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ABSTRACT

A mesoscale analysis has been developed in the French Weather
Service to provide the initial conditions for a short-range

weather prediction model over France (mesh size = 35 km).

The analysed variables are the same as in the prediction model
and they are evaluated directly on the levels of the model and at

grid points.

Since we lack conventional data in the upper layers of the
atmosphere ‘on this scale, we make use of radiances data from the
NOAA's satellites (HIRS radiometer). These data have a resolution
which is approximately the same as our mesh size and they are
inserted directly in the analysis scheme (optimal interpolation:

3 dimensional, multivariate) without any retrieval procedures.

A first experiment was carried out in June 84. The analysis
performed with.satellite data was compared to the analysis
performed without this information. Alsc the forecasts done with
the model using these two analyses were compared. Our
preliminary conclusion was that the impact of'these satellite
data in the analysis and the subsequent forecast was small but
positive, particulariy for the humidity related fields. In this
experiment only clear radiances discriminated by means of the
guess field were inserted. A new experiment has begun in April 85
with the NOAA 9 satellite. Some supplementary information related
to nebulosity (from AVHRR) was also available. The corresponding
tests on the analyses and forecasts with or without insertion of

satellite data have been made and are reported in this paper.
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1. INTRODUCTION

The "PERIDOT" project has been planned in France in order to
forecast subsynoptic phenomena at short range (less than 36
hours) over France by making the best use of all small scale

information, including satellite data.
It has been developed so that it has three components :

- an analysis scheme ;

- a normal mode initialization (Brigre , 1982; Craplet,
1985);

- a forecast model (Pham et al, 1983).

The characteristics of the grid used by the model are an area of
51x51 points (2 1750 km x 1750 km) with a grid length of about
35 km, 15 sigma levels irregulary spaced and adapted orography.
Pronostics variables are : Ps (surface pressure), T, V

(temperature and wind) and Q (specific humidity) (Fig. 1).

2. MESOSCALE ANALYSIS

2.1. Problem definition

We have to use all the available information at this scale for
operational runs. This information can be provided from three

sources :

- conventional data ;
- satellite data ;

- guess-field (mesoscale forecast).

From these data we try to make maximum use of the observed
parameters : the pressure in SYNOP reports, parts B and D of TEMP
messages and satellite radiances at their highest resolution (a
pixel definition which is compatible with our mesh size can be

easily obtained and this overcomes our present incapacity to
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produce operationally inversed profiles). We can also compute new
parameters such as thermal winds. From the guess-field we have to
make the best use of present mesoscale structures (if they
exist), both horizontally and vertically, and not to modify it

when there are no observations available.

One of the most important problems is to define the forcing effect
of the macroscale circulation:

* The Peridot analysis does not describe the large scales
(inadequate structure functions).

* The boundaries are obviously badly analysed.

2.2. Proposed solution

* Analyse all prognostic variables (except for humidity): i.e.,

T, V, Ps on sigma levels.

* Take the maximum number of observed parameters (e.g. the
observed pressure at the orographic height from SYNOP reports, 19
measured radiances in the channels of NOAA polar orbiting

satellites, temperature in AIREP messages...).

* Use adapted statistical structures in the guess-field:e.qg.
anisotropic correlation functions for humidity, nearly univariate
scheme for wind in low levels, good spectral response in ‘a large

band of waves.

* Use an optimum interpolation analysis technique in order to

blend many different types of observations (radiances).

* Use a synoptic analysis on the lateral boundaries to solve
problems associated with observations outside the area and blend

it with the mesoscale analysis using the Davies technique.

* Keep a good macroscale component over the area (obtained from

a hemispheric synoptic analysis).
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2.3. Problem of the first guess

Some problems occurred because the macroscale forecast used as
the guess field (after interpolation over our grid) has large
scale errors (for instance temperature field too low over a large
part of the area including sea) that could not be corrected

sufficiently by the mesoscale analysis.

