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Abstract

Forests have the most biodiversity and provide vital ecosystem services. They offer numerous forest-related
services, some of which can be commercialized. This improves social, cultural, health, and scientific life.
Nonmarketable and intangible services are discounted because people think they're endless and free. Humans
have changed the natural and social worlds through using resources and improving well-being. Public and private
decision-makers often compete over natural capital. The loss of biodiversity, climate change, and global warming
are interconnected with social development and ensuring an acceptable level of well-being for the majority of
humanity, making it difficult for a single, individual approach to estimating the value of these goods and services
to generate and support decisions and policies in these complex areas. The complexity of ecosystem products and
services requires an integrated assessment with cutting-edge technologies and approaches using a pluralist
framework of heterogeneous values. This evaluation should encompass costs and benefits of several ecosystem
commodity and service applications. These usage' effects on economic, social, and cultural advancement are also
crucial. The extensive and thorough enthronization of natural ecosystems can affect the amount and quality of
ecosystem goods and services; thus, it is vital to quantify the complicated inverse effect from civilization to nature.
Studies show that incorporating sustainability sciences approaches into an integrative assessment approach may
be vital to environmental policy in the future.

Keywords: Forest; Ecosystem services; Economic valuation; Climate change; Policy

Introduction

Ecosystems perform several important functions for humanity, such as food production, climate regulation, and
social and cultural support (Raihan et al., 2022a). Humans have altered ecosystems over time to better suit their
wants and needs (Ali et al., 2022; Voumik et al., 2023). Both wealthy and developing nations face serious threats
from climate change and biodiversity loss today (Raihan et al., 2022b; Isfat and Raihan, 2022; Raihan and Himu,
2023). If the world warms by more than 1.5 degrees Celsius, climate change will have disastrous effects on people
and ecosystems, according to the Intergovernmental Panel on Climate Change (IPCC) (Raihan et al., 2022c).
Because people's daily decisions will lead to continuous biodiversity loss and increased social costs, it is important
to examine how human use and management of natural resources influences ecosystem resilience (Raihan,
2023a). A third of Earth's territory is covered by forests, and these forests provide a vast and renewable resource
for ecosystem services (ESs) (Loomis et al., 2019; Raihan, 2023b). Since changes in land cover and land use are
among the major drivers of forest area reduction, biodiversity loss, and land and water degradation, forests present
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an extraordinary opportunity to mitigate climate change through carbon sequestration, soil stabilization, and
natural disaster mitigation (Begum et al., 2020; Raihan et al., 2022d); forest conservation efforts (e.g., establishing
protected areas) do not contradict territorial and regional development objectives (Loomis et al., 2019; Raihan,
2023c¢). For this reason, it's important to have everything in one place so that we can see how various services
affect one another and how those in turn affect the growth of local communities. The creation of states of necessity
(such as economic crises and social, political, and military conflicts) could further increase demand for the
resources and ESs provided by forests (Raihan et al., 2021a). Cultural services (Raihan et al., 2021b) and
sustainable tourist services (Loomis et al., 2019; Raihan

et al., 2022¢) are two examples of the less obvious benefits that woods bring to local communities. Some services
should be viewed and evaluated in a precise correlative and integrative manner, while others should be evaluated
independently, depending on the goals of the valuation of the ESs. The incorporation of cultural services into
spatial planning has been the subject of a number of studies, which have all found that increasing stakeholder
participation in the planning process is possible through the use of spatial mapping and the integration of data on
habitat types, landscape features, and land-use methods with data on existing infrastructure, visitor numbers, and
proximity to local communities (Vasiljevic and Gavrilovic, 2019; Raihan et al., 2023a).

ESs have been the subject of analysis in the context of bioeconomic strategy goals in recent studies. Given the
effects of bioeconomy initiatives on ESs, there is a growing recognition that the two concepts must be tackled in
tandem (D'Amato et al., 2020). Recent sustainable development initiatives have embraced the concept of a
circular economy, which poses a challenge to the dominant linear behavioral model of "take-do-consume-throw"
(Aarikka-Stenroos et al., 2021; Raihan and Tuspekova, 2022a) that results in excessive waste and inefficient use
of natural resources. The new EU Forest Strategy (2021-2027) highlights the importance of sustainably managing
EU forests to maximize their multifunctional potential and essential ESs. Natural capital (NC), ecosystem services
(ESs), and the like are often discussed; nonetheless, it is crucial to incorporate notions and methodologies that
give a palpable manifestation of their value into these discussions. Philosophical value, economic value, social
value, aesthetic value, inheritance value (for future generations), altruistic value, egoistic value, biospheric value,
or intangible and cultural value can all be assigned to NC and then calculated or estimated, depending on the
ultimate purpose of the analysis and evaluation (Kim and Stepchenkova, 2020).

Previous studies have demonstrated that all things are useful in their own unique ways. Values attached to works
of art might be financial, emotional, or both (Robinson, 2014). There is monetary worth and recreational value in
landscapes, mountains, and woods. Great works of art, like beautiful natural landscapes, also have a value that
cannot be reduced to monetary terms or other purely instrumental measures. While some may attribute worth to
the aesthetic qualities of works of art and natural settings, others may disagree. Therefore, aesthetic value includes
attractiveness (Robinson, 2014). The aesthetic worth of something is its potential to elicit a favorable emotional
response (positive aesthetic value) or a negative emotional response (negative aesthetic value). Policy debates
rarely give it much weight since it is considered as more subjective than other types of value (Robinson, 2014).
Consider the intricate web that holds human aesthetic experience and the growth of environmentally responsible
values together. It is possible to separate the use value of ESs, which comes from humans' direct and indirect use
of them, from the nonuse value, which comes from the intrinsic value of ecosystems and their biodiversity
(Nevzati et al., 2023) to better understand the value of ESs and how it relates to humans' welfare and well-being.
The values of nonmarket ESs, deteriorating ESs, and biodiversity loss are not reflected in current macro-indicators
like GDP, which measure values of products and services exchanged in the market. If environmental and social
(ES) indicators were included in national accounts, not only could the economic development of a country be
evaluated, but so could its impact on the environment and the lives of its citizens (Nevzati et al., 2023). Action 5
of the EU Biodiversity Strategy specifically requests that ESs be mapped, and assessment indicators be established
by the year 2020 (Czcz et al., 2020).

It appears that the problem for value pluralism in forest ecosystems, which includes both direct and indirect
benefits like health, education, equality, and governance, requires a holistic approach that makes use of the tools
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and techniques created for ES valuation in the field of sustainability science (Raihan, 2023d). There are a lot of
moving parts that need to be considered when assigning a monetary value to ESs. The worth of some of the many
advantages provided by their resources is hard to put a price tag on. Values of ESs can be aggregated onto a single
monetary scale through the use of cost-benefit analysis (Raihan and Said, 2022). But organizations from the public
sector are heavily engaged in these activities. The World Bank's Wealth Accounting for the Value of Ecosystem
Services (WAVES) is also a participant, as is the International Group for the Promotion of Biodiversity and
Ecosystem Services (TEEB). The evaluation of ESs has gained the attention of national governments. The United
Kingdom assesses multiple ESs as part of its national ecological review. "Develop and institutionalize policies to
promote the consideration of ecosystem services... and, where appropriate, monetary or non-monetary values for
those services" is the new directive for all executive branch departments and agencies in the United States (Raihan,
2023e). Therefore, thorough research combining biodiversity considerations with economic evaluations of ESs
will provide decision-makers with a solid foundation upon which to promote public policies that support
sustainable development in this sector. This paper's goal is to investigate the necessity of an integrative approach
to valuing and measuring forest ESs by considering the numerous connections between ESs and the values they
represent, as well as the difficulties people confront today.

The necessity of evaluating ecosystem services

Assets that help boost the efficiency of services supplied to people by NC include natural resources associated
with production (such as timber, food, and energy resources) and services linked with protection (such as air
quality). There are both positive and negative externalities associated with NC's exploitation (Raihan, 2023f).
When one economic unit's actions have unintended consequences on the activities of other economic units or on
the population as a whole, this is known as an externality in economics. Negative externalities, which harm other
economic units and the surrounding community, can result from the establishment of a slaughterhouse, for
example. Decision-makers are often forced to rely on cost-effectiveness assessments of different management
options due to the difficulties of assessing total benefits or already demonstrated numerous advantages (Raihan
et al., 2019). Most crucially, the perceived value of ecosystems has not accounted for all of the services provided
by ecosystems, and these trade-offs occur across location, time, and social groupings. Wood and wood fuel
account for less than one-third of the total economic value (TEV) of forests in the nations studied by Silvestro et
al. (2021), who evaluated the monetary and nonmonetary values of forest ecosystems in eight Mediterranean
countries. Recreational activities, fishing, protection given by the river network, and carbon sequestration
accounted for between 25 and 96% of the TEV of the ecosystems examined.

The effects of biodiversity loss have been widely documented by scientists. Yellowstone National Park was
established in 1872 as a result of efforts by a group of scientists (Yuan et al., 2023). The notion of ESs, or services
supplied by nature to people, was created in the 1960s and 1970s (Balian et al., 2016), although the economic
view that people's survival depends on natural resources, which are limited, dates back to the 18th century.
Ecosystem conversion, habitat fragmentation, landscape alteration, anthropization of the natural environment
over time, and biodiversity loss are all negative human impacts on ecosystems that have a knock-on effect on
human well-being (Raihan et al., 2018; Raihan et al., 2022f).

Several United Nations issued papers highlight the significance of preserving and managing forest ESs in a
sustainable manner. The 'Rio Forest Principles' from the 1992 UN Conference on Environment and Development;
the UN Framework Convention on Climate Change (UNFCCC), which highlights the importance of forests in
terms of the global greenhouse gas (GHG) balance; the Convention on Biological Diversity, which addresses
forest biodiversity; the UN Forum on Forests (UNFF); the UN Convention to Combat Desertification (UNCCD);
and the Paris Agreement (Raihan et al., 2022g).
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The loss of biodiversity, changes in land use and spatial planning, climate change, the rise of circular and bio-
economies, and the development of new public policies and strategies have all contributed to the rise of ESs as a
major topic on the public agenda in recent years (Neill et al., 2020; Verkerk et al., 2020; Raihan and Tuspekova,
2022b). The development of a tool for measuring TEV is necessary to support political decision-making and to
inform citizens and businesses about the benefits and costs inherent in projects, programs, and policies (Raihan
et al., 2023b). There is a growing consensus that the economic value of ESs is necessary for the creation of
effective public policies and strategies in spatial planning, land management, and other decision-making contexts
(Bruno et al., 2023). Due to the fact that ES valuation can shift over time and across locations, from simple
awareness-raising to in-depth analysis of different policy choices and scenarios, the value of ESs and biodiversity
is determined by what societies are willing to offer in exchange for nature conservation. Kim et al. (2020) estimate
that annual ES losses owing to land-use change ranged from $4.3 to $20.2 trillion between 1997 and 2011.

Ecosystem services and challenges

Conservation and restoration of natural habitats provide societal benefits such as clean air and water, flood
management, and agricultural pollination, giving rise to the idea that nature and ESs are capital in recent decades
(Raihan et al., 2023c). Taking into account the value of these benefits, it's possible that preserving forest ESs is
necessary. Public discussions of ESs have struck a nerve. Some see the concept of ESs as a chance to factor in all
the environmental benefits that the market has overlooked when making public and private decisions. The
prospect of organizing payments for ESs in a way that assigns and respects property rights while also taming the
market's power may seem just as appealing to some (Undheim, 2023) as it does to others.

Reducing emissions and taking steps to adjust to changing climate conditions are both necessary (Raihan and
Tuspekova, 2022¢; Voumik et al., 2022a; Sultana et al., 2023). By sequestering carbon dioxide (CO-) and creating
useful timber products, the forestry industry and the forest itself contribute significantly to climate change
adaptation (Raihan et al., 2023d). In addition, the services they offer can help people prepare for the effects of
climate change now and in the future (Raihan and Tuspekova, 2022d). Environmentally sustainable practices
(ESs) contribute to resolving climate change and are also vulnerable to its effects (Raihan et al., 2023e; Raihan,
2023g). The ability of forests to offer vital ecosystem services in the decades to come may be compromised by
climate change. It is currently unknown to what extent adaptations to forest management techniques are already
in progress, but they are necessary to address this challenge (Sallmannshofer et al., 2023). Climate-Smart Forestry
has the potential to greatly improve forests and the forestry sector, according to a study by the Environmental
Finance Institute (EFI) (Nabuurs et al., 2018). Through the use of synergies with other forest-related demands,
this strategy strives to increase the climate benefits of forests and the forestry sector. Reducing or eliminating
greenhouse gas emissions to mitigate climate change is the first pillar (Raihan and Voumik, 2022a; Raihan,
2023h), while adapting forest management to build resilient forests and actively managing forests to sustainably
increase productivity and provide all of the benefits that forests can offer are the second and third (Raihan and
Tuspekova, 2022¢). In 2021, the European Environmental Bureau warned that "the global material footprint is
already beyond ecological limits, being over 100 billion tons per year and, if we continue 'business as usual,' is
expected to double in the next 40 years." This group is an international nonprofit that brings together more than
160 civil society organizations from more than 35 European countries. The effects of overindulgence are
substantial. 'Resource extraction and processing account for more than 90% of the global effect on biodiversity
loss and water quality and roughly half of global climate change emissions,' the European Commission writes in
the European Green Deal (Modarress et al., 2023).

Due to its environmental, social, cultural, and economic components, sustainable development is now a cross-
disciplinary, international term (Raihan and Tuspekova, 2022f; Raihan, 2023i). Environmental, social, and
economic goals can be reconciled through the implementation of a bioeconomy (Eversberg et al., 2023) that is
currently being advocated both for politicians and enterprises. Degradation of the natural environment as a result
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of human activity has had far-reaching effects on society and the economy, as well as spawned novel conceptual
frameworks for the ways in which people interact with and depend on their surroundings (Raihan, 2023j). As the
term "bioeconomy" becomes increasingly commonplace in the scientific literature, three key goals are emerging:
resource management, biotechnology, and agroecology (D'Amato et al., 2020). Despite the diversity of the
publications and the novelty of the methods employed, a review of 45 documents and articles conducted in 2020
revealed that eight topics predominated: (a) the technical and economic feasibility of biomass extraction and use;
(b) frames and tools; (d) the sustainability of biology-based processes, products, and services; (¢) the ecological
sustainability of a bioeconomy; and (f) the governance of a bioeconomy. Despite the fact that bioeconomy and
NC both present new interdisciplinary frameworks for environmental sustainability by combining economics and
the natural sciences, they are rarely used in tandem (Neill et al., 2020; Raihan, 2023k). With a circular economy
in place, technological and productive tasks won't drain ecological systems to the point of exhaustion (Raihan and
Tuspekova, 2023a). That's reflected in the greener outcomes of the circular economy. For instance, a circular
economy would result in fewer greenhouse gas emissions, cleaner air, water, and soil, and the protection of natural
reserves (D'Amato et al., 2019; Raihan et al., 2022h; Subbarao et al., 2023). Services and goods from forest
ecosystems include timber, pollination, and potable water. These services will be exhausted in a linear economy
due to the unsustainable consumption of natural resources and the emission of toxic byproducts from industrial
activities (D'Amato et al., 2019; Raihan and Tuspekova, 2022g). The soil, air, and water will continue to be
resilient and productive if the products extracted from an ecosystem are used in a rational and intelligent
technological and economic cycle, and if the technological processes do not discharge toxic substances into the
environment (D'Amato et al., 2019; Verkerk et al., 2020; Raihan et al., 2022i). Assessing NC and ES flows
provides a potent economic engine for nature conservation and nature-based solutions to current economic
challenges, processes, and industrial systems (Parida et al., 2019; Raihan and Tuspekova, 2022h), so it's in
everyone's best interest to learn more about ESs and their economic applications.

Utilitarian and nonutilitarian approaches of ecosystem valuation

There are many facets of ESs' significance for human society, including ecological, social, and economic ones
(Li et al., 2023) that must be taken into account. Various techniques for assessing ESs, such as mapping and
modeling supply and demand for ESs to determine their market value (utilitarian approach) and social and
environmental assessment techniques to assess their nonmarket value (nonutilitarian approach), have evolved
over time in response to growing concerns about the valuation of ESs.

Cost-benefit analysis and welfare economics, which see human flourishing in terms of individual happiness based
on the individual usefulness of products and services, are inextricably intertwined with the utilitarian perspective.
Researchers in the field of environmental psychology have also confirmed that ESs are important for human well-
being beyond just meeting basic physiological and psychological demands (ACB). Unlike market valuation,
which can be done with relative ease, evaluating an ecosystem's nonmarket value presents a number of obstacles.
Based on Krutilla's (1967) seminal classification, the utilitarian approach separates the TEV of ESs into two
categories: the use value, which is related to ESs associated with production and protection functions for which
market prices usually exist, and the nonuse value, which reflects the satisfaction of knowing that biodiversity and
ESs are preserved for the benefit of future generations. Both of these classes were later broken down into
subclasses. Nonuse value was further subdivided into existence or intrinsic, aesthetic, altruist, bequest, moral, and
religious values, while use value was categorized as direct use, indirect use, optional, quasi-optional, and bequest.
The value of ESs is directly tied to their use, such as the worth of raw materials. Regulating services, such as
water quality regulation, have indirect use value (Shmelev et al., 2023) because of the benefits they provide to
society. Values assigned to ESs that take into account only the possibility of using those services in the future are
known as "quasi-optional" or "optional" values. Existence value, often called intrinsic value, is one type of nonuse
value that refers to the importance that people place on a service or good simply because it exists, regardless of
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whether or not they intend to use it. The utilitarian approach, which considers the utility of NC for humans and
the socioeconomic system, is concerned largely with expressing the associated values of ESs in monetary terms
(Zagonari, 2023). Everything in an ecosystem that people and businesses can or do use plays a role in this
definition.

Nonuse values are defined and quantified in terms of monetary units in a neoclassical economy, which forms the
basis for environmental economics and evaluation methodologies (Kim et al., 2020). Both the contingency
assessment method (CVM) and direct choice experiments (DCEs) are used to estimate nonuse values like WTP
through preference declarations in questionnaires or interviews (Riegel et al., 2023) that participants fill out.
Nonuse values are often estimated using one of two assessment methods. The first method involves determining
how many people would be willing to pay for ESs (or the qualities associated with them in the case of DCE) if
they knew they would never use them. In this scenario, it is assumed that the interviewees are not current users.
In the second method, participants—including end users—are asked to break down their overall WTP for ESs
according to factors including inheritance, presence, and personal use. The relative proportions of value categories
in WTP estimates or the identification of the warm glow effect in willingness to pay (WTP) answers are also
topics that have benefited from the usage of statement decomposition methodologies in numerous CVM-related
ES applications (Lawton and Fujiwara, 2023). Nonuse values in WTP are generally believed to be quite large,
accounting for anything from 40 percent to 90 percent of the overall WTP (Khatiwada et al., 2023) in most
circumstances. The cognitive challenge of addressing the components of a novel and indivisible value is a major
reason why the decomposition approach indicated in interviews has severe flaws and is extremely contentious
despite its widespread use. Total WTP for an ES is typically the result of multiple reasons that overlap and are
intertwined, making them difficult to isolate and study (Lawton and Fujiwara, 2023) because of this. The ES
evaluation is typically carried out when picking one service over another is necessary.

Various measurement approaches have been identified and refined over time in an effort to do a thorough
economic assessment of ESs. Ecosystems assist populations through ecosystem functions and components (i.¢.,
services), and in 1997, Costanza published the first substantial economic assessment of ESs, even from a
nonmonetary standpoint. Ecosystems are priceless because they are one-of-a-kind and impossible to replicate.
The author used assessment methods mostly based on WTP to categorize ESs and determine their unit values.
When these figures were applied to the whole area of all US ecosystems, the resulting $33 trillion yearly value
was more than double the anticipated $16 trillion GDP (Costanza et al., 2014). After another 14 years, it was
projected that ESs were worth $18 billion annually worldwide, with 19% of it coming from ES climate regulation
and 4% from raw materials related to productive functions. Recreational benefits, protection from extreme events,
water supply protection, erosion control, nitrogen cycling, habitat, genetic resources, and non-wood products are
all part of the ES's value (Costanza et al., 2014).

The work that Costanza did was ahead of its time. However, the proposed methodology faced technical and ethical
hurdles due to the fact that ecosystems, as a source of life, are in a perpetual state of change and cannot be put
into monetary terms. Some people are skeptical of the link between ecology and the economy because they worry
that if we rely too heavily on the market to protect our ecosystems, we may end up devaluing nature even more.
If they are able to maintain their ESs for the benefit of future generations, underdeveloped countries, for instance,
could seek and receive financial compensation commensurate with the projected worth of the ESs they give. There
was a lot of backlashes to Costanza's method, but that's to be expected when you bring in scientists, policymakers,
and stakeholders. Although monetary valuations of ESs are popular, they are far from the sole way to evaluate
their worth. The idea of TEV was established and a classification of TEV components and assessment tools that
may be used to examine various components of ESs were described in TEEB, published by The Ecological and
Economic Foundations in 2010. The authors propose that the value of ESs and biodiversity depends on the
sacrifices that societies are ready to make in order to protect natural resources. Ecosystems are a scarce and
irreplaceable resource, and the costs associated with their deterioration or destruction must be taken into account
by society and policymakers. When resources are scarce, economists talk about "opportunity cost," which is the
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worth of the best of the sacrificed opportunities (the one passed up when a decision is made). However, it is
challenging to make a monetary assessment of ESs because of the irreversibility or prohibitive cost of reversing
the changes to ecosystems. Buyer preferences for nature, society, health, technology, and the future are all factored
into the predicted economic value (Froese et al., 2023) in various ways. Changing any of the aforementioned
variables affects the projected economic value, which in turn affects the scenarios considered (Hernandez-Blanco
et al., 2020).

Methods such as the price-based method, the cost-based method, and the production function-based method are
examples of direct market valuation approaches; the travel cost method and the hedonic pricing method are
examples of revealed preference approaches; and the contingent valuation method, choice modeling, and group
valuation are examples of simulated valuation. The value of products and services is typically determined by their
market price. Since they are exchanged openly, their worth can be determined with relative ease. Manda et al.
(2023) cites the worth of wood, honey, and tourist services as examples. Several approaches have been established
for calculating costs, one of which is the avoided costs method (Baumbach et al., 2023) that evaluates the costs
that would have occurred without the ES. The replacement cost method calculates how much it would cost to
replace ESs with artificial technologies, the restoration cost method estimates how much it would cost to mitigate
the effects of ecosystem loss or restoration, and the production function-based method calculates how much the
nonmarket ESs contribute to other services or goods traded on the market, noting how much their services
contribute to increasing the productivity or price of those goods and services.

Value of biodiversity and Ess-related recreational services can be calculated using the journey cost technique
(Wubalem et al., 2023). The approach assumes that there are both direct and opportunity costs associated with
leisure activities. Changing biodiversity in ecosystems may have an effect on tourist interest (Voumik et al.,
2022b). Using the value that a landscape or proximity to an ecosystem can provide to a market, such as the real
estate market, hedonic pricing is developed. The value of a property can be affected by changes in the biodiversity
of the surrounding ecosystem. Costing a lot of money and taking a long time to complete, revealed preference
methods involve a lot of complicated data and statistics. Since these techniques are based on seeing customers
directly, they can also provide a snapshot in time (Wubalem et al., 2023) for analysis.

To determine how much people are prepared to endure ecosystem loss or deterioration for compared to how much
they are willing to pay to safeguard ESs, the contingent valuation technique uses questionnaires. Human behavior
can be modeled via choice modeling, which assumes that individuals would weigh financial considerations with
other factors when making decisions among multiple options. The group valuation method is gaining popularity
as a means of collecting values such as those associated with the singularity of ecosystems, social justice, and the
superiority of human altruism to that of nonhuman species in terms of both the present and the future. Careful
application is required, and the methodologies' limitations should be taken into account, especially when
determining the nonuse value of a service for which no market price exists (Zegeye et al., 2023).

Extensive research conducted in Europe through the study Operationalization of Natural Capital and Ecosystem
Services Integrated (OpenNESS) (Makovnikova et al., 2023) classified the methods used for evaluating ESs into
the following categories: (i) biophysical methods, which are used for mapping ESs and include matrix approaches,
ecosystem modelling with InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs, E-Tree or
ESTIMAP; (ii) integrated mapping-modelling approaches; (iii) land-use scoring; (iv) participatory mapping; (v)
sociocultural methods for understanding social preferences or values for ESs, such as deliberative assessment
methods, preference prioritization methods, multicriteria analysis methods and photo-elicitation surveys; (vi)
monetary methods for estimating the economic value of services, such as preference methods, revealed preference
methods and travel cost methods (Wubalem et al., 2023) or hedonic pricing methods (Aziz et al., 2023); and (vii)
integrative approaches (Gobster et al., 2023). Many elements, such as the nature of the decision at hand, the merits
and drawbacks of the potential approaches, and practical considerations like the quantity and quality of data and
the accessibility of relevant experts, might influence the choice of approach to take in any given situation. The
unique characteristics of each approach help determine which choices and issues it is best suited to address. It's
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possible that a method's suitability for a certain task is the most important consideration when choosing between
several alternatives. Only a few numbers of techniques, such as modeling approaches and participatory scenario
planning (which was developed for this same purpose), can predict how ecosystem services will be provided in
the future. Photo-series analyses of cultural ESs are one example of an approach that focuses on a subset of ESs
rather than all of them. PGIS, preference assessment methods, photo-elicitation, and multi-criteria decision
analysis (MCDA) are all examples of approaches that aim to provide a more comprehensive or strategic view of
multiple ESs and can be used to evaluate trade-offs in service provision or demand from various stakeholder
groups.

The development of environmentally sustainable decision-support systems requires the combination of ES
evaluation and life cycle assessment (LCA). To evaluate the environmental effects of manufacturing processes
from "cradle to grave" (Mostafaei et al., 2023), LCA approaches have long been used as management tools
(Mostafaei, et al., 2023). In the 1960s, in response to the 'Limits to Growth' discourse's warnings about the earth's
finite resources, this strategy was developed. Initially, the evaluations were conducted solely for the purpose of
providing corporations with data on energy efficiency and emissions (Raihan and Voumik, 2022b). After the
1980s, LCA was also used in academics and by governments; methodological improvement was made, bolstered
by formal attempts at worldwide standardization (Courtat et al., 2023). Despite its clear benefits and drawbacks,
LCA has become a standard method for evaluating production-consumption systems from a sustainability
perspective (Liu et al., 2020). Although there is growing interest in ES integration in LCA techniques, further
research is needed (D'Amato et al., 2020).

Ecological value, sociocultural value, value with direct economic importance, and intrinsic value are the four
forms of value identified by the nonutilitarian approach (Ortiz-Przychodzka et al., 2023). Ecosystem factors like
complexity, diversity, and scarcity (Morrison et al., 2023) all play a role in establishing an ecosystem's ecological
value. Biophysical methodologies, integrated mapping-modeling approaches, and land-use scoring are
recommended for assessing ecological value (Berihun et al., 2023). Physical and mental well-being, access to
quality education, cultural diversity and distinctiveness (heritage value), personal autonomy and spiritual
significance are all central to what we mean by "sociocultural value." Participatory mapping and the sociocultural
approaches outlined above are the most common ways to assess it (Guo et al., 2023). Direct methods of valuation
based on market prices or indirect valuation methods (e.g., WTP, WTA, Replacement cost, travel cost, Hedonic
pricing) are the most frequently identified approaches to determining economic value (Kim et al., 2020; Aziz et
al., 2023; Khatiwada et al., 2023; Wubalem et al., 2023) for cultural assets.

