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Abstract 
The result of an analysis experiment is discussed. Froh 29 different analyses of one and the 

same 500 mb chart certain parameters were calculated. The standard deviation of the height of 
the 500 mb surface had an average value of 1 5  gdm, determined over an area of 4,200 x 8,100 
km. The correlation coefficient between the observed changes and the changes forecast with a 
numerical barotropic forecast varied between 0 .53  and 0.77 (24h). 0.77 and 0.84 (48h). respec- 
tively. Some other verification parameters are given. Calculations of the geostrophic wind are 
carried through for all analyses, both at points, over areas and along certain tracks. The devia- 
tions due to the differences in analysis are sometimes considerable. 

Introduction 
During the last decade the problem of nu- 

merical methods in making upper air fore- 
casts has received much attention. Quite a few 
apers have been published giving detailed in- 

Formation about numerical forecasts : CHAR- 

1 9 5 3  ; SAWYER-BUSHBY, 1 9 5 3  ; Staff Members, 
Department of Meteorology, University of 
Stockholm, 1954; BERGTHORSON ET AL., 
1955; GATES ET AL., 1956; Doos, 1956. In 
most of these papers the success or failure of a 
forecast is demonstrated by certain numerical 
values such as the correlation coefficient 
between the observed and forecast changes, 
the root-mean-square difference between the 
same quantities, the ratio between this root- 
mean-square value and the standard deviation 
of the observed changes and so on. Many 
authors have expressed their disbelief in these 
quantities and have asked for other methods 
of indicating the degree of success of an upper 
air forecast. 

The numerical methods are tested in differ- 
ent ways and in all cases the need for a good 
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NEY, 1 9 4 9 ;  BOLIN, 1955 ; CHARNEY-PHILLIPS, 

measure of the success of the forecast is acute. 
In some places the methods are used on an 
operational basis because one wants to have 
an indication of how the methods work when 
faced with practical problems such as com- 
munication troubles, machine breakdown, 
personnel requirements and so on. Inherent in 
these tests are of course tests on the possibility 
of the numerical forecasts to indicate changes 
in the u per air pattern, breakdown of block- 

Sometimes the methods are used on specially 
selected cases, when one wants to know how 
an interesting change in the upper air pattern 
is handled by the atmospheric model used in 
the method in question. Such an interesting 
case was observed during the first part of 
November 1949, when a radical change of 
the circulation pattern over the North At- 
lantic and Euro e occurred. This situation 
was first studied g y the author for an entirely 
different reason (BERGGREN, I ~ S Z ) ,  but was 
later picked out as a good trial case. The 
author hopes to be able to give an account 
of this test in a later paper. 

ing hig ! s, occurrence of cut-off lows etc. 
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During the work with the test it became 
evident that some specific questions had to 
be discussed before the final work could be 
done. One of the problems can simply be 
stated as follows: What are the limits wirhin 
which the so called known (observed) changes 
of the height of the 500 mb surface can vary? 
When calculating the correlation coefficient 
between observed and forecast changes one 
often treats the values of observed changes as 
fixed values that are known with all required 
accuracy and discusses then differences between 
observed and] forecast changes that may be 
well withln the limits of accuracy. 

The question of how an upper air numerical 
forecast is influenced by the analysis used 
and of how much the forecast would be 
changed if another base analysis was used, 
has been discussed by some authors. NEWTON 
(1954) and BEST (1956) have shown examples 
of how radical a numerical forecast may be 
changed, if another base analysis is used. 

During the work with the November 
1949 case the author got quite convinced 
that different analyses could give significantly 
different verification figures (correlation coefi- 
cients, errors and so on), i.e. besides the above 
discussed effect of the base analysis on the 
forecast the effect of differences in analysis of 
the verification map has to be taken into 
account. For this reason an experiment was 
carried out along the following lines. 

Method of analysis experiment 
Out of some investigated days in rhe early 

part of November 1949 the seventh was chosen. 
For this day one 700 and one 300 mb forecast 
were available together with two 500 mb 
forecasts made according to slightly different 
schemes. For reasons that may be evident in a 
forthcoming paper about the result of the 
tests as mentioned in the introduction this 
was a great advantage. Furthermore, the situa- 
tion over rhe Atlantic was rather clear and 
the resulting dderences ought to represent 
minimum rather than maximum values. If a 
situation with a deep Atlantic low had been 
picked out and resulted in large difference 
rhe argument against the result might have 
been the following: a) the chosen situation is 
such that maximum differences could be ex- 
pected and b) if another situation had been 
chosen, the differences might well have 
turned out to be insignificant. Finally, it was 
necessary for the further work to choose one 
of the days already studied. 

The observations from the author’s working 
chart were plotted on tracing 

errors. Then ozalid co ies were taken in order 

the stations used are indicated. The outer 
boundary was the limit of the analysis and 
stations were plotted a certain distance out- 
side this boundary, which depended on the 

station was checked rhoroug rper y for and plotting each 

to give the analysts i x entical copies. In fig. 6 

Fig. 1. Location of the grid used for computation of verification figures, geo- 
strophic wind etc. The boundary indicates the region within which the analysis 

was performed. 
Tellus IX (1957). 3 
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amount of data available in the boundary 
area and varied between 1,000-3,000 km. 

The analysts were contacted by the author 
one at a time and the chart to be analysed, 
the 500 mb for the 6th (fig. 3a) and the sea- 
level chart for the 7th (fig. 4) were given to 
them. The analyst was given instructions, 
containing among other things a statement 
that the analysis must not be discussed with 
other analysts before the trial period was 
over. In order to get as homogeneous a sample 
as possible all analysts were told to make “a 
careful routine analysis”, i.e. not ro spend too 
many hours on the analysis and use the same 
technique as they use in the daily analysis 
work. On an average the analysts worked 
with the analysis about two hours. One 
difficulty was that some of the analysts would 
have preferred to use the differential analysis 
technique, but this possibility was deliberately 
taken away by the author. The reason for this 
being that in a case like the one used with a 
rather simple analysis over the ocean the devia- 
tions between analyses ought to be smaller if 
all used a direct analysis method instead of 
having, say, 50 per cent of the analyses made 
in accordance with the differential technique. 
All analysts are accepted as analysts at the 
Swedish Met. and Hydr. Institute in Stock- 
holm (SMHI). 

The material on which the trial analysis was 
based consisted of reevaluated data. This 
means that transmission errors were eliminat- 
ed. This type of error may reach any value 
and the possibility to trace the error is depend- 
ing among other things on the density of 
the station network. The base material was 
better than the one used in the daily routine 
work and the expected deviations between 
the different analyses were thus reduced. In 
some cases there remained doubt as to whether 
a certain soundin was correct or not. This 
question will be fiscussed somewhat later on 
in the paper. 

It was possible to get 26 different analyses 
within the time limit set for the trial period. 
When the analyses were handed over to the 
author, he personally interpolated height 
values in each of the 420 grid points indicated 
in fig. I. When making such an interpolation 
it is inevitable that a personal error of inter- 
polation comes in. This error was, however, 
minimized when all char& were read off by 
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the same person. There was no indication 
that the interpolator learned some values by 
heart. On the contrary, it was astonishing 
how easy it was to avoid such an iduepce! 

