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Abstract

Increasing temperature and variability in precipitation in the semi-arid regions have reduced crop yields
and increased vulnerability of the farmers. This paper has estimated the vulnerability of both farmersand
irrigation tanksto rainfall variability in arain-fed area. It has also looked into the adoption of technologies
to cope up with rainfall variability and the determinants of technology adoption in the rain-fed tank
irrigated agriculture. Tank performance has been evaluated through adjusted tank performance measure,
vulnerability has been estimated through livelihood vulnerability index and technology adoption has
been studied through a logit model. The data were collected through multistage sampling technique in
two areas with below normal rainfall and above normal rainfall. The study has revealed that tank
performanceand livelihood vulnerability are marginally higher in below normal rainfall area. The adoption
of technologies was significantly influenced by the extension services and land tenure. Thisimplies the
need for effective policies for the transfer of climate adaptation technologies in agriculture.
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I ntroduction

Some of the most profound and direct impacts of
climate change over the next few decades will be on
agricultural and food systems of theworld (Brown and
Funk, 2008). Agricultureisapart of both the problem
and solution in the sense that agriculture isa source of
three major green house gases (carbon dioxide,
methane and nitrous oxide) and it is also a sink for
carbon dioxide through carbon sequestration into
biomass products and soil organic matter (Johnson et
al., 2007). Somescientific evidencesclaim that climate
change is already negatively affecting agriculture in
the developing countries and this situationis likely to
worsen (IPCC, 2007). The recent estimates of
greenhouse emissionsreveal that agriculture accounts
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for 17 per cent of the total emissions in India, while
land-use change and forestry are the sink of carbon
emissions (Gol, 2010). Increasing temperatures and
declining precipitation over the semi-arid regions are
likely to reduce yields of corn, wheat, rice, and other
primary crops in the next two decades (Lobell et al.,
2008). Saseendran et al., (2000) have reported a
decreaseinriceyield by 3to 15 per cent under aclimate
change scenario of 1.5 °C rise in temperature and an
increase of 2 mm per day in precipitation. A large part
of the arable land in India being rain-fed, the
productivity of agriculture depends on therainfall and
its distribution. In the semi-arid and sub-humid areas,
therainfall deficits can dramatically reduce crop yields
and livestock numbers and productivity (Bruinsma,
2003). The fluctuations in yearly rainfall as well as
within a monsoon season govern the yield of crops
(Chinchorkar, 2011). In this background, the present
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study was undertaken with the overall objective of
understanding the vulnerability of farmers to rainfal
variability and identifying the determinants of adoption
of technologies to reduce the vulnerability in therain-
fedtank irrigated agricultural production environment.

M ethodology

This micro level study was conducted in the
Pudukkottai district of Tamil Nadu where nearly 40
per cent of the net sown area is under rain-fed
agriculture. There are more than 400 rainfed tanksin
the district which depend on therainfall. A multistage
sampling technique wasfollowed to select the sample
farmers from the study area. In proportion to the
number of blocks having above and below normal
rainfall, two blockswith below normal rainfall and one
block with above normal rainfall were selected for the
study based on the deficit or excess rainfall received
in 2009-10 compared to the normal rainfall. Inthe next
stage, ten rain-fed tanks were selected at random from
each block and from each tank command, fivefarmers
were selected at random. Thus, 50 farmers were
selected from each block, making the total sample of
150 farmers. The data collected related to the year
2009-10.

Rainfall Variability and Tank Performance

The tank performance is generally measured as
the ratio of actual areairrigated by atank to the total
command area. This definition, however, does not
purely reflect the actual tank performance since the
wells in the tank command also contribute for tank
performance both as a supplementary sourcein the wet
season and asasole source of irrigation during the dry
season. Also, higher number of wells reflect the
uncertainty intank water supply andthefarmers' ability
to copewith the deficit supply compared to tankswith
adequate water supply whose dependence onwellswill
be comparatively less. Hence, Adjusted Tank
Performance (ATP) was estimated following
Palanisami and Balasubramanian (1998):

ATP = [Areairrigated by tank — Area irrigated by
wells above the threshold level] / [Total
command area of the tank] ..(Y

if the well density was higher than the sample mean
well density (threshold level),
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and,
Actual areairrigated by the tank

ATP= ...(2
Total command area of the tank

if the well density was|ess than the sample mean well
density.

