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Abstract: This research aims to examine the priority order of the influence of causal factors affecting the formulation of future 

greenhouse gas emission management strategies arising from land use for agritourism in Thailand. The study develops an 

advanced model called the Path Analysis based on Probit Government Model (PA-Probit-G model), which is an enhanced model 

derived from previous models by incorporating their key strengths to serve as an important tool for formulating national 

management strategies toward sustainability, given that agritourism is one of Thailand’s leading sources of income. The research 

findings reveal new insights that enable the prioritization of causal factors in determining strategies to reduce greenhouse gas 

emissions from land use for agritourism in Thailand. The socio-cultural sector is identified as the most influential factor, with 

indicators used as new scenario policies including the urban culture rate and stakeholder acceptance rate, alongside the 

government sector, which must urgently and concretely promote renewable energy development in the future. These indicators 

are considered critically important for reducing greenhouse gas emissions resulting from the promotion and expansion of 

agritourism as a main source of income for Thailand and for achieving the green economy target by 2050. Furthermore, the 

results demonstrate that the new scenario policies proposed in this study can continuously drive greenhouse gas emissions to 

levels below the carrying capacity, thereby contributing to the long-term success of Thailand’s national management plan. 
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*  *  *  *  *  *  

 

INTRODUCTION              

Thailand, together with 193 United Nations member states, has endorsed the 2030 Agenda for Sustainable 

Development, which serves as a global framework for achieving sustainable social, economic, and environmental 

development while leaving no one behind (The World Bank: Energy Use (Kg of Oil Equivalent Per Capita) Home Page, 

2026; Office of the National Economic and Social Development Council (NESDB, 2026). According to recent Sustainable 

Development Reports, Thailand ranks 43rd out of 166 countries assessed worldwide (National Statistical Office Ministry of 

Information and Communication Technology, 2026). Thailand has pursued sustainable development continuously from the 

past to the present (1992–2025), with a strong commitment to enhancing efficiency across all dimensions of development 

(NESDB, 2026; Hasanein & Ayad, 2025). In particular, economic development has demonstrated clear and consistent 

growth, as Thailand’s economic system has expanded steadily over time (Ahmed et al., 2025; Muna et al., 2025).  

Although certain years have presented significant obstacles to economic progress, the government has remained 

steadfast in promoting economic growth while continuously seeking new export markets, resulting in substantial inflows of 

capital into the country (Salama et al., 2025; ONEP, 2026). In addition, Thailand has persistently promoted tourism in 

various forms for both domestic and international visitors. This is reflected in the highly developed tourism management 

system, which has positioned tourism as one of the leading sources of national revenue through increased employment 

across regions (Office of Natural Resources and Environmental Policy and Planning (DEDE), 2026). Notably, ecotourism 

has emerged as the most popular form of tourism and has been designated by the government as a key national policy 

priority (Thailand Greenhouse Gas Management Organization (Public Organization), 2026). In addition, investment in 

                                                           
* Corresponding author                                                                                                                                       http://gtg.webhost.uoradea.ro/ 
 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.30892/gtg.67324-1836
http://gtg.webhost.uoradea.ro/
https://orcid.org/0009-0004-6297-000X
https://orcid.org/0009-0001-0656-2616
https://orcid.org/0000-0002-7705-0503


A Dynamic Causal Modelling Framework for Prioritising Greenhouse Gas Emission Reduction  

Strategies in Agro-Tourism Land Use and Sustainable Territorial Development in Thailand 

 

 2109 

various industries, particularly policies that encourage foreign direct investment, has been a core and continuous strategy in 

Thailand’s national administration (OECD, 2026; Junsiri et al., 2024). From a social perspective, Thailand has experienced 

substantial development in the socio-cultural sector, leading to profound transformations of traditional Thai societies across 

regions. Urbanization has gradually expanded, resulting in the erosion of long-standing social and cultural practices to the 

extent that, by 2025, very little of the traditional way of life remains visible (Sutthichaimethee et al., 2025).  

Across the country, the general population has gained greater access to higher levels of education, improved living 

standards, and comprehensive healthcare, while unemployment rates remain relatively low (Energy Policy and Planning 

Office, 2026). Although agriculture continues to be a primary occupation in Thailand, significant changes have occurred in 

agricultural livelihoods, cultural practices, and operational methods (Ministry of Natural Resources and Environment, 2026; 

Winyuchakrit et al., 2021). Land use for agriculture has been transformed dramatically from the past to the present, leaving 

almost no trace of its original patterns (Xiao et al., 2025). In response, the government has sought to implement a wide range 

of important measures, particularly those promoting sustainable agricultural land use and climate-smart agricultural 

practices. These measures emphasize the adoption of clean technologies and efficient resource management to support 

environmental sustainability. Such changes have also influenced agricultural practices and local livelihoods as communities 

throughout Thailand continue to undergo social and economic transformation (Sutthichaimethee et al., 2025). 

However, regardless of the extent to which Thai society has transformed into an urbanized society, it is essential to 

preserve cultural values and traditional ways of life as much as possible (Sutthichaimethee et al., 2025). The rapid changes 

experienced in the past have not been particularly beneficial to the livelihoods and occupations of Thai farmers; instead, 

they have led to increasingly negative impacts (Waiyasusri et al., 2024). People have developed more self-centered values 

and cultural attitudes, especially with regard to environmental conservation, which is often neglected because it is 

perceived as not being personal property. Individuals compete for opportunities and continue to consume and exploit 

resources without restraint, causing significant harm to ecosystems (ONEP, 2026). This is evident in the continuous rise in 

wastewater pollution in communities, the sharp increase in household solid waste, and the substantial growth in plastic bag 

consumption, among other issues. Although the government has actively promoted environmental campaigns, these efforts 

have not succeeded in fostering a culture of social responsibility or a sense of collective stewardship within communities, 

as originally intended under sustainable development policies. From a social perspective, this indicates that government 

implementation has not yet achieved its intended outcomes. Furthermore, from an environmental standpoint, greenhouse 

gas emissions have continued to increase steadily from the past to the present (NESDB, 2026).  