The author’s working chart for the 7th was 
read off twice with nearly two years interval. 
The mean difference was 1.9 gdm’, and the 
differences were distributed thus: zero differ- 
ence in 206 points, * 5 gdm in 164 points, 
i. 10 gdm in 49 points, A 15 gdm in I point. 

The standard deviation was 4.3 gdm. It is 
very reasonable to assume that the standard 
deviation of inter olation varies with the iso- 

however, permit an investigation of this 
question. 

The first obvious thing to do with the collect- 
ed analysis material was to calculate, at 
each grid point, the standard deviation of 
the height of the 500 mb surface (uJ. Fig. 5 
gives the result of these calculations together 
with the mean 500 mb chart, calculated from 
the 26 analyses. One thing is clear from a 
first sight on fig. 5 viz. the non-relationship 
between the standard deviation and the 
upper air pattern. The largest standard devia- 
tion, around 44 gdm, is observed over the 
North West Territories of Canada, near the 
radiosonde station 72938 Coppermine and at 
northeasternmost Greenland. Other maximum 
areas are found east of Newfoundland (38 
gdm), at the southwestern shore of Hudson 
Bay (37 gdm), over the Black Sea (32 gdm), 
over Italy (29 gdm), over Baffin Island (28 
gdm), south and southeast of the southern 
tip of Greenland (26 gdm), and over the outer 
Bay of Biscay (25 gdm). Minimum values 
are observed over northeasternmost USA 
and adjacent Canadian areas (2-3 gdm), 
the British Isles, eastern Russia and northeastern- 
most part of Baffin Island (3-4 

points is 14.9 gdm. The values of ur ought to 
be corrected for the standard deviation due 
to the inter olation. This correction has not 

charts discussed have been read off in the same 
way. Thus, all charts are affected in the same 
manner, if we disregard the variability due to 
different isohypse gradients. Furthermore, the 
technique of reading off values at grid points 

hypse gradient. T 1 e material at hand did not, 

dm). 
The overall mean of oh for a 1  P 420 grid 

been applie c f  in this case, however, because all 

All through this paper the heights are given in 
geodynamic meters (gdm). 
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Fig. z a. 500 mb, 0300 GMT 5 November 1949, with isohypses for every 4 
geodynamic decameters (solid lines) and isolines for the absolute vorticity in 10-6 
sec l  (dashed lines). Hatched areas indicate vorticity values larger than 15 * 10-6 

sec-'. Isoline interval I O - ~  sec'. 

Fig. 2 b. The observed changes (solid lines; isallohypse interval 80 gdm) of the 
height of the 500 mb surface between 0 3 0 0  GMT 54300 GMT 7 November 
1949 and the difference between observed and forecast changes (dashed lines; isoline 
interval 4 decameters) for the same period. Hatched areas indicate values of the 
difference numericdly larger than 16 geodynamic decameters. F and R indicate 
extreme values of the observed changes; plus and minus signs indicate extreme 

values of the difference between observed and forecast changes. 
Tellus I X  (1957). 3 
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Fig. 3 a. 500 mb, 0300 GMT 6 November 1949. with isohypses for every 4 
geodynamic decameters (solid lines) and isolines for the absolute vorticity in I O - ~  
sec-' (dashed lines). Hatched areas indicate vorticity values larger than 15 I O - ~  

sec-'. Isoline interval 10-4 sec-1. 

Fig. 3 b. The observed changes (solid lines; isallohypse interval 4 decameters) of 
the height of the 5 0 0  mb surface between 0300 GMT 6-0300 GMT 7 November 
1949 and the difference between observed and forecast changes (dashed lines; 
iroline interval 4 decameters) for the same period. Hatched areas indicate values of 
differences numerically larger than 8 geodynamic decameters. F and R indicate 
extreme values of the observed changes; plus and minus signs indicate extreme 

values of the difference between observed and forecast changes. 
Tellus IX (1957). 3 
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Fig. 4. Sea-level chart for 0000-0300 GMT 7 November 1949. 

~ ~~ ~~ 

Fig. 5 .  Standard deviation (dashed lines) of the height2f the 500 mb surface 
calculated from 26 different analyses (a,) based on identicalJmaterial for 0300 GMT 
7 November 1949. Hatched areas indicate values larger than 1 5  gdm. The average 

500 mb chart calculated from the 26-analyses is givenlby the solid lines. 

is the most common one so far. Numerical 
analysis technique eliminates this type of 
error. 

The distribution of the standard deviation 
looks a little erratic and as stated above no 
relation with the isohypse pattern can be seen. 
It ought to be more fruitful to look for a re- 
lationship between the position and number 
of radiosonde stations and the standard 
deviation. Three different a proaches were 

number of radiosonde stations in a square 
of 3 x 3 grid widths was counted and plotted 
at the central grid point, the grid width being 

tried out. According to the P irst method the 

1.5 cm or approx. 300 km since the working 
chart was of the scale I : z 10’ (polar stereo- 
graphic chart with the scale factor equal to 
one at SOON). The maximum value of the 
station density, 14 stations per square, was 
observed over western Germany, the Nether- 
lands and southeastern North Sea. The area 
with 6 stations or more per square covered 
Europe from the latitudes of the Alpes to 
northern Scandinavia and from the British 
Isles to eastern Russia. Within the grid area 
(fig. I) the value of 6 or larger was also found 
over northeastern USA and at a few isolated 
points over the North West Territories of 

Tellus IX (1957). 3 
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Canada. A network density equal to zero was 
observed over northeasternmost part of Green- 
land, over S itzbergen and the region between 
and north o s those areas, over the central part 
of the Atlantic at the boundary of the grid, 
at one isolated point off the Newfoundland 
coast, at one point on the southwestern shore 
of Hudson Bay and finally at some grid points 
over Yugoslavia, Albania and Greece. 

Comparing the distribution of the standard 
deviation as given in fig. 5 with the statements 
above about network density one can imme- 
diately see that the relationship between 
the standard deviation and the network den- 
sity is high in some areas. At a first look one 
is therefore tempted to calculate a correlation 
coefficient between these variables. The co- 
efficient turns out, however, to be as low as 
0.31 .  

The ex lanation of the low coefficient is 
the fact t hp at some areas have high values of 
network densit together with high values 

or questionable observations while for other 
areas the opposite is true due to the fact that 
the isohypse gradients are very weak in those 
areas. These two effects will be discussed 
later. 

When plotting the pair of values at all grid 
points in a scatter diagram one can see that a 
straight line or any other curve is not able to 
take all pair of values reasonably into account. 

Next, another network density was cal- 
culated takin upper wind stations into con- 

t h i s  is to give radiosonde stations and wind 
stations equal weight. Other more elaborate 
schemes can be developed, but in this case they 
would lead nowhere. The isolines for the 
network density defined in the new manner 
coincide practically everywhere with the 
isolines ducussed above. No improvement 
could be obtained this way. 

