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FOREWORD

It is a great honour to be asked to write a preface to
this 25" Anniversary report of Cape Grim. The Cape
Grim project has truly been an enormously success-
ful undertaking in terms of both its contribution to the
science of global atmospheric change and the rele-
vance of that science to key environmental issues of
regional and global importance. At the outset, the
founding scientists recognised the potential for hu-
man impact on the composition of the atmosphere to
influence climate and thus almost everything hu-
mans and our non-human co-inhabitants do. But
they could never have fully appreciated at the time,
the true magnitude of the issues and how, 25 years
later, the world would face the need to come to grips
with managing these issues.

During the several years in the lead up to the es-
tablishment of the Cape Grim observatory, several
commitments were made. First to the length of en-
gagement; all players saw this as a 50-year pro-
gram. Second, a commitment was made to excel-
lence in attention to precision observations and cali-
bration/inter-calibration, and in the application of the
data to the solution of important questions of knowl-
edge. Third a commitment was made to continuous
improvement, the balance between continuity and
inter-decadal consistency of data and recognizing
the need for constant update of the suite of compo-
nents to be measured and the instrumentation and
technologies to be applied.

Such ambitious goals would create a challenge
for the most capable modern managerial guru; a
sensitive balance of individual freedom for scientists
and the objectives of continuity; an element of ac-
ceptable ambiguity of purpose and shared commit-
ment to the underpinning purpose. These have been
achieved through, often controversial, but proven
hands-on control of the program by the scientists
themselves.

As with most endeavourers, success derives pri-
marily from the quality of the people and their
commitment to the task. It is here that Cape Grim
has found its greatest strength. The most committed
and talented people have served it and have seen
the station through a revolution of technology par-
ticularly with respect to data handling and storage,
chemical measurement, and brilliant application of
data to problem solving. This does not just happen,
but reflects the provision of the right equipment and
operating environment, personal commitment to the
world’s scientific community and its very frontiers
and the wise definition of important but soluble prob-
lems. These successes also derive from a level of
collaboration between scientists, students, techni-
cian and administrative staff, between partner insti-
tutions and with international colleagues. All of these
have been ongoing features of Cape Grim.
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A major, but by no means only, institutional col-
laboration has been between the Bureau of Meteor-
ology and CSIRO. This is reflected in the Bureau's
unwavering support for the Station and the CSIRO’s
ongoing support for Cape Grim science, under-
pinned by the complementary laboratory facilities
developed at CSIRO in Melbourne.

| wish to pay tribute to the Cape Grim Station
staff, who working in an isolated location, have of-
fered sterling service to maintain a 24-hour, 365
days a year, scientific operation. The partnership be-
tween researchers and Station staff has been an-
other critical element in its success.

Cape Grim was established with the purpose of
observing the changes taking place in the composi-
tion of the background atmosphere and to under-
stand the role in atmospheric dynamics in transport-
ing these gases around the world.

In the broad, these objectives remain relevant to-
day, but how much the rationale has changed. In the
early 1970s, the fact that the greenhouse gas, car-
bon dioxide, was rising in the atmosphere was
based on a single set of observations carried out by
C D Keeling. It was necessary to check the integrity
of this finding, important as it was. Simple things
such as how quickly gases released into one hemi-
sphere mix into the other hemisphere, were poorly
understood, as was the importance of the stratifica-
tion of the atmosphere in predicting spatial distribu-
tions of gases.

The setting up of Cape Grim was also extremely
timely to investigate a second global atmospheric
challenge. Rowland and Molina had only just posed
the question about the impact of chlorofluorocarbons
(CFCs) on stratospheric ozone, yet very little was
known about the behaviour of these gases in the
global atmosphere.

Today, thanks to observations such as those
made at Cape Grim and the sister observatories op-
erated by other nations, these questions have by
and large been answered. Observational data have
been integrated into studies of the chemical trans-
port and transformations and land-sea and air sea
exchange for many gases, including carbon dioxide.
This has developed our understanding sufficiently to
underpin the relationships between compositional
changes and the observed climate changes; to un-
derpin the United Nations Framework Convention on
Climate Change and the Montreal Protocol on
Ozone Depleting Substances.

Cape Grim’s contribution has truly evolved from
pioneering science and academic curiosity to one
that is a mixture of continued knowledge develop-
ment (e.g. how will the current global cycles of car-
bon dioxide be changed by the warming and the dy-
namics of the Southern Ocean?) and applications
(e.g. how has the Montreal Protocol for Ozone De-
pleting Substances impacted on the growth of these
substances in the atmosphere?).



But what of the future? We are entering a new
century and a new age in which a massive transition
will take place as we navigate our way from where
we are with all our unsustainable technologies and
behaviours to where we need to be, balancing the
economic, social and environmental aspect in all we
do and considering our actions in terms of their con-
straints on further generations. A transition to sus-
tainability. Cape Grim is more relevant and neces-
sary today than ever before. The list of components
to be measured is longer, the techniques are im-
proved and more sophisticated but the need for
courageous and strategic planning of new
observational programs remains whilst maintaining
the integrity of the others.

We have only relatively recently come to discover
the significant value of the ‘non-baseline’ observato-
ries of the station that are revealing information con-
cerning the exchanges of materials between the
Australian continent and the atmosphere. In a similar
way, the observations are contributing to air quality
studies as the plumes of cities such as Melbourne
occasionally make their way to Cape Grim.

The world needs Cape Grim. It is just one of a
wide range of institutions that we will need for the
development of the knowledge to underpin decisions
made in this global transition, and to monitor their
success.

Twenty-five years ago Cape Grim offered vision
and appropriateness for the future. We need right
now to recommit to the next decades. For who can
say that all is known or that there is not another
‘ozone hole’ already happening about which we are
currently ignorant? Indeed, the new emphasis on the
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role of aerosols in climate reinforces the vision of es-
tablishing aerosol monitoring at the very beginning
of the program as these measurements underpin the
new studies.

These are serious and difficult challenges. In-
deed one wonders if such a project as Cape Grim,
with its long-term nature, its monitoring components,
its public good focus and its exploratory nature was
proposed today, could it find the commitment and
support to become established? | am not sure. On
the one hand, concerns about the integrity and fu-
ture of our environment have never been more
widespread. On the other hand, we now live in a
world dominated by the short term, the immediate
pay off and the constant challenge of ‘who pays?’
What | do know is, if we could not, for whatever rea-
son, find the commitments of scientists or adminis-
trators/politicians to another ‘Cape Grim’, then we
have lost an essential ingredient: the opportunity for
our own curiosity to lead us to where no strategic
plan will be wise enough to envisage. For this is
what our Cape Grim has done.

It has been my pleasure to have been a part of
this success story, one that all who have contributed
should feel justly proud. Like previous authors of
‘Forewords’ to Baseline, your endeavours and devo-
tion is recognised by too few. Well done, and happy
anniversary Cape Grim

Graeme Pearman
Co-Manager Cape Grim Program
Chief CSIRO Atmospheric Research

October, 2002



PREFACE

Baseline 1999-2000 reports on the activities and
scientific program at the Cape Grim Baseline Air
Pollution Station in North West Tasmania, Australia,
for the two calendar years of 1999 and 2000. In-
cluded are scientific papers, based on research at
Cape Grim, as well as operational reports on the
various experiments and monitoring conducted at
the station over the two year period.

For this edition of Baseline, we are fortunate to
have a ‘Foreword’ supplied by Dr Graeme Pearman,
the former Chief of the CSIRO-Atmospheric Re-
search division. Graeme has had a long connection
with the Cape Grim program both as a Lead Scien-
tist, member of the CGBAPS Working Group, and
later as one of the members of the Cape Grim Man-
agement Group. Graeme was one of the leading ad-
vocates for a baseline station in Australia and his
input and guidance helped create the Cape Grim
program and station. Through his various roles in
Cape Grim, he has been a major factor in the suc-
cess of Cape Grim.

Preface

Following the style of recent issues of Baseline,
the layout of this edition includes both research pa-
pers and reports from the various scientific pro-
grams in operation at the CGBAPS station. Program
Reports contain the status of the research programs
for only the two year period. The Research Papers
are stand-alone scientific articles that may present
research results and data up to the time of final
submission. While the Program Papers and Re-
search Reports look similar, the important distinction
between the two is that the Research Papers are
stand-alone, scientific articles that are scientifically
peer-reviewed by at least two independent referees
before being considered acceptable for publication.

The Research Papers follow the American Geo-
physical Union (AGU) publications formatting and
referencing styles. Limited numbers of reprints of
these papers are available and should be requested
directly from the lead authors of each report.

N W Tindale, N Derek and P J Fraser
February 2003
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1. STATION SPECIFICATION

1.1 GENERAL
Name

Latitude

Longitude
Roofdeck elevation

Air intake elevations

WMO station classification
Status

Station ID indices

Time zone

Office hours

Telephone

E-mail

Postal address

Freight address

Cape Grim Baseline Air Pollution Station

40° 40'56" S

144° 41' 18" E

94 metres

104 metres (10-m intake)
164 metres (70-m intake)

Baseline (global)
Fully operational

WMO station code 94954

WMO index number A2000 101
WMO turbidity code number 03 050
WMO ozone code number 230
AWS station code 94954

Australian Eastern Standard Time (AEST)
(AEST = UTC + 10 hours; the station
operates on AEST year-round)

0845-1700 local time
(AEST plus 1 hour in summer)

Smithton office
International dialling
Station

Facsimile Smithton
Facsimile Station

(03) 6452 1629
61 3 6452 1629
(03) 6452 2181
(03) 6452 2600
(03) 6452 2582

capegrim@bom.gov.au

P.O. Box 346, Smithton,
Tasmania 7330, Australia

159 Nelson Street, Smithton,
Tasmania 7330, Australia

Station specification - Site plan



1.2

SITE PLAN

19,20, 21

Solar Radiation 2 73

Station specification - Site plan
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Site Plan
1. Baseline ERNI 14. Liquid water radiometer
2. Continuous ERNI 15. ‘Auslig’ GPS antenna
3. Raindrop sensor 16. Radon detector (HURD2)
4. Tipping-bucket rain gauge 17. Concrete slab & power box for
5. Standard 203 mm rain gauge containers
6. Stevenson screen 18. NIES flask sampling
7. Station exhausts
8. Telstra tower (74 m) Solar Radiation Instruments
9. 70-m intake
10. Wind vane and anemometer 19. Sunphotometer
(50 m) 20. Direct pyrheliometer
11. 50-m Temp and humidity 21. Diffuse pyranometer
12. Wind vane and anemometer 22. Global pyranometer
(30 m) 23. Long wave radiometer
13. Pb isotopes sampler (70 m) (Pyrgeometer)
24. Spectral radiometer (SRAD)

< 13
\North

Roof deck plan

1. UV-B radiometer

2. UV pyranometer

3. Barometer static head and DOE
transmitter

4. Elemental carbon LVS

5. DOE HVS

6. CSIRO ‘Goldtop’ HVS

7. ‘Particulate’ rain gauge

8. 10-m anemometer and wind vane

9. 10-m air intake

10-m anemometer

. LVS for sulfate MSA, NH,t, SO,

. ANSTO ASP sampler

. LIDAR



1.3 PROGRAM SUMMARY

STATION SPECIFICATION - Program summary

This section summarises programs in operation at Cape Grim during the calendar years 1999 and 2000.

