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. Abstract: A study has been made of weather
conditions at Cambridge Aerodrome, Tasmania,

- to provide forecasting officers with an aid
whereby they may more easily assess whether
terminal conditions will be satisfactory,
warning or minirum according to the classifi-
cation of the Department of Civil Aviation.

The technique as developed requires, as a
preliminary step, forecasting the geostrophic
wind speed and direction as well as the dry
bulb temperature and dew point, after which
the degree of risk can be assesSsed at nil,
'slight, moderate or high by using diagrams
provided.. ©Sliight risk is considered to be
an approximate i5% chance of experiencing
conditions which ars not completely satis-
factory. for moderate risk this chance is
about 55% and for high risk 95%.

The diagrams have been prepared empirically

| but ‘have been tested against an independent
-set of data with satisfactory results., = -

1, INTRODUCTION

- .. Terminal forecasting at Cambridge Aerodrome,
near Hobart in southern Tasmania, is extremely difficult
from the technical meteorological viewpoint, and is made
even more complex by the nature of the surrounding country.
(Figure 1), : ' o TR

' The purpose of this study therefore is to provide
the aviation forecaster with an aid whereby the risk of P
obtaining sub-minimum terminal conditions may be more easily "
assessed, -

'As - the whole of this discussion is .concerned with
satisfactory, warning or minimum conditions, these terms
will be defined according to the Department of Civil
 Aviation's requirements namely, a -
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TABLE IABLE 1

(a) Celling (feet) and Vlslbility (mlles) Warnlng conditions:

Take—off: Day 4/8 Cloud, Base 1500 ft,, Vlslbllit

< 3 mls
" "o nght> 4/8 oy " 2000 5 3"
Landing : Day 24/8 ", m 2700 " . no Zauw
" . Night/ 4/8 "o " 3000 ", n <anm

Warning conditions also exist with surface wind speed 235kts.
(b) Ceiling (feet) and Visibility (miles) Minimum conditions:
Take-off s Day > 4/8 Cloud, base 500 £t., Vlslblllty €2 uis

" H Night)>4/8 " ', " 1000 ’ &2
Landing : Day. >4/8 " ., "1700 " , mo. g3
1" ° nght -74/8 n Ly o000 M g n $3 n

v

The warning conditions have been deflned slightly
more rigorousry than necessary by considering that 4/§ cloud
at the prescribed base height actually fulfils the require-
ment when strictly speaking it should exceed 4/8, but.ithis
has been done’ deliberately as an additional. safety margin,
and because of the dlfflculty in accurately observ1ng apart
from forecastlng the precise cloud amount -

'-‘és PROCEDURE

The procedure adOpted in this 1nvest1gatlon is
rather similar to that followed by Clarke (1954).and Maher
(1955), and consists of analysing the available data by
using different parameters, _ Three hourly surface observa-
tions-were used for Cambridge for the months of" May, June
and July (1952, 53, 54), but owing to the general lack of
upper wind observatlons (due to cloudiness), geostrophic
winds were taken from the appropriate surface synoptlc
weather charts.... The weakness of this procedure is recognised
but it was’ found 1mpractlcab1e to estimate upper w1nds ‘on a
more exact basiso L o ,

“For the ‘months considered all occurrences ofvwarn-'
ing or minimum conditions were obtained from Hollerith
listings together with simultaneous values of dry bulb and
wet bulb temperature, dew point and surface wind., The -
corresponding geostrophic wind direction and speed were. taken"
from the synoptic charts,

To. complete the sampling, an equivalent number of
occasions Wlth satisfactory condltlons was also considered
for each month examined.,  These .occurrences were distributed
as evenly as poss1b1e over each month considered and were:
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taken for. hours corresponding to those at which the warning
or minimum conditions were, experienced. This was done to
remove any possibility of bias toward a particular hour

(or hours). S S

The obvious parameters to select in this analysis
are geostrgmic wind, dry and wet bulb temperature and
possibly surface wind. The first step was to-plot the
prevailing conditions -i.e, whether warning minimum or
satisfactory against geostrophic wind 'speed and direction
for each month, It was .immediately clear that some: dive
1sion of the graphs into separate areas could be made but
as there were too few observations: in some classes to
declde on satisfactory divisions, all observations were
plotted on to one diagram and division into .three areas
made. These areas are outlined -in Figure- 2, "

. The second step was to analyse the observations in
Area 2 Figure 2 according to dew point and dry bulb temper-~
ature. It was then found that this graph could be sub- -
divided into four areas A, B, C and D, (Figure 3).