In particular, greenhouse gas emissions generated from agricultural occupations and businesses have risen at one of the 

highest rates nationwide, especially within the agritourism sector. This is largely due to the extensive use of land converted 

for agritourism activities, which has caused substantial changes to local communities. Large-scale land-use transformation 

aimed at attracting foreign revenue has resulted in immediate and direct damage to ecosystems (DEDE, 2026).  

Once agritourism operations are established, both domestic and international population flows increase significantly, 

and the associated activities further intensify direct ecological impacts (NESDB, 2026). As a consequence, traditional Thai 

communities have undergone profound transformations, to the extent that authentic traditional communities have nearly 

disappeared. At the same time, urban expansion has encroached upon rural areas, exacerbating environmental degradation 

nationwide. Data from all relevant agencies responsible for greenhouse gas emission management in Thailand indicate that 

agritourism ranks among the leading contributors to environmental loss and degradation. As tourism becomes increasingly 

popular, the tourism industry continues to expand, driven by both domestic growth and foreign investment, leading to 

deeper and more irreversible damage. Land-use changes for agritourism have altered the country’s geographical and spatial 

systems beyond recognition, while traditional ways of life have been fundamentally transformed (NESDB, 2026; ONEP, 

2026). Moreover, these developments have continuously increased greenhouse gas emissions, despite ongoing 

governmental efforts to implement preventive measures and policies aimed at reducing emissions from agritourism 

activities. Nevertheless, such measures have failed to curb the rising trend of emissions. For these reasons, this research 

was conducted in response to the researcher’s recognition of Thailand’s persistent environmental problems arising from 

land use for agriculture and agritourism. The study therefore develops an integrated dynamic model under a sustainability 

policy framework to identify effective approaches for reducing future greenhouse gas emissions to levels below the 

carrying capacity, thereby supporting Thailand’s long-term success. This research fundamentally differs from previous 

studies by adopting a comprehensive analytical approach that examines all relevant components simultaneously, allowing 

for a true prioritization of causal factors and enabling more precise and effective policy solutions. 

 

MATERIALS AND METHODS 

In this research, an advanced smart model was developed. The model construction was adapted from previous 

models by identifying their weaknesses and integrating the strengths of each in order to achieve the highest analytical 

efficiency. The proposed model is called the Path Analysis based on Probit Government Model (PA-Probit-G model). 

This model consists of a structural model and measurement equations for constructing the variables used in the analysis.  

In general research practice, measurement scales are typically constructed from sets of statements or questionnaire 

items related to the variable of interest. These items are quantified and summed to produce a composite score for the 

measurement scale. Although such scales may demonstrate construct validity, directly summing the items implicitly 

assumes that each item carries equal weight (Bentler & Chou, 1987). A key conceptual difference between the proposed 

model and previous models lies in the treatment of core variables (which may function as either independent or dependent 
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variables). These core variables are latent variables that cannot be directly observed or measured. Therefore, they must be 

represented by manifest variables (Kline, 2015). Consequently, solving the model equations requires an analysis of the 

causal influences and relationships among the manifest variables associated with each latent construct. Since latent 

variables cannot be directly measured, their values are inferred from the corresponding manifest variables, which serve as 

indicators of the latent constructs (Bentler & Chou, 1987; Kline, 2015). The PA-Probit-G model is particularly suitable for 

analyzing strategies aimed at reducing carbon dioxide emissions in the future. In addition, the model can effectively assess 

changes following increases or decreases in energy consumption, as well as variations in other factors included in the 

model. The causal relationships among the factors within the PA-Probit-G model are illustrated as follows (Baltagi, 2021). 
 

𝐿𝑖 = 𝛽1 + 𝛽2𝑋𝑖                     (1) 
 

From Equation (1), let 𝑋𝑖 denote an observed variable, which can be measured to determine whether a particular 

action or decision is undertaken. This decision is revealed when the value of an underlying index i ncreases and reaches a 

critical threshold, denoted by 𝐿𝑖
∗, which represents the critical index value. If 𝐿𝑖 > 𝐿𝑖

∗, this indicates that a policy is 

implemented. Conversely, if 𝐿𝑖 < 𝐿𝑖
∗, it implies that the policy is not implemented at all. The variable 𝐿𝑖 itself is not 

directly observable; however, it is directly related to probability. Therefore, the probability of the occurrence of a given 

event can be expressed in the form of a cumulative distribution function, as follows (Harvey, 1980). 
 

𝑃𝑖 = 𝑃(𝑌 = 1|𝑋) = 𝑃(𝐿𝑖 ≥ 𝐿𝑖
∗) = 𝑃(𝑍𝑖 ≤ 𝐿𝑖) = 𝐹(𝐿𝑖)      (2) 

 

From Equation (2), let 𝑍𝑖 be an observed variable in the model, which follows a standard normal distribution, 

𝑍~𝑁(0,1). Let 𝐹 denote the cumulative distribution function, which defines the probability of the occurrence of the case 

𝑌 = 1, as expressed below (Hoyle, 1995). 

