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AODC DATA MANAGEMENT SYSTEM

B.J. Searle
A.0 D.C
PO. Box 1332
North Sydney NSW
Australia 2060

Introduction

The Australian Oceanographic Data Centre (AODC) was formed in 1964 as a section of the
Hydrographic Service of the Royal Australian Navy. The ccntre was established to improve the
communication of oceanographic data within the Australian Defence Forces.

It was recognised at an early stage that involvement with the civilian marine science community
both nationally and internationally would provide considerable benefits to the Navy. For this reason the
AODC became part of the Intergovernmental Oceanographic Commission's (IOC) network of national
data centres. The establishment of this liaison has resulted in the AODC having access to data collected by
a large number of countries in the waters surrounding Australia.

Initially the data archived was restricted to ocean temperature profiles collected using mechanical
bathythermograph probes (MBT's). The data was converted into a digital form by hand. The archiving
and retrieval aspects were also conducted manually.

In the early 1970's the Royal Australian Navy introduced the Expendable Bathythermograph probe
(XBT). This temperature measuring device can be deployed from a fast moving ship and so is more
applicable to the RAN's military tasks. The XBT has a higher deployment rate which resulted in an
overload on the AODC's manual digitizing activities. In 1973 steps were initiated to obtain a degree of
automation in the digitisation process. In the interim however, an agreement was reached with the
American National Oceanographic Data Center to digitise Australian collected XBT's. The data was
returned on magnetic tape and formed the basis of todays bathythermal data bank.

This data was stored on a commercial system and the original software came from a number of
sources. Due to financial constraints the system suffered from a number of problems and was inefficient
in several key areas. In 1979 the Hydrographer acquired a computerised chart production system. Known
as AUTOCHART it has a semi-automated digitising capability that is used by the AODC to convert
analogue temperature profiles into a digital form. The acquisition of AUTOCHART co-incided with an
extensive modification of the original data bank software. Many of the problems relating to retrieval and
display were overcome and the new system had a greatly enhanced flexibility.

AUTOCHART and the modified data bank software increased the AODC's data handling
capabilities and indirectly resulted in a rapid increase in data holdings. In early 1979, before the new
facilities were available the AODC was archiving 12.000 MBT and XBT observations. This figure rose to
80,000 in July 1980. In 1981 the geographical area of interest to the AODC was expanded to encompass
the Indian Ocean. Data for this larger area was acquired from the world Data Centre in Washington and
together with data coming from national sources such as the CSIRO increased the data holdings to the
present level of 132,000 temperature profiles.

Present System

The RAN is our major source of XBT data providing over 4,000 profiles per year. The AODC
checks this data and adds it to the data bank once it has been digitised. We also provide advice to the Navy
on the deployment of XBT's. This has resulted in a large improvement in the success rate of the probes
deployed, with the number of profiles retained increasing from 30% to over 80% in three years. This
improvement has resulted in a large increase in the number of profiles that are retained for inclusion in the
data bank.

The present data bank consists of ocean temperature data stored on magnetic tapes that are
updated, retrieved, analysed, and displayed by a suite of programmes developed specifically for this task.
The use of magnetic tape as the primary storage medium has occurred for two reasons.

I. Economy. With the large quantity of data held (in the vicinity of 50 million characters)
magnetic tape is the most cost effective storage medium. It has been estimated that the
cost of disk storage at todays commercial rates would be approximately $500 per day

2. There is currently no requirements to have the data on-line. The turn around time to
respotid to queries on the present data base is not excessive.
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During the initial development of the s..,.stem ii A a, ,n.dercd that g graph,cal po,umon would bt

the main retrieval kes, so the data is stored in a geographicalv? Sorted sequence

The present system software can be divided into to sections

I Update section which adds newh acquired data to the existing dali tIapes

2. Retrieval section which incorporates the anilytical and output rou: nes

Update

Digital data is received from a number of organisations and Is usually in the supplying agency's
internal format. Before the data is added to the data bank the record structure must be altered to the
AODC's format. The format conversion consists of altering the sequence of various items within the
record or observation. The Update software contains a number of modules for converting different data
structures to AODC's format. There is also the added flexihilit% of allowing new cinversion modules to be
included when data is acquired from organisations with which we have had no previous contact

Once the newly acquired data has been reformatted it goes through a number of check programmes
I hese are relatively simple and are used to check various ranges and values. For example:
temperature measurements exceeding 32 degrees C or less than - 2 degrees C are rejected.
The check programme also verifies the position of each profile. B" checking the position of two
consecutive profiles against the time of the probe deployment an estimation of ships speed can be made If
the ships estimated speed exceeds 25 knots the data is flagged and included in an error file. The error file Is
examined and any editing or deletions take place. Once the editing is complete the Update software sorts
the data into the correct geographical sequence and it is merged with the existing data bank. Back-up
copies of the tape are made to ensure data security.

Retrieval

lhe retrieval software selects the specified data from the data bank, analyses it and provides the
correct outputs. There are two main retrieval accesses to the data bank.

i. Retrieving specific data. Data collected during a particular cruise can be retrieved by
using an identification number which is allocated to each cruise. This number is unique
world wide and the AODC has been allocated a series (if these by World Data Centre
'A'. Each Australian cruise entered into the data bank i, given one of these numbers.
All data within the IOC network is therefore identifiable by its cruise number. This
retrieval key is not used frequently

2 Specific area. Most enquiries concern a specific area and the user is interested in all or a
sub-set of data within this area. In this instance the geographical limits are the primary
retrieval key. Additional keys can be implemented if required using a hierarchical
approach. For example: A specified area can be subdivided by date and time criteria
such as all the data in March. The following date time units ate used:

1. Year
2. Month
3. Day
4. Flour
5. Minute

Each of these units has a default value allowing the maximum within each unit to be retrieved ifit is
not specified. This approach is very flexible and allows a large number of retrieval combinations which
cover the majority of data requests.

