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Enhancing farm income resilience
through climate smart agriculture
in drought-prone regions of India
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G. Samba Siva®! and Raju G. Teggelli?

!ICAR- Central Research Institute for Dryland Agriculture (CRIDA), Hyderabad, India, 2Krishi Vigyan
Kendra, Kalaburagi, Karnataka, India

The variability in climate affects the agricultural production especially in drylands.
It is necessary to understand and quantify the impacts of resilient technologies
as well as effects of extreme events. Keeping these in view, the primary data on
household characteristics and the farm income was collected from a sample
of 60 farmers each from National Innovations in Climate Resilient Agriculture
(NICRA) program adopted village and a comparable control village in the district.
The sample was also post classified into small, medium and large farmer to
bring out the economic impact across land classes. The impact was estimated
following the difference-in-differences (DiD) model as the data allows us to use
effectively the data across time and regions. The results show us that the average
income of a farm household in the NICRA village is more than 40 percent than
non-adopted village and during a drought situation the farmers under NICRA
intervention where better off by 19.5 percent. The income from crops and
livestock production in adopted village was significantly higher than the control
village. The DiD model output showed the farm income of adopted village was
40 percent higher showing that better climate smart interventions improved
the farm incomes. The estimate showed that the treated farm household had
higher income of Rs. 54,717 than the control during a drought year. Better
knowledge and quantification of impact of technology adoption on farm
income specially during drought will help to effectively design technological
and policy interventions for better drought management in drylands.
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Introduction

The agriculture sector is key in reducing food insecurity and is specifically necessary in
achieving the major Sustainable Development Goal (SDG 2) “To End hunger achieve global food
security, increase people’s nutrition and encourage sustainable agriculture.” It is important to
increase the agricultural production and diversity which leads to better farm incomes, which is
inevitable to achieve the goal of better nutrition, zero hunger and food inequality (Nkomoki
etal, 2018; HLPE, 2020). Agriculture is vulnerable to changing climate and it impacts crop
productivity and thereby food security. Climate-related natural disasters are predicted to
increase in frequency and magnitude in future and when the agricultural system cannot manage
the risks the disasters become hazards and bring substantial loss to the system (IPCC, 2012;
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Sylvester, 2020). Post disaster assessments in developing countries have
shown that 25 percent of economic losses due to climate hazards have
direct effect on agriculture. And developing Asian countries are most
affected by changing climate and the loss due to rise in temperatures
(1.5°C) are estimated to be US$18bn. As Asian countries like India are
more reliant on agriculture the damage would be severe with more
than 50% directly dependent on agriculture and with about 43 percent
of cultivated lands rainfed (Mendelsohn, 2014; Thornton et al., 2014;
Food and Agriculture Organization, 2015). Under Indian conditions,
the consequences of climate change will be adverse on agriculture and
the livelihoods of the farming community with increase on extreme
weather events like floods and droughts.

Variability in climate affects agricultural production but effect
differs across different region. The climate variability has affected
agriculture and has brought about evident changes in crop cultivation
patterns in hilly regions of the country and the rainfed regions are also
severely affected as they are heavily dependent on rainfall patterns.
The major climatic parameters are rainfall and temperature and
we have seen that rainfall has tremendous impact on the yield of major
staple crops in India (Panda et al., 2019). The semi-arid lands of India
represent most of the rainfed and deficit rainfall regions of the country.
These make the regions more vulnerable to climate change and
deficient rainfall leads to severe drought impacts. The semi-arid
regions of the country experience more frequent droughts. The
frequency and intensity of drought have been increasing in past years
and the changing climate conditions may escalate them. The
monsoons in India is important for about 70 percent of the yearly
precipitation is received from south west monsoon (June to September
months) and a good monsoon brings prosperity to agriculture.
Among the major climatic shocks experienced, droughts were found
most observed across all regions and locations (Palanisami et al.,
2015). Droughts on an average have affected about 79 districts in the
country which include 140 million people annually (Bahinipati and
Gupta, 2022). Droughts makes vulnerability of the farmers increase
and causes other socio-economic problem in rural communities
(Lioubimtseva and Henebry, 2009; Bobojonov and Aw-Hassan, 2014;
Singh et al., 2014; Chandrasekara et al., 2021; Dhakal et al., 2022).