Therefore when we'only analyse 0Z data we use directly the
hemispheric analysis (latitude - longitude grid of 1.5°x2°)
interpolated on the fine-mesh grid as first guess. In practice it
works well, but in reality we ignore the correlations between the
guess errors and the observation errors already used in the

hemispheric analysis.

Nevertheless we use as correlation functions for the guess error
results obtained experimentally with the mesoscale forecast model
(Fig. 6 and 9). Only the guess error variances have been tuned

with the hemispheric analysis (after horizontal interpolation).
Towards the end of the year we plan to implement a discontinuous

assimilation ( 18, 21, 00 Z) with the mesoscale forecast model

providing the guess-field.

3. CONVENTIONAL OBSERVATIONS AND CORRESPONDING GUESS PARAMETERS

3.1. Synop/Ship ( 2 330 data over the area)

Asindicated we use observed pressure, possibly computed with the
inverse of national reductions. Temperature and wind are taken
directly and we compute profiles of relative humidity with
parameters such as present weather, cloud type, nebulosity

(cloud amount)...

The pressure-altitude information is converted into an increment
of geopotential at the observed pressure by interpolating the
guess geopotential at this pressure (hypothesis : T linear in log

of pressure). The guess value for wind is the available 2 metre
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wind, but for temperature we take the 15 metre temperature guess
(first altitude level) with a correction for the difference

between the model and real orographic height.

3.2. Temp/pilot ( =~ 31 data over the area)

We use the geopotential, wind and temperature at every level of
parts B and D. In the middle of these layers we compute the
thermal wind. The corresponding guess values are deduced by
vertical interpolation from a profile of the pronostic variables
(T, V, Ps). A polynomial integration is performed over the
relative humidity layers with both the observed and the guess

profiles.

3.3. Others observations (= 30 data)

* Airep/Asdar : wind and temperature are used.

* Satob : wind only is used.

4. SATELLITE INFORMATION

4.1. General use

The need to get early mesoscale satellite observations leads us
to consider the use of radiances from the NOAA polar orbiting
satellites directly received at Lannion (Centre de Météorologie
Spatiale) in France. In the horizontal, the satellite pixel has
about the same definition as our analysis grid but vertically a
radiance is generally representative of a thickness larger than
our analysis layers (especially in low levels), so there is
vertical smoothing at these levels. Moreover only a few channels
can describe low atmospheric layers where we find most of the
analysis levels and these channels have proportionally high

observation errors.

Nevertheless we have a network of observations at the surface
which captures mesoscale features and can represent them in the

analysis ; the main problem is at higher levels where the
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conventional network is too sparse to get a mesoscale analysis.
Therefore the introduction of some 200 satellite pixels is
necessary if we want to have some information on our grid
resolution and not to only reproduce the guess field with small

corrections here and there.

In addition to the radiance data (HIRS radiometer, 19 channels),
the Lannion Centre sends us the result of a histogram analysis of
AVHRR radiometer pixels (< 2 Km definition) inside one HIRS
pixel (o 30 Km definition). The different classes give an
indication of the nebulosity, ground temperature, number of
clouds in the pixel and the radiative temperatures. Therefore by
decoding these results we can discriminate between clear pixels
where we use directly observed radiances and completely covered
pixels with a uniform cloud cover where we produce relative
humidity bogus data. In many cases we cannot reach any conclusion
(e.g. clouds at different levels or a partially covered pixel) .
As we do not use actual micro-wave radiometer data (a too large
definition both horizontally and vertically), clouds form a
barrier ; therefore in this case we plan to use only channels

providing information about layers situated above the clouds.