The outputs currently available consist of two main types:

I. Provides details on each individual observation and include, a lineprinter representation
of the original profile.

2 Calculates a number of basic statistics tin diflterent combinaticns nf data on both
horizontal and vertical planes

2



Other Data Types

The AODC also holds a nu:tthcr of catalogues and insentorics ot intern:nonal dat.i holdings
especially those within the l(C syten \losI t oheCC arC outlined in the l)epartmcnt of Science
Inventory of 'Marine Science Data Baes"

Future Development of the AODC

Oer the next few. years the A )l)( "ill bc espand:ig its actisties by archt,.mg a wider range oi
oceanographic parameters This growth is the result of a recent )elence (),ccanographic Polh. that
recogn-ses 15 parameters that are of direct interest. \lso, the iitcreasinrg ried fPor impro,.ed en ,ironnental
sup',,r*, in the changing area of anti-submarine warfac

In response to these demands the \()I)C is developing a CiintpuIter ssten that "ill archire an
incieaset number of parameters and pros idc a s. ider range of products and sersices The new systent is
still ,.ery much in the design stage and ntan. of the technical apccs lii\ e \el to h finalised.

The system will comprise of mint computer hardw&are and ,peciliall% de,.eloped applicatt
software linked to a commercially available dat, hase package I he mialortt\ ol the data will be stored o-
line on magnetic tape or removeable disk packs Like the present system the neS, computer will has e i\%o
main areas.

I. Update

2. Retrieval

L PDATF -- The 'pdate section ". ill be comprised ol a number (f check routines.
refornattiRg module, and a cQopreheno.e editing fa,,i, I,1ata ",ill pass tnrough these
riiutines before it is added to the main daLa files and the system wsill automaticall\

generate insentoies iil the data acquisition. rhe check routines will he more
sophisticated than those in the present sstem allowing both aWt1Imatc checks a nd
manual checks using a graphics terminal

R[TRIEV AL - Retrie'.al will also he similar to the present system although haing a
larger number of outputs. A tile printer will pros ide basic graphics while a small plotter
will be used to produce a better quality product The new s.ystem will be able to use
AL'TOCIIART facilities to produce high quality graphics. Outputs will also he available
on magnetic tape so that reseirch organisations with their own racilities can undertake
additional analysis. Parameter ,,ersus parameter Outputs such as temperature/salini t
curves will also be possible
The data will be managed h a Data Base Management System (I)BMS)

The exact package has not yet been decided on, howkecr. the ,ystem that ts used must hase considerable
flexibility in the areas of updating and retriesal iogether with the capahlt, of allow ing the addition of new
data parameters with little or no modi fication to existing applicaiton soft'ware

All data bases are a compromise between the updating and retriesal actuitis These two aspects
have been carefully examined to determine which is the most important for A( D's operations Since the
new computer is not a real-time data acquisition system, the retrie',al and analysts areas has e the higher
priority. While updating is still important it does not hase any etffet on the da. to da uperatilos, and can
he undertaken as a batch operation.

The traditional data base approaches such as Network and I leirarchical t pes will be cxamincd
although some initial preference is beinig given to the newl> deceloped relational data base Ihis data base
has a number of important advantages over the other approaches It will allow the iddition of newk dala
parameters and accept changes in data formats with s irtualli, no modifications This aspect is it

considerable importance to AODC as new data parameters will he added to the s.stemi as the requirement
arises. The relational data base would simplif. this process and greil-1 reduce software maintenance.
allowing the programmers to concentrate (n the applicatiin so'tware I he onl\ penah.> itt\ ed in using
this approach is the increase in operating overheuds but this is more than coinpensaied i,,r ). the increased
liexibilitv
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Data acquired by the AODC that was colected as part or a site sp cilfc pro!ect. "ill gCnerall, he
maintained separately as an individual file The project data will be incluOle I in the data inseni()r, but Vill

not generally be divided into separate parameter files. There arc three re sons lor this

I It will assist in maintaining security for commercial dat,

2. It will overcome data quality problems. Data collected commerciall.\ for a particular
project may not meet scientific accuracy levels, and so v ould contaminate the existing
data files if included.

3. Detailed documentation concerning the data, method ol ,ollection and accuracy can he
maintained with the data to aid future exchange

With the new system the AODC will be attempting to maintain an up to date file describing other

Australian physical oceanographic data repositories. The main basis of this tile will be the IOC Reports of

Observations and Samples Collected by Oceanographic Programmes (ROS(OP). This consists of a form
that gives generalised details on the types of data collected during individual cruises. The advantages of
participating in such a scheme are obvious, and this aspect should be of considerable benefit.

The new system is to be known as IIYDROCOMP and is expected to be operational in 1985.

Data Quality

One area of data management that is frequcntll mentioned is data quality. Over the last few years
the AODC has put the primary emphasis of quality on the contributing authhority.. At this stage it is
considered that the collecting organisation has considerable expertise in the area of concern which ensures
a high level of confidence. IHowever, each acquisition of data is examined on a case by case basis. Also, all
data entering the data bank undergoes a number of checks. In the future, with a wider range of archived
data, it is likely that the AODC will request the assistance from other organisations to assist in quality
assurance.

Every effort will be made to ensure that the quality of data will be maintained. However, it is
ine\ iable that with the quantities of data involved sonic bad data will be archived. In order to exclude this
various filtering techniques will be employed.
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AODC BATHYTHERMAL DATA OUTPUTS

The AODC is presently capable of providing a number of bathythermal data outputs which are
available to all organisations and individuals involved in oceanographic research

Currently 132,711 bathythermal observations are held in the data bank for the area 20'00'1-...
150°00'W., 25°00'N., 70°00'S. These observations consist of both XBT and MBT records. Retrieval oi
data is based on

i location: i.e., latitude and longitude given in degrees and minutes I minute subdi, sions
are possible and

ii) time: i.e., expressed in yeat, month, days.

Computer Outputs - Examples

No.1 BATHYTHERMOGRAPH - DATA INVENTORY GRID.

Shows the number of observations in any given area. A 10 by 10 matrix gives the approximate
location and total number of observations for a given area.