Preference prioritizing approaches, multicriteria analysis methods, and photo-elicitation surveys, along with
biophysical methods like ecological models, may be the most appropriate methods for assessing intrinsic value.
In conclusion, the nonutilitarian approach is in line with the ideas of ecological economists who find the
substitutability and valuation of NC controversial, while the utilitarian approach is in line with the philosophy of
environmental economists who are in favor of extending monetary valuation methods to nonmarket ESs.
Illustration of the nonutilitarian and utilitarian approaches of valuing Ess. The lines between utilitarian and
nonutilitarian perspectives are increasingly blurry, and both have access to a large and growing corpus of
literature. Although the nonutilitarian approach to ES valuation and the motive to increase conservation efforts
are acknowledged, the use of monetary units to promote awareness of their relevance is an effective tool (Finn et
al., 2023) for policymakers.
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| Ecosystem Services Valuation |
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Utilitarian Approach Non-Utilitarian Approach

! ! !

Use value Non-use value

Ecological value
Socio-cultural value

Direct use value Existence/ Intrinsic value Economic value
Indirect use value Bequest value Intrinsic value
Option value/ Quasioption value Altruist value

Aesthetic value
Moral and religious value

Figure 1. Methods of valuing ecosystem services in a utilitarian and nonutilitarian context

Cost-benefit analysis of ecosystem services

Preserving ecosystems is crucial for achieving sustainable development, as evidenced by the data on all
ecosystems and all services. Ecosystems must be cared for even if they are exploited heavily and over long periods
of time. Ecosystem conservation strategies are thus required as a countermeasure to resource depletion. For this,
it's best to do an environmental cost-benefit analysis (CBA) (Bruno et al., 2023) to weigh the pros and cons. First,
a CBA presents the territorial distribution of benefits and costs and compares this distribution with the distribution
of biodiversity, allowing for the identification of important areas for both people and biodiversity (win-win areas),
as well as areas of potential conflict and areas in need of compromises (negotiations). In some regions, the net
economic benefits of conserving ecosystems are little, whereas the values of biodiversity are large. The second
benefit of a CBA is that it shows where conservation efforts will have the greatest impact by pinpointing locations
with the highest unit cost benefits. Third, ES maps could assist pinpoint ES suppliers and users, leading to the
development of more just and effective approaches to funding conservation initiatives. Estimating the monetary
value of the environment, particularly the economic value of nonmarketable commodities and services, is the
primary task in an environmental CBA (Raihan and Said, 2022). In 1970, CBAs were first used in the United
States on projects receiving public funding and having an environmental impact. Since then, CBAs have been
adapted and applied to a wide variety of techniques, including stated preference methods (such as the contingent
valuation method, WTP, WTA, choice experiments, deliberative group valuation, and health risk valuation) and
revealed preference methods (such as the travel cost and hedonic price methods) (Mononen et al., 2023) for
determining a person's willingness to pay for something. Additionally, it is crucial to consider spatiotemporal
frames when conducting CBA, as ESs are generated at various scales, from the local to the global, and even a
small shift in the spatial or temporal frame approached in CBA can generate different consequences and
stakeholders considered in CBA.
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Future research on the valuation of ecosystem services

Conservation of natural resources, environmental management, and other sectors of public policy have all been
affected by ES techniques and evaluation efforts (Raihan and Tuspekova, 20221). Strategies for natural resource
management and conservation through investment in the conservation, restoration, and sustainable use of
ecosystems are now widely understood to be best (Raihan and Tuspekova, 2023b) when based on a combination
of all values that occur when estimating the TEV (Crook et al., 2021). The holistic method of ES valuation is
depicted in Figure 2. Economists' efforts to involve interdisciplinary teams and incorporate a variety of methods
and information have demonstrated their flexibility, which reinforces the idea that they are effective in the process
of diluting public policy decisions (Raihan and Tuspekova, 2022j). Nonmarket assessments and methods used for
cultural and environmental services have been criticized for their inability to provide values that represent or
substantiate the total value of an ecosystem. However, local factors and stakeholder interests must be taken into
account when developing valuation techniques (Kyriakopoulos and Sebos, 2023) to determine the extent to which
public policies are good for people and the environment. It will take radical transformations toward systematic
integration of the ESs in decision-making at the individual, corporate, or governmental level to move from
conceptual frameworks and theory to practical integration of ESs into credible, replicable, scalable, and
sustainable public policies (Li et al., 2021).

E m Decision-Makin
cosySte ‘_” TEV = Vccologicul + Vsocio-cultural T Veconomic T Vintrinsic ‘_b g
Products, services, energy System

Strategies and Action Plan

Figure 2. An integrated method for assessing ecosystem services

There has been much discussion on how ESs should be accounted for in national accounts because it is mostly a
matter of discretion (Zegeye et al., 2023). Valuation has made a big difference in efforts to incorporate the created
ES wvalues into national accounts, as evidenced by the 2002 UN System of Environmental-Economic
Accounting—Experimental Ecosystem Accounting (SEEA EEA) (Turner et al., 2019). According to the literature,
ES accounting can be used to estimate how much value an ecosystem adds to a society's economy (Heckwolf et
al., 2021). This can highlight the benefits of ES to the economy, society, jobs, and people's standard of living
(Raihan and Tuspekova, 2022k). The data pyramid for SEEA's essential indicators of ES is shown in Figure 3.
The information pyramid, which integrates fundamental economic, ecological, and sociodemographic data,
emerged as a result of SEEA technique. The collection, centralization, and processing of such data can yield
analyses and research that lend credence to public policy decisions and pave the way for the creation of aggregate
key indicators at the macro level.
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Figure 3. SEEA's pyramid of information for ecosystem service key indicators

However, it is difficult to develop such indicators. However, converting well-being value-based methods into
exchange value terms can be challenging (Vallecillo et al., 2019; Heckwolf et al., 2022), so using exchange value
methods based on market techniques to quantify ESs is preferable. As a result, it is clear that additional work has
to be done to create a value-based strategy that can account for both monetary and nonmonetary benefits (Turner
et al., 2019). The development of experimental ES accounts also highlighted the need to create unique indicators
for various ESs, as each service is unique. Timber production, biomass harvesting for energy, wild food provision,
climate regulation, fire management, air quality regulation, noise reduction, water purification, recreational and
aesthetic qualities are some of the most important indicators for forest ecosystems. Because natural, historical,
and cultural resources do not have an express monetary value, the accounts established at the EU level face various
obstacles, such as a shortage of data and a lack of availability at the needed spatial resolution (Heckwolf et al.,
2021). Comparing the cost of living in situations where nature is maintained in acceptable conditions with
conditions where nature is allowed to degrade leads to a different conclusion (Costanza et al., 2014),
demonstrating that the single-value techniques are no longer viable options (Jacobs et al., 2016).

Conclusion

Different ecosystem services produced by natural capital have different worth in human existence and different
needs for evaluation. The values shift throughout time and across locations. Some services' values could be
overestimated if they were valued using a single technique or a single service. However, there are costs associated
with the exploitation of natural capital, which can be seen as negative externalities or trade-offs for the ecosystem
and the community. Compromises are reached between them in real life. Information on multiple dimensions is
needed for managerial and policy decisions. Policymakers would benefit from the information provided by
integrated valuation methodologies since it would provide information from a variety of angles.

The purpose of an ES assessment is not to set prices in order to make a profit from ESs on the market. Instead, it
emphasizes the positive effects ESs have on people's lives and the importance of using them to create effective
public policies and initiatives. Different types of ecosystem value assessment tools have been developed by
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utilitarian and nonutilitarian natural capital approaches. However, substantial information on the nonuse values
of ESs is still lacking. The availability and reliability of data continue to be major points of contention surrounding
various ES assessment methods. More study is needed to provide precise methods for determining VET of ESs,
along with indicators and methods for modeling and calculating them. It is possible to discover win-win zones
and areas of potential conflicts, for both humans and the environment, by employing a pluralist framework made
up of a set of decision-making instruments customized to the spatial and temporal scales involved, of which CBA
is an important component. These methods might be the most effective way to back the public policy changes
that are necessary to address the problems at hand. More attention has been paid in recent years to the impacts of
climate change on ecosystems and the relationships between ESs and other areas of sustainability research, such
as environmental economies, bio-economies, and circular economies. In order to better assist the decision-making
process and public policies, more research utilizing an integrated approach to link ES valuation to sustainability
science is required.
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Abstract

This comprehensive scholarly article critically analyzes the intricate landscape of U.S.-China financial relations, delving
deep into the complex web of challenges, opportunities, and far-reaching implications within a dynamic and interconnected
global context. Drawing upon a wide range of empirical studies, extensive research, and rigorous analysis, this study provides
a nuanced assessment of the evolution and dynamics of economic ties between the United States and China. The article
begins by examining the impact of trade imbalances, tariffs, and currency manipulation on financial flows, employing a
sophisticated analytical framework to assess their implications for both countries and the global economy as a whole.
Through a meticulous examination of economic data, policy measures, and market trends, the study offers a comprehensive
analysis of the complex interplay between these factors and their influence on financial interactions between the two nations.
Furthermore, the article delves into the intricate terrain of technology and intellectual property issues, unraveling the
multifaceted challenges and opportunities that arise in this domain. By drawing upon empirical research, case studies, and
industry reports, the study sheds light on the implications of technological advancements, intellectual property protection,
and innovation-driven strategies on economic growth, competitiveness, and sustainable development. The analysis also
extends to the realm of financial market competition and regulatory concerns, highlighting the need for effective cooperation,
harmonization of regulations, and establishment of robust governance frameworks. Through an examination of regulatory
policies, market structures, and international standards, the study provides insights into the implications of financial market
dynamics and regulatory environments on the stability, efficiency, and resilience of the global financial system. In light of
these analyses, the article presents strategic recommendations for policymakers, businesses, and investors. It emphasizes the
importance of fostering an open and constructive dialogue between the United States and China, enhancing risk assessment
mechanisms, promoting innovation and technological collaboration, strengthening intellectual property rights protection,
facilitating cross-border investments, and promoting sustainable and responsible practices. By synthesizing these
recommendations and implementing them in practice, stakeholders can effectively navigate the complexities and capitalize
on the opportunities presented by U.S.-China financial relations. This will not only promote economic growth and stability
but also contribute to a more balanced, mutually beneficial, and sustainable global financial system.

Keywords: U.S.-China financial relations; Trade imbalances; Tariffs; Currency manipulation; Technology; Intellectual
property
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Introduction
Background and Significance of U.S.-China Financial Relations

The financial relations between the United States and China have evolved significantly over the past few decades, reflecting
the growing interdependence and economic integration between the world's two largest economies. These relations
encompass various dimensions, including trade, investment, financial markets, and currency exchange. Understanding the
background and significance of U.S.-China financial relations is crucial in comprehending the broader dynamics of the global
economy and the challenges and opportunities that arise from this complex relationship.

The roots of U.S.-China financial relations can be traced back to the early 1970s when the two countries embarked on a path
of engagement and normalization. In 1972, the historic visit of President Richard Nixon to China paved the way for the
establishment of formal diplomatic relations. Over time, economic ties between the two nations began to deepen, marked by
China's economic reforms and its entry into the World Trade Organization (WTO) in 2001.

The significance of U.S.-China financial relations stems from the sheer size and scale of the economies involved. The United
States is the world's largest economy, accounting for a significant share of global GDP, while China has emerged as the
second-largest economy and a major driver of global growth. The interplay between these economic powerhouses has a
profound impact on global financial stability, trade flows, investment patterns, and currency dynamics.

Trade between the United States and China has been a cornerstone of their financial relations. China has become a major
exporter of goods to the United States, supplying a wide range of products, including electronics, textiles, machinery, and
consumer goods. The United States, in turn, has been a significant market for Chinese goods, contributing to China's rapid
economic growth and the accumulation of substantial foreign exchange reserves.

However, the trade relationship has not been without its challenges. Persistent trade imbalances, with China running large
surpluses and the United States experiencing growing deficits, have been a source of tension. The United States has raised
concerns over issues such as intellectual property theft, market access barriers, and unfair trade practices, leading to the
imposition of tariffs and trade disputes between the two nations.

Beyond trade, U.S.-China financial relations extend to investment and financial markets. Chinese companies have made
substantial investments in the United States, ranging from acquisitions of American firms to real estate purchases and
infrastructure projects. Similarly, American companies have sought opportunities in China's vast consumer market and
invested in sectors such as technology, finance, and manufacturing. These investments have created jobs, fostered innovation,
and contributed to economic growth in both countries.

Financial markets play a crucial role in U.S.-China financial relations, with exchanges of capital, portfolio investments, and
cross-border financial services. Chinese companies have sought access to U.S. capital markets through initial public offerings
(IPOs) and listings on American stock exchanges. On the other hand, American financial institutions have expanded their
presence in China, establishing branches, subsidiaries, and joint ventures to tap into the growing Chinese market.
Moreover, the bilateral relationship encompasses currency exchange and monetary policy. China's currency, the renminbi
(RMB), has become increasingly influential in global financial markets. As the world's largest holder of U.S. Treasury
securities, China's management of its foreign exchange reserves and monetary policy decisions have implications for global
interest rates, exchange rate stability, and the value of the U.S. dollar.

The significance of U.S.-China financial relations extends beyond bilateral considerations and has global implications. The
stability of the global financial system depends on the ability of these two economic giants to manage their interactions
effectively. Disruptions or conflicts in their financial relations can reverberate across the world, affecting trade flows,
investment decisions, and market sentiment.

In conclusion, the background and significance of U.S.-China financial relations lie in the economic interdependence between
the world's two largest economies. Trade, investment, financial markets, and currency exchange form the core elements of
this relationship. Understanding the dynamics and challenges of U.S.-China financial relations is crucial for policymakers,
businesses, and investors, as it shapes the global economic landscape and presents both opportunities and risks in a rapidly
changing world.
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Brief Overview of Geo-economics and Its Relevance in the Global Context

Geo-economics refers to the intersection of economics and geopolitics, where economic factors and strategies are employed
to achieve political objectives and exert influence in the global arena (Cohen, 2008). It encompasses the use of economic
power, trade policies, investment strategies, and financial tools as instruments of statecraft. Understanding geo-economics is
essential in comprehending the complex dynamics of international relations and the pursuit of national interests in the global
context.

Geo-economics recognizes that economic resources and capabilities are key determinants of a nation's power and influence
(Kaplinsky & Messner, 2008). It goes beyond traditional notions of military might and territorial control, focusing on the
economic strength of states and their ability to shape the behavior of other actors. In this regard, geo-economics emphasizes
the importance of economic competitiveness, technological innovation, and market access as critical elements of national
security and strategic influence.

The relevance of geo-economics in the global context can be seen in various dimensions. Firstly, it highlights the growing
importance of economic interdependencies and interconnectedness among nations. In today's globalized world, economies
are deeply integrated through trade, investment, and financial flows. Geo-economics recognizes that economic actions, such
as sanctions, tariffs, or investment restrictions, can have significant political and strategic implications, affecting not only the
target country but also the broader global economy.

Secondly, geoeconomics sheds light on the strategic competition among major powers and their efforts to shape the
international economic order (Kupchan, 2012). The rise of emerging economies, such as China, has challenged the existing
power dynamics and created new economic and geopolitical realities. States employ geoeconomic strategies to advance their
national interests, secure access to resources, expand market influence, and gain leverage in international negotiations and
institutions.

Thirdly, geo-economics underscores the role of economic statecraft in advancing national security and foreign policy
objectives. Economic tools, such as sanctions, trade agreements, investment policies, and financial regulations, are
increasingly utilized to achieve geopolitical goals (Garten, 2018). For instance, countries may impose sanctions on
adversaries to curb their military capabilities or use preferential trade agreements to build alliances and foster regional
integration. Geoeconomics recognizes that economic instruments can be as potent as military force in shaping international
outcomes.

Furthermore, geo-economics highlights the nexus between technology, innovation, and national competitiveness. Emerging
technologies, such as artificial intelligence, 5G networks, and cybersecurity, have become key battlegrounds for economic
supremacy and strategic advantage (Ikenberry & Mastanduno, 2003). Countries strive to develop cutting-edge technologies,
protect their intellectual property, and shape global standards to gain economic and geopolitical dominance in these critical
sectors.

In conclusion, geo-economics provides a framework to analyze the complex interaction between economics and geopolitics.
It recognizes the importance of economic power, strategies, and statecraft in shaping the global order. Understanding
geoeconomics is crucial for policymakers, as it informs decisions on trade policies, investment strategies, technological
development, and the pursuit of national interests in an increasingly interconnected and competitive world.

Objectives and Scope of the Study

The objectives of this study on "The Geo-economics of U.S.-China Financial Relations: Challenges and Opportunities in a
Global Context™ are to analyze and assess the key challenges and opportunities in the financial relations between the United
States and China from a geoeconomic perspective. The study aims to deepen our understanding of the complex dynamics,
implications, and potential outcomes of this crucial bilateral relationship in the global context. The specific objectives of the
study include:

Analyzing the historical evolution of U.S.-China financial relations: This objective involves examining the historical
background, major milestones, and key agreements that have shaped the financial interactions between the United States and
China. By understanding the historical context, we can identify the factors that have influenced the current state of the
relationship.
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Identifying the geo-economic challenges in U.S.-China financial relations: This objective focuses on exploring the key
challenges and sources of friction in the financial relations between the United States and China. It involves analyzing trade
imbalances, tariffs, technology and intellectual property issues, financial market competition, and currency manipulation. By
identifying these challenges, we can assess their implications for both countries and the global economy.

Identifying opportunities for cooperation and collaboration: This objective aims to identify areas of mutual interest and
potential opportunities for cooperation and collaboration in U.S.-China financial relations. It involves exploring joint efforts
in infrastructure investment, promoting financial market access and liberalization, and cooperation in global governance and
multilateral institutions. By identifying these opportunities, we can assess their potential benefits and implications for both
countries and the global financial system.

Assessing the implications for the global economy: This objective focuses on analyzing the broader implications of U.S.-
China financial relations for the global economy. It involves assessing the impact of the bilateral relationship on global trade,
investment patterns, financial stability, and economic growth. By understanding these implications, we can gain insights into
the potential risks and opportunities for other countries and regions.

Providing policy recommendations: The final objective of this study is to provide policy recommendations for policymakers,
businesses, and investors. Based on the analysis of challenges, opportunities, and implications, this objective aims to offer
actionable insights and strategies for managing risks, maximizing opportunities, and promoting stable and mutually
beneficial financial relations between the United States and China.

The scope of this study will primarily focus on the geoeconomics of U.S.-China financial relations, specifically examining
the challenges and opportunities within a global context. It will draw on a wide range of sources, including academic research,
policy papers, economic data, and expert analysis. The study will primarily analyze the period leading up to the present day,
with a focus on recent developments and trends. However, it is important to note that the study will not delve into broader
political or security issues between the two countries, as the main emphasis will be on the economic and financial dimensions
of the relationship.

By addressing these objectives and setting a specific scope, this study aims to provide a comprehensive analysis of the
geoeconomics of U.S.-China financial relations, offering valuable insights into the challenges, opportunities, and potential
strategies for managing this crucial bilateral relationship within the broader global context.

Literature review
Historical Overview of U.S.-China Financial Relations
Evolution of Economic Ties between the United States and China

The economic ties between the United States and China have undergone significant transformations over the past few
decades. In the early 1970s, the United States and China embarked on a process of normalization of relations, leading to
increased economic cooperation (Friedman, 2002). However, economic ties were initially limited, with trade and investment
volumes relatively low. The economic reforms initiated by Deng Xiaoping in the late 1970s opened up the Chinese economy
to foreign investment and trade, creating new opportunities for engagement with the United States (Friedman, 2002).

The 1990s witnessed a significant expansion of trade between the United States and China. This period was characterized by
increasing U.S. imports of Chinese goods, particularly in the manufacturing sector. China's entry into the World Trade
Organization (WTO) in 2001 further facilitated its integration into the global trading system, resulting in a surge in bilateral
trade and investment flows (Hufbauer & Kotschwar, 2010).

As economic ties deepened, trade imbalances between the United States and China started to grow. The United States
experienced a widening trade deficit with China, becoming a contentious issue in bilateral relations. Critics argued that
China's trade practices, such as currency manipulation and intellectual property violations, contributed to the trade imbalance
and disadvantaged American industries (Morrison, 2019). These imbalances and resulting tensions became prominent in the
2000s and persisted in subsequent years.

In addition to trade, financial interdependence between the United States and China has also increased over time. China
became a significant holder of U.S. Treasury securities, accumulating substantial foreign exchange reserves. This financial
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interdependence raised concerns about the potential impact of China's holdings on U.S. fiscal and monetary policies.
Furthermore, Chinese investment in the United States grew, particularly in sectors such as real estate, technology, and energy
(Bremmer, 2018).

However, in recent years, economic relations between the United States and China have become increasingly contentious.
Trade disputes escalated, with both countries imposing tariffs on each other's goods. The U.S. government raised concerns
about unfair trade practices, intellectual property theft, and forced technology transfers, leading to the initiation of trade
negotiations and the imposition of trade barriers. These trade tensions reflected a broader geo-economic rivalry between the
two nations (Lee, 2020).

Key Milestones in the Development of Financial Relations

The financial relations between the United States and China have witnessed significant milestones throughout their history.
These milestones have played a crucial role in shaping the bilateral financial interactions between the two nations, and they
highlight key developments in their financial relations.

One milestone in the development of financial relations between the United States and China was the signing of the Bilateral
Financial Cooperation Agreement in 1992. This agreement laid the foundation for financial cooperation and dialogue
between the two countries, aiming to promote trade and investment, expand financial market access, and enhance regulatory
cooperation (U.S. Department of the Treasury, 1992).

In 2006, the United States and China established the Strategic Economic Dialogue (SED), marking another significant
milestone in their financial relations. The SED provided a platform for high-level discussions on a wide range of issues,
including financial sector reforms, exchange rate policies, market access, and financial regulatory cooperation (U.S.
Department of State, 2009).

A notable milestone in financial relations was the internationalization of the Chinese currency, the renminbi (RMB), which
gained momentum in the 2000s. China's efforts to promote the use of the RMB in international trade and investment were
accompanied by the signing of numerous currency swap agreements, including one with the United States, facilitating trade
and investment settlements in local currencies (People's Bank of China, 2020).

China's gradual opening of its stock and bond markets to foreign investors has been another significant milestone in financial
relations. Measures such as the Qualified Foreign Institutional Investor (QFII) and the Bond Connect program have allowed
greater access for international investors to participate in China's capital markets (Hong Kong Exchanges and Clearing
Limited, n.d.).

Financial regulatory cooperation and dialogues have also played a vital role in the development of financial relations. The
United States and China have engaged in discussions on financial market supervision, risk management, cyber security, and
anti-money laundering efforts, among other topics, to address common challenges and promote stability in the global
financial system (U.S. Securities and Exchange Commission, 2019).

Analysis of Major Agreements and Policies Influencing Financial Interactions

The financial interactions between the United States and China have been influenced by a range of significant agreements
and policies. This section provides an analysis of some major agreements and policies that have had a substantial impact on
the financial relations between the two countries.

One prominent agreement that has shaped financial interactions between the United States and China is the Bilateral
Investment Treaty (BIT). Negotiations for a BIT began in 2008, aiming to enhance investment protection and market access
between the two countries. While the BIT negotiations have faced challenges and have not yet been concluded, the potential
agreement holds significant implications for financial relations by providing a framework for investment and addressing
concerns related to market restrictions and intellectual property rights (Office of the United States Trade Representative,
n.d.).

Another influential policy is China's Belt and Road Initiative (BRI), which seeks to strengthen infrastructure connectivity
and trade between China and other countries. The BRI has had implications for financial interactions, as it has facilitated
investments and financing arrangements between Chinese financial institutions and projects along the Belt and Road routes.
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These investments have influenced the flow of capital and the expansion of financial ties between China and participating
countries (Asian Development Bank, 2019).

In terms of policies affecting financial regulatory cooperation, the United States and China have engaged in dialogues and
agreements to address shared concerns. The U.S.-China Joint Commission on Commerce and Trade (JCCT) has been an
important platform for discussing financial regulatory issues, aiming to improve market access, address trade barriers, and
promote cooperation in areas such as financial services (U.S. Department of Commerce, 2016).

Furthermore, policies related to currency exchange rates have been significant in shaping financial interactions. The United
States has closely monitored China's exchange rate policies, with concerns at times regarding potential currency
manipulation. The U.S. Department of the Treasury's semiannual reports on foreign exchange policies provide insights into
the assessment of China's currency practices and their impact on the bilateral financial relationship (U.S. Department of the
Treasury, n.d.).

These major agreements and policies have influenced the dynamics of financial interactions between the United States and
China. They have addressed issues such as investment protection, market access, infrastructure connectivity, financial
regulatory cooperation, and currency exchange rates. Understanding these agreements and policies is crucial in
comprehending the evolving landscape of the U.S.-China financial relationship.

Geo-economic Challenges in U.S.-China Financial Relations
Trade imbalances, tariffs, and the impact on financial flows

Trade imbalances and the imposition of tariffs have significant implications for financial flows between the United States
and China. The persistent trade imbalances, with the United States running a trade deficit with China, have raised concerns
about their impact on industries and employment in the United States. In response, tariffs have been implemented as a
measure to address the trade imbalance (Office of the United States Trade Representative, 2022).

Tariffs on imported goods from China have influenced financial flows in several ways. Firstly, they have affected the cost
of imported goods for U.S. consumers and businesses, potentially leading to price increases and influencing consumer
spending patterns (Fajgelbaum et al., 2019). Secondly, tariffs have impacted the competitiveness of Chinese exports in the
U.S. market, potentially resulting in reduced Chinese exports and affecting the revenue and profitability of Chinese
businesses (Autor et al., 2020).

Financial flows have also been influenced by trade imbalances and tariffs through capital movements. To finance trade
deficits, the United States has relied on capital inflows from China, including Chinese investments in U.S. Treasury securities
and other financial assets (Tille, 2020). However, the imposition of tariffs and trade tensions can affect the willingness of
foreign investors, including Chinese investors, to continue investing in U.S. financial assets (Furman & Russ, 2018). This
may lead to a reassessment of investment strategies and potential diversification away from U.S. assets.

Additionally, trade imbalances and tariffs can indirectly impact financial flows by affecting currency exchange rates. Trade
tensions and concerns about imbalances and tariffs can influence exchange rates, which in turn affect the relative
attractiveness of financial assets denominated in different currencies (Cheung et al., 2018). Currency fluctuations can
influence investment decisions and financial flows between the United States and China.

Understanding the complex relationship between trade imbalances, tariffs, and financial flows is crucial for comprehending
the broader dynamics of the U.S.-China financial relationship. It requires careful analysis of the impacts of trade policies on
consumer spending, business competitiveness, capital movements, and currency exchange rates.

Technology and Intellectual Property Issues

Technology and intellectual property rights (IPR) have a significant impact on the financial relations between the United
States and China. These issues play a crucial role in shaping trade, investment, and innovation dynamics between the two
countries.

The protection of intellectual property is a prominent concern, particularly with regard to intellectual property infringement
and unauthorized use. Several reports and studies highlight instances of intellectual property violations in China, impacting
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the financial interests of U.S. companies (United States Trade Representative, 2020). Efforts have been made to address these
concerns through legal frameworks and bilateral agreements, such as the U.S.-China Phase One Trade Agreement, which
includes provisions for intellectual property protection and enforcement (Office of the United States Trade Representative,
2020).

Technology transfer is another critical aspect of the U.S.-China financial relationship. While technology transfer can enhance
collaboration and promote innovation, concerns have been raised about forced technology transfers or unfair practices that
may occur as a condition for market access in China (Kaplinsky, 2019). Negotiations between the United States and China
have aimed to establish more balanced and mutually beneficial technology transfer arrangements.

Export controls and restrictions on the transfer of certain technologies have also influenced financial interactions. The United
States has implemented export controls to protect sensitive technologies, particularly those related to national security. These
controls can impact financial flows and investment decisions by regulating the access of Chinese companies to specific
technologies and affecting their global competitiveness (Bown, 2018).

