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Mesoscale Modeling

COAMPS™: Coupled Ocean/Atmosphere Mesoscale Prediction System
Focus: 0-3 day high-resolution forecasts

e Complex Data Quality Control
e Analysis:
e Atmosphere: MVOI analyses of u, v, and Heights; Univariate analyses of T, q
eOcean: 2D Ol of SST; 3D MVOI of T, S, SSH, Sea Ice, and Currents
e Initialization:
e Atmosphere: Hydrostatic Constraint on Analysis Increments, and/or Digital Filter
e Ocean: Stability check
e Model:
e Atmosphere:
e Numerics: Nonhydrostatic, Scheme C, Nested Grids, Sigma-z, Flexible Lateral BCs
e Parameterizations: PBL, Convection, Explicit Moist Physics, Radiation, Surface Layer
e Aerosols: Surface databases, High-order Transport, Dry Deposition, Wet Removal
e Ocean: Navy Coastal Ocean Model (NCOM)
e Numerics: Hydrostatic, Scheme C, Nested Grids, Hybrid Sigma/z
e Parameterizations: Mellor-Yamada 2.5
eFeatures:
» Globally Relocatable (5 Map Projections)
* User-Defined Grid Resolutions, Dimensions, and Number of Nested/Parent Grids
* Incremental Data Assimilation; Atmosphere: 6 or 12 hours; Ocean: 12 or 24 hours
» Applicable for Idealized or Real-Time Applications
« Single Configuration Managed System for All Applications
e Operations (Atmospheric Components plus 2D SST Analysis):
« ICM: Large European Area, grid spacing: 39 km, forecasts to 120 hours,
3 areas with grid spacing 13 km, forecasts to 72 hours,
4 km grid spacing over Poland, forecasts to 24 hours.




Nested grids for an investigation of the storm development, 29 July 2005

G1: 37x37x35, 54 km

G2: 55x55x35, 18 km

| T G3: 85x85x35, 6 km

\
i
i
\
4
II
\
y
H

G4: 97x97x35, 2 km

Joint COST Action 731 and NetFAM
workshop, Vilnius 26-28 April 2006



2 km grid, L35, 41x41, ideal case

TOTAL PRECIPITATION 41x41 2km grld, |deol case REFLECTIVITY 41x41 2km grld, |der:|I case

51 g f—————————————————————————_—_——ee e 51 B _— e
51,60 51,60
51.7M 51.7M 45
40
51,64 51,64
35
51.5M 51.50 a0
25
51,40 51,40
20
51,30 51,30 15
10
812N 8134
sand EERETE PR R TR e L TS e PR S TR st B EERRRRE R ST R e R RRER e e
317 . _. ...... ...... . . S - - - .. ...... ...... _.
: : : ﬂ:st ucltld at: 17 302 29 .lUL ZDDS : : : : : : : : ﬂ:st uot.d at: 17 302 28 .lUL ZDDS : : : : :
158E  18E  1&1E 163E 16.3E 164E 165E 166 187 168C 1BSE 17E  17.4E 17.2E 17.3E 1S9E  16E  16.1E 16.3E 16.3E 164 165 166E 167 168E 165E 17E  17JE  17.2E  17.3E
GrADS: COLA/IBES 900¢ BraDS: COLA/IGES 2006-01-27-08:59

precipitation reflectivity at h=2 km

Joint COST Action 731 and NetFAM
workshop, Vilnius 26-28 April 2006



5280

52.60

524N

5220

SZH

514N

S1.20

10

TrADS: COLA/IGES n

TOTAL PRECIPITATION, 97%57, 2km grid, g1_L49 case

fest valid ot 12:30Z 29 JUL 2008

16.2E 16.5E 16.8E 171E 174E 1707E 15E 18.3E 18.6E 18.9E 19.2E

12:30 UTC

I3 3 7 2006—01-25-140%

BZEN

BZEN

52.AH

S22N

S2H

E1.8H

51.6M

5140

512N

51H

RADAR RADIAL WIND, 97x97, 2km qrid, g1 _L49 case

L e

fest valid ot 12:302 29 JUL 2005

Bra0S: COLLAGES —a —R —4 —7 i 2006-01-25-15:45

16.2E 16.5E 16.8E 17.1E 17.4E 17.7E 18E 18.3E 18.6E 18.9E 19.2E

57.8M] - - EEEE

526N

54N

SIH

sand

S1.8H

SLAN]

