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Empowering Rural Communities: Social Entrepreneurship as a
Catalyst for Sustainable Development and Poverty Alleviation

in AgriculturaltBased Economies

Akhilesh Chandra Prabhakar
(https://orcid.org/000000021061-6509)
PNG University oFechnology

Email: akhilesh.chandra@pnguot.ac.pg
Abstract 3

Papua New Guinea (PNG) stands as a nation abounding in natural resources, yet
paradoxically contends with pervasive poverty, notably in locales such as the
Highlands, replete with abundant natural endowments. This abstract presents an
intricate case studgelving into the conundrum of destitution amidst opulence within
the Highlands realm of PNG. Employing a multifaceted methodology encompassing
gualitative interviews, quantitative data scrutiny, and comprehensive literature
synthesis, this inquiry scrutires the soci@conomic determinants underpinning the
enduring poverty prevalent in the area. It delves into the historical, political, and
environmental milieus that mould the fabric of poverty dynamics, encapsulating
facets of land tenure, resource exghtion, governance paradigms, and sccio
economic disparities. Additionally, this research probes into the ramifications of

developmental interventions and policies on the initiatives aimed at assuaging poverty

! Dr. Akhilesh Chandra Prabhakar [MA, M.Phil., PhD in Economics from Jawaharlal Nehru University,
New Delhi], currently working as a Senior Lecturer in Applied Economics, Finance and Business
Management at the School of Business Studies, PNG Universiglaidiogy. Eprofessorship: AAU
UoGDBUDTU (Ethiopia), UUM (Malaysia), HUFS (South Korea), UPES and LPU (India). Mabile: +675
81408879 Emaikkhilesh.chandra@pnguot.ac.pg
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within the region. Unveiling intricate intergys between indigenous traditions,
national governance frameworks, and global economic imperatives, the findings
underscore the perpetuation of poverty notwithstanding the plenitude of natural
assets. The abstract culminates by accentuating the ramificatiéor policy
formulation and developmental strategies intended to confront poverty in regions
endowed with resources, accentuating the imperatives of inclusive governance,
sustainable resource stewardship, and grassrabitgen endeavours to engender

equitable progress in Papua New Guinea.

Keywords: Social Entrepreneurship, Agriculttrased rural industrialization, New

Approach to Development Strategy etc.

1. Introduction

Papua New Guinea (PNG) presents a compelling paradox: despite its bounteous
natural resources, poverty persists alarmingly, particularly in regions such as i
Highlands, endowed with substantial wealth. This incongruity underscores a nuanced
interplay of socieeconomic, political, and environmental factors shaping the region's
developmental trajectory. Understanding the intricacies of poverty within such
contexts is imperative for crafting effective policy frameworks and implementing

targeted interventions to alleviate deprivation and cultivate sustainable growth.

The Highlands gion of Papua New Guinea, characterized by its rugged terrain, fertile
valleys, and abundant mineral deposits, epitomizes this paradox. On one hand, it
boasts vast reserves of gold, copper, oil, and gas, which have catalyzed economic
expansion and enticednternational investment. Conversely, it contends with
pervasive poverty, characterized by insufficient access to fundamental services,
elevated unemployment rates, and social stratification. The PNG economy has
languished for over two years, exacerbatgdthe ravages of the COVID pandemic,

which exacerbated existing woes, particularly the misallocation of funds into projects

that failed to translate into tangible benefits or employment opportunities for the
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populace. Alarmingly, a substantial portiopotentially exceeding 70%0f PNG's
population struggles to meet daily or weekly survival needs. Financial institutions can
likely attest to the scantiness of grassroots individuals' bank accounts, with balances
often dwindling below K100 for extended permdFurthermore, the burden of
taxation weighs heavily upon all workers, while politicians appear exempt from such
fiscal obligations. The manufacturing sector in PNG languishes in a state of disarray,
having been neglected by governmental support and weation. This neglect has
precipitated a dearth of employment opportunities, exacerbating the prevailing
socioeconomic malaise. Compounding these issues are systemic deficiencies in
education, healthcare, housing, water, power, and infrastructure, leaitigens
bereft of fundamental necessities despite the nation's wealth of natural resources,

including gold.

Against this backdrop, this study embarks on a comprehensive exploration of poverty
in the Highlands region of Papua New Guinea, endeavouringrevehthe intricacies
inherent in the coexistence of affluence and impoverishment. By employing a
multidisciplinary approach integrating qualitative insights, quantitative analysis, and
literature review, this research seeks to elucidate the underlyingsesuand
perpetuating factors of poverty in the region. Drawing upon insights gleaned from
historical trajectories, contemporary dynamics, and theoretical paradigms, this study
will delve into the socieeconomic dynamics underpinning poverty in the Highkarit

will scrutinize issues such as land tenure systems, resource extraction methodologies,
governance frameworks, and sodialtural norms, all of which contribute to shaping

the experiences of individuals and communities.

Furthermore, this research wilevaluate the efficacy of prior and ongoing
development interventions and policies in addressing poverty in the Highlands.
Through assessing their impact on livelihoods, access to services, and overall well
being, this study aims to discern lessons gleaaed best practices that can inform
future strategies for poverty alleviation. In so doing, this study not only aspires to
enrich the academic discourse surrounding poverty dynamics but also aims to furnish

practical insights for policymakers, developmemtactitioners, and stakeholders
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committed to fostering inclusive and sustainable development in Papua New Guinea
and beyond. By illuminating the challenges and opportunities inherent in resource
endowed regions, it endeavours to catalyze substantive chandexdvance equitable

prosperity for all.
2. Aims and Objectives

This study aims to comprehensively investigate the complexities surrounding poverty
within the context of abundant natural resources in Papua New Guinea's Highlands
region. By delving intohe intricate interplay of socieconomic, political, and

environmental factors, this research seeks to elucidate the root causes and

perpetuation of poverty despite the region's wealth.

To analyze the socieconomic factors contributing to persistent powerin the

Highlands region of Papua New Guinea.

To explore the historical, political, and environmental contexts shaping the dynamics
of poverty, including issues of land ownership, resource exploitation, governance, ar?d

social inequality.

To investigate lie impact of development interventions and policies on poverty

alleviation efforts within the region.

To examine the role of indigenous customs, national policies, and global economic

forces in perpetuating poverty amidst abundant natural resources.

To identify implications for policy formulation and development strategies aimed at
addressing poverty in resourgeh regions, emphasizing the need for inclusive

governance, sustainable resource management, and commdnign initiatives.
2.1.Scope

This stug will focus specifically on the Highlands region of Papua New Guinea due to

its significant natural resource endowments and persistent poverty levels.
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The research will utilize a multidisciplinary approach, incorporating qualitative
interviews, quantitave data analysis, and literature review to provide a

comprehensive understanding of poverty dynamics.

Analysis will encompass a range of segonomic indicators, including income levels,

access to basic services, education, healthcare, and employmenttoppies.

The study will examine historical trends and contemporary developments to

contextualize the current state of poverty in the region.

Findings and recommendations will be relevant not only to policymakers and
development practitioners in Papua WNeGuinea but also to researchers and
organizations working on poverty alleviation and sustainable development in

resourcerich areas globally.
3. Methodology

This study employs a rigorous and multifaceted methodology to delve into the
intricacies ofpoverty in the Highlands region of Papua New Guinea, aiming to furnish
comprehensive insights into the complex dynamics at play. The methodology
encompasses qualitative interviews, guantitative data analysis, and an exhaustive
literature review, facilitatng a nuanced comprehension of the seemnomic factors

perpetuating persistent poverty despite the region's abundant natural endowments.

Qualitative Interviews: Qualitative interviews serve as the cornerstone for eliciting
profound insights into the livee experiences, perspectives, and challenges
encountered by individuals and communities grappling with poverty in the Highlands.
Semistructured interviews will be meticulously conducted with a diverse array of
stakeholders, encompassing community membdgal dignitaries, government
functionaries, and development practitioners. These interviews will meticulously
explore themes such as livelihood strategies, resource accessibility, social networks,

and perceptions regarding development interventions.
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Quanitative Data Analysis: Quantitative data analysis complements qualitative
insights by furnishing empirical evidence and statistical trends pertaining to poverty
indicators in the Highlands region. Leveraging extant datasets from national surveys,
census reorts, and other pertinent sources, this study will meticulously scrutinize
variables encompassing income levels, educational attainment, healthcare access,
employment metrics, and household assets. Statistical methodologies such as
regression analysis andescriptive statistics will be adroitly employed to discern

correlations and patterns within the dataset.

Literature Review: An exhaustive literature review will be meticulously undertaken to
contextualize the findings within the extant scholarly disceursn poverty,
development, and resource governance in Papua New Guinea and akin contexts
globally. This review will encompass scholarly articles, reports disseminated by
international organizations, policy documents, and grey literature. Through
synthesizng diverse perspectives and theoretical frameworks, the literature review

will aptly inform the analysis and interpretation of empirical findings.
8

Integration and Triangulation: The qualitative interviews, quantitative data analysis,
and literature reviewwill be seamlessly integrated through a process of triangulation,
facilitating a holistic and nuanced comprehension of poverty in the Highlands region.
Triangulation entails crosglidating findings from disparate sources and
methodologies to augment theeliability and validity of the research findings. This
iterative process will facilitate the identification of converging and diverging patterns,

thereby enriching the analysis and interpretation of results.

Ethical Considerations: Ethical consideratioassume paramount importance
throughout the research endeavour, particularly in engaging with vulnerable
populations afflicted by poverty. Informed consent will be meticulously obtained from
all participants, with measures enacted to ensure confidentiabitypnymity, and
cultural sensitivity. Ethical clearance will be diligently sought from pertinent
institutional review boards prior to data collection, with researchers steadfastly

adhering to established ethical guidelines and protocols.
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3.1. Limitations

Despite the exhaustive approach embraced in this study, it is imperative to
acknowledge certain limitations. These encompass constraints pertinent to data
availability, sample representativeness, and the inherent subjectivity intrinsic to
gualitative reseach. Furthermore, the multifaceted and dynamic nature of poverty

necessitates an acknowledgement of its myriad dimensions and the potential for
evolving socieeconomic dynamics over time. By deploying a robust methodology
spanning qualitative interviews, qutitative data analysis, and literature review, this

study endeavours to furnish invaluable insights into poverty in the Highlands region
of Papua New Guinea. Through the prism of triangulation and integration, it aspires
to augment the academic understdimg of poverty dynamics and elucidate evidence

based policy and development interventions aimed at nurturing inclusive and

sustainable growth in resouredch regions.

4. Review of Literature

The literature surrounding poverty in resourdeh regions, pdicularly within the
context of Papua New Guinea's Highlands, provides valuable insights into the
multifaceted dynamics at play. This review synthesizes diverse perspectives and
theoretical frameworks to contextualize the study's findings within the bsyad

scholarly discourse.

Historical Context: The historical legacy of colonialism and-g@alshial governance
structures has significantly shaped the seetmnomic landscape of Papua New
Guinea. As highlighted by Fitzpatrick (2016), extractive industngeduced during

the colonial era, have perpetuated a pattern of resource exploitation and
marginalization of indigenous communities. This historical trajectory continues to

influence contemporary patterns of poverty and inequality in the Highlands megio

Resource Governance and Land Tenure: Resource governance and land tenure
systems are central to understanding the dynamics of poverty in resaigic@egions.

Studies by Filer (2014) and Gibson (2017) underscore the importance of customary
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land tenure systems in shaping access to resources and opportunities for local
communities. However, challenges such as land disputes, inadequate legal
frameworks, and external pressures from extractive industries complicate efforts to

secure land rights and promotestainable resource management.

Impact of Resource Extraction: The impact of resource extraction on local economies
and livelihoods is a recurrent theme in the literature. Research by Banks (2018)
highlights the paradox of resource abundance and poverti?apua New Guinea,
attributing this phenomenon to limited local participation in extractive activities and
the concentration of benefits in the hands of foreign corporations. Moreover, studies
by Howes et al. (2019) emphasize the need for greater transpgreand
accountability in resource revenue management to ensure equitable distribution of

benefits and mitigate negative social and environmental impacts.

Governance and Development Interventions: The role of governance structures and
development intervenbns in addressing poverty in resousgeh regions is a subject

of ongoing debate. Analysis by Dinnen and Filer (2016) suggests thalovap 10
development approaches often fail to adequately address the needs of marginalized
communities, perpetuating cyde of poverty and dependency. Conversely,
communitydriven initiatives, as advocated by Filer and Varitimos (2020), hold
promise for promoting inclusive development and empowering local actors to actively

participate in decisiormaking processes.

Environmemal Sustainability and Livelihood Diversification: Environmental
sustainability and livelihood diversification emerge as critical strategies for poverty
alleviation in resourceich regions. Research by McWilliam et al. (2018) underscores
the importance obalancing economic development with environmental conservation
to safeguard the longerm welkbeing of communities dependent on natural
resources. Moreover, studies by Banks and Hambly (2017) highlight the potential of
diversifying livelihoods through agulture, tourism, and smaBcale enterprises to
reduce dependency on extractive industries and enhance resilience to external

shocks.
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The literature review highlights the complex interplay of historical, secmnomic,

and environmental factors shapimgpverty in Papua New Guinea's Highlands region.
By synthesizing diverse perspectives and empirical findings, this review provides a
comprehensive foundation for understanding the challenges and opportunities
inherent in addressing poverty amidst abundamtural resources. Building upon
these insights, the subsequent analysis will offer nuanced interpretations and policy
recommendations to inform evidendeased interventions for promoting inclusive

and sustainable development in resousgeh regions.
5. Historical Background: An Overview

Papua New Guinea (PNG) emerged as an independent rstata in 1975 (as
previously it was occupied by the Portuguese colonial master in the sixteenth century,
and this Pacific Island had suffered from any kind of itrthlzation and urbanization

for 250 yearg/Agarwal, 2010) However, natural raw materials, minerals, gold, and
other resources were exploited by the British colonial master since the first half of the
twentieth century in thesouthern Papua region; and the northern (New Guinea) 11
region was occupied by the German colonial magianks, 2018) Australia and
Japan have also occupied this region. Since-pégmtid War 11, the World Bank and the
UNspong NER GSIFY SR o0& aAOKIStf CFoSNI aSid GKS
what it called: The eight Point Improvement Plan of-seliance, social and regional
equality, rural development, increased economic opportunities for citizens,
decentralization, andn increase in the participation of women in economic and social
activities. These themes underpinned the five National Goals and Directive Principles
(NGDP) incorporated in the Constitution. The National Goals also called for
commitments to environmentalconservation and to ensure that development

strategies reflected cultural valu¢Banks G. &., 2017)

Since the postwar period, the Australian government has been playing a leading role,

YR Ay Tt dzSyOAy 3 ( &&ucratib/ddfidistral/€) 2ayicd? Mdici@l> o
systems, and through providing its budgetary support, aid, trade and educational tie
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and consumption patterns, and acted as a wage setter for the formal/organized sector

of the economy(Berkes, 20180 ¢ KS yI GdzZNE 2F GKS tbDQ& 0c
continued reliance on Atralian personnel in skilled professional positions within the

LJdzof A0 aSOi2N®» ¢KS tbDQa LIKeaAOlFf AYyFNI adh
other minerals, have been controlled and exploited directly by the Australian
companies, and the Austrajfa I RYAYAAGNI GA2yQa Ay Tt dzSyOSa
economic and social affairs in the urban arékauzi, 2007) With a dual economic

structure such as a small industrialized modern sector (including mining development
andmarkedly monetary institution), the majority 87% of the population in rural areas

has been maintaining traditional institutions, and dominant traditional (subsistence

level) agricultural methods and value systems still exist.

Therefore, with a dual chacter of (modern and traditional economic and social
arrangements), an integrated development strategy can be made to transform into a
modern agriculturabased industrialized society. Papua New Guinea comprises the
eastern half of the island of New Guindélae second largest island in the world, which
constitutes 85.0% of the land area, and approximately 600 islands, the largest of whidi¢
are New Britain, New Ireland, Bougainville and Manus, accounting for the remaining
15.0%. The total land area is 462, &Huare kilometers with 8,300 kilometers of
coastlines. An estimated 97.0% of the total land area is under customary tenure
systems with absolute ownership vested in an indigenous community/group (what is
called: land underpins the kinship ties social ilagions), which controls its use and
transfer. Most of the remaining 3.0% is alienated land acquired by Australians for
public purposes or plantation developme(innen, 2016) These customary land
tenure systems provide segty for the 85.0% of the rural 87.0% population who

directly depend on the land for their livelihood and wedling(Ellis, 2000)
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6.The contradiction between the modern capitalist world practices and
the Customary Tenurednd Relationships (CTLR) production system in

Papua New Guinea

The contradiction between the modern capitalist world practices and the Customary
Tenure Land Relationships (CTLR) production system in Papua New Guinea (PNG) is a
salient feature of the natin's socieeconomic landscape. In the context of global
capitalism, characterized by marketiven economies and private ownership of
resources, PNG's traditional CTLR system presents a distinct divergence. Within the
capitalist paradigm, land is often conodified, and treated as a tradable asset subject

to market forces and private ownership. This aligns with principles of economic
efficiency and individual rights to property. In contrast, PNG's CTLR system is deeply
rooted in customary practices and commal ownership, where land is considered not
merely as a commodity but as a vital element of cultural identity, social cohesion, and
spiritual significance. This incongruity manifests in various ways. For instance,
multinational corporations seeking to exi PNG's abundant natural resources 13
encounter resistance and complex negotiations when dealing with customary
landowners. The CTLR system complicates processes such as land acquisition,
resource extraction, and investment, as it requires navigating atgicetworks of

kinship, tribal affiliations, and traditional authority structur@sler, 2020)

Moreover, the capitalist model often prioritizes profit maximization and stenn
gains, leading to concerns about environmdrdagradation, social disruption, and
unequal distribution of benefits. In contrast, the CTLR system emphasizes
sustainability, intergenerational equity, and community wmding, reflecting a
holistic approach to land stewardship deeply ingrained in iexogs worldviews. This
contradiction underscores broader tensions between globalization and cultural
preservation, economic development and social justice. While proponents of capitalist
practices advocate for modernization, efficiency, and economic groevttics argue

that such approaches risk marginalizing indigenous communities, eroding traditional
values, and exacerbating inequality. Addressing this contradiction requires nuanced

strategies that recognize the legitimacy of customary land rights wirbenoting
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sustainable development and equitable participation in the global economy. This may
involve legal reforms to protect indigenous land rights, mechanisms for meaningful
consultation and consent in resource projects, and initiatives to empower local
communities in decisiomaking processes. Ultimately, reconciling the tension
between modern capitalism and traditional land tenure systems in PNG necessitates
a balanced approach that respects cultural diversity, fosters inclusive development,

and uphold principles of social and environmental justice.
T®/ dzZAG2YFNE [YR {@2aG4SY 9 [AYAUSR

The customary allocation of land for private business endeavours and developmental
initiatives is perceived as a significant impedimentpiavate investment in rural
regions. The necessity of securing agreements with multiple proprietors exacerbates
transactional expenses, while the uncertainty surrounding land tenure may act as a
deterrent to investment(Gibson, 20X). Group tenure arrangements also serve to
restrict the utilization of land as collateral, thereby constricting rural populations'
avenues to financial resources. The framework of customary land tenure antl4
compensation assertions continues to wieklgnificant influence, profoundly
impacting the private structuring of agriculturally oriented industrial entities and
presenting impediments to land acquisition for commercial endeavditzpatrick,
2016) The Papua New Guean Government is contemplating the establishment of an

Economic Fishing Zone spanning 2.3 million square kilomg@€aaszi, 2007)

Papua New Guinea, endowed abundantly with petroleum, oil, and gas, as well as gold
and variousther natural resources, boasts a diverse array of environmental habitats,
rendering its vegetation among the most opulent and varied globally. However, owing
to climatic constraints, only approximately 13.0% of its total land expanse proves
suitable for agricultural endeavours. The central highlands emerge as the most
favourable region, characterized by conducive climates and soil compositions
conducive to a myriad of crop cultivations. Additionally, certain island and north coast
locales, enriched by theertility of volcanic ash deposits, facilitate the cultivation of

food and tree crops.
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Forestation encompasses roughly 87.0% of the total land mass, equating to
approximately 40 million hectares, thereby endowing the nation with notable
diversity inorganic agricultural production, commercial tree crops, and seafood
resources. Noteworthy commercial assets include mineral reserves, gold, copper, and
oil and gas deposits, prominently exemplified by the Panguna region on the island of
Bougainville withirthe north Solomons province. Significant mines dot the landscape,
particularly within the Western, Enga, New Ireland, Milne Bay, and Central provinces,
while major petroleum projects and gold and copper industries are predominantly

overseen by Australiaand American entities within the Southern province.

Geographically, Papua New Guinea spans the eastern half of the West Pacific Island of
New Guinea, encompassing the primary islands of New Britain, New Ireland, and the
Autonomous Region of Bougainvilldprgside approximately 600 smaller islands and
atolls. Population densities tend to be elevated in the highland provinces, contrasting
with the lower densities observed in the coastal provinces of Western, Gulf, Central,

Oro, East, Sepik, West Sepik, anest\New Britain.
15
With a population hovering around eight million, literacy rates remain modest, with

only 20% of the populace literate, while approximately 87% of Papua New Guineans
reside in rural settings. The nation pulsates with youthful energy. Itigiqz,
economic, trade and cultural ties intricately intertwine with Australia, Japan, New

Zealand, Fiji (inclusive of 10 ASEAN nations), China, and India.

Papua New Guinea's economic trajectory and developmental prospects hold immense
promise, continget upon the maintenance of security and the establishment of
modern infrastructural frameworks, encompassing railways, highways, seaports, and
direct air connectivity both domestically and internationally, particularly with
neighbouring nations such as Inuesia, Malaysia, Thailand, Vietnam, and other
ASEAN countries, alongside China and India, to allure tourists. Leveraging its copious
natural resources for economic expansion and advancement necessitates the
provision of free education to all, positioningg nation as a potential educational hub

and enticing international tourist destinations. Such endeavours would undoubtedly
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serve as robust platforms for heightened economic engagement not solely with Asia

but also with Australia, Europe, Latin Americajoaf, and America.

The economy of Papua New Guinea stands as a realm dominated by two principal
sectors: the agricultural, forestry, and fishing domains, which absorb the majority of
the nation's labour force, albeit predominantly within informal realmsidathe
minerals and energy extraction sector, which serves as the primary contributor to

export revenues and gross domestic product (GDP).

Papua New Guinea finds itself compelled to diversify its economic and commercial
spheres, concurrently fostering tasm while establishing itself as a nucleus of
educational and healthcare institutions and erecting international trade hubs.
Undertaking such initiatives demands an integrated approach aimed at augmenting
economic growth and development. Paramount amon@s endeavours is the
imperative to bolster the ranks of skilled and wetlucated professionals by
instituting widespread access to free education, thereby generating fresh avenues of
employment. Simultaneously, substantial investments in education ardtheare 14
are requisite, complemented by robust initiatives in physical and modern

infrastructural development.

Critical to this multifaceted approach is the enhancement of institutional capacity,
human capital, and physical infrastructures, encompassingectmtity,
telecommunications, and transportation networks, all of which play pivotal roles in

nurturing the growth of both public and private sectors.

Papua New Guinea's intricate cultural tapestry, deeply interwoven with tribal and
ethnic identities, traitional social frameworks, and lafdzhsed relationships,
engenders a landscape marked by distinctive challenges alongside noteworthy
resilience. Amidst this milieu, formal employment opportunities for the burgeoning,
predominantly youthful population rema scant, while environmental stewardship,
urbanization, political fragmentation, social marginalization, and disparities in a
resourcecentric economy all pose significant riskslowes, 2019p hgAy3

pandemicinduced restretions and the international exposure of Papua New Guinea's
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economy, market demand has markedly diminished. Notably, Australia and New
Zealand exert significant dominance over PNG's market landscape. The World Bank's
estimations reveal a stark reality: PN@al GDP endured a contraction of 3.8 per cent

in 2020. Looking forward, the outlook remains somewhat promising, as the World
Bank projects a rebound in economic growth to approximately 3.5 per cent ing2021
22. However, the sobering forecast indicatbattby 2023, the economy is poised to

shrink by nine per cent compared to the World Bank'spaedemic prognostications.
8.Poverty Ratio in PNG

With 37% of its populace subsisting below the international poverty threshold,
denoted as US $1.25 per diemymerous progeny in Papua New Guinea are bereft of
potable water sources and requisite sustenance. Approximately 28% of juveniles
suffer from moderate to severe malnourishment, while 43% grapple with underweight
stature, impeding their holistic physicaédelopment. Poverty stands as a primary

catalyst for the proliferation of trafficking, exploitation, child labour, and educational

dearth within the nation. 17

Each passing day witnesses the demise of over 30,000 children due to piowkntyed
afflictions, translating to the grim reality of one child succumbing every 3 seconds.
Children bear the brunt of destitution, with its pernicious ramifications entailing the

abrogation of their rights.

The vanquishment of poverty within any societal framework mandategsnswerving
dedication to robust and enduring initiatives, ensuring equitable access for all
constituents to indispensable provisions encompassing rudimentary healthcare,

nutritive sustenance, and premium education.

Since attaining independence, the pdace of Papua New Guinea has contended with

a myriad of socieconomic challenges including poverty, malnutrition, and
unemployment. These adversities stem from a confluence of factors such as deficient
resource governance, scant political resolve, ingifecgovernmental interventions

at grassroots levels, lax law enforcement, pervasive corruption spanning hierarchical
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echelons, dearth of entrepreneurial acumen and knowledge, inadequate marketing
infrastructure, societal indolence, and entrenched traditd tribal feudal attitudes

and cultural norms, among others.

The prospect of Papua New Guinea harnessing its natural resources efficiently and
optimizing its workforce effectively lies in the adoption of an "expinmven"
agriculturally based industriahtion strategy. This paradigm emphasizes a "people

centric" approach, spanning from local to regional to global spheres.

Agriculture and its allied sectors, including Floriculture and Horticulture, as well as
commodities such as milk, honey, coconut, pas, palm oil, mushrooms, fisheries,
forestry, mining, petroleum, gas, and services, are focal points of this strategy. The
emphasis is on valuadded production and exports to bolster economic growth. As
an alternative solution to address poverty in thissourcerich basin, promoting
communitybased resource management and sustainable livelihood initiatives merits
exploration. This approach aims to empower local communities to leverage their
natural resources for economic prosperity while preserving renvnental integrity  1g

and enhancing social cohesion.
Key components of this alternative solution include:

CommunityBased Resource Management: Devolving resource management
responsibilities to local communities strengthens customary land tenure systems,
enading informed decisionmaking about resource use, conservation, and

development.

Capacity Building and Empowerment: Equipping communities with knowledge, skills,
and organizational capacity through training in sustainable practices and promoting

women'sparticipation fosters inclusivity and gender equity.

Diversification of Livelihoods: Encouraging alternative income sources such-as eco
tourism, agroforestry, and handicraft production reduces dependency on extractive
industries, contributing to economicesilience, environmental conservation, and

cultural preservation.
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Partnerships and Collaborative Governance: Forming partnerships among
stakeholders facilitates dialogue, coordination, and shared decisiaking,
amplifying the impact of poverty alleviatioefforts and promoting sustainable

development outcomes.

Monitoring and Adaptive Management: Continuous assessment, identification of
challenges, and adjustment of strategies ensure accountability, transparency, and
inclusivity, enhancing resilience in aiging socieeconomic and environmental

conditions.

9.The Action Plan

The action plan revolves around the NBMS (Networks ofVRidiumSmall Size
Villages) model, an ardaased organization of rural poor aimed at strengthening
interlinks and advancing théocal economy through local value addition and
technological uggradation. Key sectors for focus include agriculture, manufacturing,
health, education, renewable energy, midiinance, transportation, textiles, housing,

19
forestry, and mining.

Implementation requires avoiding mutual competition among small producers,
transferring intermediaterange technology, organizing landless labour, artisans, and
poor peasants, and establishing a#eased multisectoral largescale production

networks/systems. This comgmensive approach underscores the imperative of
community empowerment, collaboration, and innovation to realize sustainable

development and alleviate poverty effectively.

10. Conclusion

Papua New Guinea (PNG) encompasses vast rural expanses, where apigigxdofo

of its population has largely remained detached from the modern world since the
colonial epoch. These remote and often inaccessible regions serve as bastions of
indigenous cultures, traditions, and modes of existence that have persevered amidst

the currents of globalization and urbanization.
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The legacy of colonialism has left enduring marks on PNG's-scmimmmic terrain,

with rural locales bearing the weight of historical disregard and marginalization.
Despite decades of independence, endeavoursnfrastructure development, and
initiatives toward modernization, substantial segments of the rural populace persist
in a state of relative seclusion, disconnected from mainstream economic activities and

technological advancements.

The reasons underpiming this persistent detachment are manifold. Geographical
factors such as rugged terrain, dense forests, and scattered island communities pose
formidable challenges to transportation, communication, and access to fundamental
services. Additionally, histmal patterns of land ownership and resource allocation,
moulded by colonial policies and ensuing seuiditical dynamics, have solidified

disparities and impeded progress in rural areas.

In these remote hinterlands, traditional subsistence livelihoodsluga, revolving
around agriculture, fishing, and hunting, with minimal involvement in dzesded

economies. Many communities adhere to customary land tenure systems, whereipg

land is communally owned and administered in accordance with ancestral customs

andkinship bonds. This communal approach to land ownership sharply contrasts with
Western concepts of private property rights, contributing to the preservation of
indigenous cultures and social cohesi@vicWilliam, 2018) The disissociation of

rural populations from the modern world reverberates across governance, service
provision, and sockeconomic outcomes. Governmental institutions and
infrastructure are frequently sparse or inadequately equipped in remote regions,
exacerbatng challenges related to healthcare, education, and livelihood
opportunities. Limited access to markets and economic avenues perpetuates cycles of
impoverishment and marginalization, constraining prospects for inclusive

development.

Despite these adversds, resilience and ingenuity shine through within rural PNG
communities. Local initiatives, communigd development endeavours, and
traditional knowledge systems play pivotal roles in sustaining livelihoods and fostering

resilience amidst adversity. Fhgrmore, endeavours to bridge the ruratban gap
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through enhanced infrastructure, decentralization initiatives, and inclusive

development strategies are underway, albeit with varying degrees of success.

Papua New Guinea's expansive rural landscapes hadasubstantial portion of the
populace detached from the modern world, reflecting a complex interplay of historical
legacies, geographical constraints, and semonomic dynamics. Addressing the
challenges confronting rural communities necessitates tiolispproaches that
acknowledge and honour indigenous cultures, empower local governance structures,

and advance equitable and sustainable development pathways.

By addressing the aims outlined above and adhering to the defined scope, this study
aims to corribute valuable insights into the complex phenomenon of poverty amidst
plenty in Papua New Guinea's Highlands regiatwork, 2017) Through rigorous
analysis and thoughtful recommendations, it endeavours to inform evidéased
policy and development interventions that promote inclusive growth and equitable

prosperity in resourceich regions worldwide.
) 21
Recommendations

Focus Efforts, Manpower, and Resources Strategically: Channel resources and
manpower towards endeavours whe the projected returns are optimized, ensuring

efficient allocation of efforts and resources.

Adapt Public Service Standards to Local Contexts



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

Coal's Last Breath: miningealth

Impactsin England'sTransition

-AayushiSharma, LaiaMaynouPujolrag, JordiJ.¢t SA EA Rs

! Ph.D.Candidateat Universitatde Barcelona

2 AssistanProfessoiSerraHunter, Universitatde Barcelona

3 AssistanProfessomat Universityof Barcelona

4 Thecurrent operatingcapacityof the Coatfired power plantin the UKis 4140MW andthe currentoperating
annualCO2emissiongs 21 million tonnes(GlobalEnergyMonitor).

Abstract

Thisstudy used a natural experimentto determine how closureof coal plants affect the air
pollution and in-turn the health outcomes (physicaland mental health) in England.The
introduction of CarbonTaxpolicyin the United Kingdomin 2013, precipitatedthe closureof
multiple coalplants, highlightingthe imperativefor further investigationinto its implications.
Thestudyuseda Staggeredifferencein-Differencewith the Callaway& SanfRnnaestimator
alongwith an event study model, to incorporate differential treatment timing. Theresults of
this study suggestthat coal plant closuresimprove air quality. Regardindhealth outcomes,it
reduces hospital admissionsamong respiratory patients, and asthma (among adults), and
decreaseshe prevalenceof asthma.Furthermore it reducesmortality amongthe mostdeprived
under the age of 75 yearsand mortality for mental and behaviourdiseasesThesefindings
suggesthat the closureof the coalplantimprovesthe air quality,andthus aidin enhancinghe
health outcomes. This finding is crucial for the development of informed and affective
environmentalpolicy.

Keywords Coaffired plants; EmissionsPhysicahealth; Mental health

1. Introduction

TheUKis the eighth-largestcontributor to the presentday globalwarming,mainlydueto its
historicalhigh consumptionof coalin the energysector. The consumptionof coalin the UK
reachedits highestpoint in the year1956at 221 million tonnes (Evans2023).The CleanAir
Act wasrolled to curb the dGreat Smog of London,as a result of this, by m b s theXcoal
consumptiondroppedto 120 million tonnes. By the end of H n 5,4t €@rther droppedto 60
million tonnes.As of 2022, the coal consumptionin the UK is 6.2 million tonnes' (Evans,
AnalysisiUKemissiondall 3.4%in 2022ascoalusedropsto lowestlevelsincel757,2023).

The UK introduced the Carbontax in 2013 concerningits obligatory reduction in carbon

emissiontargets under the Climate ChangeAct of 2008, while EuropeanUnion Emission
TradingSystem(EUETS)mposeda lower price (Leroutier,2022). This policy led to the
closureof many plants emitting heavily,and thus leadingto a lower carbonemission(Global
EnergyMonitor; Leroutier,2022). Beyondcarbonemissionsand its related climate impact,
changesn local pollution havealsobeendocumentedasa result. It hasbeenresearchedhat

22
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the closureof two boilers,in the coalplantsled to a decreasen concentrationsof PM2.5at the
localandregionallevels(Shon Kang,Park,& Bae,2020).

Thispaperanalyseghe impact of coalplant closuresin the localauthorities of England and
its neighbouringlocal authorities on health outcomes. The objective of this researchis to
causallyidentify the link betweenthe closureof coalplantsandits potentiallyimprovementof
health outcomesamongthe peoplein England.Thelink between coal plants pollution and its
health impactsis well documentedin the literature (Guttikunda& Jawahar2014; Munawer,
2018).Munawer (2018)found that emissionsrom coatbasedpower plants,including COX,
NOx,SOx particulate matter (PM)and other heavymetals,are associatedvith deteriorating
health outcomes.When these emissionsmix with rainwater, they causeacid rain, which not
only leadsto healthissues)ike skincancer,noseirritations, asthma,headachedestabilisation
of heartbeatsbut alsoimpactsthe food web (Munawer,2018).Additionally,chemicalkeactions
betweennitrogendioxideandPM2.5leadsto cardiacarrhythmiasin adults,chronicobstructive
pulmonarydiseasg COPD asthma,andincreasan mortality amonginfants (Munawer,2018).
Thesefactors have contributed to an estimated80000to 115000premature deathsand 20.5
million asthmacasesin India, costingthe governmentapproximatelyUSD3.2 to 4.6 billion
(Guttikunda& Jawahar, 2014).

However,identifying any positive effect that shouldemergewhen the coal plant closesci.e.
whether the negativehealth impact remainslong after or vanishes is an empiricalquestion
not studiedwell. Thislink is important becausethe introduction of CarbonTaxpolicy,2013
ledto the closureof manycoalplantsin EnglandTherefore establishinga causalink between
the outcomeof climate policy (coalplant closures)yand publichealthoutcomescanbe a keyto
further boostclimatepoliciesandits publicacceptanceFurthermore the findingsof this study
hold potential for broaderapplicabilityand externalvalidity.

To the best of our knowledge,there exists a notable gap in the literature regardingthe
examinationof the effects of coal plant closureson health outcomesin England.Thisstudy
aimsto fill this void, through state-of-the-art econometrictechniques.Thisresearchwill put a
light on the coal power plant closureon health effects of the peoplein Englandrrom 2000to
2020. Notably, it will encompassan investigationinto mental health outcomes alongside
physicalhealth impacts. The data has been divided into 3 parts; health data collected from
Nomis(Official Censusand LabourMarket Statisticsof the UK),and Fingertips(Office for
Health Improvement and Disparities); emissionsdata from UKAIR (Air Information
Resource)and coalplant closuredatafrom GlobalEnergyMonitor. Dueto nuancedvariations
arisingfrom timingsof closureof coalplants,or what is commonlyreferredto asdifferential
time treatment, we have incorporated recent advancementsin differencein-differences
methodology, particularly focusingon differential treatment timing. Thisapproach,akin to
staggereddifferencein-differencesanalysisas elucidatedby Callawayand Santana, allows
for amore preciseexaminationof the effects.

Theresultsof this studyfindsthat the closureof coalplants,significantlyimprovesair quality,
as nitrogen dioxide decreasedy 4.429 micrograms,on average(or a reduction of 15.2%).
Moreover,coal plant closuresled to a significantreductionin the hospitaladmissionsamong
respiratoryand asthmapatients (abovethe ageof 19),ason averagejt decreasedy 4.1%and
10.7%respectivelylt is consistentto the researchconductedin the USrevealedthat the asthma
attacks decreasedo / I ae$ al., 2020) and the respiratory health among the children
(Komisarow& Pakhtigian2021)asthe exposureto coalpower plant emissiondowered, due

23
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to the closureof coal plants. This paper is different from the previousone asit is focused
specificallyin Englan@ coal plants and health outcomes,unlike these which were basedin
the US.

Our findingsalso show that, mortality of people under 75 (most deprived)has significantly
reducedby 3.56%,0n averagedue to the closureof coalplants. Furthermore,on average the
prevalenceof asthmaratesalsodecreasedignificantlyby 7.4% Lastlymortality dueto mental
and behaviouraldiseasesalso declinedby 5.45%,0n averagein the local authorities which
closedthe coalplantsandits neighbourthan whichdoesnot. Thisstudy showsthat the closure
of the coal plantsleadsto improvementin the air quality, and thus in the health outcomesof
the people.

Thereis a pressingneedto comprehendhow the closureof coal power plantsimpactscarbon
emissionsand subsequentlyinfluencesthe health outcomesof individualsresidingin areas
previously affected by coatrelated pollution. The outcomes derived from this research
endeavourare anticipatedto inform evidencebased policymakingin the domain of public
healthand environmentalregulation.

The paper is as follows: section 2 explainsa detailed review of the previouswork on coal
plants, pollution, and its health impact with gapsin the literature is mentioned. Section3
mentionsthe data collectionand the methodologyused.Section4 describeghe resultsof our
analysesFinally,section5 concludesour paper.

2. Coalplants, pollution, and health impacts

Theindustrialisationled to the expansionof coal power plantsin the Britain, which provided
an unprecedentedrate of growth and left somenegativeeffectsbehind. The coakired power
plants,acrucialsourceof energyin industrializationperiod, are responsiblgor the air pollution
(Kopas,et al., 2020). It releasestoxins and harmful air pollutants in the form of fine and
ultrafine particles, like PM2.5, mercury, sulphur dioxide, carbon monoxide and other
greenhousegasesFinkelmanWolfe, & Hendryx,2021;Fuller,et al., 2022).Peoplewho are
exposedo ambientair pollution, maysufferfrom respiratoryissueshecauseultrafine particles,
like PM2.5can enter deeplyin the lungsand do severeharmto the alveolarwall (Xing,Xu,
Shi,& Lian,2016).Thereare studiesrelatedto PM10pollutant whichis significantlyrelated
to the morbidity and mortality (Anderson,Thundiyil,& Stolbach,2012; Chen,et al., 2012),
with its impactvaryingwith sociecdemographidactors(Chenset al.,2012).

Industrialisation,increasedurbanisation,growth in the population,and combustionof fossil
fuels hasled to arise in 66%deathsdue to modern pollution in the last couple of decades
(Fuller,et al., 2022).Accordingto data by the GlobalBurdenof Diseaseslnjuries,and Risk
FactorsStudy(GBD)2015,evaluatedthat 16%of the deaths(or 9 million deaths)worldwide
hasbeen attributed to the pollution and it hasbeen similar since2015 (Fuller,et al., 2022).
Studieshave shownthat pollution have an adverseimpact on the health aswell as mortality,
with impactingchildren and older population more severely(Hospido,Sanz,& Villanueva,
2023).

A study of the impactof outdoor air pollution on the mortality in Chinarevealedthat levelsof
air pollution and mortality related to cardiopulmonary diseasesand lung cancer are
significantlyrelated (Caoasgt al., 2011).Variousstudieshaveindicatedthe negativeimpactof
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air pollution on the prematuremortality, andit is estimatedthat it couldincreaseby two times
by 2050 at the globallevel if emissionsremain at the samelevel (Lelieveld,Evans,Fnais,
Giannadaki, & Pozzer, 2015). Moreover, a study in Colorado found that proposed
decommissioningof two coakired power plants led to 2 less premature deaths, fall in
hospitalisations,and other morbidities, due to reduction in PM2.5 emissions(Martenies,
Akherati,Jathar,& Magzamen2019).

Moreover,emergingevidencesuggestedhat the air pollution affectsthe brain aging(Block&

/ I f RBNII)A RMMDZhaigThen,& Zhang,2018),as ultra-fine particulate matter
entersthe brain (Block& / I f R-B NAX) A RaD)ZahddeAdsto psychoticillnessedike
schizophrenia(Antonsen, et al., 2020), a disorder which affect thinking and behaviour. It
impliesthat the increasedevelsof pollution worsenthe mental health, leadingto depression,
anxiety,suicidesand other mental health issues(Lawrance.ThompsonFontana,& Jennings,
2021).In additionto this, studiesindicatedthat ambientair pollution, especiallyPM emissions,
lead to changesin metabolismand higher stress(Li, et al., 2017), disproportionallyhigher
amongolder men in specificcold months (Mehta, et al., 2015).0n the other hand, short-run
study on cleanindoor air leadsto reductionin stresshormones(Li, et al., 2017).A study on
neurobehaviomproblemsin childrendueto the impactof livingin vicinity (within 10 miles)of
the coal power plants finds that the proximity to coal plants is significantlyrelated to the
neurobehavioralproblems like social problems, affective problems, and anxiety problems
(Zhanget al., 2021).

All in all, specializedliterature is plenty of evidence showing both that pollution has
detrimental effectson health and that coal plantsare a sourceof local pollution. Theextent to
which these effects vanishwhenever coal plants stop functioning permanently remainsan
empiricalquestion.

3. Methodology and Dataset

3.1.ldentification Strategy

The paper will exploit casualinferencetechniquesto find out the relationshipbetween coal
plant closuresandits impacton the health outcomesin the EnglisHocalauthorities.

Firstof all, a treatment groupand a control group haveto be identified. Thetreatment variable

definesthe control groupaszerowhenthe plantis operatingandthe treated groupasonewhen
all the units are closedof a particular plant®, and their neighbouringlocal authorities (by
border). Thecontrol group correspondto localauthoritieswherethe coalplantshavenot been
closedyet, andits neighbouringocalauthorities(by border). Theassumptiorhereisthat acoal
plant pollution does not only affect the hosting local authority but also bordering local
authorities. Thisempirical decisionis therefore conservativeone. Figure1l depictsthe coal
plantsclosurein the year 2000 versusthe closurein the year2022.In the year 2000,none of
the coalplantswere closedbut by the year2022all exceptl were closed.

® Most of the coalpower plantshavemore than one unit of the sameplant. Moreover,in somelocalauthorities,
there are more than one coalpower plant.
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2000 vs 2022

Figurel.Closingof coalplantsin the localauthoritiesin Englandin the year2000v/s 2022. Data source:Global
EnergyMonitor

There were some neighbouringlocal authorities, which were sharingborder with the local
authority which closedthe coal plant and which did not. By simplelogic, this researchhas
consideredt to be a part of the localauthority which did not closethe coalplant (or the control
group).Thisisdueto the reasonthat the localauthority wherethe plantis openis still emitting
pollution, meaningthere will be still some pollution from coaklfired power plants in the
neighbouringocalauthorities.

Figure2 showsthe closureof coal plantsfrom 2000to 2022.Thefigure is depictingthat all

units of the coal plantsare closed.In the year2003,only 2 coal plantswere closedout of 17
operatingcoal power plantstakenfor our study. TheHighMarnhampower station (2003),the
Drakelowpower station (2003),and then the Wilton Cogenpower station (2007),these coal
plantswere closedin the early 2000s.The LongannetPowerPlant,the FerrybridgeC Power
Plant,andthe RugeleyPowerPlant;the three largestcoalplantsin the UKwere shutdownin
the year2016 (Evans2016).The EggboroughPowerPlantin 2018 (EPPowerEurope) and
FiddlersFerry PowerPlantin 2020 (SSEH hermal)were closed.The dependenceof energy
generationhasbeenchangedfrom coalto other sourcedike wind energy,solarenergy,hydro
energy,nuclearenergy,and gas(Evans2023).Bythe year 2022,16 coal power plants have
beenclosed,and asof 2023only one coalired power plant is operatingin Englandwhichis
Ratcliffe power station. Thissimilitude in treatment impliesthat coal plantstend to closeat
different time, easingthus our identification strategy. Therefore,our identification strategy,
StaggeredDifferencein-Differenceby Callaway& SanfRnna(2020)is relevanthere, which
capturesthe differential treatment timings.
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Coal Plants Closure over the years in England
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Figure2. CoalPlantsClosuren Englandoverthe years.Data Source GlobalEnergyMonitor

This researchwill exploit the exogenousvariation from the coal plant closuresthrough a
staggeredifferencein-differenceapproach.Thestaggeredifferencein-differencewill allow

to study the units (local authorities) entering the treatment group (closureof coal plant) at
different pointsin time, whichwould not be estimatedby the canonicallifferencein-difference 27
technigue. The methodologydevelopedby Callaway& Sanfnna (2020),and is used for
estimatingthe modelwith multiple time periods,will be usedhere.

Thecomponentsof staggeredlifferencein differenceare
Y000 =1 a0 b 0 ()0 =0 (1)
where,g =group,t =time period, Y=Variableof HealthOutcome

Inthe casesvherethe localauthoritiesdo not havecoalplants,it would be anevertreated case,
anddenotedby ) =k meaningthat

Thecasedn whichthe localauthoritieshavecoalplantsbut havedifferent closureperiodsand
not yet closedwill be anot yet treated case denotedby 1 &

Here, not yet treated cases,will be applied, so that treatment and control groupsare more
similaralsoin terms of unobservables.

Theestimatedmodelwould be:

Op=1i+/p+/ 100+ 130 +4 (2)

Here, 0y isthe health outcome| ; isthe time fixed effect,| q is the groupfixed effect, 00 =
TreatmentX PostTreatmentPeriod,which implies, coal plant in the local authority (and its
neighbouring)and it is closed.| 1 1 oW jai ¢i W0 080000, X = Covariatesncluding
incomedeprivation,population,shareof 65 people.
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The main assumptionsof the canonicalDifferencein-Differencesmodel are parallel trends
assumptionno anticipation,and Stableunit treatment valueassumptionSUTVA) heparallel
trend assumptionposits that prior to the implementation of a treatment, both the treatment
group and the control group shouldexhibit similartrends. Thissuggestghat any differences
observedbetweenthe two groupsafter the treatment can be attributed to the treatment itself
rather than pre-existingdisparities.In the context of an event study,adherenceto the parallel
trend assumption entails that estimates preceding the treatment year are statistically
insignificantor demonstratenegligibleeffects, reaffirmingthe absenceof differential effects
prior to the treatment.

No anticipation assumptionrefers that treatment path is not known a priori. Lastly, SUTVA
assumptionmeansthat the control group should not be affected by the treatment. Since,we
estimateour model by Staggeredifferencein Differenceby Callawayand San@na, besides
of theseaboveassumptionsyve alsoneedto haveconditionalparalleltrendsassumptionn a
dNeverTreated or a dNot-YetTreated group (Callaway& Sanfanna,2020).1t impliesthis
assumptiorholdsafter controllingfor covariates Since pur treatmentis closureof coalplants
in different years,we haveuseda dNot-YetTreated group. Lastly,there shouldbe a positive
proportion of populationstartsfrom period g (Callaway& Sant&nna,2020).

Further,we use event study model to estimatethe length of exposureof treatment effect of
closureof coalplantson the emissionsandthe healthoutcomes.

Oy = 00101ty Hrmoas x s xk [ 1413+ 1 g +-y 3)
Here, 0y isthe healthvariable whichis our outcomevariable.Closurdsthe coalplant closure
in the local authority and its neighbouring.Hesas x s x S the time-period when the 28

closureis happening|and]; arethe panelfixed effects.uy is the control variablesand -y
isthe error term.

Besidesof plausibility of paralleltrends, the event study estimatesare usefulto capturethe

longterm effectsof the coalplant closureson the level of emissionsand health outcomes key
for our researchquestion. Oncea coal plant stops emitting some health outcomesmay take
longerthan other in reacting. Somehealth outcomeslike mortality do not changerapidly in
few years.Expositioncanhavelongerimpact.

3.2.Data

We compileda paneldatasetof all the Englishlocal authorities from 2000to 2022.A local

authority in the Englandverseeghe councilservicesTheyare governmentbodiesresponsible
for managingpublic serviceslike education,waste managementhousing,localtaxation,and
facilitieswithin specificgeographiareas,suchascities,towns, and counties(Governmentof
the UK,2016).

Asof 2021,there are 317 localauthoritiesin Englandwhich consistsof county councils(21),
district councils(164), unitary authorities (62 and the Islesof Sicily),metropolitan districts
(36),and Londonboroughs(32 and the City of London)(Governmentof the UK,2016).Out
of 317localauthorities, 14 localauthoritieshaveor previouslyhad a coalpower plant. So,we
have taken those 14 local authorities and their neighbouringlocal authorities were 64.
Therefore,we havetaken 78 local authoritiesfor our analysisThiswill determineour treated



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

and control groups. Treatedlocal authorities will be those with closedcoal plant during the
period of analysisControlgroupsare thoselocalauthoritieswith opencoalplant.

The datasetcomprisesdata from four different data sourcesat the local authority level from

coalplantsin Englanddetailingits closuresthe health outcomesin theselocalauthorities,and
emissiondrom different pollutants.

The data on the closureof coal power plant in Englandhasbeen collectedfrom the Global

Energy Monitor, a non-governmental organisation from San Francisco,which shares
information and data on cleanenergyand fossilfuels at the globallevel. Thereare 30 coal
power plants in the UK, out of which 20 are in England,2 are in Wales,2 are in Northern
Ireland,6 are in Scotland.Out of 20, 17 coal power plantsare either operatingor retired, and
3 were cancelled.Since,our analysisis focusingon Englan@ coal plants closure,we have
incorporated 17 coal power plants in the 14 local authorities in England(Global Energy
Monitor, 2023).Figurel showsthe map of the localauthoritieshavinga coalplant, which are
either operating or retired over the period in England.They have been mapped to their
respectivelocalauthority from their location. Thedatasetcontainsthe numberof units of each
coalplants(up to 6 units per plant), the localauthority to whichthey belong,the start and the
retired year.

The health data of Englandhasbeen collectedfrom the Nomis (Official Censusand Labour
Market Statisticsof the UK),and Fingertips(Officefor HealthImprovementand Disparities)
for the period 2000 to 2020. Thisincludesemergencyhospital admissionsfor asthma for
children and adults, emergencyhospital admissionsfor respiratory issues,and emergency
admissiondor childrenwith lower tract infections.Thereis data on asthmaprevalencewhich
is measuredby the patientswith asthma,excludingthose who havenot beenprescribeddrugs
in the past twelve months over the practice list size for patients, and it is measuredin
percentagegFingertips)Andon chronicobstructivepulmonarydiseaseprevalencelor COPD
prevalence)whichis measuredn patientswith COPasrecordedon practicediseaseaegister
overtotal practicelist size,it is measuredn percentagegFingertips). Somevariablesrelated
to mortality arealsocollected,mortality dueto mentalandbehaviouradisordersmortality due
to diseasesf respiratory system,mortality due to asthma,mortality under 75 most deprived
and least deprived, mortality under 75, suiciderate among males, and suiciderates among
females.

Finally for emissionsdata, we collected emissionsdata from UKAIR (Air Information

Resource)ysingthe RpackageépenaiI hevariablesrelatedto emissiongncludeNitrogen
Dioxide(NO2),Nitric Oxide(NO),and PM10.

After collectingall the data; coalplant closures health,andthe emissionglata, it wasmerged
atthe localauthority levelandapaneldataisformedfrom the year2000to 2022.Onelimitation
of this studyis the presenceof missingdata for someyearsfor health variableswhich led to
unbalancedpaneldata. Thismayintroduce potential biasesor limitationsin the analysisasthe
absenceof data couldimpactthe accuracyand reliability of the findings.

Tablel showsthe main descriptivestatisticsof the important variablesstudiedin this research,

cateringto only thoselocalauthoritieshavinga coalplant or is a neighbourA panelfor 8257
observationdrom 78 localauthoritiesfrom the year2000-2022is constructed.
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Tablel, showsthat the meannitric oxide,nitrogendioxide,andPM10are31.83x #-3,37.077
K In-3,and21.25k In-3 respectivelyjn the 78 localauthoritiesfor the year2000-2022.The
averagepopulationof Englandfor the year2001-2020is 171218.0n averagethe emergency
admissionsfor respiratory diseaseschildren with lower tract infections, asthma (under 19
years), and asthma (aged 19 years and above) are 1344.15, 379.60, 166.33, and 81.57
respectivelyfor the year 20132020. The mean of mortality due to respiratoryand mortality
over 75 yearsare 426.96 deaths and 2268.54 deaths respectively,for the year 20132021.
Prevalenceof asthmaand COPDs 6.1%and 1.82%,0n averagefor the period 2009to 2020,
in England.On average the unemploymentrate is 5.6%in Englandfor the period 2004 to
2022.Theshareof 65 and abovepeoplein Englandare 15%,0n average for the period 2001
to 2020.

Tablel. Descriptivestatisticsfor the localauthoritieshavinga coalplant and its neighbourocalauthorities

Variable Year Observations Mean Std.dev. Min
Active CoalPlant nearby 20002022 184 .102 .303 0
Closeda CoalPlant 20002022 1,610 .897 .303 0
Emissions

Nitric Oxide (NO) 20002022 979 31.832 24.621 1.185
Nitrogen Dioxide (NO2) 20132022 979 37.077 16.190 8.059
ParticulateMatter 10 (PM10) 2007-2022 852 21.252  5.113 10.271
Population 2001-2020 6,180 171218.1 115549.9 2140
Health Outcomes

EmergencyHospital 20132020 2,498 1344.157 380.632 511.07
Admissionsfor Respiratory

Diseases

EmergencyAdmissionsfor 20132020 2,509 379.603 181.097 19.7
Childrenwith lower tract

infections

Hospitaladmissionsfor 20132020 2,496 166.339 73.317  17.47
asthma(under 19 years)

Emergencyhospital 20132020 2,498 81.574 25943  28.27
admissiongfor asthmain

adults (aged19 yearsand

over)

Mortality Dueto Respiratory 20132021 1,368 426.966 364.962 O
Diseases

Under 75 Mortality 2001-2016 5,186 364.665 76.876  201.038
Under 75 Mortality Least 20022014 4,212 263.793 47.772  125.479
Deprived

Under 75 Mortality Most 20022014 4,212 516.481 125.125 219.939
Deprived

Mortality dueto Asthma 20062020 4,225 2.305 725 0.673
Mortality Over75years 20132021 1,368 2268.545 2035.518 5
COPCPrevalence 20092020 3,836 1.832 .510 0.690
AsthmaPrevalence(all ages) 20092020 3,524 6.107 0.684 3.428
Mortality Dueto Disease®f 20132021 1,354 283.397 262111 O
Mental and Behavioural

SuicideRateMale 2001-2019 5,518 15.709  4.246 5.310
SuicideRateFemale 2001-2019 2,531 5.837 2.030 1.722

Max

167.108
123.094
40.188
1141816

2915.92

1058

537.97

242.72

2278

705.769
494.618

995.414

9.282
12136
3.817
8.262
1618

38.628
16.100

N
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IMD Average(Income 20002020 6,828 19.763 9.211 4.132 61.341

Deprivation)

UnemploymentRate 20042022 5,209 5.641 2.600 0.9 22.3

Shareof age-65 2001-2020 2,560 0.155 0.038 0.060 0.294
4. Results

4.1. CoalPlant closuresand Emissions

Wefirst estimatethe impactof coalplant closureson the emissionsWehaveincludedNitrogen
Dioxide, Nitric Oxide,and PM10 for emissionsGivendata constraints,we choseto use a
control group consistingof local authorities without coal plants for this case. We will
thoroughlyaddresspotential concernghrough comprehensiveobustnesschecks.

The covariatesincludedin this model are population, deprivation score (measuredby IMD
Average)and shareof 65 people.Thesevariablescould be havingsomerelationshipwith the
outcomevariable(to addressto endogeneityproblem)andto haveconditionalparalleltrends,
we haveincludedthesecovariatesn the study.

First,in table 2, we estimatedthe closureof coal plantson nitrogen dioxide (NO2)which, is
inverselyrelated and is significant.The overallATTshowsthat the levelsof nitrogen dioxide
have reducedby 4.429 micrograms,on average,in eachcubic metre of air 6 xr@3) in the
focused local authority and its neighbouring compared to the local authorities and its
neighbouringwhich did not havethe coalplants. Then,we analysedhe levelsof nitric oxide
and coalplant closures However,the AT Tfor all groupsacrossall periodsis not significant.
Lastlywe estimateclosuresof coalplantson the levelsof PM10thereafter,whichis negatively
related, but not significant.

Figure4 depictsthe potential paralleltrendsassumption Figure4 displaysthe eventstudy
approachat the yearlylevel.In the figure 4, nitrogendioxidestartsto fall after the O period (or
period after the coalplantsclosure) then it startsto increasen the 5 period. Nitric Oxidesalso
decreasanitially till 5" period andthen it startsto increase ParticulateMatter (PM10)followsa
similarpattern, asit startsto fall till 3 periodthen it startsto increase.

Table2. Emissionand coalired powerplantsclosure

Nitrogen Dioxide Nitric Oxide (NO) PM10
(NO2)

Differencesin DifferencesModel

Closures< Post -4,429%** -2.235 -1.252
(2.132) (2.889) (0.986)

EventStudyModel

Year-13 -3.785** -5.327** 0.390
(1.643) (2.171) (0.398)

Year-12 0.397

(0.345)

Year-11 -1.113 -4.945%** 0.366
(1.030) (1.447) (0.612)

Year-10 -2.333 3.619 -1.193*
(3.864) (6.900) (0.617)

Year-9 3.915 -3.843 -0.572
(2.682) (3.560) (0.542)

by
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Year-8 0.328 -1.947 -0.213
(1.305) (1.412) (0.707)
Year-7 1.454 -3.288 -0.505
(5.945) (4.019) (0.956)
Year-6 -5.953 -0.918 -1.141
(3.848) (4.241) (1.598)
Year-5 1.809 -0.634 -0.328
(2.200) (3.591) (0.758)
Year-4 1.419 -0.773 0.547
(3.001) (2.533) (0.549)
Year-3 -0.679 1.727 1.714**
(2.536) (4.960) (0.795)
Year-2 -1.403 -0.151 -0.652
(1.916) (2.722) (1.286)
Year-1 2.173 2.464 0.734
(1.649) (3.185) (1.061)
YearO 0.359 5.500* -0.260
(3.093) (3.201) (0.916)
Yearl -4.,760%** -6.385%** -0.854
(1.460) (2.391) (3.083)
Year2 -5.478%** -5.363%** -3.333
(1.240) (1.500) (2.945)
Year3 -10.547*** -11.668*** -2.662**
(2.434) (1.281) (1.056)
Year4 -12.056*** -7.008 -2.042
(2.454) (6.769) (1.626)
Yearb -5.679%** -9.853%** -0.235
(1.361) (2.652) (0.351)
Year6 -5.614%** -4.927 0.101
(2.026) (3.335) (0.524)
Year7 -0.479 4.620 -2.804%***
(2.700) (4.104) (0.550)
Observations 333 410 374
Controls Yes Yes Yes
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Emissions Trend Due to Coal Plant Closures
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Figurel. Eventstudyof emisisonglueto closureof coaklired powerplants

4.2. CoalPlant Closuresand Health Outcomes
421 Hospital Admissions

The first health outcome analysedis emergency hospital admissionsrelated to respiratory
complicationsasa measureof short-term healthimpact. Forthis, we havetakenemergencyhospital
admissiondor respiratorydiseasesgemergencyadmissiondor childrenwith lower tract infections,
emergencyhospital admissionsfor asthma (aged 19 years and older), and emergencyhospital
admissiondor asthma(agedunder19),allin logarithms.Thecovariatesusedin the regressiorare are
populationanddeprivationscore(IMDscores).

Table3 reportstheseresults first, with the overallATTandthen, by yeareffect. Forthesevariablesve
havelessyears we have8 periodsbeforethe treatment and5 periodsafter the treatment.

Figure5 depictsthe potential paralleltrendsassumptionlt illustratesthe hospitaladmissiongor
respiratorydiseases@ndfor asthma(agedl19 andabove)startedto fall and hasa decreasingrend
after the treatment (closureof the coalplants)hastakenplace.Moreover,hospitaladmissiongor
childrenwith lower tract infectionshasfirst decreasedhen it increasedill 4" periodandit again
decreasedn the 5" period. Howeverthe figure 5 showsthat hospitaladmissiorfor asthma(aged
under19) hasanincreasingrend.

