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Welcome!

Global Hydrodynamics Lab (PIl: 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.
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Who are we?

Coarse-resolution River Network Map

Floodplain
River Channel

Global River Hydrodynamics model CaMa-Flood

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).

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.

Sub-grid channel/floodplain topography

B mail: shuping [

M

Sub-grid hydrodynamics approach in Land model

Dai Yamazaki : LLIIE X

Pi:Assaciate professor (Apr 2018-)
moil: yamadai [at] roinbowis

+ Global hydrodynamics: modelling, remote
sensing, data integration

« Personal Webpage

« Google Scholar

‘O v nH

Dung Trung Vu : Vi Trung Diing
Postdoc ( Sep 2023-)
mait: dung (at] rainbow.is

« Water Resources Modelling and
Management, Remote Sensing,
Optimization

« Google Scholar

+ Research Gate

0

| Swarup Dangar : &1 Sf57d

Postdoc ( Feb 2024-)
mail: sworupd [ot] s
« Hydrological modelling, Human-water
systems, Remote sensing, Climate change
« Google Scholar
- ResearchGate

L3

Yuki Kita : 3 318
Postdoc ( Jul 2021-)
mail:ykita o] rainbow.is
« Atmosphere and Ocean Modelling, Climate
Science
+ Research Gate
+ Google Scholar

Shuping Li: 3 ¥

Ph.Dstudent (Sep 2020-)
is

ing, ecohydrology

Yuki Ishikawa : )11 #64

s ( 3
o D student ( Oct 2022-)

mail:yishikawa [at] rainbow.is

« Water Resources Modeling; At-many.
sta ty;

Taishi Yazawa : 3% Kt
Assistant Professor ( Oct 2022-)
mail: yazawa [ot] iis
+ Water resources management; Citizen
science; Water diplomacy; Environmental
education
+ Google Scholar
+ researchmap

Dhruv Sehgal : Y F&Tet
Postdoc (Nov 2023-)
moil:dhruv at] rinbow.is
+ Hydrology, Sediment transport, River
monitoring
+ Google Scholar
+ Research Gate

& Megumi Watanabe : #5370 &

JISPS Postdoc (Apr 2019-)
‘mail: megumi, o,

« Climate chan ts on glacio-
hydrology, precipitation analysis, hydro-
topography data

« Personal Webpage

- Google Scholar

« Currently visting LERA, Paris Observatory

B YukiKimura: AR

+ Climate change impact on flood
+ Google Scholar

Yang Hu: 4 F8

Ph.D student (Sep 2020-)
‘mai: yang.hu [at] roinbow.is

« Nighttime light data, remote sensing, flood

Youjiang Shen : T
Ph.D student ( Oct 2022-)
mail: yjshen2022 [at] rainbow.iis

+ Global Hydrodynamic Modeling, Remote
sen a Assimilation; Surface Water

« Google Scholar
‘Y

S We are looking
%= | for new members!

Stuff & Ph.D. Students as of 2023 June

N .
®) Yamazaki lab Webpage

i) HkE]  https://global-hydrodynamics github.io/

Global Hydrodynamics Lab
@ IS U-Tokyo

PI: Dai Yamazaki

yamadai [at] iis.u-tokyo.ac.jp

Contact:

Yamazaki Lab (IIS Be605)
4-6-1 Komaba, Meguro-Ku
Tokyo, 153-8505, Japan




Glebal

Hydrélogy
Growo | \C ’

.

HERAZ
Global Hydrology Group

H BT K Global Hydrology Group (GHG)IE. O=HILh o O—=\ILFETD S 1%
BRZERAT—IVTIKZ IORLEVERZRD. R RKFOIIHMHZ
EHTY,

RRKFEHNORALBHEE EERMHMEN, TE2RMRR -1t SR
B, FEEAIREEMRRE . KUBEMRZRAT. RE LR -EE
BB O=2ARE) LB BT IN—TT, Bk /KIERICEADBIELIFZE
EHBICERNHBATHET,

Our Mission

BARBEABRKICBVNTR ARG ER CHIHER_EDKICOVTREEENBE

(. SURZEEN K FEDBEKICEENIHF LA BREEERIDILTERTY,

Global Hydrology Group TI&I KICRE I 2 2D AR REL SADE B 1 ZEGHICHBIT, £1 i
KER-KEREFNODARABEDHEEAICRE TR EMDOHEEIToOCLET, I 3