51.2M

Eal]

TOTAL PRECIPITATION, 97x97, 2km grid, g1_L49 case

fost: valid at:: 12:40Z 29 JUL 2005

16.3E

SraDS: COLA/IGES

16:5E 16.8E 171E 174E 17,7 156 18.3E 18.6E 18.9E 19,26

(3] 2 4 [ 18 1R 20 a0 2006—01-25-1409

12:40 UTC

BZBNY T

52.6M

524N

522N

sl oS N

E1.8M

51.6M

L o R R A

BLEN

RADAR RADIAL WIND, 97x97, 2km grid, g1_L49 case

7': 514 .
< 16.2E

2C s oy .

1658 16.8E 17.1E 17.4E 1778 18E 18.3E 18.6E 18.9E 19.2E

—10 —A —F —4 ) n 2006-01-25—-1545

—_—~~ o~



TOTAL PRECIPITATION, 97%37, 2km grid, 91_L49 case TOTAL PRECIPITATION, 97x97, 2km grid, g1 _L49 case

. R e b ST S SR T S b :
SLEN S2EN
BN 524N
5104 SZIM
2 52N
S188 51.8H
LN ] 518K
BUAN 514
AN 51.2H
fest: valid ab- 1550 29 JUL 20085 fcsti valid at:i 14:007 5:29 JUL 26:305 : : : : :
i 182 185 163E 17.9E 1T 4E 1T 13 1= 18EE 1BE X i 16.3E 16:5E 16.8E 171E 174E 17,7 156 18.3E 18.6E 18.9E 19,26
i dﬂ-«-‘tﬂr fi L] i 4 12 15 [T T Tl 7 L] ] = 8= 1 e BrADS: COLA/IGES i) 5 1n 15 o1 TR 30 K 4 2006-01-25-14:09
13:50 UTC 14:00 UTC
. .
RADAR RADIAL WIND, 97x97, 2km grid, g1_L4-9 case RADAR RADIAL WIND, 97x97, 2km qrid, gI_L4-9 case
S8 5Z7.8H | :
S2.EH 52BN
5L 524
52.2M 52,20
SN 52N
5180 518N
S1.EH B1.EM
St S1AN
5120 [ L S S R
- e - ' :
1 5 5 5 on 7: ST : :
; feat valid at:: 13:607 29 JUL 2006 : : : : : feat, valid ot 14:00Z 23 JUL 2008 : ; : : :
51K S1M
16.2E 16.5E 16.8E 17.1E 174E 17.7E 18E 18.3E 18.5E 18.9E 19.2E us 26 16.2E 16.5E 16,8 17.1E 174E 17.7E 156 18.3E 16.6E 16.9E 19,26

0ra0S: SOLASIRES =3 q4 4B BT - E = E-01-25-16:07 ARA0S: COLASRES =3 g = BT "AE = 05E—-01-28—168417



The evolution of the model state errors

e The forecast step

At time t;, the analysis X3 is an
estimate of the true atmospheric
state x;” with uncertainties that
correspond to the analysis error
ed = x4 - X7;. The forecast field
that is valid at time t;,, is then
obtained from this initial
condition by integrating in time
the forecast model according to
X, = Mx@, where M is the
operator that corresponds to the
evolution of the atmosphere.

e The analysis step

The forecast field x°,,, will then
be used as a background for the
analysis at time t,,,. The analysis
equation transforms the back-
ground and observation vectors
Into the analysis vector.