No.2 BATHYTHERMOGRAPH INVENTORY LISTING
Produces a listing of latitude, longitude, month, year, cruise and sequence numbers for all
bathys within the specified limits.

No.3 DEPTH SUMMARY LISTING FOR TEMPERATURES

Provides analysed information which can be used for such things as studying temperature
profile changes during different seasons.

No.4 THERMOCLINE SUMMARY

Gives information on layer depth. This can be calculated in one of two ways.
1. Averaging Method

The temperature at each profile point is subtracted from the average temperature for all
shallower profile points. When the difference equals or exceeds the values defined (eg
0.5°C) the previous point is taken as the top of the thermocline

2. Gradient or Slope Method
The thermocline is calculated by testing the temperature gradient between successive
profile points against the defined slope (eg 1.00 change in 25m.). When the gradient
exceeds the defined value the previous point is taken as the thermocline top.

A depth value can be included to remove temperature changes due to the afternoon effect.
Eg: - input 10m. and the calculations exclude any values above that depth.

No.5 BATHYTHERMOGRAPH DATA INVENTORY GRID - AT X METRES

This report is similar to the 'squares' except that information is given for a specified depth (eg.
250m.). The mean temperature, standard deviation and number of observations is given.

No.6 PRINTER PLOT - I
This can be used to reproduce any individual observation in analogue form. Header
information provides details on time and location of the observation.

No.7 PRINTER PLOT - 2
Provides mean temperature and standard deviation for a specified area

No.8 OVER PLOT - I
Over plots of each observation. Header information gives details on the first and last
observation showing the time range covered and the area.

No.9 OVER PLOT - 2

Provides a mean temperature and standard deviation for a specified area.

The retrieval programs are totally flexible providing data in any size area (down to minute squares)
for any time period. For example: 35"-00' to 35'-05' by 150o- 10' to 150o - 12'E during the last week in
September and the first two days in October. The outputs are usually provided with data from both MBT
and XBT banks although these can be provided separately.
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SOUTHERN OCEAN ENVIRONMENTAL BRIEF

LCdr. G.W.G. Simm Royal Navy
Hydrographic Service.
PO Box 1332.
North Sydney NSW
Australia 2060

1. METEOROLOGY

General Circulation

The Antarctic continent is generally under the influence of a large anticyclone. To the north is the
circumpolar trough of low pressure which dominates the area between 60°S and 650 S. throughout the year.
The seasonal movement of the circumpolar trough is small, generally lying between 62°S and 64'S in
January and 61°S and 65'S in July. The remainder of the region north of the circumpolar trough is in the
westerly wind belt, south of the subtropical anticyclone belt. The predominant wind flow (over 75% the
year round) is westerly, north of 60'S. South of 65°S the predominant wind direction is east to southeast.
Local topographical and diurnal effects can produce significant variations to this easterly flow in coastal
Antarctic waters.

In general there is no marked seasonal change in the character of the westerly flow and winds of
20-30 kts can be expected 40% of the time.

Wind

Table I below shows an increase in frequency of gale force winds or greater during winter and
spring, with a consequential decrease in the frequency of light winds experienced during these seasons.

TABLE 1: PERCENTAGE FREQUENCY OF WINDS BETWEEN 45°S AND 60'S

Gale Force Light Winds 20 to 30kts
or stronger I 0kts

SUMMER 7% 25% 40'X,
AUTUMN 10% 20% 40'!
WINTER 15% 15% 40%
SPRING 15% 15/% 40%

Depressions

The major synoptic feature of the region is the depression and associated fronts to the north. The
weather patterns follow the classic text-book model as there is virtually no landmass to interrupt the
westerly flow. However there are also small fast moving depressions which are a major hazard to shipping.
They may move at speeds in excess of 50 knots and cause sharp increases of wind speed to strong gale and
storm force.

Temperatures

Mean air temperatures are given in Table 2. Air temperatures are graded from 450 to the
continental coastline.

TABLE 2: MEAN AIR TEMPERATURES (C)

SUMMER AUTUMN WINTER SPRING

NORTH 13 11 07 t0
SOUTH -02 -13 -18 -14
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Weather

Over Subantarctic waters there is little ;casonal change in the meann amount of total cloud cover.
5/8ths or more total cloud cover occurs 75'! of the time, Precipitition occurs on average one day in three,
and 25% of all precipitation recorded is frozen precipitation.

South of 65S, precipitation falls mainly as light to moderate snow showers Precipitation, within
this region, in the form of rain or freezing rain is rare - for example no rain has ever been recorded at
McMurdo Sound.

Visibility

In general, good visibility predominates, and reports of exceptional visibility are frequent. Sea fog
is rare. However visibility is reduced quite frequently by rainstorms and thick drizzle with ,ery low clouds,
Extensive sea spray during strong winds also creates visibility problems.

Sea and Swell

Sea state being direcily related to wind speed, the percentage frequency of the height of sea waves
can be extracted from Table I. For example, moderate to rough seas can be expected on 401 of occasions
the year round.

The predominant swell direction (over 90/) is southwest to northwest. Often two swells exist with
one being southwesterly and the other northwesterly. There is little seasonal variation and a heavy swell
over (4m) can be expected on 40% of occasions. A moderate swell (2-4m) can be expected 501 of the
time.

Maximum wave heights and periods for Summer and Winter are shown in figures I and 2.

2. OCEANOGRAPHY

Introduction

The Southern Ocean is bounded to the south by the Antarctic continent and to the north by the
Subtropical Convergence (STC) - a hydrological limit whose position varies in this sector between 40°S
and 48'S according to season. In oceanographic terms the Southern Ocean is relatively simple with zonal
homogeneity and circumpolar continuity of the general circulation.

Bathymetry

The Southern Ocean is divided into three principal basins. The Indian - Antarctic Basin south and
southwest of Australia being bounded on the west by the Kerguelen Plateau, marked on the surface by the
Kerguelen Archipelago and Heard Island, and in the east by a complex ridge system linking Cape Adare
with New Zealand and Tasmania marked on the surface by Balleny and Macquarie Islands. The basin has a
mean depth of over 4000m and the ridges generally have depths over 2000m with occasional mountains
and islands.