If one tries to analyse how an analyst works 
when makin an upper air analysis, one arrives 

stations are used when a certain area is ana- 
lysed. Let us take one exam le: when the area 
just off the Scottish and Iris K coasts is analysed 
the stations 03026 (Stornoway) on the Heb- 
brides and 03917 (Aldergrove) and 03953 
(Valentia) on Ireland are used together with 
the two nearest weather ships but not at 

of the standar B deviation due to erroneous 

sideration. T f e simplest way possible to do 

to the conc s usion that only the nearest-by 
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all or to a much lesser degree 03485 (Down- 
ham Market) and 03808 (Camborn) in Eng- 
land. The latter stations are mostly used as 
checks on the more near-by stations. This 
reasoning leads one to the conclusion that the 
important factor is not the network density 
but rather the distance from the analysed 
area to the nearest station. When ap lying 
this reasoning to the problem at hanc!, one 
encounters the difficulty that has already been 
discussed. Which is the best way to take 
both radiosonde stations and wind stations 
into account? In order to get a first idea of 
the important factors the wind stations were 
disregarded. This is not as bad as it may look 
at a first glance. Over large areas where the 
number of radiosonde stations is low as over 
the Atlantic, a radiosonde station quite often 
is a wind station at the same time. On the 
other hand a single wind station in a vast 
area without radiosonde stations is not as 
valuable as an additional radiosonde station. 

The simple scheme used was to determine 
the distance from each grid oint to the 

this variable (R) is given in fig. 6. 
The overall maximum value (50 mm S! 

1,000 km) is found at the northeasternmost tip 
of Greenland and in the lower right corner 
of the grid. The highest value over the At- 
lantic (42 mm = 840 km) is obtained in the 
bottom row and in the column that passes 
through Spitzbergen and Iceland. Over the 
Adriatic Sea R reaches the value 35 mm 
( N  700 km) and just southwest of Hudson 
Bay 3 2  mm ( N  640 km). The maximum 
value east of Newfoundland is 37 mm ( r  
740 km) and southeast of Greenland 3 0  mm 
( N 600 km). If one com ares the distribution 

26 different analyses, one can immediate1 
see, that a rather high correlation is at hand: 
A calculation of the correlation coefficient 
between these two variables gives the result 
0.90. The equation for the regression of the 
standard deviation (on in gdm) on the distance 
from a grid point to the nearest radiosonde 
station (R in mm; I mm corresponding to 
approx. 20 km) reads as follows 

nearest radiosonde station. The h istribution of 

of R with the standard B eviation (u,,) for the 

U A  = 0.84 R + 3.2 

The standard error of estimate is 3.1 gdm. 
It is of interest to investigate where the above 
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Fig. 6. The distribution of the parameter R, defined as the.distance (in mm, 
I m m  N 20 km) on the working chart, a polar stereographic chart (I : 20 ndl.), 
from a certain point to the nearest-by radiosonde station. The circles are drawn 
for R equal to 10 mm, 20 mm, 30 m m  and so on. Hatched areas indicate 
values of R greater than 20 nim (N 400 km). Dots and crosses give the 

positions of radiosonde stations and wind stations, respectively. 

Fig. 7. The distribution of the difference between observed (a ) and estimated 
values of the standard deviation of the height of the so0 mb surface. Hatched areas 
with lines sloping from lower left to upper right corner indicates differences 
numerically larger than 10 gdm. Hatched areas with lines sloping from lower 
right to upper left corner indicate values of uh larger than 15 gdm (cf. fig. 5 ) .  

Plus and minus signs indicate cxtreme values of the difference. 

regression equation is valid and in which areas 
it gives large errors. In fig. 7 the difference 
between the observed and the estimated 
standard deviation is given. Except for some 
s m a l l  areas containing only one grid point an 
absolute value of t h i s  difference greater than 
10 gdm is observed over the following areas: 
the North West Territories of Canada (maxi- 
mum value + 37 gdm), the Canadian archi- 
elago (+ 15 gdm), southernmost Baffm Is- 

Pand and areas south thereof ( -  12 gdm), 

the central Atlantic ( - 26 dm), Spain ( -  IS 

Yugoslavia ( - IS gdm), the Black Sea ( - 24 
gdm) and finally northern Finland and the 
Kola Peninsula (+ 12 gdrn). 

Large ositive differences occur where large 

near radiosonde stations. One marked area 
of this type is situated over the Nor& West 
Territories of Canada (figs. 6 and 7). Here a 
grid point as near as 4 mm ( H 80 km) from a 

gdm), Tunisia ( - 22 g & ), Greece and 

values o P the standard deviation are found 

Tellus IX (1957). 3 
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radiosonde station has a standard deviation 
of about 44 gdm. 

The reason for t h i s  peculiar discrepancy can 
be found in the fact that the radiosonde station 
in question is one of the very few on the actual 
500 mb chart, the height value of which may 
be questioned. About fi per cent of the 

and made a smoothed analysis in this area. 
A thorough check of this station has shown 
that the height value may be taken as correct. 

The large difference observed over the Black 
Sea is due to another type of difficulty. The 
Crimean station had a 500 mb value that 
definitely was too high. Some of the analysts 
disregarded the station altogether while others 
tried to take it into account as much as possible 
with a va ing degree of smoothing. 

archipelago may be explained by the fact 
that t h i s  area is situated at the outskirts of vast 
areas around the north pole completely 
lacking stations. Even if the grid points in 
question are situated not too far away from a 
radiosonde station the lack of stations north 
and west of the area puts the analyst into 
difficulties. 

The area with positive differences between 
observed and calculated standard deviations 
that is found over northern Finland and the 
Kola Peninsula is due to the fact that the 
height values given by the stations 02836 
(Sodankyla) and 22113 (Murmansk) were 
incompatible. Some of the analysts tried to 
take both stations more or less into accounr 
while others strudr out one of them, the re- 
sult being an increased d u e  of o h .  

The four areas with negative differences 
between the observed and estimated standard 
deviations in the lower right corner of fig. 7 
may all be explained in the same way. The 
upper air pattern in these regions is rather 
clear cut and in some cases the gradients are 
not too strong. It is not too Micult to get a 
good icture of the isohypse configuration 
near f: e radiosonde stations in the lower 
right comer. It is then easy to extrapolate 
this pattern into areas with scattered data. 

We have now discussed the areas with 
large differences between observed and calcu- 
lated values of the standard deviation. It is, 
however, interesting to note in fig. 7 that 
practically all areas with a standard deviation 

analysts considered the vaue ? to be too low 

The sm 3 1 positive area over the Canadian 
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equal to or larger than 15 gdm fall outside the 
areas discussed above. As a whole one can 
state that the estimated values of the standard 
deviation coincide rather well with the ob- 
served ones, the mean deviation (i.e. the 
average value of the absolute values) being 

A comparison between fig. 6 and 7 shows 
that the absolute value of the difference be- 
tween observed and estimated standard de- 
viation generally does not exceed 10 gdm 
in areas with a station distribution such that 
no grid point is more than 20 mm (e 400 km) 
awa from a radiosonde station. 

