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Abstract

A mcthod to analyze upper air charts numerically is presented. The analysis is expressed by
the height values of the pressure surface in gridpoints. The computed height in a gridpoint is
obtained as 2 weighted mean of height values derived from the surrounding height and wind
observations, the forecast height in the point and the corresponding normab height. Nine

500 mb maps are analyzed with the aid of the Swedish computor BESK, six of these conse- ...

cutive. 'The size of the grid was 32 x 41 points,

The analyses have been compared with two independent conventional analyses. The mean
values of the root mean square of the differences between the numerical and the conventional
analyses were 26 m and 24 m respectively and 26 m between the two conventional ones.

The root mean square of the differences between the observed and analyzed heights was 22 m
in the mean. This is roughly what should be expected judging from the existing knowl-
cdge about observation errors.

Three barctropic forccasts have been computed from the numerical analyses. They are
compared with the corresponding numerical forecasts from conventionally analyzed maps.

It was not possible to find any significant difference between the goodness of the forecasts

based on the numerical analyses and the conventional analyses.

1. Introduction

The first attempts at numerical weather
forecasting on 2 routine basis have been charac-
terized by a combination of tedious marual
work on one hand and clectronic computations
with extremely high speed on the other. The
weather observations are plotted on maps,
examined and analyzed. From this manual
analysis values are interpolated at a great
number of gridpoints and punched on a paper
tape, which afterwards is checked and re-
copied. Finally the electronic computer can
start the forecasting procedure.

The manual part of these operations con-
sumes time that is out of proportion to the
time required for the machine computation.
This, however, is not the only disadvantage.

1 Part of the rescarch reported in this document has
been sponsered by the Geophysics Research Directo-
rate of the Air Force Cambrigde Research Center,
Air Research and Development Command, United
States Air Force, under contract No. 61 (514)—648-C,
through the European Office ARDC.

? Now at the Icelandic Weather Scrvice, Reykjavik,
Iceland.
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The manual analyst cannot be expected to use
systematic and quandtative methods in his
interpolations and extrapolations. His work is
rather a complicated curve-fitting by the eye
based on a number of more or f;ss well-
established rules. The analysis will, in other
words, be subjective and depending on the
skill of the meteorologist. It is furthermore
very difficult to avoid wiggles and irregularities

_of small scale which are neither desirable nor

justified by observations. These may frequently
amplify in the forecast computation and thus
reduce the value of the final forecast. Errors in
the reading and punching of values in grid-
points are also highly probable.

This leads to the conclusion that it would
be desirable to device a method to perform
the analysis with the computer. Already in
the early stage of experiments with numerical
forecastimg, Panorsky (1049) presented 2
method of objective analysis. Later SmAGO-
rinskY (unpublished), Eriassen (19s54), Gri-
curist and CrEssMAN (1054), and VAISALA
(unpublished) have studied this subject. These
authors have presented methods which are
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applicable for interpolation between observed
values, to obtain the most probable values in
gridpoints.

In our investigation of this problem at the
University of Stockholm, we reached the
conclusion that quite often it is not possible to
get a2 reasonable analysis only by means of
interpolation between synoptic observations.
It is quite clear that the distance between
the observations must be small compared with
the size of the systems to be analyzed. This
is certainly not the case in many areas as over
the occans. In such cases any interpolation
method will fail, independent of whether it
is linear, quadratic or cugic. If, however, some
observations were available in the area 12
hours ago, a twelve hour forecast is probably
a better approximation than the interpolated
analysis. The application of the forecast for
the analysis has indeed been suggested by
Smagorinsky and Gilchrist and Cressman, and
it is a rather natural way of keeping time
continuity in the maps.

If the forecast in the case discussed above is
of little value, no observations being available
when it was made, it is quite possible that even
climatological informations will give the most
reasonable solution. This is particularly true
in low latitudes, where the deviations from
normal patters are surprisingly low. The sug-
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gestion of using the normals is due to M,
CHARASCH. At this point it may be adequate
to point out, that we can not hope to get a
true analysis, What we can expect is to obtain
the most probable analysis. This may serve to
Justify the use of the climatological informa-
tions together with the forecast and the ob-
servations. '

2. Method of aialysis

The following investigation has been re-
stricted to the analysis of the so0 mb flow
pattern. However, the same method could in
principle be applied to other levels.

As mformations we have used the observa-
tions of wind and height at the so0 mb
surface, the 12 or 24 hour barotropic forecast
valid for the sanie time as the analysis, and the
normal height of the soo mb level for the
particular month when the analysis is made.

