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Impact of socio-economic determinants on goat farmers' adaptations
to climate change: A multivariate probit approach
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ABSTRACT

This study overviews at how goat farmers in the Bundelkhand region of Uttar Pradesh are adapting to the climate
change and effects of these strategies on their socio-economic situation. The research used data from 300 households
in the Banda and Mahoba districts. A multivariate probit econometric model was used to understand what factors
influence farmers' choices when adapting to climate change. The results showed that factors like landholding size,
farming experience, gender of the household head and especially access to credit institutions significantly influence
farmers’ adaptation strategies. Additionally, the study highlights the need for improved infrastructure and services
particularly in areas like agricultural extension and market access—to support greater adoption of adaptation
measures. These findings can help researchers, environmentalists, and policymakers create better strategies to

support sustainable goat farming in the area.
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The livestock sector is a key source of income for
people in rural areas, especially in developing countries.
In a country like India, farming is highly vulnerable to
challenges such as unpredictable weather, extreme weather
events like droughts and floods and unstable markets,
strategies to deal with climate change are especially
important. Kumar ef al. 2023 revealed that climate change
has wide-ranging effects economic, environmental and
social especially in rain-fed farming areas in developing
countries like India, where agriculture is a key part of the
economy.

Timely and reliable climate forecasts play a crucial
role in improving the welfare of farm households,
whereas inaccurate or unreliable forecast information can
adversely affect poor farmers (Agarwal, 2008b; Agarwal
and Perrin, 2008). Farmers’ ability to effectively respond
to climate forecasts and to derive benefits from their use
largely depends on the prevailing policy and institutional
environment, as well as the socio-economic characteristics
of their households (Ziervogel et al. 2005; Vogel and
O’Brien. 2006; Arimi. 2014).

Factors such as limited access to extension services,
credit constraints, small landholdings and risk aversion
often restrict the uptake of improved technologies and
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management practices. Although a growing body of
literature has examined farmers’ adaptation to climate
change, empirical evidence focusing specifically on
adoption behavior of goat farmers and the socio-economic
determinants of multiple adaptation strategies remains
limited. This gap underscores the need for a comprehensive
analysis of the factors influencing the adoption of climate
change adaptation practices among goat farmers, which the
present study seeks to address.

This study focuses on Uttar Pradesh's Bundelkhand
region, which is located on the Indo-Gangetic Plains near
the Vindhyan hills in central India comprises 7 districts
of Uttar Pradesh. It contributes about 11 per cent to the
state's total cropped area and 8.5 per cent to its livestock
population. Interestingly, Bundelkhand is often referred
to as the "goat country" of Uttar Pradesh, with nearly
10 percent of the state's total goat population, which is
around 15.59 million (Weber ef al. 2018). The region faces
frequent droughts, irregular rain, dry periods, flash floods
and sudden temperature changes, all leading to agrarian
distress and seasonal migration. (Jain ef al. 2020).

This study employs a multinomial probit model to
analyse the determinants of climate change adaptation,
following earlier empirical studies that have adopted similar
methodological approaches (Hassan and Nhemachena.
2008; Deressa et al. 2008; Sofoluwe ef al. 2011; Nzeadibe
et al. 2011; Aemro et al. 2012; Nhemachena et al. 2014;
Feleke and Berhe ef al. 2016).

Adaptation to climate change is essential to mitigate its
potentially adverse impacts (Kabubo-Mariara and Karanja
(2007); Stern (2007); Hassan and Nhemachena (2008);
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Reidsma et al. 2009). When effectively implemented,
adaptation measures can safeguard the livelihoods of
resource-poor farmers and enhance food security by
reducing negative impacts while strengthening potential
benefits associated with climate variability and change
(Bradshaw et al. 2004; IPCC. 2007; Reid et al. 2007; Bryan
et al. 2009). In this context, goats are widely regarded as
relatively resilient to climate change due to their ability
to adapt to variable and uncertain climatic conditions
(Tirivangasi, 2019).

Although some studies in India have explored farmers’
perceptions of climate change and their corresponding
adaptation choices, there remains a significant gap in
understanding the socio-economic drivers behind goat
farmers' adaptation strategies. Consequently, this research
seeks to address this gap by investigating the socio-
economic factors that affect the adoption of different
adaptation strategies among goat farmers. Specifically, it
investigates factors affecting the choice of strategies such
as change in breed (Yo), feed management (Y1), land and
water management (Y:), access to veterinary services
(Ys), change in herd size (Y4) and nature-based adaptation
methods (Y5s).