Indian agriculture is dominated by small and marginal farmers
(80%) with the average size of landholding has reduced to 1.16ha.
Nearly 91 percent of households report in India that agriculture is
their major source of income with a share of more then 50 percent.
Study also showed that, there was increase in share of agriculture to
total farm income with increase in landholding (Birthal et al., 2014).
Climate change affects especially the smallholders living in the
resource constrained arid and semi-arid regions and practising the
crop-livestock systems. The contribution and importance of
smallholder farming to food production are given special
consideration (IFAD and UNEP, 2013; Dey, 2018). Studies show that
in South Asia also about 70-80% of farms are smaller than 2ha and
cultivate about 30-40% of the land. And they are more susceptible to
changing climate because of their limited land, technological progress,
dependence on rain-fed agriculture and increasing poverty (Lowder
et al,, 2016; Mulwa et al.,, 2017; Verma and Sudan, 2021). This
vulnerability in agricultural production caused by climate change can
lead to food insecurity and reduce farmers’ real income. Lack of
appropriate quantification of impacts of climate extremes on their
incomes would impede the activities to increase their food security
(Cervantes-Godoy et al., 2013; Harvey et al., 2018).
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Technology and policy interventions are key strategies for
influencing how the farmers under scarce land and labour can benefit
along with the uncertainties of changing climate. The drylands
specially need an inclusive sustainable climate smart agriculture
technology and policy. The climate extremes have already put the
sustainability of the measures taken to threat, as the effectiveness of
development programs are compromised when a region is hit by
droughts or floods. Investment in climate smart agriculture and
technologies which increase resilience of the sector is imperative for
dryland farmers’ adaptation to climate change. It helps farmers reduce
the adverse effects of extreme events which have far reaching
implications on farm income and food security. Climate resilient crops
and management practices help farmers cope with droughts, by
minimising the yield loss or by increasing crop yields leading to better
incomes to farmers (World Bank, 2008; Gupta et al., 2011; Khatri-
Chhetri et al., 2016; Fuglie et al., 2020; Samuel et al., 2022). Adapting
to climate hazards and building climate-resilient infrastructure and
investing in adaptation measures can avoid farmers from quitting
farming. Severe impacts bring uncertainty to agriculture production
and thereby farm incomes get drastically reduced (Warner and Afifi,
2014; ILO, 2018).

