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Abstract: From a study of a series of
specially analysed charts it is concluded
that the standard vector deviation of the
errors in synoptic analysis of upper winds
is generally less than 10 knots at the

700 mb level but may be as high as 20 knots
at the 300 and 200 mb levels, From a
study of the accuracy of 24 hour forecasts
it is concluded that the standard vector
deviations of the errors in upper wind
forecasts are of magnitude comparable with
the standard vector deviation of the
interdiurnal change.

1. INTRODUCTION

In considering the accuracy of forecasts of upper
winds, one must define some criterion as the standard
against which the fcrecast will be evaluated, The criterion
could be observed winds which are available at points .
(observing sites - pilot balloon or radar/radio winds) or
over distances (aircraft observations) or could be winds
derived from analysed charts. .

_ 'To each of these there are objections, Pilot
balloon (or radar/radio winds) though of good accuracy of
observation are spot readings and may differ appreciably
from the mean over say thirty minutes owing to the effect
of short period fluctustions, Aircraft observations while
taken over periods of several minutes are subject to ,
greater observational inaccuracies. Analysed charts must
be based on these two types of observations backed up by
geopotentials derived from temperature soundings which in
themselves are subject to inaccuracies due to apparatus
and sampling, The charts are the result of weighting the
various observations which is a subjective process,
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In addition to conventional forecasting there are
various methods by which an estimate of the wind vector at
a8 spot or over a zone may be determined for some future
time, = These have been dealt. with fully by Durst (1954)
and Johnson (1956),

- This paper confines itself to examination of
winds shown by analysed charts, forecasts made from them,
and discussion of the interdiurnal change of wind at a
point as an aid to assessing the value of a forecast.,

2, ERRORS IN ANALYSED CHARTS

Forecasting by conventional methods requires
analysed charts of the data. One would expect that the
accuracy of the analyses and that of the forecast would be
related to each other, At the inception of streamline-
isotach analysis in the Bureau of Meteorology, a test was
conducted by having various meteorologists at Central
Office and at Mascot Aerodrome prepare a 200 nmb chart from
a set of data for 15 July, 1951, The experience of
meteorologists ranged from a few months to many years of
Central Office analysis or aviation forecasting, None of
the group had had more than a few weeks experience in the
technique, The chart was analysed as an isolated example
without reference to the previous charts at that level or
to charts at the same time for lower levels,

In order to evaluate the agreement or otherwise.
in the various analyses, a grid of fourteen points was
chosen and the value of the wind at each of these points on
each chart was derived, in direction to the nearest ten
degrees and in speed to five knots, Using mainly
graphical methods, the mean wind and the standard vector
deviation at each of the points of the grid were determined,
In general the wind speeds shown by the analyses prepared
at Mascot Aerodrome were higher than those shown by other
analyses and this was most marked at high speeds, The
mean of the winds obtained by the analysts at Mascot
exceeded the mean of other analysts by four per cent and
the greatest difference was 19 knots, when the Mascot mean
was 105 knots, The reason for this difference may be that
from discussion with aircrew at Mascot, occurrences of very
high wind speeds were common knowledge and were not regarded
as Que to observational or other error, Initially there
was a tendency amongst meteorologists to regard reports of
high wind speeds in the upper troposphere as doubtful, but
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with the receipt of.many'sudh reports in later years this
tendency has disappeared,

Table 1 sets out the results of the test as mean
wind and the vector standard deviation at each of the
points together with the result of a similar test carried
out by four experienced analysts at Central Office some
three years after the first test, In place of the
graphically derived standard vector deviation, root mean
square of the difference of the wind speed from the mean
is given for the latter small group. The variability of
the analyses for wind speeds is greatest at the high wind
speeds, Elsewhere amongst experienced analysts there is
a remarkable uniformity.

