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Abstract
Purpose – Researchers and policymakers are figuring out the adaptation technologies to cope with the
changing climate. Adaptation strategies for crop production followed by the farmers at selected study
locations had ranged from 6-30 per cent only, and this was mainly due to lack of awareness about the
actual cost associated with adaptation and non-adaptation of these strategies.
Design/methodology/approach – Hence, this study aims to address the cost of adaptation for rice
using joint probability distribution of rainfall and crop prices.
Findings – Cost of adaptation varied from INR2,389 to 4,395/ha for System of Rice Intensification
(SRI); INR646 to 1,121/ha for alternate wetting and drying (AWD) and INR8,144 to 8,677/ha for well
irrigation (WI), whereas expected cost for not using these technologies has ranged from INR6,976 to
9,172/ha for SRI; INR4,123 7,764/ha for AWD and INR10,825 to 17,270/ha for WI. Hence, promotion of
the adaptation technologies itself will minimize the income losses to the farmers.
Research limitations/implications – Even though, there are many ways for farmers (other than
technology), to adapt to climate change (such as out-migration to cities, selling farm assets, focus on
children’s education, etc.), this report, given the framework of the major research study undertaken,
addresses only farm-level adaptation of the technologies to enhance farm income.
Originality/value – Public–private partnership in providing the technologies at cheaper costs,
capacity building in handling the technologies and creating awareness about the technologies to
minimize the expected cost of adaptation are suggested to improve the adoption level.
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1. Introduction
Agricultural production will face uncertainty, as there is regional variation of rainfall,
temperature, soils, crop yields, cropping systems and management practices
(Palanisami et al., 2011). The crop losses may increase further, if the predicted climate
change increases the climate variability. Simulation models on crop growth also
indicated that yield of some crops in tropical regions would decrease generally even with
a minimal increase in temperature under dryland agriculture (Prasad Rao et al., 2008).
To strengthen the climate forecasts, researchers are also developing ex ante-type
climate change forecasts by innovative approaches to assess the uncertainty of the
climate impacts (Mendelsohn et al., 2000; Immerzeel, 2008). Kavi Kumar and Parikh
(2001) and Sanghi and Mendelsohn (2008) have estimated that, under moderate climate
change scenarios, there could be about a 9 per cent decline in farm-level net revenues in
India. A one-degree increase in temperature may reduce yields of wheat, soybean,
mustard, groundnut and potato by 3-7 per cent (Kavi Kumar et al., 2010). The yield
losses are likely to be substantially higher with the long-term climate change scenarios
(Nagothu et al., 2012). Such climate-forecast tools and scenarios can help evaluate
sector-specific, incremental changes in risk over the next few decades (Wilby et al.,
2009). The clear message from these studies is that climate change will affect crop
production and income and therefore appropriate adaptation measures are necessary at
the farm level.

Adaptations are adjustments or interventions which take place to manage the losses
or take advantage of the opportunities presented by a changing climate (IPCC, 2001).
Adaptation occurs at two levels:

(1) Farm-level adaptation which mainly focuses on farming-related interventions or
adjustments and are related to short-term periods and influenced by seasonal
climate variations and local agricultural cycles.

(2) The regional- or national-level adaptation which focuses on the agricultural
production at the macro level, linking domestic and international policy
(Kandlinkar and Risbey, 2000; Bradshaw et al., 2004).

The assessment of farm-level adaptation strategies is important in providing
information necessary to the implementing agencies and government for formulating
the needed policies. The adaptation strategies include physical investment in creating
farm structure, as well as management technologies such as improved crop and water
management practices, several of which have been already examined by the
researchers. For example, Palanisami et al. (2011) have studied the adaptation measures
such as direct seeding of rice (DSR), AWD, machine transplanting, system of rice
intensification (SRI) and water management options for maize and incorporated them in
the optimization model that could help minimize the incidence of climate change impacts
on crop yields, labor use and water use in selected river basins in India. Abraha and
Savage (2006) studied the potential impact of climate change on maize yield at Cedara,
KwaZulu-Natal, South Africa with different planting dates, such as on normal dates, 15
days earlier and 15 dates later. The farm management components appear to be
prominent in the literature (Till et al., 2010) where most of the adaptation practices had
included the adjustments in farm management and technology (53 per cent), followed by
knowledge management, networks and governance (15 per cent), diversification
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(14 per cent), government interventions (13 per cent) and financial management of farms
(5 per cent).

The question is how best farmers can follow-up with the adaptation measures to
cope with the climate change impacts. Charles and Hassan (2007) had studied the
farm-level adaptation strategies in southern Africa such as using different varieties,
planting different crops in different planting dates, diversifying from farm to
non-farm activities, increasing number of irrigations and adopting soil conservation
techniques. But, many farmers do not want to invest on such technologies due to
inadequate know-how on the technologies, lack of financial support, poor
climate-change forecasts and high cost of the technologies (Clements et al., 2011).
Further, adoption level of the technologies is influenced by the occurrence of various
climate events such as variation in rainfall during different periods (Palanisami
et al., 2011). In general, farmers see only the actual benefits (which are comparatively
small) due to the technology adoption from their past experiences but do not foresee
the expected costs (which are comparatively high) for not following the adaptation
strategies. Exposing the farmers to the actual cost of adaptation, as well as to the
expected income associated with adaptation measures, may motivate them toward
better adaptation measures. However, the main question is how to estimate the
actual cost of adaptation and the expected cost of not using the adaptation
technologies given the occurrence of the climate events (such as variation in rainfall
and variations in crop prices). More specifically, the questions are:

Q1. What is the expected cost of the status quo?

Q2. What are the actual costs of various adaptation options for reducing that cost?

Q3. What approach will be necessary to upscale the technology adaptation?

