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How an Ensemble Filter Works for Geophysical D
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How an Ensemble Filter Works for Geophysical D

2. Get prior ensemble sample of observation, y
applying forward operator h to each ensemble m
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How an Ensemble Filter Works for Geophysical D
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How an Ensemble Filter Works for Geophysical D
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How an Ensemble Filter Works for Geophysical D
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How an Ensemble Filter Works for Geophysical D
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Ensemble Filter for Lorenz-96 40-Variab

40 state variables: X1, X2,..., X40.

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
Acts ‘something’ like synoptic weather around a
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Ensemble Filter for Lorenz-96 40-Variab
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Lorenz-96 is sensitive to small pertur

Introduce 20 ‘ensemble’ state estimates.
Each is slightly perturbed for each Xi at time 10
Refer to unperturbed control integration as ‘trut
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Assimilate ‘observations’ from 40 randomly locat

Observations generated by interpolating truth to
Simulate observational error: Add random draw
Start from ‘climatological’ 20-member ensemble
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Assimilate ‘observations’ from 40 randomly locat
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Assimilate ‘observations’ from 40 randomly locat
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Assimilate ‘observations’ from 40 randomly locat
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Assimilate ‘observations’ from 40 randomly locat
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Assimilate ‘observations’ from 40 randomly locat

This isn’t working very well.
Ensemble spread is reduced, but...,
Ensemble is inconsistent with truth most places
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Some Error Sources in Ensemble
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Observations impact unrelated state variables throu
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Lorenz-96 Assimilation with localization of o
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Lorenz-96 Assimilation with localization of o
Ensemble is much more consistent 
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Localization computed by adaptive hierarc
A tuning run of 4, 20-member ensembles 
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Localization in GCM can be very complex.    Surface P

MUST HAVE ADAPTIVE HELP FOR NON-E
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Some Error Sources in Ensemble
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d model error.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.

Time evolution for X1 shown.
Assimilating model quickly diverges from ‘true’ 
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d model error
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.
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Assimilating in the presence of simulate

dXi / dt = (Xi+1 - Xi-2)Xi-1 - Xi + F.
For truth, use F = 8.
In assimilating model, use F = 6.

This isn’t working again!
It will just keep getting worse.

5 10 15 20 25 30
−10

−5

0

5

10

time 346 truth ensemb

State Variable

time 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensembtime 346 truth ensemb



7/17/08

ance Inflation

=> ‘true’ distribution.
ufficient prior variance.

ase spread of prior

.

−1 0

) x+
Anderson: Joint Stats Meeting, Denver, 4 August, 2008 64

Model/Filter Error; Filter Divergence and Vari

1. History of observations and physical system 
2. Sampling error, some model errors lead to ins

3. Naive solution is Variance inflation: just incre

4. For ensemble member i,
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Assimilating with Inflation in presence o
Inflation is a function of state variable and time.
Automatically selected by adaptive inflation algo
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It can work, even in presence of severe model e
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Adaptive Inflation for Ensemble Fi

1. For observed variable, have estimate of prior-

2. Expected(prior mean - observation) =

Assumes that prior and observation are sup
Is it model error or random chance?
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Adaptive Inflation for Ensemble Fi

1. For observed variable, have estimate of prior-

2. Expected(prior mean - observation) =

3. Inflating increases expected separation.
Increases ‘apparent’ consistency between p

−4 −2 0
0

0.2

0.4

0.6

0.8

P
ro

ba
bi

lit
y

Prior PDF Obs. Likeli

Inflated S.D.
Expected Separa

Actual 3.698 SDs

σprior
2 σ+



7/17/08

ltering

observed inconsistency.

2 4

hood

S.D.
tion

yo.

or σobs
2

+ 
 N 0 θ,( )=

2⁄
D2 2θ2⁄–( )exp
Anderson: Joint Stats Meeting, Denver, 4 August, 2008 77

Adaptive Inflation for Ensemble Fi

1. For observed variable, have estimate of prior-

Distance, D, from prior mean y to obs. is

Prob. yo is observed givenλ:
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Adaptive Inflation for Ensemble Fi

Use Bayesian statistics to get estimate of inflati

Assume prior is gaussian;
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Adaptive Inflation for Ensemble Fi

