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SCME STATISTICS RELATING TO 300 AND 200 MB WINDS AND

TEMPERATURES AND FORECASTS OF THESE ELEMENTS ON

THE SYDNEY - NANDI AIR ROUTE
by
J.N. McRae and H.R. Phillpot
Central Office, Melbourne
(Manuscript received November, 1958)

Abstracts  Although no actual experience of
aircraft "operations at 30000 and 40000 ft was
available on the Sydney - Nandi route, an
attempt was made to assess the likely order
of accuracy of forecasts of wind and
temperature at these heights on the route,

As background data, the standard deviation

of wind and temperature and statistics
relating to the variation of wind in time

and space were derived for stations near the
route. As these statistics are not available
elsewhere they have been included in the
article,

Using upper air analyses which contain an
unknown error, a subjective assessment was
made of the errors in 2/~hr forecasts of wind
and temperature. By the use of statistical
relations errors in 2j~hr point forecasts were
used as a check on the errors in 24<hr
equivalent head winds over the route., -
Statistical relations were also used to assess,
from 2j=hr EHW forescasts, likely errors in
shorter period forecasts. An assessment was
also made of the probable error in forecasting
by statistical methods. All methods
indicated a RMS errcr in wind forecasts of
about 15 kt for forecasts made 8 to 20 hr
after the time of observations.

Using the assessed errors in 24-hr forecasts

of temperature over four zones of the route

and 24~hr temperature forecasts for points near
the route, RMS errors in temperature forecasts
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for periods_of 8 to 32 hr were assessed tc range from
2,5°C in the western zone to 2 °C in the eastern zone.

1., INTRODUCTION

A meteorological study group was formed to report to the
12th Meeting of the South Pacific Air Transport Council in November,
1958 on the accuracy of forecasts for jet aircraft operations on the
trans-Pacific air route. This study was undertaken in this
connection and relates to the accuracy of test forecasts of 300 and
200mb winds and temperatures on the Sydney - Nandi section of the
route using the existing upper air network which is shown in Fig 1.
No actual aircraft operations at these heights were available to
assist in this study. '

As much of the statistical data derived for this study is
not available elsewhere, it has been reproduced here in more detail
than would normally be necessary.

2, WIND STATISTICS

As radiosonde and rawin observations from Lord Howe Is.,
which were required for the study, commenced in November, 1954, the
period chosen for extraction of most of the statistics was confined
to the period 1954-=1957 for uniformity.

(1) Point values of interdiurnal change and standard vector’
deviation.

Table 1 gives the RMS (root-mean-square) 24-hr 30000 and
40000 ft vector wind change (aﬁaa) at Williamtown, Lord Howe Is.
and Norfolk Is., for observations made during the periods shown.
At Norfolk Is. there were insufficient observations to justify
a calculation at 40000 ft and even at 30000 ft the number of pairs
of observations is rather small in most months.
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Fig 2. Ratio of the RMS. vector change in wiﬁd in time t
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bosed on values from table 8 (O = 30,000 ft and X=

40,000 ft volues). Theoretical curve based on 6%, = &
is shown by dashed line.
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Time did not permit the calculation of the standard vector
deviation g” for more than a few months at two stations for the
chosen 1954=57 period., These results are given in Table 2 which
also includes for comparison the RMS 24 hr wind change (i.e. values
of @7%y) for the same period.

Table 2. Relation between the RMS 24 hr wind change ( 0‘24)

and the standard vector deviation of wind ( 0~ )
for Lord Howe Is. and Williamtown.

Williamtown 1954=57 Lord Howe Is. 1955:57
Jan. May July : Jan, July
30000 ft ‘ 30000 £t
0%, 31 48 T kb 33 50 - kt
o 28 45 51 Kt 30 45 Kt
Oy 11 1,07 .92 1,10 1,11
40000 £t ‘ 40000 . £t
0‘24 36 - 51 Kkt 33 51 Kt
| g 34 - 53 kt 42 49 Kt
0y, for 1:06 .96 .9 1.04

The only other data available on the standard vector
deviation for the stations of interest relate to various periods
during 1951/55. This data, summarised in a paper to be published
by Phillpot, is shown in Table 3. °
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Table 3. Standard vector deviation of wind (knots) at 30000
_ - and 40000 ft at Williamtown, Lord Howe Is. and
‘Norfolk Is, for varying periods between 1951 and
19550. . C E N
Williamtown April 1952 - December‘l955

Height (ft) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

30000 27 30 29 30 40 42 40 39 35 37 35 29 35

40000 37 43 43 39 43 5L 45 42 40 43 41 35 44
1 Lord Howe Is, ) December 1954 - December 1955

30000 25 33 35 38 A5 AT 45 46 50 4T 44 35 41

40000 29 41 42 45 49 55 51 48 48 45 52 43 46

Norfolk Is. Aprii 1951 - June 1955
30000 33 32 33 33 33 35 37 40 43 37 3, 33 35
40000 42 38 °35 36 38 38 43 48 55 47 38 37 42
(44) Vériation of wind with time

