 

the most water-intensive cotton in the world 

Indian cotton production has a very high evaporative demand (800-1000 mm). Rain comes 

during a short period of time (but with a large quantity) which results in low yields 

(Chapagain et al, 2006). Calculations were made to estimate the water footprint of cotton by 

Chapagain et al (2006). They have assessed the virtual water content (volume of water us

produced goods) for different cotton growing countries. They also assessed the requ

effective rainfall (green water) and irrigation water (blue water) used (m3/ha) during the e

period of the plant’s growth to th

in

required, making Indian cotton one of 

(Chapagain et al, 2006), using approximately 15% of the water resources of the country 

(www.cicr.nic.in, 2007-12-07).  
 

4.3.2 Pests and pesticide use 
The underside of each leaf of the cotton plant contains a small cuplike structure holding 

nectar. These deposits and the succulent stem make the plant attractive to a variety of insect 

pests (www.cicr.nic.in, 2007-12-11). There are 135 insect pests that affects the cotton plant 

and the economical most important insect pests in India include the sucking pest and 

bollworm (www.kapasindia.com. 2007-12-12; Down to Earth, 2006; www.cicr.nic.in. 20

12-12). Sucking pests have different species that attack the plant depending on where it is in 

its growth stag

07-

e, but in recent years there are different varieties occurring at the different crop 

rowth periods in response to changes of climatic conditions (www.kapasindia.comg . 2007-12-

 

the 

% 

bal 

secticide to be the most used pesticide, as shown in table below (Kooistra et al. 2006).  

12). The American bollworm (Helicoverpa armigera) is the insect that has caused most 

economical damage, estimated to $300 million (USD) and are the most serious insect pest in 

India (ibid).  

 

The demand for cotton is expected to increase 1.5 percent annually (IWMI. 2007), making it

more crucial to receive commercially valuable yields. In order to meet these expectations, 

use of agrochemicals, are evidently going to increase (Herring, 2005).  

Cotton cultivation accounts for 11% of the global pesticide use and accounts for almost 24

of the world’s insecticide use. Yet, cotton only occupies approximately 2.4 % of the glo

arable land (Kooistra et al, 2006; Chapagain et al, 2005; Cherrett et al, 2005; Soth, 1999). 

Global cotton yield lost due to insect damage has been estimated at 15%, making the use of 

in
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ooistra et al, 2006). Most of 

icals are sprayed by hand and often without any form of safety regulations (Ibid). 

icide is heavily used in cotton cultivations to control outbreaks. Insec s the pesticide 

y used in cotton production globally in 1994 (Soth, 1999) 

Some of these pesticides are listed in the World Health Organization (WHO) as highly 

hazardous, not only to humans but to other species as well (K

these chem
 

Table.2. Pest t  iicide

predominantl

Pesticide Share 

 

In some cases farmers experience acute poisoning, leaving people permanently disabled with 

large medical bills, or even death (www.fao.org, Pest management in Andhra Pradesh 2007-

12-12).  

In India alone cotton accounts for almost 54% of the national pesticide use which has been 

estimated to $344 million (USD), even though it only takes up 5 % of th

to Earth, 2006; EJF, 2007). Approximately one kilogram of pesticide is applied per hectare 

cotton which makes cotton the crop that requires greater insecticide usage than any other crop

(EJF, 2007). Indian cotton farmers are one of th

Insecticides 
Herbicide 
Others  
Fungicid

67% 
22% 
6% 

e 5% 

e arable land (Down 

 

e most affected by insect infestations, with 

pproximately 50% damage compared to 25% for the rest of the world 

(www.research4development.info

a

, 2007-12-27). One of the reasons is the unregulated use of 

n of pesticide marketing in the country which has contributed to pesticide due to liberalizatio

resistance to insecticide (Gillham et al, 1995). 

 

4.3.3. Cotton quality 

The quality of cotton lint is very important for the textile industry (www.indiaagronet.com, 

2007-12-11). For the product to be competitive, both quality and price must be regarded. If

the quality does not measure up to what is required by the market, the farmers will not receiv

the market price for their cotton (Ibid). India’s cotton production does not reach the highes

yields, and the quality of cotton that is produced is more contaminated than cotton from oth

countries (

 

e 

t 

er 

www.cotcorp.gov.in. 2007-12-12). Textile mills find it difficult to consume the 

available cotton. Farmers are not just struggling with high production costs and low yields; 

ey also have to worry if their cotton is good enough to be consumed by the textile mills 

(ibid). The technology mission on cotton has been launched in 2000, with the objective to 

th
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oductivity of cotton cultivations in the country, so that it becomes 

more competitive with other cotton growing countries (www.cicr.nic.in. 2007-12-12).  

 

4.4. Climate change 

The Intergovernmental Panel on Climate Change (IPCC) has projected an increase in mean 

global temperature reaching from 1.4 to 5.8 °C by 2100, depending on different greenhouse 

gas emission scenarios. These increases will have a major impact on the hydrological system, 

ecosystem, sea level and agriculture (IPCC, 2001). The effects will have an impact on the 

livelihood for millions of people around the world, especially for countries that are reliant on 

agriculture as a source of income (Iglesias et al, 1996; Kumar et al, 2006). Agriculture is a 

ate (Ibid) (as seen in table 1). Weather, 

nd particularly r te 

tica

Table.3. Climate ch e 

sector that is particularly vulnerable to changes in clim

a ainfall, is a key factor for the survival of plants due to the fact that adequa

l for the plants especially during growth (Pimentel, 1993).  

ange different impacts on agricultur

moisture is cri

 

 

Evaporation 

 

The rate of evaporation on land surface is mainly driven by metrological 

controls but mediated by certain characteristics of vegetation and soil and 

constrained by the amount of water that is available (Falkenmark and 

Rockström, 2004). 

 

Soil Moisture 

 

The actual amount of water stored in the soil is crucial for agriculture since 

it influences the rate of evaporation, groundwater recharge and surface 

runoff. If the soil is saturated it cannot hold more moisture and water canno

penetrate as easily (Marshak, 2001; IPCC, 2001).  

t 

 

Ground water e 

ange in the duration of the season 

can also have an influence (Marshak, 2001; IPCC, 2001). 

recharge 

The ground water reservoirs, aquifer, are replenished by filtration from 

rivers and lakes as well by effectiveness in rainfall. The rate at which th

water reaches the aquifers depends on the permeability of the bedrock and 

soil composition. The recharge can be altered by changes in the amount of 

effective rainfall during a season but a ch

 

River flows 

 

Climate change can cause change in stream flows and runoff. Studies have 

shown that runoff tends to increase where precipitation has increased (IPCC, 

2001).  
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ting factor in both growth and production of different crops especially when 

owering (Ibid). The agricultural sector in India is vulnerable to climate variability, which 

 

y 

 

004). 

uture climate exposure is determined through the use of scenario results from the Hadley 

s changed (IPCC.2001).  

 

The map (figure 9) shows area profiles, focusing on sensitivity to dry conditions since a 

greater part of the Indian subcontinent is located in the semi-arid tropics, where rainfall is the 

key limiting factor in agriculture (O’Brien et al, 2004). 

Food crops in general, as well as cotton, are sensitive to changes in climate (Pimentel, 1993). 

Rainfall is a limi

fl

consists of erratic rainfall as well as drought (O’Brien et al, 2004). Therefore it is highly

relevant to understand how changes in precipitation as well in temperature, will be altered b

climate change. 

