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Dubai 1990.
PR

Dubai 2003 |

CONTRIBUTION OF ECONOMIC ACTIVITIES TO SAUDI ARABIA'S GDP

(%)
Community, Social & Personal Services Government Services
13 13.9
. ‘ Agriculture, Forestry
Finance, Insurance and e
; . and Fishing
Business Services
4 _L 2
RB?I Etstate Crude Petroleum
ctivities — & Natural Gas
L
38.7
Transpurt, Storage N
and Communication Other Mining
42 & Quarrying
Wholesale & Retail 0.4
Trade, Restaurants
& Hotels Pe‘f‘]{|9”'"
Refining
70
. 6.l
Construction ) )
4.2 Manufacturing excluding
' Petroleum Refining
Electricity, Gas and Water 75
I Source; General Authority for Statistics (GASTAT)
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Saudi Arabia’s journey to 10 billion trees

I 2021

10

MILLION TREES

2024 Gt
100 MILLION TREES ..
(NCVC) ==

I 2030

600+

MILLION TREES
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Matters arising

Concernsregarding proposed groundwater
Earthsystemboundary

https:idol.org/10.1038/241586-022-08082-9 M. O. Cuthbert'™, T. Gleeson’, M. F. P. Blerkens™, G. Ferguson™” & R. G. Taylor”
Rrecelved: 13 September 2023

ROM: J. Rockstrom et al. Nature https:dolorg/10:0038/541586-023-06083-8 (2023).
Article

Soil microbiomes show consistentand
predictable responses to extreme events

https: fdol.org/101038,/541586-024-08185-3
Recelved: 23 February 2023

Accepted: 9 October 2024

Publighed online: 27 November 2024

Christopher G. Knight'==, Océane Nicolitch'™™, Rob L Griffiths™ =, Tim Goodall’,
Briony Jones®, Carolin Weser', Holly Langridge', John Davison®, Arlane Dellavalle™,
Mico El el B. Gongalsky™, Andrew Hector", Emma Jardine™ ™,
Paul Kardol"™*, FamandDT Maestre”, Martin Schadler™”, Marina Semchenko™,
Carly Stevens”™, Maria A. Tslafoull™, Oddur Vilhelmsson™*, Wolfgang wnnelc“&
Franciska T. de Vrles' =%

Open access

Article

Groundwater-dependent ecosystem map
exposes global dryland protection needs

hittps: dol.ong10.1038/541586-024-07702-8
Recelved: 12 November 2022

Accepted: 11 June 2024

Published online: 17 July 2024

Melisza M. Rohda"***, Christine M. Albana®, Xander Huggins™*", Kirk R. Klausmeyer',
Charles Morton®, All Sharman®, Esha Zaveri®, Laurel Salto®, Zach Freed™,

K. Howard', Mancy Job", Holly Richter™®, Kristina Toderich™®,

Aude-Sophie Rodella®, Tom Gleeson™, Justin k *, Hrishikesh A. Chandanpurkar”™,
Adam J. Purdy™, James 5. Famigliett™, Michael Bliss Singer™ =<, Dar A. Robarts™,
Kelly Caylor™* & John C. Stella®

Open access

[®] Check for updates

Groundwater Isthe most ublquitous source of llquid freshwater globally, yet its
role In supporting diverse ecosystems |s rarely acknowledged™. However, the
locatlon and extent of groundwater-dependent ecosystems {GDES) are unknown
Inmany geographies, and protecnonrneasuresarelackmg' 4. Here, wernap GDEs at
,_- glpinn (rouatiiy 10 mig bemn pethird o

amid the rubble left by Hurlc.me Otis in October 2023.

=N ore Climate change
2 (D & « Permafroststrengthens
' . .

