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ABSTRACT

This study examines the integration of climate stress indicators into sustainability assessment frameworks
for dam infrastructure in Nigeria, aiming to enhance climate resilience and long-term functionality. Using
a quantitative, longitudinal approach spanning 1985-2024, the study employs secondary data on climate
variability, dam performance, digital economic development, and governance quality. The Autoregressive
Distributed Lag (ARDL) model is applied to estimate both long-run relationships and short-run dynamics
among the variables. Findings indicate that climate stress factors such as rainfall variability, temperature
deviations, floods, and droughts negatively impact the sustainability and resilience of dams, while
sustained operational investments, effective governance, and digital infrastructure development positively
influence adaptive capacity. Notably, digital economic development moderates the adverse effects of
climate stress, highlighting the role of ICT penetration and digital tools in improving monitoring,
coordination, and responsiveness to climate-related risks. The study underscores the importance of
embedding climate stress indicators into multi-dimensional sustainability assessment frameworks that
consider environmental, social, economic, governance, and technological dimensions. Policy and
institutional interventions that enhance digitalisation, capacity building, and climate-informed planning
are recommended to strengthen the resilience and long-term sustainability of Nigeria’s dam infrastructure
under increasing climatic uncertainties.

Keywords: Climate stress indicators, Dam infrastructure, Sustainability assessment, Climate resilience,
Digital economics, Governance quality

1.0 INTRODUCTION

Nigeria’s dam infrastructure plays a critical role in the nation’s socio-economic development by
providing water supply, irrigation, hydropower generation, and flood control services. However, the
sustainability and operational reliability of dam systems are increasingly challenged by climate change,
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which amplifies the frequency and intensity of hydrological extremes, including floods and droughts
(Okon et al., 2021; Magaji et al., 2025). The 2022 Nigeria floods widely attributed to heavy rainfall and
climate variability caused widespread displacement, significant agricultural losses, and extensive damage
to infrastructure, underscoring the vulnerability of existing water systems to climate stressors (Wikipedia
contributors, 2025). Traditional sustainability assessments of dam infrastructure have focused on
environmental, economic, and social pillars but often lack explicit integration of climate-related stress
indicators that capture future climate risk.

A sustainability assessment framework that incorporates climate stress indicators enables comprehensive
evaluation of dam performance in the context of climatic variability and change. Climate stress indicators
such as extreme rainfall frequency, temperature shifts, drought severity, and hydrological variability
function as measurable metrics to quantify exposure to climate risk and the capacity of infrastructure to
adapt (European Commission, 2025). Integrating these indicators into assessment frameworks aligns with
international best practices for climate-resilient infrastructure planning, which emphasize that
sustainability must be evaluated not only against current conditions but also in anticipation of future
climate impacts (OECD, 2024). Such integration can strengthen policy, design, and operational decision-
making for dams that must remain functional under evolving climate conditions.

In the Nigerian context, the inclusion of climate stress indicators in infrastructure assessments is timely
and necessary. Research indicates that climate change impacts are already significant across multiple
sectors in Nigeria, necessitating knowledge-based strategies to plan mitigation and adaptation measures
(Okon et al., 2021). Furthermore, national climate governance mechanisms such as the National Council
on Climate Change have been established to coordinate climate policy, yet sub-national planning and
implementation of climate actions remain uneven, highlighting a gap between policy intent and
infrastructure resilience implementation (Frontiers Media S.A., 2025). Without systematic incorporation
of climate indicators into sustainability frameworks, dam infrastructure planning risks overlooking critical
dimensions of vulnerability and adaptive capacity.