 

To be able to measure agriculture’s sensitivity to climate change, O’Brien et al. (2004) 

constructed a climate sensitivity index (CSI) that is used to measure dryness and monsoon 

dependencies based on climate data from 1961-1990. The model was constructed because

most of the Indian agriculture is heavily dependent on natural climate conditions, where it is 

predominantly influenced by the performance of annual monsoon (O’Brien et al, 2

F

Centre’s HadRM2 regionally downscaled climate model. This model represents just one 

possible version of future climate exposure, and it is used to illustrate how relatively climate 

sensitive a region can be in the near future as exposure i

 

Punjab 

Punjab

 

 

 

Figure 6. Map of the climate sensitive index (CSI) for India. Observed climate data is shown in figure (a) 
for the period 1961-1990. Figure (b) shows the result based on the climate scenario from the HadRM2 
model. The different colour explains climate sensitivity for different regions. Dark green is for the region
with the lowest climate sensitivity and brown are for the highest. Light grey is for the areas with missing 
data and dark grey represents urban areas.  

s 

Andhra  
Pradesh 
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ion 

s a 

ood opportunity to increase understanding of how sensitive agriculture is in different regions 

h is 

y climate change. The region of Andhra Pradesh that has coped 

latively well, based on observed data from 1961-1990, is going to experience a potential 

shift in regional climate sensitivity (O’Brien et al, 2004). Both regions’ agricultural practices 

e affected by climate change and by using this type of model, the impacts 

The results for the three different variables that were chosen for this study are presented in 

s not only the current status in regard to precipitation, water requirement 

he 

e relatively dry, cool 

inter from December through February; the dry, hot summer from March through May; the 

oon 

 

The CSI for India in the period 1961-1990 shows several regions that are climate sensitive 

when it comes to agricultural production, including Punjab, which is one of the regions that 

are highly climate sensitive. The region is located in the semi-arid climate zone which is 

considered to be drought sensitive. For Andhra Pradesh, the CSI model shows that the reg

is moderate climate sensitive, with the coastal zones being more tolerable. The CSI give

g

in India when it comes to climate change (Ibid). By estimating present sensitivity and by 

using HadRM2 models to estimate how future exposure of climate change can make the 

regions more vulnerable to drought events and the exposure of extreme rainfall events. 

 

Punjab is a region that is already very sensitive to drought and monsoon dependent, whic

going to be aggravated b

re

are going to b

become more evident.  

 

5 Results 

this section. It present

and pesticide use for the two study areas, but also how these conditions might be altered in t

two study areas by climate change. 

5.1 Precipitation 

Precipitation in India varies not only in terms of regional conditions, but also in time. The  

Indian Meteorological Service divides the year into four seasons: th

w

southwest monsoon from June through September when the predominating southwest 

maritime winds bring rains to most of the country; and the northeast, or retreating, mons

of October and November (Landguiden, 2002; Kumar et al, 2005). 

 

Monsoon arises when major reversal in winds causes seasonal changes, from a season that

mostly was dry to a wetter season (Marshak, 2001). The duration of monsoon season is 
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lly 

normally 100-120 days in India, beginning in June (Kumar et al, 2005). Most of the 

precipitation that comes in different regions in India comes from monsoon season, especia

the southwest monsoon season which comes with a large amount of rainfall during a few 

months (Tripathi et al, 2005; Brenkert and Malone, 2005) and it contributes approximately 

70% of the total annual rainfall (1150 mm )(www.imd.ernet.in, 2007-10-20). This monsoo

period is very important for agriculture in

n 

cluding cotton agriculture, since 65-70% of the 

ultivations are rain fed (www.indiaagronet.comc , 2007-10-20). If the monsoon fails to come 

es 

 

-7 years (Ibid). During these events 

e monsoon is weakened or delayed, which contributes to summer droughts in northwest and 

at the proper time, agriculture is the sector that is affected the most. This dependence on the 

monsoon is one of the main reasons why India has the lowest yield of cotton compared to 

other cotton producing countries (Ibid).  

 

Monsoon is not the only climate variability that affects India; El Niño is another. El Niño is 

normally accompanied by a change in atmospheric circulation called the Southern Oscillation. 

The combined ENSO (El Niño-Southern Oscillation) phenomenon is one of the main sourc

of interannual variability in weather and climate around the world (Marshak, 2001). El Niño

events do not occur every year; rather, irregularly, every 2

th

central regions of India and heavy rains in the northeast (www.imd.ernet.in, 2007-10-20). 

According to the Intergovernmental Panel on Climate Change (IPCC), half of the monsoon 

failure since 1871 is due to ENSO events (IPCC, 2001).  

 

When talking about how climate change is going to affect the two regions in India, Punjab 

and Andhra Pradesh, it is important to understand the weather phenomena that prevail in the 

ountry. Temperature and seasonal rainfall vary from year to year and between regions since 

. 

 

ith a large growing population and economic improvement, the need for agriculture and 

 

untry. 

c

they have different characteristics, such as topographic features, vegetation and water basin

Therefore they are affected differently by the monsoon (Pimentel, 1993; Kumar et al, 2005;

Lal et al, 2001).  

 

W

water are increasing in the country (Briscoe, 2005). The occurrence of drought, floods and

disruption of the monsoon are predicted to increase in frequency and intensity due to climate 

change, which will induce vulnerability in the socio-economical environment of the co
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reased 

opulation and increased demand for water as a result of higher economical standard can lead 

 

tion (Kumar et al, 

005). Most of the models indicate an increase in both temperature and precipitation in India, 

w 

n 

 

re going 

 in India as well in India’s various regions. Precipitation data for a 30 year 

eriod was gathered from different metrological stations to simulate present climate (1961-

1990) as well as future climate (2071-2100). The future scenarios are both characterized by 

focusing on regional development, but with different priority (Kumar et al, 2006). In scenario 

According to the IPCC’s Impacts, Adaptation and Vulnerability report (2001) changes in 

precipitation trends from monsoon season are not that discernible even though scientists have 

in recent decades documented extreme rainfall events during summer monsoon in the 

northwest of India. However, this is not applicable to the whole country. In the coastal area of 

southeast India, rainfall records for the past decade have shown a decrease in rainy days 

during monsoon (IPCC, 2001). There is also a certain concern about the melting of glaciers in 

the Himalayas since the glaciers contribute with melting water to the summer runoff. At first, 

melting can cause flooding events, but later flow can be reduced. This together with inc

p

to desiccation of floods and their tributaries during most of the year (IPCC, 2001). There is 

some evidence that extreme events, such as flood, droughts, heat waves and tropical cyclones,

are also going to increase in frequency and intensity in the future (Ibid). The most noticeable 

impact of climate change for India is going to be the risk of drought (Lal et al, 2001).  

 

Prediction of how climate change is going to affect precipitation in different regions and their 

agroclimate is not an easy task due to the climate system’s complex interac

2

especially if the monsoon becomes more intense. On the other hand they do not show ho

precipitation will change in specific regions within a country (Kumar et al, 2006; O’Brien et 

al, 2004). Various models have been created to illustrate the expected climate change patter

under different emissions of greenhouse gas scenarios provided by IPCC.  

 

The IPCC has developed different climate scenarios based on assumptions about future 

development of the world economy, world population, globalisation and change into a more 

environmental friendly technique (IPCC, 2001). The climate scenarios have simulated the

features of present day climate, using greenhouse gas emissions from 1990, to simulate 

different socio-economic scenarios. 

This study uses the model provided by Kumar et al (2006). They have selected two different 

scenarios, A2 and B2, in order to estimate how future precipitation and temperature a

to be changed

p
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A2, economics is a priority, while scenario B2 holds a more environmental friendly 

approach4”. 

 

• A2- “Population growth is still rapid. Self-reliance in terms of resources and less 

31

en 

ompared to the A2 storyline. Increasingly, government policies and 

business strategies at the national and local levels are influenced by environmentally 

es.” 

r B2 scenario the increase might lie 

etween 2.5 to 4 °C by the year 2100. However, the warming is more pronounced during 

to 

face air temperature is presented 

elow (figure 7). The simulation indicates a warming of the Indian subcontinent showing an 

ed 

dy covering a period of 86 years (1901-1987). With a growing population, 

India’s emissions of greenhouse gases are increasing which will ultimately have a 

                                                

emphasis on economic, social, and cultural interactions between regions are 

characteristic for this future. Economic growth is uneven and the income gap betwe

now-industrialized and developing parts of the world does not narrow.(IPCC, 2001) 

• B2- “The B2 world is one of increased concern for environmental and social 

sustainability c

aware citizens, with a trend toward local self-reliance and stronger communiti

(IPCC, 2001) 

 

Scenario A2 is characterized by higher rate emission than in the B2 scenario whereas 

emissions continue to grow, although very slowly (IPCC, 2001). The mean surface 

temperature is going to rise in India according to both scenarios. Scenario A2 suggest that 

mean temperature might increase by 3 and 5°C and fo

b

winter and post-monsoon seasons compared to the rest of the year and the warming seems 

be more noticeable in the north (Kumar et al, 2006).  

 

Almost all models show an increase in precipitation during monsoon season for the entire 

country, but the northwest regions of India are going to be particularly affected by the 

enhanced precipitation (Kumar et al. 2006; Tripathi et al. 2005; IPCC, 2001; Lal et al, 2001). 

