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AUSTRALIA 

R. Bailey, A. Gronell, P. Jackson (CSIRO) 

Australia’s economic wellbeing is intimately linked to climate fluctuations, with periods of 
severe drought or extensive flooding having a negative effect on economic activity. The occurrence 
of such fluctuations is largely controlled by the temperature of ocean waters north of Australia. For 
example, the severe drought of 1982-83 was linked to sea surface temperature changes in the 
western equatorial Pacific Ocean (the 1982-83 El Nmo). Australia’s rainfall is also strongly affected 
by the sea surface temperature in the eastern Indian Ocean. 

The geography of the “heat pool” to the north of Australia is characterised by changes in 
location of its temperature maximum over thousands of kilomeues on seasonal and inter-annual time 
scales. De?ails of the geography are known to have statistical relationships to the occurrence of the 
abovementioned climate anomalies, but the physics underlying these relationships is not well 
understood. 

Because of thermal inertia, temperature in the heat pool varies relatively slowly, and acts as a 
memory in the coupled ocean-atmosphere system Consequently, ocean temperature can be used as 
a predictor of rainfall anomalies, either as direct input into statistical models or in the initialisation of 
numerical/dynamical coupled general circulation models. In either prediction scenario, model 
development must be preceded by process studies to identify the physics of ocean temperature 
change. An increase in the accuracy of climate predictions on seasonal to inter-annual time scales 
will have a significant impact on the ability of society and the economy to adjust to climate variation. 
Of particular importance will be the ability of primary industry to pian for anomalous conditions in 
coming seasons. In the longer term, improved information on regional climate change over decades 
is required by both government and industry. Accurate ocean models can also be applied usefully in 

shipping, fishing, air-sea rescue, and defence related activities. 

1.1 Objectives 

The main objective of the CSIRO Ship-of-Opportunity Program (SOOP) is to provide 
large-scale spatial and temporal data coverage of the relevant oceans basins in support of 
two of the Division of Oceanography’s major Research Programs; Climate and Ocean 
Processes, and Regional Seas and the Economic Exclusive Zone (EEZ). The specific 
research goals are: 

a) Document ocean temperature in the heat pool north of Australia, and to evaluate the 
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relative importance of surface fluxes, advection, and mixing processes to the 
thermodynamics of the region. As part of this goal it is necessary to document the 
variability of the major geostrophic currents in the tropical Indian Ocean on seasonal and 
inter-annual time scales, and to evaluate their role in changing sea surface temperature. 

b) Understand sea level’s response to El Nino Southern Oscillation (ENSO) events by 
examining combined sea level and subsurface ocean temperature data in the eastern Indian 
Ocean and south west Pacific Ocean 

c) Measure the transport of mass, heat and salt in the surface layers by the major 
geosuophic currents in the eastern tropical Indian Ocean, south west Pacific Ocean and 
Southern Ocean, and to determine the role of these currents in climate change. 

d) Help initialise and validate data assimilation models for the Indian Ocean and EEZ 
Region which are being developed by the Division. 

e) Form a basis for the design and development of an operational National Ocean 
Observing System as part of the proposed Global Ocean Observing System (GOOS). 

1.2 Connection to National a@ Interytional Activities 

The CSIRO activity is closely coordinated with major international research programs. In 
particular, the CSIRO program has contributed significantly to the Tropical Ocean Global 
Atmosphere (T(XjA) project and the World Ocean Circulation Experiment (WOCE) of the 
World Climate Research Program (WCRP). A comer-stone for both of these international 
projects has been the implementation of an international ocean observing network which 
can provide the observational data needed for process studies, and for model development 
and initialisation. Global coverage of the oceans is a key requirement for both projects, and 
a coordinated international effort has helped achieve this goal. The CSIRO activity is a 

reasonably large and integral part of the global coverage required. 

Nationally, the CSIRO SOOP provides valuable large-scale, long-term coverage of the 
waters of economicand environmental importance to Australia. These waters include the 
EEZ region, the Indian and Southern Oceans, and the south west Pacific Ocean. The data is 
used in real-time by the National Climate Centre (NMC) of the Bureau of Meteorology 
(BOM), and other climate centres around the world, for climate predictions. It has been 
shown that the data enhances climate prediction skills. The CSIRO program also actively 
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supports the Royal Australian Navy’s (RAN) data collection and regional analysis 
activities. In general, the data is made available through the national and international 
archives for general use by government organisations, the civilian community, and 
industry. 

The WCRP officially launched the lo-year TOGA project in 1985, as damage estimates 
from the 1982-83 El Niio topped several billion dollars. The project aimed to describe how 
oceans and atmosphere interact, creating short-term climate changes, and to determine 
whether those changes were predictable. Much has since been learned. Advances in theory, 
observations, and computer modelling now enable climatologists to predict the onset of El 
Nina up to l-1/2 years in advance with reasonable accuracy. ‘With the TOGA project 
officially finishing at the end of 1994, scientists are now advancing a 15-year follow-up 
program to build on the. enormous success of TOGA. The new WCRP-coordinated effort 
scheduled to begin in January 1995, will be called CLIVAR (for Climate Variability). 

As more and more results are derived from ongoing research, the need for permanent 
observational systems is being recognised. Indeed, the concept of a Global Ocean 
Observing System (GOOS), an internationally coordinated, scientifically based program for 
systematic data collaction and exchange, is taking shape and gaining momentum at the 
national and international 1eveL Already the CSlRO activity contributes significantly to the 
Integrated Global Ocean Services System (IGOSS), jointly established by the International 
Oceanographic Commission (IOC) and tha World Meteorological Organisation (WMO). 

2.CSIRO EXPENDABLEBATHYTHERMOCRAPH (XBT)NETWORK 

In order to measure the transpon of mass, heat, and salt in the surface layer of the ocean and 
the storage capacity of the surface layer for heat and salt, it is necessary to carry-out repeated 
measurements of global upper ocean variability. These must be taken at both intra- and inter-annual 
time scales, and the only feasible way to carry out this program is to use volunteer merchant ships 
that are frequent carriers on particular routes. 

The practical objective of the CSIRO SOOP is to collect the full suite of in situ 
measurements of ocean temperature, salinity, and absolute velocity from volunteer ships on a 
routine basis. This can be done in two ways, either as broadscale sampling through volunteer 
observers launching XBTs and XCTDs (expendable conductivity, temperature, and depth 
instruments) to determine general circulation and upper ocean heat and salt content, or by high- 
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density (high-resolution) sampling along exactly-repeated sections with scientists or oceanographic 
technicians on board to make the extra measurements required to determine large-scale velocity and 
geostrophic current and eddy transport variations in the ocean. 

The CSIRO broadscale XBT program, using voluntary observers, began operation in 1983. 

The high-density sampling program began in the Tasman Sea and Coral Sea region at the beginning 
of 1991, across the throughflow region between Fremantle and Singapore in 1995, and in the 
Southern Ocean in the austral summer of 1992-93. Since 1983, a total of approximately 30,000 
XBTs have been successfully deployed. 

The network is operated from a centre in Hobart under the management of research 
oceanographers. It is deemed vitally important to the success of the program to keep the operations 
closely linked to the research efforts. Once the data is received in Hobart, it undergoes extensive 
scientific quality control and analysis by research oceanographers using purposefully developed in- 
house software and procedures which are being adopted internationally. The recording equipment is 
installed and serviced by technicians from the CSIRO Division of Oceanography, with general 
supply and ship-greeting support being provided in the major ports around the nation by the CSIRO 
Division of Fisheries, Bureau of Meteorology and the Australian Oceanographic Data Centre 
(AODC). 

2.1 Coverage 

Figure 1 shows the lines presently in operation. Due to a change in general merchant ship 
routing on line IX-9, this line continues generally to be only sampled north of the latitude of 
Sri Lanka, as no regular shipping exists between Fremantle and Sri Lanka. Only 
occasionally have the ships returned to the previous route due to cargo requirements 
temporarily changing. The lines in the Southern Ocean (IX-23, IX-28, IX-29, IX-30) are 
operated by Antarctic supply and research vessels, and operate only during the ausual 
summer months. The operation of these lines provides a very significant and invaluable 
contribution to the otherwise sparsely sampled Southern Ocean. Lines PX-30/31, PX-34, 

Ix-l, and IX-28 are high-density XBT lines. Oceanographic observers are placed onboard 
the participating merchant vessels to sample the temperature of the upper 800m of the ocean 
every 25-50 km. Lines PX-34 and PX-30/31 are run in collaboration with the Scripps 
Institution of Oceanography (SIO), whilst line IX-28 is run in collaboration with SIO, 
ORSTOM, and the French Polar Institute (FPI). 
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Figure 2 shows the location of all XBT stations which have been processed, edited, and 
accepted at CSIRO from the start of the program in 1983 to the end of 1994. The total does 
not include XBTs that have failed (approx.746). Figure 3 shows those XBTs accepted for 
1993 and 1994 only, whilst Tables 1 and 2 give the total number of XBTs (including 
failures), good XBTs, sections, and number of bathy reports sent over the Global 

Telecommunications System (GTS) in real-time for 1993 and 1994. Wherever possible, 
lines are sampled at the sampling frequencies and spacings as determined by extensive 

optimal sampling studies 123, as adapted and recommended by the TOGA Implementation 
Plan (Feb, 1990). Figure 4 shows examples of temperature sections from each XBT line. 

Surface salinities are being collected with surface sample bucketsalong the high-density line 
PX-34, TX-1 and IX-28. A Sea-Bird SBE-21 thermosalinograph has been installed in 
collaboration with ORSTOlM and the FPI on the polar supply vessel, L’AsrroIabe, operating 
between Hobart and Dumont durville in Antarctica (lX-28). Figure 5 shows sea surface 
temperature (SST) and sea surface salinity (SSS) results along one section. 

2.2 Suppon and Cooperation 

The field program has been a very large undertaking Although viewed by the Division as 
necessary in the national interest, it has been too large for the Division to accomplish with its 
own resources. The suategy for funding from the outset has been to gain resources from 
several national and international agencies, while maintaining scientific direction and 
management of the program under the control of research oceanographers. The strategy has 
proven to be exuemely successful, to the point that nearly 4000 ocean soundings are made 
each year. Significant funding is also received through the CSIRO Climate Change Research 
Program. CSlRO provides 500 XBTs each year, whilst the RAN (2000), Scripps Institution 
of Oceanography (500 in 1993; 700 in 1994), and the National Ocean Services Branch 

(NOS) of the National Oceanographic and Atmospheric Administration (NOAA) in the 
United States (600), also help in the provision of XBTi. The Japan Meteorological Agency 
(JMA) provided 200 XBTs in 1993 to help run line Ix-22/PX-11. The BOM, as a major 
user of the real-time data, also assists by paying for the cost of transmitting the bathy reports 

via satellite for insertion onto the GTS as a contribution to the integrated Global Ocean 
Setices System (IGOSS). Numerous shipping companies kindly support our research by 
allowing us to install our recording equipment on board their vessels. BHP Transport, 
Pacific Forum Line, P&OCL, and the French Polar l,nstitute kindly allow oceanographic 
observers on board their vessels to undertake the high-density XBT sampling which cannot 
easily be undertaken by the officer-of-the-watch. 
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2.3 Equipment Design and DeveLopment 

CSIRO operates Sippican MK-g/Lap-Top configured XBT systems on its merchant ships. 
The software was extensively re-written by CSIRO for the voluntary observer environment 
The XBT systems are also interfaced to CLS ARGOS “add-on” satellite transmitters (co- 
developed with CSIRO) to enable the relay of bathy data in near real-time. The data 
undergoes filtering and general quality control checks, as designed for the ARGOS XBT 
system, before it is sent via satellite for insertion onto the GTS for distribution to scientists 
and climate prediction centres around the world A number of small problems continue to 
plague the GTS and ARGOS relay stations. 

The prototype SIO XBT automatic-launcher has been installed on merchant ships utilised in 
the high-density program. This is a device which can automatically deploy up to six XBTs at 

predetermined times, making it possible for the deployment of only one oceanographic 
observer on board a merchant vessel to maintain around the clock high density XBT 
sampling. CSIRO has extensively modified the hardware of the unit. The trapdoor 
mechanisms have been redesigned to provide increased mechanical advantage for the 
solenoid firing pins, and the deck-electronics and launching units have now been mounted in 
the one unit to facilitate installation. Field evaluations of the modi&ations are continuing. 

Deployment of a thermosalinograph on the M.VNew Zealand Star is progressing, with 
intake and outflow valves installed on the vessel in dry-dock during 1993. Depending on 
availability of funds, a recorder will be installed at a later date. 

2.4 Equipmens E+aluariom 

CSIRO continues to test and evaluate eqvipment deployed for the research program to 
ensure its accuracy and integrity. All such tests and evaluations are coordinated with and 
submitted to the IGOSS Task Team for Quality Control of Automated Systems (TUQCAS). 

Work continues on evaluating the accuracy of XBTs and XBT data acquisition systems, 
including an evaluation of the fall rate equation of the XBT. This work has contributed to 
the work of the XBT Fall Rate Study Subgroup of the TUQCAS, and a joint paper on the. 
findings has submitted to, and accepted by, the Journal of Deep Sea Research. The 

manufacturer’s depth-time equation for the XBT was found to be in error, maximum depth 
error at 760m was found to be approximately 26m (manufacturer’s accuracy speciflcations 
give 15m at 760m). A new depth-time equation has been proposed for T-7, T-6, and T-4 
types of Sippican XBTs, which is to be adopted internationally in the near future. 

._...---.- ..--- -.--- -. ._~.-.-_-. -_-. --~_ _.--. - 
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CSIRO has also participated in the evaluation of the Sippican expendable Conductivity 
Temperature and Depth (XCTD) probe, including field trials on the PSV Aurora Awrafis 

and RV. Franklin . Unfortunately the results from the Aurora Australis early in 1993 were 
far from promising, with numerous design, software and grounding problems significantly 
affecting the performance and reliability of the instrument (severe spiking off-scale, fall rate 
error, inconsistent temperature and salinity offsets- sometimes well outside specifications). 
Limited trials on the Franklin and subsequent more extensive trials on the Aurora Awnafis 

and from merchant vessels, with modified software and hardware, proved much more 
promising (fall rate error still present, however, spiking removed, temperature and salinity 
accuracies more consistent and approximating specifications). There appears to be a 
consistent problem with the accuracy of the salinity measurement in the upper 50-10&n, 
which may be the result of an air bubble temporarily being trapped around the conductivity 
cell which is later squeezed out by pressure at depth. The data collected on these voyages 
will be later fully analysed with data collected by other institutions as part of the lT/QCAS 
activities. 

2.5 Volunteer Observers 

The success of the program relies heavily on the support given by the voluntary observers 
on board the merchant vessels. Indeed, during 1993 the h4.V. Anro Australia celebrated 10 
years of XBT sampling for the CSIRO - a truly remarkable accomplishment, and a measure 
of their generous support of our research. It is considered essential that considerable effon is 
put into maintaining good public relations with the voluntary observers and their shipping 
companies. Each ship is visited on every return to an home Australian port so that new 
supplies can be forwarded, data collected, insnumentation checked, and most importantly, 
so that good public relations through feedback and attention to observer requirements are 
maintained Each ship is also visited by a scientist involved in the research program at least 

once per year, although generally more often than this. 

We are truly indebted to the generous and high level of quality support from the voluntary 
observers, shipping companies and their agents. 

2.6 Data Management and Qua@ Control 

Quality Control (QC) of XBT data at the delayed mode stage is closely supervised by 
research oceanographers participating in the program (see4). A flow chart of the QC 
procedures is shown in figure 6. The vertical profiles are checked on a voyage basis for 
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common malfunctions, regional oceanographic features, drop to drop consistency along the 
ship track, and repeat drops of unusual features (which we encourage our obsavers to 
take). The data are also checked against a climatology based on the data collected by ships 
participating in the CSIRO Ship-of-Opportunity Program. An archive of profiles with 

unusual features observed along the different lines is used in the QC process. The features 
are checked with CTD data as opportunities arise. Quality coritrol of the data is considered 
to start by providing the voluntary observers with continual feedback on why they are 
collecting the data as well as the results obtained. The two-way communication between 
observers and researchers inevitably leads to a more carefully collected and generally higher 
quality data set 

An interactive editing routine has been set up on the in-house mainframe (UNIX System) 
computer to edit the data. QC decisions on common malfunctions and real oceano,mphic 
features are flagged on the data set (see table 3). The data is further classed (O-4) by depth 
according to the type of flag associated with the data (see table 4). Class 0 data has had no 
QC. Class 1 data is good data. Class 2 data has unusual features, but which are considered 
to be probably real. Class 3 data has features considered to to be most likely the result of 
instrument malfunctions and not real features. Class 4 data is obviously erroneous data. Xn 
extensive “cookbook’ has been produced to assist in the QC 4. 

The data is stored in three archives. The fust archive contains the unedited, full resolution, 
raw data as collected from the merchant ships. The second archive consists of the edited, 
full resolution data (Class 4 removed). The third data archive has the data condensed to a 2 
metre format (Class 3 removed). This third data archive is the archive used in scientific 
analysis, and for the transfer of data to other organisations and the global data centres. Each 
year the quality controlled data are sent to the US NODC (WDCA) and the TOGA 
Subsurface Thermal Data Cenue in France. Periodically the data are sent to the Ausualian 
Oceanographic Data Centre (AODC). 

CSIRO is also a major contributor to the WOCE Indian Ocean Upper Ocean Thermal Data 
Assembly Centre (UOT/DAC). Other participants include BOM/BMRC and AODC. 
Although the BOM and the AODC already jointly operate the Specialised Oceanographic 
Centre for the Indian Ocean and South Pacific region, the idea of the WOCE UOT/DAC is 
to involve research scientists in the quality control of XBT data to produce a “scientifically” 
quality controlled data set for WOCE. The Division’s quality control procedures for 
processing XBT data have therefore been combined with the optimal analysis procedures 
co-developed with the BMRC in an interactive screen-editing system This system, called 
QUEST (Quality Evaluation of Sub-surface Temperature; seej), has been used for the 
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scientific quality conuol of the data set supplied by the World Data Centre A (WDCA) 
containing all available upper ocean temperature data collected in the Indian Ocean in 1990. 
AODC staff assisted CSlRO staff in the quality conuol of the data in Hobart The Quest 
system has been used from 1994 onwards to undertake quality control of all CSIRO XE3T 
data on a regular basis. The principle quality control procedures developed by CSIRO are 
being implemented by the WOCE UOT/DACs for the Atlantic and Pacific Oceans. 

3. FUTURE OF THE CSIRO SOOP 

With TOGA completed, the field component of WOCE nearing completion, and the value of 
such measurements for climate prediction clearly identified by the Knoxrepon and the findings of 
the Ocean Observing System Development Panel (OOSDP), it is time to develop a suategy to 
nansfer the CSIRO SOOP fTom a research activity predominantly supported by research funds to an 
operational program. The CSIRO SOOP is ideally set-up to form one of the components of an 
effective Regional Ocean Obsetig Network (ROONET) as a starting point for Australian GOOS. 
To-date the CSIRO SOOP has received most of its funding support from CSIRO appropriation and 
CSIRO Climate Research Program (CCRP) funds, with significant in-kind contributions from the 
Royal Australian Navy (, Australian Bureau of Meteorology (BOM), Sational Ocean Services 
(NOS) Section of the US National Oceanic and Atmospheric Administration (NOAA), and the 
Scripps Institution of Oceanography. It is time now to determine how available resources can best 
be utilised and reallocated to maintain the CSIRO SOOP as an ongoing, operational activity, thus 
alleviating research resources so that these can be used in the ongoing research of the collected data 
and in the development of enhanced technologies for the observing system. It is important to 
maintain a strong link between the research and operational activities, as this has proven to be one of 
the main reasons for the acknowledged high success of the present CSIRO SOOP. 
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1993 CSIRO VOS Line Summary 

Line 
. 

CW 
. WSuons #D~ODS 

. l #Good #Xw 

PX-2 

PX-3 

PX-30** 

PX-54 

PX-34 

Ix-1 

Ix-9 

lx-12 

lx-z/ 
PX-11 

Ix-23 

E-2$**+ 

Ix-29 

lx-30 

Macqualie Is 
to Heard ls 

HeardIs 
to Hobart 

TOTALS: 

NOTES: 

9VUU 
VJBQ 

VJDP 
VJDI 

A3CA 

GYSA 

VNGZ 

S6FK 

9VBZ 
9vwM 

GYSA 
GYSE 
GYRW 

VJDI 
VJDP 

VNAA 

DBIP 

DPlB 
VNAA 

VNAA 

VNAA 

16 359 343 296 

10 323 305 297 

2(HD) 152 152 0 

5 62 60 59 

4(HD) 265 253 0 

26 703 672 657 

12 260 242 230 

15 

9 

1 

5t-m 

1 

3 

1 

1 

743 693 602 

380 346 342 

106 62 

292 152 

24 20 

62 54 

41 19 

24 12 

0 

20 

0 

0 

0 

0 

3796 3385 2503 

l In some cases numbers transmitted are approximates only. 
l * This line is run in conjunction with SIO - only CSlRO cruises are reported. 
l ** This line is run in conjunction tith SIO, ORSTOM, and FPI 
HD = High-density XBT section. 