(@) Automated measurements

Species Instrument
CO, Siemens Ultramat 5E
CO, CAR ‘LO-FLO’ (started May 2000)

CCI3F, CCl,F,, CCI,FCCIF,,
CHCl;, CH3CCl3, CCl4, N2O
CH,
CO, H,
HCFCs, HFCs & methylhalides
Formaldehyde & peroxides
Surface O3
Surface NOy
Rn
Irradiance
Solar Aureole Direct
Direct
Global

Diffuse
UV-A
uv-B

Atmospheric H,O
Condensation Nuclei (CN)
Aerosol size distribution
Particulate Carbon
Temperature (wet & dry)
Wind speed

Wind direction

Pressure

Rainfall

AGAGE GC-Multi Detector (GC-MD) system:

(HP5890 GC (two electron capture detectors);

Carle (flame ionisation detector);

Trace Analytical RGA-2/RGD-2 (mercuric oxide reduction detector)}
AGAGE GC-Mass Spectrometry (GC-MS) system

LC-wet chemistry (ceased July 1999)

Thermoelectron (UV) / Monitor Labs (UV)

CAR-chemiluminescent (started February 1999)

alpha detector / delay tank (x2)

(500 nm)

Eppley pyrheliometer; WMO (368,500,778,862 nm)

Kipp & Zonen CM11; CGBAPS 500 nm

Eppley long- and short-wave radiometers

Kipp & Zonen CM11

Eppley (290-385 nm)

Optronics OL-752

Biometer - Solar Light 501A

Liquid Water Radiometer — Hughes (ceased October 2000)
TSI 3020/ TSI 3760 (TSI 3025 from January 1999)
auto-Pollak and diffusion battery

Magee Scientific Aethalometer

Rosemount (Pt) / Vaisala DTS12 (50 m)

Synchrotac 3-cup (10 m) / Vaisala WAA-15 (10 m, 30 m, 50 m)
Vaisala WAV-15 (10 m, 30 m, 50 m)

Rosemount / static head

Rauchfuss (0.2, 0.1 mm)

Radionuclides

Clouds and Aerosols

Gamma detector

LIDAR (ceased October 2000)

(b) Component collections

Component Method Nominal number Species Analysing
per month analysed Agency”
Co, cryo 4 §%c, 50 CAR
Co, Raschig tubes 2 AYC UH
Soluble Aerosol LVS filters* 4 inorganic ions CAR (ceased June 1999)
SPM HVS* 4 inorganic ions CAR
SPM HVS 4 radionuclides DOE
SPM LVS* 4 elemental carbon U Stockholm
Aerosol LVS 8 metals ANSTO
Aerosol LVS** 16 meatls ANSTO (started September 1998)
Rain ERNI* 4 pH, conductivity, CAR
inorganic ions

ERNI 1 tritium, 8D, §'°0 ANSTO; CSIRO-Adelaide

Standard gauge 20 oxygen isotopes U Tasmania

Funnel & bottle 20 oxygen isotopes ANU (started September 2000)
Aerosol LVS filters 2 Pb isotopes Curtin University (ceased April 2000)
Soil emissions Flux chamber 2 methyl halides, halocarbons CGBAPS/CAR (started September 2000)
Marine gases Sea water sampling 2 methyl halides & alkyl nitrate CGBAPS/UEA (started April 2000)
Marine biology Sea water sampling 1 phytoplankton, salinity, U Tasmania (started November 2000)

temperature, etc.

* operated on baseline events switch (BEVS); * - Appendix C (p. 110)
** operated on conditional events switch (baseline, aged baseline, mainland, Tasmanian sectors).



(c) Whole air collections — episodes”

STATION SPECIFICATION - Program summary

Flask type Pressure  Drying Nominal number  Species analysed Analysing Laboratory”
(litre) (kPa) per month*

G (0.5) 100 p Dehydrite 4 CO,, CO, CHy, Hp, N,O

3*°C and §'°0 of CO, CAR

50 P Dehydrite 4 Oz/Nz, CO,, CO, CHgy, H,, NL,O

3'°C and 5'°0 of CO, CAR
G (2.5) 100 p - 4 CO,, CO, CHy H,

3'°C and 8'°0 of CO, CMDL

Op cryo 4 O,/N,, CO, URI
Op cryo 2 0,/N,, CO; CAR
G (5) Op cryo 2 0./N,, CO, SIO
G (5) Op cryo 2 0,/N,, CO; CAR
SS (0.8/2.5/3.0) 280 p - 4 N.O, halocompounds CMDL
SS (35) 3000 c - (6) archive / AGAGE standards CAR/CGBAPS
SS (3.2) 500 ¢ - ) halocarbons by GC-MS UEA
SS (1.6) 100 p Dehydrite 1 SF¢ [also G (0.5) CAR species] CAR/UH
SS (6.0) 100 p - 8 VOCs CAR (ceased March 2000))
SS (6.0) 150 p - 2 Methyl halides, SFg, Halocarbons, N,O SIO
G (2.0) 100 p Dehydrite 1 CO, CFR
SS (1.0) 100 p Dehydrite 1 CO, U. of Tohoku
SS (6.0) 100 p - 2 Methyl halides NIES (started February 2000)
SS (35) 3000 c - 2 O and N isotopes of N,O UC-San Diego
(started September 2000)

SS (3.2) 150 p - 2 methyl halides and alkyl nitrates GCBAPS/UEA

p - pump; ¢ - cryogenic trap; * () indicates per year,+each episode may include multiple flask traps; ~ - Appendix C (p. 110)

(d) Discrete sampling

Parameter

Method

Occasion

Temperature (wet & dry)

Temperature (max & min)
Condensation Nuclei (CN)
Cloud Condensation Nuclei (CCN)

Rainfall

Mercury-in-glass

Mercury-in-glass

Manual Pollak

Thermal Diffusion (5 Supersaturations)
Standard 203 mm rain gauge

1/day
1/day
4/day
3/day
1/day




2. OFFICER-IN-CHARGE'S REPORT
2.1. INTRODUCTION

The highlight of 1999-2000 was the successful staging
of the second Southern Ocean Atmospheric
Photochemistry Experiment (SOAPEX-2). Expanding
on from the first SOAPEX held at Cape Grim in
January/February 1995, the aim of the second
experiment was to conduct the definitive study of
tropospheric photochemistry in the clean and slightly
polluted air encountered at the Cape Grim station. The
five groups of scientists from the UK and Australia had
the capability to measure all of the necessary
parameters including hydroxyl and hydroperoxyl
radicals, total (hydro and organic) peroxy radicals,
photolysis rate coefficients for ozone and NO,, ozone,
nitrogen oxides, per-oxides, formaldehyde, carbon
monoxide, nonmethane hydrocarbons, etc. So in early
January 1999, the SOAPEX-2 researchers and
students descended on Cape Grim and the Circular
Head region for the summer. Al the additional
instrumentation and people strained resources at Cape
Grim, particularly laboratory space and electric power.
Demands for electricity often exceeded the ‘rated’
capacity at the station but, with some careful
redistribution and balancing of power loads (and
crossing of fingers) we were able to keep operating
without too many problems. Cape Grim staff were busy
accommodating requests from SOAPEX researchers,
and supporting the experiment, as well as maintaining
normal day-to-day operations.

As part of SOAPEX-2, a newly developed research
plane, the Aerosonde was used. With development
partially supported by the Bureau, the Aerosonde is a
small pilotless aircraft that can fly up to three kilometres
in altitude, collecting data on atmospheric pressure,
temperature, relative humidity and wind speed. In the
six flights it made, the aerosonde flew for a total of 64
hours, making repeated vertical soundings in the
vicinity of, and upwind of, Cape Grim in support of the
chemistry observations in SOAPEX2.

Unfortunately, as in many field experiments,
‘Murphy’s Law’ applied and easterly winds dominated
for much of the time, resulting in a record low
percentage of baseline conditions during the
experiment! While conditions were less than optimal for
the science objectives, it appeared that all of the
visiting researchers enjoyed their experience at Cape
Grim. The entire experiment went very smoothly with
only minor problems encountered and which were
quickly dealt with. In all, about 50 extra people worked
at, or visited, the station as part of SOAPEX-2. There
was considerable press coverage with film crews and
reporters interviewing researchers and staff. Local and
national newspapers also covered the experiment.

Staff were busy in late 1999 undertaking a
complete stocktake of all the scientific and computing
equipment at the station and office so as to value the
scientific equipment ‘assets’ of the program. Due to the
Bureau moving to an accrual budget system, funds for
asset replacement would, in theory, be derived from
the depreciation of the existing assets and so it was
critical to know the existing asset base. As many of the
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scientific instruments purchased as part of the Cape
Grim program are at other locations such as CSIRO in
Aspendale, off-site assets were also included in the
stocktake.