The third step was to repeat this analysis for the
observations in Areas ‘1 and 3 using the Areas A, B, C and
D obtained in the second step above, R -

3+- RESULTS
Analysis of the observations made over the selected

months and years showed that the number of occurrences of
warning. or. minimim conditions. was as follows ‘t= . ... . .

Mavy JUne July
1952 .44 33 23
11953 34 26 -7
1954 _18 44 18
S Tee Ty Tag ngtal = by

Together with the equivalent number of satisfactory
cases this means that nearly 500 observations in all. were
exdmined statistically, and the first analysis made, il.e.,
by geostrephic wind direction and speed showed the following
distribution := - B o o BEEEEE

Figure 2 - Area 1. Area 2 Area 3

- . NO! % . No_e % e NOQ . %
Conditions %
Satisfactory 117 93 116 | 51 12 9
Warning ™ -l o) =iige 1 g wmol BT 71 52
Minimum -1 i 1 41 | 18 54 | 39
| 126 229 137
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TS RUs RS e AN SIaran s
fﬁ It is immedlate ,clea';that for any observation(,e
falling 1n+oieither Areaml or 3.there is :a hlgh percentage

chance of experiencing either satisfactory (Area 1) .or. unw g
satisfactory (Area 3) conditions, but it is difficult to
. decide -in the case of obserwations, in Area 2 where: there is

an approx1mate 50%. chance.,’ S e R

When the second analy31s was made 1.e. the obser—q,
vations. of Areg 2 were considered. against dew point and dry..
bulb’ temperature d1v1sion]of the graph . into the. four areas;
A, B .C and D gave. the following resu1t5° e

Figure{?ﬂ ff”?Area A Area B b Area C ,T'f‘Aféafu‘I\fi
o NG, UG | No. ,%;“: No. % | No.. %
Conditions
Satlsfactoryifi

Warning
Minimum

146 |'as 54|96 |10 |100
141 a0 " |17. 124 | 70| o . .
17 116 |0 |0 .| o] 0

"o

W .

(o
A

This ican be regarded as a reasonably satisfactory
div1s1on but requires testing’ agaiinst the ‘observations ‘in"
Areas 1 and 3 of Figure 2. This was done with the follow-
ing results, the areas A, B, C and D used here were identical
with those used in the analysis of Area 2,

Eigureézwfrf?-nreaxﬁ*x';qAnea*Blu"‘Area C- | Airea D
Areai:] @i | e ke vl et oadi ol emi b T
Noy . % | No. = %+ | Nosov & | No, ' & ="

Conditions
Satisfactory| 1
Warning 0]
Minimm 1 0

Figure 2 .fff"ff' Area A | Area B | AreaC
Ai.ea 3 T . .l.‘:.;‘. : BE

Qong tions ifsl»~ 3
Satisfactory | 3 8 2 3 7
Warning 8 121 |55 |66 9 153
Minimum o7 (27 0|71 267 o1

AT Ty

These results can be combined in the following
manners I
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Area .| . - o : S
Flee3:1.100: 05 0 5530865 .| 8121171
. ‘1 ob. ~ . 36 obs. - 38”obs.
| 908 654 | 44:40:16 | 3:66:31
B cr s ' : - -
< 31 obs. 104 obs., 83 obs.
-.  92: 8:.0 763243 0 41:53: 6
& | , Y B
: - 78 obs. 71 obs., 17 obs.
: 100: 0z O 100: 0: O O: 0: O
D - : ' :
. 18 obs.. 10 obs,. O obs.
1 2 3

Area (Fig. 2)

- The figures in each area above represent thé-péf—
centage chance of experiencing satisfactory, warning or. .

minimim conditions respectively.