The principle of the analysis is the fol-
lowing:

We start out with the best available ap-
proximation of the 500 mb map. This prelim-
nary field is then modified 4s far as possible
with available observations. The analysis-we
obtain in this manner can then be used 2s a
preliminary field which again is modified by

the observations. We found, however, that in

63}
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Fig. 1. Percentage contribution of the forecast in comstructing the preliminary field.

Tellds VII (1955). 3
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most cases fairly satisfactory results were
obtained in the first try.

The first preliminary soo mb heights (Z,)
are constructed as a weighted mean of the
forecast heights (Z) and the normal heights
(Zy). For each gridpoint we thus obtain

Z, = prly + gLy (x)
syt oy

pr and uy being the weights of the forecast
and normal heights respectively. We assume
that sz is only a function of geographical
position and scason. Assuming turthermore
that the deviations from normals are not
correlated with the deviations from the fore-
cast, we <an put

const.
gy

()

My =

in other words, the weight of the forecast is
inversely proportional to the root mean square
of the differences between observed and fore-
cast heights for a great number of forecasts.
In the same manner the weight of the normal
in each point is determined as:

- const.
My =

()

Oy

oy being the root mean square of the devia-
tion of the daily values Z from Z,. Fig. 1
shows the geographical distribution of the
ratio s (pr + my) expressed in per cent. The
computed height in a gridpoint will now be
expressed as a weighted mean of height valies
detived in three different ways from the surrounding
observations and the preliminary Z-field given
by (1). From each station observing the 500 mb
height and the wind and not farther away
from. the gridpoint than about goo km, these
three approximate height values for the grid-
point are derived in the following way:

1) Assuming that the difference between the
observed height (Z,) and the preliminary
height at the station (Z,) is the same as the
difference between the derived height (Z;)
and the preliminary height (Z,) in the grid-
point (fig. 2a), we find:

Zy = Zyg + (Zoo— Zy) (4}

2) Assuming that the observed wind is
geostrophic and representative for the arca
Tellus VII (1935), 3
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Fig. 2. Schematic illustration of the derivations of the
heights Z;, Z, and Z.

between the gridpoint and the station, one
can compute the corresponding gradient of Z
and finds another approximate height value
Z, in the gridpoint (fig. 2 b)

VA
Zy= Zos + ('"a_ﬂ")os [ (5)

! being the distance between the station and
the gridpoint.
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Fig. 3. A graphical representation of the weighting
functions.

3) Assuming the gradient of the preliminary
field in the gridpoint to be representative for
the area between the station and the gridpoint,
the height in the point will be (fig. 2 c)

YA
Ty = Zos + (%_) - I (6)

We have next assumed that the weights of
these three heights, Z;, Z,and Z;, are func-
tions only of the distance between the gridpoint
and the station. These weighting functions can
be determined statistically with the following
method.

We form the regression equation

12+ poZog+ s L+ pr Zs
Byt et ptpy

Ly =

(7)

For a given distance from the station we now
require that the mean square difference
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between Z, and the conventionally analyzed
height shall be 2 minimum for a great number
of cases. This will determine the ratio between
the coefficients g, #a, #5 and pr Since gy is
assumed to be known from the special in-
vestigation of forecast errors this will give p,,
#s and pg. This computation can then be
repeated for different distances from the station
and thus determines the weighting functions
fty, tg and sy This investigation gave the
result that these weighting factors can be
approximated by the following expressions:

30
__3° 8
PR S T
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where 7 is given in gtidunits. Having modified
the preliminary height in one point by one
such station we have

_ ey A AR Y TR U3y (IO)

ZS
oy -+ py - et g

In the case where the station reports height
only or if it is so far from the gridpoint, that
the wind is of no value as an information
(beyond ca goo km) we only use assurption 1)
which was discussed above in connection with
stations observing both height and wind. We
obtain

(11)

The weighting function p, was found to be
quite different from . This is because Z,
is the only contribution from. the station. g,
will therefore be higher than g, near the
station (cf. fig. 3). It was found tobe of little
use to apply the height Z, from stations
beyond 1,500 km, as the weight g, then
becomes very small. The function g, can be

approximated by

Ly = Zpg + (Z,,,— ZPS)

225 10 .
45 r*+20 )

(12)

My =

Having modified the preliminary height in
one point by one such station using the
observed height only, one obtains

o _HZrt it 2y

¢ ty + oy + 1y (13)
Tellos VII (1955), 3
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In order to test how sensitive the analysis is to
the shape of the weighting functions (8), (9)
and (12) we changed these functions so that
ty, Ha pa and p, were twice as large for
t = 0. In recomputing one analysis we found
that the difference between the analyses was
insignificant, at the most 1o m in single points.