The other significant (or insignificant as the case
may be...) event during 1999-2000 was the end of
century, 'Y2K’ change. Given all the publicity and dire
warnings associated with Y2K, and our reliance on
automated instruments, computers and internet
communications, it was with some trepidation that we
awaited the passing of 31 December. Even though we
had spent considerable time and effort testing our
equipment for Y2K compliance, and installing software
patches to our older, more vulnerable computers, there
was still the possibility that some unforeseen mishap
would occur with serious implications to our operations
and data collection. In all, the event passed as a bit of
an anticlimax with only a few minor glitches, due
mainly to old legacy software on some of the program
computers, all easily fixed. All of the Cape Grim system
software and hardware functioned smoothly, a
compliment to the preparation and efforts of the Cape
Grim staff. The benefit of Y2K was that it did force us to
reevaluate longer-term plans for our computer network
and system and to address other potential problems in
our network and data flow.

After numerous rumours of plans to build a wind
farm in the vicinity of Cape Grim, meetings with staff of
the Tasmanian Hydro Electric Commission confirmed
the decision to build a wind farm on Woolnorth. As part
of the preplanning, a number of Hydro and Tasmanian
state officials visited the station at different times during
2000 to discuss potential issues associated with the
construction of a wind farm, and possible impacts on
the monitoring and operations at the station. The
location chosen for the proposed wind farm was on the
west coast, starting from the headland across from the
station, on the other side of Valley Bay and extending
further south along the coastline.

New measurements at Cape Grim that started in
1999-2000 included flask sampling for methyl halides
for Dr Yoko Yokouchi of the Japanese National
Institute of Environmental Studies, starting in February
2000. In April 2000, the collection of seawater samples
from off Cape Grim and the NW coast began as part of
a collaborative BoM-CSIRO-UEA-Univ. of Tasmania
project on marine biogenic gas production. The aim
was to relate the production and emission of biogenic
marine gases, including methyl bromide and alkyl
nitrates, with primary productivity, phytoplankton
speciation and seawater conditions in coastal surface
waters. Additional flask collections of air commenced in
September 2000, this time for Martin Wahlen at the
University of San Diego, California, for stable-N
isotopic measurement. Rainwater sampling was also
initiated in September as part of a study on oxygen
isotope ratios in rain for comparison with the
corresponding signal in cave calcite deposits at Mole
Creek and Hastings cave sites. This work was part of
Pauline Treble’s Ph.D. studies at ANU in Canberra.

A major upgrade to the station scientific equipment
was the installation in May 2000 of the new ‘Lo-Flow’
CO, analyser. The new instrument had been under



development at CSIRO-AR for several years and we
had been waiting for some time for the installation and
testing at Cape Grim. One of the key features of the
new instrument is the very low flow rates of air required
for a measurement (hence ‘Lo-Flow’) which allows a
dramatic reduction in the consumption of standard and
reference gases. A number of minor improvements
and upgrades were also carried out on the AGAGE
instruments, although problems with batches of
contaminated carrier gas caused numerous, persistent
problems with failure of the clean-up traps and
decreasing precision.

Of interest in November of 2000, was the
celebration of the VDL company 175-year anniversary.
A lunch and function were held out at Woolnorth in
honour of the occasion. Many ex-Woolnorth staff
attended and, as befitting the longest serving staff
member, Laurie Porter represented Cape Grim.

2.2. BUILDINGS AND MAINTENANCE

Other than the usual minor repairs around the station
there were several notable mishaps during 1999-2000.
Probably the most potentially serious occurred in May
1999. The main UPS at the station had been
experiencing several minor faults and during heavy fog
one evening, a short circuit within the UPS caused a
small fire, triggering a smoke detector and the fire
alarm. After a relatively slow drive to the station due to
the fog and poor visibility, closely followed by the local
fire engine, we were greeted by the acrid smell of burnt
plastic and wiring. Luckily damage was limited to the
UPS, which was a write off.

April 2000 brought a major power failure to the
station. After several weeks of intermittent power cuts,
the mains power failed completely. Rainwater had
entered the cable where it joined the overhead wires in
the paddock, causing major damage on the power pole
and shorting out the cable where the water had
penetrated under ground. To restore power and repair
the cable, several metres of cable had to be dug out of
the ground, the damaged portion cut off, the power
pole moved closer to the station and the cable re-
attached to the overhead lines. Not to mention that
additional short lengths of overhead lines had to be
spliced in so that they could still reach the relocated
power pole. After some confusion in sorting out details
of who had installed the original cable and connection
to the station, it turned out that the underground cable
‘belonged’ to Cape Grim, so it was our responsibility to
organize the repair and get the power back on.
Thankfully the generator functioned flawlessly during
the week and there were no major disruptions to the
station operations.

In late 1999, following protracted deliberations the
office building in Nelson Street, Smithton was sold into
private ownership. It was surprising how time
consuming the whole process was as it affected
everything including the cleaning contract,
maintenance contracts, fire alarm monitoring etc.
Building inspections and repair work were required
before the building could be sold, creating further
disruptions.
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In January 2000, following a break in to the office in
Smithton and the theft of one of our vehicles, a
monitored alarm system was installed and security
plates fitted over doorlocks etc. The extra security
proved its worth several months later during another
attempted break in when glass in the office front door
was smashed. A similar alarm system was fitted at the
station in May 2000, in conjunction with the man-down
alarm. All alarms are monitored continuously,
improving safety conditions for staff and visiting
researchers and students at the station.

In addition to security of the buildings, working
conditions and OH&S were a priority during 1999-
2000. With assistance and advice from Bureau Head
Office and CSIRO-AR technical staff, regular OH&S
inspections were initiated. All electrical equipment at
the station and office now has to be regularly tested.
This particularly applies to equipment being newly
installed at the station. Inspections found several
pieces of equipment with potentially dangerous faults.
Improvements to freight handling, liquid nitrogen use,
and the inventory of chemicals on site were also
implemented.

To improve communications and planning, regular
monthly staff meetings were held during both years
and issues related to operations and research, OH&S
etc. were discussed as well as staffing issues, trips,
leave relief etc. Ongoing planning for upgrades,
replacements and repair were a priority. Improvements
to our IT operations during this period include
upgrades to the station computer network and servers,
with new network storage using RAID hard-disk array
and new, faster LAN hubs. Development on our
internal web page and data processing and delivery
system continued. Both raw and hourly average data
are now available from our internal web page.
Instrument logbooks have been digitised and many
improvements suggested by Cape Grim staff and
visiting researchers, have been implemented to make
the Cape Grim computer system more useful and data
access easier. The network upgrade included
additional Internet connections and improved email
and Internet access for visitors to Cape Grim.

In mid-2000, the CGBAPS Management Group
visited the station in conjunction with the government’s
Office of Asset Sales and IT Outsourcing (OASITO)
fact-finding visit. The aim of the visit was to research
the issues associated with outsourcing of Cape Grim IT
resources and support. It was clear that outsourcing of
a complex computing environment like Cape Grim
would be difficult, particularly given the remoteness of
the location the wide range of hardware and software
in use, including operating systems. Following the visit,
even the OASITO staff admitted that standard models
of outsourcing might not apply at Cape Grim or other
similar sites.

During routine training for ANARE Antarctic
expeditioners in October, there was a somewhat
annoyed, unexpected, local visitor to the station. A
large tiger snake, which we believe may have been
hibernating in cable ducting beneath the station, joined
the training session in the main laboratory. After much
tap dancing and climbing on furniture, and a protracted



find and remove operation, the snake was escorted
outside, to the great relief of all involved!

The CGBAPS Annual Science meetings for 1999
and 2000 were both held in Aspendale, Victoria at
CSIRO Atmospheric Research. Over 40 talks and
posters were presented each year by the 50+
participants to each meeting. Jill Cainey (NIWA, N2Z)
and Ed Dlugokencky (NOAA-CMDL, USA) attended
the 1999 meeting from overseas. The 2000 meeting
had a larger than usual number of visitors, including
Leong Chow Peng and Irene Eu Swee Neo from the
Malaysian GAW program, Dominic Ferretti from the
Univ. of Colorado, USA, Masayuki Katsumoto and
Hitoshi Mukai from the Center for Global
Environmental Research, NIES, Japan, and John
Barnes from the Mauna Loa GAW observatory in
Hawaii, USA.

2.3. STAFF AND STUDENTS

There were several changes to the lineup of staff at
Cape Grim during 1999 - 2000. In March 1999, Dr
Georgina Sturrock, after two years in residence at
Cape Grim as a CSIRO researcher, moved to the
CSIRO-AR laboratory in Aspendale to continue her
Cape Grim related work. March also saw the loss of
Alan Gough, the station ITO2 for several years. Alan
transferred to the Bureau of Statistics in Hobart and his
last official act, as ITO2 before leaving, was to switch
off the old Grimco-1 system! Randall Wheaton, from
the Bureau’'s Rockhampton office, was chosen as
Alan’s replacement and commenced work at Cape
Grim in early August. Craig McCulloch, working at the
station as a Technical Officer contractor for CSIRO-
AR, and his wife Lisa celebrated 2000 with their first
child, Cameron, born on 31 January. Bob Parr, a local
farmer and a retired technical officer from the
agricultural research laboratories in New Zealand,
joined the staff at Cape Grim as a temporary CSIRO-
AR employee. Bob is responsible for managing the
alkyl nitrate/methyl halide sampling, and last but not
least for staff news, after a brief 26-year courtship,
Brian Weymouth (SITO-C) quietly stole away from
Cape Grim to a remote Pacific Island beach in order to
marry Joyce!

2.4. INTERNATIONAL ACTIVITIES AND
VISITORS

During SOAPEX2, there was a flood of visitors to Cape
Grim, with researchers from the Universities of East
Anglia, Leeds and Leicester formed the core of foreign
participants. As part of our support for the Indonesian
GAW station at Bukit Koto Tabang, two of the
Indonesian GAW staff, Budi Suhardi and Ully
Nasrullah, visited Cape Grim for a week of training
especially of the ozone instrumentation as part of their
visit to CGBAP and CSIRO-AR at Aspendale.
Similarly, as part of the Memorandum-Of-
Understanding (MOU) between the Bureau and the
Hydrometerological Service of Vietham, Pham Thi
Thuy Hoan and Nguyen Dinh Huong visited Cape Grim
as part of a background, fact-finding visit to gather
ideas and input for their newly proposed monitoring
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station in northern Vietnam. Leong Chow Peng and
Irene Eu Swee Neo from Malaysia also visited the
station as part of their visit to the Bureau and CSIRO-
AR and attendance at the CGBAPS science meeting.

