(' . 551.507.362.2:

551.526.6:
SATELLITE OBSERVED CLOUD COVER  551.576.2(267)

IN RELATION TO.SEA SURFACE TEMPERATURE PATTERNS
IN THE WESTERN AUSTRALIAN REGION

N. A. Streten

Australian Numerical Meteorology Research Centre, Melbourne

(Manuscript received July 1977; revised December 1977)

ABSTRACT

Reports from merchant ships are used to extend observations from
satellite tracked buoys and a survey ship in an attempt to pro-
duce quasi-synoptic maps of sea surface temperature (SST) for
two.regions in the vicinity of southwestern Australia, and for
‘periods each of the order of two months duration. Satellite-
observed cloud patterns examined in. relation to these derived
estimates of SST suggest some evidence for (i) an increase of
convective cloudiness downwind of a mesoscale warm eddy in the
ocean and (ii) a coincidence in space and time of a high fre-
quency of atmospheric frontal activity and a substantial meri-
dional trough-ridge pattern of SST in the vicinity of the
subtropical convergence. The latter SST pattern is consistent
with the observed persistence of a broadscale atmospheric flow
pattern but also with the deeper ocean structure.

INTRODUCTION

Much conjecture exists as to the importance of ocean temperature in relation to
seasonal and longer-term variability of climate. In the Tasman Sea region this has
been the subject of a broadscale long-term numerical study reported by Simpsocr

and Downey (1975). At a shorter scale in space and time, however, it is interest-
ing to attempt to observe directly the extent to which the atmosphere appears to

be 'aware' of the existence of the small, though very distinct, temperature ano-
malies defined by the eddies and oceanic fronts that new methods of oceanographic
observation have recently identified and measured.

In the Australian region studies on the East Australian Current and off West-
ern Australia have detected marked eddies, typically of one to two hundred kilo-
metres in diameter and, in general, displaying anticyclonic (warm core) circula-
tions embedded in ocean water of different temperature characteristics (Hamon 1965,
Boland and Hamon 1970, Boland 1973). The dynamical processes at work in the form-
ation of such eddies are not well understood and the extent to which they are
transported within a basic current, or whether in unison with other eddies they
actually constitute the basic current itself, cannot be easily determined by the
present level of oceanographic observations in Australia. However, from the atmo-
spheric point of view the existence of continuously monitored small areas of ocean
warmer than the surrounding waters and persistent in time and space is important
in that it enables meteorological observations in the vicinity to be interpreted
in a different light.

In a two year study of expendable bathythermograph (XBT) sections of the
Tasman Sea at 33.5°S, Boland (1973) found that the average time between consecu-
tive eddies was 73 days. More recently, Cresswell (1976, 1977) has reported the
use of satellite tracked buoys in studying ocean dynamics in the Australian
region. In particular, he has shown the track of a buoy trapped in an eddy for
a period of some two months between May and July of 1976 off the southwest of
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Western Australia. A further marked eddy and ocean frontal structure were detected
by buoy and survey ship observations in a region further to the south, in the
vicinity of the subtropical convergence from January to March of the same year
(Cresswell, Golding, and Boland 1977).

In a recent study Scully-Power and Twitchell (1975) discussed some theoreti-
cal considerations, and showed some evidence to suggest a possible association
between mesoscale cloud patterns and a warm eddy in the East Australian Current -
the data were, however, rather limited.. -

In the present study an attempt is made, first, to delineate further the sea
surface temperature patterns for the regions in the vicinity of the two Western
Australian eddies observed by Cresswell utilising available merchant ship obser-
vations. In this way the extent to which the eddy is warmer than its environment
is established, and a broader scale picture of the SST established. Secondly,
satellite imagery is examined with the object of noting any visible evicdence in
cloud pattern that may indicate the extent to which the atmosphere appears to be
conscious of the underlying ocean structure.

