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Abstract

Background and Objectives: Small and Medium Enterprises (SMEs) play a crucial
role in economic development and employment generation, particularly in emerging
economies. In Indonesia, SMEs represent more than 99% of business entities,
contribute approximately 61% of national GDP, and employ about 97% of the
workforce. Despite their economic importance, SMEs are increasingly exposed to
environmental and macroeconomic pressures that threaten operational sustainability.
Climate change disrupts production through extreme weather events, energy price
volatility, and instability in raw material supply chains. At the same time, global
economic uncertainty reflected in inflationary pressures, exchange-rate volatility, and
geopolitical tensions creates additional operational risks that may increase firms’ cost
structures. These challenges are particularly relevant for SMEs in the garment and
clothing sector, which is characterized by labor intensive production and strong supply
chain dependence. Although previous studies have examined environmental
uncertainty and firm performance, limited research has explored the mechanisms
through which climate change and global uncertainty influence SMEs’ operational
costs. In particular, digital technology adoption and digital financial literacy may
function as adaptive capabilities that help SMEs respond to environmental turbulence,
although such investments may also generate short-term adjustment costs. In addition,
the role of financial inclusion in shaping these cost dynamics remains underexplored.
Therefore, this study examines how climate change and global economic uncertainty
influence SMEs’ operational costs through the mediating roles of digital technology
adoption and digital financial literacy, as well as the moderating role of financial
inclusion.

Methodology: This study employs a quantitative research design using cross-sectional
survey data collected from 270 owners and managers of SMEs operating in Indonesia’s
garment and clothing sector. Respondents were selected through purposive sampling to
ensure their involvement in business operations, digital technology adoption, and
financial decision-making. Data were collected using a structured questionnaire with
Likert-scale indicators adapted from established studies. The main constructs include
climate change exposure, global uncertainty, digital technology adoption, digital
financial literacy, financial inclusion, and operational costs. The analysis also includes
control variables, namely firm size, firm age, sub-sector, regional characteristics, and
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input utilization. The empirical analysis was conducted using Partial Least Squares
Structural Equation Modeling (PLS-SEM), which is suitable for examining complex
mediation and moderation relationships.

Key Findings: The empirical results reveal several important findings. First, climate
change has a positive and significant effect on SMEs’ operational costs, indicating that
environmental disruptions increase production, energy, and logistics expenses. Second,
both climate change and global economic uncertainty significantly stimulate the
development of adaptive capabilities, particularly through increased digital technology
adoption and improved digital financial literacy. Third, digital technology adoption and
digital financial literacy significantly increase operational costs in the short term. This
finding reflects adjustment costs associated with digital transformation, including
investments in digital infrastructure, employee training, and system integration. Fourth,
digital capabilities play a significant mediating role, suggesting that environmental and
macroeconomic pressures influence operational costs indirectly through capability
development. Finally, the moderating effect of financial inclusion is not statistically
significant, indicating that access to financial services alone does not substantially alter
how digital capability investments affect SMEs’ operational cost outcomes.

Policy Implications: The findings offer several policy implications. First,
policymakers should strengthen SME resilience by improving logistics infrastructure,
promoting energy-efficient production technologies, and stabilizing supply chain
systems to reduce climate-related cost pressures. Second, governments should expand
SME digital transformation initiatives, including training programs in e-commerce
management, digital accounting systems, and digital supply chain platforms. Third,
because digital capability development requires substantial initial investment, financial
policy support is needed to reduce SMEs’ transitional cost burdens. Policy instruments
such as tax incentives for digital technology adoption, subsidized digital infrastructure,
and low-interest financing programs can facilitate SME digitalization. Strengthening
digital capabilities and digital financial literacy can ultimately enhance SME resilience
and support sustainable economic development under climate-related risks and global
economic uncertainty.

Keywords: Climate Change; Digital Technology; Operational Costs; Financial
Literacy; Indonesian SMEs

JEL Classification Codes: M21; Q54; O33; G53

1. Introduction

Small and Medium Enterprises (SMEs) are widely recognized as the backbone
of Indonesia’s economy. According to Statistics Indonesia (Badan Pusat Statistik
[BPS], 2024), SMEs account for more than 99% of all business entities and contribute
approximately 61% of Indonesia’s Gross Domestic Product (GDP), while employing
around 97% of the national workforce (BPS, 2024; Ministry of Cooperatives and SMEs,
2024). These figures underscore the critical role of SMEs in supporting economic
growth, employment generation, and regional development across the country. In
Indonesia, SMEs are legally defined under Law No. 20 of 2008 on Micro, Small, and
Medium Enterprises (2008), which classifies firms based on asset ownership and
annual turnover. Micro enterprises possess assets of up to IDR 50 million and annual
sales of up to IDR 300 million; small enterprises have assets between IDR 50 million
and IDR 500 million with annual sales of up to IDR 2.5 billion; and medium enterprises
hold assets between IDR 500 million and IDR 10 billion with annual sales reaching up
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to IDR 50 billion. Among the various SME sectors, the garment and batik industry
plays an important role in Indonesia’s manufacturing economy. The textile and apparel
sector contributes substantially to manufacturing output and exports while generating
employment for millions of workers, particularly within labor-intensive SMEs
(Ministry of Industry, 2024). Many SMEs operate in clothing production, batik
manufacturing, and related creative industries, making this sector an important driver
of local economic activity and cultural heritage preservation.

However, SMEs in the clothing and batik sector are increasingly confronted
with rising operational costs resulting from the combined pressures of climate change
and global economic uncertainty. Climate change intensifies energy consumption,
disrupts raw material supply, and increases logistics expenses through extreme weather
events and supply chain instability (Hiigel & Davies, 2024; Tang et al., 2024). At the
same time, global uncertainties including inflation, exchange-rate volatility, and
geopolitical tensions further increase production costs and weaken SME
competitiveness (Hoekman et al., 2002; Martos-Pedrero et al., 2025). These challenges
are exacerbated by limited digital capability and low financial literacy, which constrain
firms’ ability to improve efficiency and manage operational costs effectively (Lontchi
et al., 2023; Nguyen et al., 2024). Although Indonesia has expanded financial inclusion
through national policy initiatives and fintech development programs, the impact
remains uneven due to low utilization and weak integration with digital transformation
and financial literacy initiatives (Beck, 2020; Faruq et al., 2023). This issue is
particularly important because SMEs must strengthen resilience and mitigate rising
operational costs under increasingly uncertain environmental and economic conditions.
Existing studies also provide mixed evidence regarding the effects of digitalization and
financial literacy on operational efficiency (Kroh et al., 2024; Truong & Nguyen, 2024),
while the moderating role of financial inclusion in shaping operational cost dynamics
remains insufficiently explored (Grohmann et al., 2017).

Despite the growing literature on SME resilience and digital transformation,
several important gaps remain. First, most previous studies examine digitalization or
financial literacy as independent drivers of firm performance, while limited attention
has been paid to how these capabilities emerge as adaptive responses to environmental
shocks such as climate change and global economic uncertainty. Second, empirical
findings regarding the relationship between digitalization, financial literacy, and
operational costs remain inconclusive. While some studies suggest that digital
transformation improves efficiency and reduces operational costs, others indicate that
the early stages of digital adoption may increase operational expenditures due to
investment and adjustment costs. Third, although financial inclusion has been widely
discussed in development and financial economics literature, its role as a moderating
factor influencing how digital capabilities affect SME operational cost dynamics
remains underexplored, particularly in emerging economies.