Other visitors from overseas during 1999 included
Richard Turco from the University of California, Jim
Elkins from NOAA-CMDL in Boulder, and Jin Ju from
the Chinese Ministry for Science and Technology, and
scientific attaché at the Chinese Embassy in Canberra.
Kimberly Mace, a Ph.D. student from Texas A&M
University stayed and worked at Cape Grim from
October to December 2000 to study organics in
rainwater. In a déja-vu repeat of the SOAPEX
experiment, sampling conditions during the period
were marginal at best, with only a couple of brief
periods when rain samples could be collected under
baseline conditions.

In a prelude to the Sydney Olympics, we were
contacted by the NBC ‘Today’ film crew and producer
to shoot footage of the station and surrounding area for
their USA morning television show. They were in
Tasmania to find background material for their
coverage of the Olympic games. While they were at
the station, we were blessed with a generally fine day
with passing clouds and the odd light shower,
apparently excellent filming conditions. While the film
crew were outside, filming the vista around the station,
an adult sea eagle, as if on cue, soared up over Cape
Grim and obligingly flew back and forth several times
over the station, right out in front of the camera, to the
great delight of the ‘Today Show’ crew!

Cape Grim staff overseas travel included trips by
the OIC to the annual CMDL meeting in Boulder and
the Fall AGU meeting in San Francisco. The Senior
Technical Officer, Laurie Porter, attended AGAGE
meetings in Barbados and Hawaii. The trip to
Barbados included a visit to the Scripps Institute of
Oceanography on the return leg.

2.5. OPERATIONAL BUDGET

The Cape Grim program expenditure allocations for
financial years 1998/1999, 1999/2000 and 2000/2001
are indicated below. Staff salaries, and road and
building maintenance are not included as they are
covered by other parts of the Bureau of Meteorology
budget. Salaries of the technical officers employed at
DAR to assist in Cape Grim related research are
included in the ‘Research’ allocation.

1998/1999 1999/2000 2000/2001
$ $ $
Station operation 194,800 * 179,730* 177,690*
Research 507,200 522,270 524,310
Equipment 50,000 ** 200,000 ** 200,000**
Total 752,000 902,000 902,000

*  Station Operation allocation includes additional computer link funding of
$17,000, which had previously been paid from BoM-Head Office funds.

**  Additional equipment funding from new minor capital/asset replacement
funds.

Compiled by N. W. Tindale.
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BACK TRAJECTORIES TO CAPE GRIM: INVESTIGATING SOURCES OF ERROR
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Abstract

Ninety-six hour back trajectories terminating at Cape Grim are calculated and archived daily. They are currently
computed using data from the Bureau of Meteorology’'s Limited Area Prediction System (LAPS) using the
HYSPLIT-4 model. In this paper we investigate the accuracy of the trajectories using radon as a tracer. We con-
sider the effect of selecting different vertical motion schemes, and study the accuracy of trajectories sorted by the
mean sea level pressure on arrival at Cape Grim, giving a first approximation to the effect of synoptic complexity
of the flow on reliability. It is found that large discrepancies in calculated radon content are associated with large
values of vertical wind shear and complex and rapidly changing flow regimes.

1. Introduction

Knowledge of air mass origin is clearly of great impor-
tance in the interpretation of measurements of trace
atmospheric constituents, and back trajectories are
widely used for this purpose in atmospheric chemistry.
A longstanding problem with their use, however, is that
it is difficult to make any very precise quantitative
statement about their reliability [Kahl 1993)].

Here, we investigate the extent to which the routine
radon observations made at Cape Grim can be ac-
counted for using back trajectories generated using the
HYSPLIT-4 trajectory model and a simple model of ra-
don emission from land. The study period is from 1
May to 31 December 2000. Thirteen of the 245 days
are missing due to the unavailability of archived mete-
orological data. While this time period of eight months
is too short for climatological study it is long enough
that interseasonal variation might well be evident. Pre-
vious related studies of radon transport to Cape Grim
include Whittlestone et al. [1985], Downey et al. [1990],
Whittlestone et al. [1998], Siems et al. [2000] and
Kowalczyk and McGregor [2000], the first four of these
also using back trajectories.

2. Trajectories

Ninety-six hour back trajectories terminating at Cape
Grim at 10.00 am and 10.00 pm local time, are rou-
tinely generated and archived, using the HYSPLIT-4
code [Draxler 1998] and meteorological fields from the
Bureau of Meteorology’s Limited Area Prediction Sys-
tem (LAPS) [Puri et al. 1998]. The model domain is
from 65°S to 15°N, and 65°E to 185°E, with horizontal
resolution of 0.375° and twenty-nine vertical sigma lev-
els, ranging from approximately 10 m to 20 km in alti-
tude.

A total of five different methods are available for cal-
culating the vertical motion of the air parcel and these
will be discussed in section 5 below.

The accuracy of calculated air trajectories has pre-
viously been investigated using a variety of methods as
reviewed by Stohl [1998]. These include comparison
with the path of constant-density tetroons or manned
balloons, conserved meteorological quantities, data
from dedicated tracer experiments or so-called ‘tracers
of opportunity’ such as dust, sand, smoke and pollen.

All such methods present difficulties of some kind,
however, and these studies have not to date been par-
ticularly conclusive. Figures such as 200 km per day or
20% of travel distance are typical of the errors that
have been given in the literature, however these num-
bers represent mean values and the accuracy of indi-
vidual trajectories may vary considerably.

Errors in trajectories result primarily from interpola-
tion of meteorological variables in both time and space,
and inaccuracies in the wind fields supplied by the un-
derlying meteorological model. If one assumes a ran-
domly distributed error in the horizontal wind fields of
the order of 1 m s, then in conditions of static, uniform
flow the final error in position after ninety-six hours will
typically be some 44 km. However, if conditions are
changing rapidly or large wind shears are present,
small differences in position are amplified, leading to
exponential growth in the error and a much greater fi-
nal error.

3. Radon

Radon has often been used in the study of atmos-
pheric transport processes [Dentener et al. 1998] due
to its relatively uncomplicated behaviour. It is emitted
almost exclusively from land and has no further
sources or sinks other than mixing and radioactive de-
cay with a convenient half-life of 3.8 days. While the
release rate over the Australian continent is known to
be variable to some extent [Schery et al. 1989], a typi-
cal rate may be taken to be about 1 atom cm?s™. If we
assume a well-mixed boundary layer of about 2km,
then ignoring any net horizontal transport we would
expect continental air to have a radon concentration of
some 5000 mBg m™>.

Measurements of radon at Cape Grim show peri-
ods of low concentration punctuated by periodic bursts
of elevated concentration, presumably due to the arriv-
ing air having at least some continental influence [Whit-
tlestone 1985]. A figure of 100 mBq m™ has previously
been used [Whittlestone et al. 1998] as a limit of what
may be considered ‘baseline’ levels. During the study
period, thirty-five episodes of radon levels above this
limit took place, of which ten contained peak readings
greater than 4000 mBgm™. The maximum reading
was 6990 mBg m™ and the median 110 mBg m™>.



The model of radon uptake used here is elemen-
tary, consisting only of a linear increase in radon con-
centration for every hour an air parcel spends over
land, followed by exponential decay once the parcel is
no longer over land. More complicated models than
this were considered in an effort for greater physical
realism but were found not to produce any better corre-
lation with the radon data set.

In Downey et al. [1990] a similar model was used
and was able to produce good correlations (with a
maximum correlation coefficient of 0.64) between their
calculations and measured radon values at Cape Grim.

Trajectories were computed with finishing heights of
100 m, 300 m, 500 m, 1000 m, 3000 m and 5000 m for
each day in the study period. We then determined the
correlation of the time series of the radon calculated for
each trajectory using the uptake model with the radon
actually measured for each day at ten o'clock. We also
repeated the calculation using radon measurements up
to several hours both before and after the nominal fin-
ishing time of the trajectory, so that the correlation co-
efficient could be plotted as a function of lag.

Figure 1 shows hourly radon measurements over a
sample two week period together with calculated radon
based on the corresponding daily back trajectories
over that time.
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Figure 1. A time series showing measured radon values for
a two-week period beginning 9 June 2000 (line), together
with calculated radon values based on the daily back trajec-
tories (solid bars).

4, Results

Figure 2 shows the correlation of measured radon to
calculated radon values as a function of lagged time for
trajectories with different finishing heights. For clarity
only three of the six curves are plotted. Maximum cor-
relation factors for the six heights listed above were
0.74, 0.76, 0.76, 0.74, 0.68 and 0.55 respectively. Note
that the lag for maximum correlation increased with tra-
jectory finishing height, that is to say, the actual radon
transport became further ahead of the calculated radon
transport as height increased. As might be expected,
the correlation decreased with height, but only above
1000 m. Figure 3 shows a scatter plot for trajectories
finishing at 500 m.

It is evident that in general the predictions based on
the trajectories are in good agreement with the meas-
ured results. Baseline levels were predicted on 123 oc-
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casions, of these, 96 had radon readings of less than
100 mBgm?®, and non-baseline levels predicted the
remaining 110 times, of which 98 had radon readings
greater than 100 mBg m’®,

Inspection of individual trajectories gives some
indication of the possible causes of erroneous results,
and three factors were identified, one or more of which
was associated with almost every sizeable dis-
crepancy.
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Figure 2. Lagged correlation of measured radon with calcu-
lated values based on land contact time for trajectories end-
ing at 100 m (dot), 500 m (solid) and 5000 m (dash).
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Figure 3. Scatter plot of measured radon against calculated
values based on land contact time for trajectories finishing
at 500 m (no lag). The ninety-five percent confidence inter-
val for the correlation is 0.70 — 0.81.