Ocean Currents

The circulation of Southern Ocean Waters is apparently the most simple in the world because of the
wind system, the shape of the basin, and the lack of continental obstacles. The main flow is the west wind
drift or Southern Ocean Current between about 40'S and 60'S.

The current is not strictly west to east but has a north-east component due to the coriolis force.
Temporal and spatial variations in direction are caused by the movement of major weather systems. The
obstruction of Australia and Tasmania causes some water to go north and turns the principle flow south
eastwards. The flow rate is put at 2 to 3 knot and instantaneous values of 112 knots have been measured in
the region of the Antarctic Convergence.

A belt of mainly clockwise edddies lies between the southern limit of the Southern Ocean Current
and the coastline of Antarctic (within a few hundred miles of the coast). On the southern side of the
eddies is a discontinuous ring of west-going currents, typical current rate is b to I knot and is said to flow
up to 3 knots at times. 16



Sea-Surface Temperature

Mean sea surface temperatures for the four seasons are shown in figures 4 "

Ice and Icebergs (Figure 8)

There are two distinct forms of ice found in the Southern Ocean - icebergs and sea ice. The
icebergs are formed from freshwater brought ahou, by the compression of snow (the polar ice cap is over
2000m thick). In spite of the individual mass of icebergs their influence on the ocean is slight In contrast
sea ice has important effects. During winter a layer of ice with a mean thickness of 2m forms around the
Antarctic Continent to about 60'S. The ice has a comparatively low salinity and therefore the water
beneath a relatively high salinity. Over the summer period the majority of the sea ice together with the
accumulated snow melts, consuming the majority of the available solar radiation, producing a cold,
comparatively fresh surface layer.

Surface Discontinuties (Figure 9)

As mentioned above, the northern limit (f the Southern Ocean is a hydrological boundary, the
subtropical convergence, ST('. The STC is not a sharp boundary but a zone where the tropical surface
waters entrained towards the southeast by circulation of the southern part of the subtropical anticyclone
meet the Subantarctic waterdrawn to the east-northeast by the west wind drift It is generally marked b a
strong temperature gradient between I0 and 4°C in winter and 14 and 18C in summer but is not well-
defined in the Australian sector Its track is Sinuous and position fluctuates within 100nm of its mean
position.

In the Australian sector the ocean ma% be dis ided into three zones. Antarctic. Complex or
Antarctic Polar Frontal tone, and Subantarctic [he Polar Front or Antarctic cons ergence is the northern
boundary of the Antarctic lone The Polar Front is more distirct and better localised than the SC It
manifests itself at the surface bN, a rapid .ariatKi of surface temperature if 2 to 3( in the icinit't% of the 2'
isotherm in winter and the 5' isotherm i summer Its position varies up to 6(tnm either side of its mean
position.

The Subantarctic Front di'.ides the AntarctIl Poar I rontil /te from the suh,anircitt. /one It is
marked on the surface by a steep tenperaurc gradient

Thermal Structure

Data is very sparse in this region, statistcal samples sniall, and diflerent authors hac interpreted
the data available in different ways Ilowecr. for purposes ;, ins hort brief, simple conclusions ma) be
drawn with respect to typical profiles and -ona ranges that nia, be espected

Antarctic Zone Figure 10 shows t.,ptcdl temperature, sahnity and %clocits profiles for the Antarctic
Zone. In this region the surface waters are subjected to the most .streme climatic conditions, which affect
the waters to depths of up to 200m In winter the surface is coolec to freezing point -I 859 ' to - I 88°0

and ice forms. In summer there is comparatlily little heating as ice reflects s))'0 of solar radiation and
snow 65 - 80/. Also the latent heat oflusion of ice is high conscquently the melting sea ice consumes a
great part of the solar radiation It is only in zones without ice that layers of warmer water (50 - 80m
thick) will be found. Thus because of the irregular distribution of pack ice due to wind and current action.
surface temperature and salinity will be Ner irregular.

Under this upper layer of water is a water mass (known as Antarctic Circumpolar water) found to
depths of 3000 metres which is homogeneous, warmer and saltier than the water abose it. and uniformly
distributed around the continent. In this region active mixing takes place between the Antarctic
circumpolar water and Antarctic upper water which results in increased amounts of nutrients in the upper
water making the region biologically very fertile.

Below 3000 metres is found dense, cold I -0 5°C) Antarctic bottom water (This is the most dense
water in the open ocean and is found in all deep ocean basins)

1
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Complex and Subantarctic Regions. Between the Antarctic Convergence and the Subtropical
convergence, climatic conditions differ strongly from those of the Antarctic region. The temperature of air
and water rise notably (from 20 to 14WC), precipitation is more abundant, and there is no question of
freezing even in the dead of winter. These zones arc intermediate between the Antarctic proper and the
tropical region. Figures I I and 12 are temperature, salinity and velocity profiles for these regions.

The hydrological structure of these regions is more complex than the Antarctic zone* it is divided
in live layers rather than three The lower three layers are the same water masses as are found in the
Antarctic zone. These are overlain between 200 - 600m by a mixture of water enntrained from the
tropical region and Antarctic water, and in upper 200 metres is superficial water whose salinity varies with
latitude according to the abundance of precipitation.

Detection of Icebergs

12 There are no infallible signs of the proximity of a berg. The only sure way is to see it, so that too
much reliance on radar or any of the possible signs is dangerous. Radar nma. give warning of large
icebergs in 'ime to take avoiding action, but it cannot be relied on to detect berg, bits and growlers Bergy
bits are large pieces of land ice about the size of a cottage, growlers are smaller - about the size of a grand
piano. Both can rip open even ice - strengthened ships, especially if there is any sea running

13. However, radar is an invaluable aid in detecting ice, but its limitations must always be borne in mind.
Absence of an indication of ice on the radar screen does not necessarily mean that there is no dangerous
ice near the ship. The limitations of radar in detecting ice are listed in the Mariner's landbook.