T e discussion so far has given some fi ures 
of standard deviations, that are due to di erent 
analyses of one and the same observation mate- 
rial. These values may be compared with the 
standard error of the radiosoundings. Accord- 
ing to NYBERG (1952) the standard deviation 
of height values (500 mb) between two radio- 
sondes was about 30  gdm, a value found 
during the international radiosonde compari- 
sons at Payerne in 1950. Before this standard 
deviation was calculated the differences be- 
tween the radiosonde values had been cor- 
rected for systematic differences. The average 
standard deviation of height values for 500 
mb given by a single sonde was about 18 gdm. 
It is very difficult to apply these values in 
one case because in some areas, such as the 
British Isles and the United States of America, 
the radiosonde network is rather homoge- 
neous while in others, such as Central Europe, 
the network is composed of a great variety of 
radiosonde types. A reasonable overall mean 
value of the standard deviation of the height 
of the 500 mb surface originating from in- 
strument errors of different types might be 
25 gdm. The same numerical value of the 
standard deviation for the 26 analyses corre- 
sponds to a distance of 26 mm between a grid 
point and the nearest-b radiosonde station 
(R) i.e. a distance of a z out 520 km at the 
surface of the earth. On the other hand the 
observed mean value of R corresponds to a 
standard deviation of 17 gdm. Thus, the de- 
viations due to different analyses attain values 
that cannot be neglected in corrlparison with 
the instrument errors. 

Finally it might be of interest to investigate 
the distribution of the range of the height 
values (i.e. the difference between the highest 

5.4 gdm. 

2 i 
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Table I. Frequency distribution of the range of 
the height of 500 mb surface originating from 26 
different analyses of the upper air data for 0300 
GMT 7 November 1949. The range is determined 

at each of the 420 grid points in Fig. I 

range 

0-20 gdm 
21-40 
41-60 
61-80 
81-100 

121-140 
I 4 1-1 60 
161-180 
181-zoo 

101-120 

number 
of points 

27 
I49  
9 3  
54 
46 
25 
'4 

7 

3 
Total 420 

2 

and the lowest value) as interpolated from 
the 26 analyses at each grid point. This dlstri- 
bution is given in table I. The range varied 
between 10 and 195 gdm. The maximum value 
was observed at the north-easternmost tip of 
Greenland and the minimum value over the 
Irish Sea and at the grid point over the northern- 
most part of Bafin Island (x=8, y=4). The 
mean value was 60 gdm. 

It ought to be emphasized here that the in- 
vestigated analyses were based on checked 
data without transmission errors. Furthermore, 
it has been stated earlier that the upper air 
pattern was not a difficult one to analyse. 

Verification of numerical forecasts 
The main object of the analysis experiment 

discussed in ths paper was to see how among 
other things verification figures for numerical 
forecasts were changed if another verification 
analysis was used. In order to arrive at this 
goal a number of verification figures were 
computed using a high speed computer (BESK 
in Stockholm). 
The following variables were computed: 
X the mean value of the 24h and 48h 

observed changes (x) of the height of 
the 500 mb surface from the 5th and 
6th, respectively, to the 7th of No- 

the mean deviation of x 
the standard deviation of x 
the root-mean-square of the difference 
between observed and forecast changes 
the correlation coefficient between ob- 
served and forecast changes 

- vember 1949 
1x1 
a, 
E~ 

rx v 

d, 
- changes 
d, 

the mean value of the geostrophic 
wind that corresponds to the observed 

the mean value of the geostrophic wind 
that corresponds to the error; i.e. the 
difference between verification analysis 
and forecast 

6, the root-mean-square of do 
6, the root-mean-square of d, 
(do)max the maximum value of all the do's 
(d,),,, the maximum value of all the d,'s 
rdod, the correlation coefficient between geo- 

strophic wind values corres onding to 

All the above values were calculated for the 
26 analyses over the grid in fig. I ,  which 
contains 420 points. The maximum and mini- 
mum values for each variable were picked 
out. These extracted values are given in table II. 
In addition to the 26 analyses the author had 
access to a routine analysis made at the Swedish 
meteorological and hydrological institute, his 
own analysis, and a numerical analysis made 
according to the scheme described by BERG- 
THORSON and Doos (1955) and Doos and 

The first two analyses were made with 
differential analysis techni ue, more comi 

Verification figures were calculated for two 
different numerical barotropic forecasts, one 
24h forecast and one 48h forecast, both fore- 
cast periods ending at 0300 GMT on the 7th 
of November. Thus, the two forecasrs were 
not based on the same analysis. The forecasts 
were made according to the methods described 
by Staff Members, Dept of Met., Univ. of 
Stockholm (1954) and BOLIN (1955). 

Figs. 21 and 3a give the 500 mb chart for 
the 5th and the 6th, respectively. The observed 
changes of the height of the 500 mb surface 
are given in fig. 2b and 3b. In the two latter 
figures the errors, i.e. the difference between 
observed and forecast changes also are given. 

The values of some observed quantities as 
given in table II have to be compared with the 
corresponding forecast values. These are' 
given in table III. 

a) 24h forecast 
Already in the mean value of the observed 

changes we observe a rather large variability. 

the observed and forecast c ph anges. 

EATON (1957). 

pletely carried through in a t e latter case. 

Tellur IX (1957). 3 



3 3 3  O N  T H E  A C C U R A C Y  O F  5 0 0  m b  A N A L Y S I S  

Table II. Some verification parameters computed from a9 different verification 500 mb analyses 
(0300 GMT 7 November I949), a given 500 mb chart for 0300 GMT 6 November 1949 and a nu- 
merical barotropic forecast. The lower part gives the corresponding values for the 48h forecast 
baaed on the 500 mb chart for 0300 GMT 5 November 1949. Values of maximum, minimum, mean 

and range are taken from 26 analyses 

68 
57 
63.7 
11 

0.651 12.0 11.0 10.6 9.6 
0.564 10.8 9.4 9.7 8.3 
0.609 11.5 10.2 10.2 9.0 
0.087 1.3 1.6 0.9 1.3 

author.. . . -65 
....... ( 4 0  I z 1 ii: 

max. ..... -26 
min ..... .. -38 
mean. . . . . -32.1 
range. .... 12 

65 76 
55 63 
60.6 70.0 
10 13 

30.6 
23.6 
27.5 
7.0 

38.2 

15.8 
33.6 

(do),, 

0.485 
0.343 
0.4’4 
0.142 

0.465 
0.432 
0.698 

35.2 
25.3 
29.1 
9.9 

33.6 
36.5 
30.7 

46.8 
42.8 
44.5 
4.0 

55.4 
49.7 
44.1 

48h 
max. .  . . . . -59 114 
min ....... -72 104 
mean.. . . . -65.5 109.2 
range. . . . . 13 10 

127 
118 
124.0 

9 

98 
88 
94.1 
10 

The deviation from the overall mean value 
( -  32.1 gdm) is f 6 gdm or 19 per cent. 
The deviation of an individual value from the 
mean of the standard deviation may be 10 
per cent. The root-mean-square of the error 
may vary within a range that is 17 per cent 
of the mean value. 

Quite often one is not interested in the 
correlation coefficient, but rather in its squared 
value. The extreme values for this quantity is 
0.318 and 0.424, respectively, a rather large 
variation. 

From table I1 we can also see that the geo- 
strophic wind field corresponding to the error 
has a mean value that is nearly as large as the 
one corresponding to the observed changes. 
Furthermore, the range is 14 per cent of the 
mean value. The maximum value at any grid 
point of these two quantities varies consider- 
ably, especially the maximum value of the 
wind corresponding to the observed changes. 

