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Abstract

This research paper investigates the structural interrelationship among knowledge and attitude toward
Generation Z behavior, using Partial Least Squares Structural Equation Modeling (PLS-SEM), and bootstrapping
is used. Data was distributed 600 structural questionnaires and 462 participants aged 18-30 years old from
various regions in Thailand. It uses mixed methods through quantitative and qualitative, with group focus
discussion with 30 samples conducted to gain deep insights into mindset and subconscious, the importance
and impact of global nature and climate changes, with behavioral to shape this environment. Herewith, mediated
analysis by attitudes, both the direct and indirect effects of knowledge on behavior in terms of production,
consumption, transportation, and disposal activities in a context where non-linear plays a critical role. The results
reveal that global nature and climate change not only influence their actions, but also their recognition, which
is a strong influence on their consciousness, leading to their action. Furthermore, this study highlights the

importance of attitude cultivation in influencing social responsibility.

Keywords: Attitude, Behavior, Climate Change, Environment and Knowledge
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1. Introduction

Recently, many countries in Asia have been confronted with perilous tribulations. For example,
Thailand's weather copes with seasonal fluctuation. Hong Kong has 10,000 strikes of lightning
in 1 hour. China faced heavy rain until huge flooding, including Japan, which has led to heat
stroke, resulting in 53,000 patients, etc. (Agence France-Presse, 2024). This situation is not
only a disease but also a critical global change.

The world is confronted with diverse complexed and disruptive challenged issues, and its
inclusive 10 centers for 1) regions, trade, and geopolitics 2) the new economic and society 3)
nature and climate 4) advance manufacturing and supply chains 5) health and healthcare 6)
cybersecurity 7) finance and monetary system 8) urban transformation 9) the fourth industrial
revolution 10) energy and materials (World Economic Forum, 2025).

The Sustainable Development Goals (SDGs) provide an overall global crisis situation, with 17
goals to protect the Earth. Goal number 12 calls for responsibility of consumption and
production, and goal number 13 calls for urgent combat with climate change. The United
Nations (2025) identified that since the 1800s, human activities have been the main driver of
the climate change situation, including manufacturing, electricity generation, production,
consumption, waste disposal, transportation, etc. Turrentine (2026) stated that the mid to late
19th century human activities have led to the greenhouse effect to a new level, increasing
heating, drought, altered natural cycles, wrong seasons, flooding, forest fires, and unstable
weather.

Especially, human behavior is the main driven that causes of global climate change. Their
behaviors whether production, consumption, transport, or disposal activities have affected
toward climate change. This paper is focused on the importance of cultivation for the young
generation to understand how to preserve a sustainable environment, by providing information,
knowledge, attitude, subconsciousness, and intention to behave in the right direction through
learning, communication, transformation, curriculum design, including social norms with
Generation Z (youth generation).

Indeed, educational sector is the fundamental institution such as school, college, university,
including higher education institutions act as the role of information providing, knowledge
sharing about crisis issues, useful or urgent global topics via teaching and curriculum design
with students usually they are generation Z. Ready to move forward career path that cultivate
them to grow and ready to be the good global citizen.

Moreover, several scholars and organizations cited that education for sustainable development
(ESD) is not only about raising awareness and knowledge but also about climate change, in
which learning to transform the world and to realize societal transformations toward pro-
environmental behavior (Arbuthnott, 2009; UNESCO, 2018). Even though schools, higher
education institutions, and universities across the world are looking for improvement in the way
of transformation through teaching and learning toward sustainability and environmental
agenda, such as wellness, circular economy, biotech, innovation, agriculture, and industry
driven by Al, technology improvement, this paper study how to stimulate new generation
recognize, deeply understand the global environment situations and also cooperate to preserve
the ecosystem through their daily life spending.
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Research objectives

The aims of this research are to evaluate knowledge, attitude, and behavior related to the Earth's
changing nature and climate among Generation Z.

1) To evaluate the level of Generation Z knowledge towards the global nature and climate
change.

2) To evaluate Generation Z's attitude towards the condition of the global environment and
climate change.

3) To explore the practices of Generation Z towards the conservative global nature and
climate conditions.

4) To examine the relationship between knowledge, attitude, and practices of Generation
Z with global nature and climate changes.

Research questions

1) How well does Generation Z know about the global nature and climate changes?
2) How are they concerned about the global nature and climate change?

3) What actions are they currently taking?

4) How do these relationships between knowledge and attitude toward their practice?

2. Literature review

Shiel et al. (2016) cited that today, an increasing number of courses and universities worldwide
are focused on sustainable development. While Leal Filho et al. (2021) and Sivapalan (2016)
mentioned that not only higher education institutions do but also other stakeholders collaborate
and invest resources in sustainability development. University students and teachers are pivotal
to the success of Climate Change Education (Reimers, 2021; Putri et al., 2023). Higher
education institutions (HEIs) are the source to disseminate, support, and cultivate the mindset
of the new generation or youth about environmental care and quality of longevity through
curriculum or course design with activities and lesson self-lifelong learning. Several scholars
studied environmental sustainability and climate change, which have a big impact on the
physical planet and humanity.

2.1 Knowledge — Attitude — Behavior Model

This study uses the knowledge, attitude, and practice (KAB Model) to examine Gen Z's
knowledge, attitude, and behavior about environmental care in the dimension of climate change.
It also assesses the relationship between what Generation Z understands, knows, how they feel,
and how their knowledge and attitude influence their behavior about this crisis issue. Wan et
al. (2016) referred that knowledge is the information that people acquire, analyze, retain, and
utilize. Additionally, knowledge is an individual's intellectual property; it determines the
sustainability of the environment by building personal awareness, attitude, and habitual
behavior. Attitude is the way people assess something through emotion and tend to behave in
that way, while practice is the manifestation of that attitude.
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The KAB Model was used based on a survey with a systematic review of the literature published
between 1990 and 2016 (Salas-Zapata et al., 2018). It is a framework that analyzes personal
behavior. Its application implies that knowledge, attitudes, and behavior are measurable
constructs that are related and influence each other (Wan et al., 2016). This research studied
four domains: (1) demographic factors of respondents, (2) knowledge about climate change, (3)
attitudes toward climate change, and (4) their behavior regarding this issue. Furthermore, a
knowledge, attitude, and behavior study is to understand the inner perception and behavior of
individuals toward the climate change situation.

The KAB Model has been popularized and assessed for the health and education sector.
UNESCO (2014) identified that the sustainable development strategy ought to educate all
global citizens. Especially, the youth generation must be recognized, and understand how it's
important and also related to their obligation and responsibility, thus education requirements
both in curriculum design, core course, teaching consequences, and learning process to enable
people to behave to preserve the environment and this world appropriately.

The UN adopted 17 SDG goals in 2015 as part of the sustainable development agenda in 2030,
one of which aims to address climate change and environmental degradation. Additionally, the
United Nations Educational, Scientific, and Cultural Organization ((SDG) with a personal
mindset about knowledge, and intentional behavior with a worldwide sustainable environment
UNESCO plays an essential role through the United Nations Educational, Scientific, and
Cultural Organization with a personal mindset about knowledge, and intentional behavior with
a worldwide sustainable environment. (Lee et al, 2022)

(Shift to Social implication) part) Individuals must have adequate knowledge and a good
mindset, and be willing to learn about the importance of the environmental surroundings, about
the big impact for all, therefore, they ought to participate in both their own awareness,
recognition, and behavior, and the local community, whether any project engagement or budget
donation through a related issue. The public and enterprising sectors provide resources and
engage in a circular model (BCG), sustainable processes such as green production, lean
logistics, organic product and packaging, innovated marketing, and strategy designing, along
with sustainable development goals. (SDG)

2.2 Social identity theory (SIT)

Tajfel (1978) stated that the social identity theory is that "part of an individual's self-concept
which derives from one's own knowledge of the membership of a social group together with
the value and emotional significance attached to that membership”. Almost all people tend to
engage in norm or behavior of social group as needs of belonging. When individuals perceive
themselves as part of a community that supports environmental norms, their pro-environmental
behaviors tend to be strengthened (Steg & Vlek, 2009) Whiles, Qin and Jiang (2025) mentioned
that social identity is a psychological theory that individuals perceive themselves as members
of a social group and, based on this identity, determine their behaviors, attitudes, and values.
Masson and Immo, (2021); Bamberg et al., (2015) stated that Social identities shape responses
to climate change through processes like group norms, collective efficacy and emotions.
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Pro—environmental behavior is the human action to preserve the environment (eco-friendly
behavior) that plays a very important role in the world's responsibility for all. Pro-
environmental behavior can initiate self-taken action, always lead to the local community, and
contribute to society, nation, and worldwide in terms of norms, culture, manners, values, policy,
and legislative implementation. Behavior can be changed by focusing on the motivation
relevant to the desired goal (s). This research also broadens the knowledge about the
motivations to undertake pro-environmental behaviors, and it incorporates common worldwide
environmental concerns and climate change situation into the knowledge-attitude-behavior
(KAB) framework to evaluate Generation Z's understanding of the right knowledge with their
consciousness, feelings towards this issue, and leads to their real action in daily life.

Conceptual framework

Figure 1: Conceptual framework

This paper explores the KAB model to support knowledge and attitude relationship with
behavior, the moderation mechanism in their attitude toward nature and climate change, and
the link between knowledge and their behavior. Attitude is the partial moderator tested between
knowledge and behavior.

The conceptual model is validated via data and a survey with Generation Z (18-30 years old).
This gene has very powerful group of people and strong influenced by its surroundings, and
also diffuses to others as well.

This research is structured in four main sections: the following section presents a
comprehensive literature review; the methodology and data collection process are then
described; this is followed by an analysis of the findings; and the paper concludes with the
theoretical contributions to literature, providing actionable recommendations for consumers
and related entrepreneurs, including various levels of higher education institutions, and
identifying the road to future research about climate change and crisis global warming situation.
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3. Materials and Methodology

3.1 Respondents and data collection

This research was surveyed in Bangkok province with non- probability convenience sampling
techniques by using conveniences sampling. This study was conducted from Sept 2024 to July
2025 by distributing 600 questionnaire and screening out incomplete questionnaires. It has
collected 462 questionnaires for data analysis, with respondents’ ages between 18 and 30 years
old.

These respondents are female (72.3%), male (27.7%), and their ages are 18-21 years old
(54.1%), 22-25 (14.1%), and 26-30 years old (31.8%). Almost all of the samples are
undergraduate students about 300 respondents (64.9%), below undergraduate students are 157
respondents (34%), PhD. level are 3 respondents (0.6%), and master degree level is 1
respondent (0.2%) respectively.

Table 1: Demographical data

Gender Female 334 72.3%
Male 128 27.7 %

Ages (years old) 18-21 250 54.1%

GenZ

22-25 65 14.1%

26-30 147 31.8%

Educational level Below bachelor 157 34%
Bachelor 300 64.9%

Master 1 0.2%

Ph.D. 3 0.6%

This surveyed questionnaire was depicted into three elements about knowledge, attitude, and
behavior have towards the global nature and climate change. It was depicted in four parts.

1) Demographic details

2) Individual knowledge

3) Individual attitude

4) Individual behavior about global climate change

The structural measured questionnaire by using a Likert scale was classified through 5 5-point;
1 stands for strongly disagree, five stands for strongly agree.
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3.2 Methodology

A mixed methods study using quantitative and qualitative methods (Schoonenboom and
Johnson, 2017). Surveyed with 600 population, respondents were 462 sampled through an
online survey based on a social media platform, and 30 were interviewed for result
confirmation. Descriptive analysis and confirmatory factor analysis (CFA) were conducted with
this model by using a two-stage structural equation, and examined construct validity and
discriminant validity of each aspect.

3.3 Data analysis

This research analyses data into four parts as follows:

1) Personal knowledge of the four elements in the consumption, disposal, transportation,
and production dimensions

2) Personal attitude in the four elements of consumption, disposal, transportation, and
production dimensions

3) Personal behavioral intention in the four elements of consumption, disposal,
transportation, and production dimensions

Finally, it provides information about the relationship among knowledge, attitude, and
behavior, with recommendations about curriculum designing, teaching, and training, including
new generations’ mindset and attitude cultivation about global caring and environmental
preservation

Results

Table 2: Results of factor loading and composition reliability of global nature and climate
change

Behavior 0.82-0.92

B1-B18 4.46 0.80- 0.99 0.98
Attitude 1- 0.83-0.94 0.99
Attitude 18 441 0.83 0.99

Knowledge 1- 0.77-0.91

Knowledge 18 4.46 0.78 0.98 0.98
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Table 2: shows convergent validity that AVE is more than 0.5, CR is more than 0.7, and
Cronbach’s Alpha is 0.98 — 0.99, whiles VIF is 4.41 — 4.46 Fornell and Larcker (1981);
Diamantopoulos and Siguaw (2000) indicated that latent variables can explain valid and reliable
observable variables of personal knowledge, attitude, and behavior towards global nature and
climate change.

4. Results analysis

The aims of this study are to focus on the several dimensions of consumption, disposal,
transportation, and production in the scope of knowledge, understanding, attitude, and practice
in daily life. This conceptual model is examined in terms of reliability and validity, and the
studied constructs are indicated in Table 2. Herewith, the key reliability and validity index in
terms of Cronbach's alpha, composite reliability (CR), average variance explained (AVE)
values, and factor loading are studied.

Table 3: P value with HTMT

Herewith, Table 3 described that discriminant validity both attitude and knowledge have the
impact toward behavioral intention to environmental caring, especially attitude has the
strongest influence on Generation Z (HTMT is less than 0.85, and P value is less than 0.05).
Thus, understanding and recognizing the importance of environmental caring and global saving
is an essential issue. Therefore, Generation Z should be cultivated about these topics since
teaching - learning in the classroom and good mindset building.

HTMT P values (one-tailed)
ratios for HTMT ratios
(good if <
0.90, best if good if < 0.05)
<085
Behavior Attitude Knowledge Behavior ~ Attitude Knowledge
Behavior Behavior
Attitude 0861 Attitude 0.001

Knowledge 0.845 0.844 Knowledge <0001 <0001




Page |15 Development Economic Review

Figure 2: PLS-SEM

Knowledg
(R)18i

Figure 1: identifies the non-linear bi-variate causality direction ratio (NLBCDR) to examine
the causality of two variables: knowledge and attitudes toward Generation Z's practicing
accordance. The level of knowledge has an influence on their practice, especially understanding
cause and effect with knowledge, and also having a positive attitude has a strong influence on
their practice.

Table 4: Direct Impact KAP of Gen Z

Beta Attitude  Knowledge Gender  Age Edu Attitude<Knowledge
Behavior 0.507 0.399 0038 0057 0012 0.007
Attitude 0.834

P-value

Behavior <0.001 <0.001 0205 0109 04 0442
Attitude <0.001

Table 4: describes the direct impact of knowledge, understanding, and attitude on the practice
of Generation Z in 4 activities, as follows in Table 5.
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Table 5: Knowledge, Attitude and Behavior Intention about environmental saving

Activities

Knowledge - Attitude - Behavior (KAB)

Consumption

I know, and have a positive attitude to eat meat less is healthy

| try to eat meat less

I know and have positive to eat vegetable much is healthy

| try to eat vegetable much

I know, and have positive attitude about turn on - turn off

I turn on -turn off electricity in electricity in necessarily

I know and have positive attitude about turn on air condition at 25
degree Celsius

| turn on air condition at 25 degree Celsius

I know and have positive attitude to use water economical

| use water economical

I know and have positive attitude to use cooking-gas economically

I use cooking-gas economically

I know and have positive attitude to take warm shower in necessarily

| take warm shower in necessarily

Disposal

I know and have positive attitude to separate waste before throw

| separate waste before throw away

I know and have positive attitude to use personal cup instead plastic
cup

| use personal cup instead plastic cup

I know and have positive attitude with non-use plastic bag

| don't use plastic bag
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Activities Knowledge - Attitude - Behavior (KAB)

I know and have positive attitude to use personal clothing bag

I use personal clothing bag
Transportation | | know and have positive attitude to reduce drive personal car

| drive personal car

I know and have positive attitude to fill gasohol or biogas

| fill gasohol or biogas

I know and have positive attitude to drive electrical car

| drive electrical car

I know and have positive attitude to take public transportation

| take public transportation

Production I know and have positive attitude to plant without chemical

| plant without chemical

I know and have attitude with animal feeding without chemical

| feed animal without chemical

I know and have positive attitude with non-release garbage

| don't release garbage into river

Table 5: depicts the relationship among Generation Z's knowledge, how to understand causes
and effects of global nature and climate changes, attitude: scales 1-5 of attitudes towards global
nature and climate changes, and their practicing towards the global nature and climate change,
and how frequently they engage in eco-friendly habits. This research paper clarified that the
four human activities are consumption, disposal, transportation, and production.

Have big impacts to the livable globe, human is main driven to release toxic materials
increasingly including hazardous pollution form daily life, therefore we should understand how
they recognize of these issues, how they think about it and also how they act before we reform
or recover these crisis global situations with variable control in terms of gender, age, and
education level respectively.
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Table 6: Indirect impact

Moderator Knowledge-Attitude-Behavior

Beta 0422
P-value <0.001

Std.Er 0.055
Effect Size 0.352

In Table 6: the effect size is 0.352, which is not lower than 0.02, the p-value is less than 0.001,
and the beta is 0.422. These research results imply that global saving and environmental caring
knowledge providing has an impact on Generation Z's behavior; however, knowledge can
indirectly affect practice through attitude, and it is a partial moderator. Furthermore, attitude
cultivation has the strongest influence on their behavior, covering positive mindset, healthy
culture, and social responsibility as well.

Social Implications

This research results provide the suggestions on how to respond to the growing hazardous
environment and global warming. Particularly, how to apply KAB framework to change people
behavior with attitude cultivation is the core stone for social successful implication. In
additionally, we interviewed with 30 youth people for research result confirmation about how
attitude has influenced toward their daily life activities about global and climate changing, all
people agree with knowledge, attitude and their behavior are related and new generation ought
to aware and also collaborate to save this world. It is the obligation for all global citizen; it is
not only youth generation.

Together with all stockholders collaboration, starting with personal recognition, intended
action, and urgent implementation since policy commandments, social responsibility
consciousness, and right behavior adaptability. Especially, the education sector transforms the
Sustainable Development Goals into lesson learn, activity in class, or life skill in reality.

For the individual level, we must have adequate knowledge and a good mindset, and be willing
to learn about the importance of the environmental surroundings, about the big impact for all,
therefore, they ought to participate in both their own awareness, recognition, and behavior, and
the local community, whether any project engagement or budget donation through a related
issue. The public and enterprising sectors provide resources and engage in a circular model
(BCG), sustainable processes such as green production, lean logistics, organic product and
packaging, innovated marketing, and strategy designing, along with sustainable development
goals. (SDG)

The education sector shapes students, the next generation or namely: education sustainable
development (ESD) guides learning process to enable people, particularly generation Z almost
all are students in several levels to acquire knowledge, cultivate attitude, and subconsciousness
that lead them to practice until behavior intention to normal habit in favor of the nature and
global environment. UNESCO (2024) identified this strategy for all education levels, including
higher education levels. Moreover, educational institutions can add on chapters or principles in
lesson learning about these issues, from elementary to higher education, whether curriculum
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design, short courses, or a degree level in this field. Not only does it really affect all, but it also
guides a change of duty, obligations, and career path in the future

In business sector, whether production process, logistic process, packaging, marketing,
advertising campaigns, communication, or service providing can change the way of perform to
accordance with these trends otherwise, any business can't survive in long term, unless adjust
the environment policy into main element of your brand, consumers are new generation to
understand, learn from education institutions, family, surrounding context focus on saved Earth,
saved lives, also have healthy mindset, and it all the things or responsibility to protect our
planet.

In government sector should focus on climate changes policy and ecosystem education with all
party by campaigns implementation, support new generation participation and engagement in
environment conservation, either educational institutions or business industry ought to develop
and invest budget about curriculum, or business policy, marketing plan, marketing strategy,
including impact global nature and climate changes communication with deeply understand and
behavior or habitual changes to tailored, especially Generation Z.

Limitations

The KAB model is usually studied with medical or biosciences studies; however, many
scholars, such as Aziz et al. (2013), identified how the use of a problem-based learning method
generated significant changes in student behaviors. Lozano and Young (2013) indicated that
changes toward sustainability might be related to the high number of students.

On the other hand, Redman (2013) stated how a process of education for sustainability with a
group of young people did not contribute to the adoption of pro-environmental behavior,
apparently due to the influence of the social and cultural environment of the participants. Kolbe
(2015) agreed that other factors also have influenced toward participants' immediate
environment, such as the family, influence behaviors. These limitations also refer to KAB
studies carried out with university students.

Future research

We should follow up on human collaboration and practical behavior change with these issues.
How are the climate and environmental situations throughout the world, comparing pre- and
post-policy with implementation taking place? Moreover, we should concentrate on global
climate change with predictive future directions for disruptive disaster coping
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Abstract

This study examines the relationship between digital technology adoption and labor productivity among Thai
enterprises, using the World Bank Enterprise Survey (WBES) Thailand 2025 (813 firms). We estimate log labor-
productivity equations using OLS and Quantile Regression (Q10—-Q90), decomposing digital adoption into three
pillars: Infrastructure (D1), Transaction (D2), and Integration (D3). The aggregate Digital Total Score is positively
associated with labor productivity ([3 = 0.119, p < 0.01), equivalent to a 12.6 percent difference per one-point
increase. This association varies across the productivity distribution: lower-to-middle quantile firms (Q10-Q50)
associate more strongly with basic infrastructure, while upper-quantile firms (Q75-Q90) associate more strongly
with integration — a digital-ladder-type pattern interpreted cautiously given the cross-sectional data. The
interaction between the digital score and firm size is negative and significant (B = —0.083, p < 0.01), indicating
a comparatively stronger association among smaller firms. As the data are cross-sectional, findings should be
read as associations rather than causal effects. Results carry policy relevance for Thailand's digital transition,
suggesting differentiated support instruments matched to firms' productivity position may outperform a uniform
approach. The paper contributes by decomposing digital adoption into three pillars and documenting

heterogeneous digital-productivity associations across the distribution.
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1. Introduction

The transition to a digital economy has emerged as a key driver of firm-level labor productivity
over the past two decades in both advanced and developing countries. Microeconomic evidence
consistently shows that investments in information and communication technology (ICT) raise
firm productivity in meaningful ways. Brynjolfsson and Hitt (1996) were among the first to
document that the gross marginal product of computer capital averaged approximately 81
percent among large U.S. firms, effectively resolving the "IT productivity paradox" at the firm
level. Subsequent evidence has reinforced this conclusion for both labor productivity and total
factor productivity across measurement approaches and country settings (Cardona, Kretschmer,
& Strobel, 2013; Oduro, De Nisco, & Mainolfi, 2023). In the aftermath of the COVID-19
pandemic, digital adoption accelerated sharply across many economies. Jaumotte et al. (2023)
document that firms with higher pre-pandemic digitalization levels maintained productivity and
hours worked more effectively during the crisis and recovered more strongly afterwards.

Thailand is in the midst of a consequential digital transition under the Thailand 4.0 strategy and
its broader path toward high-income status. The World Bank's Thailand Economic Monitor
(World Bank, 2025) notes that while mobile internet access is now nearly universal, substantial
gaps remain in fixed broadband penetration, advanced digital skills, and data-center
infrastructure for enterprises. The most recent Digital Density Survey conducted by the Digital
Economy Promotion Agency (depa, 2025) finds that seventy percent of sampled industrial firms
sit at Industry 2.0, still distant from the Industry 4.0 target that policy seeks to reach within five
years. These trajectories imply that the 2025 data collection window captures Thai enterprises
in a transitional phase, where measuring digital adoption carries particular policy salience.

The broader literature on digital adoption in developing countries consistently reports a positive
link with firm productivity. Cusolito, Lederman, and Pefia (2020) use WBES data from 82
developing economies and estimate median TFP premiums of 1.6 percent for email adoption
and 2.2 percent for website adoption. Commander, Harrison, and Menezes-Filho (2011) report
similar findings for Brazil and India, emphasizing that institutional context and infrastructure
quality moderate the intensity of the effect. At the ASEAN level, Guindo and Harjito (2025)
show that the digital-productivity relationship differs structurally between catching-up
ASEAN-10 economies and more advanced ASEAN-6 economies that include Thailand, where
frontier innovation increasingly drives productivity. For Thai small and medium enterprises
specifically, Jongwanich and Kohpaiboon (2025) find that transactional digital uses — e-
commerce, online purchasing, and digital payments — deliver significant performance gains,
whereas mere internet access without commercial integration yields limited benefits.

Much of the existing literature, however, measures digital adoption as a single aggregate or a
binary indicator and focuses on average effects. A growing recent strand suggests that the
effects of digital technologies are distributed unevenly across the population of firms. Gomez-
Bengoechea and Jung (2024) present evidence of a "Matthew Effect” in which more productive
firms extract larger gains from digitalization than less productive firms, thereby widening
productivity dispersion. Gal et al. (2019) document a parallel pattern across EU economies,
showing that effects concentrate among high-productivity firms and weaken in the presence of
skill shortages. These findings motivate methodological approaches that explicitly examine the
conditional distribution of outcomes — most prominently Quantile Regression (Koenker &
Bassett, 1978; Koenker & Hallock, 2001) — to uncover heterogeneity that mean-based OLS
regressions obscure.
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An important gap in the current literature is the absence of studies that decompose digital
adoption into pillars reflecting a developmental ladder of digital maturity and simultaneously
test effect heterogeneity across the productivity distribution in a developing-country context.
The "technology ladder" framework articulated by Cirera and Maloney (2017) proposes that
firm-level technology adoption proceeds through ordered stages — from basic infrastructure,
through operational use, to frontier integration — each demanding progressively greater
internal capabilities. Bringing this conceptual framework to firm-level data from Thailand and
testing it through a quantile-based empirical design represents an opportunity to make both a
theoretical and an empirical contribution that carries direct policy relevance.

This paper therefore pursues three objectives. First, to estimate the overall relationship between
digital adoption and labor productivity in Thai enterprises. Second, to examine the
heterogeneous effects of three digital pillars — Infrastructure, Transaction, and Integration —
on productivity. Third, to test effect heterogeneity across the productivity distribution using
Quantile Regression. The study draws on the WBES Thailand 2025, covering 813 firms in the
first wave capturing the post-pandemic structural shift in Thailand's digital economy. The
remainder of the paper is organized as follows. Section 2 reviews the literature. Section 3 details
the data and methodology. Section 4 presents the empirical results. Section 5 discusses the
findings in light of the literature. Section 6 concludes with policy implications.

2. Literature Review

2.1 Digital Adoption and Firm Productivity: Theoretical Foundations and
Empirical Evidence

Brynjolfsson and Hitt (1996) pioneered the resolution of the IT productivity paradox at the firm
level. Using data on 367 large U.S. firms between 1987 and 1991, they estimated that the gross
marginal product of computer capital averaged 81 percent, matching or exceeding the marginal
product of other forms of capital. Their subsequent work (Brynjolfsson & Hitt, 2000) extended
this conclusion by arguing that the full productivity value of IT emerges only when firms co-
invest in complementary organizational assets — business process redesign, decentralized
decision rights, and worker skill upgrading. This complementarity framework now forms the
conceptual foundation of contemporary work on the digital economy and firm productivity.

Cross-study evidence converges on the same direction of effect. Cardona et al. (2013) provide
a comprehensive survey of the empirical ICT-productivity literature and conclude that effects
are positive on balance, though with considerable variation across measurement methods,
sectors, and country contexts. More recently, Oduro et al. (2023) synthesize 109 studies
covering over 1.3 million observations between 2006 and 2021 and report that digital
technologies — including artificial intelligence, big data analytics, the Internet of Things, and
3D printing — exert a moderate positive effect on firm performance overall. Effects on
innovation performance are the largest, followed by operational efficiency, with financial
performance showing the smallest effects.

Syverson (2011) provides the methodological rationale for why average effects alone are
insufficient. Within narrowly defined industries, the productivity gap between firms at the 90th
and 10th percentiles averages roughly a factor of two — an enduring and substantial dispersion
driven by technology use, managerial quality, and human capital. Bartelsman and Doms (2000)
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reach similar conclusions in their survey of longitudinal micro-data research, emphasizing that
technology use and human capital correlate robustly and persistently with productivity growth.
Together, these reviews provide both theoretical and empirical justification for moving beyond
mean-based analyses of firm productivity.

Recent quasi-experimental work strengthens confidence in the causal interpretation of digital-
productivity effects. Cette, Nevoux, and Py (2022) use an original Banque de France firm
survey and an instrumental variable strategy, finding that employing ICT specialists and using
digital technologies raise firm labor productivity by approximately 23 percent and total factor
productivity by approximately 17 percent. Jaumotte et al. (2023) further show that pre-
pandemic digitalization acted as a buffer for firm productivity and hours worked during the
COVID-19 shock. These findings suggest that digital adoption is not only a productivity lever
in normal times but also a source of structural resilience under stress.

2.2 Digital Adoption in Developing Economies and the ASEAN Context

Commander et al. (2011) are among the earliest to establish the ICT-productivity link in
developing countries using firm-level data. Studying Brazilian and Indian manufacturing firms,
they find a positive association between ICT capital and productivity in both countries, while
demonstrating that infrastructure quality and labor-market institutions modulate both adoption
rates and returns. Hjort and Poulsen (2019) provide causal evidence for this link in a lower-
income context, using the staggered arrival of submarine internet cables across twelve African
countries as a source of identification. They document significant gains in employment and
firm productivity, especially in manufacturing, following the arrival of high-speed internet.

Studies using the World Bank Enterprise Survey add breadth to this evidence base. Cusolito et
al. (2020) estimate TFP premiums from ICT adoption across 82 developing economies using a
control-function approach to address endogeneity and document median log-TFP premiums of
1.6 percent for email adoption and 2.2 percent for website adoption. Their study — which
includes Thailand in earlier waves — has become the benchmark reference for evaluating
digital-productivity effects in the developing world, both methodologically and substantively.

Cirera and Maloney (2017), in The Innovation Paradox, develop the theoretical framework that
underpins much of the contemporary research on technology adoption in developing countries.
They argue that low rates of technology adoption in these settings are a rational firm response
to binding constraints — limited physical and human capital accumulation, weak firm
capabilities, and insufficient state capacity. Their core conceptual contribution is a "capability
ladder" in which technology adoption proceeds through ordered stages, each requiring greater
absorptive capacity than the last. This framing directly motivates the decomposition of digital
adoption into distinct pillars used in the present paper.

In the ASEAN region, Guindo and Harjito (2025) use dynamic panel models for ASEAN-6 and
ASEAN-10 economies between 2000 and 2023 and identify an important structural divide. In
the catching-up ASEAN-10 group, basic internet access and foreign direct investment drive
labor productivity. In the more advanced ASEAN-6 economies — which include Thailand —
productivity is increasingly driven by frontier innovation, while broad digital expansion yields
diminishing returns. The World Bank's regional assessment (World Bank, 2019, 2025) further
documents a persistent gap between consumer-side and business-side digital adoption in
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Southeast Asia, attributable to regulatory frictions, trust deficits in electronic transactions, and
shortages of advanced digital skills.

2.3 Heterogeneous Effects of Digital Adoption and the Digital Ladder

A growing body of work demonstrates that digital-productivity effects are distributed unevenly
across firms. Gomez-Bengoechea and Jung (2024) apply unconditional quantile regression to
large firm-level datasets and document a "Matthew Effect™” in which firms at higher productivity
levels extract disproportionately large gains from digitalization, widening the productivity gap
with less productive firms. They caution that in the absence of proactive policy support for
laggards, broad digital expansion risks deepening structural inequality among firms rather than
narrowing it.

EU-level evidence from Gal et al. (2019) reinforces this pattern. Drawing on firm-level data
from 19 EU countries plus Turkey, they find that digital effects on firm productivity are stronger
for high-productivity firms and weaker where skill shortages are binding. Brambilla and
Tortarolo (2018) apply an instrumental-variable strategy to Argentine manufacturing firms and
find that ICT effects on productivity and wages are 12—13 percent larger for firms with above-
median shares of skilled workers. Taken together, this evidence suggests that complementarity
between digital technology and internal firm capabilities is the central mechanism driving effect
heterogeneity.

Bloom and Van Reenen (2007) provide supporting evidence on the role of management quality.
Their survey of 732 medium-sized manufacturing firms across four advanced economies shows
that IT has substantially larger productivity effects in firms with complementary managerial
structures. At the theoretical level, Acemoglu and Restrepo (2019) develop a task-based
framework that distinguishes the displacement and reinstatement effects of technology,
implying that basic and advanced digital technologies operate through different mechanisms
and may therefore produce distinct productivity signatures across the firm distribution.

Thailand-specific evidence offers close parallels. Jongwanich and Kohpaiboon (2025) use panel
data on Thai SMEs between 2018 and 2021 and show that e-commerce, online purchasing, and
digital payments yield significant performance gains, whereas internet access without
commercial use has limited impact. They also find that deeper software adoption benefits
medium and large firms more than small firms, suggesting capability-technology
complementarity within the Thai context. Survey evidence from DAI Global, LLC (2022)
documents that 86 percent of Thai micro, small, and medium enterprises used digital tools
during the COVID-19 pandemic — descriptive evidence that the digital transition in Thailand
accelerated in the years preceding the data used in the present study.

Building on this literature, Figure 1 sets out the conceptual framework motivating the present
study's hypothesis that the three digital pillars are differentially associated with productivity
across the distribution — with basic infrastructure (D1) hypothesized to show a stronger
association among lower-quantile firms and integration (D3) hypothesized to show a stronger
association among upper-quantile firms, a pattern we test empirically in Section 4 and describe,
with appropriate caution, as a digital-ladder-type pattern.
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Figure 1: Conceptual Framework: The Digital Ladder Effect

: Digital Ladder Effect
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Source: Authors' conceptualization based on Brynjolfsson & Hitt (2000); Cirera & Maloney (2017); Battisti et al. (2024); Gal et al. (2019).

Source: Authors' conceptualization based on Brynjolfsson & Hitt (2000); Cirera & Maloney (2017); Gal et al.
(2019); Gémez-Bengoechea & Jung (2024).

2.4 Quantile Regression in Firm-Level Productivity Research

Koenker and Bassett (1978) introduced the quantile regression estimator in their seminal paper
Regression Quantiles. The method extends ordinary least squares from estimation of the
conditional mean to estimation of any conditional quantile of the dependent variable. Koenker
and Hallock (2001) summarize the method's wider importance in an accessible review article,
arguing that quantile regression enables researchers to characterize the entire conditional
distribution rather than collapsing it to a single mean. The method is particularly well-suited to
heterogeneous populations in which covariate effects vary systematically with the location of
the outcome in its distribution.

Application of quantile regression to firm productivity research was inspired most directly by
Coad and Rao (2008), who applied the method to four high-technology sectors and found that
innovation mattered little for the average firm but was crucial for a small group of "superstar"
fast-growing firms in the upper tail of the growth distribution. Their contribution demonstrated
that mean-effect estimates obscure the most important heterogeneity in how productive
activities translate into firm outcomes. Coad and Rao (2008) has since become a methodological
reference point for firm-level studies seeking to uncover effects that differ systematically
between leaders and laggards.

Contemporary applications of quantile regression to the ICT-productivity relationship in
developing economies are still relatively sparse but point in a consistent direction. Gomez-
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Bengoechea and Jung (2024), referenced above, find that digitalization effects are strongest at
higher productivity quantiles in the European context. Regional evidence from Vietnamese
provincial data indicates that ICT and human capital have statistically significant effects at
lower and intermediate productivity quantiles, with diminishing effects at the upper tail — a
pattern consistent with Cirera and Maloney's (2017) capability-ladder prediction that basic
technologies yield greater marginal benefit to firms further from the frontier. No existing study,
however, applies a quantile regression framework to decomposed digital pillars in the Thai
context, which is the gap this paper aims to fill.

3. Methodology

The study uses firm-level data from the World Bank Enterprise Survey (WBES) Thailand 2025
wave, which is drawn using a stratified random sampling design on firm size, industry sector,
and subnational region. The final analytical sample covers 813 firms. The sampling frame and
weighting procedures follow the World Bank's standard Enterprise Survey methodology, which
is designed to produce nationally representative estimates for the formal private sector (World
Bank Group, 2021). Productivity estimation from WBES data follows the methodology
developed by Francis et al. (2020) and adopted as the institutional standard by the World Bank
Group.

The dependent variable is the natural logarithm of labor productivity, computed as annual sales
divided by the number of permanent full-time employees at the end of the most recent fiscal
year. The main explanatory construct is a Digital Adoption Score decomposed into three pillars.
The first pillar, D1 Infrastructure, comprises website ownership, broadband application in the
past two years, and electronic tax filing (maximum of 3 points). The second pillar, D2
Transaction, is measured through ordinal thresholds of electronic payment intensity at 25, 50,
and 75 percent of transactions (maximum of 3 points). The third pillar, D3 Integration,
combines the use of foreign-licensed technology with full electronic tax integration — defined
as firms that both file and pay taxes electronically (maximum of 2 points). The aggregate Digital
Total Score ranges from 0 to 8.