Another problem is the calculation of synthetic radiances from a
guess profile of temperature, humidity and surface parameters;
we take a climatic value of ozone content. For this we use a NOAA
subroutine whose internal statistical characteristics errors are
unknown. But in our case the most serious limitation in its use
and in its results is that we have very Féw levels at high
altitude, so we get only an approximate result for some channels
which would be of interest at levels where very few others

observations are available.
Another limitation comes from the evaluation of surface variables

(surface temperature, albedo) at our scale which can be very

false even if we use a synoptic analysis as the guess field.
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4.2. Statistics about the radiance guess errors

For the OI scheme we need information about variances and
covariances involving synthetic radiance guess errors in each
channel and for every satellite. Synthetic radiances are obtained
from a guess profile. Therefore the guess error of every term of
this profile adds to the error of the subroutine to give the
final error of the synthetic radiance. We have also to know the
cross-correlations between these errors and the geopotential,
temperature and humidity guess error. Later we will use the

following notations :

9 . . .
Eﬁi : error of synthetic radiance due to the profile

errors at vertical i in channel &
i pX .
E.Ki : error of the subroutine.

We are going to apply a kind of "Monte-Carlo" method. Knowing all
guess error variances and covariances between the geopotential,
temperature and humidity at every level we can easily simulate a
profile of these variables at every level (by using a Gaussian
law for instance) corresponding to the fixed covariances. These
profiles of error are used to modify a "true" profile (in fact a
radiosonde profile at midlatitude). The difference in synthetic
radiance obtained between the "true profile" and the "erroneous"
one gives, as a first approximation, an evaluation of the
synthetic guess radiance error (error due to the errors in the
profile : & Rﬁfl) but no indication about the error due to the

«
subroutine ( &R/ ).

By selecting a lot of soundings at the latitude of our model we
can experimentally compute the required correlation error matrix
between all quantities (geopotential, temperature, humidity,
radiance). The computations were done with about 100 radiosondes

on which we did 10 statistical experiments (Fig. 2).
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This method, by ignoring the subroutine error, does not allow us
to deduce the real magnitude of synthetic radiance error, nor the
possible correlations of subroutine error with profile error.
This factor can contribute to an underestimation of the impact of

radiances.

The "horizontal" correlation between the synthetic radiance
errors is assured to be the same as for temperature errors
(radius of influence varying from 500 km near the surface to 750

km at higher levels).

4.3 Radiance observation error

For every run of the analysis program with NOAA 9 radiances
included, we compute the mean and variance of radiance increments

by substracting the variance of 2.R2§< :

e o
increment of channel « at vertical i = R: -_ Ra:.
(observed minus synthetic radiance) = E'Ro"(—- ER?{"< - ilRf

with £R°x= radiance observation error in channel &« .

If we suppose that the three terms are uncorrelated (not obvious
between RS and €R) we get :

Var (R‘}:{ - Rga ) = Var (ERE« - EIRE( ) + Var (ER?( )

We did not do other studies with these data because of possible
correlations in the guess field ( £R% ) which could superpose the
structure of radiance observation errors. We noted too the very
important bias for channel 16 whose variance seems to have a

plausible magnitude (Fig. 3).

A more complete study was recently done with an orbit of NOAA 7
in March 1982. We obtained radiance data over a large area
(larger than for the analysis) and at this time the radiosonde

network was a little denser than usual due to the Alpex
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experiment. We compared 100 collocated observed clear radiances
and radiosonde synthetic radiances (maximum horizontal

~ separation :1°, maximum time separation : 2 hours) (Fig. 4).

We first computed the covariance matrix of these differences. By
substracting the covariance matrix of radiance error due to the
errors of sounding profiles (obtained as in 4.2. with the
correlation matrix of sounding error) we obtained the correlation
matrix of the difference : €R°“ - Eﬁf‘.We must remember that
this refers to the NOAA 7 satellite and the corresponding version
of the synthetic radiance subroutine. This correlation matrix,
though derived using another satellite, was still used for NOAA 9

with the variances deduced previously (Fig. 5).