Existing sustainability assessment literature for dams and related large infrastructure emphasizes
environmental, economic, and social dimensions, but often treats climate change as an external or
secondary factor rather than a core assessment criterion (Karami & Karami, 2020). In hydropower and
water resource systems, studies have shown that climate variables such as rainfall and streamflow
significantly influence both operational performance and long-term sustainability, suggesting that climate
factors must be quantitatively integrated into sustainability indices (Olusola et al., 2025). By embedding
climate stress indicators into evaluative frameworks, stakeholders can better assess climate-related risks
and identify adaptive strategies that optimize infrastructure resilience and sustainability concurrently.
Therefore, this study proposes a structured approach to incorporate climate stress indicators within
sustainability assessment frameworks for dam infrastructure in Nigeria. The research aims to develop a
framework that systematically measures climate risk alongside conventional sustainability dimensions,
providing policymakers, engineers, and planners with actionable insights to enhance resilience. By
aligning with global sustainability and climate adaptation imperatives including Sustainable Development
Goal 13 on integrating climate change into planning and enhancing resilience (Wikipedia contributors,
2025) the study contributes to advancing climate-responsive infrastructure governance in Nigeria and
similar developing country contexts.

2.0 Literature Review and Theoretical Framework

2.1 Conceptual review

2.1.1 Climate Stress Indicators

Climate stress indicators are quantitative or qualitative measures used to assess the degree to which

climate variability and change exert pressure on natural and built systems (Abubakar et al., 2025; Tanko

et al., 2025). These indicators typically capture parameters such as changes in temperature, precipitation

intensity, frequency of extreme weather events, drought duration, flood magnitude, and hydrological

variability, all of which directly influence infrastructure performance and resilience (IPCC, 2023). In
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infrastructure and water resources planning, climate stress indicators are used to evaluate exposure,
sensitivity, and adaptive capacity to climate-related risks, thereby supporting evidence-based decision-
making and climate adaptation strategies (OECD, 2024). By translating complex climate data into
measurable variables, climate stress indicators enable planners and engineers to integrate future climate
uncertainties into sustainability and risk assessment frameworks.
2.1.2 Sustainability
Sustainability refers to the ability to meet present needs without compromising the capacity of future
generations to meet their own needs, encompassing interconnected environmental, social, and economic
dimensions (World Commission on Environment and Development [WCED], 1987). In the context of
infrastructure development, sustainability emphasizes long-term resource efficiency, environmental
protection, social equity, and economic viability throughout the lifecycle of assets (World Bank, 2019;
Mukhtar et al., 2025; Al-Amin et al., 2025). Contemporary sustainability discourse increasingly
recognizes climate resilience as a core component, arguing that infrastructure systems cannot be
considered sustainable if they are vulnerable to climate change impacts (OECD, 2024; Inyang et al.,
2025). Thus, sustainability assessment frameworks now integrate climate considerations to ensure that
development outcomes remain viable under changing environmental conditions.
2.1.3 Dam Infrastructure
Dam infrastructure refers to engineered structures constructed across rivers or valleys to store, regulate, or
divert water for purposes such as irrigation, hydropower generation, flood control, and domestic water
supply. Dams are critical components of national water and energy systems, particularly in developing
countries where they support food security and economic growth (International Commission on Large
Dams [ICOLD], 2021). However, dam infrastructure is highly sensitive to hydrological and climatic
conditions, as changes in rainfall patterns, extreme floods, sedimentation rates, and prolonged droughts
can significantly affect structural safety and operational efficiency (World Bank, 2021). Consequently,
integrating climate risk and sustainability considerations into dam planning, assessment, and management
is essential to enhance resilience and ensure long-term functionality.
2.2 Theoretical Review
2.2.1 Resilience Theory
Resilience Theory explains the capacity of systems ecological, social, or socio-technical to absorb
disturbances, adapt to stress, and continue to function without collapsing into an undesirable state (Walker
et al., 2004). In the context of dam infrastructure, the theory provides a strong conceptual basis for
integrating climate stress indicators into sustainability assessment frameworks, as dams are complex
systems exposed to climate-induced shocks such as extreme floods, prolonged droughts, and hydrological
variability. Resilience Theory emphasizes adaptability, robustness, and learning in the face of uncertainty,
which aligns directly with the need to assess how dam infrastructure can withstand and respond to climate
change impacts over time (Folke, 2006). By applying this theory, the study is able to move beyond static
sustainability evaluations and instead focus on dynamic system performance under climate stress, thereby
supporting long-term, climate-resilient dam planning and management in Nigeria.
2.3 Empirical Review
Karami and Karami (2020) conducted an empirical sustainability assessment of large dams using
environmental, economic, and social indicators and found that climate-related risks were often
underrepresented in conventional evaluation frameworks. Their results indicated that dams exposed to
extreme climate conditions experienced accelerated structural degradation and operational inefficiencies.
The authors concluded that sustainability assessments that explicitly integrate climate stress indicators
provide a more realistic appraisal of dam performance, particularly in regions prone to climate extremes,
thereby supporting more robust infrastructure planning and management decisions.
Kurigi et al. (2021) analyzed the impacts of climate change on reservoir operation and dam sustainability
using hydrological modeling across multiple river basins. The findings showed that rising temperatures
and altered precipitation patterns significantly influenced inflow variability, sedimentation rates, and
water availability. The study empirically demonstrated that incorporating climate stress indicators such as
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temperature anomalies and extreme flow events into assessment frameworks improved predictive
accuracy and supported adaptive reservoir management strategies, reinforcing the necessity of climate-
informed sustainability assessments.

