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Welcome!

Global Hydrodynamics Lab (PI: Dai Yamazaki) is a part of
Global Hydrology Group in Institute of Industrial Science, The University of Tokyo.

Yamazaki lab is in U-Tokyo Komaba-2 Research Campus in central Tokyo.

Our studies mainly focus on the dynamics of land waters on the global scale,
using modelling, remote sensing, and data integration approach.

What is Global Hydrodynamics?

“Global Hydrodynamics” is the study of the dynamics of terrestrial waters over the entire Earth.

It focuses on the movement and storage of the surface and sub-surface waters at multiple temporal and spatial scales from local to global,
including rivers, lakes, wetland, soil moisture, and groundwater. It also covers their interactions with related earth surface processes, such as
precipitation, evaporation, coastal and ocean dynamics, biogeochemistry, and climate change.

We extensively use modelling, remote sensing, and data integration approaches to cover the entire globe, while we also respect in-situ
observations to determine important processes in global hydrodynamics and to ensure the robustness of the model conceptualization.

In addition to natural hydrological cycle, we also assess the impact of the terrestrial water variability to the human well-beings (e.g. flood,
water resources, ecosystem service), and try to understand the reactions of the society (i.e. water resources and hazard management) and their
feedback to the global hydrodynamic system.

Coarse-resolution River Network Map

Global river topography data MERIT Hydro Global River Hydrodynamics model CaMa-Flood Sub-grid hydrodynamics approach in Land model

Who are we?

Our lab is one of the world-leading hydrological science bridgeheads, consisting of
researchers and students with multiple backgrounds (Earth science, civil engineering,
geography, spatial information science, computational science, etc.)

All research staff members belong to Institute of Industrial Science, while we also commit
to education in the Department of Civil Engineering (Grad School of Engineering) and in
the Graduate Program of Environmental Sciences (Grad School of Arts and Sciences).
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How to join us?

We are always looking for new group members with passion, talent and grit. If you love
nature and the Earth and want to understand them with data and model, please join us!

You will have the chance to work on frontier science challenges on global hydrodynamics,
combining the model, remote sensing and data integration approach. We are happy to work
with you to understand, describe and predict the dynamics of land waters across various
spatial and temporal scales.

If you are interested in, please contact us by email ( yamadai [at] iis.u-tokyo.ac.jp ).
We are happy to chat about potential research projects and research life in our group.
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Our working space in Komaba-2 campus Stuff & Ph.D. Students as of 2023 June
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Tokyo, 153-8505, Japan
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CaMa-Flood: Global river hydrodynamics model B
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ML-based Satellite precipitation estimate
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The global weather radar coverage
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Understanding the Substantial Impact of . s

Levees on River Hydrodynamics
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Gang Zhao Dai Yamazaki Xudong Zhou
River hydrodynamics change after levee construction

Levees play a crucial role as important infrastructures to mitigate flood hazards worldwide. Over time, the number and standard of levees
have been continuously improving to meet the needs of society. However, previous studies have revealed that levee changes river
hydrodynamics and flood risk, not only at the levee location but also at its upstream and downstream.
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Fig. 1: (a) The levees in New Orleans and (b) the Fig. 2 The change of rating curve (water level- Fig. 3 CaMa-Flood two additional parameters for levee
flooding caused by the breach of these levees during discharge relationship) after levee constructing module (we need levfrc and levhgt)

Hurricane Katrina.

Current global flood models (GFMs) have yet to incorporate these levee-induced hydrodynamic alterations, largely due to the challenges
presented by the sparse levee data worldwide and the complexity of integrating such process into GFM structures.

Introducing the New Levee Module in the CaMa-Flood River Hydrodynamic Model

............... Module Parameters Simulation Results
* Asimple levee scheme is developed with a minimum * Improving simulation performances by Considering Levees
i 4
requwed parameter sets a0 —4
(@) 2 [(a) E
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&2 Lé_z
©
E 1 ; 1
) S -
2015 2016 2017 2018 2019 2020 2015 2016 2017 2018 2019 2020
Time (year) Time (year)
—— Observation - Simulation (with levee) Simualtion (without levee)

Fig. 6. Simulations from the CAMA-Flood model for a station downstream of the Mississippi
River, showing (a) discharge and (b) water surface level (WSL) under two scenarios -
considering and not considering the presence of levees.

(b)

* How Levees Influence river hydrodynamics across the US

(a) Annal flood stage change
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—15-20
Fig. 4 Levee parameters in the US (a) Levee fraction (levfrc): (b)
Levee height (levhgt): These two parameters are derived from the
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Change on flood stage after levee construction (m)
N
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............... Module Structure- ————————memmmeeo. decrease increase , ,
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* Four cases are considered in the flood routing (b) Annal f'°°<j' discharge change The numberof  The number of
Case-1] Water level below levbashgt {Case-2] Water level below levee top (only unprotected side) 3 R - sites with levee  sites without levee

(water storage <evbassto ) (water storage < levtopsto )

* The flood stage is experiencing an
upward shift at various sites, regardless
of whether they have levees or not.

* The construction of levees indirectly
intensifies the flood risk at locations that
lack levees.

10¢ 10° 10 0 10? 10° 10*(m%/s)

i ] - decrease increase + The presence of levees reduces the
[Case-3] ted-side ter level below le [Case-4] Water level above levee toy . . N
e e e e T bifurcation effects, leading to large
\ e levtrc/ discharge variations in some rivers.

o st G oo T e 127 e evapsto . . .. .

2= o e Fig. 7. Annual flood stage (a) and flood discharge (b) variations after the levee construction.

