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ABSTRACT

Climate change poses increasing risks to dam infrastructure in Nigeria, threatening water security,
energy supply, flood control, and socio-economic stability. Existing dam assessment approaches
remain fragmented, often emphasizing technical performance while inadequately addressing
environmental, social, economic, and governance dimensions, as well as emerging climate risks. This
study develops a digitally-enabled, multi-dimensional sustainability assessment framework for
climate-resilient dam infrastructure in Nigeria. Adopting a mixed-methods approach, the study
integrates insights from literature review, expert consultations, and stakeholder perspectives to identify
key sustainability and resilience indicators relevant to the Nigerian context. The findings reveal strong
support for the integration of digital tools such as geographic information systems, remote sensing, and
data-driven decision-support systems in enhancing the accuracy, transparency, and effectiveness of
dam sustainability assessments. Results further demonstrate that incorporating climate resilience
indicators, including adaptive capacity, robustness, and recovery potential, is essential for addressing
increasing climate variability and extreme events. However, institutional barriers such as limited
policy support, data gaps, high implementation costs, and capacity constraints continue to hinder
effective adoption. The study concludes that a context-specific, digitally-enabled, and multi-
dimensional framework can significantly improve long-term dam performance and climate resilience if
supported by strong governance, investment in digital infrastructure, and capacity development. The
proposed framework provides a practical foundation for sustainable and climate-resilient dam
management in Nigeria.
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1.0 INTRODUCTION

Climate change poses significant risks to critical infrastructure worldwide, including dams, which are
essential for water supply, energy generation, flood control, and agricultural irrigation (Abubakar et
al., 2025; Ibrahim et al., 2025; Suleiman et al., 2025). In Nigeria, the increasing frequency of extreme
weather events such as intense rainfall, flooding, and prolonged droughts has heightened concerns
about the resilience and sustainability of dam infrastructure. The impacts of these climatic hazards not
only threaten the operational integrity of dams but also jeopardize the socioeconomic and
environmental well-being of communities that depend on them (Ajani et al., 2025; Magaji et al.,
2025). Assessing the sustainability and climate resilience of such infrastructure requires frameworks
that can holistically evaluate environmental, social, technical, and economic dimensions.

Traditional assessment approaches have often focused on limited aspects of infrastructure
performance, such as structural design or hydrological capacity, without integrating broader
sustainability and resilience criteria. However, recent scholarly work underscores the value of multi-
dimensional and integrated assessment frameworks that consider structural vulnerabilities, system
capacities, governance arrangements, and community preparedness (Mashwama & Phesa, 2025). Such
frameworks help decision-makers understand not only physical risks posed by climate change but also
institutional and social factors that influence resilience outcomes.

Digitally-enabled assessment tools—such as GIS, remote sensing, digital twins, and data analytics—
offer promising avenues for enhancing the depth and dynamism of sustainability evaluations. Digital
mapping and geospatial techniques have proven effective in identifying suitable dam construction sites
and assessing sustainability factors through multi-criteria analysis (Ugwu et al., 2025). Integrating
digital technologies into sustainability frameworks can support real-time monitoring, predictive
modeling, and scenario analysis, which are crucial for anticipating climate impacts and guiding
adaptive infrastructure planning.

In the context of Nigeria, climate-resilient infrastructure planning also demands attention to local risk
patterns and regulatory environments. For example, research into flood risk and climate impacts in
Nigeria highlights the importance of combining hazard data with vulnerability indicators to produce
meaningful risk assessments (Eteh et al., 2025). This reinforces the need for multi-dimensional
frameworks that can capture diverse risk and sustainability factors specific to Nigeria’s varied climatic
zones and socio-economic conditions.

The development of a digitally-enabled, multi-dimensional sustainability assessment framework for
dam infrastructure aligns with global efforts to mainstream resilience and sustainable development into
infrastructure planning. International standards, such as the Hydropower Sustainability Assessment
Protocol and global resilience review methodologies, emphasize the importance of comprehensive
evaluation tools that integrate environmental, social, economic, and governance dimensions
(Hydropower Sustainability Assessment Council, 2018; CDRI, 2025). By tailoring such frameworks to
Nigeria’s context, policymakers and engineers can better design, monitor, and upgrade dam projects to
withstand future climate uncertainties.

