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内容
グローバルな地下水研究はまだ比較的新しく、今でもNatureやSCIENCEに掲載される
グローバルな地下水研究が続いております。地下水は食糧生産と貿易、海面上昇、河川
と地下水のフィードバック、水文・気候サイクルへのフィードバック、経済的な価値な
ど様々なトピックで議論されておりますが、まだ未開拓の地下水トピックも多く残って
います。本講演では、グローバルな地下水研究の最前線並びに、講演者の海外でのキャ
リア形成（＞20年）などについて皆さんとざっくばらんに意見交換できれと思います。



「20年の海外生活を通してのキャリア形成」

日本とオーストラリアで学士 （人文・社会科学）
日本で修士（社会科学）
オランダで修士 （水文学）
オランダで博士 （水文学）
NASAでポスドク
IIASAで水プログラム所長
IIASAで生物多様性プログラム所長
オランダで教授
サウジアラビアで教授

h-index 110
Total citations 50,000
(Google Scholar)

AGU Macelwane Medal (2020)
AGU Fellow (2020)

World Bank, Development 

Banks, WWF, IUCN, UN 

Water, WMO, FAO, UN 
agencies

World Water Council

Global Environmental 

Facility

など共同プロジェクト多数







2024

100 MILLION TREES

(NCVC)



King Salman Park
Roadmap for Sustainability Strategy

世界最大の都市緑化プロジェクト
（５兆円の予算）

日本からのスタートアップ企業も多数興味を示し
ている (KSPF)



2024年のNATURE誌掲載の水関連の論文



2023年は水文学にとって歴史的な年ー世界水循環モデリング



全球水文モデルの開発の系譜
Bierkens (2015; WRR)



2000年初頭から始まった人間活動による水利用の全球評価

Wada et al. (2011)
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Country abstraction (km3/year 2000) Total water demand (million m3/year 2000)

Groundwater abstraction (million m3/year 2000)

Major users km3/2000

India 190

USA 115

China 97

Pakistan 55

Iran 53

Mexico 38

Saudi Arabia   21

Globe 734

地下水取水のデータは？？
１２０カ国から個別で収集

Wada et al. (2010)



地下水汲み上げモデルの評価

Comparison of reported and estimated groundwater 
abstraction for 2000: USA county and state level (USGS).

106 m3·year-1

km3·year-1

統計値 推定値

Wada et al. (2012)
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Globe N[15,225] + A[420] km3 Globe 734 km3

Groundwater abstraction – Groundwater recharge

All in million m3/year 2000

India                 71 km3

Pakistan            37 km3

USA                  32 km3

Iran                   27 km3

China                22 km3

Saudi Arabia     15 km3

Mexico              11 km3

Globe 256 km3

Sub-humid to arid regions only

Wada et al. (2012)



Grace

Wada et al. (2016)



2010年半ばから始まった全球水文ー地下水モデルの開発

全球地下水位 (PCR-GLOBWB-MODFLOW)

グローバルな水文モデルの展開は気候
学、海洋学など他の分野に比べて非常

に遅れている de Graaf et al. 
(2015)



全球地下水モデルの複雑さの着地点は？？カルスト地帯の考慮など
Hartmann et al. 

(2017)



Abbott et al. (2019; Nat Geo)

1934年から作られた464の水サイクルの概念図 (textbooks, 

articles, reports, advertisements since the year 1934)

2% includes 気候変動/水質汚染

95% uses 一つの流域ベース

Evolution in depictions and human 

perceptions in water



Blöschl et al. (2019; HSJ)



全球地下水モデルの最先端はどこに？？

• Dramatic rise in the development and application of new concepts, models, remote sensing and in-situ 
observations, and technology in hydrologic science

• The concept of socio-hydrology has brought a new interface of people and water in hydrology

• Rapid advances of process based large-scale models

• Land-groundwater-climate interactions are getting more attentions and more research needed 
(global/regional/local)

• Dynamic simulation of coupled land-groundwater-atmospheric-ocean system is still challenging and sensitive 
to the choice of modeling algorithm, assumptions and internal variability – hydrodynamic impacts missing?, 
hydrology well represented (still residual)?

• Satellite observations have been producing unprecedented amounts of information across the globe, but not 
fully assimilated/utilized yet?

• Isotopic information has been revealing hidden patterns in important hydrologic and climatic processes such 
as atmospheric and land water balance, water quality, transpiration and groundwater age worldwide, 
providing an avenue for closer interactions between isotopic and general hydrology community.

• In the last 5 years, there are more than 500 papers published in Water Resources Research with the keyword 
of ‘machine learning’ and/or ‘AI’, but development of new algorithms are limited.

• ML/AL models, e.g. LSTM, are now as good as calibrated hydrological models at regional scales, and future of 
hybrid AI/ML and processed based models may be a mainstream?



Keune et al. (2018; GRL) 

Burek et al. (2019; GMD)

Verkaik et al. (2019; EGU)

Spatial resolution: 

Global 10km => 1km 

Continental 5km => 1km 

Large catchment 1km => 100m

Next-generation exascale supercomputers with 
thousands to millions of cores solving millions 
to billions of cells 
~ Computer scientists needed?

