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Abstract: Developing appropriate adaptation practices and coping mechanisms for climate change and evaluating the 
variables affecting households’ choices are critical for ensuring sustainable agricultural production. In addressing the above 
issues, this paper presents the results of a multi-method approach at the farm level conducted in the case study of Prespa 
Park. The data collected by a participatory process were analyzed using descriptive statistics, the 5-point Likert scale, the 
Delphi method, and a multinomial logit model. The typology of coping and adaptation practices to climate change preferred 
by households and the reasons for those who failed to adapt are presented. Results revealed that improving technologies for 
increasing soil health was the most preferred adaptation practice, followed by planting early maturing and drought-tolerant 
food crop varieties, practicing water-saving irrigation methods or technologies, planting agroforestry systems, and finally 
perennial agriculture. In terms of coping mechanisms, engaging in off-farm activities was the most used, followed by 
collecting fuel wood for sale, selling assets like livestock, increasing water storage capacity, and changing farming structure. 
Small farm holdings, financial constraints, limited off-farm employment opportunities, inadequate infrastructure and 
technology, and a lack of information about adaptation practices were identified as the main barriers to undertaking 
adaptation. Performing the multinomial logit analysis, the variables that positively and significantly improve households' 
ability to adapt to climate change were identified and evaluated. The results of this study should help policymakers and 
climate change planners come up with better practices for the agricultural sector to adapt to the effects of climate change. 

Keywords: climate change; Delphi method; households' adaptation practices; multi-method approach; multinomial Logit 
model and Prespa Park. 

JEL Classification: Q19; Q50; Q54; R29; R11. 

Introduction 

The problem of climate change has grown in importance during the last few decades. One of the sectors most 
vulnerable to climate change is agriculture, since agricultural productivity is weather- and climate-related and, as 
De Frutos et al. (2018) claim, is so sensitive to climatic changes. Many studies (Tol et al. 2004; Mozny et al. 
2009; Krishnan et al. 2011; Shrestha et al. 2013; IPCC, 2014; Mandryk 2016; Niles et al. 2016; Lane et al. 2018; 
Elias et al. 2019; Aryal et al. 2020) are undertaken as concerns about climate change and how it may affect 
agriculture grow. 

The most effective way for developing countries to confront the threats caused by climate change, as 
Adger et al. (2003) point out, is adaptation. Climate change adaptation efforts in agriculture, according to Mandryk 
et al. (2017), van Dijl et al. (2015), and Roesch-McNally et al. (2020), encompass a wide range of activities at 
various scales connected to decreasing agricultural exposure and vulnerability to changes, such as developments 
in technology or changes in production practices. According to Schattman et al. (2021), this is required to protect 
farmers' and rural communities' means of livelihood and provide food security for households. It is critical to 
comprehend the coping and adaptation measures used by smallholder farmers in climate vulnerability hotspots to 
mitigate climate hazards. This issue is addressed in this study. 

DOI: https://doi.org/10.14505/jemt.v15.2(74).01 
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Iglesias et al. (2012) say that climate change adaptation happens on two main levels: (a) the farm level, 
which, as Nicholas and Durham (2012) say, is based on the reasonable individual interests of farmers and looks 
at the small decisions that farmers make; and (b) the macro-level, which is also called policy-driven adaptation 
with government involvement and is based on collective needs. It looks at agricultural production at the regional 
and national levels. Adaptation at the farm level is the most important because local actors are the first to 
recognize the seriousness of climate change. This study's research was conducted at the farm level.  

One main goal of this study was to provide an answer to the following: What are the variables that affect 
the choices made by farmers about adaptation practices to the changing climate in Presoa Park? Deressa et al. 
(2009) demonstrated that understanding these variables helps policymakers strengthen adaptation by investing in 
them. To do this, many modeling methods have been employed in literature. Because of its well-established 
theory and accessible procedures, regression analysis is commonly employed in climate change adaptation. So, 
for this study, descriptive statistics were used to look at information from 358 households in the basins of Prespa 
Park in 2023 about household characteristics, institutional variables, and agro-ecological parameters. A 
multinomial logit model was employed then to assess the variables that affect households' decisions on 
adaptation practices.   

Given the aforementioned, a two-step empirical analysis was used in this study. The first empirical 
analysis identified and ranked the coping and adaptation practices adopted by farmers to reduce the effects of 
climate change. The second used a multinomial logit model to evaluate the relationship between each adaptation 
strategy that farmers identified and the factors that affected it. 

The contribution of this study is related to the use of an approach based on an integrated and participatory 
process (a field survey, more than 40 in-depth interviews with stakeholders and authorities, a one-day workshop, 
and a Delphi survey) developed and employed to identify the adaptation practices and coping mechanisms and 
the variables affecting households’ choices. 

1. Literature Review 

In the last 30 years, two core concepts in the literature on society's reactions to climate change have emerged: 
coping and adaptation. Within the fields of practice, policy, and research, there has been discussion on the 
meaning of these concepts. In terms of elucidating social reactions to environmental stress, coping comes before 
adaptation. As Eriksen et al. (2005) outlined, coping practices are the temporary actions farmers take to mitigate 
the negative consequences of climate change, which typically aim to lessen exposure to the effects of socio-
ecological stressors, either as forecasted or as experienced. They might not always be sustainable in terms of the 
economy or the environment. In the order in which they are most likely to occur, the following five main coping 
strategies are listed by Ellis et al. (2019). looking for new sources of income; relying on reciprocal obligations 
(sharing resources like labor and seed); temporarily moving to a smaller home; selling fixed assets (like land); 
and decreasing the size of movable assets (like livestock). When all other coping mechanisms have been tried, 
permanent distress migration is frequently the last option.  