The results for emergencyhospital admissionsfor respiratory diseasesindicate a negativeand a
significanteffectwhenthe coalplant closesn the localauthoritiesandits neighbouringlt impliesthat
there hasbeena reductionin emergencyhospitaladmissiondor respiratorydiseasedy 4.12%,0n
averageMoreover,there hasbeenafall of 10.79%{onaveragejor the emergencyhospitaladmissions
for asthmaamongadultsin the localauthoritiesclosinghe coalplantsandits neighbouringcompared
to those local authorities have not closedthe coal plants (and its neighbour).Further, emergency
admissiongor childrenwith lower tract infectionsis significantin the 5 periodafter the coalclosures,
implyingthat dueto closuref coalplantsin thoselocalauthoritiesandits neighbouringencountered,
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Table3. HospitalAdmissiongnd CoalPlantsClosure

Emergency Emergency Hospital Hospital
Hospital Admissionsfor Admissionsfor Admissionsfor
Admissionsfor Childrenwith Asthma(aged19 Asthma(aged
Respiratory lower tract yearsand over) under 19)
Diseases infections)

ifferencein-DifferenceModet
GlosuresX -0.041** -0.046 -0.107*** 0.044
Rest (0.-016) (0.056) (0.032) (0-057)
BventStudy
Year-8 -0.036 0.144 -0.049 0.009
(0.037) (0.106) (0.095) (0.048)
Year-7 -0.013 -0.151 0.144* -0.105
(0.032) (0.192) (0.076) (0.135)
Year-6 0.022 0.074 0.018 -0.057
(0.026) (0.062) (0.048) (0.056)
Year-5 -0.031 -0.102 -0.115*** 0.072
(0.024) (0.093) (0.040) (0.061)
Year-4 0.074* -0.018 0.112* -0.131**
(0.040) (0.065) (0.065) (0.051)
Year-3 -0.090** -0.011 -0.151 *** -0.006
(0.041) (0.088) (0.049) (0.045)
Year-2 0.025 -0.0003 0.089** -0.035
(0.021) (0.058) (0.041) (0.055)
Year-1 0.003 0.095** 0.017 0.011
(0.016) (0.048) (0.038) (0.041)
YearO -0.020 -0.028 -0.095*** 0.030
(0.021) (0.051) (0.033) (0.050)
Yearl -0.031** -0.030 -0.138*** 0.040
(0.014) (0.064) (0.045) (0.053)
Year2 -0.061 -0.124 -0.099* -0.051
(0.038) (0.125) (0.050) (0.109)
Year3 -0.058** -0.061 -0.141** 0.076
(0.023) (0.083) (0.055) (0.1003)
Yeard -0.035 0.138 -0.079 0.095
(0.022) (0.096) (0.051) (0.101)
Year5 -0.092*** -0.288*** -0.074 0.233***
(0.035) (0.111) (0.074) (0.090)
Obs. 336 333 336 336
Controls Yes Yes Yes Yes
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Note: Thistable displaysesult of staggeredifferencein-differencemodeland eventstudy. Thesampleis defined
ashospitaladmissiongn the local authority for the period 20132020 and coal plant closurefrom 20002022in
EnglandParenthesegontainthe se.Significancé.evels* =10%,** =5%,*** =1%

on average 28.8%lesspatients of lower tract infectionsamongchildrenthan those localauthorities
which did not closethe coal plants (andits neighbour).Thevariablehospitaladmissiondor asthma
amongchildrenis not significant.
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Coal Plants Closure and Hospital Admissions
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Figure2. Eventstudyof hospitaladmissionglueto closureof coakired powerplants

4.2.2.CoalPlant Closuresand Mortality

We are interestedin findingout the longterm phenomenonwhichis mortality, asit takessometime

to prevent mortality. To measurethe impact of closure of coal plants on mortality, we have used
Mortality under 75, mortality under 75 for most deprived, mortality under 75 for least deprived,
mortality dueto asthma,mortality dueto respiratorydiseasesall in logarithms.Thecovariatesused
in the regressiorare populationand deprivationscore(IMD score),exceptfor mortality under 75 for

most deprivedand leastdeprived,where only populationasthe covariatehasbeenused(becausat

automaticallycontrolsfor the deprivationscore),and no covariatehasbeentakenfor mortality over

75.

Table4 presentthe results of mortality due to different causeswith eachvariable encompassing
varyingdurationsfor pre-treatment and posttreatment periods.Specificallymortality amongpeople
under 75 yearsof ageincludes20 yearsbefore the treatment and 13 yearsafter the treatment.
Mortality amongthe mostdeprivedandleastdeprivedunder 75 yearsof ageincludesl9yearsbefore
the treatmentand 11 yearsafter the treatment. Mortality dueto asthmaincludesl5yearsbeforethe
treatment and 13 yearsafter the treatment. Mortality due to respiratorydiseasesncludes8 years
before the treatment and 5 yearsafter the treatment. Lastly,mortality amongindividualsabove75
yearsof ageincludesB yearsbefore the treatment and 6 yearsafter the treatment.

Our findings show that mortality for people aged under 75 who are most deprived has reduced.
Closureof coalplantsleadto, on average 3.56%dessdeathsfor under 75 mostdeprivedpeoplein the

localauthoritieswhich hasclosedthe coal plantsandtheir neighbouringocalauthorities,compared
to localauthoritiesandits neighbourwherethe coalplant hasnot beenclosed Mortality for under75
peoplewho are leastdeprived,doesnot haveanyimpact. It couldbe the mostdeprivedpeopleare

more proneto air pollution, and might be living nearthe coakired plants.
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Mortality due to asthmaand respiratorydiseasesre significantonly after certaintime haspassed.

Sincejt isalongterm event, mortality due to Asthmahasbecomenegativeand significantafter the

10" period and there is on averagea 30% fall in the mortality after the coal plant closures.

Furthermore mortality dueto respiratorydiseasesiasbecomenegativein the 4™ period, it isaround
0.6%after the coalplant closureshoweverit is not significant.

Mortality for the peopleoverthe ageof 75 is not significant,however,it is negativewhen coalplant
closesijt impliesthat the mortality isdueto agingor naturalfactorsamongthem. It remainsthe same
throughout.

Figure6 depictsthe potential paralleltrendsassumptionThefigureillustratesthat mortality under75
is not significantlynegativeafter the closureof the coal plants. Mortality under 75 amongthe most
deprived people starts to decline after the 4™ period after the closureof coal power plants and
mortality due to asthmastartsto declinesignificantlyafter the 10" period after the closureof coal
plants.Mortality under 75 for leastdepriveddid not declinesignificantlyafter the closureof the coal
plants. Mortality due to respiratory diseasesdecreasesafter 4™ year, howeverit is not significant.
Mortality agedover 75 startsto declineafter the 4™ period, howeverit is not significant.

Table4. Mortality and CoalPlantsClosure

Under 75 Under 75 Under 75 Mortality Mortality Due  [Mortality
Mortality Most Least dueto to Over75
Deprived Deprived Asthma Respiratory years
Diseases
Differencesin DifferencesModel
Closures |0.004 -0.035** 0.022 0.024 0.0002 -0.007
X Post (0.008) (0.016) (0.017) (0.044) (0.025) (0.013)
EventStudy
Year-20 |0.021
(0.026)
Year-19  |-0.003 -0.059%** -0.018
(0.019) (0.019) (0.019)
Year-18  [F0.0003 0.001 -0.008
(0.009) (0.025) (0.021)
Year-17  |F0.006 0.018 -0.030
(0.018) (0.016) (0.018)
Year-16  [0.012 0.036** 0.046***
(0.005) (0.014) (0.011)
Year-15  |0.002 -0.005 0.0003 0.142%**
(0.007) (0.011) (0.018) (0.049)
Year-14  |0.001 -0.011 -0.003 0.330***
(0.007) (0.011) (0.012) (0.084)
Year-13  [F0.001 -0.007 -0.002 -0.114
(0.005) (0.007) (0.011) (0.134)
Year-12  |0.001 0.009 0.021* 0.047
(0.005) (0.009) (0.011) (0.070)
Year-11  |F0.010** 0.008 -0.016 -0.026
(0.004) (0.007) (0.011) (0.092)
Year-10  [0.002 0.002 -0.004 -0.019
(0.005) (0.007) (0.011) (0.084)
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Year-9 0.001 0.016* -0.007 -0.018
(0.003) (0.009) (0.010) (0.084)
Year-8 0.010 -0.002 0.002 -0.051 -0.035 -0.023
(0.004) (0.005) (0.010) (0.066) (0.031) (0.031)
Year-7 -0.009** 0.002 -0.004 0.001 -0.028 0.043*
(0.004) (0.007) (0.009) (0.089) (0.041) (0.025)
Year-6 -0.004 -0.004 -0.002 0.034 -0.021 0.017
(0.003) (0.006) (0.009) (0.066) (0.025) (0.016)
Year-5 -0.005 -0.007 0.002 0.023 0.019 -0.006
(0.003) (0.007) (0.008) (0.043) (0.019) (0.013)
Year-4 0.005 -0.005 0.018* -0.009 0.042* 0.015
(0.004) (0.006) (0.011) (0.041) (0.022) (0.014)
Year-3 0.001 0.004 -0.016 -0.003 -0.056* -0.003
(0.003) (0.008) (0.011) (0.040) (0.033) (0.019)
Year-2 0.001 -0.004 -0.0003 0.004 0.019 0.020
(0.004) (0.008) (0.011) (0.045) (0.024) (0.015)
Year-1 -0.003 -0.007 -0.021* -0.077* 0.032 -0.010
(0.003) (0.007) (0.012) (0.043) (0.022) (0.018)
YearO 0.002 -0.018* 0.004 0.029 -0.001 -0.003
(0.003) (0.008) (0.010) (0.044) (0.022) (0.015)
Yearl 0.003 -0.017 0.037** 0.007 0.006 -0.007
(0.007) (0.015) (0.015) (0.049) (0.025) (0.009)
Year2 0.007 -0.004 0.054*** 0.010 0.006 -0.014
(0.010) (0.022) (0.019) (0.066) (0.026) (0.016)
Year3 0.002 -0.021 0.068*** 0.092 0.033 -0.011
(0.010) (0.021) (0.021) (0.072) (0.038) (0.015)
Yeard 0.018* -0.059* 0.009 0.235** -0.006 0.008
(0.010) (0.024) (0.025) (0.114) (0.051) (0.032)
Yearb 0.022* -0.053* 0.007 0.012 -0.079 -0.006
(0.013) (0.031) (0.026) (0.071) (0.066) (0.028)
Year6 -0.001 -0.051* 0.040 -0.0204 -0.024
(0.017) (0.023) (0.030) (0.054) (0.038)
Year7 0.0001 -0.044 0.034 -0.014
(0.019) (0.032) (0.044) (0.074)
Year8 -0.005 -0.096** -0.033 0.030
(0.021) (0.041) (0.047) (0.105)
Year9 0.003 -0.083 -0.057 0.117
(0.023) (0.051) (0.052) (0.135)
Yearl0 -0.017 -0.086* -0.029 -0.300**
(0.023) (0.048) (0.055) (0.132)
Yearll 0.001 -0.071 0.001 -0.392*
(0.021) (0.044) (0.059) (0.210)
Yearl2 -0.017 -0.532%**
(0.020) (0.126)
Yearl3 -0.008 -0.264*
(0.023) (0.134)

37



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

Obs.

1,207

088

088

802

893

207

Controls

Yes

Yes

Yes

Yes

Yes

Yes

Note:Thistabledisplaysresultof staggerediifferencein-differencemodelandeventstudy. Thesamples definedasmortality
for the period 20132020 and the coalplant closurefor the period 2000-2022in the local authorlg/ in England Parenthéses

containthe se.Significancé.evels* =10%,** =5%,** =1%

Coal Plants Closure impact on Mortality

Under 75 Morality Linder 75 Mortalty (Most Deprived) Linder 75 Morality (Least Deprived)
& 3
= i =t
] L]
E - = ok 1;1.2"—-'&1-‘1.—’#— = 11k g - 1 H
. u3 1 '
H = D e e e e
E = __,.._'.....-.!'..__-..,.u M — - E 1 a 1l E 2] RLLEL mny
w b v
=1 - u -
: 5
— | o =
' i
T T T T
=20 10 a0 10 20 =20 -10 o 10 20 -10 a 10
Feriods 1o Trealrmend Pariads [o Treabmant FPeriods 1o Trealmeni
[ ——— [ — e marieT Fasanataey - [ p——
KMoriality dus 1o Asthma
w Mortality due to Reaplratory Dissases Maortality {agad over F'5)
H ' * 1 | | s
r:f———-'..,,...:t....-._‘n_q,..-____ a___T+__+__-_ i Rl |
|_ El l_ 1 B
. o1 12333 RYRRER
: W + [ &= R
w | b r)
q -
v
o E
o . . -18 -5 g 5 -10 -5 ] 5
-20 -10 a 10 ) Fariods to Treatment Peripds to Treatmant

Pariods tz Traatmant

e pmabamy Fow 1mabany TrTERrHT Foaad Nimavrad

Figure3. Eventstudyof mortality dueto closureof coakired powerplants

4.2.3.CoalPlant Closureand Prevalenceof Asthmaand COPD

Next, prevalenceof asthmaand chronicobstructivepulmonarydiseasg COPDare estimated,to find

out how it is relatedto coalplantsclosure.Thecovariatesusedfor prevalenceof asthmaand COPD
are populationanddeprivationscores.

Table5 showsthat the prevalenceof asthmais significantat 10%level of significancelt impliesthat

after the coalplantsare closed,the local authoritieswhich closedthe coal plantsand its neighbour
experiencepn averageafall of 0.07%in asthmaprevalencerates.

Prevalenceof COPDs not significant,on AT Tior all groupsandtime periods.Figure7 depictsthe

potential paralleltrendsassumptionlt showsthat the COP[prevalencedoesnot change
significantlyHowever,prevalencefor asthmadecreasedn the 4™ period andit remainsnegative
afterwards.

Tableb5. DiseaséPrevalenceind CoalPlantsClosure

COPCPrevalence IAsthmaPrevalenceall
ages)
Differencesin DifferencesModel
ClosuresX Post -0.006 -0.074*
(0.024) (0.038)
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EventStudy
Year-12 0.022 0.050
(0.029) (0.039)
Year-11 0.019 0.051
(0.037) (0.098)
Year-10 0.036 -0.013
(0.025) (0.052)
'Year-9 0.013 0.036
(0.016) (0.051)
'Year-8 -0.007 -0.004
(0.008) (0.019)
Year-7 -0.001 0.020
(0.008) (0.024)
'Year-6 -0.005 0.012
(0.010) (0.026)
'Year-5 0.001 0.025*
(0.007) (0.014)
Year-4 0.028 0.048
(0.027) (0.025)
Year-3 -0.017 0.014
(0.024) (0.014)
'Year-2 -0.008 -0.003
(0.015) (0.027)
Year-1 -0.013 0.018
(0.019) (0.016)
YearO -0.003 -0.026*
(0.017) (0.015)
Yearl -0.009 -0.028
(0.018) (0.027)
Year2 -0.037 -0.017
(0.043) (0.036)
Year3 0.011 -0.007
(0.027) (0.044)
Yeard -0.032 -0.112*
(0.044) (0.057)
Year5 -0.032 -0.251***
(0.044) (0.064)
Year6 0.001 -0.229
(0.043) (0.079)
Year7 0.028 -0.073
(0.057) (0.101)
Year8 0.078 -0.082
(0.055) (0.138)
Year9 0.008
(0.085)
Obs. 766 702
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Controls | | Yes | Yes

Note: Thistable displaysresult of staggereddifferencein-difference model and event
study. Thesampleis defined asprevalenceof diseasedor the period 20092020and the
coalplant closurefrom 2000-2022in the localauthority in England Parenthesegontain
the se.Significanceevels* =10%,** =5%,*** =1%
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Figure4. Eventstudyof prevalenceof diseaseslueto closureof coakired powerplants

4.3. CoalPlant Closureson Mental Health

To analysethe impact of coal plant closureson the mental health, we use mortality due to

behaviouraland mental healthissuessuiciderate male,and suiciderate female,in logarithms.
Thecovariatesassociatedvith mentalhealth are deprivationrate andthe shareof 65 people.

The shareof people aged65 and aboveis usedas control becauseit might be affectingthe

mortality due to mental illnesseswhich might not be related to the coal plant closures And
deprivationrate might be impactingthe mental healthindirectly,sotakingit asa control would
leadto amorereliableresult.

Table6 revealsthat, mortality due to diseasesf behaviouraland mental health reducedby

5.4%in the local authorities and in their neighbouringwhere the coal plants are closed
comparedwhereit is not. Thereis a negativerelationshipwhichhasbeenseenwith the suicide
ratesof malesand femaleswith the coalplant closureshowever,it is not significant.

Figure8 depictsthe potential parallel trends assumption.lt showsthat the mortality due to

mentaland behaviourdiseasestartsto decreaseafter the treatment hasoccurred.Suiciderate
amongmalesandfemalesdoesnot exhibitany changeafter the treatment.
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Table6. Mental Healthand CoalPlantsClosure

Mortality Dueto SuicideRateMale SuicideRate
Diseaseof Mental Female
and Behavioural
Differencesin DifferencesModel
ClosuresX Post -0.054** -0.069 -0.011
(0.021) (0.057) (0.100)
EventStudy
Year-18 -0.411** -0.752%**
(0.205) (0.183)
Year-17 -0.193** 0.373**
(0.094) (0.164)
Year-16 0.083 -0.045
(0.055) (0.096)
Year-15 0.310 -0.178*
(0.227) (0.092)
Year-14 0.005 0.032
(0.044) (0.104)
Year-13 -0.139 0.129**
(0.098) (0.063)
Year-12 0.012 -0.036
(0.089) (0.085)
Year-11 -0.071 -0.068
(0.071) (0.059)
Year-10 -0.017 -0.121**
(0.060) (0.057)
Year-9 -0.010 0.068
(0.056) (0.072)
Year-8 0.043 -0.085
(0.054) (0.086)
Year-7 0.076 -0.288**
(0.051) (0.146)
Year-6 0.201 -0.015 -0.237
(0.156) (0.026) (0.14)
Year-5 -0.086 0.009 -0.142*
(0.090) (0.026) (0.080)
Year-4 -0.036 -0.097* 0.199***
(0.023) (0.050) (0.055)
Year-3 -0.010 0.042 -0.119*
(0.030) (0.036) (0.067)
Year-2 -0.012 -0.028 0.105**
(0.040) (0.035) (0.046)
Year-1 0.124 0.073* 0.030
(0.081) (0.040) (0.077)
YearO -0.048 -0.045 0.082
(0.047) (0.029) (0.062)
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Yearl -0.025 -0.084** 0.016
(0.022) (0.041) (0.101)
Year2 -0.064** -0.036 0.002
(0.032) (0.068) (0.177)
Year3 -0.062 -0.005 0.036
(0.041) (0.080) (0.183)
Yeard -0.031 -0.066 -0.105
(0.044) (0.086) (0.159)
Yearb -0.180*** -0.012 -0.178
(0.027) (0.163) (0.292)
Year6 -0.145 -0.228*
(0.151) (0.123)
Year7 -0.121 -0.189
(0.124) (0.211)
Year8 -0.300*** -0.174
(0.116) (0.214)
Year9 -0.223 0
(0.192) (omitted)
YearlO -0.176
(0.110)
Yearll 0.173*
(0.100)
Yearl2 0.085 0
(0.083) (omitted)
Obs. 184 637 457
Controls Yes Yes Yes

Note: this table displaysresultof staggerediifferencein-differencemodeland eventstudy.

sa
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Coal Plants Closure impact on Mental Health
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Figure5. Eventstudyof mentalhealthdueto closureof coakired powerplants

5. Discussion

Theprimary objectiveof this paperis to investigatethe causalelationshipbetweencoalfired
power plants closureon the health outcomesin England Our period of analysigs from 2000
to 2022,whenmajor coakfired power plantswere closing Andone of the main policiesduring
our period of analysisis the CarbonTaxPolicy(2013),which wasintroducedin the United
Kingdom.Emissionsrom coakfired power plants like PM10, nitric oxides, and nitrogen
dioxide, directly impactsthe cardiovasculaand respiratory morbidity and mortality of the
populationasit leadsto oxidativestressand inflammation (Anderson;Thundiyil,& Stolbach,
2012).Therefore,it is crucialto conductresearchanalysingthe impactof coalplant closures
on health outcomesthroughthe mechanismemissionghat they release Our analysidocusses
onlyin Englandasit hasthe maximumcoatfired power plantsandthe rest 3 countriesin the
UKdo not haveenoughcoalpower plants,that we coulddo the causalinference.

We have found some evidencefrom our estimation analysisand it is consistentwith the

previous literature that coalired plants have a direct impact on emissionslike nitrogen
dioxide,nitric oxides,and PM10.Theresultsfrom emissionshowthat the overall AT Tfor the
levelsof nitrogendioxidehavereducedby 4.429microgramspon averagejn eachcubicmetre
of air 6 xr@3) in the focusedlocal authority and its neighbouringcomparedto the local
authoritiesandits neighbouringwhich did not havethe coalplants.Thisis consistentwith the
studiesthat coalplant closuredeadto areductionin emissiongShonKangPark,& Bae2020;
RussellBelle,& Liu2017).

While nitric oxidedecreasedor 3 periodsafter the closuresandthenit againincreased Report
on GreenhousdsasEmission2022)revealedthat the there hasbeenchangein the proportion
of greenhousegasemissionsrom power stations,whichwere highest10 yearsagoto domestic
transportsector,whichbecamehighestsince2014 (NationalStatistics 2024).Themainsource
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of nitrous oxide are coal,domestictransportation,and agriculture.Moreover, emissionsrom
domestic transportation increasedbetween the years 2013 and 2017; and emissionsfrom
agriculturesectorstayedat the similarlevelfrom H n s (N&ionalStatistics 2024).All these
factorscouldhavecontributedto aninitial declinefollowed by anincreasan nitric oxidelevels.

Moreover, PM10decreasedn the 3 period after the closureof the coal plant then it again
increasedA report by National Statistics(2024),revealedthat a decreasein emissionsfrom
power sectorhasbeenoffset by a risein emissiongrom burningof wood in domesticsettings
and solid fuel burning in the industry (particularly the burning of biomassbasedfuels).
Biomasshasedfuels proportion contributed PM2.5emissionshave increasedfrom lessthan
1%before 2009to 6%in 2022 (Nationalstatistics,2024).Thiscould haveoffset the decrease
of emissiondrom coalplantsclosure.

Thisresearchfurther findsthat the hospitaladmissiondor respiratoryand hospitaladmissions

for asthma (among above 19) have declined by 4.1% and 10.7% respectively,which is
consistentwith the previousstudies(Martenies,Akherati,Jathar,& Magzamen2019).

Furthermore, the results also show that mortality for people aged under 75 who are most
deprivedhasreduced.Closureof coal plantsleadto, on average 3.56%lessdeathsfor under
75 most deprived people in the local authorities which has closedthe coal plants and their
neighbouringocalauthorities,comparedto localauthoritiesand its neighbourwhere the coal
plant hasnot beenclosed.It couldbe the reasonthat the most deprivedpeopleare more prone
to air pollution, and might be living near the coalfired plants. Dueto the closureof the coal
plantstheir environmentalconditionsimprovedasa result; their mortality decreased.

Theresultsof this studyshouldthat there is no causakelationshipbetweenthe closureof coat
fired power plantsandthe prevalenceof COPDwhichis consistentwith the studyby Amster,
Haim, Dubnov,& Broday(2014).Theyfound that exposureto coakired power plants does
not haveanyassociatiorwith the prevalenceof COPand asthma.Animportant contribution
of our paperto theirsisthe revelationthat the prevalenceof asthmadeclinedby 7.4%after the
closureof the coalplants.

The 5.4%-reduction in deaths from mental and behaviouraldisordersfills a researchgap
pointed out by Martenies,Akherati,Jatharand Magzamen(2019),who noted the limitation of
not analysingneurocognitiveeffects. However,the suiciderate amongmalesand femalesare
not significant.Thefactors affecting suiciderate could be due to two reasonsin this context.
Firstly, there is a negative relationship between emissionsand mental health implying, a
reduction in emissionswould improve mental health (Lawrance,Thompson,Fontana, &
Jennings2021).Moreover,asthe coalplantsare closedin the localauthority, there would have
been more casesof unemployment.The studiesindicated that there is a negative effect of
unemploymenton the mental health, unemploymentleadsto poor mental health (Murphy &
Athanasou,1999).

Theseimportant findingsshow us that the closureof coalired power plantsindeedimprove

the health outcomesof the people living closeto them. The limitations this paper include
limited data units, which is availablefor only someyearsfor some of the health variables.
Furthermore,migration could serveasa valuablecontrol variablein this context. However,it

isworth notingthat migrationdatais only accessiblat the censudevel,meaningit is collected
every 10 years. Consequentlythere is a decadelong gap between available data points.
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Additionally, this study did not encompassthe financial benefits resulting from improved

health outcomes nor did it delveinto the economicrepercussion®f coalplant closureson the
income of employeesworking in coal power generationunits. Theseaspectslie beyondthe
scopeof our paper.

6. Conclusion

The study evaluatesthe effect of coal plants closureson the health outcomesof the people

livingin EnglandThestudyanalysedhe localauthoritieswherethe coalplanthasbeenclosed
andits neighbouringocal authoritiesand the health statusof the peoplewith the peopleliving
in the localauthoritiesin which the coal plant hasnot been closedand its neighbouringlocal
authority. We haveusedthe emissionasthe mechanisnthroughwhichwe find the relationship
betweencoalplant closuresandits impacton the health outcomes.Thestudy hasimplemented
StaggeredDifferencein-Difference approachto acknowledgethe difference in treatment
timings.

Themainresultsshowsthat the emissiondhavebeenreducedoverthe years,ascoalplantsgot

closed.Thesignificantdrop hasbeenseenin the emissionf nitrogendioxide,whichisaround
15.2%due to the closureof the coalfired power plants. Thehealth outcomesalsoimproved,
ashospitaladmissiongor respiratorydeclined,on averagepy 4.1%and hospitaladmissiorfor
asthma(aged19 above),on average,declinedby 10.7%.,in the local authorities where they
closedthe coalplant andits neighbouringocalauthorities. Themortality rate amongunder 75
most deprived decreased,on average,by 3.5% in those local authorities over the years.
Furthermore, mortality due mental diseasesalso fell by 5.4%, on average,in the local
authoritiesandits neighbourwhichhaveclosedthe coalplants.Lastlythe prevalenceof asthma
decreasedy 7.4%,0n averagejn the localauthoritieswhich closethe coakired power plants
andits neighbouring.

Theresearchsuggestsa positiveimpact on the overall health outcomesof the peoplein the
mainlocalauthority andit@neighbouringoverthe yearsdueto the coalplant closuresFurther
studyon longitudinaldatawould be neededto find out the relevantimpactof coalplantsclosure
on mortality. Moreover,with the longitudinaldata, it is possibleto includethe migrationdata,
whichis availableat censudevel.

Thisresearchcould be an important tool for the governmentin decisiormakingof weighing
the prosand consof havinga coal plants. Our study did not estimatethe impactof coaHired
power plantson the incomeof the workersemployedin this sector,however,it focusedon the
related health outcomeson the people.Further, health is the mostimportant aspectof life, if
peopleare healthy,then they are consideredefficient. Theywould be more efficientin terms
of working; they would not needto visit the healthcarecentresfrequently which savestheir
time andmoney.Asaresult,it would be better for everyonein the country.More healthypeople
help in generatingmore efficient outcome,whichwasnot in our scopeof research.

Nonrenewable energy sources like coal present pressing challengesto global health,
encompassingpoth physicaland mentalwell-being,whichthe world economymustaddressn
the comingyears.Thesignificanceof this researchliesin its ability to offer valuableinsights
for policy decisionsand public health interventions. Throughan explorationof the impact of
coal plant closureson health outcomes, including reduced air pollution and enhanced
respiratory health, this study has the potential to inform policymakersstriving to advance
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public health and environmental sustainability goals. Furthermore, by delving into the

economicandsocialconsequencesf suchclosuresjt enablesthe developmentof strategiesto
alleviate negative effects on affected communities. Ultimately, this researchcontributes to

evidencebaseddecisionmakingaimed at improving public health and environmentalwell-

being, thereby underscoringits relevancein the realmsof environmentalpolicy and public
health advocacy.
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Appendix

l. Causalrelationship between unemployment and the closure of coaHired
power plantsin England

We needto checkif unemploymenthasa causalrelationshipwith the coalplant closuresWe

analysethe unemploymenton the coalplant closuresWe haveincludedpopulationand IMD
scoreasa covariatein this analysisWe get this result.

Table7 showsthat the unemploymentgetssignificantfrom the 10" periodtill 12" period after

the closureof the coalfired power plants. However,the overall ATTis not significantfor all
the periods,on average.

Figure8 showsthe potential paralleltrendsin unemploymentdueto the closureof coalfired power
plants. Theunemploymentstartsto increasefrom the 10" periodthen it peakedin the 11" period,
then it startsto fall. It remainedpositiveandsignificantin the 12" period aswell, however,in the
13" period, it becomesnegative.

Table7. Mental Healthand CoalPlantsClosure

Unemployment
Differencesin DifferencesModel
ClosuresX Post 0.038
(0.341)
Event Study
Year-17 0.576
(0.574)
Year-16 0.363
(0.931)
Year-15 0.659416
(0.605)
Year-14 -0.741434
(1.048)
Year-13 0.2100609
(0.570)
Year-12 -0.047884
(1.074)
Year-11 -0.727703
(0.555)
Year-10 -0.270075
(0.635)
Year-9 0.9315118**
(0.417)
Year-8 0.1626377
(0.348)
Year-7 -0.035999
(0.592)
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Year-6 0.3162919
(0.515)
Year-5 -0.084417
(0.405)
Year-4 -0.516488
(0.362)
Year-3 -0.437874
(0.375)
Year-2 -0.047343
(0.336)
Year-1 0.9245242**
(0.389)
YearQ -0.252866
(0.415)
Yearl 0.028886
(0.391)
Year2 -0.46708
(0.422)
Year3 0.1218414
(0.332)
Yeard 0.2088317
(0.443)
Yearb 0.995703
(0.802)
Year6 -0.527923
(0.566)
Year7 -0.366645
(0.656)
Year8 -0.07379
(0.929)
Year9 0.5325032
(0.947)
Yearl0O 1.315615**
(0.640)
Yearll 2.953612***
(1.118)
Yearl?2 1.886802***
(0.710)
Yearl3 -0.464132
(1.013)
Obs. 1054
Controls Yes

Notes.This table displaysresult of staggeredifferencein-differencemodel
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Coal plants closure and Unemployment
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Figure6. PotentialParallelTrendsn unemployment
I. Theseemissiomnresultsarein logarithms.
Nitrogen Dioxide Nitric Oxide(NO) PM10
(NO2)
Differencesin DifferencesModel
Closures<Post -0.152%** -0.088 -0.038
(0.054) (0.192) (0.438)
EventStudyModel
Year-13 -0.084* -0.017 0.031
(0.046) (0.074) (0.021)
Year-12 0.018
(0.015)
Year-11 -0.029 -0.265** 0.022
(0.030) (0.087) (0.033)
Year-10 -0.031 0.250 -0.059*
(0.072) (0.217) (0.030)
Year-9 0.094* -0.236 -0.023
(0.055) (0.167) (0.021)
Year-8 0.004 -0.116* 0.001
(0.047) (0.060) (0.020)
Year-7 -0.005 -0.280 -0.046
(0.191) (0.228) (0.037)
Year-6 -0.109 0.101 -0.058
(0.102) (0.190) (0.066)
Year-5 0.069 0.031 -0.010
(0.058) (0.091) (0.035)
Year-4 0.049 0.054 0.015
(0.078) (0.074) (0.035)
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Year-3 -0.040 -0.019 0.072
(0.063) (0.084) (0.049)
Year-2 -0.048 -0.094 -0.034
(0.042) (0.075) (0.066)
Year-1 0.061 0.099 0.028
(0.043) (0.094) (0.047)
YearO -0.027 0.109 0.0004
(0.076) (0.080) (0.053)
Yearl -0.110** -0.129 -0.035
(0.047) (0.129) (0.133)
Year2 -0.135%** -0.085 -0.131
(0.039) (0.081) (0.148)
Year3 -0.311%** -0.321 %** -0.091
(0.092) (0.081) (0.059)
Yeard -0.365*** -0.255* -0.061
(0.062) (0.136) (0.075)
Yearb -0.186%*** -0.400%** 0.019**
(0.024) (0.052) (0.008)
Year6 -0.228%** -0.309%** 0.033***
(0.031) (0.068) (0.012)
Year7 -0.169*** 0.122** -0.105***
(0.039) (0.058) (0.016)
Obs. 410 410 374
Controls Yes Yes Yes

Notes.This tabledisplaysresultof staggerediifferencein-differencemodelandeventstudy.The sample
isdefinedasemissionsn the localauthority and coalplant closurefrom 2000-2022in EnglandParentheses

containthe p-value.Significancé.evels* =10%,** =5%,*** =1%

Il Thisincludesthe resultsfor Control2: Allthe localAuthoritiesincludedirrespectiveof

havinga coalplant or not.

1. HospitalAdmissions

Table7. HospitalAdmissiongcontrol2)

Log(Emergency log(Emergency Log(Hospital  |Log(Hospital
Hospital IAdmissiongor Admissiondor |JAdmissions
Admissiondor  [Childrenwith lower |Asthma)(aged ([for Asthma)
Respiratory tract 19yearsand (agedunder
Diseases)_ infections_YC1_All) lover) YC1_All |19)_YC1_All
YC1_All

Differencein-DifferenceModel

ClosuresX [-0.038*** -0.064 -0.074* 0.044

Post (0.012) (0.042) (0.031) (0.043)

EventStudy

Year-8 -0.013099 0.0340801 -0.0429573 0.0908005**
(0.0253449) (0.0509884) (0.0556719) (0.0361001)

Year-7 -0.0117598 -0.0591804 0.1243739 -0.1289544
(0.0278922) (0.1411807) (0.0795393) (0.0926188)
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Year-6 0.008205 0.0834916* 0.0609106**  |0.028003
(0.0112852) (0.0437206) (0.0292693) (0.0348506)
Year-5 -0.0074152 -0.0877633 -0.0219352 0.0456676
(0.0112127) (0.0604025) (0.032706) (0.0361256)
Year-4 -0.0128612 -0.0435478 0.0142787 -0.1588***
(0.0099194) (0.0492223) (0.045875) (0.043565)
Year-3 0.001143 0.013868 -0.0615586*  |0.0145339
(0.018456) (0.0340152) (0.0351929) (0.0395125)
Year-2 0.0073579 -0.0085806 0.0697426**  |-0.0287416
(0.0172274) (0.038024) (0.0348634) (0.0402403)
Year-1 0.017407 0.0713098* 0.0461265 -0.013746
(0.0116232) (0.0382686) (0.0286925) (0.0346974)
YearO -0.0254875 -0.0209127 -0.0705366*** [0.0435643
(0.0130897) (0.0396623) (0.0269486) (0.0364365)
Yearl -0.0277626* -0.0468185 -0.0920562*  0.0577187
(0.0145467) (0.0575074) (0.0477126) (0.0422561)
Year2 -0.0600844***  |-0.1418456** -0.0872853*  -0.0376582
(0.0209591) (0.0591607) (0.0429965) (0.0793473)
Year3 -0.0639464***  |-0.0942127 -0.1336733** 10.0182081
(0.0206059) (0.0788877) (0.047917) (0.0761865)
Yeard -0.0130238 0.1265268 -0.0513825 0.1013096
(0.0174266) (0.0798876) (0.0522912) (0.0803028)
Yearb -0.0730579**  |-0.4167601*** 0.0887614 0.1850164***
(0.023962) (0.0673656) (0.0826496) (0.0508023)
Obs. 2,123 2,100 2,123 2,122
Controls Yes Yes Yes Yes
2. Mortality
Table8. Mortality (control2)
[(Under75 Under75 Under75 Log(Mortality  [Mortality Mortality
Mortality) Most Least dueto Asthma) [Dueto Over75
YC1_All Deprived Deprived  |[YC1_All Respiratory |years
(with popas |(with pop Diseases YC1_All
covariate) as YC1_All
YC1_All covariate)
YC1_All
Differencedn DifferencesModel
Closures [0.0082394  |-24.3006*** (1.628688 |0.082995** 5.84747 -22.82875
XPost  [(0.0085337) ((8.420592) |(4.945315) |(0.0378458) (12.73326) ((36.07144)
EventStudy
Year-20 [0.0173049
(0.0131714)
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Year-19 [0.0218373* [37.0695*** [-1.363121
(0.0105387) |(9.276531) |(5.747931)
Year-18 |[-0.0068214 |-11.10936  |1.294364
(0.0065338) |(9.355794) |(8.435937)
Year-17 [0.001989 [0.7697263 |-5.972813
(0.0060102) |(9.123552)  |(4.409421)
Year-16 [0.0079617  |12.25721** [7.43316*
(0.0053417) |(4.317784) |(3.248185)
Year-15 [0.0018724 |5.10187  |5.799491 |0.1038606
(0.0048122) |(4.570212) |(4.325721) |(0.0639404)
Year-14 [-0.000719  |[-1.663013 |0.7688024 |0.2180543**
(0.004177)  |(6.461924) ((3.336677) |(0.0319445)
Year-13 [0.0000163  |-4.374816 |0.6752391 |-0.1358644
(0.0036387) |(3.829981) [(3.017983) |(0.0945772)
Year-12 [0.0024916  [3.242585  |1.600352  [0.0021402
(0.0039461) |(3.940093) |(2.961856) |(0.0555684)
Year-11 |[-0.0056609 |-1.797862  |6.08901** [0.0574397
(0.0035346) |(3.95316)  [(2.85825) [(0.072742)
Year-10 [0.0023235  [3.111859  |3.020148 |-0.0245674
(0.003682)  |(3.485671) |(2.701099) |(0.0513288)
Year9 [0.0027103  [3.645172  [1.973191 [0.044198
(0.0034222) |(3.680561) |(2.189796) |(0.0604079)
Year8 [0.0026797  [1.865357  [0.1915735 |[0.0693691  [15.6830%* |[20.52542
(0.0032939) |(3.206553) |(2.530556) |(0.0407578)  |(4.987302) |(35.02539)
Year7 |-0.0073365** [2.240393  |-0.9030412 [0.0617397 5517335  |-45.9491*
(0.0034998) |(3.335245) |(2.16475) |(0.0504412)  |(13.06632) |(23.22522)
Year6 |-0.003384  [1.166795  |2.848005 |0.0078891  |14.32246 [2.409266
(0.0029435) |(2.942403) |(1.901245) |(0.0387239)  |(10.86676) |(18.01078)
Year5 [-0.0010432 |-3.558003 |1.279891 [0.0404175 13.17756  |[54.7633*
(0.0026936) |(3.52518)  |(2.011056) |(0.0255675)  |(9.317124) ((23.30975
Year-4 |0.0060682* |-2.383874  [3.941545 |-0.04485* 10.66738  [10.33822
(0.0031933) |(3.305248) |(2.556598) |(0.0233293)  |(9.223735) ((29.8655)
Year3 |[-0.0000441 [2.765033  |3.282357 |-0.0060661  |[16.03319  [13.32222
(0.0026817) |(3.760271) |(2.647319) |(0.03413) (10.68294) [(31.59422)
Year2 [0.0007279  |0.9752341 [0.7045858 [0.0568936 5.200663  |-23.83192
(0.0037675) |(3.654285) |(2.295381) |(0.0378081)  [(8.174642) |(21.81487)
Year-1 |-0.0025083  |-2.730378  |5.44495* |-0.1150603** [4.49513 8.948427
(0.0040844) |(3.531299) |(2.650412) |(0.0344063)  |(9.361184) |(19.03501)
Year0  [-0.0002209  |10.20149** [1.225108 [0.0651374*  [2.512814  |-33.20883
(0.0037494) |(4.55799)  |(2.50306) |(0.0386248)  |(12.66429) |(27.46488)
Yearl  |-0.0038374 |9.036948 [7.412298 |0.0204818 14.43807  |-37.82925
(0.0073457) |(7.133794) |(3.240193) |(0.039689) (15.38216)  |(30.06306)
Year2  |-0.0024378 |3.125412 [8.861494* [0.0854814** [8.051915  |-2.188454
(0.0093065) |(10.89656) |(4.764169) |(0.0408163)  |(11.09015) |(36.90559)
Year3  |-0.0035061 |14.97426  [10.95732** |0.1018236** [19.36653  |-12.35836
(0.0087444) |(10.1986)  |(5.232579 |(0.0366183)  |(15.75231) |(38.86352)
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Yeard 0.0095954 -46.3914*** |-2.785211 10.121603** 0.7778002 (30.3974
(0.0093138) ((11.8293) (7.541102) ((0.0517532) (23.51092) |(46.71459)
Year5 0.0092519 -45.2353***  [-0.5232307 [|0.1415061*** [-26.21206 -30.38333
(0.0137879) |(13.52128) |(7.460553) ((0.0444227 (26.86487) |(90.06567)
Year6 -0.025531 -40.1821*** |1.957002 0.1834766*** -77.98333
(0.0176546) |(12.05591) |(8.159666) ((0.0573135) (121.2199)
Year7 -0.0188391 -33.78241** (3.870032 0.155603**
(0.020453) (16.21655) ((10.9014) |(0.0616347)
Year8 -0.019455 -55.4867*** |-14.26804 (0.1673611
(0.019871) (18.43476) [(10.5098) |(0.1026352)
Year9 -0.0194926 -53.6959*** [-18.85468* |0.0544069
(0.0239696) ((19.37308) |(11.11537) |(0.0870418)
Yearl0 [-0.058522** |-57.3115*** |-16.16176 [-0.1911352
(0.0236002) ((17.42597) |(12.38575) ((0.1326841)
Yearll [-0.0447006 -50.0310*** [-11.1361 -0.2893884
(0.0207728) |(17.77402) |(14.41416) |((0.2461871)
Yearl2 [-0.045647*** -0.2726171***
(0.0167121) (0.0752923
Yearl3 [-0.0317366** -0.299884 7***
(0.0149195) (0.0543154)
Obs. 4,721 3,887 3,887 3,863 898 1,260
Controls [Yes Yes Yes Yes Yes Yes

Notes.This tabledisplaﬁlsresultof staggeredlifferencein-differencemodelandeventstudy. The sampleis defined

as mortality for the period

0132020an

England.Parenthesegontainthe se.Significancé.evels* =10%,** =5%,*** =1%

3. DiseasdPrevalence

Table9. DiseaséPrevalence

COPDPrevalence AsthmaPrevalence
YC1 ALL (allages)YC1_ALL

Differencedn DifferencesViodel

ClosuresX Post 0.0195162 -0.0540238*
(0.0192142) (0.0307176)

EventStudy

Yearl2 0.0289215 0.03239
(0.0266929) (0.0459859)

Yearll 0.0215913 0.0172276
(0.0180438) (0.0654495)

YearlO 0.0121546 0.0019037
(0.0207443) (0.0482117)

Year9 0.0032514 -0.0022916
(0.0108501) (0.031714)

dthe coal plant closurefor the period 20002022 in the local authority in
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Year8 -0.0068548 -0.0000818
(0.0047436) (0.0162627)
Year7 0.0046715 -0.015959
(0.0082093) (0.0214808)
Year6 -0.003976 0.0181301
(0.0091313) (0.0248439)
Year5 0.0037564 0.0192585
(0.0077234) (0.0148581)
Yeard 0.029512 0.0572938***
(0.0283413) (0.0157992)
Year3 -0.0128847 -0.0036307
(0.0205905) (0.0111366)
Year2 0.0024246 -0.0170458
(0.0054348) (0.0118631)
Yearl 0.015517 0.0304021**
(0.0125384) (0.0151162)
YearQ -0.0068714 -0.0285873**
(0.0149094) (0.0132558)
Yearl 0.0086244 0.0011472
(0.0165312) (0.0212352)
Year2 0.0129522 0.0052605
(0.0201456) (0.0306898)
Year3 0.0265692 0.0339929
(0.0233045) (0.0365046)
Yeard 0.0099755 -0.0576756
(0.033258) (0.0512628)
Yearb 0.0013745 -0.2235047***
(0.0301058) (0.0522229)
Year6 0.0150868 -0.2099752***
(0.0341812) (0.063461)
Year7 0.0568858 -0.0928531
(0.0441417) (0.0831306)
Year8 0.1137582*** -0.1383744
(0.0404409) (0.1255809)
'Year9 0.0765349
(0.0618564)
Obs. 3,435 3,144
Controls Yes Yes
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Notes.Thistabledisplaysresultof staggeredifferencein-differencemodelandevent
study. The sampleis defined as prevalenceof diseasedor the period 20092020and
the coalplant closurefrom 2000-2022in the localauthority in England Parentheses
containthe se.Significancé.evels* =10%,** =5%,*** =1%

4. Mental Health
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Tablel10. Mental Health

Mortality Log(Suicid®ate [Log(Suicid®ate
Dueto Male)YC1 ALL [Female)YCl ALL
Disease®sf
Mental and
Behavioural
YC1 ALL
Differencesin DifferencesModel
ClosuresX -1.713427 -0.04889 0.045182
Post (4.536697) |(0.039002) (0.082286)
EventStudy
Year-20 -0.0654*** 0.256123***
(0.0318101) (0.0318101)
Year-19 0.154748*** -0.17064***
(0.0267383) (0.0267383)
Year-18 -0.02809 -0.04168
(0.040714) (0.079567)
Year-17 0.061844 -0.04148
(0.04266) (0.069371)
Year-16 0.053918* 0.062209
(0.0320191) (0.05373)
Year-15 0.038419 -0.04277
(0.036926) (0.041646)
Year-14 -0.01559 0.117847*
(0.033191) (0.0646834)
Year-13 0.001392 0.02365
(0.027353) (0.066056)
Year-12 0.018079 0.007404
(0.031672) (0.044782)
Year-11 0.007667 0.020989
(0.029371) (0.047077)
Year-10 -0.03097 -0.04067
(0.033251) (0.045436)
Year-9 0.037125 0.075029
(0.030221) (0.057497)
Year-8 -6.54392 -0.01164 0.031584
(15.32777) |(0.022899) (0.044241)
Year-7 -0.9020199 |0.052108** 0.05971
(7.375724) |(0.0260583) (0.053746)
Year-6 -3.131446 -0.05217** -0.00699
(6.706624) |(0.0238365) (0.050516)
Year-5 9.022464** |0.007344 0.019285
(4.340394) |(0.027225) (0.041798)
Year-4 -0.6219845 |-0.07592*** 0.070421*
(6.226665) |(0.0288497) (0.0373377)
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Year-3 10.85957 0.050165 0.014
(8.060079) |(0.031721) (0.041572)
Year-2 4.816517 -0.01402 0.025074
(5.363124) |(0.029558) (0.02748)
Year-1 3.672716 0.059848*** -0.03334
(4.916108) |(0.0225954) (0.041396)
YearO 2.619226 -0.03251 0.062736
(8.606192) |(0.032081) (0.050749)
Yearl 2.050444 -0.05587 0.09913
(8.151607) |(0.036353) (0.096177)
Year2 -8.240946 -0.02683 0.147944
(8.049459)  |(0.044295) (0.150505)
Year3 -1.32557 -0.06042 0.093776
(7.586363) |(0.060094) (0.163582)
Yeard 0.0860734  [-0.0355 -0.03765
(6.604517) |(0.058455) (0.120896)
Yearb -21.09234*  |-0.05568 -0.1672***
(10.99739) |(0.081558) (0.0513381)
Year6 -0.07043 -0.13364
(0.092588) (0.120387)
Year7 -0.0571 0.048706
(0.096664) (0.147036)
Year8 -0.20637** 0.020762
(0.0983968) (0.156508)
Year9 -0.12166 -0.30421***
(0.147686) (0.0889066)
YearlO -0.06563
(0.097074)
Yearll 0.16832***
(0.0624142
Yearl2 0.108493 -0.35938***
(0.067373) (0.0767026)
Obs. 898 2,254 1,695
Controls Yes Yes Yes

Notes.his table displaysresultof staggeredlifferencein-differencemodelandevent
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Empowerment and Nutrition: Analyzing Womenkood
Consumption through Socieconomic Lenses using NFHS 5

data

Akanksha Yadav
akankshayadav2028@gmail.com

Abstract: The food security of women is contingent upon their economic status,
education levels, health, and their position within the family and society and these
factors are closely linked to a woman's own nutritional statughis paper we try to
analyze how the consumption of certain food items by women is affected by various
socio economics factors using the NFHS 5 dataset. It has been found that mobility,
decision making power, financial autonomy, higher education, wiealtmousehold

and employment have a positive impact on the consumption of food items.
61
Introduction

I aAddza GA2Yy 2F F22R aSOdzNAGE FNRAR&aSa gKSy a
availability and economic access to adequate, safe and healthytddadfill their food
LINEFSNBEYyOSa IyR RASGOFINE ySSRa F2NJ Ly | OGAD

Food security encompasses the consumption of fgjgality food containing sufficient
calories, along with essential micro and macro nutrients. Despite thiel conomic
growth in India, the enhancement of nutritional wdiéing among both children and
adults has shown only marginal improvements. Although the National Food Security
Mission has boosted the production of pulses and cereals, agricultural yisld ha
diversified into fruits, vegetables, and dairy, indicating improvements in the overall
guality of diets. Despite significant investments in the agricultural sector, the increase
in production has not swiftty and comprehensively translated into improved

nutritional statuses for children and adults (Narayan 2015).
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Nutritional health is a characteristic of an individual and not the household. The

dietary quality and the average nutrient intake of any household is the most significant
determinant in the welfae of its members, nutritional welfare is experienced
individually. The household is the most dominant institution to affect the nutritional

well being of the individuals. Therefore it is crucial to recognize how individual
members are allocated resourcesithin the household (Villa et al 2011ood

distribution within households exhibits a bias favoring adult males both in terms of

guantity and priority. Some families display preferential spending on economically
productive members, often adult meiotheNDa Ay O2YS Aa LI2aAGADSE
own calorie intakeQualitative studies reveal a belief among the respondents that

adult males are given priority, particularly in matters of nutrition and delicacies.

Typically, the household's manager or eart@mdling both household lands and non

agricultural income, is a man unless an adult male is absent. Elderly individuals receive

favored and nutritious food as recognition for past economic contributions.
Discrimination against women is influenced by indinl body mass and energy

spending, with those engaged in enetigyensive activities receiving a higher food

allocation. Certain household work by women is often perceived as less energy
intensive than men's fieldwork. Individuals with a perceived higi&ius in the family

are favored in allocating higétatus or special food¢Abdullah 1983, Palriwala 1993,

HarrisFry 2017 Rathnayake and Weerahewa 2062ddad et al 1996).

A woman's societal status is influenced by gender norms, personal attribanes,
achievements. Perceptions of women within their social environment also contribute
to shaping their status. The food security of women is contingent upon their economic
status, education levels, health, and their position within the family and society.
Women with lower status experience limited control over family resources, lower self
esteem, and restricted access to health services, among other challenges. These
factors are closely linked to a woman's own nutritional status (Ramachandran 2004).
Histoiically, as women's status within the family increased with age and the birth of
children, particularly sons, they were allocated more nutritious food. However, with
the rise of urbanization and modernization, the influence of status on food allocation

hasdiminished (Gittelsohn 1991).
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The NFHS 5 has collected data on the frequency of the consumption of seven food
categories:milk, pulses, green leafy vegetables, fruits, eggs, fish and chickidre

data was collected on how often these foods are consumedd&y and women: Dalily,
weekly, occasionally or never. Around 47 % of women consumed leafy vegetables
daily and 38 % consumed them on a weekly basis. Almost 45 % women consumed
pulses daily as well as weekly. Milk and curd are being consumed by around 45 %
women on a daily basis and weekly by 23 %. Coming to fruits, around 54 % women did
not consume fruits even once a week. About one third of women consumed non
vegetarian foods like chicken, fish, meat and eggs on a weekly basis. This pattern of
food consumpion has remained more or less similar since the last NFHS survey in
200506. Since the last survey an increase in the daily consumption of milk and curd
and a decrease in the daily consumption green leafy vegetables in both men and

women has been seen.(NBH: India)

Power Dynamics and Autonomy in Gendered Household Roles:

Reviewing the Literature

63

Gender relations encompass the tangible power dynamics between men and women
within both domestic and socieconomic spheres, as outlined by Hodgson and
McCurdy m 2001. The concept of gender refers to socially constructed roles and
responsibilities accepted by society for each gender. For instance, societal norms
often designate women as primarily responsible for chddring and domestic duties

due to their abiity to bear children. These genddefined roles extend to resource
entitlements within households, influencing social, political, and behavioral outcomes

(Marshal 1994).

In family settings, men and women assume distinct roles related to procuring, cooking,
and distributing food. It is crucial to optimize their contributions by ensuring equitable
access and control over resources, promoting food security. Research by $fharon
2013 highlights that women, especially in developing nations, often have less control

over resources compared to men. Nonetheless, studies reveal that when women have
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control over resources, the overall health and nutrition levels, particularly of wome

and children, significantly improve.

Women's autonomy manifests in three key domains: the freedom of movement,
control over finances, and decisionaking power, as identified by Bloom et al in 2001.
Notably, studies indicate that when women possess decisiaking authority, they

tend to allocate food resources in a manner that maximizes nutritional outcomes for
the entire household. The influence of women's control extends to production,
purchasing, or income, shaping favorable food distribution outcofoeeswomen
(Haddad et al 1998, Nazli and Hamid 1999). Conversely, women with limited social
mobility exhibit lower food allocations, as observed by Carloni in 188llicated
women generally have access to resources because they are more likely to earn and
thus are able to participate in decision making and thus have a high status and a
greater bargaining power in the family. However some women despite being educated

do not yield a bargaining power due to other reasons. (Chen &Li 2009)

The bargaining powerfandividuals within a household hinges on their "fallback g4
position," representing the options available in the event of cooperation failure.
Determinants of this fallback position encompass factors like parental wealthk, non
wage income, and legal framews governing marriage and family. Resource
ownership, particularly productive assets such as land, plays a pivotal role in
determining bargaining power. Women possessing more productive resources tend
to have a stronger fallback position, directly correigt with enhanced bargaining
power (Agarwal 1997, Sen 1990).

Research findings suggest that household income has minimal influence on the
nutritional status of females; however, an increase in female income significantly
enhances nutritional outcomes forokh men and women, as indicated by Messer in
1997. Women's employment not only amplifies their contribution to family income
but also elevates their social standing, reducing reliance on males for sustenance. This
economic independence grants them greait&tuence in household matters, thereby
bolstering their bargaining power. Additionally, women with higher status and

education are less likely to discriminate against their daughters, attributed to their
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increased knowledge and control over resourcegshincontext of marital dynamics,
exogamous women, separated from their natal families after marriage, may
experience reduced status and control over resources, potentially leading to
preferences for sons and insufficient support for daughters. Convesaijpgamous
women, residing in proximity to their natal place, enjoy superior social and familial

status. Itis agreed that higher education level in women is associated with her and her

FLrYAfteQa oSt 0SAy3Id 9RdzOI A2y ARgvONBLI aSa

choices, their independence and control over resourd@ose, 2011)

The presence of female decisiomakers in households is linked to improved
nutritional outcomes, resulting from optimized food allocation. However, despite
potential benefits, diparities in food allocation towards women may persist due to
the overarching responsibility to ensure everyone in the household is adequately fed,
as discussed by Harfgy et al. in 2017. Despite limited social mobility, women might
encounter fewer ineqalities in this context, given the historical precedent of women
traditionally having more control over food allocation within the household (Harris

Fry et al., 2017). 65

A large family size can often affect the food consumption especially for the women.
Familial hierarchy and larger size of a household has significant impact on food intake
by women. It has been found a higher calorie intake for women in larger households
(Rathnayake and Weerahew802). Contrarily, another study showed a higher calorie
intake by males in large household sizEsdudry R 1983).

Methods

Data Source

We used the data from the nationwide National Family Health Survey, round 5,
conducted in 20120. It is conducted by the Ministry Of Health and Family Welfare,
coordinated by the International Institute of Population Sciences, Mumbai. NFHS 5
was conductedn two phases for approximately 636,699 households, with a sample

of 724,115 women and 101,839 men who were eligible for interviewing. 4 survey
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guestionnaires were used; household, woman, man, biomarker. For our analysis only

GKS 62YSyQa | yifire Y @i usdp ditSdlécte®@information from

all eligible men and women aged-i5p | 62dzi | @FNASGe 2F (2L
characteristics, fertility, marriage, nutrition, reproductive health, domestic violence,

sexual behavior, HIV/AIDS and childgcgNFHS 5: India)

The NFHS 5 collected data on the frequency of the consumption of seven food
categoriesmilk, pulses, leafy vegetables, fruits, eggs, fish and chickéme data was
collected on how often these foods are consumed by men and women: aikly,
occasionally or never. In the analysis the consumption of food on a daily and weekly
basis is combined and the consumption of food occasionally and never is clubbed
together. We assign a value of 1 if the respondent consumes the food item oitya da
or weekly basis, otherwise value 0 is assigned. The dependent variables used in this
study thus becomes dichotomous; coded as 1 and 0 implying that logistic regression
would be an appropriate method. We ran seven regression models, one for each food
item.

66
28 dzaSR bcCclI{ p RFOGFI G2 4SS G4KS AYLIOG 2F
consumption. NFHS 5 includes information on the frequency of various food items for
both men and women. According to table 1, urban women consume more of these
food items at leat once in a week than rural women. It can be seen in the table below
that women who completed more years of schooling have better consumption than
women with no or less schooling especially in consumption of milk and fruits. It shows
that women with highe education tend to lead a healthy eating behavior. The
consumption of milk/curd, fruits and fish is higher among higher caste women
compared to lower caste women. Among other food category the difference is
negligible. The consumption of milk/curd, pulsesl fruits is higher among rich class.
Thus, deficiency in diet is found among women with less or no schooling, residing in

rural areas and belonging to lower caste and poorer houselihNEHS 5: India)
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Table 1: Percentage of women age-49 consumingspecific foods at least once a week by
background characteristics, India: 2024

Background Milk or Pulses or Dark green, . . Chicken | Number of
- Fruits Eggs Fish
characteristic curd beans leafy vegetables or meat women
Age
1519 69.8 91.9 89.4 47.0 43.1 32.8 33.7 122,544
20-29 72.6 93.1 91.3 51.9 46.0 35.7 36.8 236,584
30-39 72.4 93.3 91.1 49.7 46.0 36.8 36.7 197,936
40-49 73.3 93.0 90.7 48.4 44.2 36.5 35.4 167,051
Residence
Urban 78.8 94.2 91.3 64.5 51.9 38.9 42.4 235,279
Rural 69.1 92.3 90.6 42.5 41.8 34.2 32.8 488,836
Schooling
No schooling 66.0 92.1 90.1 34.3 41.2 319 33.9 163,492
<S years 62.9 91.7 91.3 386 | 517 45.7 41.3 37,549
complete
57 years 69.4 92.8 90.7 441 | 461 36.7 37.4 96,806
complete
89 years 68.4 92.7 91.0 46.7 | 444 37.0 345 129,004
complete
1011 years 76.3 93.1 90.5 56.3 | 47.9 375 38.4 109,777
complete
12 or more 81.3 94.0 91.4 66.4 | 454 34.6 35.3 187,396
years complete
Religion
Hindu 72.9 93.3 91.2 48.9 41.5 32.4 32.0 589,164
Muslim 68.2 91.9 89.5 51.4 65.6 54.4 58.1 97,595
Christian 69.6 86.9 81.8 58.8 70.9 63.2 61.6 16,995
Sikh 83.8 91.0 93.5 60.0 13.4 4.2 7.0 11,404
BuddhistNeo | o7 o 89.1 91.3 522 | 596 42.0 54.8 4,571
Buddhist
Jain 92.2 98.6 95.2 78.7 6.7 2.6 3.3 1,632
Other 38.9 90.6 91.4 36.4 46.8 41.9 394 2,754
Caste/Tribe
Scheduled 68.7 92.2 90.6 444 | 484 37.4 37.7 158,483
caste
Scheduled tribe 54.9 90.3 91.0 37.4 46.4 36.0 37.1 67,263
Other 76.5 93.6 90.2 50.3 42.7 324 33.7 310,783
backward class|
Other 74.9 93.5 91.9 57.9 457 39.6 375 182,474
Don't know 57.9 91.3 91.1 44.0 50.5 43.9 41.6 5,112
Wealth
quintile
Lowest 52.6 91.3 91.1 26.8 41.4 38.5 315 133,973
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Second 65.9 92.2 90.7 37.9 45.0 37.2 35.3 144,813
Middle 74.5 92.7 90.1 48.3 48.4 36.7 39.1 148,616
Fourth 80.1 93.6 90.2 59.4 48.0 36.2 394 150,680
Highest 86.2 94.7 91.9 73.7 42.2 30.2 33.7 146,032
Total 72.2 92.9 90.8 49.7 45.1 35.7 35.9 724,115

Source: NFHS 5

The frequency of consumption of these food items by womeareésented in table 2.
Amongst these categories, the consumption of milk, pulses, and green vegetables is
higher. Approx 49 percent women consume milk/curd daily, 23 percent women
consume weekly and 22 percent consume occasionally but there are 6 percerwo

who never consume milk/curd. Half of the women consume pulses/ beans on a daily
basis and an additional 43 percent consume on a weekly basis. The consumption of
fruits among women is inadequate. Only 12 percent women consume fruits daily and
48 percent consume occasionally. Very few women consume eggs, fish, and
chicken/meat daily. Mostly women never consume these-negetarian food items.