In our previous discussion we have only
considered one station contributing to the
height in a gridpoint. In the case of several
stations influencing the height at the point,
another factor has to be taken into account.
Some of the stations may be very close to
each other and therefore give contributions
that are correlated, while other stations are
isolated and give contributions which are more
or less uncorrelated to those of other stations.
The weight of the contributions from a station
should therefore be reduced. For this reduction
we have used a factor inversely proportional
to the density of stations surrounding the

) N
particular station, i.e. =+ We have cvaluated ¢
Q

as the number of stations within a radius of ca
375 km, the station itself also being counted.
The ultimate height at the gridpoint will
thus be
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tribution Z;, having the weight . We know
the height Z, before the modification and the
sum of weights 2 used to compute it. The
modified height Z, will then be:

X
Z',ng + —,u;,Z;,
[
2 i
Zu+=
& 05

(xs)

whete o, is the station density at this particular
station. After computing Z,' we store the

quantities Z, and X’ =Z"u@ for this point,

and the height can later be modified by another
station in a similar way.

3. The computational program

The method of analysis discussed in the
previous section has been carried through
with the aid of the Swedish computor BESK.

The computational program can be outlined
in the following manner (cf. fig. 4).

I. The entire code is read and stored on the
magnetic drum. -

Il. The data tape, which contains the coor-
dinates of the stations, the heights of the pres-

h Ht
I 1
s+ ey + Z o (112, + proZy + paZs)i + Z E [0 Zn);

j=1%

- = . (1)
~ I
Bty Y E,[!h g+ pialit Y g.[ﬂnl;
i=1=t j=1%

Here n denotes the number of stations in-
fluencing the height at the point and giving
the contributions Z;, Z, and Z,, and m is
the number of stations which give contribu-
tions from the observed heights only.

This formula is very suitable for numerical
computations. One can for example compute
the heights in the gridpoints one by one, in
every case using all stations that influence the
point. We have, however, chosen the method
to compute at a time the contributions from
one station to the height at all gridpoints
affected by the station. Thus it is possible to
feed the observations into the machine in an
arbitrary order and thus also use stations that
arrive during the computations.

Suppose for example that we are going to
modify the height at a gridpoint by the con-
Tellus VII (1955), 3

sure surface and the wind direction and speed,
is read for the first time. At this moment only
the density of stations for each station is com-
puted. These values are stored on the magnetic
drum for later use.

HL. The twelve-hour forecast, based on the
previous map, is read, converted from the
decimal to the binary system and stored on the
drum. It is possible to use the output tape
from the barotropic forecast.

IV. The normal heights are read from tape
and converted from decimal to binary. There-
after the weights urand uy for each gridpoint
are read. The weighted mean of the normal
and the forecast (the preliminary field) is
computed and stored.

V. The data tape is read for the second time.
In order to save space in the storage only a
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Fig. 4. Flowdizgram of the computations. N denotes the total amount of stations on the data-tape,

few (s) stations are read from the tape at a time.
For each one of these stations the height of

" the pressure level is converted from decimal
to binary, the geostrophic gradient of the two
components of the wind (if it is a windstation)
is computed. The densities, which were com-
puted m part II, are extracted for these sta-
tions.

VI. Treating one station at a time, the height
and the two components of the wind are
compared with the corresponding values of the
preliminary field. If the difference between the
observed height and the interpolated height
of the preliminary field exceeds the tolerance
(100 m), the coordinates of the station and the
both heights are printed to be available for
visual inspection. If the corresponding dif-
ferences for the wind exceeds the tolerance
(30 kts), the coordinates and the observed and
interpolated gradient are printed. It is possible
at this point to distegard the observation if one
can conclude that it is erroneous. Thereafter
the observation (if it is accepted) is used to
modify the heights in the surrounding grid
points according to (15). After these five
stations have been treated five new stations
are read from the tape using part V. This is
repeated until all stations have been con-
sicfered.

VII. The analysis is now completed. Using
part V to read the data tape the observations
are now tested in the same manner as in part
VI. However, the observations are now tested
against the analysis instead of the preliminary
field. The tolerances are now more strict (som
for the height and approximately 25 kts for
the geostrophic gradient). If an observation
now is suspected to be erroneous it is ‘possible
by a correction-~tape either to remove the ob-
servation or to correct it.