Addressing technology and intellectual property issues requires ongoing dialogue, cooperation, and effective enforcement
mechanisms between the United States and China. Striking a balance between intellectual property protection, technology
transfer, and innovation is crucial for fostering a stable and mutually beneficial financial relationship between the two
countries.

Financial Market Competition and Regulatory Concerns

Financial market competition and regulatory concerns have a significant impact on the U.S.-China financial relations. As
two of the world's largest economies, ensuring fair competition and effective regulation is crucial for maintaining stability
and fostering trust in the global financial system.

One area of concern is market access and competition in the financial sector. The United States has raised issues regarding
limited market access for foreign financial institutions in China, citing regulatory barriers and unequal treatment
(Congressional Research Service, 2018). These concerns have implications for financial flows, investment decisions, and the
overall competitiveness of U.S. financial institutions in the Chinese market.

Another aspect is regulatory transparency and consistency. Clear and consistent regulatory frameworks are essential for
fostering investor confidence and facilitating cross-border financial activities. Harmonizing regulatory practices between the
United States and China is crucial to reduce uncertainties and ensure a level playing field (Financial Stability Board, 2018).
Moreover, the supervision and regulation of financial institutions operating in both countries are key concerns. The United
States and China have implemented measures to enhance the supervision and oversight of financial institutions, including
banks and non-bank entities, to maintain financial stability and safeguard the interests of consumers and investors (Federal
Reserve, 2021; People's Bank of China, 2020).

Addressing financial market competition and regulatory concerns requires ongoing dialogue, cooperation, and the
development of effective regulatory frameworks. Enhancing transparency, promoting fair competition, and strengthening
supervisory mechanisms are essential for fostering a stable and mutually beneficial financial relationship between the United
States and China.

Currency Manipulation and Exchange Rate Dynamics

Currency manipulation and exchange rate dynamics significantly impact the U.S.-China financial relations, shaping trade
flows, competitiveness, and economic stability. Empirical studies have shed light on the implications of currency
manipulation for both countries.

Empirical evidence suggests that China has engaged in currency manipulation to gain a competitive advantage in
international trade. A study by Cheung, Chinn, and Fujii (2019) analyzed the effects of Chinese currency manipulation on
U.S. industries and found that it led to adverse impacts on employment and production in certain sectors.

Exchange rate dynamics between the U.S. dollar and the Chinese yuan (renminbi) have been studied extensively. Research
by Goldberg and Kolstad (2018) examined the effects of exchange rate movements on bilateral trade between the United
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States and China. They found that exchange rate fluctuations significantly influenced the volume and composition of trade
flows between the two countries.

Addressing currency manipulation and maintaining stable exchange rate dynamics requires effective policy measures. Chinn
and Wei (2019) conducted a comprehensive study on the effectiveness of exchange rate policies in mitigating currency
manipulation. Their research emphasized the importance of coordinated policy responses and international cooperation to
address currency manipulation issues effectively.

Efforts to promote exchange rate stability have been discussed in academic literature. Researchers such as Klein and
Shambaugh (2018) analyzed the implications of exchange rate regimes for exchange rate stability and trade competitiveness.
Their findings emphasized the benefits of adopting flexible exchange rate regimes and avoiding rigid currency pegs.
Addressing currency manipulation and maintaining stable exchange rate dynamics require ongoing cooperation,
transparency, and adherence to international norms. Empirical studies provide valuable insights for policymakers in
designing effective measures to foster a balanced and mutually beneficial financial relationship between the United States
and China.

Methodology

In this study, a comprehensive literature review approach was employed to select and analyze relevant literature and sources
pertaining to the geo-economics of U.S.-China financial relations. The methodology focused on identifying and examining
scholarly articles, books, policy reports, and reputable sources that provide insights into the subject matter.

The first step in the methodology involved establishing specific criteria for the inclusion and exclusion of studies. Only peer-
reviewed articles and publications from reputable academic journals and recognized institutions were considered.
Additionally, the timeframe for selecting sources was limited to the past decade to ensure the inclusion of recent and up-to-
date information.

To ensure the comprehensiveness and rigor of the review process, a systematic approach was adopted. A thorough search
strategy was developed, incorporating various academic databases, such as Google Scholar, JSTOR, and EBSCOhost, to
identify relevant articles and publications. The search terms included combinations of keywords such as "U.S.-China
financial relations," "geoeconomics," "trade imbalances, financial market competition,” and
"currency manipulation."

The next step involved screening the identified sources based on their relevance to the research objectives. Each study was
assessed based on its title, abstract, and keywords to determine its alignment with the key themes and aspects of U.S.-China
financial relations. Studies that did not provide substantial insights or were not directly related to the research focus were
excluded.

The selected studies were then subjected to a detailed analysis and synthesis process. A framework was developed to
categorize the literature based on the main topics and subtopics identified in the table of contents. This framework served as
a guide for organizing and synthesizing the information obtained from the literature review. It allowed for a systematic
examination of the major agreements, policies, challenges, and opportunities in U.S.-China financial relations.

During the analysis and synthesis process, key findings, themes, and arguments from each source were identified and
compared. The information was carefully examined to identify patterns, trends, and gaps in the literature. By synthesizing
the findings, a comprehensive overview of the current state of U.S.-China financial relations and its geoeconomic
implications was developed.

It is important to note that the methodology employed in this study is based on secondary data analysis and does not involve
primary data collection. The focus was on critically reviewing and analyzing existing literature to provide a comprehensive
understanding of the geoeconomics of U.S.-China financial relations.

In conclusion, the methodology employed in this study involved a systematic literature review approach. It included a
rigorous selection process, criteria for inclusion and exclusion, and the development of a framework to organize and
synthesize the information obtained from the literature. This methodology ensured a comprehensive analysis of the relevant
literature and contributed to the overall findings and insights presented in this research.

intellectual property,
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Discussions
Opportunities for Cooperation and Collaboration
Identifying Areas of Mutual Interest in Financial Cooperation

Identifying areas of mutual interest is crucial for fostering effective financial cooperation between the United States and
China. Despite the challenges and differences in their financial systems, both countries can find common ground in specific
areas to promote collaboration and enhance bilateral ties.

One area of mutual interest is financial market stability. Ensuring the stability of financial markets is a shared objective, as
disruptions in one market can have spillover effects on the other. By cooperating on regulatory frameworks, risk management
practices, and information sharing, the United States and China can contribute to the stability of global financial markets
(Carney, 2020).

Another area of mutual interest is sustainable finance and green investments. Both countries have expressed commitment to
addressing climate change and promoting sustainable economic growth. Exploring opportunities for collaboration in
sustainable finance, such as green bond issuance and renewable energy investments, can align their efforts and contribute to
global sustainability goals (Zeng, 2021).

Furthermore, financial technology (fintech) presents an area of mutual interest for both countries. The United States and
China have been at the forefront of fintech innovation, and cooperation in this domain can foster technological advancements,
promote financial inclusion, and address common challenges, such as cybersecurity and data privacy (Bessis, 2019).
Identifying areas of mutual interest in financial cooperation requires ongoing dialogue and engagement between
policymakers, regulators, and industry stakeholders. Regular high-level dialogues, such as the U.S.-China Strategic and
Economic Dialogue, can provide a platform for discussing shared priorities and exploring collaborative opportunities (U.S.
Department of State, 2016).

By identifying areas of mutual interest, the United States and China can build trust, strengthen economic ties, and contribute
to the stability and prosperity of the global financial system.

Joint Efforts in Infrastructure Investment and Development Projects

Collaboration in infrastructure investment and development projects presents a significant opportunity for cooperation
between the United States and China. Both countries recognize the importance of robust infrastructure to support economic
growth, enhance connectivity, and improve living standards.

One area of joint efforts is in transportation infrastructure. The United States and China can cooperate in the development of
transportation networks, such as roads, railways, ports, and airports, to facilitate the movement of goods, people, and services.
Collaborative projects can leverage expertise, resources, and technologies from both countries to create efficient and
sustainable transportation systems (Grimsey & Lewis, 2019).

Energy infrastructure is another area of mutual interest. The transition to cleaner and more sustainable energy sources requires
significant investments in renewable energy, smart grids, and energy storage. By pooling resources and knowledge, the
United States and China can advance the development and deployment of clean energy infrastructure, contributing to global
efforts to mitigate climate change (IEA, 2021).

Digital infrastructure is emerging as a crucial area for collaboration. The United States and China are leaders in digital
technologies, and joint efforts in developing secure and resilient digital infrastructure can promote innovation, connectivity,
and economic competitiveness. Collaborative initiatives can focus on areas such as 5G networks, data centers, and
cybersecurity (World Economic Forum, 2020).

Efforts to foster joint infrastructure projects require a supportive policy and regulatory environment. The establishment of
frameworks for public-private partnerships, investment facilitation, and risk-sharing mechanisms can encourage private
sector participation and ensure the successful implementation of projects (OECD, 2020).

By engaging in joint efforts in infrastructure investment and development projects, the United States and China can foster
economic growth, enhance connectivity, and contribute to sustainable and resilient infrastructure development on a global
scale.

Promoting Financial Market Access and Liberalization
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Promoting financial market access and liberalization is crucial for fostering a mutually beneficial financial relationship
between the United States and China. Both countries recognize the importance of open and well-regulated financial markets
in supporting economic growth, attracting investment, and facilitating capital flows.

Efforts to promote financial market access can focus on areas such as banking, insurance, securities, and asset management.
By removing barriers to entry, easing regulatory restrictions, and enhancing transparency, the United States and China can
create a more level playing field for market participants, fostering healthy competition and innovation (World Bank, 2020).
In the banking sector, facilitating cross-border activities and expanding market access for financial institutions can promote
greater cooperation and integration. Measures such as granting licenses for foreign banks, streamlining regulatory processes,
and promoting information exchange can contribute to a more open and efficient banking sector (International Monetary
Fund, 2019).

Similarly, in the insurance and securities sectors, promoting market access and liberalization can enhance competition and
provide investors with a wider range of products and services. Measures to harmonize regulations, establish robust
supervisory frameworks, and facilitate cross-border investment can promote deeper integration and enhance investor
confidence (Financial Stability Board, 2020).

Furthermore, promoting liberalization in asset management can contribute to the development of vibrant and diversified
financial markets. Measures such as simplifying licensing procedures, removing investment restrictions, and facilitating
cross-border fund flows can attract investment, promote capital market development, and facilitate risk-sharing (Securities
and Exchange Commission, 2021).

Promoting financial market access and liberalization requires ongoing dialogue, cooperation, and adherence to international
standards and best practices. Multilateral organizations such as the World Trade Organization, International Monetary Fund,
and Financial Stability Board play a vital role in facilitating discussions and providing guidance on market access and
liberalization (OECD, 2021).

By promoting financial market access and liberalization, the United States and China can create an enabling environment for
market participants, enhance competition and innovation, and strengthen their financial ties in a sustainable and mutually
beneficial manner.

Promoting Financial Market Access and Liberalization

Promoting financial market access and liberalization is crucial for fostering a mutually beneficial financial relationship
between the United States and China. Both countries recognize the importance of open and well-regulated financial markets
in supporting economic growth, attracting investment, and facilitating capital flows.

Efforts to promote financial market access can focus on areas such as banking, insurance, securities, and asset management.
By removing barriers to entry, easing regulatory restrictions, and enhancing transparency, the United States and China can
create a more level playing field for market participants, fostering healthy competition and innovation (World Bank, 2020).
In the banking sector, facilitating cross-border activities and expanding market access for financial institutions can promote
greater cooperation and integration. Measures such as granting licenses for foreign banks, streamlining regulatory processes,
and promoting information exchange can contribute to a more open and efficient banking sector (International Monetary
Fund, 2019).

Similarly, in the insurance and securities sectors, promoting market access and liberalization can enhance competition and
provide investors with a wider range of products and services. Measures to harmonize regulations, establish robust
supervisory frameworks, and facilitate cross-border investment can promote deeper integration and enhance investor
confidence (Financial Stability Board, 2020).

Furthermore, promoting liberalization in asset management can contribute to the development of vibrant and diversified
financial markets. Measures such as simplifying licensing procedures, removing investment restrictions, and facilitating
cross-border fund flows can attract investment, promote capital market development, and facilitate risk-sharing (Securities
and Exchange Commission, 2021).

Promating financial market access and liberalization requires ongoing dialogue, cooperation, and adherence to international
standards and best practices. Multilateral organizations such as the World Trade Organization, International Monetary Fund,
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and Financial Stability Board play a vital role in facilitating discussions and providing guidance on market access and
liberalization (OECD, 2021).

By promoting financial market access and liberalization, the United States and China can create an enabling environment for
market participants, enhance competition and innovation, and strengthen their financial ties in a sustainable and mutually
beneficial manner.

Cooperation in Global Governance and Multilateral Institutions

Cooperation in global governance and multilateral institutions is crucial for addressing global challenges, promoting stability,
and advancing shared interests. The United States and China, as major global powers, have an important role to play in
fostering effective cooperation in these realms.

Multilateral institutions such as the United Nations, World Trade Organization (WTO), and International Monetary Fund
(IMF) provide platforms for dialogue, coordination, and decision-making on global issues. Strengthening cooperation
between the United States and China within these institutions can enhance their effectiveness and legitimacy (Bollyky, 2020).
Collaboration in global governance can encompass various areas, such as climate change, trade, development, and
peacekeeping. By aligning their positions, engaging in constructive dialogue, and supporting multilateral initiatives, the
United States and China can contribute to finding sustainable solutions and shaping global norms and standards (O'Neill,
2019).

In the context of climate change, both countries have a shared responsibility to combat global warming and transition towards
a low-carbon economy. Cooperation in areas such as emissions reduction, clean energy technology development, and climate
finance can accelerate progress towards global climate goals (United Nations, 2015).

Trade is another critical area for cooperation. Strengthening the rules-based multilateral trading system and resolving trade
disputes through negotiation and dialogue can contribute to global economic stability and growth. The United States and
China can work together to address trade imbalances, reduce barriers, and promote fair and open trade practices (Bown,
2021).

Furthermore, cooperation in development assistance and poverty reduction can have a significant impact on global well-
being. By collaborating on initiatives such as poverty alleviation, healthcare, and education, the United States and China can
contribute to achieving the United Nations' Sustainable Development Goals and improving living conditions for people
around the world (World Bank, 2020).

Cooperation in global governance and multilateral institutions requires political will, dialogue, and commitment from both
countries. By actively engaging in these platforms and pursuing shared objectives, the United States and China can foster a
more inclusive, stable, and prosperous global order.

Conclusions
Implications for the Global Economy and Policy Recommendations
Assessing the Impact of U.S.-China Financial Relations on the Global Economy

The financial relationship between the United States and China has emerged as a significant driver of the global economy.
As the world's two largest economies, their financial interactions have far-reaching implications for global markets, trade
flows, and economic stability. Assessing the impact of U.S.-China financial relations on the global economy requires a
comprehensive analysis of various factors.

Trade Interdependence: The deep economic interdependence between the United States and China has been a defining feature
of their financial relations. The bilateral trade volume between the two countries has grown exponentially over the years,
impacting global supply chains, trade imbalances, and market dynamics (Bown, 2018). Assessing the impact of this trade
interdependence on the global economy involves examining factors such as trade imbalances, tariffs, and the potential
disruptions caused by trade disputes (Autor et al., 2020).

Financial Flows and Investment: Financial flows between the United States and China encompass not only trade-related
transactions but also cross-border investments, capital flows, and currency exchange rates. The movement of capital between
the two countries influences asset prices, exchange rates, and financial market stability globally (Lane & Milesi-Ferretti,
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2019). Analyzing the impact of these financial flows on the global economy requires assessing factors such as capital flight
risks, foreign direct investment patterns, and the integration of financial markets (Borio & Zhu, 2012).

Systemic Risks and Financial Stability: The interconnectedness of the U.S. and Chinese financial systems has implications
for global financial stability. Assessing the impact of U.S.-China financial relations on the global economy involves
examining potential systemic risks arising from financial market disruptions, regulatory issues, and the transmission of
shocks (International Monetary Fund, 2019). Identifying vulnerabilities in the banking sector, assessing the resilience of
financial institutions, and monitoring risks related to shadow banking activities are critical aspects of this analysis (Claessens
etal., 2020).

Geopolitical Dynamics: The geopolitical dimensions of U.S.-China financial relations have a significant impact on the global
economy. Assessing this impact requires analyzing factors such as political tensions, policy changes, and international
cooperation efforts. Geoeconomic considerations, strategic alliances, and multilateral agreements play a crucial role in
shaping the outcomes of U.S.-China financial interactions and their repercussions for the global economic landscape
(Manyika et al., 2019).

Macroeconomic Implications: The macroeconomic implications of U.S.-China financial relations extend beyond bilateral
trade and investment. The policies pursued by the United States and China, including monetary policy, fiscal measures, and
exchange rate management, have spillover effects on global economic conditions (Gopinath et al., 2021). Assessing the
impact of these macroeconomic policies on the global economy involves evaluating factors such as inflationary pressures,
interest rate dynamics, and the effectiveness of policy coordination (Rey, 2013).

In conclusion, assessing the impact of U.S.-China financial relations on the global economy requires a multifaceted analysis
encompassing trade interdependence, financial flows, systemic risks, geopolitical dynamics, and macroeconomic
implications. Realizing the full implications of this relationship is essential for policymakers, market participants, and
researchers alike to navigate the challenges and opportunities presented by the evolving U.S.-China financial landscape.

Implications for Other Countries and Regions

The financial relations between the United States and China have far-reaching implications for countries and regions beyond
their borders. The policies pursued by these two global economic powers can significantly impact the economic, political,
and strategic landscape of other nations. Assessing the policy implications of U.S.-China financial relations requires a careful
analysis of various factors.

Trade and Economic Policies: The trade policies of the United States and China, including tariffs, trade agreements, and
market access, have direct consequences for other countries and regions engaged in global trade. Changes in trade dynamics
between the two countries can disrupt global supply chains, alter export patterns, and affect market competitiveness for other
trading partners (Evenett & Fritz, 2020). Analyzing the policy implications involves evaluating the potential benefits and
challenges for other countries in adapting to the evolving trade landscape.

Investment and Capital Flows: Foreign direct investment (FDI) and capital flows between the United States and China can
influence the investment environment and economic prospects of other countries. As these two countries engage in
investment projects and financial cooperation, it creates opportunities as well as challenges for other regions seeking foreign
investment and capital inflows (UNCTAD, 2020). Assessing the policy implications requires examining factors such as
investment regulations, intellectual property protection, and the competitiveness of local industries.

Technology and Innovation: The technology and innovation policies pursued by the United States and China can have
significant policy implications for other countries and regions. Developments in areas such as artificial intelligence, 5G
networks, and cybersecurity can shape global technological standards and competitiveness (UNCTAD, 2021). Policymakers
in other countries must consider the implications of U.S.-China technological rivalry and navigate potential challenges related
to intellectual property rights, data privacy, and technological dependencies (Bremmer et al., 2019).

Regional Economic Integration: U.S.-China financial relations can impact regional economic integration efforts in various
parts of the world. The Belt and Road Initiative (BRI) led by China and the economic policies pursued by the United States
can shape regional dynamics and influence the strategies of neighboring countries (Hsu, 2020). Assessing the policy
implications involves analyzing the potential opportunities for regional cooperation, infrastructure development, and trade
integration, while also considering the potential risks and geopolitical considerations.
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Political and Strategic Alignments: The policy implications of U.S.-China financial relations extend beyond the economic
realm. As these two powers navigate their geopolitical interests, other countries and regions may face policy dilemmas in
choosing their political and strategic alignments (Hillman & Wolff, 2020). Policymakers need to assess the implications for
their own foreign policy, security considerations, and regional stability.

In conclusion, the policy implications of U.S.-China financial relations for other countries and regions are multifaceted and
require careful consideration. Trade and economic policies, investment and capital flows, technology and innovation,
regional economic integration, and political and strategic alignments all shape the policy landscape for other nations.
Policymakers must navigate the challenges and opportunities presented by these dynamics to ensure their countries' economic
prosperity and geopolitical interests.

Strategies for Managing Risks and Maximizing Opportunities

The complex and evolving nature of U.S.-China financial relations presents both risks and opportunities for various
stakeholders. To navigate this dynamic landscape, it is crucial to adopt effective strategies that address potential risks while
maximizing the potential benefits.

One strategy for managing risks is to diversify economic relationships beyond dependence on a single market. For countries
heavily reliant on either the United States or China, diversifying trade and investment partners can help mitigate the impact
of any disruptions in U.S.-China financial relations (Kawai & Petri, 2020). Strengthening ties with emerging markets, forging
regional trade agreements, and promoting cross-border investments can contribute to a more balanced and resilient economic
framework.

Given the inherent volatility in financial markets, it is crucial to establish robust risk assessment and monitoring mechanisms.
Policymakers, regulators, and financial institutions should enhance their capabilities to identify and evaluate potential risks
arising from U.S.-China financial relations (Brunnermeier et al., 2016). This includes conducting stress tests, enhancing risk
modeling techniques, and improving the exchange of information among relevant stakeholders.

To maximize opportunities in U.S.-China financial relations, countries can promote open and transparent investment policies.
Creating a favorable investment climate, streamlining regulatory processes, and providing legal protection for investors can
attract foreign direct investment from both the United States and China (World Bank Group, 2019). This strategy helps
facilitate cross-border investments, technology transfers, and knowledge sharing, fostering innovation and economic growth.
Protecting intellectual property rights (IPR) is essential for leveraging opportunities in U.S.-China financial relations.
Countries can develop robust legal frameworks, enforce existing IPR regulations, and enhance cooperation with international
organizations to combat counterfeiting, piracy, and other forms of intellectual property infringements (World Intellectual
Property Organization, 2020). This strategy encourages innovation, fosters trust among investors, and promotes technology -
driven collaborations.

Collaboration in financial regulation can help manage risks and ensure stability in U.S.-China financial relations.
Strengthening international frameworks, sharing best practices, and fostering regulatory dialogue can enhance transparency,
mitigate systemic risks, and promote a level playing field for financial institutions (Financial Stability Board, 2019). This
strategy contributes to the resilience of the global financial system and promotes responsible financial practices.

In conclusion, effectively managing risks and maximizing opportunities in U.S.-China financial relations requires a strategic
and proactive approach. Diversifying economic relationships, strengthening risk assessment mechanisms, promoting open
investment policies, protecting intellectual property rights, and enhancing cooperation in financial regulation are strategies
that can help stakeholders navigate this complex landscape. By adopting these strategies, countries can better position
themselves to capitalize on the potential benefits while effectively managing the associated risks.

Recommendations for policymakers, businesses, and investors can play a vital role in navigating the intricacies of U.S.-
China financial relations and capitalizing on the potential opportunities while managing associated risks. The following
recommendations encompass various aspects that can contribute to a balanced and mutually beneficial engagement between
the two economic powerhouses.

Foster Open Dialogue and Cooperation: Policymakers should prioritize open dialogue and cooperation with their
counterparts in both the United States and China. Regular high-level meetings, such as bilateral summits and joint
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commissions, can facilitate the exchange of ideas, address concerns, and build trust. By fostering an environment of open
communication, policymakers can lay the foundation for constructive engagement and collaboration.

Enhance Risk Assessment Mechanisms: Effective risk assessment mechanisms are crucial for businesses and investors to
make informed decisions. Policymakers should work towards enhancing risk assessment frameworks that provide timely and
accurate information about the potential risks associated with U.S.-China financial relations. This includes monitoring policy
changes, geopolitical developments, and market dynamics to anticipate and manage potential challenges.

Promote Investment in Research and Development: To maximize the benefits of U.S.-China financial relations, policymakers
should encourage businesses and investors to allocate resources towards research and development (R&D) activities. By
promoting innovation and technological advancements, countries can position themselves at the forefront of emerging
industries and strengthen their competitiveness in the global market. This requires creating an enabling environment with
supportive policies, incentives, and funding mechanisms.

Strengthen Intellectual Property Rights Protection: Given the significance of intellectual property in modern economies,
policymakers should prioritize strengthening the protection and enforcement of intellectual property rights (IPR). Robust
legal frameworks, stringent enforcement mechanisms, and effective cross-border cooperation can discourage intellectual
property infringements and provide a conducive environment for innovation, technology transfers, and knowledge sharing.

Facilitate Cross-Border Investments: Policymakers should strive to create an enabling environment that facilitates cross-
border investments between the United States and China. This includes streamlining regulatory procedures, reducing barriers
to entry, and enhancing transparency in investment processes. By promoting ease of doing business, policymakers can attract
foreign direct investment, foster economic growth, and create employment opportunities.

Encourage Sustainable and Responsible Investments: Sustainability should be a key consideration for policymakers,
businesses, and investors engaged in U.S.-China financial relations. Encouraging investments in environmentally friendly
technologies, renewable energy, and social impact projects can contribute to sustainable development goals while generating
long-term returns. Policymakers can provide incentives, frameworks, and guidelines to promote responsible investments and
corporate social responsibility.

Support Skill Development and Education: Investing in human capital is essential for reaping the benefits of U.S.-China
financial relations. Policymakers should prioritize initiatives that enhance skill development, vocational training, and
education in fields relevant to emerging industries. By equipping the workforce with the necessary skills, countries can create
a competitive advantage and adapt to changing market demands.

In conclusion, recommendations for policymakers, businesses, and investors in the realm of U.S.-China financial relations
revolve around fostering dialogue, enhancing risk assessment mechanisms, promoting innovation, protecting intellectual
property rights, facilitating cross-border investments, encouraging sustainable practices, and investing in human capital.
Implementing these recommendations can contribute to a balanced and mutually beneficial engagement that maximizes
opportunities while effectively managing risks in the dynamic landscape of U.S.-China financial relations.
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Abstract

Climate change causes long-term weather changes from the tropics to the polls. It is a global threat that strains
several sectors. The present study conducts a review analysis that theoretically explores how climatic variability
is degrading global sector sustainability. Due to irreversible weather variations, the agricultural sector is
particularly vulnerable. In turn, it is disrupting worldwide consumption patterns, especially in countries where
agriculture is central to their economy and productivity. Due to shifting optimum temperature ranges, climate
change is also increasing biodiversity loss through modifying ecosystem architecture. Climate change increases
the risk of food, water, and vector-borne diseases. Antimicrobial resistance, which is developing due to resistant
pathogenic infections, is also accelerated by climate change. Climate change also hurts the forestry sector
and tourism business. This review examines global socio-economic and environmental climate change mitigation
and adaptation strategies and their economic consequences. According to the findings, knotted answerability of
resources and laws created in the past to generate progressive climate policy need government involvement for
long-term development. Thus, addressing climate change's dire consequences demands global cooperation to
maintain world survival.

Keywords: Climate change; Environment; Economy; Mitigation; Adaptation; Sustainability

Introduction

The world's climate has changed significantly during the past 65 years, with further shifts expected for the twenty-
first century and global warming. The interconnected nature of climate change's effects across ecological,
environmental, sociopolitical, and socioeconomic domains makes it a formidable intergovernmental problem
(Feliciano et al., 2022). As a consequence of climate change, temperatures are rising on many different planets.
The climate crisis has been exacerbated greatly since the advent of the industrial revolution (IPCC, 2022; Massey,
2023). Rapid response and appropriate action are said to improve the chances of avoiding permanent damage.
The growing level of recognition and the incorporation of climatic uncertainties at both the regional and federal
level of policymaking shows that it is not reasonable to assess the accurate impacts of climate change on sectors
by sector (Mumtaz & de Oliveira, 2023).
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Long-term changes in the environment's temperature, precipitation, atmospheric pressure, and humidity are used
to define climate change. One of the largely well-known international and domestic implications of climate
change is the increase in extreme weather events, the retreat of the world's ice sheets, and the resulting rise in sea
levels (Barnett et al., 2023). Greenhouse gases (GHGs) like carbon dioxide (CO>), methane (CH4), nitrous oxide
(N20), and water vapor were thought to come solely from natural sources like forest fires, volcanoes, and seismic
activities preceding to the industrial revolution (Usman and Balsalobre-Lorente, 2022). In December 2015, at the
Conference of the Parties (COP-21) to the United Nations Framework Convention on Climate Change
(UNFCCC), a momentous agreement was grasped to fight climate change and expedite and strengthen the actions
and expenditures necessary for a sustainable low-carbon future. The Paris Agreement goes beyond the Kyoto
Protocol by uniting all governments behind a common goal of tackling climate change head-on and providing
more funds to help developing countries adapt to its effects. This is a watershed moment in the fight against
climate change around the world. By pursuing endeavors to limit the temperature rise to 1.5°C over pre-industrial
levels, the Paris Agreement aims to boost the worldwide response to the danger posed by climate change (Chien
et al., 2021).