14. Icebergs are good sonar reflectors.

15. Signs of Pack Ice. There are two reliable signs of pack ice. One is ice blink whose characteristic light
effects in the sky once seen, can never be mistaken. It ma% sometimes be seen at night ice blink i,
observed some time before the ice aself'over the horizon It is rarel., ifeer. produced by icebergs, but it
always distinct over consolidated and extensive pack

16. The second reliable sign of pack ice is the ibrupt smoothing of the sea and the gradual lessening of
the ordinary ocean swell. These are sure indicators of pack ice ti windak ird

Ice Charts

17. Meteorological satellites in polar orbit enable experts to map the ice distribution. The United States
Fleet Weather Facilit.y, Suitland. Maryland, U.S.A produces weekly ice charts which are broadcast for
facsimile reception by ships.

(I. 18
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ANNEX A

ICE

Formation of Ice

I Several forms M ce are encountered at sea B far the most comnmw ,t" pe is that which resultS from
the freezing of the 'ca surface, namely sea ice

2 Ihe freezing Of fresh and salt water does not occur in the same manner Thi, is due to the presence
of dissoled salts in sea water The importance of salimn hes not onl in its direct effect in lowering the
freezing temperature but also in its effect on the densi( of the vsatct As the surface water cools it
becomes more dense and sinks, and is replaccd b, conection h. warmer, less (dense wate: from below

3 Fresh water reaches its maximum densit., at 4(' and further iooling reduces its densi:> Thus
convection ceases when the body of water reaches 40( and further Looling leads to a rapid drip in the
temperature of the surface water and the formation of ice

4. Salt water's densit.\ increases with cooling until it freezes Ifence the dela, due to conection in the
lowering of the temperature of the water to it , freezing point is much more prolonged

5. The Antarctic Sea ice usually reaches its maximum extent in late September and early . October when
its northern limit, South of Australia is about 59'S The width of the ice belt is over 300nm in longitude at
this time Almost all of this ice is pack ice drifting under the influence of Aind and current but a small
proportion is fast to the coast.

6 The fast ice belt is discontinuous and relatively narrow The outer limit approximates to the position
of the 300m depth contour within which vast numbers of icebergs ground, thus forming anchoring points
for the sea ice to become fast. The fast ice ,tne is up to 60 miles wide.

7. Polynias (open areas within the ice field) occur throughout the winter at the outer limit of the fast
ice. They may be several hundred square miles in extent and are caused by the action of the off-shore
winds which prevail around the coasts of Antarctia. These off-shore winds are sometimes interrupted by
northerly winds associated with depressions. [he northerly winds will close existing polynias.

Break-up of Sea-Ice

8 When warming begins in Spring the polynias extend to the north due to the action of the of-shore
winds and the warming of the open water. Meanwhile melting is occurring at the outer edge of the pack ice
as sea and air temperatures rise. Thus the sea ice breaks up from both the north and the south. Most parts
of the coast in this sector remain affected by sea ice throughout the summer.

Icebergs

9. The Antarctic continent is covered by an icecap which is up to 3000m thick and accounts for more
than 90/, of the Earth's permanent ice. The ice constituting the ice cap is constantly moving outward
towards the coast where many thousands of icebergs are calved each year from glaciers and ice shelves
which reach out over the sea. As a consequence large numbers of icebergs are to be found in a wide belt
which completely surrounds the continent.

10. Tabular Icebergs are the most common form and are the typical berg of the Antarctic, to which there
is no parallel in h, Arctic. These bergs are largely derived from ice-shelves. They are flat-topped and
rectangular in shape, with a peculiar white colour and lustre, as if formed of plaster of paris due to their
relatively large air content. They may be of great size: such bergs, exceeding one mile in length occur in
hundreds, many have been measured over 20 miles in length. Their height above water generally varies
between 10 and 35m.

I I The largest concentrations of icebergs are to be found close to their sources. Because of their draught
many become grounded. Beyond the continental shelf there is a sharp decrease in the iceberg
concentration ihough still man, thousands are found in the deep ocean
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ANNEX C

MIRAGE

I. Rays of light passing through the atmosphere are subject to a certain amount of bending due to the
varying refractive power of air of varying density. Objects below the horizon sometimes become visible

e.g. lights maN be "'raised" at night at much greater distances than one would ordinarily expect ;o

abnormal conditions, refraction accounts for the phenomena of mirage.

2. Inferior Mirage. Mirages are of two kinds. Inferior mirage occurs when air near the ground is much
hotter and thus less dense than that immediately above a common phenomena by day over a heated
desert or smooth road on calm hot days.

3. Superior mirage occurs when there is a marked inversion of temperature e.g when the surface is
cold (and wind light) and air above is relatively warm so that the density of the air decreases rapdily for a
short distance above the surface, so that light iays are bent down. During fine weather in the Antarctic
superior mirages occur fairly frequently. The image, usually inverted but sometimes erect appears aboc
the object. Unlike in the case of inferior mirage. the stratification which produces superior mirage is stable
and the image clear and well defined. Moreover. the distances are great so that details can hardl., he
observed without telescopic aid.

4. Reports of coastal mountains at distances of hundreds of miles appearing to he on the near horizon
are not uncommon.

5. Anomalous radar does not necessarily occur when superior mirage occurs. H1owever. the
meteorological conditions required to produce superior mirage are most likely to occur under the influenc
of an anticyclone. Anticyclones produce subsidence inversions, which on reaching low levels create the
conditions required to anomalous radar propagation. (The depth of duct required for abnormal
propagation increases with wavelength, beine about 50 feet for a wavelength of 3cm and about 00 feet for
a I metre wavelength).
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THE MARINE STUDIES CENTRE

The Marine Studies Centre at the I nil'.ersit (it S\dne serkes "to pLrposes it to. ordinates the
undergraduate teaching for the marine sciences degree and it encLir,ges graduate resarch
Undergraduates who wish to take a degree in marine science,, studN the usual sciences subjects in fhrst and
second year. There is a second year course entitled IntrductorN Marine Sciences and this sres a all
introduction to both the physical and life science, In third *ear students usuall pecialise in either the
physical sciences or in marine biolog, For instance students Aishing to become phsical oceanographers
would study third year mathematics and courses in coastal processes. ,ascs and physical oceanograph.