But adaptation is a more complex kind of coping. IPCC (2014) defines climate change adaptation as 
"adjustments in natural or human systems in response to actual or expected climatic stimuli or their effects, which 
moderate harm or exploit beneficial opportunities." Many overlapping approaches have been used to define the 
ability to adapt. A large number of research studies (Kandlinkar and Risbey 2000; Smit and Skinner 2002; Adger 
et al. 2003; Smit and Wandel 2006; Lobell et al. 2008; Di Falco et al. 2011; Olesen et al. 2011; Below et al. 2012; 
Kates et al. 2012; Acosta et al. 2013; Satishkumar et al. 2013; Rodriguez et al. 2014; Wood et al. 2014; Aryal et 
al. 2020; Lamichhane 2020) have documented that adaptation is a crucial component of the response to climate 
change. 

In literature of adaptation to climate change, relevant research is focused on different adaptation farm 
practices such as using drought-resistant crop varieties (Anik et al. 2021; Ponce 2020; Kebede et al. 2019); crop 
diversification (Bradshaw et al. 2004; McCord et al. 2015; De Boni et al. 2022); crop rotation (Wood et al. 2014); 
practicing improved irrigation (Finger et al. 2011; van Dijl et al. 2015; Roesch-McNally et al. 2020) and soil 
conservation techniques (Kahil et al. 2015; Ureta et al. 2020); adjusting planting dates (Ponce, 2020; Masud et al. 
2017); managing land use in relation to climate change (Klein et al. 2013; Liu et al. 2016); developing 
technologies for adaptation in the context of climate change (Foudi and Erdlenbruch 2012; Alvi and Jamil 2018); 
shifting to non-farm income activities (Marie et al. 2020); implementing complementary policies that impact both 
socioeconomic issues and climate (Agrawala and Fankhauser 2008; Chimbwera 2010), and farm financial 
management (Smit and Skinner 2002; Berrang-Ford et al. 2011); using improved livestock breeds (Faisal et al. 
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2021); and micro-insurance (Brouwer and Akter 2010). For policymakers, evaluating how farming communities 
are dealing with the effects of climate change offers crucial information.  

In order to develop an adaptation farm practice to climate change, according to several researchers 
(Norries and Batie 1987; Brooks et al. 2005), it is critical to identify and analyze factors that influence, in a positive 
or negative way, the households' decision to adopt it. Deressa et al. (2009) showed how having a solid 
understanding of these variables might serve as a suitable foundation for developing proposals for policies in 
reaction to climate change. The reviewed literature (Deressa et al. 2009; Obayelu et al. 2014; van Dijl et al. 2015; 
Marie et al. 2020) indicates that the variables that affect farmers' adoption practices across regions include 
socioeconomic factors, household head characteristics, services and resources or existing inputs, institutional 
factors, agro-ecological parameters, and cultural factors. 

2. Methodology 

2.1. An Overview of the Study Area 

Prespa Park, the subject of this case study, became the first transboundary protected area in the Balkans, 
southeast Europe, after the Prime Ministers of the three nearby nations (Albania, Greece, and North Macedonia) 
signed a Joint Declaration in February 2000 (Grazhdani 2024). According to Grazhdani (2014a), it is a high-
altitude basin within a 2,500 km2 basin that includes two interconnected tectonic lakes, the Macro Prespa (259.4 
km2) and Micro Prespa (47.4 km2), located at roughly 850 m above sea level in a karstic system with no natural 
surface outlet, as well as mountains that rise above 2,600 m above sea level. Prespa Park is a unitary area with a 
rich common natural and cultural heritage, despite being situated at a three-way border intersection. In each of 
the three states, national protected areas have been established. Nearly 30,000 people live in 12 villages on the 
Albanian side, 13 villages on the Greek side, and 43 villages on the North Macedonian side (Grazhdani 2016). 

Figure 1. Prespa Park area 

 
Agriculture is the primary source of revenue for residents on all three sides of Prespa Park, where about 

70% of the labor force is employed (Grazhdani et al. 2010). In most cases, stock-breeding, fishing, and forestry 
provide complementary income. The secondary sector is relatively developed in North Macedonia (primarily in 
apple processing), whereas a bean packaging unit has been operational in Greece since 2007. The tertiary sector 
has grown rapidly in recent years, primarily through tourism service enterprises (Grazhdani 2014b). 

As outlined by Grazhdani (2014c), there are roughly 1,450 agricultural holdings in the Albanian part of 
Prespa Park, all of which are mixed crop and stock-breeding with 2,185 hectares of land, only 160 of which are 
irrigated (7.3% of the total), and there is a small percentage of mechanization. With very little access to the 
organized market, the main crops are cereals, corn, vegetables, alfalfa, and vines, intended primarily to meet 
household requirements.  

There are about 4,500 agricultural crop properties on the side of North Macedonia, with 11,000 hectares of 
agricultural land in total, 80% of which is irrigated in some way, although only about half of the land is actually 
irrigated. The most important crop in the area is the cultivation of fruit trees, mainly apples (3,000 ha). The main 
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crop, in addition to fruits (apples, other fruit, and vines), is wheat (1,200 ha). Although the level of mechanization 
appears to be high, most machinery is old and of low horsepower.  