𝐹(𝐿𝑖) =
1

√2𝜋
∫ 𝑒

−𝑍2

2 𝑑𝑧
𝐿𝑖

−∞
         (3) 

 

𝐹(𝐿𝑖) =
1

√2𝜋
∫ 𝑒

−𝑍2

2 𝑑𝑧
𝛽1+𝛽2𝑋𝑖

−∞
         (4) 

 

From Equations (3)–(4), the value of 𝐿𝑖 can be calculated using the inverse function of Equation (4). 
 

𝐿𝑖 = 𝐹−1(𝐿𝑖)= 𝐹−1(𝑃𝑖) = 𝛽1 + 𝛽2𝑋𝑖        (5) 
 

From Equation (5), the relationship can be expressed in the form of a general equation as follows. 
 

𝑌∗ = 𝛽𝑋𝑖
′ + 𝜀           (6) 

 

From Equation (6), let 𝑋𝑖
′ denote the vector of observed variables, 𝛽 the coefficients of the observed variables, and 𝜀 the 

error term, which follows a normal distribution with mean 𝜇 and variance 𝜎2 , 𝜀~𝑁(𝜇, 𝜎2). The outcome variable is 

defined such that 𝑌 = 1  if 𝑌∗ > 0, and 𝑌 = 0  when 𝑌∗ ≤ 0. Therefore, the probability of the event occurring (𝑌 = 1) can 

be written as follows. 

𝑃(𝑌 = 1|𝑋𝑖) = 𝑃(𝑌∗ > 0|𝑋𝑖) = 𝑃(𝜀 > −𝛽|𝑋𝑖)                     (7) 
 

From Equation (7), the distribution is normal and symmetric, which leads to the following formulation. 
 

𝑃(𝑌 = 1|𝑋𝑖) = 𝑃(𝑌∗ > 0|𝑋𝑖) = 𝑃(𝜀 > −𝛽|𝑋𝑖) = ∅(𝛽𝑋𝑖
′)    (8) 

 

From Equation (8), 𝑃(𝑌 = 1|𝑋𝑖)  represents the probability that the event occurs, which is determined by 𝑋𝑖 , and 

∅(𝛽𝑋𝑖
′)  denotes the standard normal cumulative distribution function, referred to as the Probit Government Model, as 

expressed below (Byrne, 2001). 
 

𝑃(𝑌 = 1|𝑋𝑖) = ∫ ∅(𝑡)𝑑𝑡 =
𝛽𝑋𝑖

′

−∞
∅(𝛽𝑋𝑖

′)                    (9) 
 

𝑃(𝑌 = 1|𝑋𝑖) = ∫
1

√2𝜋
𝑒

−𝑡2

2𝜎2𝑑𝑡
𝛽𝑋𝑖

′

−∞
       (10) 
 

From Equation (10), by assuming that 𝜀~𝑁(𝜇, 𝜎2)  substituting 𝜇 = 0, 𝜎2 = 1  into Equation (10), the following 

expression is obtained (MacKinnon, 1991). 
 

𝑃(𝑌 = 1|𝑋𝑖) = −
1

√2𝜋
(

−𝑒
−(𝛽𝑋𝑖

′)2

2

𝛽𝑋𝑖
′ )                    (11) 

 

From Equation (11), it can be observed that the probability function is nonlinear. Therefore, the analysis must be 

conducted under a path analysis framework to appropriately specify the equations and to avoid potential problems 

arising from the proposed model, including autocorrelation, multicollinearity, and heteroskedasticity. Accordingly, an 

estimation approach is employed in which F(𝛽𝑋𝑖
′) represents the probability that the event occurs, with a joint 

probability density function, as follows (Dickey & Fuller, 1981; Byrne, 2001). 
 

                                 𝑃𝑟 (𝑌1 = 𝑦1,𝑌2 = 𝑦2,…,𝑌𝑛  = 𝑦𝑛|𝑋𝑖) = 𝐿 = ∏ (1 −𝐹(𝛽𝑋𝑖
′
)𝑦𝑖=0 ∏ (𝐹(𝛽𝑋𝑖

′
)𝑦𝑖=1                   (12) 
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From Equation (12), the complete and revised formulation can be expressed as follows. 
 

𝑙𝑛𝐿 = ∑ ln (  1 − ∅(𝛽𝑋𝑖
′) +𝑦𝑖=0 ∑ ln (∅(𝛽𝑋𝑖

′)𝑦𝑖=1                   (13) 
 

A review of relevant domestic and international literature reveals that no previous study has developed an integrated 

model employing advanced statistical techniques in this manner for the purpose of formulating national management 

strategies to achieve sustainable development in the future. Existing studies have generally failed to conduct fully 

integrated analyses across all sectors, making it difficult to adequately capture interconnections, as well as direct and 

indirect effects among them. Moreover, insufficient attention has been given to the relative importance of individual 

indicators that truly drive these influences. As a result, scenario models have not been accurately specified, limiting their  

applicability for policy formulation and national planning in Thailand.  

In this study, the researcher develops a comprehensive model capable of simultaneously prioritizing both direct and 

indirect relationships across all sectors. This approach provides significant advantages for advancing sustainable 

development in line with the long-term objective of achieving a green economy by 2050. Considering all sectors 

concurrently offers substantial benefits for national policy and planning, as it enables a clearer understanding of how 

new policy scenarios should be formulated in the future and how they differ from past approaches that were 

implemented but did not achieve full success. This, in turn, facilitates effective learning and appropriate integration 

across sectors. The following section presents the research methodology and procedural steps undertaken in this study. 

