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Objective: Climate change, by altering precipitation patterns, increasing the
frequency and intensity of extreme events, and intensifying hydrological
uncertainty, has created unprecedented challenges for water resources management.
In response, Integrated Water Resources Management (IWRM) has emerged as the
dominant framework. However, existing evidence indicates that the prevailing
focus of the literature has been largely on technical and data-driven dimensions,
while comparatively limited attention has been paid to the role of human capital
alongside meteorological and climate forecasting. The objective of this study is to
provide a critical review and synthesis of the existing literature, with a particular
emphasis on the interconnections among climate forecasting, human capital, and the
resilience of water systems.

Method: This research adopts an analytical review approach, examining peer-
reviewed articles published over the past decade in leading international databases.
Selected studies were analyzed based on their relevance to integrated water
resources management, climate change, meteorological forecasting, and human
capacity, and were evaluated through qualitative and comparative methods.
Results: The findings indicate that, despite the critical importance of
meteorological and climate forecasts in reducing flood and drought risks, their
effectiveness in informing water management decisions depends fundamentally on
the presence of skilled human capital and flexible institutional structures. Empirical
evidence suggests that water systems supported by strong human capacity
demonstrate greater resilience in the face of climate variability and change.
Conclusion: This study underscores the necessity of adopting a human-centered
and adaptive approach to water resources management. It demonstrates that the
meaningful integration of climate forecasting with human resource management
within the IWRM framework plays a pivotal role in enhancing the resilience and
sustainability of water systems in the era of climate change.
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Introduction

Climate change increasingly stresses global water systems by altering precipitation
patterns, raising temperatures, intensifying evapotranspiration, and increasing the frequency
and severity of floods and droughts. These changes undermine the reliability of historical
hydrological records that have guided water planning and infrastructure design, exposing
managers and policymakers to heightened uncertainty, non-stationarity, and complex trade-
offs among competing water uses. Integrated Water Resources Management (IWRM) has been
promoted as a comprehensive framework to balance social, economic, and environmental
objectives through coordinated management of water, land, and related resources.

Despite its policy prominence, IWRM’s effectiveness under climate change remains
uneven. Advances in meteorological and climate forecasting—from short-term weather
predictions to seasonal and long-term projections—offer substantial potential to enhance
adaptive capacity and reduce water-related risks. Yet, the uptake of such forecasts in decision-
making is often limited, as most research focuses on technical improvements in models and
data, while the human and institutional dimensions shaping how forecasts are interpreted and
applied remain underexplored. In particular, human capital—including expertise, skKills,
experience, organizational learning, and leadership—has not been systematically integrated
into climate-informed water management, despite its critical role in decision-making under
uncertainty.

This review presents an integrative perspective that situates climate forecasts within a
human-centered, governance-oriented framework. It argues that water system resilience under
climate change depends not solely on data or technology, but on the dynamic interplay between
climate information, institutional arrangements, and human capacity. Synthesizing
interdisciplinary insights, the study highlights how human capital can enhance the effective use
of climate forecasts within IWRM, thereby strengthening the resilience and sustainability of
water systems.

Method

This study adopts an analytical narrative review, drawing on peer-reviewed literature from
the past decade. Relevant articles were identified through Web of Science, Scopus, and
ScienceDirect using keywords related to climate change, water resources management, IWRM,
meteorological and climate forecasting, human capital, governance, and resilience.
Supplementary policy reports and foundational conceptual papers provided additional
theoretical context.

The literature was assessed across three dimensions: (i) climate change impacts on water
resources and hydrological uncertainties; (ii) the use of meteorological and climate forecasts
in water management; and (iii) the role of human capital, institutional capacity, and governance
in adaptive responses. The review employed a comparative and interpretive approach,
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examining how different studies conceptualize resilience, decision-making, and capacity
building. Case studies from diverse socio-economic and climatic contexts—including
developed and developing regions, as well as arid and semi-arid environments—illustrated
empirical patterns and practical implications. The analysis identified cross-cutting themes,
critical knowledge gaps, and avenues for future research and policy development.

Results

The review highlights several interrelated findings. First, climate change has intensified
hydrological variability and uncertainty, challenging conventional, infrastructure-centric water
management and undermining the reliability of historical records, thereby necessitating
flexible, anticipatory, and adaptive decision-making. Second, meteorological and climate
forecasts offer significant potential to support proactive water management—improving
drought preparedness, flood mitigation, reservoir operation, and water allocation—but their
effectiveness is highly context-dependent and often constrained by institutional and human
factors rather than forecast skill alone.

Third, human capital is pivotal for effective climate information use. Organizations with
skilled personnel, interdisciplinary expertise, and strong leadership better interpret
probabilistic forecasts, manage uncertainty, and integrate climate data into decisions, whereas
limited capacity, poor training, high staff turnover, and weak learning mechanisms impede
actionable use. Fourth, the interaction of human capital with governance structures shapes
adaptive capacity. Participatory processes, cross-sectoral coordination, and sustained
engagement with climate service providers enhance trust and relevance, promoting forecast-
informed decisions. Evidence shows that investments in both climate services and capacity-
building improve system resilience, reducing vulnerability and accelerating recovery.

Finally, the literature remains skewed toward technological solutions, with limited
empirical research on human-centered interventions. Systematic evaluations of training,
organizational reform, and learning-based approaches are particularly scarce in developing and
water-scarce regions.

Conclusion

This review underscores the need to reconceptualize climate-informed water resources
management as a human-centered, adaptive process. While meteorological and climate
forecasts are vital for navigating uncertainty, their effectiveness depends on skilled human
resources and supportive institutional frameworks. Integrated Water Resources Management
(IWRM) provides a useful overarching structure, but its success under climate change requires
explicitly embedding human capital as a key component of system resilience.

Findings suggest that future water policies and management strategies should move
beyond a narrow focus on technological solutions toward integrated investments in data,
institutions, and human capacity. Strengthening education, professional training,
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organizational learning, and leadership within water agencies can enhance the translation of
climate information into actionable decisions. Research priorities include interdisciplinary and
empirical studies examining how human capacity development interacts with climate services
to shape adaptive outcomes. Ultimately, resilient water systems depend not only on improved
forecasts but also on well-prepared people and institutions capable of learning, adapting, and
responding to an uncertain future.
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