At this stage we decided to ignore all previous studies that we
had done with less observations and we tried to do a horizontal
separation of these differences between observed radiance errors
and radiosondes synthetic radiance errors. The purpose is to find
a simple model of the likely horizontal structure of radiance
observation error. We could not define a horizontal correlation
of observation error for channels 7 to 14 (except perhaps for
channels 11 and 12) and for channels 18 and 19 ; all these
channels correspond to surface or low level temperature. The
structure functions of these channels seem very random and keep
the same mean value over short distances. The other channels do
not present the same characteristics and in spite of large noise
at large distances due to the low number of couples and possible
errors due to the clouds, they had a horizontal structure. It is
very likely that a part of this structure represents variations
of mean values at large distance but we can imagine the existence
of a horizontal correlation in some channels for the variable

E,ij - E/R“: . In practice we model the correlation function
for these channels by a polynomial with a radius of influence
varying with the channel.We take into account the horizontal
correlation between two channels by multiplying the covariance
term between the errors in the two channels at the same profile

by the mean of the horizontal correlations for each channel.
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Fig. 3

STD GUESS ERROR

STD INCREMENT

BIAS INCREMENT

STD OBS ERROR

LEVEL | CHANNEL oerY o (eR%-e'R-eRY) eR®-e'R-eRY o(eR®-€'R)
30 1 2.2 3.3 0.4 2.4
60 2 1.2 1.5+ -0.2 .9 *
100 3 1. 15 1.4 -1.1 .8

250 4 1.1 1.5 -2.5 1.1 *
500 5 1.1 2.7 -1.7 2.45
750 6 1. 15 3.0 -3.2 2.7
900 7 1.3 3.2 -2.9 3.0
SFC 8 1.15 4. -4.9 3.7
25 9 1.1 3.6 -30.9 3.3
900 10 1.4 3.5 -4.1 3.1
600 11 2.3 3. -3.7 2.0
400 12 3.15 4.1 -2.7 2.7
950 13 1.1 3.2 -6.3 3.0
850 14 1.1 3. -2.9 2.8
700 15 1.1 2.9 -2.2 2.6
600 16 1. 15 3.2+ 27. 1+ 2.7 *

5 17 1.2 1.7+ -1.8 1.2 *
SFC 18 1.15 3.5+ -2.7 3.3 *
SFC 19 1. 15 3.4 -2.7 3.2

: # NOAA7

: Probable cause

Radiance observation errors (NOAA 9 HIRS channels) based on
comparisons with the gquess field.
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RADIUS OF
LEVEL |CHANNEL| STD RS ERROR STD DIFF INFLUENCE OF | STD OBS ERROR
oeRYS og(eR®-gR'~¢RYS) HOR CORR o (eRP=€'R)
30 1 .8 2.7 1000 2.6
60 2 .7 2.2 800 2.0 *
100 3 .7 1.2 800 1.0
250 4 .5+ 1.6 500 1.6 *
500 5 .5 2.6 1000 2.5
750 6 .5 2.8 500 2.7
900 7 .6 3. 0 3.0
SFC 8 .6 3.3 0 3.2
25 9 .5 2.9 0 2.8
900 10 .7 2.8 0 2.8
600 11 1.4 2.6 0 2.2
400 12 1.7 3.6 0 3.1
950 13 .5 2.8 0 2.7
850 14 .5 3. 0 2.9
700 15 .5 2.6 500 2.5
600 16 .5 1.7 1000 1.6 *
5 17 .9 2.2 800 2.0 *
SFC 18 .5 2.5 0 2.5 *
SFC 19 .5 2.8 0 2.7

* : ¥ NOAR9
+ : Probable cause

Fig. 4 Radiance observation errors (NOAA 7 HIRS channels) based on

comparisons with soundings.
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= (R~ eR%) (RS - ¢RY) 40455 -LJLjff)
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X A .
}channel -}proflle
p .

o
)iz.: horizontal correlation of observation error between
profiles i and j in channel of with /Lf»'fz 1 yXA<.