 

 
 

Figure 1. Research Methodology Framework 

 

Figure 1 illustrates the research procedures employed to analyze the influence of causal factors affecting changes in 

the socio-cultural, economic, environmental, and government sectors arising from transformations in agricultural land 

use toward Thailand’s future sustainability. 

 

RESULTS 

Selection of Observed Variables Based on Model Diagnostic Criteria 
The findings of this study employ the PA-Probit-G model, which is designed to analyze the pathways of influence 

among four latent variables: the socio-cultural sector, economic sector, environmental sector, and government sector. 

The researcher utilizes observed variables derived from indicators that meet all required statistical properties.  

All indicators included in the analysis are those that Thailand has consistently used in national development planning 

and are obtained as secondary data from the relevant responsible agencies, namely the National Economic and Social 

Development Council (NESDC), the Office of Natural Resources and Environmental Policy and Planning (ONEP), and 

the Ministry of Agriculture and Cooperatives (MOAC). These data sources are therefore considered appropriate and 

reliable for the purposes of this analysis. In total, 26 observed variables are included in the model, such as Political 

Stability (𝑃1), Solar cell rate (𝑃2), Biomass energy rate (𝑃3), renewable energy rate (𝑃4), green material rate (𝑃5), 
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waste biomass rate (𝑃6), Biofuel oil consumption rate (𝑃7), Biofertilizers rate (𝑃8), electric vehicle rate (𝑃9), Smart 

grid rate (𝑃10), Drying & Storage Agricultural Products (𝑃11), industrial structure rate (𝐿1),  foreign investment rate 

(𝐿2), Ecotourism rate (𝐿3) Infrastructure (𝐿4), BCG rate (𝐿5), Health and wellness rate (𝐴1) Public participation rate 

(𝐴2), Education rate (𝐴3), Income distribution rate (𝐴4), Protection rate (𝐴5), Urban culture rate (𝐴6), Energy 

intensity rate (𝑁1), Carbon dioxide emissions (𝑁2), Methane emission (𝑁3), and Nitrous oxide emission 𝑁4). The 

results of the statistical tests are presented as follows. 

 
Table 1. The results of the selection of observed variables that exhibit no unit root 

 

Tau Test  MacKinnon Critical Value 

Variables Level I(0) Value Variables First Difference I(1) Value 1% 5% 10% 

𝑙𝑛( 𝑃1) −2.77 ∆𝑙𝑛( 𝑃1) −4.10*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃2) −2.53 ∆𝑙𝑛( 𝑃2) −4.15*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃3) −2.19 ∆𝑙𝑛( 𝑃3) −4.19*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃4) −3.79 ∆𝑙𝑛( 𝑃4) −5.77*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃5) −3.11 ∆𝑙𝑛( 𝑃5) −4.10*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃6) −3.05 ∆𝑙𝑛( 𝑃6) −4.50*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃7) −3.10 ∆𝑙𝑛( 𝑃7) −4.61*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃8) −3.20 ∆𝑙𝑛( 𝑃8) −4.07*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃9) −-3.03 ∆𝑙𝑛( 𝑃9) −4.31*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃10) −3.29 ∆𝑙𝑛( 𝑃10) −4.39*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑃11) −3.15 ∆𝑙𝑛( 𝑃11) −4.97*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐿1) −3.01 ∆𝑙𝑛( 𝐿1) −4.33*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐿2) −3.15 ∆𝑙𝑛( 𝐿2) −4.50*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐿3) -3.10 ∆𝑙𝑛( 𝐿3) -4.55*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐿4) -2.97 ∆𝑙𝑛( 𝐿4) -4.95*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐿5) −3.57 ∆𝑙𝑛( 𝐿5) −5.70*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐴1) −3.60 ∆𝑙𝑛( 𝐴1) −5.61*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐴2) −3.20 ∆𝑙𝑛( 𝐴2) −4.99*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐴3) −3.41 ∆𝑙𝑛( 𝐴3) −4.47*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐴4) −-3.05 ∆𝑙𝑛( 𝐴4) −4.31*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐴5) −3.11 ∆𝑙𝑛( 𝐴5) −4.39*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝐴6) −3.69 ∆𝑙𝑛( 𝐴6) −4.95*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑁1) −3.01 ∆𝑙𝑛( 𝑁1) −4.67*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑁2) −3.50 ∆𝑙𝑛( 𝑁2) −4.50*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑁3) -3.55 ∆𝑙𝑛( 𝑁3) -4.45*** −4.05 −3.25 −2.15 

𝑙𝑛( 𝑁4) -3.75 ∆𝑙𝑛( 𝑁4) -5.50*** −4.05 −3.25 −2.15 

 

Table 1 presents the results of the selection of observed variables with no unit root. The findings indicate that all observed 

variables are free from unit roots at the first-difference level, demonstrating statistical significance at the 99% confidence 

level. This confirms that all observed variables are stationary, with constant means and covariances that do not change in 

response to irregular fluctuations or external shocks. Consequently, the researcher incorporates all of these observed variables 

into the PA-Probit-G model to further analyze the pathways of causal influence among the factors under investigation. 

 

Results of Path Analysis of Causal Factors 

This section presents the results of the path analysis of causal factors. In this study, four causal dimensions are 

specified: the socio-cultural sector, economic sector, environmental sector, and government sector. The PA-Probit-G model 

is employed to analyze the causal pathways among these factors, allowing the direction of relationships to be clearly 

identified. At the same time, the model enables the assessment of sensitivity through sensitivity analysis, which is used to 

prioritize policy options and to formulate future new scenario policies. The results are presented as follows. 