=> 250 million active cells at 30 arcsec 
resolution (~1 km resolution) globally

In 1990s, continental/global hydrological 
models were first applied at 50-100km grid.

1) Scaling still big issue and how we approach as community??



21UU Global Hydrology
(2023)

2) Groundwater representation still enough?? Also in 
hydrodynamic modeling?



Depth to the fossil groundwater 

transition in 62 aquifers measured 

by groundwater carbon isotope 

data (6455 wells).

The shallow depth (top of peach 

bar) represents a depth below 

which most wells (>50%) contain 

detectable fossil groundwater 

(minimum fossil groundwater 

fraction >0%). 

The deeper depth (top of red bar) 

represents a depth below which 

most wells (>50%) are dominated 

by fossil groundwater (minimum 

fossil groundwater fraction is 

>50%). 

Fossil groundwater becomes 

dominant at a median depth of 

200 m (lower–upper quartiles are 

115–290 m).

Jasechko, Wada et al. (2017; Nature Geoscience)

3) Do we know enough about water age 
dimension? Howe can we utilize this type of 
information?



Xu et al. (2018; JOH)

Multi-disciplinary 

 Interdisciplinary

 Transdisciplinary

New conceptual development

 Socio-hydrology 

(led by hydrologists so far…)

4) How multidisciplinary are we and how far 
do we go? 



Digital innovation and big data are not coming but already here…

NASA satellite observations: 85 terabytes of data per day for a single mission/project

Multidimensional “Geodata Fabric” ~ analogy is Google Earth Engine, which integrates 
various data layers from multiple sources 

Community driven commonly accessible framework and format needed

NASA using commercial cloud servers to store and manage earth observation data to be 
over 45 petabytes per year by 2022 and over 245 petabytes total volume by 2025 
(https://earthdata.nasa.gov/eosdis/cloud-evolution)

5) Are we ready to use satellite, remote 
sensing, aerial/drone images, citizen 
science approach?

https://www.nasa.gov/
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6) Can we handle (hydrology, hydrodynamics, 
socio-hydrology) urban areas where more 
than 70% of global population lives? 

https://www.science.org/doi/10.1126/science.352.6288.906



Crooks et al. 

(Elsevier; 2018)

Galan et al. 

(Geology; 2019)

Ongoing shifts from physical hydrology to more 
socio-economic-hydrology and ML/AI

WRR (1965-2019)
Physical (>20,000) – Social/Economic (<3000)

WRR (2010-2019)
Physical (5000) – Social/Economic (2000)

Digital Innovations are growing…

WRR (1965-2019)
Machine learning/AI (300)

WRR (2010-2019)
Machine learning/AI (>200)

Bigger challenges in disciplinary boundaries in 
WRR (hydrology, social science, economics, 
computer science, data scientist, geodesy, 
psychology)

Agent based modeling (run by AI/Machine 
learning) will be integrated with physical 
hydrological models at various nested scales 
(communities, cities)

7) Conceptual development => Technology development
Conceptual development <= Technology development?



GEB: A large-scale agent-based 

socio-hydrological model –

simulating 10 million individual 

farming households

De Brujin, Wada et al. (2023; GMD)

7) Do we have enough 
conceptual advancements? 



今後のさらなる発展に必要な視点
• Hydrological science may be in a crossroad about future directions with rapid technological 

development, unprecedented data and emerging paradigms with human dimensions

• Rapid progress toward HPCs, Exascale computing, Big data, Citizen science, Satellite data, 
AI/ML – do we have enough expertise?

• Opportunity for Isotope data/isotope hydrology to provide hidden hydrological processes at 
high spatial resolutions and more cross-disciplinary isotope expertise needed! 

• More community efforts are encouraged toward model-conceptual advancement in water 
resources management, water quality assessment and evaluating SDGs

• The role of hydrology in evaluating/promoting SDGs (SDG6)?

• We may need a more holistic and dedicated training/education program for AI/ML-
hydrology-water management as disciplinary gap still big issue (also within hydrology)?

• Are (hydrological) science communities responding enough to societal and policy needs?

• Future of Hydrology Workshop (TBD) – What is the role of Asia/Middle East, Promoting 
regional capacity building, BAU of peer reviewed science publication continues, Future of 
models?
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これからの研究者のキャリア形成は？？

博士課程は必要か？
末は博士か大臣か、はもう神話？
社会的な要求に応えられるツールがあるか？
日本と世界の両方の視点で研究をしている人はどのぐ
らいいるか？
政策決定のいろいろなプロセスにたずさわるスキル
は？
研究者の評価の仕方は今だに化石時代？
AI関連のスタートアップは飛躍的に伸びている

1. 教授・指導する立場
2.    研究プロジェクトマネジャー
3.    国際機関での開発プロジェクト
4.    外資コンサル（給料は良いが）
5.    民間企業での水資源評価



世界に出て新しい視点を身につけよう！！

DG Environment
DG Climate
DG Energy
DG Agriculture 

US Environmental 
Protection Agency (EPA)

 Governmental bodies  International agencies

 Research institutes  Science platforms

Global network of 
universities

 International assessments