Table 2: Frequency of consumption by women

Percent distribution of women age 189 by frequency of consumption afpecific foods,
India, 201921
Frequency of consumption

Type of food Daily Weekly | Occasionally Never| Total Number
Milk or curd 48.8 235 21.9 5.8 100 724,115 68
Pulses or beans 49.6 43.3 6.7 0.4| 100 724,115
Dark green, leafy 52 38.8 8.9 0.3| 100 724,115
vegetables

Fruits 125 37.1 48.7 1.6 100 724,115
Eggs 5.2 39.9 26.9 28| 100 724,115
Fish 5.1 30.6 29.9 34.4| 100 724,115
Chicken, meat 1.4 345 32.6 31.5| 100 724,115

Source: NFHS 5

Explanatory variables

1. Bargaining powerSeveral studies have usedvale range of indicators as proxy to
YSIFadz2NBE 62YSyQa oO0FNBIFIAYAY3I LRgSND LYy fAYyS |
F2ft26Ay3 AYRAOFG2NR (G2 YSIF&aAd2NBE 62YSyQa ol
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1.1 Mobility: To capture this we included three questions; usually allowed ttogo
market, allowed to go to health care, and allowed to go to places outside this
village provided by NFHS. We used principal component analysis to construct a
mobility index.
1.2 Decision making We again used principal component analysis using three
quesh 2y a4 0 K2 dzadzZfte& YIS RSOARSa 2y NBaLJ
purchases and her visits to family and friends) to construct a decision making index.
1.3Financial autonomyCoded as 1 if respondent has money that she alone decide on

how to use, othewise 0.

2. Educational attainmentFour dummies have been used in this study: No education
coded as 0, primary education coded as 1, secondary education coded as 2 and higher

education coded as 3.

3. Employment:Status of respondent is coded as 1 if enyald and O if unemployed,

in the paper.

69
4. Wealth IndexA composite index based on 33 assets ranging from a pressure cooker———

to a tractor and housing characteristic such as type of toiled facility, drinking water
source, type of windows etc. It was constructed by NFHS itself, coded as 1 for

ALIR22NBAGENENETINI &RANI AYARRE S€X n F2NJ aNAOK

5. Family sizeWe divided family size into two category and coded as 1=small if family
members are less than and equals to 5 and 2= large if family members are greater than
5.

6. Area:We used thecodes as 1 if it is an urban area and 2 in case of rural area.

7. Caste Coded as 1 in case of schedule caste, 2 if schedule tribe and 3 if respondent

belongs to general category as control variables.
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Analysis

The regression results are presented in tables 3 and 4. We ran seven different logit

regressions to examine the effect of all explanatory variables on all the seven food

items.

Table 3: Regression results for vegetarian food items:

VARIABLES Milk Pulses Ve;if;{)les Fruits
Mobility 0.155%** 0.171%** 0.250*** 0.142%**
Decision Making -0.129*** 0.0793** 0.157*** -0.0414**
Have own money to spend 0.0379* 0.244%*** 0.248*+* 0.106***
Age Category 0.140** 0.250%** 0.0713 -0.0774
Education
Primary -0.196*** -0.0822* 0.0782 0.149%**
Secondary -0.127*** -0.0764* 0.0884** 0.374***
Higher 0.161*** 0.0951 0.247*+* 0.829***
Wealth
Poorer 0.528*** 0.0308 -0.0137 0.359%**
Middle 0.925*** 0.110** -0.0641 0.683***
Richer 1.277%* 0.159*** -0.0962* 0.949***
Richest 1.709*** 0.426*** 0.0235 1.370***
Caste
Scheduled Tribe -0.495*** -0.760*** 0.013 0.122***
OBC 0.194*** 0.0691 -0.0118 0.0610**
None of them 0.188*** 0.0772 0.223*** 0.183***
52y QG 1y?2 -0.5271*** -0.114 -0.0435 -0.257**
Family Size of household 0.029 0.196*** 0.183*** -0.0819***
Employment status of 0.0109 0.117%* | -0.155* -0.0176
women
Area of residence 0.263*** 0.0999** -0.011 -0.214***
Constant -0.535%** 1.737%** 1.762*** -0.746***
Observations 54,816 54,816 54,816 54,816

Level of significance: *** p<0.01, ** p<0.05, * p<0.1

70



6" ICODECON]1-13.10.2024 Kalamata, Greece. Book of abstracts

Table 4: Regression results for Non Vegetarian Food ltems:

VARIABLES Eggs Fish Chicken
Mobility -0.0424 -0.0876*** -0.0507*
Decision Making -0.0537*** 0.0930*** -0.0697***
Have own money to spend -0.0975*** -0.0589*** -0.104***
Age Category -0.138** -0.065 -0.196***
Education
Primary 0.128**= 0.289%** 0.0447
Secondary 0.285%** 0.476%** 0.212%**
Higher 0.304%*=* 0.523%** 0.136***
Wealth
Poorer 0.123%** -0.0958*** 0.176***
Middle 0.175%** -0.252*** 0.235%**
Richer 0.0595* -0.395*** 0.197***
Richest -0.362*** -0.911%** -0.274%**
Caste
Scheduled Tribe 0.279*** 0.331*** 0.456***
OBC -0.118*** -0.0603** -0.0886***
None of them -0.351%** -0.186%** -0.275%**
52y Qi 1y2 -0.102 0.0425 -0.0338 &
Family Size of household -0.313%** -0.290%** -0.312%**
Employment status of 0.0991 % 0.0782% | 0.0623"*
women
Area of residence -0.572*** -0.547*** -0.551***
Constant 0.833*** 0.384x** 0.520%***
Observations 54,816 54,816 54,816
Level of significance: *** p<0.01, ** p<0.05, * p<0.1

Mobility or the freedom of movement is positively related to the consumption of milk,

pulses, leafy vegetables and fruits, indicating if women have greater freedom of
movement then she is more likely to increase her well being by incorporating a variety
of nutritional food into her diet. The results are also significant at 1 % level of
significance. But in case of non vegetarian food items, mobility is not positively

associated.

2 2 Y S fle@ision makingpower, measured by their involvement in taking decisions

regardng their health, household purchases, visits to family etc is positively related to
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the intake of pulses, leafy vegetables and fish, suggesting greater decision making

helps with increased nourishment.

Financial autonomyis significantly more likely to anease the frequency of the
consumption of milk, pulses, vegetables and fruits but less likely to have non
vegetarian food items. Financial independence gives women some power to reallocate
resources towards her own well being. These results show that wiowith great

autonomy can improve their nutrition intake.

As compared to no education, women witligher educationare significantly more

likely to have high nutritional food. Results are positive and significant for milk, leafy
vegetables, fruits, eggssh and chicken, meaning better education can help women

change the practices that contribute to poor health. Better education not only
Ll2aAGAg@Ste | FFSOGa GKSY odzi Fftaz2z Syada2NBa

balanced diet.

Women who areemployedare positively related to their consumption of egg, chicken
72
and milk. Results are significant only for egg and chicken. On the other hand, employed———

women are significantly less likely to consume pulses and leafy vegetables.

Women belong to Scheduled Tribeeagignificantly more likely to consume eggs, fish
and chicken but less likely to consume dairy products and pulses. Results are
significant at 1% level of significance. Women belonging to OBC or General caste are
more likely to consume milk and fruits bess likely to consume meat and eggs. These

results are also significant.

Women ofwealthier households are more likely to have a higher consumption of milk,
fruits and pulses. As compared to higher level of household wealth, women of poorer
and middle imome households are significantly more likely to consume eggs and

chicken.

Women belonging téarger familiesare significantly less likely to consume fruits, meat
and eggs and more likely to consume pulses and leafy vegetables. Results are

significant atl% level of significance.
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Women residing imural areas are negatively associated with the consumption of eggs,
chicken, fish, leafy vegetables and fruits and positively associated with milk and pulses.

Results are significant for all food items excepifyevegetables.

A well balanced diet is of utmost importance to achieve a healthy life and should be a
priority for everyone irrespective of their gender. In India, men and boys are given
priority on food in terms of both quantity and quality. It is onktle basic human

right but still mostly women and girls suffer from malnutrition because of such
discrimination. To achieve the sustainable development goal of zero hunger (Goal 2:
Zero hunger), we need to empower women so that they can claim their rayids
improve health and nutrition for themselves as well as for their families because

women are the ones who make most of the food related decisions in their families.

While female autonomy indicators like mobility and financial control enhance
vegetarian food consumption, they do not significantly drive the consumption ofnon
vegetarian foods. Cultural, religious, and seetmnomic factors continue to dominate
dietary choices in India, underscoring the daepted nature of vegetarianism in the 73
country. In many households, women are traditionally responsible for maintaining
dietary practices, including vegetarianism. This role is often seen as part of their duty
to uphold family and cultural values. . Despite increased autonomy in other areas, such
as deisionmaking and mobility, women might still conform to established dietary
norms to fulfill societal expectations and maintain harmony within the household.
While men might have the flexibility to eat neegetarian food outside the home
without signifi@ant moral repercussions, women are expected to uphold these
traditions within the household. Meat consumption is often associated with
masculinity and strength, reinforcing gender stereotypes. This association further
entrenches the gender gap in dietaryagtices, making it challenging for changes in
female autonomy to translate into significant dietary shifts. Thus strong cultural,
religious, and gendered foundations of vegetarianism in India explain why female
autonomy does not substantially affect neagetarian food consumptionJohnston

et al 2021 Natrajan & Jacob 2018)
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As is visible from the results of this paper that empowerment of women will lead to
better health outcomes within households due to an improvement in the
consumption if nutritiousfoods. Women with greater autonomy and bargaining

power within the family are more likely to allocate resources towards healthier food

options, hence enhancing the overall well being of the family.
Conclusion

In a developing country like India the distritmn of limited food among all the family

members is a tough decision. Despite having enormous economic growth, India is

ranks 111th out of 125 countries in the Global Hunger Index. A woman is the prime
distributor of food in household, yet she ends up neteiving adequate nutrition due

to the prevailing social and cultural practices. ¢2 Yl yQa aidl ddza A& RS

societal gender norms, personal attributes and achievements.

¢tKS addzRe NB@SKHfa GKIFIG 62YSyQa F22R 02yad
economic factorsWithin the social environment, how others perceive a woman also7 4
shapes herstatug. 2 YSy Qa F22R aSOda2NAGeé& RSLISyRa zy G
with their eduation levels and their social status in their family and in the society.

22YSy gAGOK f2¢ ailidza KIFI@S fSaa O2yGNBE 2y
and little access to health services, among other things. These factors are closely
connectedtoa® YI yQa 2gy VYdziNAGA2y It adl ddzao

The results from this study contribute to the existing literature on food consumption
patterns and gender dynamics in India. By signifying a strong positive correlation
between women's autonomy (here measured by mobility, decisi@king power and
financid independence) and the consumption of vegetarian food items, this study
aligns with previous findings highlighting the importance of women's control over
resources in improving household nutrition. Conversely, the limited impact of these
indicators on theconsumption of norvegetarian food items emphasizes the influence

of cultural norms and traditional dietary practices. This research reinforces the

importance of promoting women's education and financial independence to enhance



6" ICODECON]1-13.10.2024 Kalamata, Greece. Book of abstracts

their bargaining power witim households and thus strengthening household dietary

diversity.
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ABSTRACT

Trust plays a crucial role in the patiephysician relationship. Trust can improve health
care effectiveness, whilst the lack of trust could have important consequences in
health outcomes. By applying qualitative researdfis tstudy aims at exploring the
factors which are essential for building a trustful patiguttysician relationship. Seven
in-depth semistructured interviews with patients/individuals were conducted and 86
analyzed using grounded theory methodology. Resdksnonstrated that active
listening, providing evidenekased information and showing true interest in patients
are the central elements for building trust from the pati@perspective. Based on
these preliminary findings, medical providers could try tie&tively design strategies

to gain patient§irust which would have several benefits in a micro and macro level.
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Trust, Medical Marketing, Distrust, Marketing Strategies
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INTRODUCTION

Trust, which i state of favourable expectation regarding other ped@lactions and

intenton 6 al f f SNAY3IZT wWnnamT LIO-physician Elationgbip)f A S&a G 2
(Lersch et al., 2024)According to Mayer et al. (1995; p.712), trastaswillingness of

a party tobe vulnerable to the actions of another party based on the expectation that

the other will perform a particular action important to the trustor, irrespective of the

ability to monitor or control that other party & Anderson and Dedrick (1990) note,
patientsClrust is the set of prospects and expectations that the patient forms for the

medical provider. Trust is crucial to patients to reveal their medical history, provide

sensitive information and get physically examined (Safran et al., 1998). Moreoger, tr

is a basic requirement to search for medical care, according to several authors (e.g.

Lau et al., 2000; Dunn and Perry 1997).

Nowadays, patients are more educated, better informed, as well as more critical and
demanding. They also higher control oveethealth care received (Rodwin, 1994).
Whetten et al. (2006), who studied trust between care providers and HIV/AID87
patients, found that increased trust is related to a more effective use of medications
and more positive health outcomes. Prior researcls héso demonstrated a positive
association between patien@strust in their provider and patient compliance
(Trachtenberg et al., 2005; Piette et al., 2005).

The key types of trust are cognitive and affective (Aiken and Boush, 2006). Cognitive
trust focuses on someor@ willingness to rely on a providgrcapability and is based

on gathered knowledge, which permits to make predictions (Moormanet al., 1992). As
Jonson and Grayson (2005) add, when the provider owns high reputation levels,
cognitive trus could be built within one or just a few interactions. On the other hand,
affective trust relies on emotions and summarizes somé&iperceptions about a

providerQ level of care (Kim and Park, 2013).

According to Coleman (1990), gaining trust is conreetitgustification. Trust could be
justified by the calculation of risk, gains, assurances, or rational thoughtful reflection.

Brown (2009) argues that trust justification may stem from experience. Frederiksen
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actual trusting.

In Greece trust would be expected to be stronger compared to other countries, since
Greek patients can choose any medical professional without restricted health plans
(Mechanic, 1998). Nevertheds, as Vlassi et al. (2022) found, 69.7% totally distrust the
Greek health care system. However, it is notable that in Vlassi et al. (2022) study, a few
respondents commented on distrusting medical providers, as they do recognize their
high skills.

As Hll et al. (2001) argue, the prior research on trust in the medical sector has been
scarce. Chang et al. (2013) agree that the important concept of trust within the
patient- medical provider relationship has not been deeply investigated, while Lerch
et al. (2024) add that paste studies on patigpttysician trust are limited. On top of

that, Lerch et al. (2024), highlight that there is lack of studies which focus on factors

which contribute to the patientnedical provider interpersonal trust relationship.

Based on the above, this paper aims at filling in the gap in the relevant literature b§f8—
investigating the key elements which contribute to building trust within the dector

patient relationship. ldentifying the key components of trust could allow medical

providers to invest on particular issues so as to gain and retain pafkenss. WWhen

patients trust their doctor, they have lower levels of worry (Griffin et al., 2024) and are

more likely to follow the docta® advice (Rothstein, 1996), which would imntinave

more positive health outcomes in a micro and macro level (Rowe and Calnan, 2006).
METHODOLOGY

This study is based on a qualitative research design according to the grounded theory
methodology, as the main goal is to deeper investigate thoughtsptiems, and
attitudes. Data collection involved seven separate interviews with patients/individuals
during May 2024. The paper adopts the typical approach of phenomenological
interviewing (Moustakas, 1994), using an interview guide. In the beginning of the

interviews, the researchers informed participants about the procedure and duration.
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All seven interviewees were volunteers who agreed to participate in the study. The
researchers assured them regarding the confidentiality and anonymity of the data
colleced. Interviewees were also asked to sign the informed consent and give their
permission to record them. Interviews were sestiuctured; an interview guide was
used. Interview questions includeddave you ever felt that you immediately trust a
doctor® 2What makes you trust a doctag?Z2Whdat would you make you distrust a
doctorZ ZHowd would you react if you felt to distrust a doctér@oreover,
respondents were encouraged to describe situations in which they trusted or
distrusted a doctor and give detsion the elements which contributed to each
situation. As a first stage of the analysis, the researchers read the transcripts of the
seven interviews and made an initial coding. The codes are actually labels that
researchers assign to words or sentendésa second stage, a more profound analysis

was conducted, and the final coding was performed.

The demographics of the interviewees are presented in Table 1, below:

Table 1. Interviewe&3lemographics 89

Participant Age Gender
1 48 F
47
61
55
30
52
78

N o o] B ow] N
7 Z| Z| T m| Z

RESULTBISCUSSION

Interviewees described that in certain cases trust emerged immediately (e.g., in the

first visit), while in other situations they needed more time to feel trust or distrust.

w Xl&lécided to get a second opinion and visited a surgeon recommended by a friend.

He gained my trust within the first couple of minutes of the visit. (interviewee #4)
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Sometimes, it is difficult to tell if | trust them [doctors] or doKn@aybe | neeanore
time w X Bhere is another situation where | clearly trusted a doctor after the initial

visit. (interviewee #3)

The participants stressed that it is important for them to describe in detail their health
situation to the physicians. They want doctoos darefully listen to them, and give
them adequate time to fully explain their symptoms, medical history, emotions, etc.
For some interviewees this characteristic was crucial for trusting a doctor, since active

listening was perceived as a proof that thectbr somehow care for them.

[l trusted the doctor] because he was prudently listening to me. He was looking me into
the eyes. [the doct®] facial expressions showed that he listened everything | said.

(interviewee #1)

There are some doctors who arehiarry, just to make quickly. | feel that they do not
have time to listen to me. | never trust someone who asks me to quickly describe my

problem. (interviewee #4)
90

The above finding is consistent to Roter and Hall (1992) and Mechanic (1998) who note
that the quality of patient&experience is improved when doctors carefully listen to
them and give them the opportunity to early tell their stories. Thus, it is important that
medical providers devote ample time to listening to their patients. Sometimes doctors
are in hurry to prevent other patients waiting for long time which may cause
dissatisfaction to the patient examined. Wellganized lengthy appointments that
would enable patients to have plenty of time to explain their situation would be very
helpful to build trust. Moreover, some preliminary information could be given online
or via phone (e.g. to the provid@rassistant or secretary) so as to save valuable time
in the first visit. Similarly, if, for any reason (e.g. emergency call), the doctor isleot ab
to dedicate the appropriate time to the patient, this should be communicated with

honesty and find alternative ways to talk or meet again (for free, if the visit was paid).
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Apart from active listening, patients expect doctors to show empathy, undeddtair
pain/worries/anxiety and, in general, be treated with respect. Doctors who focus on

money are usually distrusted, according to the results of the study.

| did not trust her [i.e., the doctors] because it was like trying to gain money from me.

w Xike she did not honestly care about my problem. (interviewee #7)

As Mechanic (1998) note, doctors should take into consideration financial constraints
that patients may have. Moreover, in order to gain pat@ntust the physicians should
not primarily care about money. The promotion of patiedtealth and caring abdu

their problem should be placed above money.

Caring about patienfheeds was mentioned by all interviewees as a key factor of trust.
All participants expect to be respected by the doctor who would also show empathy

and warmth.

The doctor was so nicetiwimew Xh& explained my results in detail; | felt that he cared

for meXlike he tried to do his best. That is why | trust him. (interviewee #1) 91

When | was about to leave [the doc®jroffice being quite upset, she touched my
shoulder and said in a reassg tone of voicesdon® worry; everything will be just

fine£ (interviewee #3)

Patients want to feel unique and expect doctors to show truthful interest in their
problem. A patienicentric approach is usually connected to trust, based on the
respondentsf the study. This finding mostly reflects affective trust (Aiken and Boush,
2006). According to Mechanic (1998), the perception that physicians do not care much
about their patients could prevent information exchange, which may be necessary for

trust building.

Another element which leads to trust, based on the study, was detailed information,

thorough explanation of the health situation, treatment plan, plan options, etc.
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| asked the doctor why all three prescribed medicines were essential. He answered
something likedthey just aré which | did not like at all. Actually, from that moment |

was sure that | do@trust him and would get a second opinion. (interviewee #6)

| always want my doctor to explain everything in detaikd@be sure that | understal

everything related to my health. (interviewee #5)

| trust a doctor when he provides evidenmeXwhen it is apparent that his words are
based on scientific knowledge, Xvéhen it looks like he continuously reads and gets

informed about new data. (interewee #1)

According to previous studies (e.g. Waitzkin, 1985) medical providers sometimes
underestimate patient&heed to receive detailed information. They may assume that

as they do not have adequate medical knowledge it is not necessary to give details
about a disease, a medicine, or a treatment. However, as Mechanic (1998) argues,
patients expect their physician to share all essential information and options they have

regarding their treatment.
92

CONCLUSIONS, LIMITATIONS AND DIRECTIONS FOR FURTHER STUDY

Based on the results of the study, it is important for physicians to invest on building
trust with their patients as such a trustful relationship is beneficial, according to the
past literature. Patients expect physicians to be good active listenersgisxpldetail
every aspect of their condition, treatment, etc, and show true interest in their
problem. These elements are essential for building and maintaining trust. The current
study was based on a small sample in Greece and employed qualitative ro&igpd

to reveal some preliminary results. Further study could engage more participants
and/or use quantitative research to validate results. Moreover, it would be interesting
to explore the impact of demographics (e.g. gender, age, income, educationdavel)
the determination of factors which compose trust. Finally, further research could
concentrate on trust in public/ private hospitals and elements which compose trust in

other providers, such as pharmacists, nurses, dietician, etc.
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Abstract

This study used a Vector Autoregressive Model to analyze the dynamic interplay
between gross capital formation and macroeconomic indicators in Bangladesh's
capital market. It utilized forecast error variance decomposition and impulse response
fundions to gauge macroeconomic factors' explanatory power, finding all to exhibit
Granger causality with gross capital formation. A structural VAR model addressed
potential contemporaneous biases, and the analysis of government spending and
decomposition ofinvestment indicated a crowdingut effect that highlighted
challenges in capital market performance. Finally, the study concludes by presenting

implications and recommendations drawn from the findings to enhance the capital
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market scenario in Bangladesindapave the way for the future inclusion of green

capital initiatives.

Keywords:capital market, macroeconomics, crowding out, financial economics

1.0 Introduction

A capital market functions as a marketplace for the exchange of financial instruments
like stocks, bonds, and other securities. The capital market consists of the stock and
bond markets, divided into two main types: primary and secondary. These markets
enable the trading of various financial assets, such as bonds, options, loans, and more.
In the primary market, companies raise new capital by issuing stocks and bonds to
investors. In contrast, the secondary market allows traders and investors to exchan%(;

these securities among themselves, but it doesn't provide additional capital to the

issuing irms (Investopedia, 2021)

The capital market serves a significant function in channeling funds. The capital market

has a prime role in fostering economic growth and financial sustainability, which in

turn, will pave the patt2 ¥ | O2dzy UNB Q& adzaidl Aylof ST AyOf
By examining the macroeconomic determinants, the study provides valuable insights

into the broader economic context that influences the growth and functioning of the

capital market in developingconomies like Bangladesh. These state of capital market

and its determinants signal to participants whether to expect higher or lower returns

on their investments, and fluctuations in these factors can significantly affect capital

market priceqBarakat, Elgazzar, & Hanafy, 2016)
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The classic work of Eugene Fama's Efficient Markets Hypothesis (1970), highlights the
critical role of macroeconomic information in influencing stock market returns. Fama
suggests that beating the nmket consistently is difficult. Any discrepancies in how
macroeconomic factors affect stock prices can result in market inefficiencies and
mispricing(Fama, 1970)This makes consistently outperforming the market unlikely,
exced for those rare instances of remarkable lug¢Baldridge, 2022) Such
discrepancies could undermine stakeholder confidence and lead to the creation of
policies that are theoretically sound but practically ineffective, and tes@ignificant
misjudgments in investment strategies. Following these concepts, the-steomg
form of market efficiency best represents reabrld financial markets, where stock
prices swiftly integrate all publicly available information, including nm@conomic
data impacting companie3his underscores the importance of investors considering
98

these factors in their investment assessmef@modero, 202Q)which in turn, will

affect the market capitalization.

Ross's "Arbitrag) Theory of Capital Asset Pricing” suggests that an asset's returns can
be predicted by its expected returns and sensitivity to macroeconomic variables, such
as inflation, interest rates, and economic growiRoss, 1976)Howeer, Naik and
Padhi (2012) found that the impact of these variables on stock prices varies across
different markets and time period@Naik & Padhi, 2012)This indicates a need for
specific countrycontextual research to explofegow macroeconomic factors interact

with the capital market.

Merton (1987) explored the dynamics of capital market equilibrium in the presence of

incomplete information and it provides a theoretical foundation for understanding
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how macroeconomic factorsaa affect financial equilibrium by influencing the quality
and availability of informatioffiMerton, 1987) While macroeconomic factors directly
influence market capitalization, information about these conditions indirectlyctdfe

investment decisions and, consequently, capital market performance.

Contrarily, Tangjitprom (2012), empirically, challenged the EPH and Arbitrage Pricing
Theory by showing that stock returns led macroeconomic indicators, not the other
way around, withinterest rates as the main influencer of stock return variations in the
Thai stock market, using VARangjitprom, 2012)Despite this contradictory empirical
findings, majority of the empirical research underscores the infbeenof
macroeconomic factors on the capital market. For example, Issahaku (2013) utilized
VECM found a lontgrm correlation between stock returns and variables like FDI,99
inflation rate, and supply of money and in the shorter period, there was a significant
link between returns from stock and rate of interest, inflation rate, and supply of
money stock, in Ghanfssahaku, Ustarz, & Domanban, 201S)kuoglu and Nalin
(2014) utilized dynamic panel model across European countrniddescovered that
while money supply and inflation negatively affected stock market growth, savings
rates, liquidity ratios, and income had positive effe(Bikruoglu & Nalin, 201%)
Another study found causal links amongethtock market index and money supply,
interest rates, consumer price index, and exchange rate in Egypt, while in Tunisia, all

but the consumer price index showed causal connections to the stock market index

(Barakat, Elgazzar, & iy, 2016) Additionally, Giri and Joshi (2017) found that

2 This finding is consistent with Hsing's (2014) study on Estonia using a GARCH model, which found that
the stock market index positively correlated with real GDP, the t@isDP ratio, and the German

stock market index. Conversely, it exhibited a negatieerelation with expected inflation, the
exchange rate, domestic interest rates, and Euro area government bond {lisotey, 2014)



6" ICODECON]1-13.10.2024 Kalamata, Greece. Book of abstracts

inflation, FDI, exchange rates, and economic growth positively affected stock prices,

while crude oil prices had a negative imp&@éiri & Joshi, 2017)

Interestingly, while most studies have found a positive relationship between GDP
growth and stock or capital market performance, Innocent et al. (2018) identified a

counterintuitive finding in their analysis of Rwanda's stock market. Using VAR and
VarianceDecomposition analysis, they discovered that GDP, along with inflation,

negatively affected stock performance. This study also noted that exchange rates and
interest rates had little impact on the market. The negative association between GDP
and stock peiormance remains unexplaingthnocent, Shukla, & Mulyungi, 201&)

our study of the capital market of Bangladesh, we have encountered a similar problem
and by decomposition the public and private capital market, we foundettistence

of a dominant crowding out effect in Bangladeshi capital market. Our study100
strengthens the unusual capital market dynamics of Bangladesh found in Moazzem
and Rahman (2011), where they investigated the relationship between regulatory

decisions byhe BSEC and market volatility in the 8Bazzem & Rahman, 2011)

The research timeframe of 1977 to 2022 allows for adepth analysis of short and
longterm trends and patterns, facilitating a comprehensive understanding of
sustainable growth over time. Policymakers and stakeholders can benefit from the
study's findigs to make informed decisions that foster inclusive and sustainable
financial market development that facilitates sustainable economic development for
the wellbeing of all in Bangladesh. This study aims to examine the relationship

between overall capital market performance and macroeconomic factors,
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acknowledging the tight link between stock prices and capital market health, while

utilizing a systematic time series methodology.

Even though previous pieces of literature covered various aspects, dimenarahs,
scopes of the stock market of countries around the world, including Bangladesh, the
overall performance, aspects, and dimensions of the capital market, which consists of
both stock and nosstock components, are still not sufficiently explored. Only one
such relevant study can be found where Omodero (2020) investigated the effects of
GDP, exchange rate, rate of interest, and inflation rate on overall capital market
capitalization (CMC) in Nigeria from 1998 to 2018 and discovered that GDP had a
positive dfect on CMC, while exchange rate and inflation rate had negligible and
unfavorable effect(Omodero, 202Q) Hence, this study addresses a significant
research and knowledge gap in understanding the dynamics of the overalalcapit101
market dynamics in emerging countries like Bangladesh, which implicitly discusses the
overall performance financial barometer associated with macroeconomic factors in a

structured procedure.

The study investigates the impact of key macroeconomic detanist real interest

rate, inflation rate, GDP growth rate, and exchange rtabé the performance of
Bangladesh's capital market. It also examines causal relationships among these
factors. Utilizing a VAR Model, along with structural VAR and Granger catessijt

with yearly data from 1977 to 2022, the research tests hypotheses related to the
influence of macroeconomic factors on capital market performance and finds

evidence of a crowdingut effect in the Bangladesh capital market.
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Section 2 details the nteods and materials used. Section 3 presents results,
discussions, implications, and recommendations. The paper concludes with Section 4,
summarizing key findings and offering conclusions. Detailed calculations and

supporting data are provided in the app#ir.
2.0 Research Methodology

2.1 Variables
2.1.1 Growth Rate of Real Gross Capital Formation (gcf_gr)

According to the World Bank, gross capital formation, once called gross domestic
investment, covers spending aimed at boosting the economy's fixed assets
changes in inventory levels. Fixed assets encompass various additions like land
improvements, machinery purchases, and infrastructure construction. Inventories102
refer to goods held by companies for production or sales fluctuations. The 2008
System of Mtional Accounts also includes net acquisitions of valuable items in capital
formation. The data is presented in constant 2015 prices in U.S. dollars. Growth rate
of real gross capital formation measures the percentage change in gross capital
formation from year to year(World Bank, 2022)The variable is presented as
percentage (%) unit in this study. Gross capital formation has been used to gauge
capital market performance, as shown in Omodero's (2020) study in Nigeria. This
resaarch will assess capital market performance by examining the yearly percentage
change in total market capitalization across various financial instruments, using it as a
proxy for performance. The study also focuses on growth rates to ensure consistency

across variables.
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2.1.2 Growth Rate of Real GDP (gdp_gr)

The Real GDP growth rate, adjusting for inflation, represents the percentage change
in economic output over time, providing a measure of economic performance. It's
calculated in constant 2015 U.S. dadlaand presented as a percentage unit in this

study.

2.1.3 Official Exchange Rate (er)

The official exchange rate is the rate set by a country's authorities or determined
through a legally authorized exchange market. It is typically computed as an annual
average using monthly averages and signifies the value of the local currency
concerning the U.S. dollar. In this research, the official exchange rate is represented
by the amount of Bangladeshi Taka required to purchase a single unit of the U.S. dollar

(World Bank, 2022) 103

2.1.4 Inflation Rate (inf)

In this study, the inflation rate is determined by the annual growth rate of the GDP
deflator, a comprehensive measure reflecting price changes across the economy. The
GDP deflator, callated by comparing current and constant local currency GDP,
provides a broad inflation perspective by including all goods and services, not just a
consumer basket like the Consumer Price Index (CPI). This makes it a vital tool for
adjusting nominal GDRvtreal GDP, accounting for inflation's impact and covering
capital goods beyond consumption items, offering a more relevant analysis variable
(World Bank, 2022)Using the GDP deflator also helps in examining the effects of the

real interest rate.
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2.1.5 Real Interest Rate (rir)

As per the World Bank, the real interest rate represents the adjusted lending interest
rate, factoring in inflation, typically measured by the GDP defligdorld Bank, 2022)
Thevariable is presented as percentage (%) unit in this study. It serves as an accurate
measure of the true cost of borrowing funds. While nominal lending and deposit
interest rates in Bangladesh are controlled by the Bangladesh Bank, the real interest

rate, which accounts for inflation, fluctuates over time.

2.2 Conceptual Framework

2.2.1 Growth rate of Gross Domestic Product and Growth Rate of Gross Capital
Formation

As economic activity and GDP increase, there's a positive impact on company
revenues,earnings, and market capitalization. In transitioning economies, capitah04
markets might not play as significant a role as in industrialized ones. A country's
economic weklbeing is often assessed through its GDP. Investors consider GDP reports
for investmern decisionsd 5 NI OSy 2 OA 6 9 . THaim@ticafly?2 GDP @BwWttH 1 M ¢ 0
and gross capital formation growth are likely positively correlated. Positive GDP
growth correlates with increased corporate profits and better stock market
performance(Mburu, 2015) Households also use GDP as a measure of economic
performance(Ostrom, 2000; Hardin, 2015ncluding GDP growth rate in the study
helps assess how economic chang&tuence capital formatior(Stock & Watson,

2001) Since GDP is interconnected with other macroeconomic factors, including its

growth rate makes the general equilibrium more representative of the real scenario.
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2.2 2 Official Exchange Rate and growth rate of Gross Capital Formation

The Balass&amuelson hypothesis suggests that exchange rate fluctuations impact
tradable and nortradable goods, influencing capital formatioiBalassa, 1964)
Exchange rate movements affect foreign investment: a stronger domestic currency
raises costs for foreign investors, reducing demand for domestic stocks; a weaker
currency attracts foreign investors but may lead to withdrawals, prompting the central

bankto raise interest rates, diverting investors to banks.

A falling exchange rate affects companies' costs, impacting financial performance. This
may lead investors to sell shares and move funds to more profitable alternatives or
bank savings accounfdrianto & Siswanto, 2021mpirically, Omoregie, Olofin, and
Ikpesu (2020) used a ndmear autoregressive model on Nigerian data, revealing a
changing causal relationship between the exchange rate and the capital market ov%5

time (Omoregie, Olofin, & lkpesu, 2020)

2.2.3 Inflation Rate and growth rate of Gross Capital Formation

Gurloveleen & Bhatai (2015) theorized that rising inflation increases living costs,
diverting resources from investments to tmehold consumptionGurloveleen &
Bhatai, 2015)Inflation tends to negatively correlate with stock market performance
as it reduces demand for stock investments. High inflation raises consumer goods
prices, leading to reducedavings and decreased stock market investment. It also
makes capital goods more expensive, further hindering capital formgtascher,
1993) Talla (2013) found that the inflatiestock market relationship depends on
whether inflation is anticipated or unexpected. Expected inflation can drive stock

prices up, while unexpected inflation redirects resources from investment to



6" ICODECON]1-13.10.2024 Kalamata, Greece. Book of abstracts

consumption, negatively impacting stock pric@alla, 2013) Given Bangliesh's
volatile inflation, considering the inflation rate is crucial when examining its capital

market performance.

2.2.4 Rate of Real Interest and growth rate of Gross Capital Formation

Interest rate fluctuations swiftly impact capital markets. Mishk?®04) notes the
inverse relationship: rising rates lead to lower returns, causing drops in share and
bond prices (Mishkin, 2004) Elevated real interest rates reduce investment,

diminishing returns and potentially lowering e#émgs, dividends, and stock prices.

In developed markets, shoterm rate changes significantly affect bond prices, while
stocks are more influenced by lotgrm growth prospects. Lontgrm interest rate
shifts can notably impact stock prices. Prolonged drops in real interest rates tend to

boost investments and stock pricés/ K2 @ y 02 @t X HAnnamo 106

2.3 Macroeconomic FrameworkVector Autoregressive Model

For the purpose of this study, it is necessary to use a model containing various
macroeconomic factors and capitadarket indicator in order to capture dynamic
interactions among variables over time. An important development involved
broadening general equilibrium theory to encompass dynamic stochastic models,
where goods could be indexed based on time and evéfyslland & Prescott, 1991)

In order to employ a method to capture the intdynamic situation with a
guantitative analysis of business cycle variations and macroeconomic foundation of
an economy, Vector Autoregressive Model (VAR) lma used since it possesses the

strength to compute the equilibrium processes within dynamic stochastic economies.
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Additionally, this study would also like to use some extended versions of VAR and

investigate the stability of the model.

In addition to hat, since VAR models are estimated directly from data, this technique

is particularly useful when the underlying economic theory is not-esthblished or

when the dynamic relationship among the variables may change over (8imes,

1980; Hamilton, 1994)Additionally, unlike any structural model, VAR models do not
require any priori assumptions about the functional form or the direction of causality
between variables. This flexibility is also desirable when the tratire of the
economic relationship is not well understood, which, apparently, is the current
a0SYI N A2 Ay (GKS 02y SEIl (Emars, 2015y Srhsl REA K Q &

Hamilton, 1994)

2.4 Source of Data 107
This study is a secondary data analysis where data has been sourced from World
Development Indicators, and the Bangladesh Bureau of Statistics (BBS and spans
across the years from 1977 to 2022 on an annual basis. The time frame is selected
upon the fact hat after liberation, the stock exchange began in 1976 and data is
available up till 2022Naoaj, Khan, & Ahsan, 202The data was compiled in MS Excel

format and was analyzed using Stata 16.0.

2.5 Methodological Steps

The data analysis process involved several key steps. Firstly, a trend analysis was
conducted through Ordinary Least Squares (OLS) regression, and detrending was
applied to variables exhibiting trends. Stationarity tests, including Augmented Dickey

Fuller (ADR)ests, were performed to identify unit roots and achieve stationarity by

Ol
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differencing variables as needed. Seasonality was assessed using Autocorrelation
Function (ACF) and Partial Autocorrelation Function (PACF), wibas®nalization
applied if requied. The fourth step involved ensuring integration orders compatibility
and choosing appropriate lags using selection criteria for Vector Error Correction
Model (VECM) or Vector Autoregressive (VAR). Causality tests, specifically Granger
Causality, were catucted for VAR models. The stability of VAR models was evaluated
through eigenvalues. Forecast Error Variance Decomposition (FEVD) was performed
using Choleksy decomposition, and Impulse Response Functions (IRF) were generated.
Additionally, Structural Veeor Autoregressive (SVAR) was considered to address
contemporaneous bias in VAR resy{nders, 2015; Stock & Watson, 2Q0h)cases

of unconventional results, the study introduced additional variables andatsul the

sevenstep process for thorough data analysis.
108

3.0 Findings

3.1 Result

The comprehensive trend, stationarity, ACF and PACF analyses, detailed in Appendices

A (see Table A.1), B (see Table B.1), and C (see Figure C.1, Figure C.2, Figure C.3, Figure
C.4, and Figure C.5), provide valuable insights into the macroeconomic dedatmin

of Bangladesh's capital market. The integrated macroeconomic variables, including

the growth rate of gross capital formation, detrended GDP growth rate, detrended
exchange rate, inflation rate, and real interest rate, exhibit stationary behavior and

white noise processes, except for an MA(1) process in detrended exchange rate.

Adding a lag of detrended exchange rate (erhat) includes an extra error in the model
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and therefore, incorporates an MA(1) process in the VAR md{@etlers, 2015;

Y26SYRIF 3 2SNYyé&sxX Hnampbo

Despite an optimal lag of 1 in the VAR model (see Table D.1 from Appendix D), in
accordance with AIC, SBC and HQIC, practical coherence and significance arise with 2
lags (Appendix E). Taking 1 lag makes tledficeents of VAR insignificant and from
table E.1 (Appendix E), it can be observed that apart from the lagged value of the
variable itself, the variables are not associated with any other variable of the
macroeconomic frame. However, it does not make sesisice it is not possible for

five major macroeconomic variables to be unrelated to each other. The Granger
causality tests confirm significant unidirectional causal relationships from GDP growth
rate, exchange rate, inflation rate, and real interest ratgross capital formation (see
Table H.1 from Appendix H) at lags 2. If the macroeconomic scenario arose from t?gg
VAR with 2 lags is found logical, and VAR is found stable afterwards, the analysis can
stop since ovedifferencing will increase the noisa the system. Additionally, this

issue recurs in other VAR models, leading this study to consistently use 2 lags in the

VAR analysis for all cases.
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Table 1: VAR (Growth Rate of GCF, Detrended Growth Rate of GDP, Detrended Exchange Rate, Lag of

Detrerded Exchange rate, Inflation Rate and Real Interest Rate, at lag=2)

@) 2 3) 4) ©) (6)
VARIABLES gcf _gr gdp_grhat erhat L_erhat inf rir
L.gcf_gr 0.385** 0.0156 0.0278 -0** 0.233 -0.174
(0.151) (0.0473) (0.0929) ()] (0.264) (0.226)
L2.gcf_gr -0.00530 -0.0331 -0.0578 0** 0.0815 -0.104
(0.145) (0.0454) (0.0890) 0) (0.253) (0.217)
L.gdp_grhat -1.345%** -0.335** 0.466* 0 -0.512 0.544
(0.418) (0.131) (0.257) 0) (0.731) (0.627)
L2.gdp_grhat -0.645 0.00262 0.403 -0 0.178 -0.0722
(0.408) (0.128) (0.251) 0) (0.713) (0.612)
L.erhat 0.668** 0.160* 0.818*** Loowx 0.0413 0.108
(0.269) (0.0845) (0.166) 0) (0.471) (0.404)
L2.erhat -0.364 -0.133 0 Q= 0.0299 -0.166
(0.348) (0.109) ()] ()] (0.609) ©)
L2.erhat 0 0 -0.463** 0 0 0
© 0) (0.214) 0) 0) (0.523)
L3.erhat 0.117 0.130 0.221 -0*** 0.530 -0.430
(0.261) (0.0817) (0.160) 0) (0.456) (0.391)
L.inf -1.577%*= -0.581%** 0.314 -0** -0.628 1.529*
(0.528) (0.166) (0.325) 0) (0.923) (0.792)
L2.inf 1.880*** 0.681*** -0.590 Q= 0.623 -0.623
(0.607) (0.190) (0.374) 0) (1.062) (0.911)
L.rir -2.019%** -0.693*** 0.405 -0** -0.817 1.821**
(0.615) (0.193) (0.379) 0) (1.076) (0.923)
L2.rir 2.221%* 0.739%* -0.656 0** 0.593 -0.642 110
(0.676) (0.212) (0.416) 0) (1.181) (1.014)
Constant 1.485 -0.956 3.581 -0 5.469 -4.916
(3.930) (1.233) (2.418) 0) (6.871) (5.897)
Observations 43 43 43 43 43 43

Standard errors in parentheses
kK p<0.011 *% p<0.05’ * p<0'1

Table 1 and the Granger causality test in Table H.1 (Appendix H) reveal significant
correlations and causal relationships between macroeconomic factors and the growth
rate of gross capital formation in Bangladesh. Specifically, past values of exchange
rate, GDP growth rate, inflation rate, and real interest rate significantly influence
capital formation. A higher past exchange rate positively affects capital formation,
indicating that depreciation of the Bangladeshi Taka encourages capital formation.

Convesely, increases in GDP growth, inflation rate, and real interest rate negatively
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impact capital formation growth, with the negative effect of GDP growth on capital
formation being theoretically unexpected. The causality tests confirm these
relationships ae unidirectional, with macroeconomic changes significantly affecting

capitalformation growth.

Figurel: Impulse Response Function
Impulse Response Function: Growth Rate of Gross Capital Formation to shocks in all other factors

irfL2, erhat, gef_gr irfL2, gdp_grhat, gcf_gr

0~/\/\_____ \/\m

irfL2, inf, gcf_gr irfL2, rir, gcf_gr
14
0-
- \/—\M
-2
-3
0 2 4 6 8 0 2 4 6 8
step
95% CI — impulse-response function (irf)

Graphs by irfname, impulse variable, and response variable
The impulse response functions in Figure 1 illustrate how the growth rate of domestic
capital formation reacts to shocks in macroeconomic factors over time. An exchange
rate shock initially increases the growth rate of gross capital formation, with tleeteff
tapering off after the first period. A shock in the GDP growth rate causes an initial
decline in capital formation growth, which then recovers from the second period
onwards. Real interest rate and inflation rate shocks have a similar impact on capital

formation growth, indicating a temporary effect that stabilizes over time. The VAR
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model is stable since all the modulus of eigen values are within the unit root (see Table
F.1 in Appendix F). Lastly, the unexpected negative relationship between thehgrowt
rates of gross capital formation and GDP was further analyzed using structural VAR,
confirming the negative correlation as significant (indicated by 2_1 in table J.1 from
Appendix J). This analysis ruled out the possibility of contemporaneous bias,
maintaining the direction of the relationship as negative. The VAR model's FEVD shows
that the biggest influence on the variance of the growth rate of gross capital formation
is from real interest rate shocks, explaining 14% to 15%. In contrast, GDP growth rate
exchange rate, and inflation collectively explain only 25% of the variance (see Table

[.1 from Appendix I).

112
Additional analyses are undertaken to check whether the negative relationship——

between the growth rate of gross capital formation and GDP growtd isaspurious

or not because of a missing variable. Hence, the growth rate of real government
expenditure (g_gpP) is introduced in our framework. After testing for trend,
stationarity, ACF and PACF, it is found that detrended growth rate of government
spending follows a white noise process with zero integration of order (see Table A.1

in Appendix A, Table B.1 in Appendix B and Figure C.6 in Appendix C). As before, the
lag of the model is taken to be 2 despite the selection order criteria indicates the
optimal lag to be 1 (see Table D.2 from Appendix D, see Table E.2 from Appendix E,

see Table F.2 from Appendix F) because the interrelationships among the variables are

3 This variable comprises the government consumption and government investment even tthaigh
transfer payment and loan payment of the government are not included because of data unavailability.
However, the sum of government consumption and government investment is considered a good
representative of government expenditur@Mankiw, 2012; Gruber, 2022)Growth Rate of Real
Government Expenditure is taken as 2015 $US.

‘5 SENBYRSR INRgGK NIGS 2F I208SNYYSyid alLlSyRAy3d Aa SE
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trivial in lag 1 (see Table E.2 from Appendix E) and hence, no significant causality will

be found in this case.

Table E.3 (Appendix E) indicates that government spending negatively affects capital
formation growth in Bangladesh, a relationship confirmed by Granger causality tests
at a 10% significance level (Table H.2 from Appendix H). Otm@oetonomic factors

have a significant causal relationship with capital formation growth at 5%, consistent
with VAR model findings excluding government spending (Table E.3 from Appendix E).
The negative link between capital formation growth and GDP grqetisists, with
structural VAR analysis showing no contemporaneous bias, indicated by 2_1 (Table J.2
from Appendix J). The VAR model remains stable (Table F.2 from Appendix F), and
although macroeconomic shocks initially have a limited impact on capitalation,

the role of real interest rate and inflation in explaining the forecast error variance of1 13

capital formation increases over a-¥8ar period (see Table 1.1 from Appendix I).

In this stage, the study separates public and private components of gastal
formation, sourced from existing data source. Although the tests are indicating that
growth rate of public GCF is stationary, the ACF and PACF tests did not definitively
identify the process for the growth rate of private gross capital formatieacling to

the adoption of the Portmanteau white noise test (see Table B.1 from Appendix B, see
Figure C.7 and Figure C.8 from Appendix C). As mentioned before, the lag taken in
these models are 2 although the optimal lag is 1 in the both cases (see Taldad

Table D.4 from Appendix D, see Table E.4 and Table E.5 from Appendix E). This test

confirmed that the errors follow a white noise process (Table G.1 from Appendix G),
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concluding the variable as an AR(2) process. The growth rate of Jamdiqrivae®

GCEF is found to be stationary.

The growth rate of public GCF shows no significant relationship with GDP growth rate.
However, a detailed analysis from Granger causality tables reveals that the GDP
growth rate positively influences the exchange ratdich subsequently reduces the

growth rate of public GCF (see Table 2, Table H.3 from Appendix H). The other
relationships are somewhat consistent. The VAR models are confirmed to be stable

(refer to Table F.4 in Appendix F).

114

5|n the tables and calculations, growthrate @20 f A O INR aa OF LIAGIE F2NXIFGA2Yy A a
5 In the tables and calculations, growth rate of private gross capital formation is expressed as
GLIGAY QPIANE ©
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Table 2: VAR (GrowfRate of Public GCF, Detrended Growth Rate of GDP, Detrended Exchange Rate,

Lag of Detrended Exchange rate, Inflation Rate and Real Rate of Interest, at lag=2)

1) ) 3 4) ®) (6)
VARIABLES gvinv_gr gdp_grhat erhat L_erhat rir inf
L.gvinv_gr 0.0441 0.0289 0.0310 -0 0.0738 -0.120
(0.175) (0.0207) (0.0413) 0) (0.0999) (0.114)
L2.gvinv_gr 0.288* -0.0234 0.0140 0 -0.142 0.208**
(0.160) (0.0189) (0.0378) 0) (0.0914) (0.105)
L.gdp_grhat -1.403 -0.197 0.558** -0 0.738 -0.890
(1.185) (0.140) (0.280) 0) (0.678) (0.776)
L2.gdp_grhat 0.363 -0.0137 0.439* -0 -0.357 0.476
(1.058) (0.125) (0.250) 0) (0.606) (0.693)
L.erhat -1.168* 0.122 0.764%*= Loowx 0.136 0.0337
(0.710) (0.0841) (0.168) 0) (0.407) (0.465)
L2.erhat 0.745 -0.0312 0 0 0 0
(0.948) © © 0) © (0.621)
L2.erhat 0 0 -0.365 -Qr*x 0.0603 -0.303
0) (0.112) (0.224) 0) (0.543) 0)
L3.erhat 0.550 0.0531 0.158 Q*** -0.680 0.891*
(0.737) (0.0873) (0.174) ()] (0.422) (0.483)
L.rir 2.393 -0.761%** 0.343 Qxx=x 1.759** -0.743
(1.523) (0.180) (0.360) ()] (0.872) (0.997)
L2.rir -3.340%* 0.843%** -0.565 -Qxxx -0.374 0.253
(1.688) (0.200) (0.399) 0) (0.966) (1.105)
L.inf 2.116 -0.649%** 0.247 Q*** 1.452* -0.535
(1.296) (0.154) (0.307) 0) (0.742) (0.849)
L2.inf -3.222%* 0.783*** -0.513 -Qxxx -0.377 0.303 115
(1.510) (0.179) (0.357) 0) (0.864) (0.989)
Constant 18.10** -1.563 2.753 0** -8.921* 10.32*
(9.066) (1.074) (2.144) ()] (5.189) (5.936)
Observations 43 43 43 43 43 43

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Remarkably, past values of GDP growth rate are positively and significantly correlated
with the growth rate of private investment at a 5% significance level. Additionally, past
values of real interest rate and inflation rate shawegative significant relationship
with private investment growth, aligning with theoretical expectations. However,
apart from real interest rate and inflation rate, no other macroeconomic factors
exhibit a Granger causal relationship with the growth rat@rivate investment, with

the identified causal relationships being unidirectional (see Table H.4 in Appendix H).
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3.2 Discussions

3.2.1 Real Interest Rate

The real interest rate, both in the initial and government expendiimarporated
models, exhilis a significant negative relationship with market capital formation,
aligning with theoretical expectations. While section 3.2.4 also deliberated on how
interest rates impact the stock and bond markets differently, it's noteworthy that the
overall capitaimarket's response to a shock in the actual cost of borrowing appears

theoretically and empirically sound, at least in the short term.

Moreover, it's worth emphasizing that the real interest rate plays a pivotal role in
explaining the majority of the forecast error variance in capital formation. In simpler
terms, among the integrated macroeconomic variables, the real interest rate
predomnantly influences Bangladesh's capital market. However, it's crucial taie
acknowledge that this explanatory proportion doesn't significantly surpass that of
other countries. This indicates a somewhat exogenously functioning capital market in

Bangladesh.

3.2.2 Inflation Rate

The inflation rate significantly impacts gross capital accumulation in Bangladesh,
establishing a Granger causal relationship. This aligns with the theoretical background
in section 3.2.3, where increased inflation leads to higher consiompat the expense

of savings. In both macroeconomic frameworks, the inflation rate's effects are
consistent, with differences in coefficient magnitudes. In the initial framework, the
explanatory power stabilizes at around 6% after an initial increasdlewthe

introduction of government expenditure notably enhances its explanatory strength
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over time. This enhancement suggests a dynamic relationship, potentially influenced
by government spending responding to inflation. Past values of the inflation rate
exhibit a significant relationship with capital formation growth, confirming the overall

soundness of the inflation rate's dynamics in the macroeconomic capital market

framework.

3.2.3 Exchange Rate

In this study, a depreciation of the Bangladeshi Taidicating an increase in its value
against the US Dollar, significantly improves the capital accumulation rate. A notable
Granger causal relationship exists from the exchange rate to capital accumulation in
Bangladesh. In simpler terms, when more Bangshdd@aka is required to buy one US
Dollar, it makes investment more appealing to foreign investors, positively impacting

capital formation. 117

Currency depreciation further boosts exports in countries like Bangladesh, leading to
increased foreign currency iofv, particularly in US Dollars. This influx encourages
business owners to invest in machinery or upgrade facilities. Despite potential rises in
the cost of imported raw materials due to depreciation, producers benefit from
enhanced purchasing power, empering them to invest. The study empirically
observes that a depreciation of the Bangladeshi Taka positively affects the growth rate
of gross capital formation in both theoretical frameworks, with a significance level of
5%. This suggests that increasedgasing power tends to outweigh higher prices of
imported raw materials. The role of the exchange rate in the macroeconomic
framework's dynamics is theoretically sound and supported by empirical evidence

from previous studies.
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3.2.4 GDP Growth Rate

In the economy of Bangladesh, the GDP growth rate demonstrates a significant
negative relationship with the overall capital accumulation rate. Additionally, the GDP
growth rate has a notable causal impact on the rate of change in gross capital
formation, particuarly in the short run, and this relationship doesn't seem to hold in

the reverse direction.

One potential explanation for this kind of result, especially considering the absence of
contemporaneous bias in the model, is the presence of a crowalingffectin the
Bangladeshi capital market. To explore this possibility, we introduced the model that
includes government expenditure. Tables E.3 (Appendix E) and H.2 (Appendix H)
provide insights into this aspect. Notably, the past values of government expeaditur
growth rate exhibit a significant negative relationship with the growth rate of gross118
capital formation. Furthermore, changes in growth rate of government spending do
not appear to have any meaningful relationship with GDP growth rate within the
contextof Bangladesh, as indicated in table E.3 (Appendix E). Moreover, the growth
rate of public spending affects the growth rate of capitalization in Bangladesh at a 10%
significance level. This suggests the potential of a crowdingffect in the country's
capital market due to the counterbalancing effects of increased government spending

and decreased gross domestic investment.
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Table 3: VAR (Growth Rate of Private GCF, Detrended Growth Rate of GDP, Detrended Exchange Rate,
Lag of Detrended Exchange ralteflation Rate and Real Interest Rate, at lag=2)

1) (2 3) 4) 5) (6)
VARIABLES pvinv_gr gdp_grhat erhat L.erhat rir inf
L.pvinv_gr 0.356%*** 0.00641 -0.0425 -0 -0.121 0.128
(0.122) (0.0291) (0.0562) ©) (0.139) (0.162)
L2.pvinv_gr 0.230** 0.00795 -0.0205 -0 0.00165 -0.00879
(0.113) (0.0269) (0.0520) 0) (0.129) (0.150)
L.gdp_grhat 0.653 -0.321** 0.484* 0 0.369 -0.284
(0.540) (0.129) (0.250) 0) (0.618) (0.722)
L2.gdp_grhat 1.012* -0.0409 0.375 0 -0.164 0.256
(0.495) (0.118) (0.229) ©) (0.566) (0.661)
L.erhat 0.0446 0.157* 0.790%*** Loowx 0.138 -0.00984
(0.350) (0.0837) (0.162) 0) (0.400) (0.468)
L2.erhat 0.235 -0.110 0 -0 0 0.0997
(0.432) (0) 0) (0) (0) (0)
L2.erhat 0 0 -0.423** 0 -0.197 0
(0) (0.103) (0.199) ()] (0.493) (0.576)
L3.erhat -0.135 0.118 0.194 -0 -0.453 0.540
(0.335) (0.0801) (0.155) 0) (0.383) (0.447)
L.rir -3.122%** -0.714%** 0.327 0 1.994** -1.076
(0.817) (0.195) (0.377) 0) (0.934) (2.092)
L2.rir 3.659*** 0.785*** -0.612 -0 -0.805 0.834
(0.885) (0.212) (0.409) 0) (1.0112) (1.182)
L.inf -2.881%** -0.607%*=* 0.254 0 1.696** -0.872
(0.697) (0.167) (0.322) 0) (0.796) (0.930)
L2.inf 3.390%** 0.721%* -0.537 -0 -0.807 0.890 119
(0.801) (0.191) (0.370) 0) (0.915) (1.069)——
Constant -3.408 -1.441 4.077* -0 -6.157 7.014
(4.802) (1.148) (2.217) 0) (5.488) (6.412)
Observations 43 43 43 43 43 43

Standard errors in parentheses

*** n<0.01, ** p<0.05, * p<0.1

To further investigate this idea, this study dissects the public and private components

of total capital accumulation and analyze them individually within the VAR model.

Table 3 offers valuable insights into this separation. It becomes evident that past

values of GDP growth rate have a significant positive relationship with the growth rate

of private investment at a 5% significance level. However, the GDP growth rate does

not exhibit any significant relationship with the growth rate of government

investment. This suggests government expenditure competes for private funds in the

investment sphereconsistent with Saidjada and Jahan's (2016) w@&@#idjada &
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Jahan, 2016)In order to validate the idea, this study introduces, for the sake of
argument, the public gross capital formation in the model against private gegstal
formation and found significant negative relationship in the first past lag and positive
relationship in the second past lag, suggesting a high likelihood of crowdirgffect

in the native capital market (see Table E.6 of Appendix E). Alteshativautious
business sentiment, economic uncertainty, and weak institutional systems in
Bangladesh can contribute to reduced capital flows and slower growth in capital
formation, even during economic expansion. Finally, as we have seen before, since the
overall explanatory strength of the macroeconomic factors affecting the proportion
of variance in the growth rate of gross capital formation is not more than 25%,
institutional failure can be one of the reasofigvine, 1997; Porta, Lopele-Silanes,

Shleifer, & Vishny, 2000; North, 1990) 120

3.3 Implications and Recommendations
In accordance with the discussion above, it is clear that the current scenario of the
macroeconomic capital market is not well. Frdme study, some redlfe implications

and policy recommendations can be devised:

Institutional Development:
In the context of Bangladesh, enhancing institutional development is an urgent matter
because according to the World Governance Indicatie insttutional structure of

Bangladesh is in a weak position.

7 See World Governance Indicatorldtp://info.worldbank.org/governance/wai/



http://info.worldbank.org/governance/wgi/
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1. The government can strengthen regulatory bodies and legal frameworks to ensure
investor protection, transparency, and accountability. This policy recommendation is

consistent with the theoreticdramework provided by Levine in 1997evine, 1997)

2. Improve corporate governance practices to build investor confidence and attract

more domestic and foreign investment.

3. The government can strengthen authorities tagketh controlling inflation, as its
volatility undermines investor confidence. The government should prioritize
stabilizing both inflation and real interest rates, given their moderate yet significant

impact on the economy, as indicated by this studyidifigs.

Facilitate Private Capital Market Intensely

The presence of a crowdirgut effect in the economy of Bangladesh has adverse
effect on the GDP growth rate. While real GDP growth has improved over the years, i% .
could have been significantly highaith more facilitation of private investment
through reduced government spending and the strengthening of institutions to

support the capital market.

Green and Sustainable Investment

While the world is undergoing an important momentum of transitioning &ous
green investment, it is currently a burning question among the economists whether
Bangladesh should adopt green investment or not. One of the key challenges of
climatefriendly green financing is that without the necessary infrastructure, policies,
and frameworks in place, green investments may not be efficiently utilized. This could
result in misallocation of resources, with investments not achieving their intended

environmental or sustainability goals. give reference for this staten(®tern, 2007)
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Earlier, it was demonstrated that Bangladesh is in a weak position in terms of capital

infrastructure although the macroeconomic tools are properly functioning.

Green investments frequently come with elevated initial expermdisuand extended
periods for recovering these costs, in contrast to conventional investments. When a
nation is unprepared for these fiscal obligations, it could encounter heightened
financial risks and the potential for economic instability. Additionallgyeloping
sustainable and green investment requires rigorous capital market plan(ihing,
2011; Novethic, 2012Hindered by external influences and limited regulatory control,
the nation is ilprepared for embracig green financing, potentially hampering the
growth of a green capital market and further diminishing market efficiency. A viable
solution proposed, from this study, is leveraging the private capital market to support
green investments, aiming to minimiregative economic impacts and sustain GDP

122

growth without overburdening the existing financial infrastructure.