The National Innovations on Climate Resilient Agriculture
(NICRA) is programme of Indian Council of Agricultural Research
(ICAR) and it aims at building resilience to Indian agriculture to
climate change. And it comprises of components such as strategic
research, technology demonstration, sponsored and competitive
research grants and capacity building. The Government of India
(GOI) has several programmes launched to mitigate and adapt to the
impact of climate change. The National Action Plan for Climate
Change (NAPCC) was launched in 2008 with 8 major missions and
the National Mission for Sustainable Agriculture (NMSA) and the
projects under it works in synergy with the NICRA program of the
ICAR. This project is one of India’s most comprehensive program and
over the years it has great potential in achieving climate resilience
especially in times of extreme events like droughts. And it addresses
the understanding of the impact of climate change on the drought and
floods and evolving suitable adaptation and mitigation strategies
(NMSA, 2014). The established programs have been implemented to
transform Indian agriculture into a resilient system and have helped
to build resilience to climate shocks. This study looks into the impacts
of the interventions of the project on the livelihoods of the farm
household in the climate resilient villages (CRV) adopted under the
same. The CRV was initiated under the Technology Demonstration
Component (TDC) of the project in the 151 climatically vulnerable
districts of the country. Farmers are adopting the adaptation strategies
which have perceived impact on the risk reduction and income
enhancement and thereby contributing to food security and poverty
reduction. While farmers are adopting, the intensity of adoption,
choice of the measures taken and benefits obtained vary with the farm
households’ climatic, social, economic and institutional factors.
Studies reveal variation in their responses and incomes are influenced
by age, education, investment available, credit, resources (land,
livestock etc.), institutions and knowledge (Deressa et al., 2009; Below
et al., 2012; Ngigi et al., 2017; Diallo et al., 2020). However, micro
evidence on the impacts of climate change adaptation techniques on
farm income and associated variances is scant. In this research, we try
to answer the questions like what is the impact of climate smart
technologies and related interventions on income of drylands farm
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household and quantify the impact of climate hazards like drought
and to identify farmer categories more affected to climatic risks. The
small holders during a drought not only lose all their meager
investments but also end up not able to meet their food needs.
Understanding the income effects of adoption of Climate resilient
Technologies (CRTs) assume importance towards a more effective
drought management at the farm household and higher geographical
scales. Keeping these in view, the study attempts to quantify the
impact of drought in Kalaburagi district in Karnataka state, its effect
on the farm income, and analyses the effect of climate resilient
technology adoption on farm household income.

Materials and methods
Study area and research design

The study includes structured household survey, key informant
interview and discussions. Since we particularly would like to explore
the benefits of adoption of climate smart technologies management
strategies as well as the impact of droughts we interviewed the farmers
from adopting them versus non-adoption farm households. The study
district was purposively selected based on the vulnerability to drought
and it is one of the most vulnerable semi-arid districts in India. The
treated village is also purposively selected as it is adopted village under
the NICRA programme and the control village with similar conditions
were selected where no major intervention are implemented.
We selected the Kalaburagi district of Karnataka state which is a
district with severe water scarcity and frequent droughts (Singh et al.,
2018). The sample size included 60 farmers each from the treated and
control village randomly selected. The total sample size was 120
farmers. The survey instrument was a well structured pre-tested
questionnaire. The farmers were appraised about the purpose of our
visit and details of the questionnaire. Comprehensive information on
the socio-economic profile of the farm households, land holding
particulars, cropping pattern, crop yields and returns, income
composition, drought impact on farm income and constraints faced
by farmer in improving their income.

Methods

The data were analysed using descriptive statistics, difference in
difference (DiD) model and inferential statistics. The descriptive
statistics was used to know the socio-economic status of farm
household as well as the effects of the variables on the farm income in
the treated and control village. The DiD model was used to quantify
the impact of climate smart technologies on the farm incomes. Most
of the impact studies uses the before-after impact analysis or estimated
the outcome or impact of an intervention in the absence of the
intervention (Gertler et al., 2016; Abadie and Cattaneo, 2018). The
DiD method requires a control group in order to measure the changes
in the farm incomes of farmers in the treated village as well as the
incomes of farmers in the absence of any intervention and the income
changes over time. The unobserved differences in the villages would
not be a problem and the method also brings out the changes over
time. Therefore, the use of panel based DiD method is one of the
important methods of impact evaluation.
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The method of difference-in-difference

Particulars Control Treatment Difference
farmers farmers across groups

Before Yoo Yo Yor—Yoo

After Y, Y, Yiu-Yi

Difference across Y.0-Yoo Y, -Yo Double difference

time (Y1-Yo1) = (Y1o-Yoo)
Regression analysis

Variables Description Measurement

Dependent variable

Farm income

Income of household

Rupees/farm household/

from crops, livestock, year
off-farm and non-farm
activities
Independent variables
Age Age of the respondent Years
Education Educational status of the | Number of years
respondent
Family size No. of members in the Numbers
family
Investment Whether investment in Rupees/acre/year
agriculture influences the
farm income
Farm size Land holding of farmer Hectares

influences the income

Social status

Schedule caste/tribe or

Otherwise=1, SC/ST=0

otherwise

Adoption status Whether climate resilient | 1=Yes; 0=No
technologies influence
farm incomes

Livestock rearing Whether rearing 1=Yes; 0=No

livestock influences the

farm income

Results and

discussion

This section gives the description of the sample farmers wherein

the socio-economic status, composition of income and employment,
details of various crops grown, cropping pattern, cropping intensity,
income across different land sizes, impact of climate resilient
technologies on the farm income and factors determining the farm
income in drylands are being detailed.