To address these gaps, this study investigates how climate change and global
uncertainty influence SMEs’ operational costs through the development of digital
technology adoption and digital financial literacy, while also examining the moderating
role of financial inclusion. Focusing on SMEs in Indonesia’s clothing and batik sector,
where adaptive capacity remains relatively limited, this study contributes to the
literature in three ways. First, it integrates environmental and macroeconomic pressures
into a unified analytical framework explaining SMEs’ operational cost dynamics.
Second, it introduces digital financial literacy as a distinct capability affecting
operational cost structures. Third, it extends Dynamic Capabilities Theory and
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Financial Intermediation Theory by explaining how environmental pressures, digital
capability development, and financial access interact in shaping SME resilience.

The findings are expected to provide valuable insights for policymakers,
financial institutions, and SME practitioners in designing targeted digital training
programs, strengthening financial literacy initiatives, and developing inclusive
financing policies that support SME resilience. The remainder of this paper is organized
as follows. Section 2 reviews the relevant literature. Section 3 presents the conceptual
framework and hypothesis development. Section 4 describes the methods and data.
Section 5 reports the empirical results. Section 6 discusses the findings. Finally,
Sections 7 and 8 present the conclusions and policy implications, respectively.

2. Literature Review

2.1 Climate Change and Global Uncertainty

The influence of climate change and global uncertainty on SME performance
can be understood primarily through the lens of Dynamic Capabilities Theory. This
theory argues that firms must continuously sense environmental changes, seize
emerging opportunities, and reconfigure resources to survive under turbulent conditions
(Teece, 2017). In the context of Indonesia’s clothing-sector SMEs, climate volatility
and global uncertainty represent major external shocks that increase production risk,
disrupt supply chains, and elevate operational costs (Bloom, 2014; Schaeffer et al.,
2012). SMEs possessing strong adaptive capabilities are generally better able to
mitigate these pressures by adjusting their strategies, technologies, and financial
practices. Empirical evidence also suggests that firms with superior dynamic
capabilities are more capable of maintaining cost efficiency under environmental and
market instability (Tang et al., 2024; Zhao et al., 2024).

Climate change has become an increasingly important determinant of business
sustainability, particularly for SMEs operating in labor-intensive manufacturing
sectors. Extreme weather events, disruptions in raw material supply, and rising energy
costs can significantly affect production continuity and operating efficiency. These
risks are especially relevant in developing economies where SMEs often have limited
adaptive capacity and restricted access to technological and financial resources. At the
same time, global economic uncertainty reflected in inflationary pressures, exchange-
rate fluctuations, geopolitical tensions, and market instability further complicates
business operations and increases financial vulnerability. Consequently, SMEs must
continuously adapt to external pressures to sustain competitiveness and operational
resilience.

2.2 Digital Technology Adoption

The adoption of digital technology among SMEs can be explained through the
Diffusion of Innovation (DOI) theory and the Technology Acceptance Model (TAM).
DOI explains how innovations spread within organizations based on perceived
advantages and compatibility with existing practices (Feeny & Rogers, 2003), while
TAM emphasizes that technology adoption is primarily driven by perceived usefulness
and ease of use (Davis, 1993). These frameworks suggest that SMEs are more likely to
adopt digital technologies when they perceive improvements in operational efficiency
and business performance.

Under increasing climate pressure and global uncertainty, digital technologies
such as e-commerce platforms, digital supply-chain systems, and electronic payment
services become important mechanisms for improving operational flexibility, reducing
transaction costs, and maintaining competitiveness. Digitalization also enables firms to
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improve communication, manage inventory more efficiently, and respond more
effectively to changing market conditions. However, digital adoption among SMEs
remains constrained by several factors, including high investment costs, limited
technological capability, inadequate infrastructure, and weak institutional support
(Feeny & Rogers, 2003; Le et al., 2023). These constraints are particularly evident
among SMEs in developing economies, where digital transformation often requires
substantial organizational adjustment and resource commitment.

2.3 Financial Literacy

Financial literacy functions as an important strategic resource within the
Resource-Based View (RBV) framework. RBV argues that competitive advantage
depends on a firm’s ability to manage valuable, rare, inimitable, and non-substitutable
resources effectively (Peteraf & Barney, 2003). In this context, financial knowledge
and managerial competence enable SME owners to make better decisions regarding
budgeting, investment, financing, and risk management.

Improved financial literacy strengthens firms’ ability to cope with external
shocks such as climate risk and macroeconomic volatility by enhancing financial
planning and operational decision-making. SMEs with stronger financial literacy are
generally better able to allocate resources efficiently, evaluate financing alternatives,
and manage liquidity pressures. Prior studies have shown that financial literacy
contributes positively to operational efficiency, business sustainability, and
organizational resilience, particularly among SMEs facing uncertain economic
environments (Liu et al., 2024; Nguyen Thanh et al., 2024). In the digital era, digital
financial literacy has become increasingly important because firms are required not
only to understand conventional financial management but also to utilize digital
financial services and technologies effectively.

2.4 Financial Inclusion

The role of financial inclusion can be explained through Financial
Intermediation Theory, which emphasizes how access to formal financial services
improves resource allocation, liquidity management, and transaction efficiency (Beck,
2020). For SMEs, broader access to banking services, digital finance, and credit
facilities can reduce financing constraints, support technological investment, and
improve operational performance (Ayyagari et al., 2011; Beck et al., 2005).

Financial inclusion has become increasingly important in emerging economies
due to the rapid development of digital financial services and fintech platforms. Easier
access to financial services may help SMEs adopt digital technologies, manage working
capital, and respond more effectively to economic uncertainty. Nevertheless, the
benefits of financial inclusion depend heavily on firms’ managerial and financial
capabilities. SMEs with limited financial literacy may not fully utilize available
financial services or may face difficulties integrating financial access with operational
and technological strategies. Consequently, financial inclusion alone may be
insufficient to improve firm performance unless accompanied by adequate digital
capability and financial knowledge (Faruq et al., 2023).

2.5 Operational Costs

The relationship between digitalization, financial capability, and operational
costs can be further explained through Transaction Cost Economics (TCE). TCE argues
that firms seek to minimize transaction, coordination, and monitoring costs through
efficient governance mechanisms and technological solutions (Teece, 2014). Digital
technologies, electronic financial services, and integrated supply-chain systems can
reduce information asymmetry, improve coordination efficiency, and enhance financial
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transparency, thereby lowering operational costs over time (Nguyen Thanh et al., 2024;
Wang et al., 2025).

However, digital transformation may also increase operational costs in the short
run due to adjustment expenses associated with technology adoption, employee
training, system integration, and organizational restructuring. SMEs often face
significant transitional costs before efficiency gains can be fully realized. These
adjustment costs are particularly important in developing economies where SMEs may
have limited technological readiness and financial resources. Consequently, the
relationship between digital capability development and operational costs remains
complex and may vary depending on the stage of digital adoption, organizational
capacity, and external business conditions.