CALL SIGNS: 
9VUU=ANROASIA VJBQ = ANRO AUSTRALIA 
VJDP = IRON PACIFIC VNGL = IRON FiJNDERS 
VJDI = IRON NEWCASTLE VNGZ = IRON DAMPIER 
VNAA = AURORA AUSTRALIS FHZI = L’ASTROLABE 
A3CA = FUA KAVENGA s6FK=SWANREEFER 
GYSE = NEDLLOYD TASMAN GYSA-FLINDERS BAY 
GYRW = ENCOUNTER BAY 
9VwMrNEWZEALAND STAR (EX MANDAMA) 

9VBZ - AUSTRALIA STAR (WC: MAHSURT) 
DPIB- ICEBIRD 
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1994 CSIRO VOS Line Summary 

Line 
. CallSms . #SectIons #D~ODS l . #GQod #Xmltted *a 

PX-2 

PX-3 

PX-30/3 1 
l ** 

PX-32 

PX-34 

lx-12 

lx-224 
PX-11 

Ix-28 

TOTALS: 

*NOTES: 

VJDP 

A3CA 

GYSE 

VNGL 
VNGZ 

S6% 

9VBz 
9VwM 

GYSA 
GYSE 
GYRW 

VJDI 
VJDP 

; 
- 
18 

5 175 168 158 

2 195 185 0 

2 26 25 25 

: 

i- 

26 661 626 614 

:, 
- 
7 

4 
3 
5 
- 
12 

:, 
- 
7 

11 685 

152 
234 

G6 

61 54 
161 134 
- - 
205 188 

13 13 
100 92 
- - 
113 106 

147 122 111 
150 132 112 
250 221 201 
- - - 
547 475 424 

36 36 
276 262 
- - 
312 298 

3305 

146 
212 
- 
358 

133 
188 

321 

ii 
- 
0 

13 
79 

92 

30 
244 
- 
274 

484 380 

2913 2288 

*A good proftie is a succesful profile of > 100 m depth 
++ Ln some cases numbers transmitted are approximates only. Some high density XBT runs have not been able 
to transmit due to a lack of a transmitter and appropriate software. When high density lines have transmitted it 
is not guaranteed that all messages will reach the satellite, and hence GTS. as a result of the number of samples 
compared to the number of satellite overpasses. 
*** This line is run in conjunction with Scripps - only CSlRO cruises are reported. 
(P) = partial coverage of line 

CALL SIGNS: 
9Vw=ANRoASIA VJBQ = ANRO AUSTRALIA 
VJDP = IRON PACIFIC VNGL = IRON FLINDERS 
VJDI = IRON NEWCASTLE VNGZ = IRON DAMPIER 
VNAA = AURORA AUSTRALIS FHZI = L’ASTROLABE 
A3CA = NA KAVENGA s6FK = SWAN REEFER 
GYSA= FLINDERS BAY GYSE = BOTANY BAY (EX NEDILOYD TASMAN) 
GYRW = ENCOUNTER BAY 9VBZ - AUSTRALIA STAR (EX MAHSURI) 
9wJM=NEwZEALAND STAR (Ex MANDAMA) 



IOC/INF-1021 
page 13 

TABIX 3 Summary of CSIRO Quality Control Codes 

Ref. Category Accept Action 
N 0 . Code 

s;;izy IX;$it Action pa;fY 

1. Header Information Flags 

1.1 Position Error 

1.2 

1.3 

1.4 

Time Error 

Other I 
ProbeError 

Repex Drop 

PEA 

OPA 

DC?.\ 

ManuallywrrccL Class1 PER 
fromthe 
SUhX. 

Manually cmrecf class1 TER 
fmmthe 
StIrfax. 

Manually correct class1 OPR 
fromthe 
SIlrfxe. 

Keep more reliable Class 1 DUR 
repeat or duplicate. from the 

SIXfAX. 

Rcjectdatam class3 
woangarchive. from the 

surface. 
Reject data from class3 
working archive. from the 

smfaa. 
Rejectdatafrom class3 
working adive. from the 

surf=. 
Reject less reliable Class 3 
repeat or duplicate from the 
from working surf=. 
arChiVC. 

I 

2. Recorder Flags 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

slxface spikes 
(Start-up 
Transien t1 
Test Probe 

Bathy Systems 
Software Error 
tModul0 10 
Scikec~ 
PROTECNO 
Systems 
Jzakaze 
(PET kault) 
Bathy Systems 
Leakage 
(Cusping) 

Bathy Systems 
Bowing 
Problem 
(BowedMixed 
I&TX) 
Sippican MK-9 

Malfunction 
Wckina Bit 
Problemj 
Sippican ML9 
Tiing Delay 
Problem 
(DriverError) 

CSA 

N/A 

MOA 

PFA 

CUA 

BOA 

SBA 

DRA 

Remove all surf= Class 1 
data to 3.9m depth. from the 

surfax. 

CSR Reject data from 
working axchin. 

- - TPR Rejecttestdataon 
all occasions from 
working archive. 

Replace Spikes Class 1 MOR Reject data from 
with linearly from the working archive. 
interpolated values surke. 

Downgla&clata Class 2 
from depth of I I from depth 
anomaly. of sllscecled 

PFR Dtletc data from 
depth of anomaly 

. 
J-PET fault. 

horn working 
archive. 

l3cwmJade data CUR 
from Zepth of 

I Class 2 Reject data from 
depth of anomaly 

anomaly. from working 
archive. 

DowTlgia&ciata Class 2 BOR Reject data from 
from the surface. from the working archive. 

r=- I I 
I 

Apply a 19 point Class 2 SBR Apply a 19 point 
filter with lrom the filter with 
coefficients of SIRike. coeffici~ts of 
0.0562 and 0.0562andrcject 
downerade. data 
Downgladeliata Class2 DRR Rc*darafrom 
from the surface. fromthe wtlrking archin. 

Slrrface. 

class3 
fromthe 
snfzce. 
cl.ass4 
from the 
surf=. 
class3 
from the 
surf=. 

Class 4 
from depth 
of PET 
fault. 
cla5s3 
from depth 
of cusping. 

Class 3 
from the 
surf=. 

class3 
from the 
surface. 

%ss3 
from the 
curfe 
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Table 3. Summary of CSIRO Quality Control Codes (cont.) 

;X!. 1 Category ) kyzt 1 Action Reject 
Code 

Action 

3. General Profile Flags 

2.1 Hit Bottom 

--I-- j.2 Wire Break 

5.3 Spike 

+ 
3.4 High Frquenc) 

lnterfmce 

‘5 s. Insulation 
Penewtion 

HEA 

N/A - 

S?A Remove erroneous 
dalaalldlinarly 
interpolate. 
Dowllgra~from 
depth of anomaly. 

Class 2 
from depth 
of spike. 

HFA 

PA 

CTA 

Reject data bn 
depth of anomaly 
from working 
archive. 

Filter noisy data. 
Dlwllgdehxn 
depth of anomaly. 

Replace spike with 
linearly 
interpolatedciata 
Dcwfpdehm 
depth of anomaly 

Keep profile to 10 
metres depth and 
flag ClX below. 

class2 
from depth 
of possl%lC 
isothermal 

class2 
horn depth 
of high 

iii%za 

class2 
from depth 
of spike. 

Class 1 to 
10 metres, 
Class 3 
below. 

HBR 

WBR 

SPR 

IPR 

3-R 

qGR 

Delete data born 
depth of anomaly 
from waking 
archive. 

Delete data from 
depth of arKMnaly 
from working 
WChiVC. 

Reject data born 
depth of anomaly 
born working 
whive. 

Reject data fmn 
start depth of 
momaly and reject 
born working 
trchive. 

Xeject data from 
iepth of anomaly 
iam working 
hive. 

Xeject data from 
hesu&ceor 
below 10m of 
TA fiam 
wxking archive. 
Mete data horn 
hesurfaccfrom 
vorking archive. 

kleu data from 
kpth of anomaly 
tom waking 
diVC. 

class3 
hm depth 
of hit 
bottom 
event 

class4 
fromdepth 
ofwire 

class3 
hall depth 
Df spike. 

“lass3 
iml depth 
)f spike. 

Zlass 3 
iom the 
llrfa. 

:lass4 
rom the 
urfirx. 

:lass4 
mm depth 
d anomaly. 



IOC/INF-1021 
page 15 

Table 3. Summary of CSIRO Quality Control Codes (cont.) 

Ref. Category Accept Action 
No. Code 

z;;,‘:y Il;$lt Action 

4. Inversion / Wire Stretch Flags 

4.1 IllVersiOIl l-VA Verify inversion Class 1 - - - 
COnlirmed) inrepeator fromthe 

neighbouring 
. 

4.2 Inversion in NUA Verify nub in class1 - - - 
mixed layer ma fl-omthe 
t-Nub neighbouring 
Confumed) 

4.3 Inversion PIA Chec; for sbnilar Class 2 - - - 
(Probable) feamrcsin fromdepth 

neighbouring of probable 
inversion. 

t.4 Wire Stretch WSA class2 - - - 
(Possible) fcanm?safc fl-om@b 

obsenwlin of possible 
neighbouring wire 

2 Downm Suetch. 
r.5 WireStretch - - - WSR Reject data hrn class3 

depth of anomaly below depth 
from working ofwire 
archive. stretch. 

5. Structure / Signal Leakage Flags 

5.1 

5.2 

5.3 

i.4 

is 

Fine Structure STA Verify line class1 - - - 
St+ikC sauctureinrepeat fromthe 
;coflJimmii or neighbouring SIR&Z. 

SlrrfaCe S.&i Checkforevidence Class 1 - - - 
anomaly (Fine ofsurface from the 
strlJcture anomalies in the rsurfh 
special Case) retion. 
Fine Structure FS A Check for fiie Class 2 
(Probable) sullctue in fromthe - - - 

neighbouring SUl-kC 

drops-~~grade 
datafmmthe 
slllfxe. 

J--Me LEA Check if simila,r class2 
(Possible) anolnalies are from depth - - - 

obsuved in of possible 
neighbouring leakage. 
drops. Downgmde 
dala 

Leakage - - - Reject data from Class 3 
depth of anomaly below depth 
fmm working of leakage. 
archive. 
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Table 3. Summary of CSIRO Quality Control Codes (cont.) 

Ref. Category Accept Action Reject Action 
No. Code Code 

6. Eddy-Front / Temperature Offset Flags 

6.1 Eddy I Front EFA Verify eddy/front Class 1 
inrepcator fromthe - - - 
neighbouring Slllf~. 

6.2 Meso-Scale MEA 
suucm 

Check for meso- class1 
scale structure in from the - - - 
neighbouring SllIfZC. 

drops. 

6.3 Tempeanne - 
Offset 

- TOR check Class 3 
neighbouring from the 
pfxes for slllfxe. 
tav=m 
diffv Reject 
databom working 
archive. 
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TABLE 4 

Data Quality Class 

Class Quality Description 

Class 0 NoQCDone Class 0 data is the level at which all data 
enters the working archive, and has not 
yet been quality conuolled 

Class 1 GoodData Class 1 data is top quality data in which 
no malfunctions are identified and all 
red features have been verified during 
the quality conuol process. 

Class 2 “Probably” Class 2 data is good data in which some 
Good Data unusual but probably real features 

and/or malfunction errors which can b 
corrected or are small enough to be 
ignored without seriously effecting the 
ovexall quality of the data, are observed 
Data is downgraded to Class 2 from the 
depth of anomalous (probably real) 
features. 

Class 3 “F?robably” Class 3 data is possibly good data in 
Bad Data which some unusual, but probably 

erroneous features are observed. Data is 
downgraded to Class 3 and rejected 
(may be retrieved) from the working 
archive from the depth of anomalous 
(probably erroneous) features. 

Class 4 BadData Class 4 data is bad data in which 
obviously erroneous values are 
observed. Data is downgraded to Class 
4 and deleted from the working archive 
from the depth of erroneous features. 
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Figure da. Temperature section (line IX-l) 
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Figure 4b. Temperature section (line IX-91 
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Figure 4c. Temperature section (line 1X-E) 
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Figure 4d. Temperature section (line IX-ZZ!/PX-11) 
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Figure 4e. Temperature section (line IX-S) 
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Figure 4f. Temperature section (line PX-2) 
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Figure dg. Temperature section (line PX-3) 
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Figure ?i. Temperature section (line PX-31) 
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Figure 6. CAIRO .XBT data processing fl-ow chart. 
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CANADA 

Almost all oceanographic data collected by Canadian Scientists are 
from research vessels. The only ship-of-opportunity line (as 
IGOSS defines it) is the XBT line from Cape Race to Reykjavik on 
MV "Skogafoss" (AX2 is its WOCE designation), managed by Dr. Fred 
Dobson from Bedford Institute of Oceanography. In 1994, this line 
was occupied about once a month, each data set consisting of 16-18 
drops of T-7 XBTs, spaced 50 nm from Cape Race to 45W, 100 nm from 
45W to Reykjavik. Most transects were actually Reykjavik to Cape 
Race, since the ship tows a CPR in the other direction and it 
snags the wire. Two of the transects - Feb and June, 1994 - 
dropped twice as often from Cape Race to 45W; they were done by 
Gilles Reverdin of Lamont-Doherty. He also made about 20 drops on 
the Halifax-Boston part of Skogafoss's runs, which are included in 
the datasets. All have been quality controlled up to April; the 
rest await a new MEDS algorithm. The success rate of the XBT 
drops is about 80% in summer and 50% in winter. In addition, 
Gilles Reverdin and the NOAA SAIL Lab (Miami: Warren Krug) are 
running a Thermosalinograph on this line on a trial basis. 

Dr. C.S Wong at the Institute of Ocean Sciences has a trans- 
Pacific program in cooperation with Japanese scientists to measure 
a suite of surface parameters such as temperature and salinity, 
C02, methane, nutrients, and chlorophyll. The sampling is done 
from the vessel Skaugran which travels from Vancouver to Tokyo 
about 6-8 trips per year. The XBT component of this program is 
supported by VOS in US. 

In addition to these commercial vessel-based programs, the Dept. 
of Fisheries and oceans has several research-vessel based ship-of- 
opportunity programs. The temperature/salinity data set generated 
from these programs are quality controlled and archived at MEDS. 
Recently, many of the research vessels are equipped with acoustic 
current profilers to collect velocity profiles along the cruise 
track. The data collected from the east coast are now compiled 
and processed, and put in an archive using the CODAS software 
developed by University of Hawaii. Once the system is set up we 
hope to input all ADCP data in Canada into this archive. These 
archives have been proven to be a valuable resource for climate- 
related programs. 
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FRANCE 

A. DESSIER’, P. RUAL’, C. PEIGNON’, T. LUDJET’, H. ROQUETS 

La France a participk au programme de man&e rCgulittre principalement sur 
financement TOGA. Cette participation se traduit par la prise de responsabilitk des 
divers centres ORSTOM pour couvrir la zone tropicale des Oceans Atlantique, Indien 
et Pacifique. 

De ce fait, la contribution apportte sur chacun des ocCans sera pr6entCe. 

I : Centre TOGA Brest ( ORSTOM ) e-mail : dessier@orstom.orstom.fr 

2 : Responsable des l&hers XBT Pacifique ( ORSTOM ) e-mail : rual@noumea.orstom.nc 

3 : Centre Noumta ( ORSTOM ) e-mail : peignon@noumea.orstom.nc 

4 : Responsable francais GOSS-OTA ( M&o-France ) e-mail : Thieny.Ludjet@meteo.fr 

5 : Responsable des activites R&D de la Prevision Marine ( M&Co-France ) e-mail : Herve.Roquet@?meteo.fr 
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, cean Paclfiaue 

Les tableaux 1 ti 3, ainsi que les figures I B III ont Cti prkparls et 
Pierre RUAL et Christophe PEIGNON, du centre ORSTOM de Noumia : 

transmis par 

- Tableau 1: rkapitulatif par navire et par voyage des l&hers XBT effect& en 
1994 et au premier semestre 1995 dans I’OcCan Pacifique, sous la responsabilitl 
de I’ORSTOM. 

- Tableau 2 : rkapitulatif par navire des &hers XBT effectuks en 1994 et au 
premier semestre 1995 dans 1’OcCan Pacifique, sous la responsabilitk de 
I’ORSTOM. 

- Tableau 3 : rkapitulatif par ligne et par navire des mesures de 
thermosalinographe effectukes en 1994 dans l’O&an Pacifique, Atlantique et 
Indien sous la responsabilitk de 1’ORSTOM. 

- Figure I : localisation gkographique des &hers XBT effect& en 1994 dans 
1’OcCan Pacifique, sous la responsabilitk de I’ORSTOM. 

- &re II : localisation gkographique des mesures de thermosalinographe 
effectuies en 1994 dans l’O&n Pacifique? Atlantique et Indien sous la 
responsabilitk de 1’ORSTOM 

- ure III : localisation gkographique des mesures au seau de temperature et 
salinitl de surface effectuies en 1994 dans I’OcCan Pacifique, sous la 
responsabiliti de 1’ORSTOM 

Ocean Atlantiaue et Indies 

Le tableau 4, ainsi que la figure IV ont CtC prepares et transmis par Alain 
DESSIER, du centre TOGA de Brest : 

- Tableau 4 : rkcapitulatif par navire et par ligne des lkhers XBT effectuks 
en 1994 dans 1’OcCan Atlantique et Indien, sous la responsabilitC de 
I’ORSTOM. 

- firmre IV : localisation gkographique des lkhers XBT effectuk en 1994 dans 
1’OcCa.n Atlantique et Indien, sous la responsabilitC de 1’ORSTOM. 

Seules les observations effectuees entre 30”N et 30’S sont ici prises en compte. 



IOC/INF-1021 
page 40 

r I.. , 
SMT Cam Ocwhique S?eclti - 

Les figure V et VI ont CtC preparees par Thierry LUDJET, du Centre 
Oceanographique Specialise fiancais ( M&Co-France, SCEMRREWMAR, Toulouse ) 

- Figure V : localisation geographique des messages BATHY et TESAC recus 
en 1994 sur le SMT, au Centre Oceanographique Specialise fiancais. 

- &,ure fl : localisation geographique des messages BATHY fbncais recus 
en 1994 sur le SMT, au Centre Oceanographique Specialise fbncais. 
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RELEVE DES TIRS EFFECTUES 
ANNEE 1994 - ler SEMESTRE 1995. 

Navia Voyage tirs knclr bonr tis Xbons th phiode 

\ 
Coral Islander 1 04 80 95.2 aorit-octobra 94 

2 67 50 86.6 octobre-novembra 94 
ss Total 151 138 91.4 

I 

CGM Rimbaud 22 90 88 ii8 dkambta 93-mars 94 
23 71 63 08.7 awl-aoSt 94 
24 62 56 90.3 aoh-septembre 94 

Ss Total 223 207 92.8 
CGM Ronsard 6 67 60 89.6 novembra 93-fhvrier 94 

7 67 61 91 .o fhrier-mat 94 

8 70 63 90.0 mat-aoin 94 
9 50 48 96.0 septembra-dkembra 94 

Ss Tote1 254 232 91.3 
CGM Racine 21 67 53 79.1 octobre 93-janwar 94 

22 30 22 73.3 janvier-avril 94 
23 59 57 96.6 avril-aoti 94 
24 55 54 98.2 aoh-novembre 94 

ss Total 271 186 88.2 

CGM Renoir 1 40 37 92.5 fhrier-mars 94 
2 82 58 70.7 luillet-octobre 94 

Ss Total 122 95 77.9 

FORTHBANK 11 70 68 97.1 
. 

janwar-mat 94 12 95 90 94.7 man-octobre 94 I 
I 

EXPLORER 

- 

Ss Total 165 158 95.8 
14 74 65 87.8 octobre 93qanwer 94 
15 67 64 95.5 lanwer-mars 94 
16 73 69 
.- -.e c-v 

94.5 mars-mai 94 
I 

CnrlrAnFa 

I, IJ 01 91.8 mai-jutllet 94 
18 76 69 90.8 lutllet-septembre 94 
19 65 65 loo.0 septembre-novambre 94 

Ss Total 428 399 93,t 
t 76 73 97 7 lawler-mars 94 ..----e.. . .- - . , - , -. 
3 A7 AZ 9A 3 

CHALLENGER 

4 61 59 96.7 ao3t-octobra 94 
5 57 51 89.5 octobra-dkembra 94 

St Total 329 317 94.5 
2 54 52 96.3 dkembre 93.fewer 94 
3 56 53 94.6 ftivrwr-win 94 

CLYDEBANK 

.~ -,- - 
4 78 72 92.3 ]ufn-octobre 94 

Ss Total 188 177 94.1 
1 68 66 97.1 mars-julllet 94 
2 72 71 98.6 iwllat-dkembre 94 

Pacific Islander 

ATALANTE 

KDCHNEV 

Ilet-seotembra 94 
-octobre 94 

93.9 
octobra 93-juillet 94 

3 aout 94 

5 88.9 septambra-octobre 94 
96,0 

2 72 69 95.8 dhcembre 93-janvier 94 

Ss Total 72 69 95.8 

Ss Total 
79 
80 
81 

82 
83 

Ss Total 

2 
3 
4 

Ss Total 

112 
82 

127 

108 
108 
537 

82 
51 
18 

151 

105 
78 

120 

98 
103 
504 

78 
51 
l( 

145 

93.8 
95.1 
94.5 

90.7 
95.4 

95.1 
1OO.f 

janwer-mars 94 
mars-mat 94 
mai-ullet 94 

fui 
saptembre 

TO TAUX 2971, 2758 92.8 
1 
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Tableau ( page prkcidente ) : rtcapitulatif par navire et 
effect& en 1994 et au premier semestre 1995 dans 
responsabilitk de 1’ORSTOM. 

par voyage des kchers XE3T 
1’OcCan Pacifique, sous la 

uy UT - 94 
1 

ly.“mE slou Ms* v- 94 44 c.-. : banah XSWUctS drw C- 
-* I 1444 . 1994 , - - I 

Cod Imlawm CORA 4 cow*,a 3 3 527 147 44.4 03m4/1444 14m4/1494 
CWR*MM RIMS 4 .-,a, 1 2 377 333 44.3 12m11444 osm/1944 
COM Ronlard SONS 4 -a19 5 1 174 324 44.4 TM711995 04110119M 
CoMbcma RX, 4 Mm-&n 5 1 334 294 49.1 22m411995 0410011944 
cm4 nmw RENO 5 -3.a . 1 237 203 44.7 05~/1494 hvs4 
FORTHSANK FORT . IQ111,I. 4 0 270 254 95.9 1110311944 ls/Ml1949 
ExRoPm EXPt 10 OR”,11 7 3 SE4 424 94.0 lM7Il94S om711991 
CRUSAOER CR13 9 Mt.01 4 3 525 494 94.4 l2m4ll445 19m1/1494 
CWLLENGER cn*c 7 oy+D!,O, 4 3 347 347 94 4 1m711945 22112/1993 
CLVMSAM CL”0 3 QIDDl.03 3 0 234 214 92. 2sm/lDSS 17m3/1994 
Pacdu IuuMr PAIS 9 l sII1.7 4 3 (Is1 432 94.1 0710711445 m 44 
ATALANTE ATAL 3 .v-,oL 3 0 151 145 94.0 30/1011994 27m711993 
KOC”“N KOCH 1-1 0 72 49 95.4 05a2/1994 01/1011993 1 

TO7.U 74 54 20 5034 4434 9Ll 1 

Tableau 2 : rkapitulatif par navire des kchers XE3T effect&s en et au premier 
semestre 1995 dans 1’OGa.n Pacifique, sous la responsabilitk de 1’ORSTOM. 
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MAN THERM0 PAR LIGNE POUR 1994. 