Durst (1954a) indicates that the (stretch) vector correlation
coefficient for winds 24 hr apart is about 0.55 for the British Isles.
This corresponds to a value of 0,95 for the ratio of the RMS 2, hr
change ( G 2,) to the standard vector deviation (o~ ). The values in
Table 2 and values for Nandi communicated by Dr. J.F. Gabites of the
New Zealand Meteorological Service indicate.that this ratio is also
close to unity over the South-west Pacific. .. Although based on data
for different periods, Tables 1 and 3 indicate that 024 and g~ vary
in a similar manner with the season. o

It should be mentioned here that monthly distributions of
the vector departures of wind from the vector mean and of 24 hr
vector changes in wind closely approximated normal vector distributions
in all cases examined, :

As a basis for the assessment of forecasting over various
time intervals from the time of observation the variation of wind with
time at Williamtown, a station where two observations a day over
varying intervals have been made for several years, was examined. "
The data, insufficient for grouping in months or seasons and; therefore,
grouped only according to time interval and height, is shown:in Table 4
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Table 4. RMS wind change for various time intervals at Williamtown.
The number of pairs of observations used for each RMS
calculation is shown below the value. 0‘24 refers to 24 hr
from commencement of time interval t.

Period of data Height RMS GMT time interval RMS ~~°”°/0'24
(ft) 24 hr . (t hr) change
change in t hr
Jgn., 1954 - 30000  41.0 03-19 (16 hr) 34e6 .84
Nov., 1955 (593) 4 (483)
40000  42.7 03-19 (16 hr) 39.2 92
(500) (397) :
. June, 1957 = 30000  45.2 11-23 (12 hr) 32,0 71
- Dec., 1957 (161) " (181)
43,0 23-11 (12 hr) 34.0 79
(204) (180)
Moo 23-11 Bnd 3300 075
(365)  11~-23 (12 hr) (361)
40000  52.9 11-23 (12 hr) ©  33.3° .63
| (90) (123)
47.8 23-11 (12 hr) 37.5 .78
(189) - (124)
49 . 5 23"11 and 36 R 073
(279)  11-23 (12 hr) (247)
Dec., 1955 = 30000  42.0 03-16 (13 hr) 33.9 .81
May, 1957 (496) (406)
o 40000  41u7 03-16 (13 hr) 32.9 79
(412) o (341)
30000  39.2 16-03 (11 hr) 30.3 .77
Fens (374) (416)
40000 42,2 16-03 (11 hr) 31.4 75
(285) - (323)
Jan., 1954 = 30000  38.4 19-03 ( 8 hr) 26,2 .68
Nove., 1955 ‘ (417) (480)
40000 43,6  19-03 ( 8 hr) 29.9 .69
(338) -~ (395)

where @", the RMS wind change in t hours between two observations, is
given as a factor of O7%,, the RMS wind change in 24 hours from the
first observation. There was insufficient time to sort data to ensure
a one to one correspondence between the observations used to calculate
(o 1f andG“zA but the numbers of observations used should ensure that
bo%h refer to representative samples excepting, perhaps, the case of
12 hr changes. The values are also plotted in Fig 2.
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. Fig. 2 suggests that the plotted values of ¢~/ 024 which

have been derived from both 1100-2300 GMT and 2300-1100 -GMT changes, are
 too low, whereas the values derived from the 2300-1100 GMT changes along
(see Table 4) show good agreement with the values for the 1l and 13 hr
periods, For this reason and as the number of observations used for
the 1100-2300 GMT calculation is comparatively small, the 2300~1100 GMT
values are probably more reliable.

The dashed line shown in Fig 2 represents the theoretical
curve when ¢~ = 07, and obtained from the equation

| 0p =0 21 -1y (1)
where rt is the correlation coefficient between wind observations at
a station ot time intervals t. It is obtainod using

o 2 %
ry, STl = r64 » and rig = .reé. etc,

(1i1) Variation of wind with distence

For Williamtown, Lord Howe Is. and Norfolk Is. the values
of the vector correlation coefficient between winds at one station
with simultaneocus winds at each of the other stations have been

derived for 3 to 4 years in January and July and are set down in
Table 5. , A

Table 5. Vector correlation coefficients at 30000
and 40000 ft for January and July between
simultaneous winds at
1. Williamtown and Lord Howe Is. (370 n mi) 1955-57
2. Lord Howe Is. and Norfolk Is. (480 n mi) 1955-57
- 3. Williamtown and Norfolk Is. (850 n mi) 1954-57
The number of pairs of observatidns are shown in brackets and Durstis
values for routes of the same length in the tropics and sub-tropics

(column A) and temperate latitudes (column B) are also shown.