Research Interest Ly (5

=D =) L ECO LI B 2R R =)L CIE A MBI SR N3 T KT 1O PRe AR
E}}%E%Mbtt\ia-° I%% - H2EBFER (KE) HEERTHIERR (18) HERTHARRR (5015)

WebsSite + Website + WebsSite +

HEOKBRE S
kil P EININ 4

EBEX S8R FRRF I

ZOINZALERRUET. vTal—s E Tk T2% - tSmesyw () - EERHES (G8)

WebsSite + WebsSite + Website +

Research Topic GHGICZ T3 ?
BHMRECEICHR R BREAEBOART—IEHOTNET, Global Hydrology Groupld BRIR KZFD3F vV /S AICHL AN HDET

EHRBRE () . ILIBTRE (B015)  PHRE (K TS mAENRE30 T,
FULMERE B BFREDWeb Page® R TSN,

[ ot Frod - GlmatFiver ooy

R AKX KR ERRE EHNARE HFvV/IR)

FERFRECTE, KBRVATLOEEPRIET R, TLOKKFOMIEICHIRY ZHEIC
BDMEATOEY, THFERMERUHEBRMOKBRETIVY. ELTHEERETD

F=HRULTY , $HOKRGLRLEREA VT O— VK ERBR ., B VAT LET
IAOEBETVOMETHREU=FTIMREHLCVET, EETE. HHFEICLER

SFAPTRBEERLE BED VLR TVET,

SRESKBEMEE (LBTTRE: BiF2FvV/IR)

LLIEFEFZRER (S| ST )11 = 3t = iR bt = 0 R K G BRI DB DO K DB EENTAE MR T, 7Y
V- HERR- TR EEBFEY—ILELTOET . JO— IWEAIEFIICSZKE
VIl  CHRE-FLTHN, SBEETIER QIR LB LT E- B2 KERE

KRR ke TREBHREE K R G ZAYVTICEERDAATOET . BEEKEEETIVTOERMAENET. BADL0OE
2Ry 7E VA=t S HEFIERMEHEETT,

IR AR BFEE (PHEE . FBFv0/IR)

MREODFHES WELORRETH, BAAMHROEAREORSNEEROLDHRETTVE

P R ¥, KIS 2R POBREH RAOR REHRMERELTBIFTHN. AKX,

e s (Tl SRR A7 LR, R BV B R OKIESRINT SHRTOA TS

e D ST o e b L L T SHOKENREUVLRR TG RREORAE. DB I EULIEN

B PERBI—D T BE RRBRRTITAETAE g, #RlAERTIL0. EMAOCER- SBELLO. FHAEEEROBECH

fToTLES, TELORBEEHRRRELTVET, SHUAMEAEL, BLUHHTHASLHROH
REASICAN BN AT REAREETT,

H0O= VKRS =T WebR—T

http://hydro.iis.u—tokyo.ac.jp

ERYI @AT BARFLRERV I — Z4=ILFiRE @frl



BRE-EWRGERANIKBEET LORE [, ¢

W INST/,
K U
A
(7
. 33.\3\'35

CaMa-Flood: Global river hydrodynamics model
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Streamflow

(a) Simulated depth at 0.25deg resolution

(b) Downscaled depth at 500m resolution
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Observing Surface Water from Space

--Satelllte technology allow us to observe water surface changes--

Terrestrial freshwater is a critical resource for terrestrial life, ecosystems,
biodiversity, and human societies. Continental water is stored in reservoirs
that are irregularly distributed among geophysical environments and
Surface water
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

1989

cost method for monitoring water cycle

--Available Satellite Observations--

Figure 1: Landsat images taken over several years showing the drying up of the Aral Sea, once the fourth-largest lake is
now 10 percent of its original size (Nasa.gov, 2016). Landsat images showed the shrinking of Aral Sea by 90% in 4
decades.

Observing water surface from space provides the ability to observe long term variations and provides |OW- acuve microwave

climates.

economic activities.

2011

NISAR)
- Passive microwave
(SSM/l, AMSR-E, ...) -

* Satellite remote sensing techniques provide a low-cost method for monitoring the various

components of the terrestrial water cycle.

