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ABSTRACT

The energy cycle over- the southern hemisphere from mid-July to
mid-August 1972 is examined. The energy changes throughout
the period appear to accord with the classic exchange from
zonal available potential, through eddy available potential
to eddy kinetic energy. However, the zonal kinetic energy re-
mains fairly constant for most of the period. The synoptic
sequence during the period is illustrated using mean sea level
pressure, 500 mb and 200 mb geopotential and wind speed, and
700 mb isotherm analyses, and is related to the energy changes.

INTRODUCTION

The classical average atmospheric energy cycle (see, for example, Lorenz 1967), is
shown in Fig 1 together with estimates (after Oort 1964) of the mean annual energies
and energy transformations for the northern hemisphere. The four energy forms are

the zonal and eddy available potential and kinetic energies (respectively AZ’ AE’

KZ’ and KE); conversion from energy E, to energy E, is represented by C(El’Ez)’

1 2
while generation and dissipation of energy E are shown as G(E) and D(E).

The cycle (see Fig 1) starts with the generation of A,, the consequence of a

build-up of meridional temperature gradients caused by the excess of incoming
solar over outgoing long-wave radiation at low latitudes, and a deficit at high
latitudes. The zonal currents associated with these temperature gradients are
most unstable to perturbations of cyclone scale; the resulting eddies produce in-
creasing zonal temperature gradients and the conversion C(AZ,AE) occurs. In the

eddies, upward motion in the warm air, and downward in the cold, converts some of
the AE to KE (C(AE,KE)); but some AE may be lost through radiation, condensation,
heat fluxes near the ground, etc. (G(AE)). A significant part of the ](E cascades
via smaller and smaller scales of eddies and is finally dissipated into heat

energy at the molecular scale (D(KE)). The remainder of the ](E is thought to be

converted to the zonal kinetic energy (C(KE,KZ)) through the poleward transport
of momentum, thus maintaining KZ against frictional dissipation (D(KZ)).- The
direction of conversion between A, and K, is not certain. Lorenz (1967) pointed

Z Z

out that the Hadley cells would act to convert AZ into KZ’ but the Ferrel cells

would have the opposite effect. In any case, it can be seen from Fig 1 that
observational evidence in the northern hemisphere suggests that this conversion
is quite small and its direction variable.

In a previous paper (Price 1975), monthly, seasonal, and annual means of
AZ’AE’KZ’ and KE for the southerm hemisphere were presented. These estimates were
based on the daily energy values computed from mean sea level pressure and 500 mb,
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300 mb, and 200 mb geopotential fields for the period 1 May 1972 to 30 April 1973
for the latitude belt 10°S to 70°S. Daily values during this period, extrapolated
to represent the total atmospheric layer 1000 to 0 mb, are shown in Fig 2. The
extrapolation assumed that the sums are representative of the total layer, Accord-
ing to the few estimates of vertical profiles of contributions to the energies
given in northern hemisphere observational studies (e.g., Wiin-Nielsen 1967,
Krueger et al. 1965), this should give reasonable estimates for the total layer
kinetic energies, but may result in somewhat overestimated values of AZ and AE'

From mid-July to mid-August pronounced variations can be seen in all energies,
This note attempts to examine the energy variations and associated synoptic events
during this period, bearing in mind the classical energy cycle discussed above.

THE ENERGY VARIATIONS

The daily values of A E’ and KE for the period 0000 GMT 20 July 1972 to 0000

GMT 20 August 1972 are shown in Fig 3(a). These daily results are somewhat noisy,
probably as a consequence of minor variations between analysts in the operational
environment (see Gauntlett et al., (1972) for a discussion and evaluation of the
system used at the Melbourne World Meteorological Centre to produce the archived
analyses used). To filter much of the higher frequency variation, five-day running
means of the energies and their totals (A and K) have also been presented (Fig
3(b)) and the discussion below will refer to these smoothed data.

