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Climate change adaptation is increasingly recognized by subsistence farmers in
Pakistan. The problem of climate change is severe, and smallholders are often
resource constrained when it comes to adapting to it. However, such constraints
can be overcome through collective responses. Therefore, it is necessary to
evaluate the impact of collective action among smallholder farmers to determine
how it influences local adaptation processes. This study explores the impact of
farmer's collective action groups (CAGs) on adopting climate-smart agricultural
(CSA) practices in poverty-stricken areas of rural Punjab, Pakistan. The data was
collected through a cross-sectional survey, and for the analysis purpose, the
Recursive bivariate probit regression (RBP) model was employed. The first stage
estimates of RBP models suggest that the farmer’'s decision to participate in
CAGs is mainly influenced by factors such as education, credit access, climate
change risk perception, and peer influence. The second stage estimates showed a
positive and significant impact of farmers’ participation in collective action groups
on adopting climate change adaptation strategies across all three models. The
study concludes that the farmers participating in collective action groups have
a higher climate change adaptation level. It is recommended that the pro-poor
policies be designed to negate the entry barriers, facilitate the inclusion of the
farmers in the collective action groups, and enhance climate change adaptation
among smallholders.

KEYWORDS

collective action groups, climate change adaptation, recursive bivariate probit
regression, Punjab, Pakistan

1. Introduction

Anthropogenetic emanations of greenhouse gasses are intensifying at an alarming rate,
causing a destructive impact on ecological systems (The World Bank, 2017; Aryal et al., 2018;
Arif et al., 2019). The damages are apparent around the globe; seemingly, the South Asian
population is highly vulnerable to such climate extremes due to low adaptive capacity and
mitigation awareness (Turner and Annamalai, 2012; Aryal et al., 2020). Recent climate change
events, such as droughts, rising temperatures, floods, and consequent yield losses, have
endangered the livelihoods of the rural class (Ricciardi et al., 2018; FAO, 2019). Estimations
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suggest that cereal yield may decline up to 30% by the year 2059 (Parry
et al.,, 2007). The projections indicate that, by the next decade, South
Asia will have the maximum number of food-insecure people (Cai
etal, 2016; Hasegawa et al., 2021). Pakistan is considered the most
vulnerable to the recent climate extremes, ranked 12th on the global
climate index (Kreft et al., 2017).

Such catastrophic events need to be tackled via appropriate
adaptation strategies. Climate-smart agricultural practices (CSA)
follow holistic measures that help achieve socio-cultural, biophysical,
and economic benefits from agriculture (Sanz et al., 2017; Awazi et al,,
2021; Quandt et al., 2023). Adopting CSA is a viable option, as it can
enhance crop production, increase farmers’ revenue, and minimize
environmental damage (Deressa et al., 2011; Tilman et al., 2011;
Manda et al., 2016; Kotu et al., 2017; The World Bank, 2017; Awazi
etal, 2019; Jayne et al,, 2019). These integrated systems may include
organic manure (Ebewore and Emaziye, 2016; Mahmood et al., 2017),
integrated pest management (Pretty and Bharucha, 2015), soil and
water conservation (Blanco and Lal, 2008), stress-tolerant crop
varieties (Raymond Park et al, 2011), and crop management
(Congreves et al., 2015; Ghani et al., 2022) among others. These
measures enhance agriculture production and ensure economically
feasible and socially acceptable usage of natural resources (FAO,
2022). According to Schwilch et al. (2014), institutions significantly
influence land-use changes and adoption of sustainable measures.
Further, Rasul et al. (2011) documented that institutions usually
govern the processes by which technical and scientific knowledge is
developed and translated into the application, as well as assist in
adopting environmentally sustainable farming methods.

Existing literature has explored a range of institutional factors
influencing the adoption of CSA technologies, such as agriculture
advisory service (Salaisook et al., 2020), technology transfer (Kassie
et al,, 2015), market orientation (Ismail et al., 2023), and agriculture
supporting services (Huber et al., 2013). However, only a scant portion
of the literature discusses the role of collective action groups (CAGs).
The empirical evidence focuses on the effectiveness of social groups
in smoothing the adoption process through shared information and
learning (Foster and Rosenzweig, 1995; Conley and Udry, 2010).
Economic theory recommends that a wide range of human decisions,
including the adaptation to climate change, are substantially related to
the social behavior of groups to which farmers belong (Foster and
Rosenzweig, 1995; de Janvry et al., 2017).

The failure to involve local communities in the policy framework
has primarily resulted in the lack of climate change adaptation.
Multiple studies indicate the effectiveness of local processes in synergy
with national adaptation initiatives (Sanginga et al., 2006; Oparok,
2015; Chanie et al., 2017). Brown and Sonwa (2015) posited that
interactions between local and national institutions can enhance the
adaptation and effectiveness of the national policy. Osbahr et al.
(2008) highlighted the adoption of collective land-use management as
one of the local solutions to climate threats in Mozambique and
recommended strengthening the local institutions. Adger (2010) and
Mekonnen et al. (2016) suggested that collective action is crucial to
adaptive capacity. This study prompted the need for case-specific
research on the importance of collective action for adaptive capacity
at the local level in rural agricultural communities.

Collective action groups (CAGs) consist of cooperatives,
associations, communal action groups, self-help organizations, and
producer organizations intended to protect members’ interests. CAGs
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help farmers access necessary farming inputs and acquire credit and
extension services. In other words, CAGs benefit farmers by enhancing
their environmental stewardship and reducing global hunger in the
face of climate uncertainties (Okumu and Muchapondwa, 2017). Such
groups help in engendering a collective response to climate change
threats at the micro and macro levels (Aldrich, 2010; Kehinde and
Adeyemo, 2020). CAGs can vary in size and structure, ranging from
small local cooperatives to larger associations or networks (Bizikova
etal,, 2020), and serve as valuable platforms for knowledge exchange,
capacity building, resource access, and advocacy, all of which
contribute to the widespread adoption of climate-smart agriculture
technologies (Holloway et al., 2000; Hellin et al., 2009; Meinzen-Dick
et al., 2009; Moustier et al., 2010; Trebbin, 2014).

The literature reports the diverse impacts of CAGs in promoting
agricultural technologies. Thuo et al. (2014) found that farmer
organizations have little effect on adopting improved ground varieties
in Kenya and Uganda. Similarly, Mwaura (2014) confirmed that CAG
members were less likely to adopt improved pesticides, seeds, and
fertilizer in Rwanda. However, Zhang et al. (2023) found that
participation in CAGs directly influenced farmers’ choices to employ
green control technologies among fruits and vegetable growers in
China. Ainembabazi et al. (2017) suggested that CAGs significantly and
positively affected farmers’ adoption of pro-environment agricultural
technology and technical efficiency in Africa’s Great Lakes region.

The literature considering the relationship between CAGs and the
adoption of agricultural technologies varies and is inconclusive. This
variability may depend on the specific technology being adopted,
access requirements, and the socio-economic profiles of the group
members (Chanie et al., 2017; Abdul-Rahaman and Abdulai, 2018;
Addai et al., 2021). Moreover, within the context of Pakistan, there is
a shortage of literature assessing the effects of farmer-based groups.
So far, only a few researchers have discussed the role of CAGs in
Pakistan (Murray-Rust et al., 2001; Sabir et al., 2012; Gillani et al.,
2022). However, these studies’ analyses are primarily correlational,
lacking causal inference.

Hence, it necessitates empirical research to determine the impact
of farmers’ collective action groups on adopting climate-smart
agriculture technologies. To our knowledge, no prior study has
explored the effects of participation in collective action groups on
climate change adaptations, specifically in the South Asian context.
Current research aims to fill this gap and adds to the existing literature
by examining the relationship between farmers’ decisions to join
farmer-based collective groups and its effects on adopting CSA
technologies in southern parts of Punjab, Pakistan. Both decisions
(CAG membership and CSA adoption) are binary and incurred
concurrently; hence, CAG membership is likely endogenous. To
address the endogeneity and selection bias issues, this study employed
the recursive bivariate probit model (RBP) to explore the objectives.

1.1. Conceptual linkage between collective
action groups and climate change
adaptations

Based on the empirical literature, the current study explains that
the contextual factors largely determine farmers decision to
participate in collective action groups. Climate change has halted the
progression of the farming sector and inversely affected the farmer’s
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livelihood. Hence, adaptation to climate change seems the only viable
option to reverse the hazardous impacts of climate extremes. However,
Climate-smart agricultural techniques are constrained by market
imperfections, lack of awareness and financial resources (Mekonnen
etal, 2018). Collective action groups are often described in numerous
ways, specifically in the context of smallholder farming. It comprises
several actors aiming toward shared purpose or interests among them
(Meinzen-Dick et al., 2009; Fernandez-Baldor et al., 2012). Collective
action is primarily voluntary and takes different forms, such as making
collaborative decisions, establishing standards of behavior and asset
management, and putting policies into practice that directly affect
communities in their daily lives (Ostrom, 2000). Other collective
action activities involve pooling labor or financial resources or
monitoring compliance with the guidelines.

