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ABSTRACT

Projected changes in extreme precipitation are increasingly considered in dam safety and flood risk
assessments, yet substantial uncertainty limits their direct application in engineering practice. This study
evaluates climate model uncertainty in precipitation-based indicators relevant to flood impact assessment
for dams. Using a multi-model ensemble of dynamically downscaled climate projections under a single
emissions scenario, flood-relevant indicators describing extreme magnitude, frequency, and accumulation
are derived and analyzed. Uncertainty is quantified as inter-model variability, enabling assessment of
confidence in projected changes. Results emphasize the importance of uncertainty-aware interpretation of
climate indicators to support robust, climate-informed dam safety evaluations.
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1 INTRODUCTION

Design and safety assessment of dam infrastructure increasingly require consideration of projected
changes in extreme precipitation under a changing climate. Climate projections provide critical information
for evaluating future flood hazards; however, their direct application in impact assessments is complicated
by substantial uncertainty, particularly in metrics relevant to dam safety such as extreme rainfall magnitude
and frequency (Fluixa-Sanmartin et al., 2018; IPCC, 2021; Myhre et al., 2019).

For engineering applications, it is not sufficient to identify projected changes alone. Understanding
how uncertainty propagates into flood-relevant indicators is essential for interpreting projection reliability
and for supporting robust, climate-informed dam design and management decisions (Fluixa-Sanmartin et
al., 2018; Ozkan et al., 2023). This research focuses on evaluating climate model uncertainty in
precipitation-based indicators used for flood impact assessment, with an emphasis on their relevance to
dam safety.

2 CLIMATE DATA AND PROJECTION FRAMEWORK

This study employs a multi-model ensemble of dynamically downscaled regional climate projections
evaluated under a single emissions scenario. All simulations are analyzed on a common spatial grid and
within a consistent modelling framework to isolate uncertainty arising from climate model structure rather
than from scenario differences or internal variability.
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Projected changes are assessed across historical and future periods, allowing comparison of baseline
and future climate conditions relevant to flood risk. Future periods are based on the use of a Global
Warming Levels approach. This approach reflects the structure of many climate datasets commonly used
in applied engineering studies and supports direct interpretation of model-driven uncertainty (Bush &
Lemmen, 2019; Seneviratne et al., 2016).

3 FLOOD RELEVANT CLIMATE INDICATORS

A suite of precipitation-based climate indicators relevant to dam safety and flood impact assessment
is derived from the climate projections. These indicators are selected to reflect key hydrological stressors
influencing dam performance, including:

e Magnitude of extreme precipitation events,
e Frequency of threshold exceedance,
e Accumulation-based metrics associated with flood generation.

Indicator selection and formulation are informed by established climate-impact frameworks and dam
safety literature, including CLIMDEX-based indices and extreme-event metrics commonly used in
infrastructure assessments (ETCCDI, n.d.; Fluixa-Sanmartin et al., 2018; Myhre et al., 2019). Indicators
are computed consistently across all models to ensure comparability of projected changes and associated
uncertainty.

4 QUANTIFICATION OF MODEL UNCERTAINTY

Uncertainty in projected changes is quantified as inter-model variability across the ensemble of
climate projections. For each indicator, uncertainty is evaluated using variance-based metrics that
characterize the spread of model responses relative to the ensemble mean, providing a direct measure of
confidence in the projected signal (Ozkan et al., 2023; Schwarzwald & Lenssen, 2022).

By focusing exclusively on climate model structural uncertainty, this analysis provides a clear
assessment of how differences in model formulation and physical representation influence projected
changes in flood-relevant indicators. This targeted focus avoids conflating uncertainty sources and enables
transparent interpretation of projection confidence for impact assessment purposes, consistent with current
engineering-facing climate analyses (Fluixa-Sanmartin et al., 2018; Seneviratne et al., 2016).

5 APPLICATION TO DAM SAFETY AND FLOOD RISK DECISION MAKING

The quantified uncertainty in climate indicators is evaluated in the context of dam safety and flood
impact assessment. Results highlight how model uncertainty varies across indicators and spatial domains,
influencing confidence in projected changes relevant to design thresholds and operational decision-making
(Bush & Lemmen, 2019; Ozkan et al., 2023).

Rather than prescribing deterministic future values, this work emphasizes uncertainty-aware
interpretation of climate projections. By identifying indicators with relatively robust signals versus those
dominated by model spread, the analysis supports more defensible use of climate information in dam safety
evaluations.

To facilitate exploration and interpretation of results, the indicator calculations and uncertainty
metrics are implemented within a web-based interface, which is currently in development. The tool
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functions as a visualization and analysis platform, allowing users to interactively examine projected
changes and associated uncertainty across indicators and locations. The scientific analysis, however,
remains independent of the delivery mechanism.

6 CONCLUSIONS AND FUTURE WORK

This research presents a structured assessment of climate model uncertainty in flood-relevant
precipitation indicators used for dam impact assessment. By centering on indicators, projections, and
uncertainty quantification, the work advances scientific understanding of how climate projection
uncertainty affects flood resilience evaluations for dam infrastructure. This work has let to the development
of'a comprehensive dataset of indicator projections, along with their associated uncertainties. This data will
provide a valuable resource to practitioners working with dams, allowing them to assess potential risks
through the interface currently under development.

Future work will extend this framework to additional indicators and uncertainty sources, including
emissions scenario uncertainty and internal climate variability, to support more comprehensive climate-
informed dam safety assessments.
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