The pact also aims to improve countries' preparedness to deal with climate change's effects and realign financial
assistance to minimize GHG emissions and climate-resilient strategies (Usman et al., 2022). In order for
developing nations with the greatest vulnerability to act in accordance with their national objectives, adequate
funding must be raised and stipulated, together with a novel framework for technology and enhanced capacity
building. The agreement also creates a clearer system of assistance and action. According to Article 4 of the Paris
Agreement, "nationally determined contributions" (NDCs) should be developed by each Party, and these should
be increased in future decades (Balsalobre-Lorente et al., 2020). It requires regular reporting on emissions and
activities related to implementation from all Parties. Every five years, the Parties will take stock of the state of
the world in terms of the agreement's overarching purpose and use that assessment to guide their individual efforts
going forward. On Earth Day, April 22, 2016, the Paris Agreement was open for signature at the United Nations
in New York. After being ratified by at least 55 countries accounting for at least 55% of global emissions, it
entered into force on November 4, 2016, which was 30 days afterward the so-called double threshold had been
met. More nations have now accepted the pact, increasing the total number of Parties to 125 as of early 2017. To
make the Paris Agreement work in practice, a work program was launched there to specify various systems,
processes, and recommendations. Since 2016, the Parties have worked together in a variety of created institutions
and subordinate bodies. In November 2016 at COP22 in Marrakesh, the Conference of the Parties (COP) met for
the first time as a summit of the Parties to the Paris Agreement, passing its first two resolutions. The timeline for
completion of the project is 2018. The following represent a few mitigation and adaptation measures for cutting
emissions in light of the Paris Agreement: first, a long-term aim of keeping the rise in the average global
temperature substantially below 2 °C above pre-industrial levels; second, to attempt to limit the rise to 1.5 °C, as
this would substantially decrease risks and the consequences of climate change; third, on the necessity for global
emissions to reach their maximum as soon as possible, comprehending that this will require longer for emerging
nations; and fourth, to implement significant cuts after that under the age of the most current science in order to
achieve these goals. However, certain adaptation measures are improving societies' resilience to climate change
impacts and bolstering efforts to maintain and increase international aid for developing nations' adaptation efforts.
Nonetheless, human activities are now thought to be mostly responsible for global warming (Mbaye et al., 2023).
Excessive agricultural operations, including the heavy usage of fuel-based automation, the burning of agricultural
residues, the burning of fossil fuels, deforestation, the national and local transportation industries, etc. are
examples of other anthropogenic activities (Mitra et al., 2023). As a result, these human-caused actions trigger
climate catastrophes that harm infrastructure, public health, and overall productivity on a worldwide scale. Most
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energy production in emerging nations originates from fossil fuels (Balsalobre-Lorente et al., 2022). This has led
to an increase in GHGs levels that are contributing to global warming. In today's wonderful digital, globalized
society, where climate change plays a deciding role, life is quite routine. The current crisis, identified as COVID-
19, is an example of the far-reaching effects of events in a single country (Sarkar et al., 2021). Consequences for
the global economy and climate have been seen due to the spread of diseases like COVID19 (Pirasteh-Anosheh
et al., 2021; Raihan & Himu, 2023). This study examines the existing literature on numerous sectoral pieces of
evidence from around the world with the goal of highlighting the societal and scientific implications of climate
change. Although this review provides an in-depth analysis of climate change and its severely affected sectors
that posture a weighty threat to worldwide agriculture, biodiversity, public health, the economy, forestry, and
tourism, it also seeks to propose some useful preventative actions and mitigation approaches that can be adapted
as viable alternatives. Unpredictable weather and other impacts of climate change on society are examined in
depth. This analysis focuses on the economic, social, and environmental elements of a wide variety of sustainable
global mitigation strategies and adaptation approaches and techniques.

Methodology

This article is based on a systematic literature review, which has been shown to be a reliable framework (Benita,
2021). After settling on a research topic, relevant publications were found and downloaded using a number of
research databases including Scopus, Web of Science, and Google Scholar. Multiple search terms were used to
find relevant documents, including "climate change,” "adaptation," "mitigation," "agriculture," " health,"
"biodiversity," "forestry," "tourism," and so on. At first, there was a great deal of published material returned by
the keyword search. Since it's been impossible to read all the found articles since 2020, the literature exhibition
has had to be limited in various ways. According to the study's purpose, 130 articles were retrieved from the other
database. After reading the titles, abstracts, and entire pieces, it filtered out 61 unrelated publications that had
been copied from an earlier search. Articles were selected based on their relevance to the study's stated objectives
and their treatment of "Global Climate Change Impacts, adaptation, and sustainable mitigation measures." After
finishing the process, we had 69 articles to use in this investigation. The next step is a systematic review of all 69
papers, wherein the study topics and other features, such as the methodologies, settings, and theoretical
frameworks underlying the investigations, are dissected and analyzed. In addition, this study examines
interrelated topics, opening up fresh avenues for future study. Comprehending the research outcomes on climate
change and impacted industries, the study also examined future direction prospects and research concerns.

nn nn

Results and discussion

The social and economic effects of climate change and natural disasters

Some years may see very few deaths from natural and environmental calamities, until a large disaster event kills
numerous people (Symanski et al., 2021). The frequency of various calamities is depicted in Figure 1. Over the
past decade, natural disasters have been responsible for an average of 60,000 annual deaths worldwide (Wiranata
and Simbolon, 2021). Natural catastrophe fatalities are displayed in Figure 2 by decade. There may be as few as
ten thousand deaths or less than 0.01% of total deaths. Disasters like the 1983—1985 Ethiopian famine and drought,
the 2004 Indian Ocean earthquake and tsunami, Cyclone Nargis in Myanmar in 2008, the 2010 Port-au-Prince
earthquake in Haiti, and the current COVID-19 pandemic are all examples of the destructive effects of shock
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events. Over 0.4% of all deaths during that time period were caused by natural disasters. While natural disasters
like earthquakes and tsunamis are inevitable, the devastating human losses they cause can be avoided. Death tolls
from natural disasters have been cut in half over the past century thanks to improvements in early warning
systems, infrastructure, emergency planning, and response software. In order to reduce the number of deaths
caused by natural disasters in the next decades, it will be essential to improve housing, medical facilities, and
emergency services in low-income communities. However, fatality figures do not completely account for the
human costs of natural disasters. Damage to bodies, lack of shelter, and relocation can have far-reaching effects
on communities. The number of persons who have been forced to relocate within their own country as a result of
natural disasters is depicted in Figure 3.
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Figure 1. Total recorded disasters, broken down by category.
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Figure 3. The total number of in-country refugees caused by natural disasters.

Increasing temperatures are anticipated to have an influence on the interior parts of the continent (Seymour et al.,
2023). Many plant species are threatened with extinction as a result of changes in weather patterns brought on by
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a scarcity of natural resources (water), an upsurge in glacier melting, and increasing mercury (Mihiretu et al.,
2021). The coastal ecosystem, on the other hand, is close to collapse (Hatje et al., 2023). There is a high likelihood
that the trends of rising temperatures, insect epidemics, health issues, and seasonal and behavioral shifts will
continue into the future (Beermann et al., 2023). Lack of quality infrastructure and inadequate adaptive ability are
the biggest problems on a global scale (IPCC, 2022). In addition to the aforementioned issues, the public is
worried about climate change because of an inadequate level of environmental awareness and comprehension,
outmoded consumer behavior, a dearth of inducements, a paucity of laws, and a lack of administration
commitment to the issue. There could be severe repercussions by 2050 from a 2-3 percent increase in mercury
and a significant disruption in rainfall patterns (Huang et al., 2022). Decreased agricultural production, system
rehabilitation, and technology rebuilding were just some of the global losses attributed to natural and
environmental disasters (Yu et al., 2021). There has been an increase in the number of traffic accidents caused by
low visibility because of smog in the last three to four years. The proportion of GDP lost due to all calamities is
shown in Figure 4. In 2020, natural disasters caused direct economic losses equal to about 0.2% of global GDP.
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Figure 4. Total economic losses caused by disasters.
Climate change and agriculture

Agriculture is ultimately blamed for 20% of all GHG emissions, making it a leading industry substantially
triggering climate warming and severely impacted by it. Floods, droughts, and forest fires are only a few examples
of precipitation extremes that have a profound effect on agribusiness output and other agro-environmental and
climatic parameters (Chivangulula et al., 2023). In addition, the fire is fueled by the extreme reliance on finite
resources, which makes agriculture around the world vulnerable to destruction. As food and water supplies are
being severely affected by climate change (Zhang et al., 2023), the reduction in agriculture is a challenge to the
farmer's quality of life and is therefore an important factor to poverty (Li, 2023). Agricultural systems are crucial
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to national economies and to the financial security of individual households, especially in underdeveloped nations
(Chikafa et al., 2023). The IPCC (2022) reports that GHG concentrations in the air have reached unprecedented
levels over the course of the last several millennia. GHGs include CH4, CO,, and N,O. Two distinct causes have
combined to produce climate change which are natural phenomena and human activities (Monteleone et al., 2023).
It has also been predicted that by the end of the 21st century, the global average temperature could climb anywhere
from 1.1 to 3.7 degrees Celsius (Urban et al., 2023). Raised temperatures will offer substantial negative
repercussions on crop development, making the world's crop production heavily susceptible to these worldwide
temperature-shifting patterns (Ratnayake et al., 2023). The impact of climate change on farming is depicted in

Figure 5.
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Figure 5. The linkage between climate change and agriculture.

Changes in crucial abiotic parameters including temperature, precipitation, solar radiation, and CO, emission will
have a significant effect on crop yield during the next few decades. Development and prosperity, weather-tempted
shifts, invasions of pests, accompanied disease invasive plants, availability of water, the high cost of agro-products
in the global agriculture industry, and a foremost quantity of fertilizer consumption are all encompassed in several
legislation that aim to keep these factors in check. Warming temperatures, according to Lobell and Field (2007),
considerably reduced wheat crop output from 1962 to 2002. Therefore, exceptional temperature occurrences
confirmed by Gourdji et al. (2013) across South America, South Asia, and Central Asia over 1980-2011 were
supported by similar wheat productivity patterns. Several research showed that increasing temperatures have a
negative impact on wheat production and the productivity of biomass (Liu et al., 2020; Marcos-Barbero et al.,
2021; Xiao et al., 2022). In the future, warm overnight temperatures will also affect the rice harvest. Temperature
increases in the future due to climate change will exacerbate these problems (Rezvi et al., 2023). The rising global
temperatures are predicted to significantly reduce crop yields (Ma et al., 2023). According to IPCC (2022),
average daily temperatures in the southern hemisphere have risen by 14 °C from the end of spring to the middle
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of summer, and this increase in temperature has reduced crop output by shortening the time duration for
phenophases, which in turn reduces yield.

In addition, global climate models have warned that the approaching heat strokes will claim a disproportionate
number of victims in humid and subtropical countries (Issa et al., 2023). Lowered seed set and lighter grains are
the results of rice's reaction to high temperatures due to irregular blooming patterns (Ayyenar et al., 2023). Heat
has a direct effect on flowers during the day, shortening their thesis period and hastening the onset of peak
blooming (Liu et al., 2023). The seed set was significantly lower than could be explained by pollen sprouting at
high temperatures of 40°C (Mehmood et al., 2023), suggesting that higher daytime temperatures have an
antagonistic effect on pollen sprouting, leading to the hypothesis that seed set declines. Several studies found that
rising temperatures are to blame for the decrease in wheat production (Karatayev et al., 2022; Kuriachen et al.,
2022; Farhad et al., 2023). Heat stress causes plants to grow at an accelerated rate, slows the photosynthetic
process, and has a major impact on reproductive processes (Farhad et al., 2023). Crops are vulnerable to the
corrosive effects of climate change-induced weather extremes, such as the falling and discoloration of betel leaves
due to bare cold and extreme fog (Rahman & Alam, 2016), resulting in an inevitably reddish appearance; the
compression of lemon leaves (Pautasso et al., 2012); and the decaying roots of pineapple (Lim et al., 2023). As a
result, a combination of short-term and long-term strategies for managing climate change's disruptive
consequences is urgently required. Studies have shown that adaptive trends, such as improving crop
diversification, can lead to greater resilience in the face of climate change (Vernooy, 2022). The consequences of
climate change on agriculture and the necessary preventative and corrective measures are depicted schematically
in Figure 6.
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Figure 6. Climate change impacts on the agriculture sector along with the mitigation and adaptation strategies.
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Climate change effects on biodiversity

Climate change is one of the leading causes of species extinction, and as such, it is having devastating effects on
the world's biodiversity. Species dynamics on a global scale have been shown to be strongly correlated with a
wide range of climatic phenomena (Manes et al., 2021). The ranges of marine, freshwater, and terrestrial
organisms that can survive in their environments are shifting due to the rapidity and severity of climate change.
Changes in average climate regimes have a wide-ranging impact on ecosystem health, affecting things like species
abundance and distribution, migration patterns, activity schedules, and the usage of microhabitats (Allan et al.,
2021). The tolerance of environmental pressures, biological interactions, and dispersion limits frequently
determines the range of a species. Therefore, local species have little choice except to accept, adapt, or relocate
or perish (Hankin et al., 2023). The best-performing species, then, are those with a higher tolerance for change
and a lower need for stability in their current environments (Nehe et al., 2023). Poor habitat connectivity and
limited access to microclimates have a significant role in increasing vulnerability to climate change and intense
heatwave events. For instance, climate-driven growth in the distribution of worldwide mangroves is causing
oscillations in carbon sequestration rates (Buhaug et al., 2023).

Correspondingly, the significant migration of tropical fish populations has paved the way for heightened herbivory
due to the disappearance of kelp-forest ecosystems in different locations and their occupation by the seaweed
turfs. Along with this, the heightened circumstances are much beyond the physiological threshold of the kelp
ecosystems (Donham et al., 2023). The extinction of keystone species poses a further threat because of the far-
reaching impacts it has on the communities that depend on them (Kim et al., 2023). Because climate change
affects everyone everywhere, this is very crucial. Species redistribution due to climate change has the potential to
reduce carbon storage and net ecosystem productivity in the long run (Baldrian et al., 2023). Effects on marine
and terrestrial production, marine community assembly, and the prolonged invasion of toxic cyanobacteria bloom
are only a few of the common disruptions that have been documented (Nwosu et al., 2023).

Projections of extinction until the twenty-first century due to climate change are grim, and these projections are
widely documented in literature (Gauthier et al., 2023). When animals that live in mountains move north, they
are able to locate environments that are ideal for them. Loss of topography and range, however, may imprison
migratory species in restricted and unsuitable habitats (Jones et al., 2022). For instance, one study found that the
American pika has been wiped out or severely reduced in some areas, with climate change being the primary
cause of its demise (Palita, 2016). In addition, it usually takes decades of data records to systematically examine
the crucial pre- and post-climate change trends at the species and ecosystem levels, which is necessary for
anticipating long-lasting reactions to the effects of climate change (Manes et al., 2021). However, such extensive
data archives are uncommon; hence, efforts are required to zero in on these fundamental characteristics. Other
consequences of climate change, for instance rising temperatures, droughts, and some invading pest species, also
pose threats to biodiversity. For instance, higher temperatures have been linked to shifts in the make-up of
plankton groups (Bedford et al., 2020). Therefore, changes in aquatic producer populations, such as diatoms and
calcareous plants, may ultimately end in a shift in the rate at which biological carbon is recycled. It has also been
suggested that these variations helped account for the CO, variances between the interglacial and glacial periods
of the Pleistocene (Lee et al., 2021). The causes of biodiversity decline are shown in Figure 7. Climate change is
connected to every factor that is reducing biodiversity.
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Figure 7. The drivers of biodiversity loss (Hernon, 2022).

Climate change and human health

Human health is well recognized as a direct consequence of climate change (Sasai et al., 2023). The World Health
Organization estimates that between 2030 and 2050, climate change could cause 250,000 extra deaths annually
(Watts et al., 2015). Okoro et al. (2023), pointed to the global spread of vector-borne diseases as a major cause of
these deaths. Increasing temperatures around the world are a major factor in the demise of numerous species. One
possible upside to this rising warmth is that it helps new species flourish. Some previously undetected or
unreported diseases were also shown to be capable of making a comeback (Subasinghe et al., 2023). The
likelihood of certain diseases increases as a result of climate warming-induced environmental changes, and this
idea can be shown by using specific pathogenic strains of microbes. Asthma, vector-borne infections, and mental
health are only some of the many health effects seen in Figure 8 as a result of climate change consequences like
excessive heat, altered vector ecosystems, rising sea levels, and rising CO- concentrations.
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Figure 8. Effects of climate change on human health.

Climate change increases public worry, distress, and mental health difficulties. Posttraumatic disorder can also
arise from regular exposure to major climate calamities like geological disasters. Flood-prone communities live
in continual fear of drowning and death. These communities are under pressure because floods destroy
infrastructure and human lives. Ogden (2018) detailed how Katrina's Hurricane worsened victim communities'
mental health. Antimicrobial resistance (AMR) is also a growing worldwide health issue (Adebisi & Ogunkola,
2023). This phenomenon has the potential to reverse most of the health field's advances (Costanzo & Roviello,
2023). Health professionals worldwide are frightened. Many pharmaceutical companies manufacture huge
amounts of antibiotics, and harmful microbes are gradually acquiring resistance to them, which can destabilize
national and global economy (Anjani et al., 2023). In the post-antibiotic era, antibiotic-susceptible bacteria will
cause endemics and pandemics again (Hotinger et al., 2021). If this assumption is true, complex procedures
including joint replacement, chemotherapy, and organ transplantation may pose dangers (Anderson et al., 2020).
Drug resistance has made treating common diseases like pneumonia, post-surgical infections,
cancer, tuberculosis, HIV/AIDS, malaria, and others excessively expensive and complicated (Pfavayi et al.,
2021). A simple example shows how rapidly antibiotic-resistant bacteria can spread across borders (Tiwari et al.,
2022). Second- and third-generation antibiotics, such as the most famous types of cephalosporin antibiotics, are
more costly, broad-spectrum, toxic, and require longer treatment times (Harris et al., 2023). This example shows

Global Scientific Research 45



Journal of Environmental Science and Economics

how climate change-induced global warming can extend antibiotic-resistant strains in the biosphere, making it
more expensive to develop new antibiotics.

Climate change and forestry

Forests have a crucial role in stabilizing global temperatures and in controlling the carbon and nitrogen cycles
(Tang et al., 2023). According to Barati et al. (2023), environmental changes in forests have an impact on both
local and global climate. Due to the changing patterns of precipitation and temperature, etc., global warming has
significant effects on the expansion and productivity of cross-border forests. Forest health is negatively impacted
by climate change, which also causes other disastrous effects, for instance forest fires, droughts, and pest
outbreaks, and threatens the livelihoods of communities that rely on forests for their survival. Droughts are just
one example of the growing number of climate change consequences that threaten the world's forests and their
future health. More intense storms brought on by climate change increase the stress on the survival of the world's
forests (Tiebel et al., 2023), especially because wetter soils brought on by the winter rains make tree roots less
stable (Goldsmith et al., 2022). Changing precipitation patterns due to rising temperatures present a major threat
to the continued existence of temperate forests, exposing local tree species to unprecedented levels of stress.
Approximately 1.6 billion people globally rely heavily on forests for subsistence, with 350 million being
particularly reliant. In addition to the 60 million indigenous people who rely solely on trees and forest products
for survival, there are 1.2 billion people who live in agroforestry-dependent communities (Husain et al., 2018).
More than two-thirds of Africa's population, for instance, depend on forest resources and for their livelihoods, for
instance food, fuelwood, and grazing (Fonjong & Gyapong, 2021). Climate change is having a disproportionately
negative impact on these communities (Shen et al., 2022). Despite the fact that forest communities are very
sensitive to climate change because of their economic viability, cultural and spiritual relationships, and socio-
ecological influences, most forest dwellers have never heard of the term "climate change" (Ngoukwa et al., 2023).
Temperature and precipitation can have negative effects on agroforestry crops, leading to stunted development
and lower yields (Jawo et al., 2023). As a result of adverse temperature regimes and altered rainfall patterns,
forest-dependent small-scale farmers in the Philippines confront the conundrum of delayed fruiting and more
severe damage by bug and pest outbreaks. Climate change is one of several threats to forest communities, which
already face a number of other difficulties. While the effects of climate change on human health have already
been discussed at length, several studies have outlined additional adverse impacts on the economic well-being of
forest-dependent communities. In the Himalayas, for instance, an increase in mosquitoes, wild boar, and new
wasp species—especially at higher altitudes than previously seen—has led to an increase in skin-borne diseases
like malaria and other infections of the skin in recent years (Rodway, 2023). Similar problems with mosquito-
borne illnesses have plagued people in Bangladesh (Anik et al., 2023). Other notable areas of Bangladesh have
also seen an increase in the prevalence of water-borne illnesses such as contagious diarrhea, cholera, pathogenic
caused gastrointestinal problems, and dengue (Farhana & Raihan, 2022).

Migratory organisms with short periods of reproduction may benefit from an upscaling hotter climate because
they are better equipped to escape harsh conditions and adapt to new ones than are stationary species (Shaw,
2020). It demonstrates that insects, thanks to their mobility benefits, adapt rapidly to global warming. Trees and
forests are particularly vulnerable because of previous epidemics (Subedi et al., 2023). Forests were already
vulnerable to insect pest treatments before catastrophic climate change events (such as droughts and storms), yet
today's forests are just as resolute, diligent, and green as they were before (Wang et al., 2021). Common
explanations include multiple tree defenses and predation stresses that kept insect herbivore populations under
check (Garnas et al., 2023). Forests around the world can't afford to be complacent in the face of these threats
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because climate plays such a large role in both of these occurrences. Figure 9 shows how forest ecosystems are
being affected by global warming.

Climate change

y
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and precipitation flood, storm, drought)

Carbon emission

Phenology
(flowering and
fruiting time)

Species growth

Invasive species \
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Figure 9. Effects of climate change on forest ecosystems.
Climate change impacts on tourism

Commercial tourism's many origins make it a potent instrument for economic growth and social progress at the
local, regional, national, and international levels (Scott, 2021). Like many other fields, the tourism sector is
threatened by global warming because the weather is one of the primary reasons why certain areas are popular
tourist destinations. Depending on when it is most convenient and comfortable for them to travel, tourists from
all over the world visit various locations all across the country at various periods of the year. Therefore, the
enormous shifts in these weather trends due to climate change would cause enormous difficulties for the economy
of that region and the nation as a whole (Zhao & Liu, 2023). In addition, the IPCC (2022) noted that due to factors
such as the disappearance of some skiing regions and the major shifts in climate warming, the worldwide tourism
industry had to deal with a significant reduction in the duration of the ski season.

And since poisonous algae blooms increase in frequency and intensity as water temperatures rise, entertainment
in the water and freshwater fishing may be forced to cease. Wildfires will degrade air quality and deter tourists if
they become more regular and severe. Small islands and coastlines could be flooded by rising sea levels, and
deforestation's negative effects on biodiversity could turn off tourists. As a result, the quality and capability of
administrative management's potential to deal with climate change's impact on the tourism industry are vital,
necessitating particular qualities of resiliency to many places that can defend against climate change
(Kyriakopoulos & Sebos, (2023). In a similar vein, high-demand tourist destinations teeter on the brink of fragility
in the absence of sufficient social, economic, and political capital. Several elements, including exposure level,
sensitivity, critical infrastructure, and capacity evaluation, contribute to tourism's vulnerability (Peng et al., 2023).
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Climate change poses a physical threat to a wide range of industries, including those related to food, health,
ecosystems, people’s habitat, availability of water, infrastructure, and regional accessibility. Because of this, the
overall susceptibility to global warming can be estimated by gauging how sensitive various sectors are to climate
change and how well they are able to adapt to it (Malakar et al., 2023).

Regional terrestrial and aquatic biodiversity are also threatened by factors such as reliance on imported food
products, lack of sanitation, and a shortage of medical personnel. Another way in which climate change can
threaten tourist spots is if they rely too heavily on those services and their products (Vourdoubas, 2023). The
stability of an ecosystem can be inferred from the presence of some non-climatic elements, such as the amount
and diversity of its resources. The abundance of species is also a useful technique for making an ecosystem more
resilient by increasing its buffering capacity (Pradhan et al., 2023).

Economic impacts of climate change

Climate has a major impact on economic output and development. Environmental policymakers on a global scale
are increasingly concerned about climate change because of its impact on economic growth (Lamperti et al.,
2021). As a result, knowing how climate change will affect the agriculture sector as a whole would help in
developing local adaptation programs and drafting effective climate policy contracts. The consequences of climate
change on agriculture have been predicted in previous studies. The agriculture sector would be affected in various
parts of the world, according to research. Research has shifted its focus to understanding how climate change may
affect farming in other regions and developing strategies to adapt to these changes (Gleditsch 2021). As the world's
average temperature has risen steadily since the 1980s, precipitation and evaporation patterns around the globe
have undergone a remarkable shift. Many nations' agricultural progress has long been dependent, fragile, and
vulnerable to climate change; the growth of agricultural total factor productivity (ATFP) influences farmers' crop
choices and harvest amounts (Alhassan 2021).

Global food insecurity and the frequency of catastrophic weather events are both on the rise. The local crop
production in these countries has been impacted by several severe climate and natural disasters. The growth of
businesses and populations has had a limited impact on mitigating the consequences of these natural calamities,
which may now threaten human lives. According to research published in 2021 by Swiss Reinsurance Company
Ltd (Swiss Re), worldwide economic output could decrease by 11-14%, or as much as $23 trillion annually, due
to climate change by 2050. Some developing countries would be devastated, losing over 20% or perhaps 40% of
their economic output, while the economies of wealthy nations like the United States would likely decrease by
approximately 7%. Unfairly, high-income, high-emitting countries have reaped the benefits of global warming
while low-income, low-emitting countries have borne the brunt. Damage to the world economy from GHG
emissions in the top economies is seen in Figure 10. Between 1990 and 2014, it was projected that GHG emissions
had cost the American economy almost $2 trillion.
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Figure 10. Global economic damage caused by GHGs emissions.
Mitigation and adaptation strategies of climate changes

In order to deal with climate change, adaptation, and mitigation are needed (Pescaroli et al., 2023). Climate change
adaptation, in contrast to climate change mitigation, has a direct effect on extreme weather events such as floods.
Economically and ecologically, GHG mitigation becomes a pressing concern as it reduces or moderates’
emissions (Prokopenko et al., 2023). Scientists are quite worried about how adaptation and mitigation strategies
will work in different economic and geographical settings. The main sectors that need to adapt and mitigate
policies include agriculture, forestry, industry, transportation, and land use (Waheed et al., 2021). Both the
international and national levels need to pay close attention to adaptation and mitigation efforts. Climate change
has been an increasingly pressing issue over the past few decades, and preparing for its consequences is now
essential for the world's economic and social progress. Countries need international policies and plans to adapt to
and reduce the effects of climate change (Pathak, 2023). Adaptation and mitigation strategies, as well as their
sectoral impacts from climate change, are shown in Figure 11.
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Figure 11. Sectoral effects of climate change and strategies for adapting to and mitigating it.