As the number of obser-

vations is also given the degree of reliance on the per-
centage values can also be quickly gauged.

‘From this graph it is considered reasonable to'
group’ areas as shown in Figure 4, the oveér-all percentage
values for the three ranges of terminal conditions being
given for each of the four areas in the following tables=~

Degree of Risk

- © - High Moderate Slight None
Condition DR
- -Satisfactory = 4% 449, 85%  100%
Warning - . - 47% 41% 14% - 0% .
Minimm - ... 49% 15% . .0 1% 0%
122 180

No. of obséfyé??iS? .

28

tions
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4, DISCUSSION

It will be observed from the foregoing that unlike
previous investigations of this character, the correlations
given are of simultaneous occurrences of minimum conditions
and the chosen parameters. This means that to ‘derive any
assistance from the diagrams provided, the forecaster mist
first decide (1) the geostrophic wind direction and speed
and (2) the dry bulb temperature and the dewpoint for the
required hour. It is recognised that the difficulties in
forecasting these parameters must be met before the aid can
be used to advantage. It is not practicable however to
select predictors for a place in southern Tasmania, partic=-
ularly one with such marked local topographic influences
which will give a reliable indication of subsequent'even%s.
Clearly a predictor of great value for this aerodrome would
be one indicating the probable time of arrival for cold
fronts.,

The results presented in Section 3 above represent
the end-product of many attempts to produce diagrams giving
a high degree of certainty of obtaining either satisfactory
or unsatisfactory conditions. Other attempts include the
following: ,

(1) A plot of surface wind vector on hodograph
forms with an indication in each case of the prevailing
conditions. This was done for. the months of May, -June, .
July and August 1950/54 (inclusive) and involwed consiéera
ing some 1100 observations for. each of the four.months.
The Table 2 summarises the-position and shows -that there
is a predominance of surface winds from the NW and NNW and
that surface winds from these directions and from S/SW are
morst__‘_ff,;:e‘,gg’e,nt:ly‘j;vgg‘q'gi_npahied by bad weather conditions ...

..t. . The.'percentage of warning and-minimum conditions:
experienced varies from 6% (July) to 16% (June) and in
each month there are'about twice as many occurrences of
warning conditions as there are:of minimum conditiohs.

(2) For the month of July (1950/54 incTusive)
approximately 140 .observations representing. équal numbers
of occurrences and non-occurrences of warning and minimuim
conditions were plotted against simultaneous values -of"
dry ‘bulb -~ dew point--temperatire differencé ahd surface

wind speed. Two areas can be separated oh this graph by

a line drawn. to.include both-a dry bulb - dew point ™ -
temperature difference of 2° and surface wind speed of 8
Kts; for an observation falling inside the area containing
the smaller values, there was a 21% chance of conditions
being satisfactory and for an observation outside this
boundary the chance was 62%.,
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SURFACE WIND DIRECTION (to 16 points)