Therefore we did not try to separate the two sources of error.
According to their real (and badly known) statistical
characteristics, our model is more or less realistic; for
instance we have a "white noise" term (having variance but no
correlation in space or between channels). The correlation
between the same channel at two different locations is doubtless
overestimated, but not the correlation betweén two different

channels.

We see that the term E’Rf’not taken into account with the guess
error is inducted into the observation error term. It never
appears on the right hand side of the linear system of analysis
equation; it can only serve to decrease the weight of radiance

observations.

In order for the linear system equations of the OI scheme to have
a good stability (presence of channels which are highly
correlated) we assume in practise that only 90% of the standard
deviation of the term ( ER — E/R) is correlated in space and

between channels.
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5. 0I STATISTICAL MODEL

5.1. Temperature and wind analyses

The classical basic hypothesis is the statistical modelling of
the covariance of geopotential error; after that statistical
assumptions are made about random variables that we use. That
implies that horizontal and vertical correlations can be modelled

as follows :

R
£20e2) - 0e2d . oEE < A2 L5) < A S (bps g
qﬂgzgis the standard deviation of guess geopotential error.

}252 is the horizontal correlation of geopotential depending
only of the horizontal distance J4'.

d

-~
)125? is the vertical correlation of geopotential depending only

on a vertical distance.

For historical reasons (scalar computer) the horizontal model is

a polynomial (Fig. 6):

¢ % (1.
ng (27, e27) = g, (dy) =

A= Fnt 4 5a5nd 35 A% sodsal

with AL = vt\‘d’/a for L ¢ 1.

The radius of influence "a" varies with the level from 500 km
(near surface) to 800 km. We have to note that this short radius
of influence is inconvenient for the modelling of wind error
variances. It gives high values to these Variances, so the 0I
scheme has the tendancy to correct with exageration the wind
guess. We have to increase empirically the wind observation error

to reduce this problem.
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Fig.
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Horizontal correlation of 12 h forecast errors of mean sea level
pressure.

Thick line = evaluation of the horizontal correlation

using real data (00 GMT, 21/9/80).

Thin line = approximation to the correlation using a 7 degree
polynomial.
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However some recent studies have shown that Bessel functions are
particularly appropriate for small scales, so we plan to use
them.

Vertically we use the same function as Bergman (1979) with the
coefficient "k" varying with the level. This coefficient also

determines the temperature error variance :

nAle2d e2d) - A (0hgy), gy

4
1 + 4 Qﬁ)/
b gy

[

The wind error is derived only from the stream function error,
and the carrelation between geopotential and stream function
varies both with latitude and altitude in order to introduce a
weaker geostrophic constraint. In very low levels an arbitrary
coefficient is used to decrease the correlation between different

wind components.

Temperature and thermal wind errors are obtained by the vertical
derivative of geopotential and wind (hydrostatic hypothesis for
the errors).

For radiances there is not a linear relation with other

variables, and so we make the following hypothesis of

separability :

alers e2}) = WeRT e2t) )éggszgjazg)

tabulated polynomial

profile i

% iso p
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From the derivatives of this expression (written in terms of
covariances) we obtain correlations with other variables

temperature, wind, thermal wind:
R(ERE €TP) = (RS ¢ Tg) (€T e72)
n(efr eyp) = a(eRY e20) « (27 EVE)

A j /

nfeRF ep?) = 2(€RY, 57‘59) s (27, €U3)

For radiance errors we take the same correlation function as for

the temperature error (identical to that for geopotential)

ox 2, .
Z@f*i({?ﬂ = &R¥ ££§/5 . AP [(eTE, €T

tabulated

We c:iescribbed earlier how terms $R €R, &R $Z, &R E£T have been
tabulated.

