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Introduction

This review explores the growing integration of machine learning techniques in hy-
drological modeling, highlighting their potential for improving predictions of water
resources, floods, and droughts. It covers various ML algorithms and their ap-
plications, discussing both the successes and the persistent challenges like data
requirements and model interpretability for future research directions [1].

This comprehensive review examines the significant progress in utilizing remote
sensing technologies for drought monitoring across various scales. It discusses
different drought indices derived from satellite data, their strengths and limitations,
and identifies key challenges such as data continuity, algorithm accuracy, and the
integration of multi-sensor data for improved drought assessment [2].

This review synthesizes current research on how climate change exacerbates flood
risks, particularly in urban environments. It delves into the increased frequency
and intensity of extreme rainfall, the vulnerability of existing urban drainage infras-
tructure, and explores adaptation strategies needed to enhance resilience against
future hydrological challenges [3].

This review article provides a critical assessment of various methods used to esti-
mate groundwater recharge across diverse climatic zones. It evaluates techniques
ranging from water balance approaches to tracer methods, discussing their ap-
plicability, strengths, and weaknesses under different hydrogeological conditions,
emphasizing the need for robust methods for sustainable groundwater manage-
ment [4].

This paper investigates the intricate ecohydrological feedbacks within forest
ecosystems and their critical role in shaping water resources, especially in the
context of a changing climate. It highlights how forest characteristics, such as
vegetation type and density, influence evapotranspiration, infiltration, and stream-
flow, providing insights for sustainable forest and water management strategies
[5].

This systematic review comprehensively evaluates the application of artificial in-
telligence techniques in modeling water quality parameters. It explores various AI
methods, from neural networks to fuzzy logic, demonstrating their effectiveness
in prediction, classification, and optimization of water quality management, while
also identifying research gaps and future directions [6].

This paper critically reviews sources of uncertainty in hydrological modeling, par-
ticularly when projecting impacts of climate change. It discusses uncertainties
arising from climate model projections, downscaling methods, hydrological model
structures, and parameterizations, emphasizing the need for robust uncertainty
quantification and communication in water resource management decisions [7].

This review provides an extensive overview of smart technologies applied in urban
water management, including smart sensors, Internet of Things (IoT), big data ana-
lytics, and artificial intelligence. It highlights how these technologies enhancemon-
itoring, control, and optimization of urban water systems, addressing challenges
like water scarcity, pollution, and flood risk, paving the way for more resilient and
efficient urban water infrastructure [8].

This review provides an updated synthesis of water footprint assessment method-
ologies, highlighting their application in evaluating sustainable water use across
different sectors. It discusses advancements in calculating blue, green, and gray
water footprints, addressing existing challenges in data availability and standard-
ization, and offering insights for policy-making and corporate water stewardship
[9].

This study offers a global synthesis of observed and projected changes in hydro-
logical extremes, specifically focusing on floods and droughts, driven by climate
change. It utilizes a vast dataset and modeling approaches to identify regional
patterns of increasing intensity and frequency of these events, providing crucial
insights for global and regional climate adaptation strategies [10].

Description

The integration of Machine Learning (ML) techniques is significantly advancing hy-
drological modeling, promising improved predictions for water resources, floods,
and droughts [1]. Various ML algorithms find applications in this field, despite fac-
ing challenges such as data requirements and model interpretability [1]. Similarly,
Artificial Intelligence (AI) methods, encompassing neural networks and fuzzy logic,
are proving highly effective in modeling water quality parameters, aiding in predic-
tion, classification, and optimization for water quality management [6]. Beyond
AI, a broader adoption of smart technologies like sensors, Internet of Things (IoT),
big data analytics, and AI is revolutionizing urban water management. These in-
novations enhance monitoring, control, and optimization of urban water systems,
crucial for tackling issues such as scarcity, pollution, and flood risks, thereby fos-
tering more resilient and efficient infrastructure [8].

Climate change presents a fundamental challenge to water systems worldwide.
Research clearly shows how it exacerbates flood risks, particularly in vulnera-
ble urban environments. This includes increased frequency and intensity of ex-
treme rainfall events and significant stress on existing urban drainage infrastruc-
ture, necessitating proactive adaptation strategies [3]. From a global perspec-
tive, observed and projected changes in hydrological extremes, notably floods and
droughts, are directly linked to climate change. Comprehensive studies using ex-
tensive datasets and modeling approaches reveal distinct regional patterns of in-
tensifying and more frequent extreme events, offering vital insights for developing
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global and regional climate adaptation strategies [10].