Conclusions and policy implications

A person's mental health rests on a foundation of social, agricultural, economic, and physical systems, all of which
will be severely disrupted by climate change. Human and environmental resilience is impacted by climate
variability in addition to other anthropogenic and natural stresses. Another scary possibility is a lack of food
security, which might lead to inferior food products, higher costs, and inefficient supply networks. Storms, flash
floods, droughts, and severe precipitation are just a few of the climatic conditions that pose a threat to forests
around the world. Their extinction, on the contrary hand, is a boon to humanity. There is no doubt that the
susceptibility scale of the world's areas varies, but proper mitigation and adaptation methods can help decision-
makers design efficient policies to address its effects. Adapting to such significant fluctuations is of crucial
importance since contemporary society on Earth has been adapted to consistent climate patterns. Because rapid
climate change will make it more challenging to survive and adapt, this rising global mystery requires prompt
attention on every scale, from the local to the international. However, a lot of work, study, and commitment are
still necessary at this crucial stage.

To lessen the effect of climate change on the terribly vulnerable industries, such as agriculture, the right policies
must be put into place. In frost-prone areas, a longer growing season could mean improved yields from later-
maturing seasonal cultivars. Some short-period crops including wheat, barley, cereals, and many vegetable crops
could benefit from a split season with a shorter summer fallow if warming leads to prolonged warmer months
highs beyond crucial thresholds. It may be more difficult and contingent on changes in precipitation patterns to
extend the time for planting in tropical and subtropical areas where the harvest season is limited by rainfall or
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agriculture cultivation that happens later in the year. In addition, while genetics is extensive for many harvests, it
is limited, kiwi-style, for others. Several recent research have looked into the impact that climate change would
have on emerging crop varieties. Enhanced crop productivity and product quality, as well as increased resilience
to heat, drought, insect pests, and salt. A wider variety of characteristics can be introduced by means of genetic
mapping and editing. The complexity to guarantee that features are efficiently conveyed during the entire plant,
concerns about client satisfaction, economic viability, and regulatory impediments have slowed the adoption of
genetically modified cultivars, especially in the early forecasts. Large quantities of fertilizer that aren't absorbed
by plants can leach into the ground, run off into the water, or be released as nitrous oxide from the soil. High
concentrations of nitrogen in sources of groundwater have been linked to marine ecological disruption and chronic
human sickness. To lessen the effects of climate change on farming, technological and social/economic adaptation
are essential.

As a result of the causal conclusion, the manufacture of biofuel is one of the paths that reflect the volatility of oil
prices apart from international macroeconomic issues, which have policy implications. This correlation between
food and oil prices can be explained by the fact that biofuel production is only now starting in some of the
participating countries, while there is still a massive global demand for feedstock to meet the growth of
the industry in China and the USA. Simply put, oil-exporting countries may implement economic incentives to
boost food production. Financing, seeds, fertilizer, and farm equipment might all help get the job done. Oil-
producing countries may not afford to provide subsidies for imports of food even in the short term because of the
falling worldwide price of oil and, by extension, their revenue from oil exports. As a result, exports from the
agricultural sectors of these countries can be increased. Research and development and value addition to food
goods could help countries generate income by resolving issues with misaligned exchange rates and unfavorable
trade arrangements. For the countries, the severe unpredictability of oil prices worldwide means that continuing
to rely only on oil exports is no longer a sustainable economic option. Now more than ever, countries rich in
natural resources and oil exports may shift their economies to rely on non-food renewable energy sources
including solar, hydro, biofuel, wind, wave, and tidal power. Doing so wouldn't hurt global food supplies or oil
reserves.

Efforts to decarbonize the energy future will improve economic activity, job creation (outweighing damages in
the fossil fuel sector), and welfare if a complete policy structure is in place. In order to take advantage of the
opportunities presented by the energy transition, many countries will need to implement structural reforms,
particularly those with inadequate local supply chains and a high reliance on income from fossil fuels. In the form
of tax breaks, finance, direct infrastructure spending, regulatory loopholes, and more, governments continue to
provide substantial policy support for the extraction of fossil fuels. Leading oil and gas exporting countries have
nearly unanimously stated their intent to boost output. While some nations seek to reduce coal production, others
aim to keep or even increase output. Major producing countries' plans and ambitions have not been affected by
the fact that some countries are beginning to examine and implement policies targeted at a fair and equitable
transition out of fossil fuel production. Bridging the production gap requires reliable and consistent information
regarding fossil fuel output as well as support from governments and companies. More transparency may be
achieved if governments included their output goals in their Paris Agreement climate pledges.

Without a worldwide transition to renewable energy sources, it is anticipated that meeting the Paris Agreement
pledges is quite unlikely. The level of spending in renewable energy technologies is largely determined by policy
instruments. A renewable portfolio requirement is an effective policy instrument, even if its effects are more
obvious in mature renewable energy markets. Producing renewable energy still has a higher cost than more
conventional options. Cost savings in the renewable energy sector can also be encouraged by government
incentives in research and development. By connecting their respective renewable energy organizations, these
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nations might potentially increase exports of their technologies and exchange policy knowledge. Reducing
production costs while growing the share of renewables in a nation's energy system is the goal of all policy actions.
However, developing countries can benefit from the deployment of renewable energy technologies in their energy
segment if they enter into long-term agreements with renewable energy dealers, exercise government support and
control, and set long-term goals.
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Abstract

The purpose of this literature review is to investigate the relationship between environmental orientation and
Green Supply Chain Management, as well as their impact on company performance. It investigates the role of
Green Supply Chain Management in mediating the link between environmental orientation and company
performance. The review will begin with a thorough discussion of theoretical concepts of environmental
orientation and Green Supply Chain Management. It will then investigate the relationship between
environmental orientation and Green Supply Chain Management, as well as how it influences business
performance. Heading on, it is more likely to investigate the impact of outside environmental focus on firm
environmental selection, monitoring, and collaboration, followed by the impact of internal environmental
orientation on these three components of Green Supply Chain Management. An investigation on the effect of
environmental selection, monitoring, and collaboration on firms' sustainability performance will be reviewed.
On the other hand, it will assess the mediating role of Green Supply Chain Management on the relationship
between environmental orientation and firm performance. It will additionally look at the mediating role of
environmental selection, monitoring, and collaboration on the relationship between external and internal
environmental orientation and firm performance. The moderating effect of corporate environmental reactiveness
on the link between environmental orientation and Green Supply Chain Management is an essential part of this
paper, whereas, exploring the role of government regulation and consumer sensitivity in shaping the link
between environmental orientation and Green Supply Chain Management will also be reviewed. It will then
investigate the effect of Electronic Transaction Levy (E-Levy) on the impact of Green Supply Chain
Management on firm performance. Studies have demonstrated that Green Environmental Orientation has a
positive influence on Green Supply Chain Management procedures, which results in sustainable business
performance.

Keywords: Environmental orientation; Firm performance; Green supply chain; E-levy
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Introduction

In the present world, human activities have greatly impacted the environment and have made business to take
actions on environmentally sustaining their practices. This focus on environmental sustainability does not only
have an ethical obligation but also a business necessity (Genovese et al., 2017). As a result, firms have started to
adopt environmental orientation with the green supply chain management practices to help minimize the
negative impact on the environment while improving firm performance. Polices, strategies and practices are all
part of the firms overall stance on environment (Yildiz et al., 2019). Whereas, on the hand reducing the
environmental impact of supply chain activities are the practices that green supply chain management inhabit.
These practices work with suppliers in order to reduce the negative impact of supply chain activities on the
environment which mainly include the environmental selection, monitoring, and collaboration (Chin et al.,
2015).

At present, Businesses around the world are paying careful consideration to environmental sustainability in a
variety of manners to remain competitive and environmentally friendly in global markets (Nekmahmud and
Fekete-Farkas, 2020). The process by which firms choose their environmental aims and tactics based on their
external environment is referred to as the mediating role of environmental selection of firms on the relationship
between external environmental orientation and firm sustainability performance (Bu et al., 2020). This idea
relates with the theory of Transaction Cost-Economic which emphasises that businesses operate in a setting that
offers them a variety of opportunities and makes integration with other partners to foster their benefits and cut
the cost of business operations. Whereas, the external environment is made up of elements that influence how
businesses operate, including societal trends, legal frameworks, and economic situations (Halkos and Nomikos,
2021). Strongly externally oriented businesses are more likely to be aware of these variables and modify their
plans accordingly.

However, Tien et al. (2020) highlighted in the findings of his study that the attainment of the sustainability
goals including environmental preservation, social responsibility, and economic viability, awareness of and
adaptation to the external environment are essential or fundamental things. In addition to this, businesses that
put sustainability as their priority can benefit their respective society, the environment, and their profit line.
Adopting an external environmental orientation (EO), which is the degree to which a corporation is aware of
and responsive to external environmental variables, is one strategy to achieve organizational sustainability.
However, the process of choosing and adjusting to a certain environment to maximise a firm's performance is
referred to as environmental selection (Camilleri, 2017). To do this, the firm's strategies, resources, and
competencies must be in line with the environmental elements that it needs to consider.

There are many advantages of environmental selection of firms on the relationship between external
environmental orientation and firm sustainability performance. The capacity to define and prioritise
sustainability goals based on the external environment is one of the main advantages for businesses. Since, this
ensures that the company's sustainability initiatives are in line with the requirements and demands of its
stakeholders, such as clients, staff, and investors. However, in the light of stakeholder theory, the alliance of all
parties is the vital source for the success of the firm and its high performance. Furthermore, according to Ardito
and Dangelico, (2018) identifying and taking action to address the environmental risks and possibilities in their
external environment, helps businesses enhance their sustainability performance. More environmentally
conscious businesses are more likely to take proactive steps to lessen their influence on the environment and
increase their sustainability performance. Additionally, the mediating function of environmental firm selection
on the association between external environmental orientation and firm sustainability performance aids in the
development of stronger stakeholder relationships (Ardito and Dangelico, 2018). Businesses may show their
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commitment to sustainability and gain the trust of their stakeholders by coordinating their sustainability goals
with the outside environment. This can ultimately result in better access to funding, enhanced employee
engagement, and increased consumer loyalty.

Moreover, the impact of environmental orientation on sustainability performance depends on how well a
corporation can choose and respond to environmental conditions. For instance, companies with a high
environmental orientation that are successful in environmental selection may function more sustainably than
companies with a high environmental orientation that are unsuccessful in environmental selection (Brulhart et
al., 2019). Furthermore, Yasir et al., (2020) argued in his study that environmental selection may act as a
moderator in the relationship between EO and corporate sustainability performance for several reasons. Firstly,
businesses that are successful at environmental selection are better able to recognise and address environmental
concerns. They can use their expertise and resources to address environmental problems and benefit
stakeholders. Secondly, environmental selection can improve a company's credibility and reputation, which can
foster more support and confidence from stakeholders. More clients, investors, and employees might be
attracted to businesses that are viewed as legitimate and reliable, which can enhance their sustainability
performance. Thirdly, environmental selection can encourage creativity and innovation, which can result in the
creation of environmentally friendly goods, services, and procedures. Innovative and adaptable businesses can
boost their sustainability performance and earn a competitive advantage (Yasir et al., 2020).

However, Brulhart et al., (2019) gave a contrary perception in his study that the environmental choice can
potentially lessen the impact of environmental orientation on sustainable performance if businesses choose the
incorrect environment or do not adjust to rapidly changing environmental conditions. For instance, businesses
with a high environmental orientation who neglect to choose the appropriate environmental elements or modify
their business plans may be exposed to environmental dangers and inefficient use of resources. Additionally,
they risk losing their credibility and reputation, which could impair their sustainability performance. To achieve
sustainable performance, businesses must balance their environmental orientation with sensible environmental
selection.

Thus, it can be said that environmental choice is a significant mediating factor in the connection between
environmental orientation and firm sustainability performance. By identifying and addressing environmental
concerns, boosting legitimacy and reputation, and encouraging innovation, businesses that are effective in
environmental selection can increase the impact of Environmental Orientation on sustainability performance.
However, businesses that choose the wrong environment or fail to adapt to shifting environmental conditions
may lessen the impact of Environmental Orientation on sustainability performance by running the risk of
damaging the environment, losing their credibility and reputation, and stifling innovation. To attain sustainable
performance, businesses should prioritise making effective environmental choices and balance their
Environmental Orientation accordingly (Nekmahmud and Fekete-Farkas, 2020). Moreover, in light of
stakeholder theory, firms can enhance their sustainability performance by forging closer ties with their
stakeholders, and achieve long-term success by adapting smart approaches of the external environmental
selection.

Theoretical framework
Resource Dependency Theory

The Resource Dependency Theory (RDT) is a vital approach to thoroughly analyse the effects of environmental
orientation on firm performance in line with the mediating role of green supply chain management. The theory
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of resource dependency mainly highlights that organizations are highly reliant on resources that are under the
control of other business organizations of respective markets. This theory further reflects a contrary idea that
businesses may try to establish strategic partnerships with suppliers, consumers, and other stakeholders to lessen
their reliance on external organisations (Velte and Stawinoga, 2017). In accordance with this theory, businesses
who can successfully manage their reliance on outside resources can perform better and gain a durable
competitive edge. RDT can be employed to comprehend a firm's environmental orientation, adoption of green
supply chain management practices, overall performance and relation of these variables with one another. In
light of the RTD, businesses that place a higher priority on the environment may be more reliant on outside
resources like access to environmentally friendly supplies or favorable regulatory authorities. In addition, the
businesses may try to maintain strategic connections with suppliers and other stakeholders who share same
environmental principles to reduce their burden and this dependency can be progressive (Saeed and Kersten,
2019).

The theory sufficiently links with the concept of environmental orientation and its impact of firm performance.
Jiang and Fu, (2019) stated that the environmental orientation of a business has positively impact on overall
firm performance. The initiatives of environmental orientation of the firm significantly attracts to the
stakeholders towards the sustainable business approaches of the firm. Besides, the Environmental Orientation
also increases the reputation of the firm among its competitor by incorporating efficient sustainable measures
such as green supply chain management. Collectively these variables results in increased firm performance. In
addition, the RDT also emphasizes that the business can control its resource dependencies and lessen reliance
on outside organizations by incorporating efficient green supply chain management. In the context of green
supply chain management, the business can utilize the principle of 4R1D (reduce, reuse, recycle, reclaim and
degradable) (Kamarudin et al., 2023).

Transaction cost economic theory

The theory of Transaction Cost Economics (TCE) focuses on the expenses involved in business transactions
between organisations. According to TCE, businesses may opt for vertical integration to benefit from reduced
prices provided by outside suppliers, or they may choose to outsource to cut transaction costs. The Transaction
Cost Economics theory also contends that the choice between outsourcing and vertical integration is dependent
on the particular characteristics of the transaction, such as asset specificity, frequency, and unpredictability
(Schneiberg and Hollingsworth, 2019).

Transaction cost economic theory is a significant theoretical approach to analyse the conceptual model of
environmental orientation and its effects on firm performance incorporating the mediating role of green supply
chain management. According to the theory, businesses may decide to implement green supply chain
management techniques to cut down the transaction costs related to environmentally friendly inputs,
environmental law compliance and maintaining relationships with suppliers and consumers. Businesses can
improve their connections with suppliers and customers while lowering the unpredictability and complexity
related to environmental sustainability from these practices (Liu et al., 2018). The theory also indicate that
businesses must weigh the advantages and disadvantages of various transaction structures while utilising green
supply chain management to foster firm performance. However, the theory supports the idea that the businesses
can lower transaction costs and improve their connections with suppliers and consumers when using GSCM
which ultimately results in smooth and efficient firm performance.
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Stakeholder Theory

Stakeholder theory plays a significant role in understanding the potential factors and their influence on the
overall organizational performance (Jones et al., 2017). Stakeholder theory can be a vital approach to analyse
the effects of environmental orientation on firm performance concerning the mediating role of green supply
chain management. The stakeholder theory majorly emphasises that businesses should consider the interests of
all involved parties while taking strategic business decisions regarding the GSCM as a mediator to boost firm
performance. The considered parties may include consumers, employees, suppliers, shareholders, and the
general public. This emphasis on mutual collaboration reveals that business firms have some social and
environmental obligations which are most important than their commercial benefits (De Gooyert et al., 2017).
In the context of green supply chain practices, businesses are also bound to incorporate the decisions of all
stakeholders to gain maximum productive outcomes from sustainability-related initiatives of the firm.

However, in light of the stakeholder theory and the influence of environmental orientation on firm performance,
it seems clear that businesses are obliged to consider their business activities to remain in line with
sustainability and maintain good performance of the firm. Stakeholder theory further emphasises the businesses
regarding the safety and adequate health measures of their employees and local masses which is also associated
with the variable of firm performance (Freeman et al., 2018).

Concept of Environmental Orientation

Environmental orientation is a comprehension of the environment and the actions taken to lessen the
environment's adverse effects on it by a person or an organisation. It entails a paradigm shift towards more
ecologically friendly behaviours and sustainable practices. Due to growing concern about climate change and its
catastrophic impacts on the environment, the notion of having an environmental orientation has received an
enormous amount of attention recently (Horisch, et al. 2017). The research study conducted by Coskun et al.
(2017) states that two alternative approaches can be taken to the idea of environmental orientation. An
individual's perspective is the initial perspective and an environmentally conscious person is one who makes
efforts to lessen their influence on the environment. This might involve activities like recycling and using less
energy or selecting products with less packaging. An individual who values the environment is aware of its
environmental impact and works to reduce it.

Moreover, the other approach is regarding the organizational perspective; an organisation that values
sustainability and understands the benefits of reducing its environmental effect is regarded as environmentally
oriented. An environmentally oriented organisation is aware of its obligation to help protect the environment for
subsequent generations. As a result, it actively works to minimise its carbon footprint and other adverse effects
on the environment (Gkorezis and Petridou, 2017). In terms of the organization, the study conducted by Roscoe,
et al (2019) elucidates that adopting waste reduction strategies is one method an environmentally conscious
organisation may lessen its influence on the environment. This can entail cutting back on packing, recycling,
and material reuse in addition to cutting the quantity of trash the company produces. The company may lessen
its ecological impact and aid in the conservation of natural resources by cutting waste. Other than that, another
strategy includes the usage of sustainable resources in business operations. The business is required to obtain
materials from vendors who follow sustainable business practices or utilise products with minimal negative
effects on the environment. For instance, a company may substitute recovered plastics or bamboo for traditional
resources like timber or plastic (Yong, et al. 2020).
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Furthermore, according to the research study conducted by Akhil, (2017) states that energy-efficient practises
must be adopted by environmentally conscious businesses in order to lessen their carbon footprint as
environmental degradation continues to be a global problem. Utilising renewable energy sources, installing
energy-efficient bulbs and equipment, and improving heating and cooling systems are some of the strategies to
adopt these practices. Organisations do this to drastically lower their energy use, which will lower their carbon
emissions and help to preserve natural resources. Additionally, employing energy-efficient practices has
advantages for the environment as well as potential long-term cost benefits for businesses. To promote
sustainability and lessen their influence on the environment, it is crucial for environmentally conscious
organisations to prioritise the adoption of energy-efficient practices in their operations (Igbal et al. 2021).

In addition to that, there are several advantages of environmental orientation for the business and one of the
benefits of that business is cost reduction. Concerning that the study by Caldera et al. (2019) highlighted that
businesses could experience cost reductions over time by implementing sustainable practices. They can cut their
operational expenses and increase their bottom line by eliminating waste, saving resources, and implementing
energy-efficient practices. In addition to that Chowdhury et al (2018) also state that Energy-saving procedures
can lower energy costs for businesses. The business can decline Long-term energy expenses by using energy
sources that are renewable. In a comparable manner, recycling materials can result in lower waste disposal
expenses as well as new revenue sources. Companies may save finances by implementing the concepts of lean
manufacturing to decrease waste, boost productivity and enhance quality. Additionally, using sustainable
business practices may help organisations use less water and raw materials which further leads to saving their
business finances (Javaid et al. 2022).

Other than that, another advantage for the business to the environmentally oriented is the improved reputation
as Clients, stakeholders, and others in the marketplace frequently have more favourable assessments of
businesses that take an ecologically conscious approach. Customers are more inclined to pick businesses that
are dedicated to sustainability as they are becoming more aware of how their purchases affect the environment
(Lin et al. 2018). Moreover, companies improve their reputation and draw in more consumers by showcasing
their dedication to environmental sustainability. Additionally, firms that are dedicated to sustainability are
gaining more investor attention, which can aid enterprises in attracting new investment (Dabija et al. 2019).
Furthermore, Environmental standards are getting more and stricter, and violating those standards lead to
penalties and fines. Companies that are environmentally conscious make sure they stay in line with laws and
avoid expensive legal problems. Additionally, organisations that actively manage their environmental impact
are better equipped to adjust to shifting legislation and prevent interruptions to their daily operations.
Corporations can prevent negative publicity and reputational harm from environmental events and non-
compliance by adhering to rules (Cai et al. 2020).

Apart from the advantages, environmental orientations also cause some disadvantages for the business and
concerning one of which becoming the greater upfront expenses involved in implementing the necessary
adjustments (Hill, 2020). This entails making investments in renewable energy sources, buying machinery that
is energy-efficient and putting recycling programmes in place for businesses that could ultimately lead to long-
term cost savings, these expenses can be prohibitive for smaller companies or those with fewer resources.
Because of this, some companies are reluctant to spend money on sustainable practices, especially if they do not
see a quick return on their investment (Kuehne et al. 2017).
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Concept of Green supply chain management

Green supply chain management refers to the strategic technique that is used to manage the entire supply chain
with a particular emphasis on environmental and sustainability practices. By integrating sustainability into each
component of the company, from the procurement of initial supplies to the shipment of the finished product,
GSCM aims to reduce the environmental effect of the whole supply chain (Choi et al. 2018). The foundation of
GSCM is the premise that organisations are not isolated, self-contained systems, but rather, are a component of
a larger system which involves suppliers, clients, and the environment. As a result, GSCM places a strong
emphasis on the value of cooperation and communication throughout the whole supply chain in order to find
strategies to cut waste, boost energy efficiency, and encourage the use of sustainable resources (Pusparini and
Kusumastuti, 2019). This concept has focused on four key areas, one of them being green procurement, which
is obtaining goods and services from vendors that use eco-friendly business practices. It is essential because it
enables companies to lessen waste, encourage the use of sustainable products, and lower their carbon impact.
This entails selecting suppliers whose activities minimise waste, employ renewable energy resources, and
decrease the release of greenhouse gases (Ebrahimi et al. 2021).

In addition to that, the study of Isa et al. (2017) further states that green procurement is crucial since it aids
companies in lessening their environmental effect and motivates vendors to follow environmentally friendly
procedures. Businesses may boost their brand, enhance their commitment to sustainability, and satisfy consumer
demands by acquiring goods and services from environmentally conscious vendors. Moreover, the other key
areas include green operations as sustainable business practices are included in regular business operations as
part of green operations. This involves utilising eco-friendly products and gear, cutting down on trash, and
decreasing energy usage. Moreover, green operations are essential as they enable organisations to lessen their
negative effects on the environment, increase operational effectiveness, and cut costs (Amjad et al. 2021).
Green logistics is the third key area as by optimising routes, lowering fuel consumption and utilising other
modes of transportation including rail and water, green logistics aims to reduce the environmental effect of
transportation and logistics. This is crucial as a large number of emissions of greenhouse gases and other
adverse impacts are related to transportation and logistics.

In addition to that green logistics are essential because they assist companies in lowering their operating
expenses and environmental effect. Businesses lower their carbon footprint, improve operational effectiveness,
and cut expenses related to logistics and travel by using green logistics practices (Kobzev et al. 2023). The last
aspect includes green marketing, which entails informing clients about how they may lessen their personal
environmental effects as well as advertising the environmental advantages of the company's products and
services. This involves highlighting the goods' and services' environmental advantages, such as their lower
carbon footprint, improved efficiency of energy, and use of sustainable resources. Moreover, businesses stand
out from rivals and attract customers that have conscious of the environment by emphasising the environmental
advantages of their goods and services (Hong and Guo, 2019).

According to Lim et al. (2017), numerous nations passed rules and implemented laws that aim to minimise
some of these adverse practises, which encouraged many or all of these adverse behaviours, due to the
detrimental impact that these practises have on both the planet and consumers identical; such as the issue of air
pollution, a decrease in the size of environmentally conscious spaces, the decreasing amount of natural assets,
and the increase in the quantity of damaging waste from industries. Hong et al. (2018) stated that this spurred
many organisations to include sustainability concerns into their manufacturing, marketing, and managerial
strategies. As a result, sustainable manufacturing processes are an emerging phenomenon that is influencing the
efficiency of UK business organisations in general, and industrial organisations specifically, by requiring these
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organisations to provide goods that are not detrimental to the surroundings or consumers, allowing these
organisations to compete regionally and globally.

Raut et al. (2017) states that in light of the environmental concerns and fierce competition that industrial
businesses confront, gaining a competitive advantage is a strategic goal that they pursue. Competitive advantage
is a quality that provides an important benefit to customers, contributes to increased earnings, and ensures the
organization's long-term success. It refers to a collection of procedures that set the organisation apart from
opponents through proactive approaches. As per Luthra et al. (2017), the organised a competitive edge assist
for getting more of the market, indicating growing the quantity of its revenues and earnings, as it is the engines
and trigger for organisations to grow and bolster their assets and skills in the area of studying and developing in
order to preserve this benefit as well to having the edge in competition will lead to achieving a higher profit
margin Whereas, Mathivathanan et al. (2018) states that the edge over the competition is obtained by covering
focus on quality control, rationalizing fees, and establishing good collaborative interactions with clients and
vendors, which results in a boost in the business's capacity to persuade its consumers of what it has to offer
them, which increases its market share over its opponents and leads to an increase in volume of sales, earnings
rates, and investment returns.

Although Laari et al. (2016) states that green supply chain management has many advantages for businesses, it
also has significant drawbacks. One of the key downsides of Green Supply Chain Management is the increasing
expense of implementing sustainable supply chain practises. To lessen their environmental impact, businesses
may need to invest in innovative technology such as energy-efficient equipment or waste management systems.
According to Esmaeilian et al. (2020), these expenditures may incur considerable upfront costs, which may
have an immediate impact on the firm's profitability. Furthermore, GSCM practises may make a company less
competitive in the market, but also they drain the company out of money as well since consumers may be
unwilling to pay a premium for ecologically sustainable items. Another downside of Green Supply Chain
Management is the possibility of increasing supply chain complexity. While Touboulic and Walker (2015) state
that the existing supply chain procedures and structures an introduction of sustainable practices may necessitate
changes which may result in supply chain interruptions. This could lead to product delivery delays, lowering
customer satisfaction and harming the company's reputation.

Furthermore, Saberi et al. (2019) stated that implementing Green Supply Chain Management practices may
need organisations to collaborate closely with their suppliers to verify that they, too, are embracing sustainable
practices. This partnership could be difficult, especially if suppliers are unwilling to invest in new technology or
procedures to lessen their environmental impact. While Khan et al. (2017) states that Green Supply Chain
Management provides various benefits to organisations, it also has certain drawbacks, such as increased cost,
increased complexity, and cooperation issues with suppliers.

Corporate Environment Proactiveness

Corporate environmental proactiveness denotes the capability and willingness of the business to take proactive
actions towards environmental sustainability. It is a concept that emphasises how crucial preserving the
environment is to business responsibility (Adomako et al. 2021). CEP may be considered as a gradient with
proactivity levels varying from low to high. Moreover, businesses that adopt a proactive approach to
environmental management take action to lessen their influence on the environment before it is mandated by
legislation. This might involve taking steps to lower greenhouse gas emissions, generate less waste, use less
energy and water, and promote sustainable business practices throughout their supply chain (Galbreath et al.
2023). The research study conducted by Shapiro-Garza et al. (2020) stated that PES is significant because
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it provides both financial and environmental advantages. Companies that take a proactive approach to
environmental sustainability have the ability to lower their operational costs by using less energy, producing
less trash, and using resources more effectively.

