551.576.11:
551.509.616:
551.509.617

A RELATIVE-FLOW ISENTROPIC ANALYSIS
OF A CUT-OFF LOW

B. F. Ryan and J. Meadows

Division of Cloud Physics, CSIRO, Sydney

(Manuscript received June 1979; revised August 1979)

ABSTRACT

A relative-flow isentropic trajectory analysis has been
used to determine both the origin of the air entering
the cloud system associated with a cut-off low and the
time taken for the air to pass through the system. Ver-
tical velocities of the order of 30 cm/s are inferred
in the in-cloud region of the large-scale ascent. The
results have implications for a proposed cloud-seeding
program in western Victoria. It appears that following
the cessation of seeding a period of 2 to 3 hours is
necessary for the stratiform clouds to return to their
original state.

INTRODUCTION

The rain produced during the passage of a cut-off low passing over south-
eastern Australia is usually extensive in both area and duration and repre-
sents a significant percentage of the spring rainfall in the wheat-growing
districts of western Victoria. During the period from August to November a
cut-off low develops on average slightly in excess of once a month; the sub-
sequent rainfall represents about 30 per cent of the total rainfall in that
period. Observations made by an instrumented aircraft from the CSIRO Divi-
sion of Cloud Physics suggest that stratiform clouds formed by the cut-off
low are suitable for cloud seeding (King et al. 1979), being preferable in
this regard to clouds associated directly with the passing of cold fronts.

In the present paper the airflow associated with one such cut-off low
is studied using relative-flow isentropic analysis. It will be shown that .
time scales for air passing through the clouds need to be considered in
analysing the results of a cloud-seeding experiment.

METHOD

In the absence of diabatic heat sources, such as radiation or surface heating,
the equivalent potential temperature 8 of a parcel is conserved during both
dry- and saturated-adiabatic processes? Now )

qu
8, = By exp (c__'l_"_ ’
pH

where q_ is the saturation mixing ratio in a moist process and the saturation

mixing fatio at the lifting condensation level in a dry process. GH and TH
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are respectively the potential temperature and temperature of the air parcel
in a moist process and at the lifting condensation level in a dry process.
L and c_ have their standard meaning. A 6 _ surface uniquely defines a 8 ,
or wet-bulb potential temperature, surface. v

Harrold (1973), following on the work of Green et al. (1966), has analy-
sed the large-scale flow in several synoptic systems on constant 8 surfaces.
Green et al. showed that the flow through the system can be assumed to be
steady-state if the time period is short compared with the recognisable life
of tht system. Typically the time taken for air to pass through the system
is of the order of a day, whereas the lifetime of the system is several days.
In regions close to the ground and in regions of mixing due to convection or
shearing instability the concept of a identifiable parcel over the time scale
of a day is not'valid. Therefore streamlines cannot be strictly constructed
in these regions. However, they may be inferred by assuming continuity of
flow.

Harrold's (1973) analysis was applied to the dense radiosonde network
available in Europe and ‘involved the use of two constraints:

(i) Mass conservation in the relative flow. This was ensured by con-
serving the flux of air within tubes of air bounded above and
below by surfaces of 6 = tO.SOC from the chart value and to the
sides by the relative streamlines.

(ii) Comservation of mixing ratio along a streamline except in regions
- of evaporation or condensation. In a region of condensation, mix-
ing ratio decreased along a streamline but increased during evap-
oration.

In steady-state flow along a relative streamline, energy is conserved.
Betts and McIlveen (1969) have shown that during steady motion '

1
E.Vr2 + g(z-zf) + cpT + Lg = constant ,

where V_ is the relative wind velocity and Z_ is defined by f.k x U = -V(g Z.),

T. . . . f
where U is the velocity of the system. The remaining symbols have their stand-
ard meaning. Harrold (1973) showed that the steady-state assumption introduced
additional errors of 1 to 2 cm/s compared to the trajectory method, but they
are insufficient to modify flow diagrams significantly.

More recently Bell (1979) looked at the relative flow characteristics of
mature extra-tropical cyclones in the Australian region. He categorised cyc-
lones into those where the jet stream cirrus remains separate from the deform-
ation cirrus and those where they merge.

In the present paper a method based on Harrold (1973) has been used to
construct relative flow streamlines on moist isentropic surfaces.

APPLICATION OF THE METHOD

The moist isentropic surfaces were constructed from isobaric analyses of the
Australian Bureau of Meteorology. These analyses give temperature T, dew
point Td’ mixing ratio q, and wind speed V at grid points for five levels:
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1000, 850, 700, 500, and 300 mb. The coarseness of the grid (250 km) pre-
vents the appllcatlon of the rigorous construction method developed by Har-
rold (1973). e

Surfaces with 8 varying by +1.5°% have been constructed and streamlines
drawn so that the streamline separation is approximately inversely proport-
.ional to the wind speed. The procedure for calculating Oe is as follows.

e Calcﬁlate the lifting condensation level:

T-T
“H = i >
(g/cp - g T/€L)
T + T O.S(T - T )
=_ dH . d
where T = = Td (1 - (cp Td/EL))

(2) Calculate the temperature of the lifting condensation level:

TH =T -(g/cp)H .

(3) Calculate the equivalent potential temperature:

ee = TH(pO/pL) eXP(Lq/cpTH) s

where pp=p+ Ap =p -7 gH.

Following the construction of the O surfaces the wind vectors were used
to construct streamlines. The analysis Fas not been applied in convectlvelg
unstable regions. The energy of the parcel is conserved to about 1 x 103 m
which is about the accuracy, of the data. The error in neglecting the Corlolls
effect is only about 5 X 102 m? s™? (Betts and McIlveen 1969) and therefore
has been neglected.

Case study: Cut-off low 23 October 1975

On 22 October 1975 a cut-off low and its associated upper level trough formed
over central and northern Australia and moved in a southerly direction, bring-
ing general rain to southern and eastern Australia on 23 October. Figure 1
shows the visible and infrared satellite photographs taken by the NOAA-4 satel-
lite at 2300 GMT on 22 and 23 October., Figure 2 shows the surface maps at 0000
GMT on 23 and 24 October and Fig. 3 the 500 and 300 mb charts at 0000 GMT on 23
October. The system portrays many of the characteristics of a major weather
system in the Australasian region (Hill 1977).

Isentropic surfaces and streamlines were constructed using the Bureau
of Meteorology isobaric analyses at 1100 GMT on 23 October 1975. In construct-
ing the relative flow streamlines the 500 mb charts were used to deduce that
the system was moving from 350° at about 10 m/s. Figures 4 and 5 show the 303
K and 315 K 6 surfaces respectively. Both figures indicate that warm north-
easterly air ¥as advected into the base of the vortex of the comma cloud; it was
this air that formed the nimbostratus observed by the CSIRO aircraft, which was



46 .

Fig. 1(b)
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Fig. 1 Visible (a) énd infrared (b) satellite photographs at 2300 GMT on 22 October 1975..
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Fig. 1 Visible (c) and infrared (d) satellite photographs at 2300 GMT on 23 October 1975.
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Fig. 2 Mean surface level pressure at 0000 GMT on 23 and 24 October 1975,
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Fig. 3 500 and 300 mb charts at 0000 GMT on 23 October 1975. Full line, geopotential heights (x 10 m); dashed line,
isotachs (kn).