¢ Radar altimetry missions observe water levels in lakes, rivers, and floodplains along their orbits.
* Electromagnetic spectrum (visible, infrared, microwave, and their combinations) observe the

extent and quality of surface water bodies.
* Gravimetry observe total terrestrial water storage

Different remote sensing methods are available gor observing different components of water cycle

Gravimetry
(GRACE,
GRACE-FO)

Dai Yamazaki

includes rivers, lakes, man-made reservoirs,

, P

- L

Multi-spectral,

> fmx""‘" visible, IR (Landsat,

Interferometer altimeter (Envisat, Jason, S-2,.)
(sworm) -3, IceSat ...)

Surface
Water
Extent,
Storage,
Quality and
Sediments

Surface Water
Elevation,
Extent

Surface Water
Elevation,
Storage

(JERS-1, PALSAR,

Surface Water
Extent, Storage

.y

Water Storage
Change

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

induced terrestrial water dynamics-- continuous river discharge estimation--

The overall aim is to transform the global hydrological
cycle studies, by fully integrating emerging satellite
observations of the Earth.

River and Lake monitoring
information

= River discharge

* Inundation, water depth
» Lake water storage
Spacestime continuou: afion
= Discharge, water level: 10km, daily.
- High resolution surface water: 100m

Satellite Observation
(surface water)

+ Waler surface area

+ Water surface elevation
- River discharge
Approximately 1~3week
Approximately100m-1km

| Fver and Lae |-

data assimilation

Land surface and Water utilization
\» monitoring information

= Water intake -

* Dam operation

* Soil moisture 5

® Evapotranspiration  ceowwsersnosel

Quantities cannot be observed directly

Space-time continuous estimation
= Resolution: 10km daily

Land surface and
Water use data
Acourate assimiation
Meteorokgicel Forcing

N
Satellite observation
(ground water)

= Soil moisture

* Storage change E—_—
Approximately 1weok~! month Land surface and
Approximately 10=100km

pprexmach Water Resource

Figure 3: Schematic represe’r'l'?gﬁlon of comprehensive monitoring for the
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.

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

¢ Build a land-based hydrodynamic monitoring system

for reservoir operations that cannot be observed

directly from satellites.

--Satellite altimetry--

Satellite altimetry measures water surface elevation from
space. Satellite altimetry can observe water surfaces
directly unlike discharge with low uncertainty compared
to |nundat|0n extent..

== GEOBATIN v1c¢: 2195
-

it - 1005

105
[HY-28 201¢ -Precent
= SoNELG - P
= WOT

s £ S = ws  aw E

Figure 4: Tlmellne of satelllte altimetry missions

x S ey morse

Global Hydrology Group / Yamazaki Lab

Initial Water_,

State T
Time Step
T

Runoff
Ensembles
x0.05

x0.10
Random
number

Forecasted )c"
Water State ~T+AT

Land Surface
Runoff

Satellite
Altimetry

Localization

Parameters
e Wl BT e
Figure 4: Schematic representation of data assimilation framework

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

¢ The CaMa-Flood global river model (Yamazaki et
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
the initial condition of the next time step.

* The satellite altimetry was used as observations.

--Empirical localization--

define a
threshold

00 02 04 06 08 10
spatial dependancy weight
Figure 5: Example of generating empirical local patch
* Physically correlated river reaches were used to acquire
observations for data assimilation
+ Statistical methods have been used to develop the
correlated area (‘local patch’) for the river network

--Global assimilation efficiency--

* Assimilation efficiency values were strongly
influenced by the local state correction and the
upstream inflow correction.

* Higher latitude rivers showed higher assimilation
efficiency

* Continental-scale rivers
assimilation efficiency

also

showed higher

NSEAI = w

C NSEAI
Figure 6: Assimilation efficiency of estimating river discharge

--Potential of data assimilation--

00 01 02 03 04 05 06 07 08 09 10
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2000 2010 2011 2012 2013 2014 2009 2010 2011 2012 2013 2014

year 2 YEEJ
—— Observations ~~— Openloop -~ Assimimdted
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
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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.