Firstly, most of the inaccurate trajectories indicate
abrupt changes in wind direction resulting in kinks or
loops in the path (an example is shown in Figure 4). As
HYSPLIT is linearly interpolating between six-hourly
data, rapid changes, such as would occur with the
passage of a front, are not well resolved [Whittlestone
et al. 1998]. It should also be borne in mind that nu-
merical weather prediction models such as LAPS have
difficulty in accurately resolving frontal passages them-
selves.

Secondly, in some cases the four lowest-level tra-
jectories followed very different paths, suggesting the
presence of significant wind shear (an example is
shown in Figure 5). In this situation using a single tra-
jectory would not in general be expected to be accu-
rate.



Figure 4. The four lowest level trajectories for 11 Decem-
ber, 2000, showing looping and kinking in the paths.

Figure 5. The four lowest level trajectories for 16 June
2000, showing divergence in the paths for different finishing
heights.

To further consider this question of spreading in the
trajectories of different heights, averages of various
combinations of the four lowest level trajectories were
also tested and found to yield slightly improved results.
The highest correlation was found for the average of all
four levels combined (i.e. 100 m, 300 m, 500 m and
1000 m), as shown in Figure 6. This is in line with pre-
vious work [Stohl and Wotawa 1995] suggesting that
some form of averaging over the boundary layer gives
more accurate results than any single trajectory. Fur-
ther, the total difference in radon predictions of the four
trajectories was found to correlate well with the dis-
crepancy between the predicted and measured values,
and this suggests a possible path towards developing
some measure of the reliability of a given individual tra-
jectory [Kahl 1996].

The third factor associated with inaccurate radon
predictions is nearness of the trajectory to a coastline,
obviously a situation in which relatively minor errors in
displacement lead to large discrepancies in radon up-
take, and thus the radon tracer method for estimating
errors in back trajectories does not work very well. This
was found to be a particular problem in cases where
the air parcel was calculated to have passed overland
shortly before arrival at Cape Grim, and trajectories
that crossed Tasmania generally did not accurately
predict the measured radon value.
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Figure 6. Lagged correlations for the four lowest level tra-
jectories (dotted lines) and the correlation obtained by aver-
aging all four (solid line).

It would be expected that the reliability of an indi-
vidual trajectory could well depend on the particular
weather system prevailing at the time. It was therefore
decided to separate the data set into five divisions de-
pending on the sea-level pressure recorded at Cape
Grim at the time of arrival, as a crude means of charac-
terising the prevailing system. As shown in Figure 7,
the correlation obtained for trajectories terminating in
the lowest quintile of sea-level pressure (below 997
hPa) was markedly better than for higher pressures.
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Figure 7. Lagged correlation of measured radon with calcu-
lated values for trajectories finishing at 500 m, grouped by
sea-level pressure at arrival time at Cape Grim. The solid
line is the correlation for trajectories in the lowest quintile of
pressure, the dotted line for all other trajectories.

This result would seem to be due to the fact that the
lower pressure at Cape Grim is indicative of relatively
simple and well-determined flow regimes. Inspection of
the data shows that the lowest pressure quintile con-
tains the highest proportion of baseline winds but has
also a relatively high mean radon content, due to the
presence of strong northerly winds coming from the
Australian continent. The lowest quintile also has the
highest mean wind speed, in line with previous work
[Heffter et al. 1990; Haagenson et al. 1990; Stunder
1996] suggesting trajectory error was inversely propor-
tional to wind speed.



5. Vertical motion

As mentioned earlier, the HYSPLIT program offers five

choices for determining the vertical motion of the air

parcel. These are:

1. isobaric, where a parcel is constrained to move

along a surface of equal pressure;

isosigma, where a parcel is constrained to move

along a surface of equal sigma (these are simply

defined as the atmospheric pressure divided by

the surface pressure);

. isopycnic, where a parcel is constrained to move
along a surface of equal density;

. isentropic, where a parcel is constrained to move

along a surface of equal equivalent potential tem-

perature; and

where the vertical motion is taken directly from

the analysis fields (referred to henceforth as

‘data’).

2.

The different methods generally give somewhat dif-
ferent results. Table 1 gives the mean horizontal and
vertical separation after twenty-four hours of trajecto-
ries calculated using the data fields with those calcu-
lated using the other methods'. Figure 8 shows a
sample cross-section of trajectories calculated using
the five different schemes.

Table 1. Mean vertical and horizontal separation of the air
parcel position calculated using four of the vertical motion
schemes from the position obtained using the data fields
after twenty-four hours.

100 m 3000 m 5000 m
Scheme Horiz. Vert. Horiz. Vert. Horiz. Vert.
(km)  (m) (km)  (m) (km)  (m)
Isobaric 74 102 83 556 94 658
Isentropic 192 945 185 1245 203 1520
Density 83 199 91 617 100 724
Sigma 46 95 91 602 102 723
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Figure 8. Cross-section of trajectories for 7 June 2000, cal-
culated using the five different schemes for vertical motion.

The sigma, isobaric and density schemes, offer little
in the way of vertical motion (as one would expect).
The isentropic unrealistically intersects the surface but

! Separation did not generally increase with time in a linear fash-
ion, but rather, the rate of increase either itself increased or de-
creased with time depending on the particular case.
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there is some degree of agreement between the data
and the isentropic schemes.

It is generally thought [Stohl 1998] that the most ac-
curate method is to use vertical motion based directly
on numerical weather prediction models.

For each day in our study period, trajectories were
calculated using all five schemes for finishing heights
of 100 m, 3000 m and 5000 m and again the expected
radon calculated based on hours of land contact. The
results are shown in Figure 9 (for clarity, only data, is-
entropic and isosigma are shown). However, we were
unable to obtain any significant differences in correla-
tions of predicted with measured radon values. We
conclude that this method is too coarse to be able to
distinguish between the accuracy of the vertical motion
schemes.
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Figure 9. Lagged correlation of measured radon with calcu-
lated values based on land contact time for trajectories fin-
ishing at 100m, using three different methods for computing
vertical motion.

6.

Using a simple model of radon uptake over land, good
correlations (up to 0.76) were able to be obtained be-
tween measured radon values at Cape Grim over an
eight month period and those calculated using the
HYSPLIT trajectory model and the Bureau of Meteor-
ology’s LAPS data fields. Particularly good correlation
was found for the trajectories terminating in conditions
of very low sea-level pressure. Factors associated with
inaccurate trajectories were abrupt changes in direc-
tion, and large separation between trajectories calcu-
lated for different finishing heights. The single most im-
portant factor affecting reliability appears to be the
passage of a front.

No significant difference in correlation was found
when different schemes for computing vertical motion
were used, despite the often, large discrepancies in
horizontal position. Given that large divergences in the
lower level trajectories were found to be a major indica-
tor of poor radon correlation, the importance of accu-
rate vertical motion seems clear and thus these large
discrepancies are a cause for concern.

The goal of giving an indication of uncertainty for
individual trajectories remains an ongoing subject of
investigation.

Conclusion
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AIR FLOW OVER CAPE GRIM — A LABORATORY MODELLING STUDY FOR OPTIMUM
OBSERVATION SITES

P G Baines and D L Murray
CSIRO Atmospheric Research, Aspendale, Victoria 3195 Australia

1.

This study is in response to a request from the Cape
Grim Baseline Air Pollution Station to examine charac-
teristics of the flow past the observational site at Cape
Grim. The specific objective was to carry out a labora-
tory experimental study to identify the minimum height
above the ground that instruments could be placed, in
order that air passing them would not have had prior
contact with the local ground. This height was required
for a range of wind directions from 180° to 315°, at two
specific locations, namely the Telstra tower, and an-
other site designated site B, closer to the cliff face (see
Figure 1). In other words, for these wind directions air
received by the instruments at these locations above
these heights would be from the Southern Ocean to
the west, without contamination by local sources on
land in Tasmania.

The study was carried out in the Geophysical Fluid
Dynamics laboratory at CSIRO Atmospheric Research,
Aspendale. A similar study for Cape Grim, with slightly
different objectives, was carried out several years ago,
and is described in Baines and Murray [1994]. The
techniques and equipment used here are generally the
same. However, in the present study the model was
larger, and considerable effort was made to make it as
accurate a representation of the real topography of the
Cape as possible.

The problem in question is an example of bluff-body
aerodynamics, in which the pattern of flow past the ob-
stacle is largely determined by the obstacle shape.
Water is used as the working fluid in place of air, which
is possible because air is effectively incompressible
(like water) at wind speeds much less than the speed
of sound, which is the case at Cape Grim.

Introduction

2.

Constructing an accurate model of a three-dimensional
shape as large and complex as the Cape Grim terrain
is not an easy task. For the purposes of this study, it
was felt that the model used for the previous study was
too small. Since this would be a wholly new model,
considerable effort was made to get an accurate de-
scription of the topography by making a fresh assess-
ment of it. The authors had access to incomplete con-
tour maps dating from the construction of the station in
the 1980s, a range of photographs taken at various
times, and opinions from various personnel who had
worked at CGBAPS. To substantiate this information
and fill gaps in it, we visited the site for two days in
March 2001, when we took a large number of addi-
tional photographs, from all angles and elevations, and
made additional measurements of heights and dis-
tances. From this information, a model of the terrain
was made in plasticene with the scale 10 m (actual) =
12.5 mm (model). This was checked with all available

The Experiment
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data, including contour maps and photographs, and
was consistent with them when viewed from all angles.
This process is still somewhat subjective, but we are
confident that it is as accurate as one can reasonably
attain by this process.

As there was a request for more than one model,
this initial model was not used in the experiments, but
was instead used to make a latex rubber mould which
could then be used to create others using fibre glass.
The model actually used in the experiments is shown
in Figure 1.

Figure 1. The model of Cape Grim used in the experiments,
viewed from a southerly aspect. The vertical pole (scaled
height 58 m) near the cliff face denotes the location of site
‘B’. The heights above sea level of these sites are 89 m
(Telstra tower) and 94 m (site B).