A meta-analysis considering the adoption of soil management
techniques emphasizes the positive role of information access in
smoothing the way of adoption (Knowler and Bradshaw, 2007). Access to
information can be gaged through group memberships (Lu et al., 2002;
Mugonola et al,, 2013; Kansiime et al., 2014). Membership in farming
groups is crucial because it effectively disseminates information regarding
new technologies and other activities related to market access. The
empirical evidence shows the effectiveness of social networks in
smoothing the adoption process through shared knowledge and learning
from each other (Conley and Udry, 2010). A collection of networks
(edges) between the cluster of individuals (nodes) signifies a network
through which goods, services, and money flow (Maertens and Barrett,
2013). Collective groups facilitate interactions among the members, and
decisions to adopt any agricultural innovation are influenced by shared
experiences (Raymond Park et al,, 2011). In the wake of natural disasters
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and low human index, multiple governments and non-governmental

farmers  organizations (cooperatives, associations, producer
organizations, etc.) are emerging in the region to improve farmers well-
being by connecting local communities and implementing integrative
sustainable rural development. Adopting climate change adaptation
techniques depends on farmers’ perceptions of climate change and is
primarily influenced by available information, socio-economic
conditions, and agricultural operations (Kangalawe et al., 2017). Adoption
is the extent to which farmers implement a new technology after receiving

enough information about it and its potential benefits (see Figure 1).

2. Methodology
2.1. Study area and data collection

The study region is located in the southern parts (Figure 2) of
Punjab, Pakistan. Such parts of the province are often vulnerable to
climate catastrophes, such as floods, extreme temperatures, rainfall
variations, and droughts; thus, most of the population suffers from
poverty and malnutrition. Such parts carry the region’s poorest, most
vulnerable farming classes (Suleri and Igbal, 2019; Jabbar et al,
2020a,b).

In the wake of natural disasters and low human index, multiple
governments and non-governmental farmers’ organizations are
emerging in the region to improve farmers’ well-being by connecting
local communities and implementing integrative sustainable rural
development. Numerous farmer-based groups exist in southern Punjab,
Pakistan, such as cooperatives, associations, and producer organizations
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Location of the study area.
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Before data collection, a training session was conducted with a
group of local university students for the enumeration purpose and all
the guidelines concerning the data collection were communicated.
We used a simple random sampling technique and a well-structured
questionnaire to collect data. Based on the empirical evidence,
we utilized the Cochran formula to determine the sample size of 420
(Equation 1) (Mukasa et al., 2020; Ojo and Baiyegunhi, 2020; Jabbar
et al.,, 2020b; Myeki and Bahta, 2021). In the execution stage, verbal
consent was obtained from the farmer at the start of an interview.

A prior stratification was not applied during the sampling
procedure, ensuring equal chances of occurrences. At the first stage of
data collection, the southern parts of Punjab province were purposively
selected due to their agricultural contribution and the presence of
collective action groups (Figure 3). In the second phase of data
collection, four districts (Vehari, Khanewal, Multan, Lodhran) were
chosen randomly. Sequentially, in the third phase, two sub-districts
were further chosen. Subsequently, four union councils were selected
from each of the sub-districts. In the fifth stage, five villages was
selected from each union council. In the last step, 20 farmers from
each village and 420 farmers were randomly selected in the fifth stage.
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2.2. Data analysis

The data analysis for the existing study contains both descriptive
and empirical research.

This study utilized the statistical package of Stata 14.0 for both
the descriptive and empirical statistics. The descriptive analysis for
this study explains the socio-economic characteristics of both the
CAG members and non-members. The study utilized the recursive
bivariate probit model to investigate the objectives. The RBP model
seems a suitable option to examine the impact of binary endogenous
treatment variables (Membership to collective action groups) on
adopting binary outcomes (CSA technologies). RBP model is also
helpful in controlling the observed and unobserved heterogeneities.

In comparison, the endogenous switching probit (ESP) model is
also a sound econometric technique controlling for sample selection
bias and endogeneity issues, but it lacks in estimating the marginal
effects. Hence, given our interest in assessing the intensity and impact
of the CAG membership on adopting CSA technologies, this study
utilized the RBP model. It simultaneously estimates the choice of
CAG membership and adoption of CSA technologies through the full
information maximum likelihood (FIML) approach.

The following econometric framework explores the connection
between farmers decision to join CAGs and adopting CSA
technologies (Abebaw and Haile, 2013; Ma et al., 2018).

i =yZ'+¢, where y; =1if y{ >0, otherwise y; =0 (2)
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FIGURE 3
Sampling framework.
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V5 =@yl + AX' + u, where y; =1if y5 >0, otherwise y» =0 (3)

1 is an unobserved latent variable reflecting group participation,
similarly y5 Specifying the climate change adaptation. The y{ the
variable displays endogeneity in the y5. y; and y; signify the observable
choices (0 or 1), where X and Z are vectors of covariates while A and
y are vectors of unknown parameters to be projected. The terms ¢ and
¢ are residuals expected to be normally distributed, with a variance of
1 and zero mean and a correlation coefficient equal to p (Cameron
and Trivedi, 2010). p specifies the association among the unobservable
explanatory variables in three models. A full information maximum
likelihood (FIML) was applied to counter endogeneity issues
(Wooldridge, 2010). Likewise, Chang and Mishra (2008) mentioned
four possible outcomes of RBP models, as discussed below.

(1) Farmer joins the group and adopts a CSA
technology (y1 =1, y2 =1)
(2) Farmer joins group but does not adopt a CSA

technology (y1 =1, y2 =0)
(3) Farmer does not join the group and adopt a CSA

technology (y1 =0, y2 =1)
(4) Farmer does neither join the group nor adopt a CSA

technology (11 =0, y2=1)(»1 =0, y2 =0)

2.3. Variable specification

This study intends to explore the impact of farmer-based groups
on adopting climate change adaptation strategies. Hence, the
treatment variable for farmers’ group membership is a dummy where
1=if the farmer is a CAG member and otherwise=0. The food
production system is challenging, interconnected, and heavily reliant
on natural ecosystems. For developing economies, adaptation to the
effects of climate change is crucial. In agricultural systems, intentional
and accidental responses to climate vulnerability preserve ecological
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balance and reduce financial losses. Climate change and adaptation
strategies should work in synergy to make it easier for the country to
adapt to recent challenges. With farm, sectoral, and national policy
backing, farm-level adaptation measures can reduce climate losses.

We selected three frequently applied CSA technologies,
including climate-resilient improved verities (IV), soil and water
conservation (SWC) techniques, and integrated pest management
(IPM) by the smallholders in Punjab, Pakistan (Ali et al., 2015; Abid
et al., 2016; Ali and Erenstein, 2017; Jabbar et al., 2020b). Improved
verities are genetically modified cultivars to boost yield and
resilience against diseases, insect pests, drought, parasitic weeds, and
other environmental factors (Joshi et al., 2017). Soil and water
conservation are local actions that maintain or improve the
productive potential of the land, including soil, water, and vegetation,
in places prone to degradation (Bashir et al., 2018). IPM is an
ecosystem-based strategy that focuses on long-term pest or damage
prevention using a combination of tactics such as biological
management, habitat manipulation, and cultural practice
modification (Heeb et al., 2019). All adaptation strategies were taken
as the dummy variable where if the farmer adopts any climate
change adaptation strategy =1 otherwise=0. We used current
literature (Fischer and Qaim, 2012; Verhofstadt and Maertens, 2014;
Mojo et al., 2017; Wossen et al., 2017) and anecdotal evidence to
build the set of inputs or explanatory variables on what motivates
farmers to join social groups. The following proxy variables could
influence farmers’ willingness to join CAGs. These include age,
gender, education level, family size, land size, extension access, and
peer influence (see Table 1 for definitions).

3. Results
3.1. Descriptive statistics

The membership status described in Table 1 reveals that
approximately 63 of the sampled farmers were affiliated with
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non-government farmer development organizations in the study
area. Additionally, around 51 and 48 of farmers were members of
farming associations and cooperatives.

Table 2 shows the descriptive statistics reflecting an average
year of schooling of 8, specifying that most farmers could read
and write at an average age of 44 years; 75% percent of the
respondents were males, and 57% were willing to take the risk.
The average family size of 5.3 members per household. The
average farm size was 3.24 acres, where 72% were owners. Around
62% of farmers were engaged in some off-farm activities. Among
the institutional factors, nearly 48% of farmers had accessed
credit, and 54% received an agricultural advisory recently. The
average distance from the village to the main road was 3
kilometers. Peer influence is a crucial factor in stimulating the
participation of farmer groups; peers’ opinions influenced 58%
of the participants. Nonetheless, it should be noted that the mean
difference comparison may not consider other factors, which may
compound the impact of CAG participation (Table 3).

TABLE 1 Description of CAG members.