Use Bayesian statistics to get estimate of inflati

W
g

R

c
f

0 1 2 3 4 5 6
0

1

2

Obs. Space Inflation Factor: λ

Prior λ PDF

−1 0 1 2 3 4
0

0.2

0.4

0.6

Observation: y

Obs. LikelihoodPrior PDF

p λ Yprev yo,( ) p yo λ( ) p λ Yprev( ) normaliza⁄=



7/17/08

ltering

on factor,λ.

et

rom normal PDF.

ultiply by

o get

.

p yo λ 0.75=( )

λ 0.75= Yprev( )

λ 0.75= Yprev
˙ yo,( )

tion
Anderson: Joint Stats Meeting, Denver, 4 August, 2008 80

Adaptive Inflation for Ensemble Fi

Use Bayesian statistics to get estimate of inflati
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Use Bayesian statistics to get estimate of inflati
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Adaptive Inflation for Ensemble Fi

Use Bayesian statistics to get estimate of inflati
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Adaptive Inflation for Ensemble Fi

Use Bayesian statistics to get estimate of inflati
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Adaptive Inflation for Ensemble Fi

Use Bayesian statistics to get estimate of inflati

V
t
s

P
a

N
r
a

1 2
0

1

2

Obs. Space Inflation Factor: λ

Prior λ PDF

Posterior

−1 0 1 2 3 4
0

0.2

0.4

0.6

Observation: y

Obs. Likelihood

p λ Yprev yo,( ) p yo λ( ) p λ Yprev( ) normaliza⁄=



7/17/08

ltering

on factor,λ.

ery little informa-
ion aboutλ in a
ingle observation.

osterior and prior
re very similar.

ifference shows
light shift to larger
alues ofλ.

.tion
Anderson: Joint Stats Meeting, Denver, 4 August, 2008 85

Adaptive Inflation for Ensemble Fi

Use Bayesian statistics to get estimate of inflati
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Adaptive Inflation for Ensemble Fi

Use Bayesian statistics to get estimate of inflati
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Adaptive Inflation for Ensemble Fi

A. Computing updated inflation mean, .

Mode of  can be found analyt

Solving  leads to

This can be reduced to a cubic equation and so

New  is set to the mode.

This is relatively cheap compared to computing

λu

p yo λ( ) p λ Yprev( )

∂ p yo λ( ) p λ Yprev( ) ∂λ 0=⁄

λu
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Adaptive Inflation for Ensemble Fi

A. Computing updated inflation variance,

1. Evaluate numerator at mean  and secon

2. Find  so  goes through

3. Compute as  where

σλ u,
2

λu

σλ u,
2 N λu σλ u,

2,( ) p λu( )

σλ u,
2 σλ p,

2 2 rln⁄–= r p(=
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State Space Adaptive Inflation

Computations so far adapt inflation for observa

What is relation between observation and state

Have to use prior ensemble observation/state jo

Regre
inflatio
able in

y

*
*
*
*

h h
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tk+2
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Spatially varying adaptive inflation alg

Have a distribution forλ at each time for each sta

Use prior correlation from ensemble to determin
prior variance for given observation.

If γ is correlation between state variable i and o

.

Equation for finding mode of posterior is now fu
Analytic solution appears unlikely.

Can do Taylor expansion ofθ aroundλs,i .

Retaining linear term is normally quite accurate
There is an analytic solution to find mode of pro

θ 1 γ λs i, 1–( )+[ ]
2
σprior

2
σobs

2+=
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Adaptive Inflation in Global NW

Model: CAM 3.1 T85L26.

Several million model variables: winds, temp

Initialized from a climatological distribution (

Observations: Radiosondes, ACARS, Satellite W

Subset of observations used in NCAR/NCEP

Several hundred thousand observations per



7/17/08

ce Prior RMS, Spread
Anderson: Joint Stats Meeting, Denver, 4 August, 2008 92

Adaptive Inflation in CAM; 500 hPa T Obs. Spa
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Adaptive Inflation in CAM after 1-Month
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Adaptive Inflation for Numerical Weather Predicti

1. Largest inflation caused by model error in de

2. RMS reduced, spread increased.

3. Fewer observations rejected.

Combinedwith localization,allows80memberens
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Hierarchical Bayesian Methods for Adaptive Fi

1. Localization:
Run an ensemble of ensembles.
Use regression coefficient signal-to-noise ra

2. Inflation:
Use each observation twice.

Once to adjust parameter (inflation) of fil
Second time to adjust mean and varianc
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Conclusions

Lots of cool statistics being done poorly.

Work in small models can give insight.

Applications in large models are important.

Looking for collaborations with interested statis