MONTH 0229 0459 0675090 Hpm_wwwywmiupmo 201 mmmom#qomqo_mom 315°] 337° |360°
01 02] 03] 04| 05 07| 08| 09! 10 12} 131714 | 715 1716 lcalm
84.5% 5 [1.6/2.110.510.6]0.612.111.6]2.2[0.814.4]2,5 4.1 5.1 23.6
Hmwwv 10,0% W | 0.1{0,510.310.4]0.310,4[1.1[0.7]0.7!1,3]0.2[0.4]0.2] 1.6
115 |5, Zulo lo lo 1o 10.210.6]0.6]1.2]0.3/0.1/0.1]0.100 | 1.3
84.0% 8 | 1.410.710.410.2[0.411.311.7]1.2/1.4(2.9]3.3]4,0/6.7/28.6 5,3
rotas h1.08w | 0 |o 0.1lo. | - Jo.6]0.5]1.311.6]1.3l0.5]0.2]0.4] 1.3] 1.1] 0.3) 1.8
ummmmu 5,060 0o o lo Jo3 0.110,611.910,310.610,110.210,2{ 0.5i 0.3| 0 | 0,2
, 4.0% 8 | 1,0/1.110.4/0.310.2]0.80.811.4]1.6]5.112,5(3.7|5.4129.4]|20.3[13.7 626
emﬂww 4.0, W10 ]0.410 [0.210 0.2]0.2]1.1]0.2[0.4l0 lo.5l0 0.4 0.11 0,1] 0.6
mwwm;. 2.0 M1 0.100 1o o lo_lo 10.210.2/0.1J0 lo Jo_Jo | 0.6| 03[0 | 0.4
191,585 11.801.510.20.210.21.5/1.3(2.7]1.815.0|3,4]2.7]6.4]24.0 20,6 [12.2] 1.9
%wmmwd 5252 W10 10,410 [0 10,3/0.3/0,4]1.2[0.510,80.2]0.410.3| 0.5 0.1l 0 | 0.1
1153 3,00 M10 o lo,dlo lo o l0.210.710,310.700 lo lo.ol 0.3 0.1l 0 | 0.6
.S = Satisfactory W= S.mﬁbwbm = Minimum Conditions
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(3) Since the results of using geostrphic wind
speed and direction as parameters were -found to be so
satisfactory quite: early in the ‘course of this work, many
attempts were made:to obtain the. best subdivision: of the
most doubtful areg that is correspondlng to the Area 2 of
Figure 2, employlng varlous ‘comBinations of geostrOphlc
wind, surface wind; dry bulb :temperature and dew point and
even: surface pressure, but no satlsfactory conclu31ons
could be drawn° ; _ ¥

' It is 1nterest1ng and may be useful to record
that whllst in one method wind observations were ‘plotted
on hodograph forms and ‘in others on the more cOmmonly used
squared paper, the latter were found to .be generally prefer-
able.. This may. ‘well be a purely personal bias but; it-was
found .simpler to separate areas 'by eye" on:the squared
paper, and certainly considerable time can be ‘saved over
that required to prepare the hodograph forms. , :

; : ;50; N CHECK. OF lHE RESULTS :

: A check of the degree of accuracy whlch may be
expected from using. the graph Fig. 4., has been made using
52 observations .of ‘occurrence’ and non-oceurrence of warning
and: minimim ¢onditions over the months November - February
and years 1952/54 (1nclusive) y

; :

The results*of this may be summarlsed thuS°

.,ﬁ . Conditions Actuallv Prevalllng
Rlsk of fNo; of ) Satis—1‘ s Warning ; Mlnlmumx
occurrence Observa- |factory { & b ¢ 4d; w. X 'y .z
. .tlons.i A SR S N -
No Risk | | 8° 8 "I wir oo oyl
Slight Risk! 125 6 10 2 11401 1 0
Moderates" 113 .. 3. %10 'L 2042 :3 12 0
lj d 5 3 0 1.2 i4 l2 1

High: ~, 19} .
, ' The letters a, b, c: and d under “Warnlng" and
Wy Xg.¥ and 2 under "mlnlmum" condltlons are, approprlate to

(1) .day . take-off _ L 'j g;
(2) night take-off N ; ; L
(3) day landing and = . S i
(4) nlght landing condltlons

Thls means that condltlons become 1ncrea51ng1y
serious from d through to a under warnlng and from Z through
tow under mlnlmumoi; : : .
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‘The results indicate that the diagrams may be used
with a reasonable degree of confidence but it is again
stressed that the required parameters have to be forecast.

6.  CONCLUSIONS

The method of assessing the risk of satisfactory
warning or minimum conditions being experienced at Cambridge
Aerodrome described in this paper requires as a first step
the forecasting of geostrophic wind direction and speed, and
dry bulb and dew point temperatures. As fairly broad iimits
have been placed on wind conditions, the main difficulty
will be experienced in the temperature determination.

Use of the graph (Fig. 4) which has been deter-
mined empirically will enable the degree of risk to be
assessed, and a test of independent data indicates that it
may be applied with/a reasonable degree of confidence.
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