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Abstract
Sustainable development depends not only on economic, social,

and environmental objectives, but on the systemic capacity of societies
to anticipate uncertainty, absorb shocks, and adapt through purposeful
reform. This dissertation advances a unifying conceptual framework,
the dynamic triad of readiness, risk, and reform, to explain how
systemic capacity contributes to sustainable outcomes, how its
effectiveness is conditioned by uncertainty, and how it is reshaped
through reform across levels of analysis. Readiness denotes the
accumulated institutional, technological, financial, and social
capacities that enable anticipation and response. Risk captures
multidimensional uncertainty and vulnerability that condition their
effectiveness. Reform represents structural interventions triggered by
revealed weaknesses. Their interaction forms a continuous feedback
loop shaping resilience and long-term sustainability outcomes.

Adopting a multi-scalar perspective, the dissertation examines
these dynamics at the micro (firm), meso (industry and market), and
macro (national) levels across five empirical studies. Using diverse
econometric approaches, including survival analysis, regime-
switching VAR models, threshold regressions, triple-difference
designs, mediation and moderation analysis, and panel Granger
causality tests; the research investigates renewable energy innovation,
climate finance and clean water investment, firm survival during
COVID-19, and post-crisis safety reforms in global value chains.

The findings demonstrate that readiness is multidimensional and

context dependent. At the firm level, innovation capabilities

il



significantly increase survival probabilities during systemic shocks.
At the market level, climate policy uncertainty exhibits nonlinear and
regime-dependent effects: risk constrains investment under high
volatility but enables strategic positioning under stable conditions. At
the national level, systemic readiness promotes renewable energy
innovation by reducing socio-economic  vulnerability and
strengthening R&D investment. These effects are strongest among
innovation leaders, with R&D serving as the dominant channel in
middle-income countries. However, these benefits are regime
dependent: overall, economic, and social readiness promote renewable
energy innovation under low uncertainty, but their positive influence
weakens beyond the uncertainty threshold. In contrast, governance
readiness exerts a negative effect that intensifies as uncertainty
increases. Bidirectional dynamics between core and enabling
technologies confirm their co-evolution within national innovation
systems and highlight the risk of widening global innovation
disparities if readiness accumulation remains uneven. Crisis-induced
reforms can strengthen institutional capacity but may also impose
adjustment burdens that reshape market entry and dynamics.

Overall, the dissertation shows that sustainable development
hinges on proactive capacity building, strategic risk management, and
carefully designed reform processes. By integrating insights from
institutional economics, sustainability transitions, and financial
instability theory; the study contributes an analytical framework for
understanding resilience in an increasingly uncertain world.

Keywords: Innovation, Readiness, Risk, Reform, Export Dynamics
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Introduction

Sustainable development is widely understood as a
multidimensional construct, grounded in a broad consensus that it rests
upon three interdependent pillars: the economic, the social, and the
environmental (Purvis et al., 2019). Advancing these dimensions in an
era of accelerating change and deepening uncertainty requires that
societies possess the capacity, hereafter referred to as readiness, to
anticipate challenges, respond to crises, and adapt through purposeful
reform (Termeer et al., 2017). The importance of such readiness has
long been recognized. In the late twentieth century, the World Bank
and the International Monetary Fund promoted market-based
economic reforms as a primary pathway to growth. More recently,
insights from structural and institutional economics have emphasized
a more balanced approach, one that combines market mechanisms
with strategic investment in hard infrastructure, including physical
systems and technology, and soft infrastructure, including institutions,
human capital, and governance, to support sustainable development
(Lin, 2011). The growing relevance of systemic readiness is also
reflected in contemporary policy initiatives. For example, the
International Renewable Energy Agency launched the Renewables
Readiness Assessment program in 2011 to assist countries in scaling
up renewable energy deployment.

Yet in a rapidly changing world, fundamental questions remain
regarding how societies develop readiness to confront crises and
uncertainty that increasingly affect multiple sectors of modern

economies (Jin et al., 2025). Crisis and uncertainty have long been



recognized as inherent features of economic decision-making
(Keynes, 1937), while modern societies have increasingly sought to
conceptualize uncertainty as actionable, governable, and calculable
risk (BonR, 2013). At the same time, crises have been theorized as
potential catalysts for systemic transformation toward sustainability
(Gunderson et al., 2017; Newig et al., 2019). However, empirical
evidence across contexts reveals a persistent pattern of failed or
reactive reform initiatives that fall short of generating durable
resilience (Rapsikevicius et al., 2022; Rosada & Paksi, 2025).