MATERIALS AND METHODS

Analytical framework: The multinomial logit (MNL)
and multinomial probit (MNP) models are widely used
analytical tools in adoption-decision studies involving
multiple choices. Both approaches allow for the examination
of different combinations of adaptation strategies, including
individual and multiple options, as highlighted by Hausman
and Wise (1978) and Hassan (2008).

As noted by Nhemachena ef al. (2014), multinomial
discrete choice models provide an alternative framework for
analysing complex multivariate decision-making processes
by defining the choice set as all possible combinations
of adaptation measures. However, the applicability of
the multinomial logit (MNL) model is constrained by
the IIA assumption. When this assumption is violated,
estimation can instead be conducted using multinomial
probit (MNP) models or models with mixed or random
coefficients. While MNL models are often preferred due to
their relative simplicity, both Bayesian and non-Bayesian
simulation techniques can be employed to estimate large
MNP and mixed logit models (Golob and Regan, 2002). A
key limitation of this approach, however, is the difficulty in
interpreting the marginal effects of explanatory variables
on individual adaptation measures within a multinomial
framework.

To address the limitations of univariate and multinomial
discrete choice methods, this study employs a multivariate
probit econometric tool to examine the factors influencing
climate change. The multivariate probit econometric
technique employed in this work, in accordance with Lin
et al. (2005), is characterized as a collection of n binary
dependent variables yi (with observation subscripts
omitted), such that:
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Y, =1ifx'B+e>0,
Y=0if x'B+e<0,i=1,2,..,n, ..(1)

Where, x is a vector of explanatory variables, b, b,,...,
b, are the corresponding parameter vectors, and e, €, ....€,
are random error-terms distributed as multivariate normal
distribution with zero means, unitary variance and an nxn
contemporaneous correlation matrix R = [rij], with density
¢ (e, €y, ...,g; R).

The n-variate standard normal probability is the
likelihood contribution for an observation:

Pr 1o = (OB (@R
[Ern DX g e €n; Z'RZ)

dfn '''''' dEZ dE]_ (2)
Where, Z= diag [2yl-1,------- , 2yn-1].The maximum

likelihood estimation maximizes the sample likelihood
function, which is a product of probabilities (Eq. 2) across
sample observations. The computation of maximum
likelihood function using multivariate normal distribution
requires multi-dimensional integration and a number of
simulation methods have been put forward to approximate
such a function with GHK simulator (Geweke 1996;
Hajvassilion et al. 1996) being widely used (Belderbos
et al. 2004).The marginal effects of explanatory variables
on the propensity to adopt each of the different adaptation
measures are calculated as:

oPi/oxi= o(x B)B,

Where, P; is the probability (or likelihood) of event 7 (that
is increased use of each adaptation measure), ¢(-) is the
standard univariate normal cumulative density distribution
function, and x and B are the vectors of regressors and
model parameters respectively (Hassan. 2010).

To assess potential multicollinearity in econometric
analysis using cross-sectional data, the Variance Inflation
Factor (VIF) for each explanatory variable was calculated.
The VIF values ranged from 1.07 to 1.53, well below the
conventional threshold of 10 typically used in regression
diagnostics (Lin et al. 2005). Therefore, multicollinearity
does not appear to be a concern in this analysis. A strong
model was developed that employed a covariance matrix
along with a series of equation-level scores to compute a
reliable variance estimator, thereby addressing potential
heteroscedasticity.

Description of data: A total of 300 goat-rearing
households from the Banda and Mahoba districts
participated in the survey. A cross-sectional household
survey was conducte during from year 2022-25 the years
2022-23. The selection of respondents was based on
specific inclusion criteria to ensure relevance to the study
objectives. Only households that had been engaged in
goat rearing for at least one year prior to the survey were
included. The one-year minimum experience criterion was
adopted to ensure that respondents had completed at least
one full production and seasonal cycle, allowing them to

i=1,2,..n ...3)
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observe climate-related variations and to undertake basic
adaptation responses such as changes in feeding, herd size
adjustment, use of veterinary services or reliance on nature-
based practices. This survey which included information
on farmers’ perceptions of climate change, the adaptation
strategies they have adopted and the challenges they had
encountered in implementing these strategies. These include
genetic improvement through suitable breed selection,
improved feed and fodder management, land and water
conservation measures and regular use of veterinary and
animal health services. Nature-based adaptation practices
such as the use of local and climate-resilient goat breeds,
reliance on natural grazing resources, seasonal adjustment
of grazing patterns and integration of goats with existing
farming systems to enhance ecosystem resilience were also
analysed. These recommended practices form the basis of
the adaptation strategies analysed in the present study.