As already mentioned above the author has 
had access to three additional analyses. The 
first one is the routine analysis made at SMHI 
on 7th November 1949. The second analysis 
was made by the author in 1951. It is inter- 
esting to notice that these two analyses that 
were made with the differential analysis tech- 
nique differ considerably in some respect 
Tellus IX (1957). 3 

0.838 18.8 12.4 16.7 10.7 
0.772 17.8 10.9 15.5 9.5 
0.810 18.5 11.6 16.1 10.1 
0.066 1.0 1.5 1.2 1.2 

from the 26 analyses discussed so far. From 
table 11 we find that the author’s analysis gave a 
correlation coefficient of 0.53 which ou ht 

0.65. Using Fischer’s x-transformation we 
find that the probability to get such a differ- 
ence out of chance is 6 in 100. 

The low correlation coefficient obtained with 
the author’s analysis is explained in the follow- 
ing way. The trough over the British Isles, 
Central Europe and Italy on the 6th (fig. 3a) 
moved very little during the next 24 hours 
(cf. fig. s ) ,  but deepened somewhat. The 
forecast, however, brought the southern part 
of the trough to the northeast, thus causing a 
forecast error in the Mediterranean area. 
The author’s analysis has the lowest value 
in the bottom of the trough of all analyses, 
where, by the way, eleven of the twentysix 
analyses showed a closed center. The differ- 
ence between the verification chart and 
forecast chart obtained in this area using 
the author’s analysis is larger than all those 
obtained with the twentysix analyses. As 
the changes in this area play an important role 
when one calculates the correlation coefficient 
for the whole verification area, this results 
in a low value -of the correlation coefficient 
when the author’s analysis is used. 

to be compared with the maximum vaue ’i 

36.6 
25.1 
28.4 
11.5 

45.5 

28.1 
34.1 

0.731 
0.630 
0.676 
0.101 

0.626 

0.718 
0.622 
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TsMe ITI. Some foreast vslua for the 24h (@a) 
forecart bssed op the 500 mb of the 6th (5th) 
of November 1949. corresponding to the observed 

values given in table Il 

24h 48h - 
y . . . . . . . . . . . .  -12 gdm -10 gdm - 
Iy1 . . . . . . . . . . 5 1  8 97 * 
a, . . . . . . . . . . 64 * I22 u 
dp . . . . . . . . . . 9.4 m/s 15.7 m/s 
8, .......... 11.0 * 18.1 I) 

- 

Real large differences were introduced in 
table 11, when the values obtained with the 
aid of the numerical analysis were entered. 
This analysis is obtained by using among 
other approximations the 24h forecast ending 
at the time of verification (see BERGTHORSON 
and DOOs, 1955). When verifymg the fore- 
casts with a numerical analysis constructed in 
the manner developed by the above-men- 
tioned authors, one runs the risk of being a 
victim of an “a(a+b)”-effect, i.e. one 
correlates two variables, the one of which 
to some extent is contained in the other men- 
tioned by DOOs (1956)]. In the specia I case 
discussed in this aper, this effect is obvious. 

analyses varies between 0.56 and 0.65, the 
numerical analysis gives the value 0.77. The 
mean value of the eostrophic wind corre- 

and verification analysis ranges from 8.3 to 
9.6 m/s, while the numerical analysis gives 
the very low value 6.0 m/s. The maximum 
value of this variable varies between 30.6 and 
23.6 m/s for the 26 analyses while it is as low 
as 15.8 m/s for the numerical analysis. 

It is interesting to notice that it was possible 
to increase the value of the correlation coeffi- 
cient from 0.53 to 0.65 by choosing another 
analysis and as high as to 0.77 if the numerical 
analysis is taken into account. The square 
of these values 0.285, 0.424 and 0.596, respec- 
tively, makes the differences look even more 
discouraging. 

The fact is that discussions on the reliability 
of the numerical forecasts are sometimes 
based on correlation coefficients and suchlike 
calculated from conventional verification anal- 
yses and sometimes on the same variables 
calculated using numerical analysis. One has 
to be very careful while doing so. 

The variability of the correlation coefficient 

While the corre P ation coefficient for the 26 

sponding to the di 2 erence between forecast 

between observed and forecast height changes 
of the 500 mb surface is to some extent de- 
pending on the absolute value of the changes. 
When the changes are small the correlation 
coefficient may react sluggishly to the varia- 
tion of the fields of observed and forecast 
changes originating from different analyses 
of the same observation material. Thus, it is of 
interest to investigate, whether or not the 
situation studied in this a r represents a 
case with extreme values o p% o served changes. 

The Staff Members, Inst. of Met., Univ. of 
Stockholm (1954), BOLIN (1955) and DOOs 
(1956) have published figures showing that 
the mean value given in this paper is not a 
markedly low one. The values are in most 
cases for the same season. 

b) 48h forecast 
The height changes for the 48h period ending 

at 0300 GMT on the 7th of November were 
certainly larger than the 24.h ones. In the 
lower part of table 11 the verification figures 
for this period are given and in table 111 the 
corresponding forecast values are found. 

In table 11 we notice that the correlation 
coefficients are markedly higher for the 48h 
forecast than for the 24h forecast. The mean 
value of the standard deviation of the observed 
changes was about the same as the ones given 
by BOLIN (1955) and DOOs (1956). The 
ranges for X, 17 (T, and E,, are of about 
the same value as for the 24h forecast. As 
the mean values, however, are higher for the 
48h forecast, the percentage errors are lower. 
The range of the correlation coefficient 
between observed and forecast changes are 
somewhat lower in this case. 

The probability to get a difference between 
correlation coefficients as the one observed 
here (0.77 and 0.84, respectively) is about 5 
in 100. 

For the drfferent wind fields the absolute 
values of the ranges are about the same as 
for the 24h forecast and in some columns 
they are also the same relatively speaking. 

There are remarkable diffkences in some 
columns between the extreme values obtained 
from the 26 analyses and the ones obtained 
from the routine anal sis and the author’s 

mum value of do and d,. The numerical anal- 
analysis. This is especi aii y true for the maxi- 
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ysis does not, however, H e r  as markedl 
from the others, as was the case with the 2 d  
forecast. In this case there is no “a(a+b)”- 
effect, since the 48h forecast is not directly 
contained in the numerical analysis. In many 
columns the numerical analysis shows values 
within the range of the 26 analyses and the 
deviations are mostly small. 

The conclusion is that for some verification 
fi ures in table I1 the 48h forecast gave lower 

In other cases, however, the relative values 
are about the same and this is also true for 
the absolute values of the ranges in many 
columns. It would have been very interesting 
to widen this investigation to include many 
more cases. This is, however, impossible for 
the author because of the great amount of 
work involved in each case. It has to be 
em hasized once again that the results obtained 

these special cases and cannot be used for other 
cases without much care and further investiga- 
tion. The purpose of this pa er is only to 
give examples of what may Eappen due to 
variability in the analysis of one and the same 
observation material, i.e. the differences due 
to the personal factor in chart analysis. 