QUASI- SYNOPTIC SEA SURFACE TEMPERATURE (SST) SEQUENCES IN
THE VICINITY OF THE EDDIES

The general region in which the eddies were observed is shown in Fig 1,
(a) The Naturaliste Rise.Eddy

This eddy structure, reported by Cresswell in 1976, was tracked for some sixty

days in the vicinity of the northern edge of the ocean floor feature known as the
Naturaliste Rise. It will be referred to here as the Naturaliste Rise or NR eddy,
although the name does not necessarily imply an association between the circulation
and the sea floor topography. The maps of Fig 2 display for each five-day interval
the plots of the locations of all temperature measurements available from shipping in
the region of the eddy in conjunction with the daily plot of the buoy location.
Wright (1975) has described the Bureau of Meteorology program to obtain SST data by
screening and validating all observations received from ship weather reports in
Australia. These data have been used here together with the buoy observations as
the basis for the series of SST isotherm maps. It may be noted that the region of
the NR eddy is particularly favourable for a relatively high frequency of shipping
reports as it lies close to the port of Fremantle, and at the junction of the
principal routes of vessels travelling between Australian ports and Europe via Suez
and the Cape of Good Hope. During the period of observation several ships passed in
close proximity to the buoy, and in each case showed very close agreement in temper-
ature measurement, thus increasing confidence in the mapping.

Although some of the detail of the maps is obviously affected by the distri-
bution of ship observations, the general patterns and continuity indicate a reason-
able SST representation. The sequences clearly define the anticyclonic warm
eddy in relation to the surrounding waters. An indication of the relative persis-
tence of the warm ocean temperatures over the region may be assessed from the five
day maps of Fig 2 by defining indices
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where Aa. -is the percentage of each degree square with temperatures > 22°C and
Aa, is a similar quantity for temperatures » 21 C. The respective indices are
mapped for two periods (Fig 3) - the first (A ) from day 145 to day 174 (periods

b to g) when the principal warm core was > 22°C and the second (A ) from day 175
to day 194 (periods h to k) when the core was > 21°%,
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Fig1 Location map. The general positions of the ‘Naturaliste Rise’ and ‘Subtropical Convergence’
eddies are shown by full circles labelled NR and SC, respectively. The region shown in

greater detail in Figs 2'and 3 is enclosed by broken lines and that shown in Fig 4 by dotted
lines.
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Fig 2 Sea surface temperature isotherms (°C — full lines) based on‘measurements from the ocean buoy and
available merchant ships. Quasi synoptic maps (a to 1) are for the indicated five day periods from
19 May (day 140) to 17 July (day 199) of 1975. The anticlockwise track of the buoy (after Cresweli
19762) is shown by arrowed dotted lines and the location of ship observations by full circles.
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Fig 3 Relative persistence of warm ocean temperatures as assessed
A and Ap (see text).
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The sequences of Fig 2 also show several other interesting features that ten
to have continuity in time and space, e.g.:

(i) The trough of colder water to the west of the region in
period b, which appears to move eastward with the 'cutting
off' of a cold pool in periods ¢, d, e, f and g - a seq-
uence bearing some similarity to the larger scale but
shorter term process observed in the atmosphere most fre-
quently at middle tropospheric heights.

(ii}) The apparently colder water area, suggestive of upwelling
identified by shipping close to the coast north of
Fremantle in period e.

Thus, in the case of the NR eddy a small isolated region of ocean surface
warmer than its environment is defined for an extended period. It is this region
that we will later examine in relation to possible local atmospheric anomalies.

(b) The Subtropical Convergence. Eddy

This feature was observed by the anticyclonic circulation of a buoy in the region
of 39°S. It was thus on the northern fringe of the climatological position of the
ocean temperature discontinuity of the subtropical convergence (Deacon 1945).
During the period of buoy observation, i.e., from approximately 20 January (day

20) to 30 March (day 90), only a limited number of merchant ship reports were
available as the region is somewhat south of the regular shipping routes. However,
data for three periods each of ten days (Fig 4) reveal the broad features of the
SST pattern. In particular, the second period b is extended to include the
detailed temperature observations made by the oceanographic ship HMAS Digmantina
between days 56 and 63. The marked thermal ridge is apparent even in the sparse
merchant ship data for periods a and c. The detailed observations from Diamantina
reveal the broadscale trough-ridge thermal pattern, and indicate a substantial
thermal discontinuity pattern extending over a région of some 4 degrees of latitude
by 4 degrees of longitude. In this case the merchant ship observations alone-are
insufficient to delineate the SST pattern, but add additional background informa-
tion consistent with that from the oceanographic vessel.