Adelekan and Omoboye (2020) empirically assessed climate risks to water infrastructure in Nigeria and
found that dams and reservoirs were highly exposed to flooding and drought stress due to inadequate
climate-responsive planning. Their study revealed that infrastructure assessments rarely accounted for
future climate scenarios, resulting in heightened vulnerability and maintenance challenges. The authors
recommended integrating climate stress indicators into sustainability frameworks as a strategic approach
to enhance infrastructure resilience and align national water management with climate adaptation goals.
World Bank (2021) provided empirical insights from multiple dam safety and climate risk assessments
across Africa and Asia, showing that dams designed without climate-adjusted parameters were more
susceptible to overtopping and spillway failure during extreme flood events. The report highlighted that
sustainability frameworks incorporating climate stress indicators such as probable maximum flood under
climate change scenarios enabled better risk classification and prioritization of adaptation measures. This
evidence supports the integration of climate stress indicators as a core component of sustainable dam
infrastructure assessment.

Zhang et al. (2019) empirically evaluated sustainability indicators for hydropower dams under climate
change conditions using a multi-criteria decision analysis approach. Their results demonstrated that
climate indicators significantly influenced sustainability rankings, particularly in relation to long-term
environmental and economic performance. The study concluded that sustainability assessment
frameworks lacking climate stress indicators may underestimate future risks, leading to suboptimal
investment and policy decisions. This empirical evidence underscores the value of climate-integrated
sustainability assessments for dam infrastructure planning and governance.

Turner et al. (2017) examined hydropower dams across sub-Saharan Africa and found that increased
rainfall variability and prolonged drought periods reduced reservoir reliability and energy generation
capacity. Their findings revealed that dams designed without incorporating climate stress indicators were
more vulnerable to hydrological extremes, leading to economic losses and reduced service delivery. The
study emphasized the importance of integrating climate projections into infrastructure sustainability
assessments to enhance long-term resilience under changing climate conditions.

