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VAR (B)

Flow-dependence in data assimilation

e A-priori (background) information in the form of a forecast, xP.

 Flow dependent forecast error covariance matrix (P; or B).

[ o

Kalman filter / EnKF (P;).

MBMT in 4d-VAR.

Cycling of error variances.

Distorted grids (e.g. geostrophic co-ordinate transform).

Errors of the day.

Reduced rank Kalman filter.

Flow-dependent balance relationships (e.g. non-linear balance
equation, omega equation).

Regime-dependent balance (e.g. ‘PV control variable’).
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A PV-based control variable

o o A W E

Brief review of control variables, y, and control variable transforms, K.
Shortcomings of the current choice of control variables.

New control variables based on potential vorticity.

New control variable transforms for VAR, K.

Determining error statistics for the new variables, K-1.

Diagnostics to illustrate performance in MetO VAR.
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1. Control variable transforms in VAR

VAR does not minimize a cost function in model space (1) e as\\o\e

J(OX,X°) = 16xX'BoX + Z(yt h (X" +6X))"R; (yt h, (X" +6X))

VAR minimizes a cost function in ‘control variable’ space (2) & ea5‘\‘0\6

IJx") = 322 + 320, -h (< +By* ) Ry, —h (X" + By 1))
t

1/2
oX=B;y
model variable\ control variable CVT Inverse CVT
control variable _ pll/2
transform ox=B,"x
. - _ KBllZZ
(1) and (2) are equivalent if _—7 =
parameter spatial
B = BY2RBT/2 transform transform
0 Po ~— \
.. . . 5X =K v =K~
(ie implied covariances) £ ¥ =K7ox
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1. Control variable transforms in VAR
Example parameter transforms

ECMWEF (Derber & Bouttier 1999) Met Office (Lorenc et al. 2000)
SX = K X

oX = K X Sy 1 00 0
S 1 00 0\ & Sy 0 1 0 0 5'{
sn |_|MH 1 0 0| &5 spl=l H 0o 1 o0 5{‘
o(Tp) | |NH P 1 0] &(T.p,), 5T TH 0o T 0 ;f
5q 0 0 0 1) 44 5q) \C+YT)H 0 T+yT AN

‘parameter transform’, U,

« The leading control parameters (8¢ or &) are referred to as ‘balanced’ (proxy for PV).
» Balance relations are built into the problem.

The fundamental assumption is that S and 8§ have no unbalanced components (there
IS no such thing as unbalanced rotational wind in these schemes).
The balanced vorticity approximation (BVA).
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2. Shortcomings of the BVA (current control
variables)

Unbalanced rot. wind is expected to be significant under some flow regimes

Introduce unbalanced components oy =y, + oy, op=0op,+9p,
op=Hoy +op,
3rd line of MetO scheme =Hody, HHoy [+ p,

Instead require  dPp=Hdy,+5p, anomalous

For illustration, introduce shallow water system

Introduce variables oy =0y, +ow, oh=:oh, +h,
5Q = ghv*sy — fgoh

= ghv25Wb — fgoh, (1)
Linearised balance equation 0=goh, — fdy, (2)

Linearised shallow water potential vorticity (PV) {
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2. Shortcomings of the BVA (current control
variables) (cont.)

6Q = ghv?sy, — f*6y,
_ fZ( gh
-1 i
= £2(Bu’ v -1) sy,

7\

@2

V2 —1}5% V=

Bu=—=%

L,
Jan
fl,

o| &4 :ah v'sy
\u/
Il IS AN 2

VerTicae Scace

.SMu“

shallow water

wind mass Sl
_Nho HoRiRonTAe Scare
fl,
Regime Large Bu (small Small Bu (large
— horiz/large vert scales) Intermediate horiz/small vert scales)
Balanced
variable Rotational wind (BVA PV or equivalent variable Mass (BVA not valid)
- scheme valid)
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3. New control variables based on PV for 3-D
system

For the balanced variable

2 For the unbalanced variable 1
(R r Vi Aot e, s, SRy
0=V-(fp,VSy,) VP, LBE (H)

For the unbalanced variable 2

v (f,oo anti-PV

2 JR—
0= aOV oy, + B,0p, + 7/0 8 +50 a;—zp“ anti-BE (H)
Z z

Standard variables: Sy, oy, op,
PV-based variables : oy, oy, 5pu

Describes the PV/ /

Describes the divergence

variables are equivalent at large Bu

Describes the anti-PV
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4. New control variable transforms