 
Table 2. The results of the path analysis of causal factors based on the PA-Probit-G model 

 

Dependent Variable Type of effect 
Independent Variable 

Socio-cultural sector Economic sector Environmental sector Government sector 

Socio-cultural sector 
DE - 0.52*** 0.76*** 0.51*** 

IE - 0.12*** - - 

Economic sector 
DE - - - 0.40*** 

IE 0.10*** - - - 

Environmental sector 
DE 0.12*** 0.64*** - 0.12*** 

IE 0.81*** 0.09*** - 0.09*** 

Government sector 
DE 0.43*** - - - 

IE - 0.19*** - - 

Note: *** denotes significance 𝛼 = 0.01, DE is direct effect and IE is indirect effect 
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Based on Table 2, the results of the path analysis of causal factors derived from the PA-Probit-G model indicate that 

each causal dimension exhibits both direct and indirect effects. The model satisfies all measurement and goodness-of-fit 

criteria, with a Chi-square statistic of 2.79, Root Mean Squared Residual (RMSR) of 0.05, Root Mean Square Error of 

Approximation (RMSEA) of 0.09, Standardized Root Mean Square Residual (SRMR) of 0.01, Normal Fit Index (NFI) 

of 0.95, Non-Normed Fit Index (NNFI) of 0.95, Comparative Fit Index (CFI) of 0.99, and Adjusted Goodness -of-Fit 

Index (AGFI) of 0.90. In addition, white noise diagnostic tests reveal no problems of autocorrelation, multicolli nearity, 

or heteroscedasticity, indicating the robustness and novelty of the proposed model. The results further show that, at a 

statistical significance level of 𝛼 = 0.01, the government sector exerts direct effects on changes in the socio-cultural, 

economic, and environmental sectors. At the same time, the socio-cultural sector also has a direct influence on changes 

in the government sector in the same direction, reflecting a reciprocal causal relationship.  

Importantly, this study identifies a novel finding that differs from previous research and past national governance 

approaches: the socio-cultural sector has a direct effect on changes in the environmental sector, with the highest 

magnitude at 0.81% in the same direction. This effect is substantially stronger than that of the economic sector, which 

also has a direct effect on changes in the environmental sector but at a lower magnitude. Moreover, the economic sector 

has a direct effect on changes in the socio-cultural sector at 0.54% in the same direction, indicating that economic 

growth directly contributes to the development of the socio-cultural sector. The economic sector also influences changes 

in the environmental sector indirectly, operating through the socio-cultural sector. These findings imply that if the 

government intends to formulate effective policy measures, priority should be given to interventions in the socio -cultural 

sector, as this sector exhibits the strongest influence on changes in the environmental sector and simultaneously 

transmits indirect effects to the economic sector. Such an approach is therefore both cost-effective and highly 

appropriate for achieving maximum efficiency and effectiveness in policy implementation.  

In this study, once the influence relationships have been clearly identified, the next analytical step involves ranking 

the relative importance of these influences to determine which indicators the government should address first in order to 

achieve the greatest policy impact. Accordingly, sensitivity analysis based on the PA-Probit-G model is conducted, and 

the results are presented in the following section. 

 

 
 

Figure 2. The results of the sensitivity analysis conducted to identify new scenario policies based on the PA-Probit-G model 

 

As shown in Figure 2, the PA-Probit-G model effectively demonstrates the outcomes of the sensitivity analysis used to 

identify new scenario policies from the observed variables. The results indicate that the sensitivity of government policy 

related to the adoption of renewable energy is the highest, at 81%. In addition, within the sensitivity range of 80-100%, two 

other observed variables exhibit similarly high sensitivity levels: the urban culture rate and the stakeholder acceptance rate. 

These findings suggest that although the government has implemented numerous measures within the government sector to 

reduce greenhouse gas emissions, a lack of comprehensive and detailed consideration may obscure the importance of 

certain key indicators. Therefore, prioritizing indicators based on their relative influence on change is critically important 

and should be carried out on a continuous basis in order to achieve long-term success in line with the green economy 
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objective. Furthermore, despite the government’s continued emphasis on the Bio-Circular-Green (BCG) economic model, 

the results of the analysis demonstrate that the influence of changes in the economic sector on the environmental sector is 

weaker than the influence exerted by changes in the socio-cultural sector. 
 

Long-Term Forecasting Results of Greenhouse Gas Emissions (2025–2050) from Agricultural Land Use 

In this study, the performance of the PA-Probit-G model is evaluated by comparing it with conventional models used 

in previous research. The evaluation employs Mean Absolute Percentage Error (MAPE) and Root Mean Square Error 

(RMSE) as statistical measures to assess the model’s capability for long-term forecasting of greenhouse gas emissions 

resulting from agricultural land use over the period 2025-2050, which corresponds to Thailand’s green economy target. 

The results are presented as follows. 
 