4.0 Conclusion

In conclusion, despite the seemingly peculiar relationship between the GDP growth
rate and the growth rate of gross capital formation, the macroeconomic framework
of the capital market in Bangladesh exhibits a decent alignment with theoretical
economics. fiis suggests that there is hope for reforming and restructuring the
country's capital market. Despite certain limitations in this study, such as a relatively
short time frame since Bangladesh's independence (only 22 years), a scarcity of
relevant literatue, and the lack of more granular data at a monthly or quarterly level,
the study has rigorously explored the macroeconomic perspective of Bangladesh's

capital market. The future direction of this research entails delving deeper into the
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interrelationshipsamong macroeconomic variables and transitioning to a mlievel
analysis over time, thus laying the groundwork for a flourishing capital market in
Bangladesh. Recognizing that a stable, robust, and secure capital market is vital,
further efforts should feaus on reformation, political commitment, and transparency

to fortify this foundation, paving the way for Bangladesh to achieve greater prosperity
in the future. It is remarkable to witness Bangladesh's progress despite its current
capital market challenge highlighting the potential for a solid path to a brighter

future with the right reforms, initiatives and political motive in place.
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Appendix

Appendix A: Detection of trend in each variable by regressing each variable against
time

Table A.1: Regression result of bivariate regression between time and each variable

(R1) (R2) (R3) (R4 (R5)  (R6) (R7) (R8)
VARIABLES gcf gr gdp_gr er inf rir g_gr pvinv_gr gvinv_gr
t -0.085* 0.069*** 1.75*** -0.097 0.044 0.001*** -0.003 -0.13*
(0.048) (0.01) (0.028) (0.06) (0.063) (0.0004) (0.085) (0.075)

Constant ~ 178.2* -132.4** -3 44** 202.2 -82.90 -2.5%* 15.09 272.85*
(95.58) (28.2) (55.01) (128.5) (126.8) (0.865) (170.9) 1495

Observations 46 46 46 46 46 45 46 46
Rsquared  0.067 0.352 0.989 0.050 0.011 0.170 0.00 0.066
Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1

Note: In the table given above, the bivariate regression results between time and other

variables are summarized separately. R1 represents a bivariate regression between ratele?’

expansion in gross capital formation (gcf_gr) and time. Similarly, regrd?2idrR3, R4, R5, R6,

R7 and R8 are no exception as they represent the regression between growth rate of GDP
(gdp_gr) and time, exchange rate (er) and time, inflation rate (inf) and time, and real rate of
interest (rir) and time, growth rate of governmentesping and time, growth rate of private

capital formation and time, and growth rate of public capital formation and time respectively.
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Appendix B: Stationarity Test using Augmented Dickey Fuller (ADF) Test for Unit
Root

Table Bl: ADF Test of Growth Rate of Real Gross Capital Formation (gcf gr),
Detrended Growth Rate of Real GDP (gdp_grhat), Detrended Exchange Rate (erhat),
Inflation Rate (inf), Real Interest Rate (rir), Detrended Growth Rate of Government
Spending (g_grhat), Grdiv Rate of Private Gross Capital Formation (pvinv_gr),

Growth Rate of Public Gross Capital Formation (gvinv_gr)

InterpolatedDickeyFuller

| 1% 5% 10% MacKinnon

Variable Test o . g approximate pvalue

Name Statistics Critical Critical Critical for Z(t)

Value Value Value

gcf _gr -6.165 0.0000

gdp_grhat -9.015 0.0000

erhat -3.065 0.0293

inf -6.389 0.0000
rir -5.378 ~3.614 ~2.944 2.006 0.0000 __
g_grhat -5.100 0.0000 ~“°

pvinv_gr -4.699 0.0001

gvinv_gr -5.838 0.0000
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Appendix C: Autocorrelation Function (ACF) and Partial Autocorrelation Function

(PACF) Analysis

Figure C1: ACF and PACF of GrowtRate of GCF
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Figure C.3: ACF and PACF of Detrended Exchange Rate
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Figure C.5: ACF and PACF of Real Interest Rate
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Figure C.7: ACF and PACF of Growth Rate of Public Gross Capital Formation
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Figure C.8: ACF and PACF of Growth Rate of Private Gross Capital Formatior
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Appendix D: Selectio@rder Criteria
Table D1: Selection Order Criteria of VAR using Growth Rate of GCF, Detrended
Growth Rate of GDP, Detrended Exchange Rate, Lag of Detrended Exchange Rate,

Real rate of Interest, Inflation Rate

lags LL LR df p FPE AIC HQIC SBIC
0 -563.671 12953.3  26.4963 26.5869 26.7421
1 1069.33  3266* 36 0.000 7.3e29* -47.7829* -47.1485* -46.0626*
2 1060.61 -17.437 36 4.7e28 -45.982 -44.8945 -43.033

Table D2: Selection Order Criteria of VARngsGrowth Rate of GCF, Detrended
Growth Rate of GDP, Detrended Exchange Rate, Lag of Detrended Exchange Rate, Real

rate of Interest, Inflation Rate and Detrended Growth Rate of Government Spending.

lags LL LR df p FPE AIC HQIC SBIC
0 -446.096 9.36665 22.1022  22.2088 22.394
1 1097.74  3087.7 49 0.000 2.1e31* -50.8165* -49.9642* -48.47*
2 1120.95 46.418 49 0.578 6.1e31 -49.8998 -48.4083 -45.80
3 1164.79  87.691 49 0.001 8.7e31 -49.9899 -47.8592 -44.1386 133
4 1223.73 117.87* 49 0.000 9.9e31 -50.8159 -48.046 -43.209

Table D8: Selection Order Criteria of VAR using Growth Rate of Private GCF, Detrended
Growth Rate of GDP, Detrended Exchange Rate, Lag of Detrended Exchange Rate, Real

Rate of Interest, Inflation Rate.

lags LL LR df p FPE AIC HQIC SBIC
0 -548.836 22879.2 27.0652  27.1565 27.316
1 985.109 3067.9 36 0.000 4.3e28* -46.0053* -45.3661* -44.25*
2 964.132 -41.954 36 5.6e27 -43.5186 -42.4229 -40.5094
3 1023.3 118.33 36 0.000 1.7e27 -44.9414 -43.3891 -40.6784
4 1069.33 92.068* 36 0.000 1.2e27 -45.7236 -43.7146 -40.2067
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Table D4: Selection Order Criteria of VAR using Growth Rate of Public GCF, Detrended

Growth Rate of GDP, Detrended Exchange Rate, Lag of Detrended Exchange Rate, Real

Rate of Interest.

lags LL LR df p FPE AIC HQIC SBIC
0 -571.987 9.36665 22.1022  22.2088 22.394
1 964.601 3073.2* 49 0.000 2.1e31* -50.8165* -49.9642* -48.47
2 985.294  41.386 49 0.578 6.1e31  -49.8998 -48.4083 -45.80
3 993.289 15.991 49 0.001 8.7e31 -49.9899 -47.8592 -44.1386
4 992.388 117.87* 49 0.000 9.9e31 -50.8159 -48.046 -43.209

Appendix E: Results of Vector Autoregressive Models

Table ELl: VAR (Growth Rate of GCF, Detrended Growth Rate of GDP, Detrended

Exchange Rate, Lag of Detrended Exchange rate, Inflation Rate and Real Interest Rate

(1)

)

3

(4)

(5)

(6)

VARIABLES gcf_gr gdp_grhat erhat L.erhat inf rir
L.gcf_gr 0.366** 0.0456 0.000766 -0 0.360 -0.276 34
(0.158) (0.0530) (0.0832) ©) (0.230) (0.197i
L.gdp_grhat -0.787* -0.387*** 0.328 0 -0.759 0.668
(0.449) (0.150) (0.236) ©) (0.650) (0.558)
L.erhat 0.102 0.0187 0.903*** L* -0.112 0.273
(0.286) (0.0959) (0.150) (0) (0.415) (0.356)
L2.erhat 0.0750 0.000801 -0.320** O** 0.465 -0.546
(0.289) (0.0966) (0.152) ©) (0.418) (0.359)
L.inf 0.131 -0.0900 -0.171 0 -0.197 1.043***
(0.297) (0.0993) (0.156) ©) (0.430) (0.369)
L.rir -0.0613 -0.0697 -0.169 0 -0.393 1.337***
(0.310) (0.104) (0.163) (0) (0.449) (0.386)
Constant 4.433 0.491 2.092 0 7.434 -6.826
(4.230) (1.416) (2.221) (0) (6.130) (5.262)
Observations 44 44 44 44 44 44

Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1
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Table E.2: VAR (Growth Rate of GCF, Detrended Growth Rate of GDP, Detrended
Exchange Rate, Lag of Detrended Exchange Rate, Detrended Growth Rate of

Government Spending, Real Rate of Inteagst Inflation Rate, at lag=1)

1) ) 3) 4) 5) (6) )
VARIABLES gcf gr gdp_grhat erhat L_erhat g_grhat inf rir
L.gcf_gr 0.412%* 0.0421 0.00325 -0 -0.00162 0.304 -0.235
(0.154) (0.0535) (0.0841) (0)] (0.00173) (0.226)  (0.195)
L.gdp_grhat -0.626 -0.399%** 0.337 0 -0.00481  -0.954 0.812
(0.438) (0.153) (0.240) ©) (0.00493) (0.643) (0.556)
L.erhat 0.152 0.0149 0.906*** Lrxx 0.00288 -0.171 0.317
(0.276) (0.0961) (0.151) (0) (0.00311) (0.405) (0.350)
L2.erhat 0.0673 0.00139 -0.321%** 0** -0.00320 0.474 -0.553
(0.277) (0.0964) (0.152) (0) (0.00312) (0.407) (0.352)
L.g_grhat -25.32*%* 1.934 -1.358 -0 0.274* 30.60 -22.60
(12.90) (4.493) (7.061) © (0.145) (18.94)  (16.38)
L.inf 0.225 -0.0972 -0.166 0 0.00175 -0.311  1.127%*
(0.288) (0.100) (0.158) © (0.00325) (0.423) (0.366)
L.rir 0.0303 -0.0767 -0.164 0 0.000191 -0.504 1.418***
(0.301) (0.105) (0.165) (0) (0.00339) (0.442) (0.382)
Constant 2.925 0.606 2.011 0 -0.000759  9.257 -8.172
(4.128) (1.438) (2.260) (0) (0.0465) (6.062) (5.243)
Observations 44 44 44 44 44 44 44

Standard errors in parentheses 139

kK p<0.011 *% p<0.05’ * p<0'1
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Table E.3VAR (Growth Rate of GCF, Detrended Growth Rate of GDP, Detrended

Exchange Rate, Lag of Detrended Exchange Rate, DetrdBdmgith Rate of

Government Spending, Real Rate of Interest and Inflation Rate, at lag=2)

1) ) 3 4) 5) (6) (7
VARIABLES gcf gr gdp_grhat erhat L_erhat g_grhat inf rir
L.gcf _gr 0.422*** 0.0187 0.0167 -0* -0.000576 0.104 -0.0883
(0.153) (0.0512) (0.100) (0)] (0.00180) (0.273) (0.236)
L2.gcf gr -0.0685 -0.0355 -0.0502 0** -0.00253 0.219 -0.203
(0.143) (0.0478) (0.0936) (0)] (0.00168) (0.254) (0.220)
L.gdp_grhat -1.097***  -0.335** 0.477* 0 -0.00868* -0.761 0.764
(0.411) (0.138) (0.270) (0) (0.00483)  (0.731)  (0.634)
L2.gdp_grhat -0.591 -0.00122 0.421 0 -0.00608 0.236 -0.0890
(0.395) (0.132) (0.259) (0) (0.00465)  (0.704)  (0.610)
L.erhat 0.693*** 0.163* 0.807*** 1 0.00746** -0.0719 0.182
(0.259) (0.0867) (0.170) (0) (0.00305) (0.461) (0.400)
L2.erhat -0.283 -0.135 0 Q*** 0 0 0
(0.333) (0.111) (0) (0) (0) ©) 0)
L2.erhat 0 0 -0.453** 0 -0.0146*** -0.00380 -0.122
(0) (0) (0.219) (0) (0.00391)  (0.593)  (0.514)
L3.erhat 0.0170 0.129 0.221 -Qx** 0.0112%** 0.666 -0.539
(0.248)  (0.0829) (0.162) (0) (0.00291)  (0.441)  (0.382)
L.g_grhat -26.70** -0.486 0.958 -0 0.305** 42.26** -32.64*
(11.54) (3.863) (7.572) 0) (0.136) (20.54) (17.82{
L2.g_grhat -0.578 0.540 -2.257 -0 -0.0357 -15.39 8.746L36
(11.95) (4.001) (7.842) (0) (0.140) (21.28)  (18.43)
L.inf -1.516**  -0.583*** 0.327 -0 0.00471 -0.620 1.543**
(0.500) (0.167) (0.328) (0) (0.00588)  (0.890)  (0.771)
L2.inf 2.004*** 0.683*** -0.593 O** -0.00524 0.431 -0.474
(0.571) (0.191) (0.375) (0) (0.00672)  (1.017)  (0.881)
L.rir -1.986***  -0.695*** 0.417 -0* 0.00362 -0.776 1.808**
(0.580) (0.194) (0.381) (0) (0.00682) (2.033) (0.895)
L2.rir 2.306*** 0.741*** -0.662 O** -0.00571 0.438 -0.527
(0.635) (0.212) (0.416) (0) (0.00746)  (1.130)  (0.979)
Constant -0.207 -0.958 3.521 -0 0.0387 7.283 -6.484
(3.769) (1.261) (2.472) (0) (0.0443) (6.708)  (5.811)
Observations 43 43 43 43 43 43 43

Standard errors in parentheses
kK p<0.011 *% p<0.05’ * p<0'1
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Table E.4: VAR (Growth Rate of Public GCF, Detrended Growth ®af, dietrended

Exchange Rate, Lag of Detrended Exchange rate, Inflation Rate and Real Rate of

Interest, at lag=1)

(1) 2 3) 4) 5) (6)
VARIABLES gvinv_gr  gdp_grhat erhat L_erhat rir inf
L.gvinv_gr 0.126 0.0355 0.0253 0 -0.00313 -0.00727
(0.155) (0.0227) (0.0361) 0) (0.0879) (0.103)
L.gdp_grhat -0.568 -0.252* 0.392* 0 0.375 -0.405
(1.014) (0.148) (0.236) 0) (0.574) (0.673)
L.erhat -0.839 -0.0255 0.888*** i 0.412 -0.285
(0.626) (0.0916) (0.146) 0) (0.354) (0.415)
L2.erhat 1.200* 0.0408 -0.305** O*** -0.658* 0.604
(0.639) (0.0936) (0.149) 0) (0.362) (0.424)
L.rir -0.157 -0.0936 -0.167 0** 1.507*** -0.616
(0.661) (0.0967) (0.154) 0) (0.374) (0.438)
L.inf 0.0322 -0.120 -0.176 0* 1.184*** -0.379
(0.641) (0.0939) (0.149) 0) (0.363) (0.425)
Constant 7.481 0.923 1.920 -0** -10.98** 12.93**
(7.906) (2.157) (1.839) 0) (4.478) (5.245)
Observations 44 44 44 44 44 44

Standard errors in parentheses
kK p<0.011 *% p<0.05’ * p<0'1
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Table E.5: VAR (Growth Rate Pifivate GCF, Detrended Growth Rate of GDP,

Detrended Exchange Rate, Lag of Detrended Exchange rate, Inflation Rate and Real

Interest Rate, at lag=1)

1) ) 3) 4) 5) (6)
VARIABLES pvinv_gr gdp_grhat erhat L_erhat rir inf
L.pvinv_gr 0.455**+* -0.0365 -0.0322 -0 -0.107 0.0959
(0.120) (0.0271) (0.0428) 0) (0.103) (0.121)
L.gdp_grhat -0.181 -0.314** 0.352 0 0.458 -0.455
(0.619) (0.140) (0.220) 0) (0.530) (0.624)
L.erhat -0.291 -0.0132 0.895*** i 0.382 -0.265
(0.405) (0.0914) (0.144) 0) (0.347) (0.409)
L2.erhat 0.218 0.0229 -0.317** 0** -0.645* 0.598
(0.413) (0.0932) (0.147) 0) (0.354) (0.417)
L.rir -0.625 -0.123 -0.191 0 1.434*** -0.550
(0.439) (0.0991) (0.156) 0) (0.376) (0.443)
L.inf -0.767* -0.115 -0.172 0 1.179%** -0.376
(0.419) (0.0944) (0.149) 0) (0.359) (0.422)
Constant 12.94** 1.629 2.499 -0 -9.692** 11.70**
(5.323) (1.200) (1.893) 0) (4.558) (5.366)
Observations 44 44 44 44 44 44

Standard errors in parentheses
kK p<0.011 *% p<0.05’ * p<0'1
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Table E.6: VAR (Growth Rate of Private GCF, Detrended Growth Rate of GDP, Growth
Rate of Public GCF, Detrended Exchange Rate, Lag of Detrended Exchange rate,

Inflation rate and Real Interest Rate, at lag=2)

(1) (2) 3) (4) ®) (5) (6)
VARIABLES pvinv_gr  gdp_grhat gvinv_gr erhat L_erhat rir inf
L.pvinv_gr 0.350*** 0.0145 -0.249 -0.0358 -0 -0.223 0.246
(0.126) (0.0310) (0.256) (0.0618) (0) (0.145) (0.166)
L2.pvinv_gr 0.247** 0.00856 -0.181 -0.0184 0 -0.0608 0.0689
(0.109) (0.0268)  (0.221) (0.0534) () (0.125) (0.143)
L.gdp_grhat -0.0847 -0.187 -1.624 0.538* -0 0.703 -0.849
(0.597) (0.147) (1.215) (0.294) 0) (0.687) (0.788)
L2.gdp_grhat 0.929* 0.000795 0.0899 0.405 -0 -0.530 0.669
(0.511) (0.126) (1.040) (0.251) (0) (0.588) (0.675)
L.gvinv_gr -0.165* 0.0349 -0.0664 0.0167 -0 -0.00286 -0.0348
(0.0900)  (0.0222)  (0.183) (0.0443) 0) (0.104) (0.119)
L2.gvinv_gr 0.150* -0.0167 0.164 -0.00162 0 -0.224** 0.299***
(0.0848)  (0.0209) (0.173) (0.0417) (0) (0.0976) (0.112)
L.erhat 0.224 0.119 -1.096 0.771*** Lrxx 0.151 0.0162
(0.343) (0.0848)  (0.699) (0.169) ©) (0.395) (0.453)
L2.erhat -0.225 -0.0226 0.586 -0.385* -OFr* -0.0479 -0.183
(0.455) (0) (0) (0.224) () (0.523) (0)
L2.erhat 0 0 0 0 0 0 0
(0) (0.112) (0.925) (0) (0) (0) (0.600)
L3.erhat 0.244 0.0499 0.603 0.166 (R -0.627 0.833* 139
(0.353) (0.0872)  (0.719) (0.174) ©) (0.406) (0.466)
L.rir -2.875%** -0.749%** 2.101 0.318 O*** 1.723* -0.698
(0.774) (0.191) (1.575) (0.381) () (0.891) (1.022)
L2.rir 3.276%** 0.851*** -3.423** -0.587 -Qrx -0.581 0.480
(0.844) (0.208) (1.718) (0.415) (0) (0.972) (1.114)
L.inf -2.642%** -0.645*** 1.990 0.242 O*** 1.508** -0.595
(0.660) (0.163) (1.343) (0.325) () (0.760) (0.871)
L2.inf 2.999*** 0.782*** -3.159** -0.517 -Orr* -0.496 0.432
(0.768) (0.189) (1.562) (0.378) ) (0.883) (1.013)
Constant -1.639 -1.982 25.88*** 3.746 0 -3.625 4.435
(4.934) (1.218) (10.04) (2.426) (0) (5.676) (6.510)
Observations 43 43 43 43 43 43 43

Standard errors in parentheses
kK p<0.011 *% p<0.051 * p<0.1
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Appendix F: Stability of VAR Models

Table FL: Stability of VAR (Growth Rate of GOEtrended Growth Rate of GDP,
Detrended Exchange Rate, Lag of Detrended Exchange rate, Inflation Rate and Real

Interest Rate, at lag=2)

Eigenvalue Modulus
0.8845598 + 0.07497263i 0.887731
0.8845598 -0.07497263i 0.887731
0.2744802 + 0.6322852i 0.689292
0.2744802 - 0.6322852i 0.689292
-0.2766824 + 0.4947347i 0.566847
-0.2766824 -0.4947347i 0.566847
0.4745995 + 0.2787208i 0.550391
0.4745995 -0.2787208i 0.550391
-0.5273783 0.527378
-0.273938 0.273938
0.1496805 0.14968

1.522e16 1.5e16
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Table R2: Stability of VAR (Growth Rate of GCF, Detrended Growth R&EPf
Detrended Exchange Rate, Lag of Detrended Exchange Rate, Detrended Growth Rate
of Government Spending, Real Interest Rate and Inflation Rate, at lag=1 (1) and at

lag=2 (2), respectively)

Eigenvalue (1) Modulus (1) Eigenvalue (2) Modulus (2)
0.957525 0.957525| 0.8903565 + 0.09066795 0.894961
0.4722971 +0.3862187i 0.610106| 0.8903565 -0.09066795i 0.894961
0.4722971 -0.3862187i 0.610106| 0.2233278 +0.6688642| 0.705163
0.5914427 0.5914427| 0.2244802 -0.6688642i 0.705163
0.4444492 0.4444492 -0.647427 0.647427
-0.3187901 +0.07161704i 0.326736| 0.5734553 +0.1977914i 0.606607
-0.3187901 -0.07161704i 0.326736| 0.5734553  -0.1977914i 0.606607
-0.3092992  + 0.4991956i 0.58725

-0.3092992  -0.4991956i 0.58725

0.3575725 +0.4274231i  0.557269

0.3575725 -0.4274231i 0.557269

-0.2180136  +0.2736394i  0.349869

-0.2180136  -0.2736394i 0.349869

-2.817e16 2.8e16
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Table F.3: Stability of VAR [(1): Growth Rate of Public GCF, Detrended Growth Rate of

GDP Detrended Exchange Rate, Lag of Detrended Exchange Rate, Real Interest Rate
and Inflation Rate, at lag=2] and Stability of VAR [(2): Growth Rate of Private GCF,
Detrended Growth Rate of GDP, Detrended Exchange Rate, Lag of Detrended Exchange

Rate, Real Imtrest Rate and Inflation Rate, at lag=2]

Eigenvalue (1) Modulus (1) Eigenvalue (2) Modulus (2)
0.8748262 + 0.1459631i 0.886919 0.9030227 +0.1265639i 0.911849
0.8748262 -0.1459631i 0.886919 0.9030227 -0.1265639i 0.911849
0.2890713 + 0.6372082j 0.699712 0.2904219 + 0.6348565i 0.698132
0.2890713 -0.6372082i 0.699712 0.2904219 - 0.6348565i 0.698132
0.6493693 0.649396 0.5537764 +0.01421327 0.553959
-0.2803031 + 0.4628831i 0.541139 0.5537764  -0.01421327i 0.553959
-0.2803031 -0.4628831i 0.541139| -0.2724393 + 0.4496569i 0.525751
-0.4338793 + 0.03064285i 0.43496 -0.2724393 - 0.4496569i 0.525751
-0.4338793 - 0.03064285i 0.43496 -0.4662403 +0.1358076i 0.485617
0.3528113 0.352811| -0.4662403 -0.1358076i 0.485617

-0.06631229 0.066312| -0.06957728 0.069577
1.168e15 1.2e15 -1.037e15 1.0e15




Appendix G: White Noise Test of Growth Rate of Private GCF

Table GL: Portmanteau Test for White Noise
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Portmanteau (Q) statistic = 30.2905
Prob > chi2(21) = 0.0863

Appendix H: GrangeCausality Test
Equation Excluded chi2 df Prob > chi2
gcf_gr gdp_grhat 10.693 2 0.005***
gcf_gr erhat 6.7785 2 0.034**
gcf_gr L.erhat 1.2459 2 0.536
gcf_gr inf 9.9187 2 0.007***
gcf_gr rir 11.3 2 0.004***
gcf_gr ALL 25.637 9 0.002***
gdp_grhat gcf_gr 0.53592 2 0.765
gdp_grhat erhat 3.571 2 0.168
gdp_grhat L.erhat 2.554 2 0.279
gdp_grhat inf 13.406 2 0.001***
gdp_grhat rir 13.161 2 0.001***
gdp_grhat ALL 27.43 9 0.001***
erhat gcf _gr 0.42461 2 0.809
erhat gdp_grhat 4.4611 2 0.107
erhat L.erhat 4.7029 2 0.095*
erhat inf 3.2257 2 0.199
erhat rir 3.2494 2 0.197
erhat ALL 16.465 10 0.087*
inf gcf_gr 1.2805 2 0.527
inf gdp_grhat 0.7406 2 0.691
inf erhat 0.0281 2 0.986
inf L.erhat 2.8254 2 0.243
inf rir 0.78322 2 0.676
inf ALL 7.5272 9 0.526
rir gcf_gr 1.2832 2 0.526
rir gdp_grhat 0.92637 2 0.629
rir erhat 0.10652 2 0.948
rir L.erhat 3.5328 2 0.171
rir inf 8.0886 2 0.018**
rir ALL 15.878 9 0.069*

*** n<0.01, ** p<0.05, * p<0.1
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8 Do not reject null hypothesis of no autocorrelation and hence, Growth Rate of Private GCF is a white

noise.
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Table HL: GrangerCasualty Test among Growth Rate of GCF, Detrended Growth Rate

of GDP, Detrended Exchange Rate, Lag of Detrended Exchange rate, Inflation Rate and

Real Interest rate, at lag=2.

Equation Excluded chi2 df Prob > chi2
gcf _gr gdp_grhat 7.4811 2 0.024**
gcf _gr erhat 8.7166 2 0.013**
gcf _gr L.erhat 1.2535 2 0.534
gcf _gr g_grhat 5.9664 2 0.051*
gcf_gr inf 12.301 2 0.002***
gcf_gr rir 13.299 2 0.001***
gcf_gr ALL 35.161 11 0.000***
gdp_grhat gcf_gr 0.55457 2 0.758
gdp_grhat erhat 3.5185 2 0.172
gdp_grhat L.erhat 2.456 2 0.293
gdp_grhat g_grhat 0.02617 2 0.987
gdp_grhat inf 13.42 2 0.001***
gdp_grhat rir 13.161 2 0.001***
gdp_grhat ALL 27.43 11 0.004***
erhat gcf_gr 0.29421 2 0.863
erhat gdp_grhat 4.282 2 0.118
erhat L.erhat 4.307 2 0.116
erhat g_grhat 0.08453 2 0.959
erhat inf 3.0307 2 0.220
erhat rir 3.1675 2 0.205
erhat ALL 16.582 12 0.166
g_grhat gcf_gr 3.4995 2 0.174
g_grhat gdp_grhat 3.7537 2 0.153
g_grhat erhat 13.939 2 0.001***
g_grhat L.erhat 16.999 2 0.000***
g_grhat inf 0.67301 2 0.714
g_grhat rir 0.72867 2 0.695
g_grhat ALL 30.894 11 0.001***
inf gcf_gr 1.4794 2 0.477
inf gdp_grhat 1.6408 2 0.440
inf erhat 0.0461 2 0.977
inf L.erhat 4.401 2 0.111
inf g_grhat 4.2427 2 0.120
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inf rir 1.0352 2 0.596
inf ALL 12.513 11 0.326
rir gcf_gr 1.6213 2 0.445
rir gdp_grhat 1.8232 2 0.402
rir erhat 0.21472 2 0.898
rir L.erhat 4.873 2 0.087*
rir g_grhat 3.3706 2 0.185
rir inf 9.4789 2 0.009***
rir ALL 15.878 11 0.039**
*** n<0.01, ** p<0.05, * p<0.1

Table H2: Granger Causality Test Among Growth Rate of GCF, Detrended Growth Rate

of GDP, Detrended Exchange Rate, Lag of Detrended Exchange Rate, Detrended

Growth Rate of Government Spending, Real Rate of Interest and Inflation Rate, at

lag=2
144

Equation Excluded chi2 df Prob > chi2
gvinv_gr gdp_grhat 2.1058 2 0.349
gvinv_gr erhat 2.927 2 0.231
gvinv_gr L.erhat 4.7278 2 0.094*
gvinv_gr rr 4.1884 2 0.123
gvinv_gr inf 4.7229 2 0.094*
gvinv_gr ALL 10.975 9 0.277
gdp_grhat gvinv_gr 2.6934 2 0.260
gdp_grhat erhat 3.0675 2 0.216
gdp_grhat L.erhat 0.44351 2 0.801
gdp_grhat rir 18.684 2 0.000***
gdp_grhat inf 19.975 2 0.000***
gdp_grhat ALL 30.921 9 0.000***
erhat gvinv_gr 0.95056 2 0.622
erhat gdp_grhat 5.166 2 0.076*
erhat L.erhat 2.8785 2 0.237
erhat rir 2.5989 2 0.273
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erhat inf 2.7895 2 0.248
erhat ALL 17.185 10 0.070*
inf gvinv_gr 4.2012 2 0.122
inf gdp_grhat 2.7438 2 0.254
inf erhat 0.36886 2 0.832
inf L.erhat 5.2639 2 0.072*
inf rir 1.6595 2 0.436
inf ALL 10.86 9 0.285
rir gvinv_gr 2.5103 2 0.285
rir gdp_grhat 2.3199 2 0.314
rir erhat 0.32935 2 0.848
rir L.erhat 5.3774 2 0.068*
rir inf 9.9481 2 0.007***
rir ALL 17.509 9 0.041**
*** n<0.01, ** p<0.05, * p<0.1

Table H.3: Granger Causality Test Among Growth Rate of Public GCF, Detrended
Growth Rate of GDP, Detrended ExchaRage, Lag of Detrended Exchange rate,

Inflation rate and Real Rate of Interest, at lag=2.

Equation Excluded chi2 df Prob > chi2
pvinv_gr gdp_grhat 4.4554 2 0.108
pvinv_gr erhat 0.68928 2 0.708
pvinv_gr L.erhat 0.29754 2 0.862
pvinv_gr inf 18.704 2 0.000***
pvinv_gr rr 17.117 2 0.000***
pvinv_gr ALL 32.394 11 0.000***
gdp_grhat pvinv_gr 0.39938 2 0.819
gdp_grhat erhat 3.5691 2 0.168
gdp_grhat L.erhat 2.2854 2 0.319
gdp_grhat inf 0.10296 2 0.001***
gdp_grhat rir 19.975 2 0.001***
gdp_grhat ALL 30.921 9 0.001***
erhat pvinv_gr 1.5437 2 0.462
erhat gdp_grhat 4.823 2 0.090*
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erhat L.erhat 45776 2 0.101
erhat inf 3.1198 2 0.210
erhat rir 3.6277 2 0.163
erhat ALL 17.998 10 0.055*
inf pvinv_gr 0.82657 2 0.661
inf gdp_grhat 0.46652 2 0.792
inf erhat 0.04408 2 0.978
inf L.erhat 3.3518 2 0.187
inf rir 1.1773 2 0.555
inf ALL 7.0092 9 0.636
rir pvinv_gr 4.2012 2 0.582
rir gdp_grhat 2.7438 2 0.727
rir erhat 0.36886 2 0.917
rir L.erhat 5.2639 2 0.124
rir inf 1.6595 2 0.013**
rir ALL 10.86 9 0.075
*** n<0.01, ** p<0.05, * p<0.1

TableH.4: Granger Causality Test Among Growth Rate of Private GCF, Detrended
Growth Rate of GDP, Detrended Exchange Rate, Lag of Detrended Exchange rate,

Inflation rate and Real Rate of Interest, at lag=2.
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Appendix I: Forecast Error Variance Decomposition

Tabk 11: Forecast Error Variance Decomposition of VAR Model 1: Growth Rate of GCF,
Detrended Growth Rate of GDP, Detrended Exchange Rate, Lagged Detrended
Exchange Rate, Inflation Rate and Real Rate of Interest (lag=2) and of M&6ER
containing Growth Rate of GCF, Detrended Growth Rate of GDP, Detrended Exchange
Rate, Lagged Detrended Exchange Rate, Detrended Growth Rate of Government

Spending, Inflation Rate and Real Rate of Interest (lag=2).

Model 1
Ste
0 (1) (2) (3) 4) (5 (6)
0 0 0 0 0 0 0
1 1 0 0 0 0 0
2 0. 782248 0.0;167 0'03983 0.000778| 0.037928 0.147531
3 0.750996 | 0.04349| 0.01904 | 0.000754| 0.041861 0.143856
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3
4 0.726989 0.0#172 0'05593 0.000728| 0.063203 0.141415
5 0.713463 0'03164 0.04273| 0.000714| 0.062672 0.138778
6 0.712021 | 0.0417 0'03289 0.000719| 0.062927 0.139737
7 0.710068 0'02157 0'02536 0.000717| 0.062958 0.139318
8 0.708201 0'02197 0'03715 0.000715| 0.062947 0.139009
Model 2
Ste (1) (2) (3) (4) (5) (6) 7)
p fevd fevd fevd fevd fevd fevd
0 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0
5 | 0.74358 0.02259 0.0§359 0.00001 | 0.037928 0.05755 0.13328
3 0.70814| 0.01814| 0.01588| 0.00002 0.053548 0.06779| 0.13645
6 6 3 3 8 5
4 0.67871| 0.02443| 0.02927| 0.00003 0.054072 0.08294 | 0.13051
7 4 6 5 7 9
0.65007| 0.02921| 0.05881| 0.00003 0.07955| 0.12497
5 3 4 9 5 0.05733 3 6
0.64651 0. 0.05872| 0.00003 0.12664
6 3 029144 5 5 0.059627| 0.07931 3
- 0.64314| 0.02912| 0.06225| 0.00003 0.059731 0.07893| 0.12676
8 3 5 5 9 8
3 0.63974| 0.03052| 0.06214| 0.00003 0.059691 0.08033 012752
1 8 8 5 7
9 0.6344 0.02129 0.0$224 0.0?920 0.000035 0.081 0.12182
10 0.6;768 0.02103 0.02425 0.0?859 0.000035 0.02147 013693
11 0.62160| 0.03071| 0.06588| 0.05813 0.000034 0.08263| 0.14097
9 9 1 9 9 9
12 0.61666| 0.03046| 0.06685| 0.05779 0.000034 0.08380| 0.14438
5 2 3 9 1 5
13 0.61189| 0.03028| 0.06849| 0.05742 0.000034 0.08475| 0.14710
3 5 9 8 4 6
14 0.6(1)675 0.02022 0.07112 0.02699 0.000034 0.0?551 0.11936
15 0.62175 0.02035 0.02400 0.02656 0.000033 0.02605 0.13123

(1) impulse = gcf_gr, and response = gcf_gr

(2) impulse = gdp_grhaand response = gcf_gr

(3) impulse = erhat, and response = gcf_gr
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(4) impulse = L.erhat, and response = gcf_gr
(5) impulse = inf, and response = gcf _gr
(6) impulse = rir, and response = gcf_gr
(7) impulse = rir, and response = gcf_gr

Appendix J: StructuraVector Autoregressive Analysis
Table d: Structural VAR containing Growth Rate of GCF, Detrended Growth Rate of

GDP, Detrended Exchange Rate, Lagged Detrended Exchange Rate, Inflation Rate and

Real Rate of Interest, at lag=2.

(1) (2) (1) (@)

VARIABLES 1A /B VARIABLES /A /B
11 1 2.579%** 14 0 0
(0) (0.275) (0) (0)
21 -0.122*** 0 2 4 0 0
(0.0470) (0) (0) (0)
31 0.213** 0 34 0 0
(0.0903) (0) (0) (0)
41 0.267 0 4 4 1 4,391 %
(0.293) (0) (0) (0.468)
51 0.0344 0 54 0.845*** 0
(0.0381) (0) (0.0195) (0)
12 0 0 15 0 0 148
(0) (0) (0) (0)
22 1 0.804*** 25 0 0
(0) (0.0857) (0) (0)
32 -0.693** 0 35 0 0
(0.270) (0) (0) (0)
4 2 -0.221 0 45 0 0
(0.883) (0) (0) (0)
52 0.210* 0 55 1 0.567***
(0.114) (0) (0) (0.0604)
13 0 0
(0) (0)
23 0 0
(0) (0)
33 1 1.439%**
0) (0.153)
4 3 0.299 0
(0.460) 0)
53 -0.148** 0
(0.0597) 0)
Observations 44 44 Observations 44 44

Standard errorgn parentheses
*** n<0.01, ** p<0.05, * p<0.1
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1 = Growth Rate of Gross Capital Formation 4 = Inflation Rate
2 = Growth Rate of Detrended GDP 5 = Real Rate of Interest
3 = Exchange Rate

Table X2: Structural VAR containing Growth Rate of GCF, Detrended Growth Rate of
GDP, Detrended Exchange Rate, Lagged Detrended Exchange Rate, Detrended Growth

Rate of Government Spending, Inflation Rate and Real Rate of Interest, at lag=2.

(1) (@) 1) )

VARIABLES IA /B VARIABLES IA /B
11 1 2372+ 14 0 0
(0) (0.256) (0) ©)
21 0175+ 0 2 4 0 0
(0.0452) ) ) 0)
31 0.312% 0 3.4 0 0
(0.105) (0) (0) ©)
41 -0.00411* 0 4 4 1 0.0301%+
(0.00247) ) ) (0.00325)
51 0.184 0 5 4 19.72 0
(0.362) ) (21.67) 0)
6.1 10.0110 0 6 4 2.470 0
(0.0459) ) (2.767) ot4°
12 0 0 15 0 0
(0) (0) (0) ©)
22 1 0.702%+ 25 0 0
) (0.0757) ) 0)
32 10,933+ 0 35 0 0
(0.305) (0) (0) ©)
4.2 -0.00187 0 45 0 0
(0.00721) ) ) 0)
5 2 -0.0181 0 55 1 4276
(1.025) ) ) (0.461)
6.2 0.311% 0 6.5 0.847%% 0
(0.130) ) (0.0193) 0)
1.3 0 0 16 0 0
(0) (0) (0) ©)
23 0 0 2 6 0 0
(0) (0) (0) ©)
33 1 1.404%% 36 0 0
(0) (0.151) (0) ©)
4.3 10.00458 0 4.6 0 0
(0.00327) ) ) 0)
53 0.309 0 5 6 0 0
(0.475) (0) (0) ©)
6.3 0176+ 0 6.6 1 0.541 %+
(0.0604) ) ) (0.0583)

Observations 43 43 Observations 43 43
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Standard errors in pantheses
* p<0.1,** p<0.05, *** p<0.01

1 = Growth Rate of Gross Capital Formation 4 = Government Spending

2 = Growth Rate of Detrended GDP 5 = Inflation Rate
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Abstract

In the midst of Bangladesh'gower and energycrisis,our study introducesa pioneeringapproachby
integratingthe psychologicaPerceivedstressScalel0 (PSEL0), customizedor sixdistinctscenarios
within the crisis,to measurehouseholdstresslevels. Througha comprehensivenational survey,we
explorestresstriggersand householdperceptionsowardsthe energysector,focusingon the supplyand
pricingof electricity,gas,andfuel oil. Thisresearchfocuseson sociceconomidactors,political beliefs,
and environmentalattitudes as principal stressindicatorswhile establishingthe PSSL0's statistical
reliability. ByutilizingMultivariate OrdinaryLeastSquareRandontorestandOrderedProbitmodels,
we identify keyvariables- suchaseducation,income,urbanresidencygeographicatliscrepanciesage
of the householdhead,and severalpoliticaland environmentalbeliefs- that significantlycorrelatewith
stresslevels.In contrast, factorslike householdsizeand the sexof the householdhead showminimal
impact. However,our analysissuggestghat stressvariation might alsobe significantlyinfluencedby
households'energyand power consumptionbehavior,an aspectbeyondthe scopeof this study. Our
findingsmarka significantadvancementn policyanalysispfferinga nuancedunderstandingof public
sentimentandpavingthe wayfor prioritized,effectivepolicyinterventionsin Bangladesh'energycrisis
landscape.

Keywords:EnergyEconomicsEnergyStressorsPowerand EnergyCrisis;PSSL0; RandomForest;
EnvironmentaPsychologyouseholdStresdrom Energy

1

151


mailto:faisal@cpd.org.bd
mailto:moazzem@cpd.org.bd
mailto:faisal@cpd.org.bd

6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

Abbreviations

BBSBangladesiBureauof Statistics
GIS:Geographidnformation System
GoB:Governmentof Bangladesh
HIESHouseholdncomeand ExpenditureSurvey
IEPMPintegratedEnergyand PowerMaster Plan
LPGLiquidPetroleumGas
OLSOrdinaryLeastSquare
PSSPerceivedStressScale
SSCSecondanschoolCertificate

1.0 Introduction
In anerawherethe relentlessmarchof technologicaprogressand urbanizationhasled to aninsatiable
appetite for energy,the plight of Bangladeshgrapplingwith a burgeoningenergyand power crisis,

presentsa stark juxtaposition.

Bangladesh'snergycrisisstemsfrom a blendof risingdemanddueto populationgrowth andeconomic
development,coupledwith a heavyrelianceon imported fuel. Financiachallengesn procuringthese
imports, frequent power outages,slow progressin renewableenergy generation,and delaysin new
power plant projectsadd to the crisis.Moazzem.et al. (2023)showedthat resourcescarcity,factors
such as the use of low-quality fuel oils, corruption at distribution points, inadequate maintenance,
reducedgassupplypressure andcutsin governmentsubsidiedor electricityandgas- mandatedby the
InternationalMonetary Fund- further complicatethe situation. Theseelementsare poisedto drive up
the costs of electricity, fuel oil, and gasin the future. Additionally, poor managementpractices
contributeto the deepeningerisis.In responsethe Governmenif BangladesliGoB)andother relevant
stakeholdersare proactivelyformulating, following and discussingpoliciessuchasthe Mujib Climate
ProsperityPlan20222041,the EnergyEfficiencyand ConservatiorMaster Planup to 2030,and the
IntegratedEnergyand PowerMaster Plan(IEPMP2023etc. Therefore ,understandinghe perceptions
of the population is paramountand crucial for policymakers,researchersand energy providersto
developstrategiesfor energyconservationdemandmanagementand promotion of sustainableenergy
sourcegthat is more appropriateand suitablewith perceivedbehavior(Spencegt al., 2010a).Thus,in

an unconventionalstroke, this study harnesseghe power of psychologicastressassessmento unveil
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the hidden currentsof public opinion in Bangladeshpotentially rewriting the script of energypolicy
andredefinethe nation'senergynarrativefrom the groundup.

Determiningpolicypriorities involvesnavigatingcomplexfactorssuchasgovernmentresponsibilities,
political changes,and public sentiment. Psychologicastudies play a crucial role in understanding
public perceptions offering insightsinto societalviewson variousissues(Smith,1971).Thesestudies
delveinto the emotionaland psychologicatffectsof eventslike energyshortagesidentifyingkeyareas
for policyfocus(Stern& Gardner,1981).Thisresearchextendsthe dialogueon energyto includethe
stressand psychologicalmpact on householdsduring energycrises.Thisdeeper understandingaids
stakeholdersin addressingthe most impactful concerns,making perception studies invaluablefor

informed policymaking.

The primary goal of this study is to measurethe stresslevelsof Bangladeshhouseholds,directly
resultingfrom the power and energycrisis.It aimsto explorevariousfactorsinfluencingthese stress
levels, including environmental and political awareness, sociceconomic status, and regional
differences Byexaminingthesedeterminants the study seeksto providea comprehensiveview of the
crisis'ampacton householdslt will alsoincludea qualitativeanalysisof sociceconomicdemographic
factors,and the politics of environmentaland climate changeto offer a deeperinsightinto the crisis.
Additionally,the study will assesghe reliability of usingstresslevelsas an indicator of the crisis's

impactthrough quantitative measures.

Theremainderof this paperis structured as follows: Section2 highlightsa review of the literature;
Section 3 details the materials and methodology employed; Section 4 presents the results and

discussionand Section5 concludeghe paperwith a summaryof insightsandimplications.
2.0 Literature Review

The utilization of psychologicalstudies and quantitative psychologyfor gauging perceptions or
opinionsis a well-establishedconcept, with prior literature demonstratingvarious instancesof its
application.Thissectionprimarily focuseson a conceptualiterature review,asour proposedanalytical

frameworkand conceptswhile uniquein their application,draw inspirationfrom existingworks.

In their 1981 study, Sternand Gardnerunderscoredhe potential of psychologicainsightsin shaping
energyand power sector policies,highlightinghow consumerbehaviorand perceptionare critical in
formulating effective and sustainablestrategies.Thisconceptis further supportedby findingsfrom a
subsequenstudy(Smith,1971;Swim,Geiger& Zawadzki2014).Thisstudytakesanattempt to bridge

this gap, proposing an analytical framework that integrates psychologicalinsights into energy

policymaking.

Acrossthe world, various psychologicalmethods have been employed over the yearsto assess
perceptionsof the generalpopulationabout energyand power sector.In our discussioron the scopeof

3

153



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

psychologicalesearchin energy policy, we now turn to Whitmarsh's(2011) study, which adeptly
employspsychologicalechniquesto measureskepticismand uncertaintyabout climate changeamong

the UK public. Utilizing a multi-dimensional approach, Whitmarsh's methodology focused on
developingand refining a measureof skepticism,building upon her previousqualitative work. Her
objectivescentered on examiningthe variationsin public skepticismand uncertainty, especiallyin

relation to individual and societal factors like demographics,lifestyle, knowledge, and values
(Whitmarsh2011).Spenceet al. (2010b)exploredpublicattitudestowardsclimatechangeanddifferent

forms of energyproduction,aswell asto investigatethe evolutionof theseviewsovertime. Toachieve

this, they employsurveyssupplementedwith variouspsychologicalools, to gaugeand analyzepublic
perceptions, underscoring the dynamic nature of public opinion amidst the rapidly shifting
environmentaland energylandscapegSpenceet al, 2010b).In a separatestudy conductedby Carrus,

et al. (2021),a meta-analysisvasutilizedto investigatethe influenceof variouspsychologicafactors,
includingattitudes, intentions, values awarenessand emotions,in shapingbehaviorsrelatedto energy
conservation. This methodology facilitated a thorough examination of the robustness of the
relationshipsbetweendifferent psychologicavariablesand individuals'intentionsand actionstowards
savingenergy(Carruset al.,2021)Psychologic#theoriessuchasthe Theoryof PlannedBehaviothave

been effectively usedto designinterventionsthat align consumerbehaviorwith their environmental

attitudes, as demonstrated by Litvine & 2 N a & Sy gbp13)$yenhancingthe uptake of green

electricity in Switzerlandlnvestmentbehavioranalysissuchas Saln® (2018)study, showsdifferent 154
risk preferencesbetween incumbent utilities and institutional investors, highlightingthe impact of —
financialincentivesandriskexposureon renewableenergyinvestments Moreover,a studyauthoredby
Tiefenbecket al. (2013)indicatedthat environmentalcampaignscan sometimeslead to unintended
behavioralspill overs,suchas moral licensing where an improvementin one environmentalbehavior
causesa setbackin another. Thesediverse applicationsunderscorethe importance of psychological
tools and theories in designingmore effective policiesand interventions for promoting sustainable

energypracticesandinvestments.

In our study, we haveemployedperceivedstressscale¢ 10 (PSSL0)to assesgthe stressfacedby the
householddueto incidentsassociatedvith power and energycrisisin BangladeshWe havediscussed
the detailsof the PSSL0 later in the methodologysection.In the literature reviewsection,we are going
to discusghe flexibility of PSSL0 in variousfield of study acrossthe world. Vlek(2000)highlighted
the significanceof measuringstressassociatedwith power and energy sincethe power and energy
sectors are pivotal components of modern society, and understanding the psychologicaland
physiologicatesponsego stressordinkedto them is essentiaffor safeguardingndividualwell-being,
workplacehealth, and community relationships(Vlek,2000). Townsendand Medvedev(2022) have
demonstratedthe remarkableadaptability of the PSSy highlightingits extensiveutilization across

diversegeneraland clinicalcontexts,amassingver 20,000citationson GoogleScholarFurthermore,
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the PSShasexhibitedits global reach,with translationsavailablein 28 different languagesy 2022
(Townsend& Medvedev,2022). Severakexamplesof utilizing PSSneasuredo examinestresslevels
includethe researchconductedby Lushchalet al. (2023),wherethey utilizedthe PSSL0 to gaugethe
extentof stressexperiencedyy the Ukrainianpopulacein reactionto eventsassociatedvith the Russian
invasionof Ukraine(Lushchaket al., 2023).Additionally,the PerceivedStressScale(PSShasbeen
employedto assessstresslevelsin cancerand breast cancer patients, includingits translation and
validationin different languagedor specificclinical studiesand the explorationof alternative factor
modelsto understandperceptionsof stressin these populations(Mounjid, et al., 2022; GoldenKreutz,
et al., 2004). Moreover, the PerceivedStressScalel0 (PSSL0) has been employedto assessstress
levelsin expectantmothersacrossculturally diversesettingsandto comparestresslevelsbetweenfirst-
time mothersandthosewith previouschildbirth experiencesgdemonstratingits utility in prenatalstress
research(Katus.et al., 2022).

Islam(2020)demonstratedthat the Bengaliversionof the PerceivedStressScalgPSB)isavalidand

reliable tool for assessingperceived stress among nonclinical individualsin Bangladeshthereby
expandinghe utility of the PSSL0 in nonclinicalsettingswithin the country (Islam,2020).Moreover,

in arecentstudyby Mozumder(2022),it wasdemonstratedthat the PSSL0 maintainsits reliability and
validitywhenappliedin the contextof Bangladeshaffirmingthe scale'sobustpsychometrigoroperties
andaffirmingits suitabilityasavalidanddependablédool for evaluatingstressappraisalwithin Bengali
speakingand Bangladeshpopulations(Mozumder,2022). It validatesand opensthe scopeof using 155
PSSLOin our study.

3.0 Methodology

3.1 Analytical Framework

Togaugehouseholdperceptionsamidstthe power andenergycrisisin Bangladeshthe studyemployed
the PerceivedstressScalespecificallyutilizingthe BengaliranslatedPSSL0versionto evaluatestress
levelsexperiencedby householdsTo effectivelymeasurePSSL0, the study necessitatedparticipants

to considerthe previousmonth asthe referenceperiod from the surveydate.

PerceivedstressScalepriginallydevelopedby Cohen Kamarckand Mermelstein(1983) the PSSvas
initially designedas a 14-item selfreport questionnaireto measurethe extent to which individuals
perceive their lives as stressful. It evaluateshow unpredictable, uncontrollable, and overloaded
individualsperceivetheir experiencesThePSSl0isashorteradaptationof the originalPSSgonsisting
of 10 items, and has gained popularity for its brevity and efficiencyin measuringperceivedstress
(Cohen Kamarck& Mermelstein,1983).Sincethe Bengaliversionof the PSSL0 questionnairehas
beenvalidatedand provenreliablefor the Bengalispeakingpopulationin Bangladeshparticularlyin

nonclinical settings, and the robust psychometricproperties of the PSSL0 in the context of the
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Bangladeshipopulation have been firmly established,it serves as a valuable, culturally, and
academicallwppropriatetool for assessingerceivedstressin this specificdemographic.

Forthe purposeof our analyticalframework,this study hassegmentedthe power and energysectorin
Bangladeslinto three primary categorieselectricity,gas,andfuel oil. Within eachof thesecategories,
two dimensionshavebeenidentified: the price aspectand the supplyaspect.In essencethis approach
resultsin the identificationof sixdistinct categorieghat encompasshe overallenergyand power crisis
in BangladeshSubsequentliythe Bengaliversionof the PSSL0 questionnairewastailored to address
the specificcontextsof eachpower andenergycrisisscenarioin BangladesliseeFigurel). Asaresult,
our gquestionnairecomprisesa total of 60 questionsthat assesshouseholdstresslevelsarisingfrom
incidentsassociatedvith thesesix categorizedoower and energycrises.Eachof thesebroad scenarios

is representedby a setof PSSLO questionstotaling 10 questionsper scenario.

The Bengaliversionof the PSSL0 questionnaire which was utilized as a referencefor developinga

modified versionto incorporatethe context of the power and energycrisis,drawsits foundation from

two primarysourcesonedevelopedby Keya(2006)andthe other by Laboratoryfor the Studyof Stress

at CarnegieMellon University. Thisadaptation aimed to retain the psychologicakssenceof each
guestionwhiletailoringthe scenarior contextsto matchthe experience®f the participantsassociated

with power and energycrisisof Bangladeshlslam,2020; Keya,2006).In the subsequentphase,the
guestionnaireunderwent a thorough review processinvolvingexpertsfrom the fields of psychology, 156
behavioraleconomicsand power and energysector. e
Thisstudy categorizeghe criseswithin the powerandenergysectorinto sixkeyscenariosBroadlythe
'Supplyof Electricity'scenarioencompasse®ad-shedding Jow voltage,corruptionsin bill payments,
and unexpectedoutagesetc. The'Price of Electricity'scenariocoversincreasesn prices,inaccurate
meter readingspilling mistakes pricinguncertaintiesandsoon. For'Supplyof Gas'jssuesncludeline

Figurel: 6 broadscenarioof powerand energycrisisof Bangladesh.

1 https://www.cmu.edu/dietrich/psychology/stresanmunity-disease

lab/scales/pdf/perceived stress scale bengali_translation.pdf
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leakagesputages]ow pressureandLP&ylinderscarcityetc. The'Priceof Gas'scenariaeflectsrising
LPGconnectioncosts, cylinder prices, national grid gas prices,and maintenanceexpensesetc. The
'Supplyof FuelOil' scenariocapturesproblemswith fuel oil quality, corruption at filling stations,and
availabilityissues.Finally,the 'Price of Fuel Oil' scenariodealswith billing errors, price hikes,and
pricing uncertaintiesetc. Thesescenarioswere developedthrough literature reviews of newspapers,
articles,reports,and consultationswith power andenergysectorexperts.

After data collection, this study calculatesPSSL0 scoresusing establishedmethods, followed by a
gualitative analysisof these scores.Toassessegionalstresslevel disparitiesacrossdivisionsfor each
scenariojncludingthe overallsituation,we will useGeographidnformation System(GIS}Yechnology.
We will then apply Multivariate OLSand RandomForestmodelsto scenariespecificstressscoresto
examinethe impactof socioeconomidactors,aswell aspoliticaland environmentalopinions,on stress
levels. Lastly,an Ordered Probit model will analyzehow these socioeconomicfactors influence

householdstransitionsbetweendifferent stressranges.

3.2 SamplingTechniquesand SampleCharacteristics
SamplingTechniques

Thisstudysurveyedl000householdsacross36 sub-districtsin 8 divisionsof Bangladeshfocusingon
householdsvith accesgo both gasandelectricity. Respondentsvere householcheadsaged18or above.

The divisionwise samplesizewas determined basedon householddistributions extracted from the
Population Censusof 2022. Larger divisions, in terms of household numbers, were allocated a
proportionally larger sample size. Subsequentlythe assignedsamplefor eachdivision was evenly
distributed amongthe randomly selectedsub-districts, with any fractional figuresrounded randomly.
Fordivisionswith higheroverallsampleallocations suchasDhakathe selectionprocessof the number
of sub-districtswithin adivisionensureghat its sub-districtsalsoreceivea highersamplesizecompared
to the sub-districtsof divisionswith lower allocations like Mymensingh(seeAppendixA). Toensure
dataset heterogeneityand representation,a minimum of four sub-districts were chosenwithin each
division.

At least four sub-districts were selectedper division using a computergeneratedrandom process,
targeting areas with moderate to low poverty levels accordingto the HIES2016 Poverty Map.
Householdselectionwithin sub-districtsfolloweda systematicsamplingmethod. If the initially selected
householdlacked both gas and electricity connections,the subsequenthouseholdpossessingioth

utilities was surveyed.Subsequentlythe next householdwas chosenwhile maintainingthe same

interval andthe processsrepeated.
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SampleDistribution (Urbanand Suburban distribution)

63%o0f the total sampleresidesin sub-urban neighborhoodswith the remainderspreadacrossurban
neighborhoodsNotably,there areno rural neighborhoodsncludedin the sample asthey wereexcluded

dueto apreconditionrequiringconfirmedavailabilityof gasand electricityin the households.
Sex of the HouseholdHead

96%0f the participantsin the studyareidentifiedasmalehouseholdheads.Consequentlyincorporating
the factor of the sexof householdheadinto our analysiamay posechallengegiue to the significantly

smallerproportion of female-headedhouseholds.
AgeDistribution of TheHouseholdHeads

Themeanageof householdheadsis 42.5years rangingfrom 18to 65 years.Thesgustify the inclusion
of ageasa relevantfactor in our analysis.

Distribution of the Yearsof EducationAcrossthe HouseholdsHeads

Ourcalculationillustratedin Figure2 showsthe distribution of yearsof educationacrosshe household
heads.Themeaneducationyearsfor all householdss 10.91.

Figure2: Distributionof the Yearsof Educatioracrosshe HouseholdHeads
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Analysishowsfemalehouseholdcheadshaveanaverageeducationof 8.76yearsversusl1.01for males,
indicatinga gendereducationgapin Bangladeshwith more femaleshavingno education.Urbanheads
averagell.37yearsof educationcomparedto 10.65in sub-urbanareas,aligningwith the literature on
higherurbaneducation(USDA2017).

2 In our study, sexis definedasa set of biologicalattributes associatedvith physicaland physiologicafeatures,with a

binary sexcategorizationmale/female)typicallyassignedt birth.
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HouseholdSize

Thesampleshowsan averagehouseholdsizeof 4.71,slightlyabovethe HIES2022figure (BBS2023)
with sizesrangingfrom 2 to 24. Urbanhouseholdsaverage4.3 members,comparedto 4.9in sub-urban
areas.Male-headedhouseholdshavemore members(4.7)than femaleheadedones(4.3),in line with

Bangladesh'sypicalhouseholdpatterns(Saadget al., 2022).
Numberof Studentsin a Household

Onaveragethe householdshavel1.47 students,rangingfrom 0 to 13, with male-headedhomeshaving
slightly more (1.47) comparedto female-headedones (1.36). This pattern, not clearly indicatinga
preferencein male-headedhouseholdsgcoincideswith existingstudies(BoseDuker,Henry,& Strobl,
2021).Notably,sub-urbanhouseholdseport more studentsthan urbanones likelydueto their generally

largerfamily sizes.
PrimaryIncomeSource

Ouranalysigevealsthat 72%of the sampledhouseholdgprimarily derivetheir incomefrom the service
sector,while the figuresfor the industryandagriculturesectorsstandat 19%and 9%, respectivelyOur
analysisshowsthat sub-urban householdsare more reliant on agriculture for income, while urban

householddend to be more engagedn the industrysector.

Figure3: IncomeDistributionof Households
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IncomeDistributions of the Households

Ourcalculationjllustratedin Figure3, showsthat at least80%of householdearnbetweenBDT10,000
to BDT39,999per month, reflectinga prevalentmiddle-incomestatusconsistentwith nationalsurveys
like HIEQ022(BBS2023).Additionallyhigherincomehouseholdsare more clusteredin urbanareas,
atrend seenin prior research(Tripathi,2020).Moreover,femaleheadedhouseholdgend to havelower
incomesthantheir male-headedcounterparts signifyingan economicgap,consistentwith conventional

literatures.
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Availability of Personaland/or Office Vehiclesin TheHouseholds
Ouranalysigevealsthat merely 30%of householdpossespersonaland/or office vehicles.

Overall,the samplecharacteristicsindicatedby yearsof educationof the householdhead, household
size, primary income source distribution, income distribution of the households,and availability of
personalor office vehiclesyalidatesthe nationalrepresentativenessf the sample.

3.3 Surveyand Data CollectionMethodology

Thesurveywas conductedfrom 31st Octoberto 23rd November2023,during a significantheatwave
with temperatures consistentlyranging between 213 and 343 (AccuWeather,2023). Surveyors,
selectedfor their universityeducationin psychologyreceivedtwo daysof trainingto ensureuniform
data collection methods. Householdheads provided informed consentand participated voluntarily
without incentives with confidentialityassured Eachhouseholdwasgivena uniqueidentifier derived

from two contactnumbers.Theduration of eachsurveyrangedfrom 45to 60 minutes.

3.4 Variables
3.4.1PsychologicaVariables

Tablel: PSS/ariablesand Descriptions

Variables Variable Description

pss_elcs PSSor the Bupplyof Electricityscenario.

pss_elcp PSSor the WPriceof Electricitg®cenario.

pss_gassp PSSor the Bupplyof Gagxcenario.

pss_gaspr PSSor the Priceof Gaskcenario.

pss_fuelsp PSSor the Bupplyof FuelOiliscenario.

pss_fuelpr PSSor the WPriceof FuelOillscenario.

pss PSSor the overallpower and energyscenario.

pss_elcs_rng PSSor the Bupplyof Electricity3cenarioexpressedisvariousstressrange.

pss_elcp_rng PSSor the WPriceof Electricitydcenariogxpressedasvariousstressrange.

pss_gassp_rng PSSor the Bupplyof Gag¥cenariogxpressedsvariousstressrange.

pss_gaspr_rng  PSSor the Priceof Gagkcenariogexpressedsvariousstressrange.

pss_fuelsp_rng PSSor the Bupplyof FuelOikkcenarioexpressedasvariousstressrange.

pss_fuelpr_rng  PSSor the WPriceof FuelOikxscenarioexpressedasvariousstressrange.

pss_rng PSSor the overallpower and energyscenariogexpressedisvariousstressrange.

The PerceivedStressScalel0 (PSSL0) featuresten items rated on a 5-point Likert scalefrom 0
("never") to 4 ("very often"). To compute a total stressscore,responsego items 4, 5, 7, and 8 are

reversedbefore summingall item scores,yieldinga range from 0 to 40, where higher scoresdenote
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greaterperceivedstress.Stresdevelsfor eachscenarioare categorizednto low (0-13), moderate (13
26),andhigh (27-40) basedon the scoresobtained (CarnegiéMellon University,2010).Forthis study,
we createda set of questionsfor eachscenario,averaginghem for the overallstresscalculation.The
variablesemployedfor denotingvariousstressvariablesare tabulatedin Tablel.

3.4.2SocieeconomicVariables

Table2 presentsthe sociceconomicandregionalvariablesusedin our studyto accountfor their impact
on householdstresslevels,with detailedexplanationf variablesmarkedwith an asteriskavailablein
AppendixB.