By contrast with the isolated NR eddy and its accompanying small-scale warm
anomaly the buoy observations of the SC eddy combined with those of the Diamantina
have delineated a substantial and persistent ocean thermal discontinuity. Thus it
appears to be not unreasonable to investigate whether such an ocean feature is
related in any way to observed regional scale atmospheric circulation characteris-
tics. '

CLOUD EXTENT AND SST PATTERN INTERRELATION

The existence of such discontinuities in ocean temperature over a region suggest
that, in some circumstances, their presence may be related to observable charac-
teristics of the atmosphere. In particular, the transfer of heat and moisture to
the atmosphere in a region of varying SST might be expected to show differences of
mesoscale cloud pattern and extent. In the wider picture the broadscale pattern
of atmospheric circulation, 'if persistent for sufficient time would be expected

to influence the larger scale SST ‘distribution. '

(a) The NR Eddy

This small-scale system was maintained in the ocean beneath a copstantly varying
atmospheric flow in a region that,particularly in winter, is one of active

weather systems and consequent rapid alternation of. surface wind speed and direc-
tion. Thus, whatever the origin of the ocean eddy it is unlikely that, once formed,
the subsequent atmospheric activity was important in maintaining its structure.
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Fig 4 Sea surface temperature isotherms (°C - full lines) for three indicated 10 — day periods (a,b,c,) from.
25 January (day 25) to 19 March (day 79) of 1976. The location of the ship observations is
shown by the larger full circles. For period (b) the smaller full circles show the location of
higher frequency SST measurements from HMAS Diamantina between days 56 and 63. Broken
lines indicate the general location of the principal thermal troughs and ridges in the SST isotherms.
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During the observation of the NR eddy the passage of frontal cloud bands above
it associated with Southern Ocean depressions, centred far to the south, was
frequent. This then reflected substantial changes in air temperature and humidity
over the ocean, particularly as winds alternated from ocean or land sources. The
consequent variations in transfer of heat and moisture to the atmosphere would thus
be considerable even over an area with homogeneous SST. As has been seen, the
SST pattern is far from homogeneous. In particular the existence of the eddy de-
fines a persistently markedly warmer region (Fig 3) which must act primarily as an
enhanced heat and moisture source for the winter atmosphere.

With the passage of large-scale weather systems (e.g., frontal bands) such an
influence, though probably significant, would not be able to be readily observed.
However, for times when fairly uniform and preferably prolonged airflow occurs, it
is possible that the existence of the warm eddy may show a detectable anomaly in
satellite assessed cloud extent and development. In particular, winter mesoscale
convective activity over the ocean should be locally enhanced by such a warm ocean
region.

In the present case visible range Defence Meteorological Satellite Program
(DMSP) imagery for the Australian region (Streten and Downey 1977) was examined
for the period of the observed NR eddy. The data were selected for periods when
the following conditions applied.

(i) No active weather systems (e.g., fronts) affecting the
region of Fig 2. Such systems were avoided as it would
be reasonable to expect that any effect would be diffi-
cult to observe amid the chaotic region of cloud form
associated with such atmospheric activity.

(ii) Primarily convective cloud over the ocean in the region.
When stratiform cloud was observed during the period it
was chiefly of a high-level form which would not be
expected to be influenced by the surface conditions. In
the few cases of apparently low-level sheets of strati-
form cloud or fog any major changes to the cloud struc-
ture would be difficult to detect by satellite observa-
tion.

(iii) Local dawn passes of the satellite over the ocean. The
evening pass was not used in order to avoid differences
of interpretation of the imagery at the two times, and
to avoid any possible diurnal effects which, however,
might be expected to be small.