Control variables follow the conventions of WBES-based productivity research (Commander et
al., 2011; Cusolito et al., 2020) and include the log of permanent full-time employment (firm
size), log firm age, the share of foreign ownership, an indicator for female top manager, an
indicator for direct exporter status, and an indicator for extreme-weather damage to physical
assets. Sector and regional fixed effects are included in all specifications to absorb unobserved
structural heterogeneity across industries and locations. All estimations report heteroskedasticity-
robust standard errors.

The baseline specification is an OLS regression of log labor productivity on the digital score
and controls, given in Equation (1):

In(LabProd); = a + B - Digital; +vy - Xi + 85 + 8, + & (@8]

where In (LabProd); denotes the log labor productivity of firm i, Digital; denotes either the
aggregate Digital Total Score or the three individual pillar scores (D1, D2, D3) depending on
the specification, X; is a vector of firm-level controls, & and d, represent sector and region fixed
effects respectively, and &; is the idiosyncratic error term.
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To investigate effect heterogeneity across the productivity distribution, the study estimates
Equation (2) at quantiles t € {0.10, 0.25, 0.50, 0.75, 0.90}:

Q.(In(LabProd);|X) = a; + B; - Digital; + y; - X; + 85,7+ 6y, T 2

To test the hypothesis that digital effects differ by firm size — a reduced-form test of the Digital
Divide versus Digital Equalizer narratives — the study estimates an interaction specification
given in Equation (3):

In(LabProd); = a + B* - Digital; + B% - In(emp); + B° - (Digital X In(emp));i +v - Xi +
65 + 61- + & (3)

A negative and statistically significant s implies that digital benefits weaken as firm size
increases, consistent with a Digital Equalizer interpretation in which smaller firms gain
disproportionately. A positive Pz would support the Digital Divide interpretation. All
estimations were implemented in Stata 17 MP. Robustness is assessed by varying the control
set and restricting the sample to firms with non-missing values on all three digital pillars.

Two interpretive caveats apply throughout the empirical analysis that follows. First, because
the WBES Thailand 2025 data are cross-sectional, none of the estimated coefficients reported
below should be read as causal effects: digital adoption and labor productivity may be jointly
determined through reverse causality (more productive firms may be better able to afford digital
adoption), omitted-variable bias (unobserved managerial quality may drive both), or
simultaneity, and all results are therefore reported and interpreted as associations rather than
effects. Second, the quantile regression estimates reported in Section 4.4 characterize
conditional quantiles of labor productivity — that is, the quantile position of the outcome given
each firm's observed covariates — rather than firms' fixed or unconditional position in the
population distribution. For brevity, firms whose estimated conditional position lies in the Q10—
Q50 range are referred to below as lower-quantile firms, and those in the Q75-Q90 range as
upper-quantile firms; these labels denote estimated statistical positions rather than a fixed
categorical grouping of firms.

4. Results

This section presents the empirical findings from the analysis. The presentation proceeds in
four steps. Subsection 4.1 reports descriptive statistics on digital adoption across the sample.
Subsection 4.2 reports OLS estimates of the average effect of digital adoption on labor
productivity. Subsection 4.3 reports the interaction between digital adoption and firm size.
Subsection 4.4 reports the quantile regression results, which constitute the central empirical
contribution of the paper.

4.1 Descriptive Statistics of Digital Adoption

The pattern of digital adoption among Thai enterprises reveals a firm population in the midst
of a digital transition. Table 1 presents adoption rates for the eight component indicators used
to construct the digital score, ordered from highest to lowest. Transactional digital uses —
particularly the acceptance of electronic payments — are near-universal, while advanced digital
integration through foreign-technology licensing remains rare.
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Table 1: Digital Component Adoption Rates Among Thai Enterprises

Component Pillar Adoption Rate N
(%)
E-payment received (= 25% of transactions) D2 95.8 770
E-payment received (> 50% of transactions) D2 925 770
Electronic tax filing D1 78.7 762
Full electronic tax integration (file and pay) D3 67.2 759
Own website D1 61.9 811
E-payment received (= 75% of transactions) D2 50.3 770
Foreign-licensed technology D3 8.1 799
Broadband application (past 2 years) D1 6.4 812

Source: Authors' calculations from WBES Thailand 2025.

Descriptive statistics of the pillar-level scores confirm the unevenness of the digital landscape.
The D1 Infrastructure pillar has a mean of 1.42 out of 3, reflecting moderate take-up of basic
digital access. The D2 Transaction pillar shows the highest saturation with a mean of 2.39 out
of 3, consistent with the rapid diffusion of electronic payments in Thailand. The D3 Integration
pillar lags substantially, with a mean of 0.71 out of 2. The aggregate Digital Total Score
averages 4.39 on the 0-8 scale, with a standard deviation of 1.61 and a pairwise correlation of
0.25 with log labor productivity (p < 0.01).

4.2 OLS Estimates of Digital Adoption and Labor Productivity

Table 2 reports the OLS estimates of Equation (1) across five specifications: three single-pillar
models (D1, D2, D3 entered separately), a joint model (D1, D2, D3 entered together), and an
aggregate model (Digital Total Score). The estimates provide the first view of how digital
adoption correlates with productivity at the sample mean.

Table 2: OLS Estimates of Digital Adoption on Log Labor Productivity

Variable (1) D1 (2) D2 (3) D3 (4) Joint (5) Total
D1: Infrastructure 0.220*** 0.091
(0.063) (0.075)
D2: Transaction 0.199*** 0.169**
(0.065) (0.067)
D3: Integration 0.302*** 0.176*
(0.086) (0.100)
Digital Total Score 0.119***
(0.030)
In(employment) 0.321*** 0.333*** 0.327*** 0.310*** 0.322%**
(0.039) (0.039) (0.039) (0.039) (0.039)
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Variable (1) D1 (2) D2 (3) D3 (4) Joint (5) Total
In(firm age) 0.268*** | 0.241*** | 0.260*** | 0.230*** | 0.261***
(0.076) (0.077) (0.076) (0.077) (0.076)
Foreign ownership 0.412*** 0.350** 0.334** 0.347** 0.386**
(0.148) (0.153) (0.155) (0.159) (0.152)
Female manager —0.064 -0.121 —0.050 —0.095 -0.041
(0.093) (0.094) (0.094) (0.095) (0.094)
Exporter -0.058 -0.050 -0.044 —0.063 -0.080
(0.133) (0.136) (0.133) (0.137) (0.134)
Sector & Region FE Yes Yes Yes Yes Yes
N 796 755 794 754 796
R? 0.277 0.285 0.278 0.293 0.281

Notes: Heteroskedasticity-robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10. Weather
damage control included but suppressed. Source: Authors' calculations from WBES Thailand 2025.

Each pillar is positively associated with productivity when entered alone. In the single-pillar
specifications, D3 Integration shows the largest point estimate (B = 0.302, p < 0.01, equivalent
to an estimated 35.3 percent difference in labor productivity when converted via the exact log-
linear formula [exp(p) — 1] x 100 rather than the linear approximation of the coefficient),
followed by D1 Infrastructure (f = 0.220, p < 0.01, an estimated 24.6 percent difference) and
D2 Transaction (B = 0.199, p < 0.01, an estimated 22.0 percent difference). In the joint
specification, D2 and D3 retain significance while D1 loses statistical significance, reflecting
the high pairwise correlation among the pillars. The aggregate score (column 5) is positive and
highly significant (B = 0.119, p < 0.01), corresponding via [exp(p) — 1] x 100 to an estimated
12.6 percent difference in labor productivity per one-point increase in the Digital Total Score
(rather than the 11.9 percent implied by a linear reading of the coefficient). The models explain
27.7 t0 29.3 percent of the variation in log labor productivity.

The results so far establish that digital adoption is positively associated with labor productivity
on average. However, they do not address whether the effects differ systematically across firms
of different sizes or across the productivity distribution. The next subsection turns to the size-
interaction test
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4.3 Heterogeneity by Firm Size
Table 3 reports the results of Equation (3), which tests whether the productivity returns to digital
adoption vary with firm size. Column (1) interacts the aggregate Digital Total Score with log
employment; column (2) interacts each pillar with log employment simultaneously.

Table 3: Heterogeneity of Digital Effects by Firm Size

Variable (1) Aggregate x Size (2) Pillar x Size
Digital Total Score 0.393***
(0.074)
D_total x In(emp) —0.083***
(0.020)
D1: Infrastructure 0.025
(0.224)
D2: Transaction 0.278
(0.177)
D3: Integration 0.877***
(0.299)
D1 x In(emp) —0.001
(0.064)
D2 x In(emp) —0.039
(0.047)
D3 x In(emp) —0.176***
(0.067)
In(employment) 0.708*** 0.551***
(0.099) (0.140)
Controls + Sector & Region FE Yes Yes
N 796 754
R? 0.295 0.303

Notes: Heteroskedasticity-robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10. Controls include
log firm age, foreign ownership, female manager, exporter, and weather damage. Source: Authors' calculations
from WBES Thailand 2025.

The interaction term on the aggregate score is negative and highly significant (f =—0.083, p <
0.01), indicating that the marginal productivity gain from digital adoption declines as firm size
rises. The pillar-level decomposition in column (2) attributes the interaction entirely to D3
Integration (p =—0.176, p < 0.01), while the D1 and D2 interactions are small and statistically
indistinguishable from zero. This pattern implies that the aggregate Digital Equalizer result is
driven by the differential relationship between advanced integration technologies and firm
scale, rather than by a uniform size-gradient across all digital activities. This D3-driven size
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pattern is examined further, alongside the seemingly contrasting quantile-based pattern reported
in Section 4.4, in Section 5.4.

These size-based results, while informative, average across firms at different productivity
levels. Because productivity and size are correlated but not identical, the size interaction may
mask richer heterogeneity along the productivity distribution itself. The quantile regression
results presented next uncover this heterogeneity directly.

4.4 Quantile Regression: The Digital Ladder Effect

Table 4 reports the joint-pillar quantile regression estimates at Q10, Q25, Q50, Q75, and Q90
of the conditional distribution of log labor productivity. The specification corresponds to
Equation (2) and controls for firm size, age, foreign ownership, female manager, exporter status,
weather damage, and sector and region fixed effects.

Table 4: Quantile Regression of Digital Pillars on Log Labor Productivity

Pillar Q10 Q25 Q50 Q75 Q90
D1: Infrastructure 0.277*** 0.334*** 0.183* —0.047 —-0.179
(0.103) (0.098) (0.100) (0.117) (0.151)

D2: Transaction 0.070 0.176** 0.180** 0.071 0.149
(0.084) (0.080) (0.082) (0.096) (0.123)
D3: Integration -0.179 —0.039 -0.011 0.300** 0.442**
(0.129) (0.123) (0.125) (0.147) (0.189)

Controls + FE Yes Yes Yes Yes Yes

N 754 754 754 754 754

Notes: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10. Controls: In(employment), In(firm age),
foreign ownership, female manager, exporter, weather damage. Source: Authors' calculations from WBES
Thailand 2025.

The pattern in Table 4 is the central empirical finding of the paper. D1 Infrastructure has
positive and statistically significant effects at the lower and middle quantiles — 3 = 0.277 at
Q10 (p < 0.01), p=0.334 at Q25 (p < 0.01), and B = 0.183 at Q50 (p < 0.10) — but turns
statistically indistinguishable from zero, and eventually negative, at the upper quantiles. D2
Transaction is most effective in the middle of the distribution, with significant coefficients at
Q25 (B=10.176, p < 0.05) and Q50 (B = 0.180, p < 0.05). D3 Integration follows the opposite
pattern: the coefficient is negative at Q10 and indistinguishable from zero through the median,
before turning positive and significant at Q75 (B = 0.300, p < 0.05) and Q90 (B = 0.442, p <
0.05).

This constitutes a clear sign reversal across the conditional productivity distribution, consistent
with the conceptual framework presented earlier in Figure 1 (Section 2.3), which set out the
hypothesized heterogeneous associations between the three pillars and firms' relative position
in the productivity distribution. We refer to this empirical pattern descriptively as a digital-
ladder-type pattern: lower-quantile firms show a stronger association with basic infrastructure,
and upper-quantile firms show a stronger association with integration, though — as noted in
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Section 3— this labeling reflects estimated conditional-quantile positions rather than fixed firm
categories, and the cross-sectional design means the pattern should not be read as evidence of
a firm-level developmental sequence over time.

Figure 2 visualizes the quantile coefficients with 95 percent confidence bands. The three
coefficient lines cross at different points along the distribution, giving visual expression to the
ladder pattern. The aggregate Digital Total Score shows a generally positive but flatter quantile
profile, reflecting the offsetting dynamics of D1 and D3. Taken together, the OLS and quantile
results support three descriptive conclusions, each interpreted as an association rather than a
causal claim: digital adoption is positively associated with labor productivity on average; the
digital-productivity association is comparatively stronger among smaller firms (Table 3); and,
conditional on firm size and other controls, upper-quantile firms show stronger productivity
associations with advanced integration while lower-quantile firms show stronger associations
with basic infrastructure (Table 4). Because firm size and productivity quantile are correlated
but not identical, these two forms of heterogeneity are not necessarily in conflict; Section 5.4
reports an additional test of this distinction. These findings form the basis for the discussion
that follows.

Figure 2: Quantile Coefficients of Digital Pillars on Log Labor Productivity

Digital Ladder Effect

Different digital capabilities help firms at different productivity levels
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Source: Author's calculation from WBES Thailand 2025 (n = 754).

Notes: Line with circle markers represents D1 (Infrastructure); line with triangle markers represents D2
(Transaction); line with square markers represents D3 (Integration). Shaded areas represent 95% confidence bands.
Source: Authors' calculations from WBES Thailand 2025.
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5. Discussion

5.1 The Aggregate Digital-Productivity Link in Thai Enterprises

The first objective of this study was to estimate the overall relationship between digital adoption
and labor productivity among Thai enterprises. The OLS results confirm a positive and
statistically significant association, with a one-point increase in the Digital Total Score
corresponding to an estimated 12.6 percent difference in labor productivity, calculated as
[exp(B) — 1] x 100 (p = 0.119, p < 0.01). In substantive terms, this implies that a two-point
increase in the Digital Total Score (approximating a move from the 25th to the 75th percentile
of the digital-score distribution) is associated with an estimated 26.9 percent difference in
productivity at the sample mean, calculated as [exp(2x0.119) — 1] x 100. The mechanism most
consistent with this finding is the complementarity channel articulated by Brynjolfsson and Hitt
(2000), in which digital technology is associated with higher productivity when combined with
supporting organizational and human capital. The magnitude of the Thai association is broadly
consistent with firm-level evidence from other developing economies (Commander et al., 2011;
Cusolito et al., 2020), though smaller than the IV-identified effects reported for France (Cette
et al., 2022), which likely reflects both measurement differences and the earlier stage of
Thailand's digital transition.

5.2 Heterogeneous Effects Across Digital Pillars

The second objective was to examine whether the three digital pillars have distinct productivity
effects. The OLS joint model indicates that all three pillars contribute meaningfully on average,
with D3 Integration showing the largest single-pillar point estimate (B = 0.302, p < 0.01,
equivalent to an estimated 35.3 percent difference in labor productivity, calculated as [exp(P)
— 1] x 100). In substantive terms, this means that firms with both foreign-licensed technology
and full electronic tax integration are associated with productivity premiums above and beyond
those observed among firms with only basic digital infrastructure or transactional adoption. The
underlying mechanism is consistent with the absorptive capacity argument developed by Cirera
and Maloney (2017), in which the returns to advanced technology depend on firms'
complementary capabilities. This finding is consistent with Jongwanich and Kohpaiboon
(2025), who report that deeper digital uses are associated with substantially better performance
among Thai SMEs than mere internet access, and suggests that the Thai case aligns with the
ASEAN-6 pattern identified by Guindo and Harjito (2025) in which frontier innovation is an
increasingly important correlate of productivity.

5.3 The Digital Ladder Effect Across the Productivity Distribution

The third objective was to investigate effect heterogeneity across the productivity distribution.
The quantile regression results document a clear sign-reversal pattern that we describe, with the
caveats set out in Section 3, as a digital-ladder-type pattern. Lower-quantile firms show a
stronger positive association with basic infrastructure (f = 0.277 at Q10, an estimated 31.9
percent difference; B = 0.334 at Q25, an estimated 39.7 percent difference; both calculated as
[exp(B) — 1] x 100), while upper-quantile firms show a stronger positive association with
integration (f = 0.300 at Q75, an estimated 35.0 percent difference; B = 0.442 at Q90, an
estimated 55.6 percent difference). In substantive terms, the association between basic digital
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access — websites, broadband, and electronic tax filing — and productivity is strongest among
lower-quantile firms, whereas the association between advanced integration with foreign
technology and fully digitized government interaction and productivity is strongest among
upper-quantile firms. A plausible mechanism, consistent with the absorptive-capacity literature,
is differential absorptive capacity: basic infrastructure lowers entry-level transaction costs
accessible to most firms, while advanced integration requires complementary managerial and
human capital that is disproportionately concentrated among upper-quantile firms; we treat this
as a plausible interpretation rather than a directly tested mechanism in the present cross-
sectional design. This pattern is broadly consistent with Gomez-Bengoechea and Jung (2024)
and Gal et al. (2019), who document that digital effects concentrate among high-productivity
firms using unconditional quantile approaches, though the present study's use of conditional
quantile regression means the comparison should be read as directional rather than exact; the
present analysis extends this literature by showing that the specific digital activity appears to
determine which part of the conditional distribution shows the stronger association.

5.4 Robustness and Structural Stability of the Findings

The final subsection addresses the stability of the main findings. Three observations are
relevant. First, the sign and significance of the Digital Total Score are stable across all five OLS
specifications reported in Table 2, suggesting that the aggregate positive relationship is not an
artifact of one pillar or one control set. Second, the size-interaction result in Table 3 is driven
entirely by the D3 Integration x Size interaction, which is precisely the channel that the theory
predicts should be most sensitive to firm capabilities. Third, the quantile coefficients exhibit a
monotonic pattern for D1 (declining across quantiles) and D3 (rising across quantiles) rather
than isolated outliers, supporting a structural interpretation of the ladder effect rather than a
sampling artifact. While the cross-sectional design precludes fully causal identification, the
consistency of results across specifications and the alignment with prior quasi-experimental
evidence (Cette et al., 2022; Hjort & Poulsen, 2019) suggests that the descriptive patterns
documented here reflect genuine economic heterogeneity rather than measurement noise.

A further observation concerns the apparent tension between the negative D3 x size interaction
reported in Table 3 and the positive D3 coefficients at the upper conditional quantiles reported
in Table 4. To examine whether these two patterns are compatible, we estimated an additional
specification that adds an explicit D3 x In(employment) interaction term within each
conditional quantile regression. Across all five quantiles, this size interaction remains negative
(B ranging from approximately —0.11 at Q10 to —0.20 at Q75, reaching conventional
significance at Q25, Q50, and Q75), while the D3 main-effect coefficient in this specification
still rises from the lower to the upper quantiles. This indicates that firm size and productivity-
quantile position capture two distinct, coexisting dimensions of heterogeneity in the D3
association rather than a single contradictory result: within a given quantile, smaller firms show
a stronger D3 association, and independently of size, firms in higher conditional productivity
quantiles also show a stronger D3 association. Consistent with this, firms in the top quartile of
the productivity distribution are on average considerably larger than firms in the bottom quartile
(mean log-employment of 3.81, equivalent to roughly 45 employees, versus 2.58, equivalent to
roughly 13 employees; correlation between log-employment and log labor productivity of
approximately 0.35), confirming that size and productivity quantile are related but far from
interchangeable in this sample. Firms that are both smaller and located in the upper conditional
quantiles of productivity therefore show the strongest estimated D3 association in the data,
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consistent with a pattern in which a subset of smaller, unusually productive firms drives much
of the observed integration association. We emphasize that the cross-sectional design cannot
establish the direction of any underlying mechanism, and we treat this as an informative feature
of firm heterogeneity in the Thai data rather than a fully resolved finding. Any policy
application of these results (Section 6) should account for firm size and productivity position
jointly rather than either dimension considered in isolation.

6. Conclusion and Policy Implications

This paper has examined the association between digital adoption and labor productivity in Thai
enterprises, drawing on the World Bank Enterprise Survey Thailand 2025. The analysis
decomposed digital adoption into three pillars — Infrastructure, Transaction, and Integration
— and estimated associations using both OLS and Quantile Regression. Three findings stand
out. The aggregate Digital Total Score is positively associated with labor productivity (p =
0.119, p < 0.01), with a one-point increase corresponding to an estimated 12.6 percent
productivity difference. The three pillars contribute differently: Infrastructure and Transaction
are positively associated with productivity broadly, while Integration shows the largest single-
pillar point estimate (B = 0.302, p < 0.01, an estimated 35.3 percent difference). A digital-
ladder-type pattern also emerges from the quantile analysis: D1 shows a stronger association
among lower-quantile firms (Q10-Q50) while D3 shows a stronger association among upper-
quantile firms (Q75-Q90), with a sign reversal across the conditional distribution; as discussed
in Sections 3 and 5.4, this pattern should be read as a descriptive association rather than a
confirmed causal or developmental sequence, and it sits alongside a partly distinct finding on
firm size. The digital score x firm-size interaction is negative and significant (f = —0.083, p <
0.01), indicating that the digital-productivity association is comparatively stronger among
smaller firms; Section 5.4 reports an additional test of how this size-based result relates to the
quantile-based results above.

These findings suggest that a differentiated approach to digital policy in Thailand may be
warranted, subject to the qualifications noted in Section 5.4 regarding the cross-sectional and
associational nature of the evidence. One implication is that prioritizing basic digital
infrastructure for smaller and lower-quantile firms could be worth considering: because D1
shows its largest estimated association at the lower conditional quantiles, expanded support for
website development, broadband access, and electronic tax filing may offer a comparatively
large aggregate benefit per unit of public investment if targeted toward firms in the lower half
of the productivity distribution, subject to the caveat that such targeting assumes policymakers
can identify firms by productivity quantile in practice. This possibility is broadly consistent
with Hjort and Poulsen's (2019) finding that fast internet access is associated with substantial
productivity gains in lower-income settings and with Cirera and Maloney's (2017)
recommendation that basic-technology diffusion serve as a starting point for technology-
upgrading programs.

A second implication concerns support for advanced digital integration among upper-gquantile
firms through technology-transfer and absorption programs. Because D3 Integration shows its
strongest estimated association among firms already at higher conditional productivity levels
(subject to the size-related qualification discussed in Section 5.4), policies such as expanded
technology licensing, R&D tax incentives, and fully digitized government-business interfaces
could plausibly support continued productivity growth among Thailand's higher-productivity
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firms, though this remains an associational rather than a demonstrated causal claim. This
possibility is broadly consistent with Guindo and Harjito's (2025) evidence that frontier
innovation is an increasingly important correlate of productivity in ASEAN-6 economies and
with the World Bank's (2025) assessment that Thailand's next growth stage is linked to closing
the advanced-digital gap.

A third implication concerns the middle segment of the distribution. Because D2 Transaction
shows its strongest estimated association at the 25th and 50th conditional quantiles, policy
instruments that support transactional digitalization — payment interoperability standards,
digital financial services for SMEs, and electronic invoicing mandates — may be comparatively
well suited to firms in the middle of the productivity distribution. Taken together, a
differentiated digital policy package for Thailand could pair infrastructure support aimed at
lower-quantile firms with integration support aimed at upper-quantile firms and transactional
standards aimed at the middle, rather than treating all firms as homogeneous adopters; we
emphasize, however, that this sequencing is a hypothesis suggested by cross-sectional
association patterns and would benefit from further validation, including the additional analysis
reported in Section 5.4, before being operationalized as targeting criteria.

Two limitations of the study should be acknowledged. First, the WBES Thailand 2025 is a
single cross-section, which precludes the identification of causal effects through firm-level
fixed effects or long-difference designs; in particular, the sequential, developmental
interpretation implied by the term digital-ladder-type pattern cannot be directly tested with these
data and should be regarded as a speculative reading of a cross-sectional association pattern
rather than as demonstrated firm-level dynamics over time. Second, the peer-based instrument
tested in early specifications did not pass weak-instrument diagnostics once sector and region
fixed effects were included, reflecting a structural limitation of cross-sectional 1V strategies in
this context. Four directions for future research follow. The first is to replicate the quantile
analysis using longitudinal WBES data once the 2025 wave can be linked to prior waves,
enabling within-firm identification and a direct test of the developmental interpretation. The
second is to extend the decomposition framework to other ASEAN economies to test whether
the observed pattern generalizes across the region rather than being specific to the Thai case.
The third is to investigate the organizational and human-capital mediators that generate the size
dependence of the D3 channel, including by extending the control set to measures of internal
digital skills and human capital. The fourth is to jointly model firm size and productivity
quantile position, building on the additional test reported in Section 5.4, to clarify more
precisely how these two dimensions of heterogeneity relate to one another. By documenting a
pattern consistent with digital adoption in Thailand operating through a ladder rather than a
uniform channel, this paper offers a descriptive framework, grounded in verified empirical
associations, that can guide both further academic inquiry and more cautious, evidence-based
policy design.
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1. Introduction

The cost-of-carry model is the theoretical basis for futures pricing, setting a no-arbitrage price.
The model assumes that the futures price is equal to the spot price of the underlying asset, plus
the net costs and benefits of holding the underlying asset until maturity of the contract. A large
difference between the traded futures price and this theoretical value presents an arbitrage
opportunity. If the futures are overpriced, traders can buy the underlying asset and sell the
futures contract called cash-and-carry arbitrage. Alternatively, reverse cash-and-carry arbitrage
can be performed by selling the asset short and buying the futures contract if the futures are
underpriced. In both cases, the futures and spot prices converge and arbitrageurs can make a
risk-free profit by holding both positions until contract maturity. In an efficient market such
opportunities would not exist, because arbitrageurs would quickly correct any mispricing.

In reality, markets are not always perfectly efficient. Market frictions like transaction costs and
liquidity question the assumption of costless arbitrage. These costs can allow the actual futures
price to drift away from its theoretical value without the emergence of corrective arbitrage
trades. Prices may move around the equilibrium price with divergence and convergence
happening repeatedly. The main question of this study is whether these deviations are random
noise or they are reflecting a stable, long-run equilibrium relationship. Understanding the nature
of these deviations is important in order to evaluate the efficiency of the cost-of-carry model
and the possibility of systematic trading opportunities from repeated short-term mispricing.

This study investigates these dynamics in the context of the Thailand Futures Exchange (TFEX)
by testing whether the cost-of-carry model can adequately explain the actual futures prices. The
results are directly used to develop a cointegration-based trading strategy after establishing the
exact mathematical relationship between actual and theoretical prices and confirming the mean
reverting property of the relationship. This strategy systematically exploits short-term
deviations from this established relationship after accounting for transaction costs to ensure
practical realism. This study’s analysis is confined to the Thai financial market, focusing on
SET50 index futures and the top 10 most actively traded single-stock futures based on trading
volume and value during the observation period. Historical data from January 2023 to
December 2025 are utilized and partitioned into an in-sample period (2023-2024) for analysis
and model estimation, and an out-of-sample period (2025) for strategy validation. To assess the
robustness of the results, the analysis employs intraday data at both 15-minute and 1-hour
intervals, enabling a detailed examination of short-term price dynamics and market efficiency.

The core analytical framework combines the cost-of-carry model with the Engle-Granger two-
step method for cointegration testing between theoretical and actual futures prices. The analysis
is supplemented by an Error Correction Model (ECM) to evaluate the speed of adjustment and
a joint hypothesis test to identify any systematic pricing bias. By establishing this econometric
framework first, the resulting linear relationship serves as the foundation for the trade design.
The short-term deviations used as trading signals are extracted directly from the residuals of
this relationship. The trading strategy derived from this analysis involves trading a spread,
where each trade consists of one futures contract paired with an opposing position in the
underlying stock. The hedge ratio is determined according to the contract size of each futures
contract to ensure proper exposure alignment. This fixed position-sizing approach accounts for
the relatively low liquidity of the Thai futures market, ensuring that the strategy remains both
practical and implementable under real-world trading conditions.
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2. Literature review

2.1 Cost of carry and futures mispricing

According to Hull (2018), futures pricing is explained by the cost-of-carry model. The cost-of-
carry model describes the relationship between the futures price and the price of its underlying
asset in order to determine the arbitrage-free price of a futures contract. The author defines the
theoretical futures price as the spot price plus the cost of holding the asset until maturity minus
any benefits of holding the asset until maturity. The general formula in case of known income
is:

Fo=(So— DxeT (D

where Fo is the futures price at time 0, So is the spot price, r is the risk-free interest rate, T is the
time to maturity in yearly units, and | represent the present value of all dividend payments
during the life of the futures contract. The cost-of-carry model is based on the principle of
arbitrage-free pricing. Any difference between the actual futures price and the price from the
formula would create an arbitrage opportunity. If the futures price is higher than the theoretical
value, an arbitrageur could sell the futures contract, while at the same time buying the asset,
capturing the difference in price as the contract approaches maturity. On the other hand, if the
futures price is below the theoretical value, the trader could buy the futures and sell the
underlying asset and profit as the prices converge at maturity.

The cost of carry model remains the standard pricing model for futures but some studies have
examined its efficiency across markets and found significant deviations from the theoretical
value. The behavior of DAX index futures was studied by Bihler and Kempf (1994). They find
the futures contracts to be significantly undervalued and the cost-of-carry model cannot explain
the relationship between spot and futures prices. Further, even when transaction costs,
brokerage fees, settlement fees, stock lending fees, bid-ask spread and market impact costs are
taken into account, there are still many arbitrage opportunities. Fassas (2011) highlights the
significant difference between theoretical and actual futures prices examined from the pricing
of FTSE/ATHEX-20 index futures. The author concludes that the Greek benchmark index
futures offer many arbitrage opportunities, which reflect the illiquidity in the Athens Exchange.

On the contrary, some studies claim that mispricings are not large enough to be exploited
through arbitrage. The study results of Butterworth and Holmes (2000) showed that the FTSE
100 and FTSE Mid 250 index futures are priced efficiently with only minor deviations from the
fair value. They also find that mispricing is larger for contracts with higher transaction costs
and less liquidity. Likewise, Nemcova (2017) examines pricing of DAX index futures and
observes significant deviations from the fair value. However, once transaction costs are
considered, these deviations do not permit arbitrage, suggesting that DAX index futures are
fairly priced.

Besides the international evidence, Techarongrojwong (2008) compares the pricing efficiency
of the cost-of-carry model and the imperfect market model for the SET50 index futures and
finds that the traditional cost of carry approach does not fully capture the dynamics of futures
prices. In another study, Tharavanij (2017) studies the efficiency and unbiasedness of SET50
futures traded on the Thailand Futures Exchange. The author points out that in the long run,
futures and their underlying prices are cointegrated and the null hypothesis of unbiasedness
cannot be rejected. The results indicate that there is no systematic bias in the SET50 index
futures. Futures are not always above or under the underlying prices.
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2.2 Cointegration, pair trading, and application to futures mispricing

The concept of cointegration has been introduced by Engle and Granger (1987) and it is a
framework for the analysis of the long-run relationship between non-stationary time series. A
standard approach is the Engle—Granger two-step method. First a linear regression is estimated
on the two series and then stationarity of the residuals is tested. If the residuals are stationary,
the two series are said to be cointegrated. This means that they have a stable long-term
relationship. Then we would expect short-term deviations from equilibrium to be corrected. The
error term is mean-reverting, and tends to revert back to equilibrium over time.

Cointegration is the foundation of pair trading strategies. Vidyamurthy (2004) describes
cointegration as the existence of a stable long-run relationship in the prices of two assets. This
feature allows traders to establish a spread between the two assets that oscillates around an
average value. Traders can enter into offsetting positions, long on the cheap and short on the
expensive, expecting the prices to converge back to the equilibrium when the spread deviates
significantly from its historical average.

Empirical studies have provided evidence for the effectiveness of pair trading strategies in the
context of futures and their underlying spot price. Puspaningrum, Lin, and Gulati (2014) find
that their proposed strategy for S&P 500 futures and the corresponding spot index performs
very well, generating high returns for the selected pairs, with an average return per trade
exceeding 10% for all periods. Similarly, Songyoo (2012) uses a pair trading strategy to trade
futures and their underlying assets in the Thai market. The study finds that although there are
arbitrage opportunities in the SET50 index futures, the strategy underperforms in the single
stock futures because of liquidity constraints and short selling restrictions. Choedpasuporn
(2015) proposes a variation of statistical arbitrage via a pair trading strategy with threshold
parameters from Threshold Vector Error Correction Model. The approach is applied to SET50
index futures with different maturities and to single-stock futures and their underlying stocks.
The results show that there are arbitrage opportunities. Thamphongsri (2018) further supports
the profitability of pair trading between futures and spot price by applying the strategy to the
high-frequency data of gold spot and futures. The results show that even after transaction costs,
arbitrage profits still exist.

However, some studies point out the limitations of pair trading strategies between the futures
and the underlying assets. Figuerola-Ferretti and Gonzalo (2010) examine the relationship
between the S&P 500 index and its futures contract. Their empirical results show that the
deviations in prices are generally too small to overcome trading costs. Similarly, Kim, Choi,
and Kim (2016) report that pair trading within the same category often leads to poor
performance, while trading across different categories is profitable. This is in contrast with the
traditional idea of pair trading, especially for futures and their underlying spot prices which are
usually highly correlated.

Previous studies have examined the mispricing of futures compared to their theoretical cost of
carry values, and other studies have examined pair trading strategies between the futures and
the underlying stocks. However, no research has directly used the mispricing between futures
and their theoretical values as the basis for a pair trading strategy. This study fills this gap by
investigating the pricing efficiency of the cost-of-carry model in the TFEX market and the
effectiveness of trading strategies based directly on futures mispricing relative to the theoretical
values.



Page |47 Development Economic Review

3. Methodology

3.1 Data collection

Historical market data of futures and underlying assets were collected from TQ Professional for
the period from January 2023 to December 2025. The tradable proxy for the spot leg of the
SET50 index was TDEX (ThaiDEX SET50 Exchange Traded Fund). The data set was split into
an in-sample and out-of-sample period for the years 2023-2024. The out-of-sample period was
reserved for testing in 2025. Futures contracts were rolled over from the expiring quarterly
series to the next-nearest to expiry series to create a continuous time series. Sufficient liquidity
was ensured by selecting the SET50 index futures and the 10 most active futures contracts
during the in-sample period, with respect to both volume and traded value, for analysis. The
chosen contracts are provided in Appendix A.

The analysis was carried out on intraday data on two time intervals: 15-minute and 1-hour to
study the robustness of the results at different temporal resolutions. The risk-free rate time series
was approximated by the 1-year Thai Bond Yield, which is the same benchmark that TFEX
uses to calculate theoretical futures prices under the cost-of-carry model. The rate was obtained
from the Thai Bond Market Association (ThaiBMA); stock dividend payments and SET50
index dividend yields are from SET SMART and TQ Professional, respectively.

3.2 Analysis of cost-of-carry pricing efficiency

To examine the pricing efficiency of the cost-of-carry model and its ability to explain futures
prices, the following framework was adopted. First, the theoretical futures price for each
underlying stock price was computed using the cost-of-carry formula:

FTheoretical = (SO - PV(D)) X erT (2)

where SO is the spot price, r is the risk-free rate, T is the time to maturity, and PV(D) represents
the present value of dividends.

For the SET50 Index, where dividends are represented by a continuous dividend yield g, the
theoretical price was given by:

FTheoretical = SO X e(r—q)T (3)
Engle-Granger cointegration test

As a preliminary step, both the Facwal and the Frneoretical time series were formally tested for
their order of integration using the Augmented Dickey-Fuller (ADF) test:

k
AF(t) = pF(t — 1) + Z YDAF(t — i) + u(t) @
i=1

where p is the coefficient on the lagged residual, y(i) are the coefficients of the lagged
differences, and u(t) is a white-noise error term. The null hypothesis H(0): p = 0 implies that
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the series contains a unit root and is non-stationary, whereas the alternative hypothesis H(1):
p <0 indicates that the series is stationary.

The ADF test was sequentially applied to the level, first-differenced, and, if necessary, second-
differenced series to determine the integration order of each series. Although cointegration is
traditionally applied to explain the relationship between non-stationary variables, this study
retained stationary pairs as long as they were integrated of the same order. Because the basis
strategy involves closing trades when the price corrects to its theoretical value, the only strict
requirement is a mean-reverting spread. Thus, if both Factuai and Frheoretical SEries were integrated
of the same order, the 2-step Engle-Granger cointegration test was conducted to examine the
long-run relationship. Futures and spot series with different orders of integration were excluded
from further testing since they violate the assumptions required for Engle-Granger cointegration
analysis.

In the first step, the actual futures were regressed on the theoretical futures to estimate the long-
run relationship. The relationship was specified as:

Fpctya = o+ B(FTheoretical) +& (5)

where the actual futures price of each contract is denoted as Facwal, « and 3 are the intercept and
coefficient, respectively, and ¢ is the error term capturing deviations of the observed futures
price from its theoretical value.