Research briefing = Arctic riverbanks
The probl*

?rti:ilicial &sanmmpogﬂﬂ: Evan Nylen Dethler
accelerates, thrur- - The jury has been out on whether global warming willincrease

nte gence livellhoods frotof  the ergsion of riverbanks in the Arctic —with consequences

can prOVide E&Lﬁ:g%ggﬂ: for human infrastructure and the environment. A detailed

Manyofthewoted  analysis of an Alaskan river suggests thatit will. See p.359

accurate
forecasts of
extreme floods
atglobalscale

Article

(watersheds)
measure streat to

Incomenationany  Because the Arctlc Is among the fastest
based hydrology models generally need to
be callbrated to Individual watersheds to

provide accurate predictions. Indifferent ways. We are working to

Interpret and use different types of

The solution

Unlike conventlonal hydrology models,
artificial Intelligence (Al) models can be

rocts hold the banks together
ways —floods might occur moreorless
frequently, or affect lives and property

understand how global communities

Informiation from flood warnings, such as
the expected spatlal extent of flooding,
whether the river Is expected to rise or
fall, probabilistic knowledge about the

Global prediction ofextreme floodsin

ungauged watersheds

THENILEWE
STRAIGHT ASANCIENT
EGYPTDRIED OUT

Around 4,000 years ago, the
Nlie River In what Is now Egypt
changed Its ways. It stopped
flowing In many wandering
channels and began travelling
In fewer, stralghter channels—a
change that probably affected
anclent Egyptian civilization.
The Nile’s flow hasshaped

Spanish floods show
need for more flood-
risk professionals

Last month's devastating flash
flooding around Valencla,
Spaln, followed rainfall that,
Insome places, matched the
reglon's annual average Injust
elght hours. It adds toa growing
list of extreme flood events
worldwide, driven by climate
and land-use changes. But Just
as the need for robust flood
management at local, natlonal
and global levels becomes
greater and more urgent,
some countries are reporting
- worrylng decling Instudent

Article
- . s s rolments In relevant flelds.
Largeglobal-scale vegetation sensitivityto  iulydemonstratesthe trend
- - - * e 1
Pl oro O YOGB/SE6 004 TS Cre Nering = b dally ralnra“ varlablllty armingly well. Like Spain, taly
Recelved: 20 July 2023 Sella Neva®. Flortan P 15 acomplex hydrogeclogy and
:”;:P::-’” :a““::::z‘: — Tadele Yednkachw Tek creasing climate vulnerabllity,
'ubtls online: rci .
Openacocess Floodsare one ofthe | hotps:idol.org/100038/541586-024-08233-2  Andrew F. Feldman'**, Alexandra G. Konings®, Plerre Gentine®, Mitra Cattry®, Lxin Wang®, ilsevident 'Tclm SE'\'-E'TEI
[®]Check for updates Indeveloping countr | Recelved:18 2023 w"‘"“"m""‘ ps;"m":f:; Joel A. Blederman’, Abhishek Chatterjes’, Joanna Joiner” & wemt severe floods. From
andtimely warnings. | oo 16 Derober 2022 Moo 2023, enrolments at
models typleally mu: - I . | |
show that artificial in Published online: 11 December 2024 eventsare globally becoming less frequent but more Intense under a changing 2 LlnﬂE'TElﬂ-lj uate level Incivl
extremeriverineeve | [®|Checkforupdates climate, thereby shifting climatlc conditions for terrestrial vegetation iIndependent of wd environmenial EI'IE"'IEEI“'IE
similar to or better th annual rainfall totals', However, It remains uncertain how changes In dally rainfall )
state-of-the-art glob: varlability are affecting global vegetation photosynthesis and growth® 7. Herewe use I D‘F"Eﬂ b]l' Il"'sr'!':'-- In EE{'IDE}I
Service Global Flood several satellit ) .
photosynthes Article
Artic'e cancitivateth

Global atmospheric methane uptake by

pland tree woody surfaces

ps://doil.org/10.1038/5415836-024-07592-w
Ived: 17 February 2022
cepted: 23 May 2024
ublighed online: 24 July 2024

Vincent Gauci'*, Sunitha Reo Pangsla’, Alexander Shenkin®, Josep Barba"**,

David Bastwiken®, Viviane Figueiredo®, Carla Gomez’, Alex Enrich-Prast®*”, Emma Sayer™
Taina Stauffer’, Bertle Welch’, Dafydd Ellas", Niall McNamara®”, Myles allen™" &
Yadvinder Mathi™*

