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1. INTRODUCTION

The main technique that is currently used in fog
forecasting for Melbourne Airport is one developed by
Goodhead (1978).

The Goodhead (1978) technique predicts the fog
onset time at Melbourne Airport. The present paper
describes a new technique that may be used to
predict the probability of fog occurrence there.

2. BACKGROUND
2.1 The Goodhead (1978) Technique-

The Goodhead (1978) technique is graphical in
application. The previous afternoon’s wet bulb
depression and low level wind at a nearby station are
combined with indicators of the synoptic-scale
circulation to provide an estimate of whether or not
fog is likely to form and, if so, at what time.

It was developed on 5 years of April to August data
between 1972 and 1976 and is presently used as a
forecast guidance tool in the Australian Bureau of
Meteorology's Victorian Regional Forecasting Centre.

2.2 Automation of Aviation Forecasts

Most of the work that has been carried out in
Australia towards providing automated forecast
guidance has focussed upon weather elements
contained in forecasts for the general public (Stern,
1980; Dahni et al., 1984; Woodcock, 1984; Dahni,
1988; Dahni and Stern, 1995; Stern, 1996). Relatively
little such work has been carried out towards
providing guidance for aviation forecasting.

Progress has been made outside Australia towards
the automation of aviation forecasts by employing
highly sophisticated statistical techniques (Haalman et
al., 1997, Knipffer, 1997a8b; Richter, 1997). This
progress has been achieved using Model Output
Statistics (MOS).

However, Brunet et al. (1988) found that Perfect
Prog (PP) forecasts perform better than MOS
forecasts for short-term predictions.
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Brunet et al. (1988) also rote that PP forecasts
possess the overwhelming advantage of portability of
the system when the driving model changes.

For these reasons the PP approach is used in the
development of the technique described herein.

2.3 Purpose

The purpose of the present paper is two-fold.
Firstly, a synoptic classification of fog situations is
presented. Secondly, a new technique to predict the
probability of occurrence of fog that is based on
aspects of the onset time technique is described.

3. DISCUSSION
3.1 The Synoptic Classification

The system of synoptic classification for
southeastern Australia is that first referred to by
Treloar and Stern (1993). The basis for the synoptic
classes, or types, is the direction, strength and
curvature of the surface flow. These characteristics
are determined from a grid of pressure values
depicted by Figure 1. Lamb (1972) devised a similar
system of synoptic classification for the British Isles.

The types (Table 1) are determined as follows:

The strength of the flow is divided into four
categories. Defining a and b, respectively, as the
0900 hours EST pressure differences:

(a) Smithton [41°S 145°E]-Hay [35°S 145°E]; and,
(b) Gabo iIs [38°S 150°E]- Mt Gambier [38°S 141°E],
which reflect easterly and northerly gradient wind
components, the categories are:

(1) light L, where a2+b2(hPa)2<1;

(2) weak W, where 16a2+b2(hPa)?>1;

(3) moderate M, where 812a2+b2(hPa)2>16; and,
(4) strong S, where az+b2(hPa)2>81.

Where the strength is L, the direction is said to be
variable (V); otherwise: .
(a) where a>0 the direction of the surface flow IS

(n/2)-artan(b/a) divided into 4 octants (NNE,ENE
ESE,SSE), otherwise, .
(b) where a<0, the direction of the surface flow IS
(3n/2)-artan(b/a) divided into 4 octants (SSW.
WSW,WNW,NNW); uniess, :
(c) the direction of the surface flow places it on the

boundary between two octants, in which case the
direction is the first of the series
NNW,NNE,WNW,ENE,WSW,ESE,SSW,SSE.’ -



The cyclonicity of the flow is determined by Synoptic Flow Flow Flow
whether or not the pressure at Melbourne [38°S Type Strength | Direction | Cyclonicity
145°E] is greater than that at Forrest {[31°S 128°E). If 1(0%) I vV C
(Melbourne pressure)>(Forrest pressure) then the 2(3%) L Vv A
flow is anticyclonic (A); otherwise, it is cyclonic (C). 3(3%) W NNW C

4(7%) w NNW A
3.2 Frequency of fog 5(2%) W WNW C
o,

Fog occurs quite frequently at Melbourne Airport gﬁ"f ; w VV\\;gVV\\; é
with some synoptic types (Table 1, and Figures 2 and 8 10/" W WSW )
3). For example, there is fog associated with 18% of ( °°)
the occurrences of the synoptic type "weak ENE 9(2%) w SSW ¢
cyclonic". By contrast, there has never been a fog in 10(5%) w SSwW A
association with some other synoptic types, for 11(5%) w SSE C
example, the synoptic type "strong NNW anticyclonic”. 12(10%) w SSE A

. 13(7%) w.: ESE 8]