It also has to be emphasized that the some- 
times large differences obtained in this in- 
vestigation are due only to the variability in 
the analysis of the chart at one end of the 
period. In the eneral case both analyses on 
which the calcu ation of the observed chan es 
and so on are based are affected. Take or 
instance one grid point over the Atlantic 
somewhere halfway between two weather 
ships. A reasonable value of the standard de- 
viation of the height of the 500 mb surface 
due to analysis effect may be 25 dm. Let us 
further assume that the standard i eviation on 
the two charts are independent of each other. 
This assumption is a reasonable one, because 
the analysis differences at one grid point as 
obtained by one analyst only to some degree 
may be considered systematic. Furthermore, 
in the daily routine work the analyses of two 
consecutive 500 mb charts, 24h apart, are 
often analysed by different persons. Under 
these assumptions the standard deviation of 
the observed changes is about 35 gdm. 
A standard deviation of the height of 30 gdm 
gives the value p gdm. 

re !i ative values than did the 24h forecast. 

in t K s investigation are only directly valid for 

! P 
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Di&mnces in the t a d  wind compomnt dong 
certain tracks 

The discussion so far in this paper has been 
confined to the absolute height values of the 
500 mb surface and to the z& and 48h changes, 
observed and forecast. Taking the impor- 
tance of air navigation into account as well 
as the necessi in many forecast techniques 
of knowing 7 t e upper winds accurately, it 
would be of interest to investi ate the varia- 
bility of the geostrophic wind % ue to different 
analyses. 

For that purpose the y t r o p h i c  wind 
field was calculated for eac analysis and for 
each grid point. The calculation was made at 
the same time when the above-mentioned 
verification figures were calculated. At each 
grid point the x- and y-components (see fig. I) 
of the geostrophic wind were obtained. The 
com onents were computed over two 

This had the effect that no wind values could 
be obtained for the points along the boundary 
of the grid. Furthermore, it was technically 
an advantage to strike out the bottom row. 
The result was that the wind field was 
obtained pver a grid consisting of 26x12 

In order to get a view of the influence of 
the differences in the analyses on the geo- 
strophic wind field a number of summations 
were made. The wind com onents in the 
xdirection (ux) were summe t; in the x-and 
y-direction (vxx and vXJ,  respectively. The 
y-components were treated accordingly. All 
these sums for the twentysix analyses were 
put together in four tables and among these 
values maximum and minimum values were 
picked out for each column (x) and row (y). 
These extreme values were divided b the 
number of points in the row and coumn, r 
respectively. The resulting extreme values of 
the mean geostrophic wind components along 
rows and columns were entered in table IV 
and V. The mean values and the ranges for 
the different rows and columns are also given. 
In the same tables are also included the corre- 
sponding values for the routine analysis, 
author’s analysis and the numerical analysis. 

The largest column value of the range of 
the mean x-componenr of the geostrophic 
wind (uxx) is 8.9 m/sl and for the ycomponent 

Pd wid ;R s, i.e. over a distance of about 600 m 

points. 
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Table IV. Geostrophic wind components along the x- and y-axes (ox and o,,, respectively, see fig. 

range are taken from a6 

r1.4 9.0 4.0  
7.7 4.3 - 0 . 9  
9 .4  6 .6  1.0 

3.7 4.7 4.9 

-4.9 - 5.6  4 . 5  3.8 
-8.9 -11.0 -6.6 -1.5 
-7.0 - 8.1 -3.3 0.6 

4.0 5.4 6 .1  5.3 

max. . . . . 24.8 
min. .  . . , . 19.6 
mean. . . . 22.1 

I 
- 

29.2 
20.3 
24.7 

23.7 
17.4 

6.3 
21.2 

20.9 

21 .6  
19.1 

2.1 
-0.5 

1 . 1  
2.6 

ro.4 
r1.7 
r2.3 

18.1 
10.7 

7.4 

16.1 

17.1 

3.4 

2.4 
2.9 

14.3 

15.5 

0.5 

;:: 1 0.5 1.4 1-16 4.0 1-10.3 - 6.9 1-4.2 -3.4 

6.7 0.2 -5.8 - 6 . 5  -2.3 

2.1 
-2.6 

4.7 
4 . 2  

4 . 2  
4 . 3  
-1.1 

10.3 
7.2 
8 .6  
3.1 

3.5 

2.7 
2 . 5  

1.0 

- 

-1.2 

-5.4 
-3.4 

4.2 

-2.5 

-3.3 

10.7 
7.8 
9.0 
2.9 

-2.5 

'it 

summed in the same direction (vyx) 3.7 m/s. 
The largest value of the range of the values 
of the y-component averaged along a row (vYY) 
is 6.3 m/s and the one for the corresponding 
crosscomponent (vJ 1.4 m/s. It ought to 
be emphasized that the columns re resent a 
distance on the surface of the earth o P approxi- 
mately 3,300 km, while the rows corres ond 

mean geostro hic wind for a single analysis is 

mum range of the x-component. It may be 
of interest to translate the above mean values 
into variations in flight time for an aircraft 
flying at a certain constant speed relative to 
the air along the tracks given by the rows and 

The concept of equivalent head wind may 
be used in this connection (SAWYER, 1950). 
In the formula for this theoretical wind the 
wind component across the flight path may 
be neglected for moderate values of that 
com onent. With a reasonable accuracy the 

taken in tables IV and V. In table IV, column 3,  
the maximum difference is 8.9 m/s. With a 
cruising speed of 100 m/s of the aircraft the 
delay (or gain of time) is 8.9 %. The flying 
time in a calm atmosphere is about 9.2 hours 

to 7,500 km. The standard deviation o P the 

1.0 m/s for t hp e column containing the maxi- 

columns in fig. I .  

win B retarding effect of a head wind may be 

range. . . . 

The wind values given in this paper are consistently z 
per cent off compared to correct values, the reason 
being that geodynamic meters were used instead of 
geopotential meters. 

3.1 3.7 5 .2  
1.9 2.7 3.0 
2.8 3.3 4.0 
1.2 1 . 0  2.2 

-1.2 
0 . 2  

4 . 8  - 
8.9 
6.3 
7.5 
2.6 

5.9 6.9 
3.6 4.7 
4.7 6.1 
2.3 2.2 

7.7 
6.9 
7.5 

max. . . . . -0.1 

min..  . . . . -0.9 
mean. . . . -0.5 
range. . . . 0.8 - 

0.5 
-1.0 
4 . 2  

1.5 

for a distance corresponding to a column 
Thus, the delay is about 48 minutes, corre- 
sponding to a considerable operating cost of a 
modern large aircraft. For a row the corre- 
sponding values are: 6.3 m/s (row IZ), 20.8h 
and 1.3h. 

It is very reasonable to assume that the error 
of u per wind forecast is at least as large as 
the {ifferences that can be obtained by using 
different analyses. Taking the case investigated 
in this paper into account and furthermore rec- 
ognizing the fact that this case represents a 
rather simple analysis, it seems unlikely to 
arrive at an error of the 500 wind forecast 
that is less than 10 per cent on an average. 

In tables IV and V it is interesting to 
notice that the numerical analysis in most 
columns and rows gives mean winds within 
the limits given by the 26 analyses. 

The estimation of the geostrophic wind at 
certain points 

Sometimes it is necessary to know the 
accuracy of the geostrophic wind at a partic- 
ular point. In order to get an estimate of 
the magnitude of the standard deviation for 
the situation discussed in this paper, fourteen 
points were selected and the standard deviation 
(us) of the absolute value of the geostrophic 
wind was calculated at each point. The coor- 
dinates of the points are given in table VI. 
Seven of the points represent grid points 
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I) averaged along the x-axis (u,.. a d  uJx, respectively). Valuer of maximum, minimum, mean and 
analyses. Wind speed in m/r. 