Overall, the literature suggests that climate change and global uncertainty
increase operational pressures on SMEs, while digital technology adoption and digital
financial literacy function as important adaptive capabilities that may shape operational
cost dynamics. At the same time, financial inclusion may influence how effectively
SMEs utilize these capabilities in responding to environmental and economic
challenges.

3. Conceptual Framework and Hypotheses Development

This study examines how environmental and economic pressures influence
SMEs’ operational costs through capability development and financial access. The
conceptual framework is primarily grounded in Dynamic Capabilities Theory, which
explains how firms respond to environmental turbulence by sensing threats, seizing
opportunities, and reconfiguring resources to maintain competitiveness (Teece, 2017).
Complementary theoretical perspectives further strengthen the framework. The
Resource-Based View (RBV) emphasizes the importance of strategic resources such as
digital capabilities and managerial knowledge in enhancing firm performance (Barney,
1995), while Transaction Cost Economics (TCE) explains how technological
mmnovation can reduce coordination and transaction costs. In addition, Financial
Intermediation Theory highlights the role of financial access in supporting investment
and operational efficiency (Beck, 2020). Accordingly, SMEs are expected to respond
to environmental pressures by developing digital capabilities that subsequently shape
operational cost dynamics.

3.1 Climate Change and Global Uncertainty on Digital Technology Adoption and
Digital Financial Literacy

The relationship between environmental pressures and digital capability
development can be explained through Dynamic Capabilities Theory, which
emphasizes firms’ ability to sense environmental changes, seize opportunities, and
reconfigure resources to remain competitive under uncertainty (Teece, 2017). Climate
change and global economic uncertainty increase operational volatility, supply chain
disruptions, and market instability, encouraging SMEs to strengthen adaptive
capabilities.

From the perspective of the Resource-Based View, digital technologies and
digital financial literacy represent strategic organizational resources that improve
information management, financial decision-making, and operational coordination
(Barney, 1995). Under uncertain business conditions, SMEs increasingly rely on digital
tools and financial knowledge to improve efficiency, reduce information asymmetry,
and strengthen resilience. Empirical evidence indicates that climate risks and economic
uncertainty accelerate digital transformation and financial capability development as
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firms seek greater flexibility and risk-management capacity (Faruq et al., 2023; Parra-
Loépez et al., 2024).
Based on these arguments, the following hypothesis is proposed:

Hypothesis 1 (H1): Climate change and global uncertainty positively influence
SMEs’ digital technology adoption and digital financial literacy.

3.2 Climate Change, Global Uncertainty, and Operational Costs

The relationship between environmental pressures and rising operational costs
can be explained through Dynamic Capabilities Theory and Transaction Cost
Economics. Dynamic Capabilities Theory suggests that firms operating in turbulent
environments must continuously adjust operational processes and resource
configurations to respond to external changes (Teece, 2017). Such adjustments often
generate additional coordination, monitoring, and adaptation costs.

Similarly, Transaction Cost Economics argues that environmental uncertainty
increases transaction and coordination costs because firms must allocate more resources
to secure supply chains, manage risks, and maintain operational continuity (Eccles &
Williamson, 1987). Climate change and global economic uncertainty therefore increase
operational complexity through supply chain disruptions, energy price volatility,
inflationary pressures, and unstable market conditions. Previous studies confirm that
climate-related risks and macroeconomic volatility increase operational expenditures
through higher input prices, logistics costs, and supply chain instability (Agrawal et al.,
2024; Schaefter et al., 2012).

Accordingly, the following hypothesis is formulated:

Hypothesis 2 (H2): Climate change and global uncertainty positively influence SMEs’
operational costs.

3.3 Digital Technology Adoption, Digital Financial Literacy, and Operational
Costs

The relationship between digital capability development and operational costs
can be explained through Dynamic Capabilities Theory and Adjustment Cost Theory.
Dynamic Capabilities Theory suggests that firms must continuously develop and
reconfigure internal resources to adapt to changing business environments (Teece,
2017). In this context, digital technology adoption and digital financial literacy
represent organizational capabilities that improve operational coordination, financial
management, and strategic decision-making.

However, Adjustment Cost Theory argues that investments in new technologies
and organizational capabilities often generate short-term adjustment costs before long-
term efficiency gains emerge. SMEs adopting digital systems typically incur
expenditures related to technology acquisition, software implementation, employee
training, and organizational restructuring. As a result, digital transformation may
initially increase operational costs before improving productivity and efficiency over
time.

Empirical studies support this argument by showing that digital transformation
and enhanced financial literacy frequently increase operational expenditures during the
early stages of implementation due to investment and adjustment requirements (Kroh
et al., 2024; Nguyen Thanh et al., 2024).

Therefore, the following hypothesis is proposed:

Hypothesis 3 (H3): Digital technology adoption and digital financial literacy
positively influence SMEs’ operational costs.
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3.4 Mediating Role of Digital Technology Adoption and Digital Financial
Literacy

The relationship between environmental pressures and firms’ operational
outcomes can also be explained through Dynamic Capabilities Theory, which
emphasizes firms’ ability to develop adaptive capabilities in response to environmental
turbulence (Teece, 2017). Climate change and global uncertainty increase operational
risks, cost volatility, and supply chain instability, thereby encouraging firms to
strengthen digital capabilities as adaptive responses.

From the Resource-Based View, digital technologies and digital financial
literacy represent strategic resources that improve information processing, financial
planning, and operational coordination (Barney, 1995). Prior studies indicate that
climate risks and economic uncertainty accelerate digital transformation and the
adoption of digital financial services as firms seek to improve operational flexibility
and resilience (Abu et al., 2025; Elfaki & Ahmed, 2024).

Consequently, environmental pressures are expected to affect SMEs’
operational costs indirectly through digital capability development. This leads to the
following hypothesis:

Hypothesis 4 (H4): Digital technology adoption and digital financial literacy mediate
the relationship between climate change, global uncertainty, and SMEs’ operational
costs.

3.5 Moderating Role of Financial Inclusion

The relationship between digital capabilities and operational costs may depend
on firms’ access to formal financial services. Financial Intermediation Theory suggests
that financial systems improve resource allocation by reducing transaction costs and
easing financing constraints (Alshater et al., 2021). For SMEs, financial inclusion
reflected in access to banking services, digital finance, and credit facilities can influence
how digital investments affect operational cost structures.

From the perspective of Dynamic Capabilities Theory, the effectiveness of
capability development also depends on the availability of complementary external
resources (Teece, 2017). SMEs with greater financial access may be better positioned
to finance technological investments, absorb adjustment costs, and utilize digital
systems more effectively. Empirical evidence also suggests that firms with broader
financial access tend to achieve better operational outcomes from digital transformation
initiatives (Ayyagari et al., 2011; Beck, 2020).

Therefore, the following hypothesis is proposed:

Hypothesis 5 (HS): Financial inclusion moderates the relationship between digital
technology adoption, digital financial literacy, and SMEs’ operational costs.

Based on the theoretical framework and the proposed hypotheses, the conceptual
model of this study is presented in Figure 1.
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Control Variable

Firm age Firm size Sub sector Region Input ]
Climate Change Financial Inclusion
and Global Uncertainties

Digital Financial Literacy 4
and Digital Technologies

A 4

Operational Costs

A

Figure 1. Conceptual Framework
Source: Authors’ compilation.