The mean annual cycle of the Indian precipitation and sur

b

increase in mean precipitation as well as temperature, where precipitation is most pronounc

during south-west monsoon period (Kumar et al, 2006).  

 

According to Tripathi et al. (2005), the mean temperature of India has increased by 0.6°C, 

shown from a stu

 
4 Description of the two scenarios is taken from IPCC Special Report on emission scenarios, chapter 4. 
http://www.grida.no/climate/ipcc/emission/089.htm  
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considerable influence on the future impacts of climate change in the country (Brenkert and 

Malone, 2005).  

Figure 7. Shows the 
annual cycles of Indian 
mean precipitation and 
surface air temperature 

 

cenarios (2071-
2100) of A2 and B2. 
Source: Kumar et al., 
2006. 

for the baseline period
(1961-1990) and the 
future s

 
Increased temperature affects the evapotranspiration rate in a region, which after a long time 

of temperature increase will have an impact on the hydrological process, and the agricultural 

performance in a region will be profound (Chattopadhyay and Hulme, 1997; O’Brien et al, 

2004). Even though it is predicted that the conditions in India, mostly during monsoon s

are going to become wetter, rises in temperature will increase the rate of evapotranspiration. 

Therefore the overall water availability in the country is probably not going to increase 

(O’Brien et al, 2004). It is also important to take into account that increased population and 

enhanced social-economical standard increases the demand for water which in turn de

the resources (Kumar et al, 2006). For India’s part, future estimations have shown

of potential evapotranspiration, with

eason, 

creases 

 an increase 

 increased temperature. However, the increase is 

stimated for the whole country; it will be unequal between regions and seasons 

 

l, 2005). When 

looking at the trends on a regional scale, an increase in precipitation can be distinguished 

n seasonal rainfall for several regions in India (Ibid).  

e

(Chattopadhyay and Hulme, 1997). 

 

Records have shown that monsoon rainfall has practically been stationary for the past 120

years and no long-term trend could be estimated, but this is seen in terms of the whole 

country’s long-term record, not in terms of regional records (Tripathi et a

during the monsoo
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timing 

infall 

eavily dependent on the magnitude and frequency of the monsoon (O’Brien et al, 2004). 

re 

unced temperature change is predicted to be 

in winter season where rainfall is limited (Ibid).  

5.1.1. Punjab 

Most of the rainfall that comes down in Punjab is influenced by the southwest monsoon, as 

well as in most parts of India. The agriculture production is closely linked to both the 

and the magnitude of the southwest monsoons. Rise in precipitation has been seen in 

northwest India, as mentioned before, but Punjab shows a slight decrease in average ra

in the future scenarios (shown in figure 8).  Even though the decrease might barely be 

discernable, it can nevertheless have major effects on agricultural production, since it is 

h

 

When it comes to temperature scenario, an increase is expected in mean annual temperatu

for Punjab, but the variation of temperature differs between monsoon season and winter 

season (Lal et al, 2001). However, the most prono

       

Figure 8. Simulation of the mean 
annual cycle of precipitation, both 
present and future mean rainfall is 
shown for the state of Punjab. 
Where the baseline shows present 
(1961-1990), A2 and B2 shows 
the future (2071-2100) depe
on emission scenario provid

nding 
ed by 

IPCC. 
Source: Kumar et al., 2006 

5.1.2. Andhra Pradesh 

           

r 

f the 

increase in magnitude or frequency (IPCC, 2001; Brenkert and Malone, 2005) and this puts 

 

For the region of Andhra Pradesh, the models show (figure 9) an increase in extreme weathe

rainfall in the west part of Andhra Pradesh (Kumar et al, 2006) and increasing trends o

monsoon seasonal rainfall are expected mostly in the coastal parts of Andhra Pradesh 

(Tripathi et al, 2005). Tropical cyclone is another extreme weather phenomenon that could 

     J     F   M   A  M   J    J    A    S   O   N    D

Figure 9. Presents the mean 
precipitation for Andhra 
Pradesh, according to the
scenarios A2 and B2. An 
Increase of precipitation 
during the s

 two 

 
expected.  
Source: Kumar et al., 2006. 

outh-west 
monsoon season seems to be
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Andhra Pradesh in a vulnerable position because these events can damage life, property and 

crop production in the region (Brenkert and Malone, 2005). 

5.2 Irrigation 

5.2.1. India’s irrigation development 

In order to meet the demand for water in agriculture, enhancement has been achieved through 

irrigation to secure agriculture and sustaining economic growth in India (Kumar et al, 2003). 

During the 1950s several irrigation investments were made which contributed to what now is 

known as the Green Revolution, when irrigation made it possible for India to go from a food 

grain importer to self-sufficiency in food production and to boost the economy in the country 

(Ibid). 

India is a land with a numerous rivers and canals that have played a major role in the 

development of Indian agriculture. During the time after independence from British rule the 

country has constructed major water infrastructure such as river diversion works, construction 

of canals and building of dams, to increase access of water for irrigation (Namboodiri et al. 

2006). Huge storage capacity has been achieved thanks to water resource developments which 

made it possible to ensure water to the areas that could not fulfil crop water requirement 

(www.wrmin.nic.in. 2007-12-03).  

 

In order to develop water resource projects, the Indian government has invested in different 

types of irrigation schemes to sustain agricultural production and ensure economic 

development (www.unep.org 2007-11-03). A five year plan was drawn up in which large 

investments were made. Building dams for water reservoirs, as well as hydropower, canals 

networks and digging of tanks and wells were some of the results of the plan 

(www.wrmin.nic.in. 2007-11-27). 

 

Three categories are being used here to categorize irrigation systems. They are based on the 

size of the area in which they cover. Major irrigation projects are those with more than 10,000 

hectares of commanded area, medium, 2000-10,000 hectares and minor, less than 2000 

hectares of commanded area (www.wrmin.nic.in 2007-12-01; Namboodiri et al, 2006). 

Irrigation projects are not only distinguished by size but also by the source of the water. 

Minor irrigation projects have both surface and groundwater as a source and are handled 

mainly by local bodies. Surface water is mostly available through larger catchments such as 

dams and from smaller catchments such as tanks. These systems are managed by the 
34
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government of the district in which they are active (Ibid). The canal irrigated area has 

increased from 8.3 million hectares in 1950-51 to 18 million hectares in 1999-00 

(www.wrmin.nic.in, 2007-12-03). Total surface irrigation potential from the three irrigation 

projects is estimated at 75 million hectares, less than half of which is presently being used 

(Namboodiri et al, 2006). Despite the investment that was made, parts of the country are 

experiencing physical water scarcity (i.e. available water resources are not able to meet all the 

demands). Irrigation projects are battling with inefficiency despite the fact that they have the 

potential to distribute more water to catchments areas (IWMI, 2007). There are several factors 

that contributed to the inefficiency; lack of maintenance, inadequate communication between 

water user and water distribution agency, faulty design, financial problems and so on are 

various problems with irrigation projects that make them function far below their capacities 

(Namboodiri et al, 2006). All these shortcomings contribute to poor water distribution to the 

final users.  

 

India is continuing to invest large amounts of money in extension and improvement of 

irrigation projects. But compared with other countries, India has small stocks of water storage 

capacity in the water infrastructure (Briscoe, 2005). The amount of water storage capacity in 

India is very low, 200 cubic meters per capita. In China, water storage capacity is estimated to 

be 2500 cubic meters, almost twelve times more than that in India. This provides difficulties 

for India when it comes to storage of rainfall during monsoon seasons when a vast amount of 

rain comes during a short period; it increases the risk of floods (Ibid). 

 

In order to meet future challenges in terms of water availability, the need for storage will 

grow in India because climate change will have an effect not only on precipitation causing 

increase in variability of rainfall, but also causing rapid glacial melting in the western 

Himalayas (Briscoe, 2006; www.wrmin.nic.in, 2007-12-03).  

Sources of irrigation 
Precipitation in a year is estimated to be 4x1011m3 in India, out of which 1.953x1011m3 of 

water is available as surface and groundwater (www.wrmin.nic.in, 2007-12-04). 

