Welcome to this week’s presentation & conversation hosted by The views and opinions expressed in this presentation are those
the Canadian Association for the Club of Rome, a Club of the speaker & do not necessarily reflect the
dedicated to intelligent debate & action on global issues. views or positions of CACOR.

CACOR Live Global Terrestrial Water Cycle Simulations and Climate Change.

Biography: Dr. Taikan Oki, professor of Civil Engineering at U Tokyo, is a man of many talents. Oki has held the titles
of Special Advisor to the President at U Tokyo, the Senior Vice Rector for the United Nations U, and Assistant
Secretary General at the UN. In 1995, Oki and his wife (also a scientist) spent two years as visiting scientists at the
NASA Goddard Space Flight Center in Maryland, USA. He is a member of The Club of Rome and won the 2024
Stockholm Water Prize.

Description: In the 2010s, Dr. Oki’s research led to the development of realistic global terrestrial water cycle
simulations, global water supply and demand assessments, and climate change impact assessments. He envisioned
the development of hydrology by emphasizing links between scientific aspects of hydrology and water policy, social
issues, and interdisciplinary research. His work has contributed to more sustainable management of water on a
global scale, through more realistic and practical climate adaptation measures, the inclusion of human activity in the
water cycle, and a more accurate depiction of the world’s river flows.

Website: canadiancor.com
YouTube: Canadian Association for the Club of Rome
2025 Jun 03 Zoom #248

CACOR acknowledges that we all benefit from sharing the
traditional territories of local Indigenous peoples (First
Nations, Métis, & Inuit in Canada) and their descendants.




CLIMATE CHANGE

“The Climate System”
Figure 3.1 in the IPCC First Assessment Report (1990) 1984

from Houghton “The Global Climate” (1984)
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(Bras and Eagleson, EOS, 68:16, 1987) https://aqua.t.u-tokyo.ac.jp/ 3

Hydrology
The Forgotten Earth Science

¢ Hydrology has a natural place as one of
the geosciences; yet in the modern
science establishment, this niche is
vacant. Why is this?

é The cultivation of hydrology as a science
ner se has not occurred, and there has
Deen no established platform within the
nierarchy of science on which to build a
coherent understanding of the

global water cycle.




l |' I | Global atmospheric water balance and runoff from large river basins https://aqua.t.u-tokyo.ac.jp/ 4
o 4 Ol(YO (Oki, Musiake, Matsuyama, and Masuda, Hydrol. Proc., 1995)

Atmospheric Water Balance
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General Clrculatlon Model on WS
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Mean monthly river discharge at Obidos station in the Amazon River basin



. UTOkYO (Oki, Global Energy and Water Cycles, 1999)

Mean Monthly Water Balance for Amazon River Basin (by GCM)
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¢ Loosely coupled simulation of mean water cycle in the Amazon River Basin
supported the inferred result by atmospheric water balance that large seasonal

cycle of terrestrial water storage is mainly caused by river water storage.



e 4 | [ | 'Okyo (Oki and Sud, 1998, Earth Interactions)

Total Runoff Integrating Pathways (TRIP)

Rivers in Asia on TRIP by 0.5°x0.5° mesh
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River Discharge (m3/s)
(animation) 2012/01/01
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By Prof. Kei
Yoshimura

“offline” - Global simulation of hydrologic cycles
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Traditional Hydrological Analysis

In-situ Observation ]

Time-varying B.C. Stable Boundary C.
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(Oki and Kanae, 2006, Science)

UTokyo
- Y Global Hydrological Cycles and World Water Resources

Total terrestrial

Evaporation ppeihety Water vapor
Water vapor over ocean precigiion over land
over sea 436.5 N
Net water vapor Snowfall Rainfall
flux transport 12.5 98.5
45.5

Glaciers and snow *
24,064 '
29

Total terrestrial
evapotranspiration

:

¥ s

Forest (40.1). Blological

ater

65.5
+ 1
o ¢ .y 02 03
. Wetland (0.2)
Grassland (48.9) 76 l” 6 Wetian runoff
Precipitation ' ; ?IW 15 3
o Cropland 12.6 [ 11] -

over ocean Tl o R 3 13 ,:, 4

391 6.4 3117 Unirrigated % Lake (2.7

Others (29.3) (2.7)

Domestic
Sea | 1,338 000

"L Flux, 10° km3y

| | Storage, 10° km?
The terrestrial water balance does not include Antarctica (Y Area 10° km?2

https://aqua.t.u-tokyo.ac.jp/ 11

S. Kanae

¢ First schematic
diagram of global
water cycles and
storages in major
land covers
including human
activities (but not
artificial
reservoirs).