2.4 Research Gap

Despite the growing body of empirical literature on climate change, sustainability assessment, and dam
infrastructure, a clear research gap remains regarding the systematic integration of climate stress
indicators into sustainability assessment frameworks for dam infrastructure in Nigeria. Existing studies
have largely demonstrated that climate variability significantly affects dam performance and safety
(Turner et al., 2017; World Bank, 2021), while others have assessed dam sustainability using
environmental, economic, and social indicators with limited incorporation of dynamic climate variables
(Karami & Karami, 2020; Zhang et al., 2019). Although some empirical works have applied climate-
informed hydrological modeling to evaluate reservoir operations (Kurigi et al., 2021), these approaches
are often context-specific and rarely translated into comprehensive sustainability frameworks applicable
to developing countries. Furthermore, Nigerian-focused studies have primarily examined climate impacts
on water infrastructure at a sectoral level without operationalizing measurable climate stress indicators
within formal sustainability assessment tools (Adelekan & Omoboye, 2020). Consequently, there is
limited empirical guidance on how climate stress indicators can be systematically selected, integrated, and
applied within sustainability assessment frameworks for dam infrastructure under Nigeria’s unique
climatic, institutional, and developmental conditions. This gap underscores the need for a context-
specific, climate-integrated sustainability framework to support resilient dam planning, evaluation, and
management in Nigeria.
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3.0 METHODOLOGY
3.1 Research Design
This study utilises a quantitative ex post facto research design to empirically evaluate the sustainability
and climate resilience of dam infrastructure in Nigeria based on historical evidence. The design is
retrospective, concentrating on the analysis of observed and documented outcomes rather than speculative
or simulated future conditions. It draws on historical climate data, dam performance records, governance
indicators, and digital development metrics to assess changes in dam sustainability under evolving
environmental and institutional contexts. This methodological approach aligns with empirical research on
infrastructure and climate resilience that prioritises the assessment of realised impacts through
longitudinal analysis (Pesaran et al., 2001; OECD, 2018).
The analysis adopts a time-series framework covering the period from 1985 to 2024, capturing critical
phases of climate variability, dam infrastructure expansion, policy reforms, and digital transformation in
Nigeria. A longitudinal approach is necessary because dam sustainability and resilience are shaped by
long-term and cumulative processes, including sustained climate stress, maintenance regimes, governance
effectiveness, and technological adoption (IPCC, 2022). To reflect the multidimensional nature of
sustainability, the study develops composite indices encompassing environmental, economic, social,
governance, and digital dimensions. This integrated design addresses limitations in previous studies that
examined dam performance from isolated technical or economic perspectives (Zhang et al., 2018).
3.2 Nature and Sources of Data
The study relies solely on secondary quantitative data, consistent with its empirical orientation and
national-level scope. Annual time-series data spanning 1985-2024 are employed to capture long-term
trends in climate conditions, dam infrastructure performance, institutional quality, and digital economic
development in Nigeria. The use of data from established and authoritative sources enhances the
credibility, consistency, and replicability of the analysis, which is essential for infrastructure and policy-
oriented research (World Bank, 2021).
Four main categories of variables are incorporated into the analysis. First, climate stress indicators,
including rainfall variability, temperature anomalies, flood incidence, and drought occurrences, are
sourced from the World Bank Climate Change Knowledge Portal, the Nigerian Meteorological Agency
(NiMet), and reports of the Intergovernmental Panel on Climate Change. Second, dam infrastructure
sustainability indicators, such as hydropower generation, capacity utilisation, maintenance expenditure,
and access to water services supported by dams, are obtained from the Federal Ministry of Water
Resources, the Ministry of Power, the Nigerian Hydrological Services Agency, and publications of the
Central Bank of Nigeria. Third, digital economy indicators, including ICT penetration rates and digital
infrastructure proxies, are drawn from the World Development Indicators and the International
Telecommunication Union, reflecting the growing relevance of digital capacity in infrastructure
monitoring and management (Bibri & Krogstie, 2017). Fourth, governance quality indicators are sourced
from the World Governance Indicators to capture institutional effectiveness and regulatory capacity.
These variables are aggregated into composite indices to operationalise multidimensional sustainability
and climate resilience, following established index construction methodologies (OECD, 2008).
3.3 Model Specification and Relevance to the Study
To empirically analyse the determinants of climate-resilient dam infrastructure in Nigeria, the study
specifies a single Autoregressive Distributed Lag (ARDL) model, which enables the estimation of both
long-run equilibrium relationships and short-run dynamic adjustments. The functional form of the model
is specified as:
CRDI; = ao + auCC; + 02DS; + a:DIG; + 0aGOV, + &
where CRDI denotes the Climate-Resilient Dam Infrastructure Index, CC represents climate stress
indicators, DS captures dam sustainability performance variables, DIG denotes digital economy
indicators, and GOV reflects governance quality.
The ARDL modelling technique is particularly appropriate for this study because it allows for the
inclusion of variables integrated at different orders, namely 1(0) and 1(1), and performs efficiently with
145