Membership status No of CAG members

Member of farmer development organizations 63
Member of farmer associations 51
Member of agricultural cooperatives 48
Member of other self-managed farming groups 35
Total membership in collective action groups 197

10.3389/fsufs.2023.1235726

3.2. Goodness of fit

We applied Murphy’s score and Hosmer-Lemeshow tests to
ensure the suitability of the RBP model. The findings showed that the
p values are insignificant for both diagnostics mentioned above,
suggesting the rejection of the Null hypothesis of normality and
ensuring the suitability of the RBP model.

3.3. Recursive bivariate probit model

Table 4 presents RBP estimations for the determinants of CAGs
membership and adopting CSA technologies. We also calculated the
marginal effects for a better picture and meaningful results (Table 5).
The Wald test for evaluating the null hypothesis that is statistically
significant for all models suggests that the probability of farmers
joining CAGs is indeed connected with their propensity to adopt CSA
technologies. The rho across all three models significantly differs from

TABLE 3 Goodness of fit measures for the RBP model.

Hosmer— Murphy's score
Lemeshow test test
CAG membership and | chi2(9)=11.52 Prob > chi2(9) =29.22 Prob >
IPM adoption chi2=0.2419 chi2=0.1089
CAG membership and | chi2(9)=2.64 Prob > chi2(9) =12.57 Prob >
SWC adoption chi2=0.9767 chi2=0.9229
CAG membership and chi2(9) =14.53 Prob > chi2(9)=17.95 Prob >
IV adoption chi2=0.1048 chi2=0.6521

TABLE 2 Description and differences in characteristics of members and non-members statistics of the study.

Variable

Description

Non-

T-test
members

Mean Members

Integrated pest management (IPM) Farmer adopt integrated pest management (1 =yes; 0=no) 0.337 0.303 0.384 -1.773*
Improved verities (IV) Farmer adopt improved verities (1=yes; 0=no) 0.357 0.311 0.423 —2.418%*
Soil and water conservation (SWC) Farmer adopt Soil and water conservation (1 =yes; 0=no) 0.341 0.303 0.395 —2.009%:*
HH Age Age number of years 44.756 44.614 44.956 —0.261
HH Education Years of schooling 8.790 5.626 6.021 —9.185%*
HH gender Farmer is male (1=yes; 0=no) 0.753 0.754 0.752 0.050
Family size Number of family members 5.380 5.015 5.895 —6.116
Risk attitude Farmer is willing to take risk (1=yes; 0=no) 0.571 0.552 0.598 —0.966
ICT usage Farmer is ICT user (1=yes; 0=n0) 0.544 0.560 0.521 0.793
Farm ownership Land owned in acres 3.216 3.322 3.065 0.512
Access to off-farm Farmer is engaged in the off-farm activities (1 =yes; 0=no) 0.620 0.636 0.696 1.331%
Credit access Farmer has access to formal and non-formal credit services 0.482 0.517 0.434 1.725%
(1=yes; 0=no)

Extension access Access to extension services (1 =yes; 0=no) 0.587 0.386 0.473 —4.169%%*
Risk perception of extreme temperature Farmer perceive the risk extreme temperature (1 =yes; 0=no) 0.722 0.739 0.697 0.955
Risk perception of rainfall variation Farmers perceive the risk of rainfall variation (1 =yes; 0=no) 0.548 0.490 0.631 —2.959%*
Distance to the main road Distance to the main road in kilometers 3.003 3.063 2.920 0.676
Peer influence The nearest neighbor is an organizational member (1 =yes; 0=no) 0.460 0.369 0.587 —4.618%*

w0k and * specify significance level at p <0.005, p <0.05, and p <0.1, respectively.
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TABLE 4 The estimates of the RBP model for the impact of collective action groups on adopting climate smart agriculture practices.

Model 1

CAG
membership

Model 2

CAG
membership

10.3389/fsufs.2023.1235726

Model 3

CAG
membership

SwcC

HH age 0.002 (0.005) —0.001 (0.004) 0.003 (0.005) 0.003 (0.004) 0.003 (0.005) 0.003 (0.004)
HH gender —0.024 (0.164) 0.204 (0.143) ~0.025 (0.166) 0.148 (0.144) ~0.014 (0.165) 0.164 (0.142)
HH size 0.033 (0.022) 0.008 (0.018) 0.027 (0.022) 0.012 (0.018) 0.024 (0.022) 0.012 (0.019)

HH education

1.161%%% (0.134)

—0.278 (0.176)

1.151%%%* (0.133)

—0.291 (0.195)

1.151°%%% (0.134)

—0.340 (0.196)

Risk attitude —0.078 (0.172) 0.154 (0.147) —0.133 (0.179) 0.050 (0.154) —0.151 (0.178) 0.034 (0.151)
ICT usage 0.099 (0.175) 0.059 (0.147) 0.170 (0.185) 0.336%* (0.159) 0.191 (0.185) 0.306* (0.156)
Farm size 0.011 (0.014) —0.002 (0.011) 0.014 (0.014) 0.001 (0.012) 0.015(0.014) 0.001 (0.011)
Distance to main road —0.036 (0.031) —0.032 (0.029) —0.038 (0.031) —0.024 (0.029) —0.038 (0.031) —0.029 (0.029)

Access to off-farm

0.075 (0.194)

—0.439%* (0.162)

0.051 (0.193)

—0.631#** (0.171)

0.051 (0.193)

—0.613%** (0.170)

Access to off-farm

0.075 (0.194)

—0.439%* (0.162)

0.051 (0.193)

—0.631#** (0.171)

0.051 (0.193)

—0.613%** (0.170)

Risk perception of rainfall variation

—0.259 (0.164)

0.160 (0.142)

~0.262 (0.167)

0.127 (0.142)

—0.244 (0.132)

0.148 (0.140)

Risk perception of extreme temperature

0.377%% (0.144)

0.011 (0.140)

0.361%* (0.143)

0.024 (0.150)

0.369%* (0.142)

—0.014 (0.146)

Credit access

—0.439%* (0.144)

0.243% (0.130)

—0.423%* (0.146)

0.168 (0.133)

—0.426%* (0.145)

0.157(0.132)

Extension access

0.310%* (0.101)

0.141%* (0.040)

0.121%* (0.036)

0.108 (0.101)

0.226%* (0.045)

0.119 (0.122)

CAG membership

1.234%%% (0.385)

1.249%* (0.433)

1.356%%% (0.394)

Peer influence

0.458** (0.168)

0.449%% (0.174)

0.391°%* (0.188)

Wald test rho p =0: x2 (1)

Constant —6.946*** (0.862) 0.630 (0.950) —6.877%%* (0.858) 0.507 (1.064) —6.882%%* (0.865) 0.742 (1.042)
Rhop —0.812% (0.420) —0.967* (0.550) —0.837 (0.211)
Log-likelihood —473.995%%* —459.039 272.66%%*
193.79 252.75%%% 2.918*
Wald x2
3.7373%* 3.082%%*

#ak w0k and * specify significance level at p <0.005, p <0.05, and p <0.1, respectively.

zero, indicating the possibility of selection bias resulting from
unobserved variables. The results in columns one, three and five
showed that education, credit access, extension access, climate change
risk perceptions, and peer influence significantly determined farmers’
decisions to participate in collective action groups. The results
considering the adoption of CSA technologies are presented in
columns two, four, and six of Table 2. Findings highlighted the
significant effects of ICT usage, oft-farm participation, credit access,
and CAGs membership on adopting CSA technologies.

4. Discussion

Based on the cross-sectional survey across the disaster-prone
areas of the Punjab province, Pakistan, this study examines the impact
of collective action groups in adopting climate-smart agricultural
practices. The research utilized the recursive bivariate probit model to
explore the objectives. The below section aligns the findings of this
study with the empirical literature and intricate the policy implications.

4.1. Determinants of CAG membership

The years of educational attainment are positive and significantly
related to farmers’ decisions to participate in collective action groups.

Frontiers in Sustainable Food Systems

Education increases the farmer’s awareness and ability to obtain
necessary information considering farming decisions. Likewise,
Chanie et al. (2017) confirmed a significant positive role of education
in participating in farmers-based groups in Ethiopia. Similarly,
Gurung and Choubey (2023) also reported a significant and positive
relation between education and farmers decision to participate in
farmer-based groups in India.

The scarcity of financial resources is one of the core reasons to
participate in collective action groups (Gertler, 2004). Thus, farmer
groups are likely to resolve financial constraints. This study reported
significant mean differences among households having a credit source
other than the farmer organization, suggesting that the probability of
joining a CAG is less when the household has access to additional
credit sources. Hence, the probability of accessing alternative financial
resources influences the likelihood of joining a farmers-based
organization. Accordingly, Nugusse et al. (2013) supported financial
institutions’ significant influence in determining farmers’ decision to
join agrarian groups.