The experiments were carried out in an open tank
of length 4 m, width 1.5 m and depth 0.4 m. This tank
was filled to a depth of 0.38 m, which was effectively
the maximum depth. The model was placed on a flat
tray (thickness 1.5 mm) that could be towed along the
tank by wires connected to an external motor. In all
runs this tray was towed at a uniform speed of
43.2 mm per second, giving a towing time of about 90
seconds. This time is sufficiently long for the flow over
the Cape to reach an approximately steady state, and
the observations of this steady state were used to gen-
erate the conclusions of this study. Runs were carried
out with a variety of different orientations of the obsta-
cle, representing wind directions from 180° to 315°.

The question of dynamical similitude of experiments
of this nature was discussed in Baines and Murray
[1994]. We assume that the air flowing over the region
is effectively potentially isothermal to heights greater
than twice the topographic height. Over this range of
depths, there are two main considerations. Firstly, the
effect of viscous and frictional forces is primarily con-
fined to drag and vorticity production at the solid and
air-sea boundaries. These effects are characterised by
the Reynolds number

Re = UH/v (1)



where U is the undisturbed wind (in reality) or towing
speed (in the tank), H is the topographic height, and v
is the kinematic viscosity of the fluid. In the atmos-
phere, the value of Re is very large for Cape Grim
(6x107). Such values are not realisable in the labora-
tory, and instead we appeal to the principle of large
Reynolds number similarity. This principle states that
the flows in two situations that are dynamically similar,
except that the Reynolds numbers differ, should be in-
dependent of the Reynolds number provided that its
value is large (>> 100) in each case. For these experi-
ments Re = 5400, so that the laboratory and atmos-
phere meet this criterion.

The other main factor concerns the nature of the
upstream wind profile U(z), where z is the height above
the sea. In the atmosphere, this is well known to have
the logarithmic form [e.g. Garratt 1992]

2]

where u- is the friction velocity, defined by t=pu?,

where p is the density of the air and t is the surface
stress. k is the von Karman constant, having a value of
0.4, and z, is the roughness length of the underlying
surface. In the laboratory, on the other hand, the fluid is
initially stationary, implying a uniform velocity with
height as seen in the frame of reference of the Cape
Grim model. Since this model rests on a moving tray,
the no-slip condition on the lower boundary implies that
this uniform flow is disturbed by a Blasius boundary
layer that grows in thickness from the leading edge of
this tray. The thickness & of this layer (to the height at
which the velocity reaches 0.95U) is approximately
[Jones and Watson 1963]

u-
=—1In

U(z) P

()

8 =3(vx/U)"?

where x is the downstream distance from this leading
edge. This provides some similarity to the atmospheric
profile at low levels. Above this level there are differ-
ences between the logarithmic and the uniform pro-
files, as shown in Baines and Murray [1994], but these
are not large, and are assumed to be insignificant in
promoting differences between the modelled and ac-
tual flows around as large and bluff an obstacle as
Cape Grim.

A third factor concerns the finite depth of the tank.
This has the effect of reducing the vertical displace-
ments of the streamlines, but from theoretical consid-
erations of potential flow [e.g. Batchelor 1967] the ef-
fect should be small for the flow close to the obstacle,
which is the focus here. Moreover, the overlying strati-
fication higher in the atmosphere (which varies from
day to day and hence is effectively unknown) will tend
to have the same effect.

As a result of these considerations we believe, as in
Baines and Murray [1994], that this experiment pro-
vides a sufficiently realistic simulation of the air flow
over the upstream face and summit of Cape Grim to
provide useful data for the purposes required.
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Seven different wind directions were studied (see
Table 1), and these were realised by varying the orien-
tation of the obstacle. For some runs, small nearly neu-
trally buoyant beads were suspended in the fluid as
tracers, and were made visible by illuminating a vertical
cross section of the flow with an oscillating laser beam.
This technique gave an overall picture of the character
of the flow in a vertical plane. However, for most data-
gathering runs, the flow was visualised by releasing
dye from a vertical rake that was situated upstream on
the moving tray. This rake had five outlets with scaled
heights of 10, 30, 55, 85 and 110 metres above sea
level. Since we are interested in two sites at Cape
Grim (the Telstra tower, and site B), the position of this
rake was adjusted between runs until the released dye
passed over the site in question, and data from this run
were then used to obtain results. In principle, this im-
plies two productive runs for each wind direction (i.e.
one for each site). The dye was forced through the
rake by a peristaltic pump. This resulted in a somewhat
lumpy dye trace. This is readily allowed for in interpret-
ing photographs of the experiments, where the flow is
mostly smooth and laminar, and the lumpiness is due
to the nature of the source of dye rather than the fluid
motion. Where turbulence and mixing occur due to to-
pographic effects, the dye in the affected fluid becomes
elongated and diffuse, and this is readily discerned in
the photographs shown in the next section. The dye
traces were recorded on videotape using a camera
situated to best observe the dye lines, and record their
character. A photograph of the experimental set-up is
shown in Figure 2.

Figure 2. Photograph of part of the towing tank and experi-
mental set-up. The model is situated on the towing tray
(dark in colour) near the ‘upstream’ end of the tank, prior to
a towing run. The tray is towed from top right to bottom left,
and the rake that releases dye is visible upstream of the
model.

3.

The main results are summarised in Table 1, which
gives the minimum height above the ground at each of
the two sites for instruments to be free of air that has
had direct contact with the local terrain. These heights
were inferred from observing the videotapes of the
runs in which the dye traces passed over the site under
study (i.e. the tower, or site B). Prudence would dictate
that a margin for error of 5 metres should be added to
these figures, for use in practice.

Results



Table 1. The minimum height above ground for which the
flow is not affected by turbulence generated by the topogra-
phy, for a range of wind directions for each site.

Wind Direction from
(°) Compass Point

Minimum height above ground
for non-turbulent flow (m)

6 Telstra Tower Site B
Site near Cliff Top
180° S 25 15
203° SSW 25 15
225° SW 30 10
248° WSW 30 25
270° w 45 35
293° WNW >70 35
315° NW >70 40

Representative photographs for each wind direc-
tion, and for each site, are provided in Figures 3 and 4.
In these pictures, the uppermost dye line emanates
from the outlet at (scaled) height 110 m, the next down
from the 85 m outlet, and so on. Dye from the lowest
two outlets is generally not visible in these pictures be-
cause it has been deflected laterally at lower levels.

Videos of these flows, taken from cameras showing
plan views and vertical sections, may be viewed at
CSIRO Atmospheric Research.

One question examined in this study was the pos-
sible presence of a ‘separation bubble’ at the cliff top.
In flow over steep obstacles, particularly with sharp
corners, the flow may separate from the surface at the
corner and then subsequently re-attach (e.g. Baines
[1995], Figures 6.22 and 6.23). If they occur, such flow
patterns tend to be turbulent and highly variable. How-
ever, no evidence of a ‘separation bubble’ at the cliff
top near site B was seen in any of the videos and pho-
tographs, probably because the topographic nose is
well rounded, and not too abrupt.

In the flow from direction 225° (south-west), the in-
coming flow is relatively undisturbed, except that when
approaching the Telstra tower the low-level flow en-
counters the buildings of the Baseline Station. Accord-
ingly, the lower region of the tower is affected by the
wake of the Station, making the minimum usable
height there higher than for 203°, for example. The en-
tries in Table 1 show that the minimum usable height
increases as the wind direction tends northerly. This is
mainly because the flow near the observation point be-
comes progressively more affected by bursts of air
from the large ‘gulch’ on the northwest side of the sta-
tion. As described by Baines and Murray [1994], low
level air in this ‘gulch’ circulates and slowly rises to re-
join and mix with the prevailing wind at the top. This is
an unsteady process, and as indicated in Figures 3f
and 3g, these bursts may pass the tower in the form of
eddies that extend over the whole 70 metres of it. Site
B at the cliff top is less affected by this process for the
directions studied, and usable heights for these direc-
tions at site B were discerned from our observations.
Most runs were carried out with steady wind condi-
tions. However, a small number of runs were also car-
ried out in which the wind speed was varied, being re-
duced from a ‘large’ value to small values and even
zero, before being increased again. As expected, these
variations had little or no effect on the pattern of motion
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of the fluid in the irrotational (non-vortical) region away
from the boundary and mixing region. Here, the flow
pattern was unchanged, with fluid speeds varying in
proportion to the towing speed. The only significant ef-
fect of the speed variation was that, at near-zero
speeds, the mixing region tended to expand upward
slightly, above the ground. However, this disturbance
was small, and is effectively covered by the values
given in Table 1, provided that the time of near-zero
velocity is very short. Hence these results are also
valid for varying winds provided that it does not ap-
proach zero, and in particular does not become nega-
tive. In the latter case, vortical motions caused by the
topographic features may be expected to carry bound-
ary-mixed fluid to heights in excess of the values given
in Table 1. If the criterion for acceptable air intake is
based on a time average (of an hour, say), it is possi-
ble that some wind from the north and east, with con-
sequent ground contamination, may enter the intakes
even though the overall mean is within the acceptable
sector. If it is very important to exclude ground-
contaminated air, this air could be monitored on a con-
tinuous basis, but the effort involved would probably
render this practice impractical. A reasonable alterna-
tive may be to compile statistics of the reliability of the
wind source for given mean wind speed within the ac-
ceptable sector, and then select a minimum mean wind
speed for each sector as the simplest reasonable
practical criterion.

4.

The main results of this study are contained in Table 1.
This gives heights at the two sites (Telstra tower, Site
B near the cliff top) above which instruments may be
placed to receive air that has not been contaminated
by contact with the local ground, for winds from a
range of specified directions. These winds may vary in
speed and direction, provided they do not become too
small, or vary outside the acceptable sector. A principle
conclusion is that Site B is to be preferred over the Tel-
stra Tower, since (i) the minimum required heights are
lower, and (ii) the site is less susceptible to contamina-
tion from wind that strays outside the acceptable sec-
tor. This applies particularly to the effects of bursts from
the northwest ‘gulch’.

Conclusions
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(d) WSW

Figure 3. Photographs of the dye lines passing the
Telstra tower, which has a scaled height of 70 m. In
each case, the uppermost dye line emanates from
the outlet at the scaled height of 110 m, the second
from 85 m, and so on. (a) 6 = 180°; (b) 203°; (c)
225°; (d) 248°; (e) 270°; (f) 293°; (g) 315°.

