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Abstract 

 

The aim of this transversal research was to examine the latent structure of 

the framework factors in their modification by climate changes in 

agricultural farms. The pertinent sample included (N = 178) farmers from 

Kolubara district. The average age of participants was 58.63 ± 6.02. The 

Questionnaire of limiting factors in adapting to climate change and business 

operations of agricultural farms was used in this research. Exploratory 

factor analysis was applied on the 12 manifest variables regarding the 

framework in adaptation to climate change. Using Promax rotation, with 

57.68% of the total variance explained, four hypothetical basic latent 

dimensions were extracted and interpreted as: General external 

contributions, Irrigation, Finance and Material and human resources. The 

obtained total value of Cronbach’s α indicates the reliability of internal 

consistency type. That confirms the satisfactory internal consistency of the 

isolated factors and the valid applicability of the measuring instrument used 

on Serbian sample, while suggestions for more efficient operationalization 

and revision of the applied construct were given. 
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factors, climate risks 
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Introduction 

 

Climate change contributes to product quality, production costs and, in 

turn, to the operations of agricultural farms, i.e. there are limits in 
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applying the strategy of adaptation and mitigating the impact of climate 

change (Bouraima et al., 2024). In the first decade of the XXI century, the 

domain of agriculture was characterized by the expansion of foreign 

authors in the research of the complex set of agricultural farms and the 

latent structure of the construct of limiting factors in the adaptation of 

farmers to climate change. However, no empirical study examining the 

perception of the agricultural population regarding the aforementioned 

phenomenon has been presented in Serbia. Agricultural production is 

subjected to various risks, especially those generated by climate change 

and very bad weather. The dangers of climate change include the 

phenomenon of excessive air temperature, insufficient amount of water 

that falls from clouds to the surface of the ground or is formed on the 

ground by condensation or sublimation of water vapor near the ground, as 

well as the occurrence of storms, hail, drought and frost (Hossain et al., 

2024). 

 

Numerous authors have been researching the perception of farmers on the 

consequences of the dangers of climate change, which are manifested in 

the reduction of the yield of plant production, changes in the quality of 

raw materials, the appearance of diseases and animal organisms, changes 

in the soil (erosion), the reduction of livestock production as well as 

entropy in business (Varyvoda & Taren, 2024). With the aim of 

intensifying the resilience of agricultural farms, they proved that 

agriculture is sensitive to climate change, i.e. that adaptation and 

depreciation are significant consequences of climate change. Adaptation 

to climate changes shows a process of immediate coping with uncertain 

future events, risk taking and appropriate application of adaptive skills in 

managing agricultural operations (Jyothi & Vijayabhinandana, 2023). 

However, amortization to the greatest extent implies a reduction in the 

amount of greenhouse gas emissions. In research (Guo et al., 2024,) it 

was indicated that adaptation as a strategy is significantly applied in local 

self-government (level of agricultural holdings), while the mitigation 

strategy is widely applicable. 

 

In order to adapt to climate change, farmers face a deficit of technical 

knowledge, a lack of financial resources and an inadequate area of 

agricultural land (Kalenov et al., 2024). In addition, the authors consider 

factors such as lack of information and lack of capital and knowledge as 

the main limitations of adaptation among farmers. They suggest that the 

lack of agricultural land among farmers, and their failure to observe 

climate changes negatively contributes to agricultural production. Also, 
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the studies (Oben et al., 2024) point out that the high amounts of 

insurance premiums, and the lack of risks covered by insurance, the 

insufficient supply of agricultural insurance, as well as distrust in 

insurance contribute to the insufficient use of insurance for farmers. 

Authors (Zhou & Vilar-Zanón, 2024) claim that the agricultural advice 

service is the most significant factor in the lack of knowledge about 

climate change. On the other hand, the study (Peltonen-Sainio et al., 

2023) draws attention to the availability of information that can increase 

the application of certain adaptation strategies. Due to the lack of 

tendency to introduce new systems in agriculture, older farmers face the 

limitations in the application of new production practices and technology. 

Finally, according to research results (Suhaeb, et al., 2024;), the call to 

agricultural producers to adapt to climate change manifests itself in an 

adequate choice of the right adaptation strategy. 