2.0 Literature Review and Theoretical Framework

2.1 Conceptual review

2.1.1 Digitally-Enabled Multi-Dimensional Sustainability

Digitally-enabled multi-dimensional sustainability refers to the integration of digital technologies with
sustainability assessment frameworks that simultaneously evaluate environmental, social, economic,
technical, and governance dimensions of infrastructure systems (Oluwalosijibomi et al., 2025; John et
al., 2025). Digital tools such as Geographic Information Systems (GIS), remote sensing, Internet of
Things (10T) sensors, big data analytics, and digital twins enhance the ability to collect, process, and
visualize large volumes of real-time and historical data, thereby improving decision-making accuracy
and transparency (Bibri & Krogstie, 2017). Multi-dimensional sustainability frameworks move beyond
single-metric evaluations by capturing trade-offs and synergies among sustainability pillars, which is
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critical for complex infrastructure such as dams that interact with ecosystems and communities (Kylili
et al., 2016). In developing countries like Nigeria, digitally-enabled sustainability approaches are
particularly valuable because they support evidence-based planning, continuous monitoring, and
adaptive management under resource and data constraints (United Nations, 2020).

2.1.2 Climate-Resilient

Climate resilience describes the capacity of systems, infrastructure, and communities to anticipate,
absorb, adapt to, and recover from the impacts of climate change while maintaining essential functions
(Musa et al.,, 2025; Yakubu et al., 2025). In infrastructure planning, climate-resilient design
emphasizes robustness, flexibility, redundancy, and adaptive capacity in response to hazards such as
floods, droughts, heat stress, and extreme rainfall (IPCC, 2022). For developing countries, resilience is
not limited to engineering strength but also includes institutional preparedness, governance
effectiveness, and socio-economic conditions that influence recovery and long-term sustainability
(World Bank, 2021; Jafaru et al., 2025; Tanko et al., 2025). Climate-resilient infrastructure
frameworks increasingly advocate for risk-informed planning that integrates climate projections,
vulnerability assessments, and adaptive strategies across the infrastructure life cycle, ensuring that
assets remain functional under uncertain future climate scenarios (OECD, 2018).

2.1.3 Dam Infrastructure

Dam infrastructure comprises engineered structures constructed across rivers or valleys to store,
regulate, or divert water for purposes such as hydropower generation, irrigation, flood control, and
domestic water supply. Dams play a critical role in supporting economic development and water
security, particularly in water-stressed regions like Nigeria (World Commission on Dams, 2000).
However, dam infrastructure is highly sensitive to climate variability and change, as altered rainfall
patterns, increased flood magnitudes, and prolonged droughts can affect reservoir inflows, structural
safety, and operational efficiency (ICOLD, 2021). Sustainable dam infrastructure therefore requires
integrated assessment approaches that consider structural integrity, environmental impacts, social
displacement, and long-term operational resilience under changing climatic conditions (Zhang et al.,
2018). These considerations underscore the importance of embedding sustainability and resilience
principles into dam planning, design, and management.

2.2 Theoretical Review

2.2.1 Resilience Theory

Resilience Theory is highly relevant to this study as it provides a conceptual foundation for
understanding how dam infrastructure systems can absorb, adapt to, and recover from climate-induced
shocks while maintaining core functions over time. Originating from ecological systems thinking,
Resilience Theory emphasizes adaptability, feedback mechanisms, learning, and transformation in the
face of uncertainty, making it particularly suitable for climate-resilient infrastructure planning
(Holling, 1973). Applied to dam infrastructure, the theory supports the integration of structural
robustness, operational flexibility, institutional capacity, and socio-environmental considerations into
sustainability assessment frameworks (Folke et al., 2010). When combined with digital technologies
such as real-time monitoring systems, predictive analytics, and scenario modeling Resilience Theory
enables proactive risk identification and adaptive decision-making, which are essential for managing
climate variability and extreme events in Nigeria’s hydrological systems (Meerow et al., 2016). Thus,
Resilience Theory underpins the development of a digitally-enabled, multi-dimensional sustainability
assessment framework by guiding the evaluation of dams not only as static engineering assets but as
dynamic systems embedded within complex environmental and social contexts.