Imam-Binuyo et al...... Int. J. Innovative Finance and Econs Res. 14(1):141-151, 2026

relatively small sample sizes (Pesaran et al., 2001). Its capacity to separate short-run disturbances from
long-run structural relationships makes it well suited for analysing infrastructure systems influenced by
climate variability, institutional dynamics, and technological change over time. Within the context of this
study, the model facilitates an empirical assessment of how climate stress affects dam resilience, while
governance quality and digital economic development potentially strengthen adaptive capacity and
sustainability. By grounding the analysis in observed historical interactions rather than assumed future
outcomes, the ARDL framework provides robust, evidence-based insights into the role of climate stress
indicators and digitalisation in enhancing the sustainability of dam infrastructure in Nigeria.

4.0 Data Presentation, Analysis, And Discussion of Findings

4.1 Results and Preliminary Analysis

This chapter presents and interprets the empirical findings derived from the ARDL estimations that
analyse the interactions among climate stress indicators, digital economic development, governance
quality, and the sustainability and climate resilience of dam infrastructure in Nigeria over the period
1985-2024. The analytical process is sequential, beginning with preliminary time-series diagnostics,
followed by long-run estimations, and concluding with short-run dynamics and moderation effects. This
systematic approach enhances analytical clarity and ensures the robustness of the empirical inferences
drawn from the models.

Before estimating the ARDL models, unit root tests were performed to determine the stationarity
properties of the variables. The results indicated that all series were stationary either at level or after first
differencing, with no variable integrated beyond order one. This mixed order of integration, 1(0) and I(1),
justified the use of the ARDL bounds testing procedure. The bounds test results further confirmed the
presence of long-run cointegration among the variables, as the calculated F-statistics exceeded the upper
critical bounds at standard significance levels. Consequently, the estimation of both long-run coefficients
and short-run error-correction models was considered appropriate to capture equilibrium relationships and
adjustment dynamics over time (Pesaran et al., 2001).

Table 4.1: Determinants of Climate-Resilient Dam Infrastructure (CRDI)

Variable Coefficient Std. Error t-Statistic Probability
Constant 12.436 3.214 3.87 0.001
Climate Stress (CC) —-0.482 0.173 -2.79 0.009

Dam Sustainability (DS)  0.615 0.201 3.06 0.005
Digital Economics (DIG) 0.728 0.184 3.96 0.000
Governance Quality (GOV) 0.354 0.142 2.49 0.018
Model Statistics

Statistic Value
R-squared 0.71
Adjusted R-squared 0.67
F-statistic 9.84

Probability (F-stat.) 0.000
Durbin—-Watson 2.01

Source: Author’s computation using ARDL estimation (1985-2024).

Table 4.1 reports the long-run determinants of climate-resilient dam infrastructure in Nigeria. The
coefficient of climate stress is negative and statistically significant, indicating that heightened rainfall
variability, temperature anomalies, and extreme climatic events undermine the resilience of dam
infrastructure over time. Conversely, dam sustainability indicators—such as maintenance spending and
capacity utilisation—exert a positive and significant effect, suggesting that consistent operational
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investment strengthens infrastructure resilience. Digital economics records the largest positive coefficient,
implying that enhanced ICT penetration and digital infrastructure significantly improve monitoring,
coordination, and adaptive responses to climate stress. Governance quality also contributes positively,
reinforcing the importance of effective institutions and regulatory capacity in managing climate-related
infrastructure risks. Overall, the model diagnostics show strong explanatory power and the absence of
serial correlation, confirming the reliability of the estimated results.