Research training in marine science, N sari ed Man. student, in the lie sciences stud', the
distribution and abundance of marine animals a[ tnc t i% rsit, s tropical field station - One I ree Island
123°30'S. 152°5'E). This island which has been set asioe t'(or research is continuoul, monitored b
biologists. Other studies involve the reproduction of Australian marine ins,crtebrates and the ecu:log, if

intertidal animals of the N.S W. coast

Physical oceanographic research involes studies of Australian beaches and the manner in which

they respond to the waves. Wase climate is important in both sand nimoement on the beaches and in the
design of harbours and breakwaters. Such statistic, are being prepared for the east coast. Moing mit
deeper water, work is being carried out to determine the nature and mo ement of the sediments on the
continental shelf. Wind and tides drive the currents over the shelf while the summer heating produces a
hotter upper layer. The deep ocean tide often excites large "aves on this interface between the lighter
upper layer and the colder bottom waters and ;uch wave, can propagate across the shelf and ma. break as

the water shallows. Investigations are underiay to see if such waves can induce large bottom currents and
sediment movements.

As one moves off the continental shell' marine geologists are interested in the ph Nsmograph.N of the
slope. As the continents moved .i .; .. Ic:: .ep .opc.- that influence current motions and the
propagation of sound.

The deep ocean basins between the continents contain the major ocean currents and these
influence our climate. Satellites are a good toul fur studying such global scale phenomena and a number of
attempts to map these features are underway using existing satellites

Finally the Marine Studies Centre carries out Iabui ttorI work Part of this involves calibrating and
determining the response of both conventional and novel current meters Other laboratory models
simulate internal waves and mixing in the oceans It is easier to isolate effects in controlled situations and
then to look for their impact in the more complex ocean.
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MONITORING OF HIGH FREQUENCY CURRENTS ON THE
INNER CONTINENTAL SHELF OF N.S.W.

J. ;. Hoffman
Cc astal Engineering Branch
N S W Public Works Department
140 Phillips St
Sydney NSW
Australia 2060

Introduction

The N.S.W. Public Works )epartment is presenll in% estigating seabed sediment moemcnt in ih-
nearshore zone as part of its studies of beach dynamics Long term beach erosion has recentl, been
identified on many sections of the N.S.W coastline with major development and recreational fac'ilities
being threatened. The Department is investigating longshore and onshore/offshore sediment transpot
patterns in the highly active surf zone and in the lower energy zone between the 0m rand 50m depth
contours A programme of research is also being undertaken into the potential impacts on the coathne
offshore coastal engineering works such as sand extraction and construction of sewage diltusers in mnc
seabed.

The stud,, involves a number of aspects. including

- monitoring of near-bed urrents:
- monitoring of wave climate:
- observation of sediment dynamics by divers and remote time-lapse photograph),
- sand tracing

- monitoring of subaqueous beach profiles via diving observations at permanent h.-o::I
stakes,

- monitoring of subaerial beach profiles by aerial photography.
- mapping of seabed topography, bedforms and sediment distribution b. echo sournder.

sonargraph, diving and sampling.

Metering of currents is the prime oceanographic aspect of the programme and is outlined in morc
detail below.

Current Spectrum

A complex structure of currents exists in the area of interest, with the following phenomcnai
superimposed:

- gtavity wave oscillatory flows:

- ocean currents,

- tidal currents and river flows.
- wind and wave induced quasi-steady currents

The first component, which is due to surface wind waves, causes high frequency orbital flows ,ith ,i
period range of two to fourteen seconds. These currents act as a stirring process, entraining bottom
sediment which may then be transported by any residual "stead. current (Figure It

In terms of this mechanism of sediment transport, the remaining components vary relatiselk slow
and are either stochastic (e.c. ocean currents) or low frequency periodic (e.g. the 12 4 hour tidal csclei

Instrumentation

The significance of the short period oscillatory flows in the transport process -equires that the
metering instruments have high frequency response characteristics. Propellor and vane type meters such
as Anderas are unsuitable in these relatively shallow depths.

[lectro-magnettc meters developed by Marsh McBirney Inc. of the U.S. were found to he suitable
for this application The instruments hav e a solid state spherical sensor which measures "instantaneous"
X and Y components of floiw (Photo IH A compass in the pressure case records orientation of the
orihogonals relative to magnetic north The instruments are fully remote, logging on magnetic cassettes
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The data system is microprocessor controlled. recording

- internal calibration and status parameters,
- day/hours/minutes,

- either vector a.eraged or raw data (normallN at one second ltrs, al,.

either continuous or burst samples (c g. a ten minute record each four hudrs,

A data interface in the instrument allows flexible ssstem initialisation and checking in the licld ts

part of the regular casssette and batter\ renewal procedure

The Department has had two instruments deployed since November. 1979. in depth, oi 24m
offshore from Broken Bay and Palm Beach. on the northern outskirts of Svdner The meters are rigidly

mounted in steel frames with the sensor located one metre aboe the bed Photo 2 illustrates a meter and
frame during deployment off Palm Beach in June 1981 The instruments are recovered h di'.er,, at 'i\
weekly intervals for battery and cassette replacement The meters arc periidicall remo,, ed for calihra'inn
in the tow tank of the Sydney k niversity |I.ydrodynamics Laborator%

Data Analysis

The instruments have normall\ been programmed in a raw data, burst sampling mode tLontinuou,

one second data points for ten minutes followed by seven hours shut-downt. A sample of raw ita is

plotted in Figure I and shows a Im, 8 second swell producing tspical peak instantaneous \elocities ot
15cm/s. superimposed on a steady current of 7cm/s flowing to the south-west (predominanti. the flood
tide into the Ilawkesbury River estuary).