Nevertheless, several external adaptation strategies such as out-migration to cities,

intensifying nonfarm activities, selling farm assets, focusing on children’s
education, etc. are observed in the study regions. This report attempts to document
the farm-level adaptation technologies followed in the three major river basins,
Godavari, Krishna and Cauvery, work out the actual cost of adaptation and expected
cost of non-adoption of the adaptation technologies and suggest approaches to
enhance technology adaptation.

2. Review of studies and concepts
The science of climate change and adaptation is of very recent origin and large
uncertainties remain in all components of the climate change analysis. Climate changes
could impose large adaptation costs due to the interplay of several factors. However, not
many studies have addressed the cost of adaptation due to climate change. Nelson et al.,
2009 had worked out the cost of adaptation in agriculture at the macro (country) level.
They indicated that to assess the costs of adaptation alone, it is important to identify
agricultural productivity investments that reduce child malnutrition with climate
change to no-climate-change levels, holding all other macro changes constant, such as
income and population growth. At farm level, the cost of adaptation refers to the
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farmers’ expenditure towards the adaptation measures which also have direct and
indirect components. The direct component refers to the additional cost of the
technology over the conventional practices and the indirect component refers to the
other expenses related to adopting of the technologies in the field (Palanisami et al.,
2012).

Another important aspect is to determine the cost of not adopting the adaptation
strategies. As climate change will lead to wide-ranging impacts on the natural and
man-made environment across different sectors and regions that, in turn, will lead to
economic costs, these costs of climate change can be referred to as the cost of inaction.
However, information on the costs of inaction remains limited (EEA, 2007). EC
Communication (2005) termed the economic effects of climate change as the “cost of
inaction”. Also the economic impact can be divided into direct and indirect impacts,
where direct impact reflects on the agricultural production and the indirect impact
reflects on the changes in production associated with the price changes. Expressing
such impacts in monetary terms provides a common metric to assess the cost of inaction
across sectors. Further, in most economic analyses, future costs and benefits of climate
change are discounted before they are summed up. The use of a larger discount rate
means that a smaller weight is given to future costs and benefits (Ackerman and
Stanton, 2006).

Following this analogy, the expected cost due to climate change will reflect the
reduction in revenue. For example, in case of crop production, occurrence of the rainfall
and price events during the crop season will influence the farmers’ choice of technology
adoption. Under such circumstances, quantifying the reduction in crop revenue is
important. The expected cost can be termed as expected cost of uncertainty as farmers
cannot predict the climate event before the crop season. In this context, the value of
information about the uncertainty in the states of nature[1] is important, as it could
address all uncertainties about the outcomes for making alternative decisions among
the available technologies.

Value of information could thus reflect the costs associated with not adopting the
adaptation technologies. Laxminarayan and Macauley (2012) referred to value of
information as state-of-the-art methodology, investigating how information on the use
of different options is valued across multiple spectra. Researchers in the health field
have developed some of the most innovative methodologies for valuing information,
which is used to help determine, for example, the value of diagnostics in informing
patient-treatment decisions. In the field of space, recent applications of
value-of-information methods are critical. In the case of the agriculture sector, it reflects
the benefits foregone for not adopting the adaptation strategies where, increased
uncertainty in crop production due to climate change provides an incentive to defer
investments.

Howard (1966) proposed the expected value of perfect information (EVPI), a measure
of how much it would be worth to learn the “true” values for all uncertain input
variables. While providing a highly useful measure of sensitivity to uncertainty, the
EVPI does not directly capture the actual improvement in decisions obtained from
explicitly representing and reasoning about uncertainty. In other words, if uncertainty
relating to climate change is explicitly taken into account when the production decision
is made, expected benefits will be higher. In decision theory and quantitative policy
analysis, the expected value of including information is the expected difference in the
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value of a decision based on a probabilistic analysis versus a decision based on an
analysis that ignores uncertainty. Thus, the value of perfect information provides an
easily calculated benchmark about the worth of making alternative decisions to address
the climate change impacts.

In this paper, we apply the cost of adaptation, cost of uncertainty and value of
information in analyzing the different adaptation practices in the farming sector. This
paper thus contributes in strengthening the measurement methodologies in the climate
impact evaluation.

3. Methodology: study regions, technologies, sample, data and tools of
analysis
3.1 Study region
This paper is based on a major study on climate change adaptation technologies
implemented by the International Water Management Institute (IWMI) in collaboration
with Bioforsk Norway, and funded by the Norwegian Embassy during 2010-2012. The
study covered three major rice-growing river basins in Southern India, viz., Godavari,
Krishna and Cauvery, as the main focus of the Norwegian collaboration was on climate
change adaptations focusing on rice. As the basins are so vast in terms of hydrological
boundaries spreading into other states, only the reservoir command areas falling within
Andhra Pradesh state under Godavari and Krishna basins and those falling in Tamil
Nadu state under the Cauvery Basin were included for in-depth study. Accordingly, in
the Godavari River Basin, the Manjeera command in Medak District and Sri Ram Sagar
Project command areas from Nizamabad District were included for the data analysis
(Figure 1).

Where the Krishna River Basin was concerned, the Nagarjuna Sagar command area
and Krishna Western Delta of Guntur districts were covered. Where the Cauvery River
Basin was concerned, the Lower Bhavani project command area was covered.

3.2 Identification of the adaptation technologies in the basins
The technologies prevalent in the selected study locations were surveyed and analyzed
in detail for their adoption level. Because the technologies are mostly related to the
irrigated rice situations, the technologies followed in the three basins are considered
adequate to address the climate change adaptations by the farmers. An earlier study
conducted by Palanisami et al. (2012) in the region has also identified similar
technologies to address the climate change adaptations in rice. Accordingly, the
following farm-level technologies were included in this study for analyzing the
farm-level adaptations:

• The Godavari River Basin (Manjeera command and Sri Ram Sagar Project
command areas): SRI, alternate wetting and drying (AWD) and well investment
(WI).