X% = Xbi+1 i K(yi+1 - H Xbi+1)’
where vy.,, Is the observation
vector at time t,, and K is gain
matrix K=BHT(HBH™+R):. B
and R are spatial covariance
matrices.
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Metods of an estimation of matrix B

background error
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The standard NMC method

The NMC method computes differences between forecasts that are valid
at the same time, but for different ranges such as 12 and 24-h forecasts.
Analysis innovations may be seen as an analysis perturbation, which is
supposed to be an estimate of the analysis error e? : €2 = K(y, - Hx?) =
K(e° - HeP.). This allows to distinguish the respective contributions of the
background and observation errors: €2 = -KH eP, + Ke®, Comparison
with an analysis dispersion equation €2 = (I-KH) € + Ke° shows that in
the NMC method the background error weight (I-KH) is approximated by
-KH. In the evolution of the NMC analysis perturbations, the represen-
tation of the analysis effect consists in adding the analysis increments to
some earlier increments €°,, = M(x2 - x°). This differs from the ensemble
method, for which the representation of the analysis effect consists in
applying the analysis equation to the perturbations €°, €°.
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The ensemble simulation method

At time t, two different analyses are available. Their difference is equal
to €2 = x2k -x@l. Two forecast integrations are performed from these
two initial states.The two different forecast fields may then be
combined with two different sets of observations y..,* , y..4, in order to
provide two different analyses at time . By calculating the difference
between these two analysis equations, it appears that the analysis
equation is the very same equation that transforms the background
and the observation differences into the analysis differences:

g2 = P +K(g°,, - HeP., ).

The evolution processes and equations, that affect the ensemble
difference fileds, are the same as those of the true error fields.
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Forecast background error, V wind component
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Mean error at level 17, grid 2, period of averaging 24-36h
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Ensemble initiation methodology

The uncorrelated-random method

A standard uncorrelated normal random variable with zero mean
and unit variance is created first (by Box-Muller method). Using
a prescribed standard deviation o,, on can create an uncorrela-
ted random variable Z~N(0,0,). Then, using the linear transfor-
mation F=l, the actual initial pertutrbation used is P=Z. This is
followed by an ensemble integration from t_-1 to t,.

the correlated random method

In order to improve the forecast error covariance at time t,, a
change of variable P=FZ is introduced at time t_-1, which creates
correlated random perturbations. The matrix F is a block-
diagonal Toeplitz matrix, with the elements calculated using the
space-limited compactly support function. Each block corres-
ponds to a particular model variable.
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Variance at level 35, grid 1, period of averaging 12-24h Variance at level 35, grid 2, period of averaging 12-24h
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Single-sample parameter estimation

Model error parameterization imply a parameterization of the
innovation covariance. Considering one arbitrary time instant at
which an innovation v is produced, we assume that we have a
covariance model for v which involves a number of unknown
parameters: E(vv') ~ S(a), where S(a) is a family of known
covariance matrices parameterized by a. The conditional
probability density p(v|a) of the random vector is given by the
Gaussian density function p(v|a)=c[det S(a)]"? exp{-1/2[v'S"(a)v]}
Given the innovation sample v, the maximum likelihood parameter
estimate aV- of a* is obtained by finding that value of a for which
the probability density attains a maximum. Suppose that the
iInnovation covariance parameterization is linear in a single
parameter: S(a)=a S, with a S, fixed covariance matrix and a an
unknown scalar. In this case optimization of the maximum-likehood
function can be performad analytically.
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Conclusions

|dentifying a viable strategy for specific the back-
ground error covariance remains an important
problem in meteorological data assimilation

The NMC method relies on the analysis increment
equation

In the analysis ensemble approach the analysis
equation is used to transform the background and
observation dispersion into the analysis dispersion

In near future we plan to introduce on-line estimation
of error covariance parameters into our Ol scheme
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