Thé analysis of surface pressure is first executed with the
maximum number of observations being set at 13 for every analysed
point (wind and geopotential data are only used). We then modify
the vertical location of altitude points (situated on sigma
levels).’The analysis of temperature and wind is performed
simultaneously at the same points with the same set of
observations. We choose the 6 best predictors for T, the 4 best
predictors for the U component (not already taken) and the 3 best
predictors for V. This is done in order to have consistency in

analysis corrections (Fig. 7).

5.2 Humidity analysis

We took an anisotropic correlation function for the relative
humidity guess error in order to retain structures contained in

the guess field.
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Fig. 8 Anisotropic correlation of relative humidity.
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Fig. 9 Gandin structure function for the 12 h forecast error of relative
humidity (units %2).
Thick line = evaluation using real data
Thin line = approximation using a 3 degree polynomial
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K 0
NG (eHE, eH?) = g (T )mz( g

A £
The two functions jLHi and ’lHi are polynomials with a

different radius of influence. The weakest correlation (small
radius) is computed with the distance projected onto the guess
gradient axis, whilst the other one is the projection onto the

perpendicular axis (Fig. 8). The two functions are of the form :

gﬁ (f) — 4 -45@4/%) + o.s’@A/a,‘)g
y —4.5’@%%) +0-?(AL/«1)3

~
b
faal
—~
2 Y
\:/
i

if we decompose the vector tL_' into two components in a gradient

depending axis system (Fig. 9)
The scheme is generally bi-dimensional but for '"bogus" data a

tabulated vertical correlation is used. Radiances are again

inserted with a separability hypothesis :
, « ‘
n(eR? 4] =
(eRY e HE) =

9 ¢ H9 Ry (o ud 9
n(ERT eHE) o WP (eHE ) eH?)
SO | H J’ &
tabulated product of two correlations
We are not sure about the bias of the guess error of relative

humidity and surface pressure, so we ensure a "universality"

condition which in the general case fixes as 1 the sum of weights
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corresponding to humidity observations and geopotential
observations. As the radius of influence is small this condition

ig assured only in a small area.

5.3. Data checking

It is an important problem even at this scale to filter noise due
to slightly erroneous data. By taking a hemispheric analysis as
first guess we are quite sure of the veracity of the macroscale

part and of the absence of large area errors.

For every observed parameter a diagnostic of doubt is produced if
the parameter is too far from the guess value and different from

the mean value obtained with its neighbours.

The analysis of SYNOP/SHIP data is then performed with
observations which are not doubtful. It is quite impossible to
also use this technique higher up where the density of
observation is low, because the correlations between data are
very weak due to the limited radius of influence of the

horizontal correlations.

6. IMPACT OF RADIANCES

An experiment began in April 85 and is still running to examine
the impact of radiances. An analysis is performed everyday at 0 Z
with radiances if the time of the NOAA 9 orbit is not too late
(2h30 maximum delay). A comparison is done with another analysis
per formed without radiances:we examine the principal analysed
fields on sigma levels or interpolated on pressure levels. The
results add to those from the previous experiment carried out in
June 84 (J. Pailleux, 1984 ; Y. Durand and R. Juvanon du Vachat,
1985). Actually only situations from April 85 have been studied

and are reported in this study.




6.1. Impact in the analysis

a) Temperature and wind : In the analysis the magnitude of the

differences between the two runs is generally very small at low
levels. There are differences in the details but it is very
difficult to make any definite conclusion because the analyses
(and the guess fields) are not very different from analyses
performed with only conventional data and we lack the techniques
to appreciate the mesoscale features provided by radiances‘data
and to separate them from noise. At higher levels the
differences have larger structures with greater amplitude (some
degrees in temperature, a few m/s in wind) but we have the same
problem of evaluation. Some analyses done without conventional
data (radiances only) show that the correction implied by
radiance data is compatible with these missing conventional data

(same sign, but less magnitude).

b) Humidity : The impact is clearer for this parameter. The
mixing of satellite "bogus" data and radiances gives high
amplitude corrections which have been judged very positive (Fig.
10). Where we see a difference it is easier to compare areas with
high value of humidity with satellite pictures than those with
low value where we use plenty of radiances (clear air). One
can ask if the impact in high values is only due to the "bogus"
data; however in June 84 we had the same phenomena (increase of
some high value areas), but of smaller amplitude by taking into

account only clear radiances, without using any "bogus" data.