LIGNE NAVIRE ‘FICHIERS DONNEES TRANSECTS 
EN BASE PAR FICHIER 

PX 4 pacific islander pais 10259 1 

pais 10166 1 

pais 10905 1 

pais 11007 1 

pais 10459 1 

pais 9981 1. 

s.total 6 fichiers 62777 6 

PX 5 explorer expl9401 10511 1. 

expl9402 7711 1 

exp19403 7567 1 

‘expl9404 6787 1, 

expl9405 5634 1 

.expl9406 7106 1: 

s.total 6 fichierr 45316 6 

PX 9 explorer 5 idem 5 idem 5 

s.total 5 fichiers 5 

PX 12 pacific islander 6 idem 6 idem 6 
ronsard rons9401 17416 1 

1 

rons9402 1396 1 

rons9403 16209 1 

rons9404 6962 1 

s.total 10 fichiers 41983 10 

PX 17 ronsard 4 idem 4 tdem 4 

s.totel 4 fichierr 4 

PX 31 ronsard 4 idem 4 idem 4 

‘s.total 4 fichiers 4 

PX 51 explorer 6 idem 6 idem 6 

atalante ata 4156 1 

s.totel 7 fichiers 4156 7 

PX 53 pacific islander 6 idem 6 ldem 6 

s.total 6 fichiers 6 

ZONECO NC atalante 

alis 

s.total 

atai9402 5692 

ala19403 10276 

alis 1783 

alis 1826 

alis 3844 

alis 3143 

alis 1786 

alis 4889 

alis 2680 

9 fichiers 35919 

IX 1 ronsard 4 idem 4 

s.total 4 fichier$ 4 

IX 10 ronsard 4 idem 4 

s.total 4 fichiers 4 

AX 3 ronsard 

s.total 

4 idem 

4 fichiers 

4 

4 

TOTAUX 26 fichiers 190151 60 

differents. donndes. transects. 
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Tableau 3 ( page pr&Cdente ) : rlcapitulatif par iigne et par navire des mesures de 
thermosalinographe effectukes en 1994 dans I’Ocian Pacifique, Atlantique et Indien 
sous la responsabilitC de 1’ORSTOM. 
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total 2415 1165 

Rapport Transmiskachers 48.24% 

Tableau 4 : rkcapitulatif par navire et par ligne des lkhers XBT effect& en 1994 dans 
l’Oc6an Atlantique et Indien, sous la responsabilitk de 1’ORSTOM. 
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Carte de polntage des observatlons recues en 1994 

Mapping posltlon plot chart of data received during 1994 

Messages : BATHY+TEsAC Total : 56633 

IAGICS 4.2 Sole& - ludjet - 13 September 1995 17:56:16 
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Carte de pointage des observations francakes recues en 1994 

Mapping position plot chart of french data received durlng 1994 

Messages : BATHY Total : 1517 

MAGICS 4.2 Solarls - IudJel - 13 September 1995 18:28:10 
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ATLANTIC AND INDIAN OCEANS* 
-------------------------- 

During 1994, eight shipping lines have been sampled more or less regurlaxly: six in the 
Atlantic and two in the Indian Ocean. There is a slight decrease relative to the previous 
years. Due to the scarcity of the probes and logistic difficulties, it was necessary to 
optimize, in time and space, the sampling along the shipping lines. 

Consequently, we decided a decrease of the launches on the over-sampled lines (as IX03 
and AX20) but the number of ships remained the same. Due to the uncertainties of the 
probe supply, the launching along AX20 and AX26 was even temporary interrupted for 
three months at the beginning of the year, but is again working now. 

Sampling along AX15 is in progress relative to 1993. However, sampling along IX06 has 
been stopped due to the lack of shipping. 

The success rate is 86%, in spite of frequent crew changes. This good results is due to a 
constant motivation from the manager. The data transmitted in real time continue to 
decrease, although most of the ships are equiped with an Argos system. It could be due to 
the inexperience of the crew or to a lack of reliability of the transmissions. 

*Report prepared by A. Dessier, Brest TOGA Centre (ORSTOM) 
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XBT sampling planned in 1995196 
4 launchs/day 

Indian Ocean 

Ix03 only direct line La Reunion-Red Sea 
Two tracks/month 
432 probes/year 
four ships 

IX10 no XBT, only SSS 

Ix06 nothing 

Atlantic Ocean 

AXOS 40”N - West Indies 
one track/month 
3 12 probes/year 
one ship 

AX20 40”N - French Guyana 
Two tracks/month 
936 probes/year 
two ships 

AXll Europe-Brasil 
one track/month 
288 probes/year 
one ship 

(20”N-20’S) 
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8OW 0 40E 



IOE 

4-- 

-I 

7 
I 
, 
t 

50E 90E 

Rkpartition gkographique des lancers XBT en 1994 

130E 



Ligne TOGA I, Total 1991 Total 1992 Total 1993 Total 1994 

IX03 394 564 877 706 
IX10 246 222 240 365 
IX06 102 71 201 
AXII 660 671 270 246 
AX20 239 301 539 450 
AX15 480 320 100 236 
AX26 233 273 191 120 
AX05 339 279 372 189 
AX29 57 
AXOO 12 

R@capitulatif par ligne TOGA des lancers XBT en 1994 



ICode radio IN avire Total1 
IEff I i e 

k6MJ4 IFNQC) IRenke Delmas 
(Jle de La Rdunion lC6~~7 

Delmas Surcouf 
La P&Ouse 

30) 

IP t a ricia Delmas 
1 Korrigan 

223) 
IFNJT 1631 

FNPA Ronsard 581 
FNQM Suzanne Delmas 162 
FNWC Nathalie Delmas 191 

1 Saint Remain 
Saint Roth 
Racine 
Rimbaud 

FNXW 
FNZP 
FNZQ 

34 
59 
39 

J8JA4 Canymar 272 
P3LK3 Saint Georqes 47 I 

Rkapitulatif par navirc 
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Evolution du nombre totale d’observations sur les rkseaux ORSTOM Atlantique et O&an 1ndie.n. 



IOC/INF-1021 
page 59 

UGNES94.XLS 

I BllAN DES TIRS XBT PAR UGNE POUR 1994.1 
I 

LIGNE 1 NAVIRE 
/ 
iBONS TIRS 1 BATHYS I TRANSECTS 

I 

PX3 
! 1 ! 
challenger I 141 14) 1 
challenger ! I 
! crusader I 
~ crusader 
I challenger 1 
/challenger 

11; ll/ 1 
26i 26 1 
251 24 1 
91 9 1 

111 11 1 
j crusader 1 211 221 1 
challenger j 121 121 1 

j crusader 
i racine 
1 crusader 

121 12Io.5 
3/ 3j 1 

1 7! 710.5 
! challenger 14! 14 0.5 
1 crusader 81 8 0.5 
‘challenger i 161 16 0.5 
i crusader I 311 31 1.5 
challenger ! 15! 15 0.5 

1 crusader 251 25 0.5 
crusader / 161 1610.5 
I crusader I 211 2010.5 
challenger 191 191 1 
crusader 

I 
141 1410.5 

~ challenger ; 21~ 211 1 
Totaux ; 3511 350117.5 

) I 

PX4 pacific islander 1 23’ 25; 1 
pacific islander ] 26: 26i 1 
pacific islander / 45 45 1 
I pacific islander j 43 451 1 
j pacific islander / 71 7iO.5 
1 pacific islander! 351 35,0.5 
I pacific islander j 301 301 1 
Totaux 2091 213 6 

I 1 

PX5 ~ explorer I 321 321 1 
I : explorer 301 311 1 
~ clydebank ! 
explorer 
‘explorer 
explorer I 
: explorer 
~ pacific islander! 
Totaux ! 

5i 5io.5 
321 331 1 
31! 321 , 1, 
3oi 301 1 
251 25i 1 
30! 301 1 

2151 21817.5 
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LIGNES94.XLS 



LlGNES94.XLS 
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vimbaud : 141 141 1 
I I I 

IX10 i racine 8, 7! 1 
forthbank 30 30 1 
:Totaux I 38 37 2 - 
! 

IX31 rimbaud I 13 13 1 

ZONECO NC1 atalante 51 43 1 
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UGNES95XLS 

I BIUN DES ms XBT PAR UGNE POUR 1995.1 

t 
LIGNE 

I 
i NAVIRE BONS TIRS / BATHYS ~ TRANSECTS 

I 

PX2 -- 1 challenger 91 91 1 
1 challenger 10 10~0.5 
I ! challenger 10, 1010.5 
1 Totaux 29 291 2 
I 

PX3 ‘challenger 1 13 131 1 
crusader 

I 
1 22 2210.5 

crusader I 
14 14lO.5 

i challenger 16 MO.5 
~ challenger I 12 1210.5 
1 crusader ! 361 3610.5 
1 crusader / 111 11 IO.5 
/crusader 151 1510.5 
! challenger 101 1010.5 
~ challenger 161 16’0.5 
I crusader 21) 21 0.5 
lcrusader j 171 17 0.5 
1 Totaux 
I 

I 2041 20316.5 
/ I 

PX4 

PX5 

! pacific islander1 
~ pacific islander I 
i pacific islander 

, 

/ I pacific islander 
1 pacific islander 
‘Totaux 
I I 
/explorer I 
/ ! explorer i 
1 pacific islander; 
~ explorer 
I explorer 
explorer 
Totaux 

3 3/0.5 
24 24 1 
26 26 1 
23 23 1 
26 261 1 

1021 10214.5 
I I 

341 34 1 
321 321 1 
101 1010.5 
191 1910.5 
41 410.5 

18! 18iO.5 
117’ 1171 4 

PX6 i crusader I 101 1Oi 1 
I challenger ~ 9’ 91 1 
crusader 11 11 1 

i crusader I 71 7 0.5 
1 Totaux 37 37;3.5 

1 
PX 12 / renoir 1 18 181 1 

pacific islander i 271 271 1 
‘coral islander 321 321 1 

irimbaud 9i 9io.5 
I racine / 18i 18j 1 
i pacific islander1 181 18/0.5 
[forthbank / 201 2010.5 
] pacific islander1 201 2010.5 
i forthbank 61 610.5 
: ronsard I 20! ml 1 
lcoral islander I 41j 411 1 
I renoir 111 1110.5 
1 renoir 81 8iO.5 

- ..- . . ------..- -.-___-~- 
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UGNES95.XLS 
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GERMANY 

A. Sy (BSH) 

Overview 

German ship-of-opportunity programme (SOOP) activities are virtually unchanged from 
those reported at SOOP-V meeting held in Hobart, Australia (IOC, 1993). They are 
focussed on the Atlantic Ocean, with several German institutions involved. The “Institut 
fur Meereskunde”, Kiel (IfM Kiel), and the “Bundesamt fiir Seeschiffahrt und Hydrogra- 
phie”, Hamburg (BSH), each operate two lines as the German contribution to WOCE 
(AX-3, 11, 17, 18). They should be operational at least until the end of 1996. In ad- 
dition, several research vessels, e.g. “Meteor”, ” Gauss”, “Polarstem”, and “Walther Her-wig 
III”, carry out XBT measurements while en route. Most of these SOOP activities are PI- 
driven, and thus motivations and mechanisms for the observatons are research-based 
rather than being an application-based official German contribution to IGOSS. Tech- 
nical and organizational information about these lines is summarized in the attached 
Table. Almost all real-time SOOP data are inserted into GTS by the BSH with a delay 
of about 3 days to 1 week. Finally, and in addition to these data acquisition activities, 
real-time data from various oceans have been contributed to IGOSS by the German 
Navy since 1993. 

Ship-of-opportunity network 

In the framework of her fishstock surveys for the North Atlantic Fisheries Organisation 
(NAFO), measurements along line AX-l/2 are carried out by R.V. “Walter Her-wig III” 
operated by “Bundesforschungsanstalt fiir Fischerei”, Hamburg (BFAFI). This line was 
not set up officially by BFAFI, but the suggestion to drop occasionally XBTs along the 
vessel’s route to and from Greenland once or twice a year was accepted. R.V. “Walter 
Herwig III” is equipped with a MK-12 SEAS III unit for data acquisition and 
transmission. Real-time and delayed mode data are processed by BSH. These 
measurements probably will be continued for the next years (M. Stein, pers. COG.). 

Line AX-3 has been operated by BSH as a high density line without serious problems 
since 1988. The sampling strategy for this line is designed to meet both WOCE require- 
ments and the PI’s own scientific objectives. The programme is funded by the German 
Ministry of Education, Science, Research and Technology (BMBF) until 1997. The 
scientific rationale is described in IOC (1993). 
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From the start of the programme in 1988, measurements have been carried out regularly 
by the German container vessel “Koln Express” and have been supplemented irregularly 
by the research vessels “Professor Multanovsky”, “Gauss” and “Meteor”. A MK-12 SEAS- 
III unit and NOAA’s software is used for data acquisition and transmission. So far, the 

line has been kept operationai aimosr without interruption. As of September 1995, 86 
sections have been collected, most of which have a resolution of better than 40 nautical 
miles (Fig. 1). For this line, “Fast Deep” probes are now used as a standard. These 
modified T-5 probes are capable of covering the upper 1200 m at a ship’s speed of 20 
knots. An example of a section is shown in Fig. 2. 

While temperature measurements with adequate temporal and spatial resolution can 
give an idea about space and time scales, XBTs alone do not satisfactorily meet the 
requirements for the investigation of heat flux or other important processes. XCTD pro- 
bes were therefore used as soon as they became available. Up to,now 4 sections with 
XCTD measurements have been carried out along line AX-3. Whereas first XCTD 
versus CTD comparisons showed that XCTD probes needed further design 
developments by the manufacturer (Sy, 1993), the last field test in the North Atlantic in 
December 1994 showed promising results (for details see Annex: Sy, 1995). 

As the first German SOOP contribution to IGOSS, line AX-11 was established in 1981 
by DHI (now BSH). It has been kept operational until today without major 
interruptions. At present no problems are recognizable which could jeopardize 
continuation of this programme. Both data acquisition system and data management are 
the same as for line AX-3. For this programme, “Deep Blue” (T-7) probes are used as 
a standard. The measurements were carried out by the German container vessel “Monte 
Rosa” on her way due north without any serious problems. An example of a section is 
given in Fig. 3. 

Lines AX-17,/18 were set up by “Institut fiir Meereskunde”, Kiel (KM Kiel), as part of 
WOCE in 1989. The scientific objective is to investigate the heat storage variability in 
the upper ocean and the eddy activity of the Subtropical Gyre. Funding by the German 
Ministry of Education, Science, Research and Technology (BMBF) will not be continued 
in 1996. 

The operation of these lines proved difficult due to long service distances between 
Germany and South Africa and due to the lack of regular and long-term shipping 
services between South Africa and South America (R. Onken, pers. comm.). After two 
years of successful operation, the programme was interrupted for the first time at the 
end of 1991. It was taken up again a year later, but only for one additional year. 
Finally, IfM Kiel was able to reactivate their programme at the beginning of 1995. Since 
then, on a more or less regular basis, measurements have been carried out by IWO 
Taiwanese vessels, “Excellence Container” and “Prosperity Container”. As in the past, 
“Fast Deep” (T-5) probes are used. Both vessels are equipped with a Nautilus Marine 
Service data acquisition system designed for real-time data transmission via 
METEOSAT. An example of an AX-18 section is given in Fig. 4. 

Efforts have been continued to collect data from the Southern Ocean. R.V. “Polarstem” 
from “Alfred-Wegener-Institut”, Bremerhaven (AWL), is equipped with a Nautilus 
Marine Service system for routine XBT measurements and real-time data transmission 
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and has used Sparton probes. During the 1994/1995 Antarctic research season, she 
transmitted BATHY messages along her way to and from Antarctica (AX-12 and AX- 
22/25). However, because of financial shortages in their budget and a not very 
convincing scientific rationale for XBT drops outside the Antarctic region, “Polarstern” 
will not continue her measurements aiong line m-12. Similar argtimcnts and low 
accuracy and reliability of XE3T measurements in cold waters will also lead to a drastic 
reduction of XBT drops during her field work in the Southern Ocean. From areas south 
of the Polar Front, AWI scientists report a high failure rate of XBT drops (occasionally 
up to 50 %) and data quality problems (non-systematic temperature shifts towards 
higher temperatures) occurring randomly at low temperatures (E. Fahrbach, pers. 
comm.). 

Further activities 

Remarkable additional XBT real-time data contributions in 1994 came from the South 
Atlantic and the North Atlantic from R.V. “Meteor”, R.V. “Poseidon” and R.V. “Walter 
Hex-wig III” and from various ocean areas from the German Navy. After the Navy’s 
decision to declassify their data 14 days after having been collected, the number of 
German BATHY reports doubled. A regional overview of all BATHY messages 
submitted to GTS by BSH in 1994 is given in Fig. 5. 

To comply with the IGOSS request for more TESAC messages, we have continued to 
convert the CID bottle readings into TESAC code for transmittion from ship to BSH 
by e-mail. However, this procedure is used only for WOCE cruises because of the 
higher data quality standards of WOCE CTDs. 

The SST programme of BSH, which was established in 1987, has been continued. Data 
are collected by both governmental and merchant vessels. The latter are equipped with 
PtlOO contact thermometers (Sy and Ulrich, 1990). All SST data received at BSH are 
inserted into GTS as TRACKOB reports (Fig. 6). Finally, temperature data from selec- 
ted stations of the BSH’s stationary automatic network in German coastal waters in the 
North Sea and Baltic Sea are inserted into GTS as BATHY coded messages. 

GTS data exchange and non-operational XE5T data processing 

For more than 20 years, BSH has participated actively in IGOSS and acts as the 
German input and output GTS hub for real-time oceanographic bulletins. Fig. 7 shows 
that the contribution to the IGOSS real-time data flow has been relatively continuous 
during this period of time. We hope to contribute in the same way in the future. 
Trackplots of the output for BATHY and, TESAC messages in 1994 are given in Fig. 8 
and Fig. 9 respectively. 

Quality control (QC) of real-time data prior to insertion into the GTS is carried out 
manually at BSH for most SOOP data but not for Navy data. The QC consists of 
checks of the position of the vessel by means of track plots and by visual inspection of 
profiles on the computer screen. If necessary, erroneous data are corrected or rejected 
by interactive screen editing. 

- -___- 1 - --___--~ 
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Our main focus is delayed mode XBT data from BSH research programmes or SOOP 
in the North Atlantic. Processing and careful quality control are closely supervised by 
the PI of the programme. The routines are similar to those used for CTD/XCTD data 
processing. A flow diagram of non-operational XBT data processing is shown in Fig. 10 
which is representative of the bulk of the data. I “, JvIIIw uA..b.e En- =nm- cinnlP profiles of p2rticularly 
poor quality, the processing may differ under certain circumstances. However, QC also 
consists of regular ship visits to check the equipment carefully and to provide captains 
and mates with continual feedback. Intensive communication between researcher and 
observer pays in terms of improved data quality. 
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Table 1: 

s-- 

Status of existing SOOP lines operated by German institutions 

TWI il 

Ship 

Callsign 

Start 

Finish 

Frequency 

Density 

Probes 

Equipment 

Real-time 

Agency 

Programme 

PI 

l-12/1994: 
Sections 
Profiles 
GTS 

l-06/1995: 
Sections 
Profiles 
GTS 

Problems: 

Europe- Europe- Eurnpe - Elirope - S.America-Cape Town 
Greenland Halif./N.Y. Brazil 

Cape Town- 
Antarc. Antarctica 

AX-l/2 AX-3 

"Walther "K61n 
Herwig" Express" 

DBFR DAKE 

11/1989 5/1988 

open 1997 ? 

2/v 8/yr 

6/d 12/d 

T-7 T-5(FastDeep) 
XCTD (l/yr) 

SEAS III SEAS III 
MK-12 MK-12 

METEOSAT METEOSAT 

BFAFI BSH 
Hamburg Hamburg 

Fisheries WOCE 

M.Stein A.Sy 

7: 
8 

384 
55 359 

221; 
188 
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In addition, several research vessels will carry out XBT/XCTD measurements irregularly 
while en route, e.g. 

R.V. "Meteor" DBBH 
R.V. "Walther Herwig III DBFR 
R.V. "Gauss" DBBX 
R V. "Valdivia" 
R:V. 

DES1 
"Poseidon" DBKV 

R.V. "Polarstern" DBKL 
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XBT data distribution of BSH high density line AX-3 from May 1988 to December 1994 Fig. 1: 
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Flow diagram for non-operational XBT data prqcessing Fig. 10: 
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JAPAN 

Item 4.1 Status of Existing SOOP Lines 

In 1994, the Japan Meteorological Agency (JMA) has been conducting three ships of opportunity, 
namely WELLINGTON MARU (JITV), KASHIMASAN MARU (JFPQ) and GEORGE 
WASHINGTON BRIDGE (JKCF) as to XBT observations. A total of 1,123 BATHY messages 
were transmitted from these ships. Details are shown in Table 1. These XBT observations were 
funded by the Science and Technology Agency (STA). 

The XBT sampling on PX26 (TRANSPAC) by GEORGE W. BRIDGE has been suspended since 
March 1995 due to completion of the supporting project of STA. 

Besides them, a number of research vessels of national organizations also reported XBT/CTD 
sampling in the form of BATHY messages in 1994 as shown in Table 2. 

Item 4.2 Planned and Proposed SOOP Lines 

Japan’s planned SOOP Iines in 1995-1997 are provided in Table 3. 

Jh4A will use T7s in the place of T6s on PX5 by WELLINGTON MARU from the end of 1995 with 
the same sampling density as before. 

High density XBT sampling on IX10 (east) by KASHIMASAN MARU is planned to be conducted 
once in 1995 and twice in 1996. The high density sampling will be made only on the way from Japan 
to the Persian Gulf. The station spacing is 3 hours a drop (about 45 miles a drop). 

JMA is making efforts to resume the XBT sampling on PX26 under a new project which is now under 
consideration in STA. 

Item 5.2 Equipment - New Developments 

The National Research Institute off Far Seas Fisheries is making a comparison test of salinity profiles 
between XCTD (TSK: The Turumi-Seiki CO., LTD) and CTD. At present, XCTD has not yet 
achieved adequate salinity accuracy. 
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TABLE 1. JAPAN’s SOOP LINES SLJTdMAR Y FOR 1994 

LINE FROM TO 
PX5 NEW ZEALAND JAPAN 

SKIP (CALL SIGN) SECTIONS .DENSITY BATHY 
WELLINGTON MARU (JITV) 6/YR 4fDAY 228 

LINE FROM 
PX26 (TRANSPAC) 

TO 

SHIP (CALL SIGN) SECTIONS DENSITY BATHY 
GEORGE W. BRIDGE (JKCF) 12/YR 4fDAY 224 

LINE FROM TO 
PX49 TAIWAN MALACCA STR. 