Dependent and independent variables: The dependent
variables perceived for the model were six dummy
variables: Change in breed (Y,), Feed Management (Y)),
Land and Water Management (Y ), Veterinary Services (Y,),
Change in Flock Size (Y,) and Nature-Based Adaptation
(Y,).The variables include the age of the household head,
their education level and farming experience. Veterinary
costs, sex of the household head and the number of family
labourers contributed to the understanding household
dynamics. Summary statistics of the identified main
adaptation measures are presented in Table 1.

The explanatory variables included in the model were
derived from a review of adoption literature and our
understanding of theoretical frameworks; however, this
approach remained largely exploratory due to the limited
availability of straightforward theoretical predictions. The
selected independent variables represented some of the
numerous factors influencing the adoption of adaptation
options at the goat farm level. Although many factors might
affect the farmers’ use of adaptation strategies, this study
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has identified thirteen key variables, listed in Table 2, that
were most relevant for explaining the adoption of different
adaptation options by goat keepers. In the empirical
analysis, each of these variables was incorporated into all
the six equations to examine whether their impacts varied
across different adaptation options.

RESULTS AND DISCUSSION

The research utilized a multivariate probit model and
to make comparisons, univariate probit models were also
calculated for each of the six adaptation choices. Descriptive
statistics for these variables and the anticipated effects
of adaptation options are also presented in Table 2. The
findings presented in Table 2 indicate that the average flock
size was 17 goats, average age of the household head was
46 years. Regarding access to public agricultural extension
services, approximately 39 percent of respondents had
contact with extension agents. Access to credit emerged as a
key factor influencing the adoption of adaptation strategies,
only 21 percent of the sampled households having access to
credit. However, the average distance to input market was
26 km from the sampled households. Similar findings have
been observed by (Dixit and Singh 2014).

The findings from the multivariate probit model, as shown
in Table 3, revealed that the correlation coefficients of the
error terms was significant (based on t-test statistics) across
all pairs of equations, indicating that these are correlated.
This suggested the presence of complementarities
(positive correlations) among the different adaptation
strategies adopted by farmers. The results affirmed the
interdependence between various adaptation options,
which might have arisen from complementarities among
the strategies themselves, as well as unobserved household-
specific and other factors influencing the adoption of
multiple adaptation measures. Additionally, notable
differences in the estimated coefficients across the different
equations underscored the importance of treating each

Table 1. Definition of variables used in empirical analysis

Variable Definition Values/measure Expected impact
X1 Age of household-head Number of years

X2 Education of household-head Number of literate members +
X3 Flock size Number of goats in a group +
X4 Land holding (Hectare) +
X5 Area under green fodder (Hectare) +
X6 Veterinary cost (Rs.) +
X7 Sex of household head Male =1 Female =0 +
X8 Farming experience Number of years +
X9 Noticed climate change 1=yes and 0=no +
X10 Family labours Number of labourers +
X11 Access to agricultural extension facility 1=yes and 0=no +
X12 Access to credit 1=yes and 0=no +
X13 Distance to input market Distance in km +
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Table 2. Summary statistics of independent variables and their expected impacts on adaptation measures.

Variable Variable Mean Maximum Minimum (?eti?i?;i Skewness Kurtosis
X1 Age of household-head 45.687 75.000 22.000 9.682 0.157 -0.0013
X2 Education of household-head (Yrs.)  3.963 15.000 0.000 4.188 0.7145 -0.415
X3 Flock size (No.) 17.237 70.000 5.000 11.044 1.968 4.634
X4 Land holding (Ha) 1.380 10.125 0.203 1.487 2.664 8.636
X5 Area under green fodder (Ha) 0.124 0.810 0.010 0.132 2.378 6.461
X6 Veterinary cost (Rs.) 1086.4 3550 100.00 654.420 1.848 4.409
X7 Sex of household head 0.913 1.000 0.000 0.282 -2.513 4.404
X8 Goat Farming experience (Y1s) 3.24 12.000 1.000 1.714 1.848 4.409
X9 Noticed climate change 0.443 1.000 0.000 0.498 0.229 -1.961
X10 Family labours (No.) 6.013 18.000 1.000 2.904 0.797 1.245
X11 Access to agricultural extension 0.393 1.000 0.000 0.489 0.439 -1.819
facility
X12 Access to credit 0.210 1.000 0.000 0.408 1.431 0.048
X13 Distance to input market (Km) 25.85 45.000 6.000 10.534 0.109 -0.648

adaptation option distinctly rather than aggregating them.