The cultivation of the white-seed dry "beans of Prespa" in an area of around 1,000 ha of irrigated land 
near the two lakes, which provides 75% of the total agricultural income, occupies the majority of the 
approximately 370 agricultural holdings in the Greek Prespa. Another 150 ha are planted with other irrigated 
crops (corn, alfalfa). 

According to the Köppen climate classification, the park's climate is primarily Mediterranean, with 
influences from the continent, and, as Markovic et al. (2017) argue, the Prespa basin is one of Europe's most 
vulnerable regions to climate change. In Prespa Park, climate change is already present and accelerating, 
highlighting the need for quick, medium-term, and long-term solutions that can assist everyone involved in 
agriculture in minimizing its negative effects. People are being forced to confront these effects in novel and 
creative ways. 

Adaptation to current climate variability is occurring, but there has been little action to mitigate the effects 
of climate change. These local adaptations, however, have not been valued or documented to date; thus, 
recognizing and documenting local adaptation strategies is an important first step in strengthening local people's 
resilience to climate change. In general, there isn't any ongoing regional or local research examining strategies 
for adaptation to climate change in the Prespa Park cross-border region. Given the potential for serious 
agricultural consequences, practical adaptation strategies for climate change are critical. 

The findings of this paper can help policymakers and decision-makers develop short- and long-term 
integrated policies and measures for climate change adaptation strategies in Prespa Park and other similar areas. 

2.2. Data Collection and Data Analysis 

Operationally, the data used in this study came from a field household questionnaire survey conducted in the 
Prespa Park region between September and October of 2023, more than 30 individual interviews with local 
stakeholders and authorities, and a one-day participation workshop. 

A wide variety of questions were needed to be included in the questionnaire items of the survey in order to 
evaluate farmers' coping mechanisms and practices for adapting to climate change and analyze the factors 
influencing farmers' decisions to do so. Thus, the household questionnaire, which was developed in accordance 
with the research's objectives, contained a number of questions that could provide information about the 
socioeconomic characteristics of the study farm households as well as their perceptions of climate change, how it 
has affected their way of life, and what adaptation practices and coping mechanisms they have developed or 
those they believe to have been used to lessen its effects. The questions dealing with factors affecting farmers’ 
choices of adaptation practices to climate change were also included. 

A team of three researchers who are experts in survey design and construction accurately wrote the first 
version of the questionnaire items. Then, a panel of experts, including survey researchers, economists, experts in 
climate change, and designers of non-market approaches, reviewed the questionnaire items to make sure they 
were valid in terms of both content and construct. The questionnaire was adjusted as appropriate in accordance 
with the expert panel's views and recommendations. In order to clarify the questionnaire's comprehensiveness, 
content validity, and any potential areas of ambiguity, a pilot field test was conducted (Fink 2013; Nardi 2013). To 
get comments on the questionnaire's clarity and usability, 25 farm households were selected as a sample. In the 
final version of the questionnaire, the changes suggested by the expert panel and the pilot field test have been 
made. 

The sample size for this investigation was determined using the Dillman et al. (2007) method. 300 
households should be included in the sample. In September 2023, 550 questionnaires were distributed to 
randomly selected households in Prespa Park due to the low response rate and high number of undeliverable 
addresses. After completion, the questionnaires were returned. 358 questionnaires, or 65.1% of the total, were 
usable. 

Each questionnaire was reviewed to make sure it was appropriate for the study before being included in 
the database. Due to their incompleteness, certain questionnaires were not included in the final data analysis. 
After variables and data transformations, a sample of the data was produced for data analysis. After entering all 
of the data into a database file, the necessary calculations, formatting changes, and the creation of dummy 
variables were performed. After that, the database file was imported into the STATA: Release 18 (StataCorp 
2023) program, which was used to compute descriptive statistics and perform all estimation procedures. 

Following the field survey, there were 30 individual interviews with local stakeholders and authorities as 
well as a one-day workshop. 
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2.3. Variable Explanations and Multicollinearity Analysis 

This study employed a multinomial logit model to examine the factors that influence households' decisions on a 
particular practice of climate change adaptation. To do this, in the first stage, the dependent and independent 
variables are selected. In this study, as dependent variables, the following most important adaptation practices 
were used: (1) improved crop varieties; (2) increased soil health; (3) efficient irrigation management; (4) shifting 
from crop production to plant agroforestry systems; and (5) perennial agriculture. The dependent variables 
(practices for adapting to climate change) were binary. The number 1 records a yes vote, and the number 0 
records a no vote. 

The choice of independent variables for model estimation is the most subjective and controversial issue. A 
preliminary list of variables affecting households’ decisions on adaptation practices was first established based on 
(1) a review of the literature, (2) the availability of data, and (3) correlations between the identified variables of 
interest. Then, it was presented to the participants of a one-day workshop where the participants were asked to 
give their opinion on it. Next, at the end of the workshop, a final list was made. The following categories represent 
the selected independent variables employed in this study's multinomial logit model: sociodemographic 
household characteristics, institutional factors, and agro-ecological parameters. In the first category were included 
independent variables like household age, education, farming experience, off-farm employment, wealth status, 
household size, off-farm employment, and farm size. The availability of credit, the ease with which information 
about climate change is accessible, and the level of social capital, such as farmer-to-farmer extension services, 
were also included in institutional variables. Awareness of rainfall decline and temperature increases were 
included in the model as agro-ecological variables. 