Risk perception of extreme temperature is significantly and
positively related to farmer-based groups’ participation. Farmers with
climate change risk perception are likelier to participate in farmers-
based groups. Smallholders are often more vulnerable to climate
extremities due to low adaptive capacity. Collective action groups
mobilize the information and resources to address climate change
threat (Ireland and Thomalla, 2011). Likewise, Ombogoh et al. (2018)
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TABLE 5 Marginal effects of RBP model for the impact of collective action groups on adopting climate-smart agriculture practices.

10.3389/fsufs.2023.1235726

CAG membership \% CAG membership IPM CAG membership = SWC
HH age 0.001 0.001 0.000 —0.000 0.000 0.001
HH gender —0.003 0.050 —0.006 0.066 —0.006 0.046
HH education 0.006 0.003 0.008 0.002 0.007 0.004
Family size 0.309 —0.105 0.308 —-0.090 0.307 —0.091
ICT usage 0.051 0.095 0.026 0.019 0.045 0.105
Risk attitude —0.040 0.010 —0.020 0.050 —0.035 0.015
Access to off-farm 0.013 —0.190 0.019 —0.142 0.013 —0.197
Farm ownership 0.004 0.000 0.003 —0.000 0.003 0.000
Distance to main road —0.010 —0.009 —0.009 —-0.010 —-0.010 —0.007
Risk perception of rainfall variation —0.065 0.046 —0.069 0.052 —-0.070 0.039
Risk perception of extreme temperature 0.099 —0.004 0.100 0.003 0.096 0.007
Extension access 0.034 0.082 0.031 0.029 0.025 0.104
Credit access —0.114 0.048 —0.116 0.079 —-0.113 0.052
CAG membership 0.420 0.401 0.391
Peer influence 0.105 0.121 0.120

and Ogunleye etal. (2021) support farmers-based groups’ positive role
in enhancing smallholders’ adaptive capacity against climate variability.

Access to extension services is significantly and positively related
to joining farmer-based organizations. Extension advisory
communicates the benefits and persuades farmers to join farming
associations. Circumstantially lacking information considering the
farmer-based organization’s benefits is a crucial reason for not joining
CAGs (Thuo et al,, 2014). Hence, access to information through
governmental and non-governmental sources enhances the likelihood
of joining CAGs. Accordingly, Nugussie (2010) suggests that recurrent
extension visits increase farmers’ awareness concerning the
importance of farming organizations. Similarly, (Adi et al., 2021)
found significant and positive impact of extension access and joining
collective action groups among the Indonesian tobacco and
sugarcane growers.

The association between peer influence and farmers’ decisions to
join agricultural organizations is significant and positive. Peer
influence develops trust and willingness among households to join
farmer groups and enjoy the same privileges as their peers. The
findings also derive support from Ma and Abdulai (2016), who
suggested the positive role of peers in stimulating the inclination
toward joining agricultural organizations.

4.2. Determinants of adopting CSA
technologies

Considering the usage of ICT, the results specify the significant
and positive association between ICT usage and climate change
adaptations, as the ICT users were 1.9 and 10% more likely to adopt
IPM and SWC practices, respectively. The findings imply that
endorsing ICT usage via a well-integrated approach by linking experts
from different areas such as meteorology, crop protection, crop
production, and input markets may broaden the ICT range. As
suggested by Quandt et al. (2020) ICT should be a compulsory part in

Frontiers in Sustainable Food Systems

any government and non-government extension programs. Likewise,
Ma and Wang (2020) reported a significant and positive relationship
between ICT usage and the adoption of CSA technologies.

The coefficient of off-farm participation is significant and negative,
indicating the inverse relationship between off-farm participation and
adoption of CSA technologies. Off-farm work involves considerable
labor, leaving little time to engage in on-farm activities. Besides, some
farmers quit farming in the harsh climate and shifted to non-farm
work. Ouma and Abdulai (2009) and Huang et al. (2019) also found
that farmers with alternative sources of income are less likely to invest
in sustainable agriculture practices. Contradictorily, Issahaku and
Abdul-Rahaman (2019) reported a significant and positive impact of
off-work in adopting soil and water conserving practices in the
rain-fed areas of Ghana.

The findings indicated that farmers with credit access are 4,7, and
5% more likely to adopt improved verities, integrated pest
management, and soil and water conservation practices. Credit
arrangements are crucial in arranging the finance required for capital-
intensive agricultural technologies. Likewise, Deressa et al. (2009)
found a significant and positive relationship between credit access and
climate change adaptation decisions in Nile basin of Ethiopia.
Similarly, Olutumise (2023) also reported a significant and positive
impact of credit access on adopting CSA technology among the
smallholders of Nigeria.

Access to extension services is significantly and positively related
with farmers decision to adoption improved verities. The extension
advisory assists farmers in adopting a CSA technology and
communicates its benefits. Circumstantially lacking information
considering the CSA benefits is a crucial reason for not adoption.
Hence, access to extension advisory enhances the probability of
adopting CSA technologies. Similarly, Afroz and Alhtar (2017) found
significant and positive impact of extension access and adoption CSA
technologies among the Malaysian farmers.

Farmers’ membership to collective action groups (CAGs) was
significantly and positively related to the adoption of CSA
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technologies, as members were 42, 40, and 39% more likely to adopt
improved verities, integrated pest management, and SWC practices,
respectively. CAGs enable a collective environment that facilitates the
optimization of shared resources such as funds, skills, knowledge, and
labor. It improves farmers™ adaptive capacity and awareness level,
which ultimately promotes sustainable agriculture. Social contacts
help disseminate information and increase awareness about
agriculture technologies suitable for adaptation. Similarly, Awazi et al.
(2019) stressed upon the importance of information access on farmers
climate change adaptation decisions. Empirical evidence confirms the
effectiveness of social networks in smoothing the adoption process of
shared information and learning from each other (Foster and
Rosenzweig, 1995; Conley and Udry, 2010). Likewise, Wossen et al.
(2017) indicated that farmers with group membership were likelier to
adopt the latest agricultural technologies than non-members. Further,
in a review-based study, Bizikova et al. (2020) found that CAG
members are more environmentally responsible and likely to adopt
sustainable agricultural methods. Hence, policymakers should
encourage social interactions among farmers, as peer influence can
motivate others to join CAGs and embrace environment-friendly
farming technologies (Ma, 2016).

4.3. Policy implications

This research provides useful, practical implications. It provides
deep insights into the current literature on climate change adaptation,
organic farming, and sustainable agriculture. A key finding of this
study shows that CAGs contribute to the widespread adoption of CSA
technologies in developing countries. It describes how the institutional
role of CAGs manifests in adopting CSA technologies in developing
countries. It advocates institutional transformation to promote and
broaden climate-smart farming strategies. Hence, it is crucial to
consider local institutional arrangements for collective action and
governance processes to prepare for climate risks and adapt
accordingly. Farmers can gain access to resources, skills, practices, and
information due to improved governance processes within farmer
groups. The creation of social safety nets and the application of risk
reduction mechanisms can contribute to the reduction of vulnerability
to climatic risks in the study sites. It is imperative to enhance
technological skills and strengthen rural institutions” capacity to act
collaboratively to facilitate adaptation. Thus, farmer groups must
develop soft skills (critical thinking, problem solving, interpersonal,
adaptability, etc.), as the capacity of governance processes and
collective action for smallholder farmer groups depends on soft skills.
To ensure access and benefit sharing, households must also learn how
to mobilize and manage physical and financial assets. Though there is
a strong presence of multiple government and non-government
projects aiming to enhance climate change adaptation in the study
area, smallholder farmers need to be recognized and involved in
adaptation planning at the local level.

5. Conclusion

Climate change has affected every aspect of human life in the worst
possible way. Developing countries continue to face devastations caused
by climate change in the form of low crop yield, floods, food insecurity,
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and poverty. Lack of resources is considered the pertinent hindrance to
climate change adaptation. To this end, smallholders in developing
countries form groups to overcome resource and information
constraints. Farmers’ groups disseminate information about agricultural
technologies and lessen the transaction cost to manage the risk
associated with climate change. In this study, we examined the impacts
of collective action groups on adopting CSA technologies among
smallholders in rural Punjab, Pakistan. We employed the recursive
bivariate probit model to explore the objectives. The first stage probit
estimates of the RBP model showed that the decision to join CAGs is
primarily determined by non-farm participation, credit access, extension
access, and peer influence. The second stage estimates of the RBP model
showed that CAG members are more likely to adopt CSA technologies.

Notably, extension access and peer influence positively influence
the farmers’ decision to join the CAGs. The findings call for
strengthening the extension system at the governmental and
non-governmental levels to encourage the formation of CAGs.
Relevant agencies should pay attention to spreading awareness,
advancement of institutional coverage, and rural infrastructures to
stimulate the rural public in forming social networks, thus solving
socio-economic and food security issues. In designing policies to
encourage the voluntary adoption of CSA technologies, it is imperative
to consider the importance of social interactions among farmers.
Policymakers should specifically consider supporting collective group
initiatives, where farmers can exchange information and share their
farming experiences with fellow group members.