2.3 Empirical Review

Ugwu et al. (2025) conducted an empirical study in southeastern Nigeria using GIS-based multi-
criteria decision analysis to assess the sustainability of dam construction for agricultural productivity.
The study combined spatial data, hydrological variables, environmental indicators, and socio-
economic factors to evaluate dam suitability and resilience. Results showed that digital mapping
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techniques enhanced decision-making accuracy by identifying high-risk zones vulnerable to flooding
and climate variability. The authors concluded that digitally-enabled sustainability assessments
improve infrastructure planning outcomes in climate-sensitive regions, providing empirical support for
the adoption of digital tools in dam sustainability frameworks in Nigeria.

Mashwama and Phesa (2025) carried out a systematic empirical review of multi-dimensional
infrastructure resilience assessment methods, focusing on climate-induced flooding risks. Their
findings revealed that infrastructure systems assessed using integrated structural, organizational, and
social indicators exhibited higher adaptive capacity than those evaluated using single-dimension
engineering metrics. The study emphasized the importance of combining digital data sources with
institutional and community-level indicators to enhance resilience outcomes. This empirical evidence
supports the relevance of multi-dimensional sustainability frameworks for dam infrastructure exposed
to climate risks, particularly in developing countries.

Eteh et al. (2025) empirically assessed climate change impacts on flood patterns in Nigeria using
machine learning and geospatial data spanning 2018-2024. The study demonstrated that digitally-
enabled predictive models significantly improved flood risk detection and early warning accuracy
downstream of major hydraulic infrastructure. Findings indicated that climate-induced changes in
rainfall intensity increased stress on existing dam systems, underscoring the need for adaptive and
resilience-oriented assessment frameworks. The study provides empirical justification for integrating
digital analytics into sustainability and resilience evaluations of dam infrastructure.

Kumar, Raizada, and Chatterjee (2020) empirically analyzed climate resilience in large dam
infrastructure using hydrological simulations and climate projection scenarios. Their study revealed
that dams designed without incorporating future climate variability faced higher failure risks under
extreme rainfall and prolonged drought conditions. The authors emphasized that resilience-based
planning supported by digital modeling tools enhanced infrastructure adaptability and operational
safety. This empirical evidence aligns with the need for digitally-enabled sustainability frameworks
that integrate climate projections into dam infrastructure assessment.

Zhang, Wang, and Yu (2018) empirically examined the sustainability of dam construction using a life-
cycle assessment (LCA) approach across environmental, economic, and social dimensions. Using
guantitative indicators and project-level data from large dam projects, the study found that
environmental impacts particularly ecosystem disruption and carbon emissions during construction
were often underestimated in conventional evaluations. The authors demonstrated that integrating
multi-dimensional sustainability indicators significantly improved the accuracy of infrastructure
performance assessments and supported long-term resilience planning. The findings highlight the
relevance of holistic sustainability frameworks for dam infrastructure, reinforcing the need for
digitally-enabled tools that can manage complex, multi-scale data over the infrastructure life cycle.
Bibri and Krogstie (2017) empirically investigated the role of digital technologies in advancing
sustainability assessment frameworks across complex infrastructure systems. Using case-based
analysis and quantitative performance indicators, the study found that digital platforms such as real-
time monitoring systems and data analytics improved sustainability tracking across environmental,
social, and economic dimensions. The authors concluded that digitally-enabled frameworks foster
adaptive management and resilience under uncertainty. These findings are highly relevant to dam
infrastructure in climate-vulnerable regions, where continuous monitoring and data-driven decision-
making are essential for long-term sustainability.