Table i - Upper wind analyses for 15 July 1951

Point 22 ansalysts L, experienced analysts
Mean Standard Vector Mean speed R.M S,
°% °E o Kt Deviation (kt) (kts) difference
A from the mean
15 125 265 34 6 30 2
15 140 269 39 9 37 3
15 150 265 35 8 37 3
23 115 263 93 19 102 27
23 130 271 94 i5 100 33
23 145 269 67 12 76 10
23 155 276 59 NRIY 66 7
31 115 269 110 . 17 . 107 8
31 130 280 112 21 127 6
31 145 278 76 19 87 8
31 155 277 65 14 66 L
Lo 145 302 35 12 . 34 2
Lo 165 270 32 i ' 37 11

As results of this test appeared inconclusive, a
subsequent similar test was arranged, taking the data for
16 June, 1956, the date not being revealed to the meteoro-
logists preparing the test charts. This time the charts
were not dealt with as isolated examples, but as part of a
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sequence and related to each other, = The 1000, 700, 500,
300 and 200 mb analyses were supplied for 14 and 15 June
and the 1000 mb analysis for 16 June, Each meteorologist
was given 0zalid copies of the fully plotted upper charts
for 16 June and requested to prepare the 700, 500, 300 and
200 mb analyses and derive therefrom the wind velocity at
a grid of points, : '

-Provision of analysed charts for the previous
days may have tended to set a "style" of analysis, but this
was unavoidable because of the time available for the test,
By referring to the days as "Day of test", "Day minus one"
and "Day minus two" any tendency to consult Central Analysis
charts including those for the day in question was
eliminated,

In all 35 meteorologists drew the test charts and
evaluated the winds from their analyses.. As before the
meteorologists ranged in experience from those who had just
completed training to those with long experience at capital
city aerodromes and in Central Analysis Section, The
spread of values of wind velocity at each of the grid points
amongst the four analysts in Central Office was, from
inspection, less than that for the test generally, Of the
other classes no definite conclusion could be drawn.

The results are shown in Figures 1 - 4 which
indicate, for each contour chart, the mean wind derived
from the analyses together with the standard vector
deviation of the analyses for each point, The contours
and isotachs are shown to give an appreciation of the
situation,

At a point near the axis of a sharp trough, where
a slight displacement of the trough relative to the point
would result in a large change in wind direction, the
vector standard deviation of the analysed charts is
considerably higher than elsewhere, In aviation forecast-
ing the large change over a short distance at right angles
to the trough has long been recognised and has received
emphasis when briefing crews where the line of flight lies
close to and parallels the trough line,

In Table 2 the average of the standard vector
deviations at each latitude for each pressure is set out,
There is only one isolated figure at L89S and it would be
unwarranted to base conclusions on its value, At 23°3 on
the 700 nb analyses the result is somewhat high owing to
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Fig 1 700mb Chort 0400 GMT. 16-6-56

Mean wind at points (from analyses) #/— and vector standard deviation-@+
Contours (full lines gpft) and isotachs (dashed lines, knots) are from one

For explanation see Fig1
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the éffect of the proximity of the trough to the point
2393, 115C°E, _ . :

Table 2 - Average of standard vector deviations at .
each latitude from 35 analysed charts

Latitude PRESSURE (mb) Nunber of
- Og v 700 500 300" 200  points
15 g 10 9 8 L
23 9 11 12 13 6
31 8 10 16 18 6
40 8 10 21 20 3
48 13 10 15 15 1

It is considered that these figures indicate the
probable vector error of analyses being prepared in the
Australian region,

3 INTERDIURNAL: CHANGE

As routine for L7 days March-May 1953 a forecast
was prepared at Mascot for points on the air route Mascot-
Darwin at 200 mb for 24 hours from the chart time, To
assess the accuracy of this forecast, the analysed chart for
the time of the forecast was used. The discussion of the
forecasting forms a later section of this article,

From the figures obtained at the four points on -
the route the value of the standard vector deviation of the
interdiurnal change of wind velocity was derived and the
values are sget out in Table 3,

Table 3 -~ Standard vector deviation of interdiurnal
change of wind velocity at 200 mb
_ March-May, 1953

Point . 30% iu7°E 25°s 142°e 20% 137°e 15% 133°E
Standard
vector . 30 knots 37 knots 26 knots 19 knots

deviation
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, Durst (1954) has stated that the interdiurnal
change in wind velocity is about 0,9 of the standard vector
deviation of the wind at that point, Thus, in conjunction
with indications in Geophysical Memoir 85, it appeared that
the above figures for interdiurnal change at 2098 and 1508
were too low, In order to resolve this, the standard
vector deviation of the wind at each of the points was
determined, They are set out in Table L4 together with the
figures-read from the isopleths in Geophysical Memoir 85,