In the second step, the residuals ¢ were tested for stationarity using the ADF test:

k
Ae(t) = pe(t — 1) + Z YDAE(E — i) + u(D) (6)
i=1

Stationary residuals indicate that Factua and Frneoretical are cointegrated, confirming the presence
of a long-run equilibrium relationship rather than a spurious regression. If the residuals are non-
stationary, no cointegration exists.

Error Correction Model (ECM)

Following the confirmation of cointegration, the Granger Representation Theorem provides the
theoretical foundation for modeling the relationship as an Error Correction Model (ECM). The
ECM was employed to assess the speed and significance of correction following short-term
deviations. The model was specified as follows:

AFActual(t) =c+ )uS(t - 1) + q)AFTheoretical(t) + ‘U(t) (7)

where c is the intercept term, capturing drift not explained by variables in the model. 1 is the
error correction coefficient, measuring the speed of adjustment. v(t) is the white-noise error
term. ® captures the short-run impact of a change in Frheoretical-

The coefficient 4 was evaluated to confirm that short-term deviations were corrected with
statistical significance. A negative and significant A suggests that the futures price has a
tendency to revert towards its long-run equilibrium; deviations between actual and theoretical
futures are corrected over time. The magnitude of A quantifies the speed of this correction, with
a larger absolute value implying a faster reversion to equilibrium.
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Joint hypothesis test (FM-OLS)

While cointegration confirms that the long-run relationship is not spurious, it is necessary to
determine if this equilibrium conforms to the strict one-to-one relationship proposed by the
model's theory. A perfectly specified model would exhibit an intercept of zero and a slope of
one.

Although the ordinary least squares estimate of a and § obtained in the Engle—Granger first
stage is consistent, they cannot be used for hypothesis testing due to invalid inference on the
cointegrating vector (a, ). To obtain valid inference, the cointegrating vector is re-estimated
using Fully-Modified OLS (FM-OLS) following Phillips and Hansen (1990). FM-OLS applies
a semiparametric correction using long-run covariances estimated with a Bartlett kernel to
eliminate endogeneity and adjust for serial correlation. The unrestricted model is the
cointegrating regression of Eq. (5), re-estimated by FM-OLS. The restricted model assumes the
theoretical ideal values:

F Actual = F Theoretical + & (8)

The joint null hypothesis HO: a = 0 and f = 1 is evaluated with a Wald test constructed from
the FM-OLS estimates and their covariance matrix:

w = (RO —7)[RVR] (RO —7) ~ x*(2) 9)

where & = (a, p)’ is the FM-OLS estimate of the cointegrating vector, V is its estimated
covariance matrix, R = 12 is the restriction matrix, » = (0, 1)’ collects the hypothesized values,
and the number of restrictions is two. Under the null the statistic is distributed as y? with two
degrees of freedom. Rejecting the null indicates that the estimated long-run relationship departs
from the strict one-to-one cost-of-carry benchmark; failing to reject implies that it is statistically
indistinguishable from Factual = Frheoretical + €.

Evaluation

To evaluate the pricing efficiency of the cost-of-carry model, results from the cointegration,
ECM, and joint hypothesis tests are combined. Based on this evidence, each contract’s pricing
relationship is classified into one of three categories:

Category 1: The cost-of-carry model explains futures prices accurately, and futures tend to
correct to equilibrium. This conclusion is supported if:

1. The Engle-Granger test finds that cointegration exists between Factuai and Frheoretical.

2. The ECM vyields a statistically significant and negative error correction coefficient
(4).

3. The Wald test fails to reject the joint null hypothesis that o = 0 and 5 = 1.

Category 2: The cost-of-carry model has a stable but biased relationship. This
conclusion is supported if:

1. The Engle-Granger test finds that cointegration exists between Factual and Frheoretical.

2. The ECM vyields a statistically significant and negative error correction coefficient
().

3. The Wald test rejects the joint null hypothesis that « = 0 and g = 1.
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Category 3: The cost-of-carry model is not a reliable framework for explaining futures
prices. This conclusion is supported if:

1. The preliminary ADF tests show that Factuar and Frheoreticat have different order of
integration, invalidating a key assumption for cointegration.

2. Alternatively, the Engle-Granger test fails to find cointegration between Factual and
Frheoretical.

3. Alternatively, cointegration exists, but the ECM vyields an error correction
coefficient (1) that is not statistically significant or is positive, indicating the absence
of a reliable correction mechanism.

Futures classified into Category 1 or Category 2 are selected for backtesting as they exhibit
both a stable long-run relationship and a statistically significant tendency to correct deviations.

3.3 Trade design

Spread definition

Let the mispricing spread be as:

Spread(t) = S(t) = FActual - ((X + B(FTheoretical)) (10)

where a and g are the estimated adjustment parameters from the cost-of-carry relationship.
Trade positions are determined from the spread using the z-score:

_ Spread(t) — Mspread

z(t) (11)

0-spread

where uspread represents the mean of the spread and ospread is the standard deviation of the spread.
Both the cointegration parameters (o, £) and the spread’s mean and standard deviation are re-
estimated dynamically using a rolling window of 3 months to align with the quarterly futures
expiration cycle and capture current market volatility.

Trading rules

Entry and exit signals are determined by two main parameters: an entry threshold (E), measured
in units of standard deviation, and a time multiplier (x), which dictates the maximum holding
period based on the spread's half-life. These parameters evaluate the size and direction of the
z-score—which measures how far the current spread deviates from its historical mean—along
with the holding period, which limits how long a position is held. Specifically:

Entry:

1. A short-spread position is initiated when z(t) > E, indicating that the futures
contract is overpriced relative to its adjusted theoretical value. To execute this trade,
the strategy sells (shorts) the futures contract and buys (longs) the underlying stock.

2. Along-spread position is initiated when z(t) < -E, indicating that the futures
contract is underpriced relative to its adjusted theoretical value. To execute this
trade, the strategy buys (longs) the futures contract and sells (shorts) the underlying
stock.
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Exit:

1. An open position is exited for profit-taking when z(?) * z(¢ — 1) < 0. This condition
signifies that the z-score has crossed zero, meaning the futures price has successfully
reverted to its adjusted theoretical value.

2. A time-based exit is triggered when the holding period exceeds a multiple of the
half-life (xH), acting as a stop-loss mechanism against non-reverting trades. The
half-life (H) represents the expected time required for the spread to revert halfway
back to its historical average and is computed from the error correction coefficient
(4) of the rolling window ECM using the formula:

In(0.5)

=— 12
In(1+2) (12)
3. Additionally, because futures contracts have a finite lifespan, any remaining open
positions are forcibly closed (offset) at the end of the contract's final settlement day.
This ensures the strategy avoids the expiration process and cash settlement
complications.

The threshold E and the time multiplier x are jointly optimized to identify the combination that
maximizes profit during the in-sample period. To find the optimal parameters, the study
employs a two-dimensional grid search, which is an optimization algorithm that systematically
tests every possible combination of parameters within a defined grid to find the best-performing
pair.

In this grid search, E, measured in standard deviations, is evaluated across the range [1.0, 3.0]
with increments of 0.1, and x, measured in number of half-lives, is evaluated across the range
[1.0, 6.5] with increments of 0.5.

The time multiplier is deliberately capped at a maximum of 6.5 half-lives to enforce a
mathematical stop based on the model's exponential decay function. Over a duration of 6.64
half-lives, a mean-reverting process mathematically reaches a 99% expected reversion (0.55%4 =
0.01). Therefore, holding a position beyond 6.5 half-lives offers negligible mathematical
expectation of further reversion.

The futures contract serves as the main position, while the underlying stock acts as the hedge
leg with a fixed hedge ratio of 100%. Each trade is executed with one contract on the futures
leg to account for the relatively low trading volume in single stock futures.

Transaction costs

The design of the strategy explicitly takes into account the real costs that define the no-arbitrage
band. The ongoing costs include a 5.3% per annum rate to finance the futures leg, consistent
with the effective interest rate observed in the block trade transactions. Short-spread positions
are financed at the normal margin loan rate of 5.15% p.a. This is the rate charged to fund the
purchase of the underlying stock in the hedge leg. On the other hand, long-spread positions are
charged a Security Borrowing and Lending (SBL) cost of 5.5% per annum to reflect the cost of
borrowing and shorting the underlying stock on the hedge leg. This SBL cost is consistent with
the typical SBL rates provided by major securities brokerages in Thailand during the study
period.

In addition, the model incorporates futures trading and clearing fees. For example, the trading
fee and clearing fee for single stock futures with a price of less than 100 baht will be 0.5 baht
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per contract, while those with a price of more than 100 baht will be 3.65 baht. The trading and
clearing fee together for SET50 index futures is 6 baht per contract, which is the same as the
TFEX exchange fee. The total of such trading, clearing and regulatory fees for the underlying
stock is 0.007% of the transaction value. Further, the bid-ask spread is added as well. The cost
is estimated at half of one tick for the stock leg, the size of which depends on the stock’s price
tier as defined by the Stock Exchange of Thailand (SET). For the futures leg, a slippage penalty
of one tick (0.01 for single stock futures, 0.1 for index futures) is added to the execution price
to account for the price improvement needed to move ahead of the historical order queue and
guarantee a fill. Finally, one can also hold a short stock position over the ex-dividend (XD)
date, but the dividend amount must be paid back to the lender of the borrowed shares.

3.4 Evaluation metrics

To assess the performance of mispricing spread strategies and determine whether arbitrage
opportunities can be exploited, the following evaluation metrics are employed:

Cumulative Return (P&L): The total profit or loss generated by the strategy over
the testing period.

Average Return per Trade: The total profit or loss from all trades divided by the number
of trades executed.

Average Holding Period: The average duration for which trades are held open, from
entry to exit.

Win Rate: The percentage of trades that are profitable out of the total number of trades
executed.

The S50 Futures and the average values of each evaluation metric across all single stock futures
within each timeframe are analyzed to assess the overall effectiveness of the spread mispricing
strategy. In addition, the performance of individual pairs is examined to evaluate futures-
specific results. A deeper analysis is conducted on trades from selected futures, including the
best-performing pair for each data frequency, to gain further insights.

4. Evaluation and results

4.1 In-sample analysis and futures selection

Following the calculation of theoretical futures prices, the in-sample analysis and futures
selection procedures were conducted.

Cointegration results

Initial analysis confirmed that the futures series and theoretical futures prices for all selected
assets were integrated of the same order as shown in Table 1. Subsequently, the two-step Engle-
Granger cointegration method was applied to all in-sample data at both 15-minute and hourly
frequencies.
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Table 1: Order of Integration Results on the 15-Minute Frequency

F_actual F_theoretical

Underlying ADF p-value (Level) ADF p-value (1st Diff) Result ADF p-value (Level) ADF p-value (1st Diff) Result
TDEX 0.2493 <0.001 1(1) 0.2156 <0.001 1(1)
ADVANC 0.9528 <0.001 I(1) 0.9552 <0.001 I(1)
BANPU 0.0081 - 1(0) 0.0100 - 1(0)
DELTA 0.8898 <0.001 1(1) 0.8784 <0.001 (1)
EA 0.3554 <0.001 1(1) 0.3334 <0.001 1(1)
KBANK 0.6415 <0.001 I(1) 0.6454 <0.001 I(1)
KTB 0.7093 <0.001 1(1) 0.7036 <0.001 1(1)
PTTEP 0.5659 <0.001 1(1) 0.5831 <0.001 (1)
SIRI 0.0179 2 1(0) 0.0176 : 1(0)
178 0.4392 <0.001 (1) 0.3593 <0.001 (1)
TRUE 0.9269 <0.001 1(1) 0.9229 <0.001 1(1)

Pairs of futures and their theoretical values that passed the ADF test on regression residuals at
the 0.05 significance level were considered cointegrated and retained for further analysis. The
test identified 10 out of 11 pairs across both frequency datasets, with EA being the only futures-
stock pair that failed the cointegration test. This deviation likely occurred because EA
experienced a severe corporate governance and liquidity crisis during the in-sample period: in
July 2024, the Securities and Exchange Commission (SEC) of Thailand filed a criminal
complaint against EA's founder and two other executives over alleged fraudulent procurement
transactions dating to 2013-2015 and referred the case to the Department of Special
Investigation (SEC, 2024), and shortly afterward, TRIS Rating cut EA's company and senior
unsecured debt ratings from '‘BBB+' to 'BB+', citing heightened liquidity and refinancing risk
(TRIS Rating, 2024). This extreme distress broke the cost-of-carry arbitrage channel, as
dividend uncertainty and short-selling constraints prevented the futures market from tracking
theoretical prices. Table 2 presents the complete list of futures and their corresponding test
statistics for the 15-minute frequency data.

Table 2: Cointegration Test Results on the 15-Minute Frequency

Underlying Residual ADF p-value Conclusion
TDEX 0.0003 Cointegrated
ADVANC <0.001 Cointegrated
BANPU <0.001 Cointegrated
DELTA 0.0436 Cointegrated
EA 0.0818 Not Cointegrated
KBANK <0.001 Cointegrated
KTB <0.001 Cointegrated
PTTEP <0.001 Cointegrated
SIRI 0.0018 Cointegrated
T8 <0.001 Cointegrated

TRUE <0.001 Cointegrated
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Error Correction Model (ECM) dynamics

The error correction model was applied to the cointegrated pairs to examine how futures prices
adjust toward the long-run equilibrium following deviations from it. For both the 15-minute
and 1-hour frequencies, the cointegrated pairs exhibit a negative and statistically significant
error correction coefficient at the 0.05 level, indicating that whenever the error between the
actual and theoretical futures prices widens, the futures price corrects the disequilibrium in the
subsequent period. Notably, KBANK, TRUE, and KTB exhibit the most negative coefficients,
indicating a rapid speed of correction. Conversely, TDEX, DELTA, and SIRI display
coefficients closer to zero. This slower pace of mean reversion suggests that mispricings persist
longer, which potentially lowers the profitability of arbitrage strategies due to higher holding
periods. The error correction coefficients and their p-values for the 15-minute sampling
frequency are reported in Table 3.

Table 3: ECM Results on the 15-Minute Frequency

Error Correction Term £(t-1)

Underlying Coefficient p-value
TDEX -0.0181 <0.001
ADVANC -0.2102 <0.001
BANPU -0.2062 <0.001
DELTA -0.0526 <0.001
KBANK -0.2770 <0.001
KTB -0.2438 <0.001
PTTEP -0.1642 <0.001
SIRI -0.0578 <0.001
T8 -0.0885 <0.001
TRUE -0.2744 <0.001

Joint hypothesis test (FM-OLS) results

The joint hypothesis test reported in Table 4 shows that all cointegrated pairs reject the null
hypothesis across both data frequencies. This finding suggests that the observed futures prices
deviate from their theoretical values with statistical significance. While the slope coefficients
(p) across all pairs are close to 1.0, indicating that futures contracts move in close alignment
with their theoretical values, the slopes for most pairs lie slightly below one, which means the
gap between the actual and theoretical prices moves downward as the price level rises. The only
pairs where the gap moves upward as the price level increases are TDEX and SIRI.
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Table 4: Wald Test Results on the 15-Minute Frequency

Estimated Coefficients JointTest (HO: =0, B =1)

Underlying Intercept (a) Slope (B) p-value Conclusion
TDEX 12.2265 1.0071 <0.001 Reject HO
ADVANC 1.8311 0.9916 <0.001 Reject HO
BANPU 0.0312 0.9972 <0.001 Reject HO
DELTA 1.0702 0.9875 <0.001 Reject HO
KBANK 1.4064 0.9904 <0.001 Reject HO
KTB 0.2299 0.9869 <0.001 Reject HO
PTTEP 2.7615 0.9815 <0.001 Reject HO
SIRI -0.0145 1.0119 <0.001 Reject HO
178 0.0158 0.9850 <0.001 Reject HO
TRUE 0.0178 0.9951 <0.001 Reject HO

Evaluation summary

Based on the evaluation criteria established from the Engle-Granger cointegration tests, the
Error Correction Model (ECM), and the joint hypothesis tests, the results were consolidated to
classify the pricing efficiency of each futures contract. Table 5 presents a summary of these
classifications at both 15-minute and 1-hour frequencies.

Table 5: Evaluation Results on the 15-Minute and 1-Hour Frequency

Category Description Underlying
1 The futures price strictly adheres
to the theoretical cost-of-carry
model.
2 The futures price maintains a TDEX, ADVANC, BANPU, DELTA,

cointegrated relationship with the KBANK, KTB, PTTEP, SIRI, TTB,
theoretical model but exhibits a TRUE
persistent structural bias.
3 The futures price does not EA
maintain a stable relationship with

the theoretical cost-of-carry
model.

Notably, no futures contracts met the criteria for Category 1. While most pairs demonstrated a
strong tendency to revert to equilibrium, their rejection of the joint null hypothesis confirms
that the cost-of-carry model does not hold perfectly in reality.

4.2 Backtesting performance results

Parameter Optimization

Across both the 15-minute and 1-hour sampling frequencies, the optimal entry threshold (E) for
each pair typically converged at approximately one standard deviation. This threshold captured
spreads large enough to cover the transaction cost and the bid-ask spread while maintaining a
sufficient trading frequency to maximize profitability. Conversely, the optimal time-stop
multiplier (x) consistently trended toward the upper boundary of the grid search. This tendency
suggests that profitability increases with longer or unbounded holding periods; however,
capping the multiplier aligns with the mathematical limit of expected correction outlined in the
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methodology. Table 6 shows the optimal entry thresholds and time multipliers for each pair at
the 15-minute frequency.

Table 6: Optimal Parameters on the 15-Minute Frequency

Underlying Entry Threshold (E) Time Multiplier (x)

TDEX 1.0 6.0
ADVANC 1.1 5.5
BANPU 1.1 6.5
DELTA 1.1 6.5
KBANK 1.3 6.0
KTB 1.3 6.5
PTTEP 1.1 6.5
SIRI 1.1 4.0
TTB 1.2 5.5
TRUE 1.3 6.5

Strategy performance

As shown in Table 7, at the 15-minute sampling interval, the strategy successfully capitalized
on a high volume of intraday pricing inefficiencies. Highly liquid pairs generated the most
significant cumulative returns for example, DELTA and ADVANC vyielded 76,807.31 and
68,781.51, respectively, driven by robust trade counts of 288 and 291 over the out-of-sample
period. The price of the underlying assets also influenced the cumulative returns. Because the
backtesting framework assumed a standardized position size of exactly one contract per trade,
a methodological choice designed to reflect realistic execution scalability, assets with higher
absolute share prices naturally produced larger spreads when crossing the entry threshold.
Consequently, higher-priced assets captured a larger absolute profit per transaction compared
to lower-priced assets.

Table 7: Out-of-Sample Performance Metrics on the 15-Minute Frequency

Underlying Cumulative Return (P&L) Total Trades Average Return per Trade Average Holding Period (Days) Win Rate

TDEX 40805.36 194 210.34 1.05 77.84%
ADVANC 68781.51 291 236.36 0.52 60.14%
BANPU 4752.80 254 18.71 0.53 75.98%
DELTA 76807.31 288 266.69 0.68 71.53%
KBANK 38149.10 117 326.06 1.09 72.65%
KTB 10132.58 194 52.23 0.59 73.71%
PTTEP 56990.93 240 237.46 0.56 67.92%
SIRI 1076.46 70 15.38 1.27 78.57%
T8 650.35 184 3.53 0.70 58.70%
TRUE 9682.09 262 36.95 0.56 75.95%

Holding periods ranged from 0.5 to 1.3 days for all pairs at the 15-minute frequency. This fast
turnover directly validated the strategy’s key exit mechanic. The model aggressively executes
the exits rather than hold the position to maturity, thus limiting the long term recurring costs of
financing the trade as the spread mean reverts.

Overall, the model was found to be statistically very reliable, with consistently high win rates
across the portfolio. Pairs with lower aggregate P&L also had similar win rates, suggesting that
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while the absolute profit magnitudes differ due to asset price levels and number of trades, the
probability of spread reversion is very consistent.

The 15-minute interval is the optimal mix of signal frequency and profitability, although the
methodology was also applied to a 1-hour sampling frequency in order to observe structural
differences in behavior. The longer interval smoothed intraday inefficiencies, which led
naturally to fewer triggered trades. Higher holding periods lead to higher financing costs which
result in lower aggregate P&L across the portfolio due to fewer execution opportunities. But
the 1 hour result was still at similarly high win rates.

15-Minute frequency case study

As shown in Table 8, this case study isolates the first three trades triggered for the DELTA pair
at the beginning of the out-of-sample period, using a 15-minute sampling frequency.

Table 8: Trade Log of Delta Pairs on the 15-Minute Frequency

Entry_Time Exit_Time Type Entry_Z Score Days Held Exit_Reason Gross_PnL Total_Costs Net_PnL
1/2/202510:00 1/2/202514:45 Long Spread -1.517763 0.197917 Mean Reversion 1100 535.99 564.01
1/2/202515:30 1/2/202515:45 Long Spread -1.154169 0.010417 Mean Reversion 940 527.40 412.60
1/2/202516:15 1/3/202515:30 Long Spread -1.841956 0.96875 Time Stop 500 566.78 -66.78

The first trade was the strategy working under ideal circumstances. A divergence triggered a
Long Spread entry at 10:00 AM. A few hours later the model successfully identified the mean-
reversion. The position was closed intraday with a holding period of ~0.20 days and a net profit
of 564.01 THB.

The second trade was entered same day at 15:30. The spread had a short term anomaly which
got resolved in one 15 minute candle. The model did the entry and exit almost immediately.
This momentary inefficiency has resulted in a net profit of 412.60 THB.

The third trade at 16:15 shows the impact of the carry costs. The model held the position
overnight and eventually hit the Time Stop after 0.97 days. The trade generated a positive gross
profit of 500.00 THB but the total costs were higher than the gross return, resulting in a net loss
of -66.78 THB.

1-Hour frequency case study

This case study, detailed in Table 9, isolated the first three trades triggered for the PTTEP pair
at the beginning of the out-of-sample period, using a 1-hour sampling frequency.

Equation 9

Table 9: Trade Log of PTTEP Pairs on the 1-Hour Frequency

Entry_Time Exit_Time Type Entry_Z_Score Days_Held Exit_Reason Gross_PnL Total_Costs Net_PnL
1/2/2025 10:00 1/3/202510:00 Short Spread 1.435722 1 Time Stop -510 559.12 -1069.12
1/3/2025 11:00 1/6/2025 10:00 Short Spread 2.485544 2.958333 Mean Reversion 1440 629.01 810.99

1/6/202512:00 1/6/202515:00 LongSpread  -1.539352 0.125 Mean Reversion 1850 529.49  1320.51
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The first trade was opened at market opening on January 2nd with a z-score of 1.44. However,
the spread did not revert, and a day later the model triggered a Time Stop. The trade lost -510.00
THB. Transaction and Financing costs further reduced this by -559.12 THB, bringing the total
net loss to -1,069.12 THB.

The second trade, entered into on January 3rd, serves as a reminder of the duration risk and
carry costs involved in holding positions over the weekend. The model did catch a significant
divergence (z-score 2.49) that eventually mean reverted, but the trade sat there for almost 3
days due to the weekend market gap. The trade was excellent in terms of gross PnL (1,440.00
THB), but the long holding period meant that total costs added up to 629.01 THB which took a
big chunk out of the final net profit (810.99 THB).

The third trade was a very efficient execution. After a sharp divergence, a Long Spread was
entered at 12:00 PM and mean reversion was achieved just three hours later. The model closed
the position intraday at 0.13 days and earned a strong net profit 1,320.51 THB while reducing
financing costs.

5. Conclusion and future work

This study analyzed the pricing efficiency of the cost-of-carry model by investigating the
relationship between actual and theoretical futures prices. By employing cointegration tests,
Error Correction Models (ECM) and Joint hypothesis test, this research investigated the extent
to which market prices are consistent with theoretical values and examined the presence of
possible statistical arbitrage. Specifically, the statistical arbitrage strategy employed a pair
trading strategy to take advantage of these discrepancies. When a futures contract is overpriced
compared to its theoretical price, the strategy takes a short position in the futures contract and
a long position in the underlying stock. On the other hand, if the futures contract is underpriced,
the strategy goes long on the futures contract and short on the underlying stock. These positions
are then held until the spread reverts to its historical mean.

The results show that real and theoretical prices are cointegrated, indicating a long-run
equilibrium relationship, with the exception of one asset that had a specific market event.
Moreover, ECM corrects the discrepancies of prices in the long run. However, the Joint
hypothesis test reject null of perfect pricing efficiency across all assets. This confirms that the
strict theoretical assumptions of the cost-of-carry model do not hold perfectly in reality.

Moreover, the trading strategy produced positive net returns for all assets, demonstrating
robustness even when fully accounting for transaction costs, borrowing costs, recurring fees
and bid-ask spreads. Such persistent profitability is almost a demonstration that the mispricing
of futures contracts with respect to their theoretical equilibrium can be exploited by using a pair
trading approach.
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5.1 Limitations of the study

The current study provides a strong theoretical background for finding mispricing. However,
there are structural limitations in the current methodology that need to be acknowledged. The
first limitation is the data quality for the hedging leg and the cost of the bid-ask spread. The
backtest is based on Level 1 data which contains only the deal price but not the bid and ask
quotes. Since it is impossible to know whether a historical trade was matched on the bid or the
ask side, a fixed trading cost of half a tick per trade is utilized under the assumption that the
probability of executions occurring on the bid and the offer is equal.

Second, the cost-of-carry model introduces a look-ahead bias with respect to dividends. For
purposes of simplicity, this paper utilizes actual, announced dividend amounts in the calculation
of theoretical future prices. But in a live trading environment, expected dividend payouts are
not known until the official announcement date. By using actual data rather than forecasts, the
model eliminates dividend forecast risk.

Finally, the pair selection is based on the long-run cointegration relationship of the whole in-
sample period. This approach is static and therefore cannot easily adapt to changing market
conditions. It may miss new trading opportunities or continue with trading relationships that
have broken down.

5.2 Recommendations for further study

To address the unknown bid-ask price, future research should utilize Level 2 or Level 3
historical order book data. Access to complete bid and ask quotes would allow for exact
transaction cost calculations based on true market liquidity. This approach would remove the
reliance on a static, half-tick assumption, ensuring that the modeled cost of the bid-ask spread
accurately reflects real-world market conditions.

Furthermore, to eliminate the look-ahead bias associated with the cost-of-carry model,
subsequent iterations should incorporate a realistic, chronological dividend forecasting
mechanism. In the real world, theoretical futures pricing must dynamically adapt to the
corporate action timeline. Future research should rely on forecasted dividend values before the
official corporate announcement. Specifically, it would be valuable to investigate the use of
forecasting models such as an Autoregressive (AR(1)) model utilizing data from the previous
dividend period to forecast these yields, alongside traditional consensus estimates. Once the
dividend is officially announced, the model must transition to utilizing the exact announced
value up until the ex-dividend (XD) date. Following the XD date, the expected dividend value
must immediately drop to zero. Implementing this sequence ensures the model accurately
reflects real-world dividend forecast risk.

The current method is successful at using a rolling window to execute trades, however, the
initial cointegration testing should also be performed using a rolling look-back period across
assets. This dynamic screening would allow the strategy to systematically remove pairs when
their historical relationship breaks down and automatically identifies and adds newly
cointegrated pairs to the trading universe.
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Appendix A

List of Selected Futures Contracts
A.1 Index Futures

1. S50

A.2 Single Stock Futures

1. DELTA 2. TTB

3. SIRI 4. BANPU

5. KBANK 6. KTB

7. PTTEP 8. EA

9. ADVANC 10. TRUE
Appendix B

Results on the 1-Hour Frequency

Table B.1: Order of Integration Results on the 1-Hour Frequency

F_actual F_theoretical

Underlying ADF p-value (Level) ADF p-value (1st Diff) Result ADF p-value (Level) ADF p-value (1st Diff) Result
TDEX 0.2735 <0.001 (1) 0.1986 <0.001 (1)
ADVANC 0.9625 <0.001 (1) 0.9601 <0.001 1(1)
BANPU 0.0083 - 10} 0.0105 - 10}
DELTA 0.9309 <0.001 1(1) 0.9225 <0.001 1(1)
EA 0.4009 <0.001 (1) 0.3729 <0.001 (1)
KBANEK 0.6631 <0.001 1(1) 0.6431 <0.001 1(1)
KTB 0.7003 <0.001 (1) 0.6837 <0.001 1)
PTTEP 0.5805 <0.001 (1) 0.7856 <0.001 1)
SIRI 0.0154 - 1{0} 0.0143 - 1{0}
TTB 0.4332 «0.001 (1) 0.3699 «0.001 (1)
TRUE 0.9308 <0.001 1(1) 0.9316 <0.001 1(1)

Table B.2: Cointegration Test Results on the 1-Hour Frequency

Underlying Residual ADF p-value Conclusion
TDEX 0.0003 Cointegrated
ADVANC <0.001 Cointegrated
BANPU <0.001 Cointegrated
DELTA 0.0226 Cointegrated
EA 0.1496 Mot Cointegrated
KBAMNK <0.001 Cointegrated
KTB <0.001 Cointegrated
PTTEP 0.0002 Cointegrated
SIRI 0.0090 Cointegrated
TTE 0.0008 Cointegrated

TRUE <0.001 Cointegrated
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Table B.3: ECM Results on the 1-Hour Frequency

Error Correction Term £(t-1})

Underlying Coefficient p-value
TDEX -0.0446 <0.001
ADVANC -0.3698 <0.001
BANPU -0.3556 <0.001
DELTA -0.0674 <0.001
KBANK -0.4801 <0.001
KTB -0.4311 <0.001
PTTER -0.2703 <0.001
SIRI -0.1239 <0.001
TTB -0.1759 <0.001
TRUE -0.5064 <0.001

Table B.4: Wald Test Results on the 1-Hour Frequency

Estimated Coefficients Joint Test (HO: a =0, p=1)

Underlying Intercept (a) Slope (B) p-value Conclusion
TDEX 12.3668 1.0070 <0.001 Reject HO
ADVANC 2.0257 0.9506 <0.001 Reject HO
BANPU 0.0322 0.9972 <0.001 Reject HO
DELTA 1.0825 0.9875 <0.001 Reject HO
KBANK 1.3592 0.9%08 <0.001 Reject HO
KTB 0.2240 0.9873 <0.001 Reject HO
PTTEP 2.6965 0.9820 <0.001 Reject HO
SIRI -0.0148 1.0123 <0.001 Reject HO
TTB 0.0163 0.9847 <0.001 Reject HO
TRUE 0.0103 0.9958 <0.001 Reject HO

Table B.5: Optimal Parameters on the 1-Hour Frequency

Underlying Entry Threshold (E) Time Multiplier (x) In-Sample Cumulative Return (P&L) In-Sample Total Trades

TDEX 1.2 6.5 20262.85 117
ADVAMC 1.0 6.0 110753.82 236
BANPU 1.3 6.0 4611.39 214
DELTA 0.9 6.0 45672.83 278
KBANK 1.1 6.5 58824.18 288
KTB 1.1 6.0 7496.19 275
PTTEP 1.0 6.5 65809.32 230
SIRI 1.6 6.5 1372.18 75
TTB 1.2 6.0 1216.39 164

TRUE 1.1 6.5 6917.69 246
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Table B.6: Out-of-Sample Performance Metrics on the 1-Hour Frequency

Underlying Cumulative Return (P&L) Total Trades Average Return per Trade Average Holding Period (Days) Win Rate

TDEX 8638.01 70 123.40 2.28 70.00%
ADVAMNC 46702.69 167 279.66 1.28 80.14%
BANPU 3117.91 117 26.65 0.93 84.62%
DELTA 20396.72 127 160.60 1.83 70.87%
KBAMNK 33525.67 96 349.23 1.60 72.92%
KTB 8721.42 172 50.71 0.76 73.26%
PTTEP 219539.55 161 322.73 1.03 74.53%
SIRI 626.14 25 25.05 2.20 88.00%
TTB 622.86 117 5.32 1.13 68.38%

TRUE 4055.53 172 23.58 0.98 72.67%
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Abstract

The wellness economy has emerged as a rapidly expanding global sector, driven by increasing awareness of
health and well-being in the post-COVID-19 era. The Global Wellness Institute (GWI) projects an average
annual growth rate of 8.6%, exceeding global GDP growth. In ASEAN, wellness spending is highly
concentrated in five major economies—Indonesia, the Philippines, Thailand, Malaysia, and Vietham—

accounting for nearly 90% of the regional market.

While most countries demonstrated resilience during the pandemic, Cambodia, Laos, and Thailand
experienced significant contractions due to their reliance on international wellness tourism. Using the BCG
Matrix framework (2019-2022), this study finds that Thailand maintains strong positions in wellness tourism

and spas but faces structural vulnerabilities from overreliance on these sectors.

