PROPOSAL TRANSITION DENSITY CHOICES IN A SIMPLE 1-D PARTICLE FILTER
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Approximate Pdf p by an ensemble ).

pp Gaussian background pdf, o3, =1, ¢ = 3

N p, Gaussian observation pdf, o, = 1, 1, = 7

p(Y) ~ N Z o (Y — ) pe Gaussian analysis pdf, o4 = .7071, 10q =5
k=1

f Persistence model

Visualisation

Cycled data assimilation in 3 steps:

1. Integrate the Kolmogorov equations in a Monte Carlo approach:

Uy = [ (¢Z_1> + B with : modelf, random model error 3 ol |l
Steps 1,2 of the data assimilation cycle
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2. Analysis step: assign weights w,, ;. according to observation error pdf py.

top: Background ensemble 1 ;. a a
- Po(Vp k) bottom: Analysis ensemble w, 1. 1 | |
pa(¥) = > wa o (Y —Ypr) with:w,y = ak¥ok
’ z,; ) kPt k)
left: Ensemble size N = 20 7 s

3. Resampling step (not considered here): replace wy, ,, 17, by ¥ with equal weights. right:  Ensemble size NV = 10000
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Large model uncertainty oy, =~ op:

Method: _
Modify random perturbation term [Leeuwen 2010]: " gelta Prewog{s 1pdf, Op gfoﬂ Yy _13 ol
n n—1 A n n—1 Pm ausslan model error pdl, om = 1, Wm =
- +(0+ Ko — =
Yok fwk )+ (0 | L) pp,  Gaussian background pdf, op =1, ¥ =3 ¢
Perturbation from proposal transition density pgy, not model error pdf py,. P
Leads to modified ensemble representation of background pdf: pg  Gaussian proposal pdf, o, = .7071 o :
pm(lb}?wz_l) Kalman gain background error, o, = 1 .

pp(th) m Y w6 (Y — tpy)  with :wy g =

—1
k. pQ(thbZ ) dn) ) ) ) 0.8 -
Goal: Visualisation
Almost equal weights wy, = w,, 1. wp . in the analysis ensemble.

OptAimal Choice:
5 from Gaussian pdf with specified stdev o4 =

| top: Background ensemble wp . ¥y 1. oa
oyl +o; bottom: Analysis ensemble w, 1. wp 1. Vp 1.

2

—1
Kalman Gain term K = (1 + 0020 ) with oy, = om

left: Ensemble size N = 20 0/// -

right: Ensemble size N = 10000

Realistic Setup .
Above idealistic setup is highly unrealistic. Visualisation o
Realistic setup: Moderate model uncertainty o, < oy:
p" 1 Gaussian Prior pdf, ot = 7071
pm  Gaussian model error pdf, om = .7071 left: Realistic setup
pp,  Gaussian background pdf, op =1 00// :
For better visual asessment we chose
pg  Gaussian proposal pdf, oq= 0073 a ‘bimodal’ previous ensemble ™1 f
Kalman gain background error, o = .7071 with ensemble size N =40 .
= - . R . n—1 06 |
Enforce E qual Welghts all: Previous ensemble
top: Background ensemble w1 ¥y 1 o
center: Analysis ensemble Wk Wh kY ke
Same setup as above. but: bottom: Analysis ensemble Enforce Equal Weights |
) : // | “ | 4
e Modify proposal density for ensemble members with large weight: K : ‘ : 8 o ° : ‘ 6 8 o
— multiply pq by small factor e in the center of the distribution right:  Enforce Equal weights N=10000 :f p'Ed= f pw';f’=
— multiply p; by by factor > 1 in the tails of the distribution
o Fffoct: bottom: Analysis ensemble ‘bimodal’ wn_l,N << lfe
. . o ter: Analysi bl Gaussian "1 N << 1e |
— practically no ensemble members in the center of the distribution pg CeHLer He yS}s CHREIE © auss%an ¢n_1a fe
, . S top: Analysis ensemble Gaussian "5 N > 1/ |
— all ensemble members in the tail of the distribution p, |
— reduced weights in the tails: equal weights for all members
— But: Sampling of incorrect pdf for N << 1/e A |

Even worse statistical sampling for N >> 1/e

Assestment of Sl Aceurey

The analysis ensemble provides properties of the state, e.g:

- Om 9q¢  Obg Ty COMMENt e [dealistic setup (o, =~ 0p): using a proposal transition density helps a lot
g(v) = / g(W)p(¥) dyp ~ 2}; wy; 9(V) e Realistic setup (o, <op) : using a proposal transition density helps a bit
As an example we take the ensemble mean: 1. 1. 0. 3.493 no proposal e Finforcing almost equal weights: only converges to correct pdf for large ensemble size
P = / Y p(y) dip ~ Z Wi Yy L. 0.707 1. 0.707 ideajlis.tic setup e Statistical accuracy of the results should be assessed
| o . 2 0.707 0.577 0.707| 1.763 realistic setup
With the statistical uncertainty (stdev): 0.707 0.577 0.707 14.833 Eq.Wgh. N >>1/ References: van Leeuwen PJ. (2010, Nonlinear data assimilation in geosciences: an
1 extremely efficient particle filter, QJRMS 136 p1991-1999, DOI:10.2001 /¢j.699
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