Table L4 - Mean and standard vector deviation of wind,
March-May, 1953, at 200 mb from analysed
charts and G.M, 85

Point 30% 147°%E 25% 142°E 20% 137°%E 15% 133°E
Mean wind 264° 58 kt 255° 56 xt 255° 38 xt 280° 13 kt

Standard

vector 38 kt L2 kt 3L kt 23 kt
deviation "
(analysed

charts)

Standard

vector 34 kt 36 kt LO kt 4O kt
deviation

(Geophysical

Memoir 85)

Subsequently derived (unpublished) figures
indicate the standard vector deviation of the 200 mb wind
in April at Cloncurry (21°S 141°E) to be 35 kt, at Daly
Waters (169S 133°E) 22 kt and at Darwin (1298 1310E) 22 kt.
These figures have been derived from pilot balloon (radio
theodolite) observations and serve to confirm the values
derived from the analysed charts,

The ratio of the interdiurnal change (standard
vector deviation) to the standard vector deviation of the
wind at each of the four points is 0,79, 0,88, 0,79 and
0.83 respectively. These values are lower than those
suggested by Durst probably because, in the absence of
other data to prepare the analyses, extrapolations from
data 24 hr:.old were used to supplement existing data,

This would result in some smoothing of the day to day
changes.
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As a further check on the relationship between
the standard vector deviations of the wind and the inter-
diurnal change, figures for Adelaide from the radar wind
observations for 30,000 feet and }J0,000 feet were obtained
for June 1956, These, which are set out in Table 5,
confirm the ratio of the two as being close to that
suggested by Durst,

Table 5 - Standard vector deviation of winds
at Adelaide - June, 1956

Standard Standard Ratio of
Altitude Mean vector ~ vector standard
(feet) deviation deviation of vector
interdiurnal deviations!-
_ change »
30,000 2680 41 k% 51 kt L5 kt ' 0.88
40,000 - 272° 64 kt 53 kb 50 k% 0.94

A further examination of the 1nterd1urna1 change
of the wind during October-November, 1956, at the -
observing stations, Adelaide Airport and Williamtown and
at Hillston (mid way between these two stations) for
30,000 feet was made from observations at the first two
sites and from the 300 mb charts at Hillston. Table 6
sets out the standard deviations of '

(a) the west-east component of the interdiurnal
change ( e
() the south-north component of the 1nterdiurna1
change (CEM )
and the standard vector deviation of the total inter-
diurnal change (0f ). It will be seen that the figure
for the interdiurnal change of the wind at Hillston is
the mean of that observed at Adelaide and Williamtown.
This indicated that charts prepared. in 1956 are more
reliable than those prepared in 1953 This no doubt is
accounted for by the experience of the analysts as well
as increased data,
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Table 6 - Interdiurnal change of 30,000 feet (300 mb) wind
October-November 1956 (knots)

Adelaide Hillston Williamtown
(observed) (analysed) (observed)
Jwe 28 32 33
N 31 34 , 38
Or u2 L7 50
4,  ACCURACY OF FORECASTS
Mascot March to May 1953. As routine after completing the’

200 mb -enalysis the meteorologist at Mascot prepared a fore-
cast for four points on the Sydney-Darwin air route for

2L, hours from the time of the chart he had just completed.
After the test had been proceeding for a short period, fore-
casters p01nted out that they would much prefer to forecast
winds for five degree zones as was done for normal air route
forecasts.  For purposes of verification and the necessity
of completing the test, it was not possible to alter the
item of the forecast as requested. The forecasts were
verified against the subsequently analysed charts which have
been discussed in the previous section, As set out in
Table 7 it will be seen that the forecast error is about the
same as the interdiurnal change (using vector standard
deviations as a measure of the magnitudes),

Table 7 - Forecast error at 200 mb
March-May 1953 (knots)

Point 30% 147°E 25% 142°E 20% 137°6 15% 133°%E

s.V.D.
of error 30 38 22 19

S.V.D,

of inter- 30 37 26 19
diurnal

change

Mean error. _
in headwind .5 3 1 0

Mean error
in crosswind 2 -1} 1 2






