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How can we simulate the complex water flow in continental rivers?
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High-resolution & high-accuracy global topography datasets
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Welcome!

Global Hydrodynamics Lab (PI: Dai Yamazaki) is a part of U-Tokyo 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 special 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, 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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Sub-grid channel/floodplain topogra

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

Who are we?
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Our lab is one of the world-leading hydrological science bridgeheads, consists 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 gtz
nature and the Earth and want to understand it with data and model, please consider to 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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Contact: O Yamazaki lab GitHub ) SermerlEb Rt ®) Yamazaki lab Webpage

Yamazaki Lab (1S Be605) FR(E] 2 MAE  https://global-hydrodynamics.github.io/
4-6-1 Komaba, Meguro-Ku Yo
Tokyo, 153-8505, Japan
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Monitoring Surface Waters from Space P
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Observing Surface Water from Space

--Satellite 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
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
economic activities.
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Figure 1: Landsat images taken over several years showing the drying up of the Aral Sea, once the fourth-largest lake is m and laser m”"‘m":,_::z
now 10 percent of its original size (Nasa.gov, 2016). Landsat images showed the shrinking of Aral Sea by 90% in 4 o X $2.)
decades. . . L. . S londat) ! Surface
Observing water surface from space provides the ability to observe long term variations and provides |OW- acuve microwsve  Surface Water el C/}«, Water

(Envisat, Jason,

itori [JERS-1, PALSAR, Elevation,
cost method for monitoring water cycle - MsAR) Extent Elevation, ey
- Passive microwave - Storage Quality and

(SSM1, AMSRE, ...) Sediments

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

Surface Water
Extent, Storage

components of the terrestrial water cycle. "R
* Radar altimetry missions observe water levels in lakes, rivers, and floodplains along their orbits. rggggm —
* Electromagnetic spectrum (visible, infrared, microwave, and their combinations) observe the Gz

extent and quality of surface water bodies.

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

. e . . . . . . 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 dynam|cs-- continuous rlver dlscharge estimation-- ¢ Assimilation efficiency values were strongly
The overall aim is to transform the global hydrological influenced by the local state correction and the
cycle studies, by fully integrating emerging satellite : upstream inflow correction.
observations of the Earth. Time Step ! g * Higher latitude rivers showed higher assimilation

i T €5 ici
= River and Lake model T tE efflufency ) )
ol information ° & ¢ Continental-scale rivers also showed higher

“ ' = * River discharge 5 P : i
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Figure 3: Schematic representation of comprehensive monitoring Figure 4: Schematic representation of data assimilation framework Figure 6: Assimilation efficiency of estimating 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

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

* The CaMa-Flood global river model (Yamazaki et f q

--Potential of data assimilation--
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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
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for reservoir operations that cannot be observed L L . 1
directly f p”_ the initial condition of the next time step. %
irectly rom;ate 'tlelf Iti +  The satellite altimetry was used as observations. 2009 2010 2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
--Satellite altimetry-- .. i e — Obserl3fions  — — assimim3te]
Satellite aItimetry measures water surface elevation from . --Emp|r|ca| Ioca|\|zat|°n-- Flgure 7: Potential of dlscharge estlmatlon using data assimilation
. . * The data assimilation provides accurate and continuous
space. Satellite altimetry can observe water surfaces 3 river discharge
directly unlike discharge with low uncertainty compared | ,Z"ﬁ’:",‘d v g} - . . _—
X R iirsthold ¢ The data assimilation method is successful in predicting
to inundation extent.. . { s L .
B o N s secondary peaks in river discharge
e S . : . ) ¢ The data assimilation method is better in characterizing
S e ———— P ) low flow in river discharge
- 00 02 04 06 08 10
e —iie spatial dependancy weignt --References--

- oM Figure 5: Example of generating empirical local patch

. 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.
Water Resources Research, 57(1), 1-34.

—f obsgr\{atlons for data assimilation https://doi.org/10.1029/2020WR027876
- e, * 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
= = =5 o R Resources Research, 47(4), 1-21. https://doi.org/10.1029/2010WR009726
Figure 4: Timeline of satellite altimetry missions
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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.
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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
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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

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)

0 20000

Water surface elevation (m)

. — som

40000 80000 100000 120000

60000
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Fig. The rating-curve is stable regardless of runoff biases

Whether bias correction using rating-curve method

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

can make the correction more robust
and the river model
performance more reasonable?