Determinants of Adjusted Tank Performance

The exact relationship between tank performance
and various parameters affecting the performance is
complex in nature; henceregression analysiswas used
to capture these inter-relationships. A linear multiple
regression equation [Equation (3)] was estimated to
identify the factorsinfluencing the tank performance:

ATP = a+b,FPART + b, OME + b,REV + b,ENC

+b;WELL + b, RFALL ..(3)

where,

ATP = Adjusted tank performance (in per cent),

FPART = Farmers participationintank maintenance
works (five years' mean in humandays /
halyear)

OME = O&M expenditure (five years mean in
3/ ha),

REV = Resourcemobilized for tank maintenance
(fiveyears’ mean in3/ha),

ENC = Encroachment in tank water spread (%),

WELL = Number of wellsper haof command area,
and

RFALL = Dummy, if below normal rainfall = 1,

above normal rainfall = 0.

Rainfall Variability and Livelihood Vulnerability

Livelihood Vulnerability Index (LVI) and
Intergovernmental Panel on Climate Change (IPCC)
framework approach of Hahn et al. (2009) were
adopted to assessthe vulnerability of the study blocks.

Livelihood Vulnerability Index

TheLVI of Hahn et al. (2009) isacompositeindex
comprised of seven major components to assess the
exposure to natural disasters and climate variability,
social and economic characteristics of householdsthat
affect their adaptive capacity, and current health, food,
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and water resource characteristicsthat determinetheir
sengitivity to climate change impacts. In this study, an
additional major component, irrigation, was also
included sinceirrigation hasasignificant influence on
the livelihood vulnerability of rain-fed agriculture.
Each major component was comprised of several sub-
components or indicators as defined in Annexure 1.

Each of the sub-components was measured on
different scales and hence these components were
standardized following UNDP (2007):

Sb — Smin

Index , = —max s ..(4)
where, shis the sub-component value for the block,
S, and S, are the minimum and maximum values
for each sub-component in the blocks under study. If
there was a negative rel ationship between the variable
and vulnerability, theinverse values of the components
were taken. The major component was cal culated by
averaging the standardized sub-components as per
Equation (5):

zr index i
M, = = ...(5)

where, M, is one of the seven major components for
block b and nisthe number of sub-componentsin each
major component. Then, LVI isthe weighted average
of the seven major sub-components as given in
Equation (6).

8
M,
LVI, = 7Zf"sWM' . .(6)
Zi—l Wi
Equation (6) can also be expressed as Equation (7) :

LVI, =

WSDPSD})h + WI,SLS[) + WSN'SN[) + wll Hb + WF‘F;v + WWVV;) + WI [[7 + WNDCV NDSI/b

‘/VSDP + WLS + WH + WSN + WF + WW+wl + WNDCV

(7

The weights of each major component, W, are the
number of sub-components that make up each major
component. TheLVI isscaled from O (Ieast vulnerable)
to 0.5 (most vulnerable).

IPCC Framework for Calculating LVI

The alternative method for calculating LV
incorporated the IPCC vulnerability definition by
grouping the eight major components under exposure,
adaptive capacity and sensitivity (Table 1).