Regression analysis is frequently associated with issues of multicollinearity among independent variables. 
Multicollinearity in multiple regression is when an independent variable has a strong correlation with one or more 
other variables in the model. In this study, in order to avoid multi-collinearity, in the second stage, correlation tests 
were performed among all independent variables. The variance inflation factor (VIF) (Belsley et al. 1980) and 
Pearson's product moment correlation coefficient (r) (Walford 1995) were used in this study to determine if 
multicollinearity was present in the model and to eliminate it by screening and removing some of the independent 
variables. A good "rule of thumb" when using a correlation matrix to determine if multicollinearity exists in a model 
is to remove variables that have a Pearson correlation value of 0.7 or higher (Park 2009; AcaStat 2014; 
Grazhdani 2015). Regarding the VIF values, the higher the value of VIF, the higher the possibility of 
multicolinearity. It is accepted that a VIF value greater than 4 indicates multicollinearity (Miles and Shevlin 2001; 
Grazhdani 2016). Grazhdani (2016) provides more details about the procedure we used for variable 
multicollinearity analysis. 

Independent variables were removed through an iterative process. The procedure was employed through 
the following sequential steps: First, the VIF value for each independent variable was calculated. The explanatory 
variable with the highest VIF was then excluded. The iterative elimination process was terminated when the 
threshold VIF value of 4 was reached. At this time, additional eliminations based on r values were carried out. 
Therefore, using STATA's corr command (Park 2009), a bivariate correlation study was carried out. The final 
selected variables are presented in Table 1. 

2.4. Data Analysis Methods Applied 

2.4.1. Delphi Method 

According to Skulmoski et al. (2007), the Delphi method is one of the most common methods, which entails a 
group of experts coming to an acceptable level of agreement on the attributes of interest. The Delphi method, 
which seeks the most acceptable agreement among the opinions of a "group of experts," is described as a series 
of sequential questionnaires or "rounds" interspersed with controlled feedback. In order to arrive at a consensus, 
data from surveys is administered and then applied iteratively, with highly ranked items from one questionnaire 
being utilized to formulate the next. This iterative process starts by identifying areas of agreement and 
disagreement, then moves on to changes based on previous questionnaire responses. 

For the present study, fifteen experts were selected to participate in the Delphi process and provide email 
responses to the questionnaires. Through successive rounds, participants created a list of coping mechanisms, 
the relevant adaptation practices needed to adapt to climate change, and the main barriers to undertaking 
adaptation. 
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2.4.2. Multinomial Logit Regression Model  

The Logit and Probit models are the two most used models in the literature. A multinomial logit (MNL) or 
multinomial probit (MNP) regression model would be the ideal econometric model, given that several adaptation 
options are evaluated. In this study, a MNL model was used to analyze the determinants of farmers’ decisions 
because it is widely used in adaptation decision studies involving multiple choices. The model has a major flaw 
that comes from the independence of irrelevant alternative (IIA) property. This property says that the ratio of the 
odds of choosing any two options is not affected by the properties of any other option in the decision set 
(Hausman and McFadden 1984; Tse 1987). 

The MNL model was first run and checked to see if the independence of the irrelevant alternatives (IIA) 
assumption was true using both the Hausman specification test and the seemingly unrelated post-estimation 
procedure (SUEST). Both tests failed to disprove the null hypothesis that the practices for adapting to climate 
change are independent, indicating that there is no evidence to refute the appropriate specification of the 
adaptation model. So, it made sense to use the MNL specification on the data set to model how farmers will 
adapt to climate change. 

In the MNL model, the question is how changes in the elements of x, which represent a set of conditioning 
variables, affect the response probabilities (P(y = j|x), j = 1, 2,..., J), where y represents a random variable with 
the values 1, 2,..., J. The MNL model has the following response probabilities (Green 2008): 

                         P(y = j|x) =
∑ ( ) ,   ,…,

                                               (1)

     

In this study, y represents adaptation practices, x represents various household, institutional, and agro-
ecological attributes, and β is a vector of estimated attributes. Differentiating Equation (1) with regard to each 
independent variable yields Equation (2). This allows one to determine the marginal effects (ME) of the pertinent 
variable: 

               ME =  = P (β − ∑ P β  )                                                                                                  (2) 

The following econometric model function was estimated to perform the multinomial logit analysis: 

Adaptation practice = β0 + β1Gender + β2Age + β3Edu + β4FarmExp + β5 HouseholdSize + β6WealthStatus 
+ β7FarmSize + β8OffFarmEmploy + β9InfToClimChange + β10FarmToFarmExten + β11AccessToCredit + 
β12RainDecline + β13TempIncrease + ε              (3) 

where: Gender: the respondent's sex (male or female); Age: the respondent's age in years; Edu: the 
respondent's degree of education; FarmExp: the number of years spent by the respondent making decisions 
related to farming; HouseholdSize: the number of the respondent's household members; WealthStatus: the 
financial standing of the respondent; FarmSize: the size (in ha) of the respondent's farm; OffFarmEmploy: 
possibilities for employment outside of the farm; AccessToCredit: access to credit; InfToClimChange: access to 
climate change information; FarmToFarmExten: farmer-to-farmer extension service; RainDecrease: Keep in mind 
that rainfall is decreasing. TempIncrease: recognition that the temperature is rising; and ε: the error term. 

3. Results and Discussions 

3.1. Typology of Households' Adaptation Practices and Coping Mechanisms to Climate Change in Prespa 
Park 

The main adaptation strategies and coping mechanisms for climate change that Prespa Park households offer 
are defined in this section. In the selection and evaluation process, the following four sequential phases were 
conducted: During the first phase, a comprehensive list of adaptation practices and coping mechanisms for 
climate change was established. This is done using information gathered from household responses to the survey 
questionnaire part dealing with adaptation practices and coping mechanisms that they have implemented or 
those they believe to have been used to lessen the negative effects of climate change, as well as the findings of 
individual interviews with local stakeholders and authorities. 