Table 3. The comparison of the performance of the PA-Probit-G model with traditional models (Source: Author’s Estimate (2026) 
 

Forecasting Model MAPE (%) RMSE (%) 

OLS model 10.45 11.99 

CNN model 5.10 5.37 

ANN model 5.05 5.25 

Fuzzy model  4.05 4.77 

LSTM model 3.80 4.00 

ANIF model 3.75 3.92 

ARIMAX model 3.55 3.75 

PA-Probit-G model 1.05 1.57 

 

Based on Table 3, the researcher compares the PA-Probit-G model with conventional models previously used in 

Thailand as well as in international studies, including the Autoregressive Integrated Moving Average with Exogenous 

Variables (ARIMAX) model, Adaptive Neuro-Fuzzy Inference System (ANFIS) model, Long Short-Term Memory 

(LSTM) model, Fuzzy model, Artificial Neural Network (ANN) model, Convolutional Neural Network (CNN) model, and 

Ordinary Least Squares (OLS) model. The test results indicate that the PA-Probit-G model demonstrates the highest 

forecasting performance, with MAPE and RMSE values of 1.05% and 1.57%, respectively. The ARIMAX model ranks 

second, with MAPE and RMSE values of 3.55% and 3.75%, respectively, followed by the ANFIS model (MAPE = 3.75%, 

RMSE = 3.92%), the LSTM model (MAPE = 3.80%, RMSE = 4.00%), the Fuzzy model (MAPE = 4.05%, RMSE = 

4.77%), the ANN model (MAPE = 5.05%, RMSE = 5.25%), the CNN model (MAPE = 5.10%, RMSE = 5.37%), and the 

OLS model, which exhibits the lowest performance (MAPE = 10.45%, RMSE = 11.99%). Accordingly, the PA-Probit-G 

model is the most appropriate model for long-term forecasting of greenhouse gas emissions over the study period. 

 

 
Figure 3. Long-term forecasting results of greenhouse gas emissions from 2025 to 2050 using the PA-Probit-G model 

 

Figure 3 illustrates the projected greenhouse gas emissions over the period 2025-2050. The results indicate that 

agricultural land use leads to a continuous increase in greenhouse gas emissions throughout this period. Despite 

Thailand’s long-standing implementation of sustainable development policies from 1992 to 2025, these measures have 

not been sufficient to curb the steadily rising growth rate of emissions. The analysis shows that greenhouse gas 

emissions are projected to increase to 396 Mt CO₂ eq by 2050, a level that poses significant risks to ecosystems because 

it exceeds the defined carrying capacity of 350.50 Mt CO₂ eq. However, this study develops the PA -Probit-G model and 

identifies a new scenario policy centered on renewable energy as the highest-priority policy requiring concrete 

government action. This policy must be implemented in parallel with improvements in the urban culture rate and 

stakeholder acceptance rate in order to safeguard the environmental sector, stabilize its growth trajectory, and reduce 

greenhouse gas emissions to the greatest extent possible without exceeding the established carrying capacity.  
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Under the new scenario policy, the forecasting results indicate that by 2050 greenhouse gas emissions would increase 

at a substantially lower level, reaching approximately 275 Mt CO₂ eq, representing a growth rate of only 75.09% and 

remaining below the carrying capacity threshold of 350.50 Mt CO₂ eq.  Nevertheless, to sustain economic and socio-

cultural development, the government should continue to advance the Bio-Circular-Green (BCG) economy framework, 

which remains essential for supporting Thailand’s long-term national development strategy.  

Despite the government’s long-standing implementation of sustainability policies up to the present, final energy 

consumption has continued to increase at a steady and substantial rate, reaching a growth rate of 65.4%, which exceeds 

the government’s target ceiling of 40%. However, when the new scenario policy, comprising the solar cell adoption rate, 

biomass utilization rate, and public participation rate, is applied using the GMM-PAXi model, the growth rate of final 

energy consumption declines to only 31.75%. This level falls within a range that makes progress toward the net -zero 

emissions target by 2065 feasible. These results demonstrate that the formulation of appropriate new scenario policies, 

together with the selection of a suitable analytical model, can effectively guide strategic planning toward the intended 

long-term goals. Accordingly, the researcher proceeds to forecast greenhouse gas emissions over the period 2025-2065. 

 

DISCUSSION  

The development of Thailand’s agricultural sector toward sustainability is critically important for the country’s long-term 

development. Agriculture has been an integral part of Thai society from ancestral times to the present, with a large proportion 

of the population engaged in agricultural occupations and most of the country’s land area devoted to agricultural use. 

Therefore, if Thailand is to achieve sustainable national development in line with established targets, the agricultural sector 

should be prioritized as the first and most fundamental sector. Under Thailand’s green economy goals within its sustainability 

policy framework, sustainability is intended to be achieved across all sectors simultaneously. Nevertheless, the agricultural 

sector remains the most essential sector for the Thai population, even as urbanization continues to expand across the country. 

Despite this urban expansion, agriculture continues to serve as the primary livelihood for much of the population. 

Consequently, environmental conservation and protection constitute an urgent, spatially grounded priority that must be 

addressed in both the short and long term to ensure the successful and sustainable achievement of national goals, while also 

preserving the environment as a legacy for future generations. However, although Thailand has implemented sustainable 

development policies continuously from 1992 to 2025, these efforts have not effectively reduced greenhouse gas emissions. 

 Furthermore, the designation of agritourism as a national agenda has intensified land use, altered geographical 

conditions, and significantly increased consumption levels among both domestic populations and international tourists. 

These dynamics have led to profound transformations within the socio-cultural and environmental sectors, accelerating 

urbanization across nearly all regions of the country. As a result, traditional Thai culture and indigenous ways of life 

have gradually diminished, while ecosystems have become increasingly degraded and have exceeded established 

environmental thresholds. The research findings further indicate that, if current trends persist, greenhouse gas emissions 

are projected to continue rising beyond the carrying capacity, directly contradicting the government’s declaration of the 

green economy as a national agenda. This agenda seeks to achieve its targets 15 years ahead of the original timeline, 

with completion by 2050, at which point greenhouse gas emissions are expected to be reduced and balanced by 

absorption rates to achieve net-zero emissions. Nevertheless, it is now evident that these plans have not only failed to 

achieve their stated targets but have also been unable to constrain greenhouse gas emission growth to levels below the 

carrying capacity. This persistent trend poses escalating risks to ecological systems and will continue to adversely affect 

biodiversity, human well-being, and other living organisms in the future.  