Each major component was comprised of severa
sub-components or indicators, same as in LVI and
defined in Annexure 1. Similarly, Equations (4)—(6)
were used to calculate the LVI-IPCC. Instead of one
weighted average asinthe LV approach, in thismethod
three weighted averages of the major sub-components
were calculated according to the three contributing
factors explained in Table 1 using Equation (8):

Mszi

CF, = —ZH,,W ' &)
2

where, CF, denotesthe contributing factors (exposure,
sensitivity, or adaptive capacity) for the blocks b; My
are the major components for blocks b indexed by i;
Wy, 1S the weight of each major component; and n is
the number of major componentsin each contributing
factor. The three contributing factors were combined
using Equation (9):

LVI_IPCC,= (e,—a) * s, ...(9)

where, LVI-IPCC, is the LVI for block b expressed
using the IPCC vulnerability framework; e is the
exposure score for block b; aisthe adaptive capacity
scorefor block b; and sisthe sensitivity scorefor block
b. The LVI-IPCC wasscaed from O (least vulnerable)
to 1 (most vulnerable).

Table 1. Contributing factors to LVI as per IPCC
approach

Contributing factor ~ Major components

|. Exposure 1. Natural disasters and climate
variability
I1. Adaptive 1. Socio- demographic profile
capacity 2. Livelihood strategies
3. Socia networks
4. Irrigation
[11.Sensitivity 1. Health
2. Food

3. Water
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Technology Adoption for Reducing Vulnerability

Rainfall variability, especially deficit rainfall,
increasesthevulnerability of rain-fed agriculture. There
are several strategies to reduce vulnerability and
technology adoption is one of the important strategies
to reduce vulnerability. But, one of theimportant issues
with regard to these technologiesistheir adoption. And
since the State Agricultural Universities (SAUS)
generate these technologies, adoption of these
technologies was specifically studied. When such a
technology is followed more or less permanently or
over along period in responseto recurring water stress
or deficit rainfall, it becomes technology adaptation.
Adaptation is the response to reduce vulnerability by
moderating the potential damages.

An adoption index was constructed to quantify the
adoption of such technologies:

Adoption Index = [a/p]* 100,

where, a = Number of practices adopted by
respondents, and p = Total number of practices
recommended. The respondents were classified as
adopters if the adoption index was 50 or above. The
recommended practices for crop production are given
in the ‘Package of Practices approved by the State
Department of Agriculture in consultation with the
Tamil Nadu Agricultural University. From thispackage
of practices technologies recommended for rainfall
variability/water stress were identified to quantify
adoption. The recommended technol ogies considered
in the present study were puddling and levelling,
planting of tolerant varieties, direct sowing, irrigation
management practices and spraying of chemicals.

A logistic model was specified to study the
determinants of technology adoption of farmers to
rainfall variability. The value of Pi was taken as 1 if
the farmer was an adopter and O if non-adopter. The
model was estimated through maximum likelihood
method.

Ll.zlnLEP}:BO+lel+ ...... +B X, +u,

where,

P./ (1-P) = Theoddsratio in favour of becoming an
adopter,

X, = Age of household-head in years,
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X, = Household size in numbers,

X, = Educationin years,

X, = Farming experience in years,

X = Availing extension services (Yes=1;
No=0),

Xs = Access to climate information (Yes=1;
No=0), and

X, = Land tenure (owned =1; otherwise=0)

Results and Discussion

Rainfall Variability and Tank Performance

Theagriculturein study areaisdependent onrain-
fed tanks and hence rainfall is one of the important
determinants of tank performance. Better tank
performance (measured by the ratio of actual area
irrigated by thetank to thetotal command area) ensures
higher productivity of agriculturein the command area.
The adjusted tank performance in the study area is
givenin Table 2. It was observed that the average tank
performance was higher in the below normal rainfall
block. This could be due to the fact that the area
irrigated by the wellsin the tank command in BNRB
(Below Normal Rainfall Blocks) was less than that of
ANRB (Above Normal Rainfall Blocks).

Tank performance was modelled including six
explanatory variables, namely farmers' participation,
O&M expenditure, resources mobilized,
encroachment, well density and rainfall, to capturethe
important determinants of tank performance. The
coefficients of different factorsthat influenced the tank
performance are given in Table 3. The value of R?
implied that 65 per cent of variation in tank
performance could be explained by the variables
specified in the model.

