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The potential reconnaissance role of an aircraft in identifying weather change lines
over the ocean is examined using data collected during Phases II and III of the Cold
Fronts Research Programme.

It is shown that the mesoscale structure of a change line can be identified by
measuring dry and wet bulb temperatures, wind speed and wind direction, at
intervals of two minutes or less at a speed of 300 km h-!- Sampling over longer
intervals is likely to give inadequate resolution. The optimum flight level is close to
500 m.

Three cases are presented which show that most of the change lines correlate with
either satellite or radar pictures. It is proposed that the aircraft flight strategy and
the subsequent flight analysis should be modelled on one of four types of
meteorological situation, (a) a complex cool change that develops on a prefrontal
trough (Type 1), (b) a single line cool change that develops on a prefrontal trough
(Type 2), (c) a cool change associated with a southern ocean front and (d) a cool
change that develops on a coastal trough.

Introduction

One primary objective of the Cold Fronts
Research Programme (CFRP) involved increased
understanding of the structure of the frontal
transition zone (FTZ) (see e.g. Ryan et al. 1985)
over the ocean and its subsequent modification as
the system passes from ocean to land. A previous
study of summertime cold fronts by Berson et al.
(1957, 1959) had shown that the FTZ over land
often consisted of a series of discontinuities, or
change lines, extending over several hundred
kilometres, rather than a single wind-shift line
between the hot northerlies and cooler
southwesterlies. Observations from the CFRP
confirmed the existence of a similar FTZ over the
ocean, although specific lines were not always in
the same form as observed subsequently over land
(Garratt et al. 1985).

The aim of this paper is to present a method-
ology for detecting change lines over the ocean
using an instrumented aircraft, and to propose the
use of nowcasting and very short-term forecasting
techniques that couple those observations with
satellite and radar data. Nowcasting is defined as
a detailed description of the current weather with
forecasts obtained by extrapolation up to two
hours. Very short-term forecasting involves
prognoses up to 12 hours ahead. The very

69

short-term forecasting, and nowcasting, of the
movement of weather change lines that bring
changes in wind shear and relative humidity are
extremely important on severe bushfire weather
days.

The first section of this paper summarises
findings from the three phases of the CFRP. The
nowecasting technique proposed in later sections is
based upon a conceptual model of a summertime
cool change developed from CFRP
observations.

The following section describes the basic air-
craft instrumentation used during the CFRP to
detect the changes associated with the frontal
transition zone. In the third section three case
studies from Phases II and III of the CFRP are
used to show how the significant features associ-
ated with the cool change were detected and how
these observations correlate with satellite and
radar pictures.

In the next two sections there is a discussion of
the optimum strategy and instrumentation for a
reconnaissance aircraft, and a methodology for
‘nowcasting’ the movement of significant weather
lines will be proposed using a combination of
aircraft, satellite, radar and surface observations.
The role of the observations in validating short-
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term forecasts will also be discussed. A summary
follows in the final section.

Summertime cold fronts

The first major result to come out of Phases I and
I of the CFRP was the development of a
conceptual model of the summertime cool change
applicable primarily to the Mt Gambier region.
Phase III was designed to test the validity of the
model and to extend it to the ocean (Smith et al.
1982; Ryan et al. 1985). Subsidiary observations
carried out in the late summers of 1983 and 1984
confirmed the view that the low-level structure
associated with frontal systems could be classified
into two major types of systems (Garratt 1988).
These observations confirmed the earlier findings
of Berson et al. (1957).

The first type of cool change (Type 1), mostly
found in late spring and early summer, comprises
a cold front with associated frontal transition
zone, made up of one or more convective lines,
one or more of which may evolve into a major
squall line (Garratt et al. 1985; Ryan and Wilson
1985). The synoptically analysed cold front may
have formed on the prefrontal trough ahead of the
southern ocean front or may be the southern
ocean front itself. The squall line outflow very
often produces a significant change within the
transition zone, and is associated with a sudden

wind shift and sharp temperature fall near the
surface. The cold front itself produces only gradual
changes as it moves across the region. The
conceptual model based on the Phase I and II
observations has been developed for this type of
frontal system. A schematic of the model is shown
in Fig. 1.

The second type of cool change (Type 2), most
usually found in late summer, is basically a dry
cool change and is accompanied by a single
discontinuity only, usually in the form of a
pressure jump, wind shift and temperature fall. A
regular feature of the cold air behind such a front is
a levelling off of the cold-air depth after an initial
steep rise in the first few tens of kilometres behind
the surface change, the region of near constant
depth being followed by a sustained rise in the
depth of cold air further upstream (Berson 1958;
Berson et al. 1959; Clarke 1961; Garratt and
Physick 1986). The commencement of this latter
rise in the depth of the cold air is more or less
coincident with a major, synoptically analysed
cold front with little discernible surface change
associated with it, whilst the region ahead of it is
termed a cold air surge (Berson 1958) in which the
cold air is typically shallow and of depth on the
order of 1 km. From the point of view of this
paper, the Type 2 cool change will be treated as a
particular case of the Type 1 in which the
convective elements in the frontal transition zone
are absent.