 

Given that in Serbian agricultural population, no empirical works have 

been published that dealt with this problem, the main aim of this cross-

sectional study is to examine the latent structure of the construct of 

limiting factors in the adapting to climate changes in agricultural farms. 

In accordance with the findings of previous studies and the aim of the 

research, an alternative hypothesis was tested: H – It is expected that the 

applied multivariate method will, from the set of manifest variables, 

extract the most representative hierarchical structural model among 

agricultural farmers. 

 

Research methodology 

 

Participants sample and procedure 

 

A pertinent sample of participants of both sexes (N = 220) included the 

population of agricultural farmers from five municipalities of the 

Kolubara district: Valjevo, Ub, Lajkovac, Osečina, and Ljig. The age of 

participants ranged from 20 to 65 years. The average age of participants 

was (M = 58.63, SD = 6.02). The farm sample was chosen by random 

selection, with the only criterion being that the participants were engaged 

in agriculture as a primary or supplementary activity, i.e. that they are 

registered in the Register of Agricultural Holdings in the Republic of 

Serbia. The research was approved by the ethics committee of the Serbian 

Academy of Innovation Sciences from Belgrade. The survey was 

conducted in February 2024. The average duration of completing the 

questionnaire was 20 minutes. 
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Measuring instruments 

 

The Questionnaire of limiting factors in adapting to climate change and 

business operations of agricultural farms 

 

The used questionnaire on the impact and consequences of climate 

change on the business of agricultural farms (Oplanić et al., 2021) 

included variables related to individual characteristics: age, level of 

education and place of residence, size of arable land, external influences, 

methods of irrigation, finances and resources. The participant’s task was 

to mark the degree of agreement with the stated statements on a five-point 

Likert-type scale for measuring attitudes (1 = It’s not limiting at all to 5 = 

It’s not limiting a lot). The total score for the subscales is obtained by 

adding up the scores on the associated variables, where a higher score 

means a greater impact and consequences of climate change on the 

business operations of agricultural farms. The reliability coefficient 

(Cronbach's α) of the internal consistency of the used measuring 

instrument is 0.83. 

 

Statistical analysis 

 

Descriptive statistical method and exploratory factor analysis - method of 

principal components, with Promax rotation and Kaiser normalization 

were used for data processing. The reliability analysis was conducted to 

determine the internal consistency of the applied questionnaire, which 

was expressed by the Cronbach's alpha coefficients. The software IMB 

SPSS, Statistics for Windows, version 26.0 was used for statistical data 

processing. 

 

Results and discussion 

 

The basic descriptive statistical parameters of the analyzed manifest 

variables applied in the research on the entire sample of participants are 

shown in Table 1. 

 

Table 1: Descriptive parameters of the observed variables 
Variables M SD Min Max Sk Ku K-S 

Availability of agricultural land 3.17 1.09 1 5 0.35 0.05 
p ≤ 

0.01 

Labor force availability 3.01 1.18 1 5 0.14 0.90 
p ≤ 

0.03 
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Possibility of own irrigation 3.24 1.34 1 5 0.26 0.16 
p ≤ 

0.03 

Financial resources needed to implement 

adjustment measures 
3.75 1.16 1 5 0.47 0.87 

p ≤ 

0.03 

The possibility of introducing new 

technologies adapted to climate change 
3.36 1.03 1 5 0.03 0.75 

p ≤ 

0.03 

Reliability and timeliness of weather 

forecasting services 
2.96 1.25 1 5 0.62 0.49 

p ≤ 

0.01 

Availability of affordable property and crop 

insurance programs 
3.32 1.26 1 5 -0.85 0.34 

p ≤ 

0.01 

Financial assistance from the local or state 

administration at the time of damage 
3.68 1.14 1 5 -0.26 0.60 

p ≤ 

0.01 

Legal regulations on production, farming and 

management of the farm 
3.30 1.08 1 5 -0.38 0.45 

p ≤ 

0.01 

Availability of public information on ways to 

adapt to climate changes 
2.97 1.12 1 5 -055 0.22 

p ≤ 

0.05 

Own knowledge about climate change and the 

need to adapt your farm 
2.80 1.05 1 5 -0.43 0.58 

p ≤ 

0.05 

Legend. M = Arithmetic mean; SD = Standard deviation; Min = Minimum value; Max = 

Maximum value; Sk = Skewness; Ku = Kurtosis; K-S = Kolmogorov–Smirnov test. The 

value of standard error (SE) of Sk is 0.15, and of Ku is 0.23. 