The findings highlight the need for diversification into high-potential sectors such as preventive and
personalized medicine, healthy nutrition, mental wellness, and wellness real estate. Such diversification would
enhance resilience, reduce dependence on external demand, and strengthen Thailand’s long-term

competitiveness as a sustainable ASEAN wellness hub.
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2

economy” l¥asaunguianssuiineadasnugun1izuutesdny uazdalavsairaduaiand

sanIndayadmaassgiald

dwalﬁmmgﬁﬁ]nmuagﬂmad%ﬂu “STUULATHINIUUURRILEIVT” (multi-sector system) 71

Usznaudifanssananunay GIdunuimuaznaiawandnulugaassgia

2) ANNFIAYVDILATHINIIALIE

@
o

iwrEgianauaaziauMIaTzRINiTaITIaNdanIgUARTNNLLLaIRTIN i9ne la uazdian

'
a v oA

lulgiipan1sinulaa (WHO, 1946) lasasauaguiudiuazuinisnguilaaiiunldlu

2
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(Y ' . & ' A o &
GWI l@tHaLNIIN897% Global Spa & Wellness Economy Monitor aaudd 2014 Favuidwasausn
Aa @ a = & \
niimyiavwaiasgianaualan asauagu 10 e luszozuan uazsenodu 11 manasudd
2017 (GWI, 2023) laswuinaaaguniwlandyadinit 4.3 suduaaaanslull 2017 uaziiiy

T 4.9 Sruduasssslud 2019 (fulaads 6.6% dafl §9ni1 GDP Tanfitdula 4.0%)

Angaladae-19 1uil 2020 ssnaliiasugiaaiuanaaiionss 11 1Wae 4.4 Susuaasan’ gy

s

AU GDP lanninaaiiNesdasas 2.8 vinlwill 2020 gnl“ﬁlﬂuqmﬂo “Haw” LAY “Bad” 1a3a-19

(GWI, 2024) athalsfinn uwildunaalada-19 Fidszsinsialaniuanlianudrdgiugunin

,&' 1 v a 6 1 a A ¥ ] = v
A MNVB ﬁdNﬂl‘ﬁLﬂiﬂjﬂﬁ]L?ﬂt%ﬁgﬂﬂﬁ@]ﬂ’]iﬁ%’]’]"ﬂzL@lUI@Lﬂﬂﬂiﬁ]ﬂﬂ: 8.6 dal uazluasn 8.47 a

U

fruaaasilud 2027 (i 1)

[ £ a v 1 o 094' o n' &’ o
ﬂawauuagumnmﬂm vL(ﬂLLﬂ ﬂ?i"llEl"lﬁl@l’)“llad"]ju“ﬁ%ﬂﬂ"ld“fl’ﬂﬁﬂ msl,wmu"uaoﬂs:*’n’miga’m

na' t&’ ¥ Qo 4 L v =Y 1 vaa 1 [ =Y 1
AN NI lIALa39 LLa:mmﬁum"uaaauﬂm@amﬂm%mamaau@a g9t wazilulassa

fawadey MuiinmilianudAyiugaMwIauazaNeATIINNIEIAY (GWI, 2023)

AT 1: N15USTAIUNITYAAIUAZEAIINITVLIDAIVDILATHF NIIAIBEDBILAN T

2017-2027
o0 $8.47
f"f
£58.0 "‘._
Y o
$7.0 o
,.
-
£6.0 5.61 -~ )
a s i Projected
2 sso $4.93 $5.19 8.6% CAGR
E $4.32 $4.46
rﬂ, £4.0
2 sa.
£3.0
2.0
£1.0
2017 2018 2019 2030 2021 2022 2023 2024 2025 2026 2027

B Historical - =i~ Projection

RUBLG: 9N Global Wellness Economy Monitor 2023, Tag Global Wellness Institute, 2023
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3) MWIINLATHFNIIA LA AT

lutel) a.¢. 2020-2022 Lassgianaussasondoudyadiadodas 173.48 Wuduaoaans da
\usawaz 10.8 vedaiBuuddin uaziauar 3.41 vaslan laoyadnin 80.38% nizanelatlu 5

'Y v i a a A a & a a 4 o Y . @
Uszingwan taun Sulafiidy ARUTud Ine vuaidy uss Buawn Gszviaulasegsnansuseg

o

nilanwuznzandagaluninia (Global Wellness Institute, 2024)

A

HaRAINTMINANTINLINNANGALATA-19 WLANMNULANANILTILATIaTII0E19TaLan taslszinan

A . { a \ \ )

AININ T8 AENTIgUNINNEIIY TZANAY LT TNy (-4.59%) AUWT (-5.52%) Uaz
= o A a A a & ' \

817 (-6.45%) Nﬂ’]i%@@]’maﬂﬂi‘lﬂgﬂﬁlnama ngﬂﬂszWﬁﬂwiqua“ﬂaﬂﬂﬂ’]Uiumu’]@lﬁfy LD

AFUTuA waz dulailide deassnemadulaluszavuanle (@1en 1)

HanIeTeRazioulidud lassairsguasd” uTaspddnfisinuaanuamunsalunis
WITUVBILATHFAWIBURD LN RYFIATY Imﬂs:mﬂﬁﬁg’mqﬂmﬁmﬂu (domestic demand)
PUIA IR Y UAZAAINHANIFINITOINWUFALINNVITINIIUNILATEYN baand1 luga93nge
Lﬁaaa’mqﬂmﬁmﬂluﬁmﬁ’]ﬁlﬂu “AUTU” (internal buffer) #aAMNEBNIUINNALHEN N
NN ‘ﬂi::Lﬂﬂﬁﬁdv\nqﬂadﬁﬂﬂﬂ@i’ldﬂizLﬂﬂ (external demand) ludasdiugs 1w Iny Huualiy

IWTaNURuRIK 978 lakaznstdulavinniudoifia external shocks

2
'

v v @ ' [ o a . { [ a { A
TaAUNLAINANIFEANRBINUNTOLUWIAAVEY Rodrik (2011) 14731 laseaanisiaulaniana

& a A ' . ! A A & 9
aﬂadﬂﬂwlumﬂ’n&m@%qu (resnlence) gaﬂﬂluizﬂzm’a mmz‘nminWWqﬂadﬂn’muaﬂ L1

q

[
A 1 a

adamadulaluszozau wdRuaNulzudaauiwRIRTaAsRgialan wanani lu
a a Cd [ g ] ¥ VA A
viunvaaassgianauy gussdmoludidunuimddndanieie ‘guduilnaszezen o

¥ 1 v a d 1 1 { a
WafaNIINTZAN ElIﬂix‘]ﬁﬁ’NLﬂﬁ‘i&@ﬂfﬂLLﬂ$fﬂ(ﬂﬂ'ﬁW\‘1WWﬁ’]?ﬂL%W'}$ LW N1IN i’Jx‘]LﬁEl’JLﬁx‘]ﬁf‘("llﬂ’]W

Twgwadn Uszinaluandouiiyduuuanuldiouiuandranuaalasiairiassgiauazna
qﬂﬁgmiwywm I@ﬂﬁﬂ@ﬁvﬁﬂLLa:ﬂ§‘1Jflus?ﬁmmvl@i”l,ﬂ%'ﬂumﬂgmqﬂaoﬁmylumuwai%zyj Y
Uiz lnaWauwgamunIsuH U InguNE IR IIMIvan s ndaguninuazn e ayu
a 1 =) 1 1 dl 1 ‘ﬁ! 1 n:i a 1 >

daulowne sruanadoaglutifouiwnnnstmmesfisndiganwllgnisonszay
dislassains lupnnfaldfjastuninsganwgmnngaussinaluladtugs sawlsawinat)
luszpzi@ulalavendoanaldiliondudunuuazuInisianiznis (World Bank, 2022;

Organisation for Economic Co-operation and Development [OECD], 2021; GWI, 2023)
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slnpudInaaziauliiuit anvamunnlunswdiduvesasgianaiualugdnialald
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[ =

YU EHNUUWIAARIALN

u

A o ) o 4 \ o !
q@a’]%ﬂii&]" Gﬁdﬂ’mu@Lau‘ﬂ”l\‘iﬂ’li‘w@Nu’lﬁLL@ﬂm’ldﬂuiz%’J’lﬂﬂizLﬂﬂ (World Bank, 2022; OECD,

2021)

1 IJ [ v Qs
98 8719LA 87 LL@I‘IJ‘H’Q%T]‘]J "Iﬂix‘]ﬁi’]x‘iﬂqﬂ&ﬂﬁ" LR “naqwﬁmmmmu

lasayy lavseiiasgianamavaiandousziouanuuandsznitadszinaluduund snan

s

Qs s s Q 1 a A [ o o { o q‘l//
maaqﬂaaﬁ ILAUNIINAUWN LLG&Q’J’]NE‘TW&JWSﬂluﬂ’ﬁﬂSU@]’J@]a’Jﬂf]@] GﬁGLﬂ%ﬂ’%’%Uﬁ’]ﬂfyﬁﬂ’]%%@‘ﬂﬂ

“FDIUSNIUBITH Az “WadIavaInadule” uasiduNug ud A §nTun1TIa ks BCG

Matrix 182400 11

@13971 1: yaAaTEgnaawavaslszinalwa Gy

AAAATHINILIALUA damuie sammauwaswulasaeil (Fazaz)
s . — AaaRaY seuiisl
(WuawnsIYanag) (2020.2022) | 2017~ | 2019- | 2020- | 2021- 2022
2019* 2020* 2021 2022 % 2019 2020 2021 2022

vzl 0.3 0.25 0.27 0.29 0.156 16.67 | -16.67 8 7.41 134
QNS 2.51 1.63 1.54 2.26 1.180 10.7 | -35.06 -5.52 46.75 85
dulaiide | 4377 43.35 45 48.64 25281 8.47 -0.96 3.81 8.09 18
817 0.83 0.62 0.58 0.6 0.382 6.19 253 6.45 3.45 120
WaLe 28.57 22,65 229 28.41 14.752 719 | 2072 1.1 24.06 27
ARUTus 34.87 34.59 38.29 40.98 20.539 6.47 -0.8 10.7 7.03 22
Fonlus 14.75 12.67 14.4 16.34 8.109 478 -14.1 13.65 13.47 42
e 42.96 29.4 28.05 34.6 19.805 954 | -31.56 -4.59 23.35 24
Vaaua 17.42 15.77 16.77 19.6 9.796 6.99 -9.47 6.34 16.88 35
LT 186 160.9 167.8 191.7 100.000 7.69 | -13.47 4.27 14.26
Tan 4,909.90 4,464 | 5193 5,612 6.6 -9.49 16.35 8.05

@

A A A v o > v 6 A ) =2 =2 '
W&HEJL‘VW‘]: PNEINE VY] agamww:ﬂ 2020 LL@ZN?.Iaﬁ]'lﬂ@]@]’]%ﬁﬂ'l%ﬂ'ﬁm‘ﬂ'ldﬂ'ﬁl,lladl%’ﬁ"l\‘]ﬂ'ﬁﬂﬂ‘kﬂ ﬁ]\‘]vl,&li'JﬁJl%

MFATIER

f111: The Global Wellness Economy: Country Rankings (2019-2022), 1a8 Global Wellness Institute, 2024

4) UNUMBILETHFNIIAIREABNTEI 19312 0

unumzadarsgianausdansainldluandoumuafinsanldndadiusayadl
a 1 a a & v o a a
L?ﬁ‘]:l’ﬁﬂ'ﬂL'JE‘]L%EW]aNﬁ@lﬂm‘VTﬁJﬁaiﬁNﬂﬂﬂl%ﬂi&Lﬂﬁ (GDP) DIRENBRANNURIAYVDINIALATEHING

Adoszuuiasegialagsiy lagnudngagiuainandanuuandrsnuadadnpdragszndng

Uzinaluniinie lasddadoagznieiasas 2.05-8.17 (119497 2)
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UasinandagaaimaIngnaaiuges GDP goﬁq@ﬂua%%w leun ﬂ”&lw;m ARUTUF wazuLaLge
dl 1 a a dl 1 ~ Qs 1 a ] 1 v v = U v
mmzﬂﬂszmﬂvlmagluau@uw 4 981919707 FARIUAINET b LARZTBWIZAUAT LTIV
gumwsaidizmrululizinalasas asnnneldnnassgfanausluumainannsly
aiwmaaﬁfﬂviaaLﬁﬂ'gﬁﬁamwﬁlué’@ﬁauﬁga I@ﬂLam:ﬁﬁmﬁuﬁLﬁmiaoﬁ'umsviaaLﬁmL%aqmmw

1% &1 1:&’1‘1/!%@% LLﬂS:ﬁJ%ﬂ']iLWdaq‘lm’]W

A13191 2: SegazwasAINgNIIaILEle GDP zasdszinaluandou

Srsimalaa @ SasazwaidswgnaIatwals GDP maaﬂ‘szwrﬁ Swauilu
2019 2020 2022 Wiy | lanil 2022
u3lu 2.19 2.20 1.76 2.05 144
NN 9.27 7.30 793 8.17 18
dulaiiige 3.91 3.60 3.69 3.73 17
i) 4.45 7.20 3.93 5.19 103
ALaLDE 7.82 9.10 6.96 7.96 31
ARUDux 9.25 3.50 10.14 763 9
faalus 3.91 5.70 35 437 123
Uszind lng 7.90 4.80 6.45 6.38 42
BHIITRH 5.25 3.40 4.82 4.49 86

ﬁlm: 21N The Global Wellness Economy: Country Rankings (2019-2022), 1a8 Global Wellness Institute, 2024
v @ & o v & Aa o Aa | = Aa
Tadunahaziauliiduirdsinanddadiwarngianaiuads GDP g9 anatdudszinani
. ' & o
ANNAINTOIUNNIAIRAUFIAINE9LTZING (external demand) aNnndINIRININNTL Y
& o v dq‘y Qs 1 a e I “ £ 1 a ” 1
mulutzing Gehlddziadinandansuandu “noldannmissesnuinisgunw annnd

msszviaunganssumsuslaavasdszmaululszine

>

a9t nsdsnduunuinvadiassgfianausdanisaiinelddududasiansanaing iy
v \ Al & A ' A o A v a
Imaaswl,mamm*’uaaqﬂmﬂ LWi’]LLﬂﬂLLﬂzSZ%’)’NﬂSZLﬂﬂ‘Yl“UULﬂﬂ@%@nElﬂ’]iiJ‘iIﬂﬂﬂ’]ElsL% LR

Uszinanwsmme ldaninviaainondemd dlvedandannugidivuasmaidulaluszazen
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5) WIIAANIIALATHINILIALIE

wliasugiatauwaazidulaagnemaisl udansiinueveuwanszisnmyiadiasdudszaund
anunanrasliTsunsy dauidng lildaginriayadidesadnadon uddantsfiony
' a o & & a = '

31 “Aanssulamgniuidusiuniireiassgianaus” TIsIHAlasaTdeTwIaTaInAIALAZ

ﬁaa;ﬂl,%ouiﬂmﬂ

PNMIFILATIZRITIUNTIN Lnmemiaaunsaduun laidu 3 JUNBINAN laun (1) uwanng
L RFICERER! aag&?ﬁinﬂ (expenditure-based approach) (2) WINILTINYANTINUAZINTAG
(lifestyle-oriented approach) LLae (3) WWIN1ILTIlaTe a%’wq@]a’mmsu (sectoral classification

approach)

LINLINUaAATERAUAEY “n13lE18098D51na” Taald expenditure 1 proxy 183
' A Y o ) 4 o

YUAANNA LT NTOUVEI IMARC Group G95iaa latdSuuludiuanuauisalunisgenlosny

MTIANANNA LTW GDP atndl3nany winsitfianuiiedsda measurement bias NNNNIAALA

{ 1] A o 1 =) =) =) [}
mammq@a’mmmﬁﬁ@mu 09 mauﬂﬂgmsﬂszmummwmmﬁfﬁammia wazldaru1Tn

szviaufianysudruguniwdlidunalnaaialdatnsnudan (IMARC Group, 2024)

wanifgasiunmIabinsaIrzfauadn “wndnsinuazifitinvesfuilne” laswasi
[ 0 & . . ) . . !
wellness LIW&IWWRUIVDY lifestyle transformation LB NIaLUVAI Euromonitor International ALA%

@ o o o

A I~ T § | A o o . A
ﬂaﬁ']&l']iﬂaﬁﬂ']ﬂq‘].]ﬁﬂﬂﬂ@ﬂEl']\‘]aﬂ‘ﬁ\'i LAV @a’mmﬂumu comparability L4233 MNVBULVYA
a &/ [ = a a o ¥ a a ! o v
"llaﬂﬂ'ﬂﬂii&l“lluaQﬂ'ﬂﬂ']?@]ﬂ']”l&ll:"ﬁﬂWﬂ@]ﬂiiN V]']l%ﬂ']il,ﬂiﬂﬂl,‘ﬂElfl.liz'ﬂ')']\‘]ﬂiztﬂﬂﬂ"lvl,@ﬂ']ﬂ

(Euromonitor International, 2024)

wNIAE IR BN BaLA TR A UE S Tlavsavgamuniay’ lasudsaaniduman
ziauﬁmmsm‘"@gammaLﬂiﬁgﬁfﬂvlﬁazmlﬂm:uu L% NYaUV8Y GWI éﬁofﬂ”@mswgﬁanmuaaaﬂ
w11 &1 LmeafIﬁaua@ﬁqjmmmﬂgum%amawamw uaziRuauaunTnlung
Wisuifisuszwinadszine adnalsfionn d3iidednnaann conceptual overlap 3xwinigasnNIIw
msﬁawvﬁaganﬁﬂgﬁ u,azm'smauaq11Lawwzﬁﬁmsmﬁ'mmsnfi‘waﬁm’m@m@"lﬁ (Global

Wellness Institute, 2023, 2024)

AWLANGIITBILWININIRIWER o ulMAudn nmviawasegiaiaws W lddudosdszidugs

waka wnualde “n1aieniBIunifa” (conceptual choice) NANAABNITAAITNANLATNNI

a

wIsgiia Matigu wmaniuiunslddserai lugnsdsludnommBadSanmigs v
LUINTILATIRTII8198Y B UNINIEABAITDIRANTINUALANNFNAVITZLULATHIAA I

TALIWIINNIN
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o @  a

v v 1 a o d‘y A v dl = U 1
muldtasinaainand swdsahiaanleniauaas GwI asandgudeyansaungunin 200
A v ' A £ o a & A a =
Uszine uazdidayadaiiasned asauagy 11 81971 SananzrunUNILATEALELI LAY
WA TU TSI RANSATWAITULTIT W IR TE AU TzING 219 13AAN NITAANNNANITALATIER
ai”nﬂuﬁaaﬁmsmm’m@;ﬁ'uu%uwL%aiﬂiaa%qmaaLwiazﬂizmﬂ LNARANLALITEININAA T

measurement bias L8z comparability ﬁmamwa@ia%agmﬁaﬂmmﬂ

22  NHHHANNIINITALIWAITUDIT

TA1T3LATIERIZAUNRANA ITTHNITNAIBANNRINITD L UNITUUIT WD LAL AW ATU T2 %
AnoNINY0IUTENA L E NN TR AU DY “YWIAARTIA” WINFDINIITIING “‘OIUSNITUIT 1%

ﬂﬁ]'gu”u” waz “anumwnisaulaluawaa” mm;jﬁ'u

LKIAAVAY Michael E. Porter (1990) aTu187n mwmmsnluﬂm,niw”umaaﬂi:mﬂgﬂﬁmu@
Taoifa9etT9laTI83N9 111 1A98N1INEE qﬂaaﬁmﬂuﬂizmﬂ q@mmﬂimaﬁfm‘%u LRZI AU
N3uai9%V8995319 (Diamond Model) TagtuuNUINVIRIANTINLATANSENTEAULATIFTN

LAy Na b3z ezEN

{ . P2 > Aa 4 Aa [
Tuatuel BCG Matrix TsW@u1lae Henderson (1970) L@mgﬂaaﬂLLUULﬁammmﬁ:ﬂm:@m
7319 LAN1IAN®IVEY George S. Day (1981) "L@Tmmsms’lfﬁl,ﬂ%aaﬁaﬁ"lﬂgjim“uq@]m'ﬁmimmx
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L ATITHLTINRNNA w”uluﬁmmﬁmmxﬂmoai’waq@lm%miu nyUss uanyAIWNIIEIaan
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LAZNILATIZAANEINNIOLUNIUTITUDBINALATEND LSz AUl ind deinqil BCG Matrix
d o a f Qs U % Qs dQ/ Q aaAa U 1 1 1
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1widpiudenld BCG Matrix iJutasasilanan itasnnmuninguanzidayadolianaldidu
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lufifvestasnnaidilaseas1s uulIfa path dependence ¥a4 W. Brian Arthur (1989) W@z
Douglass North (1990) Tl#iindn lassashaiassgialusdasuisnmunasavivavesmaianl
mynawluTaaiu sanalduedzneandydadnalunsdiven wihsddnonwlunmadulaluy
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32U (Global Wellness Institute, 2023; NESDC, 2023)
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3. suiiaul579y
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niauuwIAaluunaNuENaRIIINMIYIAIINITzRIlaTIaaTEgAIaIUE (wellness
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NINT 2: NIDUUWIAAANIATNNITULIT WY DILATHINAIIALE

BCG Matrix ANURIAUIIN
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3.2 Lméaifagauawanmmmsﬁn‘m

1) Madnwitlddayanfoniiann Global Weliness Institute lasd1983n1370

a g ! a A &
Lﬂiiﬂgﬂﬁ]L’)ﬂLuﬁl%ﬂﬂHm: “Haﬂ']“(l’]uﬂiiﬂﬂﬂﬁ]'ﬁ')&l” (total wellness economy) ‘ﬁdﬂiﬂ‘ﬂﬂq&l'ﬂd

qﬂaaﬁn’mluﬂszlmﬂl,l,a:qﬂa\ﬁﬁﬁrm@mﬂs:mﬂ

2) unaNuilE BCG Matrix utaiasfiananlunisiianzdanylisugaids

las9aid (structural imbalance) LRZNAIAVBINITIUREUHY (structural transition) ?Jadmiis@ﬁ’ﬂ
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Fanlauny lagawizluwuSuntadlszimeaninasnaimw
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Ussifiudnaninmsuasiuszninadssmaluandon uas (2) eeusan welssfiudnaninues
11 s lwasegfiwaaius lasdadudssinalnodunsdidne nsliansdszauansnd
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T7anan 2 96 laun “FIuulInanatBIgFNUNNT (relative market share)’ TIaEHBURDIUENT
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WUITH WAz “8a31N15tAulavaInana (market growth rate)’ Tamzviaulanialunisuaisauly
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isugianawalugsnanine laglranadovesandouduinmaionsds (benchmark) luns
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Unauile BCG Matrix lugnue heuristic framework 1% 300133131z 91U58utisy

(comparative positioning) 4711N91N138 LN Umwﬁuw‘“uﬂ%amquawa (causal inference) lag
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in3asflafiidasnalumysziaudaseidolaseasny (i wlavne sansn uazlasogionugin) 0
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ﬁm’mLmﬂmdL%OIMGai’mizws’mﬂizlmﬂgd (cross-country heterogeneity) Gmmamvlﬂq*uamﬂ@

Tun1sfanuiBean 1#9)

WoaaTasnanINeE"? mu%”ﬂf:?iag5mﬁmimﬁmﬁzﬁlﬁw%m] (contextual analysis) AIUENL
BCG Matrix Lﬁiaa%msma"l,ﬂL%aimoa%aﬁ'agjLﬁﬂd%é’d@‘hmei,waal,wiaxﬂi:mﬂ TaganIZuNLIN
maaqﬂmﬁmﬂlmm:mwaﬂ (domestic LLaz external demand) ﬂ’ﬁﬁdwné‘mﬂwmiwuwunﬁw
(path dependence) wazNIzUINNNTENTZAULTIIATI8319 (structural upgrading) @sldan3n
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4. NAaNMIANBN

41 Myl AndnanINNIsHasIRIzHIvl sz nalwandaw

midangulu BCG Matrix thadsziludnanwlunisutstuszniradsainaluendon uidohls
Arduutsnaalasfiwimanyadnaisgianaiualuaiim 2 usaadudn Market Share
relative to ASEAN lua13197 4 9NUudIRIUIIMIeN Market Share Relative to World @91/31ng)

Tuansan 3

@131971 3: ZoyadusLaI19 BCG Matrix dwsuiassgnaiamaaslszinalwandon

Market Share Relative to
Annual Growth Rate (%) Market Share Relative to ASEAN
World

2017-2019 | 2019-2020 | 2021-2022 2019 2020 2022 2019 2020 2022
Brunei 50.000 -16.667 7.407 0.161 0.155 0.151 0.006 0.006 0.005
Cambodia 32.105 -35.060 46.753 1.350 1.013 1.179 0.051 0.037 0.040
Indonesia 25.415 -0.960 8.089 23.535 26.937 25.370 0.888 0.971 0.867
Laos 18.571 -25.301 3.448 0.446 0.385 0.313 0.017 0.014 0.011
Malaysia 21.574 -20.721 24.061 15.362 14.074 14.818 0.579 0.507 0.506
Philippines 19.418 -0.803 7.025 18.749 21.494 21.375 0.707 0.775 0.730
Singapore 14.341 -14.102 13.472 7.931 7.873 8.523 0.299 0.284 0.291
Thailand 28.623 -31.564 23.351 23.099 18.269 18.047 0.871 0.659 0.617
Vietnam 20.972 -9.472 16.875 9.367 9.799 10.223 0.353 0.353 0.349
ASEAN 23.084 -13.469 14.255 100.000 100.000 100.000 3.771 3.605 3.416
World 0.066 -0.095 0.121 100.000 | 100.000 100.000
Relative Market Share of Asean to World (a/b) 0.419 0.401 0.380
ASEAN Market Size--US$ billions (a) 186 161 192
World Market Size--US$ billions (b) 4,932 4,464 5,612

‘ﬁm: 21N The Global Wellness Economy: Country Rankings (2019-2022), 1ae Global Wellness Institute, 2024

o ~ < o A P @ A o
LRBULWIBDWIUATNA 3 uraIDIaaTINIsaulavaddssinaluangon laslddaduansinig
L@‘hﬂ@maaﬂﬁjuﬂszmﬂmLs‘fmmﬂummsm“l,uﬂ’]sl,l,ijasm”u leun Savaz 23.084, -13.469 uaz 14.255
#1150t 2019, 2020 LAy 2022 ANNAIAL ﬂizmﬂﬁﬁé"@ﬁmnaﬂmehﬂ’hmmﬁm:agj@hmh

LRI WD °um:ﬁﬂi:mﬂﬁﬁé’@mmilﬁﬂmgaﬂdﬂmmﬁm:ayjmﬁmﬁuumuau

FIULFUUUIAI BN TWUFAIDIANFIBLLIANIAFNNNT (relative market share) T9lun13An=1H
fwinlassedinuaaalan iNeaziausauznsuistluuSunana lasinuadiadaves

ﬂéjuﬂizmﬁawfmu (A mungIRaaIalan) Lﬂuﬁ;@@?’m (cut-off point) lnTuLiaszAURIBULG
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ARIAgY LAZET ITNITAINANITIFZN DAV LANAIILTILUT UL A UAN ylugﬁmﬂvl,@i”aaiwﬁ

HHFIAT LAZANAAFIINAIINUANGIVDITWINANIAITNIIUIZINA

meldinusiasnan msﬁ]‘“@ﬂﬁjulu BCG Matrix saunvnsuwndszinaaaniie 4 ngw ldun star
(§INULINA1AFI Lﬁuimqa), Cash Cow (§31ULIARIAFY L@UI@I@%’]), Question Mark (§2%41i9
ARIAGN Lauimga) ILlaz Dog (z«hmu_immm"i”n Lauim@‘h) Fat10 W330S “Fns
nTuaTH uaz “waiazasnisiula” ldedraduszuy nawil 3 URAIFDIUATNYBILATHYND

namalslzinaaBauaunsay BCG Matrix

mwﬁ 3: BCG Growth Share Matrix Model

Relative Market Share

131: Professional Academy. (n.d.). Marketing theories: Boston Consulting Group matrix.

https://www.professionalacademy.com/blogs/marketing-theories-boston-consulting-group-matrix/

a 6 o [] %] -
4.2 Naﬂ'l‘a")Lﬂi'lz‘ﬁﬁﬂEIﬂ’]Wﬂ’]iLL‘II\‘i‘].I%‘IIa\‘iﬂiﬂ,ﬂﬁﬁl%‘iﬂL‘%El%(;hﬂ BCG Matrix

HANIIALATRAIBNTOU BCG Matrix waadlilAUTIA0UANEAITBIANINTWNITUTITUY B9
tsegiaaualuandouaddnpdrany neluddaod “@n1uensuadsTun” waz “@nunIWNIg
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1) MWANRANFARNEAMNWIT R szindlna o

I%ﬂ 2022 ‘]J‘RLYWIFL%@WL%U%ﬁ’m?iﬂﬁ’m%ﬂaaﬂl“]‘j% 4 nﬁjwmwmau BCG Matrix VL@TLLﬁ

4 ad
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2) d@naaIwnIsHLeInlnilnawn1sszuInaslalin-19 (2019)

MIIATITARGY BCG Matrix (MW 4) ugadlitfuin dansnwmsudsiuvasdsainaluangaud
ANNLANAINI LB lassannaznalnvainsidula lasdauinga (2019) Inauazdulaiide
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A1 A
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ASEAN Economic Wellness 2019 ASEAN Wellness Economy 2020 ASEAN Wellness Economy 2022
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STARS ree Brunei « STARS 22? STARS ???  cambodia *
. + Philippine
5
Indonesia
Thailand
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* Lao
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COWS DOGS cows s :a COws DOGS
Market Share Relative to World Market Share Relative to World Market Share Relative to World

fian: :neefi 3
3) wadauasn1LlaawiIw (2019-2022)

WaRsanmaasuudaszasdruniislu BCG Matrix wud 3ngalada-19 lud 2020 1iuqa

Wisusagvaslassinuditiaassgianaualuabou

luszaulan issghanauanaaliosss 9.49 ludndnisszuiavailaia-19 vmeNonduunac
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W (transition phase) 2 IANNRINTITO LUNTUUITY mmagimw:a:auﬂﬂﬂmw (capability

building) uaziilamawamlugngs Star ld minamanIninsnadulaatedaiiio
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43 WANIPILATIZTHRANLAINNTUAITWI DI INaa28 BCG Matrix

1) NAIAVDIANYNINNITUBITWUAENITN AV D Ine

a [N A a ) ' a A o 1 a '
nnmyenefiadisufisuluandon wud lunnzdnddssnalnaddnsnwnsutsduag
luszaugs visludusmeaamauszdannudula adslsiann lasahaassgianausuedlng

o a a @ = & Y o @ A & vo
UU?JQ'J']NLIIT']ZU’NLﬁdiﬂi\"]ﬁi’]\‘i GITGa']‘ﬂl;ﬂu"llaﬁnﬂ(ﬂ@]ﬂﬂ']qwU\‘]Eluﬂ]aﬁﬂ')’]uLﬂuau’]luiZUZEnq

luga9ingalada-19 § 2020 tessghaniaiuavesinanadisuusiiisiosas -31.56 s?j{al,ﬂmm”uga
usuavuaadlwandon FOINNNUNT (F08HE -35.06) (@17197 2) mm@;ﬁﬂﬂ”tymmﬂmiﬁoww
wellness tourism WazUSNIRLNTZAUMIMITIAN ASUHANIzNUla8 399NN T T ANTI LAKLES
N1AIN1IAILANLIA mm:ﬁqﬂmﬁmaluﬂszmﬂﬂ'ﬂﬁu,ﬁaLms'uﬁ‘mwalumiwqaﬁaﬂisuma
\AI13Na (OECD, 2021) XY@ uan4Mzad external demand dependence Gﬁaﬁﬂﬁmiwgﬁaﬁ

ANudanlnIdanNNRBEIKAIINANEUEN (Rodrik, 2011)

muonasingalada-1o lud 2022 iesegfanauasasinefudredridaiau lasyadiaaiaiiu
o @ 6 a < o @ 6 a A A X
71N 28.0 wumu@aamsamgluﬂ 2021 1w 34.6 wumu@aamsamgluﬂ 2022 BIDLNNDW

Uszanmsouas 23.6 LNINEIEINI192AU 43.0 Wusuaaaa1saniglull 2019 Aautianisuws
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a . g o o ' a £ |
321192891A70-19 (Global Wellness Institute [GWI], 2024) n13Hudasnaufiaduaiugnunis
Y ' A a Y ' .
naunvaIMIrasnsdiganwaonainadadszing lasyadl Wellness Tourism vadlny
WANAIN 2.0 Wauaaaasanigiud 2021 u 7.78 Wusuaeaansansglul 2022 vunIng
Tuiafaunlouiy Medical Hub Az Wellness Hub 18911075 WATNITUEIINITAINUYBY
mﬂmmuluu?mmmmwLLa:'g‘sﬁanama (Department of Health Service Support, 2022; GWI,

2024).

Q 1} =) { U s &
TagnIwIa ﬂszmﬂvlmLflumamwaaLﬂmgmﬁvlmuNamwugmmmnmswawmﬁ
v lutiinge wdlwamzdvinuisziouisanuaasnlunisfuds (resilience) 31134
LL%G@T’]%Qmrl’]‘wU%ﬂ’]iLLﬂ:ﬂ’]iHSﬂmﬂ’]iiz‘ﬁ’j’ldﬂ’]ﬂijmﬂﬁWﬁUﬂ’]iﬁﬂdLﬁEl’J a9 l3Aa1N ¥wan
(% (% 1 > o = 2 .& 6
ARINITUNIZAUANNRINITD MNITUAIT U I UIZBZ ‘]JS::LYWIVLY]ﬂﬁ]ﬁLﬂu@lﬂdﬁ@ﬂ’]inW’]Qﬂﬁdﬂ
Nnedzng uazsignInszanslasiaiiaIegia (structural diversification) H1UN13TE183 U

pUmdmulunszmaasnuluwianssudunams iassvanudiduseszuuiassgia

2) nsdsziandnaanlunisudsdutassgnaawavas inaluiilanse

@121

Tumsdssifiuansnmwnisudstusesassgianauavasdsandalnsluszaumossn nuiapild

ToyalutHanIUNIiNTIRUI0V03lATA-19 (A.A. 2020) UAZHAINTIZLA (A.7. 2022) lABNA
a 6 v & 1 o A « o e A a = v 1
mMyaNzALgadliiinit s maniiduarruinfewasegianaiuwaradned 3 a1 laud
. . ” . 4

Wellness Tourism, Healthy Eating, Nutrition, & Weight Loss It8 ¢ Personal Care & Beauty 04
PUNUTTIRULIAANAFINITaEaT 67.01 Uaz 68.15 1ull 2020 Uaz 2022 MUAGL VAFIUIN

ldsumanznuannigaanmsszuiaaslaia-19o ldun Wellness Tourism uaz Spas (Nl 5)
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4‘ = =~ 1 a 1 53 a
NN 5: ntd3aumn guaanan LAIEIND namamaav[‘n zmauu,azviaamsizmmmaafﬂm-19

Wellness Economy Sectors (Thailand),2022

Workplace Wellness ® 0.11

Wellness Tourism

Wellness Resl Estate mmmm 047

TaC Medicine 332
Thermal/Mineral Springs 0.02
Spss A E— 54

Public Health, ete = ——————  2.52

Physical

Perscnal Care & Beauty 6.88

Me ellness wmmm 057

Healthy Eating,etc

‘ﬁm: Global Wellness Institute, The Global Wellness Economy: Thailand, February 2024.”

3) BANLNAFINITILATIERANIAINNITUBITHYDIUARZEIN

lunsTianesidnsninnsudstuzasudazans 9wl lasuuniassgiaamaaantdu 11

&7 LLazﬂs:qﬂ@]‘Wﬂiau BCG Matrix @28983891n GWI (@131491 4) LWBIANFUANIATNANT

wistuaanidu 4 y2au ldun Star, Cash Cow, Question Mark 1as Dog lasldaasnnisiivla

mawaummmnamﬂan TEIEIE\LV 12.1) Lﬂummmmaaa‘lummm&@u

® Star fia RIINUA 'muﬂmamgdndﬁmLaﬁ'waﬂan uaziaaIn1aaule

gInINANade (2 12.1%) azﬁauﬁ'ﬂUmwmnm\im”ulm:@”ugaLLazmi

=) 1 1 dl
WGulaatindatitag

Cash Cow Q@ mmﬁﬁmmmmm@qd wadaansauladinindasy

sxviouunumnidugiunelaniuasoasugia

Question Mark 78 R1INNAFIBULINAIAGN LAla ﬁmnﬁaﬂmgo FANOY

1 @ A

anonwlunusngarluawaa uassianyluninan
A Aa &, ' o a ° a
Dog A8 12 MiNIsgInLLIaaIanazaas nsauladi lasluuSunues

v
a v a4 a

LﬂiHﬁﬂ'ﬂL?ﬂLuﬁ NwIphaanuIndn “mmm@‘lmj” (nascent sectors)

v A o

%58&’1“11’17]8 Qflu*’zhusmmaamswwm TILINANINIWUHILRZHDINT

NNIFTL ﬁkL%L"TT\‘] ‘HIEJ‘]J’] ]

ﬂ']i’il,ﬂﬂzﬁl,%aﬂsza”ﬂﬁ@ﬂ‘lfﬁagaﬂ 2022 wazaamaaulamaslugied 2020-2022 uaadln

AN 6 Laza3197 4 laalalAy “Uu1aaana” (market size) Lﬂum"'al,mim%wlugﬂuuu bubble

size WaszviawhminmMasegivedssszn laglifsunsauunwifienanaas BCG Matrix
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a19197 4: lassasoiasegnaiaiwavaslsznalnauaznanisiaszddnaninluns

1 Q
WAIYW
Annual Growth Rate Market Share
Market Size '\gﬁ:::t BCG
Wellness Economy Global Relative to
Sectors (Thailand) - Rank | Thailand World | Thailand | World | the world | Quadrant
(USS$ billions)
2021-2022
% 2022
Healthy Eating, Nutrition,
K 8.92 #22
& Weight Loss 22 6.7 25.8 19.23 13 Cash Cow
Mental Wellness 0.57 #30 148 125 16 3.22 05 Question Mark
Personal Care & Beauty 6.88 #30 04 85 199 19.40 10 Cash Cow
Physical Activity 3.05 #34 11 143 8.8 17.40 05 Dog
Public Health, Prevention,
& Personalized Medicine 2.52 #4 75 6.6 73 10.89 0.7 Dog
Spas 154 #16 209 223 45 1.86 2.4 Star
Thermal/Mineral Springs 0.02 #63 182 77 01 0.83 01 Question Mark
Traditional &
Complementary 3.32 #18 6.5 74 9.6 9.24 1.0 Cash Cow
Wellness Real Estate 0.47 #33 10.1 205 14 7.0 0.2 Question Mark
Wellness Tourism 7.78 #15 357 36.2 225 11.60 19 Star
Workplace Wellness 0.11 #44 3.9 28 03 0.90 0.4 Dog
(Wrﬁgﬂgsrf dﬁconomy 34.60 424
8.5 100.0 100.00 1.0
Wellness Economy
(World) 5,611.60 121
7131: Global Wellness Institute, The Global Wellness Economy: Thailand, February 2024.
A = ~ 1 a =
i 6: ma3auifisugaaidssghaawaas inasaazlull 2022
Wellness Economy Sectors (Thailand)2022
STAR ?