Accurate monitoring and assessment are cornerstones of effective water resource
management. Remote sensing technologies have made substantial progress in
drought monitoring across various scales. This involves the development and ap-
plication of diverse drought indices derived from satellite data, though challenges
persist regarding data continuity, algorithm accuracy, and the integration of multi-
sensor data for enhanced assessment [2]. Concurrently, the sustainable man-
agement of groundwater critically depends on reliable estimation of groundwater
recharge. A thorough review assesses various estimation methods, from water
balance to tracer techniques, evaluating their applicability and limitations across
different climatic and hydrogeological conditions, underscoring the demand for ro-
bust methodologies [4]. Furthermore, understanding the intricate ecohydrological
feedbacks within forest ecosystems is crucial. Forest characteristics, like vege-
tation type and density, significantly influence evapotranspiration, infiltration, and
streamflow. These insights are vital for formulating sustainable forest and water
management strategies, especially as climate patterns shift [5].

The efficacy of water quality management is significantly bolstered by intelligent
systems. As noted, Artificial Intelligence (AI) techniques offer predictive power
and optimization capabilities for various water quality parameters [6]. These ad-
vanced tools contribute to more proactive and responsive management strategies,
ensuring water resources remain safe and usable. In the urban context, smart
technologies broadly enhance the ability to manage water resources efficiently.
By improving monitoring and control, these systems help mitigate pollution inci-
dents and reduce the impact of water scarcity, leading to a more streamlined and
responsive urban water infrastructure [8].

Addressing future hydrological challenges requires grappling with inherent uncer-
tainties and holistic assessment frameworks. A critical review of hydrological mod-
eling, especially concerning climate change impacts, highlights significant uncer-
tainties. These uncertainties stem from climate model projections, downscaling
techniques, hydrological model structures, and parameterizations, underscoring
the necessity for transparent uncertainty quantification and communication in wa-
ter resource decisions [7]. In parallel, water footprint assessment methodologies
continue to evolve, offering a comprehensive framework for evaluating sustainable
water use across various sectors. Advancements in calculating blue, green, and
gray water footprints, despite ongoing challenges in data availability and standard-
ization, provide crucial insights for policy-making and corporate water stewardship
[9].

Conclusion

This collection of reviews and studies provides a broad perspective on contem-
porary hydrological research, emphasizing technological advancements and envi-
ronmental challenges. Machine Learning (ML) and Artificial Intelligence (AI) are
central, offering significant improvements in hydrological modeling, predicting wa-
ter resources, and understanding floods and droughts [1]. These AI techniques
also prove effective in modeling water quality parameters, aiding in prediction,
classification, and optimization for better management [6]. Beyond AI, smart tech-
nologies, including sensors, Internet of Things (IoT), and big data analytics, are
transforming urban water management by enhancing monitoring and optimizing
systems to combat scarcity, pollution, and flood risks [8].

Climate change emerges as a pervasive theme, profoundly impacting water sys-
tems. Research synthesizes how climate change intensifies flood risks, particu-
larly in urban areas, stressing the vulnerability of existing infrastructure and the
need for adaptation strategies [3]. It also addresses a global perspective on ob-
served and projected changes in hydrological extremes, identifying regional pat-

terns of increasing flood and drought intensity and frequency [10]. Moreover, the
intricate ecohydrological feedbacks within forest ecosystems are crucial, as forest
characteristics influence vital processes like evapotranspiration and streamflow,
particularly under a changing climate, guiding sustainable forest and water man-
agement [5].

A critical aspect of hydrological science involves monitoring and assessment. Re-
mote sensing technologies show significant progress in drought monitoring across
various scales, employing diverse indices derived from satellite data [2]. Along-
side this, robust methods for estimating groundwater recharge across different cli-
matic zones are essential for sustainable management, with a critical assessment
of various techniques from water balance to tracer methods [4]. Finally, effectively
managing water resources under future climate scenarios requires understanding
and quantifying uncertainties in hydrological modeling, stemming from climate pro-
jections and model structures [7]. Water footprint assessment methodologies are
also evolving to evaluate sustainable water use across sectors, considering blue,
green, and gray water footprints for policy and corporate stewardship [9].

Acknowledgement

None.

Conflict of Interest

None.

References
1. Khalid Ahmed, Nadeem Ahmad, Ashish Kumar. “Machine learning applications in

hydrological modeling: A review of current status and future challenges.” Environ
Sci Pollut Res 28 (2021):47915–47934.