Table2: SocieEconomid/ariableList

VariableName VariableDescription

urban* Urban(urbanand sub-urban)characteristicof a household
division_code_dhk Divisioncode:Dhaka.Thisis the basedivision.
division_code_bar* Divisioncode:Barisal

division_code_ctg* Divisioncode: Chattogram

division_code_khl* Divisioncode:Khulna

division_code_mym* Divisioncode:Mymensingh

division_code_raj* Divisioncode:Rajshahi 161

division_code_rang* Divisioncode:Rangpur B

division_code_syl* Divisioncode: Sylhet

ab Sexof the householdhead

a6 Ageof the householdhead

a’ Yearsof educationof a householdhead

a8 Numberof membersin a household

ao Numberof studentsin a household

a_10_agri Househol@ primary sourceof income:Agriculture.Thisis the base
categoryof household§sourceof primaryincome.

a 10 serv* Househol@ primary sourceof income:Service

a 10 _ind* Househol@ primary sourceof income:Industry

a_11 10k Househol@monthly income:BelowBDT10,000

a_11 25k* Househol@monthly income:BDT10,000to BDT24,999

a_11 40k* Househol@monthly income:BDT25,000to BDT39,999

a 11 80k* Househol@monthlyincome:BDT40,000to BDT79,999

a 11 a80k* Househol@monthly income:aboveBDT80,000

al2 Availabilityof personal/officevehicles
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3.4.3Environmentaland Political Values

Thevariablesusedto assesshe environmentaland political valuesof the householdsare presentedin
AppendixB. Thesevariablesare measuredon a Likertscale with scoresrangingfrom 1 to 5, where 1
represents'strongly disagree,2 for 'roughly disagree,'3 for 'neutral,' 4 for ' roughly agree,'and 5 for

'stronglyagree. Thevariablesare denotedas\#-variable€n this study.

3.5 Calculationand EconometricModel
3.5.10verallPSS10:

TheoverallPSSL0 scoreis calculatedby averaginghe scoresfrom the six scenariespecificPSSL0
assessmentsThe use of averagingis justified for our purposeasit capturesboth direct and indirect
effects’ of fuel oil on households,ncludingthose without direct usagereflecting concernsthrough
public transportation,generatorfuel, and other means.Theresultingaveragescoreis then roundedto

alignwith the establishedangescommonlyusedin academigosychology.
3.5.2Multivariate OLS

A multivariate OLSmodel is employedfor our purposeof investigatinghow varioussociceconomic
and regionalfactorsaffect stresslevelandthe specificationof the econometricmodelis givenbelow:

filg =] o+ Gr+fdp+'p

Here,
® i=1,2,3......1000 household
W pss =PSSL0for Y&cenariofor $&th household

W j=1,2,3,4,5,6representsgss_elcO\Pss_elcprss gasspfss gasgfss_fuels@Es
for 4&h householdrespectively

0] I &) = Vectorof linear combinationof socioeconomidactorsfor 4&h household

W ' ) = Vectorof linear combinationof environmentaland political consciousnesgariablefor
4&h household

0] Kij = Residuaterm of the modelfor Y&h householdin Y¢cenario

Ourinitial analysigndicatesthat someexplanatoryvariables particularlythoserelatedto politicaland
environmentalopinions, do not adhereto a normal distribution although these Likert variablesare
internally consistent(seeAppendixC and AppendixD). Consequentlyincorporatingthese variables

into alinearmodeland estimatingcoefficientscouldyield spuriousand misleadingesults.

3.5.3RandomForest

3 Somehouseholdsnight not haveanydirect useof fuel oil.
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In order to addressand solve the non-normal distribution of the explanatoryvariables,this study
employsthe RandomForestensemblelearningtechniqueto predict stresslevels(PS$cores)across
sevendifferent scenariosRandomForestsare ensemblemodelsthat consistof multiple decisiontrees,
andfor regressiortaskslike predictingP SScoresthey aggregatehe predictionsof individualtreesto
makethe final prediction. For eachscenariojQ&e build a separateRandomForestmodel to predict
the correspondingPSScore(PS$ usinga set of explanatoryvariables(M).

ForeachscenariojQaRandomForestmodelis constructedto predictthe correspondingPerceived
StressScalgPSS)lenotedasPSSThemodelis formulatedas:

i =Y0(0) +1 -
Here,

W pss =PSSO0 for Y3cenario

W Vi representsthe set of independentvariableswhichis dividedinto two parts,mentionedasX

and Z previously
W RFisthe RandomForestmodeltrained for scenariojQ

W -y representgthe residualerror term

Toassesshe generalizatiorperformanceof the RandomForestmodels,in our study,a simpletrain-test
split approachis usedinstead of k-fold crossvalidation. Specificallythe datasetis split into training

andtestingsets,with 80%of the datausedfor trainingand 20%usedfor testing.

Priorto buildingthe RandomForestmodels,we perform feature selectionto identify the mostrelevant
independentvariablesV for predictingPSScoresin eachscenarioln the analysisfeatureimportance
is visualizedor top ten featuresfor eachscenariohelpingto understandwhichindependentvariables
most significantlyimpactstresslevels.Foreachscenariowe train a RandomForestmodel (RF) using

the selectedfeaturesV,.

Theperformanceof eachRandomForestmodelis evaluatedusingregressiommetricssuchasthe Mean
SquarecError (MSE)and Rsquare(R). Thesemetricsprovideinsightsinto the model'saccuracyand

the proportion of variancein the dependentvariablethat is predictablefrom the independentvariables.
3.5.40rderedProbit

Anothermodelthat will be employedin this studyto investigatethe factorsthat is associatedvith the
householdsshiftingfrom one stressrangeto anotherin eachspecificand overallscenariois an ordered

probit model. Thespecificationof the modelis:
Difiiity=0=uqpb db_a)

andthe theoreticallatent variableassumedo be embeddedhere:
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fig =] o+ M+ d+'n

Here:

0 pss_rng=the ordereddependentvariable(PSSL0range)for ¥&h householdand y®scenario
PSSL0score

W k = the stressrange(e.g.,Low, Moderate, High),where k = 1, 2, 3 representow Stres§) =
Moderate Stres§x@nd ®ligh StresS2espectively

W uj = the cumulativedistribution function of the standardnormal distribution in the context of
YscenarioPSSL0 score

0] hjk =the thresholdparameterfor the k-th categoryin the contextof Yy&scenarioPSSLO score
W I & =Vectorof the linearcombinationof sociceconomicindependentvariables

W _ =Vectorof the linear combinationof environmentallyand politically conscioussariables

Forthe definedstressranges,

Difiiiith = 1) = v nug)®q _@)0m, 0XKjis K13
Difiii it =2) = vfpglhq @)W, 14XKjiy K26
Difiiiet = 3) =ufpc)dc _@)0m, 27 Xiiy X0

In addition, we intend to conducta postestimation analysisto calculatemarginal effects from the
ordered probit models. Thesemarginal effects will provide valuableinsightsinto the influence of
various socieeconomicand regionalfactors on households'shifts from one stressrangeto another

within eachspecificand overallscenario.
3.5.5Geographidnformation System

To illustrate regionaldisparitiesin stresslevelsdue to energyand power crisesacrossBangladesh's
eight divisionswe usedPython,usinggeospatiakhapefilesrom reliableonline sourceé.

3.6 Statistical Tests

The study will implement BreuschPagantest to investigate heteroscedasticity.Should the error
variancesdemonstrate heteroscedasticitythe issuewill be addressedby applying robust variance
method (Guijarati,2003).Additionally,the studywill employa pairwisecorrelation coefficientmatrix

to detect multicollinearity (Gujarati, 2003) and the ShapireWilk W-test to assessnormality
(Ramachandrag& Tsokos2021).

4_https://github.com/yasserius/bangladesh geojson_shapefile?tab=readmeéle
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Toascertainthe validity and reliability of the PSSL0 in measuringsix scenariespecificscoresand an
overallscore,Cronbach'saalphais calculated(Mozumder,2022). The similar measureis employedto

investigatethe internal consistencyof environmentaland political variables.

4.0 Resultand Discussion

4.1 Reliability of the PerceivedStressScores

Cronbach'sphacalculationshowareliability coefficientabove0.8for both specificandoverallstress
scoresrelatedto power and energycrises,indicatingstronginternal consistencyand reliability of our
modified PSSL0 questionnairefor Bangladesh'sontext(seeAppendixE).

4.2 Qualitative Analysisof PerceivedStressScoredor VariousScenarios

Our calculationoutlined in Figure4 and Table3 shows,on an average householdsmostly fall within
the moderate stressrange acrossscenarioswith scenariosof electricity and gas prices causingthe
highestaveragestresslevelsnationwide. Stresdinkedto the costof electricity,gas,andfuel oil notably

exceeddghat relatedto supplyscenarios.

Figure4: Mean PerceivedtressScaleUnderVariousScenarios
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SI.No. Scenarios LowStresd evel ModerateStresd_evel HighStresd evel

1 Supplyof Electricity  15.8% 79% 5.2%

2 Priceof Electricity 10.4% 77.5% 12.1%

3 Supplyof Gas 16.2% 80.2% 3.6%

4 Priceof Gas 11.1% 80% 8.9%

5 Supplyof FuelQil 18.7% 80.20% 1.1%

6 Priceof FuelOil 16.9% 76.9% 6.2%

7 Overall 13.2% 83.5% 3.3%

Table3: HouseholdistributionAcrossvariousStressRanges

The proportion of householdsexperiencinghigher stress levels is comparatively smaller when
juxtaposedwith those encounteringlower stresslevels.It is disconcertinghat, acrossall sixindividual
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scenariosrelated to the power and energy crisisin Bangladeshat least 77.5%o0f householdsfind
themselvedn the realmof moderatestress.

Table3 showsover 88%of householdsxperiencanoderateto high stressregardingelectricity pricing
(SI. No. 1), while supply concerns(Sl. No.2) evoke lower stresslevels. Similarly,our calculation
suggest& more pessimistioview of the powerandenergysector'spricing(SI.No.2, SI.No.4, S.No.6)
than other aspectswith analysigndicatinglower stresslevelsfor fuel oil pricingand supplycompared

to electricityand gasscenarios.
StressAnalysisAcrossUrban and Suburban Neighborhoods

Our calculationillustratedin Figure5 revealsthat, on an average urban householdsexperiencehigher
stresslevelsthan sub-urban onesacrossall power and energyscenariosn Bangladeshwith a notable
disparity in gassupply and pricing scenarios,underscoringthe need for governmentaction on gas

availabilityand affordabilityin urbanareasin accordancewith their demand.

Figure5: AveragePerceivedtressScaleJnderVariousScenariogAcrosdJrbanand SuburbanHouseholds)
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While stresslevels concerningelectricity pricing show minimal urban and sub-urban differences,
indicatingnationwide concern,the stressassociatedvith both aspectsfuel oil is comparativelylower
than the other energies highlightingdifferent dimensionsof stressin the energysectorand pointingto
targetedareasfor policyintervention. Anotherinterestingobservationillustrated in Figure5 isthat in
the caseof the gassupply scenario,suburban householdsexperienceless stressthan their urban
counterparts,likely due to a greaterrelianceon LPCGcylinderswhich offer advantagesuchasfewer
issueswith low pressureand more individualcontrol over gasavailability,makingthem a more stable

and convenientoption comparedto line gas.
StressAnalysisAcrossDivisions

To investigate potential regional disparitiesin perceivedstress scores,the study has incorporated
regionaldynamicsby consideringvariousdivisionsand analyzinghe situationaccordingly.
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Our calculation,summarizedin Figure6, showcase®PDhakawith lower stresslevelsfrom electricity
supplyissuescomparedto RangpurChattogramandKhulnawhere stressis markedlyhigher,aligning

with BPDB'seports of frequentload-shedding especiallyin Rangpu(Moazzemet al., 2023).

Figure6: AveragePerceivedtressScoreAcrosDivisionsSixDifferentScenarios
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Despite fewer outages, Chattogram,Khulna, and Barisalreport higher stress, suggestingDhaka's
residentshavebetter adaptedto electricitydisruptions.Rajshahieportsthe loweststressfrom electricity
prices,while RangpuandKhulnafacethe highest,indicatingsignificantconcernover electricity costs
underuncertainsituations.Regardinggassupply,RangpuDivisionexperienceshe moststress hinting
at severesupplyissuesor inadequateinfrastructure,while Dhakaand Rajshahshowthe leaststress,
possibly due to less severe problems or available LPG distributors or more effective coping
mechanismsStressrom gaspricingovershadowsther supplyconcernswith all divisionsexpressing
high stressover gascosts,pointingto a universalissuewith financialimpacts.Rajshahshowsthe least
stressin gascoststory, suggestingetter affordability or lessimpactfrom gascosts,whereasRangpur
and Khulnabear the brunt, highlightingpotential economicdisparitiesdespite centrallyregulatedgas
prices.Furthermore Rangpuralsofaceshigh stressfrom fuel oil prices.ConverselyDhaka benefiting
from better publictransportationor higherincomes showsminimal stress while Khulnaalsoindicates

significantconcern.Overall fuel oil pricingstressis lessthan that associatedvith electricityand gas.
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Figure7: AveragePerceivedtressScaleAcrosDivisionsOverallStresd_evel
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Figure 7 highlights this regional disparity, signaling the North's critical need for support and
highlightingthe divisionalpriorities the governmentshould establishto alleviate stressamong the
populace In conclusionthe Rangpudivisionemergesasthe most stressedacrossnearlyall scenarios,
underscoringthe need for urgent intervention. ContrastinglyDhakaexhibitsthe lowest stresslevels,
suggestingbetter supply quality, economicstrength, and coping strategies.Thisdisparity suggestsa

centralfocusin policyandoperationthat may neglectregionalneeds.

4.3 Statistical Tests

Our analysisindicatesthe absenceof multicollinearity issues.Our analysisindicatesthe presenceof
heteroskedasticitywhich can potentially affect the reliability of our regressiorresults. Toaddresshis
issue,we have employedrobust standarderrors in our analysis.However,it's important to note that
certainLikertvariablesrepresentingenvironmentaland political opinions,asshownin Appendix2, do
not follow a normaldistribution.
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4.4 SummaryResultsof the Political and EnvironmentalOpinions

Here,we providea summarytable (seeTable4) that presentsthe frequencydistribution of politicaland

environmentalopinions,asdetailedin the findings.

Table4: Summaryresultsof environmentabnd political opinions

) Completel Roughl Roughl Completel
Variables _ pietely . gny Neutral gny pietely
Disagree Disagree Agree Agree
e 1l 2.1% 6.5% 13.3% 24.6% 53.5%
e 2 3.5% 8.8% 20.9% 36.9% 29.9%
e 3 3.6% 8.3% 22.5% 24.6% 41%
e 4 3.9% 9.6% 30.8% 26.5% 29.2%
e b 3.4% 15.1% 33% 22.1% 26.4%
e 6 8.7% 10.7% 36.4% 28.2% 16%
e 7 5.6% 13.1% 42.5% 22.1% 16.7%
e 8 9.3% 10.5% 41.7% 23.5% 15%
e 9 4% 12.1% 27.4% 28% 28.5%
4.5 Resultand Discussiorfrom Multivariate OLSViodel
Theresultof the regressioranalysids tabulatedin Table5.
Table5: Resultof Multivariate OLSVodel
)] 2 3) 4 () (6) (N
VARIABLES pss_elcs  pss_elcp  pss_gassp pss_gaspr pss_fuelsp pss_fuelpr pss
urban 2.80%+* 0.978** 5.371** 2 53G% D QQ7%k* 2.188**+ 2.81 1%+
(0.359) (0.413) (0.378) (0.374) (0.327) (0.371) (0.267)
division_ 4.85%x* 0.642 3.808**  1.885*  5.805%* 4.974%% 3.660%**
code_bar
(0.712) (0.788) (0.691) (0.831) (0.753) (0.709) (0.516)
division_ 4. 25%%* 0.0671  2.432%* 0.584 4.163**  3.555%* D ABE**
code_ctg
(0.495) (0.582) (0.508) (0.538) (0.396) (0.457) (0.340)
division_ 5.18%*+ 3.120%*  1.819%*  3.494%*  2.805%*  7.445%*  3.978%
code_khl
(0.896) (0.982) (0.692) (0.970) (0.612) (0.951) (0.663)
division_ 1.87%+ -1.060* -1.088*  -1.625** 0.521 0.108 -0.213
code_mym
(0.567) (0.614) (0.620) (0.655) (0.492) (0.583) (0.445)
division_ 0.857 -3.562%*+ -1.239%  -2.846%+* -0.628 -0.642 -1.343%*
code_raj
(0.680) (0.798) (0.747) (0.706) (0.687) (0.762) (0.557)
division_ 7.05%%* 2.950%%  §.409%*  3.112%*  7.010%*  7.106**  5.607***
code_rang
(0.635) (0.761) (0.593) (0.655) (0.572) (0.720) (0.459)
division_ 4,95+ 0.857 4.719%*  2.162**  6.493**  5.081**  4.104%**
code_syl
(0.767) (0.906) (0.746) (0.839) (0.712) (0.801) (0.631)
a5 -1.195 -1.253 -2.092** -1.205 -1.269 -1.901* -1.486
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(1.160) (1.372) (0.956)  (1.350)  (0.870) (1.032) (0.929)
a6 -0.0203  -0.0216  -0.0381**  -0.0139 -0.0597* -0.0477** -0.0336***
(0.017) (0.0186)  (0.0156) (0.0174) (0.0137)  (0.0170)  (0.0124)
a7 -0.068*  -0.000272 -0.165**  -0.0417 -0.0814**  0.0422  -0.0525*
(0.034) (0.0391)  (0.0361) (0.0360) (0.0311)  (0.0370)  (0.0266)
as -0.0141  0.258* 0.0263  -0.0227  0.00244  -0.0362  0.0357
(0.134) (0.147) (0.131)  (0.147)  (0.111) (0.142) (0.102)
a9 0.0656 -0.325 -0.0965  -0.0975 0.145 -0.127 -0.0726
(0.219) (0.247) (0.207)  (0.234)  (0.172) (0.217) (0.162)
a_10_serv 0.914%  -1.212% 1,048 1178  2.238%% 21045 -1.449%
(0.422) (0.505) (0.440)  (0.489)  (0.402) (0.439) (0.343)
a_10_ind 0.122 -0.0401 0.718 0.115 -0.803 -1.129* -0.169
(0.613) (0.697) (0.682)  (0.651)  (0.619) (0.674) (0.474)
a_11_25k -0.815 1.547 2.113*  0.462 -1.327 0.386 -0.310
(1.376) (1.450) (1.178)  (1.441)  (0.948) (1.323) (1.082)
a_11_40k -0.153 1.884 -1.618 0.804 -0.838 0.798 0.146
(1.402) (1.464) (1.213)  (1.460)  (0.969) (1.342) (1.100)
a_11_80k -1.540 0.474 -1.394  -0.543 -1.704 -0.559 -0.878
(1.512) (1.645) (1.378)  (1.597)  (1.078) (1.452) (1.175)
a_11_a80k 1772 2.809 5056+  -2.175 -1.642 -0.127 -1.312
(2.264) (2.746) (1.762)  (2.639)  (1.741) (2.053) (1.862)
a 12 0.962** 0.293  1.296**  0.865*  2.658%*  2.885%* 1493k
(0.409) (0.453) (0.395)  (0.421)  (0.377) (0.488) (0.313)
e 1 -0.63%*  0.419%  0.775%*  -0.353**  -0.542%*  -0.466%*  -0.532%*
(0.164) (0.175) (0.169)  (0.176)  (0.174) (0.184) (0.125)
e 2 -0.214  0.681% -0.121  0.396*  -0.375*  -0.0701  0.0496
(0.194) (0.233) (0.195)  (0.209)  (0.174) (0.201) (0.155)
e 3 0.00429 0.157 -0.428*  -0.247  -0.356**  -0.557%*  -0.238*
(0.167) (0.194) (0.181)  (0.180)  (0.162) (0.174) (0.128)
e 4 0.173  0.773%* 0.0240  -0.373 0.131 -0.213 0.0858
(0.198) (0.257) (0.208)  (0.241)  (0.191) (0.229) (0.155)
e5 1.14%% 0.0819  0.822** 0.861%*  0.437**  1.076"*  0.736**
(0.188) (0.227) (0.183)  (0.197)  (0.163) (0.214) (0.142)
e 6 0.52% 0.323  0.918%*  0.482%  1.241%*  0.794%*  0.605%
(0.185) (0.223) (0.188)  (0.189)  (0.168) (0.203) (0.138)
e 7 0.78%*  0.681%*  1.045%*  0.793**  1.142%%  1.005%*  0.907+*
(0.197) (0.219) (0.191)  (0.200)  (0.168) (0.194) (0.146)
e 8 0.61%%  -0.434% 0194  -0.358*  -0.395%  -0.297*  -0.381%
(0.187) (0.210) (0.194)  (0.188)  (0.161) (0.174) (0.137)
e 9 0.59%* 0827 0.870%* -0.552%%  -0.784%*  -0.458%*  -0.681%**
(0.182) (0.207) (0.186)  (0.194)  (0.158) (0.174) (0.132)
Constant 16.1%*  18.55%*  10.84%*  18.63%*  17.67%*  14.87%*  17.61%*
(1.750) (1.874) (1.693)  (1.865)  (1.317) (1.787) (1.372)
Observations 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Rsquared 0.302 0.143 0.399 0.196 0.479 0.397 0.403

Standarderrorsin parentheses
*** p<0.01** p<0.05* p<0.1

FromTable5, it can be observedthat urban householdsconsistentlyexhibit increasedstressacross

variouspower and energyscenarioscomparedto suburban householdswhich serveasthe baseline.

The analysisof stress levels acrossdifferent power and energy scenariosin Bangladeshreveals
consistentregionaldisparitieswhencomparedo the baselinedivisionof DhakaTheresultscorroborate

our earlieranalysis.

Sexof the householdhead, representedby ¥_5Qdoesnot significantlyor consistentlyimpact stress
levels,possiblydueto lower samplesizeof femaleled householdsConverselythe ageof the household
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head, §_@&Q2uggestwolder individualsmight experiencelower stresslevels, hinting at resilienceor
effectivecopingstrategiesagainstenergysupplychallengesThisoccurspossiblydue to a combination
of more life experienceadaptability,higherincomelevels,and well-developedcopingmechanisms,
suggestingpolicy focus might be more effectively directed towards supportingareaspredominantly
inhabited by householdswith younger householdheads. The variable #_7Q&epresentingyears of
educationof householdheads,showsa significantrelationshipwith stresslevelsin variouspower and
energyscenariosln scenarioswhere its impactis significant,a higherlevel of educationgenerallyis
inverselyrelatedto stresdevelsunderscoringhe importanceof awarenesandknowledgen effectively
managing energyrelated stress. Additionally, higher educational attainment might be linked to
improved accessto resourcesor information that can mitigate the impact of power and energy

challenges.

Householdsize \d_8andthe presenceof students, ' 90do not markedlyinfluencestresslevels.This
aspectof the analysissuggestshat while householdsizemight affect other the lifestyle of ahousehold,
the composition of the household does not distinctly sway perceptions or experiencesof stress
concerningpower and energyissues Householdsprimary incomesourcesinfluencetheir stresslevels
regarding power and energy, with service sector (a_10_serv)employment linked to lower stress
comparedto agricultureor industry (a_10_ind).Thishighlightsthe varied effects of job stability on

householdsstressexperiencesegardingenergyissues.

Incomelevelsdo not displaya clearpattern of influenceon stresdevels,suggestinga complexinterplay
of factors beyondfinancialstatusin shapingenergyrelated stress,with the baselinebeinganincome ﬂ
belowBDT10,000.HoweverhigherincomehouseholdsparticularlythoseearningaboveBDT80,000
(a_11 a80k)showa unique negativeassociatiorwith stresslevelsregardinggassupply,possiblydue

to the fact that these higherincomehouseholdsften residein affluent areaswith better infrastructure
and resourceallocation, ensuringmore consistentenergy suppliesand possiblyprioritizing them in
supplydistribution, thereby reducingtheir susceptibilityto generalsupplydisruptions.An intriguing
observationrevealsthat stresslevelslinkedto the priceof electricity,gas,andfuel oil remainconsistent
acrossall income brackets, indicating a widespreadand uniform concernover power and energy

expenseamonghouseholdsregardlessof their economicstanding.

Vehicleownership(a_12)within householdscorrelateswith increasedstress,reflectingthe additional
energy demandsand heightenedawarenessof energy costs and supply issuessuch as availability,
relianceon consistentenergysuppliesfor transportationneeds.Thepresenceof vehiclesn a household
may also reflect a lifestyle with greater dependenceon energy resources,thereby making these
householdsnore sensitiveto disruptionsor changesn the energysectorand policiesmust be designed

by keepingthis factor in accountaswell.

Our analysisof environmentaland political opinion variables('e_1'through 'e_9") revealsa nuanced
relationshipbetween individual beliefs, awarenessand stresslevelsin power and energy scenarios.
Householdsacknowledginghe impact of environmentalpollution on climate change('e_1") tend to

experiencelessstresslevel, likely due to a deeper understandingof environmentalimplicationson
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energy and power crisis. Thoseattributing primary responsibilityfor climate action to international
organizations('e_2") or the government (‘'e_3') show varied stress levels, possiblyreflecting their
perceptionsof globalvs.localagencyin addressingnergyand environmentalchallengesHouseholds
believing international organizationsare chiefly responsiblefor addressingclimate changeexhibit
increasedstressrelatedto electricity pricing,likely due to their awarenes®f future uncertaintiesin this
area.Householdsattributing primaryresponsibilityfor climate actionto the governmentexhibit lower
stresslevelsin fuel oil pricingand supplyscenariosaswell asgassupplyissuesThispattern suggests
that expectationf governmentakfficacyin environmentalmanagementansignificantlyshapestress
responsedo power and energychallengesHence enhancinggovernmenttransparencyresponsibility,

and practicalityin policyformulation and executionbecomesmperative.

Beliefsin the indispensabilityof nuclear('e_4") and renewableenergy(‘e_5") for resolvingthe energy
crisis similarly influence stresslevels, highlightingthe role of individual views in ensuringenergy
sustainabilityand securityin stressexperiencesHouseholds/iewingnuclearenergyaskeyto solving
the energycrisisreport higher stressregardingelectricity pricing, underscoringtheir anticipation of
pricing stability through increasedelectricity supply. Householdsprioritizing renewableenergy may
experienceincreasedstressin almosteveryscenario.Thiscould be due to concernsabout the current
energy mix's sustainabilityand the urgencyof transitioningto greenerenergy sources.Households
believingBangladeshs ready for nuclear energy 6e4Q face higher stressacrossmost energy and
power crisisscenariossuggestingn urgentdesirefor transitioningto stable,alternativeenergysources

and reflectingtheir perceptionof nuclearenergyasa feasibleand safeoption.

Skepticismowardsmediaportrayal of the energycrisis('e_7")andwillingnesgo acceptnuclearpower
plantsnearby('e_8"or to reduceenergyand power consumptionfor environmentalreasong'e_9"also
correlatewith stresslevels,indicatinghow personalproximity to energysolutions,mediaperceptions,
and environmentalconsciousnesshapestressresponsesOur analysisshowsthat skepticismtowards
mediareports often increasesstress,likely due to feelingsof beingmisinformedabout energyissues.
Converselyhouseholdsopen to nearby nuclear facilities generallyexperienceless stressin various
crisisscenariosjndicatinga broaderacceptanceof nuclearenergyasa feasiblesolution. Additionally,
householdswilling to cut energy consumptionfor environmentalreasonsreport lower stresslevels,
suggestinghat a strong environmentalconsciousnessontributesto a more resilient attitude towards

energycrises.
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Ouroutcomesfurther demonstratethat higherenvironmentalconsciousnessorrelateswith lower stress
levels acrossall scenarios,underscoringthe value of promoting environmental education at the
householdevelto alleviatestressandenhancesnergyconservatiorin Bangladesh'powersector,which
is consistentwith previousliterature in Bangladest{Moazzem& Quaiyyum2024)..

4.6 Resultsand Discussiongrom RandomForestModel

Thetable 6 presentsthe R valuesand MSE(mean squarederror) associatedwith the fitted values
obtainedfrom the RandomForestmodel:

Table4: R valuesand MSEfrom RandomForestModels

DependentVariables R Values MSE
pss_elcs 0.56 15.82
pss_elcp 0.423 24.14
pss_gassp 0.65 16.23
pss_gaspr 0.51 19.12
pss_fuelsp 0.66 12.95
pss_fuelpr 0.61 17.8
pss 0.7 7.95

Theanalysisof RandomForestmodelsappliedto stresslevelsacrossvariouspower and energycrisis
scenariogevealsa high effectivenesgn explainingthe variancein stress,with R valuesindicatinga
substantialexplanationof the varianceand generallymoderateto low MSEvalueshighlightingthe
models' accuracy.Overall, these models exhibit strong predictive power, effectively capturing the
underlyingfactorsinfluencingperceivedstressin different energyand power crisiscontexts.Despite
their robust performance a notableportion of variancein stresslevelsremainsunexplainedsuggesting

room for further modelrefinementandinvestigationinto additionalexplanatoryvariables.

Table5: Top10 KeyFeaturednfluencingStressScoresn VariousScenario§FromMost Importantto Lesdmportant)®

Rank pss_elcs pss_elcp pss_gassp pss_gaspr pss_fuelsp pss_fuelpr pss
a6 a6 urban e 5 e 6 e 6 division_
1 (0.0769) (0.1) (0.105) (0.09) (0.09) (0.09) code_khl
| | | | | ' (0.0692)

> e>5 e 6 e 6 a6 e 7 a 12 e 7

(0.0767) (0.08)  (0.101)  (0.084)  (0.08) (0.086)  (0.0691)

> Theimportancescoreof eachfeatureis presentedin the parenthesis.
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division_

e 7 a’v el a’ el e 6
3 code_khl
(0.072) (0.07) (0.1) (0.079) (0.071) (0.067)
(0.08)
division_ e 5 e 7 e 6 a 12 e 2 division_
4 code_khl code_raj
(0.066) (0.07) (0.07) (0.065) (0.079)
(0.0718) (0.066)
5 e 2 e 9 alz e 4 e 2 eb ab
(0.067) (0.0652) (0.063) (0.062) (0.062) (0.069) (0.065)
a’ e 2 e 2 e 8 division_ a6 a’
6 code_raj
(0.058) (0.0634) (0.061) (0.058) (0.065) (0.059)
(0.058)
7 e 6 e 4 a’ e 9 a6 e’7 e 9
(0.056) (0.057) (0.055) (0.056) (0.057) (0.064) (0.053)
e 9 division_ a6 e 2 urban al’ eb
° (0.056) code_kh (0.048) (0.051) (0.048) (0.053) (0.05)
. (0.051) : . : : :
e 8 e 8 e 8 division_ a7 e 4 division_
9 code_khl code_rang
(0.054) (0.05) (0.045) (0.047) (0.042)
(0.0497) (0.0512) 174
10 el e 7 eb5 a8 e 8 e 9 e 4

(0.048)  (0.045)  (0.039)  (0.0493) (0.046)  (0.038)  (0.05)

Ageof the householdcheadda¥ile@mergesasa consistentlyinfluential factor, indicatinga demographic
sensitivityacrossvariousscenariosncludingthe supplyand pricingof electricity, and the pricing of

gasandfuel oil.

Urban residencyéushanQ is highlighted as a key determinant in the supply of gasop$s_gassp U ~
reflectingthe uniquechallengegacedby urbanhouseholdsn termsof gasavailability.Yet,its influence
appearslesspronouncedin electricity and fuel oil scenariossuggestinghat the urban stressresponse
is particularlyacutewhen it comesto gassupply.Theregionalfactor is another significantinfluencer

of stresslevels,especiallyprominentin shapingthe overallpower and energystressscenarioop$Q v ®

Perceptionbasedfeatures,especiallyregardingrenewableenergydée¥xQandthe readinesgor nuclear
energyoe) feature heavilyacrosghe board,underscoringa significantlink betweenpersonalbeliefs
aboutenergyandpowerrelatedstress.Therecurringimportanceof househol@®perceptionsin readiness
for nuclearenergyin the pricingscenariossignifiesa strongconnectionbetweenstresslevelassociated

with power and energychallengesandviewson nuclearenergyasa solution.

Economicstatus, reflected through various income brackets,and educationallevels 6a¥/Q while
varyingin their ranking,indicatethe nuancedinfluenceof socioeconomicstatuson perceivedenergy
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stress.Thefluctuating positionsof these socioeconomiarariablesreflect the complexwaysin which
financial stability and knowledgelevelsintersect with energystressperceptions.Further researchis

necessaryo capturethe wholeinter-dynamicsof thesetwo factors.

Synthesizinghese insights, it can be observedthat demographiccharacteristicsurban versusrural
residency,economic standing, educational attainment, and personal beliefs about energy policies,
environmentandpoliticscollectivelyshapethe stressandscapén relationto energysupplyandpricing.
The consistentpatterns observedwithin related supplyand pricing scenarioof the sameenergytype
suggestthat there are sharedfactors contributing to the stresslevels acrossvarious scenarios,each
exertingits influenceto varyingdegreesdependingon the scenario.Theoutcomesfrom randomforest

modelsare consistentwith those of OLSnodels,which strengthenshe robustnessof our analyses.
4.7 Resultsand Discussiorfrom OrderedProbit Model

In AppendixG, TableG.1,we presentthe ordered probit model results. The primary interest of our
studyis on the marginaleffectsof variableson the probability of transitioningbetweenstressranges.

In AppendixG, Tablesrangingfrom G.2to G.7revealthat urbanresidencycomparedto sub-urban,
significantlyaffects stresslevels associatedwith all power and energycrisis,with urban households
more likelyto experiencehigherstressrange.Moreover,consistentwith our pasttwo models,regional

disparitiesare significantlypresent.

FromTableG.2and G.3,it canbe observedthat householdswith servicebasedincomesare morelikely
to experiencelower stresscomparedto those reliant on agriculture, particularlyin electricity supply
issues,and tend to fall within the lower to moderate stressrange for electricity pricing scenarios.
Meanwhile,economicfactors acrossdifferent incomebracketsoa¥ll 25K\ 11 40KRQ¥E 11 80K
@ 11 aB80Rare not consistentlysignificant,indicatingthat incomelevelis not a major differentiator

in stresslevelsassociatedwith electricity supply and price incidents,within the rangesconsidered.
Environmentalnd political opinionssignificantlyaffect stresslevelsrelated to electricity supplyand

pricing. Beliefsin the impact of environmental pollution on climate change 6e¥1Q (alangsidea

willingnessto have a nuclearpower plant nearby 6e48Q a@nd to reduce power consumptionoe$aQ 0 =

correlate with higher probability of lower stresslevelsfor electricity supply. In contrast, views on
international and governmentalresponsibility for climate change,the necessityof nuclear energy
0eQ) ar media exaggeratiorof the energycrisisoeWrQ @re linked to higher probability of lower
stress levels concerning electricity pricing. However, other significant variables demonstrate an
oppositeeffect, highlightingthe complexinterplay betweenenvironmentaland policy beliefsandtheir

impacton stressperceptionswithin the electricity sector.

Ouranalysisllustratedin TableG.4and TableG.5uncoverghat the servicesectorasthe primarysource
of income,when comparedto agriculture,showsan increasedikelihood of beingin the lower stress
range, reflecting perhapsa greater ability of householdsin this sectorto absorbor offset the stress
causedby gassupplyand gasprices. Householdsarningabove BDT10,000,especiallythose with

incomesover BDTB0,000,showlessstressfrom gassupplyissuessuggestindiigherincomeactsasa
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stressbuffer. Yet,income'simpact on stressfrom gaspricing is minimal acrossbrackets,indicating
income beyond a threshold doesn't significantly affect stress levels. Environmentaland political
opinionsalsoplayarole; for example environmentalawarenessseenin pollution concernsoeVlQand
areadinesdo cut energyusefor fighting climatechangece$X toEelateswith alower chanceof high
stressfrom gas supply issues.Similarly,pollution concernsand skepticismabout media portrayals
0eWlink to a higherlikelihoodof increasedstressfrom gaspricing, highlightingthe nuancedmpact
of environmentalconsciousnessn stressresponsedo gasrelatedissuesTheother significantrelevant

opinionsof householddollow an oppositetrend.

Ouranalysisasdetailedin TablesG.6andG.7(AppendixG),revealsthat the primarysourceof income
beingin the servicesector(a_10_serv)asopposedto agriculture,lowersthe chanceof experiencing
higher stress,suggestingagriculturalworkers may be more impacted by fuel oil supplyand prices.
Incomelevels,especiallyin the highestbracket(a_11_a80k)do not show a consistentinfluenceon
stresslevelsfrom fuel oil prices,indicatingthat incomeis not a straightforwardpredictorof stressfrom
fuel oil costs.Owninga vehicle(a_12)significantlyraisesthe likelihoodof higherstresslevelsdue to
fuel oil prices,reflectingthe direct impact of fuel oil costson householdswith transportation needs.
Environmentabhndpoliticalviews,suchasskepticisntowardsthe media@portrayalof the energycrisis
0eWQ and belief in the necessityof nuclear energy 6e\H2 @rE linked to increasedstresslevels,
underscoringhow perceptionsof energysourcesand mediainfluencestressresponsedo fuel supply
issuesThenotable negativeimpact of renewableenergyadvocacyoe'¥xXQ supportfor nuclearenergy
oe ) @rxd media skepticismoeWQ on the lowest stressrange from gas pricing illustrates how
perceptionsof mediaexaggeratiorare correlatedwith heightenedstressaboutgasprices.Contrastingly,

other significanthouseholdopinionsexhibit aninversepattern.

TableG.8illustratesinto how different factorsinfluencethe probability of a household'sstresslevel
transitioningbetweenrangesin the contextof the overallpower and energycrisis.Regionatisparities
areevidentin the powerandenergycrisisresponsewith Rangpuexperiencinghe higheststresslevels,
underscoringstarkdifferencesacrosdivisionscomparedto Dhaka.Socieeconomicfactorssuchasthe
primary sourceof incomealso play a role. Householdswith serviceas their primary income source
(a_10_serv)as opposedto agriculture,show a higher probability of beingin a lower stressrange,
suggestinghat those engagedin the servicesectormay be lessaffected by energyand power crises.
Meanwhile,incomelevelsabovethe baseline(below BDT10,000)do not significantlyinfluencethe

probabilityof beingin different stressrangesgxceptfor the highestincomebracket(a_11_a80kwvhich
displaysa trend towards decreasedstress, although not statistically significant. Environmentaland

politicalopinionsare alsoinfluential. Householdshat agreewith statementshighlightingconcernsover
environmentalissueqe_1,e_5,e_7,ande_9)showvaryingprobabilitiesof transitioningbetweenstress
ranges indicatingthat environmentalconsciousnessorrelateswith stresslevelsconcerninghe energy
crisis.Specificallyhouseholdoncernedaboutenvironmentalpollution andits effectson climate(e_1)
andthosewilling to reduceenergyconsumptionfor environmentalprotection (e_9)are lesslikelyto be

in the lowest stressrange.
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5.0 Conclusiorand PolicyImplications

In conclusionthis studyrepresentsa pioneeringapproachto policyanalysiy delvinginto the nuanced
experiencef householdsamid a power and energycrisis.By adaptingthe PerceivedStressScalelO
(PS<L0)to specificscenariosye haveuncovereda new dimensionof understandingdirectlyengaging
with the livedrealitiesandthe psychologicaburdenborne by householdsThismethodologydoesnot
merelyquantify the crisis'simpactbut alsocapturesthe humanresponseo the policyenvironmentand

infrastructurechallenges.

Major policy implicationsfrom our analysisincludethe following: Firstly, urban householdswhich

suffermore duringpowerandenergycrisesdueto their highdependenceontheseresourcesandreduced

resiliencefrom lifestylefactorsandhighertemperatures shouldbe addressedirgentlyin timesof crisis.
Ruraland suburbanhouseholdsshouldbe includedin long-term sustainableplanning.Secondlypolicy
designsneedto considerregionaldifferencesin stresslevelsto effectivelytarget areasmostin need.
Thirdly, urgent attention should be givento urban areaswith a high concentrationof lower-income
householdsFourthly,regionswith ayoungerpopulationand householdheadsshouldbe prioritized for
interventions. Finally,our findingsindicate that householdswith a higher awarenessof climate and
environmentalissuesexperiencdower stressevels.Therefore promotingenvironmentaleducationand
encouragingselfsufficientenergypracticesthrough incentivebasedpoliciesare essentiaffor helping

communitiesmanagestressand enhanceresilienceduring energycrises.

This study opens the door to a more empathetic and targeted policymaking process,where the
subjective experiencesof householdscan inform more effective and humane responsesto energy
challengesHoweverthere remainsampleroom for expansiorand further refinement. Futureresearch
couldintegrate householdpower and energyconsumptionbehaviorto provide a more detailed picture
of the stressdynamicsat play. Suchan approachwould allow usto seenot only how householdsare

affectedbythe crisisbut alsohow their behavioranddecisiongnaycontributeto or alleviatetheir stress

levels.

The integration of behavioralinsightsinto policymaking,particularly in the energy sector, marksa
significantstep forward. It emphasizeghe need for a holistic approachthat considersnot just the

economicor technicalaspectsbut alsothe psychologicalvell-being of the populationsaffected. In
doing so, we pavethe way for more compassionateand effectiveinterventionsthat recognizethe full

spectrumof challengedacedby householdsn times of crisis.
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DivisionName Subdistrict Namé Number of Samples
Talhati(23.9) 13
Barishal Banariparg21.7) 13
BholaSadar(15) 14
Mathbaria(28.6) 14
Total 54
Halishahai(8.7) 37
ChandpurSadarn(21.6) 37
Chattogram Bijoynagar(12.4) 37
Muradnagar(26.2) 37
Companigan{23.1) 36
Total 184
Khilgaon(18.6) 40
Kapasig13.6) 41
MadaripurSadan3.2) 40
Dhaka Roypura(15.9) 41
Ghatail(20.5) 41
Adabor(28.6) 40
Belabo(13.2) 41
Total 284
Kachua22.5) 28
Kalia(16.5) 28
Khulna KhulnaSadar28.6) 27
Kaliganj14) 27 182
Total 110 e
MymensinghSadan27.4) 19
; Bhaluka(15.5) 18
Mymensingh Nakla(35.3) 18
JamalpurSadan49.3) 19
Total 74
Kahalog(17.1) 33
Rajshahi Kala_i(21.5) 32
Matihar (17.4) 33
SirajganjSadar 32
Total 130
DinajpurSadan64.1) 28
Kaliganj36.9) 27
Rangpur Debiganj(17.8) 28
Taragan{38.1) 27
Total 110
Jagannathpu(22.6) 14
Nabiganj(16.9) 13
Sylhet Barlekha(10.4) 14
Fenchugan{19) 13
Total 54
Total Sample 1000

6 In parenthesesheadcountratio of upper poverty levelisillustrated from HIES2016.
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AppendixB: VariableDescription

TableB.1:Explanatiorof the variables

Variable

Explanation

urban*

This variable indicates whether the households surveyed fall in urban
neighborhoodsor sub-urban neighborhoodsBy the preconditionof gasand
electricityavailabilityin the householdsthe rural householdsare not included.

If urban=0, it meanssub-urban,andif urban=1, otherwise.

division_code
_bar*

Divisioncode:Barisallf division_code_bar 1, it indicatesBarisal or
otherwise.

division_code
_ctg*

Divisioncode: ChattogramIf division_code_ctg 1, it indicates
Chattogramor otherwise.

division_code
_khi*

Divisioncode:Khulna.lf division_code_kh 1, it indicatesKhulna,or
otherwise.

division_code
_mym*

Divisioncode:Mymensinghlf division_code_myns 1, it indicates
Mymensinghpr otherwise.

division_code
_raj*

Divisioncode:Rajshahilf division_code_raf 1, it indicatesRajshahipr
otherwise.

division_code
_rang*

Divisioncode:Rangpurlf division_code_rang 1, it indicatesRangpurpr
otherwise.

division_code
_syl*

Divisioncode: Sylhet.If division_code_swy 1, it indicatesSylhet,or
otherwise.

a b*

Sexof the householdhead.If a_5=0, then the householdheadis male. If
a_5=1,the householdheadis female.

a 10 serv*

Househol@primary sourceof income:Servicelf a_10_sen~ 1, thenthe
househol@® primary sourceof incomeis servicesector,or, if a_10_sen=0,

otherwise.

a 10 ind*

Househol@& primary sourceof income:Industry.lf a_10_ind=1, thenthe
househol@® primary sourceof incomeis industrysector,or, if a_10_ind=0,

otherwise.

a_11 25k*

Househol@monthlyincome:BDT10,000to BDT24,999.1f a_11_25k=1,
then househol®&monthly incomefallsin the rangeof BDT10,000to BDT

24,999.If a_11 25k=0, otherwise.

a_11_40k*

Househol@monthly income:BDT25,000to BDT39,999.1f a_11_40k=1,
then househol®monthly incomefallsin the rangeof BDT25,000to BDT
39,999.Ifa_11 40k=0, otherwise.
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Househol@monthly income:BDT40,000to BDT79,999.1f a_11_80k=1,

a 11 80k* then househol®@monthly incomefallsin the rangeof BDT40,000to BDT
79,999.f a_11 80k=0, otherwise.
Househol@monthly income:aboveBDT80,000.1f a_11 a80k=1, then
a_11 a80k* househol®monthly incomefallsin the categoryof householdswith income
aboveBDT80,000.If a_11 a80kotherwise.
o1 Statement:Environmentapollution hasadverseeffectson weatherand
B climatechange.
e 2 Statement:Internationalorganizationsare mainlyresponsibleor fighting
B climatechange.
e 3 Statement:Governmentand relevantauthoritiesare mainlyresponsibleor
B fighting climatechange.
e 4 Statement:Without nuclearenergy,energycrisiswill not resolve.
e b Statement:Without renewableenergy,energycrisiswill not resolve.
e 6 Statement:Bangladestlis readyfor nuclearenergyproduction.
e 7 Statement:Themediais overexaggeratinghe crisis.
08 Statement:Therespondenthasno problemin establishinga nuclearpower
B plantin the neighbourhood.
69 Statement:Thehouseholds preparedto reducepower and energy

consumptionto saveenvironmentand climate.

AppendixC: ShapireWilk W test for normal data

TableC.1:ShapireWilk W test for normaldata

Variable Observation W \Y, z Prob>z
el 1,000 0.9688 19.676 7.378 0.000***
e 2 1,000 0.98526  9.295 5.521 0.000***
e 3 1,000 0.98881  7.055 4.838 0.000***
e 4 1,000 0.99618 2411 2.18 0.014***
e>b5 1,000 0.99656 2.172 1.921 0.027***
e_6 1,000 0.99493 3.201 2.881 0.002***
e_7 1,000 0.9984 1.007 0.017 0.500

e 8 1,000 0.9966 2.146 1.891 0.029***
e 9 1,000 0.99567 2.732 2.489 0.006***

*** \ariableghat are not normallydistributed
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AppendixD: Internal Consistencylestof VariablesAssociatedwith Environmentaland Political

Opinions(e-variables:e_1,e 2,e 3,e_4,e 5,e 6,e 7,e 8,e 9)

TableD.1: Internal Consistencylestof E-values

Averageanteritem covariance:

0.273498

Numberof itemsin the scale: 9

Scalereliability coefficient: 0.

7225

AppendixE:Internal Consistencylestof PSSL0ValuesAssociatedwith Powerand EnergyCrisis

Scenarios

TableE.1:Internal Consistencyestfor PSSL0 values

. Averagdnteritem Numberof itemsin -
VariableName veraganterite umberof itemsi Scalereliability coefficient
covariance the scale
pss_elcs 0.51428 10 0.8368
pss_elcp 0.608461 10 0.8677
pss_gassp 0.843214 10 0.894
pss_gaspr 0.60014 10 0.8627
pss_fuelsp 1.101739 10 0.9252
pss_fuelpr 1.24061 10 0.9248
pss 22.15277 6 0.877
AppendixF: EconometricTest
TableF.1:PairwiseCorrelationtest for Multicollinearity (Part1)
urban division_ division_ division_ division_  division_ division_
code_bar code ctg code_khl code_mym code raj code rang
urban 1.00
division_ 005 1.00
code_bar
dvision_ 04 011 1.00
code_ctg
dvision_ 509 -0.08 017  1.00
code_khl
dvision_ 509 -0.07 013 010  1.00
code_mym
division_ 0.11 -0.09 -0.18 -0.14 -0.11 1.00
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code_raj

dvislon_ 08 008 017 012 -0.10 014  1.00
code_rang

Sg’iﬁ;; 018 -0.06  -011 008  -0.07 009  -0.08
ab -0.02 -0.03 0.00 0.07 0.00 -0.02 -0.07
a6 0.01 0.00 0.02 -0.02 0.06 -0.14 0.01
a’ 0.06 0.10 -0.16 0.02 -0.04 0.20 0.14
a8 -0.17 0.04 0.17 -0.02 -0.02 -0.22 -0.01
a9 -0.10 -0.03 0.11 -0.10 0.03 -0.19 0.01
a 10 serv 0.01 0.09 -0.04 -0.11 0.08 -0.18 0.06
a 10 ind 0.16 -0.04 0.01 0.06 -0.05 0.11 -0.04
a 11 25k -0.03 -0.09 -0.10 0.04 0.09 -0.16 0.19
a 11 40k 0.02 0.09 0.09 -0.02 -0.03 0.16 -0.12
a_11 80k -0.01 0.02 0.04 -0.06 -0.07 -0.01 -0.11
a_11 a80k 0.05 -0.02 0.07 -0.03 -0.03 -0.03 -0.03
a 12 -0.04 0.02 -0.22 0.01 0.05 0.05 0.39
el -0.05 -0.24 -0.07 0.11 -0.11 0.11 0.04
e 2 -0.13 -0.04 -0.05 0.03 -0.03 0.06 0.06
e 3 -0.09 -0.20 -0.07 0.18 -0.06 0.12 -0.03
e 4 -0.11  -0.02 0.01 -0.23 0.02 0.20 -0.10
e 5 0.03 -0.05 0.08 -0.09 0.02 0.18 -0.09
e 6 -0.01 -0.02 0.05 0.19 0.09 0.01 -0.07
e 7 0.01 -0.16 0.03 -0.05 0.07 0.20 0.03
e 8 0.00 0.05 0.00 0.00 0.03 0.06 0.00
e 9 -0.06 0.04 -0.02 -0.03 -0.05 0.09 0.10

TableF.2:PairwiseCorrelationtest for Multicollinearity (Part2)

division_ 5 a6 a’ a8 a9 a 10 _serv
code_syl

division_ 1.00

code_syl

ab -0.05 1.00

a6 -0.07 0.06 1.00

a’ -0.10 -0.08 -0.07 1.00
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a8 0.20 -0.05 0.15 -0.13 1.00
a9 0.24 -0.02 0.13 -0.03 0.58 1.00
a_10_serv -0.02 -0.02 -0.02 0.20 -0.01 -0.03 1.00
a_10_ind -0.01 0.02 0.03 -0.01 0.00 0.02 -0.50
a_11 25k 0.03 0.05 -0.07 -0.30 -0.12 -0.12 -0.03
a_l11 40k -0.01 -0.06 0.00 0.18 0.07 0.07 0.04
a_11 80k -0.02 -0.02 0.09 0.19 0.11 0.12 0.06
a_11 a80k -0.02 -0.02 0.01 0.00 0.02 -0.01 0.01
a_12 -0.03 -0.13 -0.02 0.15 -0.02 0.01 0.08
e 1 0.01 0.02 0.10 0.12 -0.06 -0.06 0.04
e 2 -0.04 0.03 -0.09 0.10 0.00 -0.02 0.08
e 3 -0.05 0.03 -0.01 0.10 -0.02 -0.06 0.03
e_4 0.05 -0.01 -0.07 0.02 0.01 0.04 -0.04
e 5 0.06 0.04 0.01 0.04 0.01 -0.01 -0.08
e_6 -0.04 0.03 -0.08 -0.06 0.02 -0.06 -0.11
e 7 -0.11 0.00 -0.09 0.00 -0.07 -0.08 -0.09
e_8 0.13 -0.01 -0.11 -0.07 0.00 -0.01 0.07
e 9 0.09 0.00 0.00 0.06 -0.02 -0.02 0.04
a 10 ind a 11 25k a 11 40k a_11 80k a 11 a80k a 12 el
a 10 ind 1.00
a_11 25k  -0.04 1.00
a_11 40k  0.02 -0.74 1.00
a 11 80k 0.01 -0.36 -0.28 1.00
a 11 a80k 0.05 -0.09 -0.07 -0.03 1.00
a 12 -0.03 -0.04 0.01 0.05 -0.04 1.00
e 1 -0.01 -0.01 -0.02 0.05 0.01 -0.05 1.00
e 2 -0.07 -0.02 -0.02 0.07 -0.04 0.10 0.22
e_3 -0.05 -0.07 0.02 0.08 -0.06 -0.01 0.47
e 4 -0.02 -0.12 0.10 0.06 -0.06 0.01 0.24
e>5 0.02 -0.12 0.06 0.08 0.01 0.03 0.29
e b6 0.05 0.03 0.00 -0.01 -0.02 0.04 0.02
e 7 -0.01 -0.01 0.04 -0.04 -0.05 0.07 0.14
e_8 -0.10 0.04 0.03 -0.08 -0.04 0.00 0.14
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e 9 -0.06 0.01 -0.02 -0.03 0.04 0.25
TableF.4:PairwiseCorrelationtest for Multicollinearity (Part4)
e 2 e 3 e 4 eb e 6 e 7 e 8 e 9
e 2 1
e_3 0.3632 1
e_4 0.3854 0.2955
e 5 0.1797 0.2581  0.3736 1
e_6 0.1829 0.1107  0.1249 0.1853 1
e_7 0.2578 0.2669 0.285 0.2701 0.1703 1
e 8 0.1831 0.1244 0.1775 0.1496 0.1897 0.0967 1
e 9 0.2974 0.2011 0.1977 0.3972 0.0969 0.2274 0.2698 1
TableF.5:BreuscHPagantest for heteroskedasticity
Variablesfitted valuespss_elcs Variablesfitted valuespss_fuelsp
chi2(1) = 100.01 chi2(1) = 107.07
Prob>chi2= 0.0000 Prob>chi2= 0.0000
Variablesfitted valuesof pss_elcp Variablesfitted valuesof pss_fuelsp
chi2(1) = 11.88 chi2(1) = 35.90
Prob>chi2= 0.0006 Prob>chi2= 0.0000
Variablesfitted valuesof pss_gassp Variablesfitted valuesof pss
chi2(1) = 81.85 chi2(1) = 134.97
Prob>chi2= 0.0000 Prob> chi2= 0.0000
Variablesfitted valuesof pss_gaspr
chi2(1) = 58.74
Prob> chi2= 0.0000
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AppendixG: Resultsfrom OrderedProbit Model
RegressiorResults

TableG.1:RegressioResultfrom OrderedProbitModel

1) 2 ©) (4) ) (6)
VARIABLES pss_elcs pss_elcp pss_gassp pss_gaspr pss_fuelsp pss_fuelpr
_rmg _rmg _rmng _rmg _rmg _rmg
urban 0.735%** 0.252%** 1.466*** 0.750%** 0.822%** 0.475%***
(0.108) (0.0886) (0.143) (0.0971) (0.136) (0.0939)
division_code 1.042%** 0.0895 0.932%** 0.611*** 1.237*** 0.537***
bar

(7)

pss_rng

1,145+
(0.133)
1.208%+*

18



division_code__

ctg

division_code__

khl

division_code__

mym

division_code_r

a

division_code_r

ang

division_code__

syl
(0.210)

(0.00473)
a’
(0.00938)
a8
(0.0340)
a9
(0.0546)
a_10_serv
(0.121)

a 10 ind
(0.196)

a 11 25k
(0.381)

a 11 40k
(0.388)

a 11 80k
(0.404)

a 11 a80k
(0.617)

a 12
(0.113)
el
(0.0531)
e?2
(0.0499)
e 3
(0.0465)
e 4
(0.0501)
e5
(0.0485)
e 6
(0.0478)
e 7
(0.0521)
e 8
(0.0458)
e 9
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(0.199)
0.792%+

(0.127)
1.082%+

(0.223)
0.635%**

(0.153)
-0.449%

(0.178)
1.715%%

(0.186)
0.871%*

-0.341
-0.00919*
-0.0108
0.00356
-0.0328
-0.227*
-0.0325
-0.465
-0.243
-0.612
-0.916
0.257**
-0.172%**
-0.0657
-0.00145
0.0454
0.276***
0.136***
0.129**
-0.207*+*

-0.0948*

(0.135)
-0.0144

(0.110)
0.530%+

(0.193)
-0.203*

(0.123)
-1.049%%*

(0.170)
0.814*

(0.174)
-0.175

(0.175)
-0.413
(0.237)
-0.00574
(0.00416)
-0.00435
(0.00846)
0.0400
(0.0307)
-0.0431
(0.0518)
-0.296%**
(0.113)
0.118
(0.167)
0.160
(0.319)
0.222
(0.324)
0.0503
(0.350)
0.555
(0.797)
0.0721
(0.0962)
-0.0791*
(0.0392)
0.133%+
(0.0472)
0.0822*
(0.0437)
0.179%+
(0.0522)
-0.0141
(0.0466)
-0.141%*
(0.0446)
0.108*
(0.0446)
-0.105**
(0.0420)
-0.157%*

(0.165)
0.390%+

(0.143)
-0.109

(0.190)
-0.0137

(0.209)
-0.817%+

(0.212)
1.334%%

(0.193)
0.613%*

(0.222)
-0.619%*
(0.188)
-0.0115*
(0.00471)
-0.0376++
(0.0113)
-0.0414
(0.0344)
0.0158
(0.0554)
-0.334%*
(0.123)
0.256
(0.218)
-0.725*
(0.420)
-0.484
(0.432)
-0.496
(0.468)
1.417%
(0.626)
0.179
(0.121)
-0.182%*
(0.0595)
-0.0262
(0.0543)
-0.0495
(0.0593)
-0.0734
(0.0571)
0.145%+
(0.0514)
0.175%+
(0.0496)
0.187++
(0.0565)
-0.0310
(0.0486)
-0.223%*

(0.194)
-0.0182

(0.121)
0.412*

(0.212)
-0.234

(0.149)
-1.094%%*

(0.170)
0.790%*

(0.185)
0.0803

(0.179)
-0.390
(0.270)
-0.00354
(0.00437)
0.00196
(0.00885)
0.00588
(0.0331)
0.00673
(0.0551)
-0.303**
(0.123)
0.0510
(0.176)
-0.176
(0.359)
-0.0399
(0.366)
-0.421
(0.389)
-0.707
(0.553)
0.184*
(0.104)
-0.0877*
(0.0435)
0.0746
(0.0461)
-0.00443
(0.0447)
-0.0788
(0.0545)
0.181%*
(0.0473)
0.0578
(0.0454)
0.210%+
(0.0481)
-0.0629
(0.0436)
-0.146%**

(0.373)
1.229%+

(0.209)
0.378

(0.231)
0.838%**

(0.223)
-1.174%%

(0.212)
2.398 %+

(0.336)
0.996%**

(0.287)
-0.300
(0.333)

-0.0225%**
(0.00552)
-0.0364%+

(0.0129)
-0.0115
(0.0462)
0.0992
(0.0680)
-0.869%**
(0.191)
-0.344
(0.302)
-0.627*
(0.352)
-0.216
(0.344)
-0.559
(0.379)
0.294
(0.788)
0.914%+
(0.163)
-0.420%+
(0.0996)
-0.201%**
(0.0638)
0.00230
(0.0639)
0.0525
(0.0602)
0.103*
(0.0614)
0.417%*
(0.0595)
0.302%+
(0.0761)
-0.159%**
(0.0593)
-0.272%%

(0.188)
0.674%+

(0.108)
1.025%+

(0.219)
0.439%

(0.138)
-0.943%

(0.177)
1.023%+

(0.224)
0.407**

(0.200)
-0.418*
(0.225)
-0.00824*
(0.00437)
0.0111
(0.00956)
-0.0110
(0.0345)
0.00743
(0.0524)
-0.378%*
(0.116)
-0.216
(0.169)
-0.0297
(0.295)
0.121
(0.299)
-0.367
(0.318)
-0.534
(0.492)
0.688*+
(0.126)
-0.0664
(0.0439)
-0.0421
(0.0482)
-0.0630
(0.0457)
-0.0222
(0.0556)
0.198*+
(0.0556)
0.144%+
(0.0490)
0.199%+
(0.0470)
-0.0976*
(0.0410)
-0.121 %

(0.166)
0.921%+

(0.121)
1.635%*

(0.247)
0.432%*

(0.200)
-1.144%%

(0.183)
2.033%

(0.215)
0.833%**

(0.263)
-0.402
(0.297)
-0.00759
(0.00576)
0.00146
(0.0116)
0.0201
(0.0452)
-0.0255
(0.0686)
-0.440%*
(0.135)
-0.107
(0.195)
-0.170
(0.415)
-0.00946
(0.422)
-0.380
(0.440)
-0.922
(0.716)
0.315*
(0.135)
-0.231%+
(0.0498)
-0.0470
(0.0558)
-0.0510
(0.0499)
0.000953
(0.0580)
0.375++
(0.0582)
0.119*
(0.0491)
0.339%+
(0.0522)
-0.112%*
(0.0487)
0,257+
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(0.0490) (0.0416)
[cutl -1.533%** -1.490%**
(0.524) (0.425)
fcut2 1.865*** 1.333***
(0.526) (0.428)
Observations 1,000 1,000

(0.0517)
-3.118%+
(0.585)
0.782
(0.579)

1,000

(0.0465)  (0.0626)  (0.0429)
-1.235%*  -4.016%*  -0.863**
(0.462) (0.585) (0.418)
1.853%%  1.474%  2.344%%
(0.468) (0.577) (0.418)
1,000 1,000 1,000