Additionally, Corporate Environmental Proactiveness also improve a business's standing, value to customers,
and confidence among stakeholders, which further result in an upsurge in client loyalty and share of the market.
Other than that, Li et al (2020) claim that Managers who adopt a reactive environmental strategy solely adhere
to legal requirements and consider corporate environmental responsibility as constraints, in contrast to managers
who adopt a proactive environmental strategy that supports enterprises' capacity for innovation. Furthermore,
corporate environmental proactiveness can be attained by means of a range of techniques, such as
environmental management systems, sustainability evaluations, green purchasing, and stakeholder involvement.
The research study conducted by Jell-Ojobor and Raha, (2022) elucidated that, an organised approach to
environmental management regarded as environmental management systems (EMS) helps businesses to
recognise, track and control their environmental consequences. Another tactic that businesses are needed to
employ to inform stakeholders about their environmental performance reports on sustainability. In order to
lessen the supply chain's influence on the environment, sustainable buying entails choosing eco-friendly goods
and services. Stakeholder engagement is a crucial corporate environmental proactive component because it
enables businesses to better comprehend the issues and demands of stakeholders about a sustainable
environment (Jiang and Fu, 2019).

Electronic Transaction Levy

An Electronic Transaction Levy (E-levy) is regarded as a concept that imposes a tax on digital or electronic
transactions. The tax is often imposed on purchases made via electronic payment methods including credit
cards, electronic transfers of funds and mobile devices (Akua Anyidoho et al. 2022). Legislators and
governments now face new issues in tax collection and upholding equitable conditions for companies due to the
growth of e-payment systems and the rising prevalence of digital payments. An E-levy has the purpose of
collecting an amount of money from electronic transactions and sending it to the authorities so that it may be
used to pay for public facilities and amenities (Mpofu and Moloi, 2022). In several lower-income nations,
taxing mobile money is suggested as a method of obtaining revenues from sizable informal economies. Clifford
(2020) explains that taxing mobile currency appears at first appearance to provide a possibility to broaden the
base of taxpayers to these new users and thus seems acceptable to tax officials (Gallien and van den Boogaard,
2021).

Mpofu (2022) asserts that, mobile money taxes offer an exemption for post-pandemic rebuilding spending and a
possibility for extending the tax bases and a means to tax the private sector in its unofficial status without
establishing it. This concept is important as it provides a new source of revenue to governments. According to
research of Ahinsah-Wobil, (2022) elucidated that, the prospect for revenue from an E-levy increase
significantly as the usage of electronic monetary transactions and a payment keeps increasing. The government
used the revenue to pay for public services like infrastructure, healthcare, and education to raise the standard of
living for its people. Moreover, E-levy gives governments a more reliable stream of income than conventional
taxes. Economic downturns have an impact on traditional taxes, but this concept offers a more steady revenue
stream even in difficult circumstances. During the uncertain conditions, it helped governments to maintain
public services which contribute significantly to the economic (Nutassey et al. 2023).

Furthermore, the parliament and, to some extent, the entire country are solely focused on the E-Levy because of
the impending financial crisis and the government's inability to propose a long-term budget reduction, to the
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exclusion of a more pressing issue like the efficiency and rationalisation of expenditures. Another importance of
the Electronic Transaction Levy is that financial tax transactions are gathered at sources and this concept made
it affordable and simple to manage as several transactions take place electronically (Klutse, 2023). Additionally,
it can be gathered for less than 1% of the sales elevated, particularly if there are already established market
structures. Moreover, The E-Levy is the simplest and inexpensive tax system to operate the revenue initiatives
suggested for 2022 since the majority of transactions are conducted online and the tax can be raised
electronically and at the point of origin.

The E-Levy will burden current taxpayers, but its goal is to broaden the tax base and raise funds for
entrepreneurship development, youth employment, infrastructure development, and debt repayment (Klutse,
2023). Moreover the advantages of E-levy discussed above, one of the potential drawbacks of this concept is
that administrative burden. As governments and corporations may find it difficult and expensive to implement
and manage an ETL the government is required to provide the regulatory structure for levy, which must include
identifying the range of operations that are bound by it, determining its rate, and enforcing compliance
(Agyeiwaa-Afrane et al. 2022). Moreover, they are required to modify their accounting and reporting
frameworks to take the tax into account which is time-consuming and expensive. Additionally, companies
might need to bring on more staff to handle the ETL's administrative duties. Small enterprises, who might lack
the capacity to administer the tax properly, may find it particularly difficult to handle this administrative load
(Agrawal and Fox, 2017).

Firm Performance

The concept of firm performance denotes the operational and financial effectiveness and success of the
business. It is an important indicator of how effectively a business accomplishes its aims and objectives (Fuzi et
al. 2016). The significance of business performance dwells in its capacity to assess a business's long-term
viability and marketplace performance. Moreover, the performance of a company is influenced by a number of
variables (Ibhagui, and Olokoyo, 2018). Financial performance is the main element of firm performance and
this includes significant indicators like revenue expansion, profitability, return on investment, and the value to
shareholders. The success of a corporation depends extensively on its financial performance since it affects its
capacity to grow, expand processes, and deliver value for investors (Chadha and Sharma, 2015). For
manufacturing companies, company performance is crucial since it can influence whether they will succeed and
last in a market that is highly competitive. A manufacturing company's effectiveness is inclined by a number of
factors, including the price of supplies, manufacturing costs, and the cost of overhead. Manufacturing
companies may boost their financial performance and guarantee long-term sustainability by optimising these
expenses (Hasan, 2015).

In addition, the study conducted by Rajapathirana and Hui, (2018) highlighted that the performance of a
company is additionally significantly impacted by operational efficiency. This includes measurements for
supply chain management, efficiency, and cost-effectiveness. An organisation that runs successfully is better
able to provide goods or services to clients, cutting costs and boosting profitability. Concerning manufacturing
firms, the production process should be streamlined to minimize costs, increase productivity and reduce lead
times; this may be accomplished by putting several ideas into practice, such as just-in-time inventory, agile
production, and comprehensive quality management (Javaid et al. 2022). Moreover, the firms are also required
to make sure their products adhere to the necessary requirements. This can be accomplished by putting quality
control mechanisms in place that include assurance of quality and quality assessment.
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Furthermore, innovation is a crucial component of business performance. A business that innovates and creates
new goods or services outperforms its rivals and takes hold of available markets. Additionally, innovation also
results in improved client loyalty, cost savings, and operational effectiveness (Shouyu, 2017). Manufacturing
companies must adopt an innovative strategy for both product developments as well as manufacturing
procedures, for those businesses are required to capitalize on research and development and employ new
technologies in the manufacturing process (Cooper, 2019). Apart from the factors discussed above, another
critical element in determining a company's performance is customer satisfaction. A business is more inclined
to be successful in the long run if it offers high-quality goods or services that satisfy its clients' expectations
(Selvam et al. 2016).

Relationship between Environmental Orientation and Green supply chain management

Impact of External environmental orientation on environmental selection of firms

External environmental orientation is mainly referred to the external forces that have an influence on firm's
decision-making process regarding environmental issues (Khan et al., 2019). According to Shibin et al. (2020),
this can include government regulations, stakeholder pressure, and consumer demand for environmentally
sustainable products. External environmental orientation always plays critical role in shaping a firm's
environmental selection decisions, particularly regarding the selection of suppliers. As per Zaid et al. (2018), it
is more likely to prioritize environmental considerations in its supplier selection process when a firm is
externally environmentally oriented. This means that firms are more likely to select suppliers that have
demonstrated a commitment to sustainable practices and have implemented environmental management
systems. Whereas, Bastas and Liyanage (2018) states that reducing energy consumption, using environmentally
friendly materials, and implementing recycling programs are these suppliers track record of reducing their
environmental impact.

Moreover Rostamzadeh et al. (2015) stated that, a critical factor in the externally environmentally oriented firm
the supplier’s selection process is more likely to consider is supplier's environmental performance. This can be
seen in firms that require their suppliers to provide environmental reports or participate in sustainability audits.
However, Esfahbodi et al. (2016) stated that firms may also require suppliers to meet specific environmental
standards, such as 1SO 14001, before they can become a supplier to the firm. Though, Kouhizadeh et al. (2021)
has stated that being externally environmentally oriented has often led to some negative outcomes. For example,
supplier selection process may limit the supplier pool, which could negatively impact their supply chain
performance as firms that prioritize environmental considerations are quite strict in this matter. According to
Seman et al. (2019), this might be due to the number of suppliers that meet the firm's environmental criteria are
usually limited, which makes it difficult to find suitable suppliers that can meet the firm's demand requirements.
According to Vanalle et al. (2017), Tesco has a dedicated Sustainable Sourcing team that takes care of ensuring
that the company's suppliers meet its environmental standards. Tesco also requires all of its suppliers to comply
with its Code of Business Conduct, which mainly includes a commitment to environmental sustainability.
Additionally, Beske-Janssen et al. (2015) states that Tesco has had a set specific environmental targets for its
suppliers, such as reducing water usage and carbon emissions, which has made it quite sustainable. Whereas,
Fallahpour et al. (2017) states that Unilever has implemented a Sustainable Living Plan, which includes a
commitment to sourcing all of its agricultural raw materials sustainably by 2030. Unilever has been working on
maintain and establishing a Sustainable Agriculture Code, which outlines the company's expectations for its
suppliers regarding environmental sustainability.
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According to Formentini et al. (2016), the external environmental orientation has played a significant role in
shaping a firm's environmental selection decisions. Although, the externally environmentally oriented firms
have been more likely to prioritize environmental considerations in its supplier selection process and consider a
supplier's environmental performance as a critical factor. However, Paulraj et al. (2017) states that firms are
now prioritizing environmental considerations in their supplier selection process to achieve sustainability goals.
However, by requiring suppliers to comply with specific environmental standards and conducting sustainability
audits, firms now ensure that their supply chains are environmentally sustainable.

Impact of External environmental orientation on environmental monitoring of firms

Stakeholder theory addresses the link between business environmental orientation and monitoring perspectives.
Environmental orientation has significant influence on the supply chain monitoring of firms. It includes the
market conditions and regulatory practices involved in monitoring process. According to Kang et al. (2018)
institutional forces and management aspects involved in environmental orientation affect the innovation and
capabilities. The researcher addressed the influence of EMS (Environmental Monitoring System) include
innovation and strategic capability for monitoring the performance. In the similar view Bu and Liu (2020) stated
indirect effects to external environmental change on monitoring firms performance. This demands green supply
chain management aspects involved in business process and highlighting the strategic influence to manage
change. Therefore, external environmental factors influence monitoring performance of firms. It also impacts
business analytics and competitive growth of business firms. According to the study of Zameer et al. (2022)
green innovation in the supply chain patterns is the external factor affecting the environmental orientation of
firms. It is also necessary to include the competitive growth factors involved in environmental orientation.

The impacts of environmental orientation involved identification of new business options and increase in
responsiveness. Tatoglu et al. (2020) conducted a research to examine the impacts of external environmental
factors affecting the competitive position of firms. The researcher addresses that emerging trends of markets
and environmental management practices are the external factors affecting the strategic choice of management.
It also addresses the strategic selection for the improvement in environmental factors. The implementation of
strategic environmental orientation influence supply chain management practices and sustainable position of the
companies. Habib et al. (2021) conduct a research to evaluate the impacts of strategic orientations and green
supply chain in management practices and firms performance. The author addressed that green supply
management practices involve the sustainable growth of business companies. It is also important to address the
strategic decisions involved in business sustainability practices. Moreover, external factors such as market
trends towards sustainability also involve in strategic decision making involved in the firms.

Increase in the responsiveness has positive impacts of environmental orientation of firms. It is important to
define the green supply chain practices involved in the companies. In today’s world, strategic influence towards
improved management practices influence business decisions and sustainability of firms. It is also critical to
innovate the business performance and productive demands of the company. Hence, environmental orientation
is also affected due to citizenship roles and behaviours to achieve sustainable business practices (Cheema et al.,
2020). It is necessary to note the size of firms, and management practices involved during the generation of
environmental management and certification. According to Younis et al. (2020) firm age and size are the critical
factors that define the relationship between green supply chain management practices. The corporate
performance of the company is the internal factor that is influence by the external environmental factors
involved in business strategic decisions. In addition to this, entrepreneurial orientation and strategic decisions
making of managers are also the external factors that influence the organisational decision making. Wang et al.
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(2021) addressed that environmental turbulence and productive roles of business organisations are the external
factors influence business productive decisions. Hence, change in external condition of market and external
innovation in business trends are the factors affecting environmental orientation and strategic decisions
involved in firms.

Impact of External environmental orientation on environmental collaboration among firms

Institution theory describes the organisational expectation and values that increase environmental collaboration.
Feng et al. (2019) stated that firm performance and customer orientation is critical to moderate the ethical
aspects of industry. Environmental orientation and collaboration also influence strategic decision of the firms. It
is critical to respond on the trends and changing patterns of business firms. Increased awareness on
environmental aspects is the critical factor affecting environmental collaboration. According to Ardito et al.
(2021) digital practices and environmental orientations are critical to increase environment innovation of firms.
It is important to increase environmental collaboration among firms. In the similar view, Feng et al. (2019)
stated that firm performance and customer orientation is critical to moderate the ethical aspects of industry. It is
important to increase environmental collaboration among firms. This increase competitive rivalry and greater
force of sustainability among business firms. There are positive impacts of environmental orientation and
collaboration because it improves stakeholder engagement. External environmental orientation is also important
to improve resource management aspects involved in business firms. Zhou et al. (2019) stated the relationship
between green management, firm’s innovation and environmental orientation. The author addressed that
dynamic capabilities between firms can be managed with environmental collaboration. This leads to strategic
growth and sustainability for business firm. The role of strategic orientation is also critical to increase
servitisation and managing collaboration between firms.

Impact of internal environmental orientation on environmental monitoring of firms

Stakeholder theory emphasized on environmental monitoring of firms. Business internal environmental
orientation has significant influence on monitoring of firms. Environmental monitoring of firms refers to the
process involved in the collection, reporting and analysis of data related to market demand for a firm’s product
and services. These are the parameters that influence the effective decision making of the firms. Business firms
can manage performance and competitive factors of the business growth by evaluating and monitoring the
performance of the companies (Bu et al., 2020). The role of internal environmental factors influences
organisational monitoring decisions. A business company with strong internal environmental orientation is
effective to prioritise the business metrics of the firms. These are effective approaches in representing the data
and sustainable strategy involved in environmental aspects. There are significant positive impacts of
environmental orientations on the monitoring strategies of the companies. According to the study of Yasir et al.
(2020) environmental performance and internal orientation can be examined by evaluating the environmental
monitoring of firms. These are important parameters for addressing the norms and values involved in
organisational decision making. The role of environmental monitoring is important to address the strategic
management plan involved in firms. These are the voluntary strategic actions and environmental management
choices adopted by the companies.

It is necessary to monitor the internal environmental factors of the companies. There is a significant impact of
supply chain activities on the performance of the firms. Therefore, monitoring the Human Resource
Management practices that green include supply chain management (GSCM) inhabit are critical to examine.
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The internal environmental orientation of the companies is effective to manage the organisational practices and
strategic work with suppliers. This is helpful to reduce the negative impact of supply chain activities on the
environment which mainly include the environmental selection, monitoring, and collaboration (Chin et al.,
2015).

Relationship between green supply chain management and firm performance

Effect of environmental selection of suppliers on firms’ sustainability performance

Resource based view of the sustainability of firms is critical to influence supplier selection. It is necessary to
analyse the impacts of environmental collaboration on the sustainable performance of companies (Ahmed et al.,
2020). The environmental selection of business firms influences supplier demands. It is a key parameter that
addresses the competitive role of business companies. One of the primary factors that affect environmental
selection of suppliers of firms depends on sustainability. It is critical to reduce the environmental foot prints of
data and increase sustainable business performance. With the evidence of environmental selection of
companies, supplier selection can be improved and managed with sustainable performance of the companies.
These are important to manage low foot prints of environmental regulation and increase the valuable
sustainability of the company. Business stakeholders address the supply chain management options to integrate
the qualitative scenario of firm competitiveness. With the role of green supply chain management, business
performance can be improved by increasing the operational performance objectives (Abdullah et al., 2020).
These are important to manage the selection parameters involved in the supplier selection. Environmental
selection of suppliers influences organisation’s supply chain decisions.

It is critical to examine the supplier sustainability parameters involved in organisational decision making.
Supplier selection is important to address critical decisions based on sustainability patterns of the business.
These are important to manage the operational performance of the companies (Ahmed et al., 2020). The role of
supplier selection is important to manage the business performance of the companies. It is necessary to increase
the productive performance of the leading roles and potential opportunities involved in business. This is also
critical to increase performance of business firms. Environmental selection of suppliers influences the
sustainability performance of the companies. With the help of supplier selection, companies can improve the
performance and productive outcomes of business. It is necessary for the management of green supply chain
and operational performance of the company.

According to Awan (2019) supply chain practices improve sustainability performance of the companies. It
ensures the safety management practices that ensure business sustainability. The role of social sustainability
practices is important to increase the performance of firms. In the study of Yidiz Cankaya et al. (2019) green
supply chain management practices are important to increase the productive performance of suppliers. These
are the environmental practices that increase the performance of companies. With the help of supply chain
management, business companies can address the focal performance of the firms. According to the study of
Govindan et al. (2020) supply chain management practices are important for the increase in the performance of
the firms. These are the crucial sustainable elements that increase the performance of firms. The role of
sustainable practices is important to increase the environmental sustainability factors. In this context, the supply
chain roles are directly linked to the performance of the companies.

Business supply chain selection is also important to improve big data analytics and performance management of
the company. It influence organisational decisions and supply chain management roles in the company. With

Global Scientific Research 72



Journal of Environmental Science and Economics

the evidence of environmental selection of suppliers, business companies can improve the sustainable
performance of the companies. According to the study of Giannakis et al. (2020) supplier sustainability
performance is linked to the business performance and network analytics process. It is necessary for the
sustainability performance and outcome based metrics related to the complementary roles of business
performance. It has certain positive impacts of the economic growth of the companies. There are different
dimensions that suppliers can be used to fulfil the sustainable needs of the companies. These are evident to
increase performance and sustainability of companies.

With the help of green supply chain management, business companies can improve the sustainable practices and
ensure the effective performance of the companies.

In this regard, the role of supplier sustainability positively effects the organisational growth. This play a vital
role in the classification of the sustainable performance parameters involved in the companies. The impacts of
data analytics and environmental performance are critical for the management of supply chain parameters
(Benzidia et al., 2021). Hence, performance of the company is affected due to supply chain management
selection. The complementary of supplier selection is important to link the sustainability parameters involved in
business performance. In addition to this, environmental selection can create a significant influence on the
competitive and sustainable performance of the business. Different business companies that monitor the
sustainability practices can be considered as providers that are better able to select the sustainability issues that
exist across their supply chain. It is also necessary to determine opportunities for improvement. Therefore, it
can be stated that environmental selection of suppliers is important to increase quality of supply chain that can
be encouraged to use sustainable practices, and the firm's overall sustainability performance can be enhanced.

Role of government regulation on the relationship between environmental orientation and green supply
chain management

Environmental deterioration and climate change lead to public concerns regarding ecologically friendly
behaviours. Stakeholders and the general public are putting more pressure on businesses to implement an
environmental approach (Kumar et al. 2017). The government is considered one of the most significant
stakeholders in the implementation of a green supply chain. By controlling both a company's internal and
external resources, the government may easily control businesses. Additionally, the government has the
authority to impose penalties on parties who disregard the established supply chain management procedures
(Nezakati et al. 2016). According to stakeholder theory, in the current business environment, environmental
concerns have grown to be a key concern for government organisations, legislators, and corporate organisations.
Moreover, Customers are finding environmentally conscious goods, governments are enforcing regulations and
exerting more influence over company operations, and citizens want companies to protect and preserve
environmentally friendly ecosystems. These demands have caused businesses to become more mindful that
sustainability should be taken into account in their current ways of manufacturing and conducting business (Li
et al 2019).

Therefore, businesses are required to abide by the law and contract out their ecologically risky activities to other
companies, allowing them to benefit from the experience of the contracted firm and increase their adherence to
sustainability requirements. Other than that Government agencies indicate new laws and guidelines to lessen
businesses' adverse effects on the environment, which raises community expectations for business conduct and
increases consumer demand for environmentally friendly goods. Companies employ specialised measures like
pollution prevention, responsible handling of products, and clean development to address these stakeholder
demands (Bu et al. 2020). Moreover, the promotion of sustainable business practices by the government is
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essential for developing a greener economy. Subsidising environmentally friendly goods to lower their cost and
increase customer availability is one strategy for encouraging green behaviour. This may influence more
individuals to select environmentally friendly solutions, boosting the market share of green businesses (Chan, et
al. 2018).

Consumer sensitivity to natural environmental issues

In recent years, consumers become more sensitive regarding natural environmental issues has been increasing
rapidly. Consumers have become more aware of their actions and the effects they have on the environment as
they get an improved understanding of how human activities affect the environment (Biswas and Roy 2015).
Customers who are concerned about the state of the environment are more willing to support companies that
work to find creative approaches and take decisive action to preserve it. As customer attention to natural
environmental concerns increases, customers have begun to demand firms develop novel methods to connect
with the natural world. Because of this change in consumer views, there is now an increased need for products
and services that are environmentally friendly, as well as a readiness to pay more for goods that are seen to have
no negative influence on the environment (Dangelico and Vocalelli, 2017). Moreover, the research conducted
by Cheung and To, (2019) elucidated that consumers are becoming more conscious of how the products that
they use and buy affect the environment. They are seeking goods that are environmentally friendly, produced
from renewable resources and have low energy use. In addition to that, Consumers are adopting lifestyle
decisions that lessen their environmental impact along with product selections ((Sung and Woo, 2019).
Businesses have been significantly impacted by this rise in customer attention to environmental problems.
Consumers are increasingly more attracted to businesses that are viewed as socially and ecologically conscious,
which boosts sales and increases customer loyalty. On the other side, businesses that are perceived as being
ecologically irresponsible may experience adverse publicity, lost business, and reputational harm (Chen et al.
2018).

As the customer is more sensitive regarding the environmental impacts, Businesses are progressively
implementing green supply chain (GSC) practices to meet the growing customer demand for ecologically
friendly goods and services (Mondal and Giri, 2022). Concerning that, Daud, et al. (2019) highlighted that a
crucial step in putting a GSC approach into practice is creating an extensive environmental management system
(EMS) that covers each component of the supply chain. Moreover, setting aims and goals for decreasing
environmental effects and tracking advancement over time are all possible with the use of an EMS. This enables
companies to monitor their environmental performance and determine areas that may be improved. In addition
to that, Businesses are required to prioritise efforts to decrease environmental impact by identifying supply
chain segments that are having adverse consequences. This entails cutting back on energy use, generating less
trash, and increasing the efficiency of resources (Alzoubi et al. 2020).

Conceptual framework

The below conceptual framework is based on the following study, the three key variables include environmental
orientation, green supply chain management and firm performance. Green supply chain management is
considered a mediating variable between environmental orientation and firm performance. Green supply chain
management includes three aspects, environmental selection, monitoring, and collaboration with suppliers while
environmental orientation includes two aspects external and internal environmental orientation. With respect to
that, the study conducted by Bu et al. (2020) found that the three Green Supply Chain Management components
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which comprising environmental selection, monitoring, and supplier collaboration are all positively correlated
with external as well as internal environmental directions, which are all positively correlated with company
performance. Results also indicate that monitoring of the environment, supplier cooperation, and supplier
selection all act as a mediator in the interaction between external and internal environmental orientations and
business performance. Other than that the current study also includes the mediating role of corporate
environmental proactiveness in the association between environmental orientation and green supply chain
management. Corporate environmental proactiveness includes further three elements, government regulations,
customer sensitivity and entrepreneurship. In addition to that effect of electronic transaction levy (E-Levy) on
the impact of green supply chain management on firm performance is also examined.
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Figure 1: Conceptual framework
Source: Author’s own construct (2023)
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Conclusion

The following chapter discusses the prior studies that are based on the current research topic which is the effect
of environmental orientation on firm performance with a mediating role of green supply chain management.
The following research also includes two further variables one of corporate environment proactiveness which
mediates the relationship between environmental orientation and green supply chain management and the other
variable is electronic transaction levy (E-levy) which mediates the relationship between green supply chain
management and firm performance. The literature initially discusses the concept of key variables which include
environmental orientation, green supply chain management, firm performance, corporate environment
proactiveness and electronic transaction levy (E-levy). The research uses insight from the theories of resource
dependency, transaction costs, and stakeholder theory to advance the study's argument and shed new light on
how and when environmental orientation and green supply chain management might be able to enhance firm
sustainability performance in developing nations. Concerning the impacts of the external environmental
orientation on firm performance, it can be concluded that, When a company is externally environmentally
focused, it is more inclined to give environmental factors the greatest importance when choosing its suppliers,
such as choosing partners that have shown a dedication to sustainable practises and have put in place
environmental management procedures.

The implementation of environmental monitoring structures, green supply chain management techniques, and
strategic choices regarding corporate sustainability practises are all impacted by an organization's external
environmental perspective. A company's environmental choice processes and the sustainability of the positions
of the enterprises in its supply chain are significantly shaped by its external environmental orientation. While
internal EO is also crucial for effective environmental decisions and enhancing the firm performance. The
internal environmental orientation of a firm is influenced by variables like the company's innovation managerial
plan, sustainable human resources practises, and business success. Robust internal environmental orientation
enhances company selection and monitoring techniques, enabling the prioritisation of sustainable business
indicators and environmental goals. This has a favourable effect on environmental cooperation and business
sustainability performance.

Moreover, the following review further concluded, Green Supply Chain Management boosts a company's
operational and production performance, hence it is crucial to take sustainability factors into account when
choosing suppliers. The ecological responsibility of suppliers and SCM techniques help businesses expand
economically. Other than the corporate environmental proactiveness further includes the three variables and
those are government regulation, customer sensitivity and entrepreneurship. The government can impose rules
and fines for breaching them, offer subsidies and tax breaks for environmentally friendly products, and spread
awareness among the general public about the advantages of sustainable practices. The Toxic Releases
Inventory (TRI) is regarded as a database which is monitored by the Environmental Protection Agency (EPA)
of the United States and, the national pollutants release inventory (NPRI), is also a database monitored by the
government of Canada, the two databases that are utilised to educate the public while motivating companies to
implement sustainable practises. In terms of customer sensitivity, businesses have suffered greatly as a result of
consumers being more aware of environmental problems. To address the rising demand for eco-friendly goods
and services, businesses are increasingly compelled to implement Green Supply Chain Management practices.
Companies that are regarded as being socially and environmentally responsible engage more customers, which
increases revenue and client loyalty. In addition to that a beneficial feedback mechanism of sustainable
development develops when green entrepreneurial orientation and Green Supply Chain Management are
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integrated. This results in enhanced business performance in terms of the environment, the economy, and
society. Studies have demonstrated that Green Environmental Orientation has a positive influence on Green
Supply Chain Management procedures, which results in sustainable business performance.
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Abstract

Cocoa is highly sensitive to uncertainties in temperature and precipitation and is projected to be challenged by
climate variability. This study examined the implications of climate change on the livelihood of cocoa farmers,
and the adaptation technologies adopted to mitigate the impacts in the Offinso Municipalities. 210 cocoa farmers
participated in the study, out of which 180 were selected randomly from the list of Kuapa Kokoo company. These
people were interviewed with the help of questionnaires. The rest 30 were selected for focus group discussions
held in two different communities. The study found deforestation, land degradation, and felling of trees for
lumber and domestic fuel as the main causes of climate change. The socio-economic impacts were a reduction
in crop yield and income, food insecurity, poor access to healthcare, poor water quality, drying up of streams,
and reduction in labour supply. A positive revelation was that the farmers have realized a gradual increase in
yield in the past three (3) years due to innovative measures adopted. Such innovations include agroforestry, good
agricultural practices, crop diversification, frequent spraying, fertilizer application, adoption of hybrid varieties,
and creation of fire belts. As a way of minimizing financial constraints, poor irrigation facilities, inadequate seed
supply, and reduction in labour supply; the farmers receive some support from farmer organizations, the
government, and cocoa companies. The study recommends that government institutions commit to the
enforcement of laws on deforestation and illegal mining, ensure an effective supply of cocoa inputs, and promote
adaptation measures in building farmer resilience in the study area.