4. Methods and Data

4.1 Research Design and Sampling Strategy

This study investigates the impact of climate change and global uncertainty on
the operational costs of Indonesian SMEs, with particular emphasis on the mediating
roles of digital technology adoption and digital financial literacy, as well as the
moderating role of financial inclusion. To examine these relationships, the study
employs a quantitative cross-sectional research design, which is appropriate for
analyzing structural relationships among multiple constructs at a specific point in time
(Harrison et al., 2020). Although cross-sectional data cannot fully capture long-term
dynamic adjustments, this design is suitable for evaluating complex causal relationships
within an integrated empirical framework.

The study focuses on SMEs operating in Indonesia’s manufacturing sector,
particularly the garment and clothing industry, which has experienced increasing
operational pressures arising from climate-related disruptions and global economic
volatility. These SMEs are considered highly relevant because they are labor-intensive,
strongly dependent on supply chains, and relatively vulnerable to environmental and
macroeconomic shocks.

Data were collected using a structured survey targeting SME owners and
managers actively involved in strategic decision-making, digital technology adoption,
and financial management. Respondents were selected using purposive sampling to
ensure that participants possessed sufficient managerial knowledge and operational
experience relevant to the study objectives. Specifically, respondents were required to
be SME owners or managers aged at least 17 years, and their businesses must have
operated for a minimum of two years to ensure organizational stability and adequate
business experience.

The final sample consisted of 270 SMEs, which satisfies the recommended
sample size requirements for Partial Least Squares Structural Equation Modeling (PLS-
SEM). According to Sarstedt et al. (2022), PLS-SEM is appropriate for studies
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involving relatively small samples, non-normal data distributions, and complex
structural models containing mediating and moderating relationships.

4.2 Data Collection

Data were collected between September and November 2024 using a structured
questionnaire consisting of Likert-scale measurement items. The survey targeted SME
owners and managers in Indonesia who were directly involved in business operations
and strategic decision-making. Participation in the survey was voluntary, and
respondents were assured of anonymity and confidentiality throughout the data
collection process. The study complied with applicable research ethics standards and
institutional guidelines.

The measurement items used in this study were adapted from previously
validated scales in the literature to ensure content validity and conceptual consistency.
Indicators measuring climate change exposure were adapted from C. Huang et al.
(2024), while global uncertainty indicators were derived from Martos-Pedrero et al.
(2025). Digital technology adoption measures were adapted from Sucahyo et al. (2024),
digital financial literacy indicators from Amnas et al. (2024), financial inclusion
indicators from Wahyudiono et al. (2022), and operational cost indicators from Liu et
al. (2023).

All perceptual variables were measured using a five-point Likert scale ranging
from 1 (“strongly disagree™) to 5 (“strongly agree”). Several questionnaire items were
slightly modified to reflect the operational conditions and business environment of
Indonesian SMEs while maintaining the conceptual meaning of the original constructs.
The operational definitions, indicators, and measurement items are presented in Table
1.

Table 1. Operational Variables and Measurement Indicators

] Indicator Indicator Sample
Variable L. . . Scale Source
Code Description Questionnaire Item

Extreme weather
Extreme weather : .
CC1 : i disrupts our Likert 1-5
disruption : L
production activities.

R terial Climate change

aw materia

cC2 ) W . affects the availability Likert 1-5
instability .

of raw materials.

Climate-related

Climate cC3 Energy cost di . Likert 1-5 Y. Huang et al.
conditions increase ikert 1—
Change (CC) volatility (2024)
energy costs.
. Climate risks disrupt
Logistics . .
CC4 . . logistics and Likert 1-5
disruption e
distribution.
. Climate change
Environmental . .
CCs increases overall Likert 1-5

business risk . .
business risk.

Global Global uncertainty
Uncertainties GU1 Market volatility — affects our market Likert 1-5
(GU) stability.

Martos-Pedrero
et al. (2025)
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Indicator Indicator Sample
Variable ! ! L. ] p' Scale Source
Code Description Questionnaire Item
Exchange-rate
Exchange-rate ) .
Gu2 | . changes increase Likert 1-5
instability . .
business uncertainty.
Inflation increases
GU3  Inflation pressure  operational Likert 1-5
challenges.
Policy uncertainty
GU4  Policy uncertainty complicates business  Likert 1-5
planning.
Pandemic &
an erfn.c Global crises affect )
GUS5  geopolitical ) Likert 1-5
business performance.
shocks
. . We use digital
Digital production . . .
DT1 systems in production  Likert 1-5
systems o
activities.
Digital ) . We actively use
& . Online marketing ) vey s ) Sucahyo et al.
Technologies DT2 donti online platforms for Likert 1-5 (2024)
adoption
(DT) P marketing.
. . Our accounting
Digital accounting C . .
DT3 system is digitally Likert 1-5
systems
managed.
FL1 Digital budgeting I rr'lanage.budgets Likert 1-5
skills using digital tools.
) ) I understand digital
Online transaction . . .
FL2 financial transactions  Likert 1-5
knowledge
. well.
Digital . . .

. . Digital financial I use digital tools for ) Amnas et al.,
Financial FL3 anni i 1 planni Likert 1-5 2004
Literacy (FL) planning inancial planning. ( )

Digital tools hel
Digital risk 1gital 1o el .
FL4 manage financial Likert 1-5
management .
risks.
FLS F i'n'fmci'al app I regul'arly use' ' Likert 15
utilization financial applications.
Banking service ~ We have easy access )
FI1 } : Likert 1-5
access to banking services.
Credit Access to business )
FI2 o .. Likert 1-5
accessibility credit is easy for us.
Financial Digital payment We use dlglta.l . .
. FI3 payment services Likert 1-5 Wahyudiono et
Inclusion usage 5 | L (2022
(FI) requently. al. ( )
Financial product We use various )
F14 . . . Likert 1-5
diversity financial products.
. . . We are satisfied with
Financial service ) . .
FIS available financial Likert 1-5

satisfaction

services.
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Indicator Indicator Sample
Variable L. ] p' Scale Source
Code Description Questionnaire Item
ocl Production cost Our p.roduction costs Likert 15
level have increased.
Lab
OC2  Labor costs } avor ejxpenses are Likert 1-5
increasing.
Operational 0C3 Enirgy & logistics Enirgy ar?d IOgIS.tICS Likert 1-5 Livetal, (2023)
Costs (OC) costs costs are increasing. .
oc4 Administrative Ad@inistratiYe costs Likert 15
expenses continue to rise.
Technol Technology
n -
0Cs cenoiogy investment increases  Likert 1-5
related expenses )
operating costs.
Years since Number of years of .
Agel . . . Ratio
establishment business operation.
Age2 Business maturity Business life-cycle Ordinal
stage stage.
Degree to which
Firm Age Aged Ope.ra?tlonal operational Processes Likert .5 Behl et al,
(Control) stability are standardized and (2022)
stable over time.
Extent to which
. routines and decision-
Experience-based i )
Aged ) making are shaped by Likert -5
routines .
accumulated business
experience
. Number of Total number of .
Sizel Ratio
employees employees.
Size2  Annual revenue Annual sales revenue. Ratio
. . . G hi f .
Firm Size Size4  Market reach eolfr':lp 1 s;ope © Likert 1-5 Audretsch et al.
market serve
(Control) ) ) (2020)
) Production Monthly production )
Size4 Ratio
volume volume.
. ) Estimated business .
Size5  Asset ownership Ratio
assets.
Clothi T f clothi
Sectorl oS . yp.e O ClotiTE Nominal
manufacturing business.
Business category
Sector2 Fashion services  (e.g., tailoring, Nominal
fashion).
Sub sector ashion) ) ) Porter (1985)
orter
(Control) Engagement in textile
Textile-based processing or fabric- .
Sector3 ) . Nominal
production based inputs as a
primary activity
A 1 retail— F tailing, )
Sectord pparel retai ocus on retailing Nominal