(0.0497)
-1.238**
(0.610)
3.311%
(0.628)

1,000

RobustStandarderrorsin parentheses
*** p<0.01,** p<0.05,* p<0.1

Marginal Effects

TableG.2: Marginal Effectsiromthe OrderedProbit Model (Scenario:Supplyof Electricity)

Variables Prob(pss_elcs_rng 1) Prob(pss_elcs_rng 2) Prob(pss_elcs_rng 3)
Mg. Eff. (P-Val.) Mg. Eff. (P-Val.) Mg. Eff. (PVal.)
urban -0.13 0.00 0.06 0.00 0.07 0.00
division_code_bar -0.18 0.00 0.09 0.00 0.09 0.00
division_code_ctg -0.14 0.00 0.07 0.00 0.07 0.00
division_code_khl -0.19 0.00 0.09 0.00 0.10 0.00
division_code_mym -0.11 0.00 0.06 0.00 0.06 0.00
division_code_raj 0.08 0.01 -0.04 0.01 -0.04 0.01
division_code_rang -0.30 0.00 0.15 0.00 0.15 0.00
division_code_syl -0.15 0.00 0.08 0.00 0.08 0.00
ab 0.06 0.2 -0.03 0.2 -0.03 0.2
a_6 0.001 0.054 0.001 0.06 0.001 0.053
a’ 0.002 0.25 0.001 0.25 0.001 0.252
a8 0.00 0.92 0.00 0.92 0.00 0.92
a9 0.01 0.54 0.00 0.55 0.00 0.54
a_10_serv 0.04 0.06 -0.02 0.07 -0.02 0.06
a_10_ind 0.01 0.9 0.002 0.9 0.002 0.87
a_11 25k 0.08 0.221 -0.04 0.225 -0.04 0.223
a_11 40k 0.04 0.531 -0.02 0.532 -0.02 0.532
a_11 80k 0.11 0.129 -0.05 0.132 -0.05 0.134
a_11 a80k 0.16 0.14 -0.08 0.14 -0.08 0.14
a 12 -0.05 0.02 0.02 0.03 0.02 0.023
e 1 0.03 0.00 -0.01 0.00 -0.02 0.00
e 2 0.01 0.20 -0.01 0.20 -0.01 0.20
e_3 0.00 0.98 0.00 0.98 0.00 0.98
e_4 -0.01 0.36 0.00 0.36 0.00 0.37
e 5 -0.05 0.00 0.02 0.00 0.02 0.00
e_6 -0.02 0.00 0.01 0.00 0.01 0.00
e’ -0.02 0.01 0.01 0.02 0.01 0.01
e_8 0.04 0.00 -0.02 0.00 -0.02 0.00
e 9 0.02 0.05 -0.01 0.05 -0.01 0.05

TableG.3:Marginal Effectsfrom the OrderedProbitModel (ScenarioPriceof Electricity)

Variables

Prob(pss_elcp_rng 1)

Prob(pss_elcp_rng 2)

Prob(pss_elcp_rng 3)
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Mg. Eff. (PVval.) Mg. Eff. (PVval.) Mg. Eff. (PVval.)
urban -0.039 0.004 -0.005 0.192 0.044 0.004
division_code_bar -0.014 0.513 -0.002 0.463 0.016 0.503
division_code_ctg 0.002 0.895 0.000 0.900 -0.003 0.896
division_code_khl -0.082 0.007 -0.010 0.185 0.092 0.006
division_code_mym 0.031 0.095 0.004 0.329 -0.035 0.107
division_code_raj 0.162 0.000 0.020 0.170 -0.182 0.000
division_code_rang -0.126 0.000 -0.016 0.132 0.141 0.000
division_code_syl 0.027 0.315 0.003 0.460 -0.030 0.325
a5 0.064 0.080 0.008 0.257 -0.072 0.080
a6 0.001 0.169 0.000 0.301 -0.001 0.167
a’ 0.001 0.608 0.000 0.618 -0.001 0.607
a8 -0.006 0.195 -0.001 0.324 0.007 0.194
a9 0.007 0.405 0.001 0.469 -0.007 0.405
a_10_serv 0.046 0.009 0.006 0.185 -0.051 0.008
a_10_ind -0.018 0.479 -0.002 0.534 0.021 0.481
a_11 25k -0.025 0.615 -0.003 0.634 0.028 0.615
a_11 40k -0.034 0.493 -0.004 0.535 0.038 0.494
a_11 80k -0.008 0.886 -0.001 0.887 0.009 0.886
a_11 a80k -0.086 0.484 -0.011 0.539 0.096 0.486
a 12 -0.011 0.455 -0.001 0.487 0.013 0.452
e 1 0.012 0.048 0.002 0.179 -0.014 0.041
e 2 -0.021 0.004 -0.003 0.205 0.023 0.005
e_3 -0.013 0.061 -0.002 0.232 0.014 0.059
e 4 -0.028 0.001 -0.003 0.175 0.031 0.001
e 5 0.002 0.763 0.000 0.763 -0.002 0.763
e 6 0.022 0.001 0.003 0.207 -0.025 0.002
e 7 -0.017 0.018 -0.002 0.166 0.019 0.014
e 8 0.016 0.014 0.002 0.190 -0.018 0.013
e 9 0.024 0.000 0.003 0.138 -0.027 0.000
Variables Prob(pss_gassp_rngl) Prob(pss_gassp_rng2) Prob(pss_gassp_rng3)
Mg. Eff. (PVal) Mg. Eff. (PVal) Mg. Eff. (PVal)

urban -0.239 0.000 0.142 0.000 0.098 0.000
division_code_bar -0.152 0.000 0.090 0.000 0.062 0.000
division_code_ctg -0.064 0.006 0.038 0.010 0.026 0.004
division_code_khl 0.018 0.566 -0.011 0.566 -0.007 0.569
division_code_mym 0.002 0.948 -0.001 0.948 -0.001 0.948
division_code_raj 0.133 0.000 -0.079 0.000 -0.054 0.000
division_code_rang -0.218 0.000 0.129 0.000 0.089 0.000
division_code_syl -0.100 0.005 0.059 0.007 0.041 0.007
ab 0.101 0.001 -0.060 0.001 -0.041 0.001
a6 0.002 0.017 -0.001 0.021 -0.001 0.018
a’ 0.006 0.001 -0.004 0.002 -0.003 0.002
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as8 0.007 0.231 -0.004 0.232 -0.003 0.235
a9 -0.003 0.776 0.002 0.776 0.001 0.776
a_10_serv 0.054 0.007 -0.032 0.009 -0.022 0.009
a 10 ind -0.042 0.239 0.025 0.241 0.017 0.244
a 11 25k 0.118 0.084 -0.070 0.086 -0.048 0.090
a_11 40k 0.079 0.260 -0.047 0.261 -0.032 0.266
a_11 80k 0.081 0.288 -0.048 0.290 -0.033 0.289
a_11 a80k 0.231 0.022 -0.137 0.022 -0.094 0.029
a 12 -0.029 0.131 0.017 0.140 0.012 0.127
el 0.030 0.002 -0.018 0.003 -0.012 0.002
e 2 0.004 0.630 -0.003 0.632 -0.002 0.628
e 3 0.008 0.402 -0.005 0.400 -0.003 0.407
e 4 0.012 0.200 -0.007 0.206 -0.005 0.197
eb -0.024 0.004 0.014 0.005 0.010 0.006
e 6 -0.029 0.000 0.017 0.001 0.012 0.000
e 7 -0.030 0.001 0.018 0.001 0.012 0.001
e 8 0.005 0.523 -0.003 0.523 -0.002 0.523
e 9 0.036 0.000 -0.022 0.000 -0.015 0.000
Variables Prob(pss_gaspr_rng1l) Prob(pss_gaspr_rng2) Prob(pss_gaspr_rng3)
Mg. Eff. (P-Val.) Mg. Eff. (P-Vval.) Mg. Eff. (P-Vval.)
urban -0.114421 0.000 0.009961 0.282 0.10446 0.000
division_code_bar -0.093178 0.002 0.008112 0.323 0.085066 0.001
division_code_ctg 0.0027729  0.880 -0.000241  0.875 -0.002532 0.881
division_code_khl -0.06279 0.052 0.005466 0.344 0.057323 0.051
division_code_mym 0.0357084  0.117 -0.003109  0.342 -0.0326 0.123
division_code _raj 0.1669587  0.000 -0.014535  0.262 -0.152424  0.000
division_code_rang -0.120586 0.000 0.010498 0.303 0.110089 0.000
division_code_syl -0.012249 0.654 0.001066 0.703 0.011183 0.651
ab 0.0595107 0.148 -0.005181  0.383 -0.05433 0.148
a6 0.0005394  0.420 -0.000047  0.537 -0.000493 0.416
a’ -0.0003 0.824 2.61E05 0.827 0.000274 0.825
a8 -0.000897 0.859 7.81E05 0.861 0.000819 0.859
a9 -0.001027 0.903 8.94E05 0.904 0.000938 0.903
a_10_serv 0.0462093 0.014 -0.004023  0.320 -0.042187 0.014
a 10 ind -0.007788 0.772 0.000678 0.776 0.00711 0.773
a_11 25k 0.0268296  0.624 -0.002336  0.650 -0.024494  0.625
a_11 40k 0.0060836  0.913 -0.00053 0.914 -0.005554  0.913
a_11 80k 0.0641883  0.280 -0.005588  0.435 -0.0586 0.281
a_11 a80k 0.1078928  0.201 -0.009393  0.392 -0.0985 0.204
a 12 -0.028003 0.078 0.002438 0.361 0.025565 0.076
el 0.0133878  0.047 -0.001166  0.357 -0.012222 0.043
e?2 -0.011388 0.103 0.000991 0.317 0.010397 0.112
e 3 0.0006763  0.921 -5.89E05 0.921 -0.000617 0.921
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e 4 0.0120163  0.150 -0.001046  0.381 -0.01097 0.151
e 5 -0.027623 0.000 0.002405 0.280 0.025218 0.000
e_6 -0.008819 0.205 0.000768 0.427 0.008051 0.201
e 7 -0.0321 0.000 0.002795 0.311 0.029305 0.000
e_8 0.0095955 0.151 -0.000835  0.384 -0.00876 0.151
e 9 0.0223214  0.895 -0.001943  0.323 -0.020378  0.001

TableG.6: Marginal Effectsfrom the OrderedProbit Model (Scenario:Supplyof Fuel Oil)

Variables Prob(pss_fuelsp_rng 1) Prob(pss_fuelsp_rng2) Prob(pss_fuelsp_rng 3)
Mg. Eff. (P-Vval) Mg. Eff. (P-Vval.) Mg. Eff. (PVal.)
urban -0.113 0.000 0.095 0.000 0.018 0.001
division_code_bar -0.170 0.000 0.142 0.000 0.027 0.007
division_code_ctg -0.169 0.000 0.141 0.000 0.027 0.000
division_code_khl -0.052 0.105 0.043 0.104 0.008 0.140
division_code_mym -0.115 0.009 0.096 0.000 0.019 0.000
division_code_raj 0.161 0.000 -0.135 0.000 -0.026 0.000
division_code_rang -0.329 0.000 0.276 0.000 0.053 0.005
division_code_sy! -0.137 0.000 0.115 0.000 0.022 0.005
ab 0.041 0.364 -0.035 0.369 -0.007 0.349
a6 0.003 0.000 -0.003 0.000 -0.001 0.002
a’ 0.005 0.005 -0.004 0.005 -0.001 0.026
a8 0.002 0.803 -0.001 0.803 0.000 0.803
a9 -0.014 0.147 0.011 0.148 0.002 0.167
a_10_serv 0.119 0.000 -0.100 0.000 -0.019 0.003
a 10 ind 0.047 0.253 -0.040 0.255 -0.008 0.264
a 11 25k 0.086 0.073 -0.072 0.078 -0.014 0.074
a_11 40k 0.030 0.529 -0.025 0.531 -0.005 0.525
a 11 80k 0.077 0.137 -0.064 0.143 -0.012 0.132
a_11 a80k -0.040 0.709 0.034 0.709 0.007 0.712
a 12 -0.125 0.000 0.105 0.000 0.020 0.000
el 0.058 0.000 -0.048 0.000 -0.009 0.002
e 2 0.028 0.001 -0.023 0.001 -0.004 0.007
e 3 0.000 0.971 0.000 0.971 0.000 0.971
e 4 -0.007 0.386 0.006 0.384 0.001 0.408
eb -0.014 0.092 0.012 0.092 0.002 0.123
e 6 -0.057 0.000 0.048 0.000 0.009 0.000
e 7 -0.041 0.000 0.035 0.000 0.007 0.001
e 8 0.022 0.007 -0.018 0.006 -0.004 0.032
e 9 0.037 0.000 -0.031 0.000 -0.006 0.001

TableG.7:Marginal Effectsfrom the OrderedProbitModel (ScenarioPriceof FuelOil)

Variables Prob(pss_fuelpr_rngr1) Prob(pss_fuelpr_rng=2)  Prob(pss_fuelpr_rng 3)
Mg. Eff. (PVval.) Mg. Eff. (PVal.) Mg. Eff. (P-Vval.)
urban -0.089446 0 0.0400545 0 0.049392 O
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division_code_bar -0.1011717 0.004 0.0453053 0.008 0.055866  0.003
division_code_ctg -0.1269441 0 0.0568463 0 0.070098 O

division_code_khl -0.1930148 O 0.0864331 0 0.106582 O

division_code_mym -0.0826514 0.001 0.0370118 0.004 0.04564 0.001
division_code_raj 0.1777172 0 -0.0795828 O -0.098134 O

division_code_rang -0.1927531 O 0.0863159 0 0.106437 O

division_code_sy! -0.0766597  0.039 0.0343287 0.049 0.042331  0.037
a5 0.0787047  0.063 -0.0352444  0.067 -0.04346  0.065
a_6 0.0015514  0.059 -0.0006947  0.067 -0.000857 0.059
a’ -0.0020908 0.248 0.0009363 0.244 0.001155 0.256
a8 0.002067 0.750 -0.0009256  0.751 -0.001141 0.750
a9 -0.0014002 0.887 0.000627 0.887 0.000773  0.887
a_10_serv 0.0712218  0.001 -0.0318935  0.002 -0.039328 0.001
a_10_ind 0.040769 0.198 -0.0182566  0.204 -0.022512  0.198
a_11 25k 0.0056012  0.920 -0.0025083  0.920 -0.003093 0.920
a_11 40k -0.0228424  0.685 0.0102289 0.685 0.012613 0.686
a_11 80k 0.0691679  0.249 -0.0309738  0.253 -0.038194 0.250
a_11 a80k 0.1005535  0.277 -0.0450284  0.280 -0.055525 0.278
a_12 -0.1296086  0.000 0.0580395 0.000 0.071569  0.000
e 1 0.0125153  0.132 -0.0056044  0.144 -0.006911 0.127
e_2 0.007939 0.380 -0.0035551  0.386 -0.004384 0.377
e_3 0.0118755  0.165 -0.0053179  0.169 -0.006558 0.204
e_4 0.0041856  0.689 -0.0018743  0.689 -0.002311 0.689
e 5 -0.0373374 0 0.0167199 0 0.020618 O

e_6 -0.0270647 0.003 0.0121197 0.005 0.014945  0.002
e 7 -0.0375798 0 0.0168284 0 0.020751 O

e_8 0.0183793  0.017 -0.0082303  0.021 -0.010149 0.018
e 9 0.0228306  0.005 -0.0102237  0.009 -0.012607 0.005

TableG.8:Marginal Effectfrom the OrderedProbitModels(ScenarioOverallStresd_evel)

Variables Prob(pss_rng=1) Prob(pss_rng=2) Prob(pss_rng=3)
Mg. Eff. (PVal) Mg. Eff. (PVal) Mg. Eff. (PVal.)

urban -0.149 0.000 0.088 0.000 0.062 0.000
division_code_bar -0.169 0.000 0.099 0.000 0.070 0.000
division_code_ctg -0.120 0.000 0.071 0.000 0.050 0.000
division_code_khl -0.214 0.000 0.125 0.000 0.088 0.000
division_code_mym -0.056 0.026 0.033 0.026 0.023 0.033
division_code_raj 0.149 0.000 -0.088 0.000 -0.062 0.000
division_code_rang -0.265 0.000 0.156 0.000 0.110 0.000
division_code_syl -0.109 0.001 0.064 0.001 0.045 0.002
a5 0.052 0.178 -0.031 0.179 -0.022 0.182
a6 0.001 0.190 -0.001 0.200 0.000 0.183
a’ 0.000 0.899 0.000 0.899 0.000 0.899
a8 -0.003 0.656 0.002 0.656 0.001 0.656
a9 0.003 0.710 -0.002 0.709 -0.001 0.710
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a_10_serv 0.057 0.001 -0.034 0.003 -0.024 0.001
a_10_ind 0.014 0.585 -0.008 0.587 -0.006 0.583
a_11 25k 0.022 0.682 -0.013 0.682 -0.009 0.683
a_11 40k 0.001 0.982 -0.001 0.982 -0.001 0.982
a_11_ 80k 0.050 0.387 -0.029 0.387 -0.020 0.391
a_11 a80k 0.120 0.196 -0.071 0.197 -0.050 0.202
a_12 -0.041 0.017 0.024 0.020 0.017 0.018
el 0.030 0.000 -0.018 0.000 -0.012 0.000
e_2 0.006 0.399 -0.004 0.403 -0.003 0.396
e 3 0.007 0.304 -0.004 0.304 -0.003 0.308
e_4 0.000 0.987 0.000 0.987 0.000 0.987
e 5 -0.049 0.000 0.029 0.000 0.020 0.000
e_6 -0.015 0.013 0.009 0.017 0.006 0.014
e 7 -0.044 0.000 0.026 0.000 0.018 0.000
e_8 0.015 0.022 -0.009 0.025 -0.006 0.023
e 9 0.034 0.000 -0.020 0.000 -0.014 0.000
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Abstract

This paper examinesthe diffusion of renewable energy technologiesthrough international trade,
focusingon the role of direct imports from countrieswith significantrenewableenergyknowledge.
Buildingon the premisethat technologicaldiffusion is facilitated through the importation of goods
embeddedwith advancedechnologiesthis study proposeghat countriesimporting from partnerswith
arobustrenewableenergysectorwill experienceenhancedadoptionof thesetechnologiesOurfindings
demonstrate that trade, particularly imports, plays a crucial role in disseminating renewable
technologiesacrossborders, enhancingtheir adoption in importing nations. Our analysesleverage
renewableenergy patent data and bilateral import data to constructindicesthat measure countrieQ
exposureto renewable technologiesthrough imports. We find that imports from technologically
advancedcountriesare stronglyassociatedvith higheradoptionratesof renewabletechnologiesn the
importing countries, underscoringthe significantimpact of direct trade relationshipson technology
diffusion.Additionallythe studyunfoldsthe fact that countrieswith highereducationsare significantly
capableof utilizingthe exposureof renewableenergyknowledgestockof the partner country through
import and implementingthe diffused knowledgein their countries. This study contributes to the
understandingof how imports can facilitate diffusion of renewable energy technology, providing

important insightsfor policymakersaimingto enhancetheir renewableenergysectors.

Keywords:renewabletechnologydiffusion,renewableenergyadoption,renewabletechnologypatent,
trade anddiffusion,import-weightedpatent
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1 Introduction

Theglobaltechnologicaprogressrelieson knowledgedspilloverg throughtechnologydiffusionfrom
high innovating countriesto receivingcountries. Existingliterature suggeststhat severalchannels
facilitate this diffusionacrosscountries,with internationaltrade in goodsand foreigndirectinvestment
(FDI) being the most frequently studied, alongside immigration, knowledge transfers within
multinational firms, trade in services, and crossborder research, technological and scientific
collaboration,which are relatively lessdominantin the literature (Aller, Ductor, & Herrerias,2015;
Ayerst, et al., 2023; Busse& Groizard,2007; Coe & Helpman,1995; Verdolini & Bosetti, 2016;

5 SOKST fefdl)RE 1jFEBeEReyes& Zhu,2016).Thispaperdelvesinto the dynamicf global
trade in goodsto examinehow effectively the renewable energy knowledge stock diffuses across

borders.

Althoughincreasingrade flows havemadethe internationalmarketmore globalizedand decentralized
over time, driven by the developmentof middle-strata countries (Kim & Shin,2002),technological
innovationsrelated activitiesremainconcentratedin a relativelysmallnumberof advancedeconomies.
Therenewableenergytechnologyinnovationand R&Dactivitiesremainspredominantlyconcentrated
in a number of highlyindustrializedcountriesincluding China(Keller,2004; Keller,2010; Xue, et
al.,2024).But the adoption of RETremainslow despite targeted policy efforts (UNCC2023). The
diffusionof technologythroughtrade is well-documentedacrossvarioussectors Knowledgespillovers
are often localized,typically concentratedin specificregionsthat possessadvancedtechnological
capabilities(Keller,2004). Thisphenomenonoccursbecausethe nature of technologyoften requires 198
specific infrastructure or expertise that is not uniformly distributed geographically.Successful
technologytransfer necessitatesnteraction betweenthe innovator and the adopter, a processthat can
be potentially facilitated through trade. Furthermore,Keller (2002) arguedthat the concentrationof
trade, driven by transportation costs, further contributesto the localizationof knowledgespillovers.
Ferrier et al. (2016) illustrates how well-connectedcountries can not only achievehigher levels of
technologicakophisticationbut canalsoreplaceobsoletetechnologieswith neweronesthroughtrade.
Assuchtrade canfacilitate both the spreadof advancedechnologiemewto arecipientcountryandthe
phasingout of outdated ones. However,the mechanismf diffusion vary dependingon the type of
technology. Giventhe widespreadadvancementsn renewable energy technology (RET)in recent
decades(Chen, Zhao, Li, Zhang,& Li, 2022), this study aims to contribute to the literature by
investigatingwhether renewableenergytechnologydiffusesthrough trade from countrieswith higher

renewableenergyknowledgestock.

Theinternationalflow of goodsand serviceghroughtrade and FDIcaninform the recipientcountries
about the existence,uses,and benefits of new technologies.The existing literature on technology

diffusion acrosscountries primarily focuseson direct bilateral trade relationships(Coe& Helpman,
1995; Herman& Xiang,2022; Ayerstet al., 2023). Therecent studieshave also addressediffusion
through both direct and indirect trade relationshipsusingcomplexnetwork modelling (Aller, Ductor,
& Herrerias2015;Ferrier,Reyes& Zhu,2016;HermanP.R.,2022).Forexample Ayerstet al. (2023)
estimatesthe extent to which trade channelsinternational technologydiffusion by investigatingthe

effectsof embodiedtechnologyimportsoninnovation,measuredy patentdataanddiffusionoutcomes.
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By leveragingweightedtrade networks, Ferrieret al. (2016)illustrated that both direct and indirect
network effects of trade significantlycontribute to technologydiffusion acrossvarioustechnologies.
While indirect trade relationshipscreatea broad and significantnetwork for potential spillovers direct
bilateral trade relationshipsoffer a more immediate and impactful conduit for transferring complex
technologies(Schiff& Wang,2006;a | NJi-Rayz&b& Chelala,2021}. In this paper, we mainly
focus on renewableenergytechnologydiffusion through direct trade, highlightinghow these direct

exchangeslrive innovationacrossborders.

Empiricalresultsregardingtechnologydiffusion through trade havevaried, perhapsdue to different
measurementsof trade relationships.For instance, Coe and Helpman (1995) found a significant
relationship between import-weighted foreign R&D expenditures and domestic total factor
productivity,suggestingechnologydiffusionthroughtrade. In contrast,Keller(1998),usinga different
approachof trade measurementsuggestedhat knowledgespilloversare independentof trade. In our
researchthe outcomevariableis electricity consumptionfrom renewableenergysourcesnormalized

by population.

Thebroad literature on renewableenergytransfer extensivelydiscusseshe relationshipsbetweenthe
diffusionandadoptionof renewableenergytechnologyandvariouschannelghroughwhichthis occurs.
It emphasizeseveralkey domesticand international factors influencingadoption, including shared
socioeconomic,political, and geographicfactors acrossthe countries(Margues,Fuinhas & Manso,
2010; Berry & Baybeck,2005; Matisoff & Edwards,2014; Stadelmann& Castro,2014; Massey,
Biesbroek Huitema,& Jordan,2014; Shipan& Volden,2008)alongwith incomelevel,imported oil
prices, natural resourceendowment, trade openness renewableenergy policies,intra-regional trade
integration, domesticenergyconsumption(Murshed,2021; Carley,2009; Li, et al., 2023; Pfeiffer &
Mulder, 2013; Chandler2009; Popp,Hascic& Medhi, 2011).Fadlyand Fontes(2019)exploresthe
connectionbetween geographicproximity, trade, and the intensity of renewable energytechnology
adoption. The adoption in RETin neighboringcountriesis strongly associatedwith the domestic
adoption, and this effect tends to intensify when major trade partners are also robust adopters of
renewableenergytechnologieqFadly& Fontes,2019).

L In the original paper, Schiff& Wang (2006) arguedthat while both direct and indirect North-South diffusion positively

influence TFPdiffusionthrough direct trade hasa more substantialand fasterimpact. Indirect effects, althoughsignificant,
are smallerin magnitudeand slowerin impactingTFPTheanalysisalsoshowsthat the diffusionprocesshroughdirecttrade

routes is more efficient, suggestinghat policiesfocusingon enhancingdirect trade connectionsmight be more effectivein
fosteringtechnologytransferin lessdevelopedregions.
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While Fadlyand Fontes(2019)usethe renewableenergyadoption rates of neighboringcountriesas
indicatorsof technologyreceipt in the reporting country, this doesnot necessarilymeasurewhether
knowledgespilloverhasoccurredfrom the partner country. In our study, we utilize the patent data for
renewableenergytechnologyfrom the partner countryto measurewhetherthe knowledgestockof the
partner country is influencingthe technologydiffusion in the reporting country. Thisdistinction is
crucial becauseit allowsus to directly connectthe diffusion of technologyto aggregaterenewable
energyinnovations,providinga more preciseanalysisof this technologyspread,thus enhancingthe

policyrelevanceby pinpointingspecificchannelsof renewabletechnologicaknowledgetransfer.

In contrastto Fadlyand Fonte<}2019)useof total trade, we useimportsasthe measureof trade channel
to strengthenthe directional aspectof trade in the role of technologydiffusion through knowledge
spillover(Fadly& Fontes,2019). Thismethodologicalchoiceis underscoredby the cleardistinction
imports makein revealingthe pathwaysof technologytransmissionwhichis otherwiseambiguousif
we usetotal trade, by focusingon the role of imported goodsasimplicit carriersof new technologies’
The mechanismof importing allowsrecipient countriesa more proactiverole in selectingtheir trade
partners,particularlythosewith higherrenewableenergyknowledgestocks.Thisagencyenhanceghe
strategicaspectof technologytransfer,contrastingwith exportswherethe choiceof destinationis often
driven by external demand and may be lesstargeted. For our analysis,this meansthat reporting
countriesare not passivelyeceivingtechnologiedut activelyseekingout andchoosingo import from
nationsthat are leadersin renewableenergy.Thisselectiveapproachenablesthem to directly tap into
advancedechnologicakcosystemsfacilitatingmore deliberateandeffectiveintegrationof newenergy
technologies Hence,we think focusingon import, rather than total trade volume or export shouldbe

the first tale.

Incorporatinginsightsfrom Peri(2005)and MacGarvie(2005)who quantifiedthe effectsof distance
and languageon knowledgeflows, it can be observedthat Peri (2005) estimated that geographic
distancereducesknowledgeflows by 3%for eachthousandkilometerstraveled,and that a language
difference results in a 19% loss in knowledge flow. However, sectorspecific knowledge and
technologicaleadershipoften transcendthesebarriers,travelingfurther and havingsignificantimpacts
(MacGarvie 2005; Peri, 2005). Additionally, recent developmentsin machinetranslationtools have
further mitigated the overall impact of languagebarriers (Steigerwaldet al., 2022), enhancingthe

potential for globalknowledgespillover. Thisdemonstratesthat while traditional barriersstill play a

2 Thisdistinction doesnot challengethe validity of usingtotal trade as a measurebut emphasizeghat understandingthe
specificof trade directionalitycanprovidemore preciseinsightsinto how technologytransferis facilitated througheconomic
interactionsd a I NJZz6s88 Chelala, 2021).Importantly, boostingtotal trade may not alwaysbe feasiblefor a country
dueto economicor political constraints,makingthe focuson, specifictrade channelsjn our casejmports particularlyrelevant
for assessinghe directimpactsof trade on technologydiffusion (Busse& Groizard,2007).
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role, their effectscanbe offset by advancementsn technologyandthe specificnature of the knowledge
beingtransferred.Thisinsightjustifiesthe motivation behindour research.

To measurediffusion through direct trade, we utilize an import-weighted patent index. Our analysis
indicatesthat countrieswith higherexposureto thesetechnologiesasmeasuredy the import-weighted
patent index, experiencesignificantlyincreasedadoption rates of renewable energy, affirming the
substantialimpact of direct imports on renewabletechnologydiffusion. Our findings are robust to
alternativemeasuremenf exposuresuchasa patentindexfrom eachpartner country, adjustedfor the
total bilateral imports of the reporting country and normalizedagainstits GDP.Our analysesalso
includeseveralcovariatessuchasthe adoptionof renewableenergypolicies per capitaCQ emissions,
population size, and GDP per capita of the reporting countries. Moreover, to tackle potential
endogeneity and omitted variable biases,we'll considerthe educational attainment levels in the
reporting countries,drawingon the well-documentedrelationshipbetweeneducationandthe diffusion
of technologythrough trade as describedin the literature (Ferrier, Reyes,& Zhu, 2016; Nelson&
Phelps1966;Akhviedian& / A S PORGY.| =

Notably,the import-shareweightedpatent indexprovesto be a more effective predictor of renewable
energy adoption than the import-GDPweighted patent index. Our study also highlightsthat non-
innovatorcountriesbenefit substantiallyfrom thesetrade-inducedspillovers suggestinghat enhancing
trade connectionswith technologicallyadvancedcountries can lead to higher adoption rates of
renewabletechnologiesn lessinnovativeregions.Theseresultsoffer newinsightsinto the mechanisms
of technologydiffusion through international trade and the strategicrole of imports in advancinga

country'srenewableenergyagenda.

Therest of the paperis organizedasfollows: Section? detailsthe methodsand materials,coveringthe
data sources,conceptualframework, and empirical strategy. Section3 presentsthe main resultsand
discussiondncludingrobustnesscheckgo validatethe findings.Sectiord outlinespolicyimplications

and concludeghe paper,offeringinsightsinto the diffusionof renewableenergytechnologieshrough

trade and suggestinglirectionsfor future research.

2  Methods and Materials
2.1 Data

Our analysisemploysan unbalancedpanel datasetthat spansfrom 2001to 2022 for 196 countries,
sourcedfrom variousglobal databasesDueto limitations associatedwith the outcome and primary
explanatoryvariablesour primary modelsare basedon this comprehensiveylobalsample.Thedetails

associatedvith largedefinitionsof the variables sampleprocessingdatasetselectionandsamplingcan
be found in AppendixB.

In our analysisye havesourceddataon bilateralimport volumereported from the ITCTradeMap for
196 countriesfrom 2001 to 2022, expressedn thousandsof USdollars (ITC,2022). Despitesome
limitations®, we haveusedmirror import data asa substitutefor originalimport data which consistsof
a lot of missingobservations.Mirror import data, which is derived from export reports by partner

countries,servesas a substitute and a more accuratesolution for missingimport data from countries
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that do not report to UNCOMTRADB / | N&N&Fighiou,2015).

Thereare severaldrawbackdo usingpatent dataasa proxyfor technologytransfer,suchasthe fact that
not all innovationsare patented, patentedinnovationsvary widely in valueand distribution, andfiling
apatentdoesnot guaranteethe technology'susein the filing country (Griliches ;1 990).Howeverpatent
applicationsare still widely adopted as measuresof knowledge stock in empirical literature as a
parameterof knowledgestock sincethey representoutput measuresof technology(Ferrier,Reyes&
Zhu,2016;5 SOK ST t & hIN2IL1 MBEL, et al., 2023). Moreover, to measurethe renewable
knowledgestockof a country,the bestavailabledatato the authorsisthe numberof patentsfiled yearly
acrosscountries. The data has been sourcedfrom IRENA2024)- INSPIRPIlatform - with major
processingoy Our World in Data (OWID,2023}. The patent data exclusivelycoversenergysource
technologiesexcludingechnologieselatedto energystorageor transport.

Twotypesof renewableenergyvariablesare usedto measurerenewabletechnologyadoption: annual
electricity generation(TwH) from renewableenergysourceshormalizedby total population,andthe
shareof electricity productionfrom renewableenergysourceq%).Thesedatahavebeensourcedfrom
Ember(2024);Energylnstitute - StatisticalReviewof World Energy(2024)¢ with major processing
by Our World in Data(Ritchie,Rosado& Roser,2024).In this case renewableenergyencompasses
electricity productionfrom hydropower,solar, wind, biomassand waste, geothermal,wave,andtidal
sources.

Yearlydata on number of domesticrenewableenergypolicieshasbeensourcedfrom the IEAPolicy
Database(IEA,2024). Numberof country-wise renewableenergypoliciesthat were in effect during 202
the respectivestudyperiod havebeentakeninto considerationHowever,it isimportant to note that the
authorshavedecidedto leaveout the policieswhichare currentlyin the announcedand plannedstatus

to avoidcomplicationsMoreover, policiestaken at a regionallevel, suchasthe EuropeanUnion, are

alsoleft out due to our intention of focusingon nationatevel policiesof the reporting countriesto

3 The limitations of the mirror data can be found in details in TableB.1 from AppendixB 6 / | N&Griydiou,2015;
Markowicz& Baran,2020;Meshcheryakov& Shvydun 2024).

4 Thedetailssourcedescriptionof this data canbe found in TableB.1from AppendixB (IRENA2024).

5 In Ritchie, Rosado,& Roser(2024), electricity generation (Tw-H) from renewable energy sourcesis the simplified
terminology of modern renewable energy generationby source. The other renewablesincluding bioenergy encompasses
geothermal tidal and wave generation,whereasthe samedisaggregatiorhasbeenoutlined in the caseof shareof electricity
productionfrom renewableenergysourcesEmber,2024).Thedetailscanbe found in TableB.1from AppendixB.
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ensureclarity in assessinghe direct impact of specificpolicy actionson the renewableenergysector
within individualcountries.

Dataon real GDP(constant2015US$) per capitareal GDP(constant2015US$),and nominal GDP
(current 2015 US$)have been sourcedfrom World Developmentindicators (World Bank, 2024).
Majority of the data on total populationof a country hasbeensourcedfrom both World Development
Indicators,while Our World in Datahasbeenutilized as a data sourcewhenthe datais unavailablein
WDI (World Bank,2024; Ritchie,et al., 2023). Lastly,CQ emissionsaverageyearsof schooling,
electricity generationfrom fossilfuel and grossenrolimentratio in primary energyare sourcedfrom
OurWorldin Dataaswell (OWID,2024;Ritchie& Roser2024;UNDP2024;UNESC@nstitute for
Statistics2024).

2.2 ConceptuaFramework

Our core hypothesissuggestghat renewableenergyknowledge,as reflected in the patentsfiled by
exporting countries,spreadsacrossinternational borders, primarily from countrieswith a significant
knowledgebaseto those with lesserknowledge through the mechanismof imports. Thisprocessof
knowledgetransfer is theorizedto boostthe adoption rates of renewableenergytechnologiesin the
importing countries. Specificallythe study aimsto examinewhether there is an associatiorbetween
the level of exposureto foreignrenewableenergytechnologies- asgaugedby the patent activitiesof
trade partners- and the extent of renewableenergyadoption within a givencountry. Essentiallyye
hypothesize that increased exposure to advanced renewable technologies, via imports from
technologicallyadvancedcountries,directly contributesto a higherrate of adoptionand integration of
thesetechnologiesvithin the domesticframeworkof the reportingcountries.Thiseffect would manifest
asa noticeableincreasein the deploymentof renewableenergysolutions,driven by enhancedaccess

throughimport to and familiarity with cutting-edgetechnologiesand practicesfrom abroad.

First,understandinghe directionalityof trade flows, throughimport, is crucialto accuratelyassesshe
pathwaysof technologydiffusion. Totaltrade, which aggregatesmports and exports,canobscurethe
distinct impacts each has on technologytransfer. This aggregationmakesit challengingto discern
whether it is the inflow of technologythrough imports or the outflow through exports that drives
technology diffusion. In theoretical terms, technology diffusion can occur both ways; howevet,
empiricalevidence asdiscusseaxtensivelyby Keller(2004,2010),predominantlysupportsimport as
a more potent channelfor diffusion, while the exporting channelpresentsmore complexitiesand is
harderto establish.Focusingon imports is particularly valuablebecauseit allowsfor a clear, direct
observationof how technologiesenter a country. When countriesimport goodsfrom nations with
advancedrenewableenergytechnologiesthey gainaccesdo the latestinnovationsembeddedwithin
these products. Thisdirect exposureis critical for facilitating the adoption and integration of new

technologieswithin the importing country'seconomy(Ayerst,et al., 2023).Therefore we specifically
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prioritize the study of imports as a channelfrom the frontier to potentially recipient countriesbefore
consideringhe role of exportsandthen potentially examiningthe cumulativeeffectswithin total trade.

We concentrateon the role of direct trade asthe primary channelfor technologydiffusion, givenits
pivotal role in transferringtechnologybetweencountriesdirectly involvedin trade transactions.In the
contextof trade,adirect networkrefersto the immediate bilateraltrade relationshipsbetweencountries.
Thisdirect connectionis essentialfor the initial transfer of technologyand knowledge.An indirect
network, however,involvescountriesthat may not trade directly but are linked through intermediate
countries.Forinstance asFerrier,Reyes& Zhu(2016)outlined and usihg Coeand HelpmarQ(1995)
model, if CountryAtradeswith CountryB, CountryBtradeswith CountryCand CountryA doesnot
trade CountryC,technologyfrom CountryA canindirectly reachCountryCthrough B. Thisexample
highlightsthe contagioneffectin trade networks.LumengaNeso,Olarreaga& Schiff(2005)delineate
two typesof R&D:gproduced R&Dand davailabl€ R&D.oProduced R&Dis generatedand housed
within the country of origin but can be transmitted to other nations via direct trade. After being
transferredto another country, this R&Dis integratedinto the importer's cavailabl€ knowledgepool.

It can then easily spreadto additional countries by allowing for knowledgeto become indirectly
availableto other nationsbeyondthe initial direct trade links. In our study, this conceptualframework
underpinsthe investigationinto whether the renewableenergyknowledgestock, initially part of the
oproduced category,hassuccessfullydiffusedto another country (referredto as country B) and has
beenadoptedthere aspart of the country'srenewableenergystrategies Thisexplorationstartswith the
premisethat directtrade isa primaryconduitandpre-conditionfor suchknowledgetransferandwithout
establishingdirect trade asan effectivechannel,it is not possibleto assesshe impactof indirecttrade. ﬁ
We hypothesizethat if country B hasimported from country A (the producer of renewableenergy
knowledgestock),it couldleadto anincreasein country B'sadoptionof thesetechnologiesThus,our
focusondirecttrade servesasa criticalfirst stepin identifyingandquantifyingthe impactof éproduced
R&D on renewable energy adoption in country B, before consideringthe broader, more complex

dynamicsof indirecttrade effects.

2.2.1 Measuringexposures

Drawinginspiration from Ayerst, et al. (2023) and Zhu & Jeon (2007),to analyzethe impact of
renewable energy technology diffusion through imports, we first construct an index to measure
renewableenergyexposureviaimports for reporter countriesfor eachyear. We call it import share

weighted REpatent for reporter country Yffor a givenyear¥andit canbe expresseds’

8 FollowingFerrier,Reyes& Zhu(2016),we treat the geographicallyargesteconomyasthe sole predecessoor successor
when countriessplitor mergeto maintainmethodologicatonsistencywith technologydataandaccountfor historicalchanges
in nationalboundaries.Serbiais consideredthe sole successoof Serbiaand Montenegro,with Montenegrotreated asa new
entity after 2004 post-dissolution.
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where YQepresentsthe partner country from which the reporter countriesimport, and bilateral import
from partner country §€o reporter country Y€s representedby @ iy for year $Qidthis index,total
import volume of reporter country YQs expressedoy iy = Hg i 1y for a givenyear ¥QT
ensurethat re-exportsor re-imports are not consideredwe apply a conditionin the summationrule,
namelylr' | ensuringthat the reporter country and partner country are not the same. The annual

numberof patent applicationsfiled by partner country Y€is expressedy iy for a givenyear $Q

Thisapproachallowsusto asses$ow the inflow of goods,embeddedwith new technologiesfrom a
country with a higher concentrationof renewableenergy patents caninfluencethe renewableenergy
landscapeof the importing country. The higher the value of the constructedindex, the greater the
exposureof the reporting country to the renewable energy knowledgestock of its partner countries
through imports. Essentiallythis measurereflectsthe potential for technologytransfer and adoption
basedpurely on the volume and value of imported goodscarryingnew innovations.Additionally,for
robustnesswe createan alternativeindexusingthe nominal GDPof the reporting country, rather than
its total bilateralimports.
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wherengdp  is the nominal GDPof reporter countryfor a givenyear. Thisformulationintegratesthe
economiccontext by normalizingthe influenceof patentsby the economicsize(nominal GDP)f the
reportingcountry,whichcanprovidemore insightsinto how significanthe imported renewableenergy
technologyis relativeto the country'soveralleconomiccapacity. Similarto the previousindex,a higher

value of this index indicates greater exposureof the reporting country to the renewable energy
knowledgestockthrough trade. Additionally,becausethe bilateralimport data is reported in current
USDusingnominal GDPinsteadof real GDPis more appropriate. Thismethod s particularlyuseful

for understandinghe relativeweight of renewableenergytechnologytransferin relationto the country's
economicscale.Toensureconsistencyand comparability,both indicesare standardizedacrossvarious

timesand countries.

2.2.2 MeasuringOutcomeVariable
For our outcome variable, we measure electricity generation from renewable energy sources,

normalizedby the total population.Fora givenyear 4Qit canbe expressedas’

" Theunit of the normalizedvariable originallymeasuredn Tw-H for electricitygenerationfrom renewableenergy,hasbeen
convertedto Kw-H per capitafor analysis.
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wherereelc; ; representselectricity generationfrom renewableenergysourcefor country ¥{Ior a given

year¥and pop; ; representstotal populationof a countryfor a givenyear.

Normalizingby populationis crucialbecauseit allowsusto assesghe per capitaavailabilityand use

of renewable energy, providing a clearer picture of energy accessibilityand sustainabilityfor the

averageindividualin a country. Thisnormalizationhelpsus understandthe extentto whichrenewable

energy meets the energy needs of the population, regardlessof total population size, making

comparisondetween countrieswith differing populationscaleamore meaningful.Forrobustnesswe

alsomeasureelectricityconsumptionfrom renewablesourcesnormalizedoy real GDP. Thisapproach

adjuststhe consumptionfiguresfor the economicsize of the country, allowing us to analyzehow

economicallysignificantrenewableenergyconsumptionis relative to the country'soveralleconomic

activity.

Figurel: Trendsin RenewabldenergyUtilization.

Far Capila RE Gamnsraion [Kw-H

(a) PerCapitaREGeneration(Kw-H)

1200 1500 1800 E100

i)
|
/

Al GO0

2001

2004

b
sharo N alooincky production ()
35
|
L

Fus

40

< a]

RE s

25

. . = - - . - -
mz 208 gl 027 20m 2004 00T 00 2013 2016 2018 22

i Yo

Sanipla | Full Sample

(b) RESharein Total ElectricityProduction(%)

Note: Panel(a)displayshe per capitarenewableenergygenerationmeasuredn kilowatt-hours(Kw-H), while
panel(b) showsthe percentageshareof renewableenergyin total electricity production. Both panelspresent
unweightedaveragedor countriesincludedin abalancedsample,llustratingthe evolutionof renewableenergy
adoptionoverthe observedperiod.

Additionally, we have consideredusingthe share of electricity generationfrom renewable sources

(1% 00i0;) asanotheroutcomevariableto gaugethe relativechangein total electricitygeneration.

Thismetricisimportant becauset indicatesthe proportion of renewableenergygenerationin the total

energymix, offering insightsinto the energytransition dynamicswithin the country. However,cross

sectionaltrend analysisasillustratedin Figurel, demonstratesa consistentincreaseovertime in both

the averageper capitarenewableenergygenerationand the averageshareof renewableenergy(%o)in

total electricityproduction. Thegrowth in per capitarenewableenergygenerationhasseena substantial
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increaseof approximately66%,while the shareof renewableenergyin total electricity productionhas
experienceda more modestrise of around15%overthe years.

2.2.3 Othercontrol variables

In our study, including domestic renewable energy policies allows us to control for the domestic
politicalecosystenthat might significantlyinfluencetechnologyadoption,therebyisolatingthe impact
of imports as a channelfor renewable energy diffusion. Verdolini & Bosetti (2016) raisesseveral
concernsregardingthe useof policy variablesin assessingenewableenergyinitiatives. Firstly,these
variablesoften only indicatewhether a specificpolicyinstrumenthasbeenadopted, without reflecting
the actualstringencyof the policy.Secondiythey tend to aggregatedifferent policyinstrumentswithout
accountingfor the specificdesignparametersthat dictate their stringencysuchasthe tariff levelsfor
feed-in tariffs (FITs)or subsidiesfor solar energy. Moreover, merely counting these instruments
overlooksthe variationsin their enforcement. To addressthese issues,Verdolini & Bosetti (2016)
recommendsntegratingameasurethat reflectsa country'sgeneralpropensityto enforcelawsasa proxy

for the effective enforcementof environmentalpolicies.

Byexaminingboth the absolutefiguresnormalizedby populationandthe relative sharewithin the total
energymix, we can obtain a comprehensiveview of how renewableenergyis beingintegrated and
scaledup in relation to other energysources.Thisdual approachallows us to addresstwo different
dimensionsof renewableenergyadoption: one focusingon individualor economicscaleimpact and

the other on sectoralshift within the power industry.

Previoudliteratures emphasizehe significanceof economicfactors,suchasincomelevel and market
size,in adoptingalternative energysources.Studiesby Aguirre& Ibikunlem(2014)and Pfeiffer and
Mulder (2013)specificallyhighlight GDPper capitaand population sizeas proxiesfor these factors,
illustratingtheir pivotalrole in influencingenergyadoptiontrends. Thismeasurecontrolsfor the market
sizeof the recipient country, which s likely to attract foreigntechnologiesand alsoaccountsfor the
greaterincentiveof energyintensivecountriesto sourcecleanerand more efficient technologiesrom
abroad.Furthermore ,we accountfor CQ emissionlevels,which,accordingo studiessuchasAguirre
and Ibikunle (2014), Fadly and Fontes(2019) and Marques et al. (2011) can either positively or
negativelyaffect the adoption of renewableenergies,dependingon the extent to which policymakers
prioritize environmentalconcerns.As noted by Ferrier, et al. (2016),and Fadlyand Fontes(2019),
includingthesevariableshelpsaddressendogeneityconcerns ensuringthat the adoption of renewable
energytechnologiesasa dependentvariabledoesnot reverselyaffectour control variables- population,
per capitaGDPand per capitaCQ emission thereby offering a clearerunderstandingof the driversof
technologytransfer (Alamé& Murad, 2020; GhazouaniBoukhatem & Sam,2020;Wang,et al., 2023;
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Han,et al., 2022;RahmanSultana& Velayutham2022;Muhammad et al., 2022)". Lastlyto ensure
robustnessand to enhance our analysisof technology adoption, specifically renewable energy
technologiesye calculatethe energyintensity’ of the economy,definedasprimary energyusedivided
by GDP?

2.3 EmpiricalStrategy

Our empiricalanalysisaimsto assesghe impact of exposureto renewableenergyknowledgestock
throughimport on the adoptionof renewableenergytechnologiesby constructingtwo primary models
usingpaneldataregressionwith country andyearfixed effects.Forcountry Yand year $Q

Main Model (Percapitaelectricity generationfrom renewableenergysources):

DMDAEG =10+ B+ BV + | 26§ +1 2iéhiiitiy + 303 g

+ AN + 1+ + @

where Yenotescountries, ¥indexestime (year),Ydp_pcIneasureger capitareal GDP¥0o2pcQ
quantifiesthe per capitaCQ emissions¥and WCenote countryandyearfixed effects,respectively,
capturinginherenttime-invariant national characteristicand commontemporal shocks.In the model,
Iy¢Yand \? representthe country-specificlinear time trend and its quadraticform, respectively.
Coefficientfor the linearand quadratictime trend for country Y€at time ¥Qcapturingthe generaltrend
andeffect of countryspecificpolicies,andacceleratioror decelerationin the trend of renewableenergy
adoptionovertime within eachcountry.¥; ; denotesa stochasticerror term. Assuggestedy Fadlyand
Fontes(2019) thesetermsare includedto accountfor country-specificquadratictrendsin the adoption
of renewableenergies suchasthose driven by technicalprogress gnvironmentalpoliciesor any other

shockswhich mayvaryacrosscountries.

For ensuringrobustnessto the main explanatoryvariable,we use the index created in equation (2)
instead of import shareweighted REpatent, as the main explanatoryvariable. The model can be

specifiedas:

8 While there are literatures outlining the bidirectional causalrelationship between trade opennessand renewable energy
consumptionto our bestknowledge we found that mostempiricalresearchesre supportinga unidirectionalrelationshipfrom
trade opennessand renewable energy consumption.However,in the presenceof real GDPor per capita GDP,the trade
opennessact asthe determinant.(GhazouaniBoukhatem & Sam,2020)

® Thedetailsof energyintensity canbe found in TableB.1from AppendixB.

10 Asa substitution of energyintensity, we canincorporateper capitaGDPasa control variableto accountfor the economic

developmentlevel of the country, which can significantlyinfluence the capacityand readinessto adopt new technologies.
From the previousliterature, it can be noted that there existsa unidirectional causalrelationshipfrom per capita GDPto

renewable energy consumption, although bidirectional relationship exists between real GDP and renewable energy
consumption.
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where' j and4; denotethe countryandyearfixed effect respectivelyand. ; indicatesthe stochastic

error term.

Forrobustnesswe enhanceour analysisby conductingPrincipalComponentAnalysigPCAY on the
standardizedcounts of renewableenergy policiesand averageWorldwide Governancelndicators?.
This allows us to create a composite index (re_impy), which we name the RenewableEnergy
Implementation IndexQThis index provides a more realistic representationof a country's overall
readinessand effectivenessin implementingand enforcingrenewableenergyinitiatives, taking into
accountboth the presenceof policiesand the broader governanceenvironment. We incorporate this
variable alongwith grossenrollmentratio in primary education(%share}* andenergygenerationfrom
fossilfuel per capita(Kw-H per person}*into equations(4) and (5) alongsidecountry-specifictrends.
Thisinclusionallowsusto isolatethe specificimpactof renewableenergypolicieswithin the reporting
countriesanddistinguishit from the effectsof technologicaprogressor other country-specificfactors.

Tocapturethe time-laggedeffectsof diffusion,we haveincorporatedone andtwo-yearlaggedversions
of the main explanatoryvariablesinto our analysisptilizingthe samemodel framework.Additionally,

to addresspotential issuesof heteroskedasticityand within-panel serial correlation, our models are
estimatedusingrobust standarderrors (Arellano,2003; Wooldridge,2019) By segmentingcountries
basedon higherand lower educationlevels,this analysisprovidesinsightsinto how the relationship
betweenrenewableenergyadoption and the index measuringexposureto partners'renewableenergy
knowledge stock through imports varies across different tiers of educational attainment across

countries.Lastlywe haveestimatedthe samemodelsacrossthe innovatorand non-innovator strata.

Our hypothesispositsa positive correlationbetweenthe import shareweightedexposureto renewable
energyknowledgestock and per capita electricity generationfrom renewablesources.Thissuggests
that countrieswith greaterexposureto renewableenergyknowledgethroughimports are more likely to

adopt renewable energy technologies.Similarly,we anticipate that an alternative index measuring

11 pcAprovidesa statisticallygroundedmethod of reducingdimensionalityand can indicate the most varianceexplaining
mbinationof thesevariables.

12 The details of the data regarding averageWorld Governancelndicators are sourced from the World Bank and the
construction of this governanceindicator has been inspired from NLiSaveragedaggregategovernanceindicators (WHO,
2024).Thedetailscanbe found in TableB.1from AppendixB.

13 Commonproxiesfor educationtypically involve measuredike primary and secondaryschoolenroliment rates (Ferrier,
Reyes& Zhu,2016).Howeverdueto the greateravailabilityof data, we haveoptedto usethe grossenrolimentrate in primary
educationas a substitute for secondaryschoolenrollmentratesin our analysis.The details can be found in TableB.1from
AppendixB.

1 Thedetailsof this variablecanbe found in TableB.1from AppendixB.
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exposureto renewableenergyknowledgethroughimportswill showa comparablepositiverelationship
with renewableenergyadoptionin the partner countries.

Furthermore we anticipatethat theseassociationsvill remainlargelyconsistentin sensitivityanalyses
that control for additional factors beyondthe control variablesincludedin the main model. In the
stratification analyseswe anticipate that the relationshipbetweenthe main explanatoryvariableand
renewableenergydiffusionwill exhibita strongerand positivecoefficientin non-innovatorand higher
educationcountries comparedto their counterparts.Here, a ¢strongek coefficientrefersto a larger
magnitudewhen coefficientsfrom both groupswithin a stratum are significant,or the presenceof a
significant coefficient when the counterpart shows an insignificant one. This consistencywould
underscorethe robustnesf the import exposure'smpacton renewableenergyuptake,reinforcingthe

significanceof internationalknowledgetransferin fosteringsustainablesnergysolutions.

3 Findings

3.1 MainResults

Tablel presentsthe regressiorresultsfrom the mainmodel. Tablel presentssixmodelsanalyzingoer
capitarenewableenergygenerationin logarithmicform, with the import-weighted patent indexasthe
main explanatoryvariable.Model (1) includesonly the import-weighted patent index with country-
fixed effects. Model (2) incorporatescountry-fixed effects, and country-specifictrends alongsidethe
main explanatoryvariable. Model (3) addsyearfixed effectsto the settingsof Model (2). Model (4)
includesthe main explanatoryvariablewith additionalcovariatesand country-fixed effects.Model (5)
replicatesthe settings of model (2) with covariates.Finally, model (6) from Table 1 combinesall
covariates country-fixed effects,yearfixed effects,and country-specifictrends, representingour main
model specification.Following argumentsof de Chaisemartin& 5 4 | | dzf ({(ZD2Fgmethave
structured the regressionresultsin a sequentialand hierarchicalmannerto ensurethat each model
progressivelyincludesmore controls and complexities.By incrementallyadjusting for country and
yearspecifictrends and incorporatingvariouscovariateswe aim to mitigate any potential biasesthat
could arise from omitted variables or heterogeneous treatment effects (de Chaisemartin &
5041 | dzft (e@20)dzA £ £ S

Tablel: Main regressiorresults¢ renewableenergygenerationper capitaand import shareweighted
patentindex

DependentVariable:Logof per capitarenewableenergygeneration
VARIABLES 1) 2) 3 4) (5) (6)

Import shareweighted ~ 0.203***  0.012 ~ 0.021  0.196**  0.019* = 0.041**
patent index(Std.) (0.011) (0.009) (0.014) (0.013) (0.010) (0.015)

GDPpc (Std.) 0.754**  .0.015 -0.003
(0.067) (0.066)  (0.064)
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Population(Std.) 0.427** -0.274 -0.201
(0.130) (1.837) (3.055)
CQ Emissiongc -0.064**  -0.03*** -0.034**
(0.009) (0.009) (0.013)
Observations 3,352 3,352 3,352 3,258 3,258 3,258
Rsquared(Within) 0.095 0.863 0.865 0.167 0.864 0.866
Numberof countries 179 179 179 172 172 172
Countryfixed effect Yes Yes Yes Yes Yes Yes
Countryspecifictrend No Yes Yes No Yes Yes
Yearfixed effect No No Yes No No Yes

Here,*** p<0.01** p<0.05,* p<0.landstandarderrorsare presentedin parenthesesAll figuresin the table are
rounded to three decimalpoints. In all specificationgthat feature country-specifictrends, a quadratictrend is

incorporatedalongwith the linear trend. Theinclusionof covariatesin the sampleresultedin the lossof seven

countriesfrom the analysisWhile the constantterm is includedin the model specification|t is not reported in
the table, asit holdsno significantimplicationin the contextof a multivariate model.

In Tablel, we observepositive coefficientsbetweenthe import shareweighted patent indexand per
capitarenewableenergygenerationin three specificationsmodels(1), (4),and (6), with coefficientsof
0.203,0.196,and 0.041respectivelyConverselymodels(2), and (3) show insignificantcoefficients,

while model (5) showsa weakercoefficient(at 10%significancdevel).Our proposedspecificationas

outlinedin model (6), revealsa relativelyweakerpositive coefficientcomparedto models(1) and (4).

Our proposedmodelindicatesthat a one standarddeviationincreasein exposureto renewableenergy
knowledgestock through imports leadsto a 4.1%(p value < 0.05) increasein per capitarenewable
energyadoption.Acrosamodelswith significantcoefficients this increaserangesfrom 4%to 20.3%(p
value<0.05).Thissuggestshat our hypothesigegardingthe diffusionof renewableenergyknowledge ﬁ
stockthroughimportsisviable,asthe exposureto renewableenergyknowledgestockthroughimports
is positivelyassociatedwvith per capitarenewableenergygeneration.Introduction of covariateseven
within the samefixed effect frameworkin models(4) and (5)*° shiftsthis coefficientto insignificance,
suggestinghat it may be attributable to factorsunaccountedor in simplermodelsbut capturedby the
additional covariates,at 5% significancelevel. Lastly, model (6) shows a significant coefficient
comparedto model (3), highlightingthe importance of covariateseven though the incremental R
squaredvaluesfrom model (3) to Model (6) are smallunder country fixed effects, yearfixed effects,
and country-specifictrends. Similarly,the comparisonbetween model (5) and model (6) revealsthat
including yearfixed effects alongsidecountry-fixed effects, country-specifictrends, and covariates

resultsin a notably significantcoefficient.

Inthe caseof the control variables pbservationdrom models(4)to (6) demonstratethat per capitaCQ

emissionsconsistentlyexhibit a significant negative associationwith per capita renewable energy

15 Thecoefficientis significantat 10%significancdevel.
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generation,confirmingfindingsfrom recentstudies(Justice Nyantakyi & Isaac2024;Perone,2024).
Furthermore higherGDPper capita,indicativeof a country'seconomicstrength,is significantlylinked
to increasedadoption of renewableenergysources as evidencedin models(4) and (5) and supported
by previousresearch(Fadly& Fontes,2019; Aguirre & Ibikunle,2014). However, per capita GDP
appearsinsignificantin the modelthat includescountry-specifictrendsalongsidethe two fixed effects.
This could happen because:country-specifictrends could be capturing longterm economicgrowth
patternsthat are closelyrelated to changesin GDPper capita. Whenthesetrends are included,they
might absorbmuchof the variabilitythat per capitaGDPwould otherwiseexplain,renderingthe GDP
variablestatisticallyinsignificant(Kleiber& Zeileis2008).Converselythe proxyfor domesticmarket
size,population, showsno significantimpact on per capitarenewableenergygenerationacrossmost
models,exceptwhen only country-fixed effectsare considered Thisfinding alignswith the literature,
whichoften downplayshe significanceof marketsizein influencingrenewableenergyadoption(Fadly
& Fontes,2019;Eyraudet al., 2011).

The explanatorypower of our models significantlyimprovesfrom simpler configurations,such as
Model 1 (Rsquaredof 0.095),to more complexoneslike Model 3 (Rsquaredof 0.865),highlighting

the importance of adding country-specifictrends. However, adding further covariatesin Model 6
marginallyincreasedhe Rsquaredto 0.866,indicatingthat while thesevariablesare significant,their

additionalexplanatorypower is limited.

Regardingthe validity of our results, consideringthe import shareweighted patent index as a key
variable, it is crucialto acknowledgethat this measurecould be conflated with other unobserved
variablesinfluencing renewable energy generation. Incorporating the fixed effects help partially
mitigate the confoundinginfluencesof both observableand unobservablecountry-specificand time-
specificvariablesasindicatedby the highlyincreasedR-squaredvaluein model(2), (3), (5) andmodel
(6),comparedto the other models.Thisapproachalignswith methodologiesseenin the literature, such
asthosediscussedby Cominet al. (2012)andFadlyand Fontes(2019),whichemphasizeéhe importance
of accountingfor endogeneityin variablesthat might be influencedby omitted or unobservedactors.