Socio-economic characteristics of the
sample farmers in the study area

The farmers in the treated and control villages did not differ much
in their personal and farm household characteristics. The farmers of
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TABLE 1 Household level descriptive statistics of farmer respondents by treated and control villages.

Characteristics Treated Control
1 Age (years) 45 44
2 Social class (percent)

Schedule caste (SC) 0 16

Schedule tribe (ST) 34 7

Other backward caste (OBC) 66 75

General (GN) 0 2
3 Education (%)

Tlliterate 48 35

Literate 52 65
4 Type of house (%)

Kutcha 5 3

Pucca 95 97
5 Family size (1) 4 5
6 Women head (n) 0 9
7 Primary occupation (Agriculture) (%) 100 98
8 Livestock possession (%)

Yes 61 42

No 39 58
9 Distance of market (%)

Near 96 97

Far 4 3
10 Transportation facility (%)

Good 63 86

Bad 37 14
11 Investment in agriculture (Rs./Acre/Year) Rs. 34,303 Rs. 22,600
12. Membership in other social organizations

Yes 71 55

No 29 45
13. Major crops grown Cotton, rice mulberry, redgram, Rice, cotton and redgram

chilly, maize, vegetables

the study area belong to average age of 45 years and majority of them
belonged to other backward caste. On average the literacy of the
farmers was 52 percent, with most of them having pucca Houses. The
sample households had an average of 4-5 members with most of them
involved in agriculture as their main occupation. About 50 percent of
the farmers were involved in livestock rearing, and were able to invest
on average Rs. 28,000/acre/year in agriculture. The farm household
were well connected to market with good transportation facilities.

Details of the crop cultivation and land
holdings in the study area

The agriculture in India, is monsoon dependent and receives
monsoon rains from June to September and the major growing
seasons are kharif which is during the monsoon period and rabi. The
farmers were able to grow at least two crops during the kharifin both
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the villages. In the treated, we have seen the farmers were able to go
for crops in the rabi season also. The major crop in both the villages
was rice, followed by cotton and redgram. In rabi crops chilli,
mulberry, maize, and vegetables were grown by treated villages
farmers. The climate resilient interventions in the treated village
enabled them to go for more crops during the rabi. The cropping
intensity of the control village was 127.07 percent while the treated
village had the cropping intensity of 134 percent. Farmer were growing
high value crops like mulberry and vegetables which increase their
cropping intensity, leading to better incomes (Table 1).

The farm size available with the farmer is a very important factor for
better crop production in agriculture and in India the average
landholdings is 1.42ha (Adamopoulos and Restuccia, 2014; Birthal et al,,
2021). In the study area, the average land holding of a farmer was 3.86ha
while the treated village had higher farm size compared to the control
village as they had an average of 1.87ha of leased-in land. Forty percent
of the sample farmers were small and marginal farmers, medium and
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large farmers were about 26 and 35 percent of the total sample. The
average size of land holdings in the country is declining and the small and
marginal holders account for about 80 percent of the country’s operational
holdings and they are more vulnerable to climate risks (Table 2).