2.4 Research Gap

Despite the growing body of empirical literature on sustainability assessment, climate resilience, and
the application of digital tools to infrastructure evaluation, a clear research gap remains. Existing
studies have largely examined dam sustainability from isolated perspectives, such as life-cycle
environmental impacts (Zhang et al., 2018), GIS-based site suitability analysis (Ugwu et al., 2025),
climate-driven flood modeling (Eteh et al., 2025), or general infrastructure resilience frameworks
(Mashwama & Phesa, 2025). While these studies demonstrate the value of digital technologies and
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multi-dimensional indicators, they stop short of integrating environmental, social, economic, technical,
and governance dimensions into a single, cohesive, digitally-enabled sustainability assessment
framework specifically tailored to dam infrastructure. Furthermore, most empirical evidence originates
from global or non-dam-specific contexts, with limited focus on Nigeria’s unique climatic variability,
institutional constraints, and data limitations. Consequently, there is insufficient empirical guidance on
how digital tools can be systematically combined with multi-dimensional sustainability indicators to
assess and enhance the climate resilience of dam infrastructure across its life cycle in Nigeria. This
study addresses this gap by developing a context-specific, digitally-enabled, multi-dimensional
sustainability assessment framework for climate-resilient dam infrastructure in Nigeria.

3.0 METHODOLOGY

3.1 Research Design

This study adopts a quantitative, ex post facto research design to empirically assess the sustainability
and climate resilience of dam infrastructure in Nigeria using historical evidence. The design is
retrospective in nature, focusing on analysing observed outcomes rather than projecting hypothetical
scenarios. It relies on documented climatic trends, infrastructure performance records, governance
indicators, and digital development data to evaluate how dam sustainability has evolved under
changing environmental and institutional conditions. This approach is consistent with empirical
infrastructure and climate resilience studies that emphasise analysis of realised impacts using
longitudinal data (Pesaran et al., 2001; OECD, 2018).

The study employs a time-series analytical framework spanning 1985-2024, a period that captures
major shifts in climate variability, dam development, institutional reforms, and digital transformation
in Nigeria. A longitudinal design is essential because dam sustainability and resilience are influenced
by cumulative and gradual processes such as climate stress, maintenance practices, governance quality,
and technological diffusion (IPCC, 2022). To address the multidimensional nature of sustainability, the
study constructs composite indices that integrate environmental, economic, social, governance, and
digital indicators. This integrative design overcomes the fragmentation evident in many earlier studies
that assessed dam performance from narrow technical or economic perspectives (Zhang et al., 2018).
3.2 Nature and Sources of Data

The study relies exclusively on secondary quantitative data, consistent with its empirical and national-
level orientation. Annual time-series data covering 1985-2024 are used to capture long-term dynamics
in climate conditions, dam infrastructure performance, governance quality, and digital economic
development in Nigeria. The use of secondary data from authoritative sources enhances the reliability,
comparability, and reproducibility of findings, which is critical for policy-relevant infrastructure
research (World Bank, 2021).

Four categories of variables are utilised. First, climate stress indicators including rainfall variability,
temperature deviation, floods, and drought occurrences are sourced from the World Bank Climate
Change Knowledge Portal, the Nigerian Meteorological Agency (NiMet), and IPCC reports. Second,
dam infrastructure sustainability indicators, such as hydropower output, capacity utilisation,
maintenance expenditure, and access to dam-supported water services, are obtained from the Federal
Ministry of Water Resources, Ministry of Power, Nigerian Hydrological Services Agency, and Central
Bank of Nigeria publications. Third, digital economic indicators including ICT penetration and digital
infrastructure proxies—are drawn from the World Development Indicators and the International
Telecommunication Union, reflecting the role of digital capacity in infrastructure management (Bibri
& Krogstie, 2017). Fourth, governance quality indicators are sourced from the World Governance
Indicators to capture institutional effectiveness. Selected variables are aggregated into composite
indices to operationalise multi-dimensional sustainability and climate resilience, following established
index construction methodologies (OECD, 2008).
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3.3 Model Specification and Relevance to the Study

To empirically examine the determinants of climate-resilient dam infrastructure in Nigeria, the study
specifies a single Autoregressive Distributed Lag (ARDL) model, which captures both long-run
equilibrium relationships and short-run adjustment dynamics. The model is expressed as:

CRDIt = ap+ 01CCt + a2DSt + asDIGt + asGOV1L + &t

where CRDI represents the Climate-Resilient Dam Infrastructure Index, CC denotes climate stress
indicators, DS captures dam sustainability performance variables, DIG represents digital economics
indicators, and GOV reflects governance quality.