A hurrlcane caught Mexico off guard:
we must work together to prepare better

Ipen scoess

B|Check for updates

Methane Is an Important greenhouse gas', but the role of trees In the methane budg:
remains uncertain®. Although it has been shown that wetland and some upland trees
can emii soll-derlved methane at the stem base™* It has alsobeen suggested that
upland trees can serve as anet sink for atmospheric methane®®. Here we examine
Insituweody surface methane exchange of upland tropical, temperate and boreal
forest trees. We find that methane uptake on woody surfaces, In particular at and

Evidence ofhumaninfluenceonNorthern
Hemisphere snow loss

hitpe: fdol.org/ 101038 /s41586-023-06704-y

Recelved: 2 March 2023

Alexander R. Gottlieb''* & Justin 5. Mankin®**

Accepted: 24 October 2023

Published online: 10 January 2024

Opensccess

[®]Check for updates

Documenting the rate, magnitude and causes of snow loss Is essential to benchmar
the pace of climate change and to manage the differential water security risks of
snowpack declines'*, So far, however, observational uncertaintles In snow mass®
have made the detection and attribution of human-forced snow losses elusive,
undermining socletal preparedness. Here we show that human-caused warming ha
caused declines In Northern Hemisphere-scale March snowpack over the 1981-202
perlod. Using an ensemble of snowpack reconstructions, we Identify robust snow
trends in 82 out of 169 major Northern Hemisphere river basins, 31 of which we can
confidently attributeto human influence. Maost cruclally, we show a generalizable a

hirhlu nanlinasr famnarstara canclthdbe of ennuwnacl inwhich cnow hasomae
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Limits to Groundwater Use

2023 EGU Darcy Medal Lecture
Marc F.P. Bierkens

T —

is from: Rens van Beek, Bram Droppers, Joeri van Engelen, ge f, Thij
le Otoo, Gu Oude Essink, Edwin Sutanudjaja, Jarno Verkaik, Yoshihide Wada,

s Hendrikx, Myrthe Leijnse, Sioux
Niko Wanders, Daniel Zamrsky




Model line |[Time—» 69 ...... 81 82 83 8 85 8 87 88 8 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
WaterGAP Legend | WaterGAP | WaterGAP 2 lwes |
WBM |:| MHM or GHWM | WBM | WBMPlus

Mac-PDM (] usm [Mac-PDM .. Mac-PDM.09

WASMOD-M [C] owm | WASMOD-M |
HO8 [] iesm [ HO8 |
PCR-GLOBWB [ PCR-GLOBWB |2.0 |
Lisflood iLisflood Europe Lisflood Africa Global LF |
vic vic_.. ] —

MATSIRO [Land model ccsr/NIES [ MATSIRO (also land model MIROC)

Bucket model Bucket model (Manabe, 1969)

LaD/LM3 LaD |Lsm3
0SU-LSM/Noah-LSM | 0SU-LSM =20 Noah-LSM

Noah-MP l Noah-MP
BATS | BATS | BATS2

SiB | SiB | SiB2 | SiB3
ECMWF-LSM/TESSEL ECMWF-LSM | TESSEL | HTESSEL

EC-EARTH LM | EC-EARTH LM
MOSES/JULES | ukMo | MOSES | JULES

CLM [T .. CLM4

ORCHIDEE | LMD-LSM | SECHIBA ] ORCHIDEE

LPJ ; . N =i | , LPJ

LPimi SHARNETNOFHREDORES m=
— Bierkens (2015; WRR) o

Model line [Time—>  69... 81 8 83 84 8 8 87 88 8 90 91 92 93 94 95 9 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
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Agr. Wat. Demand

& HREF{

, ) — . >
Liv. densitiest®l | | H1V- ;:I;r:;:}t{l.es Liv. drinking Air temp.# Irr. areas!! '”; ;ﬁa’;_
o. ) 3] o. - o. i

0.5%; 2000 1960-2001 wat. req. 0.5%; 1960-2001 0.5% 2000 1960-2001

Crop factor,
calendar,
rooting depthl®!