Income and employment status of farmers

A farm household’s income comprises of both agricultural and
non-agricultural incomes, and crop and livestock were important
components. An average dryland farm family’s income composition
include income from crops (60-70%), livestock (10-12%) and the rest
with non-farm and off- farm income. Income from agriculture
includes earnings from cultivation of cereals, pulses, oilseeds, fibres,
sugarcane, fruits, vegetables, etc., livestock income includes the farmer
earnings from cattle, sheep or goat he is rearing, while oft-farm
includes income a farmer earns from agricultural wages through
labour. And non-farm includes income from small enterprises, kirana
shops, tailoring, repairing, and other services (Birthal et al., 2014).

The income composition of farm households in the study area
revealed that more than 50 percent of their income came from crop
cultivation and 2-8 percent income from livestock rearing. In the
treated village, agricultural activities earned the farmer about 82
percent of their total income. It included 74 percent of share coming
from crops and 8 percent share of livestock activities. As the farmers
in the treated village went for high value crops and vegetable
cultivation, the income from crops had the major share. There did not

TABLE 2 Land holding details of farmer respondents in the study area.

Farm size Total operational land
Treated Control
1 Small (<2ha) 1.85 1.65
2 Medium (2-4ha) 278 3.92
3 large (>4 ha) 6.19 5.94

10.3389/frwa.2024.1327651

arise a need to diversify their income to other non and off farm
sources of income. While in the control village agriculture contributed
to only about 55 percent of the income. The off-farm and non-farm
income contributed on an average about 43 percent to total FHH
income with major share from Non-farm income sources like
tailoring, small shops and few were involved in plumbing and
electrical works. The treated village could earn a higher share of their
income from agriculture through adopting climate smart practices,
receiving timely and proper agro-advisories and risk management
options (see Figure 1).

Does farm sizes affect the income composition
of farm households

The composition of income across different land sizes

Evidences from different studies have differing findings about the
relationship of farm sizes and income and the relationship varies with
the income sources as well (Adams, 2001; De Janvry et al., 2005;
Birthal et al.,, 2014; Zhu et al., 2022). We tried here to bring out the
contribution of different sources of income across farm sizes in the
treated and control village. Agriculture is the dominant sources of
income in all categories of farm sizes except for the small farmers in
the control village where their contribution is below 50 percent
(Figure 2). We notice that as farm sizes increases the contribution of
agriculture (crop + livestock) to total household income increases
especially in the treated village. Livestock rearing is also related to
farm size whereas the income from other sources like labour and
business activities has an inverse relationship with farm sizes. The
small and marginal farmer in the treated village were benefitted, by
the climate smart interventions they adopted and their dependence
on non-farm businesses is negligible in their total income compared
to the control village. The small farmers tend go for low paid labour
and small businesses due to their less income from small holdings (see
Table 3).

The farmers in the treated village had better employment
opportunities in agriculture compared to the control village (Figure 3).
On an average a farmer in treated village spent 100 man days more

M Livestock

m Crop
W Off-farm B Non-Farm

FIGURE 1

Control

M Livestock

m Crop

| Off-farm H Non-Farm

Income composition of farm households in the treated and control villages.
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Large

Medium

Control

Small
Large

Medium

Treated

Small
0%
H Crop

FIGURE 2
Farm size wise composition of farm income.

20% 40% 60%
i Livestock mOff-Farm H® Non-Farm

80% 100%

TABLE 3 Cropping pattern of the farmer respondents in the study area.

S. No. Particulars Control Treated
village (ha)  village (ha)

1(A) Kharif crops

1 Rice 103.4 71.23

2 Cotton 26.72 21.15

3 Redgram 2.02 10.83

Total 132.14 103.21

11 (B) Rabi crops

1 Rice 31.78 13.77

4 Chilli — 4.66

5 Mulberry — 14.37

6 Maize - 0.91

7 Vegetables — 1.21

Total 31.78 34.92

11 Gross cropped area 163.92 138.13

I Net cultivable area 129 103.22

v Cropping intensity (%) 127.07 133.82

than the control village as the farmers were able to grow 2-3 crops in
a year as well as vegetables in the summer. While the employment
from non and off-farm were more in the control village. Diversification
to different income generating activities and going for off-farm income
helps farmers increase their income particularly during times of
climatic shocks like droughts (De Janvry et al., 2005; Mishra, 2007;
Birthal et al., 2014, 2021).