In managing Thailand’s agricultural sector, the government has undertaken extensive efforts to achieve na tional 

objectives by introducing key measures, most notably the Alternate Wetting and Drying (AWD) rice cultivation policy. 

This policy aims to reduce greenhouse gas emissions by lowering methane 𝐶𝐻4 emissions by up to 30% through 

controlled water management that alternates between flooded and dry conditions, allowing oxygen to penetrate the soil 

and inhibit methane-producing bacteria. In addition to mitigating emissions, AWD reduces water consumption, fertilizer 

and chemical use, lowers production costs, and generates additional income through carbon credits, while aligning with 

the Bio–Circular–Green (BCG) economic strategy, a core national development framework. However, the rapid 

expansion of land use for agritourism, driven by growing international demand, has exacerbated ecosystem degradation, 

intensifying environmental pressures beyond those generated by domestic agricultural activities alone.  

Agritourism development has accelerated land-use transformation at a much greater scale, amplifying ecological 

disruption and increasing the severity of environmental impacts over time. Despite the government’s strong commitment 

and intensive implementation of these policies in accordance with established targets and plans, greenhouse gas 

emissions have not declined to the levels specified in national objectives. This shortfall is primarily attributed to 

limitations in existing governance and planning models, which lack sufficient accuracy and integration to effectively 

support sustainable national management. In response, this study develops an improved model that enables research 

findings to be more effectively applied to government decision-making processes in the long term.  

The results further demonstrate that the formulation and implementation of government policies, whether domestically 

designed or adopted from international frameworks, will fail to achieve their intended goals if they do not account for 

indicators that genuinely and significantly influence outcomes. This study therefore finds that while the implementation of 

BCG economic measures has generated substantial benefits in terms of economic growth, such growth alone is insufficient 

to ensure reductions in greenhouse gas emissions without alignment with the most influential causal indicators. 
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Nevertheless, one critical measure that has not been prioritized by the government in policy formulation is the 

promotion of renewable energy, which constitutes a highly significant, and indeed the most crucial, measure for the 

agricultural sector in reducing greenhouse gas emissions. This measure must be implemented in parallel with two 

indicators that require immediate and urgent action: the urban culture rate and the stakeholder acceptance rate.  

This urgency arises because Thai society has historically not embedded environmental conservation as a core cultural 

value. Across generations, the environment has largely been perceived as a public good that anyone may use, with 

greater individual use often viewed as yielding greater personal benefit, rather than as a shared resource that must be 

protected and preserved for future generations. Therefore, to maximize policy effectiveness, all sectors, public, private, 

and civil society, must undergo a cultural transformation that emphasizes environmental stewardship, collective 

responsibility, and the sustainable use of natural resources. Consequently, the urban culture rate and stakeholder 

acceptance rate are essential factors in advancing Thailand’s sustainable development and in enabling the country to 

transition toward a green economy by 2050 in a durable and effective manner. The findings of this study are consistent 

with those of several prior studies, including Waiyasusri et al. (2024), Hasanein & Ayad (2025), Ahmed et al. (2025), 

Salama et al. (2025), and Salama et al. (2025). However, the implementation of renewable energy is well suited to Thai 

society and Thailand, particularly when considering spatial analysis within the agricultural sector. Nevertheless, the long-

standing cultural characteristics of Thai society and the continuous process of urbanization are likely to influence future 

transitions. Cultural change among the population cannot be achieved through coercive measures alone; rather, it requires 

proactive incentive-based policies that encourage shifts in mindsets and lifestyles. Environmental conservation must be 

positioned as a primary priority in daily life, which inherently requires time and sustained government support. If current 

approaches are maintained without significant adaptation, Thailand is unlikely to achieve its long-term objectives, 

including the green economy target by 2050, and it will certainly fall short of attaining the net-zero emissions goal by 2065. 

 

Recommendation 

Based on the findings of this study, the researcher identifies several significant insights that are highly beneficial to the 

public interest. This research successfully identifies a new scenario-based policy that differs from government policies 

implemented from the past to the present and demonstrates the potential to reduce greenhouse gas emissions to levels 

below the carrying capacity. Accordingly, the following recommendations are proposed for public and policy relevance: 

1) With regard to land use for the development of agritourism, it is crucial for the government to prioritize 

infrastructure factors, as infrastructure constitutes a core foundation for national development toward sustainability and 

is among the most influential factors demonstrating the relationships that drive various forms of change. If infrastructure 

development is implemented appropriately, negative spillover effects on other sectors can be avoided, thereby 

preventing further damage to ecosystems. To date, land use for agritourism has already imposed substantial pressure on 

land resources; consequently, inadequate or poorly planned infrastructure would accelerate ecological degradation and 

lead to more rapid ecosystem deterioration than previously experienced. 