VIII. The result of the analysis is now
printed. The analysis is stored in the machine
so that it is possible to use it for a barotropic
forecast immediately.

4. Results

The computations were made over a rec-
tangular grid consisting of 32 x41 points and
the gridstze was 300 km at s0°N (fig. s).
The time required to compute the analysis
was 22 minutes using about soo pieces of
informations, counting a height as one and a
wind as two. For a station which reports both
height and wind it takes about two and a half
second to modify the heights in the sur-
rounding grid-points and for a station which
only reports height about two seconds. (At
the BESK the time for addition is 56 microsec
and the time for multiplication is 364 microsec).

In all nine analyses have been computed:
26 September 1500 GMT—29 September
0300 GMT 1954, a series consisting of six
analyses with 12 hour intervals, 22 January
0300 GMT, 23 January o300 GMT 1955 and
23 May 1500 GMT 1955. In fig. 6, 8aand g
three of these analyses are shown.

The last analysis was carried out on a routine
basis in cooperation with the Weather Service
of the Royal Swedish Air Force. This was done
in order to investigate how much it is possible
to gain in time by using this method of anal-
ysis. The observations were checked and
punched as soon as they arrived. At 2300 GMT
(8 hours after the observation time) most of
the obscrvations were received. The data tape
was then recopied and checked. A few observa-
tions, which bhad arrived in the meantime,
wete added. At about 24 GMT the data tape

was ready for the machine.
Tellus VII (1955), 3
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Fig. 5. Location of the grid used in analyses and forecasts. The two circles indicate the areas from which ob-

servations can influence the height in a gridpoint. The inner circle represents the influence area of a wind

’ observation, the outer circle the corresponding ar¢a for a height observation. )

The verification of the forecasts was done over the area inside the dashed line, The dotted line indicates
the area used in the comparison presented in table 1, (the values in brackets).

300 MB.
26 SEPTEMBER 1954 *
15 GMT

Fig. 6. Numerical ana]ysi§ of the soo mb contours on September 26, 1500 GMT, 1?54.
Heights given in decameters at the stations. Contour lines tabelled in m.

Teltus VII {3955), 3
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This experiment showed that it is possible
to save about 3!/, hours in comparison with
the manual preparation of the analysis. The
possibility o cﬁ)‘:tical errors is also reduced.
Further, it may be regarded as an advantage
that the same set of observations and a given
forecast will give a unique solution of the
analysis; it is in other words objective.

The most important question, however, is
if this numerical procedure gives us as true a
picture of the actual conditions as the con~
ventional method.

This is quite difficult to test. As the manual
analysis generally repiesents considerable syn-
optic knowledge and experience, it is not
unreasonable to require that the numerical
analysis show no considerable deviations from
the manual analysis.

In order to test this we have compared the
numerical analyses (N) with two independent
conventional analyses (C; and Cj) of the same
synoptic situations. The analyses Cy and C,
were made in daily service at the Swedish
Weather Service (SMHI) and at the Institute
of Meteorology of the Stockholm University.
The root mean square of the differences N—Ci,
N—C,, and C,~—C, were computed and are
shown in Table I. The comparison was made
over the whole map except in certain areas
close to the boundaries where some of the con-
ventional analyses were incomplete. The com-~
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parison was also made over a small area (in-
dicated in fig. 5) where the station]density is
comparatively dense.

In computing the preliminary field 12"
barotropic forecasts were used in all analyses
except for 22/r and 23/1 o300 GMT, 1955,
where, 247 barotropic forecasts were used.
These forecasts were computed from numeri-
cally analyzed maps when it was possible. Thus,
in the period from 26/9 1500 GMT to 29/9
0300 GMT, 1954 which consists of 6 con-
secutive analyses, 12 hours apart, it was only
necessary to use a conventionally analyzed
map for computing the 120 forecast from
26/9 0300 GMT 1954. In spite of this the
goodness of the analyses did not decrease
during the period (cf. tables). Table I shows
that generally the differences between the two
conventional analyses are approximately the same
as the differences between the numerical and con~
ventional analyses. It can further be seen th at
the analysis is comparable to the conventional
analysis also in regions with relatively sparse
observations.