• Krishna River Basin (Nagarjuna Sagar command area): subsurface drainage
(SSD), SRI, AWD and DSR.

• Cauvery River Basin (Lower Bhavani project command area): SRI, AWD and WI.

3.3 Sample
The farmers who have adopted the above farm-level technologies in the selected project
locations were enumerated and they formed the sample for the study. The sample
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farmers varied among the project locations, as well as among the technologies. In all, 294
farmers were covered in the three river basins as detailed below:

(1) Godavari River Basin (Manjeera command and Sri Ram Sagar Project command
areas): 100 farmers.

(2) Krishna River Basin (Nagarjuna Sagar Project command area): 104 farmers.
(3) Cauvery River Basin (Lower Bhavani Project command area): 90 farmers.

3.4 Data
Data relating to socioeconomic aspects of farm households (such as age, gender,
education, experience in farming), farm size, irrigation sources, water supplies, crop
pattern, crop yield, cost of crop cultivation and cost and returns of different climate
adaptation technologies being practiced in the three river basins were collected from
farmers through the survey method using a pretested questionnaire during July 2011 to
June 2012. As not all the sample farmers are adopting, all the identified technologies, the
crop yield, cost of cultivation and income under the current practices were also collected
from those farmers who have not adopted the adaptation technologies. For example,
farmers adopting SRI may not be adopting the AWD and hence a cross-comparison of
the farmer technology adoptions was made and this way, the sample famers were able
to provide information necessary on the costs and returns of different technologies. The
cost of technologies includes both capital costs and operating costs. The capital costs

Figure 1.
Map showing the

selected project
locations in the three
river basins in India
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were mostly related to farm-level investment by the farmers to get the technology
backups (e.g. SSD and supplemental irrigation from wells).

In addition to the crop production and physical investment costs (e.g. well investment
and SSD), farmers also incurred some non-input costs associated with the adoption of
the technologies. For example, in the case of SRI, farmers used to spend several hours in
visiting the extension officials to get the eligible subsidy toward cono weeders, etc. In the
case of WI, farmers spent extra time and money in mobilizing the bank loans. Under
such circumstances, the total time spent in mobilizing the services for technology
adoption was obtained through farmer discussions, and the time spent was converted
into monetary values using imputed value of the farmers’ time using market wages. If
the farmer spends two days for getting the cono weeder, it is equivalent to INR400 as his
total wage earnings (at INR200/day). Similarly, the money spent for facilitating the loan
approval for WI, as well as for SSD, was added to get the total non-input cost which is
referred to here as transaction cost associated with that technology. The definition of the
transaction cost is the same as that used in another study on the adoption of the SRI
(Palanisami et al., 2013).

As no records on the actual adoption of the technologies are available, the actual
adoption levels of the technologies in the basins were obtained from focus group
discussions and stakeholder meetings held in different project locations in association
with the agricultural extension officials who helped in the estimation of the adoption
levels. The number of focus group discussions varied from three to four in each project
location and the stakeholder meetings ranged from two to three in each location. In each
focus group discussion, 20-25 farmers participated, and in each stakeholder meeting,
10-15 persons participated.

Further, data relating to the occurrence of different rainfall events and price changes
in a 10-year period were also collected from the published sources in the project area and
using this, the probability of occurrence of rainfall as surplus, normal, deficit and failure
were worked out. Similarly, the probability of occurrence of high, medium and low crop
prices was worked out using the time series on crop prices.

3.5 Tools of analysis
Tools of decision analysis falling under the gamut of decision theory can be used to
analyze economics of different interventions (Swarup et al., 2012; Taha, 2010). The
tendency of the farmers to adopt the interventions can be explained through the
additional income generated by adopting them. For example, in the case of WI for
supplemental irrigation, farmers prefer to have the well mainly to minimize the income
loss due to poor crop yield in the event of rainfall failure. Hence, incorporating the
behavior of the rainfall and prices in crop production is important to maximize the
income of the farmers. In this situation, for example, farmers’ current irrigation behavior
(X1) is induced by rainfall distribution and can be described by a probability distribution
as stated in Table I.

The next uncertain factor is the fluctuations in price of the crops. In cases of normal
and surplus rainfall periods, when crop production is more, prices may comparatively
decrease. The situation may reverse in below-normal rainfall periods when prices will be
high due to reduction in production of crops. So the price of the crop (X2) has three levels:
low (X21), normal (X22) and high (X23). The probability of their occurrence as low,
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medium and high was calculated using 10-year time series, and calculated values were
used in the estimation of the joint probabilities.

The probability distribution of X2 can be stated as given in Table II. Because the
irrigation behavior and price levels are independent, their joint probabilities are given
by the product of separate probabilities (Palanisami et al., 2012):

p(Xij) � pij � p(X1 � X1i, X2 � X2j) � p(X1 � X1i)p(X2 � X2j)

� piqj i � 1, 2, 3, 4; j � 1, 2, 3 (1)

There are 12 combinations of irrigation strategies and price levels. Each combination
(X1i,X2j) can be called as a “state of nature” because the farmer has no control over either
rainfall or price level. The probability distribution of the state of nature is given by
equation (1).

In our case, farmers have different technology options to adopt such as SRI, AWD,
DSR, WI and SSD. In the language of decision analysis, each technology is called an
“alternative strategy” or simply “strategy”. For each technology adopted, the net return
can be computed for each state of nature and then using the joint probabilities, the
Expected Monetary Value (EMV) for each technology can be worked out as follows:

EMVT � �
i�1

i�4

�
j�1

j�3

(Rij � rij)pij (2)

where, Rij and rij are, respectively, the returns with and without technology T when the
state of nature is (X1i,X2j). Normally, Rij � rij, because the farmer derives extra benefit
due to application of technology and in the language of decision analysis, the difference
Rij � rij is called “payoff” corresponding to the state of nature (X1i, X2j). The expected
monetary value is defined as the weighted sum of the net benefits where the weights are
the corresponding (joint) probabilities.