The role of groundwater to agriculture is very important. It accounts for more than 50 % of 

the net irrigated area of the country (Kumar et al, 2003). Several sources contribute to the 

replenishment of groundwater resources (see Appendix III). Rainfall contributes 342.43 km3 

annually to the groundwater recharge in India; percolation from canal irrigation systems 

35

Jesserina Flores 

http://www.wrmin.nic.in/
http://www.wrmin.nic.in/
http://www.wrmin.nic.in/


contributes 89.46 km3 of the total replenished groundwater resource that is approximately 

assessed as 432 km3 (Kumar. et al, 2005; Central Ground Water Board. 2004). Of course not 

all of this water is available for irrigation purposes but about 212 km3 is used for irrigation. 

The rest is used by industry and for domestic purposes (Central Ground Water Board, 2004). 

This makes agriculture the main consumer of groundwater in the country. 

 

Groundwater is mainly extracted from wells (open and tube wells). The area irrigated from 

wells has increased during the last fifty years, from 20% in 1950 to 59% in the year 2000 

(Ministry of Water Resource, Government of India, 2006). With the improvement in 

investment made in 1950 on surface water projects to expand agricultural production, 

hydropower made it possible to distribute electricity supply to rural areas. More farmers could 

benefit from irrigation, using electricity to pump groundwater from wells to cultivate in areas 

where water was limited and where access to surface water (canals, rivers and ponds) beyond 

reach (Briscoe, 2005). Using groundwater in areas where the groundwater table was rising 

was encouraged by the government to minimize the risk of water logging and salinity, since 

the water table was rising in respond to irrigation (Ibid). Since there was an agricultural 

revolution that prevailed in the country, subsidized credit made it possible to invest in new 

pumping technology and in more modern wells (Kumar, 2003). Groundwater pumping made 

it more favourable for farmers to implement instead of using tanks and canal irrigation 

(IWMI, 2007). One of the main reasons was that they could now use water when they wanted 

instead of relying on canal systems that were often inefficient, regulated in terms of timing 

(when to withdraw) and amount (how much the could utilize). Another reason that has played 

a role in the augmentation of groundwater withdrawal was that surface water could only be 

utilized by farmers cultivating near the catchments areas (Briscoe, 2005; IWMI, 2007).  

 

Groundwater irrigation (seen in figure 10) became more and more accepted during the 1960s, 

contributing to less use of surface water irrigation and the use of tank irrigation almost 

disappeared (Briscoe, 2005). The development of groundwater irrigations was of immense 

benefit to India’s rural population. Poverty was minimized as much as possible since the 

government invested large amounts of money in subsidies and in technological development 

(Briscoe, 2005).  
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Figure 10. The 
development of 
irrigation schemes 
has gone from using 
water from canals to 
wells. The usage of 
wells has increased 
rapidly during the 
past 50 years and 
continues to do so.  
 
Source: Briscoe, 
2005.  

However, this progress has not been without complications. In some parts of the country 

groundwater is used at an excessive rate, so that annual recharge does not cover the annual 

withdrawal (Ministry of Water Resource, Government of India, 2006). The estimation of 

groundwater development for utilization is approximately 64.0 million hectares (M.ha.) in 

India. Almost 58% (46.01 M.ha.) has so far been exploited. When looking at the amount of 

groundwater that is available, the problem does not seem so severe, but water related issues 

should not be looked as national average estimation because it is a local concern, and some 

regions are already experiencing water scarcity (Ibid). Another factor that must be taken into 

consideration is in fact that subsidy of energy is decreasing, making energy more costly and 

thus making it more expensive for farmers to pump water from deep aquifers (Briscoe, 2005). 

Some farmers use fossil fuels to draw water up from depths, but the price for fossil fuels is 

also increasing at a rapid rate (Pimentel, 1993). Therefore the use of irrigation is costly for 

small scales farmers who do not have the money to invest in agricultural inputs that could 

help them increase their yields (IWMI, 2007). 

 

5.2.2. Punjab 

The state has a geographical area of 5,036,000 hectares in which 4,237,000 hectares (84%) is 

cultivated. Approximately 97.4% of the net sown area is already irrigated, making it difficult 

to increase the area under irrigation or even extend the cropping area in the region (Human 

Development Report for Punjab, 2004; Central Ground Water Board, 2006). Of the maximum 

irrigation potentials given by irrigation projects supported by the state, 84% is already 

achieved, which makes it difficult to sustain future crop production (Ibid). The main source of 

water that is being extracted for irrigation purposes comes from groundwater resources. The 
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state net annual groundwater availability in 2004 was, 21.44 billion cubic meters (bcm) (see 

Attachment III) and the annual groundwater that was up drawn was estimated to be 31.16 

bcm. Out of the 137 assessment water units (blocks), 103 are categorized as over-exploited, 5 

as critical, 4 semi-critical and 25 as safe (Central Ground Water Board, 2006). Almost 72% of 

the net area sown is irrigated by groundwater resources that are being extracted from wells 

(mostly tube wells as seen in table 4) and the rest is irrigated mostly by canals 

(www.punjabgovt.nic.in, 2007-10-23). As a result groundwater resources are being exploited 

at a rapid pace causing water tables to decline rapidly. In the central plains the depletion has 

caused a reduction of the water table from 1.5 to 5.1 meters during 1984-1994 (Human 

Development Report for Punjab, 2004) and is receding 70.76 cm annually (Ministry of Water 

Resources, Government of India, 2006). In the southern regions where sown area utilizes 

water from canal, water logging is becoming a serious threat for farmers. These areas are also 

at risk for flooding events due to increases in the levels of rainfalls (Ibid).  

Table 4 
Net irrigated area in Punjab during 2005-2006 

(000 hectares) 
 

 

Government 
Canals 

Private 
Canals 

Tube wells Other sources 
wells 

% of net area 
irrigated to net 

sown area 
1134 4 2914 8 97.4 

Most of the cotton farmers in Punjab are small-scale farmers (e.g. owner of less than 2 

hectares land) who are dependent on tube wells to irrigate their crops (Human Development 

Report for Punjab, 2004). Those who do not have the sufficient amount of money to dig deep 

wells are dependent on shallows aquifers, which often are over-exploited. Farmers are either 

forced to purchase water from a richer farmer (who takes a large amount per liter), mortgage 

their land, pay greatly increase rates, shift to rain-fed production or face ruin (Kumar, 2003). 

 

5.2.3. Andhra Pradesh 

Andhra Pradesh’s river systems are major sources for irrigation, where providing water to 

agriculture from different irrigation projects but in recent years wells are becoming more 

common for extracting water for irrigation,. There are totally 90 major and medium irrigation 

projects in the region, of which 15 are categorized as major and 75 as medium which have 

created an irrigation potential of 4.84 million hectares (m ha) (www.wrmin.nic.in). 
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The net irrigated area was estimated to be 38.81 m ha hectares during 2004-2005, which was 

an increase of 6% from 2003-2004 (Government of Andhra Pradesh-Economic survey, 2006). 

The optimum irrigation potential from both surface and groundwater is estimated to  

9.5 M ha, of which 7.3 M ha originate from surface water and the rest, 2.2 M ha from 

groundwater (Raymond, 2001). Because of the poor maintenance of surface irrigation 

projects (medium and minor) and poor finance, irrigation services have been questionable. 

Farmers have not received water in proper time which has caused reduction in yields and in 

turn low incomes (Raymond, 2001). Cultivators have started to use more groundwater to be 

able to sustain their yields. The net area irrigated by wells has increased over the past ten 

years (Ibid). This is not only because it is more available for farmers, but also because the 

water charges for irrigation (per hectare) have increased by more than three times from 1997 

(Raymond, 2001). In 2004 the water rate was between 148.20 and 1235.005 rupees per 

hectares (Namboodiri, 2006). Punjab, on the contrary, abolished their water rate (Ibid).  

Even though it seems the state has major water resources and the net annual ground water 

availability (32.95 bcm) exceeds the annual ground water draft (14.90 bcm), the state is 

categorized as a water scarce state that is heavily dependent on seasonal rainfall (Namboodiri, 

2006). Most of the coastal districts of the state are experiencing salt intrusion caused by the 

overdraft of groundwater in the area (Central Ground Water Board, 2006). Out of the 1231 

blocks that the state is divided in, 219 are assessed as over-exploited, 77 as critical, 175 as 

semi critical and 706 as safe. Another threat to irrigation systems in the state is flooding 

events and cyclones that threaten coastal areas and flood plains, which harm tanks and cause 

damages to cultivations in different parts of the state (Raymond, 2001; Kumar et al, 2005). 

These events are likely to increase both in frequency and in strengths in respond to climate 

change (IPCC 2001). 