Global river bathymetry is calculated
Accurate simulation of hydrodynamic models is instantaneously affected by with an empirical Power-law equation
errors in river bathymetry (i.e., riverbed elevation) and bias in runoff inputs. H=aQb

H: river channel depth; Q: climatological

695 sgnal_ —— river discharge; a=0.1, b=0.5
= }.5“.5:;:';';“ § ool Rating-Curve (stage-discharge relationship)
) 3 E
! 5
S <l
J R H © 60
EXPLANATION % = é :c é o . - GROC-HydroWeb
Velocity ¥ 3 Baseline
sowe—srost |08 | wwwhluemarblegeo.com E y i S 5 g - - s —— 5%
Fig. Conventional method to measure river Fig. Comparison of model simulation and observation ° o0 O Dicharge () .
bathymetry (i.e., underwater river topography) in time series with corrupted runoff (-50%, 0, +50%). Fig. The rating-curve is stable regardless of runoff biases
Error in river bathymetry is static, while measuring Bias in runoff is dynamic and varying in time and
large-scale accurate river bathymetry is not feasible space and among models. It is unmeasurable and Whether bias correction using rating-curve method
through in-situ or remote sensing techniques. difficult to be eliminated. .
& 8 technid can make the correction more robust
We want to avoid simulation results are coincidentally right and the river model
because of a combination of multiple wrong components! performance more reasonable?

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
because river bathymetry converge with different runoff inputs.

= River bank elevation ® Vinuelstetion +_River bank slevation @ Virtual station
Initial iver bathymetry 80 Tnve' bathymetry
A\

-Metho -Metho
L) TS-Method RC-Method

Water Surface Elevation (WSE)
Water Surface Elevation (WSE)

Elevatiori (m)
=
8
Elevation (m)

“WSEw.

-
Corrected river bathymetryx7

72
Corrected river bathymetryx7

Time Discharge 0 @ 01 (b Ta
Fig. Calculation of the two bias O a0 Rrrmnon Avermmth . R W W o B s o AT o s
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 dfter bias correction with corrupted runoff
2001 5 5 g . .
o Study area: Amazon River g B 5 e : 2 5 1. Correction of river
z ®) 15 = £100 . . é . é bathymetry does not
: £ 5
g 5, -0 § g J & é %I 2 & O ; & = change much the river
3 £ ls 2 s 01 T 3 ) . .
: R sl § PR - =& = discharge simulation.
z i i ro & 1.80038 o = 5
) e 8 5 = 1) ®2) (63)
5 36 g 104, 2. New method provide the
L 10 § g I;[:I %‘ @ .3 .o é é most reasonable results
) - 15 2 L1 oL S é[ T .
o s - 2 ET s o (better result with better
Time-series bias (TSB, m) Lot * rUnoﬂ:).

Fig. (a) Comparison of TSB and RCB at 20 gauges in the Amazon River

Basin. (b) The bias along the rivers (by linearly interpolation) 104 T e 1) 3. The new method is
. . z 5% I? %’ 25 le sz robust (not sensitive) to
3. Evaluate the model parameters/outputs with updated river 8 o é &I % é % s S avER afEr
bathymetry. =51 (e1) o E bias correction.
Sl ——

Experimental deSignS' Initial FLII; ‘ Calibrated with TS-Method Calibrated with RC-Method
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. cwm:x_z..i‘.’,"'@,l,aa‘.f,ﬁiﬁf:m:ffﬁjz
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Estimation of spatial discharge change from satellite
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Global River Model with Sediment and Nutrient Transport
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Estlmatlng Suspended Sedlment Concentratlon
in Global River from Satellite Images
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Preventative WASH management through citizen science in the province of the Philippines

REXRS (LEGHEE - BHE)
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T4 ECH AR TII TRENHLRBREBEWENSZ, TNDIFLALHAAF AT EKCBHICHRTIEEHN TV S B0l TS OT
ALK FEBRIBEEENEONDT—INTRTSMAE T, TIRT LA RELTHSEZEITIE, MEREN L KET RS H
STHY, FHHWEEINHLVRRICH S, MNBEFOARRAETH, RELLZK- BRY > TILERETIHATICEBAU LN T TERL
PHEITIRD, BE,SAENEVT —JIRELLFTEETH 5. T THRAETIIAMCEERNOEND S W B BT EMR OSSR
BET, A7 b7 7 7)r—va S5 FRA LT RAIZN AT LR E TS EITV, EREEOWASHRIEERE * £RT 5,

XWASHY X :Water, sanitation and hygieneDBE T, 2R AKANDTILRX, ML DR E, HEER - KERLCEBL G YYbITiRLE
BB II5FrotnBEBURENHEN 27522 Bae LTV %, (UNICEF, 2016)
XHTRBBLLHTRATTATREDEFEFIRIERE L >THET —IORERHHTICEb->TWE, HRBELRB TRAEEEITHZ
ETH5, (RHETEXEH 270, 22T Silvertown (2009) 1< AL (2016) L E B8 - BH#)
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w
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a well pump (N=3)