Table 2. Adjusted tank performancein the study area

Adjusted tank Percentage of tanksin

performance (%) Abovenormal  Below normal
rainfall blocks  rainfall blocks

<50 20 0

50-75 50 30

75-100 30 70

Mean adjusted 70 78

tank performance (%)
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Table 3. Deter minants of adjusted tank performance

SNNo  Independent variable Mean Regression t-vaue
values coefficient
1 Farmers’ participation (humandayshalyear) 0.37 0.157 0.08
2 O&M expenditure (X/halyear) 1558.51 0.185* 1.72
3 Resourced mobilized (/halyear) 14.81 -0.051 -0.10
4 Encroachment (%) 13.17 -0.473 -1.28
5 WEell density (No. of wells/ha) 0.25 -0.136*** -3.89
6 Rainfall (1 if above normal rainfall block and O otherwise) - 0.227** 2.18
R? - - 0.65

Note: *** ** and * denote significance at one per cent, five per cent and ten per cent levels, respectively.

The determinants of tank performancewere studied
by fitting a linear regression model with ATP as the
dependant variable. The results revealed that the
farmers' participation in tank maintenance by way of
contributing humandays did not have significant
influence on tank performance. Operation and
maintenance investment significantly influenced the
performance of the tank. The average O&M
expenditure on the sampl e tanks was< 1559 /halyear.
Resources were mohilized for tank maintenance from
tank usufructs such as sale of fishes, trees grown on
the tank bunds, collection of fees/rents from duck-
growersand cattlegrowersbut it did not influencetank
performance significantly. The coefficient of well
density was significant and negative, indicating that
well density could reduce the tank performance. The
increasing number of wells could pose athreat to the
sustainability of tanks as a direct source of irrigation.
The coefficient of variable rainfall was positive and
significant, indicating better tank performancein below
normal rainfall blocks. This could be due to higher
number of wells in the above normal rainfall tank
command area.

Rainfall Variability and Livelihood Vulnerability

A Livelihood Vulnerability Index (LVI) was
constructed to measure the overall vulnerahility of the
farm households in below normal rainfall blocks and
above normal rainfall blockswith 8 major components
and 29 sub-components of vulnerahility. Each of the
sub-components was measured on different scales
(Appendix 1) and hence these component valueswere
indexed asdescribed in the methodol ogy. Theindexed
values have been presented in Table 4.

Socio-Demographic Profile — Indices of sub-
componentslike dependency ratio and femal e-headed
households were relatively high in below normal
rainfall blocks but index of illiteracy was morein the
above normal rainfall block. The overall major
component valuefor the socio-demographic profiledid
not show much difference between thetwo categories.

Livelihood Srategies— Theoveral major component
value for livelihood strategies was higher in below
normal rainfall blocks, which showed higher
vulnerability. But, values for two sub-components,
“households depend solely on agriculture’ and
‘livelihood diversification” were relatively low in the
below normal rainfall blocks, thusreducing the overall
vulnerability.

Social Networ ks— The householdsin below normal
rainfall blocksreported frequent borrowings of money
and receipt of assistance in-kind from family, friends,
and relativesin the past one month than above normal
rainfall block. Similarly, ahigher number of households
in below normal rainfall blocks had approached the
local government for financial assistance during the
past 12 monthsand hence had lower vulnerability index
value. Overall, the vulnerability index on account of
socia network did not show much difference.

Health — The three sub-components of the
vulnerability due to health included time to travel to
health facility, chronic illness, and missing of work/
school due to illness. The aggregated overall health
vulnerability index for above normal rainfall block was
higher than that for below normal rainfall block.