Fig.1 Major features of a summertime cool change in southeast Australia — Conceptual model (adapted from ECOS, 42, 22-6). PJ, PF, are
pressure jump and pressure fall respectively; the sea-breeze may or may not be present.
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Following the analysis of data from Phase III of
the CFRP, several aspects of the conceptual
model have been generalised. Garratt (1988) has
shown that in the coastal region there are
significant falls in equivalent potential tempera-
ture (6.) across the surface cold front in the lowest
500 m, with both the Type 1 and Type 2 cool
changes. However, whereas the Type 1 cool
change shows a gradual fall in potential tempera-
ture (8) throughout the FTZ the Type 2 cool
change has a sharp fall in 8 at the change.
Observations from the CFRP have established
that the source of cooling in the subcloud layer of
the FTZ is evaporative cooling,

Physick (1988) has shown that due to the
diurnal heating over the land a coastal trough can
form ahead of an approaching cool change. The
diurnal pressure fall caused by the surface heating
over the land generates a trough in the coastal
zone that undergoes frontogenesis, whereas the
trailing synoptic system off the coast undergoes
frontolysis. The resultant effect is that the pre-
frontal air over the ocean rotates (backs) giving it
an oceanic rather than land trajectory and this
reduces the thermal gradient associated with the
synoptic change. An important feature of the
coastal trough is that it is aligned parallel to the
coast and thus the change associated with the
coastal trough also has this orientation.

Aircraft observations

Aircraft instrumentation and strategy during
CFRP

During the CFRP three aircraft were used. The
bulk of measurements were taken by the CSIRO
Fokker F-27. However, in Phase II the RAAF
supported these observations by flying reconnais-
sance missions in a Canberra jet, while in Phase
IIT similar support was given with an Orion
aircraft. In this section the important instrumen-
tation carried on these aircraft is discussed.

The Fokker F-27 was used to make transects
through the FTZ over the ocean, and space
cross-sections of the FTZ were deduced following
data analysis (Ryan and Wilson 1985). The usual
operating speed of the aircraft in a research
mission was about 300 km h-!. The aircraft had a
ceiling of about 7.5 km and an operational flying
time of between 4 and 5 hours.

The data acquistion system on the F-27 records
all data at a frequency of 5 samples per second.
The parameters logged included both dry and wet
bulb temperatures, static and dynamic pressure
and, in Phase III, parameters from the Inertial
Navigation System (INS) to allow computation of
wind speed and wind direction. In addition wind
speed and wind direction were recorded manually
from a display of the Doppler radar wind finding
unit, which gave two-minute average winds (see
Table 1). For consistency in this paper all data will

Table 1. Instrumentation on aircraft used for the Cold Fronts
Research Programme and referred to in this paper

CSIRO-Fokker RAAF RAAF
F-27 Canberra Orion Comments

Sampling Speed 300 611 330
(km h-1)
Sampling rate 0.5 0.2 0.5
(per min)
Effective Space 10 50 10
Scale (km)
Flight Level 500 900 150  All aircraft
(m) carried a
Doppler
wind
finding
unit

Wind speed +1 *1 *1
(m s-1)
Wind Direction =+ 5° +5 + 5
Dry Bulb
Temperature +0.02 +0.5 +0.5
0
Wet Bulb
Temperature + 0.02 — —
(W)

be analysed at 2-minute intervals giving an
effective space scale of less than 10 km. A
summary of the instrumentation on the Fokker
F-27 is found in Coulman and van Dijk (1981).

Four reconnaissance missions were flown by an
RAAF Canberra. The instrumentation on the
Canberra consisted of a Doppler wind finding
system and an uncalibrated thermometer read to
the nearest degree Celsius and adjusted for
dynamic heating. All missions flown by the
Canberra comprised a leg at 900 m from a
designated set of coordinates in the Southern
Ocean to Mt Gambier in South Australia with
observations recorded every five minutes. The
typical speed of the Canberra on the low-level leg
was in excess of 600 km h-!. The 5-minute
observations implied an effective space scale of
50 km.

In Phase III two similar reconnaissance
missions were flown by an RAAF Orion aircraft at
aflight level of 150 m. The instrumentation on the
Orion was similar to that on the Canberra except
that data were manually recorded every two
minutes and included wind speed, wind direction,
navigational coordinates, radio altimeter height,
pressure height and temperature. All parameters
were recorded by the navigator every two
minutes.