Impact of climate resilient interventions on
farm households

Adoption of climate smart agricultural practices enable the farmers
to increase their productivity, diversify their activities and thereby
build resilience at times of devastating climatic shocks (Lipper et al.,
2014). Interventions through climate outreach programs like NICRA
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Non-farm

Off-Farm — = Control
u Treated
Livestock | —
0 100 200 300 400

Days

FIGURE 3
Impact of NICRA interventions on the employment days.

also help in bridging the knowledge and training gaps. Efficient natural
resources management is the major contributor towards resilience in
the vulnerable villages and efficient conservation of rainfall and
moisture are needed for successful crop production. In-situ moisture
conservation, supplemental irrigation, water harvesting and efficiently
utilising the harvested water, green manuring etc., are given priority in
NICRA villages and these technologies are being demonstrated in the
villages also. In the study village, under the project farm ponds were
constructed in farmer field, one community farm pond, one check dam
also was constructed, and the desilting of the drainage channel was also
taken up which resulted in increase of water storage potential of the
village. It helped farmers to provide supplemental irrigation to pigeon
pea, mulberry, banana and green gram and supplemental irrigation to
pigeon pea during dry spell fetched an additional yield of 2.5 g/ha. The
harvested water from farm ponds helped farmers increase cropping
intensity and thereby improved their incomes (Reddy et al.,, 2018).
Climate smart practices bring about various benefits to farmers
(Hansen et al., 2018; Ogada et al., 2020), among which the better
indicator is the farm incomes which is the sum of incomes obtained
from agricultural and non-agricultural activities.

The role of climate smart interventions on agricultural
productivity and income of farm households adopting them compared
to farmers not benefiting is analysed through descriptive statistics,
difference in difference methodology and multiple linear
regression model.
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Impact on crop productivity and returns

The treated villages were growing a number of crops both in the
kharif and rabi seasons. The average productivity of main crops has
increased significantly compared to the control village. There was
notable increase in productivity of crops with adoption and the
highest increase was for maize crop (50%), followed by banana (8%),
sunflower (7.14%), cotton (4.6%), redgram (4.34%) and jowar (1.33%).
The net returns from different crops cultivated was higher in the
treated village, and farmers on an average earned about Rs. 15,000 per
crop (Table 4).

Impact of the interventions on farm
income and employment in the treated
village

The adoption of climate smart practices have become inevitable
under the changing climatic scenario as it improves the agricultural
productivity, increases the income of farmers and meets the food
and nutritional security of the growing population (Rama Rao et al.,
2017; Ojo and Baiyegunhi, 2020; Dhakal et al., 2022). Farm
household incomes were higher incomes after the interventions
from the project.

The difference in the average farm incomes before and after the
project interventions was Rs. 84,770/FHH/year. An agriculture
household’s income significantly varies with their land holding and
therefore we also tried to quantify the benefits of climate interventions
across farm sizes. The small farmers were benefitted the most from the
intervention followed by the medium and large farmers. Small farmers

TABLE 4 Difference in yield and returns of crops in the treated over the
control village.

10.3389/frwa.2024.1327651

had about 80 percentage increase, while the income of medium and
larger farmers increased by about 40 percent (see Table 5).

Impact on income composition and farm
sizes

The composition wise change in the farm incomes across farm
sizes were also studied. The impact of intervention across different
farm sizes showed that large farmers received Rs. 1,20,000/FHH more
income when compared to their income before the intervention and
the small farmers were benefitted more than the medium farmers with
an average significant increase in their farm incomes (Figure 4).