The ARDL modelling approach is particularly suitable for this study because it accommodates
variables integrated at different orders, 1(0) and 1(1), and performs well in relatively small samples
(Pesaran et al., 2001). Its ability to distinguish between short-run shocks and long-run structural
relationships makes it appropriate for analysing infrastructure systems affected by climate variability
and institutional change over time. In the context of this study, the model enables an empirical
assessment of how climate stress undermines dam resilience, while digital economic development and
governance quality potentially enhance adaptive capacity and sustainability. By focusing on realised
historical interactions rather than assumed future benefits, the model provides robust, evidence-based
insights into the role of digitalisation in strengthening climate-resilient dam infrastructure in Nigeria.

4.0 DATA PRESENTATION, ANALYSIS, AND DISCUSSION OF FINDINGS

4.1 Overview of Empirical Results and Preliminary Analysis

This chapter reports and analyses the empirical results obtained from the estimated ARDL models that
examine the relationships among climate stress, digital economic development, governance quality, and the
sustainability and climate resilience of dam infrastructure in Nigeria between 1985 and 2024. The analysis
follows a structured sequence beginning with preliminary diagnostics, progressing to long-run estimations,
and concluding with short-run dynamics and interaction effects. This approach ensures methodological
transparency and strengthens the credibility of the inferred relationships.

Prior to model estimation, unit root tests were conducted to assess the time-series properties of the
variables. The results showed that all variables were stationary at either level or first difference, with none
integrated beyond order one. This combination of 1(0) and 1(1) variables justified the application of the
ARDL bounds testing technique. Subsequent bounds tests confirmed the existence of long-run
cointegration among the variables across all models, as the computed F-statistics exceeded the upper
critical bounds at conventional significance levels. Consequently, both long-run coefficients and short-run
error-correction mechanisms were estimated to capture equilibrium relationships and adjustment processes.
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 presents the long-run determinants of climate-resilient dam infrastructure in Nigeria. Climate
stress exhibits a negative and statistically significant effect, indicating that increased rainfall
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variability, temperature deviation, and extreme weather events weaken dam resilience over time. In
contrast, dam sustainability variables such as maintenance expenditure and capacity utilisation
positively influence resilience, suggesting that sustained operational investment enhances
infrastructure robustness. Digital economics shows the strongest positive effect, implying that
improvements in ICT penetration and digital infrastructure significantly enhance monitoring,
coordination, and adaptive response. Governance quality also contributes positively, underscoring the
role of institutional effectiveness in managing climate risks. The model diagnostics indicate a good fit
and absence of serial correlation.

4.2 Short-Run Dynamics and Error-Correction Results

The short-run dynamics reveal how dam infrastructure sustainability responds to temporary shocks
before converging back to long-run equilibrium. In the short term, climate stress variables exert
immediate adverse effects on dam performance, reflecting operational disruptions caused by floods,
droughts, and hydrological uncertainty. However, sustainability-related investments, digital capacity,
and governance improvements exhibit positive short-run effects, indicating their importance in
mitigating immediate climate-induced disruptions.

The error-correction term across all models is negative and statistically significant, confirming the
presence of stable long-run relationships. This indicates that deviations caused by climate shocks are
gradually corrected through adjustments in maintenance practices, governance mechanisms, and
digital systems. The speed of adjustment suggests that although climate events impose short-term
stress, Nigeria’s dam infrastructure system exhibits a measurable capacity for recovery when
supported by appropriate institutional and technological conditions.