(a) Using a plastic pipe as a tlet

) $ - _ oo " RFH7 KR RITE (EE)
Sm éé% — ém a | Withouta pipe With a pipe (a) BARKRTHOAONDTSRF I (M TDRE
. e e i () EEETOLIELTRAR THOIHE
g 20 i o n | (CFU/mL) (CFU/mL) (C) HEKEEAD/ N YICEFH TEH =M A
R ke e C ERAESELBVBAL TV BREKD T
n outlet of a well pump N
v o | o 800 0 g N o
[ L T3 2 , N
£ £ w S o i o FEL , Vv ,ﬁE,E, Z\TEI‘J:’JT‘QZQA&Z'(ZL«
) ﬁ 5 % . . WEit:z;;ta clothfilter _ W;tr;;i(loth filter . THRIAIN, BEMERL S VHERKIEZLDH T
:’9‘ 100 T [ RE s ¢ Caliform 010 Coliform OTNTC ILTRBRABLVUARBRABIRE, MEWMTRE
. W e & _l_ "5 o = i s (CFU/mL) (CFU/mL) EE;
Drink 1‘;3; well Drink TTya;e wiell Drink TTyappe Well B rda s s . $§74)L§7 DHRE (b) RNV THRE (c)

WEHE R —F—HRL, BRNOKRE A E VT, REGH & ARG BB H00 E 0,
277U, K TILEIRE

SRR R (BRAKL LN, HP KEEAET
REBLEKF) , 20K, 54 U B K

SHTRB K, pH, B EE % (EC) , ERER
(TDS), K&, ABpEEE

BEFRDI v/ NI TERTSKOARNAE L EIR G EDIRET
FEDFEF/ T4V RIHETIWASHERIL, 2UEK (FEEL) LALIER (FEFY) TE20EINTVS

3 0:.%27,‘ well water - w;tce;l;n a bucket — %%E‘i i’?ij:ﬂ l/ , 7—'__ 7 :/ﬂ:_ﬁ Zﬁ% -z(;: ié UT,
j om0 coom_somvie RATARETH S (F71—VEYT 1) 2 TIERS,
BETEZS (F74—9EYFT1) %

KFRAFEE—FITELTN

o Py e Type Description of water resource - =
. Refillable one-gallon water bought from local companies £ ‘., §3 5., P
Drink . P f ¢ ¢ 3 oo
exclusively for drinking and cooking. 3 Eve
Water that is pumped up from groundwater and stored in =7 C
Tank a stainless steel/plastic tank. Water is supplied to a Tl
faucet using gravity.
Tap- Water from a faucet exclusively installed in a

Handwash handwashing area for students.
Water from a faucet installed in a kitchen, garden, etc.

| Tap- for washing dishes, watering plants, and any other
General o
activities.
( ¢ y Washroom Water stored in a bucket in a washroom.
T y m L g Well Groundwater that has been pumped up.
rap-General Washroom —

WEFE:ToTATMAD AL ER AL ER T LR6HE
HEOKF>TILEREL, KEDDOAIER % LLER

AR KB, pH, EREE R (EC), MIAREF 4
(TDS), KigH#, KiGE2 ”
s NUBRTREESFRVCAICHERT KBRS, LTI —2BLEF> 7KDL KBBEI RS,
¢« NUBRTIIFEBZOIRND P, FERD B HCBERDIBEA I EVMT VTR,

FE-HECHBOTRAEICLY, IR~ FR~EALRILOWASHERRERE L —ZEICE LTV,

F25A2 F TS M OB SEIL BRI K EREET— 7339 TORE
BREOTR E RV, RO KBIEIRIHEEBDBLLTRAS LA TES

Anything that is harmful to people/environment?
What can we do about those hazards?

#Please just imagine to protect your family.
##1t's ok if it’s NOT scientifically correct. Funny ideas are welcomed.

Exomples from my students in Japan:

| . No garbage separation

- Make a video to show how to.

I i (2024) HBAFELBERREET ) > 77—
LDRE

“>Make a robot to repair the road. [ * - 2. LT, \"f— F?“/ l:°‘/7“1"|5)53i,0)ﬂﬂ/k'7— Vi
>Ask my grandma to go to the gym. . 3 7‘\}|/“7°?'fx7.7“/‘\/3\/ Z7°|/‘€>5'_°/3 >
We will use this for research purposes.