16



Baines and Murray : Air flow over Cape Grim

(d) WSW

(f) WNW

Figure 4. Same as Figure 3, but for site B on the
Cliff Top. The small tower marking the site has a
scaled height of 58 m. (a) 6 = 180°; (b) 203°; (c)
225°; (d) 248°; (e) 270°; (f) 293°; (g) 315°.
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Abstract

The particle transmission efficiency of the 10-m inlet is modelled using finite volume techniques based on CFX
software. Particles examined fall in the range 1-20 um aerodynamic diameter to simulating aerosol. Dependence
on wind speeds and angle of attack is also examined. Computed average transmission efficiencies are close to
100 percent for the smaller particles in this range but fall to below 25% above about 20 um. When the incident
flow is at small inclined angles, some enhancement or depletion is observed in the calculated particle concentra-

tion in the sampling region.

1.

At Cape Grim aerosol studies have been made since
1976 as part of the Australian Background Air Pollution
Program. This program is Australia’s major contribution
to the World Meteorological Organisation (WMO)
Global Atmosphere Watch (GAW), a project that aims
to provide high-quality climate data and atmospheric
composition data relevant to air quality, over multi-
decadal timescales and across the globe.

Aerosol measurements require some form of physi-
cal inlet for sampling ambient air, unless the measure-
ments are based on in-situ or remote sensing princi-
ples. These inlets interface between various meas-
urement instruments and the atmosphere and have
stringent performance requirements placed on their
operation. The instruments are required to:

i. operate over a wide range of wind speeds and
directions,
have low losses for particles ranging in size
from nanometres to several tens of microme-
tres,
operate at some point or height above ground
where relatively undisturbed air flow can be

Introduction and aims

sampled,

iv. minimally influence the parameter being
measured via aerodynamic flow effects,

v. exclude rain, insects and birds.

A practical inlet is generally a compromise based
on these various demands.

Since 1980 the community 10-m (shared across
various projects) inlet system at Cape Grim has com-
prised an aspirated 0.15m diameter stainless-steel
stack, sampling 10 m above ground level or 104 m
above mean sea level. Most aerosol microphysical in-
struments have sub-sampled from this stack, which
services both gas and aerosol samplers. The inlet has
a protective rain hood, and the lower section has vari-
ous sub-sampling manifolds, which, for aerosol sam-
pling are generally operated isokinetically. The inlet is
cylindrical and samples the oncoming air stream.

To date the inlet has mainly been sampling sub-
micrometre diameter particles relevant to cloud nucle-
ating activity, integrated particle number, photochemi-
cally produced particle size distribution and some
composition analyses such as elemental carbon de-
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termination by light absorption. Further applications
may require an ability to determine particle concentra-
tions for particles larger than 1 um. In situ tests have
confirmed suitability of the inlet system for sub-
micrometre diameter particles however determination
of the transmission efficiency for micrometre diameter
and larger particles has not been possible because a
detailed behaviour of the particle flow needs to be
known, and this becomes increasingly different from
the airflow at increasingly large particle sizes.

Air inlets employed for sampling aerosol or dust
particles for environmental studies around the world
come in a very wide range of designs. Numerous stud-
ies have quantified transmission through the inlets and
other structures. These studies vary between analytical
approaches to simple geometries and complex geome-
tries, which use numerical techniques. Examples of
such work can be found in Vincent, Hutson and Mark
[1982]; Chung and Dunn-Rankin [1992]; Tsai and Vin-
cent [1993] and Dunnett [1999]. Other studies, Mercer
and Stafford [1969]; Marple et al. [1974a,b] and Marple
and Willeke [1976], are examples of an impactor,
which is a related device. Wen and Ingham [2000] pre-
sent theoretical work for a simplified inlet. Other meth-
ods of determining aspiration efficiency involve ex-
periments in wind tunnels [e.g. Ramachandran et al.
1998].

This article summarises the work that has been
done to address the question of the transmission effi-
ciency for particles in the range 1-20 um entering the
Cape Grim station’s 10-m inlet, and provides some ad-
ditional information relating to the averaged (over angle
of attack) behaviour of the incident flow omitted from a
more detailed article by Granek et al. [2003]. The work
was done using a computational fluid dynamics ap-
proach, where we numerically study the airflow and
aerosol transport around and inside the head of the
inlet and down the inlet tubing. The task was carried
out using CFX computational fluid dynamics software,
developed by AEA Technology in the UK [AEA Tech-
nology 1999].

The first stage of a realistic modelling exercise is
constructing a grid that accurately represents the struc-
ture to be modelled. The difficulty of this task depends
on the required detail and complexity of the design,
which could be very demanding and time consuming.



The modelled inlet comprises a 0.15 mm diameter,
10 m high vertical stainless steel tube, capped with a
domed rain hood (held in place by a thin collar and
three radial supports which were not modelled). In ad-
dition, there is a coarse mesh of fine wire between the
hood and the tube to prevent birds from entering the
inlet. The vertical stack also has an external skin in two
sections with drilled holes to reduce vortex-shedding
and suppress oscillation of the stack during strong
winds. For this initial investigation, these effects are not
included in the numerical model. This does not affect
the model results since the steel stack is assumed to
be perfectly rigid. The domain for the numerical realisa-
tion of the stack extends approximately 1 m down the
inlet tube. The flow varies little once the initial velocity
profile inside the vertical stack tube has been estab-
lished. Figure 1 shows a full view of the inlet, and Fig-
ure 2 shows a schematic view of the modelled region.

Figure 1. In situ view of the 10-m Cape Grim air inlet

075
0.50
025

0.00 1 —

metres

-0.36
-0.50
-0.75

| " 1L L 1L
-4 32 4 a 1 2 3 4 5 B 7 a 8 10
metres

-1.00
5

Figure 2. Schematic view of the modelled region, showing
the direction of the incident air flow.
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2. Model properties and limitations

Summary of the model conditions and parameters is

as follows. The model is:

e designed for uniform steady incident flow, which is
a parameter in the range of 7-20 m s™;

¢ the angle of incidence varies up to 20° from (above
or below) the horizontal flow;

e the flow down the stack was fixed at 293 | min™,
(mean inlet speed of about 0.28 m s™);

e the air phase was modelled for ambient tempera-
ture (288 K) and 1 atmosphere mean pressure;

¢ in the incident flow, where the velocity is about 20
m/s and the distance is 10 m, Reynold's number,
Re = 1.4x10";

e in the flow around the inlet tube, with 20 m s™ and
0.15 m, Re ~ 2x10°;
in the flow inside the inlet tube, with 0.28 m s™ and
0.15 m, Re = 2,900.

At Reynolds numbers above 2000 [see Gibson
1991] the turbulent flow applies. We have chosen to
use the Wilcox low Reynolds number k-» model of tur-
bulence [Wilcox 1998; Granek et al. 2003].

The mean flow determined is a quasi-stationary
type of flow where the statistically averaged fields are
determined, rather than a time-dependent flow, which
gives the development of fields as a function of time.
The solution is obtained from the final iteration when
the iterations are considered to have converged.

2.1

The model is based on a finite volume mesh in Carte-
sian three-dimensional space.

The grid for the simulation is a block-structured
body-fitted grid. The whole flow domain is split into
blocks in an unstructured way as shown in Figure 3.
Each of these blocks is split into hexahedral volume
elements in a structured way. This allows CFX to use
the preconditioned gradient solver for pressure and
Stone’s strongly implicit [Stone 1968] solver variables.
Granek et al. [2003] provide more detail on the numeri-
cal technigues used by CFX.

Grid properties

Figure 3. A view of the modelled domain split into coarse
grid blocks.



2.2.  Summary of fluid modelling

The partial differential equations for momentum and
turbulence are formulated using primitive variables
[Patankar 1983], Simplec [Van Doormaal and Raithby
1984], cell-centres [Rhie and Chow 1983] and
SUPERBEE [Hirsch 1990].

The motion of atmospheric particles is driven by
wind. There are always three possible approaches to
model the particles; the Lagrangian approach, the drift-
flux approach and the multiphase approach each with
their respective advantages and disadvantages. In this
study, we have chosen the multiphase approach, in
which each particle category adds extra 6 partial differ-
ential equations for conservation of mass and momen-
tum. This is a good method to model particles moving
across fluid streamlines and their interactions with the
turbulent flow [AEA Technology plc, 1999].

The boundary conditions in the particle phase need
to be fixed for the sticky aerosol particles because in
the default state it is assumed that particles bounce off
with coefficient of restitution of one (i.e. by default full
elasticity is assumed). In our implementation, only one
particle size was modelled at a time so the equations
are reduced to a two-phase flow. The multiphase ap-
proach also has the advantage of being fully coupled,
that is, the particles drag air along with them and this
affects the air because the free airflow is obstructed by
these particles. Drag is handled with a drag coefficient
Cp. The time derivative of momentum is force (New-
ton’s law) so the drag force is simply added in to the
momentum equations. The force added is the product
of the drag force on a single patrticle and the number of
particles per unit volume.

The viscosity of the particle phase was set to that of
the surrounding air (1.789x10° Pa s), as small aero-
sols considered in this paper are diffused by turbulence
in the air nearly the same way as the air molecules.
The density of individual particles in the particulate
phase was set to the density of water (1000 kg m™).
This affects the momentum — which is important be-
cause it controls deposition and gravitational settling
rate, and the settling rate is small enough so it can be
neglected.