-

Wellness Tourism

T & C Medicine

Annual Growth Rate

cow

= a
NU INAIININ 4

Healthy Eating,et

Personal Carei& Beauty

Mental Wellness

9

Physical Activity

¢ Th/Mineral Springs

Public Heann, P HEalEsths

Workplace

Market Share Relative to World

DOG
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4) HANIIANYNANYNINNITUAITHIND I

Star (§amuLInaa 2 1.0 uaztdule 2 12.1%)

9audsva9Uszinalnyagfl Wellness Tourism WAz Spas S48 I1BULIAAIAFILAZEAIINT
dulalaaidu azviouunuinvesdsnnainelugiuzgihszaulandiunmvaanediguninua:

a U dqz A v o 1 = v s 6
yIn1Iwln ﬂ'W.I’WLﬂﬂ'THVL&JLWﬂdﬂi’]di']ﬁlvl,@ﬂ%it@]ﬂiﬁd LL@ 0&lﬂﬂﬂﬁﬂluﬂﬁiﬂiﬁdﬂﬁwﬂﬂEELLlI‘SZ:L‘(lﬂ

luguzgudnaguniweesniinie
Cash Cow (§2uU1isaa1a = 1.0 uaziaulen < 12.1%)

Healthy Eating, Nutrition & Weight Loss, Personal Care & Beauty L & ¢ Traditional &
Complementary Medicine atjlungu Cash Cow lasfignuasiazuialnguazainessldadig
datied udaanmadulaszdinindiaislan anuimedmagfenisinsanusiuinlung

WS TUHIUWIANITULRZNITUNTTAVNIATTIUEUAAZLINT

Question Mark (§2%UUIAA1A < 1.0 LaztaUla = 12.1%)

a o

Mental Wellness W8z Thermal/Mineral Springs Lﬂum“u’]ﬁuﬂﬂEm’lwslumilﬁui@lgd WNUFIBLL

v o, @ A o o @ % (% a {

ARINLIITING I@ULQW”@ Mental Wellness Gﬁdﬁﬂ@ﬂﬂﬂ\']ﬂllLLu']IuNﬂqf]&l(ﬂaﬁﬂf]i@]quﬁimﬂ’]WQWﬁ
=3

QI &/ > =Y 1 ¥, = > (= 1 U
LNNAURAILATA-19 fwmmmﬁmﬁﬂﬂumwlumiwwmLﬂuﬂqu Star lwawiaa wInlaIun1y

suuayuduuloINBUAZNIRIN UL IRINZEY
Dog (811LUAa1a < 1.0 waztaula < 12.1%)

Physical Activity, Public Health, Prevention & Personalized Medicine, Wellness Real Estate LLa ¢
Workplace Wellness atjlunga Dog lasdnasiuutsaaauazdammaduladina adrslianw

I= =

INWITLHNBIIRIVIRABLT “@atatialrd” uinndnsiduanvn lddanann lagianis

Public Health, Prevention & Personalized Medicine ﬁLN%fy“namﬂ(ﬂL%diﬂﬁﬁ%”m‘ﬁm pyszng

leun

6 v A % v 4 V) {

° @’ﬁ%qﬂmﬂ: gﬂLmunﬁ%umﬁqmmwmaa"lﬂﬂma:mum%uﬂﬁgwaa
UINITnINEIuNaLlatianisiauilaeg mm:ﬁu?msﬁua%mgmmwua:
TasnulsadsfunuininnaidatisunuuSn1ssnsn (World Health
Organization et al., 2021; Tangcharoensathien, 2024).

v v A s = % a 1

o A nlaTIaTIIITUY: WINIudszunanasgidunan wasn1slaEIniiy

PadN1ALaNTHEIINNA (Office of the National Economic and Social

Development Council, 2023)
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v A v o [

Augudutayauazinaluladdugs dslsznalnodaiidadnia (World

Bank, 2022)
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WAIWILA? (UNESCO, 2021)
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TuszauunniaauTn T duiaIas 0o lunIIFILAIIER “AIURIINITUIITH LA “WAIAVDINT
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6. VDLAKALWLLBINS Egﬂﬁﬁ']‘ﬁiﬂﬂ‘ézlﬂﬁ‘lﬂﬂ

anurimedagvasdsunalnolunisvauwiassgfanauagnindugudnaisvesendou

lildagnnisinmadanmudulaivsadnade udfensanzaulasiaiaaisghia (structural
. A £ 6 1 9 < A ¥ Aa

transformation) tNaaaMINIWIgdasANdIIzinauazasisnnudsbuluszazeny aalduiun

GT o & A A v 1 . Aa

% Uszindalnoarsimuagnsmaasifegniianiagnisidu regional weliness leader ifin1a

gofin lasasaugaszndns ‘madule” uaz “annudangusasszuuiaingia’ augiunis

pnszaulassaaluszazeny uwamadulounendayaislsznaueis

6.1 n3zglaseas1oLAsBgNIANIW Question Marks

ludunsnzaslansaaisgia dezsndalnoainsswamanzlungu Question Marks 17w
Mental Wellness, Wellness Real Estate L8z Thermal/Mineral Springs Lﬁimﬁlmﬂ’s’m%mﬂ%mﬂ
madgmmﬂauimLLazLa%wmmauqamaﬂmaa%ﬁammgﬁa muﬁﬁ'ummmz@”uﬁ'ﬂﬂmwmaa
Wellness Tourism waz&11 N13@1LAWNNIAINS1I93TIUAAAITINLELIAN external demand

dependence WaziWaaNudanEuaITTULIATHFNAlUTZHZHT

6.2 inyaALarwiInnIsalugruwsglanansin Cash Cows

mmlumju Cash Cows L1 mmiqmmw ﬁ&ql%vLW‘i BRZAINNNIN ﬂ’livLﬁ/%"Uﬂ’]iilﬂiZ@yﬁJN’]%ﬂ’ﬁ

o

AIUUAZAN@U (R&D) MIBNIZALAAIZIN UazwianIsunianmst iinailfouan “grunglan
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a [ 1 o
6.3 NIFFEINANNUYILNINVDIANYTIU (Reinforcing Stars)

wilszinalnefinaldidioulu Wellness Tourism uaz Spas udn1sudstuluniiniaiiainy
udwannds Tasdseinaiianinussonszaudnaninansaaiios aein Tnoarsenseeay
N1ATFIUUINIIFITAUAINARNIUNIIRA U Digital Health, Integrative Medicine uazn13adnulu
WIANTTUURTYARINTLANIEN [N a8AAINULEHIIN path dependence LAZLASN TN

ATTURN &l']iﬂl%ﬂ']iLL‘ljd"llyuL%G ﬂ mmwlm: AN

6.4 Lﬁ%&lﬁ%’]dqﬂm@{n’]ﬂ% (Domestic Demand Strengthening)

ulvunonizdunisviesineizasmaizivnuinddgylunndnglssdluszozau adslafionw
A a < oA s (2 v & ' a
Wassuanusiuluszuzeny dinalnoarswamglssdnsluldaseuaquanniu laosduads

natdulavesznvnduliangfiaaaiua lasianizngu Cash Cow, Question Mark Waz Dog

\Wal# domestic demand Yhushfudu “duzumelw’ uaziivanudantusedszuuiassgia

6.5 NITNRIH ecosystem W& value chain LLUUYIHWINTT (Ecosystem Integration)

o A o o

miw”@umLmﬂgﬁﬁmmuamaﬂﬂmml ﬂwmzﬂizmﬂmLLazﬂnﬂmiysmﬂmﬂm:d’m:uu AIThTh
ﬂaiw‘“@umlugﬂuuu ecosystem-based development lagiGanlusn1anisunng n1sviadtnen
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a aQ L Q€
UszdnTawaesszuulassin (GREGHI Aavznn149d, 2568)
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Dog sannwanidusmnddnunmluemaa aztialiszinalngldisssnsanudugin
~ \ @ ! = & A Aa < oA )
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Abstract

This study aims to analyze the financial and economic costs and benefits of Continuous Flooding (CF) and
Alternative Wetting and Drying (AWD) rice cultivation methods in the central region of Thailand. The data were
collected from both existing documents of the relevant agencies and directly from rice farmers. The collected
data were then analyzed using Cost-Benefit Analysis (CBA). The objectives of this study are to compare the
financial and economic feasibility between different rice cultivation systems. The study also aims to provide
supporting information for policy formulation and guidelines to promote sustainable rice production in the future
under climate change conditions, and greenhouse gas mitigation. The findings show that, both Continuous
Flooding (CF) and Alternative Wetting and Drying (AWD) rice cultivation in all areas of the central region are
financially viable. In terms of economic viability, AWD is viable, whereas CF is economically unviable in several
study areas. Therefore, AWD should be promoted in suitable locations because it reduces water use and
greenhouse gas (GHG) emissions. Policies should also support the transition toward smart farming to reduce
government expenditure while improving farmers' income. In addition, promoting farmers' awareness and
understanding of carbon credit mechanisms could provide incentives to reduce production costs, generate

additional income, and enhance the sustainability of rice production.

Keywords: Continuous Flooding Rice, Alternative Wetting and Drying Rice, Financial and Economic Cost-

Benefit Analysis, Greenhouse Gas Mitigation, Climate Change

" Master's degree student, Master of Economics (Business Economics), Graduate School of Development Economics. National
Institute of Development Administration, 148 Serithai Road, Khlong Chan Subdistrict, Bang Kapi District, Bangkok 10240
Email: 6620312002@stu.nida.ac.th (Corresponding)

™ Associate Professor, Graduate School of Development Economics, National Institute of Development Administration, 148 Serithai

Road, Khlong Chan Subdistrict, Bang Kapi District, Bangkok 10240 Email: adis.israngkura@gmail.com



file:///D:/Onedrive/_ศูนย์ฯ/2569/วารสาร%2020_2/Paper%2020_2/Full%20Issue/6620312002@stu.nida.ac.th
file:///D:/Onedrive/_ศูนย์ฯ/2569/วารสาร%2020_2/Paper%2020_2/Full%20Issue/adis.israngkura@gmail.com

Page |97 Development Economic Review

1. UNM

Traduizsiasegiauazaimisnannidainudagydelssinalnsuiagisoriwin niluan

LAIR3NA FIAN UAZANNNUAININIEINS Ussind InstapdadwlailSoudadIouioulunis

HEAT129INANNGANFNYTAVBINTNEINITTTNDIG T2uuTaLszMY Pilama uazaddanug
A oA : % = = @ ¥ o @

vadnsaININFIFudaiites danalidszinalnodunisludszinagsseandidrdysaslanan
\ = A a o o o

lagaaaa agilsiony madasuudasmaassgiauazdsaaludegiiu sawaldnianisinsas

a At ¥ a 4 &/ v o Rt
WS ALY ARNUMINEANFITH TIATIHBHI LIZUTINUMANYATANNI YTAZLADINUNNT
WasnulasanwgiemagiginanenudaszuunInaadadndeLiad (fEnNwaTEge

NINBAT [RAN.], 2024)

Tugrara1oDNuuu Ussidun1sdaasieoSaunszan (Greenhouse Gas: GHG) NANALNEAT
oo & A = A ' \ Ao w
lasuanuaunlanindu Wasanmananeandunialuundidaas GHG Néan lasanizns
o ) . . A v a o '
Uandauuuwsidi (Continuous Flooding: CF) Serialiifiafofitnu annszuiunistonaans
ssdunignoldannzlisandauluduwmdn ssdnsomisuazinsasuissnlszmmdszyin
mandataduunasiufiamadimuiagvasmansainssulan wssidulaudsanluniae

n13Usa8y GHG vadnanalszing (Food and Agriculture Organization [FAO], 2023)

Usznalnefslianuidyiunsvawuwnenissiatnidudasdefiuasouuazaansn
san1sdsas GHG l¢ nitsluuninieildsun1ssaasuie nmIdandnnuuidenaauuiy
(Alternative Wetting and Drying: AWD) %anannii masguazasrnIznisdsznadi ldaiuayu
nsdufunlazsnsaanistaes GHG lumansinsasadnsdaiios 1w lassnssilng (Thai

' ' a

. . kg ¥ = v
Rice Project) LLa:Imammuuﬁgumumsa@ GHG 1%ﬂ7ﬂLﬂH(§]3 %GNG&GL@?NIV\LﬂH@]?ﬂ?

9
]

Qs ai ada a 1 a A A a a J oq; (% a n' £
ﬂiuLﬂaﬂmﬁmwamvl,ﬂgiwummamﬂuﬂim'ﬂﬁmwmmu mlummmwgﬂfﬂLLamaLLmaau

(Mitigation Action Facility, 2025)

wananinsUsziinanuduamsasugmaasrsinsaadiadsdilsisnisaiuayuain
mesziiedesiumnietns SelzUuuuuszdfiummmeningy uszsnuluniied
LANAINY msﬁnmﬁ?ﬁmmauua:ﬂs:mmmnﬁqumﬁmmaa%’gmamﬂ%ummu@m 9 UAz
Uivlwagluniisinaigiudsinu fe uindadu Lﬁalﬁmmma:ﬁaugammsaﬁuagmm
sguauaziianltlszneumalieneddunuuaznadszlosinaniaduuazmaassgenaasle

' A 1 A a a o o =S n:?l/
agnaduszuy "IT\‘]Lﬂ%ﬁ’l%LWMﬂ’]d’)“ﬁ’m’]‘iﬂﬂ’]ﬂﬁyﬁl FINIIANTIU

LL;(wamianﬂ*’iTnLLuu AWD 22 l@3Un38auTuINgINNIInTIgann1Ilaay GHG wazaanslainle

wiludrwassgaaaidilddannifssnsinuanuduallun1aInu KanaULNY LAZAY



Page |98 Development Economic Review

' ° ' ¥ A ¥ 4 & = ' A
wanzaudani i il ludaziun laamwizluNunnianaisvesdssnalng Saduunainte
Tidguazetlwvaralsznu mifnmdiansddunuusziadszlozil (Cost-Benefit Analysis:

o oA

& A &2 a o A ) A o
CBA) ‘le‘l'ﬂ"lx‘iﬂ'??N%LLﬂZLﬂi‘lﬂjﬂ’]ﬁ@li ﬁ]\‘]&lﬂ']'luﬁ’]ﬂiyL‘Wﬂﬂizl,&lu')’m’]il]i‘ﬂLﬂﬂﬂ%ﬁnﬂﬂ’]iﬂgﬂ"ﬂ’n

CF "Lﬂgjh:uu AWD 2378 NNUTZENTAINNTHAS a@ﬁunu LACRININAAAULNUNLANITFULA

LNHAINT AR D b

o & = AR Ao ¢ A a & a & o
a9t MIANEIRIITIanUaidlNedlaTzy CBA NIMIITHLALLATHIAMasIaINTUaNT1
WUU CF Wazuuy AWD luwuwnnianatszadstlssinaing s'mﬁ'qLiﬁsmLﬁﬂummﬁumlumsﬂgﬂ
v nﬂ' 1 a a U d' o/' A v dl a

917 LwaLi’]uLmemLmummamm'mmml,msfl,mam';zmsl,ﬂaﬂuLLﬂawaonmmﬂiaﬂ LAY

ﬂ’]iﬁJiiQLﬁﬂ‘ﬁ&nUﬂﬂia@ﬁvﬁgﬁﬁﬂuﬂizﬁmmﬂdﬂitLYI?IVLY] ]
YO ULVAVDINIIANE

msﬁﬂmﬁgamﬁmﬁzﬁ CBA maomsﬂg}ﬂﬁnuuu CF LLazmsﬂQﬂﬁanu AWD N19N1T63%
LazLATHgAaasiwiunnanavadlindlng lastwuevauwansdnw asi

1) ﬁﬂmﬁunummﬁ@i’nmaamsﬂgmmu CF uazhuy AWD luNunaIanans
a3dszine ng maumguﬁunmﬁﬁmmmu ’S'a@gmimwm atinralseniu wazdtFalanigann

q, [ dq( A v [ 4 . ¥ Al =

NMIUTLIZAUNUNWIAI8TZUULALTES (Laser Land Leveling: LLL) magawlﬂummnmnmm
N (1) MANANY 14 IRIA fll,wwzﬂgn W.61. 2557 (2) NANANY 6 NI ﬂLW'}:ﬂJQﬂ W.¢l. 2560-

@ [ [ A [ [ =1 ] & 2
2561 LAz (3) TOYATIHIINIA Ao 9niadnusidh uazdanas ﬂlfmzﬂgn W.@. 2558 119 ba
é’wmmﬁnwmm@ﬂgﬂiﬁmuu CF wazhiyu AWD ﬁﬁ‘lﬁf@]ﬂﬂﬂﬁ’]ﬁ%ﬂ&ﬂﬂqﬁﬂ’] fIL‘ww:ﬂgﬂ WA
2568 I1UIW 11 A I@ﬂiagaﬁunuﬂgﬂiﬂﬁnﬁuﬂ%'ué’@mLﬁmﬂaﬁ'ﬂﬂ mwfll,wwzﬂgﬂi’mwia:
,&’ dl = >
Wuounulgnu w.a. 2563

= & o & 4 o '

2) ﬂm:mwaﬂsﬂwmmmsﬂQﬂmaluwu‘nmﬂﬂmu 1NINAINITINRUN Y
glfanaanl w.a. 2555-2567 L’fmaﬁfuaguﬁnms’uau@‘h LATNNIRANNTLIAWNTZAN

3) 3‘Lﬂ3’1:ﬁﬂmmjfmhmmmwaamiﬂgﬂif’nLLm_l CF uaz AWD laglded1 CBA
094’ ada a 6 dll = = 1 2 6
MIUITNIMATULATNILATEFAEAS el B U ABLANNUANAIVBIA UYL nalszlamiinas
mﬁmj”um‘l,umiamumaomiﬂﬁﬂ‘*ﬁnﬁaaaagﬂl,l,uu

4) ﬁm:nLLazﬂi:mmmnﬁqugumnm@%’gﬁl,ﬁmﬁaaﬁ'umiﬂgn‘fnmn
NUILITUAN 9 w‘i‘al**ﬁ"ﬂs:naumﬁmﬁzﬁéfunmm:Naﬂ‘sﬂmﬁmamsﬁuuazmaLﬂmgmam‘§

maam‘sﬂgﬂ"ﬁnuuu CF wag AWD



Page |99 Development Economic Review

A13191 1: a1 ntNan 1 Bavaauantmawizlan

R U Imswzilan aanBwienalu
NTNNAUINAK' 14 JIRIA* 2557 1.89
ASUNTI122 ﬂnuﬁﬁﬁua:éwaﬂaa 2558 -0.90
. _ L. 2560 0.66
funwaIEIimaneas® 6 FINIQ*

2561 1.07
swiasureLsznalng Yyunsdszine 2563 -0.85
guﬁﬁﬁhﬁﬁaﬂnuﬁﬁﬁ Unumiiuazagsen 2568 -0.20

uaTwIzuaIAI0Y s

‘ﬁlll’]: *ﬁ%’]ﬂ’ﬁLLﬁx‘lﬂizL’ﬂﬂvl‘ﬂf;l, 2014-2015, 2017-2018, 2020 s 2023

WHNBLAG: * 29nTR0YTLN 819Nad FIRYT Tuun gwITiys MruT Unumil uatwisn andanm Uniuwys
uATLIY WUNLT NTINNY UAzaTEYd ** ndadnuniil eyt 819nad TuwIN FWITAMT Uz
CAVSTE
" nsuNAWINa®, 2022, 2 fingn mmj uaznneainua whnay, 2015, 3 Srnnwasegianisnses,
2020, * #1599 BATATURS m%m‘nﬂumrﬂwnﬂmmmmwwsvummamim 2025

2. NUNIWITIWNITN

ndnmesilanuniuumde nosf uaznuidonineidasnunisdgndnuuy CF uazuuy
AWD alfidunsaulunisliamzidl CBA mamaduuaziasuganan’ lasasauagqulszian
duiTn1landn wawndadny maddes GHG uaznazlaniau dununisnda mlsuazeanu

Lm:mﬁmﬁzﬁmwmj’wmmomsamu

24 3Emsdanzn

=)

miﬂﬁﬂ%mmmﬂ"ﬁﬁﬂ wisaantdu 2 37 Aa msﬂgﬂﬁnuumﬁhlﬁu #w3a CF lunuwnuatlyznin

AA |a Y a ' a @ o = a o o &
wuﬂimmmtwmwa@laammumzﬂgﬂ &JmﬂﬂjmmugﬂLLuulumazﬂﬂ@] Immsﬂgﬂmwam
ANAN 2 3zau luwiaaeang fa 1) 2.5-7.5 LTu@ELNAT (Shallow Continuous Flooding) 2) 15

LTUALNAT (Deep Continuous Flooding) (ﬂiﬂJﬂ’]ﬁT’]’J, 2016)

lumm:‘ﬁ'miﬂgﬂiﬁmuu AWD lesumswamiiaaansldin Tasdaaslvdnanasinluaii
LAUNZRY Lﬁaﬂszqulﬁﬂmm:ﬁﬂﬁuﬁnLLm“oLLia FravasTndnazdatinluuladw 5 udlNas
unTITaIasaanaansstatinlunias 7-10 lrudiuas neisRliaanainriaundstg
2 529 Ao TAaRTLAUlan19se (mayﬂ“n 35-45 1) wiauninminluutasuanasdiningn
wlad 10-15 Loudluns nioduuanTzunidsdaasingim LLazluﬁaaﬁwaLLmﬂﬂagoq@ (218717
60-65 %) W309uNI13za U 1w 9anaddNINAILLUAS 10-15 LTUGLUAT RIDAWLANTELRA

wa9Uaasi g Iw (NINTAlIEB, 2016)



Page [100 Development Economic Review

22 HANA®21)

]
s a o

Tymdunaniatnfendusmgddgilddinsgyisdwuiieae lasdznelng

FYLRIFIUULLIAAIAN 1) ﬂzymwﬁmmwoﬁ:’]LLa:ﬁunugqﬁﬂﬁl,l,ﬂw”u@'f']uﬁmvlaivlﬁ NANR®
Uszinelnelud 2567/68 Laﬁﬂagﬁ 456 Alansuaa b3 WisunudssmnalsamanazUssinadude
1 976 uax 696 AlansudalsauaeL mm:ﬁﬁunugaﬂhﬂs:mﬂ@:mﬁ 73% WAz 21% ¥inlw
anuaEnInlunIudTuduTIAIigulsanas uaz 2) Wuitinoliassaudainisves

v

HUSlne (nsznsswndiad, 2025; Dozing Anss uazame, 2018)

=2



Page |101

Development Economic Review

A13191 2: ﬂﬂﬂ?%ﬁiimﬂii&lLﬁﬂ?ﬁﬂﬂ'ﬁﬂﬁﬂ‘ﬁ'ﬂllﬂﬂ AWD uaziiuy CF

Ussidufidnun Nudidnm asduamsdnm 81989
wanAINAEY  somtauamign T w2553 HanRaTLANTWIN 557-711.65 Alansudals 1w 677.26-867 Alansueels ilawdsumalgndn  ansum ilar
Jniadnumi )dunesgnnn wuu CF iuuuy AWD waztiny Iy,
funowiios (I w .@.2558 waz 2014;
14 9930 U W .4.2560-2561 Qo gninyg
UAZAME, 2024
FNIAUTIUYT )nguaiuaz w1 CF HawAn 678 dudaianad iarfsugusumsdgndrnludansiiuun AWD 2 uuy fivdeslw Fadassas thysyes
nanu( I w .a.2557 W9 5 uaz 10 oudiwes vlduandaindudn 7.33 uay 6.97 dudatanany URZATAE, 2020
HAKAAZNIANAY Smianumit sunavueania  mstgndiuuy CF w3a3fmainuasns JFarmer's practice: FP) iailasugiuuunisgndnadu a1 Iug
WazINIAE1NBY )QUAINST  wUU AWD Sandaunamil ianawnda 740 Alansudals aasadu 684 Alansudals Tandasrimas ussnnBoinus
aoHu( U w .a.2558 lunguas nandanaasain 775 Alansudals (u 743 Alansudals uaslunguu nanFaaans 1 nas, 2015
91 681 filansudals ansudu 632 fAlansudals
FINTOUTTRYT AU ( mMInaassmasmumninafsariseanidiosld lasenisuseninadszineg MIRSA-2 Tayaurin Tirol-Padre et al.,
U w .¢.2556-2559 tszinalng wudn wandawiiswngnindalanaisuaninanss 12.60 % 2018
nsdaasing 6 39wia tnamil aysen swvies)  n1silgnd1n AWD Tu 6 Sawda imsddesmadiinuaass 20 Weifisuiiudnn %CF sauisnsnases &en., 2020; Tirol-

1Saunszan uas
v
nzlansan

A o a 6 A
FWITTALT TOUM UasFIRLT (
T W .71.2560-2561 TI051999%3@
U53uyT I W .7.2556-2559
6 39wia Unumil o e d1mav)
FWITOALT Towm uaziaiy3 (
I W .7.2560-2561 TINHITININ
Unumil I w .7.2566
Uszinaioaun RaUTus

= 6 a a a a
Wouans innd tne 3u Bulde
Jinawne uazdulafide

maawnludszinelng

faas GHG 1w 6 33iaanad 37.2846-.39 KgCO,e dals Lm:mﬂﬂﬁ'uugﬂLmumiﬂgﬂ“ﬁn GHG
89 100.50 tCO,e wIawaduilaz 6.70 tCOe wananttladuisnduisisaunszan aeduSumine
SaunIzan 100 tCOe Tuiaan 15 1

mydsasfmaasuanlasanlod aaad 20-66 %CO,e datanan’ uazldasmaaiuanlasanlodanas
19-67% CO,e @at11 1 Alansu

Padre et al., 2018

Qonal gning uaz
ATz, 2024; &FIN.,
2020

Dahlgreen and Parr,
2024




Page |102

Development Economic Review

§ 2
A a

Uszifuiidnmn Aundnwn asduansdnm 21909
AUNHNIINAR Smdanumil sunadgnm ) msdininluanwduniios wut v 3 sunaludimiadnumi Sdunuinuoy F 45534782 0 Iuan uaz
Ewnailas uszdunavuanda  vmdals uazdununistgniauuy AWD 3,603-4,622 Undals ﬁ%i’:”aﬂi'@la"mﬂaﬂqumﬁaLm:qg] nowainus 1whnay,
UAZIINIABWNBIOAUAINRE  HU 2015
naru( I w .a.2558 JdunudIULUCF 5,421 uaz 4,516 Lndials aunuiandnauuy AWD 4,453 uaz 4,063 Lnda s
lagaaNInaaduunIINEAag 12-25% uaz 10-20%
Auh 6 39wa O W .¢1.2560- Lﬁmﬂﬁ'yugmmumiﬂan“ﬁn ﬁw‘]unmﬁm{umn 3,768.42 unaals 1w 3,777.49 undals uaz §N., 2020
2561 Lfi@LiJ%f&lmﬁr.lumiﬂgﬂfmLLUU cF riu AWD 7lal'léld LLL wasld LLL ﬁ]:ﬁéfunmﬁ'wfu 3,867.02-
4,021.09 umeia'ls uazdIuuy AWD ddunuanad 33.02-292.38 umeals
JaniaUnui I w .a.2566 FunuriauiuILUY AWD Uaz#adiuwILuy AWD iy 5,700 uaz 4,595 umeals eusay anand ansng
mawfouutasaass 19.39% wazam, 2024
ﬁ'flmazmm!u Janialnuni dunadignnn ) duuD CF wis FP dunevusdiia dwiadnusii 'l 965 vndels Waisudamlsdeflansu fhaen ?uqm
(Bunalfias uazdunanuadiie  dnAsnuuy AWD snavuaaidelamils 1.30 un 'smﬁamiﬂaniﬁa AWD 3 gna fifnls 576- UAZNOEAINA
NQUAILAZ) LAZIINIAENEY 1,056 Undald Toadlafisuilsdeflaniughadandrs AWD aziiinls 0.84-1.56 w%ft‘[quuﬁa 1nas, 2015;
(Mgnw I W .7.2558 diwiadnanasfiinlsannisdgndt CF uaz AWD 1.01 uaz 2.01 vmdafilansugnidian awiay
ngeuiifls maandrauuy CF waz AWD 1.37 uaz 1.41 undafilaniudniddan awday
Nufl 6 S3wia 1) w e1.2560- flansananauunugnielsfivndndalomaiuann 1,643.27 vineels 1u 2,008.70 2,054.43 uaz  wen., 2020
2561 1,718.85 umdali awdeu lasmadanina CF ﬁﬁﬂ"Lsﬁaﬂ'ﬁ'zg@
AMAANA RniaunTlay T0H nINasedfi 1 Uandmis FP manaaedfi 2-4 Wwnadandnuuy AWD Toumineanadii 2 iuwatnn  Suzuki et al., 2023
NINITAING Aaaau I w-lnuou2s66 uaziloiadl ifwﬁ'uﬂr_mﬂyjaﬁmfﬁam 50% MINanadfi 3 LﬁuWNﬂTanzﬂumﬁ MInaaasfi 4 ase
mMmaaedfi 3 ﬁﬁ'auﬂ“’uﬂuﬁuﬂ‘%‘ﬁumumiﬁﬁ'm”‘ﬂﬁm WU MIATIZRAY CBA ﬁwaﬂiﬂmﬁqwﬁ
TumInasasfit Wi 201 aaam$ uazmInasasdi 2-4 iy 431-504 aaas
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3. A5ns@nB
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andzaadiNanmaTianzidunuuaznalszlomt (Cost-Benefit Analysis: CBA) T1IUUL CF Uaz
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f,%'ummﬁm‘f’mﬁwﬁguﬁ’i%’yfﬁ’nﬂnumﬁua:ws:umﬂ%ayqfﬁm FUIB 13 78 laanisiRanuuy
191239 (Purposive Sampling) INAUAANHNNG 2 urs laun Fniatnumiiuazaysen iasan
& A A= A A & Py a & A ) S & 4
LﬂuwuwﬂﬂwmlﬂummmﬂwLLﬂsQ’LMagauﬂs:aumimmammnumimmmmluwu‘n

Lﬂalﬁﬂﬁﬁagaﬁaﬁﬂéﬂ%{u a%mzlLLa:aﬁuaguwamﬁmiﬁzﬁﬁmﬂ%mm

3.2 WAaNAA21)
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midnlidayananiatnwnu® (inwdhamilen) Aufinnanans 0 2563 $1wau 683 Alaniu
@a'ls Usznauniidwi ma1inTalsesnin alsuNwnaluiatmas uazUSunmnisdaasfiisiSan
n323N le1319N 4 Uas 6 LAZMIIAIUITANIITILLARBVBITTLIA 11131990 9-10 NIKHANASTD

LEATNBATEINITNN 3 T lUSeTedaNdan i luansen 9 dald
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A13199 3: HANAA2)

HANAAZ? FATAUWIN UNWA WANTANWIDL

1,742,281

14 33%3A 2,625,037 008
1,017,935

6 99190 . e X4 e 1,482,992 0.69

HANEATIIUARZ WU (AU 122,048

TPy 3 & 4 @ ' & A .

wmalnus wafimnzdandusazivun (13 184,003 0.66
46,852

ININDNDY 73,264 064
331,885 0.68

NIADLSH 485,835 '

NN FNIUATHFNINIINEAT, 2021

U 6

3.3  awraldszninnazardsuNwnalgatsas

H ] g/ 1 Y] ‘s 4 6
A1399 4: azadsenwiazadsuiNwinaleLaLsas (LLL)

2717 FAIAIWI

UNWBATLAZHANITATH D

1. Mwzalsenn

' a o ' :,
aApTTuLhuNaaTAITalITMY (.N.au/uN)*

- LE , 0.5x1,200" = 600 un'ls/
x Usanamsldih 41 cr(ng/li/.a.au)
CF B
ashmalsemudia CF yuan/ls( 600 _
x1,000 — x1000' = 878.48 LTNAW/
nanaat1? manans (Alansw/ls)- 683
2. milSuiunareaizas )LLL(
fusuRuicamas wn/lsy= 1,350
= - » = = 225 un'ls/
ognaldnmairad (@) x madgnd (a3a) 3x2
AWD
dusuuidoaed wm/ls) 225 .
- x 1,000 — x1,000 = 329.43 UMW/
wardatIAanand (Alansu/ls) 683

AN *NYNINTWMAUAIATIANTAUITNIU MIFAAUNIBTIILATALIENIN UaeMIunLiulasnINautIszA

Paysznn, 2021

“FUNNUATEININIINBAT, 2021 ***ASEAN Sustainable Agrifood Systems, n.d. ****§133391MNBAINT
v v A 6a & o = = = v
LL@zL’ﬂ']%%’]“ﬂﬂ%UTﬂEI“U"I'J?J‘YJN‘.E’]%LLE‘]ZW?Z%F]??I?@F.q]'ﬁ&l'] U9 '"NIVNNIVN, n.d.
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3.4 NISAANIBLIDWNILIN

NNNIANBINLIN LﬁaLﬂﬁﬂugﬂuwmsﬂgmﬁamﬂLLmJ cF 1w AWD ¥l CcO2 uazdn GHG
AA8Y 20-66% laon13anda AWD ﬁvlaiawyimﬂuﬂs:mﬂ"lmm lwaranoniwlunisvinldiie
aazlansau (Global Warming Potential) w3061 GWP aaad 10% (Sriphirom et al., 2019) ‘ﬁg\ﬁf:
AMIFIUIHANB W 1A GHG 417 AWD agj‘lmha 10-30% Wazi1e1 GHG aaad 20% Usznay

fuIA1 CBA enuwialszlumiidald tihasanidudinatsuadtieainudas 1o

A a A 1 6V -
M13191 5: Ysaowuaznisidaguidasnisdassnisisawnszan

1 £V -
mslasamasawnizan

.
a

szine Yol = = o E
212 CF 2177 AWD malaswuilas
KgCO,eq/ha* 5,286.00 3,669.84 \1/1 ,616.16 -30.57% Maneepitak et al.
Tne KgCO,eq/rai** 845.76 587.17 258.59 )2019(
KgCO.eq/rai 208.50 165.70 Vargo  2053% fN) .2563)
o KgCO,eq/ha* 5,819.40 3,736.50 \1/2,082.90 -35.79% S.M.M. Islam et al.
19ARNA
KgCO,eqirai** 931.10 597.84 333.26 )2020(
Wi KgCO,eq/rai 661.79 450.24

' al > 6 6 A ] 1 6 ' 1
WANBLAG: wipAlansuasuanlasan lodmiuuwin *dalanans *¢da'ls

msdsasfmaiSaunszan (KgCo2eq/1s) = mitsasfmaisaunszan KgCO2eq/lanans)+6.25

ai a ci 1 23 A 3 U £Z
M13199N 5 kReIUIHIazNITIURgnLYaIn1TURaunwiIawnIZan azmuvl,mmﬁﬂgﬂm'mmu
1 1 23 { A o (23 d
CF uaz AWD ddn1sdaasfaiSaunszanii 661.79 way 450. 24 kgCo2eq/13 TIaznaLauian

¥ dl o a 1 &V A dl 3
FL‘ELWElﬂ']iﬂ']u'JMﬂ_Iﬁlnﬂm’ﬁllﬂﬂElﬂ’]“ﬁLiE]%ﬂﬁZﬁ]ﬂsLu(ﬂ'lTN‘ﬂ 6 GI?JVL‘IJ
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A137199 6: UInrmnvdassniniSawnszan 212 CF waz AWD

) . . , HANS #ioy
NIHAAAI gATAW I WNHAI .
AR
661.79%
CF . - 973.22
m3das GHG 1@dn (kgCOpeq/ls( 0.68
o . *k
450.24 o
AWD HaEa (/131,000 0 661.79 kgCOseq/si
0.68
10% ) 0.90*** x 661.79 595.61
n17U808 GHG anad )%(
AWD 20% , o 0.80 x 661.79 529.43
x NM3Usay GHG) kgCO,eq/at(
30% 0.70 x 661.79 463.25
973.22
CF 0.97
1,000
595.61
10% . . - 0.60
MyUaas GHG ade (kgCOoeq/g( 1.000
529.43
AWD 20% 1,000 0.53
1,000 tCOLeq/a%
463.25
30% 0.46
1,000
Jd 10% msddes GHG 417 CF 1ade - 0.97-0.60 0.37
a0y ,
20% nsdsay GHG 117 AWD Lade 0.97-0.53 0.44
GHG )
30% NCOzeq/an( 0.97-0.46 0.51

WNNLLAQG: * LAz ™ ﬁﬂmmmmma’aﬁﬁagjl,ﬁusl,umiwﬁ 5 WATLUBSLEUANITAARIVEIND GHG 10%***

=1-0.10=0.90

@131911 7: MyezRaNasanlnIsasImslassimsaunsraniuyaaia1suan

n151Uaas GHG

gaammane in& 10% 20% 30%
& 165 x 0 165x 0.37 165 x 0.44 165 x 0.51
= =0 =61.05 = 72.60 = 84.15
= \T e . e oa 181.50 x 0 181.50 x 0.37 181.50 x 0.44 181.50 x 0.51
g N gammsuaw X 803N assfNwIawnIzan
vg e /mw)tCOzeq) =0 = 67.16 = 79.86 = 9257
% 2 )tCOzeq@Tuﬁmﬂﬁan/) 198 x 0 198 x 0.37 198 x 0.44 198 x 0.51
= A =0 =73.26 =87.12 =100.98
? 21450 x 0 214.50 x 0.37 214.50 x 0.44 214.50 x 0.51
3 =0 =79.37 = 94.38 = 109.40

A g & a
%N']Ell,'ﬁ@l: * TWHL‘anilﬂ']‘i‘ﬁﬂ-“ﬂ']Elﬂ']iﬂa%l,ﬂ‘i@l@l“ﬂﬂﬂiﬂﬁﬂﬂ'ﬁ T-VER

7an: * qud19un&nylng (2024, Srafaluasdnisuimnsdamafsizaunszan (a3dn1Ium1Tw), nd.)
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a17197 6 hdeyadulsday As aammldes GHG Lsalldsuzduuunsdgndnanuuy
CF Juuuy AWD lasfwuald GHG aaad 10-30% uazyadin1iuauaIMMANaAIN1ITa-118
6 a A J a [ = a '
ASUBULATAAYEILlATINT T-VER LANAH 10-30% anTanzdidsouiiauaiudanlng las
Anuanisidisundasdiudidinany iNeuaasldiiiuindiyadiaisueuuaznildes GHG

