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Flood models are powerful tool to understand flood risk & reduce damage

but they still contain large uncertainties...
CaMa-Flood v362 simulation
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U-Tokyo team is working on model/data improvement
to achieve accurate flood simulation at the global scale.



Recent advance in “Data” for better flood simulation

We released MERIT DEM in 2017
[Yamazaki et al. 2017, GRL]

Global 3” DEM by multi-error removal:
●Speckle Noise

●Stripe Noise

●Absolute Bias

●Tree height bias

Highest-ever vertical accuracy 

as a freely-available global DEM

Data available online:
http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_DEM/

http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_DEM/index.html


MERIT Hydro: a new hydrography data based on MERIT DEM

Global 3-sec river dataset (similar to HydroSHEDS)

Just published on WRR on 28May (Open Access)

http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_Hydro/

http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_Hydro/


MERIT Hydro: a new hydrography data based on MERIT DEM

D8 Flow Direction @ pixel scale

The primary data of MERIT Hydro is “flow direction raster”.

→ Similar to HydroSHEDS, but based on latest topography datasets.

Schematic Procedure: (actually 30,000 line Fortran90 code)

Global Landsat analysis:
G1WBM: Water map using 30K Landsat images
[Yamazaki et al., 2015, RSoE]

GSWO: Entire Landsat archive (>3M images) on Google Earth Engine.
[Pekel et al., 2016, Nature]

Water occurance over 30years in the Ganges delta

GWSO [Pekel et al., 2016]

Global shift to “Open Data” movement:
OpenStreetMap: Open + Cloud platform for global map editing

Canal networks around Bagdad.

[OpenStreetMap: www.openstreetmap.org]

Latest water layer map, In addition to MERIT DEM

(Global Landsat product, OpenStreetMap)



MERIT Hydro: a new hydrography data based on MERIT DEM

National Water Map

USGS HydroSHEDSNew Hydrography

Tone, Kinu, Kokai-gawa river in Japan

By integrating latest water layer map, representation of small 
streams/canals is significantly improved.

MERIT DEM elevation

Tone, Kinu, Kokai Rivers confluence in Japan

Enhanced elevation



MERIT Hydro: a new hydrography data based on MERIT DEM

3-sec resolution, with global coverage (above 60N)

Spatial coverage extended to N90-S60

You can navigate MERIT Hydro data
on Google Earth (KML downloadable)



MERIT Hydro: a new hydrography data based on MERIT DEM

Supplement data layer are prepared in consistently. Ready to be integrated with flood models.
(flow accumulation, river width, adjusted elevation)



MERIT Hydro: a new hydrography data based on MERIT DEM

Supplement data layer are prepared in consistently. Ready to be integrated with flood models.
(flow accumulation, river width, adjusted elevation)

Hydrologically adjusted DEM is provided:

- downstream not higher than upstream

while minimizing the required modification.
(Different from “conditioned DEM” of HydroSHEDS)



MERIT Hydro: a new hydrography data based on MERIT DEM

http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_Hydro/

http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_Hydro/


Recent advance in Hydrodynamic Modelling @U-Tokyo
Now MERIT Hydro is integrated to Global river model. CaMa-Flood “v4” is under development.

Improved topography leads to accurate flood simulation! 

[New] MERIT Hydro[Old] SRTM + HydroSHEDS

What is the major advantage of the new CaMa-Flood?



Integration of satellite observation with flood simulation

True Water Volume

Actual Topo

Model Water Volume

Topo with error

Actual Topo

DEM  

bias+noise

Channel Param

uncertainty
Model Water Volume

MERIT Topography
Actual Topo

Absolute water surface elev.
(measurable by satellite)

Flood extent.
(measurable by satellite)

Actual river state &
Satellite observations

Previous flood model
(with topo error)

New flood model
(accurate topo data)

If topo data has error:

we can compare against satellite,

but cannot attribute the source of errors.

(flood extent & water elevation might be  

largely affected by topo errors)

With MERIT Hydro topography:

topography parameter must be OK

(except for channel bathymetry).

Directly comparison with satellite!

(flood extent & water elevation)



Integration of satellite observation with flood simulation

Applied filter
• Pekel occurence >= 80%
• Not on lakes (merit class)

• Slope <= 1e-3 m/m OR dist to 
outlet < 500m

obs sfcelv << sim sfcelv
river depth too shallow 

obs sfcelv >> sim sfcelv
river depth too deep

Precise topography data
→ More & more observations for validation & calibration of global flood models

Comparison of water surface elevation: CaMa-Flood & ICESat
>1 million point observations available!

Latest work by Dirk Eilander
ph.d. @ VU Amsterdam
visiting scholar @ U-Tokyo

Visit poster by Megumi Watanabe (U-Tokyo)



Integration of satellite observation with flood simulation
Precise topography data
→ More & more observations for validation & calibration of global flood models

→ Can we improve flood simulation by integrating satellite observations??

Model /  Altimetry    

Calculate “bias”: model-satellite  

Adjust 
bathymetry
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Water level
Improves?

図-4 補正前後の河道深データセットの比較

Prior  (depth [m])     Posterior  (depth [m])     Difference [m)     

Satellite altimetry correction on
channel bathymetry
→ it also improved flood extent

Integrating satellite data 
for better flood simulation!

Visit poster by Megumi Watanabe (U-Tokyo)

Latest work by Takuto Shiozawa



Flood models are powerful tool to understand flood risk & reduce damage

but they still contain large uncertainties...
CaMa-Flood v362 simulation

Hydrodynamics
(river + floodplain 

routine scheme)

Weather forcing
Runoff generation

Topography data
(floodplain,

cross-section)

Human impact
(dam operation, 

levee model)

Flood protection 
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U-Tokyo team is working on model/data improvement
to achieve accurate flood simulation at the global scale.

←Today’s talk is mainly about
topography & model improvement

←But we still need further efforts 
to tackle with human impact on floods.

Visit poster by Risa Hanazaki (U-Tokyo) Visit poster/talk by Yoshiaki Tanaka (U-Tokyo)

Implementing reservoir operation in flood forecast system Constructing continental-scale flood protection database



Real-time hydrology/flood monitoring @ U-Tokyo/JAXA

https://www.eorc.jaxa.jp/water/TE-global/

https://www.eorc.jaxa.jp/water/TE-global/


Summary to today’s talk:

We just published the accurate hydrography data: MERIT Hydro 
http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_Hydro/

- It is “update of HydroSHEDS”, based on latest topography inputs
(MERIT DEM, Landsat water maps, OpenStreetMap)

- Flow Dir, Flow Acc, Adjusted DEM, river width, etc
3-arcsec with GLOBAL coverage.

Improved global flood model by integrating MERIT Hydro 

Realistic topography  → Direct comparison with satellites
Global-scale validation/calibration is ongoing.
(water surface elevation by altimetry, flood extent with Landsat, SAR, microwaves)

“CaMa-Flood ver.4” (with latest topography) will be available soon.
+ we are working for  CaMa-Flood ver.5 (global calibrated flood model) 

Applied filter
• Pekel occurence >= 80%
• Not on lakes (merit class)

• Slope <= 1e-3 m/m OR dist to 
outlet < 500m

obs sfcelv << sim sfcelv
river depth too shallow 

obs sfcelv >> sim sfcelv
river depth too deep

http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_Hydro/