We employ the US to demonstrate our model owing to its rich observational data. Currently,
we’ve developed a method for estimating levee parameters on a global scale. This method can

assist in understanding the influence of levees on flood hazards and risks in data-sparse regions
Fig. 5 Calculation of flood stage using the levee module in the CaMa- worldwide.

flood (Email: gangzhao@rainbow.iis.u-tokyo.ac.jp)
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Global River Model with Sediment and Nutrient Transport 1 s Mgty
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Estimation of spatial discharge change from satellite
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Impact-based forecasting of river flood
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Monitoring Surface Waters from Space

FEHALDOMERKE=LKY VS TR

Menaka Revel DEIREINEYELY]

Observing Surface Water from Space

--Satellite technology allow us to observe water surface changes--
B e sman e —— s -
> W s ¢ - : o b Terrestrial freshwater is a critical resource for terrestrial life, ecosystems,
v i biodiversity, and human societies. Continental water is stored in reservoirs
that are irregularly distributed among geophysical environments and
climates. Surface water includes rivers, lakes, man-made reservoirs,
wetlands, floodplains, and inundated. Those are especially important
because it supports diverse and dynamic environments around the world
while also providing important benefits and services to human society and

i . : economic activities. - . o
= g @ J p >
1989 2006 2011 ~3 .0
Figure 1: Landsat images taken over several years showing the drying up of the Aral Sea, once the fourth-largest lake is = f’;g'f:;;;d laser visible, IR (L‘:fd‘.‘
now 10 percent of its original size (Nasa.gov, 2016). Landsat images showed the shrinking of Aral Sea by 90% in 4 Interforometer altimeter (gnicar, Jason, §-2,.)

decades. i o o . @won §-3, IceSat....) j(Ai, .
Observing water surface from space provides the ability to observe long term variations and provides |OW- actve microwave ~ Surface Water e
(JERS-1, PALSAR, Elevation, Surface Water Sl

cost method for monitoring water cycle oy VsaR) Extent Elevation, iy
g :‘s';;’ﬂv'""”’;';_‘e"f) g e Quality and
--Available Satellite Observations-- A - s

Surface Water

+ Satellite remote sensing techniques provide a low-cost method for monitoring the various enS 2 g J

components of the terrestrial water cycle. v :‘
ravimet
* Radar altimetry missions observe water levels in lakes, rivers, and floodplains along their orbits. eract, o [oacisanee
* Electromagnetic spectrum (visible, infrared, microwave, and their combinations) observe the Gz

extent and quality of surface water bodies.

* Gravimetry observe total terrestrial water storage o
Different remote sensing methods are available for observing different components of water cycle

. . . . . . . . R Figure 2: Schematic representation of main sensors/satellites observable variable
The availability of remote sensing observations has aided improving the understanding of hydrological processes and their interactions

Assimilating Satellite Altimetry to improve River Discharge

--Estimating natural and human- --Data assimilation framework for --Global assimilation efficiency--
induced terrestrial water dynamics-- continuous river discharge estimation-- * Assimilation efficiency values were strongly
The overall aim is to transform the global hydrological Imtisat\ \:\/aterx_? influencec{ by the Ioca} state correction and the
cycle studies, by fully integrating emerging satellite . s upstream inflow correction.
observations of the Earth. Time Step ! o * Higher latitude rivers showed higher assimilation

River and Lake model T Z005 efficiency

River and Lake monitoring
« Continental-scale rivers also showed higher

assimilation efficiency

Land Surface
Runoff

+ Inundation, water depth [l

' i8] information
J * River discharge
A

Satellite Observation + Lake water storage
(suv:falce u;:ter) LT Space-time continuous estimation "
+ Water surface area
: Riverand Lako | IRy, * Discharce, water lovel 10km, daily
: ;‘fﬁ’;:;f‘;:‘m“’“ data assimilation - High resolution surface water: 100m
Approximately 1~3week Forecasted _ f
Approximaely100m~Tkm Terr—— Land surface and Water utilization Water State XT+AT
Water use data |» monitoring information
Vetcoragial Forci szsiniafon - Water intake =
teorological Forcing - N
- - ) : g::rr::;r;t::" b Satellite Localization v,
(s;r‘:::l:: :2:::)‘/ ton y + Evapotranspiration i Altimetry Parameters ok
+ Soil moisture Quantiies cannot be observed directly g,x%(
- Storage change e Space-time continuous estimation . A ~ w
[y | Land surface and | Fesobten fimcely Time Step B oreaes, o i -
Water Resource T+aT WatenState nsEar=Y51"NSc¢ o401 02 03 04 o5 06 07 o8 09 10
N . model . - . . . S -
Figure 3: Schematic representation of comprehensive monitoring for the Figure 4: Schematic representation of data assimilation framework Figure 6: Aszﬁmilation efficiency of eNsStEi:I-mting river discharge

global Terrestrial hydrodynamics in Human-Geosphere

* Assimilate surface water observations from satellites
into a global river/lake model.

* Build spatiotemporally continuous river flow, water
depth, and inundation area.

e Combine land surface modeling with satellite
observations of soil moisture and water storage
changes.

* Build a land-based hydrodynamic monitoring system

* Data assimilation method was developed to
generate spatially and temporally continuous river
discharge estimates.

* The CaMa-Flood global river model (Yamazaki et /. I\

--Potential of data assimilation--

%10SANTO ANTONIO DO ICA %104 HUMAITA

|
)

14
@

al.,2011) was used as a dynamics core.

* A physically-based adaptive empirical localization
method to utilize as many observations as possible
(Revel et al., 2019).

