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Coarse-resolution River Network Map Sub-grid channel/floodplain topography

mﬁﬁﬁme§iﬁ%@ﬁ°\‘”E@m@%i%%ﬂ‘x &bb%%o
2RTTCEETILHOEERIFIFTZLESIT. BA~BARE
HERIRE DO KBIEEZ > T 2L — T 52 ﬂﬁnu%rwéﬁﬁ

[CaMa-Flood: Yamazaki et al. 2011; 2013; 2014]

- 15 -




I\/Iodel concept River discharge calculation

A: cross-section area
is :water surface slope

Di: water depth >
Q: discharge
(grid 1) Dj A: Cross-section Area
gl D: Water Depth
: L; :channel length (downstream grid j) i Water surface
e > | slope
; ! n: roughness, g:
e Ve gravity
R £ L. Aa +g1Z gnj/sQ‘Q
X o, A ot ox R A
{ .'(d. Neglect Local Inertial
; ; advection Equation )
- v = Q'+ redis

Semi-implicit At gn

differentiation

ASSl,ImptIOI’]S \ [Bates et al., 2010]

River discharge is calculated along the prescribed river network map.

- Downstream direction of each grid box is indicated.

- Local inertial flow equation is used to calculate flow velocity and river

discharge.

Water volume of the next time step is predicted by the continuity equation.
- Considering river discharge outflow/inflow & input runoff.

t+At . ot Upstream t t S: storage  Q: discharge
Si - Si + Zk QkAt - Qi At + AciRi At Ac: catchment area  R: Input runoff

Coarse- resolutlon Rlver Network Map -------------------- > H
D4/3A

Model concept: Time evolution

> (1) Water volume Sof each grid at time tis given

(2) Water depth D and flooded area Afis diagnosed from water volume S
using the sub-grid flood inundation scheme.
- water surface elevation WSE and slope 7
cross-section area A(=DW) are also diagnosed.

(3) Discharge Qbetween time tand t+At is Calculated
by the local inertial equation. =~ oy gui, —

B At gn*|Q'
1+ =l —
D4/3A ’ I >

L= (4) Water volume change at time t+ At is predicted.
Input runoff Ris added to each grid at this point.

S =81+ Y " Ol AL~ O AL+ Ac,R! At
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Global high-resolution (90m) topography/hydrography data is used as baseline data.

10 20 30 50 70 100 150 200 300 500 700 1000

790 m elevation
[SRTM3]

90 m Flow Direction
[HydroSHEDS] —

[1] Define the “outlet pixel” of each grid box.

[2] Calculate the area drained to the outlet pixel.
This is the “unit-catchment” of the grid box.

[3] Find the downstream unit-catchment of each
unit-catchment. This is the “river network map.

[4] Calculate channel length/unit-catchment area.

.

? [5] Calculate floodplain elevation profile.

A g
LR
vy =5

ot
; N
)
d
VRS
S
N L
VAR
O
\
M
YAk i

& Y?
P g

R
SO
{

| mREEHET - XERIFLT
BYTHRET L ICELBEEE
WS X —RELTRHET 5 |
B 7L TY X LFLOW % BEF
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Deriving topography parameters

Problem: Rivers do not follow “the Cartesian model grid

atch t” for each grid box.
[H]I%er]ﬁne the ‘eout et |xeq” mpeach grid
box.
[2] Calculate the area drained to the outlet
pixel.

This is the “unit-catchment” of the grid
xFind the downstream unit-catchment

of each
5 20 40,6 60 100 130 140760 54 [4]”@5?@235%'%”885%@“‘ilsef?gm?d‘ﬁi‘(gr
’ mGe;‘)era?gCaD% (}foo 120140160 [m Fg]&%% maaq'-ea_
floodplain height above river 5] Calculate floodplain elevation profile.

chanpel. ,

n
o

]

Water level is 12 m /

) /fl
J When 60% of

I catchment aref is
—_—— inundﬂted-v——eE
0 10 20 30 40 50 60 70 80 90 100

Flooded Fraction [%]

n
=]

-
T

-
o

Floodplain Depth [m]

o

Deriving topography parameters

River width can be calculated from satellite water map (e.g. SRTM Water

(8) Europe, Alrica, and Asia

M % & 0 ®m B @ % & W & W wm e i us e te W

8 wma P

GWD-LR: Global Width Database for Large Rivers
[Yamazaki et al., 2014, WRR]

Remaining parameters:

Channel width and channel
Aanth
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Deriving topography parameters

Channel depth is one of the largest uncertainties of global river models.

-0 -3 -n -6 - -5
(b) Channel Depth

‘ » Currently in CaMa-Flood (and other models),
the channel depth parameter is given
o as a function of annual mean discharge.

oy 2 )

B =max[0.035xR,,",1.0]

Remaining parameters:

Channel width and channel
Aanth

BET—X2ICLBZWRENLHAZL/ANT A -2 DREE
(a) Simulated depth at 0.25deg resolution
\ 1

BERGEEANETNOETY) v | & SREERET — 2 DEKEONTERZ RiF
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(a) Simulated depth at 0.25deg resolution (b) Downscaled depth at 500m resolution

BEEEFANIETVNDET Y v F & SREERET — X2 DEKEO WG R Z RF
SERGEETIVOHNDEMET —2IRE L. b h BB OFE TEBRERENL

CaMa-Flood v3.9 Floodplain Water Depth [ 20060601 |

102" ‘-nf ; i : s _ = 1.i . sk i éiﬁiﬂ§7k§}]lu\%7-}b
o i e . CaMa-Flood

ML /X T X — 2 TEMLDER RN
HIEEAIFITRESTICKRIBT D2 LT,
BEfE 2 /J\TD/B CETILEERT

BH~HE BRI EE % EIR,

RN FEIR R TRt > X —(ECMWF) D
AETILE L TIRRBEINI-D %R,
ERAL00LL E DR H#ERE TR B I 5
SIA)IETILICHE > TWA,

A AVTFILZDEKS T 2L — g
WSTH3093, LaptopT b BRI CRHEAIAE

ap k- i
102" 1037 TOA"E 105°E 108"E 107
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Global high-resolution (90m) topography/hydrography data is used a\@& data.
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[Yamazaki et al. 2017]

Multi-Error-Removed Improved-Terrain DEM
http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_DEM/
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MERIT Hydro: £3kSEE AR T — &
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Global Landsat analysis:
G1WBM: Water map using
30K Landsat images

N\ [Yamazaki et al., 2015, RSoE]
synthetic Water Map Landsat * GSWO: Entire Landsat archive
! . (>3M images) on Earth Engine.
i jiiceiDensity [Pekel et al., 2016, Nature]
v G1WBM GSWO OpenStreetMap -3
Lower water | MERIT Per @ Water Layer
pixel elevation DEM J 3
) — v \A AR/
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[OpenStreetMap: www.openstreetmap.org]
[Yamazaki et al. 2019]
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