Althoughwe haveincluded country-fixed effects, yearfixed effects and country specificlinear and
quadratictrend in the model, the possibilityof omitted variablebiasremains.Theinclusionof GDPper
capita, population,and CQ emissionsas control variablesstrengthensthe model by addressingsome
keyeconomicanddemographidactorsknownto influencerenewableenergyadoption.Yet,there could
still be other unmeasuredactorsimpactingour dependentvariable We addresshis issueby testingthe
robustnessof our resultsagainstthe inclusionof additionalvariables asshownin the appendix.While
these tests reinforce the stability of our findings, they cannot definitively eliminate all concerns

regardingomitted variables.
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3.2 Robustnes€heck

First,we aim to evaluatethe alternativeindex,asdefinedin equation(2),to assesghe consistencyof
its relationshipwith renewableenergygenerationcomparedto the originalindex. Thisinvolvestesting
whetherthe alternativeindex,whichmeasuregenewableenergyexposurethroughtrade, offersa better
fit comparedto our original specification.Resultsare detailedin TableC.1from AppendixC. A key
observationfrom this table is that the relationshipbetweenthe alternativeindexand renewableenergy
adoptionis predominantlypositive but insignificantacrossvariousmodel settings,exceptwhen only
country-fixed effectsare included. Notably, modelsincorporatingcountry-specifictrends accountfor
more than doublethe variancecomparedto other models,suggestinga deeperexplanatorypower but
also highlighting the instability of the alternative index under these conditions. This discrepancy
suggestshat normalizingoy nominal GDPmight not be the mosteffective methodfor constructingthis
index. Despitethese concernsiit is significantthat the coefficientsremain positive where they are
significant, indicating a generally positive influence of the alternative index, a representation of
exposureof renewableenergyknowledgestockthroughimport, on renewableenergyadoption.

Second, we addressed potential issues of heteroscedasticity and within crosssection serial
autocorrelationin our regressiormodels,as detailedin section2.3, with resultspresentedin Table2.

While the robust error adjustmentsaltered the significanceof somecovariatesin specificsettings,the

overall magnitude and significanceof the coefficientslinking the main explanatoryvariableto the
dependentvariableremainedlargelyconsistentwith those in Tablel, which were estimatedwithout
robusterror adjustments.Furthermore the overallmodel fitnessshowsminimalvariation betweenthe

two analyticalapproachesand our proposedspecificationyields nearly identical resultsin terms of ﬁ
magnitude direction,andsignificancgp <0.05)of the coefficientbetweenthe dependentvariableand
the exposureto renewable energy knowledge stock of partner countries through import. This
consistencyeinforcesthe robustnessand parsimonyof our proposedmodef, confirmingits reliability
in analyzinghe impactof renewableenergyknowledgestockexposureon renewableenergyadoption.
Additionally,we estimatedthe regressionmodelsfor the alternative index usingrobust errors, with
results presentedin TableC.2from AppendixC. Thesefindings were consistentwith those of the
models that employed standard errors, indicating stability acrossdifferent error specificationsand

misrepresentatiorof the alternativeindex.
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Table2: Main regressiorresults¢ renewableenergygenerationper capitaand import shareweighted
patentindex,with robuststandarderrors

DependentVariable:Logof per capitarenewableenergygeneration
VARIABLES @ 2) 3 4) (5) (6)

16 Specification(6) from Tablel.

Import shareweighted 0.203*** 0.012 0.021 0.196*** 0.019*  0.041**

patentindex(Std.) (0.041) (0.011) (0.018) (0.038) (0.0112) (0.015)
GDPpc (Std.) 0.754** -0.015 -0.003
(0.312) (0.052) (0.064)
Population(Std.) 0.427 -0.274 -0.201
(0.285) (2.964) (3.055)
CQ Emissionpc -0.064**  -0.031**  -0.034**
(0.026) (0.013) (0.013)
Observations 3,352 3,352 3,352 3,258 3,258 3,258
R-squared(Within) 0.095 0.863 0.865 0.167 0.864 0.866
Numberof countries 179 179 179 172 172 172
Countryfixed effect Yes Yes Yes Yes Yes Yes
Countryspecifictrend No Yes Yes No Yes Yes
Yearfixed effect No No Yes No No Yes

Here,*** p<0.01,** p<0.05,* p<0.1land robuststandarderrorsare presentedin parenthesesAll figuresin the
table are roundedto three decimalpoints. In all specificationghat feature country-specifictrends, a quadratic
trend isincorporatedalongwith the lineartrend. Theinclusionof covariatesin the sampleresultedin the lossof
sevencountriesfrom the analysisWhilethe constantterm isincludedin the modelspecificationjt isnot reported
in the table, asit holdsno significantimplicationin the contextof a multivariate model.
214

Third, we incorporate renewable energy policy implementation, grossenrollment ratio in primary
education(%share)and per capitaelectricity generationfrom fossilfuel asadditionalcontrol variables
in the samemodel. Thisis designedo specificallyreflect how conducivethe domesticenvironmentis
to facilitatingthe adoptionand diffusion of renewableenergyandin accordancewith extensiveusage
of these variablesin the previousliterature. The outcomesof this test are detailed in Table C.3 of
AppendixC.Theinclusionof the additional control variableleadsto a significantpositive coefficient
betweenthe mainexplanatoryvariableandthe dependentvariablein modelswith countryfixed effects,
yearfixed effects,and country-specifictrends, observedunder both standarderror and robust standard
error settings.Similarresultswere obtainedwith only country-fixed effects.Howeverthe combination
of country-fixed effects and country-specific trend results in a significant coefficient at 10%
significancelevel for the main explanatoryvariable. In the case of robust standard errors, most
covariateswith the exceptionof CQ emissionger capita,are found to be insignificant. Additionally,
the inclusion of the additional control variablesdoes not significantly alter the Rsquared value

comparedto our originalproposedspecification.

Fourth, following Fadlyand Fontes(2019),who noted that countriesdo not immediatelyrespondto
new technologyadoption patternsdue to typicaltime lags,we have conductedsensitivitytests on our
results. Thesetests involve including one-year and two-year lags of our import shareweighted
renewableenergypatent indexin our regressionmodels.Theoutcomesof theseanalysesare detailed

in Table C.4. Our analysisdemonstratesthat incorporating one and two-year lags of the main
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explanatoryariabla undersettingswith countryfixed effects,yearfixed effects,and country-specific

trendst yields positive significant coefficients between the main explanatory variable and the
dependentvariable However,n other settingswithout thesespecifidrends,the contemporaneousalue

showsno significantcoefficients.Overallfitnessof the model and the consistencyof resultswith our

original proposedspecificationindicatethat the additionallagsdo not significantlyalter the outcome,
suggestingthat our model effectively captures the dynamicswithout them. Moreover, Positive
significantcoefficientsemergeunder country-fixed effectsand country-specifictrendswhen covariates
are included; however, these coefficients become insignificant in the absence of covariates.
Interestingly, significantpositive coefficientsare observedin the additional lagsunder modelswith

only countryfixed effects. Thissuggestshat while the extendedlagstructure canrevealdelayedeffects
in somesettings,our streamlinedproposedspecificationwhich doesnot includetheseadditionallags,
remainsparsimoniousand adequatelyrobust for our analysispurposes.The sameexercisehasbeen

carriedout usingrobust standarderrors and similaroutcomes’, illustratedin TableC.5,are observed.

Fifth, in the analysisstratified by innovationstatus,outlined in TableC.6,we observedistinct patterns
betweeninnovatorand non-innovator countries.For non-innovator countries,both the standardmodel
andthe robusterror modelrevealpositivesignificantcoefficientsfor the import shareweightedpatent
index. This indicatesthat non-innovator countries significantly benefit from their exposureto the
renewable energy knowledge stock of their trading partners. Specificallythe positive coefficients
suggesthat anincreasein the importation of goodsfrom countriesrichin renewableenergyknowledge
stockcorrelateswith enhancedrenewableenergygenerationwithin thesenon-innovatingnations. This
reflectsa successfuiransferof technologythroughimport. In contrast,innovatorcountriesdo not show ﬁ
significant coefficients, implying that the diffusion of renewable energy technology within these
countriesis not primarily driven by imports. Thiscould reflect a higherinternal generationof such
technologier a different mechanisnof technologyadoptionthat doesnot rely heavilyon importation.
The Rsquaredvalues,exceeding80% for models acrossboth groups,indicate a robust model fit,
suggestinghat the models effectively capture the dynamicsof renewableenergy generationacross
different country innovation statuses. This stratification further reinforces the robustnessof our

proposedspecificationenhancingts validity oncemore.

Sixth,in the regressioranalysegresentedin TableC.7,stratified by educationalattainment levels, it

is evident that countrieswith higher educationlevels exhibit a positive and statistically significant
relationshipbetweenthe exposureto renewableenergyknowledgethroughimports andthe adoptionof
renewabletechnologies,confirmed at a 5% significancelevel under both standardand robust error
models.Onthe contrary, for countriesthat fall below the medianeducationthreshold,the association

betweenthe import-shareweightedpatentindexandrenewableenergyadoptionemergesasstatistically

7 Whenusingrobuststandarderrorswith covariates country-fixed effectsand country-specifictrends, the main coefficientis
significantat the 10%level [specification(5) in TableC.5];however,with standarderrors, it reachessignificanceat the 5%
level[specification(5)in TableC.5].



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

insignificant®. This pattern highlights the critical role of education in facilitating the effective
assimilatiorandimplementationof imported renewableenergytechnologieslt suggestshat enhancing
educationalstandardscould serveasa strategicpolicyleverto bolstera countryQcapabilityto harness
and capitalizeon renewableenergyinnovationsthrough import, potentially acceleratinghe transition
towards sustainableenergy solutions. The consistentlyhigh Rsquaredvalues,which exceed80%,
underscorehe robustnesof thesefindingsacrosseducationaldivides,affirmingthe substantiaimpact
of educationalfactorson the diffusion and adoption of advancedechnologiesLastly,the coefficient
valuesof the stratified analysisare relativelyclosein magnitudeto thoseobservedin our parsimonious

proposedspecification.

4 Conclusion

Thispaper hasexploredhow renewableenergytechnologydiffusionis influencedby trade relations
focusingon the role of directtrade in transferringtechnologyfrom countrieswith advancedenewable
energyknowledgeto thosewith less.Ourfindingsunderscorehe importanceof directtrade, especially
import, interactionsfor renewableenergytechnologydiffusion, suggestinghat imports from countries
rich in renewable energy knowledge stock can significantly impact the adoption of renewable
technologiesn importing nations.

Empiricallyye developedndicesto assesexposurgo renewableenergytechnologieghroughimports
from countriesthat are leadersin this field. Our proposedmodel specificationis parsimoniousand
robust,andour findingsindicatea clearpositivecorrelationbetweentheseindexesand the adoption of 216
renewableenergyin importing nations, suggestinghat enhancedaccesdo cutting-edgetechnologies  —
throughimportsislinkedto increasedadoptionlevels.Thisreinforcesthe ideathat directimportsfrom
technologicallyadvancedtountriescansignificantlyimprovea country'srenewableenergycapabilities.
Betweenthe indicestested, the import-share weighted patent index proved more effective than the
import-GDPweightedpatent indexin predictingrenewableenergyadoption. While this studyfocuses
primarily on direct import channelsjt doesnot encompassndirect trade paths, exports,or aggregate
trade measurementshighlightingimportant avenuedor future researcho further explorethe dynamics
of technologydiffusion acrossdifferent trading relationships(Ferrier,Reyes& Zhu,2016; Fadly&

Fontes,2019;Ayerst,et al., 2023;Fagiolo2010).

The findings of this study underscoresignificantpolicy implications, particularly in the context of
renewableenergytechnologydiffusionthroughtrade. First, the resultsdemonstratethat non-innovator
countriesare more likely to adopt renewableenergytechnologiesthrough increasedtrade exposure,

particularlyimports from countrieswith advancedenewabletechnologysectors.Secondpur analyses

8 Whenusingrobuststandarderrorswith covariatescountry-fixed effectsand country-specifictrends, the main coefficientis
significantat the 10%level [specification(5) in TableC.7];however,with standarderrors, it reachessignificanceat the 5%
level[specification(3) and (4) in TableC.7].
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suggesthat policiesaimedat reducingtrade (import) barriersandfosteringstrongertrade relationswith
technologicallyadvancedationscansignificantlyenhancethe adoptionof renewableenergiesin these

non-innovator countries. Third, our analysishighlightsthe importance of educationaldevelopment
alongsiderade liberalization.In lower educationcountries,the capacityto utilize technologyspillovers
from import effectively is often hindered by inadequate educationalinfrastructure and a lack of
technicalskills.Fourth,economictrade andforeignpoliciesshouldnot only focuson loweringphysical
and economicbarriersto trade but alsoon strategicallybuildingpartnershipswith countriesthat havea
successfulrack recordof implementingand supportingrenewableenergytechnologies Suchstrategic
alliancescould acceleratethe diffusionprocessmakingit more widespreadand effective, particularly
in regions where technologicaluptake has been slow due to various constraints such as capital

limitations, inadequatepolicy support,or simplya lackof technologyspecificknowledge.

Thefuture of researchin renewableenergytechnologydiffusion shouldaim to explore severalareas
that this study hasidentified as vital for a more comprehensiveunderstanding Future studiescould
expandon the indirecttrade pathsandthe rolesof exportsandtotal trade, whichthis studydid not fully
addresslinvestigatingheseaspectscould provideinsightsinto how different forms of trade contribute
to technologydiffusionandwhetherindirectrelationshipshroughthird countriesplaya significantrole
in spreadingenewableenergytechnologiesAdditionally,examininghe differentialimpactsof various
types of renewableenergiescould also be valuable,asthe adoption patterns and diffusion dynamics

might vary significantlybetweentechnologiedike solar,wind, and bioenergy.

In conclusion this study hasilluminated the pivotal role of trade, particularlyimports, in facilitating 217

the diffusion of renewable energytechnologiesacrossborders. By highlightinghow non-innovator
countriessignificantlybenefit from import-inducedtechnologyspillovers,it emphasizeshe needfor
targetedpoliciesthat encouragenot only the reductionof trade barriersbut alsosubstantiainvestments
in education and infrastructure to optimize these benefits. As the world moves towards a more
sustainableand energyefficient future, understandingand harnessingthe dynamicsof renewable
energy technology diffusion through international trade will be crucial in shaping effective and

inclusiveenvironmentaland economicpolicies.
Acknowledgement

The authors extend their deepestappreciationto Mr. JabirMahmood Chowdhuryfor his excellent
assistancen data collection,compilation,and cleaning.Speciathanksare alsodue to ProfessorDr.
MustafizurRahmarand ProfessoDr. SelimRaiharfor their expertguidanceandadviceson trade data.
Lastlywe are gratefulto Mr. SheikhTausifAhmedfor hisinsightfulfeedbackshroughoutwriting of

the paper.Usualdisclaimersapply.



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

References

Aguirre, M., & Ibikunle, G. (2014). Determinantsof renewable energy growth: A global sample
analysisEnergyPolicy,69, 374-384.doi:https://doi.org/10.1016/j.enpol.2014.02.036

AkhvledianiT.,&/ A S A.{282D)Humancapital,technologicabrogressand technologydiffusion

acrossEurope:educationmatters. Empiricad7, 475¢493. doi:https://doi.org/10.1007/s10663
01909468z

Alam, M. M., & Murad, M. W. (2020). The impacts of economic growth, trade opennessand

technologicaprogresson renewableenergyusein organizatiorfor economicco-operationand
development countries. Renewable Energy, 145, 382-390.
doi:https://doi.org/10.1016/j.renene.2019.06.054

Aller,C.,Ductor,L.,& Herrerias M. J.(2015).Theworld trade network and the environment.Energy
Economics52, 55¢68.0i:http://dx.doi.org/10.1016/j.eneco.2015.09.008

Arellano, M.  (2003). Panel Data Econometrics. Oxford University Press.
doi:https://doi.org/10.1093/0199245282.001.0001

Ayerst, S., Ibrahim, F., MacKenzie G., & RachapalliS. (2023). Trade and diffusion of embodied

technology: an empirical analysis. Journal of Monetary Economics,137, 128145.
doi:https://doi.org/10.1016/j.jmoneco.2023.05.002

Berry, W. D., & Baybeck,B. (2005). Using Geographiclnformation Systemsto Study Interstate

Competition. American Political Science  Review, 99(4), 505-519.

doi:https://doi.org/10.1017/S0003055405051841 218
Busse,M., & Groizard,J. L. (2007). TechnologyTrade in EconomicDevelopment. The World _

Economy31(4),569-592.doi:https://doi.org/10.1111/j.14679701.2007.01066.x

CarleyS.(2009).Staterenewableenergyelectricity policies:An empiricalevaluationof effectiveness.

State renewableenergyelectricity policies: An empirical evaluation of effectiveness37(8),
3071-3081.doi:https://doi.org/10.1016/j.enpol.2009.03.062

/I NNGB,& Grigoriou,C.(2015).CanMirror DataHelpto CapturelnformalInternational Trade?
New York and Geneva: United Nations Publication. Retrieved from

https://unctad.org/system/files/officialdocument/itcdtab65_en.pdf
ChandlerJd. (2009).Trendysolutions:Why do statesadopt SustainableEnergyPortfolio Standards?
EnergyPolicy,37(8),32743281.doi:https://doi.org/10.1016/j.enpol.2009.04.032

Chen,X.,Zhao,J.,Li, G.,Zhang,D., & Li, H. (2022).Recentadvancesn photocatalyticrenewable
energyproduction.EnergyMaterials,2, 200001.doi:10.20517/energymater.2021.24

Coe,D.T.,& Helpman,E.(1995).International R&Dspillovers.EuropearEconomidreview39(5),
859-887.doi:https://doi.org/10.1016/00142921(94)0010¢E

de Chaisemartin,C., & 5 U | | dzf X ¢2020)f TwS\Xay Fixed Effects Estimators with

Heterogeneous Treatment Effects. American Economic Review, 110(9), 2964c96.
doi:10.1257/aer.20181169

5SO0KST t A GMBhanNNg, 3 | O 6., Aéhdstone,N., & a S § NB.E2011). Invention and
Transfer of Climate ChangeMitigation Technologies:A Global Analysis. Review of
EnvironmentaEconomicsind Policy,5(1),109130.doi:10.1093/reep/req023



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

Ember. (2024). Data  Methodology. Ember. Retrieved from https://ember-
climate.org/app/uploads/2022/07/EmbeElectricityDataMethodology.pdf

Eyraud,L.,Wane,A., Zhang,C.,& ClementsB. (2011).Who's GoingGreenand Why? Trendsand

Determinants of Green Investment. International Monetary Fund. Retrieved from
https://books.google.nl/books?hl=en&Ir=&id=5VAZEAAAQBAJ&oi=fnd&pg=PA4&ots=oL
gLO4TV5D&sig=hSg95VXDMtaBajOHb9JnOLf9Peg&redir_esc=y#v=onepage&g&f=false

Fadly,D.,& Fontes,F.(2019).Geographicaproximity and renewableenergydiffusion: An empirical
approach EnergyPolicy,129, 422-435.doi:https://doi.org/10.1016/j.enpol.2019.02.034

Fagiolo,G. (2010). The internationattrade network: gravity equations and topological properties.
Journalof Economidnteractionand Coordination5(1), 1-25.d0i:10.1007/s1140810-0061-
y

Ferrier,G.D.,Reyes,).,& Zhu,Z.(2016).TechnologyDiffusionon the International TradeNetwork.
Journalof PublicEconomiclheory,18(2),291¢312.doi:https://doi.org/10.1111/jpet.12186

Ghazouani,T., Boukhatem,J., & Sam,C. Y. (2020). Causalinteractions between trade openness,

renewable electricity consumption,and economic growth in AsiaPacific countries: Fresh
evidencefrom a bootstrapARDlapproach Renewableand Sustainablé&EnergyReviews133
110094 doi:https://doi.org/10.1016/j.rser.2020.110094

Griliches, Z. (1990). Patent Statisticsas EconomicIndicators: A Survey. Journal of Economic
Literature,28(4),1661-1707.Retrievedfirom https://www.jstor.org/stable/2727442

Han,J.,ZeeshanM., Ullah,l., RehmanA., & Afridi, F. E.(2022).Tradeopennessand urbanization

impacton renewableand non-renewableenergyconsumptionin China.EnvironmentaScience
and PollutionResearch?9, 41653;41668.doi:https://doi.org/10.1007/s11356)21-18353x

Herman,K.S.,& Xiang,J.(2022).Channeledhrough trade: How foreign environmentalregulations 219

inducedomesticrenewableenergyinnovation.EnergyResearcl& SocialScience39, 102629.
doi:https://doi.org/10.1016/j.erss.2022.102629

Herman,P.R.(2022).Correctionto: Modelingcomplexnetwork patternsin internationaltrade. Review
of World Economics]58, 713¢714.doi:https://doi.org/10.1007/s1029@021-004412

IEA. (2024). IEA Policies database Retrieved from International Energy Agency:
https://www.iea.org/policies?qs=Renewable%20Energy&topic%5B0%5D=Renewable%20En
ergy

IRENA. (2024). IRENA - INSPIRE Platform Retrieved from Patents Evolution:
https://inspire.irena.org/Pages/home.aspx

ITC. (2022). ITC - Trade Map. Retrieved from International Trade Centre (ITC):
https://www.trademap.org/Country_SelProduct_TS.aspx?

Justice G.,NyantakyiG.,& Isaac S.H. (2024).Theeffect of renewableenergyon carbonemissions
through globalization Heliyon,10(5), 26894 .doi:10.1016/j.heliyon.2024.e26894

Keller, W. (1998). Are international R&D spillovers trade-related?: Analyzingspillovers among

randomly matched trade partners. European Economic Review, 42(8), 14691481.
doi:https://doi.org/10.1016/S0014921(97)00095

Keller, W. (2002). Geographic Localization of International Technology Diffusion. American
EconomidReview92(1),120¢142.doi:10.1257/000282802760015630

Keller,W. (2004).International TechnologyDiffusion. Journalof Economid.iterature,42(3), 752¢
782.d0i:10.1257/0022051042177685

Keller,W. (2010).InternationalTrade ForeignDirectIinvestment,and Technologyspilloversin H. H.

Bronwyn, & N. RosenbergEds.) Handbookof the Economicef Innovation(Vol.2, pp. 793
829).Elsevierdoi:https://doi.org/10.1016/S0169218(10)02003}



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

Kim, S., & Shin, E-H. (2002). A LongitudinalAnalysisof Globalizationand Regionalizationn

International Trade: A Social Network Approach. Social Forces, 81(2), 445¢468.
doi:https://doi.org/10.1353/s0f.2003.0014

Kleiber, C., & Zeileis, A. (2008). Applied Econometricswith R (1 ed.). Springer New York.
doi:https://doi.org/10.1007/9780-387-773186

Li, Y-M., Khan,K.,FarooqueA. A., & Murshed,M. (2023).Diffusionof technologyand renewable

energyin the G10countries:A panelthresholdanalysisEnergyStrategyReviews49, 101115.
doi:https://doi.org/10.1016/j.esr.2023.101115

LumengaNeso,O., OlarreagaM., & Schiff, M. (2005).0n 'indirect' trade-related R&D spillovers.

European Economic Review, 49(7), 17851798.
doi:https://doi.org/10.1016/j.euroecorev.2004.06.004

MacGarvieM. (2005).Thedeterminantsof international knowledgediffusion as measuredby patent
citations.Economicsetters,87(1),121-126.doi:https://doi.org/10.1016/j.econlet.2004.09.011

Markowicz|., & BaranP.(2020).Anewmethodfor calculatingmirror dataasymmetryin international
trade. OeconomiaCopernicanal 1(4),637¢656.doi:https://doi.org/10.24136/0c.2020.026

Marques, A. C., Fuinhas,J. A., & Manso, J. P. (2011). A Quantile Approachto Identify Factors

Promoting Renewable Energy in European Countries. Environmental and Resource
Economics49, 351¢366.doi:https://doi.org/10.1007/s10646)10-9436-8

Marques,A. C., Fuinhas,J. A., & Manso, J. R. (2010). Motivations driving renewable energy in

European countries: A panel data approach. Energy Policy, 38(11), 6877-6885.
doi:https://doi.org/10.1016/j.enpol.2010.07.003

a I NJi-Rbyz&sb)., & Chelala, S.(2021). Tradeagreementsand international technologytransfer.
Reviewof World Economicsl57, 631¢665.doi:https://doi.org/10.1007/s10296021-004207
220

MasseyE.,BiesbroekR.,Huitema,D.,& JordanA. (2014).Climatepolicyinnovation: Theadoption -

and diffusion of adaptation policiesacrossEurope.Global EnvironmentalChange 29, 434-
443.doi:https://doi.org/10.1016/j.gloenvcha.2014.09.002

Matisoff, D. C., & Edwards,J. (2014). Kindred spirits or intergovernmental competition? The

innovationanddiffusionof energypoliciesin the Americanstates(1990;2008).Environmental
Politics,23(5), 795-817.doi:https://doi.org/10.1080/09644016.2014.923639

Meshcheryakoval., & Shvydun, S.(2024).Robustnes®of Centrality MeasuresUnder Incomplete

Data.In H. Cherifi,L.M. RochaC.Cherifi,& M. Donduran(Ed.),ComplexNetworks& Their
ApplicationsXll(pp. 321¢331). Springerdoi:https://doi.org/10.1007/9783-031-534720_27

Muhammad, I., Ozcan,R., Jain, V., Sharma,P., & Shabbir,M. S. (2022). Does environmental

sustainabilityaffect the renewableenergyconsumption?Nexusamongtrade openness,CO2
emissions,income inequality, renewableenergy,and economicgrowth in OECDcountries.
Environmental Science and Pollution Research, 29, 90147%90157.
doi:https://doi.org/10.1007/s11356022-220111

Murshed, M. (2021).Canregionaltrade integration facilitate renewableenergytransition to ensure
energy sustainability in  South Asia? Energy Reports, 7, 808821.
doi:https://doi.org/10.1016/j.egyr.2021.01.038

Nelson,R.R.,& PhelpsE.S.(1966).Investmentin Humans, TechnologicaDiffusion,and Economic
Growth. The American Economic Review, 56(1/2), 6975. Retrieved from
http://www.jstor.org/stable/1821269.

OWID.(2023,December).Our World in Data. RetrievedJune2024, from Annual patents filed for

renewable energy technologies,World: https://ourworldindata.org/grapher/patentsfiled-for-
renewables

OWID.(2024).Per capita electricity generationfrom fossilfuels, nuclearand. Retrievedfrom Our



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

World in Data: https://ourworldindata.org/grapher/percapitaelectricity-fossitnuclear
renewables

Peri, G. (2005). Determinantsof KnowledgeFlowsand Their Effect on Innovation. The Reviewof
Economicsind Statistics 87(2), 308¢322. doi:https://doi.org/10.1162/0034653053970258

Perone,G. (2024).Therelationshipbetween renewableenergyproduction and CO2emissionsin 27
OECDcountries: A panel cointegration and Granger non-causality approach. Journal of
CleaneProduction434, 139655.doi:https://doi.org/10.1016/j.jclepro.2023.139655

Pfeiffer, B., & Mulder, P. (2013). Explainingthe diffusion of renewable energy technology in
developing countries. Energy Economics, 40, 285-296.
doi:https://doi.org/10.1016/j.eneco.2013.07.005

Popp,D.,Hascic]., & Medhi, N. (2011).Technologyand the diffusion of renewableenergy.Energy
Economics33(4),648662.doi:https://doi.org/10.1016/j.eneco.2010.08.007

RahmanM. M., SultanaN., & VelayuthamE.(2022).Renewableenergy,energyintensityandcarbon

reduction: Experienceof large emerging economies. RenewableEnergy, 184, 252-265.
doi:https://doi.org/10.1016/j.renene.2021.11.068

Raina, D. (2024). Worldwide Governance Indicator Retrieved from Databank:
https://databank.worldbank.org/embed/InstitutionaQuality/id/c85d3672?review=y

Ritchie, H., & Roser, M. (2024). CO emissions Retrieved from Our World in Data:
https://ourworldindata.org/co2emissions#articleitation

Ritchie H.,w 2 RGuirao L.,Mathieu,E.,GerberM., OrtizOspinafE.,Hasell J.,& RoserM. (2023).
Data Page: Population- Data adapted from Gapminder,PBLNetherlandsEnvironmental

Assessment Agency, United Nations Retrieved from Our World in Data:
https://ourworldindata.org/grapher/populatiorunwpp
Ritchie,H., RosadoP.,& RoserM. (2024).RenewableEnergy Retrievedfrom Our World in Data: 221

https://ourworldindata.org/renewableenergy

Schiff,M., & Wang, Y. (2006).North-Southand SouthSouthtrade-related technologydiffusion: an

industry-level analysisof direct and indirect effects. CanadianJournalof Economics39(3),
831-844.doi:https://doi.org/10.1111/j.15405982.2006.00372.x

Shipan,C. R., & Volden, C. (2008). The Mechanismsof Policy Diffusion. AmericanJournal of
PoliticalScience52(4),840-857.doi:https://doi.org/10.1111/j.15465907.2008.00346.x

Stadelmann,M., & Castro, P. (2014). Climate policy innovation in the South ¢ Domestic and

internationaldeterminantsof renewableenergypoliciesin developingand emergingcountries.
Global Environmental Change, 29, 413423.

doi:https://doi.org/10.1016/j.gloenvcha.2014.04.011

SteigerwaldE.,w | Y N'NBA i | \B,BréhtitD.Y.,.  fARShapiroJ.T.,Bowker,L.,& Tarvin,

R.D. (2022).0Overcomind_anguageBarriersin AcademiaMachineTranslationToolsand a

Vision for a Multilingual Future. BioScience, 72(10), 988¢998.
doi:https://doi.org/10.1093/biosci/biac062

UNCC(2023,December) COP28: What Was Achievedand What HappendNext? RetrievedJuly7,
2024,from https://unfccc.int/cop28/5-key-takeaways#enaf-fossilfuels

UNDP(2024).HumanDevelopmenReport(2024)¢ with minor processindyy Our World in Data
Retrieved from Our World in Data: https://ourworldindata.org/grapher/average/earsof-
schooling?time=latest

UNESCnstitute for Statistics(2024).Grossenrolmentratio in primary education Retrievedfrom
Our World in Data: https://ourworldindata.org/grapher/grossenrollmentratio-in-primary-
education

Vega,S.H., & Mandel, A. (2018). TechnologyDiffusionand ClimatePolicy:A Network Approach
and its Application to Wind Energy. Ecological Economics, 145 461-471.



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

doi:https://doi.org/10.1016/j.ecolecon.2017.11.023

Verdolini,E.,& Bosetti, V. (2016).EnvironmentalPolicyand the International Diffusionof Cleaner

Energy Technologies. Environmental and Resource Economics, 66, 497¢536.
doi:10.1007/s1064@16-0090-7

Wang,R.,Laila,U., Nazir,R.,& Hao, X. (2023).Unleashinghe influence of industrializationand
trade opennesson renewableenergyintensity usingpath model analysis:/A roadmaptowards
sustainable development. Renewable Energy, 202, 280-288.
doi:https://doi.org/10.1016/j.renene.2022.11.035

WHO.(2024).Averagedaggregategovernancendicators Retrievedirom World HealthOrganization:
https://www.who.int/data/nutrition/nlis/info/averaged-aggregategovernancendicators

Wooldridge,J. M. (2019).Introductory EconometricsA Modern Approach(Seventhed.). Cengage
Learning.

World Bank. (2024). World Development Indicators Retrieved from World Bank Group:
https://databank.worldbank.org/source/worldievelopmentindicators#

Zhu,L.,& Jeon,B.N. (2007).InternationalR&DSpilloversTrade ,FDl,and Information Technology

as Spillover Channels. Review of International Economics, 15(5), 955¢976.
doi:10.1111/j.14679396.2007.00691.x

222



6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

AppendixA
TableA.1:Listof countrieswith the total numberof renewableenergypatentsaccumulatedrom 2000
to 2021
Sl. Country Patent  SIl.  Country Patent Sl. Country Patent
1 Algeria 8 28 Greece 875 55 Panama 14
2 Argentina 1774 29 Guatemala 62 56 Peru 535
3 Australia 19984 30 Honduras 13 57  Philippines 999
4 Austria 4780 31 HongKong 1552 58  Poland 5625
5 Belarus 1 32 Hungary 1273 59  Portugal 3239
6 Belgium 482 33 Iceland 42 60 Romania 901
7 Brazil 12576 34 India 1205 61 Russia 13123
8 Bulgaria 293 35 Indonesia 6 62 SanMarino 44
9 Canada 19576 36 Ireland 169 63  SaudiArabia 241
10 Chile 2096 37 lIsrael 3082 64  Serbia 415
11 China 440406 38 ltaly 3730 65  Singapore 2627
12 Colombia 599 39 Japan 98681 66  Slovakia 395
13 CostaRica 166 40 Jordan 58 67  Somalia 3867
14 Croatia 960 41 Kazakhstan 6 68  SouthAfrica 3867
15 Cuba 164 42 Korea,Rep. 83939 69  Spain 15154
16 Cyprus 549 43 Latvia 128 70  Sweden 983
17 Czechia 1045 44  Lithuania 446 71  Switzerland 871
18 Denmark 8476 45  Luxembourg 104 72  Taiwan 21406
19 Dominican 76 46  Malaysia 984 73  Tajikistan 4
Republic
20 Ecuador 194 47 Mexico 6024 74  Tunisia 531
21 Egypt 235 48 Moldova 302 75  Turkey 950
22 ElSalvador 20 49 Montenegro 56 76 Ukraine 2534
23 Estonia 74 50 Morocco 1519 77 United Kingdom 8984
24 Finland 915 51 Netherlands 1966 78 USA 135927
25 France 8052 52 NewZealand 2539 79  Uruguay 232
26 Georgia 106 53 Nicaragua 50 80 Vietnam 2
27 Germany 39261 54 Norway 1731
SourceAuthorgxalculationbasedon the data foundin OurWorldin Data
Appendix B: Details of Data Description
\Variables Description Unit Source
Bilateral Theimport data hasbeentakeninto the mirror format [USD ITGCTrade
import despite some limitations of mirror data. Although [Thousand [Map(ITC,
volume better than having no data 6 / | N&ISHgBriou, 2022)

2015),mirror data hasseverallimitations: it doesnot
capture trade between non-reporting countries, thus
inaccurately representing intra-African  trade.

IAdditionally, issueslike transshipmentcan obscure
the true origin of goods. Mirror data also inverts
reporting standardsby valuingexportson a ClFbasis
(includingtransportation and insurance)and imports
on an FOBbasis(excludinghesecosts).Furthermore,

the varyingnumberof reportingcountriesyearto-year
complicategemporal comparisonstequiringcautious
interpretation of trends (Markowicz& Baran,2020;

Meshcheryakov& Shvydun 2024).
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Numberof Thedata pertainssolelyto patentsfiled on renewable [Patents OurWorld
patentsfiled [energytechnologiesexcludinghoserelatedto energy number in Data
on renewable |storageor transport. Fromthe original data source, it (OWID,
energy can be found that data for the two most recentyears 2023)and
technology [areincompletedueto alagbetweenthe filing date and IRENA;

the official publicationof patents. Therefore,data for INSPIRE

the pasttwo yearsare not fully available Theoriginal Platform

data is sourced from the EPO PATSTAT2023 (IRENA,

Autumn edition and classified under the Climate 2024)

Change Mitigation Technologies (Y02) category

(IRENA2024).
Electricity Renewablesnergyencompasseslectricity TwH OurWorld
generation  |productionfrom hydropower,solar,wind, biomass in Data
from andwaste,geothermal wave,andtidal sources. (Ritchie,
renewable Electricityproductionfor eachrenewablesourcehas Rosado&
energy beenaddedfor ayearto determinethe total Roser,
sources electricity generationfor a countryin a particular Renewable

year.OWIDprimarily useselectricity datafrom Energy,

Ember.Althoughthe Energyinstitute (El)offers 2024)

primary energyconsumptiondatawith alongertime

seriesdatingbackto 1965,comparedto Ember'sdata

startingin 1990,Eldoesnot coverall countriesor all

sourcesof electricity (e.g.,electricityfrom bioenergy

is only availablefrom Ember).Therefore,OWID

relieson Emberasthe primary sourceof electricity

datawheneverit is availablefor a givencountryand

year,and supplementst with datafrom Elwhen

Ember'sdatais not available(Ritchie Rosado&

Roser2024).
Shareof Renewablenergyencompasseslectricity Percentage |OurWorld
electricity productionfrom hydropower,solar,wind, biomass |of total in Data
from and waste,geothermal wave,andtidal sourcesThe |electricity  |(Ritchie,
renewable aforementionedmethodologyof interchangeably Rosado&
energy usingEmberand El,outlined for measuring Roser,
sources electricity generationfrom renewableenergysources, Renewable

is appliedto this caseaswell (Ritchie,Rosado& Energy,

Roser2024). 2024)
Yearlycount [Therenewableenergypolicy databasecoversthe Yearly International
of domestic  [following broad sectors:Power,heatand utilities, numberof  [Energy
and national |electricityand heatgeneration,power generation, renewable |Agency
level economywide (multi-sector),transport,heatingand |energy (IEA2024)
renewable cooling,buildings,industry,fuel processingand policies
energy transformation,and combinedheat and power. It also
policy coversthe followingtechnologiesSolarPV,solar,

wind, electricitygenerationand combinedheat and

power technologieshydropower(excludingpumped

hydro),solarthermal heaters,transporttechnologies,

geothermalelectricity (IEA,2024).
RealGDP GrosDomestidProduct(GDPxat purchaser'gpricesis |USD \WDI (World

calculatedasthe sum of the grossvalueaddedby all Bank,2024)

resident producersin the economy,plus any product
taxes and minus any subsidiesnot included in the
value of the products. The data are expressedin

constant 2015 U.S. dollars, with dollar figures for
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GDPconverted from domestic currenciesusing the
20150fficial exchangeates (World Bank,2024).

curriculum,rangingfrom primary and secondary
schoolingto tertiary education,but doesnot include

informal or selfdirectedlearningexperiences.

GDPPer GDPper capitais simplythe ratio of real GDP uUsD \WDI (World
capita (expressedn constant2015U.S dollars)andtotal Bank,2024)
population.
Total ForTaiwan Palestineand Montserrat,wheredataon |Numberof |WDI(World
population  total populationwere missingin WDI,we sourced populations |Bank,2024)
the populationdatafrom OWIDwhere datafor these and OWID
countriesare available(Ritchie et al., 2023). (Ritchie et
al., 2023)
Average TheWorld Bankinstitute definesgovernanceasthe  [Percentile  World Bank
Worldwide  [traditionsandinstitutionsthroughwhichauthorityis  [rank (Raina,
Governance |exercisedwithin a country. Thisconceptis 2024)
Indicator comprehensivelyneasuredby the Worldwide
Governancédndicators,which assessixkey
dimensionsyvoiceandaccountabilitypolitical
stability and absenceof violenceor terrorism,
governmenteffectivenessregulatoryquality, rule of
law, and control of corruption. Followingthe
methodologyemployedby the NLiSaveraged
aggregategovernancendicatorsfrom WHO(2024),
we simplifythe indicatorto an averagescorefor
thesesixdimensionsgachrepresentedby its
percentilerank,to providea nuancedandbroad
assessmendf governance.
CQ AnnualCQ emissiongepresentthe total emissions  |Million OurWorld
Emissions of carbondioxide(CO for ayear,excludingthose tonnes in Data
and Per from land-usechange We createthe per capita (Ritchie&
CapitaCQ \versionof the variableby normalizingthe CQ RoserCO
Emissions emissionswith population.OWIDhassourcedannual emissions,
CQ emissiongdatafrom the GlobalCarbonProject. 2024)
It ismeasuredby million tonnesper capita.
Gross Thenumberof childrenenrolledin primary % UNESCO
Enrollment  |education,expressedisa percentageof the total Institute for
Ratioin populationof the official primaryschoolage, Statistics
Primary encompasseshildrenof anyagegroup (UNESCO and OWID
Education Institute for Statistics2024). (UNESCO
Institute for
Statistics,
2024)
Electricity Thedatahasbeensourcedfrom OurWorldin Data  [Kw-H per OurWorld
generation  |(OWID)whichprimarily processesnformationfrom  [capita in Data
from fossil originalsourcesWhenavailable datafor a specific (OWID,
fuelsper countryandyearis primarily sourcedfrom Ember; 2024)
person otherwise, it is supplementedwith datafrom the
Energyinstitute where Ember'sdatais lacking.
Average Theaveragenumberof yearsof formal educationisa |Years OurWorld
yearsof statisticalmeasureindicatingthe total yearsof in Dataand
schooling schoolingthat an adult overthe ageof 25 has UNDP
received.Thisincludesall formsof structured (UNDP,
educationalprogramsthat adhereto a standard 2024)
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30

Education Theeducationclassificatiorhasbeencategorizednto | Years AuthoreQ
classification | two segmentshighereducationgroupandlower calculation
group educationgroup. Thiscategorizatioris anchoredon basedonthe
median the medianvalueof averageyearsof schoolingacross datafrom
based) all countriesin 2021,whichis 7.45818years. average
yearsof
schooling
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AppendixC: Robustnesgests
Table C.1: Regressiomresults ¢ renewable energy generation per capita and import-GDPweighted

patentindex

DependentVariable:Logof per capitarenewableenergygeneration

VARIABLES (1) (2) (3) (4) (5) (6)
Import-GDPweighted 3.001*** 0.121 0.100 2.517*** 0.0873 0.09
patentindex(Std.) (0.207) (0.169) (0.192) (0.203) (0.194) (0.194)
GDPpc (Std.) 0.861**  0.362*** 0.004
(0.067) (0.066) (0.067)
Population(Std.) 0.859***  (0.000879 -0.424
(0.127) (0.123) (1.845)
CQ Emissionpc -0.066***  -0.029***  -0.033***
(0.009) (0.009) (0.009)
Observations 3,352 3,352 3,352 3,258 3,258 3,258
Rsquared(Within) 0.062 0.863 0.865 0.143 0.275 0.866
Numberof countries 179 179 179 172 172 172
Countryfixed effect Yes Yes Yes Yes Yes Yes
Countryspecifictrend No Yes Yes No No Yes
Yearfixed effect No No Yes No Yes Yes

Here,*** p<0.01** p<0.05,* p<0.landstandarderrorsare presentedin parenthesesAll figuresin the table are
rounded to three decimalpoints. In all specificationsthat feature country-specifictrends, a quadratictrend is
incorporatedalongwith the linear trend. Theinclusionof covariatesin the sampleresultedin the lossof seven
countriesfrom the analysisWhile the constantterm is includedin the model specification,it is not reported in
the table, asit holdsno significantimplicationin the contextof a multivariate model.
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Table C.2: Regressiomresults ¢ renewable energy generationper capita and import-GDPweighted
patentindex

DependentVariable:Logof per capitarenewableenergygeneration

VARIABLES (1) (2 (3) 4) (5) (6)
Import-GDPweighted 3.001***  0.121  0.100 2.517** 0.111 0.087
patentindex(Std.) (1.125) (0.172) (0.184) (1.044) (0.171) (0.182)
GDPpc (Std.) 0.861*** -0.0171 0.004
(0.325) (0.051) (0.065)
Population(Std.) 0.859** -0.137 -0.424
(0.338) (2.913) (3.027)
CQ Emissionpc -0.0657**  -0.032** -0.033**
(0.0262) (0.013) (0.013)
Observations 3,352 3,352 3,352 3,258 3,258 3,258
Rsquared(Within) 0.062 0.863  0.865 0.143 0.864 0.866
Numberof countries 179 179 179 172 172 172
Countryfixed effect Yes Yes Yes Yes Yes Yes
Countryspecifictrend No Yes Yes No No Yes
Yearfixed effect No No Yes No Yes Yes

Here,*** p<0.01,** p<0.05,* p<0.1land robust standarderrorsare presentedin parenthesesAll figuresin the

table are roundedto three decimalpoints. In all specificationghat feature country-specifictrends, a quadratic

trend isincorporatedalongwith the lineartrend. Theinclusionof covariatesn the sampleresultedin the lossof
sevencountriesfrom the analysisWhilethe constantterm isincludedin the modelspecificationjt isnot reported

in the table, asit holdsno significantimplicationin the contextof a multivariate model. 228
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Table C.3: Regressiomresults ¢ renewableenergy generationper capita and import shareweighted

patent index, with REpolicy implementationindex, electricity generationfrom fossilfuel and gross

enrolmentratio in primary educationasaddedcovariate

DependentVariable:Logof per capitarenewableenergygeneration

VARIABLES (1) (2) (3) (4) (5) (6)
Import shareweighted  0.211**  0.018* 0.036**  0.211*** 0.018 0.036**
patentindex(Std.) (0.013) (0.010) (0.016) (0.041) (0.0112) (0.016)
REPolicylmp. 0.102*  0.108**  0.113*** 0.102 0.108 0.113
Index(Std.) (0.056) (0.043)  (0.043) (0.126) (0.066) (0.070)
GDPpc (Std.) 0.881**  -0.041** -0.007 0.881** -0.041 -0.007
(0.0712) (0.018)  (0.068) (0.401) (0.032) (0.090)
Population(Std.) 0.307** -0.411***  -1.160 0.307 -0.411%** -1.160
(0.138) (0.066)  (1.896) (0.239) (0.142) (1.481)
CQ Emissiongc -0.106***  -0.016 0.005 -0.106** -0.016 0.005
(0.013) (0.066)  (0.011) (0.053) (0.070) (0.013)
ElectricityGeneration 0.292%** -1.235  -0.406*** 0.292 -1.235  -0.406***
- FossiFuelpc (Std.) (0.082) (1.879)  (0.066) (0.332) (1.355) (0.140)
Enrollment,primary -0.108*** 0.007 -0.039** -0.108 0.007 -0.039
- %gross(Std.) (0.019) (0.011)  (0.018) (0.068) (0.013) (0.031)
Observations 2,873 2,873 2,873 2,873 2,873 2,873
R-squared(Within) 0.214 0.881 0.884 0.214 0.881 0.884
Numberof countries 167 167 167 167 167 167
Countryfixed effect Yes Yes Yes Yes Yes Yes
Countryspecifictrend No Yes Yes No Yes Yes
Yearfixed effect No No Yes No No Yes
Errortype Standard Standard Standard Robust Robust Robust

Here,*** p<0.01,** p<0.05,* p<0.land standarderrorsfor model (1), (2) and (3), and robust standarderrors
for model(4), (5) and(6) are presentedin parenthesesAll figuresin the table areroundedto three decimalpoints.
In all specificationghat feature country-specifictrends, a quadratictrend is incorporatedalong with the linear
trend. Theinclusionof covariatesin the sampleresultedin the lossof sevencountriesfrom the analysisWhile
the constantterm is includedin the model specification,it is not reported in the table, asit holdsno significant
implicationin the contextof a multivariate model
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Table C.4: Regressiomesults - renewableenergy generationper capita and import-share weighted
patentindex,with additionallags

DependentVariable:Logof per capitarenewableenergygeneration

VARIABLES (1) (2 (3) 4) (5) (6)
Import  shareweighted

patentindex(Std.)

t -0.002 0.012 0.031* 0.007 0.021** 0.050***
(0.019) (0.009) (0.014) (0.020) (0.010) (0.016)
tgl 0.124**  0.008 -0.016  0.132*** 0.015 -0.013
(0.042) (0.023) (0.027) (0.043) (0.024) (0.028)
t-2 0.115*  0.028 -0.011 0.112* 0.029 -0.013
(0.046) (0.025) (0.030) (0.048) (0.027) (0.032)
GDPpc (Std.) 0.603*** 0.061 0.083
(0.071) (0.069) (0.071)
Population(Std.) 0.113 0.444 0.566
(0.147) (1.820) (1.824)
CQ Emissionpc -0.064***  -0.031***  -0.031***
(0.009) (0.009) (0.009)
Observations 3,057 3,057 3,057 2,972 2,972 2,972
Rsquared(Within) 0.131 0.865 0.868 0.192 0.866 0.869
Numberof countries 179 179 179 172 172 172
Countryfixed effect Yes Yes Yes Yes Yes Yes
Countryspecifictrend No Yes Yes No Yes Yes
Yearfixed effect No No Yes No No Yes

Here,*** p<0.01** p<0.05,* p<0.landstandarderrorsare presentedin the parenthesesAll figuresin the table
are roundedto three decimalpoints. In all specificationghat feature country-specifictrends, a quadratictrend is
incorporatedalongwith the linear trend. Theinclusionof covariatesin the sampleresultedin the lossof seven
countriesfrom the analysisWhile the constantterm is includedin the model specification,it is not reported in
the table, asit holdsno significantimplicationin the contextof a multivariate model.
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Table C.5: Regressiomesults - renewableenergy generationper capita and import-share weighted
patentindex,with additionallagsand robust standarderrors

DependentVariable:Logof per capitarenewableenergygeneration
VARIABLES (1) (2 (3) 4) (5) (6)

Import shareweighted
patentindex(Std.)

t -0.002 0.012 0.031* 0.007 0.0205*  0.050***
(0.017) (0.012) (0.018) (0.020) (0.0113) (0.015)
t-1 0.124**  0.008 -0.016  0.132*** 0.0148 -0.013
(0.039) (0.020) (0.025) (0.043) (0.0220) (0.026)
t-2 0.115*  0.028 -0.011 0.112* 0.0293 -0.013
(0.048) (0.027) (0.027) (0.054) (0.0297) (0.030)
GDPpc (Std.) 0.603** 0.0613 0.083
(0.280) (0.0544) (0.058)
Population(Std.) 0.113 0.444 0.566
(0.346) (2.867) (2.979)
CQ Emissionpc -0.064**  -0.0306**  -0.031**
(0.026) (0.013) (0.014)
Observations 3,057 3,057 3,057 2,972 2,972 2,972
R-squared(Within) 0.131 0.865  0.868 0.192 0.866 0.869
Numberof countries 179 179 179 172 172 172
Countryfixed effect Yes Yes Yes Yes Yes Yes
Yearfixed effect No No Yes No No Yes
Countryspecifictrend No Yes Yes No Yes Yes

Here,*** p<0.01,** p<0.05,* p<0.land robuststandarderrors are presentedin the parenthesesAll figuresin 231

the table are roundedto three decimalpoints. In all specificationghat feature country-specifictrends,a quadratic
trend isincorporatedalongwith the lineartrend. Theinclusionof covariatesn the sampleresultedin the lossof
sevencountriesfrom the analysisWhilethe constantterm isincludedin the modelspecificationjt isnot reported
in the table, asit holdsno significantimplicationin the contextof a multivariate model.
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Table C.6: Regressiomresults - renewable energy generationper capita and import-GDPweighted
patentindex, stratified by innovatorand non-innovatorgroup

DependentVariable:Logof per capitarenewableenergygeneration

(1) (2) 3) 4)
VARIABLES Noninnovators Noninnovators Innovators Innovators
Import shareweighted 0.045** 0.045** 0.033 0.033
patentindex(Std.) (0.023) (0.019) (0.023) (0.023)
GDPpc (Std.) -0.058 -0.058 0.175 0.175
(0.088) (0.057) (0.120) (0.160)
Population(Std.) -2.504 -2.504 0.434 0.434
(4.167) (12.05) (1.805) (1.244)
CQ Emissionpc -0.032** -0.032* -0.039%*** -0.039*
(0.013) (0.017) (0.013) (0.020)
Observations 1,665 1,665 1,593 1,593
R-squared(Within) 0.817 0.817 0.913 0.913
Numberof countries 94 94 78 78
Countryfixed effect Yes Yes Yes Yes
Countryspecifictrend Yes Yes Yes Yes
Yearfixed effect Yes Yes Yes Yes
Errortype Standard Robust Standard Robust

Here,** p<0.01,** p<0.05,* p<0.1land standarderrorsfor model (1) and (3), and robust standarderrors for

model (2) and (4) are presentedin parenthesesThetable only containsregressionestimatesfrom our proposed
specificationunder standarderror and robust error settings.All figuresin the table are roundedto three decimal

points. In all specificationghat feature country-specifictrends, a quadratictrend is incorporatedalongwith the 232
linear trend. Theinclusionof covariatesin the sampleresultedin the lossof sevencountriesfrom the analysis. —
While the constantterm is includedin the model specification,it is not reported in the table, asit holds no
significantimplicationin the contextof a multivariate model.
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GDPweighte

o

patentindex, stratified by high andlow educationgroup of countries

DependentVariable:Logof per capitarenewableenergygeneration

(1) (2) 3)
(4)
VARIABLES Higheducation Higheducation Loweducation
Loweducation
Import shareweighted 0.044** 0.044** 0.0416
0.0416*
patentindex(Std.) (0.019) (0.020) (0.0311)
(0.0217)
GDPpc (Std.) 0.141 0.141 -0.640 -
0.640
(0.120) (0.171) (1.955)
(2.798)
Population(Std.) -0.631 -0.631 3.210
3.210
(2.035) (1.853) (4.046)
(8.685)
CQ Emissiongc -0.032*** -0.032** -0.157*** -
0.157
(0.010) (0.015) (0.0522)
(0.135)
Observations 2,169 2,169 975
975
R-squared(Within) 0.893 0.893 0.817
0.817
Numberof countries 114 114 52
52
Countryfixed effect Yes Yes Yes
Yes
Countryspecifictrend Yes Yes Yes
Yes
Yearfixed effect Yes Yes Yes
Yes
Errortype Standard Robust Standard
Robust

Here,*** p<0.01,** p<0.05,* p<0.1land standarderrors for model (1) and (3), and robust standard
errors for

model (2) and (4) are presentedin parenthesesThetable only containsregressionestimatesfrom o
ur proposed

specificationunder standarderror and robust error settings.All figuresin the table are roundedto th
ree decimal

points. In all specificationghat feature country-

specifictrends, a quadratictrend is incorporatedalongwith the

linear trend. Theinclusionof covariatesin the sampleresultedin the lossof sevencountriesfrom th
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e analysis.
While the constantterm is includedin the model specification,it is not reported in the table, as

it holds no
significantimplicationin the contextof a multivariatemodel
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1 Introduction

Globalagriculturatradeiscrucialfor the economicstabilityandgrowth of developing
countries. Thesenations have increasinglyelied on international trade to obtain 235
essentialgoods, benefiting both from the income it generatesand the stabilizing

effect on their economies[Kummu et al., 202(4. This strategic emphasison
agriculture is partly due to the effectiveness of agricultural exports in driving
economic growth, often more significantly than the expansion of domestic market
demand RAksoy and Beghjr2005. As of 2014, the global agricultural trade was
valued at approximately one trillion dollars and has been growing steadily at about

3.6 percent per year over the last two decadBs¢kman et aj2017].

However this vital economicpillar is under significantthreat from climate change,
which posesnumerouschal lengesto food systemsworldwide. Climate change
impacts agricultural trade directly through effects on crop produc tion, as
temperaturechangesffectthe lengthof growingseasonandthussignificantlyalter
cropyields[Gregoryet al.]. Asaresult,developingcountriesfaceheightenedrisksof
economidnstabilityandfood insecurity|Dasguptaand Robinson2022, a condition
defined by the Food and Agriculture Organization (FAO) as a lack of regudassc

to enough safe and nutrities food for normal growth and development and an active
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and healthy life Foodand Agriculture Organization of the United NatipB823.

The increasing effects ofimate change are felt not just by developing countries but
also by developed ones, makirnlis a global threat. This necessitatesa critical
analysisof the trade dynamicsetweenmajortradingcoun- tries for essentiakrops.
Thisstudy specificallyfocuseson someof the mosttraded andindispensablecrops,
such as wheat, beans, and potatoe$. KS aiNBy3IGK 2F GKS&S
agricultural trade will largely determine their resilience in the face of climate change.
The network model, with itnherent architecture, allows us to look closer at the
dynamics of such trade ties and corresponding resilience under climate thi&/éts.
these ever evolving connections, it becomes crucial to employ predictive data
analysis to better understand futurérends in agricultural outputs and trade
dynamics.This method allows for proactive planning, shifting away from merely re
activeresponsegso changes Effectivepredictionmodelscanhelp create strategies

that couldhavethe potentialto strengthen theagricultural trade network and reduce

the risk of food insecurity globally.
236
2 LiteratureReview

Existing literature has already demonstrated the usefulness of sophisticated
modeling techniques such as Agent Babd&ateling (ABM)and ComplexNetwork
AnalysiCNA)n dissectinghe changesn agriculturaltrade andits susceptibilityto
variousstressors ABM,for instance hasproveneffectivein simulatingthe decisions

and behaviors ofindividual agents,suchas farmers,under diversed O S y &R 2 & *
offers information about behavioraladaptations inresponseto externalpressures
[Namanyet al., 2024. Similarly CNAhasbeenutilizedto lookat both the stream flow

and the strength of agrifood exchangesystemsagainst shocks,explainingthe
structural vulnerabilitieswithin global food trade systemD[dzii A -$dyRE Tal,

2020.

Yet, current research in agricultural productifarecasting reveals a significant lack
of models that specifically focus on temperature changes, a major effect of climate

change, and their global impacts on crop yieldkast studiesareregionspecificand
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do not addressthe broaderglobalcontext neededfor comprehensiveanalysis.For
example, research byAflhikari et al.2019 specifically addresses predictions of crop
yields in Africa. This focus onlocalized studies, while valuable, limits the

understandingequiredto formulate globalagriculturalstrategiesand policies.

In contrast,this studytakesa different approachby adoptingawider lensin relationto

the impactsof temperature OK I y3Sa 2y RAFFSNByllials®2 dzy (i NA S
expands the focus from regional to global scales, incorporating historical data as well

as predictive analysis to give a comprehensive outlook on agricultural trends over

time. Bydoingso,the studyseekdo bridgethe criticalgapsleft by prior researchand

aidin the craftingof effectiveagriculturalpolicies aimed at decreasing the impacts of

climate change.
3 Research Objective

The main aim of this study is to comprehensivelyassesshow different major
agriculturalproductsrespondto global climate change.Giventhe rate of climate
changejt is crucialto be ableto understandthe overalleffectsof climate variability i
on specific staple crops and their trade dynamics.Specificallythe global trade
patternsof cropscriticalfor food securityand highlysensitiveto climaticconditions

areconsideredjncludingbeans(dry),wheat,andpotatoes.

ABeans(dry): Beansare a vital source of protein, particularly in developing
countries.Thecultivation of beansis greatlyaffectedby specifictemperature
and moisture conditions. Theirsusceptibilityto droughtand excessive rainfall
can drastically affect global trade flows.

AWheat: Essentiafor globalfood security,wheatis primarily vulnerableto heat
stressduring key growth phases. Temperatuructuationsand water scarcity
canleadto reducedyields,whichcanimpactthe O N2 ava@ability.

APotatoes: Potatoesre a major staple diet worldwide and require precise
climate conditionsfor growth. They are affected by heatress and water

shortages, which can lead to decreased quality and yields.
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Firstly,the study aimsto unveil the recenttrends (2022)in the trading dynamicsof
essentialcrops. Thekeynodesin this year are identified in eachgricultural trade
network focusing specifically on their exports and impoiiy. utilizingthe Louvain
CommunityDetectionAlgorithmon the keynodes the researchaimsto highlightthe
strongest communitiewithin thesenetworksaswell asthe immediateandlongterm
effectsof climatefluctuationson global agricultural trade Secondly, the study has
developed specialized visualizations that portray centrality measures atiffesent
countriesfor specificcropsfrom the past37 years. Thesevisualizationsnark peak
valuegto clarify longterm trade dynamics and illustrate the considerable differences
in trade impacts among crops and within the saroeuntry. Thirdly, to aid
policymakersandeconomistsn strategicplanningfor future events the researchwill
predict agricultural trade volumes for the crops from 2022 to 20%Kis is achieved

by testing various forecasting modetsich as Auto ARIMA, Linear Regression,
PolynomiaRegressionand GaussiarProcessesThisapproach provides a spgam

of perspectives on future trade dynamics and helps determine the most
comprehensive forecastingmodel by comparingtheir effectivenessside by side. 938
Furthermore,usingthe most well-rounded model, the studymakesa comparative
analysisof the trade quantities from past data (2006) and projected future data
(2038), framed as sixteeyear trend markers before and after 202By applying
community detection methods to both datasets, the research will assess how trade
communities are restructuring in rpense to changing climate ceditions. Finally,

the study will outline strategic interventions aimed at bolstering resilience within
global agricultural trade networks in response to climate changeese strategies
will focus on key areas such @shancing cooperative trade practices, developing
regional hubs for agricultural innovation, and strengthening key trade nodes to
improveoverallnetworkstability. Byleveragingnutual supportbetweennationsand
integrating advancedagricut tural tecmologies, the research intends to facilitate

responses to environmental challenges and enhance global food security.
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4 Methodology
4.1 FAQODataFiltering

The specific data on global production and trade for the crops considered in this
study were obtained fromthe Foodand Agriculture Organizationof the United
Nations(FAO)usingtheir FAOSTAplatform. Thissourceprovided comprehensive
statisticscrucialfor understandinghe overalllandscapeof agriculturaltrade [Food

andAgricultureOrganization of the United Nationg024].

Toensurethe effectivenesof the analysiof globalagriculturaltrade for key cropsof
wheat,beansandpotatoes,this data underwent greprocessing routine tailored to

the needs of this studyThis included selectively filtering the dataset to retain only

GK2aS ONRLA |yR O2dzy iNASa RANBOGfE NBf SOl yi
analysis.In terms of specific variables, thatdset initially contained a wide array of

attributes. To streamline the analysison-essentiatolumnswvereremoved focusing

on key attributes necessaryor the research.Theretained attributes included the
QwWSLIR2NISNI / 2dzy i NB QX ANKR &S SNP RS LIS R & E BigoNJi &S
YR GKS Qt I NIYSN /2dzy iNEQS gKAOKThea GKS O;
QLOGSYQ O2fdzyYy ARSY (AT Ad@freniakeSoen@emd®igortd @ LIS (K
and import quantities, and the Q ¢ NJQ&aStity 6 2 Wtandafizesall trade

measurements to tons for uniformity.
4.2 Introductionto NetworkAnalysis

Network analysis is a methodology in which the corresponding dataset is examined
as the structure of a system containing various nodes and edg#sugh it is waely
adopted in various subjects such as biology, physici@inces, transportation, and
socialnetworks, itisareveredroute for the analysiof trade dataaswell [Bhattacharya

et al, 2008. In the context of this paper, each node in a network represents a
country involved in the trade of agriculturptoductsof beans,wheat, or potatoes.
Theedgespr linesconnectinghesenodes,illustratethe trade connetions between
these countries.The thickness of these edges is directly proportional to the trade

volume,
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servingas a visual indicator of the intensity of trade activities between any two
connectedcountries. Theemployment ofanetworkmodelalsoprovidesthe possibility
to studyclusteringeffects(suchascommunitydetection)andvariousother statistical
measuregelatedto the dynamicsandcriticality of the constituentnodesandedges.