 

The state has invested a great deal of money in the irrigation sector, restoring both medium 

and minor irrigation projects and adopting management for irrigation system by forming 

10,292 water user associations (Raymond, 2001). These associations have built up and 

implemented training programs to both farmers and members of the irrigation department, in 

order to better manage water resources (Ibid). Emphasis has been made on rainwater 

harvesting, where more storage has to be implemented to store the large amount of water that 

comes during monsoon (mostly southwest monsoon) in order to minimize the pressure of 
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groundwater withdrawal for irrigation (Ministry of Water Resources, Government of India. 

2006).  

5.2.4. Irrigation for cotton production 

Most of the cotton that is produced in the country comes from the northern regions of India 

where most of the production is under irrigation (Cherrett et al, 2005). Almost all the area 

under cotton in Punjab is irrigated compared with cotton production in Andhra Pradesh (seen 

in table 5). Constraints on cotton growth in Punjab have included salinisation of soils, non-

availability of canal water on time, weed infestation due to intensive rains and deterioration of 

soil. Andhra Pradesh’s constraints are due to excessive use of pesticide, regular occurrences 

of cyclones in the costal districts and pest frequencies (www.cicr.nic.in, 2007-12-07).  
 
 
 Table 5   Gross Cotton Area under Irrigation 2000-01 

 
 

Punjab Andhra Pradesh 

Area 
(hectare) 

721,000 192,000 

% under 
irrigation 

99.6 18.8 

 
 
 
 
 
 
 
 
 

Source: Central Institute for Cotton Research, 2007-11-28 
 

Punjab’s cotton production has been increasing after having experienced a setback during 

1999-2000 due to increases in cost for production (Human Development Report for Punjab, 

2004). One of the main reasons that production has increased is the fact that more pesticides, 

fertilizer and the use of hybrids and Bt cotton has been used (www.cicr.nic.in. 2007-11-04).  

 

Punjab has one of the highest annual cotton yields in India (551 kg/ha) while Andhra Pradesh 

is one of the leading cotton producers with 32.5 million bales (Ibid). During 2004-2005 cotton 

production has reached an all-time high in India, producing 243 million bales (1 bale 130 kg) 

and increasing yields to 463 kg/ha (www.cicr.nic.in. 2007-09-22) The increase has been 

possible in response to favourable weather, low pest incidents and better technology (Ibid). 

For almost ten years, the yield (per hectare) was stagnant at about 300 kg/ha 

(www.cotcorp.gov.in. 2007-12-07). Improvement of technology, increase in areas under Bt 

cotton and better management have made it possible to increase the country’s yields (Ibid). 

Although the yields have been improving, it has not become more profitable for cotton 

farmers. In fact, 100,000 farmers have committed suicide from 1998-2003 (Central Chronicle, 
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Tuesday June 6, 2006). There are various causes behind the distress: failure of monsoon, low 

market prices, debts and land degradation which limits growth (Ibid).  

 

5.3 Pesticide  

The heavy use of chemicals poses a major risk of pollution of freshwater resources and also 

harm to ecosystems and biodiversity in the region (Soth, 1999). Many species of beneficial 

insects, which help keep the insect pest population in place, are also killed by the heavy 

consumption of pesticide. Without those natural enemies that keep the pest population in 

check, the pests that are not killed become resistant and thus thrive, forcing farmers to spray 

even more pesticide (www.fao.org, Pest management in Andhra Pradesh 2007-12-12).  

 

Most of the pesticide used in cotton leaches out and gets eventually into either surface or 

groundwater bodies (Chapagain et al, 2006). Pesticide pollution has been reported in 

Hyderabad in Andhra Pradesh. High levels of toxins were found in drinking water and soft 

drinks such as Coca Cola and Pepsi, which exceeded EU health limits (Kooistra et al, 2006; 

Herring, 2005).  

 

Farmers in Andhra Pradesh use almost 30 % of the country’s total amount of insecticide of 

which 70% is used by cotton growing farmers (Ibid). One of the main reasons could be the 

prolonged infestation of bollworm that has been manifested in southern India, due to the range 

of favourable bollworm host (Gillham et al, 1995). As a result, farmers have to spend a great 

deal of money to buy chemicals in order to handle pest infestation. Some farmers are forced to 

turn to moneylenders to afford to buy pesticide, who make them pay interest rates that they 

cannot possibly afford (Kooistra, 2006; www.fao.org, Pest management in Andhra Pradesh 

2007-12-12; Soth, 1999). When the yields are not sufficintly high to repay debts, farmers 

become desperate. This has been one of the major causes for suicide among cotton farmers in 

Punjab and Andhra Pradesh (Down to Earth, 2006).  

 

5.4 Effects of climate change 

Climate change is evidently going to affect water resources in the country as well as pesticide 

use. These cotton growing regions are facing several environmental challenges that might 

have a future negative impact on cotton.  
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5.4.1 Climate effects on Punjab 

Models suggest a slight decrease in rainfall for the region, especially during monsoon season 

as well as an increase in temperature. Drought prone areas are likely to increase in extent 

(IPCC, 2001).If the amount of water that comes from rainfall is modest and does not offset 

the estimated evaporation; water resources as well as agricultural production in the region are 

going to be affected (Iglesias et al, 1992; IPCC, 2001).  

Punjab’s water resources are already heavily used (Human Development Report-Punjab, 

2004), where several blocks are already exploited and decline in water tables are being 

reported. Climate change is problably going to effect water provision negatively, since 

increases in evaporation are expected in the area and the demand for water to meet future 

requirements is going to increase (Kumar et al, 2005). Farmers who drill for water are going 

to have to drill deeper in order to find the proper amount of water to sustain their yields 

(Briscoe, 2005). In addition, melting of glaciers in the Himalayas will increase runoffs that 

will enhance the risk of flooding (IPCC, 2001), which might affect cotton yields near the 

catchment areas adversely.  

Warmer weather and less rainfall events might decrease the losses caused by crop diseases, 

while weeds that are better adapted to arid conditions might thrive and thus compete for light, 

water and nutrition with cotton crops (Pimentel, 1993).  

 

5.4.2 Climate effects on Andhra Pradesh 

Increasing trends in rainfall are predicted for the region of Andhra Pradesh, especially in the 

coastal areas (Tripathi et al, 2005). This poses difficulty for the storage capacity of the 

irrigation projects in the region which enhances the risk of flooding (Raymnond, 2001). The 

appearance of extreme weather phenomena, such as cyclones, is predicted to not only increase 

in terms of events but also in terms of magnitude (IPCC, 2001). Agriculture in coastal districts 

is the most vulnerable to such events and they also face the risk of salt intrusion into 

groundwater sources (Kumar et al, 2005). 

Changes in the timing or amount of precipitation may be assumed to cause damage to cotton 

production in the area and thus alter economical security and harm livelihood (Falkenmark 

and Rockström, 2004). Increases in temperature and precipitation might alter the breeding 

pattern for some insect pests positively which can cause severe damage to yields (Pimentel, 

1993). In areas where there is no cold winter season, insect pests and diseases can overwinter 

and have an alternative host until cotton season starts again (Freeland et al, 2007). Cotton 
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farmers in India, especially farmers in Andhra Pradesh, are more inclined to use pesicide in 

order to secure high cotton yields (www.research4development.info, 2007-12-27). In increasing 

events of pest attack, more farmers are going to rely on chemicals to control the outbreaks; 

making them not only more economically vulnerable but also there will be contamination to 

soil as well as water resources, which will thus threaten not only the quality of yields but also 

lives (Kooistra, 2006).  

 

6. Analysis and discussion 

In this section, analyses of the results will be discussed within the frame of resilience. The 

three aspects of resilience will be applied to the three variables, starting with latitude. The 

different regions will be discussed separately.  

 

6.1 Latitude 

Changes on the stability landscape can be a response to different drivers. It can alter the 

position of threshold and change the position of the basins. Latitude means the maximum 

amount of the chosen variables that can be changed in the system before its ability to recover 

is lost.  

This section analyses the maximum amount, in terms of water availability and pesticide 

usage, cotton cultivations can be altered before they lose their ability to recover, meaning that 

it becomes more difficult to assure water for production which can reduce yields. Farmers’ 

livelihoods are being jeopardised, especially for those who are heavily indebted and thus 

depends completely on achieving high yields. 