These requirements were quite restrictive but enabled some 18 observations of
the cloud fields to be made during the period of eddy observation and compared with
the background SST map. The total cloud amount was estimated in percentage cover
per latitude/longitude degree square and averaged in some cases for particular
periods. The distribution of surface wind directions as estimated from surface
synoptic charts close to the time of satellite pass were as follows:

NE/ENE 10
E/ESE 1
SE 2
SSW/SW 2
WSW 1
NW 1
Calm 1

No attempt was made to estimate variations in wind speeds though, in general, these
were in the range of 5 to 10 m/s.
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The most prolonged period with winds from the same general direction was that
from 5 June to 13 June when NE/ENE flow persisted, associated with a continuing
high pressure centre in the Great Australian Bight. A rather typical DMSP image
for this period is shown in Fig 5 and in Fig 6(a) the average convective cloud
extent for the 9-day period is depicted. This observation suggests a small in-
crease in cloudiness downwind of the warm spot by comparison with the otherwise
similar wind flow over the surrounding ocean. It is interesting to observe this
pattern in relation to the SST chart of Fig 2 (period e). The prolonged offshore
wind is reflected in the colder temperatures (<18°C) immediately off the coast in
contrast to the, temperature of >22°°C in the eddy. Although it cannot be conclu-
sively shown that atmospheric effects are totally responsible for these onshore
low SSTs, the only such period of cold SST is coincident in time with the only
prolonged period of offshore winds. Correspondingly, cloud amounts are lcwest
adjacent to the coast and increase offshore with the input of heat and moisture.
However, the data suggest a relative maximum of cloudiness immediately downwind
of . the eddy that is not evident in the same stream in the region to the north of
the warm spot, and at a similar distance from the coast.

~ The temperature and humidity structure of the atmosphere over the ocean are
not known in detail, but may be approximated by consideration of the radiosonde
data at Perth. This approximation is not ideal; however, throughout the period
the structure of the lowest atmospheric layers at Perth in successive soundings
show little variation, suggesting that a fairly uniform air stream is passing the
coast and being advected over the sea. In general, throughout the period of
offshore winds the lapse rate in the lower layers below 600 mb is only slightly
greater than the moist adiabatic (Fig 7(b)). In this situation the initiation
of convection is restricted and is largely dependent on selective perturbation of
the atmosphere. The particular case shown in Fig 5 may be considered in conjunc-
tion with the upper air sounding at Perth some 9 to 10 hours previously and upwind
of the region of the eddy (Fig 7(a)). The atmospheric structure suggests that the
warming of the surface layers to a critical value of at least,22°C is necessary
for the development of convection. As has been seen this is the temperature main-
tained by the ocean surface within the eddy. Similarly, the mean sounding data
(Fig 7(b)) for the geriod of offshore flow indicates that warming of the lower
layers to around 22°C would be necessary to initiate convection. Thus, the Perth
soundings ‘indicate that warming of the lowest atmospheric layers over the eddy
would result in enhanced local convection and lead to the observed increase in
downwind cloudiness; over surrounding waters with temperatures less than 22°C the
warming would, however, be insufficient to produce a similar effect.

Unfortunately, prolonged periods of wind from other directions during times
when the satellite imagery selection criteria were also satisfied were not observed
during the duration of the eddy tracking. Thus, the other observations are in the
nature of 'snapshots', and are far less satisfactory than those of Fig 6(a). In
general, the cloud observations from the E, SE, and SSW/SW show downstream increases
of cloud amount but the three observations from other directions do not. Two
individual examples with wind flow from, respectively, the SW and SE are shown in
Figs 6(b) and 6(c), which show apparent increased cloud downwind of the eddy in
otherwise uniform conditions. '

On the basis of day to day weather such patterns may be significant. Note,
for example, the cloud distribution of Fig 6(b)}. If SST is not considered then the
cloud distribution in the fairly uniform southwesterly stream over the Western
Australian coast is not readily explained; other influences are of course possible,
such as convergence between a local land breeze and the general southwest flow;
however, such an effect would, for some reason, have to occur only on a preferred
section of the coastline. The hypothesis of an SST influence is not readily
dismissed and tends to suggest that the pattern is not merely random. Certainly,
continued observations of such effects on a day to day basis noting SST as a
possible factor for consideration ought to be made.