SHIP (CALL SIGN) SECTIONS DENSITY BATHY 
KASHIMASAN MARU (JFPQ) 14/YR 4lDAY 119 
---------------------------------------------_-------------------------------------- 
LINE FROM TO 
lx9 OFF SRI LANKA PERSIAN GULF (north) 

SHIP (CALL SIGN) SECTIONS DENSITY BATHY 
KASHIMASAN MARU (JFPQ) 14/YR Q/DAY 165 

---------_-_---_----________c___________-------------------------------------------- 
LINE FROM TO 
IX10 MALACCA STR OFF SRI LANKA (east) 

SI-IIP (CALL SIGN) SECTIONS DENSITY BATHY 
KASHIMASAN MARU (JFPQ) 14/YR 4lDAY 134 
----_--------------------------------------------------------------------------------- 
LINE FROM TO 

-- HONG KONG NEW ZEALAND 

SHIP (CALL SIGN) SECTIONS DENSITY BATI-IY 
WELLINGTON MARU (J-ITV) 8NR 4lDAY 253 

TOTAL 1,123 
----_-------------------------------------------------------------------------------- 
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TABLE 2. NUMBER OF DATA INSERTED ONTO GTS IN THE FORM OF BATHY 
MESSAGES DURING 1994 IN JAPAN 

LEGEND 
&?A = JMANA4E7EOROLOGlCAL AGENCY 
JFA = JAPAN FISHERIES AGENCY 
MSA = MRIm SAFETYAGENCY 
DA = DEFENSE AGENCY 
JAMSTEC = JAPANMARI.. SCIENCE AND TECHNOLOGY CENTER 
TOHOKU u. = TOHOKU UNiMZSITY 

------__------------_I__________ ---------_----------l________l__________ 
SHIP CALLSIGN AGENCY BATHY LINES 

------------I-------------------------------- ---------------------------------------------- 

RYOFU MARU JGZK* 
KEIFuMARu JBOA 
KOFU MARU JDWX 
SHUMPUMARU JFDG 
CHOFU MARU JCCX 
SEIFU MARU JIVB 
WELLINGTON MARU JITV 
KASHIMASAN MARU JFPQ 
GEORGE W. BRIDGE JKCF 

KAIYoMARu 
YOKO MARU 

J-NZL 
7KDD 

JFA 
JFA 

SHOYO JCOD MSA 
TAKUYO 7JWN MSA 

SI-IIRASE JSVY DA 

KAIYO JRPG JAMSTEC 

OGASAWARA MARU* * JRBM TOHOKU U 

312 
214 
291 
258 
295 
310 
481 
418 
224 

201 
21 

PX5 
PX49,IX9,IXlO 
PX26 

25 
40 

4 

82 

133 

_----------------__-------------- ----------------------------------------------------------------- 

TOTAL 3,309 
____----___-_-_-_-__---------- ---_---_-________-__------------------------------------------------- 

* : Call sign for the new RYOFU MARU has been JGQH since July 1995. 

**: A domestic ferry (SOO) which regularly shuttles between Tokyo and Benin 
Islands (27-2ON, 142E) 

_-..____-.. - --__-_-- .-____- 
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TABLE 3. JAPAN’s SOOP PLANS FOR 1995-1997 

___--_-__----------------------------------------------------------------------------------------------------- 

LINE CALL SECTIONS PROBE 
SIGN 1995 1996 1997 TYPE DENSITY 

PX5 J-ITV 8(5*) 8 8? T6( 1995),T7 4DAY 

PX26 JKCF 2(2*) 0 ? T7 4lDAY 

PX49 JFPQ 14(9*) 14 14? T6 4iDAY 

IX9 north JFPQ 13(9*) 12 14? T6 4fDAY 
l(o*) 2 O? T6 8lDAY 

IX 10 east JWQ 13(9*) 12 14? T6 4/DAY 
l(o*) 2 O? T6 U-DAY 

HONG KONG - NEW ZEALANm: 
JITV 8(6*) 8 8? T6( 1995),T7 4/DAY 

-__----------------------------------------------------------------------------------------------------------- 

* completed as of September 1 in 1995. 
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UNITED KINGDOM 

The following ships reported to IGOSS during 1994. 

OWS CUMULUS - operated by J MARR and funded by the Met. Office; IT carries an XBT 
launcher, SMART CID probe and “0” wire meter supplied by the MOD. Probes provided by MOD. 

RJ BJARNI SAEMUNDSSON and RV ARNI FRIDRLKSSON - operated and funded by the 
Marine Institute in Reykjavik. The ships operate within the Iceland EEZ and use XE3T launchers, 
DOP’s and probes supplied by MOD. 

MV BRUAFOSS - operated by EIMSKIP between Reykjavik-Immingham-Rotterdam. Equipment 
and expendables supplied by MOD. 

RRS DISCOVERY ,- operated by RVS as part of NERC, and will be heavily involved in Shelf Edge 
Seas Studies for which MOD has contributed some XBTs. Launcher and DCP owned by MOD. 

ARKTI!S VISION - owned by Elite Shipping, recently taken over UWFIPZ route from Westmore. 
NOAA owns the equipment and MOD provides XBTs. 

The total number of reports made to IGOSS in 1994 are as follows: 

CUMULUS 560 
DISCOVERY 31 
BJARNI SAEMUNDSSON 87 
ARNI FIUDRIKSSON 87 
BRUAFOSS 70 
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UNITED STATES OF AMERICA 

National Ocean Service - Observing Network Branch 

The U.S. VOS XBT program collects XBT data along internationally 
agreed upon routes (see Table 1.) in support of scientific 
activities of the World Climate Research Program including WOCE, 
CLIVAR, GCOS the GOOS and emerging short-term climate forecasting. 
We anticipate level or reduced funding over the next couple of 
years, but will continue to monitor our assigned routes as best we 
can. Development and implementation of a new version of SEAS 
software and the use of Standard C transmissions will proceed. 

Since the last IGOSS Ship-of-Opportunity Meeting in Hobart, 
Tasmania in March of 1993, the U.S. VOS XBT program operated by the 
National Oceanic and Atmospheric Administration - National Ocean 
Service has concentrated on improving the overall quality of our 
monitoring efforts. We have accomplished this by four methods. 

l- By identifying, recruiting, and supporting back up vessels to 
guarantee the required monthly coverage on XBT lines for which we 
are responsible. 

2- By increasing the number of ship visits and maintaining a supply 
of "hot spares" equipment to facilitate the change out of 
equipment that has failed. 

3- By increasing our international co-ordination by establishing 
centers of support in Singapore, Durban and Kuwait. 

4- By a more effective use of our real time data base and the 
implementation of Internet FTP data transfers. 

We have had to terminate sampling on lines PX-20, 21, 22 and 43, 
consolidate lines PX-7, 9, and 13 in the Pacific Ocean due to 
inadequate probe supplies, logistics, nor no available ships. By 
next year we anticipate a severe reduction on line PX-26. However, 
some of these terminations were balanced by expansion into the 
Indian and south Atlantic and Pacific Oceans. Table 2 summarizes the 
U.S. participation in the IGOSS XBT Ship-of-Opportunity Program 
since 1990 by showing the number of ships and routes supported, the 
number of XBT's collected and the commensurate percentage of the 
total global data suite collected for those years. 

The location of XBT observations collected and transmitted via SEAS 
for 1993 and 1994 are provided in Figures 1 and 2. All observations 
received in real time were made available to the international 
community via the Global Telecommunications System. 

Additionally, available through this office is a catalogue of 
monthly plots summarizing the global transmission of all real time 
XBT data from participating IGOSS members. 
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TABLE 1. Existing United States/NOAA/NOS XBT Lines 

PACIFIC OCEAN: 

Routes/Requirements Ships - Call Sign 

PX-1 (Calif.- Indonesia): 
Req.: 860 obs/yr., 72/mo. 
12 trans./yr., 4/day. 

Boga. Lima - YDLR 
Golden. Indah - 9WB 

PX-7/9 (New Zealand-Hawaii-Seattle): 
Req.: 1080 obs/yr., 90/mo. 
12 trans./yr., I/day. 

Col. Canada - EL.QN3 
Col. California - DHCM 

PX-8 (Panama-New Zealand): 
Req.: 700 obs/yr., 59/mo. 
12 trans./yr., 4/day. 

PX-10 (Hawaii - Guam/Saipan): 
Req.: 316 obs/yr., 27/mo. 
12 trans./yr., 4/day. 

America Star - C6JZ2 
Melbour. Star - C6JY6 
Queens. Star - C6JZ3 

S/L Enterprise - KRGB 
S/L Navigator - WPGK 
S/L Pacific - WSRL 
S/L Trader - KIRH 

PX-13 (Calif.-New Zealand): 
Req.: 770 obs/yr, 65/mo. 
12 trans./yr., 4/day. 

Col. Canada - ELQN3 
Col. California - DHCM 

PX-14 (Alaska - Cape Horn): 
Req.: 1080 obs/yr., 90/mo. 
18 trans./yr., I/day. 

Northern Lion - A8IE 
Western Lion - A8BN 
Eastern Lion - 6ZFB 
Southern Lion - A8SF 
St. Lucia - DSND 
Mt. Cabrite - D5NE 

PX-18 (California - Tahiti): 
Req.: 900 obs/yr., 75/mo. 
18 trans./yr., I/day. 

PX-26 (TRANSPAC REGION): 
Req.: 2000 obs/yr., 167/mo. 
36 trans./yr., 4/day. 

PX-50 (Valparaiso-New Zealand): 
Req.: 700 ohs/year, 59/mo. 
12 trans./yr., 4/day. 

Polynesia - D5NZ 
Moana Pacific - OW06 

S/L Defender - KGJB 
S/L. Enterprise - KRGB 
S/L Navigator - WPGK 
S/L Pacific - WSRL 
S/L Trader - KIRH 
Tai He - BOAB 
Skaubryn - LAJV4 
Skaugran - LADB2 

Calif. Current - ELMGZ 
Gulf Current - ELMF9 
Pacific Maru - JJGC 
Joana Bonita - 3EFY6 

-___.-- .-. ..-- --.--... ~. 
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ATLANTIC OCEAN: 

Routes/Requirements Ships - Call Sign 

AX-2 (Newfoundland-Iceland): 
Req.: 200 obs/yr., 17/mo. 
12 trans./yr., 4/day. 

Skogafoss - V2QT 
Strong Ice. - WBD9290 

AX-4 (N.Y. - Gibraltar): 
Req.: 440 obs/yr., 37/mo. 
12 trans./yr., I/day. 

Ned. Raleigh Bay - PHKG 
Sea Premier - ELBD7 
Crist. c01umb0 - ICYS 

AX-7 (Gulf of Mex.- Gibraltar): 
Req.: 520 obs/yr., 44/mo. 
12 trans./yr., 4/day. 
High Density Req.: 
800 ohs/year 

Colima - DZST 
Mitla - XCNX 

AX-8 (N.Y. - Cape of Good Hope): 
Req.: 960 obs/yr., 80/mo. 
12 trans./yr., 4/day. 

Nomzi - MTQU3 
Charles Lykes - 3EJT9 
Olivebank - 3ETQ5 

AX-10 (N.Y. - Caracas/Trinidad): 
Req.: 200 obs/yr., 17/mo. 
12 trans./yr., I/day. 

Shining Star - WVFZ 
Sea Lion - KJLV 
Sea Wolf - KNFG 

AX-12 (Europe to Antarc./Falklands): Arktis Vision - OXWJ2 
Req.: 800 obs/yr, 67/mo. 
12/trans./yr., 4/day. 
Supported by the U.K. 

AX-14 (Rio to Nigeria): 
Req.: 480 obs/yr., 40/mo. 
12/trans./yr., 4/day. 

AX-16 (Rio to Walvis Bay): 
Req.: 480 obs/yr., 40/mo. 
12/trans./yr., b/day. 

AX-29 (New York - Brazil): 
Req.: 360 obs/yr., 30/mo. 
12 trans./yr., 4/day. 

Sao Louis - 9HVO3 

Sao Louis - 9HVO3 

Sea Wolf - KNFG 
Sea Lion - KJLV 
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INDIAN OCEAN: 

Routes/Requirements Ships - Call Sign 

IX-6 (Mauritius - Malacca Strait): Oranje - J8FG9 
Req.: 340 obs/yr., 29/mo. Vaal - J8IU 
12 trans./yr., 4/day. N.V. Neck - PGEB 

IX-7 (C. of Good Hope - Arabian Gulf): Afris Pion. - P3FY5 
Req.: 520 obs/yr., 44/mo. CMBT Emerald - C6HQ8 
12 trans./yr., I/day (Pend.) Afris Wave - P3FJ5 

IX-15 (Mauritius-Fremantle): 
Req.: 380 obs/yr, 32/mo. 
12 trans./yr., 4/day. 

IX-21 (C. of Good Hope - Mauritius): 
Req.: 400 obs/yr., 34/mo. 
12 trans./yr., 4/day. 

IX-6 (Bombay - Mauritius): 
Req.: 360 obs/yr., 30/mo. 
12 trans./yr., 4/day 

(Pend) 

Pacific Maru - JJGC 
Joana Bonita - 3EFY6 

Pacific Maru - JJGC 
N.V. Neck - PGEB 
Joana Bonita - 3EFY6 
Oranje - J8FG9 
Vaal - J8IU 

Afris Pion. - P3FY5 
Afris Wave - P3FJ5 
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TABLE 2. 
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TECHNICAL REPORTS 
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ECONOMIC BENEFITS OF IGOSS DATA: A DRAFT REPORT 

Introduction 
FL Stoddart, MEDS, Canada 

The oceans cover the greater part of the planet’s surface and, like the atmosphere, are three 
dimensional. For years human intervention into this domain was restricted to transportation across its surface 
and harvesting its abundant fishery resources. Today the situation has changed. Technology and human 
interventions have increased but our knowledge is lagging behind. 

Today we exploit the living resources of the ocean, using modem technology capable of 
targeting and collecting huge quantities of fish. However, the complex environmental factors dictating 
abundance and recruitment of those resources are poorly understood. 

Our increasing population prefers to live on the attractive coastal environments, imposing 
developmental and waste impacts that have already adversely affected the quality of the sensitive fringes of 
the ocean. Important marine habitats, such as coral reefs and mangrove swamps, have suffered, possibly 
irreversibly threatening the biodiversity of the sea in ways we do not fully understand. These same coastal 
communities are themselves at risk from the ravages of storms, tides and waves whose timing and location 
is still an inexact science. 

It is known that the oceans contribute to the world weather and climate through the exchange 
and distribution of heat and carbon dioxide, but we don’t know enough to say how much and how changes in 
the atmosphere wilI interact with changes in the ocean and vice versa. We don’t &mow how stable or unstable 
the present situation is on global or regional scales. 

The mineral resources of the coastal and deep ocean seabed are in the prelimimuy stages of 
exploitation. Information (ice, waves, bottom currents, etc.) on operational surface and sub-surface conditions 
is critical. The same-surface information is needed for a safe and efficient marine transportation sector, with 
routing around storms and adverse conditions, as well as utilizing ocean current information for fuel economy. 

The biggest drawback to the progress of a well understood and predictable ocean 
environment has been the lack of data to address the scientific uncertainties and to input into the predictive 
models. IGOSS is the only global system dealing with the operational collection and exchange of this much 
needed information. The need for, and the benefits of, this system are discussed below. 

Weather and Climate 

Benefits of weather data are indisputable. There are many users, from the general public who 
want to know how to dress on a day-today basis, to specific clients who want to operate safely and efficiently, 
like the aviation industry. The main questions facing the atmospheric specialists go beyond justifying 
exchanging data in real time - they deal with issues such as how much data is enough, and how best can 
remote and in situ data be incorporated into forecast models. 

Economic studies have been undertaken for some atmospheric parameters. For instance, 
airplanes routinely collect atmospheric data during transoceanic flights so that rerouting of subsequent 
aircraft can avoid areas of turbulence and ensure fuel efficiency. The Federal Aviation Administration (FAA) 
of the USA has estimated that 80% of the air traffic delays greater than 15 minutes are caused by weather 
resulting in an economic loss of $1 billion per year. This economic loss is expected to be about $1.7 billion 
by year 200 1 of which $423 million could be avoidable through exploitation of improved aviation weather 
services (C.H. Sprinkle -NWS/USA, in WMO 1994, pp. 83-86). A thorough review of the economic and 
social benefits of meteorological and hydrological services has been undertaken through two conferences 
(WMO, 1990 and 1994). Similar possibilities for economic savings exist in the ocean environment. 

Devastation from events such as El Niiio are easily illustrated by their cost. It has been 
estimated (TOGA, 1985) that the physical damages caused during the 1982-83 El Nifio in Peru were of the 
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order of $649M (agribusiness), $106M (fishing), $479M (industry), $16M (electrical energy), $3 10M 
(mining), $303M (transportation, communications), $70M (housing), $57M (health, water, sewage systems), 
and $6M (education). Significant damage estimates from the same event were also made for Ecuador and 
Bolivia. Teleconnections of El Niiio events to other parts of the globe, Africa, North America, etc. are real 
but imperfectly understood. Models are being developed and improved through TOGA to address the problem 
of El Niiio prediction; IGOSS data is fundamental to these predictions. Countries will benefit from TOGA 
results through improved warnings of climate variability in time to take alternative actions where appropriate. 
An example (NOAA/Oregon State University, 1995) of a study on the benefits of forecasting can be found 
in the USA agriculture sector where economists estimate that $235M per year on average would be saved if 
data (which would include IGOSS data) were available to permit a high skilled forecast (.8 accuracy) of 
ENS0 events 9 to 12 months in advance. For a modest skill forecast (.6 accuracy) of ENS0 events the saving 
would be $2 11M while a perfect forecast (1 .O accuracy) would yield $284M in savings. The present value 
of a high skilled forecast ability (using a conservative 10 year 6% discount rate) is $1.8 billion. 

In the atmospheric community very complex numerical models are on a continuous path of 
improvement. The accuracy of forecasts emanating out of these models is very highly dependent upon the 
quality and quantity of supporting observed data and particularly dependent upon the global exchange of data. 
Generally, human intervention in the making of forecasts is gradually providing a smaller and decreasing gain 
in value beyond that which is obtainable through the direct use of numerical guidance. Nevertheless, all 
applications show the potential for considerable further growth in forecast value with continued increases in 
forecast skill. Many national meteorological and hydrological services have undertaken studies to come up 
with cost/benefit ratios as a means of justifying their programs. These ratios have been estimated to be from 
1:7 for theUK (S. Teske and P. Robinson, 1994) to 1: lO+ for Canada (The DPA Group, 1985) and to 1:20 
for Germany (The German Meteological Service, 1995) and even higher in some other jurisdictions. 

The ocean community lags the atmospheric community by decades in exchanging real time 
data. The reasons are simple: (i) there is no in situ population on the ocean to collect data, as compared to 
weather data over land areas, (ii) atmospheric sounders, such as aircraft and satellite sensors, are more 
prevalent than ocean subsurface data sounders, (iii) the majority of users of weather forecasts are terrestrially 
based, but recognize that large-scale or global data sets are required for weather forecasts - the ocean users 
do not tend to think that large-scale data sets are required to understand/forecast local conditions, and (iv) in 
general, the cost per unit of data is much higher for oceans data than atmospheric data. That being said, with 
the paucity of oceans data, it only makes economic sense that as much data as is possible be exchanged in a 
timely fashion to serve all potential users. With global commerce continuing to escalate, and environmental 
concerns such as climate change and variability becoming more apparent, specification of the oceans heat 
storage and movement, and the air/sea exchanges of heat, moisture and momentum through coupled 
ocean/atmosphere models, are becoming more essential to the improvement of short and longer range 
forecasts. 

Fisheries 

Fish have temperature and salinip preferences. Pelagic living species such as salmon, 
albacore, tuna, etc. prefer a relatively narrow range of ocean temperatures, and IGOSS data together with 
remotely sensed data can help define these areas in time and space. Other features (such as the position of the 
thermocline, fronts and convergence zones) decemable with the aid of IGOSS data, are important to fisheries 
distributions. It is well known that some commercial species, such as swordfish, are temperature dependant 
since fishermen use hull mounted temperature sensors in real time to actually set their hooks and lines. Tidal 
and other oceanographic real time data have been utilized in support of commercial aquaculture activities. 
Unfortunately, little if any analysis has been done to quantify the value of real time data to fisheries. In order 
to share experiences and opportunities, Canada co-hosted, with the IOC and others, an International 
Symposium on Operational Fisheries Oceanography (ISOFO) in October 1989. Two hundred and thirty (230) 
scientists, managers, fishermen, and consultants from thirty (30) nations participated and exchanged valuable 
experiences on ocean environment and fisheries interactions. 
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During and subsequent to ISOFO, Canada undertook pilot projects to test the economic 
practicality of operational oceanography for fisheries purposes. One such program was the development of 
a “Temperature Directed Fisheries System” to provide Fisheries Products International (FPI) with real-time 
oceanographic information to aid the search for commercial fish off the coast of Newfoundland, specifically 
cod, American plaice and yellowtail flounder. The pilot system provided biweekly real-time sea bottom 
temperature maps to the offshore trawlers using the real-time data from temperature sensors on the trawl nets 
in concert with a computer network between vessels and a shore facility. While proving useful, the system has 
not been subsequently implemented because of cost considerations. Another project along the same lines, in 
support of northern cod fisheries research, is the examination of different types of oceanographic data 
products based on temperature, salinity and currents, that could be useful to scientists and fishermen that 
would relate environmental factors to fish abundance and distribution, and to stock assessment requirements. 
The data products thus selected, are intended to be generated on a routine basis. 

Some work has been undertaken to examine novel approaches to collecting IGOSS type data 
in support of fisheries. For instance, Seakem (1987) demonstrated the feasibility of using aircraft to obtain 
timely and inexpensive, compared to using research vessels, oceanographic data for fisheries management 
using fisheries surveillance aircraft and air expendable bathythermographs (AXBT). 

Marine Transportation 

In early days ships plied the seas using the brute force approach in getting from Point A to 
Point B by taking the most direct route while utilizing historical knowledge of the local ocean currents and 
winds to ensure as safe and efficient passage as possible. Cost was not usually an over-riding factor; but, with 
modem capabilities to look at basin scale oceans in real time, it makes sense to utilize real time weather and 
ocean conditions to route vessels. Dooley (1985) has clearly demonstrated the fuel cost-savings and time 
benefits of ship ocean routing by comparing actual vessel transits in the North Pacific. In fact, there are 
private companies with this as their main objective (Oceanroutes, Kendall, 1990). Ship routing represents an 
application area with a benefit of $150M annually to the world economy. A ship routing service, which costs 
about $800~$900, saves 3-4 hours per Atlantic crossing and in excess of 7 hours in crossing the Pacific 
compared to un-routed ships (J.C. Thomson et al, 1994). 

A critical area for real time oceanography in support of marine transportation relates to 
search and rescue, and marine spills. The major concern is knowing the currents, either measured or predicted 
through models. In addition, real time reporting of sea level (tidal) data has many benefits for marine 
transportation, ranging from predicting the oceanic component of storm surges, to safety information for ships 
manouvering in ports, to ship draft/cargo loads in areas subject to water level fluctuations from river 
regulation, sedimentation, and tidal effects. 

Defence 

Naval requirements for oceanographic data in real time have some similarities to fisheries 
needs except that the concerns relate to the location of other vessels and equipment instead of fish. In addition 
to normal transportation and special oceanographic requirements, the naval requirements are to understand 
the physical structure of the 3-D ocean since acoustic properties in the ocean are temperature, salinity, depth 
and range dependent. 