Food — Theindex of vulnerability on account of food
comprised five sub-components in which three sub-
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Table 4. Indexed sub-components, major components and overall LVI

Major component Sub-component BNRB*  ANRB* BNRB ANRB
Socio-demographic Dependency ratio 0.214 0.184 0.225 0.228
profile Percentage of female household 0.140 0.120

Percentage of households where household-head  0.320 0.380
has not attended school
Livelihood strategies Percentage of households with family members 0.380 0.340 0.418 0.415
working in a different community/place
Percentage of households depending solely on 0.640 0.660
agriculture for income
Average agricultural livelihood diversification 0.235 0.246

index
Social networks Average receive: giveratio 0.323 0.204 0.391 0.388
Average borrow : lend money ratio 0.470 0.440

Percentage of households that have not gone to 0.380 0.520
their local government for assistance in the past

12 months

Health Average time to get health facility 0.427 0.416 0.389 0.409
Percentage of households with chronic illness 0.480 0.360
in family

Percentage of households where afamily member 0.260 0.450
had to miss work or school in the past 2 weeks
duetoillness
Food Percentage of households dependent solely on 0.620 0.520 0.341 0.310
family farm for food
Percentage of households struggling to find food  0.120 0.140
Average crop diversity index 0.347 0.349
Percentage of households that do not stock 0.340 0.300
crop produce
Percentage of households that do not save seeds  0.280 0.240

Water Percentage of households reporting water conflicts 0.560 0.360 0.306 0.253
Percentage of households that utilize a natural 0.260 0.300
water source
Average time spent to get water source 0.376 0.340
Percentage of households without consi stent 0.320 0.240
water supply
Inverse of the average No. of litres of water 0.016 0.017
stored/ household
Irrigation Percentage of households with well irrigation 0.540 0.520 0.553 0.547
Percentage of irrigated area 0.500 0.480
Percentage of households buying well water 0.620 0.640
Natural disasters & Average number of flood, drought eventsin 0.465 0.430 0.453 0.469
climate variability the past 6 years

Percentage of households that did not receive 0.430 0.440
early warning about the natural disasters

Percentage of households with lossdueto recent  0.520 0.480
natural disasters

Mean standard deviation of monthly average 0.398 0.524
rainfall (2005- 10)

Overall LVI Below Normal Rainfall Blocks 0.378
Below Normal Rainfall Blocks 0.367

*BNRB=Below Normal Rainfall Blocks; ANRB=Above Normal Rainfall Block
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components had higher vulnerability score in below
normal rainfall blocks. Vulnerability indices of sub-
components like households relying solely on farms
for food, households storing crops and saving seeds
were highinbelow normal rainfall blocks. The overall
food vulnerability score for below normal rainfall
blocks (0.341) was higher than that for above normal
rainfall block (0.310), indicating high vulnerability in
below normal rainfall blocks.

Water — Vulnerability dueto water isdirectly related
to rainfall variability. The index of vulnerability to
water had five sub-components. The sub-component
indices for water conflicts, households without
consistent water supply and the time spent to fetch
water were high in the above normal rainfall blocks.
The overall vulnerability index value for the major
component water was higher in below normal rainfall
blocks.

Irrigation — Irrigation is another important variable
directly related to rainfall variability, especialy in the
rain-fed tank irrigated areas. Thethree sub-components
of the index for irrigation were households with well
irrigation, percentage of irrigated area, and the extent
of water markets. The vulnerability score was higher
in the below normal rainfall blocks for the first two
sub-components. But, when all the sub-components
were aggregated, the overall irrigation vulnerability
index was marginally higher in the below normal
rainfall blocks.

Natural Disasters and Climate Variability —
Vulnerability to natural disastersand climatevariability
were quantified based on four sub-componentswhich
accounted for the average number of floodsand drought
in the past 6 years, early warnings, and loss due to
natural disastersand past five-year rainfall variability.
The overall index for the major component, natural
disasters and climate variability, was higher in the
above normal rainfall blocks mainly dueto the higher
sub-component value for ‘ mean standard deviation of
monthly average rainfall’.

Overall, the Livelihood Vulnerability Index
aggregating all the above eight major componentswas
marginally higher for the below normal rainfall blocks.