Another possible test is to compute the root
mean square of the differences between ana-
lyzed and observed heights at the stations. The
result of this investigation is shown in Table IL.
If we had obtained the true analyses this root
mean square difference should be approxi-
mately the same as the standard error in height

Table 1.
/Z(N—Cy? E(N—Cy° Z(C—G)’
Date \/ - -, - 4
r p P
{m) (m) (m)
26/ — 354 I5 cerreiiiaiinnns 23 (24) 22 (24) 29 {30}
27[0 —54 03 ceanreniiians 26 {19) 27 (11) 29 (21)
2709 =54 I5 turaneneatiiin 26 (19) 26 {22) 28 (18)
28/0 —54 03« 27 (26} 26 (25) 23 (18)
28J0 —54 XI5 ceeiiiiiees 31 (25) 28 (20) 25 (18)
20/0 —54 03 cansiiiiainann 25 (23) 22 (X5) 25 (22)
23f5 —55 15 .. e 23 {11) 14 (11) 22 (12}
Mean 26 (21) 24 (18) 26 (20)
28/0 —54 03%. ...t 25 (24) 23 (23) 23 (18)
22]1 —55 03% ..t 41 (21) 48 (29) 36 {26)
231 —35503%. ... e 44 (36) 50 (37) 36 (29)
The values in brackets refer to the comparison in the small region.
 This analysis was done on an opcraticnal basis.
* This analysis was obtained by recomputing the analysis, now using the first analysis as the preliminary field.
3 In computing these analyses a 34M forecast was used for the construction of the preliminary field,

Tellus VIE (1955}, 3
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Table TI.
T(N—O) MNumber
Date - q of |
m) stations (g) |
26f9 ~-54 15 | 23 230
27/ —54 03 22 231
27/9 —34 15 23 228
28/g —34 03 | 24 233
28J9 —54 15 22 213
29j9 —54 03 22 237
23/3 —s55 15" 20 247
: Mean 22
289 ——34 032 19 ‘ 233
22j1 —-55 03° | 26 223
23/1 —55 03° 27 209
Footnotes, the same as for table L

observations. Unfortunately the observation
errors are not very well known. From the
compatison of different types of radiosondes
in Payerne 1950 (INYBERG, 1952) and an in-
vestigation by RaaB and Ropsgjer {1950} one
cant estimate it to be 20—30 m at the 500 m

level. The results in Table 11 therefore seem

" to indicte that the smoothing in the numerical

Knots Knots
80 + - B8O

50

3¢

20

Eaaand
10 [k
o A B o

Lerwick Comborne Sordeawx Port Lyoutey

FRig. 7. Geostrophically computed 500 mb windprofile
{the curve) compared with wind observasions (dots).

analysis which is responsible for the differences
between the analysis and observations, is of
the right order of magnitude. In order to
study the smoothing we recomputed one of the
analyses (Jan. 23, o300 GMT, 1955). In this

500 MB
27 SEPTEMBER 1334
o oM

‘1’55&’

Fig. 8a. Numesical analysis of the 500 mb contours on September 27, 0300 GMT, 1954.

Tellus VII {1955), 3
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72" FORECAST
27 SEPT 03 - 30 SEFT G

4954 LHURL ANy T

we introduced one error by increasing the
height value at Helsingfors with 270 m. The
largest difference between the two analyses was
35 m which occurred in two gridpoints. The
difference then decreased roughly by 10 m
per gridunit. The decrease was a litele less in
the direction where the station network was
less dense.

This indicates that in areas where the station
density is relatively good, the method is
relatively insensitive to moderate errors at
individual stations.

It is interesting to investigate how the com-
puted height gradients agree with the observed
winds. As an example we show here the profile

of a jet stream. over the English Channel on
the 27th of September 1954 at 0300 GMT.
In fig. 8a the position of this cross-section

_/
72 FORECAST ey
* a7 SEPY 03 - 30 SEPT 03 ]

S | 2

1954 (CONV ANAL)

6440,

A—B is shown. In fig. 7 the solid curve
represents the computed geostrophic velocities
in gridpoints close to this line. The dots
represent observed winds close to the line.
Generally the deviations are not more than
about s knots. It is of special interest that the
peak of the jet stream seems to be very well
represented, considering that finite differences
over 600 km were used in computing the geo-
strophic wind. On the whole the computed
profile seems to be smoother than the observed
one. This is, however, not unreasonable, con~
sidering the influence of observation errors and
local wind variations, which cannot be re-
presented by the finite differences in the wind
computation. In one case, at the station Bor-

deaux in France, this smoothing results in an
almost complete neglection of an observed
wind, It is not casy to prove that this neglec-

500 MB

©3 GMT

" ton of the wind is justified. If the observation
were tight, it would, however, indicate arela-
tive anticyclonic shear much stronger than the
cyclonic shear on the northern side of the jet,
and this seems to be unlikely. '
Another- and perhaps the most important
test is how the forecasts based on a numerical

Fig. 8b. 72k forecast of soo mb contourfield from
September 27, o300 GMT, 1954. The initial map nu-
merically analyzed.