oriented activities

branding, or
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. Indicator Indicator Sample
Variable .. . . Scale Source
Code Description Questionnaire Item
distribution of apparel
products.
Quality of Our region supports
Regionl transport and smooth operational Likert 1-5
logistics logistics.
Local regulations
. Local legal and . g . .
Region2 facilitate our business  Likert 1-5
regulatory support i
operations.
Region We can easily reach Dimaggio &
Access to .
(COI/IU"OI) . ] supphers and . Powell (1983)
Region3 suppliers and ) Likert 1-5
customers in our
customers )
region.
} Our business faces
Regional
) ) challenges due to )
Region4 environmental ) ) Likert 1-5
. regional climate
risks .
conditions.
Raw material costs
Expenses on raw . .
Inputl } strongly influence our Likert 1-5
materials .
operational costs.
Lab t
Wage and benefit ¢ .or costsare d )
Input2 major component of  Likert -5
expenses .
Input our expenses. Bartik et al.
(Control) Utili Energy consumption (2020)
ili
Input3 v : significantly affects Likert 1-5
expenditures
our costs.
. ... Maintenance costs
Machinery/facility . .
Input4 contribute to overall Likert 1-5
upkeep

operational costs.

Source: Authors’ compilation.

4.3 Data Analysis Techniques

This study employs Partial Least Squares Structural Equation Modeling (PLS-
SEM) to analyze the proposed relationships among climate change, global uncertainty,
digital capability development, financial inclusion, and operational costs. PLS-SEM is
considered appropriate because the study involves a relatively complex structural
model that includes both mediation and moderation effects, while also accommodating
non-normal data distributions and moderate sample sizes (Hair et al., 2010).

PLS-SEM is particularly suitable for exploratory and predictive research that
emphasizes variance explanation and theory development. In this study, the method is
used to examine how environmental and macroeconomic pressures influence SMEs’
operational costs directly and indirectly through digital technology adoption and digital
financial literacy. In addition, financial inclusion is incorporated as a moderating
variable affecting the relationship between digital capabilities and operational costs.

The analysis was conducted in two stages: measurement model evaluation and
structural model evaluation. This two-step approach ensures that the constructs used in



Asian Journal of Applied Economics, 2026, Vol. 33, No. 2, Article No. 330207 | 14 of 29

the model are both reliable and valid before testing the hypothesized structural
relationships.

4.4 Measurement and Structural Model Evaluation

The measurement model assessment focused on evaluating construct reliability
and validity. Convergent validity was assessed using the Average Variance Extracted
(AVE), where values exceeding 0.50 indicate that the construct explains more than half
of the variance of its indicators (Henseler et al., 2015). Internal consistency reliability
was evaluated using Composite Reliability (CR) and Cronbach’s alpha, with values
above 0.70 considered acceptable.

Discriminant validity was assessed using both the Fornell-Larcker criterion and
the Heterotrait-Monotrait ratio (HTMT). Under the Fornell-Larcker criterion, the
square root of the AVE for each construct must exceed its correlations with other
constructs. For HTMT, values below 0.85 generally indicate satisfactory discriminant
validity (Henseler et al., 2015).

After confirming the adequacy of the measurement model, the structural model
was evaluated by examining path coefficients, coefficients of determination (R?), effect
sizes (f*), and predictive relevance (Q?). The significance of the structural relationships
was tested using bootstrapping procedures with 5,000 resamples, following the
recommendation of Hair et al. (2011). In addition, Variance Inflation Factor (VIF)
values were assessed to detect potential multicollinearity among predictor constructs.

Overall, the analytical framework enables a comprehensive evaluation of the
direct, indirect, and moderating relationships among environmental pressures, digital
capabilities, financial inclusion, and SMEs’ operational costs.

5. Results

5.1 Socio-Demographic Characteristics of Respondents

The socio-demographic characteristics presented in this study describe the
profile of the sampled respondents rather than the overall population of Indonesian
SMEs. The results indicate that most respondents are male (62.6%), although female
entrepreneurs and managers also constitute a substantial proportion of the sample
(38.4%). This finding reflects the relatively active participation of both men and women
in Indonesia’s garment and clothing SME sector.

In terms of age distribution, the majority of respondents fall within the
productive working-age category, with 42.7% aged between 35 and 52 years. This
suggests that most SME owners and managers possess considerable managerial and
business experience. Regarding educational attainment, a relatively large proportion of
respondents hold bachelor’s degrees (38.5%) or master’s degrees (23.8%), indicating
that many SME operators possess relatively strong educational backgrounds that may
support digital adaptation and financial decision-making.

Most surveyed businesses have operated for more than ten years (62.3%),
suggesting a relatively high level of organizational stability and business continuity. In
addition, approximately 64.1% of firms employ between 10 and 49 workers, indicating
that the sample primarily consists of small and medium-sized enterprises within the
garment and clothing sector. Overall, these characteristics suggest that the respondents
possess sufficient managerial experience and operational knowledge relevant to the
study objectives.
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5.2 Descriptive Statistics of Variables

Table 2 presents the descriptive statistics of the variables used in the study based
on 270 observations. Overall, the results indicate moderate to relatively high levels
across the major constructs examined in the analysis.

Climate change and global uncertainties exhibit the highest mean value (M =
299, SD = 10.1), suggesting that Indonesian SMEs experience considerable
environmental and macroeconomic pressures. This finding indicates that climate-
related disruptions and global economic instability are perceived as important
operational challenges among SMEs in the garment and clothing sector.

Digital financial literacy and digital technologies also demonstrate relatively
high mean values (M = 23.8, SD = 8.5), indicating that many SMEs have begun
integrating digital capabilities into their operational and financial activities. Financial
inclusion records a moderate mean value (M = 15.8, SD = 6.0), suggesting that access
to financial services remains uneven among SMEs.

Operational costs display a mean value of 17.7 (SD = 6.1), reflecting increasing
cost pressures faced by SMEs due to environmental disruptions, rising input prices, and
operational adjustments associated with digital transformation. The control variables,
including firm age, firm size, sub-sector, regional conditions, and input structure,
exhibit noticeable variability, indicating heterogeneity among the sampled firms. This
variability strengthens the robustness of the subsequent structural analysis because the
sample captures diverse operational conditions across SMEs.