Table I.
Probability

distribution of
irrigation strategies

of farmers

Serial no. Farmers’ irrigation strategy (depending on rainfall pattern) Probability

1 Normal irrigation to crops (X11) to few crops (X11) p1

2 Adopt water management practice (X12) p2

3 Under-irrigate crops (X13) p3

4 No irrigation (X14) p4

Table II.
Probability

distribution of price
of crop

Serial no. Crop price level Probability

1 Low (X21) q1

2 Normal (X22) q2

3 High (X23) q3
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Equation (2) can be rewritten as:

EMVT � �
i�1

i�4

�
j�1

j�3

Rij pij � �
i�1

i�4

�
j�1

j�3

rij pij (3)

The first term gives the expected gross return with technology and the second term
refers to the expected gross return without applying the technology. Thus, the expected
monetary value is the difference between expected gross return with and without
technology. This is the expected net profit (or benefit) for adopting technology T.

Further, the farmer can choose that technology for which EMVT is maximum and
this is referred to as the optimum technology. That is, EMV is based on “Imperfect
Information” because the farmer is not aware of what the state of nature will be, and so,
it is called expected value under uncertainty.

Decision theory analysis further helps us compute the Expected Opportunity Loss
(EOL) or EVPI which is the difference between the expected value with perfect
information (about state of nature) and the expected value with current information. In
other words, EVPI is the maximum amount a decision-maker should pay for additional
information that gives a perfect signal as to the state of nature. We provide an in-depth
analysis of this concept below and use slightly different notations.

To identify the most ideal situation for decision-making, the exact outcome of the
state of nature should be known. For example, let there be k alternative technologies
(hereafter, we shall call them as strategies) and n states of nature whose probability
distribution is pi, i � 1, 2, . . . n. Let Pij, i � 1, 2, . . . n; j � 1,2, . . . k be the payoff when the
state of nature is i and the farmer selects strategy j. The payoffs can be represented in the
form of a matrix known as “payoff matrix” (Table III).

Then the expected payoff for the strategy j is given by:

EMVj � �
i�1

n

piPij, j � 1, 2, . . .k (4)

Then the optimal strategy for the farmer will be to select that strategy for which EMV
is maximum. So the expected monetary value is given by:

EMV � Max
j

�EMVj, j � 1, 2, . . . k� (5)

Table III.
Payoff matrix

Strategy
1 2 · j · k

State of nature
1 P11 P12 · P1j · P1k

2 P21 P22 · P2j · P2k

· · · · · · ·
i Pi1 Pi2 · Pij · Pik

· · · · · · ·
n Pn1 Pn2 · Pnj · Pnk
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This is the expected value under imperfect information. If the predicted state of nature
is i, then the farmer will select that strategy which will correspond to maximum payoffs
given in the i th row. If Ri is the maximum payoff corresponding to the state of nature i
predicted, then:

Ri � Max
j

�Pij, j � 1, 2, . . k�, i � 1, 2, . . . n (6)

Then the expected payoff to the farmer with perfect information is:

EPwPI � �
i�1

n

piRi (7)

This is the maximum payoff the farmer can achieve. From equation (6), for each i,
Ri � Pij, j � 1, 2, . . n and so � i�1

i�n piRi � � i�1
i�n piPij. That is:

EPwPI � EMVj, j � 1, 2 . . . n (8)

This shows that the expected payoff with perfect information is always greater than the
expected monetary value for any strategy j and from equation (5), it can be easily seen
that:

EPwPI � EMV (9)

Now consider the difference, EPwPI � EMVj. This represents the opportunity loss
corresponding to the strategy j, and we shall denote it by EOLj and this loss will be a
minimum when the farmer adopts the optimal strategy. The EVPI is the difference
between expected payoff with perfect information and expected payoff with imperfect
information. That is:

EVPI � EPwPI � EMV � Min
j

�EPwPI � EOLj, j � 1, 2, . . k� (10)

The EVPI is also known as the Expected Opportunity Loss for not adopting the best
decision. The above methodology can be represented in the form of a Flow Chart as
shown in Figure 2. The expected monetary value of a technology, EMVT given in
equation (3) can also be interpreted as the net loss the farmer will incur if he is not
adopting technology T. Because this measure is based on uncertainties in the state of
nature, we shall term it as Expected Cost of Uncertainty 1 (or ECU1). The difference
EPwPI � ECU1 will be termed as Expected Cost of Uncertainty 2 (or ECU2). It can be
easily seen that for optimal technology, ECU1 will have a maximum value and ECU2
will have a minimum value. Further, EVPI is the minimum value of ECU2. Finally, the
sum of ECU1 and ECU2 will always be equal to that of EPwPI.

4. Technologies, cost of adaptation and expected cost of uncertainty in
rice production
4.1 Technologies adopted
Given the importance of crop management technologies in improving the crop yield, it is
important to identify the relevant technologies that farmers can adopt as a measure to
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address the climate change impacts in agriculture that can be considered for adoption
both in the short run and the long run. Data related to SRI in all the three basins show
that the input application including water has been reduced. In the case of AWD, water
is applied throughout the rice-growing season in a regulated manner without affecting
the plant growth and grain filling (Rejesus et al., 2011). On the other hand, supplemental
irrigation from wells (WI) is used to overcome the water scarcity and crop loss during
the final phase of the crop. Even though supplemental irrigation has increased the cost
of irrigation, it has also resulted in increased yield.