These defining features of contemporary systems, characterized
by pervasive uncertainty and recurrent reforms that challenge
sustainability, motivate the present study and underscore the need for
a systematic understanding of how readiness, risk and reform jointly

shape adaptive capacity and long-term sustainability outcomes.

The Dynamic Triad: Readiness, Risk and Reform

This dissertation advances a unifying conceptual framework
centered on what is termed the dynamic triad of readiness, risk and
reform. Readiness refers to the accumulated institutional,
technological, financial, and social capacity that enables societies,
industries, and organizations to anticipate and prepare for challenges.
Furthermore, strategic readiness provides a stabilizing framework that
can mitigate systemic disruptions, enabling adaptive responses that
preserve transformative pathways (Atalay Mazlum, 2022). Risk
captures the multifaceted uncertainties and vulnerabilities that test

preparedness and expose systemic weaknesses. Reform denotes the



transformative interventions, including policy changes, institutional
restructuring, and regulatory innovation, designed to address revealed
vulnerabilities and rebuild capacity.

These three forces interact through a continuous feedback loop.
Readiness shapes how systems respond to risk; exposure to risk
reveals gaps in readiness and generates pressure for reform; and
reform, in turn, rebuilds readiness for future challenges. While the
specific manifestations of readiness, risk, and reform vary across
organizational, industrial, and national contexts, the fundamental
dynamics of their interaction remain consistent. Together, they shape
the prospects for sustainable development and resilience in an

increasingly uncertain world, as illustrated in Figure 1.

Readiness, Risk, and Reform

Readiness
Ability to handle 1
challengs
Risk
Potential threats to 3

readiness

4

Actions to improve
readiness

Figure 1: The Dynamic Triad of Readiness, Risk, and Reform.



Research Questions

Guided by this framework, this dissertation address four primary
research questions:

RQ1: To what extent does readiness, encompassing economic,
social, institutional, and governance dimensions, translate into
sustainable outcomes, particularly under conditions of uncertainty,
and through which mechanisms does readiness shape resilience across
different contexts and levels of analysis? (Addressed in Papers 3 and
5).

RQ2: Which dimensions of readiness prove most critical during
crises, and how do organizational adaptive capacities influence
survival under extreme shocks? (Addressed in Paper 1)

RQ3: How does exposure to risk and uncertainty shape
investment patterns and market dynamics, and what hedging
mechanisms prove effective under climate uncertainty? (Addressed in
Paper 2)

RQ4: Do crisis-induced reform strengthens readiness and
contribute to long-term sustainability, or can they generate unintended
forms of fragility and reshape competitive landscapes? (Addressed in
Paper 4)

Addressing these questions is essential for understanding how
economic actors at multiple scales, including nations, industries, and
organizations, build and maintain resilience amid persistent
uncertainty and competing pressures for sustainable development.
This challenge has become not merely an academic concern, but a

defining issue of our time.



Empirical Contexts and Sustainable Development Goals

This dissertation examines these dynamics across four critical
domains of sustainable development: renewable energy innovation,
digital innovation, clean water investment, and socially responsible
value chains. Collectively, these domains address five United Nations
Sustainable Development Goals (SDGs): SDG 6 (Clean Water and
Sanitation), through analysis of clean water investment under climate
risk; SDG 7 (Affordable and Clean Energy), by examining how
readiness shapes renewable energy innovation; SDG 9 (Industry,
Innovation and Infrastructure), through investigation of innovation
capacity and firm resilience; SDG 12 (Responsible Consumption and
Production), by analysing how reforms reshape supply chains toward
corporate social responsibility; and SDG 13 (Climate Action), by
exploring adaptation readiness under uncertainty. Across these
contexts, the dissertation demonstrates that achieving sustainable
development depends on building readiness, managing risks, and
implementing reform that strengthens adaptive capacity at multiple

scales.

Multi-Scalar Analytical Framework

The dynamics through which readiness, risk, and reform interact
to shape sustainable outcomes vary significantly across levels of
analysis. Accordingly, this dissertation adopts a multi-scalar
perspective, as illustrated in Figure 2. At the micro level, firm-level
analysis examines how organizational readiness, reflected in

innovation capabilities, financial resources, and adaptive management



practices, mediates survival and performance under sudden and
extreme shocks, such as the COVID-19 pandemic. At the meso level,
markets and industries illustrate how exposure to risk and the
implementation of reform reshape investment patterns, trade
structures and competitive dynamics. At the macro level, the analysis
examines how national-level readiness interacts with macroeconomic
uncertainty and how that readiness translates into renewable energy
innovation outcomes through mediation and moderation mechanisms.
This multi scalar perspective enables the analysis to capture both

localized adaptive responses and broader structural transformations.