3.3 Logit Regression ) 14(6%) w ESE A
15(18%) w ENE C

~ The new technique uses logistic regression and 16(11%) w ENE A

- was developed using 22 years of data between 1971 17(7%) W NNE C
and 1993. The skill displayed by the logistic 18(7%) W NNE A
regression technique is verified using 54 months of 19(1%) M NNW C
““independent data between January 1994 and June 20(1%) M NNW Y

98. In a logit regression model (StatSoft, 1995) the 21(2%) ] WNW C
predicted values for the dependent variable will never 53 20/" 7 WNW )

less than or equal to 0, nor greater than or equal to - oz"’

regardless of the values of the independent 23(2% M WSW ¢

iables. This is accomplished by applying the 24(2% M WSW A

owing regression equation 25(2%) M SSW c

S y=(exp(a+Zbxi))/(1+(exp(a+Zbix))) 26(1%) M Ssw A

ere 'y’ is the dependent variable, the x; are the 27(4%) M SSE c

dent variables, and a and the b; are constants. 28(5%) M SSE A

In operation, where 'y’ is a yes/no variable, the 29(10%) M ESE C

ation yields the probability of occurrence of a 30(4%) M ESE A
particular phenomenon. 31(7%) M ENE c

o 32(11%) M ENE | A

'The New Technique : 33(6%) M NNE C

. 0,
eveloping the new technique, the previous gg:é: : AS” SSVEV é
o_pn's dewpoint (x4) and temperature (x2) are 36(0%) S NNW y
ed ‘with a “length of night" parameter, (xa), 37 0‘; = TWNW =
as [month-6|, in a set of regression equations. ( 0°)
e 'equations are developed on data associated 38(0%) S WNW A
the 19 synoptic types for which there are 39(0%) S WSW c
t data and sufficient “fog” cases (at least 3), 40(2%) S wsw A
or -which the derived statistical refationship is 41(0%) S SsSwW c
nt at the 10% level. 42(0% S SSW A
43(6% S SSE C
44(5%) S SSE A
45(6%) S ESE C
(6 o ) ) 46(0%) S ESE A
1 {opposite column) The synoptic types: L, W, 47(17%) S ENE C
’S,correspond to light, weak, moderate and 43(5%) S ENE A
flow; V, NNW, WNW, etc. comespond to "
ow, and flow from the eight octants; and, C 49(5%) S NNE ¢
; 9 , ans 50(4%) S NNE A

respond to cyclonic and anticyclonic flow.
of fogs for each type is given in brackets.
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FIGURE 1 Diagram depicting the grid of locations
used to determine synoptic characteristics around
Melbourne (M).
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FIGURE 2 Frequency (%) of fogs associated with
each direction for weak (left column), moderate
(middle column), and strong (right column) cyclonic
synoptic flow, and for light and variable cyclonic
synoptic flow.
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FIGURE 3 Frequency (%) of fogs associated with
each direction for weak (left column), moderate
(middle column), and - strong (right column)
anticyclonic synoptic flow, and for light and variable
anticyclonic synoptic flow.
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For these synoptic classes, which encompass 53%
of all cases and 62% of “fog” cases, the relevant
equation, the coefficients of which are given in Table
2, is then used to provide a forecast of fog probability.
For the other synoptic classes, the fog probability is
set at the climatological normal for that type (Table 1,
and Figures 2 and 3).

TABLE 2 The Equations' Coefficients.

Synoptic a b b; bs
Type
4 -2.347 | 0.423 | -0.241 0.056
12 -4.254 | 0.553 | -0.110 | -0.426
13 2272 ] 0.359 | -0.376 | -0.740
14 -0.968 | 0.253 | -0.102 | -1.094
16 -2.241 | 0.335 | -0.101 -0.455
20 -2.559 | 0.308 | -0.289 0.422
23 -5.267 | 0.281 | -0.088 0.127
24 -7.984 | 0248 | 0.206 -0.785
27 0.921 0.167 | -0.301 -0.281
28 -1.216 [ 0.286 | -0.217 | -0.272
29 -0.097 | 0.184 | -0.145 | -0.572
30 -1.301 | 0.141 0.030 -1.770
32 -0.697 | 0.052 | 0.048 -0.988
33 -5.794 | 0.357 | -0.092 0.179
34 -0.582 | 0.225 | -0.193 [ -0.016
43 -1.476 ; 0.059 | -0.050 | -0.466
48 -2.103 | 0.326 | -0.146 | -0.488
49 7.588 | 0.383 | -1.355 1.913
50 -0.142 | 0.356 | -0.341 0.058

3.5 lllustrative Examples of the New Technique

Two examples of the technique are now given:
Example 1.