Irr. efficiencyl’]
country

Crop evapotranspiration
Green wat. availability
0.5° 1960-2001

\_l_l

|

Liv. wat. demand

I_l_l

l

Irr. wat. demand®!

Ind. wat. demand
net; 0.5°% 1960-2001

Dom. wat. demand
net; 0.5° 1960-2001

Variable 0.5°%; 1960-2001 Agr. wat. demand 0.5° 1960-2001
spatial resolution; gross = net 0.5°% 1960-2001 gross = crop wat. req.
temporal resolution net = irr. wat. req.
Ind. and Dom. Wat. Demand | : Blue Wat. Stress
Global, urban, |
Ind. wat. GDP!", Electricity, Per capita Global, urban, rural pop.2 , || Total wat. Demand Blue water availability
withdrawall?! Energy, Household!"") wat. usel'213] rural pop.['#! country; ;| (agr. ind., dom.) Incl. reservoir scheme
0.5°% 2000 country; 1960-2001 country; 2000 0.5°; decade 1960-2001 | | | net; 0.5% 1960-2001 0.5°% 1960-2001
| | I | ! I
I ! I
Ind. wat. demand Dom. wat. demand '| Ground. wat.
gross; 0.5% 1960-2001 gross; 0.5°% 1960-2001 r abstraction('?]
J' 5 —" I | counlry;, region; 2000
,—l_ esalination |
; ; A wat. usel'?] ! !
Recycling ratio®! ceess to wat. _ country. 1960-2001 | ! Ground. wat. N\
country; ——{ urban, rural pop.l'"!l | | Air temp. ] ’ I abstraction )
1960-2001 country; 0.5% 1960-2001 : | 0.5% 1960-2001
1960-2001
— )
!
!
|
T
!
I

Desalination

PCR-GLOBWB!'!

Ground. wat. Recharge
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"'Wint and Robinson (2007)
S Portmann et al. (2010)

2FAOSTAT; http://faostat.fao.org/
6 Siebert and D5l (2010)

3 Steinfeld et al. (2006)
7 Rohwer et al. (2007)

9 WWDR-II data set; http://wwdrii.sr.unh.edu/ (Shiklomanov, 1997; WRI, 1998; Vérosmarty et al., 2005)

10'World Bank; http://www.worldbank.org/

12FAO AQUASTAT data base; http://www.fao.org/nr/water/aquastat/data/
13 World’s Water; http://www.worldwater.org/ (Gleick et al., 2009)

14 HYDE; http://themasites.pbl.nl/en/themasites/hyde/ (Klein Goldewijk and van Drecht, 2006)
I5JGRAC GGIS data base; http://www.igrac.net/

' UNEP; http://www.unep

16 Van Beek et al. (2011)

4 Mitchell and Jones (2005)

8Wada et al. (2011b)
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Net demand

wat. use

Potential consumptive

Consumptive wat. use

Actually consumed from
wat. withdrawal

to satisfy net demand

Wada et al. (2011)
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Comparison of reported and estimated groundwater
abstraction for 2000: USA county and state level (USGS).

Wada et al. (2012)
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Hartmann et al.

EIKMTKETILDBEHSOBFSE? ? HILAMEDOEEGE (2017)

Explanation
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Future 1: Canalisation of subdisciplines

hydrometeorology

snow, ice hydrology

/
ecohydrology
_~——
ainfall - runoff
surface L
hydrology —_— 500
hydrological statistics :——JJL
Bayes methods
water resource systems soc%
hydrology ys
policy
| ——
stochastics
vadose zone
subsurface field processes
hydrology \
groundwater stochastics
field geology

(b)

Future 2: Synthesis of subdisciplines

society

time
variability

extremes

space
variability '"te'fms /

models — data

technology

Bloschl et al. (2019; HSJ)



M TKETILORERIEZIZ? ?

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 an Froundwater 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 ‘Al’, 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 Al/ML and processed based models may be a mainstream?