Levels of Analysis

National economic

perspective
Industry-wide analysis
Focus on individual
firms

Figure 2: Multi Scalar Framework: Readiness, Riskiness and Reforms

Across Levels of Analysis.



Overview of the Five Papers

The five papers comprising this dissertation examine these
dynamics across diverse empirical contexts, each illuminating
different facets of the readiness, riskiness, and reforms nexus.

Paper 1 (Innovation and Business Survival During COVID-19
Pandemic: Firm-level Evidence from Europe) examines the impact of
innovation on firm survival during the COVID-19 crisis. The paper
analyses how innovation capabilities, a key dimension of
organizational readiness, influence survival outcomes across
European firms, demonstrating that adaptive capacity proved decisive
in navigating profound uncertainty. The study shows that multiple
forms of innovation, including product, distribution, marketing, and
organizational innovations, significantly increase the probability of
business survival during the pandemic. Moreover, although the
magnitude of the effects varies slightly, the positive impact of
innovation on survival remains robust across firms of different sizes
and across industries. Overall, the findings offer important managerial
and policy implications regarding the role of innovation in enhancing
firm resilience during systemic crises.

Paper 2 (Impact of Climate Risk on Clean Water Investments:
Does Crude Oil Act as a Hedge?) explores the interaction between
climate policy uncertainty and investment decisions in clean water
exchange traded funds. Under conditions of low market volatility,
climate policy uncertainty is associated with higher returns, suggesting
that climate-policy developments can signal investment opportunities

in relatively stable markets. However, as market volatility increases,



climate policy uncertainty exerts a negative effect, consistent with
higher discount rates applied to long-term water-infrastructure cash
flows. The study further investigates whether traditional commodity
assets provide effective risk mitigation under climate uncertainty. The
findings indicate that crude oil offers a relatively cost-effective hedge
for clean water investment portfolios, whereas technology exchange-
traded funds exhibit substantially weaker hedging performance.
Overall, the results underscore the importance of regime-sensitive
portfolio strategies for investors and suggest that policymakers should
consider prevailing market conditions when communicating climate
related initiatives. The study also demonstrates that nonlinear
modeling approaches are essential for uncovering climate finance
linkages that linear methods fail to detect.

Paper 3 (Readiness, Riskiness and Renewables: Country-level
Readiness and Innovation in Renewable Energy Under
Macroeconomic Uncertainty) directly engages with the dissertation’s
theoretical framework by examining how national level readiness
interacts with macroeconomic uncertainty to shape renewable energy
innovation. This cross-country analysis shows that overall country
level readiness, and its key components, particularly economic and
social readiness, significantly promotes renewable energy innovation
under conditions of low uncertainty. However, this positive effect
weakens once uncertainty exceeds a critical threshold. In contrast,
governance readiness is associated with a negative effect on renewable
energy innovation under low uncertainty, with this adverse influence

becoming more significant as uncertainty intensifies. Moreover,



lagged macroeconomic uncertainty exhibits a significant negative
association with renewable energy innovation. These findings suggest
that policymakers and investors should prioritize strengthening
country level readiness to mitigate the potentially adverse effects of
increased uncertainty on renewable energy innovation.

Paper 4 (Safety Reforms and Export Reallocation: Evidence from
the Garment Industry in Bangladesh after the Rana Plaza Disaster)
examines how catastrophic risk events trigger regulatory reforms and
reshape industry dynamics. The 2013 Rana Plaza collapse, which
killed over 1,100 garment workers, exposed critical vulnerabilities in
Bangladesh's industrial safety infrastructure. This paper analyses how
subsequent safety reforms influenced export market participation, firm
survival, and export market restructuring, illustrating how crisis driven
reforms can fundamentally alter competitive landscapes while
building institutional capacity for worker protection.

Paper 5 (Systemic Adaptation Readiness, Core and Enabling
Renewable Energy Innovation: Exploring Mediation, Moderation and
Dynamic Interdependence) investigates how systemic readiness,
encompassing economic, governance, and social, shapes renewable
energy innovation outcomes. By examining both core technologies
and enabling innovations, this study reveals the pathways through
which readiness translates into core and enabling energy innovations.
The analysis demonstrates that readiness operates not merely as a
precondition but as an active mediating mechanism for green energy
innovation. This mediating role is contingent on national context,

moderated by country income level, revealing a context-sensitive



innovation pathway. Furthermore, the dynamic inter causality between
core and enabling innovation points to a complex, evolving innovation

system.