After data transfer from cassette to reel, data are analysed for statistical properties (e.g. burst nican.
variance, exceedance and spectral properties) and certain values are correlated with relevant forcing
functions (e.g. tide range and phase, wave height, period and direction, wind strength and direction
Future studies, utilising these current data, wll include development of a sediment trinsport model

Conclusions

Current data collected to this time have indicated that velocities are sufficiently high for a significant
percentage of the year to cause medium grain sized sand at the two metering sites to be above the
threshold of sediment transport Instantaneous velocities of 15cm/s are exceeded approximately 14 ,1 of
the time, with peak values of 150cm/s having been obsersed under storm waves. Vector axeraged
currents over a ten minute record are much lower. with a typical magnitude of 5cm/s and a distinct NtI/
WSW ebb/flood tidal pattern.

Acknowledgements

Various personnel from the Department have provided invaluable assistance to this programme.
particularly Mr. T. Bolton with electronic advice and Messrs. P. Beckman and B. Sena with field work and
diving operations. The author also wishes to thank Ms. F. Coffey of the Coastal Studies Unit, Geograph,
Department. Sydney University for assistance with computer analysis and Mr. B. Halliday, Mechanical
Engineering Department, Sydney University for use of the Hydrodynamics Laboratory tow tank

This article is published with the permission of the Chief Engineer of the N S W. Public Works
Department

33



15

1B 0 5 10 15 20

,. - ' -o /; t TME (secoodJ )

z/ /

z MEN Vx: -68cm/s

15

~MEAN VY= 1-9cm/s
< 10

Ii5

C.-)

035J 10 15 20 25 30N TIME seconds)

< DAY N
0

: 281

z. -15 ,E: o E

< INSTRUMENT: MMI 585
.- X AXIS BEARING: 280 0 DATA POINT

Z MEAN RESOLVED CURRENT
- 15 MAGNITUDE: 7. 1 Cm/s

DIRECTION " 221

FIGURE 1 :SAMPLE OF RAW CURRENT DATA,

BROKEN BAY - 7 OCTOBER,1980

34



Ii

LEFT. Photo 1, Dual axis

sensor of electro-

magnetic current meter.

BELOW: Photo 2, Current

41 meter and frame being
deployed in 24m depth
off Palm Beach - 19 6 81

V'



OCEAN SCIENCES INSTITUTE ANNOUNCED

The I 'niver.,tv of Sydney and the Defence Department haxe reached an agreement in principle to
establish an Ocean Sciences Institute within the Umersitl of' Sydnes.

The purpose of the new arrangement is to foster fundamental research on the phi sical nature of the
ocean and its floor While both organisations will be supporting the continuance of the Institute, research
contracts and grant, will also he sought. The Ocean Sciences Institute will be located on the tni.ersitv of
Sydney campus. Tie Institute will not he insoled in an, research of a classified nature

Professor G M. Philip. Director of the MIarine Studies Centre at the Lniersii, of Ssdne,. said
that -an Ocean Sciences" Institute would be of considerable benefit to both organisalions A group of
research oceanographers on campus will strengthen our teaching program in physical and geological
oceanography In disciplines that in',olve complex field experiments. a considerable concentration of
professional talent i, needed and this is dilflcult to assemble within existing nixersity resources )efence
science will benefit from being able to bring the talents of the University to hear on problems in the ocean
,ciences

The L niersnty expects that a number of the existing facult, will be affilated with the Institute
Associate Professor Packham and Dr. David Falve of the Departi,ent of Geology and Geophysics are
alread\ in.olved. thru the Defence Research Group, in oceanographic research from Navy s essels and
they wish to carry out within the Institute a study ofthe nature, genesis and history of the seafloor around
Australia

The Institute will have access to the tosng tank in the Department of Mechanical Engineering in
order to evaluate oceanographic current meters M.r. R. Hallida has carried out extensie research Into
the fluid mechanics of devices to measure currents and such studies are %aluable if the Instituie is to
undertaken an. field program that involves monitoring water movement.

-It is hoped- said Professor Philip, tihat the Institute will stimulate increased accix . In acoustic,
in the ocean and sea floor The Department of .Applied Mathematics has a long history in seisminc studies
and the increased acti'isv of more physical oceanographers on Lompus 1who are often irained Initial)% as
applied mathematicans] may lead to an increase of research in this area."

Ph., sical oceapograph., is a major discipline in the study, of the ocean and has been neglected .ithin
the U1niverstt, in (I ,t Dr. Ian Jones, a:n oceanographer at RANRL, and Mr. Bruce H1-amon. both
Honorary Associate, i the t niersity. hae been developing a research program that in'ol.es oastl
oceanigraphy and satellite sensing ot the ocean. The latter work is expected to become a central itIijl M

the Institute. "it is hoped that a research fellow can be appointed prompti,," says Bruce Itam:m ''No tha!
momentum can be maintained in the satellie work"

-'Being a nation with such an extensixe coastlhie, the dexelopment of an ()cean Sciencs Institute
should provide an important locus for research in the physical and geoscience aspects ot marine science
and promote the interaction between scientists (rom diflerent diicpihnes". commented (,;,rdon Packhani
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WESTERN TASMAN OCEANOGRAPHIC ANALYSIS - NAS NOWRA

I Since February 1981, charts of sea surface temperature, mixed layer depth and he 250m isotherm
have been plotted and analysed by the Meteorological staff NAS NOWRA. the are if t interest being
enclosed by latitude 2944S to 3746S and by longitude 149f to 15 , hich cant he best described as th
WESTERN TASMAN SEA. Initially the charts .%ere prepared monthl%. but are no" being prepared on

weekly basis. Examples of the three different charts are shown at Annex A

2 The sources of information which enable the charts t, ie plotted are

a Sea surface tenperature%, from surla.c shit' )hcrs ations and orhiting ',iel
(SATOB,

b Expendable bathsthermograph data (XB'I/,\\BH). and

c )rifting current buos

3 Once plotted the three charts are anai ,cd. using as an ide infra red satellite imager\ receiced from
Macquarie I niersit, )n completion of the analysis, the twko main water types found in the WLSTFRN
TASM NN SEA can be located ITASMAN Si-. and 'ORAL SEA water). and the mixing zone between
the two determined (Tasman Front). which in turn enables the position and strength of the EAST

AUSTRALIA C1RRENT (VACt to be found The analysis alo enables any' major pools of warm water
(eddies which tend to rotate counter-clockwise, i be located and a note kept of their weekly movement.

