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SWOT measurements of rivers
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Discharge via data assimilation
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® Hydrology model (e.g.VIC) gives prior discharge

® Hydraulics model (e.g. LISFLOOD-FP) relates
discharge to height measurements: wildly expensive



Doing hydraulics backwards

® Remove hydraulic model (reduce computational
expense)

® Simplified mass and momentum conservation:
apply to a reach, in between SWOT overpasses
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Conservation of mass

aQ ah O _ \t2\ Water surface
Ox 815 o

Apply to a reach for
period 71 between
overpasses ¢, ts

Qe O s

This equation is exact for the average quantities



Conservation of momentum

River Bed
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Two time-invariant unknowns per reach

Apply between two overpasses for one reach:
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Application to two reaches
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A Bayesian approach
Posterior proportional to likelihood times prior:

p(y|z) o< f(z|y)m(y)

¥ Unknowns: Discharge, bathymetry, roughness

z Observations: Water heights
|. Generate a new candidate y;+1

2 Accept candldate W|th probab|l|ty i f(z \élz‘ﬂ) (%;1)
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Testing the algorithm
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OSSE setup

® Generate “true” water surface heights
using hydraulic model and true Q, z, n

® Corrupt true water surface heights using
white noise (get synthetic measurements)

o Estlmate Q Z,n for three reach system of ‘
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Results: Bathymetry

® Prior and first guess:
~50 ¢cm too low

® RMS error:9.7 cm

Bathymetry, m
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® Posterior standard
deviation: 7.7 cm
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Results: Roughness

® Prior and first guess:
0.025, 17% low

e RMS:0.00077 (2.5%)
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® Posterior standard
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Results: Discharge

Discharge, m3/s
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Results: Discharge
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® Prior and first guess: Q=1000 m3/s
® RMS = |56 m3/s (16.9%)

® Standard deviation = 94 m3/s




Conclusions

® Estimation of discharge to within |7 % RMS

® Simultaneous estimation of roughness,
bathymetry

® No hydraulic model used
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Extra




Tradlng time for space W|th SWOT
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Checking diffusive assumption

After solution is obtained, calculate v =Q/4

Linear momentum equation:

2 1 M VAR A VAR 1 2 A VA




Discharge and river cross sections
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The depth problem

SWOT does not observe depth below
the lowest height measurement

baseHow

depth




Assumptions for a new algorithm

Diffusion O OV
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onservation laws
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Unsteady algorithm: Conveyance

Apply to a reach”712 from S1,S2 averaged from 11,12
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Application to a single reach

At 12 two equations, four unknowns
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At t3 four equations, six unknowns

haieah At t3 six equations,
eight unknowns...
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Application to two reaches

12

At T3 add these equations: S1
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