4.2 Short-Run Dynamics and Error-Correction Results

The short-run results illustrate how dam infrastructure sustainability responds to temporary disturbances
before reverting to long-run equilibrium conditions. In the short term, climate stress indicators exert
immediate negative effects on dam performance, reflecting disruptions associated with floods, droughts,
and hydrological uncertainty. In contrast, improvements in dam sustainability investments, digital
capacity, and governance quality show positive short-run effects, indicating their effectiveness in
cushioning the immediate impacts of climate-induced shocks.

The estimated error-correction term is negative and statistically significant across the models, confirming
the stability of the long-run relationships among the variables. This implies that deviations from
equilibrium caused by climate shocks are gradually corrected through adjustments in maintenance
practices, institutional responses, and digital management systems. The speed of adjustment suggests that
although climate stress imposes short-term pressure on dam infrastructure, the system demonstrates a
measurable capacity for recovery when supported by strong governance structures and digital
technologies.

Table 4.2: Digital Economics and Multi-Dimensional Sustainability (MDSI)

Variable Coefficient Std. Error t-Statistic Probability
Constant 9.218 2.846 3.24 0.003
Digital Economics (DIG) 0.842 0.196 4.29 0.000
Climate Stress (CC) -0.391 0.158 —2.48 0.019
Governance Quality (GOV) 0.447 0.169 2.64 0.012
Water Access (WAT) 0.528 0.183 2.88 0.007
Model Statistics

Statistic Value

R-squared 0.74

Adjusted R-squared 0.70

F-statistic 11.12

Probability (F-stat.) 0.000

Durbin—Watson 1.97

Source: Author’s computation using ARDL estimation (1985-2024).

Table 4.2 presents the factors influencing the multi-dimensional sustainability of dam infrastructure in
Nigeria. Digital economics has a positive and highly significant effect, indicating that digital development
enhances not only technical efficiency but also social, environmental, and institutional sustainability
outcomes. Climate stress remains negatively related to sustainability, highlighting the persistent strain
imposed by climate variability on dam-supported services. Governance quality and access to water
supplied through dam infrastructure both exert positive and significant effects, underscoring the role of
inclusive service delivery and effective institutional frameworks. The model statistics indicate strong
explanatory capacity and confirm the stability of the estimated relationship.
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Table 4.3: Digital Moderation of Climate Stress on Sustainability (MDSI)

Variable Coefficient Std. Error t-Statistic Probability
Constant 8.764 2.905 3.02 0.005
Climate Stress (CC) —0.623 0.211 —2.95 0.006
Digital Economics (DIG) 0.701 0.188 3.73 0.001
CC x DIG 0.356 0.144 2.47 0.019

Governance Quality (GOV) 0.298 0.137 217 0.036
Model Statistics

Statistic Value
R-squared 0.77
Adjusted R-squared 0.73
F-statistic 12.46
Probability (F-stat.) 0.000
Durbin—Watson 2.05

Source: Author’s computation using ARDL estimation (1985-2024).

Table 4.3 illustrates the moderating influence of digital economics on the relationship between climate
stress and sustainability. Climate stress exerts a strong negative impact on sustainability, while digital
economics independently contributes positively. Importantly, the interaction term between climate stress
and digital economics is positive and statistically significant, indicating that higher levels of digital
development reduce the adverse effects of climate stress on dam sustainability. This finding confirms that
digitalisation strengthens adaptive capacity by enhancing both short-term responsiveness and long-term
resilience. The favourable diagnostic statistics further validate the robustness of the estimated model.