4 When completeC. the three charts present a weekly picture of the vertical and horizontal structure of

the WESTERN TASMAN SEA. and the changes from week to week can be readily observed. This three

dimensional picture of the ocean structure can be used to determine optimum routing tracks for shipping.

as well as for general oceanographic research.

Annex A Examples of Oceanographic Charts produced by NAS NOWRA

These charts are now available from the Australian Oceanographic Data Centre. They are issued on a
semi-regular (approx. every 10 days) basis. Further information can be obtained by writing to the
A.O.D.C.

Officer-in-Charge
A.O.D.C.
P.O. Box 1332
North Sydney 2060 N.S.W.
Australia.
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HYDROGRAPHIC SERVICE
Royal Australian Navy

AVAILABILITY OF RAN SHIPS
for

OCEANOGRAPHIC DATA COLLECTION

The Royal Australian Navy has a fleet of four Survey Ships. HMA Ships MORESBY & FLINDERS are
engaged on null time hydrographic surveys and HMA Ships COOK and KIMBLA carry out oceanographic research.

Ship time may be made available to the civilian scientific community for oceanographic research. It is
emphasised that priority is given to defence requirements, however every effort is made to accommodate requests for
assistance. Assistance may range from underway data collection by ship's staff concurrently with the ship's main task
to dedicated cruises with civilian scientist cruise leader and team embarked. To assist with planning a five year
programme is published which details expected areas of operation and times on task.

Requests for ship time should be addressed to:

The Hydrographer, RAN,
Department of Oefence (Navy Office).
Russell Offices,
CANBERRA ACT 2600

The ships' capabilities and equipments are described briefly over leaf, detailed information is available from:

The Hydrographic Office,
P.O. Box 1332,
NORTH SYDNEY NSW 2060

Telephone (02) 922.2888

Requests for ship time should include the following information:

1. originator and originator's distinguishing cruise reference number;

2. type of ship required;

3. specific area of cruise;
4. calendar date of cruise (if applicable);

5. days required on task;

6. liaison officer - name and telephone number;
7 time needed alongside;

8. onboard accommodation requirements;

9. whether shared use of the ship would be acceptable during the cruise.

10. brief description of proposed cruise including aspects for consideration in determining priorities.
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HMAS MORESBY is a large modern survey ship She operates her own helicopter and 3 survey motor boats She is based i,
Frematstle; her area of operation is the West Coast from Darwin to Esperane

Dispiactern 2 S liirne
[ecngip .sorall mo 'ire,

Beam hme ,ren
Drauight 4 2 ierres
Propulsion rI'iem Diesel co(rv ubxj
( ruising speed I ot'

Equipmenit ,rne 3 on si I Oeacrigrcphic Wirshl S~on,
iiasi r;n SNRil XHT nrsrem Arg
Wi.odiro 10 ron Sw t Seabed samrpicg eqiupment %'ininet

aI csai o SRA L Price agtreitmeit" Khb un,irn

tcoorpt ab-ruiwir ( .,rreft meter N'~ ntsr.
Photograpbir, Rikskhip l-rnsicomier rile sian si.

Accomodation 1. frto 4 norths

HMAS FLINDERS was desirned and built to conduct hysirographic surveys in Australian coastal waters She is based at Cairns She
carries a 10 metre Survey Mruotor Boat, her ares of operation is the Barrier Reef and the Gulf of Carpentaria

Dispiacement 8.5 rcrnos
Length oral49 metres
Beam lb metre
Draugh 3 metres
Protruston sosen, 2lioncl engines, 2 sra1. 825 Blip
Crurng npeed I Iiknot,

Equipment (reeral purport crane, 3 toer rg'.
Small b-1~ dune stint ranger

Ieanograyihs ersh S'lrac

XAT sysrem Echo sounders

Seabed sampling iuporSide sn at

Current meters d ca oa
Electreomagnerts log

scctrmnsattoe No recognised sfare berths. hut space for 5 could be made asailahle far a short period

HM AS KIMBLA is inrmally employed in oceanographic work. She is expected to be replaced by an ex-Department of Transport ship
in 11)85/86. Based in Sydney, she is limited by speed and fuelling constraints.

Displacement 1073 tonnes
Length overall 55 metres,
Beam 9 8 metres
Drought I metres
Propulsion nri mTrple erpansio. I shaht. 8S0hp
Crot...ng sped I knots

Edairmreni Steam utnches. fad and uP. Des Labnratory-
10I inhes SRL Small wet lahorateer
Riom. 8 tonnes at 5 s metre radius (Ipper desk Nuotsen Pootle sinwuge

4dasits. I l00cc & : onne SWL FOR
foissbirrihok. il onniz, Sam is mgoa-o i1122

titeanogruphi, ainub 2000 metre,
500kg;
XE5T ),stcm

Accommodati Beibs for 4scerit

HMAS COOK is a modern dedicated oceanographic research ship.

Displacement 2s5(ttonnes
Length norall 9h h metres
Beam U34 metres

Draught dO0 metres. 5 2m -,ilh hnw trusrer estended
Propulsion system 4 diesel engines. 3400 Bllips

Re- ihruster. 400HiP
Autise ruddler. 300HP

Craitg streed 14 knots

Equipment 2 lidroeraphe winches, Wind speed & direction Somas
10.000 metres. 3 tonnes Barontrcer Eteetromageec lng
Linear cahle engine. lO,0d0ths Wet & dry bulb tempersaue S1NBESS - narrow heam echo
A Frame. prvots with h0001h loud Pyraemiere sounder

Oceanographic winch. 10.000 metres. Pyradromcter Data centre
30.000tb Rodiconde system Ret Mohnrter. salmonometer
XBIT system
Nrsken hotiles

Wasertder boyn
Thermasalteriiiaph
SST

Acceirmmfodaitni Berths Pot ISI scientists
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