Wasnad bl elavasnuasnazilfouudadldluszaula

AN 7 LEAINITILATIZRANNE W IMI00IINTUdal GHG Naaadluaniwni1sailnd 10%
20% Wz 30% Lﬁal,ﬂﬁmumsﬂgﬂ‘*ﬁnmml,uu CF 11w AWD I@mﬁal,ﬁﬂuﬁ'uga@hmi‘uau&[u
- DX e
RDNWNIDINALRLRDNUNITILAN LTS 3 RDIUNIIDE Aa 165 181.50 198 WAL 214.50 LINGaA
[ 6 A 1 s 1 1 [ A =1
asuanlaaan lrangULYin aat19In1Iaani1Tlsay GHG 20% s1anInaani1tUsaay GHG wiad
' v ' ' o @ = Yo
Nalszlemivinny 72.60 79.86 87.12 WAz 94.38 UNNAaawaNEaY 99 lainattzlumiiannnig
Usay GHG 1aaad 20% NNy 72.60 undadn lEuita1319 CBA-AWD LAsugaaasae b
nafnsdgniiuuy CF 2z laidn13aanisdaay GHG tiadannlilaan GHG 1umsﬂ§ﬂ°ﬁn ol
a 6 1 =3 % ni & a = % % % 3 [ v
ANILATIERAMN DU LD LLa@amLLuaTuuﬂLﬂu"LﬂiuwﬂwﬁdL@]mnunﬂsmu AIUUiNHAINTY
U 6 a 6 =1 o A' &’ ] o d' d‘}’
iJQﬂ‘IJ’]’J?J’]Elﬂ’]iiJE]%Lﬂ‘m@]lu@la’]@ﬂ’ﬁUE]u’i]zlli’liliuLWNT%LL@]ﬂ@]’]Gﬂ%VLﬂ@]’]ﬂJi’]ﬂWYI@ma\‘lGIiE]?J’]El
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A

2) dunumaiarsganaas iudunuddolanmauwazniweinsf lildaziauly

v @
o A
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ANUTUN BN BLALTTNIH AWD

< X o @ ) o o o a A o a a a o
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352 walszlanit

mﬁmﬁzﬁmﬁmj"mhmanwﬁulfﬁayjaswﬁummwmm’m%aLﬂﬁ'aﬂLﬁT’]mﬁy Li’uaﬁuaguiﬁa
ANTUAUAT FIW aaﬂ’ﬁ’il,m']zﬁﬂ'nm'jummaLﬂmgma@ﬂﬂ?ﬁ g5UNNIANV8TILUAaNLIN

LaRE yammia@ﬁ"m%auﬂs:aﬂmﬂmsﬂQm]”n AWD N3tk GWP 8aad 20%

3.6  myanzRawnwuazualszlaz (Cost Benefit Analysis: CBA)

v
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o v v 6 a 6 = = v 1 v
H'T’IJQHGW%VJ%LL"QzNﬂﬂiZIU‘H%NTALﬂi?z‘ﬁLﬂiﬂULﬂﬂ‘Uﬂ’ﬂNQNﬂ’]T Qx‘]ﬂ?iﬂ@ﬂ‘lﬂ?‘ﬂﬂﬁa\‘]gﬂ S ERY
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B
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ﬂ'TT)Lﬂi’?:ﬁ‘lﬂ@]u“quuﬂzwﬂﬂiziﬂﬂju

Naﬂiﬂwﬁmsﬂg}ﬂﬁn

C = @Tunumiﬂgﬂin

ANTILATIEHR CBA Jinowsd 2 Wy Lﬁ'aL‘flmTaHaﬂs:ﬂaumﬁﬁ@ﬁﬂaﬂgﬂﬁ’n adsia i

CBA > 0 #3atduuan LLamdwmsﬂgﬂﬁnﬁﬁﬂi LLasz”aJmﬁ%ﬂngn

v

CBA < 0 #Iatduaul me'jﬁmiﬂgﬂimmmu LLavaaithﬁa:ﬂgﬂin

=
4. NAaNMIANBN

HANIAN®Y CBA NN ILInLAIATHIAanTaIN1TUanTIuLuY CF uaz AWD ludiniania
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ﬁunuﬂ’nmnﬂmzlmmiavl,i'l,ﬂummiam”u Wallunsioidsoufisuldasanuningtan a
ﬂiﬂmﬁiwmﬁﬁmmwﬁnLmzmmﬁfuagmﬁ’mﬁuau@"iwaaaﬂﬂ. W8z 5.0.8. Algnioiln

UINGaAK ﬁwmuaf*ﬁagawamsﬁﬂm A%



Page |109 Development Economic Review

41 AWNWI?

@137971 8: AUNBNWNIIFRUALIAIHFANINT FIMTUNIUINTIULURILI (CF) uazuuuianaauuis (AWD)

NI & o4 . AUNWNIREH (AR/UN) AUNWLATHIANEAT (G/LUN) ANMAUANGT

(Dzalgn( e o é’fuvgumﬁ AunuABIls  GunwmsEusan LLL  NMITSMANaNiuIe  Gunmidsegaansiam LR )%
n2) .58 uaz 68)  Unwsib CF 1,826.67 5,429.35 7,256.02 2,158.83 9.414.85 20.75
AWD 1,926.80 4,124.34 6,051.14  320.43 1,280.35 7,660.92 26.60
n2) .58) 819n99 CF 1,389.01 5,723.82 7,112.83 2,158.83 9,271.66 30.35
AWD 1,470.83 5,032.29 6,503.12  320.43 1,280.35 8,112.90 24.75
n1) .68) aystn CF 1,596.80 3,752.48 5,349.28 2,158.83 7,508.11 40.36
AWD 880.27 3,868.27 474854  320.43 1,280.35 6,358.32 33.90
dein) .60) 6 Jowin CF 2,523.43 3,327.04 5,850.47 2,158.83 8,009.30 36.90
aen) .61) AWD 2,765.97 2,815.28 5581.25  329.43 1,280.35 7,191.03 28.84
wa .(57) 143ma CF 1,783.44 4,980.70 6,764.14 2,158.83 8,922.97 31.92
4 CF 6,466.55 8,625.38 33.38

Ay

AWD 5,721.01 7,589.71 32.66
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wibe: un/ls
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T85UINNTVIED niﬁu,l,ziﬁqﬂ nson@ nsfﬁ,ﬁﬁqﬂ
14 RIA 0.66 x 7,377 = 4,869 0.66 x8 ,509 =5 ,616 0.66 x 10,649 = 7,028
6 99913 0.69 x 7,377 = 5,090 0.69 x 8,509 = 5,871 0.69 x 10,649 = 7,348
saniaUnumii 0.66 x 7,377 = 4,869 0.66 x 8,509 = 5,616 0.66 x 10,649 = 7,028
WIRINB1INDI 0.64 x 7,377 = 4,721 0.64 x 8,509 = 5,446 0.64 x 10,649 = 6,815

0.68 x 7,377 = 5,016
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Abstract

One of the major challenges of Thailand’s ageing society is that, although life expectancy has continued to increase,
active life expectancy (defined here as the expected years of independent living) has not increased at the same pace
and has instead declined. This trend is primarily attributable to the rising prevalence of non-communicable diseases
(NCDs), which adversely affects physical functioning, the ability to perform daily activities, and the quality of life of
older adults. This study aims to examine the societal correlates of healthy ageing in Thailand, using primary data
from a sample of 3,075 individuals across five provinces representing the most populous province in each region of
Thailand: Bangkok, Samut Prakan, Chiang Mai, Nakhon Ratchasima, and Nakhon Si Thammarat. Data were collected
between March and April 2021.

Self-rated health satisfaction is employed as a proxy measure of healthy ageing among survey respondents. Ordinary
Least Squares (OLS) and Ordered Probit models are employed to identify the factors associated with healthy ageing.
The findings reveal that the correlates of healthy ageing vary across age groups and geographical areas. For example,
while urban residents report lower comparative self-rated health satisfaction than rural residents in the overall sample,
age-stratified analyses reveal heterogeneous effects. Urban Baby Boomers (aged 254 years) report higher
comparative self-rated health satisfaction than their rural counterparts, whereas the opposite pattern is observed
among Generations X and Y. These results suggest that individuals at different stages of life and those living in
different provinces and residential settings (urban and rural) face distinct challenges that require differentiated
environmental, economic, and public service policy responses. The findings therefore support the decentralization of
authority to local governments as an area-based approach to problem-solving, enabling them to work collaboratively
with the private sector and households to design context-specific measures to promote healthy ageing and effectively

address the priority challenges and needs of their communities.
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umwumumuammumaamﬂvl,@mwsmumumﬂq (B3N TUTERUNI T BN LD Y) LAZAAad
A = v 4w = ° o ' ' A A
WaussnuiinngungisinSasengnsinnu (I@ugﬂmﬂumﬂLaﬂﬁumaﬂmmﬂmgmﬂnmw

91 55 D) luinuasdernvuasinian NNITUITNIWNITVDIHAB VLU UFO LD lag 1

U

¥ ¥ '
a Aa o s 2K A Aa o =}

'ﬂmmﬁqu'ﬂuaumnwu 2 AVNUDINAURUAINKRUW 3 ‘H&ﬂﬂﬁdﬁﬂﬁﬁ%%ﬁ’ﬂuﬁu W 4 ‘Vill’]&lﬁ{iﬁ



Page [139 Development Economic Review

;A @ o 1 a :ql‘a ni dl 2K A d‘ya % o K di 1
PRAUAANAIH NITRITIINLIILTINWIABFULADIARUN 1.29 RUNDAITABRURRNWIDIW I 1hlL6
laitonan LLazHa@i’mﬁﬁuﬁﬁm’méTuw”uﬂuﬁﬂmdLﬁmﬁ'uga@i’lmiaammzi’m"l,ﬁﬁnﬂﬂ’ﬁﬁw’m
VTWLASIN NI% WIS DWEWIIZIN ﬁsJ"l,@Tﬁ]’mﬂ’nﬁNmﬁﬂgm"nmiﬁﬂummm‘iumiﬁmim’l

a a d' a Aa d' a a d'd 2 =3 v & a U 1 n:id wé
2IRFULTE 1N FULTAUATLATAG LLNO’]%Y]&IT]EIVLQQG’&NL‘ll’mdLG%QWLGN']Elﬂ’J’]LLiN’]%V]&JT]EIVL@@l’]

' o val dwn 1
nan mi%ma@%uaugamn

luﬁwuqmmwmaa;jmammmaumw WU aminmwi’mmwaa;jmammmaunwﬁum‘[ﬁw
WRONDLAINTIINE I@ﬂmju Baby boomers a:ﬁa‘hmm%’waamnﬂugﬂasm,an (OPD) N3L11
Lﬂugﬂmlu (Admit to hospital) wazdwInlse lifindaisass (NCDs) mnn’hunmuﬁ’mmqﬁu 9
% Qq: o~ A 1 tdl U [ U v [ U

mLuhmmmmwma@am’mmamqm@m alm’mmsl,ﬂuﬂmﬂuamm:ﬂ’mmnﬂup&mﬂlmaa
ngulaw Z nddafsganiinguian Y iandas Lwﬂm‘i’mqmamu‘”ymaamsﬁww‘”ﬂl,l,azwavl,m”Lﬁ

' o . A [

azenanauiudIznunIadiaa1m3 (Clean veggie) wulisddszanmniiluan (Sauaz 37) a9
o . <& A9 o > A g A o ' ' ) A
mamamvﬁmﬂvxmwmmylmsaau 29h9 mimsaﬁlwm’nmmﬂ@Umu‘lmy (Youaz 83) ¥

a a v % et é
ﬁﬂﬁﬂ??ﬂﬂ“ﬂiﬁ]d@’]%ﬂ’]iiﬂ‘lﬂﬂwEl’]‘]J’]E\] (Healthcare coverage) E‘LILLU‘]JI@LL‘]J‘]J‘V\%G

z%m%’uamumwluﬂ{'sﬁaumaa;Emmmuaaumuwu*h Uszunminnaz 38 vadgaay
wuugaum Nt duRIninaITon (HH_head) Uazsasas 57 Vada108NNIRNARNIRUAD (Married)
doeuuuusaunulasdiulngliazunuanutisimiainaganuluasauai (Family assistance)
' o A I A v o v A A a
ADUTN9EY (W8Y 0.74 IMNATUBULAN 1) NAzULUURABVBITEF DR WTaAD (1) WaliTgyn
a J [ va =S A [ A ' [ % A Aa
aduluasauaialdinislinsmianu teudludynidwiulasldinaua (2) lasundnlu
[ I3 1| = a Ai e 1 1 J v
aveuadiivthe Jaundnaunduluasevaiinesquaianlald tiu wildninue daounld

>

Judsznu daeTenamnsanld (3) sandnluaseuaiidnazagwiaanthnusualulaniadidgy

[

=

9 wialwnaniadie 9 azuuuainanuaadliiiuisnnunaganuluasauaiaing fedad
ANNFNRUBALFIN W uazanuianalalufiavasyanadis wanani midmanudl et
laggulnginssudiemuoimisnunusandnluatouat (Meals with family) Uszanm 4 Tuda

U

& =S dq, v v a QI v v 1 o
otk nsdnmitldlilneuuunseumulszdulymsaeadauludiuds 9 Tynilunisnu
wazauianaladauinisvasizgienafianaudunusnuanuianalalugy niwsasgaey
vl v o ' v & e A = A &
wwueunw laglddmaudasazunudadrnudasynioidudadiuden o i 1 landngedu
v =S a J A 1 R a s J o 1
gzriaudinsddywinindu wialddsnalaluuinisassguindu aannisdrsranudn Tywn
fuaseuninadadinanudueguiniigaa Taynivuanaiw/idu PM 2.5 (Problem 1_3_9)
A a Y A A @ o & & & A
sosaanfe dymeaimeavTnahuiduazesiniandiudr nininoud sovawneslod wazdu 9
(Problem 1_3_7) uazn L899 ne1un e (Problem 1_3_1) au&1ay &aun1a1nnig

W9u 3 suauwInfe Tunimeldannnisiiouldiisswanudnldsne (Problem 2_5_3)
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A v o = a dl I et 1
sosnaanfatywianmuadeunsvinuluafsiiduduasodegunw (Problem 2_5_4) uaz
AINLATLAIINNIIYI19 (Problem 2_5_2) @1u&19U §WILRUALAZUINIIVBITTUIANLTN
AaeuuuusaunwlidiwalaiTasdudtszinna1m13dsnaiung (Problem 2_10_1) ¥nfiga
sadadunfa Fudilagnall (wanwiiaanainisuazen) §31a7UWS (Problem 2_10_3) W8z
Algiodusssndlag igu Wi ddazi drlnadnd §maiuns (Problem 2_10_5) 813
naldd Tymlasdrulngndnansznudetiaanuduegresdaevuuuseunududayni

a 44 v @ A v ] a A X A &
mMaassgiafiingtaInuananaiissraineld uazdinvasinigeln JTyninariiazduns
3nInnalada-19 NEINadaIzULLATEFAY InauazTUsznovanTnesaulavainlng

v
o

wanind dymduuaRsisnnuuazfagonds Aidulymiidaeuuuuseunuldanuddn

AINAIILAIN msﬁﬂmﬁlf*ﬁmiﬂszLﬁummﬁawalaiuqmmwmammaaLﬂum‘"’n_ia%miga’i"masm

= = v =1 2 2 =1 =1

dgunwaveddnaunuuaaunIy Taodiazuun 0 09 10 lag 0 nuade laNswalatay 5 wunad
=< A ° o =< A A

128 9 WAL 10 wawalamﬂ‘nq@ Namm’mavl,@ﬂ:LLuummmwalﬂuqmmwmaw 7.23 lag

ngu Baby boomers azlazunuauisnalaluguninvesaniasdfigaadon .00 azuun

ﬁ:ﬁﬂuﬁﬂﬁﬂiﬁﬂ.ﬂ’]Wi’]dﬂﬂ HNl] adfg@l BULLUU&BUH’]NﬁﬁLL%’JIﬁNL?T’P]Nﬂﬂﬂl@]’m‘ﬁ’]\‘] E]’]E(!

A 1 dl v o 1 =) =~ =
R38N 1: ﬂ'lL%aEl?lﬂﬂﬂi]'lﬂﬂ'liﬁ’li')i)ﬂ’lﬂﬂ%’l&l (FLHRMILADBANBIAN DILNBW 2564)

A10819 Baby Gen X GenY GenZ
Al @A1a5u1Y NINNA boomers | n=1,092 | n=1,063 n=218
n = 3,075 n =702 729818 729818 729818
a1y 541 | 38-53%1 | 21-371 | 18-201
gulal
Urban® ﬁuﬁmﬁmﬂaqﬁuagluwm 61.63 68.09 59.34 58.33 68.35
Male® RAFIULNATE 48.07 4957 44.23 50.14 52.29
Primary® seautuliifndszoutane 22.93 57.83 20.70 5.74 5.50
Highsch? 20U W.6% 8.Uane Y. 54.76 34.05 55.95 60.49 87.71
177,
Bachelor® svou U.asdnly 22.31 8.12 23.35 33.77 6.88
ﬁd%f@ﬁagmﬁ'ﬂﬂagﬁu
BKK® NINW 4374 43.59 44 .51 42.71 45.41
Chaingmai® \Teoglnd 13.63 15.94 11.81 14.21 12.39
Korat® WATITRUN 20.03 18.95 20.97 20.70 15.60
Samutprakarn® a&miﬂi’m’li 10.70 9.91 11.45 10.07 12.39
Nakornsri¢ WATFITIINTD 11.90 11.54 11.26 12.32 14.22
Born_prov® Lﬁ@luﬁwf@ﬂaqﬁuﬁmﬁu 62.47 61.82 60.35 62.28 76.15
aHd]
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A29819 Baby Gen X GenY GenZ
Al A1a5u1Y PINNA boomers | n=1,092 | n=1,063 n=218
n = 3,075 n =702 729818 729818 729818
ag 54l | 38-531 | 21-371 | 18-201
gulal
Wage_worker® JonTwsusnamaniaidn 27.42 7.98 29.85 4214 5.96
anIsLeNTH
Labor Income mﬂvl,@TmTéimmﬂmiﬁm‘nu 14,492 11,509 19,009 14,349 2,166
(LIN/iLfaw)
(standard deviation) (14,049) (11,981) | (15,336) (13087) (5251)
Wkhrs_week talusrnudasleny 39.86 34.55 48.12 41.24 8.84
(standard deviation) (24.27) (26.94) (19.39) (21.75) (19.60)
Sleep_hrs Falagnisnandatin 7.61 7.75 7.57 7.54 7.66
(standard deviation) (1.40) (1.48) (1.38) (1.32) (1.53)
Saving UszanumIInaay* 1.25 1.21 1.42 1.24 0.60
(standard deviation) (1.42) (1.46) (1.48) (1.36) (0.96)
Debt ﬂs:mmmwﬁﬁu“ 1.29 1.04 1.63 1.31 0.20
(standard deviation) (1.39) (1.31) (1.42) (1.39) (0.62)
Better life® Tusou 5 Dfiruan §33a 8.65 6.41 6.14 12.89 7.80
ﬂmmﬂuagﬁﬁi‘fu
OPD ﬁf]”lu’mﬂ%\‘lﬁWULLWﬂtﬂu 1 2.08 2.91 2.11 1.60 1.65
DAruan
(standard deviation) (2.40) (3.06) (2.20) (1.96) (2.16)
Admit to hospital FuuasINdoInausNEN 0.18 0.27 0.16 0.14 0.17
dafilsowenunale 1 99
W%
(standard deviation) (0.56) (0.66) (0.54) (0.49) (0.58)
NCDs sulsalifadaisasn 0.30 0.69 0.28 0.12 0.07
1w
(standard deviation) (0.55) (0.74) (0.50) (0.33) (0.26)
Visiting doctor for | $1wanasANULANS LR 16.20 40.74 15.38 3.76 1.83
NCDs Junins lsaldfade
Fasalu 1 Irman
Caregiver® ﬁmﬁm@uahmu 88.36 93.45 91.12 82.50 86.70
Wwuthe
Healthcare udanTanEweIus 83.12 88.75 85.35 81.19 63.30
coverage®
Freq. Exercises mwuﬁiumiaaﬂﬁﬂﬁ'\imﬂ 1.24 1.08 1.21 1.28 1.69
(standard deviation)
(1.34) (1.37) (1.33) (1.29) (1.39)




Page [142

Development Economic Review

A29819 Baby Gen X GenY GenZ
Al A1a5u1Y PINNA boomers | n=1,092 | n=1,063 n=218
n = 3,075 n =702 729818 729818 729818
ag 54l | 38-531 | 21-371 | 18-201
Fulyl
Clean_veggie® YNUAINNUAZHE L aae 36.98 37.61 40.57 34.81 27.52
dnarufinuafialoansin
grornsLENanion
Jutlazmu
Houseowner® ihwiduaesauias 68.75 72.79 66.85 66.42 76.61
HH_expense i’lilﬁi’]&l“uadﬂ%"al,%aumalﬂ 29,689 27,959 31,376 29,513 27,999
daLfaw
(standard deviation) (17,935) | (13,967) | (16,818) (21,381) (15,450)
HH_member Frwnsndnlunsauaian 3.83 3.92 3.92 3.67 3.85
Ay
(standard deviation) (1.50) (1.59) (1.36) (1.57) (1.47)
HH_head® Faeuuunsaumuiiu 37.82 53.85 44 87 27.09 3.21
WIRUIATOUAT
Married® HABULUUROUINRNTE 57.40 67.52 78.85 39.60 413
0P
Family assistance ANNTILLARDN I 0.74 0.73 0.75 0.73 0.74
ATALAI (AZUIUIINATT
AL 15) (0.16) (0.16) (0.15) (0.17) (0.17)
(standard deviation)
Meals with family | shwaniufisundnlu 3.65 3.37 3.96 3.52 3.65
ATaUATNTUYTENMUEIRT
TINNY (daFland)
(standard deviation) (2.70) (2.89) (2.87) (2.91) (2.87)
No. of income FumsuBnluthudides 1.01 0.71 1.52 0.87 0.10
dependents Remene ledvasring
(standard deviation) (1.18) (1.09) (1.25) (1.06) (0.38)

Aa o @ a )
luiiadszinriwiudszaudynuieny

ﬁau’mﬁauﬁﬁwa@ia%ﬁ@mmLﬂuagmaaﬁm

AzLUUB 0 -3 ﬂZLL%%LLGiRz“fI’E]QﬂLL‘]_]ﬂ\‘]Lfl%é’@]E‘i’J%I@Em'ﬁﬁ’JﬂﬂzLL%%

win 3 lapdhdadudlng 1 an usasigaeudszaudymiiuan

%30 Ll
Problem1_3_1 1. LRI IMNETBNI RS 0.62 0.58 0.60 0.64 0.68
(0.27) (0.27) (0.27) (0.26) (0.26)
Problem1_3_2 2. LRESTUMIWINANG/NY 0.48 0.46 0.47 0.49 0.53
NMINSLAZLLNZULIIV D (0.26) (0.24) (0.25) (0.26) (0.29)

T
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A29819 Baby Gen X GenY GenZ
Al A1a5u1Y PINNA boomers | n=1,092 | n=1,063 n=218
n = 3,075 n =702 729818 729818 729818
ag 54l | 38-531 | 21-371 | 18-201
gulal
Problem1_3 3 3. unasshlndtnuiin 0.44 0.42 0.44 0.45 0.49
e d9naundn (0.28) (0.28) (0.29) (0.30) (0.30)
Problem1_3_4 4. gnwisznaumslng 0.35 0.32 0.34 0.37 0.42
Thufilsosveado/donan | (0.28) (0.26) (0.27) (0.28) (0.32)
AAWTILREIAS
Problem1_3 5 5. u‘%nmlnﬁﬁmﬁw:ga 0.47 0.47 0.46 0.48 0.50
HlaBIngess FINAWAT (0.30) (0.30) (0.30) (0.31) (0.30)
Problem1_3 6 6. DUWRWINIRIzIET L 0.44 0.41 0.45 0.45 0.47
T13@ LAUNWAILIN (0.31) (0.28) (0.31) (0.32) (0.31)
Problem1_3_7 7. exmauTnaiuilly 0.69 0.65 0.69 0.70 0.70
RZIRIBAIM Ylg\‘l"i]’]ﬂ (0.28) (0.29) (0.29) (0.27) (0.29)
I0NBUR JONBLADS lTAURY
u 9
Problem1_3 8 8. QNILMUIINFD 0.29 0.26 0.27 0.30 0.34
L‘%asw‘ﬁag‘l,nﬁﬁm (0.29) (0.27) (0.28) (0.29) (0.29)
Problem1_3 9 9. Tymimuanaiwnu PM 0.70 0.67 0.70 0.72 0.69
25 (0.30) (0.31) (0.30) (0.30) (0.32)
Problem1_3 10 10. m’nmis:mma{u%a 0.55 0.52 0.55 0.56 0.56
1ada-19 (0.37) (0.37) (0.37) (0.36) (0.36)

AMNAALARATYRIRNIWLIARBNNITINY

AL 1-5 ﬂ:LLu%LL@iﬂz“ﬂ/@QﬂLLﬂa\'iLﬂ%ﬁ%’(ﬂﬁ’]%‘[@U%Wiﬁ’!ﬂﬂzLLu%LﬁN

5 lapdndasiufilng 1 w0 uaashgaeulszaudymnuunn

PINIW

Problem2_5_1 1. Ynwrhauninawlaif 0.38 0.34 0.48 0.42 0.08
nawnRaw lidany (0.27) (0.28) (0.23) (0.26) (0.18)
ATAUAT)

Problem2_5 2 2. §anue3saAanndia 0.42 0.35 0.52 0.46 0.08
PNMINNUAIUTIININ (0.27) (0.28) (0.23) (0.26) (0.20)

Problem2_5_3 3. nuivhaenelaly 0.46 0.40 0.55 0.48 0.09
WWedIwanuenbging (0.29) (0.31) (0.23) (0.27) (0.22)

Problem2_5 4 4. FNMWLIARDUNNIVINB 0.43 0.36 0.52 0.46 0.09
fuaRufidusuanode (0.28) (0.29) (0.23) (0.27) (0.22)
q‘*umw

Problem2_5 5 5. JfgywinmIvinauny 0.31 0.24 0.37 0.34 0.07
LR BUIINITWIRIN (0.21) (0.20) (0.18) (0.21) (0.17)
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Al

A1a5u1Y

A20819
NINNA

n= 3,075

Baby
boomers
n =702
a1y 54 1
Fulyl

Gen X
n =1,092
729818
38 - 531

GenY
n=1,063
729818
21-371

GenZ
n=218
729818

18-201

AMNAAARN Ao RUAILAZNIILINIITVBITY

ALWH 1-5 ﬂzLL%uLL@iaZ‘ﬁ,@QﬂLLﬂa\‘iLﬂ%g@lﬁ"]%I@U%'ﬁﬁ’J HAZLUILAN

5 lagdndasulng 1 00 ugashigaeulinawalasinmavesizlu

L'%iamfumn

Problem2_10_1 1. Ruendszinnainisil 0.77 0.78 0.78 0.76 0.74
TIOLN (0.16) (0.16) (0.16) (0.16) (0.16)

Problem2_10_2 | 2. fwdsztnneninm 0.74 0.76 0.76 0.73 0.72
TsafiTenuns (0.17) (0.17) (0.17) (0.17) (0.17)

Problem2 10 3 | 3. fuslasrialy 0.76 0.77 0.77 0.74 0.72
(uaﬂLﬂﬁQQWﬂQW%WSua: (0.16) (0.16) (0.16) (0.17) (0.16)
81) ATaUNg

Problem2_10_4 | 4. vinuwalanums 0.51 0.47 0.51 0.53 0.52
TwuSmsvesaanfiewde/ (0.15) (0.16) (0.17) (0.16) (0.17)
amuwmmamaa%’g***

Problem2 10 5 | 5. é1lg3uen 0.74 0.75 0.75 0.73 0.71
ﬁ’l'ﬁ'ﬁt}}ﬂiflﬂ LB f1 (0.16) (0.16) (0.16) (0.17) (0.16)
1wt @z én
Tnsawy A3auma

Problem2_10 6 | 6. inuwalanunns 0.52 0.50 0.51 0.52 0.55
TwuSmsaswiinnud (0.15) (0.14) (0.14) (0.14) (0.15)
Lﬁﬂ’liﬁ]dﬂyﬂﬁ’]'ﬁ’]‘i%ﬂiﬂﬂ
@9 9 Liw MW s
Uyeth MIlnsamyi

Problem2_10 7 7. @1salasansyszdime 0.64 0.62 0.64 0.64 0.66
$I0707UT19TERI90 % (0.17) (0.18) (0.18) (0.17) (0.18)
Ya3vinu g na/ad
IRIAR TN

Problem2_10_8 8. LEUNIINIANWIA 0.47 0.47 0.46 0.49 0.50
Jennstupasrinw s (0.16) (0.15) (0.16) (0.17) (0.17)
BN B/AIIRIAR A
RE@IN**™

Problem2_10_9 | 9. azwaninuzadvinuian 0.53 0.53 0.52 0.52 0.54
AALILENAR (0.19) (0.19) (0.18) (0.15) (0.21)

Problem2_10_10 | 10. aztaniiuasvinud 0.56 0.55 0.56 0.56 0.57
anudaeans Jaiilas (0.18) (0.18) (0.18) (0.18) (0.20)

H38*+
U
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A29819 Baby Gen X GenY GenZ
Al A1a5u1Y PINNA boomers | n=1,092 | n=1,063 n=218
n = 3,075 n =702 729818 729818 729818
ag 54l | 38-531 | 21-371 | 18-201
Fulyl

Problem2_10_11 | 11. nnfuﬁﬁwmﬁaaﬁ 0.66 0.66 0.65 0.67 0.66
anusaugy lddym (0.21) (0.21) (0.21) (0.21) (0.21)
AMUTALET*

Problem2_10_12 | 12. inuwalanunsaa 0.57 0.55 0.56 0.58 0.60
mMIAnsUedlsaSuw (0.18) (0.17) (0.18) (0.18) (0.19)
FOUUMIANHIVDITT

Problem2_10_13 | 13. N3:LI%M38ATIIN 0.66 0.64 0.64 0.67 0.69
maa"lmmﬁmmgﬂﬁm
- CI (0.20) (0.19) (0.19) (0.20) (0.19)

Health szauanuianalalu 7.23 6.99 7.23 7.36 7.32

Satisfaction LN (AZUUY 0-10) (1.63) (1.52) (1.51) (1.73) (1.91)

WNBWA: d ANNBAI daulIvn (dummy) Al 0 wie 1
* @‘immiﬁ@@auﬂs:mmn’mm"‘mﬁuaawammad Tagfl 1 = §13ueaUnanTay, 2 = NISU0ONARNNY, 3 = §
BUBDNRANKAY, 4 = FITUDONRANLEY LAY 5 = ULIUDNRANA
** @‘hmulﬁ@’mauﬂizmmmii:ﬁu%ﬁﬁumaammad 1auN 1 = TRREURANWY, 2 = FRAFUAIAREAN, 3 = 4
;Q L a ;A L v
AAFUARNLEY LAZ 4 = ARUFUARNEY
o o ludd 4, 6, 8, 10, 11, 12, 13 IMINAUAIAZLL I@]Uﬂnmuﬁag{lmﬂ sevaudsanylininalaluizos

HUUN

4.2 m‘sﬂ‘szLﬁugac-’h*’uaaﬂ%ﬁ'ﬂmaﬁaﬂu@iamsgai’ﬂazhaﬁqmmwﬁ

Asans larinnsUszunansaNnTN (1) Nlaefunsus? drsuuudnasd OLS was Ordered
Probit laglgdraanuaaianiouunasgiuinuniudaninuudsdsauliasn (Robust standard

errors) lwn1sdszunaduusiass wan1sdszimnisUsngluatanuin @13190 2 dadn

% a a% o ' . [ a [
sulszAnSanmsUszanmmsuindiwitien Income equivalent (L/0) nIasauazaaaiunale
3INN1311191% (Labor income) fiuilnaduddruifeundyninisagendouazaninuiadow
4 . . v o 6 . a
(NLaas Xi uaz Envi) §TN1IZULATINTNLIARENNITHIU (13N1A8T Workplacei) UazU3N1T
o . . v X § @ a a% (% o
A3y (1INLAB3 Govt Servicei) 1WaTw 1Hasanaraudszandvesreldainnisiisu (Labor
income) dniungudladiaan z liivsdsayn1eaiid nsdnshialaidiuan income
. | < X = ~ % ' R v oo
equivalent 2a9nguau Z el anduwnzawan Z Jagdes (18 - 20 T) drulngFadaudu

2
A

wn L%ﬂuﬂ%aﬁﬂﬁﬂﬂﬂ LLﬂzﬂQ'leﬂij@%’Lﬁﬁé@] KA AN Eﬂﬁﬁ}ﬁﬂﬁﬂﬂﬂﬂiﬁ%‘]’]uﬂl 29AUWILBA D UTN




Page |146 Development Economic Review

@1 AN 2,166 UINABLAAW v‘iﬂﬁwamiﬂszmmmiiﬁU"L@T"uaamjmﬁazhol,ﬁm Z 6anINUNI

o o

walalugunwlidindaynieaiia

Y A

NIRILNANANINN 2 31 ﬂﬁm‘“mn@ﬁamﬁﬁwa@iammﬁawalﬂuqmmwmaaqﬂﬂaﬁlﬁﬂmﬁLmu

s s . = a A ' L 1 a A A A A a
10326 Healthy ageing 284n135An11% SANULANAARANUTIIBUAZAWN lasanluiuiilas
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@13°911 2: N3 IARYAA129TTBNWFIAN FIWIARDHN WAZNIIUINIINIATZADAIN

fonalolwgunn (Health Satisfaction)

Societal Correlates Whole sample | Baby boomer Gen X GenY
OoLS OLS oLS OLS
1) ﬂ1$€l§l:a’lﬁElLLa$ﬁn1WLL’JG\56N Ordered Probit Ordered Ordered Ordered
Probit Probit Probit
- Houseowner (0.21) 3.24* (0.12) (1.63)
(0.24) 3.15** (0.45) (1.47)
= Household-head 1.65* 2.84* (1.21) 1.62
1.82** 2.61* (1.06) 2.23*
= Household member 0.18 0.04 (1.52)** 0.66*
0.12 0.14 (1.45)* 0.63*
= No. of income dependents 0.14 0.66 1.23* (0.96)**
0.07 0.61 1.25* (1.23)*
- Urban (1.71)* 4.20** (6.08)** | (2.37)*
(1.61)* 4.40** (6.37)** | (2.48)**
- BKK (8.98)** (5.05) (17.64)** | (6.80)***
(10.67)** (7.55)* (19.74)*** | (8.74)**
= Samutprakarn (18.87)*** (13.70)*** (27.54)*** | (15.02)***
(19.77)** (15.87)*** | (28.63)*** | (16.98)***
- Chiangmai (2.14) 5.51 (6.32) (4.00)*
(3.57)* 3.89 (7.46)* (5.69)**
- Korat (7.40)*** 0.28 (13.60)*** | (6.72)***
(9.56)*** (2.81) (15.65)*** | (9.35)***
- 1.3.1 TR IRBIMEIUN IR UL 2.40 5.43* 5.47* (1.24)
1.88 (4.86)* 5.16* (1.27)
- 132 Lﬁmsumummﬁauﬁm (1.23) (5.03) (5.49)* 2.89
(0.26) (3.68) (4.43) 3.98**
- 1.3.3 unasinlnathusanaumnidn (5.22)** 0.56 (2.61) | (7.25)**
(5.30)*** 0.13 (2.83) (7.70)***
- 1.3.4 sowisznaumsinatudilsesvas (0.11) (0.51) (3.92) 1.75
\Fo/RINB W WNLE 96 (0.05) (0.73) (3.57) 1.82
- 1.3.5 Tymppzdanaundn (1.93) (7.94)** (0.52) (2.25)
(1.83) (6.70)*** (0.63) (2.60)
- 1.3.6 auwanihuinge liuneaunn (2.96)** 2.78 (3.01) (2.78)
(3.02)** 2.89 (3.43) (3.38)*
- 138 gmummnnamm’%awﬁﬁlagiﬂﬁ (7.10)*** (5.55) (4.63) (7.08)***
(7.25)** (5.64) (5.72)* | (7.24)**
- 1.3.9 flymvuanaiuw/lu PM 2.5 (0.08) 2.60 4.30 1.48