2. Zhaobin Sun, Zheng Song, Qing Chen. “Remote Sensing-Based Drought Monitor-
ing: A Review of Advances and Challenges.” Remote Sens 12 (2020):3560.

3. Dan Chen, Kai Liao, Zhi Wang. “Impact of climate change on flood risk and urban
drainage systems: A review.” Water Sci Technol 86 (2022):157-173.

4. Bridget R. Scanlon, Adam S. Richey, Jean M. Blainey. “Review of groundwa-
ter recharge estimation methods in different climatic regions.” Rev Geophys 57
(2019):e2018RG000632.

5. Lihua Zhang, Yun Yang, Xiaoli Li. “Ecohydrological feedbacks in forest ecosys-
tems: Implications for water resources under climate change.” J Hydrol 624
(2023):109153.

6. Ali Ahmadi, Majid Ebrahimi, Kianoush Khosravi. “Artificial intelligence applications
in water quality modeling: A systematic review.” Environ Pollut 265 (2020):114702.

7. Simone Fatichi, Sarah Rimkus, Joerg Schwanbeck. “Uncertainty in hydrological
modeling under climate change: A review.” Water Resour Res 55 (2019):3442–
3471.

8. Yan Wang, Xiaojian Zhang, Xin Li. “Smart technologies for urban water manage-
ment: A comprehensive review.” Sci Total Environ 792 (2021):147986.

9. Mesfin M. Mekonnen, Arjen Y. Hoekstra, Michael Risorsa. “Water footprint assess-
ment for sustainable water management: A review of advances and challenges.”
Water 14 (2022):2431.

10. Lukas Gudmundsson, Julien Boulange, Marlene Döring. “Changes in hydrologi-
cal extremes under climate change: A global perspective.” Environ Res Lett 16
(2021):024027.

Page 2 of 3

https://pubmed.ncbi.nlm.nih.gov/33890250/
https://pubmed.ncbi.nlm.nih.gov/33890250/
https://pubmed.ncbi.nlm.nih.gov/33890250/
https://pubmed.ncbi.nlm.nih.gov/33139886/
https://pubmed.ncbi.nlm.nih.gov/33139886/
https://pubmed.ncbi.nlm.nih.gov/35763953/
https://pubmed.ncbi.nlm.nih.gov/35763953/
https://pubmed.ncbi.nlm.nih.gov/30676450/
https://pubmed.ncbi.nlm.nih.gov/30676450/
https://pubmed.ncbi.nlm.nih.gov/30676450/
https://www.sciencedirect.com/science/article/pii/S002216942300438X
https://www.sciencedirect.com/science/article/pii/S002216942300438X
https://www.sciencedirect.com/science/article/pii/S002216942300438X
https://pubmed.ncbi.nlm.nih.gov/32683256/
https://pubmed.ncbi.nlm.nih.gov/32683256/
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018WR024096
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018WR024096
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018WR024096
https://pubmed.ncbi.nlm.nih.gov/34049187/
https://pubmed.ncbi.nlm.nih.gov/34049187/
https://pubmed.ncbi.nlm.nih.gov/35957013/
https://pubmed.ncbi.nlm.nih.gov/35957013/
https://pubmed.ncbi.nlm.nih.gov/35957013/
https://iopscience.iop.org/article/10.1088/1748-9326/abd67d
https://iopscience.iop.org/article/10.1088/1748-9326/abd67d
https://iopscience.iop.org/article/10.1088/1748-9326/abd67d


Nakamura K. Hydrol Current Res, Volume 16:3, 2025

How to cite this article: Nakamura, Kaori . ”Hydrology: AI, Climate Change,
Water Management.” Hydrol Current Res 16 (2025):581.

*Address for Correspondence: Kaori Nakamura, Department of Water and Environmental Engineering, University of Lyon, Lyon, France, E-mail: hugo@lefevre.fr
Copyright: © 2025 Nakamura K. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Received: 01-Apr-2025, Manuscript No. hycr-25-172524; Editor assigned: 03-Apr-2025, PreQC No. P-172524; Reviewed: 17-Apr-2025, QC No. Q-172524;
Revised: 22-Apr-2025, Manuscript No. R-172524; Published: 29-May-2025, DOI: 10.37421/2157-7587.2025.16.581

Page 3 of 3

mailto:hugo@lefevre.fr
https://www.hilarispublisher.com/hydrology-current-research.html