* The data assimilation algorithm was used to correct

14
o
w s

discharge (m3/s)

o

S

——
~N

for reservoir operations that cannot be observed L L " 02 1
directly f p”. the initial condition of the next time step.
irectly from sate 'tlels' I  The satellite altimetry was used as observations. 2009 2010 2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
H H ear . yeal
--Satellite altimetry-- .. .  — Obsert&lons  —— Openloop —— Assimimd
Satellite altimetry measures water surfaceyelevation from ) --Emp|r|ca| Iocal|zat|°n-- Figure 7: Potential of discharge estimation using data assimilation

* The data assimilation provides accurate and continuous
river discharge
¢ The data assimilation method is successful in predicting
secondary peaks in river discharge
¢ The data assimilation method is better in characterizing
low flow in river discharge
00 02 04 06 08 10

p— s spatial dependancy weight --References--

sz Figure 5: Example of generating empirical local patch
hsoN2

space. Satellite altimetry can observe water surfaces . '
directly unlike discharge with low uncertainty compared ") \4%*’ defuca

threshold "
—_

S e o B e e

Revel, M., Ikeshima, D., Yamazaki, D., & Kanae, S. (2021). A Framework for
¢ Physically correlated river reaches were used to acquire  Estimating Global-Scale River Discharge by Assimilating Satellite Altimetry.

. PRI Water Resources Research, 57(1), 1-34.
observations for data assimilation https://doi.org/10.1029/2020WR027876

* Statistical methods have been used to develop the Yamazaki, D., Kanae, S., Kim, H., & Oki, T. (2011). A physically based description
correlated area (‘local patch’) for the river network of floodplain inundation dynamics in a global river routing model. Water
Resources Research, 47(4), 1-21. https://doi.org/10.1029/2010WR009726

[ ) e ™ ws
Figure 4: Timeline of satellite altimetry missions
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R BHECATT:A—R - TIAO T BEREER AR TOIRY A

— R TSAVTRER RENRFTAHHEBZHIREL . REEIIHIC ﬁ&ﬂ]&éhfhiﬂzo

sl]mg
=R TSAL U TBER(LUTC-PEE) X, BELED
B3 2 BEMRARICTRFMEIZDT. FHIZL>THE
HEDTHOEILEZRTEERTT . HRFEZERET S0
IZIFSHEVREFEMENROONET, 2022FI121F, BR
THC PEEDEBELDIGX)—F 1EHRIATHHE . 5%
PR D TC-PEEKRIIELENZEFEINTNET,

Hﬁr%?ﬁfiﬁf\o)&“ﬁ%ﬂbﬁkﬁH§1I:0)1=III%EIH MLTEELG/INERELET,
TCFD (KRR EMFFIEFRBATARII7+—R) . TEIABHIZR

&
N
S
5
'{‘«

Py 33“3\""

WEH & B X

C- Pﬁzto)t*ﬁv D“

@ Ersimplement
mmm

World Bank

SHPBBEERAFNATNS
REMEDIKEE nors o)

= Mitigation

Adaptation - T;FD — BREMHE 2 HHBERARIHTS 51O RS DB R
89.9%* Dual uses T NoFs (2022) 'GfEi’D'CL‘iT §<®ﬁ¥(iTCFDf‘*&)%ﬂéc'Dﬁ%®§

(85868B)

LR ERRBUEABITITHRICHEIIBITIRDIITHIET 51

iR A OREE DITIREBDEMICR DB RBRMADREEZEDTNET,

— R TIAO T BERER R B EMEEDOREEREEFETILTEREL. BRI FITESH
'ﬂ'%)u&'& BERBLERIENHZHEILSEIRBELBEREZIRETELIN?

TCFDEDTFRATURV IIEIFEDC-PEERDELREZ (T, RRFHMTIREICLHETLHEEZONFT, MA T, C-PEBERIZLSE L RF
RN MR E~NDEEF R T LR ENFRDORFMELELESRETH T REDHENEILTIIENEZLNTT . ZDLSIC
C-PEREBEMIREICIIBHELEZEADY . EVDHEERAEEE T I ETCIYNERNERIEBERDIRSICOEMALEHEFINET,

MAEFTBEBETILERWED—RY - TS3A PV ITBER ERRRRNTRED S

SEEBHEARBRFEDOMEEERZRTREAMET ILIAMZ
HRLT. C-PEEREMRFRMREDHEERZRRT 5.

BRFEOETILORE  ABROETIL
BiiERASRRHBEREROLNMBE BEWERRE LIS —FAMICMR B
HELTHEALNTHEY, RALHMER T BRERMORELS AMATREE
DEBRERBRTETLVEA T, héé:?lil,f:o