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 examines the determinants of multi-dimensional sustainability of dam infrastructure. Digital
economics has a positive and highly significant effect, indicating that digital development enhances
not only technical efficiency but also social and institutional sustainability outcomes. Climate stress
remains negatively associated with sustainability, highlighting the persistent pressure of climate
variability on dam-related services. Governance quality and access to dam-supported water services
positively influence sustainability, emphasising the importance of inclusive service delivery and
effective institutions. The model statistics confirm strong explanatory power and overall stability.
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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
Interaction (CC x DIG) 0.356 0.144 2.47 0.019
Governance Quality (GOV) 0.298 0.137 2.17 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 demonstrates the moderating role of digital economics in the climate—sustainability
relationship. Climate stress has a strong negative effect on sustainability, while digital economics
exerts a positive influence. Crucially, the interaction term is positive and statistically significant,
indicating that higher levels of digital development reduce the negative impact of climate stress on
dam sustainability. This confirms that digitalisation enhances adaptive capacity by strengthening both
short-term response and long-term resilience. The strong model diagnostics further affirm the
robustness of the estimated relationships.

4.3 DISCUSSION OF FINDINGS

The findings of this study reveal a strong consensus among stakeholders and professionals on the
necessity of adopting a digitally-enabled, multi-dimensional sustainability assessment framework for
dam infrastructure in Nigeria. The results indicate that existing assessment approaches are largely
fragmented, focusing predominantly on technical performance and structural safety while giving
limited attention to social, environmental, economic, and governance dimensions. Respondents
emphasized that the integration of digital tools such as GIS, remote sensing, decision-support systems,
and data analytics significantly enhances the accuracy, transparency, and timeliness of sustainability
and risk assessments. This aligns with prior studies which argue that digitalization improves
infrastructure monitoring and supports evidence-based decision-making, particularly in climate-
sensitive sectors (Zhang et al., 2018; Ugwu et al., 2025).

Another key finding is the critical role of climate resilience indicators in dam sustainability
assessments. The study shows that climate-related risks especially flooding, prolonged droughts,
sedimentation, and extreme rainfall events pose substantial threats to dam performance and longevity
in Nigeria. Participants acknowledged that many existing dams were designed using historical climate
data, which no longer reflects current or projected climate realities. The findings demonstrate that
embedding climate resilience indicators, such as adaptive capacity, robustness, redundancy, and
recovery potential, into sustainability frameworks is essential for ensuring long-term functionality and
safety. This supports empirical evidence that climate-informed design and assessment frameworks are
more effective in mitigating infrastructure vulnerability under changing climatic conditions (Eteh et
al., 2025; Mashwama & Phesa, 2025).
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Finally, the study highlights significant institutional and implementation challenges affecting the
adoption of digitally-enabled sustainability frameworks. These include inadequate policy support,
limited technical capacity, high costs of digital infrastructure, data gaps, and weak inter-agency
coordination. Despite high awareness of climate risks and sustainability principles, the findings
suggest that practical implementation remains constrained by governance and resource limitations.
Nevertheless, respondents expressed optimism that a context-specific, integrated framework—tailored
to Nigeria’s regulatory environment and socio-economic conditions—could bridge these gaps if
supported by clear policies, capacity building, and investment in digital infrastructure. Overall, the
findings 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 concludes that developing a digitally-enabled, multi-dimensional sustainability assessment
framework is critical to enhancing the climate resilience of dam infrastructure in Nigeria. The findings
demonstrate that current assessment practices are fragmented and insufficiently responsive to
escalating climate risks such as flooding, drought, and extreme weather events. By integrating
environmental, social, economic, technical, and governance dimensions with digital tools, the
proposed framework offers a holistic and context-sensitive approach to dam sustainability across the
infrastructure life cycle. The study further establishes that digital technologies significantly improve
monitoring, risk forecasting, and decision-making, thereby strengthening adaptive capacity and long-
term infrastructure performance in the face of climate variability and change.

Based on the findings, the study recommends that policymakers and relevant agencies in Nigeria
institutionalize digitally-enabled sustainability assessment frameworks within dam planning, design,
operation, and maintenance processes. Government should strengthen policy and regulatory support
for climate-resilient infrastructure, invest in digital data systems, and promote capacity building for
engineers, planners, and water resource managers. Additionally, multi-stakeholder collaboration
should be encouraged to improve data sharing, governance coherence, and community participation.
Future research is recommended to empirically validate the proposed framework across different dam
types and ecological zones in Nigeria, and to explore the use of emerging technologies such as
artificial intelligence and digital twins to further enhance climate-resilient dam management.
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