The SSD is another important practice adopted in the low-lying regions to overcome
the poor drainage and salinity. Water use did not vary with the technology but an
increase in yields and operational costs has been noticed. Another practice adopted is
the DSR which refers to the spreading of seeds in fields before or immediately after
pre-monsoonal showers. The method does not require seed nursery and transplanting of
seedlings. Instead, the seeds are directly sown in the main field by spreading manually
or with the help of a tractor and attached implements at a depth of 2-3 cm. Based on the
availability of water, fields need to be irrigated 45-60 days after sowing and turned into
a wet system. Hence, the direct seeding method used less water and labor, and has lower
cultivation costs without any penalty in the yields. The details of the technologies and
their costs are given in Appendix.

4.2 Adaptation cost of the technologies
We refer to the adaptation costs as the costs associated with the implementation of the
agriculture and water management technologies by the farmers, as these technologies

EPwPI

State of Nature i Alterna�ve Strategy j

Expert
Predic�on

Payoff Pij

EMVT = ECU1

ECU2 = EPwPI−ECU1

EVPI

Figure 2.
Flowchart to
compute EVPI
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are already available but not practiced by all the farmers. As explained in Section 3.4, the
adaptation cost of these technologies includes both additional investment made (due to
the technology over the traditional practices) plus the transaction cost (in terms of time
and other expenses in getting the technology or practices in place). The additional
investment and the transaction cost could vary among the technologies and affect the
technology adoption level. It is seen from Table IV that the transaction cost is
comparatively higher for WI and SSD due to their high capital investment followed by
SRI due to its high management intensity. The cost of adaptation is thus ranging from
INR3,520/ha for DSR to INR8,800/ha for WI.

4.3 Adoption levels of the technologies
An earlier study has indicated that farmers’ adoption levels are comparatively low
(Palanisami et al., 2012). In the case of the three study basins, the level of adoption of the
technologies had ranged from 6 per cent in the case of SRI, SSD and DSR to 30 per cent
in the case of WI, indicating the importance of upscaling the technologies, as well as
identifying the constraints in their adoption (Table V).

Table IV.
Adaptation cost of
the technologies in

rice production

Technologies
Additional cost of the

technology (Rs/ha)
Transaction cost

(Rs/ha)
Adaptation cost

(Rs/ha)

Godavari basin
SRI 1,279 1,110 2,389
AWD 1,664 150 1,814
Wells for supplemental irrigation (WI) 6,620 1,524 8,144

Krishna basin
SRI 3,232 1,163 4,395
AWD 478 168 646
DSR �4,300 780 �3,520
SSD 7,500 1,300 8,800

Cauvery basin
SRI 2,232 1,222 3,454
AWD 956 165 1,121
Wells for supplemental irrigation (WI) 6,799 1,878 8,677

Note: USD1.00 � INR63

Table V.
Adoption levels of
technologies in the

river basins

Technologies
Adoption %

Godavari basin Krishna basin Cauvery basin

SRI 6 7 11
DSR 0 6 0
SSD 0 6 0
Supplemental WI 8 – 30
AWD 7 8 10

Note: Field surveys and stakeholder discussions in the basins
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However, the adoption varies among the technologies, probably due to the preference of
farmers in adopting a technology/practice available to them and the costs of adaptation.
In the case of WI and SSD, the initial cost is high but the costs tend to decrease once the
farmers expand the area under these technologies. Some technologies such as SRI, AWD
and DSR are less costly, as they involve mostly the managerial inputs. Other factors
such as farmers’ poor knowledge in handling it, lack of skilled laborers in doing the crop
operations, poor water control from canal systems, high transaction costs, etc. also
constrain the adoption of the technology.

4.4 Expected cost of uncertainty in rice production
It is important to see how the non-adoption will cost the farmers. The expected cost of
uncertainty-1 (ECU 1) which is the profit forgone for non-adoption of the technologies
will be a clear indication of the farmers’ decision-making behavior which will vary
according to the type of technology and the occurrence of uncertain events such as
erratic rainfall pattern and varying crop prices. In the three basins studied, the ECU1 for
SRI was calculated with the probability of using traditional transplanting methods at
0.8 and adopting SRI at 0.2. The probability of low-, normal- and high-output prices was
arrived at 0.3, 0.4 and 0.3, respectively, for all the three basins based on the time series on
prices which were used to compute the joint probabilities. Using equations (2) and (3) the
expected cost of uncertainty 1, ECU1, were computed. The ECU1 for SRI ranged from
INR6,176 to 9,172/ha in the three basins (Table VI). Similarly, ECU1 for the other two
technologies was computed. The ECU1 for AWD ranged from INR4,000 to 8,000/ha in
the three river basins.

In the case of SSD, the benefits were estimated for method of traditional flooding,
adapted to SSD, of under-irrigating the crop and with no irrigation to the crop, with the

Table VI.
ECU1 for non-
adoption of the
technologies

Technologies

Expected gross margin
with technology

(INR/ha)

Gross margin
without technology

(INR/ha)

Expected monitory
value (or) ECU1

(INR/ha)

Godavari basin
SRI 25,694 16,522 9,172
AWD 23,327 15,564 7,764
Wells for supplemental
irrigation (WI) 19,810 2,540 17,270

Krishna basin
SRI 26,296 19,320 6,976
AWD 21,441 17,318 4,123
DSR 10,792 4,923 5,869
SSD 6,350 �4,475 10,825

Cauvery basin
SRI 26,194 17,825 8,369
AWD 23,241 16,496 6,745
Wells for supplemental
irrigation (WI) 22,244 6,566 15,678

Note: USD1.00 � INR63
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probability of 0.5, 0.2, 0.2 and 0.1, respectively. The ECU1 for SSD worked out to
INR10,825/ha for not investing in SSD measures. Thus, addressing the ECU1 will help
the farmers in their decision-making process on technology adoption.