¢ It is like the
Mendeleev’s
“periodic table”
(in Chemics) of
hydrology.
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Runoff estimated from discharge observation
1961-90 Mean Annual Runoff [mm/year]

¢ Negative runoff was
estimated even from
observation for cases
upstream discharge >
downstream discharge.

¢ It should be due to
anthropogenic water
withdrawals.
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Coupling human activities 2008

Reservoir Operation Mgde

i |
Crop Growth Modzl
(Krysanova et 7., 2000)

A

Withdrawa Model
(Hanasakiet ai., 220%;

water withdrawals
River Model environmental flow, ---) are
(Okiet al., 1999) considered and coupled.
%A simple crop model is also
coupled to estimate the timing or
Environmental Flow Model

irrigation needs between seeding
(Shirakawa et al_, 2005) and harvest.

N. Hanasaki

éPioneering coupled social-
aceModel  ecological system model.

15 1, %Both natural water cycle (water
and energy balance) and human
activities (reservoir operation,
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Coupling human activities and trades 2010

é Share of green (rain)
water resources used
for plant growth
estimated by HOS8.

é Crops mostly use
rainwater for their
growth except for
several regions in the
world.

% Significant fossil (non-
180° 210" 240° 270° 300° 330° O 30° 60° 90" 120" 150" 180’ rene.wable) ground water
use in the Northwest India!

0.00 0.25 0.50 0.75 0.90 0.99 1.00

é Total non-local non-renewable GW withdrawal = 703 km?3/y (for 1985-99)
% < 389-840 km3/y by Vorosmarty et al. (2005), 730 km3/y by Rost et al. (2008)

N. Hahaski
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Cumulative Impoundment [ Depletion (10° km?® )

(Pokhrel, et al., Nature Geoscience, 2012) https://aqua.t.u-tokyo.ac.jp/ 16

Anthropogenic Total Water Storage Change

Contributions for Sea Level Change
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Groundwater Depletion in NE India
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Change in flood frequency
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25 Projected flood fatality (RCP8.5) Projected economic loss (RCP8.5)
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¢ Global 30 second (1 km) flood exposure (population and goods in flooded areas)
from MATSIRO and CaMa-Flood by bias-corrected external meteorological
forces, with vulnerability scenarios (Kinoshita et al., 2018) based on past river

flood vulnerability data (Tanoue et al., 2016). Additional cost by CC < Total 170 BS in 2021
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Stockholm Water Prize Award Ceremony, 28 August 2024, Golden Hall, Stockholm City Hall (Photo: Stockholm Water Foundation
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Stockolm Water Prize Award Ceremon 28 Auust 2024, Golden HaII Stockholm City Hall (Photo: Stockholm Water Foundation)
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IS AWARDED TO

Professor Tatkan Okc

for his outstanding scientsfic contributions to advance undarstanding
i the nexus of hydrology, climate change and sustainability

7 %

OLLE BURELL
CHAIRMAN
STOCKHOLM WATER FOUNDATION
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28 Aug. 2024

Stockholm Water Prize Royal Banquet 28 August 2024, Golden Hall, Stockholm City Hall (Salmon tartare W|th salmon roe)
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Royal Banquet, 28 August 2024, Golden Hall, Stockholm City Hall

‘- o



28 Aug. 20247 T Al e. | TRl (S

Stockholm Watér Pr'|ze Award Ceremon 28 Auust 2024 Golden HaII Stockholm Cit HaII Photo: Stockholm Water Foundaflon
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Mr. Elias Xie (grand piano Ms. Dominique Palsson WikId Rosa Kvartetten (string quartet




Stockholm Water Prize Ro‘yal Banquet, 28 August 2024, Golden Hall, Stockholm CB Hall (Steak of Reindeer)



¢ “Art is long, life is short.”

¢ “Life is short art/c/es are long.”
“W i " so
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(Phato: Norlhlde Takeda)

Speech at the Rovyal Banuet 28 August 2024, Golden HaII Stockholm Cit HaII
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c# UTokyo

Remarks

¢ Global hydrology has evolved and
IS “big data driven”

* also “community supported discipline”

» Nobody can do global hydrology alone:
sharing data, codes, knowledge, -

¢ “Real” hydrological cycle is not
“pristine” anymore even on the
global scale in the Anthropocene.
% Integrated hydrology and water P\ .
resources model with human activities - / -
IS promising for reliable predictions. - —
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