To increase farm incomes and to achieve food security it is
necessary to target climate smart practices in almost every village
(Issahaku and Abdulai, 2019; Ojo and Baiyegunhi, 2020; Malhi et al.,
2021; Ali et al,, 2022). The benefits of climate smart interventions and
adoption of the same by the farmers was quantified using the
difference in difference model (DiD). The income gains were captured
using DiD where the difference in the Income before and after
interventions was taken as the first difference and second difference
as the income change between the control and treated village. The
results are depicted in the Figure 5. A farm household which adopts
climate smart practises earns on an average nearly Rs. 2,50,000/year
compared to the control village. The first difference in the farm
incomes across the villages before intervention was Rs. 45,705 after
intervention it was Rs. 74,767/farm household/year. The difference in
differences was found to Rs. 29,062 and it captures the important
differences in the incomes and removes biases which can arise because
of trends and inherent differences in the study locations.

Drought impact on the farm household
income and benefits of adoption of climate

TR esivent cechnologies
! Cotton 39 402 India stands third after China and US for being affected by highest
2 Jowar 1.33 6,945 number of natural disasters over the past 20 years, and among them
3 Maize 50.94 35,555 drought is an important climatic shock but there are few studies on
4 Redgram 434 908 the various quantifiable post impact assessment (Kala, 2017;
s Sunflomer - 7005 Bahinipati, 2020; Mohanty, 2020).

The total farm household income during a drought year was
6 Banana 8.89 38,825 compared to a normal year across interventions. The treated village

TABLE 5 Factors determining farm income.

S. No. Variable Co-efficient t-value F-value R?
1 Constant 28673.83 0.43
2 Farm size 12353.63 4.56%%*
3 Livestock possession 43836.12 2.03%* 9.14%#%% 0.65
4 Adoption status 39867.01 1.81%*
5 Social class 23903.63 1.17*
6 Education 182.18 0.92
7 Family size 2655.59 0.69
8 Investment in agriculture 1.81 2.22%

*Significance at 10%. **Significance at 5%. ***Significance at 1%. Model: Y =28673.83 + 12353.63X1 +43836.12X2 + 39867.01X3 + 23903.63X4 + 182.18X5 + 2655.59X6 + 1.81X7.
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farmers income from agriculture was higher than the control village.
During a drought year, farmers face a major decline in their incomes
especially from agricultural activities. Figure 6 depicts the income
obtained from agriculture during normal and drought year. An
average farmer in the treated village had more than 90 percent higher
income from agriculture both in normal as well as in drought year.
And the reduction in the income from agriculture during drought is
more in the control village than the treated village farmers. Droughts
have devastating impact on farm families but in the treated village
farmers are better off due to the climate resilient interventions
and practices.

During climate extremes farm households try to diversify their
incomes, it can be seen from the figure that notable differences are
there in the composition of FHH income between drought year and
normal year. The doughnut chart represents the changes in
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composition of income during drought in Figure 7. The outer
doughnut is the income during a drought year and inner a normal
year. The income from crops and livestock activities reduced by 12
percent due to drought while contribution of non-farm activities to
total incomes increased by 10 percent. Droughts significantly affect
the crop yields and there reduce the farm incomes, farmers go for
diversifying their incomes by taking up non- farm activities to sustain
(Singh et al., 2018).

Climate change adaptation brings substantial increase in profits
to farmers and reduction in risk associated to climate extremes. The
loss a farm household avoided during a drought year by climate smart
agriculture practices was quantified through the DID approach. The
double difference estimated was Rs. 54,717/FHH/year, a farmer in the
treated village is able to minimise his loss during drought by better
adaptation strategies. Climate smart interventions in the form of
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technologies, trainings, agro-advisories etc., increases the profitability
of farming through higher yields, reduction in loss and thereby
enhanced incomes. And the adoption at the farm level is imperative
to mitigate the loss in productivity and farm incomes (Mishra, 2007;
Nambi et al., 2015).