[ FLOET LM |
mm <G
r—

= EEWA
SBLR \
RALEE
B EERE

HE BE,
i@
R

i Energyx l Price

A

BRHBR R —Rasiisont .
oo - wﬁﬁ;m%( )
N 25 b TN ‘ik )| e prC L ‘ Bl 25— :
B max mg,, £cXe — Or(xp, ap) aei1 = (1~ a; + CKE oo
& Goad ™ pmmi pimgaxs | [ ExEEITraon—0RHERAL B s i
% E‘,“,iﬁ.g?fﬁjxf by | benmmEES L AEE ) ;&fﬁ;;efﬂﬁ
i st O(x, ap) = xf + pia 48—
- Rl R | | Kol T Zoinz:ouw) tpeae = ike) RiTRE - RE
L= pete EHTERET LT BELIHTH—MILRECEIE IAMTRIT R TRERE T HILITHK
e Dy, R (FECODRRMEDEHEEAOE BERATMET L CRRARIUZ,
HER (U?ﬁﬁﬁxﬁi (2 BET IV RAHR ~ SETOHEFIESITHL — « mEBROHS
o —— l CBETFTIVRAVMEL & Ft o8- RRORRMES SRR BT LRE O ——
£ ‘“"‘“ﬂ CBETHIVRAVNEY — FHeoa—0 RRERBYDORFMEERBTEHR g HREBOS
E”‘ - 0 W25 W20 g
3" PO ORITRAE ®'=,E'1J: = @ﬁLf‘Eﬁfﬁﬁ
g ‘ T T % ; ;:Trwxx»ﬁu »-i- = = e e = :::;:L
e s i i i e 8.
g, = ;’é = e — } S. o 5 ’ G- £
37 S T [ 3.
E&ELT_IAM%_‘—FFJL\'C mEME 2 2. g. &-
LEITRAROBRENMTLE, L0 mmmaom

RERMEENFVADL, BTRE
T~ DTRENET ELVSE
HABETET AL TES =,

rﬂ%?ﬂ'ﬁzx;‘/h}]%ﬂ J:o‘C HIJ-‘E;O‘CHRJ‘%HEﬁ?&ﬁfJ‘ﬁJEé
(@) [ELFICEFATELVEENENS (@), ZLT. [BLR

Toa

TR —— ané R =3
10ERMIC R FMED
100$/mtCd DIEMT 3

LFI)FDOTFTHHLE,

Global Hydrology Group / Yamazaki Lab

#2°CITHN A % £ TG R FMIEKELRINZHTENTESL (@),
http://hydro.iis.u-tokyo.ac.jp

https://global-hydrodynamics.github.io



\NDUS7,
o lay

%

2HRICEH 2 IKORERERTE YK

A INSTr,
*ro. 3 3“3\'3"

Global-Scale Assessment of Economic Losses by Flood -5 .5 wimrs we s e
BEIETHIET HHKKEICEIOBFHE

HOK G R R TOREBNIFRICSC HOKICRDEFMB O (L
HELWSEELELFRIFZTAKEND—D2TY, JTA—NIIZITHNIDLELRHYET,
EEDHET, BELDOEEICI>TSHREICRENEZE TOEABIF2DOHYFET,
CENFRENTVET, Z00 ., BKICEABEFHRENE 1. BAKEESTHRELARERMENHY . EDihig
RIS ETRMARDONTOET, B ERELBERCTE THEADIIGFHEOREALTEILELHD
TBEHICE RAKIYTONOEZEHT BT, EE- 2 BRESTEIHR P OISR FNITIEY
BEIDNDHRRALGEEEZEETIVLENHYET, N THYREFHES (SHIERMEEEL Tz

aaaaaa

198082 84 86 88 90 92 94 96 98200002 04 06 08 10 12 14 16

oo~ e ey %
BRKED NETORIEEEKEIZELS IShughrue, et al. (2020)
b ==l - = —_ —
EEAEARESE BREBRE@ DR BRIZE Dt~ DR EREGE

BREERKIZAL—aVZRAVVRERFREFRECDORE

\WEHFRETIE, SHANETFLVICESBEERANS—FHEIC HE2EF 5 SppmyYEs
F—EMAEHE T O—/ UK RV YA TV ET, :ﬂjk*&;,fﬁu ifﬁmﬁ

ING—F cata-floodi= £ 52 BERBED AN R Exposure  fi5514%: Vulnerability  BMELETBE. ZIHBHEANTI:
[ :}A  HREERTOEMTRICENYE
Cott o x e— S KT CE DN = S P 2 O
73*”;‘?5? FETST—— e I  EZEoh. 2oRETOLRE
o _ 1=} o LSRR RGRFHREEBRIET
" Namazaki (2012) - e R
Huizinga et al.(2017) ‘; T - | I -
BEFRICHHTELHROBARESFUAEEE | Omsns sx-smpers i fm
HABFURILOMBEREQERE AR Saseiin drhusians | o
= __~, B -4\ £ MFRAENSEIS o e Bierkandt et al.(2014)
@#70749"1 e 0)3’3‘~73 H'-C*En-l'_d_é Y IAFI— s ‘ EEEEEEE -

HISAFI—VETIVY

t e DAETEESNAZLovaor
S EXEIBERICELIBEERE

S (| mamomL TRy OT LSS
\: T i 2 OBEOREL IS TIXGDPO 14T E T
T — Y N S T
IR DR EBAEALC £ B REEOHSAT LB, ZOBMBIRYRT— S D
O #KDEE % O#KIRY BT SRBOHLEND, HT A

S TRABENBAIGENERE o T FBL K RROREE
AL E RBLHKIZEBUROREIR e o e
NEWTE. AV OPEETIEISERFERRDOE  ARFETILOLMFAT—4EEN

moyfétﬂfﬁ%%%%ﬁ?ﬂﬁ%ﬁ%%ﬁEx72% BRI A RKBEENAENEERE %’C‘$&§0)$E;’E(:Hyb){ﬁﬂ/u'§(,\gi-g—o

7 g
Tanoue et al.(2021) 4

http://hydro.iis.u-tokyo.ac.jp/
https://global-hydrodynamics.github.io

Global Hydrology Group/ Yamazaki Lab




Hillslope water dynamics control land cover heterogeneity
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Water dynamics can shape land cover distribution at hillslope scale

Why at the hillslope scale?

Although the climatic altitude impact has been thoroughly
studied, discussions over the hillslope hydrology control on the
land cover are still lacking. At the hillslope scale, driven by gravity,
water drains from ridge to valley, causing the water availability
contrast between highland and lowland.