Tomorrow's synoptic type is expected to be
Synoptic Type 2 (Light Variable Anticyclonic). Table 2
indicates that a prediction equation is not availabie for
this synoptic class. Read off the percentage of fog
cases in Table 1 to yield a probability of fog of 3%.
Example 2.

Tomorrow’s synoptic type is expected to be
Synoptic Class 16 (Weak ENE Anticyclonic). Table 2
indicates that a prediction equation is available for this
synoptic class. Today's 3PM Melbourne Airport
temperature and dewpoint are 13°C and 11°C
respectively. Today’s month is June. Note that the
absolute value of the difference between 6 and 6 is 0.
Refer to Table 2 in order to obtain the coefficients in
the equation. The equation yields a probability of fog
of 53%.



4. EVALUATION
4.1 Industry Requirements

It is necessary for the terminal forecast to indicate
that fog is expected if the probability of fog occurrence
is =60%. If the probability of fog occurrence is 230%
but <50%, that probability needs to be indicated in the
terminal forecast. If the probability of fog occurrence
is >1% but <30%, that probabilty needs to be
indicated in a special advice, referred to as "Code
Grey", that is provided to the major airlines. There
are two categories of "Code Grey" advice - one
category when the probability of fog occurrence is
>15% but <30%, the other category when the
probability of fog occurrence is 1% but <15%.
Forecasters have the discretion of being more specific
than just simply indicating which broad category of
"Code Grey" advice is appropriate.

4.2 Evaluating the Technique

The industry requirements are taken into account
in evaluating the technique. This is achieved by
dividing the forecasts into the above forecast
probability ranges. An additional category of very low
forecast probability (>1% but <5%) has been "carved
off" the lower probability category of "Code Grey"
advice, in order to provide an indication of the
technique's performance in such circumstances.

Figures 4 and 5 respectively summarise the
performance of the technique on all 47 fog "observed”
cases, and all 1595 fog "not observed" cases between
Januané 1994 to June 1998.

A y° test applied to the data presented in Figures
4 and 5 shows that the differences in the two sets of
frequencies is significant at the 1% level. This
demonstrates that the technique displays skill in an
absolute sense. On 70% of these 1642 events, the
forecast fog probability was superior to an estimate
based on the monthly fog climatology, this proportion
being significant at the 1% level. This demonstrates
that the technique displays skill relative to climatology.

An evaluation was made of all available official
forecasts of fog, issued at approximately 3pm,
between January 1994 and June 1998 (80% of the
1642 issued during that period), made up of 41 fog
"observed" cases and 1277 fog "not observed" cases.

Figure 6 presents the relationship between the
technique's PODs and FARs if one uses probability

cut-offs of >1%, >5%, >15%, >30%, 240% and > 50%

to predict the categorical occurrence of fog.

The PODs and FARs “derived from the official
forecasts also are presented in Figure 6.

They suggest that applying the technique with a
30% cut-off yield a POD of 19% and a FAR of 76%,

provided the following day's synoptic type is correctly
forecast (which it isn't always). Official forecasts with
the same cut-off yield a POD of 29% and a FAR of
80%. The FARs are high because some forecasts of
*fog” are followed by low cloud, not fog. Applying the
technique with a 40% cut-off yield a POD of 15% and
a FAR of 61% - corresponding official figures are 17%
and 63%. Applying the technique with a cut-off of
50% vyield a POD of 11% and a FAR of 58% -
corresponding official figures are 15% and 59%.

From these data, one may conclude that an
encouraging level of skill is displayed by the
technique. The official data, however, reflect a
degree of conservatism that leads to higher PODs
and higher FARs than those of the technique.

5. CONCLUSION
5.1 Summary

A simple and new technique has been shown to
display an encouraging level of skill when compared
with that displayed by the current official forecasts.

5.2 Future Work

A prediction of fog onset time (as per the
Goodhead (1978) technique) and fog clearance time
are not included in the new technique. This is
because we are in the process of establishing a
computerised data base of hourly observations for the
entire period of record (at present, only a 3-hourly
data base is available for the entire period of record).

Once the computerisation of the hourly
observations is complete, it is planned to further
develop the probability of fog occurrence technique so
that it also includes a prediction of fog onset time (as
per the Goodhead (1978) technique) and a prediction
of fog clearance time. The use of additional
predictors, such as those representing static stability,
will also be tested. It is then proposed to extend the
technique to other aerodromes and to other weather
elements included in aviation forecasts, with a view to
developing a comprehensive system of automated
forecasting guidance for Australian aviation.
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FIGURE 4 Frequency (%) of forecast fog probal
for all fog "observed" cases.
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FIGURE 5 Frequency (%) of forecast fog probabilities
for all fog "not observed” cases.
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FIGURE 6 A comparison between the new
technique's PODs and FARs for different fog
probability cut-off criteria, and those of the official
forecasts (with the cut-off set at 30%, 40% and 50%).