So, please do NOT put personal info.

2. Road is not flat, my grandma will get injured.

oA I =2y NBIENRKTHTESL B EE
HAET—HEIEZ TN,

Global Hydrodynamics Lab., Global Hydrology Group

Institute of Industrial Science, The University of Tokyo
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Impact-based forecasting of river flood
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(Impact=based forecasting)

Enhance monitoring capacity
& early decision making

Pre-release from reservoirs
(o increase flood conlrol capaci
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BEOTHRALGI =LA INEET S,
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Early decision for large-scale
evaluation from catastrophic flood
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1D Diffusion in River and Interaction with Land
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EUT KEREERRLAICTLERD
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Vertical Infiltration

[Sayama et al. 2015

CaMa-Flood #7E L A8 #FEHICHT 3 DEEMONE 2019/10/12 11:302

WD ECTREIMN D MNBHWBIHRRIZDONT,
TOKEZBELE VT INIALTEZSITLDD,
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LILBRKORBGANIET LTI, #KE#EA+
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Jiﬂkéh‘(b\mb\t&) BIR[RIZH I HHERR K

Tl - SUEROKBAE (<100m)

KB OAIRE (> 1000km)

[EIEOKIRSZ EO— DIV K ENREZ FIRF I RET . Standard
SR IEFILEL TR 200 EOIAFEEERI CHIFENS

(Yamazaki et al., 2011, 2012, 2013, and 2014)
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Rules in This Sy 10

A Above design flood dischiige
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and mul
Ward an ILII |1w;
(Wu and Chen, 2012k ) &%
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BMEHANT—ELGEEANT
HREDT LD/INTA—REHTE, "

165°W 9%6°W. 27'w e 111 180°
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Hanazaki et al, (2022)
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Assessment of flood protection effects by levees in Japan e m

BAEBOER T2 &ML . 2RIk H3KMHNREHET D
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8 =
e - - n Water depth below levee basement T~ .4 v mm'
fasto | "V fldsto
levfre | o levdph

igh

levdst
— v =) [
levfilsto T levtopsto LEVPHS=1
—— \I levhgt
fraction of unprotected area erf ' IR

(relative levee distance from river, 0-1)
R

levhgt : L v mm'
levee top height above channel - o - o fidsto
levdst 3 ' P ) _ o
levee distance from river D e LEVPHS=2
(= grdare*levfrc / rivien) <« > :
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Satellite-based global hydrodynamics modeling

considering reservoir operations S ): 15 I
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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 [ * 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. 3

4 ; 4

Solution: Data & Model Fig. 2: Dams and reservoirs are proliferating worldwide because of their
manifold societal benefits.

0% 9 5539 90%4 80% 6% 50% 355 0%

Fig. 1: Connectivity status index of the world’s river reaches
(Grill, Lehner et al. 2019, Nature).

Satellite data provide observation of reservoirs Model can consider reservoir impacts Current research gap
: GO | 3 ;:a &cryosat-z 1 - Hanazak 2022 o The accuracy and resolution of satellite
_— ‘_.‘L T, e data are inadequate. Previous studies
4 / mainly focused on large reservoirs,
+4 ] /[2\/ highlighting the ongoing need for
Saiflfiel:3 wl | o = Ly e comprehensive and high-quality
s E satellite-based reservoir data.

Sentinel-3, /\g - 7 =
”‘é Fig. 3: The schematic diagram of the reservoir modeling approach in the * Model simulations have large biases
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.

Satellite images and altimeters can measure
reservoir water areas and levels

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. 2WF, level _

Dry sgasén Dryseason™\ Target storage zone is
derived from our satellite
data). We also re-
formulate the storage-
based releasing equation
for stable simulations.

Key point 1: a first known effort to construct catchment-level characteristics
of reservoirs in China.

</ Le, conservation water level

(fluctuates with dry/wet season)

Storage

Catchment-level data in six categories:
« Catchment body characteristics

% * Topography

¢ Climate data

« Land cover

Month
Fig. 6: The schematic diagram of the new dam module. The reservoir has three storage zones, in each
zone, a specific storage-release relationship is determined.