Water regulates vegetation growth

Vegetation growth can adapt to different levels of water availability.
However, under extremely dry or humid conditions, the growing
process will be greatly suppressed. This leads to the formation of
some typical landscapes in the flat regions: a clear boundary exists
between vegetation types in the highland and lowland.

Represent the heterogeneity in land surface model (LSM)

An accurate representation of the land cover heterogeneity in LSM is important. Although the conventional high-resolution approach can
make accurate representation, it also causes huge computation costs. In this concern, a more computationally efficient manner is desired.

Climatic gradient

E
“ Desert Riparian

Salt Pans A" .

- o

RN = 4

Inrthe topographlcally flat regions, some typical landscapes are assumed to be formed by ridge-to-valley water flow.

Water Logging

Gallery Forest ©

o

An efficient method to represent the hillslope land cover heterogeneity

A method to efficiently represent hillslope impact on
land cover heterogeneity in LSM

Based on the topographic data MERIT-DEM (Yamazaki et al.,
2017), a unit-catchment can be evenly discretized into 10 height
bands, each band is represented by the dominant land cover type.
The 10 height bands will be used to approximate the realistic
land cover distribution.

How to find landscapes affected by hillslope water

dynamics: an example of gallery forest

Using the above method, an effective representation of the
hillslope land cover heterogeneity is shown in a flat unit-
catchment. The lowland area is dominated by the tree ecosystem,
whereas the highland area is dominated by the grass ecosystem.
The landscape location is confirmed with the google static map.
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Close view of a unit-catchment identified as gallery forest located
in western Congo.
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The realistic land cover distribution is represented by 10 height bands.

Search for the hillslope-affected landscapes at the

global scale
Overall, the proposed method can accurately search the locations
of 4 types of landscape in the world.

Global distribution of landscapes formed by hillslope effect
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The number of locations differs among the 4 landscape types.
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Future work

By applying the proposed hillslope method to the LSM, it is
expected to simulate the land surface process almost as accurately
as the conventional method. In addition to that, the new method
is supposed to largely save the computational cost, which makes
explicit land surface modeling possible at the continental or global
scale.
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Does climate internal variability affect extreme flood occurrence?

Flood risk will increase in the future due to global warming.

A large increase in flood | .
frequency is projected in g e
Southeast Asia, Peninsular = = (g

India, eastern Africa and the
northern half of the Andes.

2 b (o}
& [Hirabayashi et al. 2013]% 7|

=

1 T —
>

Recently, many severe flood events have happened in the world,
including Typhoon Hagibis in Japan.

Total rainfall by Typhoon Hagibis was
10% increased by global warming,
according to climate/weather model
simulations. [Kawase et al. 2021]

Extreme floods could be enhanced not only by climate change

but also by climate internal variability.
Climate variability has a global impact on river flow and flooding. High SSTs play an
important role in feeding moisture into storms, assisting in storm intensification
and causing heavy rains and then severe flooding.[Trenberth et al. 2015]. South
Asian countries, including Bangladesh, are highly vulnerable to floods caused by
climate change and climate variability.

Severe Flood

Severe flood likelihood

Climate Variabilty Climate Change  Severe flood likelihood

Chaotic weather effect
+

Climate Change effect
+

Climate Variability effect .

Chaotic Weather

Conceptual Figure
! 1 L

1
Time
Climate change projection studies may not be able to properly determine under
what conditions extreme floods may be enhanced. [Zhai et al. 2018]. In this
context, attribution of climate change and climate variability impact on extreme
flood occurrence may reveal when and how the risk of flooding increases.

Here, we qualitatively assess the climate change and climate variability impacts on extreme flood,

using large-ensemble climate simulation datasets.

Assessing climate variability impact by large-ensemble climate simulation

<Method>

We used d4PDF large-ensemble climate simulation for attribution

d4PDF has large-ensemble data (60 years * 100 ensemble) 12—
to assess the occurrence probability of extreme events. 1
d4PDF is usually used for attributing the impact of climate
change, by comparing the historical and non-warming
experiment.

—

Cool Hot

Probability
e o
a2 =

°
=

Probability distribution by large ensembles
enables to assess, for example, how much
the occurrence probability of extreme heat 52 1 o0 1 2 s
wave is increased by climate change. SAT anomaly @Japan (lul-Aug) [K]

°
S

We found d4PDF was also used for investigating climate variability impact,
especially those related to atmospheric response to the SST perturbations.

SST
Sea surface temperature patterns
(lower boundary condition of d4PDF) s,
are shared among all ensemble
members and all scenarios. So that,
El Nino and La Nina vyears are
consistent in all d4PDF simulations.

Historical climate simulation

Non-warming simulation

14

. . . L . .
1960 1970 1980 1990 2000 2010
Monthly mean SST for Historical and Non-warming

Climate simulation

We compared the occurrence probability of extreme precipitation in El
Nino years and La Nina years, and calculated how El Nino enhances the
occurrence likelihood of Extreme precipitation events using FAR method.

uantitatively assessment: Fraction of Attributable Risk (FAR) & its variation
(Stott et al., 2004)

FAR: Originally used to assess the anthropogenic influence on change of extreme events.