LVI- IPCC Approach

An alternative method for calculating LVI is the
LVI-IPCC approach, which incorporates the IPCC

definition of vulnerability. According to IPCC, the
contributing factors to vulnerability are exposure,
adaptive capacity and sensitivity to climate impacts
and these contributing factors were aggregated into
LVI-IPCC as given in the methodology. Accordingly,
the eight major components discussed under the LV
approach were aggregated under the three contributing
factors, namely exposure, adaptive capacity and
sensitivity as presented in Table 5. The contributing
factor, exposure was measured by the major component
‘natural disasters and climate variability’. Similarly,
the adaptive capacity was measured by the major
components socio-demographic profile, livelihood
strategies, social networks and irrigation. Sensitivity
was measured for major components — health, food
and water. The LVI-IPCC index was 0.061 for below
normal rainfall blocksand 0.051 for the above normal
rainfall block (Table 5), indicating marginally higher
vulnerability of the householdsin below normal rainfall
blocks.

The difference between the LV 1 for households
of BNRB and ANRB is not found to be significant. It
isduetothefact that LVI isacomposite vulnerability
index comprising climatic/climate-rel ated components
and other socio-economic components. Most of the
values for climate-related components have shown
higher differences between BNRB and ANRB, but the
component values related to other socioeconomic
variables have not shown a similar trend and hence
thelarger differencein climate-related componentswas
even out in the overall index. Similar results with
marginal difference in the indices were reported by
Hahn et al. (2009).

Technology Adoption to Cope up with Rainfall
Variability/Water Stress

The State Department of Agriculture and the Tamil
Nadu Agricultural University have released apackage
of practices for crop production. These practices
include among other recommendations, technologies
to copeup with deficit rainfall or water stress. Examples
of such technologies are: puddling and levelling, use
of stress tolerant varieties, direct sowing, irrigation
practices, spraying of chemicals, etc. Adoption of these
technologies was quantified by constructing a
technology adoption index, calculated as the ratio of
number of practicesadopted by respondentsto thetotal
number of practices recommended (Table 6).
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Table6. Distribution of technology adoption index (TAI)

Distribution of TAI (%) Number of farmers

BNRB* ANRB
<50 38(38) 15(30)
51-70 47(47) 21(42)
>71 15(15) 14(28)
Average TAI (%) 70 65

Note:*BNRB = Below normal rainfall blocks and
ANRB=ADbove normal rainfall blocks; Figures within the
parentheses indicate percentage to total number of farmers.

access to extension services, other things remaining
thesame. It was also found that the farmerswho owned
land were more than 3-times likely to adopt than the
farmers who did not own land. The other variables
specified in the model like age, education, household
size, farming experience and capital formation did not
significantly influence adoption of water stress-related
technologies.

Conclusions

In the semi-arid and sub-humid areas, rainfall
deficits reduce crop yields and increase vulnerability

Table 7. Factor sinfluencing technology adoption in below normal rainfall blocks

Variable Estimated logit ‘t'-value Oddsratio Probability
Intercept -1.738 -0.83 0.176 0.406
Age 0.005 0.07 1.005 0.941
Education 0.047 0.74 1.048 0.458
Household size 0.065 0.50 1.067 0.618
Farming experience 0.006 0.08 1.006 0.933
Extension services 1.011** 1.99 2.750 0.047
Climate information 0.158 0.28 1172 0.778
Ownership of land 1.250** 2.01 3.489 0.045

Note: LR statistic (7df) = 13.29; Mc Fadden R?= 0.35; ** - Significant at 5 per cent level

The adoption of water stress related technologies
was 70 per cent in below normal rainfall blocks and
65 per cent in above normal rainfall blocks. A logit
model was estimated to identify the determinants of
adoption of thesetechnologiesin below normal rainfall
blocks and the results are presented in Table 7.