Page |[151

Development Economic Review

Societal Correlates Whole sample | Baby boomer Gen X GenY
0.09 1.94 5.01* 1.72
- 1.3.10 MIunsTTLNevedidalade-19 (2.67)* 0.83 (3.43) (3.24)
(3.02)** (0.50) (4.24) (3.44)"
2) game & ANNUIARBNNITINH
- Wage worker 0.38 7.31%* (1.46) 0.84
0.31 7.86%* (1.36) 0.43
- Sleep hrs 0.65** 1.34%** 0.37 0.48
0.65** 1.23*** 0.38 0.38
- Saving 0.21 2,37 0.49 (0.32)
0.26 2.33" 0.58 (0.29)
- Debts (0.47)* 0.03 (0.50) (0.44)
(0.35) 0.12 (0.36) (0.38)
- Better life 3.85** 2.65 4.64* 2.57*
4.03*** 2.28 5.20* 3.05**
- OPD (0.93)* (0.93)*** (0.69) | (0.89)*
(0.98)** (0.85)*** (0.83)** | (1.10)*
- Admit to hospital (1.83)* (2.56)* (1.39) (0.94)
(1.45)* (1.93)* (1.31) (0.72)
- NCDs (5.47)"* (4.05)* (7.46)* | (2.66)"
(5.09)** (3.87)* (7.84y* | (3.07)"
= Doctor appointment for NCDs (2.95)** (1.99) (3.32) (2.45)
(3.15)"* (2.35) (3.40) (2.48)
- Family assistance 2.26 4.61 9.10 (0.78)
1.69 4.82 10.53* (1.75)
= Freq. exercises 0.77** 1.33*** 0.85 0.41
0.83*** 1.29** 1.05* 0.41
= Cleaned veggie 3.33** 4.09** 3.93*** 1.14
3.50*** 4.45*** 4.22%** 1.64
- 2,51 fnunnnanlidnannadawim (8.83)*** (7.73) (10.68)* (5.41)
AsaLUATA (9.09)** (7.68) (10.62)* | (7.19)*
- 2,52 §@NULAIBANNMITING (1.49) 2.40 1.69 (5.92)
AOUTININ (3.66) 1.72 (0.66) (8.11)*
- 2,53 Molaldiisanaunalging (9.06)** (4.36) (13.15)* | (6.70)**
(8.34)** (5.13) (13.09)** (6.39)*
- 254 gnEAsaNM IV NaNEA 3.72 (1.98) 2.11 4.68
DUANUADFUNIN 4.06 (1.86) 1.86 6.94*
- 255 ﬁﬁmmﬁ'mﬁam'mmu/ﬁ'mﬁ'} 0.17 (1.58) 7.31 (3.72)
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Societal Correlates Whole sample | Baby boomer Gen X GenY
1.33 (0.55) (9.00)* (2.57)
3) anwitsnalenay3inmsvasiy
- 2.10.1 FuMUIsAnNaImIsITIALNG 0.35 2.41 (3.89) 5.57
0.93 3.25 (4.30) 6.54
- 2.10.2 fudsznnenInE IR AWK (2.38) (3.50) (1.19) (6.45)*
(2.24) (2.49) (1.12) (6.37)*
- 2.10.3 fusraly (@llgermsuazen) & (1.87) (4.92) 8.38 (4.39)
TINTUNS (2.58) (4.14) 8.47 (6.62)*
- 2.10.4 vnuwalanumshiusmyvaszanit (0.03) 2.23 (0.81) 1.45
auNY/ FDTUNEILAVBIT] (0.23) 2.97 (1.53) 1.36
- 2105 ﬁﬁl”ﬁ/"ﬂ"mﬁ’mﬁ’]ﬁﬂ‘i%ﬂiﬂﬂ LT AN 1.03 5.20 (5.41) 3.18
Wi dsztn dnlnsawst S3a1uns 1.85 5.29 (5.00) 4.51
- 2.10.6 MIALSMTVIRUIBINUA (5.67)** 5.07 (12.95)** (3.12)
mmm&ﬂim 547y 5.20 (13.05)** (3.75)
- 2.10.7 alagasUszinmansesnsudned (4.29)* (5.01) (4.09) (1.72)
TIOLEN (5.28)** (5.28) (5.75) (2.77)
- 2.10.8 L@uMIaNmIANINTW I Ene/ 1.95 (3.01) 3.46 3.30
IMIALANVUFLAIN 2.83 (3.36) 3.79 5.23*
- 2.10.9 azintuvasvinulandaeanda (0.13) (3.28) (3.56) 1.39
0.45 (3.54) (2.68) 1.81
- 2.10.10 azwntuwsadrinuianulaaans (2.63) 2.41 (7.14) (1.34)
lidlawte (2.60) 2.78 (7.12) (1.68)
- 2.10.11 ﬁﬁmﬁaaﬁmwmuqm laifianu 4.37* (5.99) 8.10 1.68
Ty 4.65* (6.72) 8.47* 2.59
- 2.10.12 msﬁ'@m’sﬁnmmaa%’g (7.37)** (1.69) (6.42) (8.23)**
(7.68)"** (2.16) (7.20) | (8.88)**
- 2.10.13 ﬂi:mumsqaﬁiiwaﬂmﬁ (3.18) 7.58 (1.94) (3.41)
AMAUDNdal \Hofiold (3.84) 7.13 (3.58) 4.72)
No. Of observations 3,054 699 1,088 1,049
Average labor income (Baht) 14,491.74 11,508.69 19,008.92 | 14,349.05

WANBLAQ - (1) *p S 0.1

*p <0.05

** p < 0.01

(2) @avuaruwidnan income equivalent AFNwITAINENNTT OLS dataadthdunlunntanadn

N1IAUIT income equivalent 31N&UNT Ordered Probit

ot dl [ <3 ' ' e a nf et a IS et -dl
3) (ﬂ’)Lﬂ‘U‘Y\E]%I%’NLQ‘LJ #ANLAMNIN AFuUIEARNTIINMTU Iz N IAU SUANLT WAL @dLauN

=3 U ' R a n”‘ s a )
vl.uaglmatau ANBAINNIN AFNUTEENTININNIU ST IRl SN a L D wuIn




Page [153 Development Economic Review

5. Un ﬁjlﬂ La 3???.] L blibe

v A [ % v { .
mmmmﬂﬂizmwuwaaaaﬂwgm:lvlmmﬁa Lm’s'muvlwmlzﬁmqmﬂmﬁm (Life expectancy)
A & Y 4 H o i i <& o A
LN Lmﬂauﬁmqm@mﬁsﬁmmmgl,l,ammaa"l,@ (Active life expectancy) §ad LAANANANLAG

. . X e &
anmsthudulsalifadalsateandu 3NT89BEnIBN1INIIA NCDs vastlszina ineluil
2567 Wquﬂ’;mmmmazamjagoﬂiw 14.4 3UAH LLa:ﬁLLmMNIiﬂéﬁmﬁugaq@ﬁ%sla: 45
20313273707 l3a NCDs (duanngnisfediadudy 1 vesdszina (Aaiduiasaz 76 va9m3
A Aa < < X & = | A a X ' o< A )
WWoTIaninue) N9 an1nTainsiiutisMiAntwsedanlinsasnatiunaunliiNosde
AMNRINITD MHNNTVNINT U AILTIN UL LAHITNAAaANAUAINIINTIUVDIATII AU LA

ANTENHNNNIARIVIUTENAN L

= 6 o Yo A « o 1 = A, A . v v 1 @
ot asdmsawiplanldldrfionw “nageibadefiguning” wia Healthy ageing 13U ety

=} ) s gv d' £ I d' Qs 1 [ ] =
Tidnmsfnuadrtiansanuazdunoaniuunt uanuAn® a9 Lu et al. (2019) Laz Sowa
et al. (2016) Fhmadazifiuanufisnalalufia uszmadsziduanuinalaluguniwaasauies

= & Ao o . P o . oA a =2 AR 9 o a A
Lﬂuaﬂﬂﬂizﬂaﬂﬂa’]ﬂfyE]U’]\‘]ﬂuﬂﬂlaﬂﬂqifﬂﬂ?UE]U']{'IN@TUZT]‘W@ ﬂ’]sﬂﬂﬂqu'ﬂﬂlﬁju’uaﬂ@]ﬂ’]iﬂiZLﬂJu

a 1 = =

anutanalalugunwzasgaevuuusaunaundudinied (Proxy) migsivetafigunindluszay

q

uAfAa Ui daMzianuFuRusznindadouadaunafiay LaTegna Fuiaden uazuIng

masgnunmsgeisadilgunmdlusiundsanlng Jodunudmdguszdaiauaunzuainmsdnm

Ao X
et
152A715U5N miﬁﬂmwud’]ﬁw‘”ﬂﬁﬁﬂ'smé’uw"’ufﬁ'vmigai’ﬂazmﬁf,jmmwﬁmaaﬂu"lm Jau

@

LANGNNUATNTIIDURZANAUN JeraulITYRILAZAMNABINITNUANAN AU DIAUUABLIN
LBLITUIULARZTINITAUAZANUN (LUBILRZTULN) AIDE19LTH MTANEINLIN BINRITU b

o & 4da ~ = = a o \
MwNaanlbaNunLilad (Urban) wmmwawalﬂuqmmwmmaﬂmmﬂmumauuaummu

v a '

Tuzsuunidungudredsadnddoddny waldedienzidayamurisongud inaunuings

v
o '

; Fow o4 e
Baby boomers fiffogatud 54 Daulufionduluiuaidas (Urban) fanudanalaluguninanias
1 svd' > ,&’ d' U > 1 £ 1 d‘f nﬂl A t-ﬂld =
mﬂmﬁgwmmﬂuwuwmuw mwmnunqwmamalumu X uaz Y luwunidasnidanunanala
luqmmwmammaﬂ@mﬂ%‘smﬁwﬁamndmulmuun wisllaNnsandulsginaie wuit nga
”’aazhmﬂmﬁmmﬁmmﬁawalmlqumwmmaaﬁaﬂﬂjﬂm\jm‘ﬁazmluﬁ‘i'omyﬂumﬂ%‘ﬁﬁmw
A Y oA o o o p= =< o
undudreds T,cﬂmd@auLu_maatumuluaammymﬂmmmmwuwawa‘lﬁﬂuqmmwmmaam
A . A 3 ] A @ 5 o a = P gry
1@ 91N Income equivalent mammmulﬁ)mﬂLwaLmﬁzym‘Lmqmmgmqm NANISANHIAI
siuayunIINIzEdwgrinsdin iNalWigunariasin unumaansuuazaTauluiun
AARUANIATNTNLRUZRUYDIA LA Lﬁam‘sdua?umsgﬁya;J'Nﬁqmmwﬁaamﬁﬂizﬁﬂﬁmw

\ o o . . , & A \ = a ° o o & &
ﬁ?ﬂLLﬂﬂEyV\']'ﬂﬂﬂ (Pam pomt) VBJLLANSNUN am\‘lvl,iﬂ(ﬂ NIINIZTINYDTIVIICADIATUIDNIAINY



Page |[154 Development Economic Review

wanavasywszaUNKNasRnsUnAsasdIwiadduaNaNIUsWITIaNIT e nuTgwITuwui
nesdunihfaesiguianaslumstszauwnusznienun 019 Jgwinmstaagzsinfumndns
Tymlssnulndthuswsiy TywuFsesuniwanideuwiu wiadymouunmadhiugie
= o & Ad & v a A o % o ] A \

dudgymluszauduniasdnidnasasiastiuarsiisiwalumauddymaind1n suendywidu

PM 2.5 dgymidusdnauns iudymadnaiuiiduninnvessgunananslunisuinisaans

Usemsiged maduthanvilddaslunuunnslusey 12 i@eufisnunn (OPD) uazmaidulsa’lyl

=)

dadaiia3s (NCDs) dnaiduaudaszdu Healthy ageing 289ngueiat1slunnsiaivatied
wuFIA vmeNn2udVeIN1TaantI8IN1Y (Freq. exercise) LAZNIIR 1IN NUAZHA LT B %

Julznu (Clean veggie) T1ul¥ngudaatng Baby boomers uazngualad13Lau X da11uiy

o o

o . .
walﬂuqmmwmammauw VU a:'ﬂauﬁaﬂ’numﬂmﬂuu‘ﬂm'ﬂmaam:m'sommimqm@ anIy

@ A

faLasunstasnulsa wazn133nnlsa NCDs ﬁgmd’lﬂwﬂ’)’mLéﬂd@iﬂﬂ’]iLﬂuIiﬂ&]’]ﬂﬁQ@] ¥
LLsamuﬁaufmnﬁﬁmmq (AL X) LLaijqamq (Baby boomers) mmzﬁmmmimamwgﬁa
et Te laiius s LLa:mm%”Nau@;a%‘?m:%dnmsﬁnmuazmiw”ﬂN'au (Work-life
balance) Hugssndudonisdaasa Healthy ageing 789AUWIB¥IN9% (AKLAK X AT Y) WHaga7n
mMavhnunsnawldfnannten wazanyhiwssnezasmnaldannmsianulanusunusedng

@ o % a

fipdaynsaiddennuiwelaluguninsasnguawisrim agelsfionw esanmfinm

=3 v

ﬁmumagaluﬂ 2564 N3zine s laTUNaNIZNLAINNNTLNIIZL1aUaITalinlada-19 32aan

D.

73 ﬂ’mh‘:Lﬁummﬁawalaluf,ﬂmw URXNITUSLL A RFNINIAR NN a2 ldTuNaan
a & =T o = X4 ' a A & o oA oA o

lﬂﬂ@]L%aIiﬂa%l Lﬂwuamnmawaga’l,ummﬂmu‘nmmaLasm‘lmmsmumagﬂmLwawﬂuwa
ANIANEN I@u%‘mﬁ:ﬁmwmé’uw"’uﬁmammwLn@ﬁauluﬂﬁﬁﬁmu@iammﬁowaiﬂuqmmwmaa

AWIBUIIN uluama:ﬂﬂ )

o o %

lutznsgaring mafinswuieulneluudazssisldanuddyiumdaasyimimaiguandis

[

Nl g3a@NIVITgLIRTImIRilsiivanudaInsvasauudazgsiandanusansnluni i

AANTIUE9 9 (Functional ability) 1a1vinAn udlitasannsd@nwisas Healthy ageing tui3asAautns

v ' v v
AAd e A o e o A

Tmifiadnanadslugisfudiduan gsldfnsamasfiaian e NI Tiaszal Healthy
ageing UazAITIATITLUINRDNNNFIAN LATHND UAZRILIAFNNTANNFUNUTAL Healthy ageing
‘:lI 3 = dy (3 ) [ aAa [ v 2 o d' v
naf lanmsansBwnunansauls lissdauneeia ussnsaudslinaasstununaemsoill
= 1 a a o A .:?l’v . A a a
msinudaldluemaa asinIRTanawisia Healthy ageing MwanzaunuuSundssinelng
AnTandaienadBedauynIsIaNLazATEgNandANNFNRUEAUNIgriBagiigunwg wiby

o g o o @ @ : | @ o A oA A A a &
ﬁaﬂLﬂmGVﬂun']jﬂj'](ﬂﬂﬁ]ﬁ]ﬂLLj(ﬂaaﬂJ@l\‘]ﬂaq? ﬂ’JﬂJﬂﬂUﬂ’]iW@Nu’]LﬂiadNaau s] Vlmﬁ]i"ﬂuﬂ’ﬁ’)mi’]z%

]
v = o v

VOYN LN Yinanutnla Healthy ageing luuSunasaalne Ll,a:ﬁ”ummmmidoLa'%umsgﬁuashaﬁ

a A o ) \ | A A
Ei(dllﬂ']W(ﬂ‘YlL‘V\N']zﬁllﬂﬂﬂuvtﬂUluLL@]azdﬁ?GaqﬂqLLazLL@ﬂzwuﬂ@]avLﬂ



Page |155 Development Economic Review

References

Annear, M., Keeling, S., Wilkinson, T., Cushman, G., Gidlow, B., & Hopkins, H. (2014).
Environmental influences on healthy and active ageing: A systematic review. Ageing
and Society, 34(4), 590-622. https://doi.org/10.1017/S0144686X1200116X.

Apinunmahakul, A. (2015). Social capital and balanced and sustainable national development,
Academic paper submitted to the Center for Sufficiency Economy Studies, National
Institute of Development Administration. (In Thai).

Araujo, L., Ribeiro, O., Teixeira, L., & Paul, C. (2016). Predicting successful aging at one
hundred years of age. Research on Aging, 38(6), 689—709.

Arayasajapong, W., Pinagalung, S., Srisuruk, P., Paholpak, S., & Mongput, K. (2021). Factors
related to healthy aging among older persons. The Journal of Behavioral Science, 16(3),
59-71. https://s006.tci-thaijo.org/index.php/1JBS/article/view/251639

Baek, Y., Martin, P., Siegler, I. C., Davey, A., & Poon, L. W. (2016). Personality traits and
successful aging: Findings from the Georgia Centenarian Study. International Journal
of Aging and Human Development, 83(3), 207-227.

Bosnes, 1., Almkvist, O., Bosnes, O., Stordal, E., Romild, U., & Nordahl, H. M. (2017).
Prevalence and correlates of successful aging in a population-based sample of older
adults: the HUNT study. International Psychogeriatrics, 29(3), 431 — 440.

Byun, J., & Jung, D. (2016). The influence of daily stress and resilience on successful ageing.
International Nursing Review, 63(3), 482—489.

Caballero, F. F., Soulis, G., Engchuan, W., Sdnchez-Niubo, A., Arndt, H., Ayuso-Mateos, J. L.,
Haro, J. M., Chatterji, S., & Panagiotakos, D. B. (2017). Advanced analytical
methodologies for measuring healthy ageing and its determinants, using factor analysis
and machine learning techniques: The ATHLOS project. Scientific Reports, 7, 43955.

Campos, A. C., Ferreira, E. F., Vargas, A. M., & Gongalves, L. H. (2016). Healthy aging
profile in octogenarians in Brazil. Revista Latino-Americana de Enfermagem, 24,
e2724.

Charnduaywit, W., Suriyarattakorn, S., Phadungkit, O., Paengpassa, S., Ngoasri, K.,
Chonpitakwong, B., & Kunakornwong, W. (2021). Public Policy and Life Satisfaction
among Thai People 4.0 (Phase 1): Final Research Report. National Research Council
of Thailand under the Strategic Targeted Research Program (Spearhead) in Social
Sciences. (In Thai).

Chonirat, A., Wirojratana, V., Pongthavornkamol, K., & Tiraphat, S. (2020). Factors predicting
healthy ageing of older adults. Thai Journal of Cardio-Thoracic Nursing, 31(1), 93 —
108. (In Thai).

Chukwuorji, J. C., Nwoke, M. B., & Ebere, M. O. (2017). Stressful life events, family support
and successful ageing in the Biafran War generation. Aging & Mental Health, 21, 95—
103.

Clark, A. E., Fleche, S., Layard, R., Powdthavee, N., & Ward, G. (2018). Origins of Happiness:
The Science of Well-Being over the Life Course. Princeton University Press.


https://doi.org/10.1017/S0144686X1200116X
https://so06.tci-thaijo.org/index.php/IJBS/article/view/251639

Page | 156 Development Economic Review

Cosco, T. D., Stephan, B. C. M., Muniz, G., Brayne, C., & CC75C Study Collaboration.
(2016). A novel examination of successful aging trajectories at the end of life.
Canadian Journal on Aging/La Revue canadienne du vieillissement, 35(4), 533—540.

Department of Mental Health. (2020, September 24). Gen Y/Gen Me: A major population
group of the digital world who will shape the future.
https://forums.dmh.go.th/index.php?topic=8.0 (In Thai).

Faculty of Social Sciences, Kasetsart University. (2021). Annual report on child and youth
development 2020. Department of Children and Youth, Ministry of Social
Development and Human Security. (In Thai).

Gu, D., Brown, B. L., & Qiu, L. (2016). Self-perceived uselessness is associated with lower
likelihood of successful aging among older adults in China. BMC Geriatrics, 16, 172.
https://doi.org/10.1186/s12877-016-0348-5

Helliwell, J.F., Layard, R., & Sachs, J. (2019). Global Happiness and Wellbeing Policy Report
2019. Sustainable Development Solutions Network.
https://files.happinesscouncil.org/UAE/GHWPR19.pdf

Helliwell, J. F. (2008). Life satisfaction and quality of development (NBER Working Paper
No. 14507). National Bureau of Economic Research. https://doi.org/10.3386/w14507

Jaspers, L., Schoufour, J. D., Erler, N. S., Darweesh, S. K. L., Portegies, M. L. P., Sedaghat,
S., Lahousse, L., Brusselle, G. G., Stricker, B. H., Tiemeier, H., Ikram, M. A., Laven,
J. S. E., Franco, O. H., & Kavousi, M. (2017). Development of a healthy aging score
in the population-based Rotterdam Study: Evaluating age and sex differences. Journal
of the American Medical Directors Association, 18(3), 276.e1-276.¢7.

Kok, A. A. L., Aartsen, M. J., Deeg, D. J. H., & Huisman, M. (2017). Capturing the diversity
of successful aging: An operational definition based on 16-year trajectories of
functioning. The Gerontologist, 57(2), 240-251.

Liu, H., Byles, J. E., Xu, X., Zhang, M., Wu, X., & Hall, J. J. (2017). Evaluation of successful
aging among older people in China: Results from China health and retirement
longitudinal study. Geriatrics and Gerontology International, 17(8), 1183—1190.

Lu, W., Pikhart, H., & Sacker, A. (2019). Domains and Measurements of Healthy Aging in
Epidemiological Studies: A Review. The Gerontologist. 59(4), €294—e310.

Manasatchakun, P., Chotiga, P., Hochwiilder, J., Roxberg, A., Sandborgh, M., & Asp, M.
(2016). Factors Associated with Healthy Aging among Older Persons in Northeastern
Thailand. Journal of Cross-Cultural Gerontology, 31(4), 369—-384.

National Statistical Office. (2025). The 2024 Survey of the older persons in Thailand, (In
Thai).https://www.nso.go.th/nsoweb/storage/survey detail/2025/20241209145003 27
188.pdf

Nie, P., Li, Y., Zhang, N., Sun, X., Xin, B., & Wang, Y. (2021). The change and correlates of
healthy ageing among Chinese older adults: findings from the China health and
retirement longitudinal study. BMC Geriatrics. 21(78), 1-13.


https://forums.dmh.go.th/index.php?topic=8.0%20
https://doi.org/10.1186/s12877-016-0348-5
https://files.happinesscouncil.org/UAE/GHWPR19.pdf
https://doi.org/10.3386/w14507

Page [157 Development Economic Review

Park, J. H., & Park, Y. J. (2018). A systematic review on factors influencing the healthy

ageing: A Korean perspective. Journal of Aging Research and Clinical Practice. 7, 3 —
8.

Pengpid, S., Peltzer, K., Hajek, A., Anantanasuwong, D., & Kaewchankha, W. (2025).
Sociodemographic, lifestyle and psychological factors associated with healthy ageing
in a national longitudinal study of middle-aged and older adults in Thailand.
Psychology, Health & Medicine, 30(6), 1069—-1082.

Pitisuttithum, O., Chantaraprateep, P., & Neeser, K. J. (2018). Prevalence of healthy aging and
factors associated in Thai urban elderly, Bangkok, Thailand. Journal of Health
Research, 32(Suppl.2), S167-S176.

Putnam, R. D. (2000). Bowling alone: The collapse and revival of American community.
Simon & Schuster.

Sowa, A., Tobiasz-Adamczyk, B., Topor-Madry, R., Poscia, A., & la Milia, D. 1. (2016).
Predictors of healthy ageing: Public health policy targets. BMC Health Services
Research, 16(Suppl. 5), 289. https://doi.org/10.1186/s12913-016-1520-5.

Thanakwang, K., Soonthorndhada, K., & Mongkolprasoet, J. (2012). Perspectives on healthy
aging among Thai elderly: A qualitative study. Nursing & Health Sciences, 14(4), 472—
479.

Whitley, E., Benzeval, M., & Popham, F. (2018). Associations of successful aging with
socioeconomic position across the life-course: The west of Scotland twenty-07
Prospective Cohort Study. Journal of Aging and Health. 30(1), 52-74.

World Health Organization. (2015). World report on ageing and health.
https://iris.who.int/handle/10665/186463



https://doi.org/10.1186/s12913-016-1520-5
https://iris.who.int/handle/10665/186463

Page | 158 Development Economic Review

NMAHKRIN

A131971 W1: wamsﬂs:Lﬁumwﬁawa%iuqmmw (Health Satisfaction) maaﬁmau

BUUEDUDINIIUWBAAINT 9

Y o @ % {

mﬂ%%mmaaauaﬂﬁqﬂ (Ordinary Least Square: OLS)

Whole sample Babyboom Gen X GenY GenZ
(3,054 @@8i9) (699 Gatng) (1,088 Gn@8i9) (1,049 Gnating) (218 Gada)
audyaduiy Coef. Robust Coef. Robust Coef. Robust Coef. Robust Coef. Robust
SD Err. SD Err. SD Err. SD Err. SD Err.
Male -0.053824* 0.0374094 -0.1168164 0.0805151 0.0517908 0.080836 -0.084903 0.057658 -0.1782289 0.1297706
Baby boomer -0.0891336 0.0901542 - - - - - - - -
GenX -0.0894776 0.085733
GenY -0.0595141 0.0802065 -— -— — — -— -— -— —
Highsch 0.0397994 0.0428868 -0.000662 0.0672917 0.034393 0.0717007 0.0050944 0.1149004 -0.1689297 0.2362109
Bachelor -0.0229841 0.0576543 -0.355276** 0.1476548 -0.0297434 0.0960779 -0.012594 0.1259608 -0.3800169 0.3831997
Urban -
-0.080268* 0.0386111 0.2024436** 0.080326 0.2465816*** 0.0680809 -0.1446424* 0.0671171 0.197584 0.1652535
Born_prov -0.0101169 0.0352363 -0.0030861 0.0690043 -0.0359883 0.0606566 -0.0337323 0.0600381 0.1342956 0.1547737
BKK - -
-0.422119*** 0.0813055 -0.2431261 0.213205 0.7152294*** 0.1298229 0.4143065*** 0.1316586 -0.4468844 0.2822989
Chiang Mai -0.1006586 0.0872863 0.2652212 0.1966117 -0.2563119 0.1559836 -0.2438882* 0.1416388 -0.308741 0.3344905
Korat - -
0.3476988*** 0.0812163 0.013467 0.191931 0.5516526*** 0.1355998 -0.409419*** 0.1302666 -0.3368681 0.3728566
Samutprakarn - - - -
0.8867358*** 0.0943343 0.6598073*** 0.2317182 -1.116827*** 0.1486967 0.9148528*** 0.1653577 1.199568*** 0.3734439
Wage_worker 0.0178733 0.0429962 0.3520276*** 0.115299 -0.0591706 0.0673645 0.0514312 0.0690872 -0.3200378 0.3299319
WkHrs_week -0.0000508 0.0013674 -0.0022197 0.0026611 -0.0006923 0.0020783 0.0004081 0.0027171 0.0220347** 0.0105652
Sleep_hrs 0.0305657*** 0.0118806 0.0644895*** 0.0239043 0.0148407 0.021483 0.0291637 0.0210682 0.0247324 0.0375453
Saving -
0.0096563 0.0123262 0.1139811*** 0.0255735 0.0197276 0.0199846 -0.0193676 0.0218846 0.2011975** 0.07925
Debt -0.0220069* 0.012757 0.0013559 0.0275327 -0.0204565 0.021925 -0.026547 0.0218731 -0.0171392 0.136479
Life_better 0.1808727*** 0.0514158 0.127518 0.1376753 0.1882261* 0.0996783 0.1565016** 0.0682097 0.1031872 0.2624015
OPD - -
0.0435001*** 0.0077548 -0.044577** 0.0135965 -0.0281025* 0.0148058 0.0542891*** 0.0159149 0.0283209 0.0356747
Admit to hospital -0.0860554* 0.0387591 -0.1231266* 0.0677004 -0.0562296 0.0605446 -0.0570419 0.0585652 -0.2073818 0.163693
NCDs - -

0.2430476*** 0.0510709 -0.1950737** 0.0878221 -0.302412*** 0.0811735 -0.1617657* 0.0906934 0.5624414** 0.2705638

Visiting doctor for

NCDs -0.1388135** 0.0643792 -0.0960127 0.1028971 -0.1311722 0.1094236 -0.1492946 0.1738746 -0.4557879 0.7675097
Caregiver 0.0661597 0.0582153 0.2053103 0.1546061 -0.1478164 0.1032065 0.1057223 0.0824017 0.2777729 0.2387497
Healthcare coverage 0.0653314 0.0464159 0.1002023 0.1013785 -0.0039773 0.0781713 0.087358 0.0810611 0.1135212 0.1475721
Ferq. Exercise 0.0363742*** 0.0132989 0.0640774** 0.024845 0.0345418 0.0229984 0.0249893 0.0230779 0.0832063 0.053709
Clean_veggie 0.1563091*** 0.0357428 0.1970173** 0.0798181 0.1593092*** 0.061159 0.0692795 0.0579854 0.3931374** 0.1569577
Houseowner -0.0098646 0.0388718 0.1558899* 0.0804942 -0.0047855 0.0689336 -0.0992266 0.0696544 -0.1824398 0.1564519
Ln(hh_expense) -0.0141423 0.0395887 -0.0015554 0.0854607 -0.022493 0.0745241 -0.0066164 0.058099 -0.1877841 0.1356615
HH_member 0.0082857 0.0131062 0.0016868 0.0252653 -0.0615479** 0.0267669 0.0402056* 0.020872 0.0107384 0.0536605
HH_head 0.0776996* 0.0405859 0.1366735* 0.0817141 -0.0490587 0.0802064 0.098779 0.0719112 -0.1398774 0.4135439
Married 0.0156647 0.0380199 -0.0574483 0.0864788 0.0444067 0.0749792 0.0565222 0.0596097 -0.1001804 0.3697055
Meals_with_family -0.0076254 0.0061191 -0.0094862 0.0128195 -0.0026285 0.0107417 -0.0092228 0.0105239 -0.0039517 0.0264063
No. of income
Dependents 0.0066054 0.0153871 0.0316434 0.0320188 0.0500106* 0.0273166 -0.0585634** 0.0281189 -0.2168554 0.2188893
Tymssuaaan
soufie dondn
Problem1_3_1 0.0957471 0.0648278 0.261534* 0.1384243 0.2218022* 0.1135208 -0.0753344 0.1112368 0.3062934 0.2796604
Problem1_3_2 -0.0577912 0.0722943 -0.2420467 0.1668757 -0.2225865* 0.1256074 0.1761501 0.1152887 0.0064379 0.2719213
Problem1_3_3 -

0.2450877*** 0.0719708 0.0270855 0.1658265 -0.1056603 0.1265833 -0.441351*** 0.1202201 -0.4081766 0.2889122

Problem1_3_4 -0.0053369 0.0744795 -0.0243258 0.166282 -0.1589481 0.1196711 0.1064325 0.1294834 0.191596 0.3266046
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Whole sample

(3,054 Ginaging)

Babyboom

(699 Gnating)

Gen X

(1,088 Gnating)

GenY

(1,049 Ana8i9)

GenZ

(218 Gada)

auilsaduy

Coef. Robust Coef. Robust Coef. Robust Coef. Robust Coef. Robust

SD Err. SD Err. SD Err. SD Err. SD Err.

Problem1_3_5 -0.0908162 0.0685269 -0.3822412*** 0.1346451 -0.0208878 0.1138579 -0.1369346 0.1265439 0.1036265 0.2584397
Problem1_3_6 -0.1388792** 0.0617354 0.1340047 0.1327338 -0.1220691 0.1037112 -0.1692295 0.1083102 -0.3520491 0.2920811
Problem1_3_8 -0.3337992*** 0.0742998 -0.2672006 0.1644376 -0.1876872 0.1284362 -0.4314418*** 0.1168708 -0.327705 0.3533343
Problem1_3_9 -0.0035417 0.0748085 0.1250112 0.1655727 0.1745961 0.1180062 0.0900762 0.1413991 -0.4921333 0.3087807
Problem1_3_10 -0.1252563** 0.0612378 0.0400053 0.1277072 -0.1390376 0.1033514 -0.1974789* 0.1073545 0.1421132 0.2207252
Jawrannis
1197%
Problem2_5_1 -0.414886*** 0.1451253 -0.3722638 0.3032999 -0.432972* 0.2465725 -0.3294566 0.2272866 -0.0495584 0.9931338
Problem2_5_2 -0.0698648 0.1467593 0.1157173 0.2725029 0.0685552 0.2335571 -0.360724 0.2515004 1.384683 0.9726684
Problem2_5_3 -0.4257021*** 0.1316549 -0.2097606 0.2344568 -0.5331738** 0.2356533 -0.4081065* 0.2073271 -1.832593** 0.8077402
Problem2_5_4 0.1747262 0.1227259 -0.0953469 0.2566427 0.0857639 0.2066156 0.2848971 0.1869004 1.002588 0.7130283
Problem2_5_5 0.0079031 0.1375389 -0.0759512 0.3003357 0.2963759 0.2271734 -0.2264743 0.2210953 0.0963098 0.9434528
anuianelalu
UINIVBITH
Problem2_10_1 0.0162965 0.1254661 0.1160867 0.2680546 -0.1579503 0.2147275 0.3394891 0.2313052 -0.7887903 0.5559081
Problem2_10_2 -0.1117638 0.1269699 -0.1683423 0.271454 -0.0484601 0.208424 -0.3928191* 0.2184764 0.7126718 0.5803918
Problem2_10_3 -0.0879765 0.1258544 -0.2368772 0.2743828 0.3399039 0.2200397 -0.267305 0.1997136 -0.5461526 0.53381
Problem2_10_4 -0.0015376 0.1104302 0.107497 0.2434787 -0.032934 0.1909741 0.0880737 0.1883954 -0.189537 0.3962368
Problem2_10_5 0.0482867 0.1099294 0.2505914 0.2539948 -0.219229 0.1999967 0.1938509 0.1696467 -0.5143919 0.4348923
Problem2_10_6 -0.2666513** 0.1231209 0.243957 0.2405387 -0.5251092** 0.2231331 -0.1898345 0.2099358 -0.4207474 0.5814386
Problem2_10_7 -0.2014932** 0.1028723 -0.2414656 0.2194315 -0.1658066 0.180012 -0.104688 0.1638538 -0.0735897 0.4797606
Problem2_10_8 0.0915092 0.10503 -0.1451184 0.2250837 0.1404963 0.1778986 0.200914 0.1767243 0.0716986 0.4128392
Problem2_10_9 -0.0058999 0.0908868 -0.1580696 0.1803855 -0.1443715 0.1674394 0.0844424 0.1536063 0.5258549 0.3289085
Problem2_10_10 -0.1236007 0.0981918 0.1162027 0.2059688 -0.2894622 0.1871937 -0.0813733 0.1546915 -0.4178866 0.3559972
Problem2_10_11 0.2051994* 0.1055649 -0.2882688 0.214982 0.3285701 0.2072496 0.102183 0.1572144 0.7877355** 0.3719408
Problem2_10_12 -0.3463705*** 0.1186829 -0.0812338 0.2455375 -0.2605588 0.200748 -0.5014523* 0.1982804 -0.15653127 0.448339
Problem2_10_13 -0.1494085 0.1100321 0.3648239 0.2320176 -0.0786348 0.2048581 -0.2078496 0.1818381 -0.3500408 0.4780162
Family assistance 0.106056 0.1229824 0.2218488 0.2483356 0.3691774 0.2340862 -0.0476121 0.2082591 0.5180446 0.4682861
Ln(Labor income) 0.0469886*** 0.0119237 0.0481574** 0.0210985 0.0405573* 0.0220066 0.0609077*** 0.0221336 -0.1226942 0.07856
Const. 1.140981** 0.4611498 -0.848824 0.9712072 1.6808* 0.921309 1.154222* 0.6640744 2.846516* 1.634273
R square 0.3149 0.3744 0.3484 0.3682 0.5271

WANELAG: * FLAUANMNULTANUN 90% ** S2AUAINNLTANUNA 95%

% 5rQUANNLTONUN 99%
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M1I19N W2 NamsﬂszLﬁuﬂfnuﬁawa‘l%‘luqmmw (Health Satisfaction)maaé’mau
WUUSEDUDINDIIWBNAINT I

@2295 Ordered PROBIT

Whole sample Babyboom Gen X GenY GenZ
(3,054 Gnating) (699 Gatng) (1,088 n@£i9) (1,049 Gnating) (218 a@t9)
auilsaduy Coef. Robust Coef. Robust Coef. Robust Coef. Robust Coef. Robust
SD Err. SD Err. SD Err. SD Err. SD Err.

