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Outline of talk

(1) Introduction
(2) Parameter Estimation 
(3) Global Optimization
(4) Sequential Data Assimilation
(5) Improved Flood Forecasting
(6) Conclusions
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Rainfall – runoff modeling
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Optimize predictions by tuning parameters …
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Use global optimization …

Initial population Complex evolution

Complex Shuffling Next Complex Evolution
Simplex algorithmic steps

R = reflection
E = expansion
C+ = positive contraction
C- = negative contraction

Duan et al. [WRR - 1992]
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Results classical parameter estimation …

Ignoring uncertainty cannot be justified!
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Classical parameter estimation ignores uncertainty …
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How to define various error sources?
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Estimation of measurement error …

10 0 10 1 10 2 10 3
10 -2

10 -1

10 0

10 1

10 2

Streamflow [m3/s]

Es
tim

at
ed

er
ro

r 
de

vi
at

io
n 

[m
3 /s

]

2
1

)~(
2

ˆ t
m

meas y
m
m

∆⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

−

σ



Los Alamos National Laboratory (LANL)

Estimation of model (+ input) error …
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Dual parameter and state estimation (SODA) …

Y(t)

Forcing
(Input Variables)

System invariants
(Parameters)

Output
(Diagnostic Variables)

f p(Yt)
U(t)

X(t)

Observations
p(Ot)

Update rule

SCEMp(M)

p(Ut)

State 
(Prognostic Variables)

p(Xt)
Ensemble Kalman Filter



Los Alamos National Laboratory (LANL)

Recursive state estimation …

Recursive state updates – Kalman Filter
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Shuffled Complex Evolution Metropolis (SCEM-UA)

Downhill Simplex
method

SCE SCEM

Metropolis-annealing-covariance
method

Continuously morph proposal distribution!
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Application of SODA to real 
time flood forecasting

Vrugt et al. [JHM - 2005]
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The Sacramento Soil Moisture Accounting model
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Contains 14 parameters and 9 states…
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Hydrograph prediction ranges ..
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Parameter uncertainties …
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Prediction performance…
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Conclusions…

(1) Data assimilation significantly improves 
forecast skills – especially at lower flows.

(2)SODA approach gives reasonable streamflow 
confidence intervals (neither too narrow nor 
too wide) that bracket the observations.

(3)Parameter uncertainties with SODA are 
different and parameters lie in different part 
of parameter space. This has important 
consequences for regionalization studies. 
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Which model states to update…?
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