During the second phase, a one-day workshop was organized and attended by about 30 participants who 
had a good knowledge of the problems under investigation, including climate change experts, economists, 
academicians, representatives from agriculture, and protected area management authorities who work directly or 
indirectly on the study area. In this workshop, a series of brief presentations and panel discussions were 
presented to inform participants about the key principles of climate change, potential farmers' coping and 
adaptation practices to climate change, and their features in Prespa Park. Then, the list of adaptation practices 
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and coping mechanisms developed during the first phase was presented to the participants of the workshop. 
Next, the participants were asked to create a preliminary list of key coping and adaptation practices that 
households in Prespa Park may develop, as well as the reasons why they may fail to adopt them. The meeting 
was characterized by intense debate among the participants. Finally, at the end of the workshop, a preliminary list 
of 12 adaptation practices and 10 coping mechanisms for climate change was made. 

During the third phase, the most important adaptation practices provided by the Prespa Lakes households 
were identified using a Delphi survey. In the first run of the Delphi survey, a questionnaire of 12 adaptation 
practices identified by the workshop was emailed to fifteen different experts (Delphi members) to be filled out. A 
direct ranking technique was used: each Delphi expert gave a value using a 5-point Likert scale (from 1 = not 
important to 5 = extremely important). At the end of the first Delphi round, excluding less-significant adaptation 
practices, the former list was shortlisted. To accomplish this, the Cronbach alpha α statistics were used. The 
second round’s questionnaire was created using the nine adaptation practices that were chosen during the first 
round. At the end of the second Delphi round, four assessment items were deleted, leaving five (Figure 2). 

Figure 2. Five more important adaptation practices 

 
Source: The author's collected and elaborated survey data for 2023 

Improved technologies for increasing soil health are the main adaptation practices used by respondents. It 
is a key component in assisting farmers in dealing with drought. Cropping rotations, the use of cover crops and 
crop residues to protect soils from wind and water erosion, reduced tillage, the cultivation of cover crops with 
legumes, adding manure and compost, and fallow techniques are all tried-and-true methods that farmers may use 
right now. These practices, as De Gryze et al. (2009) highlight, make soils richer in organic matter, better able to 
retain soil moisture once it gets there, prevent erosion, improve soil structure, and increase biodiversity in the 
system. According to Rosenzweig and Tubiello (2007), in addition to strengthening stability and resilience to 
additional droughts and/or floods soon, they also assist in reducing climate change by sequestering carbon in the 
soil. 

Planting early maturing and drought-tolerant food crop varieties is another of the main adaptation practices 
employed by smallholder farmers in Prespa Park. This practice helps to reduce the impact of climate change on 
farming activities impacted by reduced rainfall patterns, irregular rainfalls, or drought and, as De Boni et al. (2022) 
outline, may contribute to improving biodiversity, solving the problems of water scarcity, and making the 
agroecosystems more resilient. The fundamental advantage of this adaptation practice is that it enables farmers 
to grow crops with higher and more stable yields, as well as early maturity, disease resistance, and higher 
nutritional value. 

The next most important adaptation practice is practicing water-saving irrigation and water-management 
methods or technologies, including advanced irrigation systems like drip and deficit irrigation. Luquet et al. (2005) 
claim that the most water-efficient irrigation technology is drip irrigation, which can significantly reduce a farm's 
water use by controlling the precise moisture requirements for each plant while improving crop yields and quality. 
According to Al-Ghobari and Dewidar (2018), deficit irrigation (DI) is the practice of watering plants less frequently 
but more precisely. This method tries to maximize water productivity and stabilize yields, as opposed to 
maximizing them by restricting water applications to drought-sensitive growth stages. DI has received a lot of 
attention as a valuable and sustainable production strategy in dry or semi-arid areas. 

Shifting from crop production to plant agroforestry systems is one of the most significant adaptation 
practices chosen by households. Agroforestry is simply the planned integration of trees and agriculture. It has 
been shown in numerous studies to provide numerous economic and environmental benefits (Oelbermann and 
Smith 2011; Zoysa and Inoue 2014). Every plant in an agroforestry system is chosen for a specific function; 
species are chosen so that plants will cooperate rather than compete (Luedeling et al. 2016). In line with this, 
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Zoysa and Inoue (2014), indicted that agroforestry, which increases resiliency to climate impacts on farming 
systems, plays a significant role in climate change adaptation, such as reducing the impact of extreme weather 
events (drought, heatwaves, cold waves, heavy rain, and floods). It also improves soil and water availability, 
attracts pollinators, and increases biodiversity. Aside from its socioeconomic benefits, Murthy et al. (2016) have 
well documented that agroforestry is the most sustainable strategy due to its effects on soil conservation, 
biodiversity protection, and carbon sequestration. 

Among the major adaptation practices found in the Prespa Park basin, perennial agriculture is the one that 
was least used. Previous studies have shown that perennial crops have the capacity to sequester carbon, 
improve erosion control, soil health, pest management, and biodiversity (Reynolds et al. 2021; Glover and 
Reganold 2010), as well as potentially increasing food security (Ertl et al. 2015; Glover et al. 2012; Karlsson et al. 
2018) and sovereignty (Holt-Giménez and Altieri 2013). 