Table 2. Variable Statistics Description

Statistic  CCGU DFLDT FI ocC FA FS SS RG IN
N 270.0 270.0 270.0 270.0 270.0 270.0 270.0 270.0  270.0
Mean 29.9 23.8 15.8 17.7 11.9 13.9 12.1 12.0 13.7
Is)tgx‘/iation 10.1 8.5 6.0 6.1 3.2 4.9 3.1 4.6 5.2
Minimum 10.0 8.0 5.0 5.0 4.0 5.0 5.0 4.0 4.0
Maximum 48.0 40.0 25.0 25.0 20.0 25.0 20.0 20.0 20.0
Sum 8069.0 6418.0 4272.0 4784.0 3221.0 3761.0 3261.0 3228.0 3699.0

Source: Authors’ calculations.

Note: CCGU = Climate Change and Global Uncertainties; DFLDT = Digital Financial
Literacy and Digital Technologies,; FI = Financial Inclusion; OC = Operational Costs;, FA =
Firm Age; FS = Firm Size; SS = Sub sector,; IN = Input; RG = Region.

5.3 Measurement Model Assessments

The measurement model was evaluated using indicator reliability, internal
consistency reliability, convergent validity, and discriminant validity criteria. Table 3
presents the results of convergent validity, Composite Reliability (CR), and Cronbach’s
alpha assessments.

The results show that all factor loadings exceed the recommended threshold of
0.70 (Hair et al., 2011), ranging from 0.70 to 1.00, indicating satisfactory indicator
reliability. Internal consistency reliability is also confirmed, as Cronbach’s alpha,
rho A, and Composite Reliability values for all constructs exceed the recommended
minimum threshold of 0.70.

For example, the climate change and global uncertainties construct
demonstrates strong reliability with Cronbach’s alpha of 0.90 and Composite
Reliability of 1.00. Similarly, digital financial literacy and digital technologies exhibit
excellent reliability indicators, with values approaching 1.00. Financial inclusion and
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operational costs also display strong reliability levels, indicating that the indicators
consistently measure their respective constructs.

Convergent validity is supported by Average Variance Extracted (AVE) values
ranging from 0.60 to 1.00, all exceeding the recommended threshold of 0.50. These
results confirm that the constructs adequately explain the variance of their
corresponding indicators and that the measurement model possesses satisfactory
reliability and convergent validity.

Discriminant validity was further assessed using the Fornell-Larcker criterion
and the Heterotrait-Monotrait ratio (HTMT), as presented in Table 4. According to the
Fornell-Larcker criterion, the square root of the AVE for each construct should exceed
its correlations with other constructs. The results satisfy this requirement, indicating
adequate construct distinction among the variables.

The HTMT results also support discriminant validity, as most values remain
below the recommended threshold of 0.85-0.90 (Henseler et al., 2015). Although
relatively high HTMT values appear between environmental pressures, digital
capabilities, and operational costs, these relationships are theoretically expected
because the constructs are conceptually related. Overall, the findings confirm that the
measurement model demonstrates satisfactory discriminant validity and is appropriate
for structural model analysis.

Table 3. Measurement Model Testing

Variable A Cronbach's a rho_A CR AVE
CCGU 0.9 1.0 1.0 0.7 0.7
CC1 0.7
cC2 0.9
CC3 0.9
CC4 0.8
CC5 0.8
GU1 0.8
GU2 0.9
GU3 0.9
GU4 0.8
GUS 0.7
DFLDT 1.0 1.0 1.0 0.8 0.8
FLI1 1.0
FL2 1.0
FL3 1.0
FL4 1.0
FLS 0.9
DT1 0.8
DT2 0.7
DT3 0.8
FI 1.0 1.0 1.0 0.8 0.8
FI1 0.9
F12 0.9
FI3 0.9
F14 0.9
FIS 0.9

oC 0.9 0.9 0.9 0.8 0.8
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Variable A Cronbach'sa rho_A CR AVE
OC1 0.9
ocC2 0.9
0C3 0.8
oc4 0.9
0Cs 0.9
Firm Age 0.9 1.0 1.0 0.8 0.8
Agel 0.9
Age2 0.9
Age3 0.9
Age4 0.9
Firm Size 0.9 0.9 0.9 0.8 0.8
Sizel 0.8
Size2 0.9
Size4 0.9
SizeS 0.9
Sub sector 0.8 0.8 0.9 0.6 0.6
Sectorl 0.8
Sector2 0.8
Sector3 0.7
Sector4 0.8
Region 1.0 1.0 1.0 1.0 1.0
Regionl 1.0
Region2 1.0
Region3 1.0
Region4 1.0
Input 0.9 0.9 1.0 0.8 0.8
Inputl 0.9
Input2 0.9
Input3 0.9
Input4 0.9
MOD 1.0 1.0 1.0 1.0 1.0

Source: Authors’ calculations.

Table 4. Discriminant Validity

Variable CCGU DFLDT FI FS FA 1IN MOD OC RG SS
Fornell-Larcker Criterion
CCGU 0.8
DFLDT 1.0 0.9
FI 0.2 0.3 0.9
FS 0.5 04 -0.1 0.9
FA 0.2 0.3 0.6 -0.0 0.9
IN 0.4 0.4 0.0 0.9 0.1 09
Moderating FI Interaction
DFLDT g -0.1 -0.1 -0.1 -0.0 -0.1 -0.1 1.0
oC 0.9 0.9 0.1 0.4 0.1 0.5 -0.1 0.9
RG 0.5 0.5 0.2 0.8 0.4 0.8 -0.1 0.5 1.0
SS 0.5 0.5 0.0 0.7 0.1 0.9 -0.1 0.5 0.8 0.8

Heterotrait-Monotrait Ratio
(HTMT)
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Variable CCGU DFLDT FI FS FA IN MOD OC RG SS
CCGU
DFLDT 1.0
FI 0.3 0.3
FS 0.5 04 0.1
FA 0.2 03 0.7 0.055
IN 0.5 05 0.1 1.0 0.1
MOD 0.1 01 01 01 01 01
ocC 1.0 09 02 05 02 06 0.1
RG 0.5 0561 02 08 05 09 0.1 05
SS 0.5 0570 01 09 0.1 1.0 0.1 06 1.0

Source: Authors’ calculations.

Note: CCGU = Climate Change and Global Uncertainties; DFLDT = Digital Financial
Literacy and Digital Technologies; FI = Financial Inclusion; FS = Firm Size; FA = Firm Age;
IN = Input; MOD = Moderating Financial Inclusion % Digital Financial Literacy and Digital
Technologies; OC = Operational Costs; RG = Region, SS = Sub sector.

5.4 Multicollinearity Assessment

Table 5 presents the inner Variance Inflation Factor (VIF) values used to assess
multicollinearity among the predictor constructs in the structural model. In PLS-SEM
analysis, VIF values below 5 generally indicate that multicollinearity is not a major
concern, although some studies accept values below 10 in exploratory research.

The results indicate that financial inclusion (VIF = 2.0) and the moderating
interaction term between financial inclusion and digital capability (VIF = 1.0) fall
within acceptable ranges, suggesting low multicollinearity. However, several
variables—including climate change and global uncertainties (VIF = 14.8), digital
financial literacy and digital technologies (VIF = 16.2), firm size (VIF = 10.1), and
region (VIF = 20.1) exceed commonly recommended thresholds.