Simulation results

| Wet season

il | @ observed storage —— simulated storage - Yamazaki scheme  —— simulated storage - Sanghoon scheme
* Soil & Geology & (a) — simusted storage New scheme simulated storage - Hanazakl scheme
« Anthropogenic activity characteristics T
£ 204
=
£
Fig. 3: Illustration of the datasets provided in our Res-CN. g o9
o
Key point 2: a comprehensive and extensive reservoir data set on water level § ~20
(data available for 20% of 3,254 reservoirs), water area (99%), storage & ()
anomaly (92%), and evaporation (98%) . 2 60 {— simulatcd outfiow - New scheme simulated outflow - Hanazaki scheme  —— observed outflow
£ —— simulated outflow - Yamazaki scheme —— simulated outflow - Sanghoon scheme
I T o
S 40
3
E 204
g
[SI] T T - T T T T r T
Fig. 7: Comparisons of our new dam module (New scheme) with the previous dam schemes.

= 20 kAN, -
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Future works:
We are trying to assimilate satellite-based reservoir data, e.g.,

0,
2070 2012 2914 2916 2918 2020 200 2012 201 2918 018 20 20 2012 2614 2076 2018 2020

Y St e e S storage and water level, into the CaMa-Flood.
- ‘ ‘ ® ONO] ® ., ®©
Rl S o o To read You jiang’s

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).

Global Hydrology Group / Global Hydrodynamics Lab / Yamazaki Lab (1L i) https_//gIOT:E;{Jg‘;’:{;":?{;’iﬁ:gﬁjﬁ";g
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Aqueducts in a hydrological model
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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.

st wanua |
Damage| Flooding can lead to economic loss and fatalities which is related to human daily life. Model Laas
Understanding such impact globally can support international decision making on land use,
climate change and disaster relief policies. Flood Risk Existing methods | Global
Model y ™ 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 eﬁ'ii'ige':my ‘ A e
robustness on global scale. Meanwhile, the models’ results are simulation impacts which | Chalenges SIS
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 |-\l
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
business interruption. Light intensity will probably decrease compared to
normal status, which makes it possible for NTL data to detect flood
impact. Compared with other daytime remote sensing data such as
optical Landsat or SAR data, NTL is more related to impact on human
daily life such as displacement or economic loss.

NTL data records nocturnal artificial
light on the Earth’s surface. A high-
quality global NTL product has been
generated by excluding most
uncertainties, with a high temporal
(daily) and spatial resolution (500m) =

from 2012 till now. The data can be
access easily with about only 10
days’ delay.

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.

Light intensity

Flooding attack

Flood impact information from NTL

Method:
We aim to evaluate the potential of NTL to detect flood impact and S.efn;lous level ofimpactare | s
utilize this data to assess flood impact on global scale. d'h'e':“t a'gonglciszst' 7N

, ) which may berelatedto | ... °
@ Dataset: NPP/VIIRS Black Marble VNP46A2 NTL product (500m, daily) the serious level of orious Leve

Dartmouth Flood Observational database (DFO for short) flooding and the local — i

records historical flooding cases with information from news. . 212

L ] defense ability. S :
® 4 indices were set to represent flood impact from NTL: B 540 .
—_— -
Decrease degree (DD) = (NTLyormar — NTL;)/stdyorma ;
. 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 (€3] b,{) 7 . =D
Flooding starts s, T ¥ Both the location and
B T T T et durati : N R
2| - fom - SVEOLL @ (f‘”‘;j\ % duration are of large
2 ; " S ey difference from NTL and
g Before flooding Belg afecied Recovered : Cha MODIS inundation. NTL
a o = .
2, Doy {a-2) (c-2) N focus on urban area which
R It: is better to reflect the
esult: _ ) R -
L ’ 2 P B ermmmentwer IMPACE ON human daiily life.
- = x| = i ‘ -y [0 NTL affected
! | Figure 3 Light intensity of urban area {a) and flood affected
wiemezen, Atected location for MODIS inundation (b) and NTL (c) for 2 cases
. (e N : :"md recorded in DFO (casel: id 4083, China, 2013; case2: id 4098,
-, 1 pro affected India, 2013).
Avlabe days
s- <« é Zw«- 10% Table 1. Carrelation coefficients for NTL and
; :" ; E ;Z’: :Z“: inundation impact information with database’s
s P e NTL impact information is related to given properties for 99 cases in 2013.
= _ = RS fatalities which reflects the impact on A NTL ~ NTL  Inundation
Figure 1 Example of impact layers from NTL for one event in Argentina in 2013(DFO ID: R"2

DA Duration Duration

4046). The city has been reported losing power due to flooding. human. DFO database’s given duration =
NTL can detect flood impact and provide detailed information including is that of inundation rather than duration 0023 0.007  0.694

light intensity of normal status and during flooding period, affected human life being affected. NTL has the DFO
potential to fill this gap. fataliic  0:108 0159 0.070

location and duration, serious level as well as data availability during
flooding period.