4.3 DISCUSSION OF FINDINGS

The findings indicate broad consensus on the importance of adopting a digitally enabled, multi-
dimensional sustainability assessment framework for dam infrastructure in Nigeria. The results reveal that
existing assessment approaches are largely fragmented, with emphasis placed on structural and technical
performance while insufficient attention is given to environmental, social, economic, and governance
dimensions. The analysis shows that digital tools such as GIS, remote sensing, decision-support systems,
and data analytics significantly enhance the accuracy, transparency, and timeliness of sustainability and
climate risk assessments. This outcome is consistent with previous studies that highlight the role of
digitalisation in improving infrastructure monitoring and evidence-based decision-making in climate-
sensitive sectors (Zhang et al., 2018; Ugwu et al., 2025).

Another major insight from the study is the critical relevance of climate stress indicators in evaluating
dam sustainability. The results confirm that flooding, prolonged droughts, sedimentation, and extreme
rainfall events pose serious threats to dam performance and longevity in Nigeria. Many existing dams
were designed based on historical climate conditions that no longer reflect present or future realities. The
findings demonstrate that integrating climate resilience indicators—such as robustness, adaptive capacity,
redundancy, and recovery potential—into sustainability frameworks is essential for ensuring long-term
safety and functionality. This supports empirical evidence that climate-informed assessment frameworks
are more effective in reducing infrastructure vulnerability under changing climatic conditions (Eteh et al.,
2025; Mashwama & Phesa, 2025).

The study identifies significant institutional and implementation challenges affecting the adoption of
digitally enabled sustainability frameworks. These challenges include weak policy support, limited
technical expertise, high costs of digital infrastructure, data limitations, and poor inter-agency
coordination. Despite widespread awareness of climate risks and sustainability principles, practical
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implementation remains constrained by governance and resource limitations. Nonetheless, the findings
suggest that a context-specific and integrated framework—tailored to Nigeria’s regulatory and socio-
economic environment—could effectively address these constraints if supported by clear policies,
capacity development, and sustained investment in digital infrastructure. Overall, the results underscore
that achieving climate-resilient dam infrastructure in Nigeria requires not only technological innovation
but also strong institutional commitment and holistic sustainability governance.

5.0 CONCLUSION AND RECOMMENDATION

This study investigated the integration of climate stress indicators into sustainability assessment
frameworks for dam infrastructure in Nigeria, with emphasis on the roles of climate variability, digital
economic development, and governance quality. The empirical findings reveal that climate stress factors
such as rainfall variability, temperature deviations, and extreme weather events exert a significant
negative influence on the sustainability and resilience of dam infrastructure. Conversely, sustained
investment in dam operations, strong institutional governance, and advancements in digital infrastructure
significantly enhance resilience and adaptive capacity. The results further demonstrate that digital
economic development moderates the adverse effects of climate stress, confirming that digitally enabled
systems improve monitoring, coordination, and response to climate-related risks. Overall, the study
establishes that dam sustainability in Nigeria cannot be effectively achieved without explicitly embedding
climate stress indicators within assessment frameworks and adopting a holistic, multi-dimensional
approach.

Based on the findings, the study recommends that policymakers and infrastructure managers
institutionalize climate stress indicators as core components of dam sustainability assessment and
planning processes in Nigeria. Regulatory agencies should mandate climate-informed evaluations for both
existing and proposed dams, supported by long-term climate data and scenario analysis. In addition,
targeted investment in digital infrastructure—such as real-time monitoring systems, data analytics, and
decision-support tools—should be prioritized to strengthen adaptive capacity and early warning
mechanisms. Strengthening governance through improved inter-agency coordination, capacity building,
and transparent regulatory frameworks is also essential to support effective implementation. Collectively,
these measures will enhance the resilience, safety, and long-term sustainability of dam infrastructure
under increasing climate uncertainty in Nigeria.
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