The U.S. Navy/NOAA Oceanographic Data Distribution System (NOAA NODDS) 
undertook a review of the benefits of its system as a method of providing private sector and government 
agency access to the U.S. Navy’s Fleet Numerical Meteorology and Oceanography Center (FNMOC) 
operational and oceanographic analyses and forecast charts. Duemberger (1986) determined that the 
non-profit system should be an efficient method to access unclassified numerical products to users at a fair 
price, assuming adequate communication systems. 

In a changing world, navies world-wide are beginning to provide data through IGOSS that 
they collect through their normal operational activities. This should result in increased economic spin-off to 



IOC/INF-1021 
paae 98 

many other sectors such as fisheries, etc. It is hoped, and likely, that exchange of this type of data will increase 
in the future. 

Ocean Research 

In situ IGOSS data from vessels of opportunity, drifters, etc., together with remote sensing 
data to gain a synoptic picture of the surface of the ocean, can help direct research vessels areas of direct 
concern and help in future sampling strategies as the vessel moves from one water mass to another. IGOSS 
data can help direct research efforts to allow for modifications of experiments as they unfold. Fuel savings, 
and savings in research scientist and support staff time, will also be accomplished. 

Russian researchers have long utilized IG-OSS data sets for constructing descriptions of water 
temperature, salinity, density and other related characteristics on the surface of the North Atlantic (once every 
5 days) and the North Pacific (once every 10 days), and below the surface of the North Atlantic (once a 
month). Also, they have utilized SHIP, drifting buoy, BATHY and TESAC data, in operational time frames, 
to correct water temperature data collected via satellites. 

Data Management 

Workshops have been held to review the range, complexity and performance of a number 
of real time ocean data collection and transmission systems (IEEE-WHOI, 1983). Troubles (malfunctioning, 
bias) with deployed sensors on ships-of-opportunity, autonomous platforms, research vessels, etc. can be 
detected through real time reporting. Efficiencies can be made through early detection and correction of these 
problem areas. It does not make any scientific or economic sense to await the visit of a technician to a sensor, 
just to determine that the data being collected is in error - further delay and lost data would likely result if the 
vessel has to depart port without the sensor being fKed or replaced. Nowadays one cannot afford to waste data 
collection opportunities. 

Summary 

Benefits associated with improvements in forecasting marine conditions will be spread over 
a large sector of ocean users. The Marine Board, USA National Research Council (1989) listed the following 
primary benefits related to the ocean of improved forecasts: shipping - reduced passage time/fuel 
consumption; offshore oil and gas - improved deepwater drilling efficiency; fisheries/recreation - enhanced 
safety of life, reduced equipment and vessel damage, increased fisheries harvest, improved economic 
efficiency of fishing; coastal and EEZ development and management - optimized waste disposal, reduced 
costs of beach nourishment, improved oil spill cleanup, more effective search and rescue. A similar list of 
secondary benefits is also contained in the report. 

A range of oceanographic services for clients is desirable and possible, from real time 
exchange of data for operation purposes, to provision of information, expertise and analyses based on the 
results of research programs. Comprehensive surveys of needs and opportunities have been undertaken in a 
number of countries (DFO/MEDS, 1988). In many instances the data available is too sparse in time and space 
to create data products by simple averaging and display tools. Meteorology has developed sophisticated data 
assimilation schemes within their forecast models to deal with their predictive efforts; similar efforts will have 
to be done for ocean products. Success has been evident in some areas; these are summarized in the 
IOC/WMO IGOSS Products Bulletin (1994). Some agencies, such as the Japan Meteorological Agency 
(1993) prepare comprehensive brochures outlining real time oceanographic data and products available in 
their country. 

It costs resources and time to exchange oceanographic data in real time. The largest single 
benefit from this investment of resources is to understand the ocean so as best to deploy vessels, probes and 
personnel in areas of direct interest. For instance, it makes no economic sense to send fisheries vessels to areas 
where the desired species cannot exist because of environmental conditions - the same logic applies for ocean 
research efforts, deployment of defence vessels, etc. 
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Much of the above discussion goes beyond what is normally thought of as IGOSS data 
(subsurface temperature, salinity and currents). This report has been prepared in the spirit of viewing IGOSS 
as an operational oceanography program that looks at any parameter (sea level, etc.) and sensors (remote 
sensing, etc.) that can be utilized for the common good of all those working in the marine environment. 
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QUESTIONNAIRE ON THE ECONOMIC BENEFITS OF IGOSS DATA 

Please complete and forward to: Mr. R.B.L. Stoddart, Physical and Chemical Sciences Directorate, 
Department of Fisheries and Oceans, 200 Kent Street, Ottawa, Ontario, KlA OE6, Canada, (or send by 
facsimile to +(6 13) 990-55 10; E-mail: Oceanscience.ottawa). 

1. Does your country/agency/company provide ocean services (products or data) in operational time 
frames that are driven by economic considerations? If yes please describe briefly in a sentence or two 
per initiative, including an indication of the actual time frame for each service. Also, identify the 
economic sector being served, e.g. fisheries, transporfation, offshore energy, etc. 

2. (9 

(ii) 

What are the costs to your agency, for each product, of providing the services; 

what are the financial benefits achieved, either directly or indirectly? Be as specific as 
possible, even where only nanative justification is given rather than a cost/benefit analysis. 

3. Do users pay for the provision of these services? If so, do the funds recovered meet the incremental 
costs of the provision of the service? Exceed it? 

4. Are there documented spin-off benefits from operational data used for additional purposes, such as 
engineering design criteria for ships, rigs, etc.? 

5. Are there specific operational oceanographic services, that are technically and scientifically feasible, 
that you currently do not provide but that you have been approached to undertake? If so, what are 
they? Also, have the proponents indicated a willingness to pay for such services, even partially? 

6. Are the economic benefits of providing operational oceanographic (IGOSS) data and products 
documented in available literature? If so please provide a full reference, and if possible the actual 
document along with this completed questionnaire. 

7. Can you provide any additional rationale or examples on the economic benefits of IGOSS data that 
would help to expand or strengthen the attached draft paper prepared by the rapporteur from Canada. 
If so, please provide a paragraph or two that could be included in the paper, or a page or two that 
could be appended to the paper as a specific example of the economic benefits of the IGOSS 
programme. 

8. Other considerations that you feel could prove useful. 

Name, affiliation, address, fax and E-mail of the individual completing this questionnaire. 
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IGOSS DATA FLOW MONITORING 
-Exchange of BATHY/TESAC/TRACKOB Bulletins on the GTS- 

P. Kerherve, WMO 

1. Procedures for the exchange of BATHITESACITRACKOB bulletins on the GTS 

1.1 The BATHY/TESAC/TRACKOB reports are compiled into GTS bulletins before their 
insertion into the GTS. A GTS bulletin is defined by an abbreviated heading. 

1.2 The format of the abbreviated headings shall be in conformity with the standard 
practices given in Publication WMO-No. 9 (Manual on the GTS - Volume I - Part II - paragraph 
2.3.2); the part T,T,A,Azii of the abbreviated headings of BATHYITESACTTRACKOB bulletins 
shall have the following format: 

T,T, = SO 
A, = 

A, = 

ii = 
ii = 
ii = 

W (for ocean weather stations) and V (for mobile ships or 
other marine stations) 
A, B, C, D, E, F, J or X depending on the area from which the 
reports contained in the bulletin originate, 
01-l 9 inclusive for global distribution, 
20-39 inclusive for regional and interregional distribution, 
40-89 inclusive for national and bilaterally agreed distribution. 

More details can be found in the above-mentioned paragraph 2.3.2 of the Manual 
on the GTS. 

1.3 Volume C of WMO Publication No. 9 contains the Catalogue of Meteorological 
Bulletins which gives for each compiling or editing centre of the GTS the list of 
meteorological bulletins being transmitted for global, interregional and regional exchange. The 
Catalogue of Meteorological BulletinsIs updated by the WMO Secretariat on the basis of the 
information provided by WMO Members; centres are kept informed by the WMO Secretariat 
of any change in the Catalogue of Meteorological Bulletins through METNO messages 
inserted into the GTS, the monthly letter of the operation of the WWW and Marine 
meteorological Services and/or the new editions of the Catalogue of Meteorological Bulletins. 

1.4 The BATHY/TESACTTRACKOB bulletins, like any other GTS bulletins, are 
exchanged on the GTS according to predetermined transmission schedules based on the 
abbreviated headings identifying the bulletins. At the automated GTS centres, the information 
required to implement these transmission schedules is contained in tables, called the 
switching directory of the GTS centre. The end-users (such as the oceanographical centres) 
should define the transmission schedules with the GTS centres from which they receive the 
GTS bulletins; information related to any difficulties met in the reception of the required data 
should be sent to this GTS centre. It is suggested that oceanographical centres and GTS 
centres review regularly matters related to the exchange of BATHYflESAC/TRACKOB 
bulletins, and develop arrangements to ensure that efficient remedial action be undertaken in 
case of difficulties, like the designation of focal points for the exchange of 
BATHY/TESAC/TRACKOB bulletins at the oceanographical centres and the GTS centres 

1.5 In the accordance with the Manual on the GTS, all available 
BATHY/TESAC/TRACKOB reports (up to 30 days after the time of observation) should be 
exchanged at the global level (on the part of the GTS called the main telecommunication 
network). This means that all these reports should be compiled at least in one GTS bulletin 
with the part ii of its abbreviated heading being included in the sequence 01-l 9. 
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1.6 The same BATHYflESACmRACKOB report may be compiled into several bulletins 
by GTS centres. There are two main reasons: 

(a) The GTS may be used to transmit reports compiled within a first bulletin 
from a collecting centre (e.g. an operator of meteorological satellites) to 
the centre responsible for the insertion of the report into the GTS for its 
global distribution. In this respect, the responsible centre will compile the 
report within a second bulletin. With a view to ensuring its global 
distribution, the part ii of the abbreviated heading of the second bulletin 
should be included in the sequence 01-l 9 (see above paragraph 1.5). 

(b) With a view to facilitating the regional or national distribution of reports, 
a GTS centre may wish to compile or recompile reports within different 
bulletins, 

2. Monitoring of the exchange of BATHY/TESAC/TRACKOB bulletins on the GTS 

I994 annual global monitoring 

2.1 Within the framework of the plan for monitoring the operation of the World Weather 
Watch (WWW), an annual global monitoring exercise on the availability at WWW centres of 
data exchanged on the GTS is carried out from 1 to 15 October. This annual global 
monitoring of the operation of the WWW includes the monitoring of the availability of 
BATHYflESAC/TRACKOB bulletins. 

2.2 With a view to ensuring that the monitoring centres monitor the same set of data, a 
reference monitoring data set is defined as the list of bulletins to be globally exchanged on 
the GTS. This list is comprised by the bulletins having an abbreviated heading with ii included 
in the sequence 01-l 9. The list prepared for the 1994 annual global monitoring is given in 
Appendix A. 

2.3 The analysis of the monitoring results provided by Tokyo, Toulouse and 
Washington is given in Appendix A. Table 1 shows the number of bulletins received at the 
centres within the five and 15 minutes following the earliest time of reception for each 
bulletin as well as the total number of bulletins received. Table 2 shows the availability in 
terms of percentage of the number of bulletins received by each centre in comparison with 
the total number of bulletins received by the three centres. Table 3 shows for each bulletin 
received by at least one of the three centres the differences in the times of reception and In 
the number of reports received by each centre. 

2.4 The summary of the results given in Appendix A shows that: 

(a) Tokyo, Toulouse and Washington received 87.5 per cent, 98.1 per cent 
and 98.5 per cent of the bulletins; 

(b) Nearly all the bulletins were received within 10 minutes. 

2.5 Table 3 of Appendix A shows that the three centres did not receive systematically 
bulletins having the same parts of the abbreviated headings (CCCC or T,T2A,Azii CCCC). 
Tokyo reported not to have received the 34 bulletins compiled by Oslo (ENMI) and ESWI 
(Norkopping) and the 19 bulletins SOVXl 1 RJTD (from Tokyo). Toulouse reported not to 
have received the three bulletins compiled by Buenos Aires (SABM). Washington reported not 
to have received the two bulletins compiled by ESWI (Norkopping). The systematic non- 
reception of bulletins constitutes the main deficiency since the number of other missing 
reports is five or six for each centre (about one per cent of the total number of bulletins 
received). This deficiency may be due to problems in the implementation of the monitoring 
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(some bulletins were not monitored) or in the updating of switching directories at GTS 
centres. 

Further monitoring activities 

2.6 Within the framework of the WWW Programme, a pilot monitoring of the main 
telecommunication network (MTN) of the GTS is being carried out. The objective of this 
monitoring is to complement the annual global monitoring; GTS (MTN) centres will share the 
workload of monitoring on a quasi-continuous basis the data set exchanged on the GTS. 
More detailed information on the pilot MTN monitoring is given in Appendix B. 

2.7 The meeting may wish to consider arrangements for a more efficient use of the 
analysis of the monitoring results. A proposal would be that the analysis of the results of the 
annual global monitoring of the WWW operation related to the BATHY/TESAC/TRACKOB 
bulletins be distributed to the oceanographical centres. Thus the oceanographical centres 
could compare the bulletins available at GTS centres with the bulletins that they received 
during the same period; this comparison could form a basis for discussion with the GTS 
centres from which they received the bulletins. In this respect, the oceanographical centres 
should carry out the WWW monitoring activities in accordance with the relevant procedures 
included in the Manual on the GTS. The oceanographical centres should participate at least in 
the annual global monitoring; a few could participate in the next phases of the pilot MTN 
monitoring. 
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Appendix A 

Summary of the results of 1994 annual global monitoring of the operation of the WWW 
related to BATHY/TESAC/TRACKOB bulletins 

1. Reference monitoring data set 

The reference monitoring data set is defined as the list of the bulletins to be 
globally exchanged on the GTS. This list is comprised by the bulletins having an abbreviated 
heading with ii included in the sequence 01-19. The 1994 list, based on the edition of May 
1994 of the Volume C (Catalogue of meteorological bulletins) of WMO Publication No. 9, is 
the following: 

sovA01 em 
SovBlO PUB 
sovcO2 EGXX 
SQvaJl Em 
sovm Kmc 
sovlm lmc 
SoVEOl mc 
sovo1BI.M 
SOvO2 BIPX 
SoVJlO mL 
sovx10 xu?ts 

soVAO2 EG2.l 
sovB10 xms 
sovclo UmB 
SoVm Km 
SovIm Km 
SovDlO Pm 
WE01 Em 
soml EDm 
soVFO2 ECBB 
SOVXOL DEHS 
SoVXll XJTD 

SoVAlO xuxs 
sovcD1eGaB 
sovc10 XORS 
SOW2 BIX 
sovm KGSC 
SoVDlO BUM 
sovE01 RM 
SovFOl EC22 
sovTo2 WI 
SoVxOl UTD 
sOVXl2 XJTD 

SOVBOl ECaB 
sovco1 SAM 
soml mx 
soVm2 .cwu 
som6KRBc 
SovDll Km 
!3om2MHc 
SovFOl RfnI 
SoVFlO Puns 
SOVXO2 DClS 
smol XJTD 

Sot-801 iTEB 
sovcolsBBP 
sovm cm 
sovco2 EG2x 
sOVw7 mc 
soVDl2 Kmc 
sOVEO2 mx 
soiT Em 
SOVJOt &2X 
sovxo2 XJTD 
SW01 mu 

mEo2 EC23 
sovc01 sla 
SoVm cm 
soVm2 rat 
SOVWI Km 
sovDl3 mc 
sov90 Bm 
sovro1 trm 
soVJO2 EGXX 
sovx10 XUEB 

2. Summary of the analysis of the monitoring results provided by Tokyo, Toulouse and 
Washington 

The summary of the analysis of the monitoring results provided by Tokyo, Toulouse 
and Washington is given in the following Tables 1 to 3. 
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Appendix A, p. 2 

Table 1 

Number of BATHYITESACITRACKOB bulletins received at Tokyo, Toulouse and Washington 
Monitoring period: l-1 5 October 1994 
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Table 2 

Percentage of the number of BATHY/TESAC/TRACKOB bulletins received at Tokyo, 
Toulouse and Washington in comparison with the total number of bulletins received by the 
three centres 

Monitoring period: l-1 5 October 1994 
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Appendix A, p. 3 

Table 3 

Comparison of the times of reception of the bulletins and of the numbers of reports received 
within the bulletins 

Descriotion of the contents of the columns 

Difference between the maximum number of reports 
received by- the three centres and the number of reports 

Note 1: The complete abbreviated heading includes the following groups: 

T,TIA,A2ii CCCC YYGGgg (BBB) 

with: 
T,T,A,A,ii: 

As detailed in paragraph 1.2 
cccc: 

Location indicator of the compiling centre 
YYGGgg: 

Group date/time of the compilation (day of the month: YY; hour: GG; minutes: gg) 
BBB: 

Optional group (e.g. sequencing retard bulletins: RRA, RRB, etc.) 

Note 2: A blank in the columns TTOK, TTOU or TWAS means that the relevant 
centre did not report to have received the relevant bulletin 
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Aplix A, fable 3, P. 1 

ulletios 

0VM AIR 031200 031200 0 
ml Mlc 040000 040000 0 
mo1 ABC 041200 041200 0 
mo1 WC 050000 050000 0 
ml1 Amc 051200 051200 0 
iOR AIBZ 060000 06ooo4 0 
iOVEO1 AIE 061200 061200 0 
IovEOl Am 070000 070000 0 
WE01 MT 071200 071200 0 
mo1 AmK 060000 0B0000 0 
ml MT 091200 091200 0 
nvEo1 Almc 101200 101200 0 
mO1 AmE 111200 111200 0 
joTIBO1 AIBZ 131200 131200 0 

1 
2 
3 
3 
3 
2 
2 
3 
3 
2 
2 
3 
3 
3 

- 
I’ II '4 

0 II 2 
0 5 
0 3 
0 14 
0 6 
0 a 
0 3 
0 4 
0 4 
0 4 
0 6 
0 4 
0 3 

Tutal&erofreprtsforhgl: 
II 

74 
w. 

m. 

1 
0 
2 
0 
3 
0 
0 
1 
0 
0 
0 
0 
0 
0 

1 
.m 

. . 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a 

1 
0 
2 
0 
3 
0 
0 
1 
0 
0 
0 
0 
0 
0 

7 

SmOl ml 050729 
NV01 ml 050937 
SovFOl m 050936 
SovFOl ml 051006 
SOW01 DZII 051027 
mPo1 m 051038 
SovPOl ml 051055 
SOVFOl gOzll 061046 
SW01 Ml 061106 
SOVFOl WE 061410 
SOW01 D%ll 101327 
sow01 m 101331 
sovFO1 m,a 101354 
sovPO1 ml 101404 
SOVnl m 101416 
ZUVFOl DZI 101426 
SOVFOl DIi 110702 
SW01 EDZll 110712 
SOVFOl DDRI 110726 
SovFOl ml 110738 
soVm1 ml 110838 
sow01 ml 1109011 
SovFOl ml 110925 
SovFOl ml 110940 

Ei 
050936 
050931 
051006 
051027 
051036 
051057 
061046 
061106 
061411 
101327 
101331 
101355 
101405 
101419 
101427 
110703 
110713 
110727 
110739 
110839 
110907 
110925 
110940 

-I 
I 
I 
I 
/ 

I 
4 
2 
3 
5 
2 
2 
1 
3 
4 
3 
3 
3 
4 
1 
3 
3 
4 
3 
3 
1 
4 
3 
4 

7 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 
1 
3 
D 
D 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Total mmber of reprts for KIZI 

ii- 
10 
10 
3 
3 
3 
19 
4 
2 
5 
18 
16 
5 
25 
25 
25 
25 
25 
25 
25 
21 
4 
4 
4 

-iii 

5 
0 
0 
3 
3 
3 
0 
4 
2 
5 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
4 
4 
4 

(1 

3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

ii- 
3 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

~-- _-. --.-.- ~--- - -.. - ----____-~ -.____ __--. 
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mol m 010021 iiii- 
mm1 B[pp 020021 20024 
ml m 021221 121224 
Iawl m 021226 121232 
iovml m 0218211 121837 
mol m Olml 130026 
Comol = 031221 131232 
DV?Ol B[pp 03182a 01833 
mol mi 040022 MOO25 
Dvnl EmI Moo21 140032 
DvKll m MO628 I40632 
mol BQlp 041221 141245 
iGmo1 = 051222 t513oa 
D7OlBeppO6OOll I60027 
mol rr;pil 061221 Ml301 
mnl gepp of1221 171226 
mm Bepp 080021 law47 
iomo1 Bglp 081221 181222 
mm 8319.09W23 MO211 
ml gpP 0906211 190632 
mol B[;iip 091221 191223 
mm m lWo21 la0027 
mm1 BGPP No026 1ooo30 
mol Im 100621 LOO632 
mol Im 101221 101226 
9mol Ip[;IIp 1011121 Lola32 
54wol m 110021 LlOO26 
sow01 m llW26 UW29 
sow01 Bepp 110626 110631 
smol gpP ll122l Lll225 
mm m 111226 111234 
xlvml m ll1628 111133 
sml m 120021 12oo34 
SJvm El@ 120621 120634 
mm1 g;pP 123223 121239 
sovm m 123221 121241 
SOV?Ol B;pp 122300 KU 130349 
sovml En lloooo 130550 
sav?ol BB 130026 130030 
ml m 130626 130634 
SOW01 g;llp 131221 131236 
mol m 144022 140023 
SOVOl gpP 141223 141231 
smml m 15om 150026 
sovm m 150611 15068 
Somol BCEB 151211 151225 
ST01 = 151621 151122 
mol BGPP l51822 151824 
ml m 302300 cm 010246 

0 
2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
1 
1 
I 
I 
I 
1 
J 
D 
5 
I 
3 
1 
0 
0 
1 
0 
0 
3 
0 
0 
43 
3a 
0 

i- 
I 
1 
i 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
I 
3 
3 
3 
D 
D 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
3 
1 
3 
3 
D 
D 
D 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 

lbtalmmterofreprbforg;i19 

I 

I 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

4 

r 
I 
I 
1 
I 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
3 
3 
3 
m 
D 
0 
D 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 

I 
I 
1 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
3 
3 
D 
3 
D 
D 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

I 

I 

I 

I 

I 

I 

I 
I 
I 
I 
1 
1 
I 
1 
I 
I 
I 
1 
3 
D 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
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&adix A, T&la 3, P. 3 