*: Significant p<0,05

://hydro.iis.u-tok
https://global-hydrodynamics.github.io
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Evaluation of carbon pricing policy through IAM
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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
Southeast Asia, Peninsular
India, eastern Africa and the
northern half of the Andes.
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# [Hirabayashi et al. 2013]% 2
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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 Variabi ity

Climate Change  Severe flood likelihood

Chaotic weather effect
+

Climate Change effect
+

. . . Chaotic Weather Conceptual Figure
Climate Variability effect i . '

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—+ v

to assess the occurrence probability of extreme events. 1 — ‘ g
d4PDF is usually used for attributing the impact of climate _ o, | qumm— =9
change, by comparing the historical and non-warming = |ceol Hot |

Probability
°
>

experiment.

Probability distribution by large ensembles
enables to assess, for example, how much
the occurrence probability of extreme heat s 2 a4 o 1 2 3
wave is increased by climate change. SATanomaly @Japan (Jul-Aug) [K]

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

Sea surface temperature patterns SST
(lower boundary condition of d4PDF) 15
are shared among all ensemble {
members and all scenarios. So that,
El Nino and La Nina years are
consistent in all d4PDF simulations.

Historical climate simulation

!
Non-warming simulation

14

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.

Quantitatively assessment: Fraction of Attributable Risk (FAR) & its variation

FAR: Originally used to assess the anthropogenic influence on change of extreme events. (Stott et al., 2004)

FAR for ONI

FAR = 1 — Pyar/Pnat(onr)
PR = Par(onn/Prar

FAR for Climate Change
FAR = 1 — Pyar/Pyrsr)
PR = Pyrg(y/Puar

FAR for ONI + Climate Change

FAR = 1 — Pyar/Puis(ont,)
PR = Pysoni,ty/Puar

3 groups: 3 groups: 9 groups:
t=1951-1970 ONI 2 0.5 ONI 2 0.5 t=1951-1970
=1971-1990 —0.5<ONI <05 —05<ONI <05 X t=1971-1990
t=1991-2010 ONI < -05 ONI £ =05 =1991-2010
FAR for ONI + Climate Change <---------- PHIS(DNIzo.s,wa—zolo)
FAR for Climate Change < Pris991-2010)
1951 2010
Standard < Prar Time
Pyat(onizos)
Scenario (1951-2010) Historical (HIS) Non-warming (NAT)
AGCM 100 100
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1960 1970 1980 1990 2000 2010

<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 accurrence of extreme precipitation in
Japan, respectively. In recent years, climate change
plays a larger role, and the joint impact of climate
change & ONI > 0.5 can further intensify the risk of
extreme precipitation.

ONI distribution (1D 20y Precipitation, whole Japan)

statistic: 0.151 -
p-value: 0.001

eninat

All the
monthly ONI
from 1951 to

Probabilty

" Time\ONI | <=0.5 -0.5~0.5 >=0.5 All ONI
1951-1970 | -0.007 -0.542 0.281 -0.048
Probability density of ONI index 0D 500 0471 039 =
FAR increased in El Nino 19912010 | -0.416 0.178 0.625_f_0.399
years (ONI>0.5), suggesting All Period | -1.038 0.001 0.290 O 0267

extreme rainfall is more
likely to occur.

FAR to climate change: 20-year return period precipitation all over Japan

0399 ) FAR for Climate Change in 1991-2010
FAR for ONI when ONI = 0.5
[Z0.25 ] FAR for ONE+ Climate Change when ONI = 0.5 in 19912010

—— ey
. > : In recent years, climate change plays a larger role in the occurrence of

Joint impact of climate
change and El Nino is also

suggested extreme precipitation compared with ONI, while the impact of ONI is also non-negligible.
g8 : el  The joint impact of these two factors can further intensify the risk,
<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? -

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

Mouth of River

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.
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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.

Represent the heterogeneity in land surface model (LSM)

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.

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.

_

Salt Pans

Climatic gradient

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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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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Measurement of topography and hydraulic
simulation for mountain stream W B
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