 

The obtained statistically significant values of the Kolmogorov-Smirnov 

test of normality of data distribution for a given significance threshold α, 

as well as skewness and kurtosis, range within the limits of the allowed 

values, between -1 and +1. This indicates the homogeneity of the results, 

that is, there are no statistically significant variations in the distribution of 

scores from the Gaussian curve, which is a prerequisite for conducting 

further parametric analyses. 

 

In order to examine the latent structure of the measurement space of 

limiting factors in adapting to climate change, an exploratory factor 

analysis - method of principal components ‒ was carried out in Table 2. 

 

Table 2: Characteristic factor roots and percentage of explained variance 

after applying Promax rotation 
Main 

components 
λ 

% of the explained 

variance 

Cumulative % of the 

explained variance 

1. 23.10 48.15 48.15 

2. 1.88 3.90 52.05 

3. 1.43 2.98 55.03 

4. 1.26 2.64 57.68 

Annotation. λ = Characteristic root or eigenvalue of Lambda 
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By matrix factorization, four characteristic roots were extracted, which 

according to the Gutman-Kaiser criterion - KG have a value (λ ≥ 1), and 

with oblique Promax rotation explain 57.68% of the total variance. 

Examining the matrix, it is noted that the first main component has the 

highest possible variance, i.e. includes as much variability as possible, 

while the second, third, and fourth components contain the largest 

remaining possible residual variation. 

 

Table 3 shows the factorial loadings of the original variables and the first 

principal component, where a higher absolute value of the factorial 

saturation implies a higher relevance in the interpretation of the factor 

structure. 

 

Table 3: Scope and structure of the first rotated Promax component H1 
Variables Scope Structure h2 

Reliability and timeliness of action 0.75 0.72 0.62 

Availability of affordable property and crop insurance 

programs 
0.68 0.64 0.46 

Availability of public information on ways to adapt to 

climate changes 
0.67 0.69 0.43 

The possibility of introducing new technologies adapted 

to climate change 
0.66 0.61 0.40 

Legal regulations on production, farming and 

management of the farm 
0.62 0.57 0.39 

Annotation. The table shows the factorial loadings of variables greater than or equal to 

(≥ 0.32) on the isolated statistically significant main component, as well as the 

communality of manifest variables above the acceptable level of 0.50. All factor 

saturations are statistically significant (p ≤ 0.01). 

 

The obtained mathematical solution – communality, which represents the 

proportion of shared variance within the manifest variables in the factor 

matrix, is above the acceptable stochastic level of 0.50 (Tabachnick & 

Fidell, 2013). Based on the communality value, that is, the part of the 

total variance that the variables share with the extracted factor, it is 

concluded that the coefficients on that factor solution are high, which 

indicates a homogeneous analyzed space. Therefore, the first most 

interpretable obliquely (Promax) rotated main component (H1) includes 

the largest number of manifest variables, which with a certain probability, 

represent limiting factors in adaptation to climate change. 

 

Statistically significantly uniform factorial loadings of the variables in 

this hierarchically superior but independent latent dimension, 

hypothetically, with the conspicuously greatest contribution of the 
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manifest variable reliability and timeliness of weather forecasting 

services, can hypothetically be interpreted as the most intensive common 

factor of the second order F1 – General external contributions. 

 

Table 4: Purpose and structure of the second rotated Promax component 

H2 
Variables Scope Structure h2 

Availability of public irrigation system 0.60 0.570.38 0.39 

Possibility of own irrigation 0.57 0.54 0.33 

Annotation. The table shows the factorial loadings of the variables (≥ 0.32) on the 

isolated statistically significant main component, as well as the communality of the 

manifest variables above the acceptable level of 0.50. All factor saturations are 

statistically significant (p ≤ 0.01). 