 

Punjab 
According to the climate sensitivity index (CSI), Punjab is already defined as a region that is 

sensitive to dryness and monsoon dependence, which is going to become aggravated in the 

future. Models suggest that changes in the amount of precipitation as a result of climate 

change are expected for most of the regions in the country. However, Punjab is one of the 

regions where precipitation is not going to increase. On the contrary, climate models have 

shown a slightly decrease in precipitation, mostly during monsoon season (July-September). 

Even though changes in precipitation might be seen as negligible, they can affect cotton 

cultivation adversely since cotton is very sensitive not only to water deficit but also to high 

temperatures. Agriculture in Punjab is already sensitive to droughts and with increase in 
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temperature and decrease in rainfall, drought events might become more frequent. This will 

enhance the need for water in the region, which in turn might aggravate existing water 

problems in the area. 

 

Cotton needs an enormous amount of water during flowering until ball formation, which can 

last for almost 100 days, otherwise the plants might shed their cotton balls and thus lower the 

quality of cotton fibres and yields The result of changes in precipitation can affect farmers 

livelihood considerably, if they do not have the possibility to use surface or groundwater for 

irrigation. Farmers that are dependent on cotton yields might experience loss of income if the 

yields that they expected to achieve are not fulfilled. 

 

Another issue that should be considered is the fact that there is a possibility that 

evapotranspiration in the area will increase in response to higher temperature, which will 

increase the demand for water in the area to sustain proper soil moisture. Cotton is grown in 

India under high evapotranspiration demand where cotton uses almost 15% of the country’s 

water resources. In Punjab, where almost 99.6% of all cotton production is under irrigation, 

this might be a challenge, making it difficult to increase the amount of water for irrigation. 

There is also difficulty in expanding cotton production in the area. Of the total geographical 

area of 5,036,000 hectares, almost 4,737,000 hectares are cultivated and 97.4% of the net 

sown area is already irrigated.  

 

In several parts of the state, water related issues have become a severe problem. Depletion of 

groundwater resources caused by intensive extraction for irrigation purposes has caused a 

rapid depletion of groundwater tables. Out of 137 groundwater units, 103 are categorized as 

over-exploited and 5 as critical. Considering how much groundwater is available, 21.44 bcm, 

and how much is used, 31.16 bcm, one can say that the region has probably reached the 

maximum point when it comes to water withdrawal from groundwater resources to irrigation. 

In the central plains, water table has been declining 70-76 cm annually, mostly due to 

pumping of groundwater from tube wells, while in the southern parts of the state, water 

logging has become a severe concern for farmers as well as flood risk caused by extensive 

rainfall events in the southern parts of the region. Water logging problems have arisen mostly 

because farmers have utilized canal water for irrigation purposes, causing water tables to rise 

and salts are carried to the root zones were they were deposited. Cotton productions are 

tolerant to some salinity levels, but the yield decreases at certain salinity levels. With 
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increased concentration of salts in the soil, the area might no longer be useful for cultivating 

cotton or any other less salinity tolerant crop.  

 

Farmers might have to rely on the monsoon to a larger extent than they did before when water 

becomes scarcer in the area and more expensive to extract since they have to build deeper 

wells and use more energy to pump water. At the same time, some farmers who have the 

possibility to extract more water either from groundwater or surface water might increase 

their usage to sustain their yields. Water tables might either rise contributing to water logging 

in some areas or decline. There is a great chance that farmers who are forced to rely solely on 

the monsoon might have problems achieving high yields since the monsoon can behave 

erratically, which can affect the supply of water for production.  

Water as well as cotton yield quality are deteriorated due to the over-usage of pesticide as 

well as other agrochemicals. This usage contaminates water resources, forcing farmers to use 

contaminated water for irrigation and domestic purposes, but it also contaminates yields. This 

makes the sale of cotton yields difficult since the fibres are contaminated. Farmers are 

dependent on the profits from cotton yields to sustain their livelihood. If the yields are 

contaminated, they do not receive a proper price for their harvest.  

 

Andhra Pradesh 
The state is highly vulnerable to extreme weather events, such as cyclone, droughts and 

floods, which are expected to increase in frequency and strength due to climate change. This 

might especially be of importance to the coastal states (Gundur, Krishna, West Godavari etc.), 

which have large areas under cotton. Most of the costal districts are also struggling with salt 

intrusion caused by the overdraft of groundwater in the area. Out of 1231 blocks (water 

administrative units or watersheds) that the state is divided in, 210 are assessed as over-

exploited and 77 as critical. There are 706 blocks that are categorized as safe, making the 

region less vulnerable to water scarcity than Punjab. Because irrigation projects have poor 

maintenance and bad governance (Namboordiri, 2006), many of the projects are ineffective 

and expensive. Water charge for irrigation has increased substantially since 1997, making it 

difficult for farmers to afford using water for irrigation.  

 

Different climate models show an increase in precipitation, mostly in the coastal regions of 

Andhra Pradesh. Although flood is the most frequent natural disaster that affects large parts of 

the region, other districts within the region are facing acute water shortage making it difficult 
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for farmers to extract water for irrigation. This might have an effect for those farmers that do 

not have the possibility to invest in wells and do not have the capability to extract water from 

canals and tanks, and are thus forced to rely on the monsoon, making them more vulnerable to 

fluctuation in the monsoon.  

 

Not all cotton is grown under rain fed conditions in the region, but almost 81.2% of the cotton 

harvesting areas are dependent on the monsoon. With an increase of mean precipitation that is 

predicted to come in some parts of the region, farmers who are reliant on the monsoon might 

be favoured since water is one of the limiting factors when it comes to achieving good 

commercial yields. However, even though precipitation might increase in the region, so will 

temperature and the risk for extreme weather which can cause extensive damage on cotton 

cultivations. The cotton plant is not so tolerant to heavy rains during harvesting because the 

cotton buds and balls can start shedding, hence lowers yields. 

 

Pesticide is already heavily used in the region; in order to minimize the usage of pesticide and 

to reduce vulnerability to pest infestations, the government of India has approved the sowing 

of Bt cotton, which is supposedly resistant to bollworm attack that causes the most 

economical damage for farmers in India. If this cotton variety proves that it can achieve high 

yields of good quality and minimize bollworm infestation, more farmers might start to use it 

without fully knowing the effects on ecosystems and other cotton hybrids of this genetically 

modified cotton. 

6.2 Resistance 

The system’s resistance is explained as the ease or difficulty to disrupt the system. For cotton 

yields and farmers’ livelihoods, it is of importance to have adequate water in order to achieve 

substantial commercial yields. 

In this section discussion the following question will be discussed: will cotton production in 

Punjab and Andhra Pradesh have enough resistance to cope with changes in water availability 

and pests? 

 

Punjab 

Regarding changes in the monsoon as a response to climate change, cotton yields have very 

low resistance when it comes to water availability. Even though there might be sufficient 

moisture in the soil provided by irrigation, changes in the magnitude or even in the timing of 
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the monsoon can affect yields negatively. This is not something that is of relevance for just 

the state of Punjab, but for all India. The irrigation potential for this state is already reaching 

its maximum potential. In several parts of the central plain, water tables are declining at a 

rapid pace. Farmers are forced to dig deeper wells in order to extract groundwater. This is 

very expensive for small scale farmers who do not have the economy to invest in irrigation. 

For those who have access to water through canals, better utilization of the water should be 

adopted. This could happen for example through the use of groundwater during the hot 

summer months, especially if groundwater tables are high in the area and during monsoon 

season use surface water if it is necessary. Because cotton needs substantial more water 

during flowering, less water should be needed in the early stage of its growth. Farmers can 

then lower water consumption in the early as well as the last growth stage when the cotton 

ball is already formed.  

 

If management continues as usual, there is a possibility that it might be difficult to achieve 

large yields in the region if the need for water for cotton production is not reached. The 

government of Punjab should put more emphasis on how to make irrigation projects more 

effective so that they can increase their storage capacity and provide more water to the 

catchment areas. Since meltwater from the glaciers in the Himalayas is predicted to increase 

runoffs, flooding events can be more frequent in the southern areas of the region. The 

government should invest in more storage capacity to minimize flooding risk. 

 

Proper information about the usage of pesticide for this region and the effects on water quality 

due to pesticide use has been difficult to find. Climate change might increase the demand for 

pesticide in the future, affecting water quality in the area making it unfit to use for irrigation 

and for domestic use due to the heavy load of toxic substances. Therefore further assessment 

should be made concerning the effects of pesticide usage on water quality.  