Vector correlation coefficients

January July Durst'é values

30000 40000 30000 40000 A B
1. 0.32 (83)0.44 (76) 0.51 (88)0.44 (80) 0.46 0.52
2. 0.26 (76)0.29 (64)  0.33 (63)0.19 (37) 0.3 0,33

3. = 0.13 (69)0.09 (60) ~° 0.14.(64)-0,05(34) 0,07 - 0.18
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The aim here is to test the validity of Durst’s (1954a)
conclusions on the variation of wind with distance in the South=west
Pacific area. Table 5 indicates good agreement between the values
obtained at 30000 ft in July and Durst’s curve B for temperate
latitudes, It also indicates that January values for 40000 ft are
of the same order as given by Durst's curve A for tropical and sub-
tropical latitudes, The figures in brackets indicate that the data
is far from complete for Williamtown-Norfolk Is. (total possible 124)
in all cases and for Lord Howe Island - Norfolk Is. at 40000 £t in
July (totel possible 93),

(iv) Wind statistics averaged over the Sydney - Nandi route

From the (as yet unpublished) charts prepared by Phillpot
(from 1951-55 data), monthly and annual values of the average
standard vector deviation ( @ ) for the Sydney - Nandi route have
been estimated (Table 6).

Table 6. Monthly and annual values of the average standard
vector deviation ( & ) and average RMS 24 hr
change of wind ( 85,;) over the Sydney - Nandi
route at 30000 and 40000 ft,

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

30000 £t
G 27 28 28 28 36 40 39 40 38 36 30 28 34
Op, 29 27 21 30 37 38 40-39 40 38 34 29 34
40000 £t
G 33 34 35 37 40 42 Al 4 4l 41 38 33 38
Op, 32 36 33 32 40 4k AL 42 42 40 39 34 38

Using Table 1, together with Porter's (1952) data for Nandi,
where it was assumed that G~ = 0 , an estimate has been made of the
monthly and annual values of the RMS 24 hr change ( @F2;) for the route.
Theése estimates have also been included in Table 6, and suggest that

@, =< T  for any month, and for the year.
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3. TEMPERATURE STATISTICS

- (4) Point values of monthly means, standard, deviations, and
RMS 24 hr changes.

Table 7 sets out the monthly mean, standard deviation and
RMS 24 hr change of 300 and 200 mb temperature at Williamtown, Lord
Howe Is. and Norfolk Is. and the mean and standard deviation at Nandi
for the periods indicated. The Nandi figures are based on data
given by Gabites and Hamlin (1952).

In almost all cases the distributions were close to normal
within two standard deviations from the mean at Williamtown, Lord
Howe Is. and Norfolk Is. and between the 5 and 95 percentile values
at Nandi. The only marked departure was the distribution for
Williamtown at 300 mb in August where the high value of the standard
deviation 5.5°C is therefore doubtful. :

- The data on which Table 7 is based are not strictly
homogeneous as, in the case of Williamtown, Lord Howe Is. and
Norfolk Is., radiation corrections were applied to radiosonde
observations above 400 mb from lst June, 1957.onwards. Therefore,
the January - April values are based on temperatures uncorrected for
radiation error while the June - December values are corrected for
one year only.

(i1) Variation of temperature with time

This could only be studied for two places, Williamtown
where 12 hr ascents have been made, and Maralinga (30°08'S, 131°35'E)
where, for a limited period in 1957, 6 hourly ascents were made.

The relationship between the RMS 12hr change and the RMS
24hr change for the only information available since the introduction
of radiation corrections at Williamtown, together with the sample
standard deviation, are shown in Table 8,while Table 9 shows the RMS
temperature change for various time intervals using 6hr observations
made at Maralinga over the period 4th September - 9th October, 1957,
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Teble 8, Williamtown 300 and 200 ‘mb RMS 1l2hr (ijg) and 2/hr
(KTQA) changes of temperature and the standard
deviation of temperature (¢-) (°C) for the period
4 September - 11 October, 1957. .

ar eer T T T
300 mb 1100 31 3.6 3.6 3.0 .86
300 mb 2300 33 2.9 3.3 2.9 .88
200mb 1100 31 - 3.8 3.9 3.1 .80
200 mb 2300 33 3.1 3.7 3.1 .84,
All observatioﬁs 128 - 3.7 '301: .84

Table 9. Maralinga (30°08'S, 131°35'E) RMS temperature (°C)
changes (€%) for various time intervals t and O%/C7y,
for 94 and 76 six-hourly observations consecutive over
30hr periods at 300 and 200 mb respectively, during
, September - 9 October, 1957, The standard deviation
(<) for the same six-hourly observations is also

given,
300 mb (94 obs.) 200 mb (76 obs.)
O = 4.7 G = 2,8
t (hr) 03(%c)  Oy/ey, 03(%) G/ oy
30 543 1.12 3.1 1.00
24, 4o 1,00 ' | 3.1 1.00
18 . 3.9 .83 | 3.1 1.00
12 3.1 .65 ' 2.7 .87
6 2,0 A2 2.0 .64

4o AGCCURACY OF HIGH LEVEL WIND AND TEMPERATURE
FORECASTS BASED ON EXISTING NETWORK
The only routine high level forecast made by the Bureau

covering the Sydney - Nandi route is the 1l2hr streamline-isotach
prognosis for 30000ft based on the rather limited 1100 GMT rawin network.






