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DESCRIPTION OF SOME PROPERTIES OF THE HUMIDITY ANALYSIS SCHEME

IN USE AT THE EUROPEAN CENTRE FOR MEDIUM RANGE WEATHER FORECASTS

by Jan van Maanen

Introduction

In March 1979‘several experiments were carried out to investigate
the general properties and to tune the humidity analysis program
of the European Centre for Medium Range Weather Forecasts. The
problem was approached in two ways: the function that determines
the weight of an observation was changed in several ways, and
some forecasts were made with exactly the same forecasting model
but with different initial states. One should bear in mind that
the experiments were done with an analysis program and a model
that have not yet reached their firal state; however, we do not
believe that this will decrease the usefulness of our results.

Several papers have dealt with the problem of humidity analysis.
Atkins (1974) has described a successive correction method with
two scans. The weight function she has used depends not only on
the distance between the gridpoint being analysed and the ob-
servation, but also on the magnitude and direction of the
gradient of the background humidity field. This serves the
purpose of keeping details in the analysis, especially near
fronts with a strong humidity gradient.

Kastner (1974) also has described an analysis made with the
correction method. Not only direct humidity observations by
means of radiosondes are used, but also the surface observations
and calculations of various flow parameters like vertical velocity
are taken into account, in order to provide an estimate of the
upper-air humidity.

In section 2 a description is given of the humidity analysis
program used in our experiments, in section 3 the result of
changing the weight function is presented. The three forecasts
made from a different initial state are presented in section U4,

and section 5 consists of a summary and some conclusions.



Description of the humidity analysis scheme developed at ECMWF

Although the mass and wind analyses are made with optimum inter-
polation, the water vapour analysis is carried out with a correction
method. The underlying philosophy is that the correction method
takes less computer time as compared with an optimum interpolation
analysis, and it is not proven whether the extra effort in doing
water vapour analyses with the optimum interpolation method in-
fluences the forecast enough to make it worth to spend this extra
amount of computer time.

The water vapour is analysed as follows. In the vertical five
layers are analysed: 1000-850, 850-700, 700-500, 500-400 and 400-300
mbar. The total amount of water within a layer is expressed in
pressure unitse. From the data of the multi-level observations
(radiosondes) the water content is computed in the five analysis
layers. The surface observations can also be used for providing
an estimate of the upper-air humidity. The procedure for making
these estimates is equal to the oné used at the National Meteoro-
logical Centre (U.S.A.), except for the addition of a final step
to interpolate these estimates to the five analysis layers in use
at ECMWF,

The next step consists of interpolating and extrapolating the
first guess of the model from o-levels to the analysis levels.
Then, the first guess is subtracted from the observations, and the
observations are made dimensionless by dividing them by the
(estimated) error of the first-guess humidity field. The correc-
tion method is applied to these dimensionless deviations. An
analysed gridpoint value is determined by summing weighted devia-
tions which are near the gridpoint being analysed. The weights are
a function of distance and the (estimated) observation error, and
are discussed in more detail in the next section. Also in the
next section some examples are given of analyses with several weight
functions.

The next step of the analysis is multiplying all analysis values
by the first-guess error, to get dimensional quantities, and the

final steps consist of adding the analysed deviations to the first
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guess field and interpolating the values at p-levels to values
at O-levels.

The examples of analyses shown in the next section are the
results on the p-levels. For the first-guess errors no exact
information is available. Therefore these errors were specified
from data of Oort and Rasmusson (1971). The first-guess errors
are assumed to be a function of season, latitude and height in
such a way that the first-guess error is roughly 35% of the
climatological value of the humidity field.

The effect of the weight function

In this section some examples of analyses are shown, all valid
for 1976 Feb. 6th, 00 GMT. The guess field was constructed by
starting from the NMC-analysis 48 hours earlier, and by running
the ECMWF gridpoint model and analysis program in cycles of 6
hours up to Feb. 6th. So it may be assumed that the first guess
for the humidity, mass, and wind fields are of the same quality

as can be expected in the operational mode.

In the humidity analysis several formulae were used for deter-
mining the correction to the first-guess value. They are denoted

by w1, wa, W3 and wu and are given by

—
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where

Pi is the correlation between the deviations from the guess
field at the locations of the gridpoint and the observation;

di is the normalized difference between the observation and the
guess field;

ei is the normalized observation error;

n is the number of observations that can influence the grid-
point}

a, b, wfg are the numerical constants, which may be level-
dependent. For the 1000-850 mbar layer they have values of
(100 km)z, 1, and 1, respectively;

w is introduced to give the first guess a weight that can

fg
easily be controlled.

For P; as a function of r, was chosen
= ~ -1
Py = exp(-ri/ro) . r, = (800 km) .