 

Andhra Pradesh 

The state is very exposed when it comes to extreme weather events, which affects mostly the 

coastal districts of the state. The district of Guntur is one of the most productive when it 

comes to cotton. In regard to precipitation in the area, it is likely that the monsoon is going to 

bring more water in the time when cotton is sown. This could make the system more resistant 

when it comes to water availability, if proper management is used. By building capacity so 
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that rain can be harvested in areas where intensive irrigation has deteriorated groundwater 

tables and caused salt intrusion, the resistance of the system can be strengthened.  

 

The state has plenty of irrigation projects, especially major and minor irrigation projects. 

Improvement when it comes to their standard is something that the government should invest 

in so that more water can be stored. By facilitating the availability of water from these 

irrigation projects to farmers, water might not be a limiting factor in order to achieve high 

yields. The state have the potential to provide water for irrigation when it comes to water 

availability, but building more storage capacity and more modern technique is preferred. 

The formation of the water associations program is one step for the region towards building 

resistance. More than 10,292 water associations have been formed to inform not only 

managers of the irrigation department but also farmers on how to manage water resources. 

Emphasis has been put on using more surface and rainwater during winter season, when the 

southwest monsoon prevails, and on using groundwater in the summer.  

 

The need for pesticide is of importance for sustaining high yields. Many farmers get a loan to 

purchase the chemicals and thus have to produce sufficiently more crop at prevailing prices to 

be able to repay the loan with interest. Since more noxious pests are becoming resistant, more 

pesticide is being purchased turning it to a vicious circle that affects farmer’s livelihoods. 

Cotton yields are unstable. They are very dependent on weather, soil moisture and pest 

control. The crop is also grown by small scale farmers who are dependent on yields to sustain 

their lives and the holding size is one of the lowest in the world. This combined creates little 

resistance for the farmers, which have been forced to take extreme actions in order to escape 

poverty and indebtedness. 

 

6.3. Precariousness 

This section addresses precariousness in the current situation in the different regions. How 

close are they to reaching a threshold where cotton yields are affected to an extent in which 

production might no longer be profitable? 

 

Punjab 

Since climate models show a slight decrease in future precipitation,  the amount depending on 

which scenario is taken into consideration, cotton production that is dependent on rainfall is 
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likely to face lower productivity. The cotton yields have been rather high the past five years 

(See Appendix IV) compared to the rest of the country which was possible trough irrigation 

schemes. The state is already experiencing groundwater depletion and water logging problems 

caused by extensive use for irrigation according to the Human Development report for 

Punjab. Climate change does not only affect precipitation in the area; temperature increase is 

another concern that should be considered since evapotranspiration rates are expected to 

increase as well. With higher evapotranspiration more water is going to be needed to sustain 

cotton growth and because decreases in rainfall events are predicted, farmers might be forced 

to grow less water demanding crops. Estimating evaporation rates is very important since 

cotton productions in India are already been cultivated in conditions of high evaporation. If 

rainfall cannot satisfy the demand for water that cotton yields need, then water most is 

provided from irrigation systems to sustain yields as well as to sustain farmers’ economical 

situation. Introduction of better irrigation techniques, such as drip irrigation rather than flood 

irrigation, should be financed by the Punjabi government to better manage water resources. 

Helping the farmers to adopt better water management will probably lead to a decrease in 

water logging events due to less water being used which lowers water tables. The government 

can construct schedules for when to extract groundwater in the area.  

 

The system is vulnerable when it comes to provision of water in the area, especially when 

temperature rises and if precipitation decreases. The system is reaching a threshold if cotton 

practices continue as usual. More water might be demanded to sustain cotton production due 

to higher temperatures caused by climate change. Since most of the cotton cultivations in the 

area are irrigated and the region is already is experiencing water deficit, farmers will have a 

hard time producing high yields if water shortage prevails in the area.  

 

Andhra Pradesh 

Water resources are not evenly spread out in the region. The irrigation projects that exist in 

the region contribute water for those cultivations that are in the catchment areas and in limited 

time since the government decides when and how much water can be withdrawn. The farmers 

who have dug wells to pump water might have to dig deeper wells since water tables are 

decreasing. Cotton cultivations that are sown in the coastal areas are at risk when it comes to 

exposure of extreme weather, flooding and salt intrusion in fresh water resources due to rise 

in sea level and overdraft of groundwater in the area. The watershed programs for better 

utilization of water resources that have been established are one way to build resilience in the 
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region. Farmers are taught how to harvest rain water that can later be used during summer 

season, when rainfall is limited. There is also a technological mission for cotton cultivations 

to improve the quality and productivity of cotton. Together these programs can improve water 

utilization in the area and farmers’ adaptive capacity is improved. 

 

In regard to pesticide usage, farmers are already stressed, by the fact that they are indebted in 

order to afford to buy pesticide which is necessary to achieve high yields.  

Farmers have been experienced rather hard times with pest infection in the region. Cultivators 

use almost 30% of all pesticide in India, of which 70% is used by cotton farmers. This has 

caused resistance for different noxious insects as well as harm to beneficial animals that prey 

on these insects. Increased expenses in response to more pesticide use are something that can 

be caused by the fact that insects prosper and multiply when increases in temperature occur. 

Some of these insects might also be immune to pesticide; farmers apply even more chemicals 

in the belief that the chemicals are going control the outbreaks. There have already been 

reports that farmers have taken their lives because they are so heavily indebted caused by 

large amounts of money being used to buy pesticides. The use of pesticides plays a central 

role when it comes to achieving high yields. Sadly this usage is not only harmful to farmers’ 

and ecosystems’ health but it reduces the quality of groundwater and cotton yields. Textile 

mills have problems using Indian cotton due to contamination problems. Fluctuations in 

yields are less tolerable for Indian cotton farmers than for cotton farmers in the United States. 

Some of the reasons are high costs involved in pesticide usage, low yields and small holdings. 

There is a possibility that the effects of climate change are going to affect cotton production 

negatively, forcing farmers to abandon cotton in some areas. 

 

7. Conclusions 

Cotton is a highly water consuming crop that is grown in areas in India were water is scarce. 

Therefore, the purpose of this study was to investigate the resilience of the cotton production 

system in regards to precipitation, irrigation and pesticide use in the cotton growing regions of 

Punjab and Andhra Pradesh and also to see how climate change might influence these 

variables. In order to estimate resilience three aspects were discussed: latitude, resistance and 

precariousness.  
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Latitude 
According to climate simulation models, precipitation in Punjab is likely to slightly reduce 

which can cause adverse effects on cotton production in the region since cotton is very 

sensitive to water deficit. Almost 99% of all cotton cultivation in the region is irrigated and 

declining water tables (70-76 cm annually) in the central plains is already evident as wells as 

salt intrusion in the southern states. It may be harder for farmers to sustain present high yields 

if they have to rely more on the monsoon season since cotton is a crop that needs lots of water 

during growth and considerably less during harvest. If the monsoon is delayed and less water 

is precipitated during flowering and more during harvesting, reduction of cotton yields might 

be the outcome. Building wells to extract groundwater is costly and when water tables are 

declining, farmers have to build deeper wells to find water. Moreover, cotton growers in India 

account for almost 54% of national pesticide use and Punjab is one of the largest producers, 

where pesticide usage is contaminating water bodies and affecting farmers’ livelihoods. 

Less precipitation is expected for the region during monsoon season as well as an increase in 

temperature. Water resources are already over exploited which have contributed to declining 

water tables. If water is insufficient during cotton growth, yields are reduced and farmers 

cannot sustain their way of living. The cotton growing system has then reached the maximum 

point where changes in water availability affect yields to a point where it is not longer 

profitable to grow cotton. 

 

Andhra Pradesh’s coastal districts are highly vulnerable to extreme weather events, such as 

cyclones, which are predicted to increase with climate change and challenge coastal cotton 

producers. Climate models also show an increase in precipitation in the region and since the 

storage capacity of water infrastructure is relatively small compared to other countries, the 

risk of flooding destroying cotton production near catchment areas is also predicted to 

increase. Further, negative effects of heavy pesticide use in the region are being reported, 

since pest infestations are more pronounced in the southern parts of India. It is likely that pest 

infestations are going to increase with higher temperature. Cotton producers rely on pesticides 

to control pests which have lead to resistance to pesticide. Reports of contaminations of 

groundwater springs have become severe problems for the state. By increasing pesticide use, 

contamination of groundwater and other water bodies are evidently going to increase in the 

region.  
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If flooding and extreme weather events increase in the area, cotton production near 

floodplains and in the coastal districts are at risk. Their yields might reduce or even their 

cropping area might become severe damaged where cotton cultivation might no longer 

proceed in the area. On the other hand, increased precipitation might favour inland cotton 

growers since they do not have to use as much surface or groundwater which comes at a cost. 