The DSR is practiced in the semiarid and tail ends of the command area in the
Krishna River Basin. The probability of adapting the DSR will be 0.3 and the rest (0.7)
with the transplantation method. The ECU1 for the DSR is INR5,869/ha. In the case of
WI, the ECU1 has ranged from INR15,000 to 17,000/ha.

In all the cases, the cost of uncertainty is higher than the cost of adaptation, indicating
that farmers are incurring more losses for their non-adoption of the technologies
(Figure 3). The possible reason might be that the costs of adaptation are more or less
known before the crop season and they are related to the technology costs alone,
whereas cost of uncertainty is unknown prior to the season due to the interplay of both
the rainfall and price events and they are related to both adaptation costs and other crop
production costs.

As the ECU-1 reflects the non-adoption cost of the technology, it is interesting to
examine whether the farmers who have adopted the technologies are also maximizing
their crop income through these technologies. In this context, a comparison of the
various adaptation practices was made to get an idea of the farmers’ optimal
decision-making. Given the technologies that are adopted, the expected cost (reduction
in revenue) for not adopting them at the level that gives the maximum income (optimal
decisions) can be referred to as ECU2. As indicated earlier, the WI and the SSD are
physical investments and the SRI, DSR and AWD are management interventions. In the
case of the management strategies, the optimal decisions and the EVPI were analyzed
using equations (4)-(7) and (10) and are given in Table VII. In the case of the physical
investments, only one strategy (either WI or SSD) was adopted in the basins studied, and
hence, the optimal decision level was not calculated.

The ECU2 for AWD is high in all the basins. In the case of the Krishna Basin, as the
present adoption of SRI has the maximum returns, ECU2 is zero. Hence, it is important
to see how best farmers’ adoption of the technologies is close to the optimum
decision-making so that the cost of uncertainty could be minimized. Given the ECU1 and
ECU2, it is important to focus on ECU1, as it is directly addressing the technology
adoption.

5. Conclusions and policy recommendations
The impact of climate change in the river basins is fully acknowledged by several
studies in recent years. Even though technologies/improved practices such as SRI,
AWD, DSR, SSD and WI for supplemental irrigation are available to the farmers, the
adoption level is very low. High cost of the technologies, as well as lack of awareness,
and technical skills on the adaptation technologies are the key constraints in the better
adoption of the adaptation technologies. Poor water control at the system level also
contributed to the poor adoption of technologies such as SRI and AWD. As a result, the
expected cost for not adopting the adaptation technologies in rice is significantly high
compared to actual cost of the adaptations in the river basins. Hence, the results give a
strong message for promoting the technology adaptation to address the climate change
impacts in agriculture.

To speed up the technology spread, policy interventions in terms of supplying the
quality seeds in time, machine transplanting (for SRI), water regulation in the canals,
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capacity-building programs and monitoring the technology adoption in the fields
through stakeholder participation are highly warranted.

Further, the study has given an idea of the cost associated with the technology
adoption and the investment needed for technology transfer programs at macro level.
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Technology
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expected cost of
uncertainty in three
river basins
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Table VII.
ECU2 for non-
adoption of the

technologies
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The policymakers can plan the technology transfer program and investment priorities
accordingly.

6. Limitations of the study
Even though, there are many ways for farmers (other than technology) to adapt to
climate change (such as out-migration to cities, selling farm assets, focus on children’s
education, etc.), this report, given the framework of the major research study
undertaken, addresses only farm-level adaptation of the technologies to enhance farm
income.

Note
1. Combination of irrigation strategies and price levels (X1i, X2j), mentioned later on, can be

called a “state of nature” because the farmer has no control over either rainfall or price level.

References
Abraha, M.G. and Savage, M.J. (2006), “Potential impacts of climate change on the grain yield of

maize for the midlands of KwaZulu-Natal, South Africa”, Agriculture Ecosystems &
Environment, Vol. 115 Nos 1/4, pp. 150-160.

Ackerman, F. and Stanton, E. (2006), “Climate change – the costs of Inaction”, Global development
and environment Institute, Tufts University, available at: www.foe.co.uk/resource/reports/
econ_costs_cc.pdf (accessed 4 March 2013).

Bradshaw, B., Dolan, H. and Smit, B. (2004), “Farm-level adaptation to climatic variability and
change: crop diversification in the Canadian Prairies”, Climatic Change, Vol. 67 No. 1,
pp. 119-141.

Charles, N. and Hassan, R. (2007), “Micro-level analysis of farmers’ adaptation to climate change
in Southern Africa”, IFPRI Discussion Paper 00714, Environment and Production
Technology Division, International Food Policy Research Institute, Washington, D.C.

Clements, R., Haggar, J., Quezada, A. and Torres, J. (2011), Technologies for Climate Change
Adaptation – Agriculture Sector, in Zhu, X. (Ed.), UNEP Risø Centre, Roskilde.

EC Communication (2005), “Impact Assessment Guidelines SEC 791”, 15 June.
European Environment Agency (EEA) (2007), “Climate change: the cost of inaction and the cost of

adaptation”, EEA technical report No 12/2007, Copenhagen.
Howard, R.A. (1966), “Information value theory”, IEEE Transactions on Systems Science and

Cybernetics, Vol. 2 No. 1, pp. 22-26.
Immerzeel, W. (2008), “Historical trends and future predictions of climate variability in the

Brahmaputra Basin”, International Journal of Climatology, Vol. 28 No. 2, pp. 243-254.
IPCC (Intergovernmental Panel on Climate Change) (2001), Climate Change 2001: Impacts,

Adaptation, and Vulnerability: Intergovernmental Panel on Climate Change, Cambridge
University Press, Cambridge.

Kandlinkar, M. and Risbey, J. (2000), “Agricultural impacts of climate change: if adaptation is the
answer, what is the question?”, Climatic Change, Vol. 45 Nos 3/4, pp. 529-539.