The expected signs of regression coefficients and
their statistical significance are most important in the
binary regressand modelslike logit. The results of the
logit model indicated that ‘extension services' and
‘ownership of land’ had positive significant influence
in adoption of technologies to cope with rainfall
variability. The estimated logit value of extension
services showed asignificant positive relationship with
adoption. This implies that farmers with access to
extension services are more likely to adopt than the
farmerswithout accessto extension services. In terms
of oddsratio, it could beinferred that the farmerswith
accessto extension serviceswere 2.7-timesmorelikely
to adopt the technologies than the farmers without

of the farmers. The rainfall variability influences the
performance of tanksin therain-fed areas, agricultural
productivity and livelihood security. The study has
revealed that the tank performance and livelihood
vulnerability of farmersis higher in the below normal
rainfall area. Adoption of technologies helps the
farmers to achieve livelihood security in the face of
changing climate. Technologies generated by the
research systems can greatly contributeto this process.
The study has revealed that adoption of technologies
to cope with climate related stressis 70 per cent and
the adoption is significantly influenced by extension
servicesand land ownership. Thisimpliesthe need for
effective technology transfer policies for climate
adaptation in agriculture.

Acknowledgements

This paper isbased on thelecture delivered by the
first author on “Climate Change and Vulnerability of
Agriculture: Developing Adaptation and Mitigation
Strategies”, at TNAU in March 2011 and the



276 Agricultural Economics Research Review

M.Sc.(Agri. Econ.) thesis, “Vulnerability and
Adaptation to Rainfall Variability in Rainfed Tank
Irrigated Agriculture in Pudukkottai District of
Tamilnadu”, submitted to Tamil Nadu Agricultural
University by the second author under the guidance of
the first author. The authors are grateful to the
anonymousreferee and the Managing Editor of AERR
for their meticul ous suggestions.

References

Brown M. E. and Funk C. C. (2008) Food security under
climate change, Science, 319: 580-581

Bruinsma, Jelle (Ed) (2003) World Agriculture : Towards
2015/2030—An FAO Perspective. Earthscan
Publications Ltd, London. 361p.

Sachin Chinchorkar (2011) Rainfall variability(annual and
seasonal) in Anand of middle Gujarat, Readers Shelf —
Natural Resources and their Conservation, 7(4):1819.

Go | (Government of India) (2010) India: Greenhouse Gas
Emissions 2007, Indian National Network for Climate
Change Assessment, Ministry of Environment and
Forests, New Delhi.

Hahn, Micah B., Riederer, Anne M. and Foster O. Stanely
(2009) A Livelihood Vulnerability Index: A pragmatic
approach to assessing risks from climate ariability and
change — A case study in Mozambique, Global

Vol.25(No.2)  July-December 2012

Environmental Change, http://www.sage.wisc.edu/
pubg/articles/F-L/Hahn/hahn2009GEC. pdf

IPCC (2007) Climate Change (2007): Impacts, Adaptation
and Vulnerability. Report of the Working Group 1.
Cambridge University Press, UK, 973p.

Johnson, J. M.-F., Franzluebbers, A.J. Weyers, S.L. and
Reicosky, D.C. (2007) Agricultural opportunities to
mitigate greenhouse gas emissions, Environmental
Pollution, 150: 107-124.

Lobell, D. B., Marshall, B. B., Claudia, T., Mastrandrea, M.
D., Falcon, W. P,, and Naylor, R. L. (2008) Prioritizing
climate change adaptation needs for food security in
2030, Science, 319: 607-610.

Palanisami, K. and Balasubramanian, R. (1998) Common
property and private property: Tanks vs. private wells
in Tamil Nadu, Indian Journal of Agricultural
Economics, 53(4): 600-612.

Saseendran, S.A., Singh, K. K., Rathore, L. S., Singh S. V.,
and Sinha, S.K. (2000) Effects of climate change on
rice production in thetropical humid climate of Kerela,
India, Climatic Change, 44: 495-514.