Further, policymakers should ensure that CAGs access better
seeds, farming inputs, organic fertilizer, and integrated pest
management equipment, which can be better achieved through
public—private partnerships. The pro-poor policies must be designed
to eliminate entry barriers and facilitate inclusion in the farmers’
group activities. Future research may consider the influence of social
norms and beliefs on smallholders’ climate change adaptation
decisions and group participation decisions.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

AJ: conceptualization, data analysis, data description, explanation
of results, and writing. WL and JL: data analysis and writing. YW and
JP: conceptualization, methodology, explanation of results, reviewing,
and editing. JZ and QW: conceptualization, explanation of results,
reviewing, and editing. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1235726
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Jabbar et al.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

Abdul-Rahaman, A., and Abdulai, A. (2018). Do farmer groups impact on farm yield
and efficiency of smallholder farmers? Evidence from rice farmers in northern Ghana.
Food Policy 81, 95-105. doi: 10.1016/j.foodpol.2018.10.007

Abebaw, D., and Haile, M. G. (2013). The impact of cooperatives onagricultural
technology adoption: Empirical evidence from Ethiopia. Food Policy 38, 82-91.

Abid, M., Schneider, U. A, and Scheffran, J. (2016). Adaptation to climate change and
its impacts on food productivity and crop income: perspectives of farmers in rural
Pakistan. J. Rural. Stud. 47, 254-266. doi: 10.1016/j.jrurstud.2016.08.005

Addai, K. N, Temoso, O., and Ngombe, J. N. (2021). Participation in farmer
organizations and adoption of farming technologies among rice farmers in Ghana. Int.
J. Soc. Econ. 49, 529-545. doi: 10.1108/IJSE-06-2021-0337

Adger, W. N. (2010). Social capital, collective action, and adaptation to climate change.
Der klimawandel: Sozialwissenschaftliche Perspektiven.

Adi, A. H., Khasan, A. E, and Rondhi, M. (2021). Factors affecting the participation of
sugarcane and tobacco farmers in farmer groups, associations and cooperatives in
Indonesia. Caraka Tani J. Sustain Agric. 36, 340-354. doi: 10.20961/carakatani.v36i2.46817

Afroz, R, and Akhtar, R. (2017). Determinants of Malaysian farmers’ choice of
adaptation strategies for adapting to climate change in Kedah Malaysia. Asian J. Agric.
Res. 11, 120-127. doi: 10.3923/ajar.2017.120.127

Ainembabazi, . H., van Asten, P., Vanlauwe, B., Ouma, E., Blomme, G., Birachi, E. A.,
et al. (2017). Improving the speed of adoption of agricultural technologies and farm
performance through farmer groups: evidence from the Great Lakes region of Africa.
Agric. Econ. 48, 241-259. doi: 10.1111/agec.12329

Aldrich, D. P. (2010). Fixing recovery: social capital in post-crisis resilience. J. Homel.
Secur.

Ali, A, and Erenstein, O. (2017). Assessing farmer use of climate change adaptation
practices and impacts on food security and poverty in Pakistan. Clim. Risk Manag. 16,
183-194. doi: 10.1016/j.crm.2016.12.001

Ali, A, Rahut, D. B., Behera, B., and Imtiaz, M. (2015). Farmers’ access to certified
wheat seed and its effect on poverty reduction in Pakistan. J. Crop Improv. 29, 247-265.
doi: 10.1080/15427528.2015.1004147

Arif, G. M., Riaz, M., Faisal, N., Khattak, M. J. K., Sathar, Z., Khalil, M., et al. (2019).
Climate, population, and vulnerability in Pakistan: exploring evidence of linkages for
adaptation. ed. Population Council Islamabad. doi: 10.31899/pgy10.1022

Aryal, ]. P, Jat, M. L, Sapkota, T. B., Khatri-Chhetri, A., Kassie, M., Rahut, D. B, et al.
(2018). Adoption of multiple climate-smart agricultural practices in the Gangetic plains of
Bihar, India. Int. J. Clim. Chang Strateg. Manag. 10,407-427. doi: 10.1108/ijccsm-02-2017-0025

Aryal, J. P, Sapkota, T. B., Khurana, R., Khatri-Chhetri, A., Rahut, D. B., and Jat, M. L.
(2020). Climate change and agriculture in South Asia: adaptation options in smallholder
production systems. Environ. Dev. Sustain. 22, 5045-5075. doi: 10.1007/s10668-019-00414-4

Awazi, N. P, Tchamba, M. N., and Tabi, E O. (2019). An assessment of adaptation options
enhancing smallholder farmers resilience to climate variability and change: case of Mbengwi
central sub-division, north-west region of Cameroon. Afr. J. Agric. Res. 14, 321-334.

Awazi, N. P, Tchamba, M. N., and Temgoua, L. E. (2021). Climate-smart practices of
smallholder farmers in Cameroon confronted with climate variability and change: the
example of agroforestry. Agric. Res. 10, 83-96. doi: 10.1007/s40003-020-00477-0

Bashir, S., Javed, A., Bibi, I., and Ahmad, N. (2018). Soil and water conservation. Soil
Sci. Concep. Appl.

Bizikova, L., Nkonya, E., Minah, M., Hanisch, M., Turaga, R. M. R,, Speranza, C. L,
et al. (2020). A scoping review of the contributions of farmers’ organizations to
smallholder agriculture. Nat Food 1, 620-630. doi: 10.1038/s43016-020-00164-x

Blanco, H., and Lal, R. (2008). Principles of soil conservation and management.
Springer New York, NY.

Brown, H. C. P, and Sonwa, D. J. (2015). Rural local institutions and climate change
adaptation in forest communities in Cameroon. Ecol. Soc. 20, 1-9.

Cai, Y., Bandara, J. S., and Newth, D. (2016). A framework for integrated assessment
of food production economics in South Asia under climate change. Environ. Model
Softw. 75, 459-497. doi: 10.1016/j.envsoft.2015.10.024

Cameron, A. C., and Trivedi, P. K. (2010). Microeconometrics using Stata, edicion
revisada. ed. Stata Texas, Stata Press. Available at: https://econpapers.repec.org/
bookchap/tsjspbook/musr.htm (Accessed October 28, 2023).

Chang, H.-H., and Mishra, A. (2008). Impact of off-farm labor supply on food
expenditures of the farm household. Food Policy 33, 657-664. doi: 10.1016/j.
foodpol.2008.02.002

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1235726

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Chanie, Y., Teklewold, T., and Zemedu, L. (2017). Determinants of farmers’
participation in farmers research groups: the case of Fogera District, Amhara National
Regional Sate, Ethiopia. Ethiop. J. Appl. Sci. Technol. 8, 55-64.

Congreves, K. A., Hayes, A., Verhallen, E. A, and Van Eerd, L. L. (2015). Long-term
impact of tillage and crop rotation on soil health at four temperate agroecosystems. Soil
Tillage Res. 152, 17-28. doi: 10.1016/j.still.2015.03.012

Conley, T. G., and Udry, C. R. (2010). Learning about a new technology: pineapple in
Ghana. Am. Econ. Rev. 100, 35-69. doi: 10.1257/aer.100.1.35

de Janvry, A., Macours, K., and Sadoulet, E. (2017). Learning for adopting: technology
adoption in developing country agriculture. Clermont-Ferrand: Ferdi. Available at:
https://are.berkeley.edu/esadoulet/wp-content/uploads/2018/10/learning_for_adopting.
pdf. (Accessed October 28, 2023).

Deressa, T. T., Hassan, R. M., and Ringler, C. (2011). Perception of and adaptation to
climate change by farmers in the Nile basin of Ethiopia. J. Agric. Sci. 149, 23-31. doi:
10.1017/50021859610000687

Deressa, R. M., Ringler, C., Alemu, T, and Yesuf, M. T. T. H. (2009). Determinants of
farmers’ choice of adaptation methods to climate change in the Nile Basin of Ethiopia.
Glob. Environ. Chang. 19, 248-255. doi: 10.1016/j.gloenvcha.2009.01.002

Ebewore, S. O., and Emaziye, P. O. (2016). Level of use of organic manure by farmers
in Isoko north local government area of Delta State Nigeria. Int. J. Agric. Ext. Rur. Dev.
Stud. 3, 1-11.

FAO (2019). Asia and the Pacific regional overview of food security and nutrition:
placing nutrition at the centre of social protection (2019). Placing nutrition at the center
of social protection. Asia and the Pacific regional overview of food security and nutrition
2019. Bangkok, FAO. Available at: http://www.fao.org/3/ca7062en/CA7062EN. pdf
(Accessed October 28, 2023).

FAO (2022). Food and agriculture Organization of the United Nations, corporate
statistical database (FAOSTAT). Citeseer. Available at: http://www.factfish.com/statistic/
rice%2C%20paddy%2C%20production%20quantity (Accessed March 6, 2023).