7 

-i 

I 

, 

, 

I 

, 

, 

, 

I 

, 

, 

, 

I 

I 

t 

, 

I 

, 

, 

, 

I 

( 

, 

I 

, 

SOVIOl RIEI 071200 
%nwl ma 071300 
xmoi mu oawoo 
ml EIU 081600 
mol mI 090000 
ml DOII 090300 
SovFol mu 090400 
NvFOl ml 090500 
5ovwi m 090800 
jOPPo1 mu 091000 
9ovOl Em 091200 
5mol m 091400 
5ovFOl mu 091900 
mol MKI 092200 
SovPOl IIIII 100000 
ml m 100200 
ml m looaoo 
9OVMl BlII 101600 
mol mI 110300 
9OVOl m 110600 
5avFol mI 110900 
mol mu5 111200 
SOV?Ol B@I 111600 
5ovml I03 112100 
sovFo1 em 12woo 
SovOl m 121000 
mo1 Pm 122000 
SOVPOl PJQI 130200 
SOWOl Dl!U 131200 
SovPOl XI 131500 
50VFOl ERIU 140200 
sow01 0m 140900 
SQVFOl ElllII 141200 
SovFOl m 141600 

071305 
071429 
010053 
081706 
090053 
090355 

090608 
090906 
091108 
091306 
091506 

092252 
100053 
100253 
100909 
101706 
110353 
110653 
111006 
111307 
111706 
112153 
120053 
121106 
122053 
130254 
131307 
131607 
140255 
141007 
141306 
141656 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ii- 
4 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

Total nuber of reports for mI 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-ii 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-ii 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

ml 

sov?ol EswI 101000 smol m 121000 /::‘D::/, I”, ( : : “D : 
---- 

Total n&er of reports for ESdI 3 2 0 3 

SOIDOl MBC 031723 
SOVWl I[yBc 031723 RI& 
SOVWl IliBC 031723 RBB 
NVDOl Kll6C 031723 ERC 
NVWl KWBC 031723 RBD 
!%VWl KWK 031723 EM 

031723 
031723 
031723 
031723 
031723 
031723 

16 
16 
16 
26 
26 
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lqpdh A, Tehle 3, P. 4 

NIletills 
- 

.- 
DDOl KiBC 031723 RRF 
PiDO KIM 031723 BRC 
iOVW1 MlKl 031723 BBB 
IOVMl lwKl 031123 gllI 
;omwrl KlfBC 041723 
iOVDO1 KiiBC 041723 BBA 
DVMl wK1 041723 RRB 
iOVDO1 KUBC 041723 BBC 
iomKl1 IIE 051522 
DDOl 5iN 051522 BRA 
UVDOl KJBC 051522 BBB 
iOVDO1 IIE 051522 DC 
#‘DO1 KltK 061719 
UVDOI KB3C 061719 REA 
mDo1 EliE 061719 m 
5ovDol Km 061719 EC 
NVDOl XIU 061719 lUD 
WDol mc 071556 
sovwl Km 071558 I@A 
mDo1 Km 071558 IIRE 
!mDol mc 071558 BBC 
sovwi mc 071558 rm 
9ovDol KUBC 111757 
mol mc 111757 DA 
SovDol Km 111757 m 
SovDol Kmc 111757 9Rc 
sovwl mc 111757 Fm 
sovwl ?im 111757 m 
smol m 111757 RIP 
SovDol mc 111757 RUG 
-ii1 Kw 111757 BBB 
iovDo1 Km 111757 Rlu 
ml KIN 111757 PDJ 
mol xlm 111757 mu 
zcmol Km 111757 BBL 
ml KUE 111757 Rml 
ml mc 111757 m 
sovm ?JiBc 111757 no 
ml mc 111757 RI@ 
mol KIN 111757 Rep 
9uvwl Km 111757 En 
SmDol Km 111757 R&s 
soYDo Km 111757 lm 
WDOl lDlgc 121736 
WDOl KWBC 121736 BDll 
SWMl KUE 121736 I@B 
SUVDOI 5lK 121736 REC 
9IVDOl IIE 121736 RBJ 
mDo1 Km 131531 
SovDol KIM 131531 m 
mDo1 FJW 131531 RE! 
savDo1 mc 131531 m 
mDo1 KUBC 131531 m 
smol mc 141459 

7 
I .- 

31123 
131723 
131723 
131723 
141723 
141723 
141723 
141723 
151523 
151523 
151523 
151523 
161718 
161718 
161718 
161718 
Ml718 
171558 
171556 
171556 
171556 
371558 
11175a 
111756 
111756 
111758 
111758 
111758 
111758 
111758 
:11758 
I1758 
111758 
111758 
111758 
111758 
111758 
111758 
111751 
111758 
111758 
111756 
111751 
121732 
121732 
121732 
121732 
121732 
131531 
131531 
131531 
131531 
131531 
141459 

I 1 
1 I 
1 I 
7 I 
B 1 
B 3 
B 3 
B 9 
2 1 
2 1 
2 1 
2 1 
3 3 
3 3 
3 3 
3 3 
4 3 
2 2 
2 2 
3 2 
3 2 
3 2 
5 5 
5 5 
5 5 
6 5 
6 5 
6 6 
6 6 
6 6 
6 6 
6 6 
7 6 
7 6 
1 6 
7 6 
7 6 
7 7 
0 7 
8 1 
8 7 
B 7 
8 7 
7 3 
8 3 
8 3 
8 3 
B 3 
3 3 
3 4 
3 4 
3 4 
3 4 
2 2 

ii- 
26 
27 
25 
16 
19 
26 
22 
16 
17 
26 
25 
14 
16 
19 
26 
23 
15 
16 
21 
26 
16 
15 
14 
16 
15 
15 
15 
15 
19 
18 
16 
14 
20 
26 . 
25 
26 
25 
26 
26 
26 
25 
9 
16 
14 
19 
26 
18 
15 
15 
20 
26 
20 
16 

3 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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A@mdia A, T&la 3, P. 5 

sovwl Km 141459 REA 141459 
SQvDOl Km 141459 Rxm 141459 
mol Km 141459 Iw 141459 
SovDOl Km 141459 FRD 141459 
SovDol KiBc 141459 m 141459 
StYDO KBC 031723 031723 
SOVDO6 KBC 041723 041724 
SOVDO6 KHBC 071558 071556 
som)(lb KHBC 111757 111759 

14 
16 
23 
25 

~ 11 
10 
1 
2 
2 

TutalmberofreportrforlW 
II 

1297 

ml 

SovPol ml 031500 031630 1 
sovm Lm 031500 BRA 031632 1 
soml ml 031500 RrfB 031632 1 
sow01 Lm 031500 m 031633 0 
sovFO1 Im 031500 m 031633 0 
sovml LFm 041500 041632 0 
sovml ml 041500 DA 041632 0 
SovFOl ml 051500 051631 0 
smol Lm 051500 RRA 051631 0 
SOVPOl UP8 061500 061631 0 
sov?ol ml 10ls00 101630 1 
soml ml 101500 REA 101633 5760 
SuwOl ml 101500 m 101633 5764 
SovPOl Imi 101500 BBC 101633 5761 
SovOl Lm 111500 111631 2 
XIV01 Lm 121500 121631 0 
SavFOl LFPII 141500 lac 141634 31 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5756 
5756 
5756 
0 
0 

2 13 
2 13 
2 13 
1 13 
1 7 
2 13 
2 5 
1 13 
1 6 
3 11 
3 13 
0 13 
0 13 
0 6 
6 13 
4 5 
0 6 

Tutal Ml&r of reports for ml 

RJln 

SovxOl mu 011743 
SOVXOl Rrm 012043 
SOVXOl RJl’D 012313 
SOVIOl EJ’B 020243 
S4VIOl Rl’fD 020543 
SOVXOl m 020843 
SOVXOl EJ'!D 021113 
37X01 m 021443 
SOVIOl IU’KI 022043 
SOVXOl RJ’KI 022313 
SOVIOl am, 030201 
SOVXOl UJ’IB 030243 
mo1 km 030543 
sun01 RJm 030843 
SmOl Rrm 031113 
SovxOl m 031443 
SOVIOl Rm) 040243 
son01 EJTD 040843 

011743 
012043 
012313 
020243 
020543 
020643 
021113 
021443 
022043 
022311 
030339 
030243 
030543 
030843 
031113 
031443 
040241 
040843 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

3 
2 
2 
3 
7 
1 
2 
3 
2 
2 
4 
2 
2 
3 
2 
3 
2 
3 

176 

0 -1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 3 
0 2 
0 1 
0 4 
0 2 
0 1 
0 1 
0 1 
0 2 
0 3 
0 1 

uw FJJ) 
-- 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

-- 
0 0 

-- 

D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 

I 
3 
0 
D 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 

6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-cl 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Apfadh A, ?&le 3, P. 6 

llhtins Ei- 
mo1 Rm 041443 141443 I 
mo1 rm 041743 141743 I 
iOVXO1 RJTt 042043 I42043 I 
WXOl am, 042313 142313 t 
iUVXO1 m 050243 150243 I 
mo1 UIII 050543 150543 t 
WxOl am, 050843 I50843 I 
WxOl RJHI 051113 151113 1 
SovxOl mu 051443 151443 1 
x%x01 Rm 051743 151743 I 
SOVIOl BJTD 052043 152043 I 
mo1 m 052313 152313 1 
WI01 LI’B 060243 160243 I 
SOVXOl m 060543 MO543 t 
BVXOl RJlV 060843 160843 I 
SVXOl RJ’BI 061113 161113 I 
mo1 Bm 061443 161443 I 
SOVIOl RJR 061743 Ml743 I 
WXOl RJID 062043 hi2043 I 
SOVIOl RJ’B 062313 162313 I 
NV!01 BJID 070843 170843 I 
mo1 sJI!D 071113 171113 1 
SuvxOl km 071443 171443 I 
ScmOl BJl!D 071743 171743 I 
SOVXOl &m, 072043 372043 1 
SUVXOl BJlU 072313 372313 1 
S0VXOl BJl’D 080243 380243 I 
SovxOl m 080543 380543 I 
sovxol IIJm 060843 380643 I 
son01 Em 081113 081113 0 
SovxOl rim 081443 061443 0 
sml rum 081743 081743 0 
SOVXOl Qlp 082043 082043 0 
S0VXOl EITD 062313 0112313 D 
SovxOl rm 090243 090243 0 
SovIOl km 090543 090543 0 
SOVIOl BJlV 090843 090843 0 
sun01 Em 091113 091113 0 
sovIOl r&m 091443 091443 0 
SavxOl arm 091743 091743 0 
SovxOl BJm 092043 092043 0 
SovrOl m 092313 092313 0 
SOVXOl IIJIU 100243 100243 0 
sovx01 m 100543 100543 0 
SovxOl Pm 100443 100843 0 
SovxOl m 101113 101113 0 
SovxOl lu!Tl 101443 101443 0 
SovxOl m 101743 101743 0 
SUVXOl RJ’lV 102043 102043 0 
SOVIOl FJ’IQ 102313 102313 0 
SOVIOl Rl’!U 110243 110243 0 
SmOl Em 110543 110543 0 
SovxOl Em 110843 11084! 0 
SovxOl Bm 111113 11111: 0 

NJ 

1 
3 
3 
3 
1 
3 
3 
0 
0 
a 
0 
D 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

j 
I 
I 
5 
i 
i 
i 
I 
5 
i 
I 
I 
I 
1 
5 
1 
5 
i 
I 
I 
5 
3 
2 
II 
4 
3 
3 
3 
5 
3 
2 
3 
2 
2 
3 
2 
1 
1 
3 
2 
2 
2 
1 
2 
1 
2 
1 
2 
1 
2 
3 
1 
2 
2 

Eij- 

T 
I 
I 
1 
1 
1 
I 
I 
1 
1 
1 
I 
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Appendix B 

Pilot MTN monitoring 

A. MTN specialized monitoring centres (MSMCs) 

1. The monitoring activities require major resources for the preparation of the 
monitoring results at monitoring centres as well as for the compilation of the monitoring 
results and their analysis (i.e. at the Secretariat). It is therefore worth to consider how the 
best use of resources could be made to improve the assessment of the operation of the 
WWW. It is proposed to: 

(a) maintain the annual global monitoring; 

(b) share between MTN centres the additional workload required to alleviate 
the inherent shortcomings of the annual global monitoring. Specialized 
MTN monitoring centres (MSMCs) would take the responsibility of 
monitoring specific set of data, on a quasi-continuous basis. 

2. It is proposed that three MSMCs undertake the specific monitoring for each set of 
data, these three centres being located in three different WMO Regions. The various data 
sets are given in Table A. One of the MSMCs responsible for monitoring a given set of data 
should take the responsibility of analysing and comparing the availability of the data at the 
other MSMCs; for this purpose, the MSMCs should sent to the relevant MSMC a copy of the 
set of messages received at their centres during a defined period (e.g. 15 days) on a diskette 
or through other media (internet,... ). This exchange of sets of messages instead of 
(processed) monitoring results will make it possible to prepare consistent comparisons at the 
level of the bulletins as well as the level of the reports, thus avoiding the discrepancies dues 
to the differences in the implementation of monitoring procedures. 

3. The activities of the minimum of the three MSMCs for each set of data could 
therefore be summarized as follows: 

(a) to monitor the reception of the relevant sets of messages and send a 
copy of the set of messages to the MSMC(s) in charge of their analysis 
for example every three months with the format given in Appendix; 

(b) to prepare analyses of the set of messages sent by the other MSMCs (in 
particular with a view to comparing the availability of data at the 
MSMCs) and to dispatch their analysis for example within the next 
month; at least one of the MSMCs responsible to monitor a specific set 
of data should undertake this activity. 

4. It is proposed to invite those centres having taken responsibilities in the qualitative 
monitoring of a certain set of data to consider to take the responsibilities of MSMC for the 
same type of data. 

Pilot project 

5. With a view to facilitating the start of this new monitoring activity, a pilot project 
may be established as follows: 

(a) MTN centres (e.g. up to three MTN centres for each of the set of data 
included in Table A included in Appendix, limited to part A for TEMP) 
sent every three months to the Secretariat a copy of the relevant set of 
messages in accordance with the format of presentation given in 
Appendix; 

~___-.-~_ .-. --- -.-___~ -_--.--. __--.-__ .___--- 
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(b) The Secretariat will develop tools to analyze the set of messages and 
will review the presentation of the monitoring results and their dispatch 
to the ‘members of the SG-OM designated by the countries or to other 
interested experts, in co-ordination with the chairman of SG-OM; 

(cl Additional MTN centres may wish to participate in the analysis of the set 
of messages and co-ordinate their action with the Secretariat. 

B. Procedures for the Pilot MTN monitoring 

1. Responsibilities of MTN centres 

As regards the monitoring and analysis of the set of messages, the responsibilities 
of the MTN centres are given in Table A. 

2. Periods of monitorinq 

The monitoring should be carried out in two phases: 

(a) at first, the MTN centres should send samples,of the set of messages 
received durina one dav. oreferablv on 18 April 1995 to the MTN 
centres in charge of their analysis as well as to the WMO Secretariat; 
this would make it possible for the analysis centres and the WMO 
Secretariat to check the formats of presentation of the set of messages, 
to consider the best means of exchange of the sets and to prepare their 
analyses; 

(b) then, the MTN centres should send the set of messages recorded during 
the two periods: 

(i) l-1 5 July 1995; 

(ii) l-1 5 October 1995. 

3. Format of presentation of the set of messaaes orooosed to be sent on diskette to 
the WMO Secretariat durina the pilot proiect 

3.1 The set of data to be monitored is defined in Table A. The format of the messages 
should preferably be in conformity with paragraph 2 of Part II of the Manual on the GTS In 
alphabet international No. 5 and, if this is not possible, the differences between this 
recommended format and the format used should be detailed. The complete message 
(including the starting line, the abbreviated heading, the text and the end-of-message signals) 
should be provided. 

3.2 The time of reception of each bulletin and the location indicator CCCC of the centre 
from which the bulletin was received or which inserts the bulletin Iin sequence: 
YYMMDDHHmmCCCC), should be given before the starting line of each bulletin as follows: 

(a) Group date-time of reception: 

- YY: two last digits of the year 

- MM: month 
- DD: day 
- HH: hour 
- mm: minute 
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(b) Location indicator CCCC as given in the WMO Publication No. 
9 - Volume C -Catalogue of Meteorological Bulletins. 

e.g. 9411281205AMMC for a bulletin received from 
WMC Melbourne on 28 November 1994 at 1205 
UTC. 

3.3 The messages should preferably be grouped by types of data. The names of the 
relevant files CCCCTTYY.ASC should be defined as follows: 

(a) CCCC being the location indicator of the monitoring centre 

(b) ll’ representing the type of data as given in Table A; 

(cl YY being a sequence number if the whole data file had to be split into 
several media (e.g. diskettes). YY = 00 if there is one single file. 

e.g. RJTDSYOZ.ASC for SYNOP messages entered into the diskette No.2 by 
RTH Tokyo. 

3.4 The monitoring centres should send as soon as possible, at the same time, all the 
relevant messages related to the same monitoring period (i.e. ,all messages for which the 
date-time group of the abbreviated heading corresponds to days l-l 5 of the month). Since 
such messages can be received just after the monitoring period, the monitoring centres will 
have to wait until all the bulletins concerned are received before sending the comprehensive 
set of messages to the Secretariat. 

3.5 The media used to sent the messages should preferably be diskettes 3.5 inches. 
With a view to reducing the number of diskettes, a compression code may be used; in this 
case the required decryption software should be provided to the Secretariat. The WMO 
Secretariat is also ready to consider the use of Internet for this pilot project. 
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Appendix B, p. 4 

Table A 

Set of data 
(Note 1) 

For each type of data, the value of lT 
(see sub-paragraph 3.3.(b)) is given in 

brackets 

Specialized MTN Specialised MTN 
monitoring centres monitoring centres 

(MSMCs) monitoring (MSMCs) in charge 
set of messages of the analysis of the 

set of messages 

1. SYNOP reports 0-T = SY) - Algiers 
- Buenos-Aires 
- Offenbacti 
- Tokyo 

- Tokyo 

2.Parts A of TEMP (TT=TT) and PILOT 
reports (TT = PP) 

- Brasilia 
- Nairobi 
- Sofia 
- Toulouse 

- Sofia 

3. CLIMAT (TT= CL) and CLIMAT TEMP - Buenos-Aires - Buenos Aires 
(lT = CT) reports - Cairo 

- Sofia 
- Toulouse 

4. SHIP (TT=SH), TEMP SHIP (TT=TS), - Cairo - Offenbach 
PILOT SHIP (TT = PSI, BUOY 0-T = BU) - Offenbach 
and BATHYTTESAVI’RACKOB (TT = BT) - Toulouse 
reports 

5. AIREP (TT=Al) and AMDAR -Tokyo 
(TT = AM) reports -Toulouse . 

- Toulouse 

Note 1: The reference monitoring data sets are determined as the list of abbreviated 
headings of bulletins containing SYNOP, TEMP, PILOT , CLIMAT , CLIMAT TEMP, 
SHIP, TEMP SHIP, PILOT SHIP, BUOY, AIREP/AMDAR, and 
BATHY/TESACmRACKOB reports which have to be globally exchange according 
to the Catalogue of Meteorological Bulletins. 

Note 2: The Secretariat will provide on a diskette the reference monitoring data sets to the 
monitoring centres. 
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IMPROVED MR-12/XCTD SYSTEM TESTED IN THE FIELD 

A. SY, BSH, Germany 

Introduction 

An XCTD field evaluation on “Meteor” cruise no. 30/3 in the eastern North Atlantic in 

December 1994 and measurements under realistic ship-of-opportunity conditions in 
September/October 1995 have completed a series of field trials started in 1992. The 
first at-sea tests revealed significant deficiencies in the system’s performance (Sy, 1993). 
The urgent need to improve the reliability and accuracy of XCTD measurements led to 
the development of various modified devices by the system’s manufacturer, Sippican, Inc. 
The combined modifications result in a new configuration of the MK-12 hardware, 
firmware and software, and also include changes of the XCTD probe. After several 
field and laboratory tests carried ‘out by the manufacturer (Elgin, 1994), the results were 
sufficiently promising to convince the customer of significant improvements of the 
overall system performance. The purpose of the last field evaluation was to check the 
manufacturer’s specification of the final product independently, i.e. from the customer’s 
point of view. The system’s accuracy for XCTD measurements is claimed by the 
manufacturer to be + -03 “C for temperature, +. .03 mS/cm for conductivity, and 2 5 
m or 2 % for depth (Sippican, 1992; 1994). 

Operational details of the field test 

12 XCTD probes were calibrated by Sippican, Inc. in September 1994 and made 
available for this test. The data acquisition system used a Compaq LTE 4/33C laptop 
computer with extension unit, equipped with a Sippican MK-12 rev. J interface, firmware 
rev. 2.1 and software rev. 2.2.1. The “Meteor” cruise no. 3013 was aimed at contributing 
to the WOCE Hydrographic Programme (WHP section Al). The XCTD test sites are 
located west of the British Isles (Fig. 1). This ocean area provides favourable conditions 
due to its well developed hydrographic stratification in both temperature and salinity. 

Severe weather conditions forced a premature end of our regular research programme 
before we had the opportunity to carry out the planned XCTD field trial. Therefore, it 
was decided to use a combination of T-5 XBT and test XCTD probes en route home as 
a poor makeshift substitute to complete our hydrographic section in a rough-and-ready 
way (XCTD test part A). After successful and problem-free launching of 6 XCTDs at 
a ship’s speed of about 6 knots (Table l), we were surprised by a sudden unpredicted 
favourable change of the weather situation. We returned to the break-off point of the 

hydrographic section to resume our field work including the originally planned XCTD 
versus CTD intercomparisons (XCTD test part B). 
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Field test part B was carried out with XCTD drops at 2 regular CTD stations (stat. # 
542 and # 546) side by side with the down-profiling of a well calibrated NBIS MK-IIIB 
CTD. The protocol shown in Table 1 should clarify the procedure. The CTD data were 
processed according to WOCE standards (WHP, 1994). XCTD data processing included 
the conversion of raw data to physical units, editing of spikes and noise by j-point- 
moving-median filtering (q = 5) of temperature and conductivity (Sy, 1985), editing of 
start-up and profile end transients, and compaction to 2 dbar intervals. The accuracy of 
the reference CTD data was estimated as AT < f- 2 n-K for temperature, 
for salinity and Ap < + 2 dbar for pressure. 

AS < LO.002 

was extremely good. 
The temporal stability of all parameters 

Test results 

All 12 probes launched gave traces from the sea surface to below 1000 m depth. In 
contrast to the previous 6 drops of test part A, which were carried out without any 
difficulties at all, the remaining 6 drops of test part B encountered problems. One drop 
failed, although good data were acquired, due to a software breakdown and data loss, 
for which a user mistake cannot be ruled out. One profile became very noisy below 730 
m depth with unusable data, which may have indicated a signal wire problem. During 
one drop a wire jam was detected, which fortunately could be removed in time to 
prevent a premature wire break. 