Key Insights

Several key insights emerge from this body of work. First,
systemic readiness is not a binary condition but a continuous,
multidimensional construct spanning economic, social, and
governance domains. Consistent with the absorptive capacity
literature (Cohen & Levinthal, 1990; Varsakelis, 2006), the
dissertation demonstrates that readiness constitutes a critical
antecedent to innovation, even and especially, under conditions of
acute uncertainty. The findings further indicate that the channels
through which readiness translates into sustainable outcomes are
inherently context dependent, varying with market conditions,
governance structures, and social environments.

Second, the dissertation highlights the conditional nature of risk
and provides empirical support for Minsky’s financial instability
hypothesis (Minsky, 1992). Through regime switching analysis, the
research shows that the effects of risk are not uniform across states of
the economy. Shocks that stimulate innovation and investment under
stable market conditions can instead generate contraction and
disinvestment during periods of financial stress. Third, the findings
corroborate the dual nature of crises. While risks threaten existing
capacities and structures, they also disrupt institutional inertia and

create windows of opportunity for sustainability through innovation.
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This result, supported by the literature on sustainability transitions
(Montes et al., 2024), underscores that crises are not only periods of
vulnerability but also moments with significant transformative
potential. However, realizing this potential depends critically on the
design and implementation of reform processes.

Fourth, the dissertation shows that significant adjustment burdens
arising from rapid safety reforms can jeopardize the growth potential
of economically and socially important industries in resource
constrained manufacturing environments. Thus, a deeper
understanding of how reforms are initiated, governed, and sustained is
essential for deriving robust strategic and policy lessons for navigating

an increasingly uncertain future.

Methodological Approaches

The methodological approaches employed across these studies
reflect the complexity of the phenomena under investigation. In the
first paper, this dissertation uses the univariate Kaplan—Meier survival
function to graphically depict whether firms' survival probabilities
vary with and without innovation. Cox proportional hazards models
are also employed to assess the impact of innovation on firm survival.
In the second paper, the analysis begins with a standard vector
autoregressive (VAR) model, accompanied by a Markov regime-
switching VAR (MRS-VAR) model, to identify the relationship
between climate policy uncertainty and clean water investment. The
study also computes hedge ratios using the DCC-GARCH model to

identify effective hedging instruments for water portfolios. In the third
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paper, this dissertation uses a panel fixed-effects threshold regression
to reveal a nonlinear relationship in the triadic association among
renewable energy innovation, readiness, and uncertainty, using
bootstrap methods to identify threshold effects.

In the fourth paper, this dissertation uses firm-level data from the
Bangladesh Bureau of Statistics. A contemporary triple difference-in-
differences approach, following (Bossavie et al., (2023), is employed
to isolate the effect of safety reforms on the garment export market
dynamics of Bangladesh. Furthermore, the study uses the World
Bank's YKLM gross-output specification to calculate firm-level
productivity. In the fifth paper, this dissertation utilizes advanced
econometric techniques, both linear and nonlinear, including
mediation and moderation analysis and panel Granger causality tests.
These methods enable rigorous inference while accounting for
endogeneity concerns, temporal dynamics, and cross-sectional
heterogeneity. The linear methods establish the relationship between
systemic readiness and core and enabling renewable energy
innovation, whereas the nonlinear method, panel simultaneous
quantile regressions, measures the relationship between the variables

when the dependent variable lies within a specific quantile.

Implications for Theory and Policy

This dissertation holds important implications for theory, and
policy. Theoretically, it advances understanding of how systemic
readiness influences renewable energy innovation under conditions of

uncertainty. The findings also demonstrate that the effects of

12



uncertainty on green innovation and investment are inherently
nonlinear and regime dependent. Moreover, the body of works show
that private governance mechanisms in transnational value chains may
fail to improve business performance and productivity in the short to
medium term in a resource constrained environment.

For policymakers, the findings underscore the importance of
proactive capacity building, with specific mechanisms identified
through which systemic readiness translates into renewable energy
innovation outcomes in both high-income and middle-income
countries. The results further highlight the need for policymakers to
consider market conditions and the timing of policy communication
when designing climate interventions. The dissertation also shows that
climate action requires specialized forms of governance, and that
existing governance mechanisms may generate counterproductive
effects on climate outcomes under conditions of increased uncertainty.
In the case of implementing private transnational control governance
mechanisms, especially in developing country contexts, policymakers
should avoid fully imposing all conditions on producers at the outset.
Instead, collective mechanisms through which buyers, suppliers, and
policy stakeholders jointly contribute can help vulnerable industries
manage risk and integrate more effectively into socially responsible
global value chains.