Factors influencing the farm income in
drylands

The income of a farm household is dependent on different socio-
economic, climatic, institutional and technological factors under the
changing climate the success and effectiveness of an adaptation
strategy to be adopted by a farm household depends on the various
factors. And it is imperative to know and quantify the impact of the
various factors. From the result of the regression analysis, we see that
the major significant factors affecting FHH were farm size, livestock
possession, whether they adopt climate smart practices, their social
status, and investment in agriculture (Mamun et al., 2021). The land a
farmer possess is the most important asset and results reveal that an
acre increase in his land will increase his income by Rs. 23,353 and a
farmer who possess livestock can increase his income by Rs. 43,836.
Livestock always plays an important part in the income composition
of small and resource poor farmers, the sale of animals and their
products are major income generating activities. And also farm
families with livestock are more resilient to climate change (Aryal
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etal., 2018; Ogada et al., 2020; Kuchimanchi et al., 2021). The results
also indicate that the social class of farmer and family size had impacts
on incomes. The socially disadvantaged castes are economically
disadvantaged may be due to factor like poor resource endowment,
exclusion for publics networks and extension services (Krishna et al.,
2019; Ruzzante et al., 2021). Adoption of climate smart technologies
significantly increase incomes especially with changing climate and
frequency of climatic hazards. The results indicate that a benefit of Rs.
39,867/FHH is earned by a farmer in the treated village compared to
the control village farmer. The education of farmer and family size
were not significant factors in determining the income of the farmers
(see Figure 8).

Conclusion and policy implications

Our estimation of impact of climate change on farm income
unlike most studies focuses on composition of farm income, impact
across farm sizes and as well as quantifying the impact of intervention
especially climate resilient technologies. The results reveal that farm
households with interventions have more than 60 percent share of
their income from agriculture. And the average operational land
holdings was higher compared to the control village as farmers were
able to lease in land in the treated villages. The livestock component
contributed about 10 percent to the total household income. The
analysis of farm incomes across the farm sizes reveal that the
contribution of agriculture to total income increases with farm size.
In the village with climate resilient interventions the small farmers did
not go for non-farm income sources unlike the farmers in the control
village. The productivity increases in the crops increased from 5 to 50
percent across different crops through climate resilient interventions
compared to the crop yield in the control village. The difference in the
average farm incomes before and after the project interventions was
Rs. 84,770/FHH/year and most benefitted were the small farmers. And
DiD estimated was Rs. 26,062/FHH/year during a normal year.

The impact of climate extremes like drought on farm income
across farm sizes and composition were quantified. There was
significant reduction in income of farmers during drought
especially in the control village. Income from crop activities has the
major loss while the share of income from non-farm activities
increased. Farmers tend to go for small businesses, non-agriculture
labour etc., to meet their needs. The double difference estimated for
drought was Rs. 54,717/FHH/year and farmers in the treated village
were able to minimise their loss during drought by better adaptation
strategies. The study also brings out the impact of the various socio-
economic and institutional factors which affect the farm incomes
in drylands. The farm size, adoption of climate resilient
technologies, livestock possession, family size and investment in
agriculture were found to be the significant contributors to
farm incomes.

The barriers in technology adoption like uncertainties about its
performance and costs involved can be overcome by the formation of
climate resilient villages. The technology demonstration component
of the program builds confidence in farming community come
forward to adopt resilient technologies. These adaptation strategies are
devised for risk reduction, especially risk related to climate like
droughts, floods and diseases/pests and they minimize the loss and
help to sustain the farm incomes. The adoption of adaptation
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strategies, diversification, water management, along with insurance
have the potential to reduce the loss in farm incomes in times of
climate extremes (De Janvry et al, 2005; Fuglie et al, 2020).
Development of climate smart agriculture which protects the natural
resources and ecosystem are needed. Policies are needed for a
productive as well as resilient system to maintain food production
under changing climates. Mainstreaming the climate adaptation
practices/strategies through livelihood programs, rural employment
generation schemes would help in building the resilience of farm
households against climate extremes.
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