Kavi Kumar, K.S. and Parikh, J. (2001), “Indian agriculture and climate sensitivity”, Global
Environment Change, Vol. 11 No. 2, pp. 147-154.

Kavi Kumar, K.S., Shyamsundar, P. and Nambi, A.A. (2010), “The economics of climate change
adaptation in India-Research and policy challenges ahead”, SANDEE policy note, 42-10.

Laxminarayan, R. and Macauley, M.K. (2012), “The value of information: methodological frontiers
and new applications in environment and health”, Springer Science, Vol. 22 No. 1, pp. 13-24.

IJCCSM
7,1

92

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/7/1/76/815950/ijccsm-04-2013-0059.pdf by guest on 13 June 2026

http://www.foe.co.uk/resource/reports/econ_costs_cc.pdf
http://www.foe.co.uk/resource/reports/econ_costs_cc.pdf


Mendelsohn, R., Morrison, W., Schlesinger, M.E. and Andronova, N.G. (2000), “Country-specific
market impacts of climate change”, Climatic Change, Vol. 45 Nos 3/4, pp. 553-569.

Nagothu, U.S., Gosain, A.K. and Palanisami, K. (2012), Water and Climate Change: An Integrated
Approach to Address Adaptation Challenges, Macmillan Publishers India, New Delhi.

Nelson, G., Rosegrant, M., Koo, J., Robertson, R., Sulser, T., Zhu, T., Ringler, C., Msangi, S.,
Palazzo, A., Batka, M., Magalhaes, M., Valmonte-Santos, R., Ewing, M. and Lee, D. (2009),
Climate Change: Impact on Agriculture and Costs of Adaptation, International Food Policy
Research Institute, Washington, D.C.

Palanisami, K., Karunakaran, K., Amarasinghe, U. and Ranganathan, C.R. (2013), “Doing different
things or doing it differently? – rice intensification practices in 13 States of India”, Economic
and Political Weekly, Vol. 48 No. 8, pp. 51-58.

Palanisami, K., Kakumanu, K.R., Suresh Kumar, D., Chellamuthu, S., Chandrasekar, B.,
Ranganathan, C.R. and Giordano, M. (2012), “Do investments in water management
research pay? An analysis of water management research in India”, Water Policy, Vol. 14
No. 4, pp. 594-612.

Palanisami, K., Ranganathan, C.R., Kakumanu, K.R. and Nagothu, U.S. (2011), “A hybrid model to
quantify the impact of climate change on agriculture in Godavari river basin”, Energy and
Environment Research, Vol. 1 No. 1, pp. 32-52.

Prasad Rao, G.S.L.H.V., Rao, G.G.S.N., Rao, V.U.M. and Ramakrishna, Y.S. (2008), Climate Change
and Agriculture over India: AICRP on Agrometeorology, Mac World, Thrissur.

Rejesus, R.M., Palis, F.G., Rodriguez, D.G.P., Lampayan, R.M. and Bouman, B.A.M. (2011),
“Impact of Alternate wetting and drying (AWD) water-saving irrigation technique:
evidence from rice producers in the Philippines”, Food Policy, Vol. 36 No. 2, pp. 280-288.

Sanghi, A. and Mendelsohn, R. (2008), “The impact of global warming on farmers in Brazil and
India”, Global Environmental Change, Vol. 18 No. 4, pp. 655-665.

Swarup, K., Gupta, P.K. and Mohan, M. (2012), Operations Research, Sultan Chand & Sons, New
Delhi.

Taha, H.A. (2010), Operations Research-An Introduction, Pearson Education, New Delhi.
Till, B., Artner, A., Siebert, R. and Sieber, S. (2010), “Micro-level practices to adapt to climate

change for African small-scale farmers”, IFPRI discussion paper 00953, International Food
Policy Research Institute, Washington, D.C.

Wilby, R.L., Troni, J., Biot, Y., Tedd, L., Hewiston, B.C., Smith, D.M. and Stuffon, R.T. (2009), “A
review of climate risk information for adaptation and development planning”, International
Journal of Climatology, Vol. 29 No. 1, pp. 1193-1215.

93

Climate
change

impacts

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/7/1/76/815950/ijccsm-04-2013-0059.pdf by guest on 13 June 2026



Appendix

Table AI.
Details of the
adaptation
technologies, costs
and returns in the
three basins

Pa
rt

ic
ul

ar
s

G
od

av
ar

ib
as

in
SR

I
A

W
D

W
I

Se
ed

ra
te

(k
g/

ha
)

5
(6

5-
75

)
65

-7
5

65
-7

5
D

ay
s

to
tr

an
sp

la
nt

15
-2

0
(3

0)
30

30
La

bo
r

us
e

(d
ay

s/
ha

)
40

(3
0)

35
(3

0)
30

T
ot

al
w

at
er

us
ed

(m
m

)
71

0
(1

,3
00

)
1,

15
0

(1
,3

90
)

1,
35

0
(9

50
)

Y
ie

ld
(k

g/
ha

)
6,

04
0

(5
,5

80
)

5,
40

0
(4

,6
00

)
5,

19
0

(3
,0

05
)

O
pe

ra
tin

g
co

st
(IN

R
/h

a)
37

,0
13

(3
5,

73
4)

31
,1

80
(2

9,
51

6)
31

,4
82

(2
6,

91
7)

G
ro

ss
re

tu
rn

(IN
R

/h
a)

59
,7

96
(5

2,
25

6)
52

,9
20

(4
5,

08
0)

50
,8

62
(2

9,
44

9)
G

ro
ss

m
ar

gi
n

(IN
R

/h
a)

22
,7

83
(1

6,
52

2)
21

,7
40

(1
5,

56
4)

19
,3

80
(2

,5
40

)
A

dd
iti

on
al

co
st

(IN
R

/h
a)

1,
27

9
1,

66
4

6,
62

0*
(c

on
tin

ue
d)

IJCCSM
7,1

94

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/7/1/76/815950/ijccsm-04-2013-0059.pdf by guest on 13 June 2026



Table AI.

