Prediction of water surface elevation by a global river model:

A case study for tidal effect in the Amazon River
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(1) INTRODUCTION

Development of a phisically-based model for explaining the variations in
water surface elevation (WSE) is essential for understanding surface water
dynamics. However, prediction of WSE in continental-scale rivers is difficult
because surface waters dynamics are regulated by much smaller-scale
topography than the resolution of continental-scale models.

Here, we developed a global river-floodplain model, CaMa-Flood, which
describes smaller-scale topography as sub-grid parameters. CaMa-Flood
explicitly predicts WSE by describing the relationship between surface water
storage and WSE based on 90-m resolution DEM, HydroSHEDS.
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CaMa-Flood is applied to simulate tidal effect on surface water dynamics in
the Amazon River. Because the Amazon basin is extremely flat, water level
change in downstream propagates to upstream (backwater effect). Hence,
precise prediction of WSE and induction of the diffusive wave equation are
essential for representing surface water dynamics in the Amazon.

Simulation for the entire Amazon River basin is executed using CaMa-Flood.
Water level change at river mouth due to ocean tide is given as the boundary
condition of the model. The Impact of ocean tide on river discharge and WSE
are discussed below.
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(2) MODEL FRAMEWORK

CaMa-Flood [Yamazaki, 2010] is a distributed river routing model which is
forced by LSM runoff and predicts water storage, water surface elevation,
inundated area, and river discharge. Spatial resolution is set to 25 km.

(3) SUB-GRID-SCALE TOPOG RAPHY

The river network map and sub-grid topographic ~[EEaSs
parameters are objectively extracted from the .|
HydroSHEDS flow direction map and DEM at 90-m
resolution using FLOW method [Yamazaki, 2009].

Channel Elevation Z
Channel Length L
W

Channel Width

Embankment Height B
Catchment Area A |
Floodplain Elevation Profile

—apllme. |
—iz 0 0

I—;ydroSHEDS DEM
[3-2] Channel length (red)
is calculated for each cell
considering meandering at

| [ | I | [
15 20 30 40 &0 70 140 200

[2-1] River channel and floodplain
storages are defined as continuative
reservoirs in each grid. Total water
storage in each grid is divided into

Y. 77N [3-1] ”Outlet pixel” s
. k| decided for each coarse-
/N resolution cell. channel

Parameter

f(Topography) | Xk . : 1

, Fver Storass s river channel and floodplain storage “ L] elevation (green), river \ | 90-m scale. Unit-catchment
2 Floodplain Storage , . § WARRLY @ ] . . .
S River Water Depth  H, to balance water surface elevation of ”e‘:WOtrkdmafp (b'“es))oare (black tick boundaries) is
> Floodplain Depth H. . ‘ﬂﬁ extracte rom -M ‘ i -
Inundated Area A, both reservoirs. . o AL LA L decided for each coarse
2L | resolution flow direction | | resolution cell based on

[2-2] River discharge (i.e. flux between grids) is i - ;7| mapand DEM. (FMNS { the flow direction map.

na
h

calculated along with a prescribed river network map.
Diffusive wave equation is adopted as the governing
equation for representing backwater effect. Water
storage in next time step is predicted by continuity
equation using inflow from upstream, outflow to
downstream, and forcing runoff from LSM.

[3-3] Elevations of the pixels within an unit-catchment is sorted to
generate a floodplain elevation profile, which is used to objectively
describe the relation among floodplain water storage, floodplain
water depth, and inundated area.
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though the input runoff from LSM is overestimated.
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CaMa-Flood reproduces phase and amplitude
of WSE along the mainstream. The bias seen '
in middle reach may be errors in DEM or
parameterization. WSE in downstream reach
is affected by the tidal (the difference
between “Tide” and NoTide”).

(5) CONCLUSION

Variations in water surface elevations simulated by CaMa-Flood agreed with
satellite observation at a certain level. When ocean tide information was given
as the boundary condition, CaMa-Flood reproduced realistic 15-days cycle in
WSE and river discharge. These results suggest the predictability of WSE in
continental-scale rivers using a global river routing model.
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[4-5] DISCHARGE ANOMALY

Anomaly of river discharge between the simulation with and without the
tidal effect is illustrated for 28 days. The anomaly is propagating upward
from the river mouth. The of anomaly propagation is also about 15-days,
and the speed of anomaly propagation is about 80 km/day.
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