These elevated values suggest potential multicollinearity issues arising from
overlapping variance among predictors. Nevertheless, these constructs remain
theoretically important because they represent interconnected dimensions of SME
resilience, operational adaptation, and environmental exposure. Similar findings have
been reported in previous PLS-SEM studies involving highly related organizational and
environmental constructs (Kock, 2015). Therefore, despite the presence of relatively
high VIF values, the variables were retained in the model due to their strong theoretical
relevance.
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Table 5. Inner VIF Values

Variable DFLDT oC
CCGU 1.0 14.8
DFLDT 16.2
FI 2.0

FS 10.1
FA 5.5
IN 7.9
MOD 1.0
RG 20.1

Source: Authors’ calculations.

5.5 Structural Model Results

The structural model results are presented in Figure 2. The model demonstrates
substantial explanatory power, with Digital Financial Literacy and Digital
Technologies achieving an R? value of 1.0 and Operational Costs achieving an R? value
of 0.9. These results indicate that the endogenous constructs are strongly explained by
the proposed predictors.

In PLS-SEM analysis, the values displayed inside the endogenous construct
circles represent coefficients of determination (R?), which indicate the proportion of
variance explained by the predictor variables. Accordingly, Digital Financial Literacy
and Digital Technologies, as well as Operational Costs, display R? values because they
are predicted by other constructs within the model. In contrast, variables such as firm
age, firm size, region, sub-sector, climate change and global uncertainties, and financial
inclusion function as exogenous variables and therefore do not display R? values.

The findings further reveal that Climate Change and Global Uncertainties
strongly influence Digital Financial Literacy and Digital Technologies (B = 0.9),
suggesting that environmental and economic pressures stimulate SMEs to strengthen
digital capabilities. In addition, Digital Financial Literacy and Digital Technologies
positively influence Operational Costs (B = 0.5), while Financial Inclusion also
demonstrates a positive contribution (B = 0.7). Conversely, firm size and regional
factors exhibit relatively weak or negative effects, indicating heterogeneous operational
conditions among SME:s.

Overall, the structural model supports the Dynamic Capabilities perspective,
emphasizing that digital financial competencies and technological adaptation are
important components of organizational resilience and operational sustainability under
uncertain environmental and economic conditions.
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Figure 2. Structural Model
Source: Authors’ calculations.

5.6 Hypothesis Testing Results

Table 6 presents the results of hypothesis testing based on the bootstrapping
procedure in the PLS-SEM analysis. Following Hair et al. (2019), relationships are
considered statistically significant when the t-value exceeds 1.96 and the p-value is
below 0.05.

The results indicate that climate change and global uncertainties have a strong
positive effect on digital financial literacy and digital technology adoption (B = 0.9, p
< 0.001), supporting H1. This finding suggests that SMEs facing environmental
disruptions and macroeconomic volatility tend to strengthen digital capabilities as
adaptive strategies.

Furthermore, climate change and global uncertainties significantly increase
operational costs (B = 0.4, p < 0.001), supporting H2. This result indicates that
environmental and economic shocks intensify cost pressures through higher energy
consumption, supply chain instability, logistics disruptions, and volatile input prices.
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Digital financial literacy and digital technologies also demonstrate a positive
and significant effect on operational costs (B = 0.5, p < 0.001), supporting H3. This
finding reflects the short-term adjustment costs associated with digital transformation,
including investments in digital infrastructure, employee training, and system
integration.

The mediation analysis further reveals a significant indirect effect of climate
change and global uncertainty on operational costs through digital capabilities (f = 0.5,
p <0.001), supporting H4. This suggests that digital capability development functions
as an important transmission mechanism through which environmental pressures
influence SMEs’ operational cost structures.

However, financial inclusion does not significantly moderate the relationship
between digital capabilities and operational costs (B = 0.0, p = 0.7). Therefore, HS is
not supported. This result indicates that access to financial services alone does not
substantially alter the cost implications associated with digital capability development
among SMEs.

Table 6. Hypothesis Testing

Original Sample Standard
Variable Sample Mean Deviation T Statistics P Values Decision
(0) ™M) (STDEV)

Direct Effects

CCGU on DFLDT 0.9 0.9 0.0 181.4 0.0 HI, Significant
CCGU on OC 0.4 0.5 0.1 5.0 0.0 H2, Significant
DFLDT on OC 0.5 0.5 0.1 5.6 0.0 H3, Significant
Indirect Effects

(Mediating)

g(éGU on DFLDT on 0.5 0.5 0.1 5.6 0.0 H4, Significant
Moderating Effects

MOD 0.0 0.0 0.0 0.4 0.7 HS5, Not significant

Source: Authors’ calculations.

5.7 Coefficient of Determination, Effect Size, and Predictive Relevance

Table 7 reports the coefficient of determination (R?), effect size (f?), and
predictive relevance (Q?) values for the endogenous constructs. According to Hair et al.
(2019), R? values of 0.75 or higher indicate substantial explanatory power.

The results show that Digital Financial Literacy and Digital Technologies and
Operational Costs both achieve R? values of 0.9, indicating that the model explains a
substantial proportion of the variance in these constructs. These findings suggest that
environmental pressures, digital capability development, and related predictors strongly
influence SMEs’ operational outcomes.

The effect size results indicate moderate explanatory effects for the exogenous
variables on the endogenous constructs (f* = 0.2). In addition, the Stone—Geisser
predictive relevance values (Q* = 0.9) exceed zero, confirming strong predictive
relevance of the structural model.

Overall, these findings indicate that the proposed framework possesses strong
explanatory and predictive capability in explaining how climate change, global
uncertainty, digital capability development, and financial inclusion shape SMEs’
operational cost dynamics.
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Table 6. Coefficient of Determination, Effect Size, and Predictive Relevance

Variable R? f2 Q?
DFLDT 0.9 0.2 0.9
ocC 0.9 0.2 0.9

Source: Authors’ calculations.

6. Discussion

This study investigates how climate change and global uncertainty influence
SMESs’ operational costs through digital capability development and financial inclusion.
Overall, the findings suggest that environmental and macroeconomic pressures
significantly shape SMEs’ strategic adaptation processes, particularly through the
development of digital technology adoption and digital financial literacy. The results
also indicate that while digital capabilities improve adaptive capacity, they may
simultaneously increase operational expenditures in the short run due to adjustment and
implementation costs.

The positive relationship between climate change, global uncertainty, and
digital capability development supports the Dynamic Capabilities perspective, which
argues that firms respond to environmental turbulence by strengthening adaptive
organizational capabilities (Teece, 2017). SMEs experiencing supply chain instability,
inflationary pressures, and operational uncertainty appear more likely to adopt digital
technologies and improve digital financial literacy to maintain competitiveness and
operational continuity. This finding is consistent with previous studies showing that
environmental shocks accelerate digital transformation and organizational innovation
as firms seek greater flexibility and resilience (Tang et al., 2024; Zhao et al., 2024).

The results also demonstrate that climate change and global uncertainty
significantly increase SMEs’ operational costs. This finding aligns with Transaction
Cost Economics and previous empirical studies suggesting that environmental
instability raises coordination costs, logistics expenditures, and production risks (Eccles
& Williamson, 1987; Schaeffer et al., 2012). For Indonesian garment and clothing
SMEs, climate-related disruptions and global economic volatility likely increase input
prices, transportation expenses, and operational uncertainty, thereby intensifying
financial pressure on firms with limited adaptive resources.