FAR for ONI

FAR = 1 — Pyar/Pxat(onr)
PR = Pyar(ont)/Pnar

FAR for Climate Change
FAR=1- PNAT/PHIS(L‘)
PR = Pys(t)/Pnar

FAR for ONI + Climate Change

FAR = 1= Pyar/Puis(ontr)
PR = Pyjs(on1 )/ Puar

3 groups: 3 groups: 9 groups:

t=1951-1970 ONI 2 0.5 ONI 2 0.5 t=1951-1970

t=1971-1990 —0.5<ONI<0S5 —05<ONI<05 X =1971-1990

t=1991-2010 ONI £ 0.5 ONI £ -0.5 =1991-2010

FAR for ONI + Climate Change <----------- Pyis(onrz05,1991-2010)
FAR for Climate Change <--------- Pris(1991-2010)
1951 2010

Standard <= Py Time

FAR for ONI < Pyat(onI205)
Scenario (1951-2010) Historical (HIS) Non-warming (NAT)
AGCM 100 100

Global Hydrology Group / Yamazaki Lab

Probabilty

<Result>

First, we assessed the occurrence probability change of extreme
precipitation by severe typhoons in Japan regions.

Positive ONI and climate change can increase the
likelihood of occurrence of extreme precipitation in
Japan, respectively. In recent years, climate change
plays a larger role, and the joint impact of climate
change & ONI 2 0.5 can further intensify the risk of
extreme precipitation.

ONI distribution (10 20yr Precipitation, whole Japan)

< — oni 19512010
statistic: 0.151 oni e

o¢{ p-value: 0.001

All the
monthly ONI
from 1951 to
ae] 2010

events occur|

\ in/NAT
)z/e‘Zario
k.

. N TimeONI | <=0.5 | -05-0.5 | >=0.5 | AIIONI

- T 1951-1970 | -0.007 0542 0.281 0.048
Probability density of ONI index 1971-1990 | -0.394 0.471 0.390 0321
FAR increased in El Nino | 1991-2010 | -0.416 0.178 0.625 C_0.39
years (ONI>0.5), suggesting All Period | -1.038 0.001 {0290 D 0267

extreme rainfall is more FAR to climate change: 20-year return period precipitation all over Japan

likely to occur. G55 #AR for Climate Change in 1991-2010
FAR for ONI when ONI 2 05

[C0625 )] FAR for ONI+ Climate Change when ONI > 0.5 in 1991-2010

Joint impact of climate
change and El Nino is also
suggested. >

. In recent years, climate change plays  larger role in the occurrence of
compared with ONI, while the impact of ONI is also non-negligible.

<0ngoing Study>

We are also assessing the impact of climate change and climate
variability on large river flood, focusing on Ganges-Brahmaputra basin.

Is a large river flood more difficult to capture compared to
precipitation?

Drainage Divide,

Atmospheric processes can spawn
heavy/extended precipitation with the
potential for flooding, but much of the
resulting  impact is  ultimately
controlled by hydrological process [Frei
et al. 2000].

For extreme precipitation analysis, the
precipitation  location and  hazard
location are the same for any basin.

Main River Channel

For large river, the number of tributaries and their flowing timing into a
river affects the likelihood of flood. The topographic features and size of
the catchment play an essential role in tributary flow timing by affecting
the various runoff components (surface and subsurface) and their timing.
Moreover, precipitation Location and timing and river hazard location and
timing are very different.

http://hydro.iis.u-tokyo.ac.jp
https://global-hydrodynamics.github.io
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Digital Twin of Earth's Rivers
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Robust estimation of underwater river topography using satellite
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Rating-curve: a stable representation of river flow regimes

Simulating flood processes (e.g., discharge, water depth and inundation) is important for assessing flood hazard and risk, and
guiding flood mitigation. River bathymetry (i.e., underwater river topography) is one fundamental parameter in flood models.

Accurate simulation of hydrodynamic models is instantaneously affected by
errors in river bathymetry (i.e., riverbed elevation) and bias in runoff inputs.

bluemarblegeo.com
Fig. Conventional method to measure river
bathymetry (i.e., underwater river topography)

Error in river bathymetry is static, while measuring
large-scale accurate river bathymetry is not feasible

-

100000

Wt suface clevation (m)

E e

2010

Fig. Comparison of model simulation and observation
in time series with corrupted runoff (-50%, 0, +50%).

Bias in runoff is dynamic and varying in time and
space and among models. It is unmeasurable and

5000 o000

Discharge (GROC, ms)

50 [ 7o
WSE (HycroWab, m)

Water surface elevation (m)

Global river bathymetry is calculated
with an empirical Power-law equation
H=aqQP

H: river channel depth; Q: climatological
river discharge; a=0.1, b=0.5

Rating-Curve (stage-discharge relationship)

o 20000 40000 80000

+ —— GRDC-HydroWed
Baseline
. — 0%

100000 120000

60000
Discharge (m?/s)

Fig. The rating-curve is stable regardless of runoff biases

Whether bias correction using rating-curve method
can make the correction more robust
and the river model
performance more reasonable?

through in-situ or remote sensing techniques. difficult to be eliminated.

We want to avoid simulation results are coincidentally right
because of a combination of multiple wrong components!

Robust estimation of river bathymetry with rating—curve method

+»« METHODS --- -« RESULTS ---

1. Estimate bias at each virtual gauge 1. The correction with RC-Method is efficient because corrected river
(with observations of WSE and discharge) bathymetry well matches the virtual true river bathymetry.
2. The correction with RC-Method is independent from the runoff bias/errors
gl @ e @) pCRSIned because river bathymetry converge with different runoff inputs.
E £\ River bank elevation @ Virtual station River bank elevation @ Virtual station
“ 80 Initial river bathymetry 80 Initial river bathymetry
:? £60 g 60
mZU = 20
7 7
Time Discharge 0 Corrected river bathymetryx7 N o Corrected river bathymetryx7
(@) t virt (b)
Fig. Calculation of the two bias 000 A0 anca to Amagaon River mouth (kmy 0 P00 00 amcero Amasaon Rivermouth (). 2%
Time-series bias (TSB): bias of water surface elevation in time series 4*  Fig. EXP3. Comparison of corrected river bathymetry (blue)
Rating-curve Bias (RCB): bias of fitted rating curve with the virtual true river bathymetry (orange)
2. Correct bias at gauges and river sections between gauges Fig. EXP1. Model performance against observations before