Households in the study region have also employed a variety of coping mechanisms to deal with the 
natural dangers in order to avoid years with unfavorable weather conditions. As with adaptation practices, the 
preliminary list of coping mechanisms was similarly reduced during the fourth phase. Figure 3 shows the five 
crucial coping mechanisms that experts identified in the second round of the Delphi survey, in descending order: 
engaging in off-farm activities, collecting fuel wood for sale, selling assets like livestock, increasing water storage 
capacity, and changing farming structure. 

Figure 3. Five more important coping mechanisms 

 
Source: The author's collected and elaborated survey data for 2023 

Many reasons are cited by those who failed to adapt, including small farm holdings, financial constraints 
on using any of the adaptation methods, limited off-farm employment opportunities, inadequate infrastructure and 
technology, and a lack of information about adaptation practices (Fig. 4).   

Figure 4. Five more important barriers for adaptation 

 
Source: The author's collected and elaborated survey data for 2023 

3.2 Analysis of the Variables Affecting Households' Decision to Adapt to Climate Change  

Table 1 presents the values of the estimated MNL model coefficients as well as the standard errors (in 
parentheses). The likelihood ratio statistics as indicated by ch2 statistics (LR chi-square = 706.57 and Pseudo-R2 
= 0.4876) are highly significant (P < 0.0001), explaining that the model has strong explanatory power. In all cases, 
the estimated coefficients were compared with the base category of no adaptation. Table 2 shows the marginal 
effects as well as the standard errors (in parentheses).  

The findings revealed that the majority of the explanatory variables are statistically significant at 10% or 
less, as described and discussed below. 
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Table 1. Statistics of MNL regression model for the variables affecting farmers' decision to adapt to climate change 

Independent variable 
Practices of climate change adaptation 

Improved crop 
varieties 

Improved soil health 
Efficient irrigation 

methods 
Plant agroforestry 

systems 
Perennial 
agriculture 

Gender 1.432*** 
(0.008) 

1.325*** 
(0.0*7) 

1.521*** 
(0.501) 

1.055** 
(0.037) 

1.052* 
(0.579) 

Age 0.042** 
(0.011) 

0.078** 
(0.048) 

0.354*** 
(0.078) 

0.035* 
(0.014) 

0.084** 
(0.048) 

Education 0.192*** 
(0.012) 

0.165** 
(0.084) 

0.112*** 
(0.065) 

0.209** 
(0.049) 

0.209** 
(0.042) 

FarmExp 1.321 
(0.052) 

0.954 
(0.321) 

0.845 
(0.213) 

0.789 
(0.302) 

1.003 
(0.634) 

HouseholdSize -0.019 
(0.006) 

-0.010 
(0.006) 

-0.015 
(0.006) 

-0.018 
(0.009) 

-0.021 
(0.006) 

OffFarmEmploy 0.549*** 
(0.023) 

0.489*** 
(0.078) 

0.274*** 
(0.063) 

0.548*** 
(0.153) 

0.607*** 
(0.094) 

WealthStatus 0.046 
(0.047) 

0.049 
(0.028) 

0.038 
(0.014) 

0.044 
(0.041) 

0.044 
(0.017) 

FarmSize 0.179*** 
(0.029) 

0.186*** 
(0.026) 

1.199*** 
(0.034) 

1.825*** 
(0.869) 

1.118*** 
(0.537) 

FarmToFarmExten 1.879** 
(0.644) 

1.675** 
(0.642) 

1.557*** 
(0.408) 

1.689*** 
(0.586) 

1.432*** 
(0.085) 

AccessToCredit 1.236*** 
(0.703) 

1.003*** 
(0.805) 

0.875*** 
(0.522) 

0.901*** 
(0.401) 

1.021*** 
(0.004) 

InfToClimChange 0.153** 
(0.632) 

0.264** 
(0.074) 

0.935*** 
(0.607) 

0.166** 
(0.046) 

0.204** 
(0.016) 

RainDecline 0.062*** 
(0.013) 

0.058** 
(0.047) 

0.065** 
(0.044) 

0.098** 
(0.022) 

-0.077** 
(0.014) 

TempIncrease 0.452*** 
(0.058) 

0.509*** 
(0.157) 

0.512*** 
(0.204) 

0.541** 
(0.019) 

0.554** 
(0.024) 

Base category 
N 
LR chi-square 
Log likelihood 
Prob > chi-square 
Pseudo-R2 

No adaptation 
358 

706.57*** 
- 987.16 
0.0001 
0.4876 

***. **, * = significant at 1%, 5 % and 10 % probability level of significance, respectively. 

Source: The author's collected and elaborated survey data for 2023 

The multinomial logit analysis results of Table 1 reveal that the gender of household heads has a 
significant and positive influence on all climate change adaptations. The results of Table 2 show, for instance, that 
gender has a significant impact on the likelihood of adopting efficient irrigation methods (male households were 
12.5% more likely to adopt them) as well as plant agroforestry systems (male households were 10.9% more likely 
to adopt them). This demonstrates that households headed by men may be more likely than households headed 
by women to have access to adaptation practices and information on climate change. This result is in agreement 
with the study by Belay et al. (2017). McNamara et al. (1991) and Deressa et al. (2009) discovered the opposite 
result in their study. 

It is worth noting that the literature on the impact of household age on adaptation is mixed. Age is not 
related, according to Wegayehu and Drake (2003), but it is significantly and negatively related, according to 
Dolisca et al. (2006), to households' decisions to adopt. The age of the household head in this study had a 
positive impact on adaptation to climate change due to his or her stock of experience. The result of marginal 
effects (Table 2) shows, for instance, a higher age of the head of the household was linked to a 9.8% higher 
probability of using efficient irrigation methods, a 4.2% higher probability of using improved crop varieties, and a 
7.8% higher probability of improving the soil's health. 