Fernéndez-Baldor, A., Hueso, A.,and Boni, A. (2012). “From individuality to collectivity:
the challenges for technology-oriented development projects” in The capability approach,
technology and design. (Netherlands: Springer), 135-152. doi: 10.1007/978-94-007-3879-9_8

Fischer, E., and Qaim, M. (2012). Linking smallholders to markets: determinants and
impacts of farmer collective action in Kenya. World Dev. 40, 1255-1268. doi: 10.1016/j.
worlddev.2011.11.018

Foster, A. D., and Rosenzweig, M. R. (1995). Learning by doing and learning from
others: human capital and technical change in agriculture. J. Polit. Econ. 103, 1176-1209.
doi: 10.1086/601447

Gertler, M. E. (2004). Synergy and strategic advantage: cooperatives and sustainable
development. Journal of Cooperatives. 18, 32-46.

Ghani, M. L., Ali, A., Atif, M. ]., Pathan, S. I, Pietramellara, G., Ali, M., et al. (2022).
Diversified crop rotation improves continuous monocropping eggplant production by
altering the soil microbial community and biochemical properties. Plant Soil 480,
603-624. doi: 10.1007/s11104-022-05606-y

Gillani, S. K. H., Shahbaz, B., Alj, S., and Siddiqui, M. T. (2022). An empirical study
on the members’ perspectives regarding agricultural cooperative societies in the Punjab,
Pakistan. Int. J. Agric. Ext. 10, 269-277.

Gurung, R., and Choubey, M. (2023). Determinants of agricultural households to join
farmer producer organisations (FPOs) in Northeast India: evidence from Sikkim. Int. J.
Soc. Econ. 50, 465-477. doi: 10.1108/IJSE-04-2022-0216

Hasegawa, T., Sakurai, G., Fujimori, S., Takahashi, K., Hijioka, Y., and Masui, T. (2021).
Extreme climate events increase risk of global food insecurity and adaptation needs. Nat.
Food 2, 587-595. doi: 10.1038/s43016-021-00335-4

Heeb, L., Jenner, E., and Cock, M. J. W. (2019). Climate-smart pest management:
building resilience of farms and landscapes to changing pest threats. J. Pest. Sci. 92,
951-969. doi: 10.1007/s10340-019-01083-y

Hellin, J., Lundy, M., and Meijer, M. (2009). Farmer organization, collective action and
market access in Meso- America. Food Policy 34, 16-22. doi: 10.1016/j.foodpol.2008.10.003
Holloway, G., Nicholson, C., Delgado, C., Staal, S., and Ehui, S. (2000).
Agroindustrialization through institutional innovation transaction costs, cooperatives

and milk-market development in the east-African highlands. Agric. Econ. 23, 279-288.
doi: 10.1111/§.1574-0862.2000.tb00279.x

Huang, X,, Lu, Q,, Wang, L., Cui, M., and Yang, E. (2019). Does aging and off-farm
employment hinder farmers’ adoption behavior of soil and water conservation
technology in the Loess Plateau?. Int ] Clim Chang Strateg Manag.

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1235726
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.foodpol.2018.10.007
https://doi.org/10.1016/j.jrurstud.2016.08.005
https://doi.org/10.1108/IJSE-06-2021-0337
https://doi.org/10.20961/carakatani.v36i2.46817
https://doi.org/10.3923/ajar.2017.120.127
https://doi.org/10.1111/agec.12329
https://doi.org/10.1016/j.crm.2016.12.001
https://doi.org/10.1080/15427528.2015.1004147
https://doi.org/10.31899/pgy10.1022
https://doi.org/10.1108/ijccsm-02-2017-0025
https://doi.org/10.1007/s10668-019-00414-4
https://doi.org/10.1007/s40003-020-00477-0
https://doi.org/10.1038/s43016-020-00164-x
https://doi.org/10.1016/j.envsoft.2015.10.024
https://econpapers.repec.org/bookchap/tsjspbook/musr.htm
https://econpapers.repec.org/bookchap/tsjspbook/musr.htm
https://doi.org/10.1016/j.foodpol.2008.02.002
https://doi.org/10.1016/j.foodpol.2008.02.002
https://doi.org/10.1016/j.still.2015.03.012
https://doi.org/10.1257/aer.100.1.35
https://are.berkeley.edu/esadoulet/wp-content/uploads/2018/10/learning_for_adopting.pdf
https://are.berkeley.edu/esadoulet/wp-content/uploads/2018/10/learning_for_adopting.pdf
https://doi.org/10.1017/S0021859610000687
https://doi.org/10.1016/j.gloenvcha.2009.01.002
http://www.fao.org/3/ca7062en/CA7062EN.pdf
http://www.factfish.com/statistic/rice, paddy, production quantity
http://www.factfish.com/statistic/rice, paddy, production quantity
https://doi.org/10.1007/978-94-007-3879-9_8
https://doi.org/10.1016/j.worlddev.2011.11.018
https://doi.org/10.1016/j.worlddev.2011.11.018
https://doi.org/10.1086/601447
https://doi.org/10.1007/s11104-022-05606-y
https://doi.org/10.1108/IJSE-04-2022-0216
https://doi.org/10.1038/s43016-021-00335-4
https://doi.org/10.1007/s10340-019-01083-y
https://doi.org/10.1016/j.foodpol.2008.10.003
https://doi.org/10.1111/j.1574-0862.2000.tb00279.x

Jabbar et al.

Huber, R,, Rigling, A., Bebi, P, Brand, E S., Briner, S., Buttler, A., et al. (2013).
Sustainable land use in mountain regions under global change: synthesis across scales
and disciplines. Ecol. Soc. 18, 1-20. doi: 10.5751/ES-05499-180336

Ireland, P, and Thomalla, E (2011). The role of collective action in enhancing
communities’ adaptive capacity to environmental risk: an exploration of two case studies
from Asia. PLoS Curr. 3:RRN1279. doi: 10.1371/currents. RRN1279

Ismail, I. J., Amani, D., and Changalima, I. A. (2023). Strategic green marketing
orientation and environmental sustainability in sub-Saharan Africa: Does green
absorptive capacity moderate? Evidence from Tanzania. Heliyon 9:e18373. doi: 10.1016/j.
heliyon.2023.e18373

Issahaku, G., and Abdul-Rahaman, A. (2019). Sustainable land management practices,
off-farm work participation and vulnerability among farmers in Ghana: is there a nexus?
Int. Soil Water Conserv. Res. 7, 18-26. doi: 10.1016/j.iswcr.2018.10.002

Jabbar, A., Wu, Q,, Peng, J., Sher, A., Imran, A., and Wang, K. (2020a). Mitigating
catastrophic risks and food security threats: effects of land ownership in southern
Punjab, Pakistan. Int. J. Environ. Res. Public Health 17:9258. doi: 10.3390/ijerph17249258

Jabbar, A., Wu, Q,, Peng, J., Zhang, J., Imran, A., and Yao, L. (2020b). Synergies and
determinants of sustainable intensification practices in Pakistani agriculture. Land 9:110.
doi: 10.3390/1and9040110

Jayne, T. S., Snapp, S., Place, E, and Sitko, N. (2019). Sustainable agricultural
intensification in an era of rural transformation in Africa. Glob. Food Sec. 20, 105-113.
doi: 10.1016/j.gfs.2019.01.008

Joshi, K. D., Rehman, A. U., Ullah, G., Nazir, M. E, Zahara, M., Akhtar, J., et al. (2017).
Acceptance and competitiveness of new improved wheat varieties by smallholder
farmers. J. Crop Improv. 31, 608-627. doi: 10.1080/15427528.2017.1325808

Kangalawe, R. Y. M., Mungongo, C. G., Mwakaje, A. G., Kalumanga, E., and
Yanda, P. Z. (2017). Climate change and variability impacts on agricultural production
and livelihood systems in Western Tanzania. Clim Dev 9, 202-216.

Kansiime, M. K., Wambugu, S. K., and Shisanya, C. A. (2014). Determinants of
farmers’ decisions to adopt adaptation technologies in eastern Uganda. J. Econ. Sust. Dev.
5, 189-199.

Kassie, M., Teklewold, H., Jaleta, M., Marenya, P, and Erenstein, O. (2015).
Understanding the adoption of a portfolio of sustainable intensification practices in
eastern and southern Africa. Land Use Policy 42, 400-411. doi: 10.1016/j.
landusepol.2014.08.016

Kehinde, A. D, and Adeyemo, R. (2020). Effects of social capital dimensions on output
and gross margin of cassava farmers in Osun state. Niger. J. Rur. Sociol. 20, 37-43. Available
at: https://rusan.org.ng/issues/ RUSAN-JOURN-2019-783.pdf (Accessed October 28, 2023).