with linear interpolation. <} and after bias correction with corrupted runoff
200 g . .
., Study area: Amazon River < Y . &2 . &) . 1. Correction of river
z ® B2 £100 . . . bathymetry does not
g 5, 10 *E 3 : é é [I-] : = é é : & é &l change much the river
4 5 £ £ 09~ . . q q A
g E a |l Ry - = discharge simulation.
5 o B W L |
2 Ta ae s & b1 b2 b3 .
3 e * g 10 (. ! 2 & 2. New method provide the
_10§ E é é % . I%l é i] s 8 él é |1'] most reasonable results
. -15 22 .
T S s p— ? T T & =] (better result with better
Time-series bias (TSB, m) A ru noff).
Fig. (a) Comparison of TSB and RCB at 20 gauges in the Amazon River
Basin. (b) The bias along the rivers (by linearly interpolation) 1047 @ ) 3. The new method is
. .
. . £ s P} o & = robust (not sensitive) to
3. Evaluate the model parameters/outputs with updated river 8 o é, é % é %} el biEs avan afes
bathymetry. =51 (e1) e : bias correction.
S

Initial run Calibrated with TS-Method Calibrated with RC-Method

Experimental designs:

EXP1: Corrupted runoff (-50%, -25%, 0, 25%, 50%) Limitations:

EXP2: Multi-model runoff (Earth20bserve members) 1) Relying on gauges with observations of WSE and discharge, while
EXP3: Observing system simulation experiments gauges are limited, and applicability of the method is limited. znou etal. 2022). water Resources research,
(OSSEs, Assumed river bathymetry + Exp2) 2) The method is not well performed where backwater affects. Contact: ,,h'j,‘;'@l,‘:;‘;?w’?.iilﬁffjﬁfz
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Nighttime light data has the potential of detecting flood impact

Flooding has huge impact on human daily life. Gathering flood impact information on human daily
life with appropriate accuracy and high efficiency on global scale is still a challenge.

Flood
Manual
. . eas L g BEIEES Investigation
Flooding can lead to economic loss and fatalities which is related to human daily life. Model
Understanding such impact globally can support international decision making on land use,
climate change and disaster relief policies. Flood Risk Existing methods Global
Model Database
Previous commonly used methods for assessing flooding impact have their own Flood
shortcomings. Global flood risk models are not able to estimate indirect impact out of . impact Focus on
inundation area. Flood damage models need much auxiliary input data and are with low effli-::Iige':ICv human
robustness on global scale. Meanwhile, the models’ results are simulation impacts which : Challenges daily life
may have difference with realistic ones. The local manual investigation and global database
need huge amount of time and manual work, which in hence are with low efficiency and Appropriate o\ 41 ale
aCCuraCy accuracy

Nighttime light (NTL) remote sensing data provide a unique observation of human activities which can be used for

global flood impact assessment. ) )

When flooding happens, many places will face power outages or

NTL data records nocturnal artificial . : business interruption. Light intensity will probably decrease compared to
light on the Earth’s surface. A high- h normal status, which makes it possible for NTL data to detect flood
quality global NTL product has been impact. Compared with other daytime remote sensing data such as
generated by excluding most optical Landsat or SAR data, NTL is more related to impact on human
uncertainties, with a high temporal daily life such as displacement or economic loss.

(daily) and spatial resolution (500m)
from 2012 till now. The data can be
access easily with about only 10
days’ delay.

Flooding attack

Light intensity

This study aims to use NTL to assess flood impact on human daily life globally, which can provide a better
understanding on how human being affected by flooding.

Flood impact information from NTL

Method:
We aim to evaluate the potential of NTL to detect flood impact and Sf!rlous level of impact are - 5 A % . =
utilize this data to assess flood impact on global scale. dlfferent among cases, N = Do >
. which may be related to ous Level 4 T ;
® Dataset: NPP/VIIRS Black Marble VNP46A2 NTL product (500m, daily) the serious level of 52:;";‘{; . - Y ¢ t o
Dartmouth Flood Observational database (DFO for short) . ol 2, ’ ‘ ;
. " o } flooding and the local 16-20 % '
records historical flooding cases with information from news. . . 2125 ) )
Lo ] defense ability. ot
® 4 indices were set to represent flood impact from NTL: [N (78
-— -
Decrease degree (DD) = (NTLyormar — NTL;)/Stduormar :
. Figure 2 Serious level (S) from NTL for 99 cases recorded in DFO database
Serious level (S)= max(DD) in 2013.
Affect: DD > 1 pixels are affected ones
Duration: time period of being affected (a-1) (c-1)
Flooding starts = . Both the location and
T ey T el ‘ duration | .
z|-° - & o duration are of large
§ Z ! : ; ek {Wicme2sr) difference from NTL and
5 Before flooing Being affected Recovered n MODIS inundation. NTL
z Doy (a-2) ib,f)‘ ] ((c-2) N, focus on urban area which
It: et O is better to reflect the
RESU t- - L . I GFD inundation .
L . ‘ & B permmment e IMPACE 0N human daily life.
— . - — | = e | [EINTL affected
iy Figure 3 Light intensity of urban area (a) and flood affected
owiemezny % Aftected location for MODIS inundation (b) and NTL (c) for 2 cases
Lk N : s recorded in DFO (casel: id 4083, China, 2013; case2: id 4098,
u, - N, 2l o atctod India, 2013).
‘mj: It ) ‘\ : s- < { "‘ = Zm—mw Table 1. Correlation coefficients for NTL and
\c\ EQ.T» 1 % = % = inundation impact information with database’s
T (mnn || TS R 1. =i NTL impact information is related to given properties for 99 cases in 2013.
= - — - - - iti i i NTL  NTL Inundation
Figure 1 Example of impact layers from NTL for one event in Argentina in 2013(DFO ID: fatalltles which reﬂeCt’s the ImpaCt _on R"2 DA Duration Duration
4046). The city has been reported losing power due to flooding. human. DFO database’s given duration =
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light intensity of normal status and during flooding period, affected human'llfe b‘?"‘g ?ffected. NTL has the DFO (.05 o488 0070
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flooding period.