The results also showed that the education level of the household head had a significant influence on the 
choice of all adaptation practices, indicating a positive relationship between education and climate change 
adaptation. This indicates that farmers seem to be more prone to dealing with climate change if they have greater 
education. Higher educational levels are probably going to result in farmers having better information and 
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understanding about climate change and their choices for adapting. Dolisca et al. (2006) and Patnaik and Das 
(2017) have all reported similar findings. On average, a household with one more year of education would be 
2.8% more likely to use improved crop varieties, 3.9% more likely to improve soil health, 4.6% more likely to use 
efficient irrigation methods, 5.2% more likely to set up plant agroforestry systems, and 2.5% more likely to 
practice perennial agriculture to accommodate climate change. Meanwhile, Aymone (2009) found that the level of 
education didn't influence the likelihood of choosing any adaptation practices. 

Table 2. Statistics of marginal effects for multinomial Logit climate change adaptation model 

Independent variable Practices of climate change adaptation 

Improved crop 
varieties 

Improved soil 
health 

Efficient irrigation 
methods 

Plant agroforestry 
systems 

Perennial 
agriculture 

No 
adaptation 

Gender 0.089** 
(0.018) 

0.057** 
(0.045) 

0.125*** 
(0.007) 

0.109*** 
(0.006) 

0.045 
(0.168) 

0.258* 
(0.077) 

Age 0.042*** 
(0.027) 

0.078*** 
(0.000) 

0.098*** 
(0.008) 

0.073* 
(0.041) 

0.084* 
(0.094) 

-0.005** 
(0.048) 

Education 0.028** 
(0.014) 

0.039** 
(0.038) 

0.046** 
(0.046) 

0.052** 
(0.027) 

0.025** 
(0.038) 

0.033** 
(0.033) 

FarmingExp 0.059** 
(0.033) 

0.044** 
(0.044) 

-0.062** 
(0.043) 

-0.078* 
(0.068) 

0.088** 
(0.031) 

0.066* 
(0.122) 

FamilySize 0.004 
(0.002) 

0.005 
(0.167) 

0.003 
(0.108) 

0.006 
(0.188) 

0.002 
(0.166) 

0.005 
(0.178) 

OffFarmEmploy 0.350** 
(0.049) 

0.350** 
(0.035) 

0.350*** 
(0.000) 

0.350*** 
(0.000) 

0.350** 
(0.034) 

0.350*** 
(0.000) 

WealthStatus 0.008 
(0.001) 

0.004 
(0.233) 

0.009 
(0.257) 

0.005 
(0.304) 

0.003 
(0.219) 

0.007 
(0.268) 

FarmSize 0.132** 
(0.008) 

0.108** 
(0.000) 

0.122*** 
(0.000) 

0.087*** 
(0.000) 

0.098*** 
(0.000) 

0.154*** 
(0.000) 

FarmerToFarmerExten 0.033* 
(0.010) 

0. 108** 
(0.048) 

0.021* 
(0.087) 

0.048*** 
(0.002) 

0.018 
(0.270) 

-0.032*** 
(0.007) 

AccessToCredit 0.126*** 
(0.006) 

0.088*** 
(0.009) 

0.047*** 
(0.003) 

0.126*** 
(0.008) 

0.077*** 
(0.004) 

0.111*** 
(0.005) 

InfToClimeChange 0.042** 
(0.021) 

0.135*** 
(0.053) 

0.087*** 
(0.028) 

0.022** 
(0.018) 

0.055** 
(0.033) 

0.057** 
(0.033) 

RainfallDecline 0.014*** 
(0.08) 

0.053*** 
(0.031) 

0.091*** 
(0.035) 

0.072** 
(0.062) 

-0.082** 
(0.049) 

-0.007*** 
(0.003) 

TempIncrease 0.032*** 
(0.017) 

0.042*** 
(0.022) 

0.055*** 
(0.034) 

0.029** 
(0.011) 

0.071** 
(0.035) 

0.074** 
(0.061) 

***. **, * = significant at 1%, 5 % and 10 % probability level of significance, respectively. 
Source: The author's collected and elaborated survey data for 2023 

The findings in Table 2 demonstrate that a household's farming experience has a different impact on their 
likelihood of adopting adaptation practices. Farming experience encourages farmers to use improved crop 
varieties, improve the soil's health, and practice perennial agriculture. For instance, farmers with more farming 
experience are more likely to improve crop varieties, improve soil health, and practice perennial agriculture, 
respectively, by 5.9%, 4.4%, and 8.8%. This result is consistent with earlier research by Obayelu et al. (2014). 
Meanwhile, the household's years of farming experience had a negative impact on using efficient irrigation 
methods (6.2%) as well as plant agroforestry systems (7.8%). This contradicts previous research findings by Sani 
and Chalchisa (2016). 