Use of the function w1 simply means averaging all observations
within a distance of 300 km. The function Wy consists of two
factors: one takes into account the decreasing influence of a
station with increasing distance, and is 1 if the distance is
zero; the second factor decreases the influence of the station
when the observation error is high. The function w2 has the
property that if there is only one observation, the weight given
to the observation is always less than 4. Function w3 avoids
this difficulty. If there is only one observation, the weight
w31 is equal to the weight that would have been determined by the
optimum interpolation method.

The last function, wu, is derived in the following way. Suppose
there are n observations near the gridpoint under consideration.

The first step is to make from each of these observations n
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independent estimates at the gridpoint, such that the errors
of these estimates are independent of the guess-field value at

the gridpoint.
Defining for every station i, i =1, eee, n:

o . .
ai is the observed value minus the true value,

a;i is the estimated value at gridpoint k from observation i,

minus true value at gridpoint k.

Gi isthe guess-field value at gridpoint k, minus the true
value.
e? is the mean sguare observation error, normalized with the
prediction error: el = <a®? > / <aPo> |
i i i
ug is the guess-field value at station i, minus the true value.
Pi is the correlation of the preciction errors:

Py = <eba> /[<al 2> <2517,

All quantities are now replaced by their normalized equivalents,
. . . P2 _ S P.pP
which implies <ay “> =1, and F; = <ajo > .

uii is determined according k

0 §s)
Gy =0 + Vila; - ap),

and Vi such that

This leads to (assuming <g,.; a.f: > = 0)

<“§i “i) <0-I2)2 > + Vi’[<a.(-: o.ﬁ) - <0.:I.L)o.£>]= 0 =

1+ V(- Pi) s

80
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The mean square error of this estimate is:

]

<°§ 2> <0-£2> + 2 Vi[<u£a§>-<a£af>]

+

2 02 P2 _ 0P
Vi[<a.i >+ <al “> 2<uiai>]—

<o.£2>-2<a.§2> + <a.£2>—-1—[e§+1]=

2
Ps
1 + 52 - p2 1 + 32 - 92
_ p2 i i _ i i
=<ayp "> > = >
P - Py

We now have n + 1 independent estimates for the value at

the gridpoint, i.e.

value af . Combining these estimates to one, taking into

c‘ii y 1 =1, ¢eey n, and the guess-field

account their respective errors, one gets for the weight to be

given to the i-th observation:

i
2 2
. = 1 + si - p1
i n P;
1*2 2 2

1 : |
=1 J J

To increase the stability of the analysis it is better to
restrict the weights to 0<X W, < 1, therefore a change is made

to obtain the definitive expression for w3

If there are two stations at such a distance from the grid-

point that p, = p, = exp(=1) = 0.37, the effect of the change
is a decrease in each Wy of 25-30%.



3.b

Examples of anallses

The objective analysis of the 1000 mbar fiéld of February 6th,
1976 is shown in fig. 3.1. Interesting features are the frontal
trough stretched along 25°W, the btlocking high over Scandinavia,
and a depression near Spain.

In fig. 3.2 the guess field used in all experiments is shown.
This guess field was constructed by starting from the NMC analysis
of February 4tﬁ, 00 GMT, and running the ECMWF analysis/initiali-
zation/forecast cycle for two days, The standard ECMWF analysis
program was used, and in the humidity analysis weight function w2
was used. Only results for the lowsst layer (1000-850 mbar) are
displayed. In figs. 3.4 to 3.7 the analyses of relative humidity
are shown, expressed as a percentage, using respectively weight
functions W, , W,, w3 and Wy. In figs. 3.8 to 3.11 are shown the
absolute humidities using, in the same order, the same weight
functions. The absolute humidity is the total amount of water
vapour inthe layer, expressed in pascal. When many data are
available for the analysis, the effect of changing the weight
function will be less pronounced, as the analysis system has no
option but to follow the data cloéely. Therefore, only radio-
sonde data were used. The observations of the radiosondes at
850 mbar are shown in fig. 3.12.

The humidity analyses show some interesting features. The
front stretching along 20°W is marked by a band of high humidity.
Probably this band is analysed entirely from information already
present in the guess field. The quality of the analysis over
Europe is more difficult to judge. There clearly are differences
between the analyses, but these are not very large, and it seems
that the quality of a humidity analysis cannot be determined by
merely looking at the maps. The analysis quality can probably
be better determined by looking at independent information.

There is the possibility of running a forecast model from several
analyses, and decide to selct the analysis scheme that consistently
gives the best forecasts, giving srecial attention to the humidity
and precipitation forecasts. Another possibility is to omit a

number of observations over Europe, to make an analysis, and to
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compare this analysis with the omitted observations. The analysis

scheme which has the best fit with the omitted observations is

assumed to be the best one. These lines of thought are not pursued

he re any further, however.,

The effect of the initial state on the forecast

The importance of the quality of the humidity analysis was studied
by making three forecasts from a different initial state. The date
of February 6th 1976 was selected because of its meteorological
interest. The meteorclogical situation on that date is described
in the previous section; during the following five days the high
over Scandinavia moved to the south, while the depression over the
Mediterranean disappeared. Air from the ocean invaded Western
Europe. The forecast model used was the ECMWF spectral model.
The initial states were (a) the NMC wind, mass and humidity field,
(b) the ECMWF analysis for the same variables, (c) the ECMWF
analysis in which the humidity was changed to 60% at all levels.
The forecast model was run for five dayse. '