The speed of the Orion was typically 330 km h-!
giving an effective space scale similar to that of
the F-27.

Interpretation of observations

The interpretation of the wind field data is
relatively straight forward provided the errors
associated with the instruments are known. With
the instrumentation carried by all the aircraft the
wind speed is reliable to 1 m s-! and the wind

direction to about five degrees.
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The interpretation of the thermodynamic par-
ameters defined by the dry and wet temperatures
is less straightforward, and requires some dis-
cussion. Indeed, with the thermodynamic par-
ameters, the derived quantities — potential
temperature and equivalent potential tempera-
ture — were found to be the most useful
parameters. These temperature parameters are
now discussed in detail.

Potential temperature: Sudden falls in potential
temperature, as measured from an aircraft, can be
ambiguous. They may result from evaporative
cooling as a result of precipitation falling through
unsaturated air or may result from a change of
airmass (this assumes that dry bulb thermometers
are shielded from rain which is not always the case
in practice). Evaporative cooling can produce
temperature falls of several degrees over a
horizontal space scale of the order of tens of
kilometres, whereas the air outside the
evaporatively cooled region remains that of the
unmodified environment. It is important to
recognise that for an aircraft travelling at 300 km
h-! the detection of a feature with a 30 km space
scale necessitates an observational timescale of
less than six minutes. With observations every
two minutes, experience suggests that all signifi-
cant temperatures falls should be resolved, whilst
with observations every five minutes the detec-
tion of the feature is suspect.

Equivalent potential temperature: Equivalent
potential temperature, coupled with potential
temperature, is an extremely useful parameter for
identifying a change in airmass. When there is a
fall in potential temperature, but no significant
change in the equivalent potential temperature,
the observations can be interpreted as the
environmental air being modified by evaporative
cooling.

However, if there is a fall followed by a return to
the environmental values of both the potential
temperature and equivalent potential tempera-
ture it is most likely that mid-tropospheric air has
been evaporatively cooled and descended in
squall-like downdraughts. In contrast, if both
parameters fall and remain below that of the air
previously sampled, the observations show the
presence of a new airmass.

A rise in equivalent potential temperature
accompanied by a fall in temperature heralds the
arrival of a new airmass with increased relative
humidity.

Case studies

Three case studies from the CFRP have been
chosen to demonstrate the nature of change lines
over the ocean. Some objective assessment is
required to identify a change line; we chose
parameter changes shown in Table 2.

Table 2. Change line criteria

Wind Speed Changes > 5 m s-!
Backing of the Wind > 20 degrees
Potential Temperature Changes > 2 K
Equivalent Potential Temperature Changes > 2 K

Then one or more of these changes must occur
between the two-minute readings (except for the
Phase II RAAF flights where only five-minute
readings were taken) or there must be a sustained
change in the gradient that produces the same
changes over a ten-minute period.

The change line criteria are based on analyses of
time series of pilot balloons and rawinsondes
taken during Phases I and II of the CFRP over
land, and upon discussions with forecasters at the
Bureau of Meteorology. The cut-off values of 5 m
s-! in wind speed, 20° in wind direction and 2 K in
potential temperature and equivalent potential
temperature are typical of the changes associated
with the change lines in the FTZ as well as with
the final line. Further, on a day of severe fire
danger they represent changes of significance to a
forecaster on the bench. When a line exhibits the
change criteria in more than one parameter the
changes may not be coincident, in which case the
line will be identified by the most dominant
feature (i.e. the feature which the analysis shows
to be the most sharply defined).

The lines are interpreted in terms of the
conceptual model of the summertime cool
change. It is important to note that the model of
the low-level structure of the cool change was
based on the relationship between radar echo
bands, cloudbands, low-level winds from pilot
balloons and surface change lines over the land.
Garratt et al. (1985) used the aircraft observations
from Events 2, 3 and 4 of Phase II to show that
these features were also found over the sea.

The three cases in this study are based on the
aircraft measurements taken during Event 2 of
Phase II and discussed by Garratt et al. (1985) as
well as the aircraft measurements from two
previously unpublished case studies — Event 5
from Phase II and Event 3 from Phase III.

Event 2 Phase II 22-23 November 1981

On 22 November warm northeast to northerly
winds prevailed over southeastern Australia as an
anticyclone moved out over the Tasman sea and a
deep depression and associated front approached
from the west. The depression and front weak-
ened somewhat as they approached, with the cool
change passing through Mt Gambier at about
0700 UTC on 23 November. The main cool
change defined by the final line developed on the
prefrontal trough to the west of Adelaide. The
MSL chart analysed at 1630 UTC on the same day
is shown in Fig. 2 and the GMS infrared imagery
taken at 1600 UTC on the same day is shown in
Fig. 3.
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Fig. 2 MSL chart at 1630 UTC 22 Noveinber 1981. The position
of the final line deduced from the aircraft observation
coincides with the analysed trough line.
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Fig. 3 GMS IR picture for 1600 UTC 22 November 1981
showing part of F-27 aircraft flight path and inferred
positions of change lines.