Farm size has both negative and positive effects on adoption, according to research on agricultural 
technology adoption by Bradshaw et al. (2004). This study revealed a significant and positive relationship 
between farm holding size and all climate change adaptations. The likelihood of a farmer implementing crop 
diversification, drought-tolerant crops, soil and water management, date-changing planting, and small-scale 
irrigation increases with the size of their landholding. Based on marginal effects (Table 2), the chances of using 
improved crop varieties, improved soil health, efficient irrigation methods, plant agroforestry systems, and 
perennial agriculture could rise by 13.5%, 10.8%, 12.2%, 8.7%, and 9.7% for every unit increase in farm size. The 
size of the farm influences the decision to combine multiple climate change adaptation practices. As a result, if 
farmers do not have enough land, they will be unable to adapt to climate change. Sani and Chalchisa (2016) also 
concur with this. 
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All practices of climate change adaptation in this study are significantly and positively correlated with 
variable off-farm employment. This result shows that many resource-poor farm households can reduce their 
financial limitations through off-farm employment, which will encourage them to adopt climate change adaptation 
practices. Giannakis et al. (2018) came to the identical conclusion. 

Farmer-to-farmer extension, which served as a proxy for social capital in this study, has a positive impact 
on climate change adaptation. A marginal effect analysis shows that farmers who have access to farmer-to-farmer 
extension services are 3.3%, 10.8%, 2.1%, 4.8%, and 1.8% more likely to use improved crop varieties, improve 
soil health, use efficient irrigation methods, set up plant agroforestry systems, and practice perennial agriculture 
than farmers who don't have access to these services. 

In order for households to close their financial gap and buy the farm inputs and technologies necessary to 
increase agricultural production as well as engage in income-generating activities outside of farming, access to 
credit services is a crucial factor. This study's variable has a significant and positive impact on households' 
attempts to adapt to climate change. The findings of this study are comparable to those that Pattanayak et al. 
(2003) reported. When credit is readily available, it is frequently evident that farmers attempt to implement capital-
intensive strategies for implementing improved agricultural technologies, such as plant agroforestry systems, 
efficient irrigation methods, and small-scale irrigation technologies like drip irrigation, improving the soil's health, 
and purchasing drought-tolerant and crop-diversification varieties. 

The findings also show that the household's information about climate change has a significant and 
positive impact on the likelihood of adopting all types of adaptation practices. Farmers who have access to 
information about climate change are more likely to choose drought-tolerant cultivars and to use soil and water 
management as adaptation strategies to slow down or even reverse climate change. On the other hand, as a 
result of marginal effects, increasing climate information could increase the likelihood of improving soil health by 
13.5% with information about climate change, while the likelihood of using efficient irrigation methods increases 
by 8.7%. Deressa et al. (2009) also revealed a solidly favorable relationship between information and climate 
change access and adaptation. 

Additionally, it was discovered that variables influencing the adoption of alternative practices that could 
improve resilience against the effects of climate change include awareness of declining rainfall. The results of this 
study show that a one-millimeter decrease in rainfall decreases the likelihood of using improved crop varieties by 
3.8%, improving soil health by 5.3%, using efficient irrigation methods by 9.1%, using plant agroforestry systems 
by 7.2%, and doing perennial agriculture by 8.2%. 

As shown in Table 2, a 1 degree rise above the average annual temperature on the household's farm 
makes it 3.2% more likely that they will use improved crop varieties, 4.2% more likely that they will improve the 
health of the soil, 5.5% more likely that they will use efficient irrigation methods, 2.9% more likely that they will 
plant agroforestry systems, and 7.1% more likely that they will practice perennial agriculture. Other empirical 
research, for example, by Ureta et al. (2020), shows that a slight increase in temperature negatively affects 
important cereal crops like maize and wheat. 

Conclusions 

This study evaluated by two empirical analyses conducted using the methodology described in the present article 
how smallholder farmers in Prespa Park coped with short-term climate changes, how they adapted for future 
climate change, and identified the main barriers impeding smallholder farmers from successfully using coping and 
adaptation practices. Additionally, a multinomial logistic regression model was employed to analyze the factors 
influencing smallholder farmers’ choice of adaptation practices to climate change. 

The typology of climate change adaptation strategies and coping mechanisms employed by Prespa Park 
region farmers at the household level was established in the first empirical investigation. Findings showed that 
future policies that assist in addressing the issues of improving soil health, planting drought-tolerant and early-
maturing food crop varieties, utilizing tried-and-true methods of conserving water in agriculture (such as controlled 
deficit irrigation and drip irrigation systems), and enhancing the resilience of agroecosystems, as well as 
agroforestry and perennial plantations, which align with the most significant adaptation practices adopted by 
households, can assist households, local governments, or any other concerned body in addressing these issues 
of both current and future climate changes by giving them more attention. 

The empirical investigation also revealed several significant coping mechanisms used in the research 
area's households. They entail selling animals and other assets, engaging in off-farm activities, gathering fuel 
wood for sale, increasing the capacity of the soil to store water, and changing farming structures. The empirical 
investigation also identified the main barriers to the adoption of coping strategies and behaviors for adapting to 
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climate change. Small farm holdings, financial restrictions on utilizing any of the adaptation strategies, a lack of 
off-farm work options, poor infrastructure and technology, and a lack of knowledge about adaptation practices 
were some of the barriers. 

The following variables were identified and evaluated in the second empirical analysis, which was carried 
out using a multinomial logit model: gender, education, off-farm employment, farm size, farming experience, 
farmer-to-farmer extension, access to credit, information about climate change, awareness of declining rainfall, 
and recognition of temperature increases. These variables have the potential to influence households' decisions 
to use a particular practice of climate change adaptation that climate change planners should focus on. 
Consequently, strengthening adaptations at the farm level will come from creating policies and practices that 
improve these variables. 

The results of the current study are expected to be useful in guiding local government agencies and 
policymakers and helping to build sustainable adaptation strategies to climate change at the household level in 
Prespa Park and other areas with similar conditions. 
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