The univariate probit models represent a more restrictive
form of the multivariate probit model, where all off-
diagonal error correlations are assumed to be zero (i.e., that
is, P =0 for >j) (Lin et al. 2005; Belderbos ef al. 2004). A
likelthood ratio test that evaluated the log-likelihood values
of both the multivariate and univariate models indicated
significant joint correlations. Separate univariate probit
models were also estimated; however, the MVP model was
preferred because the likelihood ratio test strongly rejected
the null hypothesis of zero correlations among the error
terms (% (13) = 24.40; p = 0.0277). This result justified the
use of the multivariate probit model, which accounted for
the interdependence among different adaptation options,
rather than relying on separate univariate probit models. It
also highlighted the inadequacy of combining adaptation
choices into a single binary variable (adaptation vs. no
adaptation), as done in some previous studies such as
Maddison (2007).

The age of the household head (X|) had negative
coefficients for change in breed (—0.019), feed management
(—0.003), land and water management (—0.018), and
change in herd size (—0.188), but none of these effects were
statistically significant. In contrast, age exerted a positive
and statistically significant influence on nature-based
adaptation strategies (0.022, p < 0.10). This indicated that
older farmers are neither significantly more nor less likely
to adopt most adaptation measures, but they show a higher
likelihood of relying on nature-based responses. The result
suggested a selective preference rather than a generalized
reluctance toward adaptation. The negative attitudes of
elderly farmers toward novel technological options have
been documented in prior studies on agricultural adaptation
(Gould et al. 1989).

Education of the household head (X,) exhibited mixed
but statistically insignificant effects across all strategies.

Although education showed positive coefficients for feed
management (0.243) and land and water management
(0.032), these estimates were not statistically significant,
indicating that formal education alone does not significantly
influence the adoption of adaptation strategies among goat
farmers in the study area. This echoes findings by Denkyira
et al. (2017), who noted that while education can enable
access to knowledge, it doesn’t always translate into
immediate adoption due to other constraints. Flock size
(X3) had small and statistically insignificant coefficients
across all adaptation options, ranging from —0.021 for
breed change to 0.011 for herd size adjustment. This implies
that flock size by itself does not play a decisive role in
influencing adaptation behavior. Larger landholdings may
provide more capacity to undertake genetic improvement
or expand herd size, consistent with findings in livestock
adaptation literature (Deressa et al. 2009; Molla et al.
2023).

The area under green fodder (X5) showed a negative
association with breed change (—4.825) and herd size
adjustment (—6.911), while positive coefficients were
observed for feed management (0.462) and land and water
management (2.287). However, none of these effects were
statistically significant, indicating that fodder availability
does not independently drive adaptation decisions, although
it may complement feed-related practices. Veterinary cost
(X6) had a negative and statistically significant impact
on the use of veterinary services (—0.001, p < 0.10). This
result indicates that higher animal health expenditures
discourage farmers from utilizing formal veterinary care,
highlighting financial constraints as a major barrier to the
adoption of animal health-related adaptation measures.
This indicates the critical role of financial constraints’ in
limiting access to key adaptive technologies, a constraint
similarly noted by Kandlinkar and Risbey (2000) in
crop adaptation contexts. The sex of the household head
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Table 3. Results of multivariate probit analysis of adaptation measures

. Change Feed Land and water Veterinary Change in  Nature .based
Variables in breed Management management services (Y ) herd size adaptation
(Y,) (Y) (Y) Yy (Y)

C Constant 2.160 -0.500 -0.583 -1.969 -1.162 -0.746%*

X1 Age of household-head ~ -0.019 -0.003 -0.018 0.013 -0.188 0.022%*

X2 Education of household-  -0.012 0.243 0.032 -0.007 0.020 -0.061
head

X3 Flock size -0.021 -0.009 -0.009 -0.016 0.011 0.004

X4 Land holding (Hectare) ~ 0.365 -0.072 -0.282 0.133 0.503 0.049

X5 Area under green fodder  -4.825 0.462 2.287 0.491 -6.911 1.406

X6 Veterinary cost -0.001 0.000 0.001 -0.001* -0.000 0.000

X7 Sex of household head -0.309 -0.032 0.576 0.827** -0.305 -0.712

X8 Farming experience 0.022 -0.132 -0.127 0.150%* 0.190%* 0.001

X9 Noticed climate change  0.081 0.348 -0.106 -0.239 0.778 -0.247

X10 Family labours 0.002 -0.004 -0.011 0.003 -0.005 0.036

X11 Access to agricultural -1.545%*%  0.139 0.143 0.189 0.461 0.061
extension facility