The variation in A is almost completely dominated by that of AZ: its increase

from 20 July indicates a build-up of meridional thermal gradients to a peak on
about 28 July. A substantial decrease in AZ follows until early August; it then

shows a slight rise to 6 August, remains fairly steady until 11 August, then falls

rapidly to a minimum on 17 August. AE shows a general increase from 25 July to

early August; a slight decrease to 4 August, then a further rise to its maximum
on 9 August; it then drops sharply until the 16th. It can be seen that AE con-

tinues to‘iqcfease from 28 July to 1 August and from 6 to 9 August while Az is

falling, suggesting that the exchange C(A ,A ) is continuing.

The changes in X are almost completely explalned by those in KE from minima
on 25 July, KE

August, rise to their peaks on 8 August, then fall off sharply to minima on 15
August. These closely parallel the variations in A and suggest that the conversion

and K increase to maxima in early August, decrease slightly to 4-

C(AE,KE) is occurring quite rapidly. There does not seem to be much response by
KZ to the variations in KE during most of this period, apart from the slight rise
in KZ from 5 August to a maximum on 10 August, two days after the main peak in KE’

and its subsequent decline in parallel with KE to its minimum on 15 August.
THE SYNOPTIC ’SEQUENCE

The synoptic events through this period are summarlsed in Fig 4 by the mean sea
level pressure, the 500 mb and 200 mb geopotential and isotach, and the 700 mb
isotherm analysis for 22, 25, 28, and 31 July and 4, 8, and 15 August. These
dates have been selected as representing the significant occasions of energy
variation. The 500 mb and 200 mb fields, with regions of wind speed in excess

of 40 ms~* shaded, serve to summarise the upper tropospheric wind fields and hence
KZ and KE’ while the 700 mb isotherms, with regions of temperature below -20°C

shaded and the freezing isotherm emphasised, summarise the mid-tropospheric temp-
erature fields and hence provide some measure of AZ and AE‘ . The mean sea level

pressure fields are included to complete the synoptic picture.
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Fig 1 The classical mean atmospheric energy cycle with estimates of annual mean
energies (kJm=2) and transformations (wm=x102) for the northern hemisphere
after Qort (1964). The significance of the figures in brackets is not given by
Oort, but they would appear to represent the confidence in the estimates
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Fig 2 Daily estimates of Az, Ag, Kz, Kg (kJm-2) from 1 May 1972 to 30 April 1973
for the latitude belt 10°S to 70°S for the layer 1000 to 0 mb. The period
examined in this report lies between the two broken lines labelled ‘20’
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Fig 3{a) Detail of Fig 2 for the period 0000 GMT 20 July to 0000 GMT 20 August 1972

(@

b) Running 5-day means of the data in Fig 3(a) together with the total energies

(

harts are given in Fig 4 are

.

Kz + Kg. Mean values have been plotted against the central date

Azt Agand K
of each 5-day period. The dates for which synoptic ¢

indicated by broken lines
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200 MB b

Fig 4(a) Hemispheric mean sea level pressure, 500mb and 200mb geopotential and isotach, and
700mb isotherm analyses at 0000 GMT on 22 July 1972. Shading indicates regions of
wind speed in excess of 40 m s™' at 500mb and 200mb and regions of temperatures
below -20°C at 700mb. The freezing isotherm at 700mb is emphasized
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Fig 4(b) Hemispheric mean sea level pressure, 500mb and 200mb geopotential and isotach, and
700mb isotherm analyses at 0000 GMT on 25 July 1972. Shading indicates regions of
wind speed in excess of 40 m s™' at 500mb and 200mb and regions of temperatures
below -20°C at 700mb. The freezing isotherm at 700mb is emphasized
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Fig 4(c) Hemispheric mean sea level pressure, 500mb and 200mb geopotential and isotach, and
700mb isotherm analyses at 0000 GMT on 28 July 1972. Shading indicates regions of
wind speed in excess of 40 m s™' at 500mb and 200mb and regions of temperatures
below -20°C at 700mb. The freezing isotherm at 700mb is emphasized
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Fig 4(d) Hemispheric mean sea level pressure, 500mb and 200mb geopotential and isotach, and
700mb isotherm analyses at 0000 GMT on 31 July 1972. Shading indicates regions of
wind speed in excess of 40 m s™' at 500mb and 200mb and regions of temperatures
below -20°C at 700mb. The freezing isotherm at 700mb is emphasized