Knowler, D., and Bradshaw, B. (2007). Farmers’ adoption of conservation agriculture:
a review and synthesis of recent research. Food Policy 32, 25-48. doi: 10.1016/j.
foodpol.2006.01.003

Kotu, B. H., Alene, A., Manyong, V., Hoeschle-Zeledon, I, and Larbi, A. (2017).
Adoption and impacts of sustainable intensification practices in Ghana. Int. J. Agric.
Sustain. 15, 539-554. doi: 10.1080/14735903.2017.1369619

Kreft, S., Eckstein, D., and Melchior, 1. (2017). Global climate risk index 2017: who
suffers most from extreme weather events? Berlin: Weather-related Loss Events in 2015
and 1996 to 2015. Available at: https://www.germanwatch.org/sites/default/files/
publication/16411.pdf (Accessed October 28, 2023).

Lu, Y., McDonagh, J., Semalulu, O., Stocking, M., and Nkalubo, S. (2002). Bridging
research and development in soil management: Matching technical options with local
livelihoods. in (Beijing: 12th ISCO Conference). Available at: https://topsoil.nserl.purdue.
edu/isco/isco12/Volumelll/BridgingResearchandDevelopment.pdf (Accessed October
28,2023).

Ma, W. (2016). The impact of agricultural cooperatives on the adoption of technologies
and farm performance of apple farmers in China.

Ma, W, and Abdulai, A. (2016). Does cooperative membership improve household
welfare? Evidence from apple farmers in China. Food Policy 58, 94-102. doi: 10.1016/j.
foodpol.2015.12.002 (Accessed October 28, 2023).

Ma, W,, Renwick, A., Yuan, P, and Ratna, N. (2018). Agricultural cooperative
membership and technical efficiency of apple farmers in China: An analysis accounting
for selectivity bias. Food Policy 81, 122-132.

Ma, W, and Wang, X. (2020). Internet use, sustainable agricultural practices and rural
incomes: evidence from China. Aust. J. Agric. Resour. Econ. 64, 1087-1112. doi:
10.1111/1467-8489.12390

Maertens, A., and Barrett, C. B. (2013). Measuring social networks’ effects on
agricultural technology adoption. Am J Agric Econ 95, 353-359.

Mahmood, F, Khan, 1., Ashraf, U., Shahzad, T., Hussain, S., Shahid, M., et al. (2017).
Effects of organic and inorganic manures on maize and their residual impact on soil
physico-chemical properties. J. Soil Sci. Plant Nutr. 17, 22-32. doi: 10.4067/
§50718-95162017005000002

Manda, J., Alene, A. D., Gardebroek, C., Kassie, M., and Tembo, G. (2016). Adoption

and impacts of sustainable agricultural practices on maize yields and incomes: evidence
from rural Zambia. J. Agric. Econ. 67, 130-153. doi: 10.1111/1477-9552.12127

Meinzen-Dick, R., Markelova, H., Hellin, J., and Dohrn, S. (2009). Collective action
for smallholder market access. Food Policy 34, 1-7.

Frontiers in Sustainable Food Systems

11

10.3389/fsufs.2023.1235726

Mekonnen, D. A., Gerber, N., and Matz, J. A. (2016). Social networks, agricultural
innovations, and farm productivity in Ethiopia and farm productivity in Ethiopia. in (Addis
Ababa, Ethiopia: Fifth International Conference, African Association of Agricultural
Economists). Available at: https://econpapers.repec.org/paper/agsaaael 6/246436.htm
(Accessed October 28, 2023).

Mekonnen, D. A., Gerber, N., and Matz, J. A. (2018). Gendered social networks,
agricultural innovations, and farm productivity in Ethiopia. World Dev. 105, 321-335.
doi: 10.1016/j.worlddev.2017.04.020

Mojo, D., Fischer, C., and Degefa, T. (2017). The determinants and economic impacts
of membership in coffee farmer cooperatives: recent evidence from rural Ethiopia. J.
Rural. Stud. 50, 84-94. doi: 10.1016/j.jrurstud.2016.12.010

Moustier, P, Tam, P. T. G., Anh, D. T,, Binh, V. T,, and Loc, N. T. T. (2010). The role of
farmer organizations in supplying supermarkets with quality food in Vietnam. Food
Policy 35, 69-78. doi: 10.1016/j.foodpol.2009.08.003

Mugonola, B., Deckers, J., Poesen, ., Isabirye, M., and Mathijs, E. (2013). Adoption of
soil and water conservation technologies in the Rwizi catchment of south western
Uganda. Int. J. Agric. Sustain. 11, 264-281. doi: 10.1080/14735903.2012.744906

Mukasa, J., Olaka, L., and Yahya Said, M. (2020). Drought and households’ adaptive
capacity to water scarcity in Kasali, Uganda. J. Water Clim. Change 11, 217-232. doi:
10.2166/wcc.2020.012

Murray-Rust, H., Memon, Y., and Talpur, M. (2001). Empowerment of farmer
organizations: Case study of farmer managed irrigated agriculture project, Sindh.
International Water Management Institute (IWMI). Available at: https://www.iwmi.cgiar.
org/Publications/Working Papers/working/WOR19.pdf (Accessed October 28, 2023).

Mwaura, E. (2014). Effect of farmer group membership on agricultural technology
adoption and crop productivity in Uganda. Afr. Crop. Sci. J. 22, 917-927.

Myeki, V. A,, and Bahta, Y. T. (2021). Determinants of smallholder livestock farmers’
household resilience to food insecurity in South Africa. Climate 9:117. doi: 10.3390/cli9070117

Nugusse, W. Z., Van Huylenbroeck, G., and Buysse, J. (2013). Determinants of rural
people to join cooperatives in northern Ethiopia. Int. J. Soc. Econ.

Nugussie, W. Z. (2010). Why some rural people become members of agricultural
cooperatives while others do not. J. Dev. Agric. Econ. 2, 138-144.

Ogunleye, A., Kehinde, A., Mishra, A., and Ogundeji, A. (2021). Impacts of farmers’
participation in social capital networks on climate change adaptation strategies adoption
in Nigeria. Heliyon 7:¢08624. doi: 10.1016/j.heliyon.2021.e08624

Ojo, T. O., and Baiyegunhi, L. J. S. (2020). Determinants of credit constraints and its
impact on the adoption of climate change adaptation strategies among rice farmers in
south-West Nigeria. J. Econ. Struct. 9, 1-15. doi: 10.1186/s40008-020-00204-6

Okumu, B., and Muchapondwa, E. (2017). Welfare and environmental impact of
incentive based conservation: evidence from Kenyan community forest associations.
Econ. Res. Southern Afr. 706, 230-249.

Olutumise, A. 1. (2023). Impact of credit on the climate adaptation utilization among
food crop farmers in southwest, Nigeria: application of endogenous treatment Poisson
regression model. Agric. Food Econ. 11:7. doi: 10.1186/s40100-023-00251-0

Ombogoh, D. B., Tanui, J., McMullin, S., Muriuki, J., and Mowo, J. (2018). Enhancing
adaptation to climate variability in the east African highlands: a case for fostering
collective action among smallholder farmers in Kenya and Uganda. Clim. Dev. 10,
61-72. doi: 10.1080/17565529.2016.1174665

Oparok, S. (2015). Contribution of farmer groups to food security of rural farmers: a case
study of Luweero District (doctoral dissertation, Makerere University). Agric. Rxiv. Available
at: http://dissertations.mak.ac.ug/handle/20.500.12281/6777 (Accessed May 19, 2023).

Osbahr, H., Twyman, C., Adger, W. N., and Thomas, D. S. G. (2008). Effective
livelihood adaptation to climate change disturbance: scale dimensions of practice in
Mozambique. Geoforum 39, 1951-1964. doi: 10.1016/j.geoforum.2008.07.010

Ostrom, E. (2000). Collective action and the evolution of social norms. J. Econ.
Perspect. 14, 137-158. doi: 10.1257/jep.14.3.137

Ouma, E. A, and Abdulai, A. (2009). Contributions of social capital theory in predicting
collective action behavior among livestock keeping communities in Kenya. in (Beijing:
International Association of Agricultural Economists Conference). Available at: https://
ageconsearch.umn.edu/record/49994/?In=en (Accessed October 28, 2023).

Parry, M. L., Canziani, O., Palutikof, J., Van der Linden, P,, and Hanson, C. (2007).
Climate change 2007-impacts, adaptation and vulnerability: working group II contribution
to the fourth assessment report of the IPCC Cambridge University Press.