Current scheme

OX = K
oy g1
sy |=l0 1 0
op H 0 1
(xx" ) =K(zz" )K" =
.0
- o B
HB,, 0

i
_ total
oy streamfunction
9 residual
o pr pressure
KB EKT
B 5V7HT
0
-
HB,;H +Bg

PV-based scheme

new unbalanced
~ rotational wind

. < % contribution

oy 10 7 balanced

Sy =10 1 0| & streamfunction

op H 0 1]dp, unbalanced
pressure

(ox6x") =K (77" )KT =KB KT

‘HE . H o

5‘/7 b Pu

0 B. 0

B

HB,, +B,H 0

Py

« Are correlations between 6y, and dp, weaker than those between dy and 6p,?
« How do spatial cov. of dy,, differ from those of dy?

« How do spatial cov. of dp,, differ from those of dp,?

» What do the implied correlations look like?
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5.Determining the statistics of the new
variables

For the balanced variable — use GCR solver

Potential vorticity ”
5p, | 0°6p :

£V Sy + B Py + 7y oot s, 0P _ 5 <

0z 0z :
Linear balance equation £
V-(f p,Vy,)-V?5p, =0
For the unbalanced variable 1 — use GCR solver &

& 0Ty Unbalanced equation
Anti-Potential vorticity 3 Balanced equation
V- (f p,Vow,)-V?5p, =6Q :
Anti-balance equation R T T e
GCR(k) total iteration

osp, . 8°5p,
a4V 5%+,Bo5pu+?/o 5 Sz 0
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6. Diagnostics — correlations between control
variables

BVA scheme: cor(&y, op,) PV-based scheme: cor(dy,,o pu)

=] ———
43 ) __ __ =0 r?-
3n

o1 ﬁ-ﬂ

> e —-;F

3 1 .
i 0 '::l M

il 1 —Hl -3
[ntitida |r|’r|+||r||=|
rms = 0.349 rms = 0.255
| [ T

-'ve correlations, +'ve correlations
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6. Diagnhostics (cont) — statistics of current and
PV variables (vertical correlations with 500 hPa)

CURRENT SCHEME (BVA) PV SCHEME

correlation with level 17, 1 l,.r f/ QOB to Hs"x}, *l.--.JE':, B oo psi, Vertical correlotion with level 17 1 ,.r ,-‘/ 0Of to 'les"}‘f-" MOO6R, B o«
; : ’q 50.0FY | . T 14

BvA By

—-—-—._,-..__ e |

.....

ﬁl Broader vertical scales than BVA at large horizontal scales
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6. Diaghostics (cont) — implied covariances
from pressure pseudo observation tests
BVA scheme
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Summary

Many VAR schemes use rotational wind as the leading control variable (a proxy for PV — the
balanced vorticity approximation, BVA).
» The BVA is invalid for small Bu regimes, NH/fL, < 1.
Introduce new control variables.
» PV-based balanced variable (5w,).
* anti-PV-based unbalanced variable (dp,).
oy, shows larger vertical scales than dy at large horizontal scales.
op, shows larger vertical scales than 6p, at large horizontal scales.

cor(dyy, 8p,) < cor(dy, 5p,).
Anti-balance equation (zero PV) amplifies features of large horiz/small vert scales in dp,.

The scheme is expected to work better with the Charney-Phillips than the Lorenz vertical grid.

Acknowledgements: Thanks to Paul Berrisford, Mark Dixon, Dingmin Li, David Pearson, lan Roulstone,
and Marek WIlasak for scientific or technical discussions.
Funded by NERC and the Met Office.

www.met.rdg.ac.uk/~ross/DARC/DataAssim.html
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At large horizontal scales, dy, and dp, have larger vertical scales than dy and dp..

* Expect oy, < oy

« Expect 8p, ~ 0 } (apart from at large vertical scales).
u
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6. Diaghostics (cont) — implied covariances
from wind pseudo observation tests

BVA scheme
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Actual MetO transform

OX = K 7
Su oly ol 0 0),
SV olox  oley 0 0 ;
spl=| H 0 1 o| ¥

55,
5T TH 0 Too|
sq) \(C+YTH 0o T+YT AN

ECMWEF flow dependent workshop, June 2007. Slide 18 of 14.