Fig. §c. 7zB forecast of sco mb contourfield from
September 27, 0300 GMT, 1954, The initial map con-
ventionally analyzed.

Fig. 84. soo0 mb contours on September 30, 0300

GMT 1954.
Tellus Vil (1935), 3
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Table III.
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2.4h forecast

48h forecast

72.h forecas

Conventional

Numerical

Date Anal.

Anal.

Numerical
Anal.

Conventional
Anal.

Numerical
Anal.

Conventional

Anal.

€ £

r il

(m) | o,

£ &

(m)

@

£ £
r —

(m) | o,

£ &
(m) | &

& £
(m)| o

&

| (m)

&
ox

0.72{ 38 |o.79
o781 39 {0.52
©.82{ 39

27/9—54 03
28/9—354 03
20f9—354 03

0.570.83| 39

0.89
0.52
0.57

.53 47
0.881 39

a7 63
o.77] 61
0.86| 61

0.77| 0.64] 73
0.67j0.83] 57
0.54{ 0.80| 60

.84/ 0.74| 88

0.56] 0.73
0.63] 0.70[113

87 |o.71

'0.85| 0.49] 08

0.76| 82

a9l 0.67(117

0.00
0.6y
o.81

Mean 0.64

o.77| 39

28/9—s54 03% 0.84| 37 | 0.52

0.75} 42

0.88] 39

0.98| 62

o.77| 61

0.66{ 0.76] 66

0.67] 0.83} 57

.68} 0.72] 96

0.56| 0.72| 88

o0.78| 0.64} 99

0.71]0.76| 82

0.81

a.57

Footnote, the same as for table L

analysis compare with those based on a con-
ventional analysis. For this test it is, however,
necessary to have abundant material. It is quite
possible that in single cases a good analysis may
give a worse numetical forecast than a fore-
cast based on a bad analysis, due to errors in
the model or errors in the verification map.

We have made 24, 48 and 72 hour forecasts
from three of the analyses discussed above.
Besides the correlation coefficient (r), we

have computed the root mean square of the
differences between observed and computed

. £ Co
changes ¢ and the ratio —, where g, is the root
o

mean square of the observed changes.

These results were compared with the results
{rom numerical forecasts based on the same
maps but analyzed with conventional methods
(Table III).

As far ‘as one can draw conclusions from

“%\\‘;\
74

S00M3
23 MAY 1555
15 GMT

KOP
:

\’%r -
AN =

T
#* |s480

Fig. 0. Numerical analysis of the soc mb
Tellus V11 (1955), 3

contours on May 23, 1500 GMT, 1955.
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these few results there seems to be no signifi-
cant difference between the goodness of the
forecasts based on our analyses and the con-
ventional ‘analyses. .

One of the 72" barotropic forecasts from
a numerically analyzed map (fig. 8a) is shown
in fig. 8b. The corresponding forecast from a
conventionally analyzed map is shown in fig.
8 c. The verification map which also is con-
ventionally analyzed is s]Eown in fig. 8d.

One of the analyses (28 September o300
GMT, 1954) was recomputed. This time the
first analysis was used as the preliminary field.
As can be scen from Table I, the difference
between the first and second analysis is com-
paratively small. In certain areas, however, the
analysis was improved, especially where the
forecast was unsatisfactory. One example: The
observed height at the Russian station (28-—900)
was 5,470 m. In the conventional analysis there
was a closed low with its center close to a
gridpoint half a gridunit south of that station.
The first preliminary height at this gridpoint
was 5,580 m, i.e. about 110 m higher than the
conventional analysis. The first computed
analysis gave the height 5,536 m. The difference
between the conventional analysis and the
numerical one thus was 66 m. In the second
analysis the height in the same gridpoint was
5,514 m. Thus the recomputation reduced the
height further 22 m.

Close to Stockholm a similar improvement
of the analysis was obtained. The 24 forecast
was slightly better (cf. Table III} when the

PALL BERGTHORSSON AND BO R. DOOS

second analysis was used, while the 48" and
720 forecasts did not change appreciably.
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