Interestingly, digital technology adoption and digital financial literacy are found
to positively influence operational costs. Although digital transformation is generally
associated with efficiency improvement, this finding suggests that SMEs initially face
substantial adjustment costs during the early stages of digital implementation.
Investments 1in software systems, employee training, digital infrastructure,
cybersecurity, and organizational restructuring may temporarily increase operational
expenditures before long-term efficiency gains can be fully realized. This result
supports Adjustment Cost Theory and is consistent with prior studies emphasizing the
transitional burden associated with digital transformation among SMEs (Kroh et al.,
2024; Nguyen Thanh et al., 2024).

The mediation analysis further reveals that digital capability development
functions as an important transmission mechanism linking environmental pressures to
operational costs. In other words, climate change and global uncertainty encourage
SMEs to strengthen digital capabilities, which subsequently affect operational
expenditures. This finding reinforces the argument that organizational adaptation is not
costless. While digital transformation may enhance long-term resilience and
competitiveness, SMEs often incur additional short-run expenses during the adaptation
process. The result also extends Dynamic Capabilities Theory by illustrating how
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environmental pressures stimulate capability reconfiguration that directly influences
firms’ cost structures.

However, the moderating role of financial inclusion is statistically insignificant.
This finding suggests that access to financial services alone may not substantially alter
the relationship between digital capability development and operational costs. One
possible explanation is that many SME:s still face practical barriers in utilizing formal
financial services effectively despite having access to them. Limited financial
management capability, low digital readiness, or inefficient allocation of borrowed
resources may reduce the effectiveness of financial inclusion in mitigating digital
adjustment costs. This result partially contrasts with previous literature emphasizing the
positive role of financial access in supporting SME resilience and digital transformation
(Ayyagari et al., 2011; Beck, 2020).

Another possible explanation relates to the uneven quality and utilization of
financial services among SMEs in developing economies. Although financial inclusion
initiatives have expanded significantly in Indonesia, many SMEs may still rely heavily
on informal financing mechanisms or possess limited capacity to integrate financial
access with strategic digital investment. Consequently, financial inclusion may improve
access to capital without necessarily improving operational efficiency or reducing
adjustment costs associated with digital transformation.

The findings of this study contribute to the broader literature in several ways.
First, the study integrates environmental pressures, digital capability development, and
operational cost dynamics within a unified empirical framework. Previous studies often
examined these relationships separately, whereas this study demonstrates their
interconnected nature. Second, the study highlights the important role of digital
financial literacy alongside digital technology adoption, emphasizing that technological
capability alone may be insufficient without adequate financial knowledge and
managerial competence. Third, the findings extend Dynamic Capabilities Theory and
Financial Intermediation Theory by explaining how environmental shocks, capability
development, and financial access jointly influence SME operational resilience.

From a practical perspective, the results suggest that policymakers should not
only encourage SME digitalization but also provide support mechanisms that reduce
short-term adjustment burdens. These may include subsidized digital training
programs, technological assistance, affordable financing schemes, and capacity-
building initiatives targeting digital financial literacy. Since environmental uncertainty
and operational volatility are likely to persist, strengthening SMEs’ adaptive capacity
remains essential for sustaining competitiveness and long-term business resilience in
emerging economies such as Indonesia.

7. Conclusions

This study provides evidence that climate change and global uncertainty reshape
SMESs’ operational structures not only through direct cost pressures but also through
the strategic development of digital capabilities. The findings show that climate-related
disruptions and global economic volatility significantly increase SMEs’ operational
costs while also encouraging digital technology adoption and digital financial literacy
as adaptive responses. These results highlight the importance of digital capabilities in
helping SMEs respond to environmental and macroeconomic turbulence.

The study further demonstrates that digital technology adoption and digital
financial literacy function as important adaptive mechanisms for SMEs. However, these
capabilities also increase operational costs during the transition process. This suggests
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that digital transformation should not be viewed merely as a short-term efficiency tool,
but rather as a strategic resilience investment that may involve initial adjustment costs
before generating longer-term benefits. In this regard, the findings contribute to
Dynamic Capabilities Theory by showing how SMEs reconfigure digital and financial
capabilities in response to external uncertainty.

In addition, the results reveal that financial inclusion alone is insufficient to
reduce the operational burden associated with digital transformation. Although access
to financial services is important, its effectiveness depends on complementary factors
such as managerial capability, technological readiness, and the ability to use financial
resources productively. This finding suggests that financial inclusion must be integrated
with broader capacity-building efforts to generate meaningful operational benefits for
SMEs.

Overall, this study contributes to the literature by integrating climate change,
global uncertainty, digital capability development, financial inclusion, and operational
cost dynamics within a unified framework. The findings emphasize that strengthening
SMEs’ resilience requires more than expanding access to finance or encouraging
technology adoption in isolation. Instead, effective SME resilience depends on the
combined development of digital infrastructure, financial literacy, managerial
capability, and institutional support. In increasingly uncertain environmental and
economic conditions, strengthening adaptive digital ecosystems is essential for
enhancing the long-term competitiveness and operational sustainability of Indonesian
SMEs.

8. Policy Implications

The findings provide several targeted policy implications for SMEs in
Indonesia, particularly those operating in climate-sensitive sectors such as textiles,
clothing, and batik. First, the government should prioritize differentiated digital
transformation programs according to SMEs’ level of digital readiness. SMEs with
limited digital capability require basic support, including digital financial literacy
training, e-commerce onboarding, and simple digital accounting systems. In contrast,
more digitally advanced SMEs should receive support for integrated supply chain
management, data analytics, and climate-risk monitoring technologies to strengthen
operational resilience.

Second, financial support policies should be designed according to SMEs’
access to finance and adaptive capacity. SMEs with limited financial access require
subsidized financing schemes, low-interest digital transformation loans, and tax
incentives for technology adoption. Meanwhile, SMEs with stronger financial capacity
should be encouraged through innovation grants and sustainability-linked financing
mechanisms to accelerate green and digital transitions. Such support can help reduce
the short-term adjustment costs associated with digital transformation while improving
firms’ long-term efficiency and competitiveness.

Third, policymakers should integrate climate adaptation strategies into SME
development policies. This can be achieved by improving logistics infrastructure,
expanding regionally inclusive digital and financial services, and establishing early-
warning and business-continuity support systems for SMEs exposed to climate-related
risks. These measures are particularly important for garment and batik SMEs, which
often depend on stable raw material supply, reliable transportation networks, and
consistent market access.
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Finally, SME support programs should not treat digitalization, financial
inclusion, and climate resilience as separate policy areas. Instead, these dimensions
should be integrated into a coordinated SME resilience framework. Practically, SMEs
should view digital capability development not merely as a technological adjustment,
but as a long-term strategic investment to maintain competitiveness and operational
sustainability amid increasing climate uncertainty and macroeconomic volatility. This
integrated approach would help Indonesian SMEs strengthen their adaptive capacity,
reduce vulnerability to external shocks, and support sustainable economic
development.
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