Between 1540 UTC and 1700 UTC there was a
flight by the Fokker F-27 at a height of 500 m.
This time interval corresponds to a distance of
400 km. Using the criteria to identify change lines
as defined above, four change lines can be
identified according to changes in one or more of
the parameters. These changes are shown in Fig.
4. The convention of cold air at the left-hand side
of the figure is adopted in this paper. For Fig. 4,
this necessitates time running from right to left.

Garratt et al. (1985) have shown that all of these
lines were subsequently found over the land. The
physical interpretation of the change lines is as
follows.

The initial change line (D1) is preceded by a
region of negative baroclinity, with the maximum
temperature occurring at 1618 UTC. Ahead of
this peak there is a broad maximum and a general
backing of the wind. The air ahead of this line has
an equivalent potential temperature of 312K
whereas after the change the value exceeds 314K.
According to the conceptual model this line has
all the characteristics of the initial change line.

Fig. 4 F-27 data for height of 500 m on 22 November 1981
showing inferred positions of change lines.
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Note that this line is not visible on the satellite
imagery. Subsequently, as shown by Garratt et al.
(1985), this line was analysed by the surface
network, but not by the radar imagery. Lines D2
and D3 correspond to convective lines on the
GMS imagery and subsequently were related to
offshore radar echoes as shown in Fig. 5 for 0010
UTC. The last line (D4) corresponds to the final
line in the conceptual model and marks the onset
of the cooler southwesterly winds.

Summary: Event 2 Phase II shows that in an
operational mode and using the above criteria the
four change lines would have been detected. The
movement of these lines over the land was
monitored using satellite, radar and a surface
network. However, only the surface network
monitored the continuous eastwards movement
of the first line.
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Fig. 5 Positions of change lines inferred from surface data, and
radar echoes at 0010 UTC on 23 November 1981 (from
Garratt er al. 1985).
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Event 5 Phase II 10-11 December 1981

Event 5 Phase II was associated with a synoptic
pattern typical of winter. In this case a deep
mid-latitude trough extended a cold front into
southern Australia (see Fig. 6). The prefrontal
temperatures were relatively cool, limiting the
surface temperature change across the front to a
few degrees. Consequently the main cool change
was associated with the Southern Ocean front and
an active prefrontal trough was not established.

The GMS imagery (Figs 7 and 8) at 1800 UTC
and 2100 UTC showed middle and upper-level
cloud over Mt Gambier with a secondary front
and upper cloud pool to the west of the main
frontal band.

During this event the RAAF Canberra flew a
low-level mission from 38°S, 132°42’E to 38°S,
139°44’E between 1658 and 1755 UTC (distance
approximately 600 km) whilst the Fokker F-27

flew west to intercept the frontal band between
2040 and 2140 UTC (distance 300 km). There are
three features according to the potential tempera-
ture criterion (Fig. 9). The first line (D1) shows a
substantial temperature drop of 3K. Note that
while there is a backing preceded by a veering in
the wind direction and a corresponding wind
speed maximum, it is less than that stipulated in
Table 2. The second line (D2) meets the criteria of
a change line by showing both a temperature
change and a wind backing. The final change line
detected by the Canberra is identified by the rapid
temperature rise and fall and by the wind increase
to 30 m s-!. The positions of these lines are shown
on the 1800 UTC satellite picture (Fig. 7).

The analysis based on the RAAF flight is
confirmed by the subsequent Fokker F-27 flight
(Fig. 10). All three lines in the RAAF flight were
located primarily through the temperature
changes and three changes are also identified in
the Fokker’s temperature record. However, the
higher resolution of these latter observations
coupled with the equivalent potential tempera-
ture measurements make the interpretation of the
observations more straightforward. The features
D1 and D2 are associated with an increase in
equivalent potential temperature and decrease in
potential temperature suggesting that the
subcloud air has substantially moistened ahead of
the front. The two cloud lines associated with the
rain can be clearly seen in the satellite picture
(Fig. 8). The final line D3 corresponds to a new
potentially colder airmass and is the synoptically
analysed cold front and the final line in the
conceptual model.

Summary: Event 5 Phase II shows that three
main features were found by both the RAAF
Canberra and Fokker F-27 flights and that these
features were correlated with features on the
satellite imagery and the Mt Gambier radar.

Fig. 7 GMS IR picture for 1800 UTC 10 December 1981,
showing part of RAAF Canberra flight path.