“__* Significant p<0.05
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Aqueducts in a hydrological model
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considering reservoir operations
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Satellite-based global hydrodynamics modeling ‘& 9
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Satellite data has a potential to revolutionize reservoir monitoring and modeling

Reservoir monitoring and modeling are indispensable prerequisites for advancing our understanding of their

impacts on river hydrodynamics and effective water resources management.

Actual rivers are not natural rivers Reservoirs are important natural resources

Many parts of world’s rivers are now dammed T * Flood Control

because of an unprecedented surge in global * Environmental flow

dam construction. Dams impede the flow of essential . Agricultural water

nutrients, influencing downstream terrestrial and coastal (30-40% of irrigation

environments. Reservoirs regulate peak flows and water globally)

hydraulic residence time to mitigate flooding. Reservoirs « Domestic water

can also become hotspots for greenhouse gas emission. Industrial Water

* Power Generation
(16.6% of the world’s
electricity)

Understanding the “real river hydrodynamics”
needs to consider the influences of dam [

construction and management practices. ¢
¢

Solution: Data & Model Fig. 2: Dams and reservoirs are proliferating worldwide because of their
Fig. 1: Connectivity status index of the world’s river reaches manifold societal benefits.
(Grill, Lehner et al. 2019, Nature).
Satellite data provide observation of reservoirs Model can consider reservoir impacts Current research gap
-y = - “ERx Cryosat-2 -
Y [P ;;'3 it ezl » The accuracy and resolution of satellite
+

[] « T

- foodplain

data are inadequate. Previous studies
mainly focused on large reservoirs,
Y highlighting the ongoing need for
B ! ] et comprehensive and high-quality
Sentinel-3; -~ ’ > | Vi— -~ . = = . satellite-based reservoir data.
Satellite images and altimeters can measure & Fig. 3: The schematic diagram of the reservoir modéling a,pproacf; inthe * Model simulations have large biases
reservoir water areas and levels CaMa-Flood model. The current scheme is used for flood control. primarily caused by the limited
observations for calibration and the
complex nature of reservoir operations.

Jason-3
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I

1ty
H

SARAL Sentinel-38

We try to fully utilize satellite-based reservoir monitoring in global river hydrodynamics
model for more realistic hydrological simulations.

Integrating satellite data into the CaMa-Flood river hydrodynamic model

New data set, Res-CN New dam module

Reservoirs collects water and materials from their upstream. Upstream Reservoirs experience emptying and filling water seasonally. Lc is often fluctuating that is higher
catchment attributes (see Fig. 3) affect water balance and water quality of a around the dry season to store water for irrigation and is lower in the wet season to create
reservoir. These catchment-level data are of great value to support a wide more space for flood control. Thus, a dynamic storage-release relationship aligns more closely

range of applications and disciplines. However, no dataset exists for reservoir- with the realistic behavior.
catchment characteristics. ~--Lf. high flaod level g [[Drvséason Dryseason™\ Target storage zone is
\ /
[ \ / derived from our satellite
Key point 1: a first known effort to construct catchment-level characteristics ey ma— - g . // data). We also re-
. A (fluctuates with dry/wet season) Vi & /
of reservoirs in China. \ i formulate the storage-
Ak deadataglevel relh o N |V based releasing equation
. . . vd Wet season
Catchment-level data in six categories: for stable simulations.
i Month
* Catchment body characteristics Fig. 6: The schematic diagram of the new dam module. The reservoir has three storage zones, in each
* Topography zone, a specific storage-release relationship is determined.
¢ Climate data . .
« Land cover Simulation results
* Soil & Geology (a) o St Srape Newscheme  Simted sorage- e shame e

« Anthropogenic activity characteristics

Fig. 3: Illustration of the datasets provided in our Res-CN.

Key point 2: a comprehensive and extensive reservoir data set on water level
(data available for 20% of 3,254 reservoirs), water area (99%), storage

Storage anomaly (km?/s)
°

_ (b)
anomaly (92%), and evaporation (98%) . 260 1 — simulated outflow - New scheme simulated outflow - Hanazaki scheme  —— observed outflow

13 —— simulated outflow - Yamazaki scheme —— simulated outflow - Sanghoon scheme
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. 7: Comparisons of our new dam module (New scheme) with the previous dam schemes.

Future works:
We are trying to assimilate satellite-based reservoir data, e.g.,

)
o
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f Lmsnseimen | Gmesmmidunenn 8 o storage and water level, into the CaMa-Flood.
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Fig. 4: lllustration of our reservoir water level, evaporation, area, and storage data. these articles Homepage

You can freely access to all my Python/GEE/R codes to reproduce this work (data).

http://hydro.iis.u-tokyo.ac.jp
https://global-hydrodynamics.github.io
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