Pretty, J., and Bharucha, Z. P. (2015). Integrated pest management for sustainable
intensification of agriculture in Asia and Africa. Insects 6, 152-182. doi: 10.3390/insects6010152

Quandt, A., Neufeldt, H., and Gorman, K. (2023). Climate change adaptation through
agroforestry: opportunities and gaps. Curr. Opin. Environ. Sustain. 60:101244. doi:
10.1016/j.cosust.2022.101244

Quandt, A., Salerno, J. D., Neff, J. C., Baird, T. D., Herrick, J. E., McCabe, J. T,, et al.
(2020). Mobile phone use is associated with higher smallholder agricultural productivity
in Tanzania, East Africa. PLoS One 15:€0237337. doi: 10.1371/journal.pone.0237337

Rasul, G., Thapa, G. B., and Karki, M. B. (2011). Comparative analysis of evolution of
participatory forest management institutions in South Asia. Soc. Nat. Resour. 24,
1322-1334. doi: 10.1080/08941920.2010.545966

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1235726
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.5751/ES-05499-180336
https://doi.org/10.1371/currents.RRN1279
https://doi.org/10.1016/j.heliyon.2023.e18373
https://doi.org/10.1016/j.heliyon.2023.e18373
https://doi.org/10.1016/j.iswcr.2018.10.002
https://doi.org/10.3390/ijerph17249258
https://doi.org/10.3390/land9040110
https://doi.org/10.1016/j.gfs.2019.01.008
https://doi.org/10.1080/15427528.2017.1325808
https://doi.org/10.1016/j.landusepol.2014.08.016
https://doi.org/10.1016/j.landusepol.2014.08.016
https://rusan.org.ng/issues/RUSAN-JOURN-2019-783.pdf
https://doi.org/10.1016/j.foodpol.2006.01.003
https://doi.org/10.1016/j.foodpol.2006.01.003
https://doi.org/10.1080/14735903.2017.1369619
https://www.germanwatch.org/sites/default/files/publication/16411.pdf
https://www.germanwatch.org/sites/default/files/publication/16411.pdf
https://topsoil.nserl.purdue.edu/isco/isco12/VolumeIII/BridgingResearchandDevelopment.pdf
https://topsoil.nserl.purdue.edu/isco/isco12/VolumeIII/BridgingResearchandDevelopment.pdf
https://doi.org/10.1016/j.foodpol.2015.12.002
https://doi.org/10.1016/j.foodpol.2015.12.002
https://doi.org/10.1111/1467-8489.12390
https://doi.org/10.4067/S0718-95162017005000002
https://doi.org/10.4067/S0718-95162017005000002
https://doi.org/10.1111/1477-9552.12127
https://econpapers.repec.org/paper/agsaaae16/246436.htm
https://doi.org/10.1016/j.worlddev.2017.04.020
https://doi.org/10.1016/j.jrurstud.2016.12.010
https://doi.org/10.1016/j.foodpol.2009.08.003
https://doi.org/10.1080/14735903.2012.744906
https://doi.org/10.2166/wcc.2020.012
https://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR19.pdf
https://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR19.pdf
https://doi.org/10.3390/cli9070117
https://doi.org/10.1016/j.heliyon.2021.e08624
https://doi.org/10.1186/s40008-020-00204-6
https://doi.org/10.1186/s40100-023-00251-0
https://doi.org/10.1080/17565529.2016.1174665
http://dissertations.mak.ac.ug/handle/20.500.12281/6777
https://doi.org/10.1016/j.geoforum.2008.07.010
https://doi.org/10.1257/jep.14.3.137
https://ageconsearch.umn.edu/record/49994/?ln=en
https://ageconsearch.umn.edu/record/49994/?ln=en
https://doi.org/10.3390/insects6010152
https://doi.org/10.1016/j.cosust.2022.101244
https://doi.org/10.1371/journal.pone.0237337
https://doi.org/10.1080/08941920.2010.545966

Jabbar et al.

Raymond Park, J., McFarlane, L., Hartley Phipps, R., and Ceddia, G. (2011). The role
of transgenic crops in sustainable development. Plant Biotechnol. J. 9, 2-21. doi:
10.1111/j.1467-7652.2010.00565.x

Ricciardi, V., Ramankutty, N., Mehrabi, Z., Jarvis, L., and Chookolingo, B. (2018). How
much of the world’s food do smallholders produce? Glob. Food Sec. 17, 64-72. doi:
10.1016/}.gf5.2018.05.002

Sabir, H. M, Tahir, S. H., Arshad, S., and Nasir, S. B. (2012). Future of cooperative
farming in Pakistan. Future 2, 42-47.

Salaisook, P, Faysse, N., and Tsusaka, T. W. (2020). Reasons for adoption of sustainable
land management practices in a changing context: a mixed approach in Thailand. Land
Use Policy 96:104676. doi: 10.1016/j.landusepol.2020.104676

Sanginga, P. C., Tumwine, J., and Lilja, N. K. (2006). Patterns of participation in
farmers’ research groups: lessons from the highlands of southwestern Uganda. Agric.
Hum. Values 23, 501-512. doi: 10.1007/s10460-006-9018-0

Sanz, M. J., De Vente, J., Chotte, J.-L., Bernoux, M., Kust, G., Ruiz, L., et al. (2017).
Sustainable land management contribution to successful land-based climate change
adaptation and mitigation: a report of the science-policy interface. Bonn: United Nations
Convention to Combat Desertification (UNCCD).

Schwilch, G., Liniger, H. P.,, and Hurni, H. (2014). Sustainable land management
(SLM) practices in drylands: how do they address desertification threats? Environ.
Manag. 54, 983-1004. doi: 10.1007/s00267-013-0071-3

Suleri, A. Q, and Igbal, M. (2019). “National food security challenges and strategies
in Pakistan” in Regional cooperation for sustainable food security in South Asia, 211-226.
doi: 10.4324/9780429346507-9

The World Bank. (2017). Climate-smart agriculture in Pakistan. CSA country profiles
for Asia series. Washington, DC: CIAT.

Frontiers in Sustainable Food Systems

12

10.3389/fsufs.2023.1235726

Thuo, M., Bell, A. A., Bravo-Ureta, B. E., Lachaud, M. A., Okello, D. K., Okoko, E. N.,
etal. (2014). Effects of social network factors on information acquisition and adoption
of improved groundnut varieties: the case of Uganda and Kenya. Agric. Hum. Values 31,
339-353. doi: 10.1007/s10460-014-9486-6

Tilman, D., Balzer, C., Hill, J., and Befort, B. L. (2011). Global food demand and the
sustainable intensification of agriculture. Proc. Natl. Acad. Sci. U. S. A. 108, 20260-20264.
doi: 10.1073/pnas.1116437108

Trebbin, A. (2014). Linking small farmers to modern retail through producer
organizations—experiences with producer companies in India. Food Policy 45, 35-44.
doi: 10.1016/j.foodpol.2013.12.007

Turner, A. G., and Annamalai, H. (2012). Climate change and the south Asian summer
monsoon. Nat. Clim. Chang. 2, 587-595. doi: 10.1038/nclimate1495

Verhofstadt, E., and Maertens, M. (2014). Smallholder cooperatives and agricultural
performance in Rwanda: do organizational differences matter? Agric. Econ. 45, 39-52.
doi: 10.1111/agec.12128

Wooldridge, J. M. (2010). Econometric analysis of cross section and panel data.
London, England: MIT Press. Available at: https://ipcig.org/evaluation/apoio/
Wooldridge%20-%20Cross-section%20and%20Panel%20Data.pdf (Accessed October
28,2023).

Wossen, T., Abdoulaye, T., Alene, A., Haile, M. G., Feleke, S., Olanrewaju, A., et al.
(2017). Impacts of extension access and cooperative membership on technology
adoption and household welfare. J. Rural. Stud. 54, 223-233. doi: 10.1016/j.
jrurstud.2017.06.022

Zhang, Y., Lu, Q, Yang, C., and Grant, M. K. (2023). Cooperative membership, service
provision, and the adoption of green control techniques: evidence from China. J. Clean.
Prod. 384:135462. doi: 10.1016/j.jclepro.2022.135462

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1235726
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1111/j.1467-7652.2010.00565.x
https://doi.org/10.1016/j.gfs.2018.05.002
https://doi.org/10.1016/j.landusepol.2020.104676
https://doi.org/10.1007/s10460-006-9018-0
https://doi.org/10.1007/s00267-013-0071-3
https://doi.org/10.4324/9780429346507-9
https://doi.org/10.1007/s10460-014-9486-6
https://doi.org/10.1073/pnas.1116437108
https://doi.org/10.1016/j.foodpol.2013.12.007
https://doi.org/10.1038/nclimate1495
https://doi.org/10.1111/agec.12128
https://ipcig.org/evaluation/apoio/Wooldridge%20-%20Cross-section%20and%20Panel%20Data.pdf
https://ipcig.org/evaluation/apoio/Wooldridge%20-%20Cross-section%20and%20Panel%20Data.pdf
https://doi.org/10.1016/j.jrurstud.2017.06.022
https://doi.org/10.1016/j.jrurstud.2017.06.022
https://doi.org/10.1016/j.jclepro.2022.135462

	Enhancing adaptation to climate change by fostering collective action groups among smallholders in Punjab, Pakistan
	1. Introduction
	1.1. Conceptual linkage between collective action groups and climate change adaptations

	2. Methodology
	2.1. Study area and data collection
	2.2. Data analysis
	2.3. Variable specification

	3. Results
	3.1. Descriptive statistics
	3.2. Goodness of fit
	3.3. Recursive bivariate probit model

	4. Discussion
	4.1. Determinants of CAG membership
	4.2. Determinants of adopting CSA technologies
	4.3. Policy implications

	5. Conclusion
	Data availability statement
	Author contributions

	 References

