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> The Met Office has a high resolution MetUM over the UK.
> Little is known about the statistics of its errors.
- Diagnosing model error statistics is difficult!

There are different aspects to errors in general:

> They can have random and systematic components.
> They may be additive or multiplicative

> They may be Gaussian or non-Gaussian. !
> They may be homogeneous or inhomogeneous. 1 5km-EPS
> They may be isotropic or anisotropic. 5
> They may be correlated or uncorrelated.
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We have for one day (20/09/11):

> 1.8 million Doppler radar observations (Chilbolton Observatory).

> High-resolution forecasts (1.5km grid-length) over the Southern UK.
- A 93-member ensemble of forecasts.
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Courtesy “Anonymous 4452", Creative Commons License

... plus that the ensemble is correctly spread, and that observations can be treated as
‘point-like’. These assumptions are not always justified.



Mational Centre for
Earth Observation ,
MATURAL EMYIROMMENT AESEARCH OOUSTIL

University of
< Reading

General definitions

Forecast, et i ..
4v,4|,15;;, oY = Tru + EYvor vealisation
observation

. Forecast ‘observation’
ovation = Observation -
Clovaviance = (Raantity 1 - % (Raantity 2 - >
mean of Q‘) mean of M)

Specific definitions

Forecast (at time t)

f t f
X=X, +€

Analysis (at t =0)
X = X, + €)
Observations
o= M) + €

Observation operator applied to forecast

Hi(xy) = He(x + €) |
~ Hi(x;) + Hee

Forecast model (no stochastic scheme)

M(xq ) =%+



Mational Centre for
Earth Observation :
; MATURAL EMYIROMMENT AESEARCH OOUSTIL

University of
< Reading

Using the definitions

Applying the forecast model

xi+e = x4+ n + Me,

model error  predictability error

Innovations

o.b F

4" = yi— Hilx))
~ Hix)) + € — Hy(x!) — Hel

_ {Jb HfEf

Ensemble perturbations

i~ xi— ()
= M(xi ) — <M x; 1)>
= Mi(xp | +€) - <Ma‘('—’(; L+ € 1)}
Mi(xi_q) + M€l — (Mi1si(x; 1))
= Mg, .

X
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Procedure - interpretation of Daley (1992)

Daley, Roger (1992) The effect of serially correlated observation and model error on
atmospheric data assimilation, Monthly weather review 120 (1), 164 -177.

1. Analysis of innovations

(@) = ((yo= () (v — Halxd) ")
- ((e- B (e - 1))
= ("~ Hm, — HMLel,) (¢ — Hym, — HMyel,) ")
~ <£?]’E?I’T> HH, (! ) BT+ M, () MTH]

N’
R? ~ Q? v " g t—1 -
ohservation error part maodel error part predictability error part
Warning

Analysis of innovations will be susceptible to biases in obs and in model

2. Ensemble analysis (no localisation)

<(Hr xi — (xi)]) (H [ — (XDDT) ~ ((He [xi+m+ Mie g — (x; +m, + M y)]) x
(H; [x!+n;+ M€l — (xt+ 1, + Me; 1)})T>
= ((H; [Meef; — (Miej)]) %
(H: [Mre; | — (Miej 1>])T>
~ <(H;Mfe';‘ ) (HM,e! 1)T>
= HMA,  M/H]

predictability error part

3. Estimate the model error contribution
H, (nnf) B ~ (a7 ") = ((HL [xf = (x])]) (B [ = (D)) ") =

Warning
Model error is estimated as the residual of imperfectly known contributions
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The observations and the model's equivalents
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Provisional computations

Forecast lead time 1hr + 1hr

(long_wind)-(long_wind) resolved covariances, level 1

Obs err cov
— Pred err cov
— Model err cov | |
Innov cov
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Comments

> No. of samples ~O(num obs)?.
» Sampling errors are deemed negligible.

> Have assumed contribution from (i) w (vertical wind), and (ii) effect of
atmospheric refraction, to 'model obs' are negligible.

> The above results show systematic problems with the procedure on P. 4.
~ Some covariances look noisy and increase with distance.
~ Is this an artefact?
> IF not, why does this happen?
> What is the source of the large innovation covariance at ~170 km?
> Need to do quality control on observations (e.g. Doppler 'folding')?
~ Need to check for systematic errors, and remove where possible.
> How can these results be used?