Male -0.0650453 0.0460832 -0.1400345 0.1003657 0.0731755 0.1000262 -0.1112525 0.0741163 -0.247488 0.1752318
Baby boomer -0.1588339 0.1114804
GenX -0.1473976 0.1062773
GenY -0.0881128 0.0994567
Highsch 0.041898 0.0539982 0.0150269 0.0882819 0.0349055 0.0898792 -0.0136951 0.151879 -0.2886267 0.3296877
Bachelor -0.0184819 0.0721066 | -0.4547195** | 0.1897032 -0.0333072 0.123267 -0.0171538 0.1634892 -0.6381622 0.5041156
Urban -

-0.0954569* | 0.0498954 | 0.2897022** | 0.1075231 | 0.3206102*** | 0.0894257 | -0.1831832** | 0.0885557 0.3126896 0.2181195
Born_prov -0.0214231 0.0442352 -0.0126453 0.0911368 -0.0454166 0.0757689 -0.0640919 0.0775098 0.1315031 0.2007957
BKK - - -

0.6327706** | 0.1013692 | -0.4974443** | 0.2468873 | 0.9934751*** | 0.173465 | 0.6450321** | 0.1736956 | -0.9554645* | 0.3787253
Chiang Mai -0.2114756* | 0.1113612 0.2565335 0.2457613 | -0.3755448" 0.201958 | -0.4201959** | 0.1952133 -0.6500268 0.4540588
Korat - - -

0.5668809*** | 0.1003308 -0.1436112 0.2225193 | 0.7875531*** | 0.179063 | 0.6902804*** | 0.174341 -0.7355752 0.4807732
Samutprakarn -1.17211% 0.1124836 -1.04617*** 0.2677439 | -1.440827*** | 0.1861251 | -1.253673** | 0.2034706 | -1.963801*** | 0.4818639
Wage_worker 0.0184472 0.0543281 | 0.5181207** | 0.152924 -0.0686034 0.086634 0.0319728 0.0908489 | -0.7096107* | 0.4130935
WkHrs_week -0.0001118 0.0017344 -0.0030592 0.0034376 -0.0011902 0.0026546 0.0012278 0.0035174 | 0.0349885** | 0.0135821
Sleep_hrs 0.0386522** | 0.0151999 | 0.0807506** | 0.0313177 0.0189273 0.0278332 0.0469422* 0.0280438 0.0377927 0.0523779
Saving -

0.0151569 0.0155167 | 0.1533749** | 0.0346382 0.0294433 0.0259264 -0.0211188 0.0279069 | 0.3297808** | 0.1038272

Debt -0.0206897 0.0160271 0.0076953 0.0366702 -0.0179435 0.0274849 -0.0283441 0.0276031 -0.0431449 0.1756551
Life_better 0.2388136** | 0.0688168 0.1505049 0.1854777 0.2614991* 0.1343927 0.225092** 0.0940669 0.2112069 0.3635014
OPD - - -

0.0581553*** | 0.0092414 | 0.0559522*** | 0.0156194 | -0.0415359** | 0.0184194 | 0.0809597*** | 0.0198598 0.0384056 0.0474896
Admit to hospital -0.0858264** | 0.0415713 | -0.1273377* | 0.0769344 -0.0658199 0.0752321 -0.0531854 0.0689084 -0.247874 0.1981028
NCDs - - - -

0.3017436*** 0.0579787 0.2549853*** 0.0973082 0.3945123*** 0.1004365 -0.2267554* 0.1163293 0.8733003*** 0.3186874

Visiting doctor for

NCDs -0.1867627** 0.0752464 -0.1550427 0.121807 -0.1713296 0.1329008 -0.1834295 0.206267 -0.3151462 0.9282495
Caregiver 0.0797198 0.0714519 0.2823631 0.1910459 -0.1921595 0.133949 0.115274 0.1042853 0.42256 0.3059761
Healthcare coverage 0.0762898 0.0578238 0.1183398 0.1308234 -0.0023653 0.0975916 0.1180979 0.1027588 0.1465984 0.1995724
Ferq. excercise 0.0490898*** 0.0165405 0.0847698** 0.0336607 0.0527354* 0.0288231 0.0306071 0.0299004 0.1273265* 0.068771
Clean_veggie 0.2077367*** 0.045163 0.2930497*** 0.1032473 0.2125931*** 0.0758665 0.1209318 0.0769139 0.7319042*** 0.2259247
Houseowner -0.0140692 0.0487452 0.2078357** 0.1053084 -0.0226769 0.0857301 -0.108479 0.0900687 -0.255043 0.2140896
Ln(hh_expense) -0.0121639 0.0491045 -0.0248024 0.1095419 -0.0408595 0.0945381 0.0108802 0.0745514 -0.2620131 0.1816075
HH_member 0.0070315 0.0162909 0.0093198 0.0332001 -0.0730787** 0.0335627 0.0462535* 0.0264839 -0.0005845 0.0715272
HH_head 0.108096** 0.0500128 0.1721353* 0.1015932 -0.0535377 0.0994418 0.1644109* 0.0930213 -0.2174501 0.5461128
Married 0.0125494 0.047498 -0.1101754 0.1042186 0.0571165 0.0935574 0.062294 0.0794992 -0.2665034 0.4749154
Meals_with_family -0.0081413 0.0076026 -0.0174317 0.0166252 -0.0033109 0.0134615 -0.0087195 0.0130434 -0.0022249 0.0362617

No. of income

dependents 0.0040185 0.0198433 0.0401246 0.0432446 0.0628301* 0.035003 -0.0908188** 0.0366665 -0.3763324 0.2802141
Tamdsuraaan
soufle danda
Problem1_3_1 0.1114477 0.0802455 0.3205878* 0.1766946 0.2595432* 0.1400578 -0.0937706 0.1424374 0.4785089 0.3559045
Problem1_3_2 -0.0154818 0.0881238 -0.2424319 0.201917 -0.2229309 0.1524058 0.2939326** 0.1447393 0.1137718 0.3680118
Problem1_3_3 - -

0.3141714** 0.0872168 0.0085106 0.2008084 -0.1423521 0.1564841 0.5683112*** 0.1514382 -0.5034233 0.3769805

Problem1_3_4 0.0028554 0.0887394 -0.0479707 0.1990847 -0.1795131 0.1466992 0.1341484 0.1579326 0.2035521 0.4226878
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Whole sample Babyboom Gen X GenY GenZ
(3,054 Ginaging) (699 Gnating) (1,088 Gnating) (1,049 @na8i9) (218 Gnada)
audsaduny
Coef. Robust Coef. Robust Coef. Robust Coef. Robust Coef. Robust
SD Err. SD Err. SD Err. SD Err. SD Err.

Problem1_3_5 -

-0.1086291 0.080818 0.4417923*** 0.1724552 -0.0316147 0.1403639 -0.1922543 0.1444038 0.2052804 0.3477007
Problem1_3_6 -0.1789152** 0.0762972 0.1904849 0.1639024 -0.1728897 0.1296124 -0.2497233* 0.1392945 -0.4114041 0.3619698
Problem1_3_8 - -

0.4298725*** 0.0877866 -0.3718969* 0.2032698 -0.2880869* 0.1541937 0.5346812*** 0.1426811 -0.6360862 0.3975253
Problem1_3_9 0.0054426 0.0945383 0.127668 0.2182299 0.2524128* 0.1524179 0.1270725 0.1823061 -0.6626633 0.4091207
Problem1_3_10 -0.1793641* 0.0771813 -0.0329128 0.1665196 -0.2133896 0.1319547 -0.2542051* 0.1366105 0.1076822 0.2938659
Jawiannis
11979
Problem2_5_1 -

0.5388671*** 0.174652 -0.5064831 0.4023735 -0.5345408* 0.2890487 -0.5310965* 0.2829517 -0.4921212 1.511415
Problem2_5_2 -0.217076 0.1780861 0.1136768 0.365293 -0.0330823 0.2882955 -0.5989828* 0.3066698 1.796741 1.290329
Problem2_5_3 - -

0.4944019*** 0.1591594 -0.3381952 0.3121387 0.6589892** 0.2807578 -0.4721623* 0.2600333 -2.310518* 1.027393
Problem2_5_4 0.2405042 0.1501388 -0.1228116 0.3288027 0.0934891 0.2532177 0.5127196* 0.2428904 1.215903 0.9465687
Problem2_5_5 0.0789065 0.1629408 -0.0364068 0.387595 0.4528934* 0.270451 -0.1893995 0.2664723 0.3975814 1.197549
anafisnalaln
UINIVBITY
Problem2_10_1 0.0550784 0.162331 0.2145244 0.3483728 -0.2164596 0.2738437 0.4831418 0.3069869 -1.07311 0.7954054
Problem2_10_2 -0.1325322 0.1586125 -0.1641394 0.3406765 -0.0561324 0.2603009 -0.470499* 0.283968 1.10496 0.7775818
Problem2_10_3 -0.1528522 0.1578572 -0.2728243 0.3437754 0.4263426 0.2789646 -0.488474* 0.2607536 -0.8433039 0.7043253
Problem2_10_4 -0.0135833 0.1385679 0.195767 0.3102633 -0.067972 0.2407459 0.1003225 0.244249 -0.1932155 0.5223445
Problem2_10_5 0.1099828 0.1397717 0.348855 0.3169973 -0.2515869 0.255614 0.3331514 0.2258765 -0.6800796 0.5869331
Problem2_10_6 -

-0.3244567* 0.1525985 0.3426721 0.3133096 0.6571019** 0.2782209 -0.2768504 0.2623912 -0.4915498 0.7515084
Problem2_10_7 -0.3133392** 0.1301081 -0.3482033 0.2853901 -0.2891945 0.2302544 -0.204389 0.2129457 -0.0981932 0.6085454
Problem2_10_8 0.1680673 0.1309409 -0.2217348 0.2905347 0.1908641 0.2262034 0.3860301* 0.2182157 0.2270042 0.5483504
Problem2_10_9 0.0264441 0.1143303 -0.2332985 0.2365298 -0.1350885 0.2096068 0.1333111 0.1981742 0.7923886* 0.4556187
Problem2_10_10 -0.1542816 0.1240686 0.1835506 0.270229 -0.3585282 0.2332092 -0.1241402 0.2034264 -0.6875246 0.4976044
Problem2_10_11 0.2758358** 0.1291526 -0.4428194 0.2764545 0.4260917* 0.2465178 0.1915198 0.2094133 1.1569282** 0.4889078
Problem2_10_12 -

-0.455233*** 0.1493637 -0.1421699 0.3245598 -0.3623864 0.2559266 0.6556337*** 0.2529973 -0.1617996 0.5974748
Problem2_10_13 -0.2274463 0.1391135 0.4699276 0.3015182 -0.1803465 0.2587515 -0.3154233 0.2359882 -0.6792123 0.6438926
Family assistance 0.1001369 0.1483864 0.3176549 0.3117079 0.5301941* 0.2943058 -0.1295772 0.2561882 0.6226512 0.5851866
Ln(Labor income) 0.0592949*** 0.0150341 0.065913** 0.0276295 0.050334* 0.0274876 0.0738333*** 0.0287041 -0.1755264* 0.0965171
Pseudo R2 0.1089 0.1415 0.1257 0.1297 0.1910

WINELAG: * FLAUANMNULTANUN 90% ** FTALANNLTANUN 95% *** JLAUANNTNUN 99%
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A131990 W3 N1SNA&BY Endogeneity

First stage

tobit Inincome highsch bachelor babyboomer genX genY male work_exp wkHrs_week , 11(0)

No. Obs 3075
LR chi2(8) 4510.15
Prob > chi2 0
Pseudo R2 0.2776
Inincome Coef. Std.Err t P>|t| [95% Conf. Interval]
highsch 0.3951981 0.1186369 3.33 0.001 0.1625822 0.6278141
bachelor 1.077486 0.1388985 7.76 0.000 0.8051423 1.349829
babyboomer 1.511821 0.2434077 6.21 0.000 1.034563 1.98908
genX 2.601584 0.2311995 11.25 0.000 2.148263 3.054906
genY 3.131109 0.2249532 13.92 0.000 2.690034 3.572183
male -0.0240865 0.0851974 -0.28 0.777 -0.1911362 0.1429633
work_exp 0.1270791 0.0059147 21.49 0.000 0.115482 0.1386762
wkHrs_week 0.1332813 0.0021769 61.23 0.000 0.1290131 0.1375495
_cons -1.956343 0.2399201 -8.15 0.000 -2.426764 -1.485923
/sigma 2.250364 0.0341294 2.183445 2.317283

predict Inincome_res1

(option xb assumed; fitted values)

reg utility_health male genX genY babyboomer highsch bachelor urban born_prov BKK Chaingmai
Korat Samut wage_worker wkHrs_week sleep_hrs saving debt life_better OPD admit NCD NCD_doctor
caregiver med_pay workout clean_veg houseowner Inexpense HHmember HHleader married
time_with_family dependency problem1_3_1_p- problem1_3_10_p problem2_5_1_p- problem2_5 5 p

problem2_10_1_p - problem2_10_13_p att_fam_score Inincome utility_envi Inincome_res1
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Number of obs
F( 65, 2987)
Prob > F

R-squared

Adj R-squared

3053
25.11
0.0000
0.3534
0.3393

utility_health Coef. Std.Err t P>t [95% Conf. Interval]

male -0.1011038 0.0559893 -1.81 0.071 -0.2108853 0.0086777
genX -0.2507531 0.1495449 -1.68 0.094 -0.5439745 0.0424682
genY -0.2081253 0.1386692 -1.5 0.133 -0.480022 0.0637714
babyboomer -0.2215937 0.1443259 -1.54 0.125 -0.5045818 0.0613945
highsch 0.1015561 0.069823 1.45 0.146 -0.0353499 0.2384621
bachelor 0.0376564 0.0938846 0.4 0.688 -0.1464286 0.2217414
urban -0.1477 0.0613155 -2.41 0.016 -0.267925 -0.0274751
born_prov -0.0392436 0.0568024 -0.69 0.49 -0.1506193 0.0721322
BKK -0.5486189 0.1176863 -4.66 0.000 -0.7793733 -0.3178646
Chaingmai -0.1536174 0.1274606 -1.21 0.228 -0.4035369 0.0963021
Korat -0.471561 0.1167419 -4.04 0.000 -0.7004636 -0.2426584
Samut -1.196649 0.1425762 -8.39 0.000 -1.476206 -0.9170916
wage_worker 0.0152161 0.0699056 0.22 0.828 -0.1218519 0.1522842
wkHrs_week -0.0022447 0.0043936 -0.51 0.609 -0.0108595 0.0063701
sleep_hrs 0.0528494 0.0182422 2.9 0.004 0.017081 0.0886179
saving 0.0158495 0.0196629 0.81 0.42 -0.0227047 0.0544037
debt -0.0156889 0.0201011 -0.78 0.435 -0.0551024 0.0237246
life_better 0.2557754 0.0886494 2.89 0.004 0.0819554 0.4295954
OPD -0.0731248 0.0117276 -6.24 0.000 -0.0961198 -0.0501297
admit -0.1424256 0.0453796 -3.14 0.002 -0.2314041 -0.0534471
NCD -0.3450946 0.0660564 -5.22 0.000 -0.4746153 -0.2155739
NCD_doctor -0.2710669 0.0969512 -2.8 0.005 -0.4611648 -0.0809689
caregiver 0.1399998 0.0828952 1.69 0.091 -0.0225375 0.3025372
med_pay 0.0820371 0.0700717 1.17 0.242 -0.0553566 0.2194308
workout 0.0672067 0.0197455 34 0.001 0.0284905 0.1059229
clean_veg 0.2292829 0.054097 4.24 0.000 0.1232117 0.3353541
houseowner -0.0055259 0.0632169 -0.09 0.93 -0.1294791 0.1184272
Inexpense -0.0184434 0.0552471 -0.33 0.739 -0.1267697 0.0898829
HHmember 0.0159982 0.0205071 0.78 0.435 -0.0242113 0.0562077
HHleader 0.1398275 0.0634451 22 0.028 0.0154269 0.264228
married -0.0195586 0.0605787 -0.32 0.747 -0.1383389 0.0992217
time_with_family -0.0109768 0.0096615 -1.14 0.256 -0.0299207 0.0079671
dependency 0.006006 0.0261803 0.23 0.819 -0.0453271 0.0573392
problem1_3_1_p 0.1811243 0.1034451 1.75 0.08 -0.0217066 0.3839552
problem1_3_2 p -0.0323915 0.1075898 -0.3 0.763 -0.243349 0.1785661
problem1_3_3_p -0.2284702 0.1141431 -2 0.045 -0.4522772 -0.0046632
problem1_3_4 p 0.0271561 0.1155136 0.24 0.814 -0.1993381 0.2536504
problem1_3_5_p -0.1727866 0.1044148 -1.65 0.098 -0.3775187 0.0319456
problem1_3_6_p -0.1944221 0.1008885 -1.93 0.054 -0.3922401 0.0033959
problem1_3_7_p 0.4220613 0.1036531 4.07 0.000 0.2188225 0.6253001
problem1_3_8 p -0.4785423 0.1067325 -4.48 0.000 -0.6878191 -0.2692656
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utility_health Coef. Std.Err t P>|t| [95% Conf. Interval]
problem1_3_9 p 0.0229898 0.1206184 0.19 0.849 -0.2135137 0.2594934
problem1_3_10_p -0.1488595 0.0940962 -1.58 0.114 -0.3333593 0.0356404
problem2_5_1_p -0.6187017 0.2036542 -3.04 0.002 -1.018019 -0.219385
problem2_5_2_p -0.1491814 0.221221 -0.67 0.500 -0.5829424 0.2845796
problem2_5_3_p -0.5604613 0.1908654 -2.94 0.003 -0.9347023 -0.1862203
problem2_5_4_p 0.399941 0.1816128 22 0.028 0.0438422 0.7560399
problem2_5_5_p -0.0100551 0.1951594 -0.05 0.959 -0.3927154 0.3726053
problem2_10_1_p 0.0406957 0.2033215 0.2 0.841 -0.3579687 0.4393602
problem2_10_2_p -0.1414267 0.2025856 -0.7 0.485 -0.5386481 0.2557947
problem2_10_3_p -0.2114315 0.1957143 -1.08 0.28 -0.5951801 0.172317
problem2_10_4_p 0.0062781 0.1667643 0.04 0.97 -0.3207065 0.3332627
problem2_10_5_p 0.1410217 0.1687469 0.84 0.403 -0.1898503 0.4718937
problem2_10_6_p -0.3907079 0.1858155 -2.1 0.036 -0.7550473 -0.0263685
problem2_10_7_p -0.336561 0.1582817 -2.13 0.034 -0.6469132 -0.0262089
problem2_10_8 p 0.1591004 0.1588211 1 0.317 -0.1523095 0.4705102
problem2_10_9_p -0.0194495 0.1358275 -0.14 0.886 -0.2857744 0.2468755
problem2_10_10_p -0.2539215 0.1467709 -1.73 0.084 -0.5417037 0.0338607
problem2_10_11_p 0.2887494 0.14986 1.93 0.054 -0.0050898 0.5825886
problem2_10_12_p -0.4174673 0.1726797 242 0.016 -0.7560505 -0.0788841
problem2_10_13_p -0.192347 0.1635027 -1.18 0.24 -0.5129364 0.1282423
att_fam_score 0.1424223 0.1718976 0.83 0.407 -0.1946274 0.479472
Inincome 0.0555617 0.0185129 3 0.003 0.0192624 0.0918611
utility_envi 0.2475816 0.0190266 13.01 0.000 0.2102749 0.2848882
Inincome_res1 0.021976 0.0301249 0.73 0.466 -0.0370917 0.0810438
_cons 6.664327 0.6576062 10.13 0.000 5.37492 7.953734

test Inincome_res1

(1) Inincome_res1 =0

F(1,2987)= 053

Prob > F = 0.4658
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The riveting history of the United States dollar still has some obscure areas that scholars and
other interested laymen have yet to fully understand. Oftentimes, the study of the United States
dollar was understood, in general, as a historical evolution from coinage to fiat currency, being
utilized from the American Revolution to the present, confined to the national level. After all,
money played a significant role in the economic and political development of the country
(Friedman and Schwartz, 1963: 3). The statement implies that a problem, which has been
repeatedly observed and sometimes takes a contentious turn, is implicit in the historiographical
understanding of the definitive period concerning the internationalization of the currency. This
problem was fully exposed in the post-Second World War years, when the exercise of the
“dollar diplomacy” framework revealed its eventual “stewardship responsibility” as the pyrrhic
cost of victory.

Inasmuch as the Second World War inflicted incalculable destruction on both physical and
commercial lives for the sake of an ideological-turned-military agenda, the urgent economic
problem faced by the Americans after the war was not the reconstruction of their own turf but
rather that of their wartime allies, the European nation-states. To properly appreciate and
ground the contemporaneous sentiment of the Americans in the idea of aiding Europe to rebuild
their war-torn society, it is best to revisit the 1947 work of Henry Stuart Hazlitt, an able financial
correspondent in various editorials such as The Wall Street Journal, New York Herald, and The
New York Times, and a known author of economics-related books, entitled Will Dollars Save
the World? Hazlitt, in his introduction, elaborated a candid aspiration for the book, which is to
review whether or not “the destruction and dislocation of war or the governmental policies
followed since the war which are primarily responsible for the present European Crisis” (Hazlitt
1947: 8).

Summary

Hazlitt’s work opens with a brief prelude for the overall discussion that would be made in the
book. It revolves around the need for disproving the prevailing “belief” that “the United States
has a duty to lend or give huge sums to other countries, principally in Europe,” which was
further cemented by the speech made by General George C. Marshall (Hazlitt 1947: 7).
Nevertheless, Hazlitt formulated a counter-case that the Americans must not meddle with the
economic recovery of Europe because each nation-state has its own distinct economic structure;
rather, they must make the necessary financial measures and arrangements for the future, not
of the past.

To build his counter-case, Hazlitt first examined (in Chapter 2) the economic quagmire faced
by Germany, which is now in the hands of the Allied forces, and the prospect of its economic
revival, which he considered the “first key to the revival of Europe” (Hazlitt 1947: 10). Litzitt
recognizes the importance of the systematic industrial capability long brandished by the
Germans but became “paralyzed” by the partitioning of the Allied forces and the enforcement
of distinct policies in each occupied zone, viewing it as a medium for the economic revival of
all of Germany. The author also paid special attention to the hyperinflation experienced,
specifically in the Soviet-occupied zone. Drawing on the narrative of journalist John Davenport,
Hazlitt perched on the idea that the money supply circulating within the country was not
designed to control the prevailing economic crisis; rather, it became the necessary stimulus for
more societal infractions to appear. It led to the imposition of uncompromising wage
distribution, wage controls, and enforcement of strict price controls, which made it harder for
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producers or sellers to raise their prices to compensate for a currency rapidly depreciating in
terms of its value (Hazlitt 1947: 11).

Another contention of Hazlitt, to avoid repetitive discussion, is the existence of “Ruritania”
(Chapter 3). This composite sovereign nation of Hazlitt exemplifies what the author sees as
“demoralized production imposed by stupid controls” that plagued most of the European
nation-states (Hazlitt 1947: 14). To bring forth a more vivid picture of the reality Ruritania is
experiencing, Hazlitt elaborated on the issue of government-controlled inflation; unbalanced
apportionment of the national budget; the language of bilateralism that promotes artificial price
increases between two nations, which is not relative to the current world price; and the
overvaluation of currencies that ultimately leads to a chronic trade balance deficit (Hazlitt 1947:
15-19).

Hazlitt then shifted to Chapters 4 and 5 as he discussed the European reception of American
interventionism for economic recovery. Hazlitt argued that the myth of a “dollar famine,” a
belief that many Europeans had extremely sustained at the time, is just a whimsical excuse to
conceal their desire “to get from us more than they give” (Hazlitt 1947: 20). It stemmed from
the overvaluation of the European currencies when pegged to the United States dollar, as it
encouraged higher importation and stronger demand for the dollar as a direct investment
because it could be bought at bargain prices. Therefore, Hazlitt argued that strict adherence to
the gold standard is an impelling occasion that many European countries with a trade deficit
with the Americans must not overlook (Hazlitt 1947: 24).

From there, he formulated three candid fundamental principles for American foreign aid to the
European nations: first, America cannot feed the world (Hazlitt 1947: 25); second, the need for
outside help to restore Europe’s capital structure has been greatly exaggerated (Hazlitt 1947:
26); third, the funds received from foreign assistance will be allotted to the least urgent needs
of the recipient nation. On the other hand, he also enumerated five solutions to make the reality
of European nations relatively appealing to the eyes of the Americans: a balanced budget,
imposition of “decontrol” export controls, ending government-regulated price control, lowering
or removal of trade barriers, and the strict prohibition of extensive military establishments
(Hazlitt 1947: 30-32).

The sixth chapter deals with the inveigled discussion of the effects of handing out foreign loans
(through the Marshall Plan) on the immediate post-war economic condition of the United States.
Viewing the British, French, Soviet, and even Indian sentiments to the Marshall Plan as
published in their respective publications, Hazlitt crafted a prescient and pretty candid
proposition stating that no one can get rich by giving their goods away, more so in a discounted
value but it is possible for particular firms and persons within the nation to profit by such a
transaction at the expense of all the rest (Hazlitt 1947: 43-44). It is a no-brainer to state that
American conglomerates or business owners constantly produce more than what can be
consumed, just for the sake of international consumers, much to the detriment of local producers
and consumers. Putting this in a real-life application, sending products to other countries not
only creates a scarcity of goods for American consumers to choose, but as the American
government still maintained the same amount of circulating money, this situation essentially
permitted inflation (Hazlitt 1947: 45).

The seventh chapter focuses on the question: “Can Europe’s Needs be Measured?” The
impracticability and vagueness of the Herculean endeavor of “measuring the postwar needs” of
Europe, as presented in the Paris Conference Sixteen-Nation Report, made the impression to
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Hazlitt that it barely touched the surface of the real needs of these nation-states. The said report
also made it crystal clear to him that “there is no scientific standard by which Europe’s need
for aid can be measured” (Hazlitt 1947: 49). At one point, Hazlitt implied as to why is this the
case. It is through the existence of the “artificial” (government-controlled), not market-driven,
price control and the whole process of price adjustment that tends to perpetuate chronic
shortages of consumer goods circulating, rather than the government itself providing a tangible
and efficient solution necessary for genuine economic recovery (Hazlitt 1947: 53).

In chapter eight, Hazlitt considered the possibility of interpreting the giving of American
foreign assistance to European nation-states as a politically vested method of thwarting the
spread of communism. A prevailing belief during Hazlitt’s time was that to prevent the spread
of communism, a nation must utilize “socialism” as the solution. Hazlitt outrightly struck down
such a perverse belief as he opined his belief that “so-called ‘gradual’ socialism is at best a
halfway step toward communism” (Hazlitt 1947: 60). Socialism serves as a transitional guide
to attaining communism. Furthermore, Americans' power and freedom to give appropriate
financial assistance to impoverished nation-states must be approached with caution. It is within
human nature, Hazlitt implied, to retard or to burden the benevolent intention of giving financial
assistance as a form of political maneuvering or, in other words, a form of nonviolent coercion
to accede to American policies. Ultimately, Hazlitt warned that “the very government to which
the aid has been granted may use it against us” (Hazlitt 1947: 64).

Chapter nine, entitled, “You Can’t Buy Good Will”, rightly fits as the next topic for discussion.
Hazlitt’s main thesis here is that, from a moralist perspective, it will be a grave mistake for the
Americans to count on the belief that, in exchange for their financial assistance, it will be treated
as a form of “bought goodwill”, hence the title of the chapter. Hazlitt’s statement is logical, as
expecting political gratitude in exchange for financial assistance is a fallacy most, if not all,
politicians and businessmen make. The nature of “good will” is diluted by two factors, namely:
(a) historical precedents, as seen in the relative rancor in terms of the negotiations done with
Yugoslavia and Great Britain via the Lend-Lease Act; and (b) the drive for assistance towards
economic revival was fueled with self-interest by a handful of capitalists and militarists, which
is antithetical to the moral inclination of kindness (Hazlitt 1947: 70-71). It need only be added
that, implicit within gratitude between governments, is the anticipation and priming of the
relationship for future favors. After all, the historical records are by no means lacking in
pertinent references to prove that this feeling of indebtedness makes it clear to the recipient
nation the overpowering power of the creditor nation—in this case, the United States.

Now, as a conclusion to his work, Hazlitt recapitulates seventeen important discussion points
regarding state-led financial assistance, most of which he explicitly frames as ‘negative’. This
highlights that, by 1947, Hazlitt was overly pessimistic, arguing that “European governments
will not only fail to achieve the results expected from them but may defeat the very ends its
most disinterested advocates have in mind” (Hazlitt 1947: 87). Though these assertions might
sound true based on the grounding of Hazlitt’s contentions, in addition to his repugnance
towards granting absolute control to the government with respect to economic endeavors, he
himself noted that there were ‘positive’ recommendations that could be extended and eventually
picked up by European and other nation-states and incorporated into their distinct economic
policies. which would serve as a relatively distinct substitute for the Marshall Plan. Some of his
recommendations include lowering American tariffs to promote a healthier export for other
nations; permitting the Germans and Japanese to restore their economies; abandoning the gold
standard; strengthening incentives for American producers to boost production; and,
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intriguingly, returning the business of international lending to the private sector (Hazlitt 1947:
86-89).

Analysis

From the packaging of the book, it is simply irresistible for readers of Hazlitt’s work to think
and identify that the missionary aspect of “Dollars” is treated as the main topic. This reason
alone makes the book interesting to read, made doubly so because this work provided a fleeting
glimpse of an opportune time in not just the plain history of United States-European relations
but also of how the postwar landscape indeed makes it look like the United States has to carry
the burden of championing the European economic recovery. Though, to be frank, Hazlitt never
intended to literally mean “Dollars” as the saving grace or the panacea for the war-torn
nations—it was never intended as such; rather, it is a metonym for the United States’
commitment to effectively resolve the double challenge of projecting preeminence in a manner
that would prove mutually beneficial to the Americans and other nation-states, as well as
ensuring that their assistance is only to be considered as assistance, not as a ticket to demand
something much more.

His primary contention that touched on the unnecessary American intervention in the postwar
recovery of Europe was a stark intellectual opposition to what the majority of scholars believed.
He thoroughly subjected the questionable and evidently polemical option to accept the reality
of a “collapsing Europe” that needs American aid, since it is within their national interest to do
so, which was in fact seen as a single-market. His interpretation that the American financial
assistance functioned as “scapegoats” to either perpetuate the European leaders’ mischievous
deeds that would eventually lead to a more miserable condition for their country or to condone
mediocrity is exactly why the European recovery did not demand American intervention for the
sake of engineering social change (Hazlitt 1947: 71; Arkes 1971: 4).

Another strength of the book is that, despite its brevity, spanning only 95 pages, Hazlitt’s choice
of words in articulating his arguments against the Marshall Plan was well-thought-out and
reflects a conscientious choice made to make it easier for his readers to understand his thoughts.
His simplistic method in explaining seemingly abstruse economic concepts makes it an even
more delightful read. In addition, the use of footnotes, which is rare for a work of the 1940s, is
an extremely valuable addition that further grounded or provided context for his ongoing
discussion.

On this point, while the strengths of Hazlitt’s work are well-articulated, it may be appropriate
to assertively probe the details of the work and elaborate on its shortcomings.

First, as mentioned earlier, one of Hazlitt’s “prescriptions”, sounding like a seasoned economist
through his work, to the postwar recovery of European nation-states is that the business of
international lending be returned to the private sector. For him, this act is an unorthodox but
necessary step towards redirection leading to a more accountable and incentivized economic
system. Truth be told, his recommendation has truth clutched in it, as the private sector
possesses the financial flexibility and “independence” that is beyond the jurisdictional
advantage of the government. Notwithstanding such a recommendation, Hazlitt’s assertion is a
far cry from reality. He failed to realize that American investors or capitalists would not make
sufficient quantities of capital available since they are more interested in investing more locally,
and even if they wanted to help in the economic recovery of Europe through lending or
investing, the interested party still has to get a guarantee from the government to ensure
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financial protection (Ala'i 1947: 908). Admittedly, the private sector is called upon by the
national government to partner in securing adequate investment to use to stabilize trade deficits
(Haberler 1948: 512).

Second, from the construction of the title, the readers will explicitly see the term “World” as
the one being saved by the “Dollars.” It is like preconditioning the mind that the “Dollars” will
serve as the determinant for the international financial recovery for the entire world. In short,
the title invites expectation. And in this case, Hazlitt failed to satiate the appetite of its readers,
albeit to a certain extent. Hazlitt’s definition of “world” is to be measured against historical
reality, rather than to his own liking. From his work, it is conspicuous that his idea of the
“world” remains in the European-centric framework, which is actually a prevailing intellectual
belief of the time. Ergo, it is not too much to say that Hazlitt could have reconsidered dropping
the “world” and changing it to “Europe,” which makes it more forthright.

Third, his conception of “Ruritania” is relatively problematic. Independent of Hazlitt’s ambition
to amalgamate the discussion of the economic conditions of other European nation-states aside
from Germany into a single country, this book reviewer finds it analytically disputable that
Hazlitt did not conclusively state the specific countries he utilized as inspiration for “Ruritania.”
A staunch disciple of Hazlitt could counter that “Ruritania” is a fictional place that serves as an
allegorical mirror of central and eastern Europe. But such a conviction does not directly answer
the question: which specific nation-states did he employed as inspiration? To the book reviewer,
it invites the temptation to state that Hazlitt has utilized a motte-and-bailey fallacy, as he ignored
the proclivity of the readers to further research his argument by stating real-world evidence but
retreated to a fictional construct (“Ruritania”) when he was about to be cornered. Given the
economic reality of “Ruritania,” any inquisitive readers or students of history must be well-
acquainted with the fact that Hazlitt acquired his real-life influences for Ruritania from the
economic experiences of Poland, Greece, Turkey, and Italy. The book reviewer feels that
Hazlitt deliberately withheld the specific countries from which he had gotten his inspiration
from. For a veteran economic journalist, his lack of specificity with respect to this could bring
forth some skepticism about how he formulated his arguments and the veracity of the details he
presented.

Fourth, Hazlitt’s ascribing of transcendental significance to the European economic recovery
through American assistance to Germany is questionable. While it is true among Western
European nation-states, excluding the United Kingdom, Germany boasts the highest industrial
capacity, which, when revitalized, will be on par with that of the United States and the United
Kingdom. However, one must guard against the pitfall of a lack of understanding regarding the
dominant forces at work. The historical records contested his assertion, as the planners of the
Marshall Plan strongly advocated for “Western European integration” rather than permitting
one nation-state (in Hazlitt’s suggestion, Germany) to recover first and the rest would follow.
Its advocates strongly pushed for integration, which they believed was the “logical next step
towards achieving a higher rate of growth of per capita income”, thanks to the help of the
Americans (Milward 1984: 46). In discussing Hazlitt’s argumentation of a “Germany-first”
policy, he must not have thought that such a declaration actually invites and incites further trade
deficits with her neighbors that could further cripple the already paralyzed economic standing
of these nations by using either American dollars or their own undervalued currencies to
eventually pay for German products.
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Fifth, there were statements or arguments averred by Hazlitt that employed a sense of
hyperbole, trespassing the intellectual boundaries of a well-grounded and relatively impartial
presentation of arguments. The first explicit instance appeared on page 20, where Hazlitt
blamed the desire of other nations outside the United States to purchase more goods than they
could supply to Americans as the primary reason for their experienced “dollar shortage.” Such
a statement cannot be accepted wholeheartedly by any inquisitive readers. Essentially then, the
“dollar shortage” being experienced in the postwar world is actually a byproduct of the
exchange rate treated as “prices,” which naturally tend to increase or decrease depending on the
international market conditions and the fact that the foreign exchange in other countries is
rationed at lower prices (Graham 1949: 3). Practically, Hazlitt focused on the “symptom” of
dollar shortage, rather than its “cause,” which undermined the overall reliability of the
argumentations he had formulated. The second instance is when he equated bilateralism with a
command economy. The implied language used by Hazlitt is not technically hyperbole itself,
but it is a form of conceptual hyperbole. He is gravely mistaken in his view that bilateral
agreements, albeit an interventionist relationship with respect to national sovereignty, will not
entail a full shift toward socialization of all property.

And finally, a minor caveat is seen in the assistance allotted for Philippine rehabilitation.
Hazlitt, basing it on the information provided in the book entitled What’s Happening in
Taxation and Government Regulation, stated that it was $695 million (Hazlitt 1947: 94).
However, the truth is the Americans only allotted $620 million in virtue of the Philippine
Rehabilitation Act of 1946, which was formally sponsored by Senator Millard Tydings for the
postwar rehabilitation of their former colony. Hazlitt never had the intent to dwell deeper as to
how his dollars were apportioned to save the Philippines: $400 million will go to the
rehabilitation of private properties, $100 million of the fair value of war surplus will be
transferred to the government, and the remaining $120 million will be used for public property
rehabilitation (Golay 1998: 473-474).

Conclusion

Henry Stuart Hazlitt’s Will Dollars Save the World, despite being published at the tail-end of
the 1940s, carries the perpetual responsibility for intellectual exercise and inquisitiveness for a
citizen, both in the 1940s and in the present, when navigating issues concerning political-cum-
foreign relations. Each chapter of the book is an exemplar of concision, explicating an
impressive range of straightforward, telling, lucid arguments—albeit sometimes written in a
hyperbolic and polemical manner—responding to Hazlitt’s main objective to critically
interrogate the purpose and viability of the Marshall Plan. Will Dollars Save the World dares
to criticize all the existing literature that validates and eventually ingrains the apparent
missionary-cum-financial responsibility in the public’s mind. It also poses a challenge for the
present generation to act upon the lessons from the past, to permeate a healthy room of
skepticism, and to encourage active citizen involvement in assessing governmental policies that
could, one way or another, affect their lives. This work is a must-read for all scholars and
students of history, politics, and economics, as well as interested laymen who want to see a
glimpse of a differing yet contemporaneous viewpoint about the hallmark of the Marshall Plan.
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