 

The second statistically significant main component, which contains 

3.90% of the mutual variance, refers to the latent dimension that includes 

two manifest variables. From a theoretical point of view, this 

hierarchically isolated mutual factor can theoretically be defined as a 

mutual factor of the second order F2 – Irrigation. 

 

The second-to-last third main component of the four-factor solution in 

Table 5, which includes three interconnected original variables of 

limitations in climate change adaptation, is generated by financial causes. 

Therefore, in accordance with the factorial saturations, their orthogonal 

latent scope and structure can be named as a mutual factor of the second 

order F3 – Finance. 

 

Table 5: Purpose and structure of the third rotated Promax component H3 
Variables Scope Structure h2 

Financial resources needed to implement adjustment 

measures 
0.55 0.51 0.33 

Financial assistance from the local or state administration 

at the time of damage 
0.53 0.500.30  

Annotation. The table shows the factorial loadings of the variables (≥ 0.32) on the 

isolated statistically significant main component, as well as the communality of the 

manifest variables above the acceptable level of 0.50. All factor saturations are 

statistically significant (p ≤ 0.01). 

 

Table 6: Purpose and structure of the fourth rotated Promax component 

H4 
Variables Scope Structure h2 

Labor force availability  0.59 0.46 0.34 

Availability of agricultural land 0.87 0.45 0.32 
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Own knowledge about climate change and the need to 

adapt your farm 
0.40 0.36 0.30 

Annotation. The table shows the factorial loadings of the variables (≥ 0.32) on the 

isolated statistically significant main component, as well as the communality of the 

manifest variables above the acceptable level of 0.50. All factor saturations are 

statistically significant (p ≤ 0.01). 

 

At the end of the mathematical solution, the fourth hierarchically isolated 

Promax component in the domain of limitations in adapting to climate 

change, due to the influence of three manifest variables, explains the 

minimum percentage of the mutual variance (community) of the data. The 

variable availability of agricultural land has the highest projection (0.87). 

In accordance with the obtained factor saturations, this latent dimension 

in the context of the extracted four-dimensional model can, given the 

manifest variables that define it, be theoretically interpreted as a mutual 

factor of the second order F4 – Material and human resources. Definitely, 

there are enough empirical arguments to hypothetically name the four 

mutually independent isolated statistically significant principal 

components of the latent structure in the factor matrix, in accordance with 

the item saturations on diagonally rotated second-order factors, as Promax 

factors: general external contributions, irrigation, finance, and material 

and human resources. 

 

Discussion 

 

Mathematical solutions found – factorial findings in this research, 

identical to previous empirical studies, emphasize that the lack of 

resources and financial assets, limiting access to institutions, as well as 

the lack of timely information related to weather forecasts, represent 

limiting factors of agricultural farms adapting to climate change. Similar 

limiting latent dimensions in their research were obtained by (Khan et al., 

2024), where agricultural producers highlight limited access to land and 

capital, sudden temperature changes, lack of financial reserves and 

uninsured production as common limits in adaptation to climate change. 

Findings obtained in foreign research (Thinda et al., 2021) on the latent 

structure of limiting factors in the adaptation of agricultural farms to 

climate change match the results in this empirical study, so it is possible 

to make a comparison with their results based on the same methodology. 

Therefore, for more effective adaptation to climate change in agricultural 

production, planners and creators of the current agricultural policy should 

moderate their decisions towards solving the main limiting factors in 
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accordance with the isolated Promax latent dimensions of the tested 

farmers in this empirical study. 