UNDP (United Nations Development Programme) (2007)
Human Development Reports, http://hdr.undp.org/en/
(accessed 25 December 2007)

Received: November, 2011; Accepted May, 2012



Ashok and Sasikala : Farmers' Vulnerability to Rainfall Variability and Technology Adoption 277

Appendix 1
Major components and sub-components of livelihood vulnerability index

Major component

Sub-components

Explanation of sub-components

Socio-demographic
profile (SDP)

Livelihood strategies
(LS

Social networks (SN)

Health (H)

Food ( F)

Dependency ratio

Percentage of households where the
primary adult is afemale.

Percentage of households where head of
the household has not attended school

Percentage of households with family
member working outside their primary
work activity

Percentage of households dependent

solely on agriculture as a source of income
Average agricultura livelihood
diversification index

Average receive: giveratio

Average borrow : lend money ratio

Percentage of households that have not
availed assistance from local bodies/
Govt. in past 12 months

Average time to get health facility

Percentage of households with family
member with chronic illness

Percentage of households where afamily
member had to miss work/school in the
last 2 weeks duetoillness

Percentage of households dependent
solely on family farm for food
Percentage of households struggle to find
food

Average crop diversity index

Percentage of households that do not stock
crop produce

Percentage of households that do not

save seeds

Ratio of the population under 15 and over 65
years of age to the population between 19 and 64
years of age.

If amale head is away from the home for more
than 6 monthsin ayear the female is counted as
the head of the household.

Percentage of households where the head of the
household has not attended school

Percentage of households that report at least 1
family member who works outside their primary
work activity.

Percentage of households that report only
agriculture as a source of income.

Theinverse of (the number of agricultural
livelihood activities + 1) reported by a
household.

Ratio of (the number of types of help received by
ahousehold in the past month+1) to (the number
of types of help given by a household to
someone else in the past month+1).

Ratio of household borrowing money in the past
month to household lending money in the past
month.

Percentage of households that reported that they
have not approached local government for any
assistance in the past 12 months.

Average time taken to get to the nearest health
facility.

Percentage of households that report at least 1
family member with chronic illness.

Percentage of households that report at least 1
family member who had to miss school of work
dueto illnessin the past 2 weeks.

Percentage of households that get their food
primarily from their personal farms.
Percentage of households struggle to obtain food
for their family.
Theinverse of (the number of crops grown by a
household+1).
Percentage of households that do not save crops
from each harvest.
Percentage of households who do not store
seeds from year to year.

Contd.
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Appendix 1 contd...

Major component

Sub-components

Explanation of sub-components

Water (W)

Irrigation (1)

Natural disasters
and climate
variability (NDCV)

Percentage of households reporting water
conflicts

Percentage of households that utilize a
natural water source

Average time spent to get water

Percentage of households that do not have
aconsistent water supply

Inverse of the average number of liters of
water stored per household

Percentage of households with well irrigation

Percentage of irrigated area
Percentage of households buying well water

Average number of flood and drought
events in the past 6 years

Percentage of households that did not
receive early warning about the natural
disasters

Percentage of households with loss as a
result of recent natural disasters

Mean standard deviation of monthly
average rainfall (years: 2005-2010)

Percentage of households that report having
heard about conflicts over water in their
community.

Percentage of households that report a river,
lake, pool and tank as their primary water source.
Average time it takes to travel to their primary
water source.

Percentage of households that report that water is
not available at their primary water source every
day.

Theinverse of (the average number of liters of
water stored by each household+1).

100 —[% of households used well irrigation for
cultivation purpose]

100 —[% of irrigated area by well irrigation]
100 — [% households buying well water during
non tank season|

Total number of floods and droughts that were
reported by households in the past 6 years.
Percentage of households that did not receive a
warning about the most severe flood and drought
event in the past 6 years.

Percentage of households with loss as aresult of
the most severe flood and drought in the past 6
years.

Standard deviation of the average monthly
rainfall between 2005-2010 was averaged for
each block.