-5.3 
-8.5 
-6.8 
3.2 

-7.4 
-5.8 
-6.8 

8.9 
6.3 
7.8 
2.6 

-3.2 
-8.4 
-5.5 
5.2 

-6. I 
-4. I 
-5.6 - 
10. I 

7.4 
8.8 
2.7 
9.4 
8.6 
7.7 

-4.7 
-7.4 
-5.9 
2.7 

-4.7 
-5.9 
-6.0 

7.3 
5.1 
6.3 
2.2 

-1.9 '-1.2 
-4.9 -4.1 
-3.3 -2.8 
3.0 2.9 

18 I 19 I zo I 21 

-4.6 -6.2 
-6.8 -8.3 
-5.5 -7.4 
2.2 2.1 

-6.3 
-8.8 
-7.5 
2.5 

with maximum value of the standard devia- 
tion of the height of the 500 mb surface 
(ah) in the corresponding areas (the standard 
deviations are given in table VI). The remain- 

oints correspond to minimum 

fig. 5 ) .  
The overall mean value of a, was 2.3 m/s. 

The mean value of the geostrophic wind it- 
self was 21.2 m/s. Notice that the points 
(x=z, y = 5 ;  x=4, =27) have large values 

two points have already been discussed in 
t h i s  paper and the discrepancy ex lained. 

jected the near-by radiosonde stations while 
others did not. This fact must have a reper- 
cussion also on a, and in table VI we can 
see that one of the points in question has the 
highest value among all the points. 

From table VI we can see that there is a 
relationship between 0, and the distance from 
the grid point to the nearest radiosonde station 
(R). The material is much too small to per- 
mit a calculation of a partial regression equation 
or suchlike. Theoretically, it ought to be a 

ositive correlation between a, on the one 
[and and R and the absolute value of the 
geostrophic wind on the other. The more 
scarce the station network and the tighter 
the isohypse gradient, the more variable is 
the analysis. In table VI these effects ma 
explain why the point (x=z, y=13), wit 

va inf ues Seven of t K e same standard deviation (cf. 

of ah in spite of the r act that R is small. These 

The reason was that some of the ana P ysts re- 

i 
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6-703365 

- 6.6 - 8.3 -10.8 -11.3 -12.6 
-10.6 -14.8 -14.7 -15.8 -17.7 
- 8.7 -11.3 -13.0 -13.9 -14.6 

4.0 6.5 3.9 4.5 5.1 

5.7 
3.5 
4.6 
2.2 

R = 46 mm ( N gzo km), has the lowest value 
of as among the points with large values 
of R. The gradients in this area were weak. 
Furthermore, the point (x= 13, 1'13) has a 
a,-value that is I unit larger than the corre- 
sponding value for the grid point (x = 13, 

eostrophic wind speed is twice 
that y = 5 ) -  of Its the P atter while R is the same. 

It is interesting to note that in two cases 
the range is as large as 16 m/s. The overall 
mean value is g m/s. 

Finally an area over the Atlantic was selected 
as it represented a region with a broad, rather 
homogeneous air current. The area contained 
33 rid points and is indicated in fig. I. The 
gri! oints were divided into three grou s 
accoriing to their value of R (cf. fig. 67: 
R 5 10 mm ( H 200 km) (10 points), 10 < R 
I 20 mm ( N 20-400 km) (13 points), and 
R > 20 mm ( N 400 km) (10 points). For 
each grou the mean geostrophic wind speed 
was calc ated from the 26 anal ses together 
with the standard deviation o that mean 
value. As the selected area showed a current 
quasi-parallel to the y-direction of the grid 
(see figs. I and 5 ) ,  the calculation was restricted 
to the wind com onent in that direction. 

- 1.0,o.s and - 0.1 m/s, res ective y, showing 
that this component coulg safely be disre- 
garded, since the mean y-component was 
28.0, 33.9 and 30.6 m/s, respectively. The 
standard deviation for the three groups was 

P up 

P The mean value o P the cross-com onent was 

4.8 3.2 1.7 
1.1 4 . 1  4 . 7  
2.9 1.6 0.7 
3.7 3.3 2.4 

1.0 0.4 
-0.8 - 1.1 
0.3 - 0.3 
1.8 1.5 

- 0.1 - 0.2 1.3 2.8 
- 1.5 - 1.4 - 0.4 - 0.3 
- 0.8 - 0.6 0.2 0.8 

1.4 1.2 1.7 3.1 
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Table V. Geostrophic wind components along the x- and y-axes (0% and uy, respectively, see fig. I) 

averaged along the y-axis (uxy and uyy, respectively). Values of maximum, minimum, mean and 
range are taken from 26 analyses. Wind speed in m/s 

0.4 

-0.4 
1.3 

-0.9 
0.2 - 0.5 - 1.0 - 1.3 

- 0.4 - 0.8 - 1.4 - 1.8 
0.9 0.4 0.7 3 

- 0.7 - 0.9 - 1.7 - 2.6 
Imax. ... 
min . . . . .  - mean. .  . 

VIy  range.. . 

-0.8 -1.2 - 1.1 - 1.2 -0.8 -0.5 0.1 

-1.5 -1.9 - 2.5 - 1.8 -1.4 -1.3 -1.2 
-1.1 -1.5 - 1.7 - 1.4 -1.1 -0.9 -0.7 

0.7 0.7 1.4 0.6 0.6 0.8 1.3 

- 
v 

YY 

1.3 ,  1 .1  and 1.1 m/s. The conclusion is that in 
this case no relationship between the standard 
deviation of the geostrophc wind on the one 
hand and R and rhe eostrophic wind speed 

taining about ten grid points selected from the 
region between Newfoundland and the British 
Isles and at the lower part of the grid the 
standard deviation is slightly larger than I 
m/s, originating from differences between the 
opinion of 26 analysts about the most probable 
solution of the analysis problem. Notice, how- 
ever, that the analysis was rather simple in 
this case. 

on the other could be B ound. For an area con- 

routine. -1.3 -1.6 2.0 - 2.1 -1.9 -1.8 -1.6 
author. NA. .  . . .  .1-1.4 1-1.6 11 1.71- 1.5  1-1.3 (1.1 (_v 

-1.4 -1.6 - 1.6 - 1.5 -1.2 -0.9 -0.8 

max. ... -0.7 -3.8 - 6.8 - 6.8 -6.1 -4.0 0.1 

mean. .  . -2.6 -5.6 - 8.8 -11.3 -7.5 -5.8 -1.4 
min ..... -4.4 -8.0 -10.6 -11.4 -9.2 -6.7 -2.9 

range.. . 3.7 4.2 3.8 4.6 3.1 2.7 3.0 

Final discussion 
Part of the discussion in this paper has been 

devoted to the question of the variability of 
the height of the 500 mb surface as originating 
from the personal factor in upper air analysis. 
Furthermore, the influence of this variability 
on certain verification parameters has been 
investigated. It must not be forgotten, however, 
that the height values as given by the radio- 
soundings have errors too. Take e.g. a grid 

oint near a weather ship. This point may 
Iave a standard deviation (0.) of 6 gdm. 
The standard deviation for the radiosounding 
itself is about 20 gdm. W e  notice that the 

26.5 

22.8 
20.2 

6.3 

Table VI. Geostrophic wind speed for certain selected grid points (for coordinates see fig. I) .  Values 
of maximum, minimum, mean and range are given for 26 analyses. Values of us, R,  uh and range 
of the height of the 500 mb surface as calculated from the 26 analyses are also given. Wind speed 

in m/s 

27.9 

25.7 
23.3 

4.6 

Coord = 1 Y =  

6.0 
1.6 
4.7 
4.4 

max . . . . . . . . . .  
min . . . . . . . . . . .  
mean. . . . . . . . .  
range. . . . . . . . .  
routine. . . . . . . .  
author. . . . . . . .  
NA . . . . . . . . . . .  
ug ............ 
R . . . . . . . . . . . .  
a, . . . . . . . . . . . .  
(range), . . . . . . .  