Pa
rt

ic
ul

ar
s

K
ri

sh
na

ba
si

n
Ca

uv
er

y
ba

si
n

SR
I

A
W

D
D

SR
SS

D
SR

I
A

W
D

W
I

Se
ed

ra
te

(k
g/

ha
)

5
(6

5-
75

)
65

-7
5

30
-4

0
(6

0-
75

)
65

-7
5

10
(6

0-
75

)
65

-7
5

65
-7

5
D

ay
s

to
tr

an
sp

la
nt

15
-2

0
(3

0)
30

0
(3

0)
30

15
-2

0
(3

5)
30

30
La

bo
r

us
e

(d
ay

s/
ha

)
40

(3
0)

35
(3

0)
2

(2
5)

30
45

(4
0)

30
30

T
ot

al
w

at
er

us
ed

(m
m

)
59

4
(1

,0
31

)
1,

45
0

(1
,8

20
)

99
5

(1
,2

91
)

1,
37

0
(1

,3
70

)
74

0
(1

,3
00

)
1,

30
0

(1
,6

50
)

1,
30

0
(9

00
)

Y
ie

ld
(k

g/
ha

)
6,

10
0

(5
,5

40
)

5,
70

0
(4

,9
00

)
4,

75
3

(4
,5

65
)

4,
50

0
(2

,5
89

)
6,

50
0

(5
,6

90
)

5,
30

0
(4

,8
00

)
6,

12
5

(3
,8

67
)

O
pe

ra
tin

g
co

st
(IN

R
/h

a)
38

,7
58

(3
5,

52
6)

31
,1

80
(3

0,
70

2)
36

,2
11

(4
0,

41
0)

34
,6

50
(2

9,
85

0)
40

,7
20

(3
8,

48
8)

31
,5

00
(3

0,
54

4)
38

,1
29

(3
1,

33
0)

G
ro

ss
re

tu
rn

(IN
R

/h
a)

60
,3

90
(5

4,
84

6)
55

,8
60

(4
8,

02
0)

47
,1

98
(4

5,
33

1)
44

,1
00

(2
5,

37
2)

64
,3

50
(5

6,
31

3)
52

,2
60

(4
7,

04
0)

60
,0

25
(3

7,
89

6)
G

ro
ss

m
ar

gi
n

(IN
R

/h
a)

21
,6

32
(1

9,
32

0)
24

,6
80

(1
7,

31
8)

10
,9

87
(4

,9
24

)
9,

45
0

(�
4,

47
8)

23
,6

30
(1

7,
82

5)
20

,7
60

(1
6,

49
6)

21
,8

96
(6

,5
66

)
A

dd
iti

on
al

co
st

(IN
R

/h
a)

3,
23

2
47

8
�

4,
30

0
7,

50
0*

2,
23

2
95

6
6,

79
9*

N
ot

es
:

V
al

ue
s

in
pa

re
nt

he
si

s
un

de
r

ea
ch

pr
ac

tic
e

in
th

e
ba

si
n

ar
e

fo
r

co
nv

en
tio

na
l

m
et

ho
ds

;
*a

dd
iti

on
al

co
st

in
cl

ud
es

an
nu

al
iz

ed
ca

pi
ta

l
co

st
an

d
op

er
at

io
n

an
d

m
ai

nt
en

an
ce

co
st

95

Climate
change

impacts

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/7/1/76/815950/ijccsm-04-2013-0059.pdf by guest on 13 June 2026



About the authors
Kuppanan Palanisami is an Agricultural Economist working on water-related issues for the past
30 years. He was a Visiting Professor at the University of Minnesota, USA, and has worked in
different countries on water-related issues. He was also a consultant to the World Bank and the UN
on irrigation investments and technology transfer programs. Currently, he is working as a
Principal Researcher at the International Water Management Institute (IWMI), Hyderabad office,
India.

Krishna Reddy Kakumanu is an Agricultural Economist and obtained his PhD from Germany in
2008. He has published several research papers and has a wide experience in field experimentation and
climate change methods. Currently, he is working as a project scientist at the International Water
Management Institute (IWMI), Hyderabad office, India. Krishna Reddy Kakumanu is the
corresponding author and can be contacted at: k.krishnareddy@cgiar.org

C.R. Ranganathan is a Senior Mathematician from Tamil Nadu Agricultural University, India.
He obtained his PhD in 1982 from IIT Madras. He has developed several models to study climate
change impacts. He has also written several books and published several papers in international
journals on mathematical modeling approaches related to agriculture and water.

Nagothu Udaya Sekhar is a professor in development studies, currently working as a Project
Director at Bioforsk, Norway. He has more than 24 years of research and development experience
in several countries, specializing in institutional and policy analysis, integrated natural resources
management, climate change and adaptation in agriculture and water sectors.

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

IJCCSM
7,1

96

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/7/1/76/815950/ijccsm-04-2013-0059.pdf by guest on 13 June 2026

mailto:k.krishnareddy@cgiar.org
mailto:permissions@emeraldinsight.com

	1. Introduction
	2. Review of studies and concepts
	3. Methodology: study regions, technologies, sample, data and tools of analysis
	3.1 Study region
	3.2 Identification of the adaptation technologies in the basins
	3.3 Sample
	3.4 Data
	3.5 Tools of analysis

	4. Technologies, cost of adaptation and expected cost of uncertainty in rice production
	4.1 Technologies adopted
	4.2 Adaptation cost of the technologies
	4.3 Adoption levels of the technologies
	4.4 Expected cost of uncertainty in rice production

	5. Conclusions and policy recommendations
	6. Limitations of the study
	References
	Appendix