6.2. Impact in forecasts (Fig. 11)

With the set of two analyses ("WITH" and "WITHOUT" radiance) we
performed two 12 hours forecasts with the mesoscale numerical
model, integrated with fixed boundary conditions (hemispheric
analysis, same conditions in the two runs). We shall call the
experiments "WITH" and "WITHOUT".

The first result, different from those for June 84, is that the
use or not of the normal mode initialization does not alter
results of the experiment, whereas in June the impact of

radiances could only be seen when we did not use the
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Figo

NEBULOSITY | NEBULOSITY
DATE F/C|RH 700 hPa|PRECIPITATION LOW MEDIUM COMMENTS
+ + + - Belgian
21/4 6h 6] - - 0 0 - nebulosity
+ + + + + + England and
21/4 12h 12 - - + - - - Pyranies
+ Pérﬁurbation
22/4 6h 6 + + 0 + middle France
+ Undulation
22/4 12h 12 + + + + near Bordeaux
. + Front
23/4 6h 6] + + + + . T+ Pyranies -
Sardinia
+ + Alps and
23/4 12h | 12 - + + ' + : Italy
24/4  6h 6 + + + S + Eastern Front
+ Souﬁhern
24/4 12h 12 + 0 + S+ 7 . France

11 Summary of the impact of

+ : impact > 0 of radiances at one place
- : impact < 0 of radiances at one place
+ + : impact > 0 of radiances at many places

assimilation).
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initialization. At that time forecasts from analyses "WITH" or
"WITHOUT" gave exactly the same results if normal mode
initialization was used. Normal mode initialization seemed to
reduce the radiance correction. But it should be noted that in
this earlier version of the analysis there was no correction of
the wind field due to the radiances (r( &R2 ) £2%)~0) and it
seems that the imbalance between the mass and velocity fields was
corrected by the initialization which seems to retain the wind at
this scale. Moreover a new version of nonlinear normal mode
initialization has been developed and Craplet (1985) has shown
that it does not alter the positive impact observed in some
forecasts in June 1984. This version is now regularly used

together with the mesoscale analysis.

As in our previous experiments (cf. preceding references) the
impact only appears in "physical" fields: nebulosity,
precipitation, humidity. In spite of the energetic action of
boundary conditions which makes that the model quickly forget
its initial conditions to the profit of lateral conditions, it
seems that when physical processes are well initialized the
forecast of the humidity related fields differ, whereas the
forecast of the geopotential, wind and temperature are very

similar.

Forecast based on situations in mid-April 85 did not show
representative differences (high pressures over the area) though
the lack of cloud means that many radiances were used in the
analysis. The meteorological situation changed near the 215t and

so differences become apparent in the two forecasts.

a) 215t April, 6 GMT : (Fig. 12) The impact is very doubtful. In

the humidity we have an underestimation at 700 hPa over England

in "WITHOUT", though it appears.better in the western part of
France. A Mediterranean perturbation is not well seen. The medium
level nebulosity reflects the same problem. We have clouds over
England only in "WITH" which does not produce enough nebulosity
over the western part of France; there are only clouds over the

Pyrenees in "WITH".
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MEDIUM LEVEL NEBULOSITY 700hPa RELATIVE HUMIDITY

~WITH

Fig. 12 12 h forecasts of medium level nebulosity wvalid 12 GMT 21/4/85 and 6 h
forecast of 700 hPa relative humidity valid at 06 GMT 21/4/85.
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Fig. 13b Analysed relative humidity at