X12 Access to credit 1.983%* 0.005 0.142 0.274 -0.284 0.040

X13 Distance to input market -0.021%* -0.001 0.000 0.013 -0.003 -0.007

* Significant at 10%, ** Significant at 5%

(X7) had a positive and statistically significant effect on
veterinary service utilization (0.827, p < 0.05), suggesting
that male-headed households are more likely to access
veterinary services. For other adaptation strategies, the
coefficients were statistically insignificant, indicating that
gender effects are specific rather than universal across
adaptation options. This may parallel observations by Ojo
and Baiyegunhi (2018) who reported male dominance in
accessing extension and veterinary support in rural settings.
Farming experience (X8) positively and significantly
influenced veterinary service adoption (0.150, p < 0.05)
and change in herd size (0.190, p < 0.05). This suggests
that experienced farmers are better equipped to respond to
climatic stress through livestock health management and
herd restructuring. For other strategies, farming experience
did not exert a statistically significant effect. Surprisingly,
awareness of climate change (X9) did not significantly
affect the adoption of any adaptation strategy. Although the
coefficient for herd size adjustment was positive (0.778),
it was statistically insignificant, indicating that awareness
alone is insufficient to translate into concrete adaptive action
without supporting resources or institutional mechanisms.
Access to agricultural extension services (X11) showed
a negative and statistically significant effect on breed
improvement (—1.545, p < 0.05), while its effects on other
strategies were statistically insignificant. This suggests that
existing extension services might not be effectively aligned
with breed-related adaptation needs of goat farmers. Access
to credit (X12) had a strong positive and statistically
significant impact on the adoption of improved breeds
(1.983, p < 0.05). These findings highlighted the capital-

intensive nature of breed improvement and underscores
the critical role of financial institutions in enabling such
adaptation strategies. Distance to input markets (X13)
negatively and significantly influenced breed improvement
(—0.021, p <0.10), indicating that greater physical distance
from markets constrains farmers’ ability to access improved
breeds and associated inputs.

The study employed a multivariate probit model, along
with individual univariate probit models, to analyze the
factors influencing the adoption of six distinct climate
change adaptation strategies among goat farmers in the
Bundelkhand region of Uttar Pradesh. The findings reveal
that most farmers adopt multiple adaptive practices,
with changes in herd size and utilization of veterinary
services emerging as the most common strategies. In
contrast, nature-based adaptations were less frequently
implemented. Key socio-economic variables including the
age and education level of the household head, landholding
size, gender and farming experience were found to
significantly influence the adoption of specific strategies.
Farmers with larger landholdings and greater experience
were more inclined to adopt breed improvements and herd
management practices. Households headed by men made
a greater use of veterinary services. Access to institutional
support, particularly credit facilities, had a strong positive
impact on the adoption of improved breeds, underscoring
the vital role of financial resources in facilitating capital-
intensive adaptation measures. On the other hand, access
to agricultural extension services showed mixed effects,
suggesting a need to better tailor these services to the
specific needs of goat farmers. Additionally, greater



938 DIXITET AL.

distance to input markets was found to negatively affect
the adoption of breed improvement strategies, highlighting
infrastructure-related barriers to accessing essential
resources.

The present study is exploratory in nature and as
such, has certain limitations that offer avenues for future
research. First, the analysis is based on cross-sectional data,
which captures adaptation behavior at a single point in time
and does not allow assessment of dynamic or long-term
adaptation pathways. Future studies could employ panel
data to examine how adaptation strategies evolve over time.
Second, the study focuses on observed adaptation measures
and does not quantify the intensity or effectiveness of these
strategies. Further research may assess the economic and
welfare impacts of specific adaptation options. Third, while
the multivariate probit framework captures interdependence
among adaptation choices, qualitative factors such as
farmers’ risk preferences, social networks and institutional
trust were not explicitly modelled. Incorporating these
dimensions could provide deeper insights into adaptation
decision-making. Finally, comparative studies across
regions and livestock systems could help to generalize the
findings and refine the policy recommendations.
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