10.3 18.0 
6.1 13.8 
9.9 16.2 
4.2 4.2 

16.8 
10.8 
14.0 
6.0 

24.3 39.0 24.0 23.8 26.7 
13.5 29.1 16.3 17.6 22.8 
17.3 32.7 19.7 20.0 24.8 
10.8 9.9 7.7 6.2 3.9 

1.8 
5 
2.7 

20 

10.2 
10.7 
14.8 

1.5 

4.7 

- 

2 

15 

2.8 3.0 

6.8 6.2 
12 5 

35 35 

2.0 

5.8 
30 

1.5 1.2 

3.4 4.1 
5 4 4  

10 15 
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4.0 2.8 
4 32 

43.8 36.4 
135 125 

2.0 2.2 3.2 

43.1 25.9 24.6 
46 25 20 

185 100 70 

2.5 
30 
28.2 

r15 

2.3 
5 

32.0 
IOO 
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variability due to the personal effect in the 
analysis gives a standard deviation that is 
not negligible compared to the standard 
deviation of the individual sounding. If there 
is any doubt as to the reliability of the height 
value given by a sounding the standard de- 
viation (u.) may be as large as 45 gdm. 
These additional errors in the analysis must at 
times have a serious repercussion on a numer- 
rical forecast based on that analysis. This 
effect has been discussed by NEWTON (1954) 
who gives a drastic example of what may 
happen if a reanalysis is made. BEST (1956) 
has discussed for three cases the differences 
between numerical forecasts made from differ- 
ent analyses. It would have been very in- 
teresting to make 29 different forecasts based 
on .the 29 analyses discussed above. Unfor- 
tunately, this is not possible because of the 
great cost involved. The author hopes, how- 
ever, to be able to make anumerical forecast 
from a small selection of the analyses and 
to  report the result in a later paper. 

The error in the determination of the wind 
is rather small. A reasonable value for radar 
wind and radio wind equipments seems to 
be of the order 2 m/s at 500 mb. It is not 
likely that this error has any noticeable in- 
fluence on the analysis of the gradients, and 
the differences in the 26 analyses discussed 
in this paper may safely be said to be rather 
independent of the error in the wind obser- 
vations. The same goes for the variability 
of the wind due to large eddies. Furthermore, 
the winds are plotted rounded off to the 
nearest five knots. 

When using the isohypse field to estimate the 
geostrophic wind as is done in the forecast 
technique used by the group at the Uni- 
versity at Stockholm, some errors creep into 
the picture. Firstly, the standard deviation 
of the radiosounding introduces an error in 
the geostrophic wind field. This effect has 
been discussed among others by HOVMOLLER 
(1952). The standard deviation arising from 
the personal factor in chart analysis has a 
similar effect. Let us assume that we want to 
estimate the geostrophic wind with the aid 
of four grid points, e.g. over a distance of 
about 600 km. When we want to estimate 
the geostrophic wind at a point A (see fig. I) 
the grid points B-D and C-E, respectively, are 
used simultaneously. The instrument standard 
Tellur IX (1957). 3 

deviation (ui) is supposed to be 20 gdm. 
The standard deviation of the geostrophic 
wind (u,) is 

go 
u&? = fX 

where g is the acceleration of gravity, f the 
coriolis parameter N I O - ~  sec-l and An 
the distance between grid points cu 300 km. 
The value of u is determined by the formula 
us =$ + ui provided that the instrument error 
(ui) and the standard deviation (ud) of the 
difference between the height values at the 
grid points B--D and C-E, respectively, 
are uncorrelated. This is generally not the 
case. If a radiosounding shows a value that 
differs markedly from its neighbouring stations, 
then different analysts have to make an indi- 
vidual interpretation of the height value, 
thus creating an increased value of un. The 
effect ought to be more marked when the 
error is large. The value used here (20 gdm) 
is a moderate one and for that reason the sim- 
ple equation may be used in order to make it 
possible to arrive at a reasonable estimate of a,. 

at the grid 
points and of the correlation coefficient between 
the height values. Giving ud the values 0, IS, 
and 30  gdm, respectively, we obtain the 0,- 
values 6.5, 8, and 12 m/s, respectively. A large 
value of bd has the same effect as the instru- 
ment error, thus increasing the uncertainty of 
the geostrophic wind considerably. 

The value of ud is as already mentioned a 
function of the standard deviation of the 
height values at the grid points (an). On the 
other hand a definite relationship exists between 
R and ah. With a large material at hand it 
would be possible to arrive at representative 
values of R, U.  and the correlation coefficient 
between the height values at the grid points 
used for the calculation of the geostrophic 
wind. Then, the value of u, may be deter- 
mined as a function of R. This is interesting to 
note because it gives us a possibility to deter- 
mine that value of R that corres onds to a 
predetermined value of 0,. In ot hp er words, 
by making a series of investigations along 
the lines indicated here one might be able 
to determine the radiosonde station network 
necessary to make a certain redetermined 

The orientation of the grid may have an 

The value of ud is a function of 

accuracy of the analysis possib 'i e. 
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effect of the calculation, but nothing is known 
by the author about the magnitude of the 
variation thus introduced. 

Finally the difference method introduces an 
error. Instead of calculating derivatives, we 
are calculating ratios of finite differences. 
The result is a smoothing of the field. In the 
numerical forecast techniques as used for the 
time being this effect is mostly a wanted one. 
As a matter of fact the calculations quite 
often start with a smoothing of the initial 
field. It must be emphasized, however, that not 
enough is known about the error introduced 
by using finite differences and about the 
exact repercussion of it on the numerical 
calculations. 

Taking all the above effects into account it 
is obvious that the geostrophic approximation 
used for forecasting purposes is affected by a 
rather large total standard deviation. 

Not much is known of the overall effect of 
this error. One way to solve this question is 
to investigate a number of well-defined 

streamline patterns and using both a large 
number of analysts to get conventional anal- 
ysis and a high-speed computer to calculate 
a variety of parameters. In this paper, however, 
only the error of the estimation of the geo- 
strophic wind field has been discussed. In a 
later paper the variability of the vorticity 
and the advection of vorticity will be discussed 
to some extent. The much more difficult 
question of the error in thegeostro hicapproxi- 
mation itself has still to be solvec?. 
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