00 GMT 22/4/85 at 500 and 300 hPa.




Fig. 13c 6 h forecast of medium level nebulosity and total rainfall valid

06 GMT 22/4/85.
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Fig. 14a Analysed relative humidity at 500 and 300 hPa at 00 GMT 23/4/85.
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MEDIUM - LEVEL NEBULOSITY TOTAL RAINFALL
: TV

Fig. 14b 12 h forecast of medium level nebulosity and total rainfall valid
12 GMT 23/4/85.
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Fig. 15a Analysed relative humidity at 500 hPa at 00 GMT 24/4/85.
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MEDIUM - LEVEL NEBULOSITY 700hPa R“ERLATIVE HUMIDITY
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Fig. 15b 12 h forecast of medium level nebulosity and 700 hPa relative humidity
valid 12 GMT 24/4/85.
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21st April, 12 GMT : the uncertainty remains. The "WITH"
experiment creates quite unreasonably acentre of nebulosity and
humidity (not precipitation) over the eastern part of Belgium.
Nevertheless the precipitation is better treated (important
rain in reality) as are the nebulosity and the humidity. In
"WITH" there is also a little more nebulosity over the Pyrenees,
but the two runs do not reproduce the nebulosity over southwest

France.

This situation illustrates also the actual imperfections of the

forecast model and the difficulties of using it as a reference.

b) 22nd April 0 GMT (Fig. 13a, b, c) : the analysis "WITHOUT"

seems a little dry.

22nd April 6 GMT : Rainfall and nebulosity are much better in

"WITH" with regard to the perturbation centred near Bordeaux.

22nd April 12 GMT : Same remark as at 6 GMT ; a perturbation

over the north of France is ignored by the two experiments.

c) 23Td April 0 GMT (Fig. 14a, b) : the analysis "WITH" is more

moist near Corsica and Italy where rain is observed. It also

suggests a better cold front near the eastern cost of Spain.

23rd April 6 GMT : Perturbation over north Spain and Sardinia

are better in "WITH" (corresponding to the manual analysis).

23rd April 12 GMT : Same as above but in both cases the

precipitation seems overestimated near Italy.

d) 24th April 0 GMT (Fig. 15a, b) : the eastern perturbation is

better reproduced in the "WITH" analysis.

24th ppril 6 GMT and 12 GMT : Same as in the analysis ; the
"WITH" forecast describes better the eastern perturbation and

its extension over the southern part of France.
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7. CONCLUSION AND FUTURE PERSPECTIVES

The preliminary conclusion from these April 85 runs is that we
get identical forecasts with fine weather (before 218t) in spite
of the different "WITH" and "WITHOUT" analyses. The 215t case is
very doubtful, with positive and negative aspects for the two
analyses. The 22nd and 23Td situations show a well marked
positive impact for the "WITH" analyses, while the impact is a
little weaker on the 24th,

We have decided to continue to try to insert radiances in our
mesoscale analysis and to evaluate their impact. In order to
perform better experiments which could also be used operationally
we think it is necessary to have a intermittent mesoscale
assimilation ; we aré going to test it in a few months. The major
advantage will be a better use of asynoptic observations (21
GMT ). We shall also be able to use fully the mesoscale forecast
model which will allow us to obtain better guess structures,

especially in low levels.

The first problem is the spin-up time of the model which has to
be reduced. The second aone is the macroscale forcing over the
mesoscale: assimilation system. For this we expect to keep the
macroscale part of the hemispheric analysis and to add to it the
mesoscale details obtained from the mesoscale analysis. This
separation between scales can be performed by wusing a
two-dimensional Fourier decomposition of the field minus another
one having the same boundary conditions (obtained by ‘7Lﬂ =0,
for instance) which gives a field with zero over the boundaries.
The Fourier decomposition is then separated into macro and meso

parts. The same decomposition is done over the two analyses.
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