2) Support measures to address fine particulate pollution caused by biomass burning in forest areas: Air pollution has 

emerged as a critical environmental issue, particularly during periods of forest fires, haze, and smog in northern 

Thailand. During the severe haze crisis in early 2023, concentrations of fine particulate matter (PM2.5) were found to 

increase continuously each year. More than 100,000 accumulated hotspots were detected, with the majority located in 

forested areas. Of these, approximately 48% were found in protected forest areas, followed by 37.99% in national 

reserved forests, and 14.23% in agricultural areas and land reform zones (Sor Por Kor), along with other land -use 

categories. Given these circumstances, effective prevention and mitigation strategies in forest areas are essential. These 

should include strengthening area-based mechanisms, enhancing coordination and collaboration with local communities 

and surrounding areas, improving fuel management and combustion efficiency, developing and deploying more 

effective technologies, and expanding the use of monitoring, surveillance, and hotspot-tracking technologies to enable 

timely intervention and long-term environmental management. 

3) Enhance local capacity for water planning and management: Water resource management has become increasingly 

challenging due to rising water demand, climate variability, and changes in rainfall patterns and distribution that are 

difficult to predict. Surface water sources have been encroached upon, altered, and degraded over time. Moreover, the 

occurrence of more severe and prolonged El Niño events is likely to significantly affect water availability, thereby 

constraining the ability to manage water resources in a manner that equitably meets diverse demands. Accordingly, there 

is an urgent need to strengthen capacity for water planning and management at the community and local levels, particularly 

in areas vulnerable to flooding and drought. This should be achieved through comprehensive capacity -building 

initiatives that enhance knowledge and skills in the application of information and communication technologies (ICTs) 

for water resource management, enabling more accurate water forecasting and more effective, adaptive decision -making. 

4) Support urban green space assessment and planning: Rapid urban expansion, together with a continuous increase 

in the registered urban population, the presence of transient populations, tourists, and visitors, has led to the replacement  

of natural green spaces with built structures and infrastructure. This transformation has adversely affected urban 

temperatures, water retention capacity, biodiversity, and the availability of recreational spaces. Therefore, it is 

recommended that municipalities at all administrative levels be supported in conducting systematic surveys and 

developing area-based urban green space management plans that align with national public green space targets and 

established operational guidelines for advancing sustainable urban green space management.  
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5) Study environmental changes and impacts on cultural and artistic heritage sites: A well-preserved cultural and 

artistic environment enhances the aesthetic value and significance of heritage sites. However, ongoing urban expansion 

and transformation, both physical and social, along with tourism pressures and natural hazards, increasingly threaten the 

environmental context and intrinsic value of cultural and artistic heritage. Consequently, in -depth studies and impact 

assessments are needed to analyze environmental changes affecting these sites, particularly historic urban areas, in order 

to safeguard cultural and artistic heritage as a vital national legacy for future generations.  

 

Limitations of the Research 

This study is based exclusively on quantitative research methods, which constitutes a limitation in terms of the 

absence of complementary qualitative analysis. Qualitative data, particularly from practitioners directly involved in 

policy implementation, may be subject to incomplete reporting, bias, or constraints in providing fully accurate 

information. Such limitations could potentially lead to errors in analysis and interpretation. For this reason, the 

researcher deliberately chose not to incorporate qualitative methods in this study. Integrating biase d or incomplete 

qualitative information into the analysis could result in misguided interpretations and, if applied to national governance 

and policy formulation, could generate adverse consequences for Thailand’s development trajectory.  

Reliance on unverified beliefs or non-informational inputs may distort strategic decision-making and lead to policy 

directions that contradict national objectives. Accordingly, the quantitative approach employed in this research is 

considered sufficient and appropriate for informing long-term national strategic planning and governance decisions. 

 

CONCLUSIONS 

This study, entitled “A Dynamic Causal Modelling Framework for Prioritising Greenhouse Gas Emission Reduction 

Strategies in Agro-tourism Land Use and Sustainable Territorial Development in Thailand,” examined the priority order 

of the causal factors influencing the formulation of future greenhouse gas emission management strategi es arising from 

agro-tourism land use in Thailand. To achieve this objective, the study developed the Path Analysis based on the Probit 

Government Model (PA-Probit-G model), an enhanced analytical framework derived from integrating the principal 

strengths of previous models. The model enables the simultaneous examination of direct and indirect relationships 

among the socio-cultural, economic, environmental, and government sectors, while also identifying the indicators that 

should be prioritized in future national management strategies.  

The findings demonstrate that the socio-cultural sector is the most influential factor affecting changes in the 

environmental sector. In particular, the urban culture rate and stakeholder acceptance rate are identified as cri tically 

important indicators for formulating new scenario policies. These indicators should be implemented in parallel with 

concrete government measures to accelerate renewable energy development. The results therefore confirm that the 

effective management of greenhouse gas emissions from agritourism land use cannot depend exclusively on economic 

development or technological interventions. Rather, it requires the integration of renewable energy policies with socio -

cultural transformation, environmental stewardship, and stakeholder acceptance. 

The forecasting results further demonstrate that continuing existing policy conditions would cause greenhouse gas 

emissions to exceed the established carrying capacity by 2050. In contrast, implementing the proposed new scenario policies 

can maintain greenhouse gas emissions below the carrying capacity throughout the forecasting period. These policies are 

therefore essential for mitigating the environmental impacts associated with the promotion and expansion of agritourism, 

while supporting Thailand’s green economy target by 2050. Accordingly, the PA-Probit-G model provides an effective 

evidence-based instrument for prioritizing causal factors, formulating national greenhouse gas emission management 

strategies, and supporting sustainable territorial development. Integrating renewable energy development, the urban culture 

rate, and the stakeholder acceptance rate will strengthen Thailand’s capacity to balance agritourism-based economic 

development with socio-cultural continuity and environmental protection. The application of this framework can therefore 

contribute to the long-term success of Thailand’s national management plan and its transition toward sustainable development. 
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