Keywords: Climate Change; Causes of Climate Change; Socio-Economic Impacts of Climate Change;
Adaptation Technologies; Barriers to Adaptation

Introduction

Agriculture accounts for 14 percent of the total GDP in Sub-Saharan Africa, and 70 percent of Africa’s population
is employed in the sector (Oxford Business Group, 2021). Cocoa was listed as leading Africa’s Top-10
agricultural exports by value from 2016-2018 (Bouét, 2021). West Africa currently produces about 70 percent of
the world’s cocoa, with Ghana being the second world-leading producer after Cote d’Ivoire, followed by Nigeria,
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and Cameroon respectively (International Cocoa Organization, 2023). This, therefore, points to the importance
of cocoa production in the agricultural sector of West African economies. In Ghana, cocoa is the main export
cropwhich accounts for over 80 percent of all foreign exchange earnings from the agricultural sector. The crop
also accounts for 70-100 percent of the farmers’ household income, and 16 percent of the total GDP (Ghana
Statistical Service, 2017).

The invaluable contribution of cocoa to Ghana’s economy confirms the saying “Cocoa is Ghana and Ghana is
Cocoa” (Gakpo, 2012). It, therefore, means that any development that would impede cocoa production in Ghana
would have dire consequences for the economy. Unfortunately, cocoa is highly sensitive to changes in climate,
particularly in temperature due to its effects on evapotranspiration (Anim-Kwapong & Frimpong, 2004). The
Intergovernmental Panel on Climate Change (IPCC, 2014), defines climate change as any alteration in climate
over time, whether due to human activities or natural process. Cocoa requires temperatures between 21-23 -C
and rainfall between 1000-2500 mm annually in addition to rainforest trees that provide shade and protection
from too much sunlight to achieve optimum yield (Schroth et al, 2016).

According to Ehiakpor et al. (2016), over the last two decades, Ghana’s weather conditions have been unstable
and unpredictable, and may experience a fall in the mean amount of rainfall in most of Ghana’s cocoa growing
areas by 12 mm, with most of the changes expected to take place after 2030. This change in climatic condition is
one of the major challenges that cocoa farmers have experienced in recent years.

In a related study, Bunn et al (2019), developed a climate suitability map indicating climate gradient across the
cocoa production zones in Ghana. The gradient showed that Southern Brong Ahafo, Northern Ashanti and the
North and South of Volta will become transformational zones (See Figure 1). This finding is worth investigating
because the study area is located in the transformational zone where cocoa production is recommended to be
transformed to other crops.

Figure 1: Climate change impact zones for cocoa in Ghana and the adaptation type

S Recommendation
domains

Adaptation type

Brong Ahafo

Unsuitable

I opportunity
B Transform to other crops

Ashanti
KUMAS! | Systemic resilience
Systemic adaptation

Incremental adaptation

-~ - J.~— - J
Western Y S !

Consensus
RCP 6.0

Central

® Region capitals

- -
0 50 100 y _ _ ! Administrative regions

Source: Bunn et al., (2019).

Global Scientific Research 87



Journal of Environmental Science and Economics

From the map, it is clear that climate change is a threat to Ghana’s cocoa industry and immediate steps must be
taken to mitigate its harmful effects. Adaptation technologies are integral aspect of building resilience in the face
of climate change (USAID, 2018). However, empirical evidence revealed that only a few of Ghana’s cocoa
farmers adopt some form of adaptation technologies (Denkyirah et al, 2017). The reasons that account for this
low response to adaptation technologies are unknown, and should be a course for concern to stakeholders in the
cocoa industry because of the significant role the sector plays in the economy.

Annual cocoa production trajectory about the transformational zone (the study area) for the past decade has been
fluctuating but has assumed a steady rise in production from 2018/2019 to 2020/2021 crop seasons. Table 1 shows
the pattern of annual yields of cocoa from 2012-2021 crop season.

Table 1: Annual district cocoa production from 2012-2021 crop seasons

Crop season (yearly) Total production (per 64 kg bag)

2011/2012 165,436
2012/2013 167,735
2013/2014 146,114
2014/2015 151,227
2015/2016 145,682
2016/2017 137,321
2017/2018 85327

2018/2019 104006
2019/2020 114945
2020/2021 162206

Source: Quality Control Company, Offinso Cocoa District (2022).

Questions that emerge from Table 1 are: what accounted for the fluctuations in yield? And what factors are
responsible for the recent increase in annual yields? Answers to these questions are worth investigating. This
research aims to examine the Ghanaian cocoa farmers’ awareness of climate change impact on cocoa production,
it’s socio-economic implications on livelihood, and their current adaptation strategies in building resilience.
Filling this gap would help equip cocoa farmers with the requisite knowledge and skills on climate change, and
strategic methods required to improve cocoa yields for better livelihood under such challenging environmental
conditions.
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Literature Review

Crop yield response theory

The crop yield analysis consists of estimating the effects of altered environments on crop productivity levels. The
method incorporates precipitation and temperature into multiple "aridity” indexes. The theory perceives that
output is largely through a production function of land, labor and capital. However, the direct application of such
a general function to agriculture disregards the existence of weather as an important exogenous factor. As a result,
the theory considers rainfall, temperature and sun radiations as well as many other weather factors as non-cost
inputs, into the production process (Kenneth, 2011). The basis of the theory is that the function incorporate both
cost and non-cost inputs in the production analysis (Ibid). The most important aspect of the use of crop yield
studies is that it allows for the incorporation of climatic variables as direct inputs into the production process.
According to Amos (2007), the model allows researchers to isolate the impact on crops due to climatic factors
from other factors. However, the arguments against this theory are that: firstly, separating the yield distribution
from those of weather variables during all stages of crop growth is questionable. Secondly, adaptation measures
adopted by farmers to reduce the negative effects of climate change is not accounted for in the theory
(Mendelsohn, 2000).

Evidence of climate change impact on cocoa production in Ghana

According to the UNDP Climate Change Country Profile for Ghana in 2006, it is difficult to predict long-term
trends for annual rainfall as it is highly variable between years and decades (Mcsweeney et al, 2010). This
corroborated a data analysis done by the Ghana Meteorological Agency from 1960 to 2000 which revealed a
continuous and perceptible rise in temperature with a concurrent decline in rainfall within all the agro-ecological
zones in Ghana (Adjei-Nsiah & Kemah, 2012). From the above, there is no doubt that climate change is real and
a threat to the future of Ghana’s agricultural sector.

Brriers to adaptation technologies in cocoa production

Adaptation to climate change refers to the adjustment to actual or expected climate and its effects, which seeks to
moderate or avoid harm and exploit beneficial opportunities (IPCC, 2014). Adaptation technologies are
introduced to preclude any imminent effect likely to occur as a result of climate change. The success of adaptation
technologies depends on the extent to which people believe that there have been some changes in the climate,
their awareness of the type change, and the present and future technology (Kurukulasuriya & Rosenthal, 2003).
Some of the adaptation technologies in cocoa production include: agroforestry, farm rehabilitation, diversification
of crop and income, Good Agricultural Practices (GAP), irrigation, variety of planting materials/mixed cropping
and improved variety (Kolavalli & Vigneri, 2011).

According to Deressa, Hassan and Ringler (2011), barriers facing adaptation to climate change include but not
limited to; lack of weather information, labour shortage, lack of access to improved seedlings, inadequate financial
resources, information gap, small landholding size, and poor irrigation facilities. In addition, some farmers may
lack the capacity to use any adaptation strategies because of factors such as education, gender, non-farm income,
farm size, free extension advice, and experience in farming (Deressa, et al, 2008). It is therefore relevant to
identify and understand these barriers to adaptation strategies in order to put appropriate measures in place to
address them.
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Cocoa farmers’ perception of the impacts of climate change on production

According to Adger (2006), perception forms a composite part of how farmers behave and respond to their
environment. Therefore, analysis of farmers’ perception of climate change is a prerequisite for assessing
adaptation and the basis upon which knowledge is derived (Sraku-Lartey et al, 2018).

Ehiakpor et al. (2016), assessed the impact of climate change on cocoa production and approaches to adaptation
and mitigation in Ghana and Costa Rica. The main goal was to understand the phenomena of climate change and
its social, economic and environmental impacts on cocoa production as well as farmers’ perception about the
phenomenon. In the case of Ghana, the study concluded that weather changes were negatively affecting cocoa
production and has actually decreased cocoa yields. They also mentioned premature flowering, plants and
seedlings death as some of the negative effects. The study further indicated that it was hard for the farmers to
know when to spray against pests and diseases unlike previously.

Osei (2017), in his study also analyzed the effects of micro-adaptation measures to temperature and rainfall
variability on cocoa farmers’ net farm income in Dormaa West District within Bono region of Ghana. The study
observed that the farmers have perceived an increase in temperature and a decrease in rainfall in the districts. The
study further concluded that, due to the increase in temperature and sunshine, new cocoa trees have come under
stress and eventually dying off which is affecting production. Additionally, the condition also sometimes causes
delay in maturity of the cocoa trees as well as introduction of unfamiliar pest and diseases that were not found in
the area previously.

Sraku-Lartey et al. (2018), also conducted a study in the offinso municipality in Ghana and indicated that most
farmers did not know what the concept of climate change was. Nevertheless, all of them were able to mention the
prolonged drought and significant reduction in the amount of rainfall being experienced in the last 15 years.
According to this study, farmers are unable to harvest the quantity of crops they used to harvest in the past. Despite
these findings from the study area, a new trend from 2019 shows an increase in cocoa yield. Hence, this study is
poised to investigate this new trend.

Socio-economic implication of climate change on farmers’ livelihood

A study by Kimengsi and Tosam (2013), investigated climate variability and cocoa production in Meme Division
of Cameroon. They observed an increase in cocoa pest and diseases attributed to climate change. Due to this
change, farmers are unable to target when to apply chemical spraying, leading to higher crop maintenance cost.
This in effect, has affected the farmers’ net income from cocoa production at the end of every cocoa season.
Duru and Oladipo (2022), in their study also examined the effects of climate change on the livelihood of rural
women in Ilorin South , Nigeria. The study indicated that climate change has affected the livelihood of the rural
women in the areas of decreased farm income, inaccessibility to loan, increase in diseases and damage to
properties.

A study by Sraku-Lartey et al. (2018) concluded that climate change had affected farmers crop yields in the
Offinso districts of Ghana thereby having a significant impact on their food security. Those with large family
sizes were particularly most affected. Also, Odame et al, (2018) in their study on the impact of climate variability
in the same area mentioned that farmers reported loss of crops, food insecurity, poor access to healthcare, and
housing hazards as adverse consequences of climate change on their households.
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Adaptation technologies adopted by farmers to mitigate climate change

According to Adger et al. (2007), adaptation has the potential to alleviate adverse impacts, as well as influence
new opportunities posed by climate change. According to Ehiakpor et al. (2016), some cocoa farmers in Ghana
have adopted both on-farm and off-farm adaptation measures such as farm rehabilitation, agroforestry, good
agricultural practices, and income diversification to mitigate the impacts of climate variability on cocoa
production. They mentioned lack of capital as the main hindrance to the farmers from incorporating adaptation
techniques. That notwithstanding few of the farmers believed that climate change is the work of God and nothing
can be done to reverse its impact.

Osei (2017) in his study concluded that Ghanaian farmers have adopted diverse micro-adaptation measures.
Adaptation measures adopted included improved variety, mixed cropping, agroforestry, inputs application, use of
compost and manure, and crop diversification. Furthermore, Emmanuel (2016) also revealed that Ghanaian small-
scale cocoa farmers were practicing on-farm adaptation strategies such as shade management, soil fertility
management, land preparation strategies, lining and pegging strategies. The study further revealed inadequate
financial resources as the most pressing barrier, and limited farm land as the least.

Oyekale (2021), conducted a study into the climate change adaptation and cocoa farm rehabilitation behaviour
among cocoa farmers in Ahafo-Ano North District, Ghana. The study indicates that farmers have adopted some
adaptation measures such as crop diversification, planting hybrid seeds, regular cocoa spraying, and changing
planting periods. Oyekale (2021) also found that farm rehabilitation was low especially among farmers on
sharecropping arrangement due to improper land tenure system.

Conceptual framework developed for this study

Climate change is mainly triggered through natural internal processes and anthropogenic activities. Figure 2
shows a conceptual framework on climate change developed for this study to highlight the climatic variables
affecting cocoa production.
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Figure: 2.1: Conceptual framework
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Methodology

The study area

The study area: Offinso North District and Offinso Municipality are in the Ashanti Region of Ghana. For the
purposes of this study, the two districts are referred to as Offinso Municipalities. These two districts fall within
one cocoa district and therefore was combined to ensure easy data analysis. Offinso North district has a total land
area of about 945.9 square kilometers with a population of 83,440. While Offinso Municipality on the other hand
has a total land area of 585.7 square kilometres and a population of 137,272. Agriculture is the major economic
activity for both districts with key crops being cocoa, tomatoes and other food crop (Ghana Statistical Service,

2021). Figure 3 represents the map of the study area.
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Figure 3: Map of Offinso North District and Offinso Municipality

Research procedures

Mixed method was employed for this study to provide flexibility, objectivity, uniformity, in-depth understanding,
and the ability to generalize research findings (Dawadi et al, 2021). The qualitative approach helped to gather the
best information that actually describes farmers’ perception and their adaptation technologies to climate change
as well as how it has impacted on their livelihood. Similarly, integrating numeric approach to quantify data
collected increases objectivity, and strengthens the overall study outcome (Creswell, 2016). Both open-ended and
close-ended structured questionnaire, and interview guide were employed to gather primary data from cocoa
farmers to supplement the existing relevant secondary data. Clearly, this is a survey that involved acquiring
information about a group of people; their characteristics, opinions, attitudes, previous experiences, and beliefs.
Therefore, the selected instruments were appropriate to achieve the study objectives.

To ensure replicability of this study, the researchers used cocoa farmers who registered with Kuapa Kokoo co-
operative union within the two districts as the target population. This was because: first, information about
members of this union can easily be accessed; second, this union is widely represented in the cocoa communities
within the study area; third, farmers’ information list from the union is suitable for the systematic random
sampling technique adopted for the study. There are 2,026 cocoa farmers registered with Kuapa Kokoo company
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across 30 rural communities in the two districts. The study used a sample size of 210 cocoa farmers, out of this,
180 farmers were systematically sampled for face-to-face interviews with the help of questionnaires. In addition,
the researchers engaged the other 30 farmers; 15 from each of the two districts for Focus Group Discussion (FGD)
aided by an interview guide. The selection of farmers to participate in the FGD depended on respondents’
convenience; thus, availability, location, and interest.

Respondents were reached on Sundays since preliminary survey revealed their availability on this day. For better
understanding, and to illicit appropriate responses, the study resorted to the use of the local language “Twi” which
fortunately, the researchers are conversant with to interpret the questions to the respondents. Except for the FGD,
each respondent was interviewed separately to avoid any influence. The FGD was employed to complement the
interview method because it helps to bring in-depth understanding, and diverse views of farmers’ reactions on
climate change rather than a superficial presentation of the phenomenon (Nyumba et. al, 2018).

For selection of discussants, two separate visits were made to the Kuapa Kokoo farmers’ union at their monthly
meetings at Afrancho and Akomadan. The first visit was to inform and explain to the groups the researchers’
intention to collect data, the purpose and benefits, and scheduled date and time for the inquiry. 15 cocoa farmers
from each group who indicated their available and willingness for the discussion were selected with agreed dates
and time. The selected sample size for the discussion is appropriate and consistent with recommendations by
Steward and Shamdasani (2008). The second visit was the actual date for the discussion. The interview guide
helped the moderators to stay focus on the main themes for the discussion. The moderators recorded the responses
with the aid of notepads and voice recorders which were later transcribed and analysed.

The findings of the study were analysed both quantitatively and qualitatively. The quantitative analysis employed
descriptive statistical methods such as frequencies, percentages and tables. In addition, a Chi-Square test was used
to analyse how the socio-demographic characteristics of the farmers related to their understanding of climate
change adaptation. Content analysis was applied to delve into the fine details of the open-ended questions and the
focus group transcripts. Finally, the data was classified in line with the study objectives, patterns identified, and
interpretations given.

Results and discussion
Socio-demographic characteristics of respondents

The Socio-Demographic characteristics of respondents were captured in Table 2.

From table 2, majority of the respondents (67.8%) were males with 32.2% being females. This is actually
consistent with the opinion held by Onumah et al. (2014) who attributed male dominance in cocoa farming in
Ghana to the traditional land systems which generally favour males’ land ownership.

The age distribution showed that majority (49.4%) of respondents were 50 years and above. This confirms the
aging population of cocoa farmers in Ghana which is a major concern for the future of cocoa industry. According
to Vigneri (2007), this situation is due to the continuous migration of the youth from the cocoa growing areas to
urban centres in search of greener pastures. However, there seems to be a gradual shift from this trend as the age
distribution showed a 23.9% of the respondents within the youthful age bracket (30-39) giving hope for the
sustainability of the cocoa sector. Arguably, this upsurge may be attributed to the intervention in the sector by
recent governments to enhance productivity and farmers’ income thereby attracting the youth into cocoa farming.
These investments include free cocoa seedlings and subsidized fertilizer distribution, and pollination and
rehabilitation support through government and cocoa cooperative companies.
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Table 2. Socio-demographic characteristics of the respondents

VARIABLE FREQUENCY (F) PERCENTAGE
Sex of Respondents Female 58 32.2
Male 122 67.8
Age of Respondents 30-39 43 23.9
40 - 49 48 26.7
50— 59 60 33.3
60 years and above 29 16.1
Educational Level Middle Sch./JHS 86 47.8
Non-Formal 33 18.3
Primary 28 15.6
SHS 24 13.3
Tertiary 9 5
Number of Dependents 1-5 22 12.2
6-10 67 37.2
11-15 91 50.6

Source: Field data, 2022

With regards to education, less than 19% of the farmers received senior high school education or higher.
According to Deressa et al (2008), the levels of education of cocoa farmers influence their ability to understand
and assimilate information on adaptation technologies and their readiness to adopt. To confirm this view or
otherwise, the researchers examined whether the levels of education of the respondents have any effect on their
understanding of adaptation technologies (See Table 3) for details.

Socio-economic status is also influenced by individuals’ household size. It emerged from the study that more than
half (50.6%) of the total respondents had as high as 11-15 household size. This definitely would have dire
consequences on the livelihood of the cocoa farmers in case of any drop in income.

Analysis of farm characteristics of the respondents
i) Farming Experience

The study shows that majority (64.4%) of respondents had at least 11 years of farming experience, followed by
19.5% who had 1-10 years farming experience. According to Deressa et al. (2008), such farming experiences are
very relevant because they influence the ability of farmers to adapt to climate change.

ii) Farm Ownership

The study revealed that more than half (50.2%) of the respondents owned their cocoa farms, whiles 33.3% were
shareholders with tenancy agreement of 1:1 or 1:2 output ratio between the tenant and the landowner. Only 9.4%
of the respondents occupied farms that have been leased.
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iii) Age of Cocoa Farm

The study result shows that majority (63.3%) of the cocoa farms are below 31 years old. This is followed by
12.8% falling between 31-40 years, and at least 3.3% above 41 years. It was not surprising that about 20.7% of
the farms were aged between 1-10 years. This was because respondents indicated that they are gradually
undertaking farm rehabilitation to replace the old cocoa trees due to low productivity. This trend is laudable
because such effort will reduce deforestation and facilitate the speedy restoration of some degraded farmlands
(Gockowski & Sonwa, 2011).

iv) Variety of Cocoa Plants Cultivated

This study further revealed that majority (67.2%) of respondents cultivated hybrid cocoa varieties. These breeds
have higher yield potential and environmental resistance to drought, flood, and salinity. According to Kolavalli
and Vigneri (2011), the hybrid type is sunshine tolerant, matures early and give higher yields compared to the
Amazon and Amelonado types previously cultivated. This notwithstanding, 28.3% of the respondents still have
the amelonado variety, while 4.4% had grown the hybrid alongside the traditional amelonado type.

Exploring farmers knowledge and understanding of climate change

Analysis of farmer’s perception and understanding of climate change is a prerequisite for assessing adaptation
(Singh, 2020). Based on this, the researchers assessed farmers’ knowledge and understanding of climate change
and how that influences their behaviour.

From this study, 63% of the respondents were knowledgeable and understood the concept of climate change.
Respondents mentioned deforestation, land degradation among others as the main causes of variations in climatic
conditions. Also, 35% of the respondents knew a bit about climate change and were able to describe changes they
had experienced over the year mainly on temperature and rainfall. Only 2% of the respondents did not know
exactly what climate change meant. They however alluded to the fact that farmers experience high temperature
and decreased rainfall in recent years.

The above finding is contrary to the claim by Sraku-Lartey et al (2018). In their study in the Offinso Municipality,
a part of to this study area, they concluded that most of the farmers did not know about the concept of climate
change but could only describe the changes they had experienced in the climate over the last 15-30 years. This
new finding could be attributed to the vigorous awareness creation about climate change through different media
within the Offinso Municipalities the the past three (3) years.

Farmers' sources of information and observed variations in climate

According to Deressa et al. (2008), the ability of farmers to adapt to climate change can be influenced by the
availability of climatic information. It is evident from this study that respondents received information on climate
through radio (31.4%), television (21.4%), Agriculture extension officers (17.4%), fellow farmers (16.6%),
friends (8.5%), and other sources (4.7%). They indicate that this knowledge helped their understanding of climate
change in the last 10-15 years. Farmers experienced increase in temperature, decrease in rainfall, unpredictable
rainfall pattern, and prolong dry season within the same period. This finding corroborates the results of Osei
(2017) who found that farmers in the Dormaa West District in Ghana have experienced an increase in temperature
and a decrease in rainfall in recent past.
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Farmers’ perception about the causes of climate variations

The perception of the farmers was sought on the causes of climate variability in the study area. Majority (62.3%)
of the respondents ascribed the variation to cutting down of trees for lumber which they claimed has become
widely spread in the Municipalities. Furthermore, whilst 20.1% of respondents mentioned the prevalent of land
degradation through illegal mining, and harsh weather conditions as the major contributing factors to climate
variation, 11.3% attributed the change to burning of firewood for domestic fuel due to the high cost of Liquified
Petroleum Gas (LPG). Interestingly, a total of 6.3% of the respondents attributed the changes in temperature and
rainfall patterns to God’s plans and punishment for sins committed by humankind.

Results from Focus Group Discussion

To supplement the findings from interviews, FGD were conducted to solicit a collective view, and also as a
follow-up to the interview results. The two groups made up of 15 discussants each from Afrancho and Akomadan
were formed. The ages of the discussants ranged from 25 -64 years. An average of 65 minutes was spent on each
group discussion. The results from the discussions did not vary much from the interview results except that:
discussants mentioned 2017 and the early months of 2018 as their worst years in the past decade because, they
experienced a prolong drought which actually reduced cocoa production, and agriculture in general. This claim
by the farmers is consistent with cocoa production performance record for the districts over the last 10 years (See
Table 1).

Again, deforestation and land degradation through illegal mining were mentioned as the causes of climate
variability in the area. According to the farmers, the perpetrators sneak to their cocoa farms, fell the trees without
their knowledge and runway with them. This exposes their cocoa farms to the harsh weather conditions, and
destroys some of the cocoa trees in the process of felling and evacuation. Unfortunately, most of these illegal
activities go unpunished since law enforcement is weak, and no compensations are received by the farmers. They
also complained about how some of the cocoa farms have been converted to mining sites, and how the leaching
of the chemicals used for washing the minerals eventually affects the trees, degrade the land, and pollute rivers
the farmers depend on for spraying. A discussant noted:

“Now, we have to carry water from the house or fetch water from long distances when spraying our cocoa farms
because the nearby rivers have been polluted”,

This makes some of the farmers become skeptical about the future state of their cocoa farms since there seems to
be no success from government regulatory measures to control these illegal mining and felling of trees.
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The implications of climate change on cocoa yield and quality in the Offinso Municipalities

Studies from Emmanuel (2016) indicates that climate variability negatively affects cocoa yields. The results from
Figure 4 confirms this finding.

3%2%

95%

Decreased cocoa yield Increased cocoa yield No change in cocoa yield

Figure 4. Impact of climate variability on cocoa yield

From figure 4, majority (95%) of the respondents indicated that climate change has negatively affected their cocoa
yields over the past 10 years. But they acknowledged that they have observed a gradual increase in the last three
(3) years which indicate a new production trend from the past seasons. They ascribe this change to the innovative
adaptation technologies adopted over the years to improve yield.

Another impact of climate change on yields was the dying of cocoa trees, which about 20.3% of respondents
expressed concerns. This finding is consistent with previous study by Osei (2017) who concluded that the rise in
temperature and sunshine, had impacted negatively on new cocoa trees and subsequently reducing cocoa yields.
A total of 31.3% of respondents experienced influx of unfamiliar pest and diseases, and a delay in the maturity of
cocoa trees due to climate change. Again, this corroborated the finding of Osei (2017) who indicated that climate
variability can cause delay in the maturity of cocoa trees.

Furthermore, 8.4% of the respondents revealed that appropriate drying of cocoa beans under good weather
conditions allows acids in the cocoa to evaporate, but this has been negatively affected by climate variability. The
situation increases the bitterness, astringency, and acidity of the cocoa beans, and consequently, lowers its quality
and price. This finding aligns with the works of Oyekale et al. (2009) who concluded that, although higher rainfall
is required for higher cocoa yield, a protracted wet season as a results of climate variability during post-harvest,
adversely affects cocoa drying and processing.

Impacts of climate change on the socio-economic conditions and livelihood of cocoa farmers in Offinso
Municipalities

The livelihood of cocoa farmers in Ghana heavily depends on the income they earn from the sale of cocoa (Anim-
Kwapong & Frimpong, 2004). It is therefore important to tackle any condition or activity that impacts negatively
on cocoa production so as to minimize its harmful effect on farmers’ livelihood. In view of this, this study
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examined the extent to which climate change has impacted on the socio-economic lives of cocoa farmers. The
result is summarized in Figure 5:
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Figure 5. Impacts of climate change on the socio-economic conditions and livelihood of cocoa farmers in Offinso
municipalities

Figure 5. shows that climate change and its associated human activities have lowered the income of cocoa farmers.
It has also led to food insecurity; water shortage; poor water quality, and poor health. The farmers indicated that,
since their household income have reduced, they are unable to seek proper health care from medical centers and
therefore resort to self-medication with its negative consequences.

As expected, discussants from the focus group re-echoed the aforementioned impacts climate change have had
on their cocoa production. According to these farmers, what is so disturbing is the high cocoa seedling mortality.
They added that the unfavourable weather conditions have rather created favourable conditions for pest and
diseases to thrive. Farmers’ attempt to salvage the situation through chemical spraying is hampered by the
unpredictable weather. This has led to indiscriminate chemical spraying and its cost implications. Worse, the pests
and diseases have also become resistant to these chemicals, rendering them ineffective.

Interestingly, the discussions revealed an adverse impact of climate change on labour supply. A group member
had this to say:

“Now we are unable to work in the afternoons due to the unbearably high temperature. We now spend more days
in the farms or hire additional labour to accomplish a task we could previously do by ourselves within a short
period”.