A brief working methodology of the employedetwork-based analysis is outlined

below.
4.3 Louvain Algorithm

The Louvain algorithm is a widely used method for detecting communities in large
networks and will be applied in sectiér2 of our analysisThisalgorithmis basedon

the optimizationof the modularityscore whichquantifiesthe strength of division of

a network into communitiesGupta 2022. Mathematically, modularityis defined

as:

1 - kiky | .

)= — Ay — —| deg, e4)

Y 2m %‘ { Y om } W6 6
240

Where:

Am =the sumof all edgeweightsin the network (if unweightedgraph,the sumof
edges)

AAij =weightof the edgebetweennodei andnodej*in anunweighted
graph,thisis1if thereisanedgebetween nodes andj, and 0 otherwise.

Aki isthe degree(total connectionspf somenodei.

At (g, ¢j)=1if both nodei & nodej arein the samecommunity,andO otherwise.

The algorithm begins by considering each node (country, in our case) as its own
community. It then progressively merges nodes into larger communities, aiming to
maximize theoverall modularity of the networkThis process continues iteratively

until the modularity reaches its maximum value.
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4.4 CentralityMeasures

Degree centrality is defined as the number of connections a nodeF@sa node,

the degree centrality is gively:

deq(i)

Cpli)
i — 1

wheredeg() isthe degreeof the nodei, andn isthe total numberof nodesin the

network.

Closeness centrality measures the average length of the shortest path from a node
to all other nodes in thenetwork, thus reflecting how close a node is to all other
nodes. It is defined as:

n—1

{-‘rl'."[j] T a/- -5
>, dling)

241

w ered(l, j) isthe distancebetween

h nodesi andj.

Betweennessentralityquantifiesthe numberof timesanodeactsasabridgealong

the shortestpath between two other nodes. It is expressed as:

i . - l’f-:glr'i:l
C'pli) —_—
= =

a1 at

where " st is the total number of shortest paths from nodd¢o nodet and " st(i) is

the number of those paths thaiass through ndei.
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4.5 Previewon PredictionForecastindviodels

Finally,to improvethe & (i dzRaE@a&yin predictingagriculturaltrade volumes,a

detailedsubsectionon prediction models has been added to the results section of

the paper. This addition is criticajiven the complexity of the database in the past

37 years, shaped by geopolitical, cultural, historical, and other factArsingle
forecasting modeimight not sufficedue to different mathematicalfoundationsand
designpurposestailored to specifictypesof data. Therefore by evaluatingmultiple
modelsbasedon their performanceacrossl5 total test caseswe candiscern which
are capableof capturingessentiakrends, suchasobviousuptrendsor downtrends,
and which can adjust to the abrupt changesdictated by external variables.Each
modelwasrankedaccordingto how effectivelyit managed tdhandlethe scenarios
presentedInsomeinstancesmorethanonemodelprovedeffectivefor aspecifidest
case. Detailed insights into th@erformanceof eachmodel, includingthe rationale

behindthe selectionof the mostsuitablemodel,are elaborated in section 5.4.

5 Results

5.1 CurrentKeyTradingCountriesand CropNetworks

It isfirst imperativeto studythe currenttrend in the chosentrade commodities.We

chose2022becausat provides the most recent and complete data set available from

FAO.

Usingvariousdatasourcesthe majorcountriesinvolvedin the trade networkin 2022

wereidentified for beans, potatoes, and wheat:

APotatoesand Wheat: Tradedata detailingthe major countriesinvolvedin the
trade networksof potatoesand wheat was sourced fronTlie Observatory of
Economic Complexif2024 This data helped in mappingitthe flow of these
commodities between significant trading countries.

ADry Beans: Informatioron the major countries within the dry beanstrade

network wascollectedfrom several source® ensurearobustanalysisThese

242
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included [Tridge 2024, which provides information on the global export
Y I NJ SAfiag *2024p which reports the top producing O2 dzy G NA S&a>* | YR

[IndexBox2023, whichanalyzeghe best import markets.

The respective networks are also mapped for the major countries trading beans,
potatoes, and wheat in Figures3, respectively, tdacilitate a clearer understanding

of their trade dynamicsCountry names were abbreviated using acronyms, making
it easier to trace and comprehend the networkEhese acronyms are consistently
used throughout this paper, and a complete list of these abiatéons is included in

Appendix B for reference.

Table 13 presents the reporter and partner countries within the bean, potato, and

wheat trade networks as identified from the analysis.

Type  [Countries

Reporter/Australia (AU), Brazil (BR), Canada (G&ynany (DE), Malaysia (MY), Mexico
(MX), Myanmar (MM), Netherlands (NL), Poland (PL), South Africa (ZA), gé{lsl
States (US) e B
Partner |China (CN), India (IN), Japan (JP), Kenya (KE), Mexico (MX), Pakistan (PK),
Republic ofTanzania (TZ), Uganda (UG)

Tablel: BeanTradeNetworkCountries
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*ue

Figurel: BeandNetworkModel
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Type  [Countries

ReporterBelgium(BE) CanadgqCA) China(CN) Egypt(EG)France(FR) GermanyDE) India
(IN),Israel (IL), Netherlands (NL), PakiffaK), Spain (ES), United Kingdom (U}
United States (US)

Partner |Algeria (DZ), Belgium (BE), Canada (CA), Egypt (EG), France (FR), Germ
Greece (GR), Italy (IT), Mexico (MX), Netherlands (NL), Portugal (PT), Rus:
Spain (ES), United Stat@s$S), Vietnam (VN)

Table2: PotatoTradeNetworkCountries
N ! - 245
Figure2: PotatoNetworkModel

Type  [Countries

Reporter/Argentina (AR), Australia (AU), Bulgaria (BG), Canada (CA), Czechia (CZ
(FR), Germany (DE), India (IN), Kazakhstan (KZ), (LAfyid.ithuania (LT), Pola
(PL), Romania (RO), Russia (RU), Ukraine (UA), United States (US)

Partner |Algeria(DZ) BangladeskiBD) Belgium(BE)Brazil(BR) China(CN),ColombigCO),

Egypt(EG), Ethiopia (ET), Germany (DE), Indonesia (IDf| Tialyapan (JP), Mexi
(MX), Morocco (MA), Netherlands (NL), Nigeria (NG), Pakistan (PK), Phil
(PH), South Korea (KR), Spain (ES), Turkey (TR), Uzbekistan (UZ), Vietn
Yemen (YE)

Table3: WheatTradeNetworkCountries
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Figure3: WheatNetworkModel

5.2 Identificationof CurrentCommunityTrends

The next key aspect of this analysis is to discern the presence of communities and
clusters within the global trade pattern§Vhile the trade network may appear to be
extensivelyinterconnected among numerous countries at a glaaedoserstudywill
reveal distinct community formations, which will be helpful in understandingthe 286
dynamics ofinternational trade. ThelLouvainalgorithm is applied to the main

countries identified in section 5.1 This allows us to identify the Q& G NRy 3Sa i
O 2 Y'Y dzy withih &éh@etwork, which are characterizedby the most densely

connected groups of countries.

Crop StrongestCommunities Modularity
0.14757226023822
48

Beans 9 QX9 WD DEIORAARMDS, QY

9 Q/QVED DO MO NQBOFT NI D[
Q. MAaNY
9 OWItPO DO PDE.OFD RO R Y H 0.34490205302422)
Q59QY 77
S ODIPOGOE QY

9 QI AT QY

9 Q+HLAOE QY

Potatoes
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9 Qa0 'QRa DN INO O D B §[0.34046143444524
Q/ QI QF 4
Q/ ZNENENDORODO N MO I
Q. ARE QS
Q5 BDEQY
9 QWIMIW PO DN DA D QA OE. QO
Qt BOQWQY
9Q.BLMNIQY
9 QLY

Wheat

Tabled: CurrentCropTradeCommunitiesandModularity

The community detection algorithm revealsthe characteristicsand distribution of

communitieswithin the network.

Anin-depth examinationof thesecommunities,organizedby crop type, is presented

below.
247

Beans:The modularity score of 0.147572for beanssuggestghat while there are
denserlinks within the commu nities, the overall network maintains significant
connectionsacrossdifferent groups. This means a well-connected global trade
scenaridor beans.Thecommunitygroupinggor beandikelyrepresentregionaltrade
blocsor commontradeNE dzaogbirfationdike GermanyChinajndia,andAustralia

hint at amixof major producersandimportant consumersn the network.

Potatoes: Potatoeshave a modularity score of 0.344902,which showsa clearer
communitystructure comparedto beans. Thisscorereflectspotato trade networks
dividedinto well-definedgroups, likelyshapedby regionaldepen denciesor specific
trade agreements. The presenceof multiple Europeancountriesin one cluster
highlightsstrong intraEuropean connections, whereas North American countries

grouped together point to regional preferences or logistical advantages.
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Wheat: Wheat shows a similarly high modularity score of 0.340461, highlighting
strong community structures within its trade networKhis high value likely stems
from geopolitical and agricultural influences shaping trade patteM&th major
global producers and consumerssuchas the United States, Canada, andhinain
large and diversegroups,wheat maintainsits role asa crucialglobal staple. These
groups form a network of interconnected countries, which is important for

maintaining the stability ofjlobal food supplies.

These findings suggest that trade networks do not strictly align with intuitive
expectations based on geography or economic status (GDP). For instance, while some
trade clusters can be explained by geographical proximity or commaaougtgral
practices, others seem to form based on trade policies, historical ties, and market
demands, which may not be immediately apparent from a purely economic or

geographical analysis.

Thiscomplexityin traderelationshipssthe reasonwhy suchdetailed studiesbecome
important. Bydissecting the current structure and dynamics of trade networks, we 243
can gain insights that are not readily apparent through simple economic or
geographical modelsWith this approach in mind, an Htepth analysis of both
historical data and future projections will be made to further gain knowledge about

these elaborate trading patterns.
5.3 PastCentralityTrends:A37-YearAnalysis

Before moving forward to the future trend, the exploration of past centrality trends
is necessary, as these metrics revhalv variousnodes(countries)haveevolvedin
termsof their influenceand connectivitywithin the globaltrade network. Theast37
yearshavewitnessedsignificantchangesdue to the evolvingnature of thesetrade
networks. Analyzingthese shifts would be helpful in understanding the
transformationin trade patternsandpreparingfor future trends in wheat, beans, and

potato trade networks.

Thestudy hasdevelopeda specializediisualizationthat displayscentrality measures
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for all countriesconcerningeachcrop. Thisplot accentuateghe highestcentrality
valueswithin eachperiod by markingthesepeakswith dots. Thisszisualizatioraidsin
quicklyidentifyingwhich countrieshave consistentlyheld the highestcentrality for
the crop over the last 37 yearsor clarity, only the top five countries for a specific

centrality are shown in each plot.

The plots are organized by type of crop to illustrate the substantial fluctuations each
country experiences over timend how these vary significantly across different crops

in the same country.

Centrality 249

(d)BeansBetweennes£entrality (e)PotatoBetweennes€entrality  (f) Wheat

Betweennes<£entrality

Figured: CentralityMeasureGraphgor BeansPotatoes andWheat
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Mainly, the visualization reveals significant fluctuations for nearly every country over

the past 37 years, undescoring the volatility inherent in these tradeetworks.
Beans:

1. Degree Centrality:Shows significant fluctuations among the top countries,
indicating changes in their roles as major trading hubs over the yBatsably,
countries like India and China display sharp peaks at certain intervals, showing
their prominence in bean trade from time to time.

2. BetweennessCentrality: The variability in betweennesscentrality across
countries like China and the United Kingdom highlights their role as
intermittent but important connectors in the trade networkacilitating trade

flows between other countries.

Potatoes:

250
1. DegreeCentrality: Thiscentralitymeasurefor potatoesisgenerallymore stable

comparedio 0 S I Geiniany and Canada often appear as consistent central
figures in the potato trade and have strong and steady treadationships.

2. BetweennessCentrality: Shows peaks and troughs, especially notable in
countrieslike Germanywhich some times actsas a significantbridge in the

network, possiblyduringtimes of highdemandor supplyconstraints.
Wheat:

1. Degree Centrality: Displaysless variability than beans and potatoes, with
countries like Canadaand the United States showing high centrality and
reinforcing their positions as major wheat exporters.

2. Betweennes<€entrality: Especiallyighfor countrieslike Russiaandthe United
States,which could point to their roles in connecting various regions of the

global wheat market.

Overall, the pattern®bserved, such as the stability shown by Germany and Canada
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trade, show the changing nature of the global agricultomarket.
5.4 Predictionof FutureDatawith Major Forecastindviodels

& FylfteTAay3da LI &ad GNByRaz AdQa Of SIN GKI
had an impact on crop trade and network$herefore, to aid policymakers and
economists in strategic planning for future events, the research will predict
agricultual trade volumes from 2022 to 2040 using various forecasting mogets:

ARIMA, Linear Regression, Polynomial Regression, and Gaussian Processes are
chosen for this purposeEach model offers unique strengths and assumptions about
data trends, providing range of perspectives on future trade dynamics. Due to the

lack of data points for some crops, it is reasonable to compare different forecasting
models to choose the most reliable onBy reviewing all four models side by side

and evaluating them manugll the research will determine which model would

capture the trend in the most effective way.
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For initial analysis, the research focused on three key country pairs to maintain——————

consistency across all models and provide meaningful comparisons:

ABeansBraziland India- ChoserbecauseBrazilservesasa major exporterand
India as a significantimporter. Thispair helps to understand interactions
between a major South Americanagricultural producer and a large Asian
consumer market.

APotatoes:Netherlands andBelgium- These neighboring countries have deeply
integrated trade systems in the potato sector, thus making them a great case
for studying intraEuropean market dynamics.

AWnheat:USAandChina Astwo of the largestplayersin the globalwheatmarket,
thispairinggivesinsightinto howmajorgeopoliticalandeconomigoliciessuch
astariffs andpolitical relationscanimpacttrade volumes. Offers a challenging

and informative dataset for analysis.

Therepresentativegraphsare shownin the nextfigures.
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BeansBrazilandIndia

(a)Auto ARIMA (b) LinearRegression

(c) PonnomiaRegféssion (d) GaussiaProcesses
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Potatoes:NetherlandsandBelgium

(a)Auto ARIMA (b) LinearRegression

(c)PolynomiaRegression (d) GaussiarProcesses

Wheat: USAandChina

(a)Auto ARIMA (b) LinearRegression

(c)PolynomiaRegression (d)GaussiarProcesses
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Figure5: ForecastingylodelsComparison

Building on the analysis of the three major country pairs above for beans, potatoes,
and wheat, the research expanded includetwelve additionaltop country pairs
acrossall three crops. Thedetailsof theseadditionalpairs carbe foundin Appendix

A. After evaluatingall 15 country pairs, Linear Regressioremergedas the well-
roundedforecastingmodelfor this particularstudy. Theeffectivenessof eachmodel
wasquantifiedbasedon how frequently it was selected as the most dependable for

predicting trade volumes across these diverse scenatfibs.results were as follows:

AAuto ARIMA29.72%accuracyate. Thismodelwasparticularlyeffectivein
scenariowvherethe dataexhibitedstrong seasonal patterns.
ALinear Regressiont0.54% accuracy ratéts strength lies in its ability to
model relationships directly and effectively, which kea it the best fit for
most of the trade scenarios examined.
APolynomiaRegression: 21.6%ccuracyate. Thismodelperformedwellin
situationswherethe relationship between variables was ndinear. 254
AGaussiafProcesses8%accuracyate. It wasoften usefulin capturing

unpredictablerendsdueto itsflexibility in modeling uncertainties.

In this analysisfor the givendatasetcharacteristicsLinearRegressiorstood out as
the most effective forecasting model overall, marked by a 40.54% accuratsy.
However, the choice of the model also can depend on the spéatie contextand
the type of crop. For stable and steadilygrowing markets, simplemodelssuchas
Auto ARIMAand Linear Regressiorcan deliver reliable forecasts. However, for
marketsthat arevolatile,Polynomiabnd GaussiaRrocessesffer better insightshat
caninformriskmanagemenandstrategicplanning.Decisioamakers shouldonsider
usinga combinationof thesemodelsto fully capturethe outcomesrelevantto their
focusonspecific situationsin the next section, we will utilize Linear Regression as it

best captures the trade pattern in most of our test cases.
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5.5 CommunityComparison oPast and-uture Year8ased orGlobal Temperature

Changes

In section5.2, the community structureswithin globalagriculturaltrade networks
havealreadybeenanalyzedfor the year2022,whichis estimatedto havea global
surfacetemperatureincreaseof 1.3degree<elsiusToadvanceour understandingof

the impactof climatechangeon thesenetworks, wehaveselectedadditionalyearsfor
comparisonFirst, the year 2006, with a temperature increase of 0.65 degrees Celsius
and half of what was observed in 2022, serves as a historical benchiarkng
forward, the year 2038 haseen chosen for future projections, exactly yidarsafter

2022, mirroring the 16-yearinterval from 2006to 2022. Thisymmetricalselection
aimsto provide a balancedview of how trade communitiesmay evolve as global
temperaturescontinueto rise. Theseantervalsand key years are represented by the

green lines marked in Figure 6.

Our climate over the last 40 years
Annual mean CO, emissions (ppm, from Mauna Loa observatory) versus 255
global mean surface temperature anomaly (°C, NASA), 1979-2019

CO. ppm °C

1979 1984 1989 1994 1999 2004 2009 2014 2019

Figure 6: lllustration of the global mean surface temperature anomaly in degrees
/| St aAdza o6c/ 0 T NBRuUélinerdpresentsdhe steadyincipaBeinC@ S
levels,while the red line representsthe changein temperature anomalies between

years Nicholls 2019
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To effectively compare the past (2006) and the projected future (2038), we will
employthe same method of communitgetectionusedin analyzinghe 2022data.
Tradequantitiesfor 2006 will be taken from past FAOdata, while projected trade
quantity data for 2038 will be taken from Linear Regression, the most context
appropriate modelidentified in section5.4. Both sets of data will be applied to
identify the strongestcommunitiesin both years. Thisvill allow usto examinehow

trade communitiesare reorganizingthemselvesin responseto changingclimate

conditions.

Crop StrongestCommunities Modularity
Beans 0 QbJ/ QO N2DQ 28 JXBXMO W QY 0.3871
0 QLo YN >
Q! | 9O DEDYSaQOD AINYD QY
Potatoesg Q Qw @D D OE IAPDF QYIS @X) ¥ Q| 0.3600
Q59QY2
9 Q1 HaQOD IFMUCHITTA D OF I D h
Wheat © Q! QW QOO 3OMI[ O RADOEF Q] 0.4857

05 POFE QS

Q. 9DE.QUARNERIPRE QY Q 50
Q! QYWQST

0/ 00 HQEBRRNPASADIMA I QY
9 QIOW) X =

OLOQEQOARORARYROFQY

Table5: CropTradeCommunitiesandModularity for 200
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QYwQZ

0t PORORAXNVDOPEBNROE O
QCAQRQT

0 QPPVTORAINDDH QVEDRE O
9 Q0T@REQ> Q! ! QX QbDQ

Crop StrongesCommunities Modularity,
Beans 9 Q!Q. O B DG OQ QR OYRD D->Q 0.0328
Qb RRROBQ> Q%! Qr Qa, Q
Potatoesd Q tQ® $ X0 YD @IXPS5ODQF O B DY X| 0.5792
QIDAY QX
Q! VOWO X @Y @D HIANaR /QT
Wheat 1§ Q| QXFB0 BYAMQ]/ @D HBAY.GI p® 0.6281

Table6: CropTradeCommunitiesandModularity for 2038

Change in Modulanty from 2006 to 2038

Percentage Change
a
[==]

Change_in_Modularity

Figure7: Percentagehangein modularityof trade networksfor different cropsfrom

2006to 2038.

Beans Potatoes Wheat
Crop
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In2006 trade networksfor beans potatoes,andwheatwerefragmentedwith distinct
clustersformed by leading trading countries like Brazil, India, and China for beans,
and European nations for patioes and wheat.By 2038, these networks show
increased consolidation and interconnectivifyor beans, larger trade communities
emerge, likely in response to climaiteduced changes in production and the need
for diversified trade routesThis results i less modular, more interconnected bean
trade network, with modularity decreasing significantly by appraxately 91.52%
from 2006to 2038. Potatoesand wheat are also forming larger, more regionally
focusedclustershy 2038 Potatoesshowstrongerregionalties,possiblydueto climate
adaptationswith modularityincreasingoy about 60.89%kinally the trade network
for wheat is becomingmore organizedacrosscontinents,aimingto enhancefood
security in the face of climate challenges, withiaorease in modularity of around

29.32%.

6 Solutions 258

To combat the global effects of climate change on crop yield, we have proposed
detailed strategies for enhancing agriculturasilience.Ourmodularity analysidor
currentcroptrends(Table4) highlightstrade communitiesamong majoragricultural
producerssuch asGermany, China, India, Canada, and tted States. These
O2 YYdzy A G A SriclimatBrasiBieddd@ndagrieulturaltechnologylaysa strong
foundation for a mutual assistancedrade strat- egy. Sucha strategywould entail
formal agreementdor supportduring adverseclimaticeventsaffectingcrop yields.
For instance, if a drought impacted bean production in Australia, other community
members like India or Malaysia couddjusttheir export quotasto mitigate the
shortfall. [Frohn 201§ Additionally, countries with advanced agricu}t tural
technologies, suchas Germany, couldshare innovations with less developed

countrieswithin the community to help increase overall resilience.

The identified trade communities also present an opportunity to form regional hubs

focusing on the cultivation oflimateresilient crop varieties. For example, ahub
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comprisingGermany, @ina, India, andAustraliacould spe cializein developing
droughtresistant beans, leveragind S NJY I gfi@afradtechnologyand/ KA y I Q&
production scale§d Nb & I . BimiladlyGafdb involving the Russian Federation,
Egypt, and the Netherlands could-drance potato production suited to temperate
climates, utilizing Dutch expertise in precision farming and ighd greenhouse
cultivation. [Whiting, 2019 These hubs would improve productivity and stabilize
supplychainsof agr+ cultural produce through innovative storage and processing

technologies.

In Section5.3, we found that bean trade networksin India and Chinaexperience
significantshifts, often peakingin demand.Establishinggmergencyreservesn these
regionscould help cushionthe impact of these suddenchangesSimilarly, potatoes

and wheat trades, which are crucial in Germany, Canada, the U.S., and Russia, would

benefit from strengthened imhstructure to maintain supply during key periods.

Lookingaheadto 2038,asdiscussedn Sectiornb.5,potato tradingisexpectedo form

tighter regional groups. This shift highlights the importance of robust regional 559
alliances that can insulate agairiee unpredictable global markegspeciallyasA (i Q &
affected by climate change.By aligningtrade policiesand enhancingcollaborative

efforts in logistics and storage, these alliances can safeguard regional food supplies.
need for countries to broaden their crop diversity and forge new trading
partnerships Adaptingagriculturalpracticeso the changingclimateanddiversifying

crop geneticsare vital steps that can reduce depdence on single markets and

improve resilience to environmental shocks.

7 Limitations

Our network model is inherently limited by its data coverage, which primarily
considers exports and imports on a global sc#er one, it does not delve into the

granubr details such as individual behaviors or specific regional poliaesight
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also influencetrade dynamics. Thereforethis researchshouldideally be usedin
conjunctionwith more detailed studiesthat addresstheseaspectspfferinga more

broadviewof the agriculturald S O (clRalkyas and opportunities.

8 Conclusion

This study has systematicallyexploredthe past, present, and future dynamicsof

globalagriculturaltrade networks through a network analysis approach, focusing on

the trade of key crops such as beans, potatoes, and whBgtemployingvarious

centrality measuresclusteringalgorithms,and the LouvainCommunityDetection

Algorithm, we have unveiled recent trends and identified significant trade

communities that play cdral roles in the stability of theseetworks. Theresearch
alsohaspredictedagriculturatrade volumesfor approximatelythe nexttwo decades
using different forecastingmodels to assesstheir effectiveness.A comparative
analysisof trade quantitiesfrom past data(2006)and projected future data (2038)
wascompletedto gaina better understandingof the maintrendsand shiftsin crop

trade patterns.Mostimportantly,this studyof globalagriculturaltrade setsthe stage

for investigations into how climate fluctuations will shape future trade patterns,

calling for proactive global cooperation efforts to-delop adaptive strategies that

260

ensure food security and resilient agricultural systems amid evolving environmental

challenges.
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AppendixA: Forecastindlodel Comparisorand CountryPairAnalysis

Beans:AdditionalCountryPairs

United States- Mexico

Forecast from 2022 to 2040 for Beans Trade between United States of America and Mexico
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(c)PolynomiaRegression (d)Gaussian
Processes
Canada Japan
T ' 0 =

(a)Auto ARIMA (b) LinearRegresst'ion
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Polynomial Regression Forecast for Beans Trade between Canada and Japan Improved Gaussian Model Forecast for Beans between Canada and japan

o Historical Data (Logged)
— forecasted Data

Log Wade Quantty

1990 200 10 x20 ) 00 1950 200 210 220 10 240

(c) Polyno"h“liaRegression (d) Gaus;ian

Processes

266



Log Wade Quantty

Log Trade Quantity

6" ICODECON]1-13.10.2024 Kalamata, Greece. Book of abstracts

Netherlands United Republiof Tanzania

Forecast from 2022 to 2040 for Beans Trade between Netherlands (Kingdom of the) and United Republic of Tanzar
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(c) PonncﬁniaRegression
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Forecast from 2022 to 2040 for Beans Trade between China, mainiand and Malaysia
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Polynomial Regression Forecast for Beans Trade between China, mainland and Malaysia

Log Tade Quantity

Improved Gaussian Model Forecast for Beans between China, maintand and Malaysia
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Potatoes:AdditionalCountryPairs

UnitedKingdom: Portugal

Forecast from 2022 to 2040 for Potatoes Trade between United Kingdom of Great Britain and Norther ireland and Portugal
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Polynomial Regression Forecast for Potatoes Trade between Canada and United States of America
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Improved Gaussian Model Forecast for Potatoes between Canada and United States of America
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France Spain

T — Linear Regression Forecast for Potatoes Trade between France and Spain

» ~—\ ~
z = N z
3 3
8 \ &
| / / i
g / N g

\/
|
. | u

19% » w10 w20 % o0
1990 200 220 230 240

(a)Auto ARIMA (b) LinearRegress'i'on

Improved Gaussian Model Forecast for Potatoes between France and Spain

uo o
us 3
guo fue
3
8 3
iu Fus
g . {
2o 2o
us 1s
1o 10
e 00 = o © = oy o = 0 = 204
. »

271
(c)PolynomiaRegression (d) Gaussian

Processes

Wheat: AdditionalCountryPairs

France Algeria

Forecast from 2022 to 2040 for Wheat Trade between France and Algeria Linear Regression Forecast for Wheat Trade between France an d Algeria
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Improved Gaussian Model Forecast for Wheat between France and Algeria
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Argentina- Brazil

Forecast from 2022 to 2040 for Wheat Trade between Argentina and Brazil
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AppendixB: AcronymListfor Countries
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Country Acronym|Country Acronym
Algeria Dz Latvia LV
Argentina AR Lithuania LT
Australia AU Malaysia MY
Bangladesh BD Mexico MX
Belgium BE Morocco MA
Brazil BR Myanmar MM
Bulgaria BG NetherlandgKingdomof the) NL
Canada CA Nigeria NG
China, CN Pakistan PK
mainland

Colombia CO Philippines PH
Czechia Cz Poland PL
Egypt EG Portugal PT
Ethiopia ET Republiof Korea KR
France FR Romania RO
Germany DE Russiart-ederation RU
Greece GR SouthAfrica ZA
India IN Spain ES
Indonesia ID ¢NNJ] A&S TR
Israel IL Uganda UG
Italy IT Ukraine UA
Japan JP UnitedKingdomof GreatBritainandNorthernUK

Ireland

Kazakhstan KZ United Republicof Tanzania TZ
Kenya KE United Statesof America us
VietNam VN Uzbekistan uz
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Introduction

This study examines the agriculture insurance in relation to crops in Europe. As climate
variability intensifies, European farmers are increasingly exposed to greater uisks d

to more frequent extreme weather events such as droughts, floods, and hailstorms.
These climateelated hazards significantly affect crop yields and quality, leading to
higher volatility in agricultural production. By analyzing the risk solution trariefe
insurance market we managed to identify how farmers protect themselves from

climate risk in different countries around Europe.

A key finding of the study is that in many countries, the development of agricultural
insurance is shaped by state subsidiedich not only assist farmers in managing
climatic risks but also promote the diversification of risk transfer instruments and
enhance market competitiveness. Regarding coverage, hail and frost risks are insured

in all countries, while drought risk renms uninsured in some, including Bulgaria,
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Germany, and Denmark. Parametric insurance, although still in its nascent phase, has
been adopted in a few countries, offering additional solutions beyond conventional

insurance models.

While risk transfer solutias for climate risks are available in the European agricultural
insurance market, their development and diversification vary significantly across
countries. This underscores the need for customized support policies and risk transfer

instruments to strengtkn the agricultural sector's resilience to climate risks.

Key words crop insurance, climate risk, subsidies, deductible
Literature review

Crop insurance plays a crucial role in safeguarding agricultural productivity and
mitigating financial risks for farems in Europe, especially in the context of increasing
climate variability and extreme weather events. The literature on crop insurance in
Europe underscores the importance of insurance schemes as a risk management tool

for farmers facing growing uncertdias due to climate change. 279

Several studies highlight that European farmers are increasingly exposed to weather
related risks, such as droughts, floods, hailstorms, and frost, which can severely affect
crop yields and quality (Toscani & Finger, 2020; &mnsst al., 2018). The
unpredictability of climate conditions has led to heightened volatility in agricultural
production, making it essential for farmers to access effective insurance products to

mitigate these risks.

The development of crop insurance iargpe has evolved in response to the growing

need to protect agricultural income and manage production risks. Traditional crop
insurance policies, such as yiddsed and indemnitpased insurance, have been

widely used across Europe (Enjolras et al., 20H®wever, the limitations of these
conventional models, particularly in covering systemic risks like drought, have driven

the exploration of alternative solutions, such as indsed or parametric insurance.

Although still in its early stages, parametinsurance has been gaining traction in
O2dzy UNASA fA1S L (Wefa& Garnd®x204MJ- Ay o/ Faidl 3SRI
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The role of government support is pivotal in the crop insurance landscape in Europe.
Many countries provide subsidies to encourage farmers to adoptirance, as
premiums for crop insurance can be prohibitively expensive without state assistance
(Bielza et al., 2009). These subsidies have also been instrumental in expanding the
coverage and availability of insurance schemes, especially in countrieaskchnce,
Spain, and Italy. However, the literature also points to significant variations in state
support across countries, leading to discrepancies in the adoption and effectiveness

of insurance mechanisms (Meuwissen et al., 2001).

Looking ahead, therés increasing interest in the development of more innovative
insurance solutions, such as mperil crop insurance and indébased insurance,
which offer more comprehensive coverage and simplified payout processes (Goodwin
& Vandeveer, 2020). Furthermmradvancements in technology, such as satellite data
and remote sensing, are expected to enhance the accuracy and efficiency of risk
assessments, paving the way for more tailored and-effgictive insurance products

(HochrainesStigler et al., 2014).
280
Theliterature on crop insurance in Europe demonstrates its critical role in managing

climaterelated agricultural risks. While traditional insurance models remain
dominant, there is a growing push toward more innovative and accessible solutions,
supported by government subsidies. However, significant challenges remain,
particularly in terms of uneven adoption, high costs, and the need for regpegific
products. Addressing these challenges will be crucial for enhancing the resilience of

the European agrictural sector in the face of increasing climate uncertainty.
Methodology

The methodology used in the study focuses on a comparative analysis of crop
insurance across European countries, highlighting the availability and adoption of
insurance solutions for pure risks. Data were collected through a structured
guestionnaire, and esponses were analyzed to provide insights into insured

agricultural areas, the influence of mandatory insurance, and the variety of risks

covered. The analysis was based on responses from farmers and industry
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stakeholders, providing a comprehensive undansling of insurance solutions and

protection measures adopted at the national level.

The study used graphical representations to illustrate the insured areas, the
mandatory nature of insurance, and the types of risks covered across Europe. These
visual amlyses compared insured areas by country, showcasing significant differences
influenced by factors such as state subsidies and the existence of compulsory
insurance schemes. Additionally, the analysis examined risk types covered, such as
hail, frost, storm and excessive rain, as well as the adoption of parametric insurance

products.

Key indicators like deductibles, cost comparisons, and state subsidies were also
analyzed. The findings revealed the varying levels of market development and
competitiveness eross countries, as well as the role of government support in

expanding insurance coverage. Overall, the methodology provides a structured, data
driven approach to understanding the disparities in agricultural insurance solutions

across Europe. 281

Results

Thestudy results are presented in a comparative format at the European level for each
country. Based on these results, a clearer picture of crop insurance across Europe by

farmers can be obtained.

It can be observed that there are insurance solutions fonate risks in almost all
European countries. Of course, there are significant differences between countries,
the main differentiator being subsidies. In countries where s&ipported schemes
exist, risk transfer solutions are more diversified, allowiagrfers access to more

protection instruments.

Based on the responses obtained we present below a graphical representation of the
insured areas in the EU and how they are influenced by the mandatory nature of

agricultural insurance.
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Insured surface and EU level
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Figure 1: Analysis afsured areas in the EU.

Source: Created by the author

From the analysis of insured areas, we can observe a considerable number of countrit?
insuring over 50% of their area: Austria, Croatia, Cyprus, Czech Republic, France,
Germany, Greece, Hungary, Luxeratp, and Spain. Notably, some countries insure

nearly 100% of their area: Cyprus, Greece, and Hungary. On the opposite side, we have

countries with less than 5% insured area: Bulgaria, Finland, Lithuania, and Latvia.

Regarding the mandatory nature of imamce, there are only a limited number of
countries where farmers are required to participate: Bulgaria, Cyprus, Greece,
Hungary, and Poland. In Cyprus and Greece, crops are insured through mandatory
schemes imposed by the state. In Bulgaria, Hungary, Rokhnd, insurance is
mandatory if farmers wish to receive state subsidies. It can be seen that the obligation

in these three countries is indirect, being conditioned by the payment of subsidies.

Considering the insurance solutions for the climate risksaresee irFigure Zbelow
that traditional single/multirisk insurance exists in all countries. However, from
country to country, parametric indel#ased insurance has also emerged. The purpose

of these is to complement what couldn't be insured through ttadal single/multt
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risk insurance solutions. Parametric insurances are present in only a few countries and

are still in their early stages, not being very common among farmers. These types of

insurance can be found in: Austria, Germany, Spain, Frankeahia, and Romania.
In Austria, the most common parametric insurance is precipitation deficit, which

monitors two parameters: the precipitation deficit over a specific period compared to

an average and the number of heatwave days. This product has béended to

Lithuania and Germany. In Spain and France, the most common product is based on

the NDVI vegetation index and its variations compared to a normal crop development
phase. In Romania, at a limited level, there is a product that considers préoipita
deficit and heatwave days. In all these countries, there are also other parametric

products such as production guarantees, soil moisture index, and temperature

variation index, though in more limited numbers.

Type of crop insurance in EU
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Figure 2: Analysis of insurance typeshie EU

Source: Created by the author
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In Figure 3 below, we can observe an average deductible of betweelb%0
However, in countries with statsupported insurance schemes, a deductible of 20%
30% is applied for subsidized premiums. The size ad¢ldectible has a direct impact

on determining the cost of insurance, but the cost also depends on many other factors
such as crop type, region, and types of risks insured. Due to these factors, it is quite
difficult to compare prices between countries. Hewer, if we refer to an average cost

for multi-risk insurance excluding drought risk, it would be approximately 30 EUR per
hectare. Droughbnly insurance, depending on the region, can reach costs of around

130 EUR per hectare.

Analysis of deductible usage in the EU
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Figure 3: Analysis of dediible usage in the EU

Source: Created by the author

In Figure 4below, we present the situation of agricultural insurance subsidies at the
EU level. Regarding the subsidies offered to help farmers insure crops against pure
risks, it can be seen that mospuntries provide this facility. However, the source of
the funds may come from the European Union through the Common Agricultural
Policy or local statéevel programs. Regardless of the source, the most commonly

seen subsidy levels across Europe are 5066%.
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Crop insurance subsidies in EU
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Figure 4: Analysis of agricultural insurance subsidies in the EU

Source: Created by the author

A brief conclusion of the analysis shows that, at the European level, there are solutions
for transferring pure risks in the insurance market. Howefrem country to country, 285

these solutions are more or less developed.

Conclusions

The study reveals that crop insurance solutions for climate risks are available in nearly
all European countries, with significant variations driven by the presence of state
subsidies. Countries with statipported schemes tend to offer more diversified and
accessible insurance options. A notable number of countries insure over 50% of their
agricultural areas, while a few insure almost 100%. Additionally, parametric-index
based insurance is emerging in some countries, though it remains in its early stages.
Insurance costs and deductibles vary considerably, influenced by factors such as crop
type and region. Finally, most EU countries provide subsidies, typically ranging
between 50% and 65%.
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Abstract

The Sustainable Development Goals (SDGs) have two principal objectives: to enhance the
quality of life for residents and to safeguard the natural environment. Ultimately, it can be
argued that we have not inherited the land from our ancestors, but ratloerdwed it from

our children, as the Indian proverb suggests.

The protection of the environment and the improvement of living conditions have beemp87
matters of concern to humanity throughout history. In Greek mythology, the figure of
Erysichthon is presented as one, who cut down the sacred oak tree of the goddessDemet
The construction of the Athenian Fleet resulted in the felling of forests in Attica and Boeotia,
while substantial quantities of marble were extracted from Penteli for use in the creation of
these monumental works. It was Aristotle who first identifidte intrinsic relationship
between humanity and the natural environment, emphasizing the importance of this

relationship for human health, welieing and development.

Subsequently, the classical economists of the 18th and 19th centuries employed tteptonc

of land as a means of describing natural resources. In the view of classical economists, land
was a crucial factor in the production of goods and services. Darwin's theory of evolution
encompasses the adaptation of species to dynamic environments. Btaphasised the
estrangement of workers from nature and the exhaustion of natural resources. In the 21st
century, considerable efforts have been made, and continue to be made, to protect the
natural environment. The initial efforts were guided by the pipies set forth in the UN
Global Compact, which were subsequently operationalised through the implementation of

the 17 Sustainable Development Goals. Recent studies have indicated that a balanced
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development of the various production sectors is necessaryathieve sustainability.
Furthermore, examples from international experience will be presented in order to
demonstrate the utility of the aforementioned goals in the strategic planning of local

government.

The presentation aims to highlight the link beseSDS and local government development
and the help it can offer to the inhabitants, especially in the most remote municipalities. The
11th objective on sustainable cities and communities directly links local government at both

levels with the implementabn of SDS in the Greek territory.

In order to achieve the aforementioned objective, a combination of three methodological
tools will be employed: the literature review, bibliometrics and the case study. The case study
will focus on the former community ddnavra in Magnesia and the municipality of Argithea

in the region of Karditsa. It is of particular importance that the conclusions are considered, as
their application will significantly contribute to the enhancement of the implementation of

the Sustainale Development Goals at the local government level.
Key words:Agenda 2030, environment, local government, sustainability 288

JELQS50, Q56, Q58

Sustainability is no longer about doing less harm.
It's about doing more good.

Jochen Zeitz®

1. INTRODUCTION

Sustainable development was defined in the 1987 Gro Harlem Brundtland Report of the
International Commission on Environment and Development "Our Common Future" as
"development that meets the needs of the present without compromising the ability of future
generations to meet their own needs". It contributes to economic growth and the protection

of social and environmental balances. It aims to improve the living conditions of individuals

9Entrepreneur, CEO and chairman of the board of a multinational company.
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while preserving the environment in the short, medium and, above alf kerm (Aspridis,
2015; Moussiopoulos, Ntziakhristos & Slini, 2015). It is one of thetéongobjectives of the
EU, according to Art. 3 of the Treaty on European Utfion.

In this context, Agenda 2023 delineates the 17 Sustainable Development Goals (SDGSs), which
are designed to enhance living conditions and safeguard the environment. The objective is to
emphasise the interconnection between the SDGs and the initial lel@taffgovernment. In

order to achieve the objective, a literature analysis and bibliometric analysis will be

conducted.

A combination of research tools was employed to facilitate a more comprehensive analysis of
the issue. The review of the literature,bbibmetric analysis and case study. The literature
review is based on a critical, analytical and synthetic study of the texts under consideration.
The objective of the method is to identify the most effective theories and practices for
managing diversityni contemporary organisations. This will enable the optimisation of
organisational effectiveness and efficiency (Saunders et al., 2019). The case study is a method
of presenting previous studies and understanding complex issues. This study refers 289
descrigive studies, which describe the strategies and phenomena analysed (Lazaridou, 2019).

The results of the bibliometric analysis will be presented in the following chapter.

The findings of this study, pertaining to the implementation of the SDS bygoeainments,
can be extrapolated to mountainous municipalities across mainland Greece. Further research
could concentrate on the perspectives of elected officials at the local government level or on

the residents of these municipalities.
2. LITERATURE REVIEW

The Sustainable Development Goals represent a pathway to
a more equitable, peaceful, and prosperous world, as well as
a healthier planet. Furthermore, it constitutes a call for
intergenerational solidarity. y i 5MWahugl de Oliveira

Guterreg!

19%0n line available onthe website https://gym-pastr-new.kef.sch.gr/wgcontent/uploads/2021/11/%CE%931
% CE%932CE%91%CE%95%CE%99%CE%A6%CE%9F%CEY%A1%CEY%9F%CE%A3
Y%CE%91%CE%9D%CE%91%CE%AC0%CE%A4%CE%AS%CEY%IAE%CEY%97.pdf

1IUN Secretary General.
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Local government and decentralisation are regulated in the Constitution and in Articles 101
and 102. More specifically, Article 101 (Administrative Decentralisation) stipulates that "1. The
administration of the State shall be organized according to tlecpple of decentralization.

2. The administrative division of the Country shall be based on geoeconomic, social and
OGN YALRNIF GAZhe ar@R Y RA G 0F RO d D2BSNYNIheiov RSTAy
administration of local affairs shall be exercised @al government agencies of first and
second level. For the administration of local affairs, there is a presumption of competence in
favour of local government agencies. The range and categories of local affairs, as well as their
allocation to each leveshall be specified by law. Law may assign to local government agencies
the exercise of competences constituting mission of the State. 2. Local government agencies
shall enjoy administrative and financial independence. Their authorities shall be elected by
universal and secret ballot, as specified by law. 3. Law may provide for compulsory or
voluntary associations of local government agencies to execute works or render services or
exercise competences belonging to local government agencies; these shaldraeap by

St SOGSR FIRYAYAAUGNF GA2Yyano

The Treaty on the Functioning of the EU in Article 11 states that "environmental protection
requirements must be integrated into the definition and implementation of the Union's og
policies and activities, in particular \Wig view to promoting sustainable development” (EC,
2020).

Efforts to protect the environment were initiated by the Global Compact on Corporate Social
Responsibility (CSR) which states that organisations (a) should take a proactive approach
towards problens related to the environment, (b) it is necessary to take initiatives to promote
the greatest possible environmental responsibility and finally (c) they should enhance the

development and dissemination of environmentally friendly technologies (Aspridi§,)20

The Sustainable Development Goals were then defined in order to formulate the appropriate
institutional and policy framework for the implementation of best practices. The SDGs cover
a broader spectrum which includes actions ranging from climate ehaongpoverty and
hunger eradication, promoting innovation, sustainable consumption and more (Figure 1)
(Aspridis et al., 2022).
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Figure 1: SDGs
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Source: On line available on the website
https://sustainabilitytools.eu/basics/sustainable-development-goals/

291

Sustainability is defined as "the ability of the earth's diverse ecosystems, including human
culturaland economic systems, to maintain and adapt to changing environmental conditions

in perpetuity” (Tyler Miller & Spoolman, 2022: 607).

The work of Tsiara & Andreopoulou (2015) assessed the prospects for sustainable
development in mountainous areas. A mupality in PE Pieria was studied. The research
focused on factors that contribute to the development of the region. Demographic data as
well as data related to productive sectors that affect the development of the region, such as
agriculture, livestock anthountain tourism, were recorded and analysed. The results of the
survey showed a clear bias of the local population towards mountain tourism, a significant
decline in agriculture, which in the research area is closely linked to tobacco cultivation, and
asteady growth in livestock farming. The findings of the survey suggest that a more balanced
development of the different production sectors is needed in order to achieve sustainability,

especially with regard to the uneven development of tourism and thadide of agriculture.

Vardopoulos et al (2021) focuses on the evaluation of the practices, processes and results

obtained in order to determine whether the municipal solid waste (MSW) management


https://sustainabilitytools.eu/basics/sustainable-development-goals/
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implemented in three municipalities of the Greater Attioseban area could be considered
sustainable. The results are very useful for policy makers and local authorities to take actions
related to the objectives set by the circular economy strategies, as well as the objectives set

by the United Nations DevelopmeRrogramme and the European Green Deal Strategy.

I O0O2NRAY3 G2 1yasStts {DNByaSy s ¢2NFAYI OHNHHI
government to adopt the SDGs. For example, promoting local projects and initiatives requires

structural support andeadership. Local government can attribute to the structural and

leadership dimension, influence on local conditions to pursue social and econombmivg|

social equity and finally environmental protection.

Bazeed's (2023) study concluded that they@ineed to define a general framework for local
governance that defines clear roles for local government to achieve sustainable local
development and develop methods for selecting local leaders. Strategic planning is about
implementation and monitoring tocachieve sustainable local development through the

adoption of the SDGs.

3. BIBLIOMETRICS
292

The bibliometric analysis recorded the existing literature and articles related to sustainable
development and its implementation in local government in Greece. Thevasrto highlight

its increasing importance in the modern era. Through the bibliometric analysis, the number of
publications related to the subject matter, the number and type of publications per time
period and finally the most popular terms used in resfafSarantinoudis et al., 2023;

Haleplioglou & Papavlasopoulos, 2022; Papavlasopoulos, 2015) are presamigadg others.

The present bibliometric analysis was based on the academic database Scopus and the words
"sustainability" and "municipalities" antiGreece" were used in the search and 42 results
appeared. The bibliometric study was conducted in February 2024 and the VOS Viewer

software was used for the graphical representation.

All articles published on the relevant platform are in English, andaat thirty (30) texts have

at least one Greek author or all members of the writing team are Greek. The first relevant

article on sustainable development and local government is that of Basbasm, Papaioannou &
Y211t AdS wnnczZ SyidAadt SR dRAKSE YNIDISE R2 7 2 81y @A NRSVK

Fresenius Environmental Bulletin, Vol 15, 8B.
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Chart 1: Publications
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In total, 26 articles have been published in international journals, 11 papers in conferences

and conference proceedings, two chaptersiited volumes and 3 in various other forms of

publications (chart 1).

Chart 2: Publications over the years
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Research and academic interest in this topic has become particularly intense in the current
decade. It is noteworthy that before 2000 pablications appeared on the Scopus platform.

Only two articles were published in the 2000s. In the following decade, 16 articles were
published. In the current decade, 24 texts have already been published and the number is

expected to increase geometritacompared to previous decades (chart 2).

Chart 3: Citations
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In terms of the number of citations, the vast majority (28 texts) have received between 0 and
9 citations. Four texts have received between 20 and 29 and more than 30 or more citations.

Firally, 6 texts received between 10 and 19 citations (chart 3).

Two articles have received the most citations, more than 35. These texts are the article of

Fantozzi F., Bartocci P., D' Alessandro B., Arampatzia$. ¢ 2a . ® O Hprivmtea 0 ® (t dz0 f
partnerships value in bioenergy projects: Economic feasibility analysis based on two case
d0dzZRAS&NIT . A2YlFa4& YR . A2SYSNBGaA &#WAIDIGA | YR t S
OHAHNO® ChLILRNIIdYKEABZAST2R) BEBKIGRAVEINARE FT2NJ AN
Water Management, Vol. 241.



Authors
Fantozzi F.; Bartocci P
D'Alessandro B.:

Arampatzis S.; Manos B.

Pedrero F.; Grattan S.R
BenGal A.; Vivaldi G.A.

Vardopoulos l.;
Konstantopoulos I.; Zorpa:
A.A.; Limousy L.; Bennici

Feleki E.; Vlachokostas C
Moussiopoulos N.

Papaioannou T.G.
Dimitriou N.; Vasilakis K.
Schoofs A.; Nikiforakis
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Table 1: Articles with most citations
Title Journal Year of

publication

Biomass 2014

Bioenergy

Publiecprivate  partnerships
value in bioenergy projects
Economic feasibility analys
based on two case studies
Opportunities for expandin¢ Agricultural
the use of wastewaters fo Water
irrigation of olives Management
Sustainable metropolitar Environmental
areas perspectives throug Science anc
assessment of the existin Pollution
waste managemeni Research
strategies

Holistic methodologica
framework for the
characterization of urbar
sustainability and strategir
planning

An loFbased gamified Sensors
approach for reducing (Switzerland)
200dzLd yiaQ Sy

public buildings

anc

2020

2021

Journal of 2020

Cleaner
Production

2018

Table2: Clusters

Greece
Metropolitan area
Sustainability

Sustainablalevelopment

Number of

citations
35

35

32

30

29

295

According to table 2 and chart 4 the keywords used are Greece, Metropolitan area,

Sustainability and Sustainable development. Metropolitan area is linked to Greece and

sustainability, similarly sustainabitevelopment is linked to Greece and sustainability. There

is no direct link between metropolitan area and sustainable development.
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Chart 4: The graphic representation
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Table 3: Indicative publications by Greek authors
Authors Title Journal Year of
publication
Moustairas I.; Vardopoulos Exploring factors that affect publi Sustainable Chemistr 2022
I.; Kavouras S.; Salvati L acceptance of establishing an urb: & Pharmacy

Zorpas A.A. environmental education and recyclir
center
Feleki E.;Vlachokostas C. Holistic methodological framework for th Journal of Cleane 2020
Moussiopoulos N. characterization of urban sustainabilii Production
and strategic planning
Vardopoulos l.; Effects of European Union agriculture Land Use Policy 2017

Konstantopoulos |.; Zorpas policies on the sustainability of grazinglai
A.A.; Limousy L.; Bennici use in a typical Greek rural area
Tsiaras S.; Andreopoulou Z Sustainable development perspectives it Journal of 2015
less favoured area of Greece Environmental
Protection and Ecology

4. LOCAL GOVERNMENT AND SDGs

To-do list for people and planet

Paolo Gentiloni?

2Commissioner, European Commission, Responsible for Economy and for Eurostat. European Union
2020.
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In the National Strategy for Sustainable and Equitable Development Plan, the "Road to Fair
and Sustainable Development (2019) goes through éhploitation of local assets and
opportunities that local communities are best aware of. Unfortunately, the local government
has been one of the biggest victims of the crisis resulting in operating underfunded and
understaffed. Today, in cooperation withcll authorities, a significant effort is being made

to overcome these difficulties in order to upgrade its development role across the board.
These central interventions focus on four levels: institutional, financial, staffing and digital

upgrading."

Accading to the KEDE report on the implementation of the 2030 Agenda, "the SDGs are
directly linked to the responsibilities of local and regional authorities, particularly in terms of
their role in the provision of basic services; their involvement is absigl@ssential for the
success of sustainable development. However, the local and regional authorities that develop
and implement these policies are often unaware of their own potential relationship with
specific SDGs. Thus, what is needed are actiong s awareness and support the active

role of local actors, as well as support for local authorities to make decisions that contribute
to the achievement of the SDGs...Although Greek regions may need more resources apd7
capacities, they intend to play adding role in the implementation of policies and plans to
achieve the SDGS®

In the city of Santana de Parnaiba, Brazil, SDG 16: Peace, justice and strong institutions was
adopted with the professional development of the police, the establishment of it f
women's police station to combat domestic violence. These activities allowed the city to tackle
crime and today it is one of the safest cities in Brazil. Similarly, in India and Darjeeling, the
development of Agenda 2030 was supported through the é@mntation of a series of SDGs

such as 6 (Clean Water and Sanitation), SDG 11 (Sustainable Cities and Communities) and SDG
12 (Responsible Consumption and Production). The strategic plan involves the
implementation of a comprehensive plan based on the dbntion of all members of the

local community-*

According to the Local Action website, a number of objectives can also be implemented by
local government. For example, SDG 6: Clean water and sanitation, SDG 7: Cheap and clean

energy, SDG 17: Working together for the goals and finally SDG 11. SD&diag5e Cities

130nline available on the websitbttps://kede.qgr/i-atzenta2030-kari-topiki-aftodioikisil.
140n lineavailable on the websitéttps://sdgs.un.org/partnerships/achievirgdgsone-city-time-towardslocal
authority-voluntary-review.



https://kede.gr/i-atzenta-2030-kai-i-topiki-aftodioikisi/
https://sdgs.un.org/partnerships/achieving-sdgs-one-city-time-towards-local-authority-voluntary-review
https://sdgs.un.org/partnerships/achieving-sdgs-one-city-time-towards-local-authority-voluntary-review
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and Communities) is one of the SDGs related to local government. This objective highlights
the role of SDGs in driving change, from the bottom up. That is, from local communities to
central government. In general, the acceptance of SD@dbcal government level provides
opportunities for development and partnerships to achieve economic and social sustainability
of cities regardless of their size and contributes to improving the quality of life of city
residents. It is characteristic & the implementation of the SDGs will contribute to the
establishment of the principle of subsidiarity and to addressing and solving local problems at

the lowest possible level (Stylianou, 2023)

The Municipality of Aghios Dimitrios has adopted amglemented most of the SDS. For
example, under SDGL it has contributed to the social care of families in need of assistance
through the provision of rations, medicines and general support. Under SDG11 it has helped
to improve the digital processes providléo citizens. Under SDG4 it has helped to increase
the number of students attending the social tutoring courses. Finally, in the context of the
SDG12, it helped to improve the quality of life and environmental protection (recycling,

circular economy, etg.® 298

5. COMMUNITY OF ANAVRA

The Sustainable Development Goals were adopted by tHeJROGeneral Assembly in 2015
to formulate policies and commitments for developed and developing countries to integrate
the dimensions of sustainable development, namely dp@avironmental and economic
policies. Our country accepted that the implementation of the Goals will contribute to the

development of the country.

But is this the case? Were the Goals implemented in the 2010s in Greece? History shows the
opposite. In he 1990s a mountain community in what is now Magnesia, Ad%aral under
the administration of Dimitris Tsoukalas, was an example of sustainable development.

Geographically Anavra is 72 km from the capital of the Magnesia region, Volos, and is part of

150n line available on the website https://dad.gr/oi-deiktes-viosimis-anaptyxis-toy-dimoy-agioy-dimitrioy/.
16A similar situation was in Spain in the village of Marinaleda in Western Andalusia, with zero
unemployment rate among its inhabitants. The mayor at the time, Juan Manuel Sanchez Gordillo (Juan
Manuel Sanchez Gordillo) had incorporated a number of the Objectives that were established in the
following years. In particular, he incorporated Goals 1-Nil poverty, 8-Decent work and economic
development and 10-Less inequality. On line available on the website https://tvxs.gr/apopseis/arthra-
gnomis/xoyan-manoyel-santses-gkorntigio-oi-agores-ebalan-ta-krati-na-plirosoyn-ta-spasm/.



https://dad.gr/oi-deiktes-viosimis-anaptyxis-toy-dimoy-agioy-dimitrioy/
https://tvxs.gr/apopseis/arthra-gnomis/xoyan-manoyel-santses-gkorntigio-oi-agores-ebalan-ta-krati-na-plirosoyn-ta-spasm/
https://tvxs.gr/apopseis/arthra-gnomis/xoyan-manoyel-santses-gkorntigio-oi-agores-ebalan-ta-krati-na-plirosoyn-ta-spasm/
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the Municipality of Almyros. According to the last census of ELSTAT (2021) the Municipal Unit

Anavra has 405 inhabitants.

How do the Goals relate to the actions taken in the Anavra community in the early 20th

century?Some examples are presented below.

1 At the beginning of the 20th century the water supply network was almost destroyed
and inadequate. For example, people and animals drank water from the same places.
One of the first actions of the community leader was to restore the water supply
network ard make the water potable (SDG 6: Clean water and sanitation).

9 Living standards improved to be among the highest in Europe, with an average annual
AyO2YS 2F 06SG6SSYy eonznnn FyYR emnnInnn o6{5
SDG 8: Decent Work and Ecomo Development, SDG 10: Less Inequality). All actions
were carried out with the equal participation of both genders (SDG 5).

9 The infrastructure of the schools in the community was improved, sports facilities, an
indoor gym and a folklore museum were credt(SDG 4: Quality education, SDG 11.:
Sustainable cities and communities). 299

1 A wind farm was established which met the community's energy needs and alsoc—————
contributed to the community's revenue (SDG 7: Cheap and clean energy, SDG 9:
Industrial, innovation adh infrastructure).

1 To achieve all of the above, it was necessary for all stakeholders, the community,
residents, the region and even the EU, to work together through the absorption of
funds for the investments that needed to be made (SDG 17: Collaboration

objectives)'’

TAccording to the websites https://www.aftodioikisi.gr/ota/dimoi/anavrathavmapou-esvise/ and
https://www.topontiki.gr/2024/03/09/anavrato-choric-thavmapou-ichemidenikianergid.



https://www.aftodioikisi.gr/ota/dimoi/anavra-thavma-pou-esvise/
https://www.topontiki.gr/2024/03/09/anavra-to-chorio-thavma-pou-iche-mideniki-anergia/

6" ICODECON11-13.10.2024 Kalamata, Greece. Book of abstracts

Photograph 1: Photo of Anavra!®

Source: On line available on the website
https://www.aftodioikisi.gr/ota/dimoi/anavra-thavma-pou-esvise/

300
6. MUNICIPALITY OF ARGITHEAGION OF KARDITSA

The Municipality of Argithea is a mountainous municipality of the Karditsa Region with its seat
in Anthiro. It has an area of 372.837 kand the population is 5.414 inhabitants and was

created by the implementation of the provisions of the Kallikrates Programme.

In the strategic environmental impact assessment of the Municipality of Argithea (2016:6) an
initial link between the SBA andeHocal government emerges. Specifically, it is stated that
"According to the principle of sustainable development, human intervention in the
environment should be carried out in a way that ensures a balanced relationship between the
exploitation of naturdresources and the evolution of ecosystems and for the benefit of future
generations. Therefore, the proposed spatial development model for the municipality should
ensure a balance in space between the productive, residential, environmental and social

aspects and guarantee the sufficiency in time of natural and fmeade resources".

In recent years, interventions in the municipality (concerning the environment, social policy

and others) have been carried out based on the adoption of the principles of {Gs.She

18The photograph is presented with permission of the contact persons of the website www.aftodioikisi.gr.



https://www.aftodioikisi.gr/ota/dimoi/anavra-thavma-pou-esvise/
http://www.aftodioikisi.gr/
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principles on climate change (SDG 13) have been implemented, especially after the natural
disasters of September 2023 Defibrillators were placed on the mountain paths of the
Municipality for the protection of hikers. In addition, a private metlmentre supported the
health centre and clinics of the Municipality with medical equipment as well as
pharmaceutical and sanitary equipment, while the Municipality also participated in the
"Travel for Health" programme of this group (SDG 3: Good HeadtWM&gilbeing). Within the
framework of the same Objective, the Municipality also participated in actions of the Hellenic
Cancer Society to prevent smoking in playgrounds. With the aim of protecting children. In the
framework of the SDG11, actions were admgptto protect the environment and the

ecosystem of the lake, with the aim of improving the quality of life.

At the same time, actions for the tourist promotion of the Municipality, such as long and short

distance races and dancing over the waters of LagaSada.?°

The main disadvantage in the implementation of the SDGs in the Municipality is the absence
of women's participation in the Municipal Council and thus the lack of implementation of the
Gender Equality Goal. It is noteworthy that only one wonheas been elected to the City 301

CounciP*

190n lineavailable on the websitéttps://www.in.gr/2024/05/21/politics/aftodioikisi/sto-epikentro-diasyndesi
tis-argitheas/

200n line available on the websitehttps://mouzakinews.qr/2024/06/aeriatlancegia-proti-fora-sti-limni-
stefaniadasdimou-argitheas/

210n lineavailable on the websithttps://argithea.gov.gr/



https://www.in.gr/2024/05/21/politics/aftodioikisi/sto-epikentro-diasyndesi-tis-argitheas/
https://www.in.gr/2024/05/21/politics/aftodioikisi/sto-epikentro-diasyndesi-tis-argitheas/
https://mouzakinews.gr/2024/06/aerial-dance-gia-proti-fora-sti-limni-stefaniadas-dimou-argitheas/
https://mouzakinews.gr/2024/06/aerial-dance-gia-proti-fora-sti-limni-stefaniadas-dimou-argitheas/
https://argithea.gov.gr/
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Photograph 2: Community of Anthiros?

Source: On line available on the website
https://argithea.gov.gr/choria-tis-argitheas/dytiki-argithea/anthiro/

. . 302
Figure 2: SDGs in Local Government

22The photograph is presented with permission of the Mayor Andreas Stergiou.


https://argithea.gov.gr/choria-tis-argitheas/dytiki-argithea/anthiro/









































































































































































































































































































































































































































