 

This transversal study has certain methodological limitations, which to a 

certain extent condition the obtained results and which should be 

analyzed when interpreting the obtained findings. First, the pertinent 

sample of participants is not representative of the entire population 

because it included only participants from the same administrative 

district, at one point in time, which could affect the generalization of the 

results to all regions of Serbia. Second, in this research, only the self-

assessment method of all variables was used, which is why there is a 

problem that the participants show the investigated domains below the 

actual level or exaggerated in order to minimize their problem or 

emphasize it more, which can cause an error in the collected data, i.e. the 

existence of methodological variance can be assumed. Also, since the 

correlational design research was conducted, inverse relationships 

between the examined variables are also assumed, which does not allow 

conclusions to be drawn about the causal-consequential codependence 

between the limiting latent dimensions in the adaptation to climate change 

in agricultural farms. However, despite the aforementioned 

methodological limitations, this cross-sectional study provided relevant 

results and an important basis for further research, as well as important 

implications for agricultural practice. It shows that the extracted Promax 

factors explain a significant segment of the variance, which may suggest 

directions for further research in this area. It would be important for 

future studies to include a larger number of participants from the territory 

of the whole of Serbia. In addition to using the self-assessment measure 

for the applied questionnaire, which represents the four-factor model in 

this study, some other sources of data should also be taken into account, 

e.g. agronomists and agricultural engineers or students of agriculture who 

would assess the limiting latent dimensions in adapting to climate change 

in the agricultural sector. Finally, subsequent research should be of a 

longitudinal design, which would enable a more complete understanding 

of the complex structures of relationships examined in this paper. From 

the theoretical viewpoint, the contribution of the results of this empirical 

study is manifested in the definition of the economic and social aspects of 

the limiting factors in the adaptation of climate change among farmers. In 

addition, the results obtained in our sample can now be compared to the 

findings obtained in other regions and other countries, since he same 

methodology was used. This research contributes to the factual 

„screening“ of the extracted latent structure as limiting factors in the 
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adaptation to climate change in agriculture, especially since from this 

aspect, this problem has not been investigated in the Serbian population. 

Also, the results of the research enable diagnostics, that is, identification 

of the model of the factorial structure of limiting factors among farmers 

according to climate change. In addition, the used measuring instrument 

has satisfactory validity and reliability, which increases the heuristic 

contribution of the work, as well as the practical implication of our 

empirical research. Therefore, the possible effect of the obtained relevant 

findings can serve researchers in the Serbian-speaking area as a starting 

reference for subsequent empirical studies in order to obtain new 

information in the construct of latent dimensions as limiting factors in the 

adaptation of agricultural farms to climate change. 

 

Conclusion 

 

The analysis of the results in this factorial study gives an insight into the 

fact that the phenomenon of the structure of limiting factors in the 

adaptation of agricultural farms to climate change is present among the 

agricultural population in Serbia. The research findings of the analysis of 

the main components on the sample of agricultural producers show the 

existence of a four-factor model, which with 57.68 explained total 

variances hypothetically defined mutual factors of the second order: 

General external contributions (F1), Irrigation (F2), Finances (F3) and 

Material and human resources (F4). The communalities of each latent 

variable are relatively high, which signals that the variance of the 

manifest variables is satisfactorily covered by the factors. In addition to 

its theoretical and practical significance, this factorial study also has 

certain methodological limitations: (I) the pertinent sample is structured 

only from male agricultural producers, exclusively from the territory of 

the Kolubara district, which makes it impossible to represent and 

generalize the results to various agricultural subpopulations and (II) the 

measuring instrument is based on self-assessments, which is characterized 

by shortcomings such as honesty of participant’s answers and cognitive 

distortions, i.e. increased correlation between variables. Regardless of the 

methodological limitations of this research, the theoretical implications of 

the results are reflected in the attempt to explain the variance of the 

extracted factors, while the practical implications of this empirical study 

are manifested in the provision of guidelines primarily oriented towards 

the education of agricultural experts, i.e. to implement the variables of the 

four-factor structure in their practice for the sake of limiting factors and 

their adaptation to climate changes and the operations of agricultural 
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farms. The questionnaire used in this research provides very useful and 

reliable information, and it can be applied in the future studies in the 

Republic of Serbia. The obtained factorial results can be relevant for 

deriving implications when creating a program of constructs of limiting 

factors for agricultural farms in adapting to climate change. In addition, a 

better insight into the model of the causal-effect structure of relations of 

the set of limiting dimensions in adaptation to climate change and the 

operation of agricultural farms would be enabled by the analysis of future 

longitudinally collected data with similar constructs, on a larger and more 

representative sample of participants, of both sexes, from the wider area 

of the Republic of Serbia. 
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