On the issue of climate change impact on yields, the farmers reiterated that, it is the main challenge they have
been battling with because their yields have been fluctuating leaving no room for adequate planning. Regrettably,
the low yield translates into low income. They also complained that the water bodies they depend on for watering
their crops, and for spraying have dried up due to the limited rainfall and high temperature which further
exacerbated their already precarious situation. This revelation is consistent with the findings of Kimengsi and
Tosam (2013), who mentioned that farmers were confused about when to apply chemical spraying, and therefore
resulted to frequent spraying which consequently increased production costs. In this regard, the study explored in
detail how cocoa farmers are adapting to the threats of climate change.
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Adaptation technologies adopted by farmers against climate change in Offinso Municipalities

Crops growth and development is affected by climate change and for that matter presents a great concern to
farmers (Challinor & Wheeler, 2007). It is for this reason that the concept of adaptation has become important in
the area of agriculture. The overall objective of adaptation is to safeguard farm production from climate change
threats through production systems modification. This research again examined farmers’ understanding of climate
change adaptation, the kinds of adaptation technologies being employed, and the impact of such technologies on
cocoa Yyields over time.

As a starting point, farmers understanding of climate change adaptation was assessed. The researchers found that,
majority (63.3%) of the respondents were very knowledgeable in climate change adaptation. Additionally, 22.8%
were a bit knowledgeable about climate change adaptation, whiles the remaining were not.

Although the majority of the respondents were knowledgeable about climate change adaptation, the researchers
sought to find out if the level of education of the respondents had some significant association with their
understanding of climate change adaptation. From Table 3, it was found that (at degrees of freedom = 8) there
was no significant association between the level of education of respondents and their understanding of climate
change adaptation since P-value (0.724) was greater than the significance level (P>0.05).

Table 3. Chi-square test showing respondents’ level of education and their understanding of climate change
adaptation

Level Of Education Cannot tell Know a bit Very knowledgeable Total
JHS 10 20 56 86
Non-Formal 7 5 21 33
Primary 4 9 15 28
SHS 2 5 17 24
Tertiary 2 2 5 9
Total 25 41 114 180

Pearson Chi? (8) 5.3118

P-value

0.724
Alpha value 0.05

Source: Field data, 2022

Adaptation technologies adopted by farmers in the last 10 years in the Offinso Municipalities

Adoption of adaptation technologies is an integral aspect of building resilience in the face of climate change
(USAID, 2018). A previous study by Denkyirah et al. (2017) revealed that only few farmers have adopted some
form of adaptation technologies despite the benefits that come with such measures. However, the findings from
this study have shown otherwise. It was realized that all (100%) the respondents have implemented at least one
adaptation measure to support their cocoa farms against the impacts of climate change. This could be attributed
to the fact that majority of the respondents have observed the impacts of climate change on cocoa production, are
knowledgeable about the concept of climate change adaptation, and have realized the need to mitigate and adapt
to it. Even for those who perceived climate change as a punishment from God, they had implemented at least one
adaptation measure. The adaptation measures commonly adopted are shown in Figure 6.
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Planting of shade trees I 88.9
Good agricultural practices EENN 817
Income/Crop diversification EE 66.7
eased and more frequent spraying of the cocoa farm N 48.9
Increased use of fertilizer EEI 484
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Mixed cropping cocoa with other crops N 30.6
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Figure 6. Adaptation technologies adopted by farmers in the last 10 years in the Offinso Municipalities
Source: Field data, 2022

It was realized that majority (88.9%) of the respondents had adopted agroforestry as the main adaptation measure
in building resilience against the impacts of climate change in their cocoa farms. This finding actually buttresses
the earlier claim by the respondents that the main cause of climate change is the indiscriminate felling of trees.
Replacing the lost trees with agroforestry systems present a distinctive opportunity to enhance carbon stocks in
the terrestrial biosphere (Albrecht & Kandji, 2003). Aside from this, shade trees in cocoa farms also provide
alternative sources of income that give economic relief to farmers through farm diversification with timber and
non-timber products (Schroth & Ruf, 2014).

The study also realized that 81.7% of the repsondents actually adopt good agricutural practices such as weeding,
pruning, and mulching against climate change. This finding supports Ehiakpor et al (2016) which mentioned that
there are various Climate-Smart Agricultural (CSA) techniques like integrated nutrient management, that
contribute to effective soil management practices including mulching, organic and inorganic inputs,
intercropping, and irrigation. Respondents (66.7%) further adopted income and crop diversification such as petty
and skilled trade, planting of drought resistant crops that can withstand temperature stresses and take maximum
advantage of prevailing rainfall.

Chemical application is considered to provide maximum protection to cocoa farms due to the unpredictable
rainfall pattern (Oyekale, 2015). From Figure 6, 48.9% of respondents adopted frequent spraying of cocoa farms
to reduce the impacts of climate change and pest and disease infestation. The study further shows that 48.4% of
participants increased fertilizer application as an adaptation measure, which aligned with recommendations by
Asare and David (2009). Furthermore, 38.3% of the respondents adopted the use of improved (hybrid) cocoa
varieties that are sunshine tolerant, resistance to multiple stresses, mature early, and give higher yields as
compared to the traditional Amazon variety.
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According to Asare and David (2009), one surest way of safeguarding the cocoa farm especially young cocoa
from high temperature is by providing shade cover through the practice of mixed cropping. In this study, 30.6%
of respondents engage in mixed cropping to reduce cocoa seedling vulnerability to climate change. Crops such
as plantain, cassava and maize are planted since they have short maturity period and serve as food for consumption
all year round. According to Asante et al. (2017), planting of plantain suckers serve multiple purposes of
protective cover for young cocoa plants against extreme sunshine, as food for the family, and a source of
household income from the sales of the crop.

The farmers (15%) also engaged in either cultivation of new cocoa farms or expansion of the existing ones for
income security against any fall in expected yields. This practice of expanding cocoa farms has been criticized in
recent past to be a contributor to deforestation as farmers continue to clear new lands and cut down trees (Anim-
Kwapong & Frimpong, 2004). There should be a policy in place to rehabilitate and restore cocoa farms for
sustainable production (Ibid).

Some respondents (14.4%) created fire belts around their cocoa farms as a way of protecting the crop against
bushfires, while others (5%) migrated to their new farm sites as an adaptation measure against climate change.
Interestingly, as part of belief systems, some of the farmers (13%) believed that climate change is the work of
God and for that matter nothing can be done to reverse it, therefore, fighting it means fighting God. One
respondent commented: “I seek help from God through prayers to change the situation because the battle is the
Lord’s”.

It is important to mention that majority of the respondent (73%) confirmed that they have experienced a steady
rise in cocoa yields in the last three (3) cocoa seasons. The farmers generally attributed this gradual increase to
the aforementioned adaptation practices. Cocoa is a perennial crop unlike other crops and therefore requires
constant maintenance to improve yields.

Adaptation measures revealed in the focus group discussion

As is expected, discussants did not reveal any technique different from those of the interviewees. They however
revealed that, as a result of the gradual increase in cocoa yields in the last three (3) years, their household income
has begun to improve as compared to previous years.

Barriers to climate change adaptation

Adaptation to adjust to the impacts of climate change is not without limitations. From this study, farmers indicated
various challenges they face in the implementation of adaptation technologies. The findings are summarized in
Figure 7.
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Figure 7. Barriers to the adoption of adaptation technologies by cocoa farmers in the Offinso Municipalities

The outcome of the FGD also provided additional information on the challenges the farmers face in their efforts
to implement adaptation technologies. The farmers added that due to their old age coupled with the high
temperature which has affected their working hours, they resort to hire additional labour. “But unfortunately,
labour is currently expensive due to the competition from other sectors such as the mining sector, and the
migration of the youth to the cities. One discussant retorted. Other limitations mentioned include high cost of
irrigation systems, delay in input supply, and frequent breakdown of government’s cocoa spraying machines.
Another challenge the farmers raised was that although they are planting shade trees in their cocoa farms as part
of their climate change mitigation measures, and also serving as additional source of income, they don’t clearly
understand the tree tenure policy of the country. Moreover, they are not aware of any procedure to follow to
ensure that the trees planted are properly registered. They believe that because these measures are not in place,
they fear that in future, they may not be able to claim ownership of these trees. Lack of these measures also
encourage indiscriminate felling of cover trees by unscrupulous individuals.

Although respondents mentioned that they have received some support from cocoa farmers’ cooperatives,
government agencies including Ghana Cocoa Board, and Forestry Commission, these support base if strengthened
can go a long way to ease the adaptation constraints faced by cocoa famers.

Conclusions

Climate change is a major concern to farmers, especially cocoa farmers in Ghana. This study assessed the impacts
of climate change and its implications on the socio-economic lives of cocoa farmers in the Offinso Municipalities.
Firstly, the study analysed farmers’ understanding of climate change and its impacts on cocoa production. The
results show that most of the farmers have knowledge and understanding of the concept of climate change and
were also aware of climate variabilities in the study area. Majority of the respondents observed high temperatures,
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decreased rainfall, unpredictable rainfall patterns, and prolonged dry season in the last 10-15 years. The causes
of these climate variabilities included deforestation, land degradation mainly through illegal mining, and burning
of firewood for cooking. As a belief system, some regarded the climatic change as a punishment from God. Radio,
television, agriculture extension officers, fellow farmers and friends were their main sources of climate
information for decision-making.

Secondly, the research delved into the socio-economic implications of climate change on the livelihood of cocoa
farmers in the study area. A decrease in cocoa yield was the major impact of climate change except that the
farmers have started experiencing a gradual increase in yield in the last three (3) years due to the adaption
measures they have adopted. The farmers also experienced dying of cocoa trees, occurrences of unfamiliar pests
and diseases, delay in crop maturity, seedling mortality, resistance of pests and diseases to pesticides, and
reduction in post-harvest quality of cocoa beans. Regarding the impact on socio-economic lives, most respondents
experienced reduction in income. Other livelihood impacts included food insecurity; poor access to healthcare;
bad water quality; drying up of streams; and reduction in labour supply.

Thirdly, to address the negative impact of climate variability on cocoa production and livelihood, the study
focused on the adaptation technologies adopted by the farmers. The study revealed that majority of the farmers
understood climate change adaptation, and that, years of farming experience influences adaptation choices. The
study further revealed that the farmers have adopted some form of adaptation measures perceived to be effective
in reducing the adverse impact of climate change. The adaptation measures commonly adopted and ranked in
descending order according to the findings are: agroforestry, good agricultural practices, crop diversification,
frequent spraying and fertilizer application, adoption of hybrid varieties, farm expansion, creating fire belt,
praying for God’s help, and migrating to different farm lands. As a result of these measures, gradual increase in
crop yield over the last three (2018/2019 to 2020/2021) cocoa seasons was observed. This revelation is consistent
with the annual cocoa production performance of the districts within the same period.

Lastly, the study identified the barriers to cocoa farmers’ adaptation drive. These include financial constraints,
inadequate labour supply, poor access to improved seedlings, poor irrigation facilities, low level of technology,
inadequate weather information, small landholding size, and the absence of tree tenure policy. It however, came
to light that most of the respondents received support (though inadequate) for their adaptation efforts from farmer
organizations, government, NGOs, and Licensed Cocoa Buying Companies.

In conclusion, cocoa farmers in the Offinso Municipalities have experienced a gradual increase in cocoa yields in
recent years which is attributed to the various adaptation technologies implemented. This implies that adopting
adaptation technologies is the surest way of reducing the impacts of climate change on cocoa production and
improving household income of cocoa farmers. It is therefore recommended that stakeholders in the cocoa
industry pay more attention to adaptation technologies and encourage more farmers to adopt such measures. In
addition, a collaborative effort from government agencies and institutions and traditional leaders is needed for
law enforcement against deforestation and illegal mining. Lastly, adequate education to cocoa farmers on
agroforestry, good agricultural practices, and other adaptation techniques should be enhanced to improve
productivity. Since this study covers only cocoa farmers, future research should consider examining the impacts
of climate change on other crops like food crops, and the implications of that on the farmers’ livelihood in the
study area.
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Abstract

The purpose of the study is targeted to explore and investigate the potential performance of the stock investment
in Malaysia in overcoming the inflation of the Malaysian economy. The primary goal of the investment is
motivated to overcome the inflation rate to avoid losing the purchasing power. This leads to the problem statement
for the study to investigate the performance of the KLSE market index growth against the inflation rate in
Malaysia. The methodology of the research had focus in the application using past ten years of data including the
range from 2013 to 2022 to compare the growth of the inflation against the KLSE market index. The findings had
provided the sufficient evidence to showed that the inflation rate in average had exceed the KLSE market index
growth reflecting that the investment in overall Malaysian stock is not favourable to overcome the increasing
inflation in the country. In addition, the average Fixed Deposit (FD) rate in Malaysia had surpassed both the
inflation rate and KLSE market index growth in average for the past ten years performance. The recommendation
drawn from the study had proposed more solid management of the portfolio by not over diversifying the portfolio
for the stock investment. The outcome for the study had provide the significant contribution and refenrece towards
the academic and investors to gain future input.

Keywords: investment; Kuala Lumpur Stock Exchange; inflation; Malaysia; fixed deposit rate; portfolio

Introduction

The rising concerns for the inflation of the prices among the goods and services for the Malaysian consumers had
been at the boiling point where a lot of consumers had expressed their struggle in meeting the day-to-day expenses
to meet the purchase of the necessities. Recently, the hike in the consumer goods’ prices had put a major address
at the national level in the understanding to overcome the rising living cost in Malaysia (Yeoh, 2023). Many
individuals had been relying on to work more than one jobs as well as getting support from the government
initiatives to create sufficient income to survive against the rising living cost. However, one of the common
methods for the individuals to beat the inflation is to invest where the investment is believed to become the solid
solutions to beat the inflation rate as maintaining the purchasing power for the individual (Farooq & Ahmed,
2018).

Coming into the view of the investment, there are many multiple types of investment that is in the picture and
there is also no guarantee where the investment can always provide higher return or at the favourable side beat
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the inflation despite the myth of the investment becoming the method to overcome the rising prices with the time
value of money concept (Yang & Shafiq, 2020). However, it is still the fundamental for the investors to invest to
fight against the inflation rate where the inflation rate is often becoming the benchmark reference for the minimum
required rate of return when comes to making investment decision (Huawei, 2022) One of the popular type of
investment in Malaysia had been the stock investments where the public listed companies in Malaysia had been
encouraging for majority of the investors and being viewed as very potentials tocks to generate higher return than
other investment like fixed deposits and mutual funds (Triyawan et al., 2022). Investments like fixed deposit
could posed very minimum risk exposure for the investors but the common expectations for investors would
express the return from fixed deposit would be hardly sufficient to cover the rising inflation rate in the country
(Yeoh, 2023).

With the problem statement being identified which is to study the ability for the stock investment to beat the
inflation rate in Malaysia, the Kuala Lumpur Stock Exchange (KLSE) will become the representation for the
stock portfolio investment where the market index of KLSE will provide the combination of the performance of
all the public listed companies in Malaysia. Based on the historical trend of the return for the market index will
be referring to the equivalent for the portfolio return for the investment which will provide the significant
comparison towards the incremental of the inflation rate in the country (Yeoh, 2022). The buy and hold strategy
will be implied in this measurement to ease the methodology of the quantitative study and drawing the
understanding towards the outcome for the study (Tsaurai, 2018).

With this, the objective of the study had been identified which is to investigate the stock portfolio return in
Malaysian stock market against the inflation rate in the country. The outcome for the study will create the
significant contribution to understand the relevance impact towards the investment strategy of the individual to
identify the power of stock investment to win against the inflation rate of the country. This will provide higher
refenrece for the individuals in selecting the right choice and preference in the type of investment to drive better
achievement for the wealth of the investors (Narayan, Phan & Narayan, 2018).

Literature Review

The prior knowledge derived from concepts of finance and economics gave a clear indication that the role of
investments will help investors achieve greater wealth while reducing pressure on the country's inflation rate.
According to Jareno, Ferrer & Miroslavova (2016), the most common mistake people make is not investing,
which causes money to lose value over time. This allows the investment return to exceed the inflation rate. This
is due to the concept of time value of money, which will ultimately result in a similar amount of money being
recorded at a lower value in the future. For this reason, investors often create a portfolio investment that allows
money to grow over time through the investment, thus ensuring that the growth of money and wealth correlates
with the country's rising inflation (Nkoro & Uko, 2016). In addition, according to Ichsan et al. (2021), the creation
of a portfolio was planned to increase investors' risk returns, which is considered the best way to protect against
rising inflation.

Antonakakis, Gupta, & Tiwari (2017) found that using a portfolio investment strategy typically produced positive
results, as portfolio returns were more likely to produce a positive return for investors even during recessions.
Thus, the ability of portfolio investments to diversify risk in investment portfolios and provide investors with
stable returns has been proven. A constant return that ultimately offsets the falling value of money can counteract
rising inflation. Salisu, Sikiru & Vo (2020) emphasized that despite the fact that portfolio investments may not
maximize the potential return on investment, they still provide a stable and consistent return sufficient to match
the time value of money.
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Based on prior knowledge, previous publications have argued that stock investments are the best types of
investments because the performance of stocks is typically favorable, especially during economic booms (Kwofie
& Ansah, 2018). Company performance was often influenced by the economic situation, which was reflected in
the share price performance of the stock market. Stock market performance is expected to have a favorable
relationship with economic growth as the economic environment changes over time as evidenced by GDP growth
(Yismaw, 2019). As a result, investing in a stock portfolio gave the impression that the value would increase
dramatically over time. Therefore, when investors compare investment assets with the country's inflation rate, the
growth of their stock portfolio investments will usually exceed that of the overall inflation rate (Salisu, Akanni &
Raheem, 2020). Furthermore, although portfolio investments in the stock market are expected to generate positive
returns during a recession due to their diversification, the inflation rate is expected to decrease (Bonab, 2017).
With reference to the previous studies, the positive relationship and correlation is expected to be identified
between the stock investment and the inflation rate which translate to the similar direction of the growth.
However, the literature review had been lacking in suggesting the gap where there is no solid evidence to pose
the supporting on the stock market return in comparison against the inflation rate in Malaysia. The scope of
interest had been crucial to be addressed in the world of finance and economics where the one of the major
objectives for the investors is to drive higher return against the inflation rate of the local economy. Therefore, the
current study will address the motivation to explore the review on the stock investment in Malaysia in overcoming
the inflation within the economy of Malaysia.

Research Methodology

The research methodology of the study will enable the application of the quantitative analysis method which is
crucial to consider the current state of research in which the numerical data from the historical data on the stock
market return and inflation rate in Malaysia is heavily involved. This introduces comparative analysis, which
comparative analysis is a method by which two or more variables that provide a consistent measurement are
systematically compared and contrasted in order to increase understanding of the similarities and differences and
to provide higher visibility of quantitative measurements output (Pigtkowski, 2020). It is a valuable tool in various
disciplines including economics, business administration, sociology, politics, literature and more (Roig-Tierno,
Gonzalez-Cruz & Llopis-Martinez, 2017). It is important to note that the level of detail and complexity of a
comparative analysis can vary greatly depending on the context and the entities being compared (Fainshmidt et
al., 2020). Additionally, it is important to ensure that the criteria used for the comparison are relevant and
appropriate for the specific context of the analysis (Ezejiofor, Olise & John-Akamelu, 2017).

The comparative analysis will direct the quantitative analysis using the Kuala Lumpur Stock Exchange (KLSE)
market index and the inflation rate in Malaysia for the timeline of the 2013 to 2022 to provide the coverage for
the recent trend for the past ten years. The period of the ten years had been significant as the timeline cover the
experience of the major recession during the time of the Covid-19 to ensure the measurement involving the up
and down within the market trend. In addition, the fixed deposit return will be further included as part of the
additional analysis to provide additional insight on understanding the comparison towards the lowest risk of the
investment by the investors through the fixed deposit investment.

Results and Findings

Based on the findings from the study, it had been identified that the measurement of the overall Malaysian stock
performance as the portfolio investment is being measured through the Kuala Lumpur Stock Exchange (KLSE)
market index growth for the past. The assessment for the growth will be refenrece for the past ten years trend.
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The similar data input will then be compared against the ten years of the inflation rate in Malaysia. With such
comparison, the demonstration of the table data can be referred as below.

With refenrece to the Table 1 as shown, the past trend of historical data collected had focus in the most recent ten
years’ period where the average of the percentage achievement had been summarized to understand the
comparison between the inflation rate in Malaysia against the KLSE market growth. The clear outcome from the
comparative analysis had identified the inflation achieving 1.96% had been exceeding the growth of the KLSE
market index with only -0.79%. The negative outcome in the KLSE market index growth and suggested that the
combination of the overall stock investment in Malaysia is likely to reduce the wealth of the investors. The
inflation rate still remained as positive integer suggesting the continuous growth of the Malaysian inflation over
time and being higher compared to potential portfolio return in the stock portfolio investment.

Table 1: Comparison Between Inflation Rate and KLSE Market Index Growth

Year Inflation KLSE Growth
2013 211 % 10.91 %
2014 3.14 % 6.16 %
2015 2.10% -9.35%
2016 2.09 % -3.08 %
2017 3.87% 6.63 %
2018 0.88 % -4.09 %
2019 0.66 % -1.15%
2020 -1.14 % -10.24 %
2021 248 % 211 %
2022 3.38% S5.77%
Average 1.96 % -0.79 %

The potential reasons to address the negative return through the growth of the KLSE market index can be reference
to the trend of the major recession during the Covid-19 dated back in the year 2020 to 2022 which had created
the tremendous loss in the stock market where majority of the businesses are suffering and struggle to make the
comeback to generate consistent profit like the previous times. This had certainly taken into consideration to
explain the negative return for the portfolio investment in Malaysia. In addition, the higher inflation rate can be
explained to verify the statement where the consumer price goods (CPI) had been increasing drastically in
Malaysia which proven through the statistics where the impact from the Covid-19 situation does not seems to
slow down the inflation rate in Malaysia. The gap between the average inflation rate had been reaching more than
2% differences which is considered significant based on the ratio towards the average percentage for the KLSE
market index growth. In other words, the growth of the inflation rate had likely to reduce the purchasing power
for the investors provided the investors had been investing in a well-diversified stock portfolio in Bursa Malaysia.
Shifting back to the attention on the feasibility of the portfolio stock investment in Malaysia to overcome the
rising inflation in the Malaysian economy, the answer to the research question had been very clear where the past
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ten years trend had suggested the failure for the portfolio return to beat the rising inflation rate where the investors
will likely to loss out in both wealth and purchasing power when investing in the Malaysian stocks portfolio. With
the investment strategy being not advisable for the Malaysian investors, the next question will arise to address on
the potential alternative investments that will be made available for the investors besides the preference towards
the portfolio investment through the stock market tin Malaysia.

The fixed deposit (FD) investment is often being referred safe investment where the risk had been minimal for
the investors with the offering of the steady flow of return. In Malaysia, the FD is a common investment alternative
for investors that prefer to have low risk investment which is highly fitting for the investment for the investors
which are lacking the investment knowledge or being risk averse. In common understanding, the FD often appear
as lower return options compared to equity investment and bond investment which aligned with the concept of
risk and return where investment like the equity and stock investment will appear to be higher risk which induced
higher return to attract the investors to invest with compensation of higher risk premium.

Table 2: Comparison with FD Rate in Malaysia

Year Inflation KLSE Growth FD Rate
2013 211 % 10.91 % 2.97 %
2014 3.14 % 6.16 % 3.05 %
2015 2.10 % -9.35 % 3.12%
2016 2.09 % -3.08 % 3.03 %
2017 3.87 % 6.63 % 2.92 %
2018 0.88 % -4.09 % 3.14 %
2019 0.66 % -1.15% 2.98 %
2020 -1.14 % -10.24 % 1.95%
2021 2.48 % 211 % 1.56 %
2022 3.38% 5.77 % 1.95 %
Average 1.96 % -0.79 % 2.67 %

The Table 2 had been providing the demonstration of the additional factor of the FD rate into the consideration.
To the surprising fact, the FD rate had been showing the highest average return for the investment in comparison
against the inflation rate and the KLSE market index growth. This suggests the strong growth in the investment
wealth where the FD rate provide a consistence but also steady growth for the investment return. The potential
reasoning can be addressed with the concept of the risk and return. It is expected to have higher return when
comes to the higher risk to bear for the investors but include higher uncertainty. The negative impact from the
Covid-19 and major recession that had shaken the world definitely had become more concerning for the investors
as the negative impact results in the fall for the return for the portfolio investment in the Malaysia stock.

To summarize the potential indication from the evidence, the FD rate appear to be higher than the KLSE market
index growth is most likely to occurred due to the major recession causing majority of the fall in the stock prices
during the time of Covid-19 creating the lower average return for the KLSE market index growth but the similar
impact is not significant towards the where the FD rate remained positive and being consistence over the past
years. Therefore, it is evidence that the investing in FD may not generate great return for the investors but able to
create consistence positive return that result in achieving higher ROl over the equity investment in stock market.
The impact from the major recession from the Covid-19 period had observed the reduce in the FD rate but still
remained positive return creating higher average return over other investment in terms of ROI.
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Discussion on Findings

Another potential address for the outcome for this study had shown the lower achievement in the return from the
average KLSE market index growth which indicating the unfavourable situation where the investment in portfolio
through the selection of stocks in KLSE will not be likely to beat the inflation or even the FD rate return. However,
one of the potential reasons that generate this outcome could be led by the fact of over diversifying. The term of
over diversification referred to the fact where the effect from over diversification of the number of stocks in the
portfolio will create likeliness of diverse impact.

Firstly, the high diversification of the stocks through the total number of stocks in KLSE stock market will induce
lower returns over a normal portfolio. The advisable size of the portfolio management refers to no more than 20
stock for a portfolio to remain as effective to deliver adequate return against the average benchmark of investment
return. Therefore, including too many different stocks in the portfolio will reduce the overall return due to the
allocation of the ROI being insignificant within the portfolio investment and falling behind the benchmark of the
average investment return. In addition, the high number of stocks will eliminate the opportunity to earn higher
return for large companies’ stock resulting in lower and unfavorable return. Therefore, the measurement through
the KLSE market index growth had reflected in similar situation as describe in the over diversification in
investment.

Furthermore, the combinations of the stocks in KLSE market index will include the good and bad performing
stocks in the market where the average growth of KLSE market index took into consideration of both type of
performance. Unlike the usual investment strategy, the selection and choice of stocks remained crucial to address
the designation of the portfolio. Therefore, the reason why investors may still be beating the inflation in the
economy could be contributed by smart investing strategy through the technical analysis to identify the favourable
choice of stocks investment to be included into the portfolio. In other words, the combination of the stocks in a
portfolio should be focus and small to generate higher return for the investment rather than over diversification
through the high number of stocks within the Malaysian stock market.

Conclusion

The outcome of the research had concluded the objective of the study which is to explore the ability for the
portfolio investment in Malaysia to overcome the inflation rate in the Malaysian economy. The simple answer
towards the study is not likely with the overall KLSE market index growth not being able to exceed the inflation
rate for the past ten years. However, this was also affected by the fact where the stock market is experiencing the
bad wave from the major recession during the Covid-19 period which results in negative growth during the year
of 2020 to 2022. This had affected the overall growth of the KLSE market index resulting in average of negative
return over the ten years’ trend. In another assessment, the FD rate appear to be more attractive over the past ten
years’; return where the FD may pose lower risk and return but considering the negative economic impact, the
study had eventually observed the positive return for the investment. Therefore, the FD rate investment appear to
be safer and less prone to the adverse impact from the investment world compared to the stock portfolio
investment.

The outcome of the study remained significant to contribute to the knowledge for the academic where the findings
had contributed to the newfound knowledge that will reduce in the gap of the literature review. The findings will
generate future reference that will be crucial to address relevance scope of study by the future researchers. In
addition, the outcome for the study will become great refenrece for the investors to further understand the right
investment strategy to overcome the inflation rate for the individuals which identified as the primary reason for
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investing. With this, the investment strategy should be focused to invest in small range of stocks for the portfolio
to induce greater control and return from the investment.
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