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
(@) (b) because river bathymetry converge with different runoff inputs.
. River bank slevation I S\ v bk et E——
80 { 80 3
éw 1 B &0
%.n § a0
R “20d \k ° 20
Time . o w Coinilod ar bemymetysd. t*{_.;\_ o Correcsed ver .w-qmcx»y-'/
Fig. Calculation of the two bias - R N a0 ke i ae e 10 1o i
Time-series bias (TSB): bias of water surface elevation in time series 4F  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 0 0 0
15 — , Study area: Amazon River § G . & . &2 . 1. Correction of river

2 “"‘/»;"ﬁ ©) 5z F100 . %l . é . é bathymetry does not

] Ct 0 £ 3 : . : change much the river

€ :gff £ £ éé 'ééé '@éé < hg ch the |

3 i 25 e o[ 2 g g = = ischarge simulation.

% 9 [y 2 Pl o ¥ 1.80(36.0) 1.77(36.0) 1.77(36.0)

e J‘l°.\- o c
-54 - o (b1) (b2) (b3) .

3 2 e i § 104, 2. New method provide the
ol S "°§ € é %} . é é L é é é most reasonable results
2 1 ! e 2 oo 2 P =] (better result with better

15 =10 -5 o s 10 15 mw 0w . @

Time-series bias (TSB, m) R runoff).
Fig. (a) Comparison of TSB and RCB at 20 gauges in the Amazon River e i i

Basin. (b) The bias along the rivers (by linearly interpolation) 104 T &= ) 3. The new method is

. . . .
. . £ 5 é % P} o 2 robust (not sensitive) to
3. Evaluate the model parameters/outputs with updated river 8 or -t é é § %%%} - el biEs avan afas
bathymetry. =51 ° 0 g bias correction.
S P

4.83(0.03) 1.52(1.78) 1.25(0.06)
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':‘.','@fr‘:‘ﬂfﬂ?ﬁ:fjﬁfz
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Impact-based forecasting of river flood
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Using nighttime light for flood impact monitoring
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Nighttime light data has the potential of detecting flood impact

Nighttime light (NTL) data record nocturnal artificial
light on the Earth’s surface and provide a unique
observation of human activities. The recently released
NTL product, enhances the temporal (daily) and
spatial resolution (500m), making it suitable for
monitoring human reactions toward short-term
events.

When flooding happens, many places will face power
outages caused by the strong wind, heavy rain or water
inundation. Light intensity will probably decrease
compared to normal status, which makes it possible for
NTL data to detect flood impact.

_DoY

Flooding attack

Light intensity

Nighttime Light

SAR MODIS

Data
g:sn;ﬁﬁ.rgln 2~ 16 days Daily Daily
Ress’f)"l’s'fi‘l)n 1~100m 30m 130m/500m/Tkm

Concentrate . .
Inundation Inundation
infof:'(r)’:adtion . o Human settlement

& inéé 1éeé

Data access

Compared with MODIS and SAR remote sensing data,
NTL has a better reflectance on human settlement.
Thus, it may be able to detect human reaction and
quantify economic loss for flood events.

However, the original NTL dataset suffers the problem
of unexpected large daily variation limiting its

application. Preprocessing should be applied before
using NTL to detect flood impact.

Generation of high quality nighttime data for flood detectability

Method:
® Two remaining errors lead to NTL data’s daily inconsistency:

DT

$00m

Observational coverage mismatch Satellite view angle’s affect(16 days’ cycle)

@ Self-adjusting method with Filtering and Angle
Correction (SFAC) for excluding the errors:
Observed NTL = A * Ground truth NTL + erroryismatcn +€
T

Step2. Angle effect coefficient generation: Stepl. Spatial Gaussian filter

1) Separate daily intensity to 16 days as one group and normalize --- n;
2) For each angle j, exclude 10% outlier and calculate mean of n; as A

Result: )

Y i(a) Oori ‘ :({1;) SFAC i
!_i ‘ B | Figure 1. The angle correlation(A-
5 9 B | Cor) frequency distributions of (a)
E 3 | E | an original NTL image, (b) an SFAC-
2! D [ | corrected image.

“ ¥ ACor (Corrolation with view zenith angle)

(b) SFAC___
(T Figure 2. The detectability(DA)

spatial distributions of (a) the
original NTL and (b) the SFAC-
corrected images.

Global Hydrology Group/ Yamazaki Lab

Table 1. Summed light comparisons of the original NTL data and the SFAC data in the
flood-affected area.

2013 2014
SOLannuat SOLfiood A SOLannual SOLfio0d A
Ori 1269707.4 1097411.4 -149 1285161.0 1278824.1 -0.5%
SFAC 1272518.9 794611.6 -38Y 1275782.7 1202107.2 -5.8%

The light intensity’s correlation with angle has been excluded
(Fig.1) for most pixels indicating that light intensity is less or not
affected by view angle. Meanwhile, the results for chosen flood
event(Fig.2, Table.1) proved the nighttime light data has the
ability of detecting flood impact and the signal has been
strengthened after calibration with our method.