No erroneous profile is detectable in the T/S section of test part A (Fig. 2 b,c). The 
XCTD temperature section corresponds well to the XBT section (Fig. 2 a) as well as to 
the CTD section 30 nm south, which was carried out 3 days later (Fig. 2 d). The XCTD 
salinity section shows the usual eddy and stratification structures which correspond also 
quite well to those of the CTD section (Fig. 2 e). A significant discrepancy is revealed, 
low salinities, for the upper 50 m of drop # 6 caused by a slow start of the conductivity 
measurement. In test part B, XCTD drop # 7 showed the same start-up problem in the 
upper 60 m. Elgin (1994) provides the plausible explanation that air bubbles remaining 
in the conductivity cell cause too low a conductivity measurement until they eventually 
collapse by increasing pressure. 

A first idea on the quality of all measurements of test part B is provided by Fig. 3. No 
calibration failures are detectable. The comparison of data from the homogeneous 
mixed layer provides a better estimate of the accuracy and the start-up problem,. The 
range of temperature differences between XCTD and CTD traces does not exceed the 
+ 0.03 “C limit below 10 m depth (Fig. 4). 

However, the conductivity differences of two profiles exceed the + 0.03 mS/cm limit 
significantly (Fig. 5). Generally, the XCTD conductivity is low with respect to the 
reference CTD. This reduced overall accuracy and the start-up problem demonstrate 
the difficulty of controlling the conductivity parameter and consequently the computed 
salinity (Fig. 6). Increasing differences of some traces below 60 m are probably caused 
by temporal variability of the field (Fig. 4a, 5a, ‘6a). 
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The temperature data accuracy found in the mixed layer of the upper ocean remains 
stable also for the deeper ocean (Fig, 7). However, the conductivity difference becomes 
smaller with increasing probe depth and eventually falls inside the + 0.03 mS/cm limit 
in the lower half of the traces (Fig. 8). This indicates that the data quality is positively 
infIuenced by increasing pressure, i.e. the bubble formation in the conductivity cell on 
launching is probably a more general problem. Ordinary air bubbles seem to be 
responsible for the slow start effect and micro bubbles for the reduced conductivity 
accuracy at the profile’s upper part. Elgin (1994) reported on different resolution across 
the range of conductivity, with the poorest resolution at the high end. The 
measurements at the test sites, however, do not show these high conductivity values. As 
for conductivity, the salinity difference is also significantly reduced with greater depth 
(Fig. 9). It should also be noted that the 42.92 1 value previously used as standard 
conductivity was changed to the commonly recommended 42.914 value (R.Elgin, pers. 
comm.). 

The hydrographic stratification allows an easy evaluation of the depth formula. As for 
XBT probes (Hanawa et al., 1994), the XCTDs fall faster than specified. The depth fall 
rate variability is small. The depth error is estimated to be about -30 m at 900 m depth 
(or about 3.3 %). That corresponds to previous findings (Sy , 1993) and shows that no 
change of the hydrodynamically effective underwater body design was carried out. Thus, 
for a more accurate re-calculation of the depth fall rate formula, all old and new XCTD 
versus CTD intercomparison data can be used. 

With the improved system design, no increasing noise with depth is detectable (Fig. 10). 
The peak-to-peak noise was found to be in the range of the resolution of the MK-12 
(LO.01 “C,+O.Ol mS/cm). Also, the system grounding problem and the data offset at 
900 m were obviously solved. 

Measurements along a transoceanic section 

A suitable opportunity to extend the test results by experiences obtained under 
realalistic ship-of-opportunity conditions was presented by CMS “Kiiln Express” (gross 
tonnage: 39,000 tons, length: 240 m, speed: 19 knots) from September 29 to October 2, 
1995 when a complete section from the English Channel to the Grand Banks was 
carried out (Fig. 11). All measurements were carried out by a scientist from the vessel’s 
stem (launch height: 10 m). For data acquisition the same equipment was used as 9 
months before, except software rev. 3.03. From 60 probes, calibrated by Sippican, Inc. 
in August 1995, 4 probes failed due to probe malfunctioning (Fig. 12) and another 4 
probes failed due to fatal software problems. Although the data processing is not yet 
finished a preliminary conductivity start-up failure rate is estimated as about 50 %. 

The measurements were carried out under severe weather conditions. The ship’s speed 
of 12 to 19 knots and the strong head wind added up to relative windspeeds of up to 60 
knots or Bf. 11 (Fig. 12). Frequency distributions of depth ranges and of prevailing 
windspeeds are displayed in Fig. 13 and Fig. 14. XCTD probes are designed to cover 
the upper 1000 m at a maximum ship’s speed of 10 knots. The depth range of XCTD 
profiles was found between 460 m and 764 m with a mean maximum depth of 606 m. 
.For many ship-of-opportunity programmes this reduced depth range will not meet their 
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requirements. No relationship between windspeed and depth range or windspeed and 
probe malfunctioning can be deduced from Figs. 13 and 14. The probe malfunctions 
occured at high and at low windspeeds and are thus more likely a manufacturing 
problem. One should expect to find a strong dependence of the depth range from both 
ship’s speed and windspeed. In this case, however, both effects are superimposed (Figs. 
15 and 16). The visible effect of windspeed on the depth range appears in terms of an 
increasing maximium depth variability, but without a decreasing mean maximum depth. 

Conclusion 

The results of the field evaluation of December 1994 and of the transoceanic section 
9 months later conclusively reveal that modification efforts of the manufacturer during 
the last years have resulted in a significant MK-12/XCTD system performance 
improvement. Obviously most performance difficulties encountered at previous sea 
trials have been successfully solved. *The system is at the point of meeting the claimed 
specification. Unsolved deficiencies are the slow conductivity start problem, the reduced 
conductivity accuracy at low pressure, and the inaccurate depth formula. Also the MK12 
software, although easy to use, needs a careful revision. To review the XCTD depth fall 
rate should be one of the next actions to be taken by the IGOSS Task Team on Quality 
Control of Automated Systems (TTIQCAS). 
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XCTD TEST Protocol, Cruise “MeteOr” 30/3 

Drop Date Time Position Depth SST Wind Remarks 
# WC) Lat N Long W m 'C! m/s 

TEST PART A 

1 9.12.94 

2 II 

3 10.12. 

4 II 

5 II 

6 II 

TEST PART B 

fail 13.12. 

7 II 

8 II 

9 Il 

10 14.12. 

11 II 

18:00 53 00.9 22 47.6 4000 11.1 12.0 

21:lO 52 49.5 22 00.3 4000 11.1 13.0 

01:05 52 47.6 21 10.7 3711 10.9 23.0 

03:55 52 50.3 20 21.7 2550 11.0 20.5 

06:55 52 48.0 19 31.7 2600 11.1 16.0 

10:05 52 47.1 18 40.0 3526 11.1 16.0 

12:55 

13:06 

13:14 

13:25 

11:41 

11:52 

52 20.0 18 52.0 4280 11.6 

II II II I# 

ll II 

ll 

II 

II 

15 47.0 

II 

II 

52 20.0 

II 

3255 

ll 

II 

II 

10.9 

II 

3.0 

II 

ll 

II 

11.0 

II 

s/n 94090122, (XCTD/XBT section), XBT # i14 

s/n 94090119 II XBT # 116 

s/n 94090110, (wrong pos in file), XBT # 120 

s/n 94090116, (XCTD/XBT section), XBT # 122 

s/n 94090121 II XBT # 124 

s/n 94090118, (end XCTD section), XBT # 126 
*slow conductivity start-up 

s/n 9409112, CTD # 542, run-time error M6101 
data loss but good profile up to 1237m 

s/n 9409115, CTD # 542 at 700 m 
slow conductivity start-up 

s/n 9409114, CTD # 542 at 1200 m 

s/n 9409113, CTD # 542 at 1700 m 
noisy below 730 m 

s/n 9409117, CTD # 546 at 50 m 

s/n 9409120, CTD # 546 at 500 m 
XCTD wire jam removed 



R.V. “METEOR” 30 leg 3 XBT/XCTD 

1: Fir. XCTD test sites of WOCE-Nod cruise “Meteor” 30/3 (December 1994) 

+ CI‘D stations along WI1P section Al 
(Sites of XCI‘D lest part 13 are slat. # 542 and # 546) 

0, 0 XKI‘ drop locations 
0 XlYI‘/XCI’D section with XCI’D drops at every second XU’I’ drop location 

(Sites of XCKD test part A) 
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0 SO ICC km 

R.V. “METEOR” 30 leg 3 xBT 

Gridding Paromatw: ATea in x. by no. oi profil*¶- 
NO 0‘ CRD-Points in x- 50 Ar*a in Y. by pkydcol units - 
NO 0‘ GRO--Points I” I- 50 OdW Of Ortha9onal Surfas - 

Fie. 2: XC’l’D test part A 

!,.OC ?..CO 17.00 18.00 20.00 21.bo 22.00 2Ao z*.bo 25.00 Z&b0 

a) 
b) 
4 
d) 

4 

Temperature section of XBT (T-5) drop # 114 - # 126 
Temperature section of XCTD drop # 1 - # 6 
Sal.inity section of XCTD drop # 1 - # 6 
Part of temperature section WHIP Al 
(CID stat. # 538 - # 543) 
Part of salinity section WHP Al 
(Cm, stat. # 538 - 543) 
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6 

“Meteor” 30/3 (WOCE-NORD) 
XCTD vs. CTD Comparison 

35 35.1 35.2 35.3 35.4 

Salinity I PSU 

“Meteor” 30/3 (WOCE-NORD) 
XCTD vs. CTD Comparison 
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Fie. Enlarged cut of the T/S diagram of CTD and XCTD data 
a) at stat. # 542 W at stat. # 546 
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“Meteor” 30/3 (WOCE-NORD) 
XCTD vs. CTD Comparison 

- xcrD#o7 
- XCI’D#OS 
- xcTD#O9 

50 100 150 

Pressure / dbar 

“Meteor” 30/3 (WOCE-NORD) 
XCTD vs. CTD Comparison 

a> 

I 

- CTIM546 
- XcrD#lO 
-xcIw11 

0 50 100 150 

Pressure / dbar 

Fig. 4; CTD and XCI’D temperature profiles of the upper 150 dbar 
a) at stat. # 542 W at stat. # 546 
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“Meteor” 30/3 (WOCE-NORD) 
XCTD vs. CTD Comparison 
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“Meteor” 30/3 (WOCE-NORD) 
XCTD vs. CTD Comparison 
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CID and XCTD conductivity, profiles of the upper 150 dbar 
4 at stat. # 542 b) at stat. # 546 
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“Meteor” 30/3 (VVOCE-NORD) 
XCTD vs. CTD Comparison 
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XCTD vs. CTD Comparison 
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Fig, CTD and XCTD salinity profiles of the upper 150 dbar 
a) at stat. # 542 b) at stat. # 546 
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8.5 \ 

“Meteor” 3013 (WOCE-NORD) 
XCTD vs. CTD Comparison 
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“Meteor” 30/3 (WOCE-NORD) 
XCTD vs. CTD Comparison 
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7: Fie. CTD and XCI’D temperature profiles of deeper layers 
a) at stat. # 542 b) at stat. # 546 
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“Meteor” 30/3 (WOCE-NORD) 
XCTD vs. CTD Comparison 
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8: Fie. CTD and XCTD conductivity profiles of deeper layers 
a) at stat. # 542 b) at stat. # 546 
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“Meteor” 30/3 (VVOCE-NOW) 
XCTD VS. CTD Comparison 
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9: Fif. CTD and XCTD salinity profiles of deeper layers 
4 at stat. # 542 W at stat. # 546 
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11: Fig. Transoceanic XCTD section carried out by CMS ‘Win Express” 
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-Kijln Express” (Sept. 29 - Oct. 2,1995) 
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Fig. 13: Depth range of XCTD drops 

“KGln Express”(Sept. 29 - Oct. 2,1995) 

10 

Fig. 14: Relative windspeeds during XCTD drops (1 - probe failed) 
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“Kiiln Express” (Sept. 29 - Oct. 2,‘1995) 
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ONBOARD QUALITY CONTROL OF XBT BATHY MESSAGES 

P. Rual, ORSTOM, France 

ABSTRACT 

To improve the quality of the bathy-mesages, sent to the Global Transmission System of the 
World Weather Watch via tbe Argos satellite. by ORSTOM - C.L.S. semke Argos software onboard ships 
of opponunity, the folbwing operations are impkmen&dz i) a combination of a nonlinear median filter in 
order to despike the expandable BatbyThermognvnme profile prior to onboard quality control, ii) plus a 
iincatHanningfilter,rofrlurourthesmnll~fuuuerbefanusingrheB~~datnreduction 
method (that gives directly the required number of sign&ant data point witbout itmuion). iii) and a final 
re~on fir only badly-messages from tempexaUe profiler thpr paed tk oatxxrd @ty control, ate 
sentu,rhc~~arryn~PndLhebprhy-messsgetsncompuedonlyu,thedepchofthedeepesf 
“good” data point. So very few bmthymcssages are rejected later on, during the successive quality cmmls. 

1. Introduction. 

In order to improve the quality of the XBT (expandable BathyThcrmogramme) 
bathy-message sent to the GTS (Global Transmission System) of the World Weather 
Watch, an onboard ,quality control of the XBT temperature profile is necessary. The 
number of significant points constituting the bathy-message is limited (15 to 30). so it is 
important to use the hcst data reduction method to calculate the significant points. The 
bathy-message being used by meteorologists but also by atmosphere or ocean modelers, 
it is necessary to produce a bathy-message not only representing correctly the 
temperature profile but also represendng with a good accuracy the integrated parameters 
such as the heat content. Dynamic height and geostrophic currents are deduced from the 
integrated density profile calculated by adding a temperature-salinity relation. 

2. Onboard Quality Contrui. 

Prior to any bathy-message calculation, a set of tests is applied to the temperature 
profile in order to know if it is worth doing. 

All the test parameters given here arc those used by ORSTOM for the TOGA 
(Tropical Ocean and Global Atmosphere) program in the tropical oceans, and they are to 
be modified according to the area of obsetvation. 

i) If the maximum depth of the profile is less then 90 meters, the profile is 
considered too short to be useful, and another launch is asked to the operator. 

ii) If the profile is deeper than 2O&meurs, but its deepest temperature is higher 
than the 10 meters temperature minus 2’C, the prolilc is consider& to have failed 
probably due to probe nose breakage, so that the probe thermistor instead of falling with 
its nominal speed. is floating in the mixed layer. This error is possible due to the fact that 
the probe depth is not measured but computed from the time elapsed since the prok 
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contact with the,sea surface. This test is a good example of a ngional test that should be 
modified if the measuring area contain a region of deep water formation, where the water 
is mixed from the surface to a very great depth, as it is the case in the Antarctic Ocean. 

If these two tests have been passed then the bathy-message is considered worth 
computing, but the question of its maximum depth is raised. 

3. Bathy-message Depth. 

The number of significant points (15-u)) constituting a bathy-message is much 
reduced compared to the data points number of a profile (generally one to two per 
meter). So it is important to try to know the depth of the deepest “good” data point. lf 
this depth becomes the maximum depth of the bathy-message then the later will make 
use of all its significant points to describe the “good” part of the profile, and the accuracy 
of the description will be the best obtainable with a given data reduction method. 

A series of test are conducted to determine that maximum depth. Again the test 
parameters are those used by ORSTOM for the TOGA tropical ocean region, and should 
be modified if necessary. 

i) In the first 10 meters, no tests are conducted as it is a region where there is a 
great variability both due to the ocean or to the instrument. For instance, large 
temperature change may be due to ice melting or cold rain or to a big difference between 
the storage temperature of the probe and the sea surface temperature. 

ii) Starting from 10 meter, the profile is downward tested until the frost of the 
following is met : 

- the end of the profile, 
the preset maximum depth of the bathy-message (512 m with the Argos transmission, 

1 the fust outside range temperature (-2’C, 32’C), 
- the first temperature gradient above 3’Umeter. positive or negative, 
- the first temperature inversion greater than 1S’C in the first 200 meters or 0.5.C 

below. 
iii) The temperature minimum of the profile above the data point under test, is 

kept in memory. The depth of the deepest data point where the temperature is less or 
equal to the temperarure minimum plus S/lOOC (white noise value of an XBT 
temperature profile) is also kept in memory. This point is considered as the last “gwd” 
point of the profile and its depth is taken as the maximum depth of the bathy-message. 
This point may be several meters above the last data point under test. 

4. Data Reduction Methods 

Once determined the fraction of the temperature profile used to compute the 
bathy-message, the question is, what kind of data reduction method will give the best 
results in the less possible processing time. 

Until recently, with the strip chart recorders, this was made by hand, by skilled 
observers, but on ships of opportunity, where the operators are volunteers but not 
specialists, it is better to use an automatic method. The base for all these methods is that 
the profile is reasonably linear, between two successive significant points, but depending 
upon the premises, they are divided into two different groups: 

i) A tolerance is given in the adjustment of the bathy-message to the full profile, 
and a certain number of significant points is deduced. If there are too many or not 
enough points, the tolerance may be &fled and the process repeated. 

ii) A number of significant points is given and the maximum deviation of the 
bathy-message to the profile is deduced. If that deviation is too big, then the process may 
be resumed adding more significant points 
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FIG.l. PIPE data reduction method. 
a) Select a tmperature tokrance. 
b)Betweenland2buildapipewitharadiusequal 
tolhetokrarKx. 
c)TcstaUthedatapoinabetweenbothcndsofthe 
Pipe. 
d)AlIoCthemeninside,soprocetdtothedatapoint 
following 2 and do again b) and c). 

e) If any data point outside the pipe (here, data point 
2). then select as the new signifunt poink eilher the 
booomendofthepnviouspipe@oint2),orrhedara 
point opposite to the exit side (point 2’). 
f)Wlmredingtklastdatapoint.thercisN+1 

significant points. Lf it is too much or not enough, 

start again from a) with anothex temperature 
tolerance. 

FlG.2 CONE data reduction method. 
a) Select a temperature tolerance. 
b)Betweenland2buildaconewilhabaseequalto 
twke the tokance. 
c) Test if the data point following point 2 is inside 
the inruscction of the cone (1.2) with Ihc previous 
COIbC. 

d)Lfitisinside,tbenuseitasthebaseofanewcone 
andstartagainb)andc). 
c) If it is outside (as it is hue). then select as Lhe new 
signifiit point, eithu the cane base (point 2). or the 
data point opposite to the exit side (point 2’). 
1) When rerrhing the last:data point, there is N+l 

signifranr points, If it is- too much oc not enough, 

start again ffom a) with anothex temperature 
uhance. 
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“” Intermediate SllckS stxks 

/ FINI sel 01 FINI sel 01 broken broken sticks 

FiG.3. BROKEN STICK data reduction method. 
a) Fix the number of sign&ant points needed. 
b) Draw a saaight line (the stick) between the tirst 
andthelastdatapoints(land2). 
c)calcLllatethedisumcetletwcenauthedarapoints 
andthestick. 
d) Break the stick at the data point where Lhc distance 
istbelgearest(point3). 
e) Having now 2 shorter sticks. Calculate he 

diStancestOtk~WStiCkS. 

f) Break the stick, of all the sticks, with the data poiru 

the furthest from it (point 4). 

g) Stan again from b) until the selected number of 
significant points is reacu. 
Rem& Att~tioa must be paid when breaking a 
slick,u,checkLhatIhe2newsciclscr~~noc 
collinear with the prec&ng or lhe foilowing stick. if 
so, then the inumediau point is deselected. 

FIGA. Bathy-message significant points. The squares represent Lhe IS signifxant points selected In 18 

seconds by the Broken stick data reduction method out of a SO0 data points XBT temperature protIe. The 
maximum depth of the calculation was set to 420 melc~ by onboard quality control, because LIE 
temperature inversion below it, is considered too big, higher than half a degne. 
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a) Methods. 
1) Pipe and Cone methods. 

There are at least two methods in which the tolerance is given (Frachon 1987), the basic 
Pipe method, and the more controversial but also more rapid Cone method. 

The Pipe method (Fig.1) (Siess, 1982) is equivalent to a rigid pipe with a 
diameter twice the tolerance, pushed around the protile, each time the pmfile breaks 
trough the pipe’s wall, a significant point is found in the preceding data point or in the 
preceding point the most opposite to the exit. The process is then iterated starting with 
the new significant point. This method is very slow due to the fact that each time a new 
pipe is build between two points, the position of all the data points, in between, must be 
tested to check if they are inside or outside the pipe. 

The Cone method (Fig.2) (Mesccar and Wagner, 1980; Frachon, 1987) is less 
satisfactory theoretically but seems to give comparable results and is very rapid as there 
is no backward control. The last significant point is the summit of the cone, the 
following point is its base, with a width twice the tolerance. If the third point is within 
the extrapolation of the cone, then this point is used for the base of a new cone and the 
next point is tested. There is one restriction, the next cone must always be inside the 
preceding cone, so if they intersect, only the intersection of the two cones is considered 
as the new cone (otherwise, it may be possible to mistake a large circle for a straight 
line!). When the following.point is outside the cone then, as with the pipe method, a new 
significant point is found in the base point or in the preceding point the most opposite to 
the exit. 

2) Broken Stick method. 
The Broken Stick method (Fig.3) (Frachon, 1987; Kerr, 1984) is the only method that 
suppose a preset number of significant data points. Its basis is very different from the 
fmt two methods. A suaight line (the stick) is drawn between the fast and the last points 
of the profile. The distance between all the data points and the stick is computed and the 
stick is broken into two pieces at the data point the furthest from the stick. This point 
becomes a new significant point and the process is repeated, until the given number of 
significant points is reached. Each stick has a data point the furthest from it, b,ut only one 
stick is broken at a given time, the stick containing the data point, the furthest of all the 
furthest data points. At the end of the process the remaining maximum distance of the 
furthest data point is a measure of the quality of the method and is equivalent to the 
tolerance of the previous methods. This method is more rapid than the Pipe method but 
less than the Cone method. 

b) Bathy-message problem. 
The GTS bathy-message format as well as most of the satellite messages, 

imposes a maximum length message. In order to make the best use of a message, it is 
best to fix the maximum number of significant points that fits into a message. The 
number of significant points being fixed, the obvious method to use is the Broken Stick 
method (Fig.4). When using one of the other methods, one has to iterate them, and to 
change the tolerance, until the number of significant points falls within a given range. 
These iterations may take a long time even with the very rapid Cone method. The 
empirical relation between the tolerance and the number of significant points in an XBT 
temperature profile, is nearly hyperbolic. Using an hy-perbolic interpolation reduce a lot 
the number of iterations, but even then, for a 500 data points temperature profile, with a 
Personal Computer, the mean time to compute a 15 point bathy-message is 18 seconds 
with the Broken Stick method (+/- 1 second and no iteration), 45 seconds with the Cone 
method (9 to 90 seconds, with 9 seconds/iteration), and 2.5 minutes with the best 
dichotomic Pipe method (0.5 to 5 minutes, with 0.5 minute/iteration). 
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CRUISE : SUkTROPAC 09 JAN. gg 
SO Drops I 46 Bathymessage CORIOLIS 

===========-==============-===========--========-====== 

Muhod Heat Contcm 

=========== I =~~~~~~r-~~~~~~~~~I~~)-~!~~~ -------- ---a-- 

cone 17.557’C .04X .138’C .404’C 

Broken Stick .032’C .125-C .362’C 

US + Rcgrttsiun .004-c .OWC .314’C 

TAB.1. Errors between the full XBT tempentun pro& and rhe b&y-messages computed using Ihe Cone 
orLheBrolrenstickmethodOathelhirdline,wasoddedtoIhclaruangnssionfitApseudohtatconrenr 
is given in the fm column. the mean of the ampUude of its errs is given in the second column. The Lhird 
andfounhcdumnspnsentthemeanof~lemperaulresilndnrddev~MdthemeanamplitudeofIhe 
maximumternpefalureumc. 