 

Resistance 
Despite a high precipitation, climate changes will probably increase evapotranspiration in 

Punjab leading to increased crop water demand. Presently, farmers rely on water from surface 

and groundwater to irrigate their crops and the state is already experiencing groundwater 

depletion, where 21.44 bcm is available and 31.16 bcm is used, and in some parts 

waterlogging problems. Increasing crop water requirement is going to be a challenge.  

Cotton production in the state of Punjab is vulnerable to changes in water availability where 

groundwater is being used more rapidly than it is being recharged. Increased temperature as a 

result of climate change is likely to increase the demand for water by agriculture, which can 

become a problem for cotton producers since cotton requires large amount of water. 

Precipitation may not be sufficient to meet crop water requirements, especially if precipitation 

decreases. 

 

Andhra Pradesh’s cotton production is mostly rain fed and predicted increases in precipitation 

in the region may benefit cotton farmers by reducing pressure on surface or groundwater 

resources for irrigation. That will say if the monsoon comes at a proper time, otherwise it can 

reduce cotton yields if heavy rains comes during harvesting.  

There are, however, some districts, especially in the coastal zone, where salt intrusion in 

groundwater is becoming a severe problem due to over consumption of groundwater for crop 

irrigation. The government is investing in information programmes by establishing water 

associations, to inform farmers and managers from the Irrigation Department how to best 

manage water resources in the area. Thus, the government is building resilience in the region. 

Meanwhile, cotton farmers in Andhra Pradesh are struggling with pest infestations which 

have contributed to heavy loan burdens for farmers since pesticides are so costly. It is likely 

that climate change will aggravate this problem further as more favourable conditions for 

pests are anticipated, forcing farmers to use more pesticides as well as increasing risks that 

pests become resistant. 
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Cotton producers in Andhra Pradesh are more resistant than producers in Punjab. Although 

cotton production in the coastal states is at risk for extreme weather and flooding, the overall 

cotton production in the region is less vulnerable to changes in water availability. Water 

associations are being formed by the government so that famers have a better understanding 

and manage water resources in a sustainable way. However, pesticide use is still a severe 

concern for this state. Farmers are committing suicide and contamination of water resources is 

being reported.  

 

Precariousness 
Several parts of the Punjabi region are already experiencing groundwater depletion, where 

groundwater tables are declining 70-76 cm annually due to more water is being used than 

what is replenish. The state is already classified as a drought sensitive area where 103 of 137 

groundwater units are categorized as over-exploited. Cotton farmers that are dependent on 

groundwater for irrigation are forced to dig deeper for water which is costly. To become more 

reliant on the monsoon is not a guarantee that crops are going to receive proper amounts of 

water at the right time which ultimately effects cotton yields in the region. The cotton 

producing system is reaching a threshold, where it might no longer be profitable to grow 

cotton in Punjab where water availability is becoming a problem. Farmers that have invested 

in wells and are indebted might face ruin when proper amount of water cannot be extracted 

and high yields cannot be reached. As for pesticide use, there is some evidence that cotton 

farmers are reaching an economic threshold. It seems that low yields, heavy debts and low 

market prices have lead several cotton farmers to commit suicide in recent years. 

 

The region of Andhra Pradesh is at risk for extreme weather phenomena which are predicted 

to increase in frequency and magnitude. Cotton production in the coastal districts is especially 

vulnerable where yields can be reduced and farmer livelihood is jeopardized. Farmers in 

Andhra Pradesh are coping with pest outbreaks mostly because the pests are becoming 

resistant to pesticides due to overuse. As a result farmers are heavily indebted and dependent 

on receiving high yields in order to sustain their livelihood. Tragically, farmers are taking 

their own lives in this region as well.  

Cotton production in this state is, in my opinion, reaching a threshold when it comes to 

pesticide use. Pest’s resistance to pesticide forces cotton farmer’s to over apply pesticide in 

order to control the outbreaks. Pesticide is costly and for those who do not have high 

marginal, achieving high yields is the only option to sustain their livelihoods. If the crop fails 
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or is not high enough, farmers are facing an economical crisis which makes them desperate 

and they take their lives.  

 

In conclusion, cotton production in Punjab is not resilient. Cotton production’s demand for 

water might not be met if the climate becomes warmer (latitude). Groundwater resources are 

already over-exploited and almost 99% of all cotton is irrigated and thus dependent on surface 

and groundwater to sustain high yields (resistance). Cotton producers in certain areas have 

difficulty finding water for irrigation since groundwater tables are declining. Also, salinisation 

caused by water logging is causing land degradation, preventing future crop expansion in a 

state where almost 84% of the area is already cultivated (precariousness). However, 

contamination of water resources due to pesticide in Punjab is not as severe, or at least not as 

well documented as it is for Andhra Pradesh.  

 

It is difficult to generalize whether cotton production in Andhra Pradesh is resilient or not. 

One reason is that the state is very large with a varying agro-climate. Farmers with cultivation 

near the coast may be less resilient after changes in precipitation and water availability due to 

climate change, than those who live in the western parts of the region. Cyclones events might 

increase in frequency and become more powerful, which cotton production in the area may 

experience leading to crop destruction (latitude). Saltintrusion in groundwater sources are 

becoming more frequent since farmers are relying more on groundwater for irrigation. 

However, thanks to governmental efforts to inform farmers on how to manage water 

resources, production in the state is becoming more resilient (resistence). Despite 

governmental efforts, heavy debt loads for pesticide use remain a severe concern in this state. 

Further, reports of contamination of water bodies and soils are also becoming more frequent 

in the region as well as suicide among cotton farmers (precariousness). 

 

Better management, meaning more control over how much water is harvested, as well as 

better technology for irrigation, should be adopted by farmers in Punjab – as is already being 

done in Andhra Pradesh. Both areas are experiencing problems with pesticide use and need to 

focus on minimizing water contamination and farmers’ debt problems. 
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Appendix I 

Cotton yields for the different districts in Punjab 
2005-2006  

      Cotton growing                     Yields 
          Districts                         (kg/hectare) 

Areas 
hectares 

Tarn Taran 529 1000 
Firozpur 679 9000 
Faridkot 571 3000 
Muktsar 689 5000 
Moga 484 2000 
Bathinda 525 9000 
Mansa 473 6000 
Sangrur 304 8000 
Patiala 529 1000 
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Appendix II 

Cotton yields for Andhra Pradesh cotton districts in 2005-2006 

Cotton growing District Yields 

(Kg/ha) 

Areas 

Hectares 

Srikakulam   412 2666 
Vizianagaram  133 17734 
Visakhapatnam  412 1834 
East Godavari  124 13939 
West Godavari  412 11196 
Krishna  328 45825 
Guntur  514 152978 
Prakasham  265 20988 
Nellore  412 4428 
Chittoor  152 4 
Cuddapah  138 14578 
Ananthapur  178 3295 
Kurnool  158 24333 
Mahaboobnagar  240 47634 
Rangareddy  323 18399 
Medak  438 15994 
Nizamabad  109 13279 
Adilabad  287 159415 
Karimnagar  390 117500 
Warangal  418 151260 
Khammam  341 109752 
Nalgonda  260 85598 
State  347 1032629 

Source. 
Ministri of agriculture 
in Punjab 
Agricultural statistics  
 

Source : 
Season & Crop Report AP 
Government 2005-06 Jesserina Flores 



Appendix III 
                                                           Source: Ministry of water resources of India, 2006 
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Appendix IV 
 

State wise cotton cropping area for the past 5 years. 
 

 

State 00-01 01-02 02-03 03-04 04-05 05-06 
Punjab 
 
Andhra 
Pradesh 

550 000 600 000 425 000 452 000 509 000 580 000 
 

 887 000 1 002 000 900 000 837 000 1 174 000 972 000 

Table 1. Shows how cotton cropping area (hectares) has been under the past six years in the two 
states.  Source: AICCP- PCs Report 
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