Both the flood affected area and
duration for MODIS and NTL data
are different (Fig.3). NTL reflect
flood impact on human settlement
rather than inundation area as
MODIS. Thus, NTL has the
potential of detecting flood
impact for human activities as

R . 45
o ﬂ' . . wellaseconomic loss or
RS RSN M| fatalities which is difficult to
Figure 3 Flood duration (unit: days) result for reflect from MODIS

MODIS (a,c) and NTL (b,d).. Permanent water
is shown as black.

i
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Hillslope water dynamics control land cover heterogeneity

RE/KENREIC & 2 T E DR —

Shuping Li Dai Yamazaki

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

" b |
M  Desert Riparian

Salt Pans

In the topographlcally flat regions, some typlcal Iandscapes are assumed to be formed by ridge-to-valley water flow.

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 Iandscape location is confirmed with the google static map.
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Close view of a unit-catchment identlfled 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.

%0°N Global distribution of landscapes formed by hillslope effect

:\u
[* ype 2528 ey . L "fn m— ""4'»'
60°N xR A ﬂ - 5 . 2 ,.,
. . T Ag

- (o,

o o .é.v‘f‘,
o i+

. U4

30°5 Salt_Pans: 1976
Desert_Riparian: 240
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*  Wister_Logging: 1561
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The number of locations differs among the 4 landscape types.

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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Aqueducts in a hydrological model
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Impact of Climate Change and Climate Variability
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on Extreme Flood | §
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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.

leabayashl et al. 2013]

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]

7

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 Variability Climate Change  Severe flood likelihood

Chaotic weather effect
+
Climate Change effect
+
Climate Variability effect

Chaotic Weather

Conceptual Figure
1 L 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) 'T ——
to assess the occurrence probability of extreme events. 1}

d4PDF is usually used for attributing the impact of climate .,.,__ - |

T

change, by comparing the historical and non-warming
experiment.

Probabiy

04
Probability distribution by large ensembles s

[
enables to assess, for example, how much \
the occurrence probability of extreme heat 3
wave is increased by climate change.

2 1 0 1 2
SAT anomaly @Japan (Jul-Aug) (K]

Hot
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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)
are shared among all ensemble FArra et
members and all scenarios. So that,
El Nino and La Nina vyears are
consistent in all d4PDF simulations.

Non-warming simulation

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.

raction 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 Climate Change
FAR = 1= Pyar/Puisie)
PR = Pyysoy/Puar

FAR for ONI

FAR = 1 = Pyar/Pxationn
PR = Pxarconn/Pyar

FAR for ONI + Climate Change

FAR = 1 = Pyur/Pursioniy
PR = Pyisioniey/Prar

3 groups: 3 groups: 9 groups:
1=1951-1970 ONI 205 ONI 205 =1951-1970
=1971-1990 =05 <ONI <05 ~05<ONI <05 X =1971-199%0
t=1991-2010 ONI £ =05 ONI S -05 =1991-2010
FAR for ONI + Climate Change < Piisoniz05,1991-2010)
FAR for Climate Change < Pyis(1991-2010)
1951 > 2010
Standard < Prar Time
FAR for ONI <0 Puarionrzas)
Scenario (1951-2010) Historical (HIS) Non-warming (NAT)
AGCM 100 100

Global Hydrology Group / Yamazaki Lab

Monthly mean SST for Historical and Non-warming

<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.

O dstribution (10 20yt Pracipiaton wh

statistic: 0,151

*| pvalue: 0.001 e
Al the ONI when
monihly ONI ngh'“.‘l\tllllml

m 1951 to events oecar
In/NAT
enario

Time\ONI <w0.5 -0.5~0.5 >=0.5 All ONI
b t; il (; ‘deI"d 1951-1970 | -0.007 0542 0.281 20,048
robability density of ONlindex 67111990 | 0394 | 0471 0,390 0321
FAR increased in El Nino 19912010 | -0.416 0178 {C_0.625 IC_0.39 )
years (ONI>0.5), suggesting All Period | -1.038 0.001 0290 D 0.267

extreme rainfall is more

likely to occur.

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

TS AW S Clinste Changen 1991-2010
FAR for ONI when ONT 2 0.5

Joint impact of climate 3| FAR for ONI+ Climate Chasge when ON/ 05 in 1991

change and El Nino is also
suggested.

Na»] In tecent years, climate change plays a larger role in the cccurrence of

reme precipitation <ev—om¢ with ON1, while the impact of ONIis also non-neghgidie.

&> The oint 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.

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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