In fig. 4.1 the initial state for experiment (b) is shown.
The three forecasts tend to have more zonal flow in comparison
with the initial situation, and display a breakdown of the blocking
high over Scandinavia. Note that the map projection used for the
forecast maps is hot conformal, so the zonality of the flow and
isolines is less strong as it appears to be,
In figs. 4.2, 4.3 and 4.4 three 1000 mbar forecast charts are
presented. In experiment (a) a trough has developed over Scandinavia,
which is much less pronounced in experiment (b) and can hardly be
distinguished in experiment (c). In experiment (c¢) - initial
humidity 60% - a trough over Britain has developed, which is almost
absent in the other forecasts. The 500 mbar developments (not
shown) are in good agreement with the surface developments.

The humidity charts of figs. 4.5, 4.6 and 4.7 show more mutual
differences than the pressure charts. Comparing the humidity fore-
casts, we note that the area of low humidity over the North Ses,

present in experiment (a), is absent in experiment (b), while the
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distribution of humidity in this region is again very different
in experiment (c). In all forecasts the humidity is low over
Italy and Greece and rather high (80 or 90%) north of 60° North.
The subjective analysis of surface pressure of February 11th is
shown in fig. 4.8.

The three forecasts seem to be roughly of the same good quality.
The effect of changing the humidity to 60% in the initial state
is of the same size as the effect of the difference between the
NMC and the ECMWF analysis. If this conclusion holds in general
and not only for the case of February 6th, this implies that the
specification of the initial humidity field is important for the
quality of a 5-day forecast. Of course the humidity field will
adjust to the other variables of the model, so after some time
the humidity field will not contain much independent information.
Nevertheless, it seems that in the first stages of the forecast
the mutual adjustment can influence the mass and wind fields in

such a way that differences are observed in the 5-day forecast.

Summary and conlusions

The properties of the objective analysis of the humidity field

and its relevance for a numerical forecast were studied in two
independent ways. The first was to change the weight function
used in the correction method and tc investigate the resulting
analysis; the second consisted of studying the result of different
initial fields on the forecast.

Four weight functions were derived and used in the correction
method, and with them humidity analyses were constructed. The
absolute quality of the various analyses turned out to be difficult
to estimate because of the fundamental uncertainty in the true
atmospheric state. Probably the best test will be a comparison
with independent data obtained by dividing the observations into
two sets, using one for the analysis and the other as a reference
for the analysis. From a theoretical point of view, function wu
of section 3.b is preferable because of its superior mathematical

properties. (It is continuous, it is equal to one in the limiting
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case of an errorless observation coinciding with the gridpoint,
and it parameterizes the correlations between nearby stations).

In the second part of this study we made 5-day forecasts with
the ECMWF spectral model, using different initial states, es-
pecially with regard to the humidity field. The resulting fore-
casts were found to differ substantially in the humidity fields;
also differences in the pressure field could easily be observed
on large-scale maps. Jrom this we conclude that a good specifica-
tion of the inifial humidity is essential for numerical fore-
casting, especially in connection with predictions of rainfall

amounts and cloudiness., Further investigation in this direction
seems therefore advisable.
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Fig. 3.1 Objective analysis of 1000 mbar height and wind of 1976 Feb. 6th, 00 gmt,
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The relative humidity is expressed as a percentage.
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Fig. 3.4 Analysis of relative humidity of 1976 Feb. 6th, OO gmt, using weight function LD
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Fig. 3.6 Analysis of relative humidity of 1976 Feb. 6th, 00 gmt, using weight function W
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Fig. 3.7 Analysis of relative humidity of 1976 Feb. 6th, 00 gmt, using weight function W

8



BNMAOBC GRID=Nu8
0Z 6/ 2776 1000- 850MB ANALYSED PRECIPITABLE WATER CONTENT

el ia ) B5W BN S5°M SO 4YS'N YON 35°N J0NZSTH2OWISWIOW 5°W O°€ SEI0E ISE 20 25°F 0F  35F 'E'E YSE SOt

R U S r VA WY
S SO T
- > & g ; £ , A ., K
- K fa s fy~ £ <
- d o . . "\ \) -,
by i TN,
o G 4 Y N AN
B 5 SR N
& g "y g A,
5 il ) ' s -
s s A Y \
EARN : \
o " o *, hN
o ’ g X °, )
- 7 , R \
. ‘ 3 s

Fig, 3.8 Analysis of absolute humidity of 1976 Feb. 6th, 00 gmt, using weight function V1.
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Fig. 3.9 Analysis of absolute humidity of 1976 Feb. 6th, 0O gmt, using weight function '2'
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