IfllPfIi!UIf IO . . Lb 1: I 
.:. ........................................ i ......................................... i ......................................... 
........................................... , ........................................ .) ....................................... : au 
:. : : ........................................ j.. ....................................... i.. ........................ .............. 
.:. ........................................ i.. ....................................... . 

~)5d(C,~d 
......................... 1 j ................ Dr 8.5, 

FIGS. Linear regression fit. The open circles am the significant data points selected by a data reduction 
method. Tk squares are the intusecrions of the regression fit segments consuufted from all the data 
points between two successive significant data points. The straight lines drawn between Ihe squares are a 
baler lit to the cum than the lines between the open circle3 so he regression lines inlcfsections arc 
chosen as new significant points. 
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The Broken Stick method is not only quicker but also better, as shown in Table 1, 
according to a study based on more than 50 umpcrature profiles and ;?5 bathymcssagcs. 
It results in a mean standard deviation and a mean maximum deviation 10% betur than 
those of the Cone method. The mean heat conunt itself is 25% better. The Pipe method 
being too long, was not considered in this case, but its results arc very close to the Cone 
method as seen in a previous study on a few profiles. 

c) Final tests. 
The final tests purpose is to verify the quality of the data reduction. 
I) Pipe and Cone methods. 

If the first pass with a standard tolerance does not give the right number of points, 
another test pass is made using the tolerance maximum (minimum) if the number of 
significant points is too large (too small). This will determine if it is possible to calculau 
the right number of points. If the resulting number of significant data points is too small 
(too large), then hyperbolic interpolations may converge to the nquired range. In the 
other case, the bathy-message can not be computed. 

2) Broken Stick method. 
After each stick breakage, the new maximum deviation between the profile and the 
bathy-message is computed and is checked against the tolerance minimum (generally, 
the white noise of the profile). If it is below then the computation stops prematurely, and 
if the final number of significant points is below the minimum number of points, the 
bathy-message is considered bad and not sent or recorded. When this is not the case, at 
the end of the computation, the bathy-message has the optimum number of significant 
data points, but its maximum deviation from the prome is checked against the tolerance 
maximum. If it is above then the computation is resumed till the maximum deviation is 
below the tolerance maximum or till the maximum number of points is reached. In this 
later case the bathy-message is considered bad and not sent or recorded. 

Generally (Mesecar and Wagner, 1980). the tolerance maximum is 1’C and the 
minimum is 5/1OOC, the white noise of the XBT profiles. For the GTS bathy-message 
format the optimum number of significant points is 20, for an Argos transmitted 
bathy-message it is 15. The minimum number of points is often 50% of the optimum 
number, and the maximum number is 10% to 20 % higher. In the case of an Argos 
transmission, they arc respectively, 9 and 17 p$nts, but no more than 15 points are 
amally transmitted because this is not possible, due to the short length of the Argos 
messages. 

5. Improvements. 

a) Linear Regression Fit . 
We now have a number of significant data points belonging to the profile, and in 

between, a certain number of points, per definition, more or less linearly positioned. 
Then why not replacing these segments of curve by their linear regression fit, and use as 
new significant points, the intersections of the regression lines (Fig.5). 

A test on more than a 150 profiles, shows in Table 2 a drastic improvement, the 
mean standard deviation is reduced by 30%, the mean maximum error is reduced by 
13% but more important for the modelers, the emx in the integrated parameters, as the 
mean heat content, is reduced by an order of magnitude. 

The only problem encountered while using the regression fit is when two 
successive regression segments are nearly parallel (Fig.6). In that case their intersection 
may be far from the curve and the solution is to eliminate the intersection as a significant 
point and to keep the significant data point. 
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CRUISE : ACT9 JUL-AUG 88 

105 Drops I 78 Uathymessagc 

Cone 

Urukcn Stick 
+ JGqpstion 

17.o!wc .030-c .JJJ’C .33Y’C 

.002’C .OWC 243’C 

TAB.2. Same as Table 1 for anot& cruise, but only with the results of the Cone method or he Broken 
stick plus regression fit mehod. 

. Date 

@ Broken stsk ttltction 

0 RtytsaKlrl lint 
mterttclm 

FIG.6. Quasi penlkl regression lines 
pobkm. Data points 1 and 2 have been 
sekucdassignifiipointsbysomedata 
feductionmethod.Points1’and2’arethe 
inwscccioM d the regression lines 
l,zmwwa using all lhe data points 
between two significant points. Point 1’ is a 
better re~ntation of the local curve and 
will replace ti data point 1 as significant 
point, The two following Egress& 
segments are almost parallel. Point 2’ is 
above 1’ or 1 and is very far from the curve, 
sopoint2’isabandonedandpoint2iskept 
as a significant point 
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FIG.7. Median and Harming filter effect on a temperaue profile. Pmfik u is the original profile, prohk b 
is be fhcred profile, offset by 2’C, used to calculate the bathy-message down to 333 meters (temperature 
minimum). Curve c shows the effect of fhe despiking nonlinear median Ntef ovu a window of 5 points, 
and cum d the effect (offset by 5’C) of the low pass linear Hanning filter o&r window of 11 points. The 
scales of the last two curves are multiplied by 10. 

FIG.8. Improved bathy-message. Significant points an npnsented by the squares on that dummy 
temperature profile were spiku and contact probkins have been amplified. Without -piking, the 
onboard quality control would have declared the last good data point at 118 meters and the bathy-me=ge 
would luve stoppod at that depth. Moreover. Hanning filtexing has reduced the effect of smali scaJe 
features and no signifrant points are 1-t to describe them. The regression fit has also adjusted the 
significant points so that the vertically integrated mean temperature error is Less than YlOOOT. 

- -__- .-.--.-- -- 
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b) Data Fiitering. 
I) Median filter. 

Due to temporary defective electrical contacts, or any other cause such as radio 
transmission while launching, more or less isolated spikes may occur during a launch. As 
the search for the bathy-message maximum depth stops at the fmt large temperature 
gradient (>3’C/m), it is useful to use a despiking filter prior to the test. The nonlinear 
median filter (Sy, 1985) is adequate as it completely filters out the spikes with a width 
less than the half window, but leaves intact the data as long as the data is monotonous. A 
5 meters window seems to be adequate for an XBT profile, it cuts out any spike 2 meters 
wide or below. A more elaborate median filter with a threshold (Brock, 1986) may also 
be used in order not to modify any data if it is not a spike above a given amplitude. 

2) Harming Filter. 
To describe as well as possible a 500 point curve with 30 significant points or less, one 
wants to represent the major characteristics of the curve, leaving out the small scale 
features. At our disposal, now is an efficient bathy-message computing method, but it 
has a tendency to privilege angular points, as all data reduction methods do. So, prior to 
the bathy-message computation small scale features should be filtered out by a linear 
filter such as the Hanning filter (Fig.7) (Etienne, 1970). It is a cosine pondertd running 
mean, a kind of Tukey filter (Matushcvskiy and Rival’skiy, 1968) which has almost no 
secondary maximum. After comparison with CTD profiles, the best filter window seems 
to be 10-20 meters. 

6. Conclusion. 

Using a median filter (5 meters window) prior to the fust quality control test, 
then a Harming filter, (11 meters window) prior to the Broken stick data reduction 
method, and finally applying a linear regression greatly improves the bathy-message fit 
with the profile (Fig.8). Temperaturc errors are reduced by at least 40%. and errors on 
integrated parameters, such as the heat content, are reduced by an order of magnitude. 
The maximum depth of the bathy-message may also be increased by the median filter 
despiking. All these improvements are included in the software developed by ORSTOM 
and C.L.S. service Argos, for the XBT-ST Argos transmission quipment, that has been 
on use for more than a year on most of the French TOGA Voluntary Observing Ships 
network. 

Furthermore, when using the Argos satellite transmission system (Table 3). the 
ratio between the bathy-message sent and transmitted to the GTS is very high (99%). as 
very few bad profiles pass the onboard quality control, and as the C.L.S. service Argos 
insert itself the messages, directly onto the GTS, after a rapid quality contml. In the 
TOGA Subsurface Temperature Data Bank, the ratio between the GTS received and 
archived messages is also very high (99%), as most of the quality control was made 
during the fust steps of the transmission link. 
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TOGA-VOS, ORSTOM PACIFIC network 

January-September 1989 

i 

Bolhy-mesaga 1486 
(TOGA Bank) 

99% 76% 

TAB.3. TOGA-VOS ORSTOM XBT 
Pacific network cfftcicncy. The 8 ships were 
quipped with CL.S.-ARGOS XBT-ST 
satellite Ransmissjon quipmcru. ‘Iht 
secondcolumnreprcsenfslhe-nue 
lmweeal lwo stbcudve lines. the third 
column, the global success rate bctwen the 
numkrofprobeslauncbedand~data 
laxally rcctivtd and archived. The second 
line indicates the number of XBT protiks 
received in delayed mode in Noumea, 
manually quality controlled and anzhived. 
thethirdandfouthlincsrepnsntthcrtal 
time baby-messages ttu$cd and archived 
ab quality conuol. in Toulouse Argos 
cemer and in Brest TOGA subsurface 
te4nperauuedatabank. 
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Introduct ion 

REPORT OF THE GTSPP 

R. Keeley, MEDS, Canada 

The Global Temperature-Salinity Pilot Project was conceived to 
attempt a new way of managing international oceanographic data 
exchange. Its goals were to improve the flow of data from 
collectors to archives and through to secondary users. It aimed to 
improve the rapidity of this data flow, to improve the 
completeness of data archived, to improve quality control 
procedures and to generate output data, products and services of 
value. In order to meet these goals, other services have also 
developed. This report will summarize the experiences and results 
of the GTSPP since its beginning in November, 1990. Since this is 
a meeting more concerned with real-time data, this aspect will be 
stressed in this report. 

Data Flows and Distributions 

The GTSPP developed along two lines as will be evident from Figure 
1. The first deals with the more immediate data collection through 
the IGOSS system. In the figure these are referred to as "low 
resolution' data since the temperature and salinity profiles are 
usually reported at inflection points. Data also enters the GTSPP 
through delayed mode avenues as well, typically after the data 
collectors have made their own assessment of the quality of the 
data. These profiles are usually represented at one or two meter 
intervals and are referred to as 'high resolution' data. 
Connections are represented by arrows with data flows marked in 
the direction of arrow heads. Arrows with dashed lines represent 
connections that are not systematized. The figure illustrates the 
multiple sources of data required to make a serious attempt to 
gather all of the temperature and salinity data collected. 
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Figure 1: Data flows of the GTSPP 
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No mention is made in figure 1 of the time scale of the exchanges 
in the transfer of the data. The low resolution data transfers 
into and out of MEDS and on the right side of the figure occur 
every day. The transfers into MEDS on the left side occur once a 
month. The transfer of data to NODC from MEDS occurs three times a 
week. Low resolution data transferred from NODC occur once a month 
except to NMC which happens three times each week. High resolution 
data transfers occur irregularly as these data are processed.‘ 

The data collected in real-time are acquired by MEDS either 
through the GTS or via other transfers. Figures 2 and 3 represent 
the volumes of BATHYs and TESACs held in the GTSPP archives up 
until August, 1995. It is evident that there has been some 
improvement in the numbers of BATHY reports but that these are 
largely a consequence of reports derived from moored buoys with 
thermistor chains. In fact most of these data come from the 
TOGA/TAO array in the Equatorial Pacific. Overall the numbers of 
BATHY profiles collected by ships has increased somewhat since 
1991. 
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Jan 
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1992 Jan 1993 
Jan 1gg4 Jan AW 

Figure 2: Numbers of BATHYs reported. 
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The numbers of TESACs reported has shown an increase but there are 
still almost an order of magnitude fewer TESACs than BATHYs. The 
fewer numbers of TESACs shows a high degree of variability. There 
is still a great need to encourage the reporting of salinity data 
in real-time. 
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Figure 3: Numbers of reported TESACs. 

It is of interest to know the spatial distribution of these 
reports as well. To be quantitative, the world's ocean were 
divided into broad regions as shown in figure 4. This is a coarse 
division but is adequate to illustrate the large differences in 
the numbers of reports generated from the oceans. Figures 5 and 6 
show the distributions of BATHYs and TESACs by region. 
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Figure 4: The oceans subdivisions used in counting real-time data. 
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Figure 5: Numbers of BATHY reports by ocean basin. 
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Figure 6: Numbers of TESAC reports by ocean basin. 

In figure 5 it is very clear that the North and Equatorial Pacific 
are the most heavily sampled. The North Atlantic follows closely 
behind. The numbers of reports from the Equatorial Pacific is 
influenced largely by reports from the TOGA/TAO array. There are 
roughly 50 moored buoys many reporting temperature profiles in 
this region. 

Figure 6 shows a different sampling. The North Atlantic and Arctic 
regions are predominate in this figure. This is due to the fact 
that TESAC reporting is confined to a very few countries. If this 
is ever to be a valuable source of salinity observations, other 
nations must be convinced to report salinity profiles. 

One way that this can improve dramatically will be if countries 
start to report data from Profiling ALACE floats. In fact, the 
first reports have just been placed on the GTS from such a float 
operating in the eastern Pacific. This particular float reports 
every 5 days and encodes the data as a TESAC. 

Figure 1 shows the various sources of real-time data extracted 
from the GTS. It was necessary to use multiple sources since it 
was known that it is possible for reports not to be sent to 
everyone (because of the way the GTS operates). The GTSPP has 
developed software to monitor this and uses the five sources in 
this monitoring. Figure 7 illustrates the reasons why such 
multiple sources are required. Here is shown the number of BATHY 
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reports received by'the National Weather Service in the U.S. 
compared to the total number of unique reports available on the 
GTS each,month. Note that the NWS was chosen purely as an example 
and in fact represents one of the GTS sites that tends to receive 
more data than others on the system. It is clearly shown that some 
data are not received every month. What is more, looking at the 
details of the analysis shows that nearly every month at least one 
GTS site receives some profiles that none of the others do. Given 
the present system for data dissemination, and the few numbers of 
real-time data distributed this way, it is necessary to have 
multiple sources. 
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Figure 7: Numbers of BATHY reports received by the NWS compared to 
the total number available. 

Monitoring and Data Quality 

When the GTSPP was planned, it was evident that a sharing of work 
was necessary. To improve cooperation between the many parties 
involved a standard set of data quality control procedures were 
developed for both the low and high resolution data. The procedure 
used on the low resolution data are described in IOC Manuals and 
Guides #22. Since this publication was printed there have be a few 
changes to the procedures. 

The value of standardized procedures is that they help to describe 
what has happened to the data and to help others assess what 
further work must be done when they use the data. 'The GTSPP 
employs the flagging convention of IGGSS. That is, data that are 
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deemed correct receive a flag of 1, those considered doubtful a 
flag of 3, those wrong a flag of 4, and changed values are marked 
by a flag of 5. The GTSPP evaluates positions, dates/times as well 
as every observation and marks each with a flag. Figures 8, and 9 
illustrate some statistics concerning BATHYs. 
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Figure 8: Numbers of BATHYs receiving flags of 3, 4 or 5. 
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Figure 9: Numbers of BATHYS with position or dateltime receiving 
flags of 3, 4 or 5. 

In examining figure 8 it must be realized that a BATHY can be 
assigned a flag other than 1 if a single observation in the 
profile does not receive a 1. Given this, it is obvious that the 
numbers of flagged reports is quite variable but with an average 
of about 10%. Rates tend to be higher at the start of a year 
reflecting the fact that often dates are incorrectly encoded at 
this time. Figure 9 shows that the numbers of BATHYs with 
positions or dates and times that are suspect varies but with an 
overall rate of about 2%. 

Monitoring the quality of reported data is valuable, but the value 
increases if something is done to inform the collectors so that 
actions can be taken to improve the collection procedures where 
needed. The GTSPP in cooperation with the WOCE UOT program has 
developed a monthly reporting mechanism whereby both the WCCE 
Project Office and the IGOSS Technical Coordinator are informed of 
those ships which appear to have problems in their sampling. A 
report, a portion of which is shown in figure 10, is generated 
once each month. From this, the profiles reported from ships 
showing more than 10% of the profiles collected with test failures 
in their profiles are examined. Systematic problems are sought and 
for those where these are found, they are reported as mentioned 
above. The ships are then contacted to improve their reporting 
records. 

The report also examines the distribution by time of day of all of 
the reports from each ship. This helps to identify ships that are 
sampling equally throughout 24 hours and those that are not. 



DATA QUALITY STATISTICS / Sl'ATISl'IQUES SUR LR QUALITE DE DCNNEES 

HPEW 
JBffi9 JKJA4 
J(XX 

JCOD 95 19950801 19950801 23.50 N 22.50 N 133.38 E 133.56 E 3 0 2 0 0 2 0 3.0 1 2 0 0 
JBJX 95 19950801 19950803 41.00 N 34.00 N 142.50 E 143.00 E 17 0 3 0 0 3 0 5.7 6 5 1 5 
.JFDG 95 19950821 19950825 33.47 N 29.50 N 131.50 E 135.25 E 27 0 1 0 0 1 0 5.4 6 5 7 9 
JFPQ 95 19950821 19950827 13,90 N 5.72 N 70.67 E 94.71 E 21 0 5 1 2 3 0 3.0 4 5 7 5 
JOQH 95 19950801 19950831 42.50 N 33.33 N 137.00 E 146.98 E 35 0 19 3 0 16 0 1.1 811 a 8 

JI?v 95 1995OriOl 19950830 28.48 N 34.33 S 120.13 E 173.95 E 42 0 33 0 0 33 0 1.4 10 11 11 10 
JNB 95 19950801 19950808 40.50 N 36.50 N 136.00 E 139.83 E 37 0 1 0 0 1 0 4.6 7 10 12 8 
JJGC 95 19950817 19950819 28.75 S 31.91 S 11.68 W 4.08 E 9 0 1 0 0 1 0 3.0 3 3 1 2 
JKCF 95 19950805 19950805 61.10 N 61.10 N 10.93 w 10.93 w 1 0 0 0 0 0 0 1.0 1 0 0 0 
KGJB 95 19950806 19950827 53.80 N 35.33 N 151.28 E 71.65 W 16 0 5 1 1 4 0 0.7 4 3 3 6 

95 19950808 1995oEl30 16.03 N 20.71 S 160.00 E 150.55 W 48 0 1 0 0 1 0 2.1 11 15 9 13 
95 19950815 19950822 5.67 N 14.58 S 60.31 E 94.72 E 15 0 1 1 0 0 0 1.9 3 3 4 5 
95 19950805 19950814 25.16 N 8.81 N 49.13 w 37.38 w 3 0 0 0 0 0 0 0.3 1 0 0 2 
95 19950818 19950831 34.00 N 20.32 N 125.18 E 139.15 E 27 0 0 0 0 0 0 1.9 11 4 5 7 
95 19950801 1995oElo7 30.25 N 24.40 N 126.00 E 130.01 E 55 0 1 0 0 1 0 7.9 13 14 15 13 

Figure 10. A portion of the monthly report prepared to identify ships with reporting 

aA TE REC FOS DT PROF CLIM AVE SAMP 

problems. 
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To support the WOCE UOT programme, the US NODC has prepared on- 
line displays showing the distribution of reports along WOCE 
lines. These can be accessed by connecting to their WWW site at 
http://www.nodc.noaa.gov/GTSPP. 

One of the goals of GTSPP was to improve the timeliness of data 
getting to users. Figure 1 illustrates how users can gain access 
to the GTSPP archive. Figure 11 shows how quickly data collected 
at sea and sent via the GTS can be accessed by users. The times 
reported here'are differences between the date of collection and 
the day received by the GTSPP. Generally data are available from 
the GTSPP within 3 days of data collection. Roughly 80% of reports 
are received within 3 days. 
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Figure 11: Timeliness of reports of low resolution data. 

Products and Services 

The GTSPP also supports a number of products and services. In 
figure 1 is shown a number of users of the data who access the 
real-time and delayed mode data either from MEDS or the U.S. NODC. 
MEDS prepares files especially for its clients and these are 
downloaded at the clients convenience. The NODC places files of 
both low and high resolution data on its WWW site and permits any, 
users with access to download the most recent data. 

http://www.nodc.noaa.gov/GTSPP
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GTSPP supports the WOCE UOT programme by furnishing the data on a 
monthly basis. Files are prepared for the UOT Data Centre in 
Brest. As well, reports of ship sampling and the quality of data 
collected are made each month as described earlier. 

Besides these, all of the science centres involved in the GTSPP 
have posted documents detailing the quality control procedures 
which they employ to examine the high resolution data. Most of 
these are available through their WWW sites. At Scripps bimonthly 
products are also posted including data distributions, O-400m heat 
storage temperature anomalies and SST anomalies. 

Conclusions 

The GTSPP project has been able to do much to help in the 
management of ocean temperature and salinity profile data. It has 
shown the way by which close cooperation between data centres and 
science centres can be achieved. It has standardized quality 
control procedures and encouraged others to document their 
procedures. It has demonstrated how a division of labour in data 
management can accomplish a goal that would exceed the 
capabilities of any one centre. It has produced statistics that 
help to measure the successes and failings of the international 
data management system. 

As in all projects, there is still work to be done. Not all 
temperature and salinity data are yet included. There are still 
many loose ends and delays in acquiring the high resolution data. 
A considerable effort of the GODAR project has been complementary 
to the GTSPP in bringing together and making available substantial 
numbers of historical data. There is still work to be done in the 
managing the low resolution data as well as broadening the data 
sources included in the GTSPP. All of this work has been 
concentrated on managing the temperature and salinity data. There 
are other types of data for which similar projects could be 
organized. This can only be done if other nations join together to 
learn from both the successes and mistakes of the GTSPP to build 
the needed management systems. 
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