For business leaders and organizational managers, the research
demonstrates that investment in adaptive capabilities, particularly
innovation in various forms, including product, marketing and sales,

distribution and logistics, as well as administrative and managerial

13



innovation, significantly increases the likelihood that firms will
survive severe exogenous shocks such as the COVID-19 pandemic.
The COVID-19 analysis further illustrates that innovation capacity,
which is often viewed primarily through the lens of competitive
advantage, also functions as a critical survival mechanism during

periods of existential crisis.

Methodological Boundaries and Limitations

The dissertation, while providing robust empirical contributions,
operates within defined methodological boundaries. Paper 1 employs
a static survival framework to establish the average protective effect
of innovation on firm survival; it does not model the dynamic feedback
or sequencing of innovations over time, a deliberate scope limitation
that opens a clear path for future research. Paper 2 utilizes a Markov
Regime-Switching VAR to capture the nonlinear, state-dependent
relationship between climate policy uncertainty and water investment
returns. However, the results illustrate predictive dynamics rather than
structural causality, and the identified regimes remain contingent on
specification choices guided by standard statistical criteria. Paper 3
applies a static panel fixed effects threshold regression, which robustly
identifies nonlinear threshold effects. Its static nature, however, means
it cannot account for potential endogeneity from feedback between
past innovation and current readiness, nor can it distinguish between
short-run and long-run effects, a distinction crucial for understanding
adjustment speeds. Paper 4 employs a triple difference-in-differences

design to identify causal effects. While rigorous, the causal
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identification is constrained by the relatively short panel and the lack
of high-frequency pre-treatment data, which limits the ability to fully
test the parallel trends assumption and to observe long-run equilibrium
outcomes. Finally, Paper 5 analyses the association between systemic
readiness and core and enabling renewable energy innovation,
including mediation and moderation effects. The analysis is panel in
nature and focuses on comparative patterns across countries. While the

results are robust, they cannot be interpreted as causal.

Looking Forward

Looking forward, the readiness, risk, and reform framework
offers a valuable lens for addressing emerging challenges toward
sustainability. Understanding these dynamics becomes increasingly
vital as the pace of change accelerates and the magnitude of potential
disruptions grows. Future research will extend the readiness construct
to the micro (firm) and meso (industry) levels, examining how ready
firms and industries can withstand the pressures of this inherently
uncertain world. By operationalizing readiness at these finer-grained
levels of analysis, subsequent studies can reveal the organizational
capabilities, managerial practices, and industry structures that enable
sustained adaptation and competitive survival amid persistent
volatility. This extension will complement the macro-level readiness
analyses presented in this dissertation and provide actionable insights
for managers and industry stakeholders navigating uncertain

environments.
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The process of producing this dissertation yielded substantial
scholarly and empirical learning and strengthened the conviction that
rigorous empirical research, grounded in sound theory and executed
with methodological care, can illuminate pathways toward more
resilient and adaptive societies. As the five papers that follow
demonstrate, readiness, risk, and reform are not isolated forces but
interconnected processes through which societies, industries, and
organizations confront uncertainty, learn from adversity, and evolve
through purposeful change. The results presented in this dissertation
contribute to advancing knowledge on systemic readiness, riskiness,
and reforms in the pursuit of sustainable development.
During the journey as a doctoral student, there have been
opportunities to be involved in several other related research projects
not included in this dissertation. These additional contributions
include the following book chapters:
1. Dutta, A., Bhuiyan, M. R. U., Ahmed, A. & Uddin, G. S.
(2023). Climate risk and sustainable investing: New evidence
from Chinese renewable energy firms. In H. Phoumin, F.
Taghizadeh-Hesary & F. Kimura, (Eds.), Green Finance and
Renewable Energy in ASEAN and East Asia (pp. 57-79).
Routledge-ERIA  Studies in  Development Economics.
Routledge. https://doi.org/10.4324/9781003397670-4

2. Dutta, A., Bhuiyan, M. R. U., Wang, G.-J.,, Uddin, G. S. &
Ahmed, A. (2024). Carbon pricing and CCUS: Evidence from
China. In H. Phoumin & R. Nepal (Eds.), Energy transition and

carbon neutrality in ASEAN: Developing carbon capture,
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utilization and storage technologies (pp. 203-224). World
Scientific. https://doi.org/10.1142/9789811288050_0008

Dutta, A. Bhuiyan, M.R.U., Park, D., Ahmed, A. & Uddin,
G.S. Do uncertainties impact global renewable energy
investments? Accepted for publication in the book series

Sustainable Economy & Ecotechnology. Springer.
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