1) Scaling still big issue and how we approach as community??
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2 'T”""e'va"essweqe'zﬁ H ] Spatial resolution:
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] . i 7 5| F
- : o B Global 10km => 1km
o= Ry .(5
i “ B o Continental 5km => 1km
& - Large catchment 1km => 100m
- . .
-40 20 0 20 00000 sooano; 8
J. Keune (Meteorological Institute, University of Bonn) 10°
In 1990s, continental/global hydrological
models were first applied at 50-100km grid. oooco] RIS | W
=> 250 million active cells at 30 arcsec
resolution (~1 km resolution) globally
Next-generation exascale supercomputers with ===
thousands to millions of cores solving millions .
to billions of cells
~ Computer scientists needed?
Keune et al. (2018; GRL)
Burek et al. (2019, GMD) 100000 100000
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millenia

Depth to the fossil groundwater
transition in 62 aquifers measured
by groundwater carbon isotope
data (6455 wells).

Global rivers

Most unfrozen terrestrial
water likely more than
~12 thousand
years old

10-50% of groundwater
shallower than ~100m
likely less than ~50
years old

The shallow depth (top of peach
bar) represents a depth below
which most wells (>50%) contain
detectable fossil groundwater
(minimum fossil groundwater
fraction >0%).

o/d

Global groundwater
(within 1 km of
land surface)

5-22 %
post-1953
groundwater

One-third of global river
water likely less than
~70 days old

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%).

-Bal in
[~ US—-Eureka Coast (CA)

r
ey (CA)

=Ku sin
~Mahomet Agquifer (IL)
—East Embayment (M3S)

~Los Angeles Basin (CA)

Fossil groundwater becomes ~ 3) Do we know enough about water age
dominant at a median depth of  dimension? Howe can we utilize this type of
200 m (lower—upper quartiles are information?

100 o

200 4

Depth below |and surface (m)

115-290 m).
Jasechko, Wada et al. (2017; Nature Geoscience) T~k
~Present (>0%) in most wells below here : ,?539;3;’ ?5?’*’ - s
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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

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)

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

Community driven commonly accessible framework and format needed

Pléiades 1a/1b
SPOT 6/7

e
a p " RADAR
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Revisit capacit jepending on latitude and QLSm Constellation
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5) Are we ready to use satellite, remote . = s o
sensing, aerial/drone images, citizen Vi i
science approach?

https://www.nasa.gov/




@ OCEANIA @ NORTHAMERICA ~ LATINAMERICA © EURDPE @ ASIA @ AFRICA
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RISE OF
THECITY

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



Ongoing shifts from physical hydrology to more

socio-economic-hydrology and ML/AI Bigger challenges in disciplinary boundaries in

WRR (hydrology, social science, economics,
WRR (1965-2019) computer science, data scientist, geodesy,
Physical (>20,000) — Social/Economic (<3000) psychology)

WRR (2010-2019)
Physical (5000) — Social/Economic (2000) 7) Conceptual development => Technology development

Conceptual development <= Technology development?
Digital Innovations are growing...

WRR (1965-2019) Agent based modeling (run by Al/Machine
Machine learning/Al (300) learning) will be integrated with physical

WRR (2010-2019) hydrological models at various nested scales

Machine learning/Al (>200) (communities, cities)

The world
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georeferenced Urban Agent based model
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database Modal . Young's
model
v 3 ) -
Statistical model of |  Function of . e g‘l’;‘a‘f"" . Endorsement
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. GIS - gents |2 Information source : g S = Yo I = !
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. Visualization / i '
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(G eo | Ogy 20 19) Fig.7 Abstracting from the “real” world into a series of layers to be used in the artificial world for which to base the agent-based model upon.
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, _ Voronoi Diagram/
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Storylines

(investment, population growth, water price, etc.)

Agent-based model

(farmers, government, NGO's, etc.)

& M

Scenarios
(RCPs, GCMSs,
RCMs, etc)

08

02585

000
edL2

TR

GEB: A large-scale agent-based
socio-hydrological model —
simulating 10 million individual

farming households

7) Do we have enough
conceptual advancements?

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

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,
Al/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 Al/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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