In the two-phase fluid modelled here, the first phase
(continuous) consists of air and the second phase (dis-
persed) consists of the aerosol particles. The particles
in the flow are subjected to both inertial and viscous
effects, which are accounted for by allowing slip be-
tween the two phases. Setting the concentration of the
aerosol phase to zero wherever that phase comes into
contact with, or very close to, a physical wall incorpo-
rates particle loss. This assumes negligible particle
bounce, which is a reasonable assumption given the
maritime location of Cape Grim. The density (o) of the
particles in the dispersed phase is set to 1000 kg m™
allowing particle description in terms of aerodynamic
size. In practice, a series of fixed aerodynamic particle
sizes was used for the calculating a range of flow pat-
terns as a function of d, the aerodynamic size. Conver-
sion to other aerodynamic particle sizes and densities
can be achieved simply by using the Stokes' parameter
[Mercer and Stafford 1969]. For a given flow this yields
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a relationship of p ~ d”. Paterson and Cole [2003]
found that this relationship holds even in the case
when turbulent diffusion is included, provided the 10-
100 pum diameter transition regime is avoided. For
smaller particle sizes (below about 10 um), Paterson
and Cole [2001] show that turbulent diffusion loss is
relatively small and independent of particle size and at
much larger sizes its effect can be neglected entirely.
They also show that the transition regime is dependent
on the size of the structure (or the upstream distance
reached by the disturbance), with larger structures ex-
tending the regime dominated by turbulent diffusion to
larger particle sizes. The implication is that at larger
Reynolds numbers turbulence is sufficiently intense to
affect larger particles in the same way as the small
ones. In other words, the transitional particle size is
expected to increase with Reynolds number.

2.3.

There are two general types of boundary conditions for
the model; air-air and wall interfaces. The former in-
cludes those at the outer limits of the domain being
modelled as well as the outlet of the inlet tube. The lat-
ter occurs on the outside and inside metal faces of the
air inlet. The external surfaces of blocks of grids are
body-fitted to the shape of the metal (see Figure 3).

Air-air interfaces: The air inflow is always either
horizontal or inclined at a relatively small angle, so the
grid does not need to extend very far above the dome.
The horizontal dimensions of the grid are significantly
larger outside the structure than the inside so detalil of
the flow pattern can be better modelled and viewed.
The walls facing the incident flow as well as the top
and bottom boundaries of the domain allow for inflow
and outflow from the domain. The boundary conditions
at the bottom of the inlet were set to a uniform velocity
flow and constrained to an outflow of 293 | min™. Some
more details, including the turbulence parameters can
be found in Granek et al. [2003].

Wall boundary conditions: CFX has default wall
boundary conditions where a log-law velocity profile
with transition to an inner linear sublayer is imple-
mented. These could not be used because CFX does
not allow flow through walls. Therefore the walls were
modelled as inlets with zero air velocity, which is satis-
factory for a fine grid for the momentum and pressure
corrections. The particle deposition was calculated
from the velocity component perpendicular to metal
surfaces in the near wall control volumes. If particles
are not being deposited then the volume fraction of air
at the wall is set to one, otherwise the volume fraction
gradient is set to zero. The grid was made fine enough
to resolve the log-linear layer. The treatment of these
boundary conditions is described in more detail in Gra-
nek et al. [2003].

Boundary conditions

2.4. Other properties of the model

The steady-state condition placed on the model means
that the solution is formed when further iterations do
not lead to significantly altered fields such as u, v and
w velocity, pressure, volume fraction and the turbu-



lence parameters k and ». We are solving a Cauchy-
type problem, where the interior solution is fully deter-
mined by the boundary conditions. Although the Na-
vier-Stokes' equations are non-linear and it is possible
to get non-uniqgue multiple solutions this rarely hap-
pens. Care needs to be taken in selecting initial condi-
tions because initial conditions that are too far from the
final solution can lead to non-converged unrealistic so-
lution.

3. Results

One of the main objectives of this work is to determine
aerosol transmission efficiency inside the 10-m Cape
Grim air inlet. This is calculated as the ratio of the
mass fraction of aerosol (phase 2) in the detection re-
gion and the value at the inflow boundary. During nor-
mal inlet operation, aerosol is sub-sampled using a se-
ries of secondary inlets arranged annularly inside the
lower section of the stack. Thus it is desirable to un-
derstand the physical distribution of particles within the
stack as well as the mean cross-sectional average
concentrations.

The model has a number of parameters that affect
the flow pattern and the efficiency of particle detection
at the outlet. Of all the parameters investigated, we
consider the particle size, incident flow speed and in-
clination to the horizontal to be most important. The ef-
fects of these parameters on the efficiency of detection
are described in the sections below.

3.1. Air phase properties of the flow

Modelled average air flow around the inlet conforms to
laminar behaviour, with a high pressure region devel-
oping on the upwind side of the structure as the flow
impinges on and diverges around the structure. The
main complications in the flow occur inside the domed
rain hood, where various eddies form depending on
the external boundary conditions of the flow. For ex-
ample, the eddy structure (see e.g. Figure 4) varies
with the vertical angle of attack of the flow and the
mean upwind speed.

Figure 4. An example of the air flow pattern along the x-axis
through the vertical cross-section of the inlet (vector size
and orientation proportional to the wind speed and direction,
incident wind speed 11 m s™).
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3.2.

3.2.1. Variation down inlet stack

Aerosol phase

The flow pattern down the inlet is found to change very
little or not at all once the distance to the top of the cy-
lindrical tube exceeds the tube diameter. Therefore, it
is enough to examine the flow at the bottom of the
modelled region. This flow pattern is largely dependent
on the pattern established in the hood, which then ex-
tends all the way down the stack. Figure 5 shows a
flow pattern for angle of attack, o = 0° incident wind
speed u=11 m s™ and aerosol particle size d =1 pm.
The aerosol is collected at the bottom, so we examine
this region in more detail.

™13
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Figure 5. Aerosol mass fraction cross-section through the
air inlet along the direction of air flow (x-axis) for angle of
attack o =0°, incident air speed u=11 m st and aerody-
namic particle diameter d =1 pum. Concentrations are in
parts per 10° by volume.

3.2.2. Effects due to varying particle size

The model is run for several different particle sizes in
the range 1-20 um. For increasing particle size we ex-
pect greater slip and greater difficulty in ‘going down
the stack’. This effect is much more pronounced as
particle size increases from 1 um to 10 um, and at
around 20 um very little aerosol is expected to propa-
gate down the stack. This is clear when looking at the
results in Table 1, where we give percentage efficien-
cies at a horizontal angle of attack (o = 0°) for different
particle sizes. These data are graphed in Figure 6. The
results show a drop in detection efficiency as the parti-
cle size increases. The reductions become more rapid
as the patrticle size reaches the upper level of the size
range investigated. Note also that the mean efficiency
curve is closer to the maximum efficiency at smaller
particle sizes but at larger particle sizes it is closer to
the minimum curve indicating that the reduced concen-
tration region is initially small and gradually expands to
fill the entire cross section of the stack. This is actually
observed in the modelling results [see Granek et al.
2003].



Table 1. Maximum, average and minimum percentage par-
ticle efficiencies at the bottom of the inlet tube for various
particle aerodynamic diameters and an incident wind speed
of 7ms™.

1 um 2 um 4 um 10 um 20 um
maximum 101 98 97 83 48
average 100 92 89 69 25
minimum 96 70 62 47 13
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Figure 6. Maximum, average and minimum percentage par-
ticle efficiencies at the bottom of the inlet tube with horizon-
tal angle of attack, 0. =0°, air speedu=7m st

3.2.3. Effects due to varying incident wind speed
and direction

The angle of attack is an interesting parameter as it af-
fects the flow patterns and under certain circum-
stances, outlined below, can cause enhancement to
the particle concentrations above the concentrations in
the incident flow. In general for a horizontal flow the
greatest aerosol concentration occurs directly behind
the dome collar (see Figure 5). For a slightly upward
inclined flow, the pattern inside the dome and the inlet
pipe changes in such a way that an axial enhancement
in aerosol intensity forms (see Figure 7). This en-
hancement is also dependent on external flow speed
and attains a maximum somewhere in the wind speed
range of 7-20 m s™. As the particle size increases, the
enhancement region reverses and becomes a deple-
tion region with aerosol concentration lower than that of
the surrounding region. This kind of behaviour has
been demonstrated in the design of a concentrator,
where an increase in particle concentration is required
[Clark et al. 1997].
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Figure 7. Aerosol mass fraction cross-section through the
air inlet at the base of the stack for angle of attack a=10°,
incident air speed u=11 ms™ and aerodynamic particle
diameter d = 1 um. Concentrations are in parts per 10° by
volume.

The model was tested for 3 different wind speeds:
7mst, 11 ms* and 20 m s, where the lower limit is
determined by the cut-off wind speed criterion used for
baseline atmospheric conditions. Our expectation is
that the concentration of particles in the inlet becomes
depleted as the wind speed increases, because the
faster particles will find it harder to ‘turn the corner’ and
go ‘down the stack’. This is in fact what is sometimes
found. The effect is sensitive to the angle of attack,
which affects the flow pattern under the hood, and for
angles investigated the greatest enhancement occurs
at an upward inclination of around 10°-15°. Conse-
quently, the effect of wind speed on particle concentra-
tions is less important than the effect of particle aero-
dynamic size.

Table 2 gives a summary of the results discussed
above. The selected cases are run for 1-um particles.
We consider cross-sectional average concentrations
over the bottom of the inlet region as well as the mini-
mum and maximum cases when the angle of attack
and incident speed are varied. Note that the strong en-
hancement in efficiency at about 10° at the lower end
of the incident speed range, but closer to 15° at the
higher end of the wind speed range. There are also
other slight variations in efficiency over the range of
angles investigated. These effects are most likely due
to air circulation patterns established inside the dome,
which then control the pattern established in the down-

pipe.

Table 2. Maximum, average and minimum percentage particle efficiencies for the cross-section at the bottom of the inlet
tube for d = 1 um aerodynamic particle diameter and three wind speeds.

Percentage efficiency

maximum average minimum
7ms*  11ms' 20ms? 7ms*  11ms' 20ms? 7ms?*  11ms' 20ms*
-20° 94 95 94 89 90 88 64 62 57
-10° 91 94 96 87 89 90 63 63 60
0° 101 99 97 100 94 92 96 73 65
5° 97 95 101 92 90 93 65 61 60
10° 112 137 108 107 109 96 77 69 60
15° 97 97 122 93 93 100 67 64 61
20° 98 99 114 93 94 97 66 63 60
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In Table 3 we give a weighted average over the an-
gle range for the results in Table 2, and these results
are plotted in Figure 8. The results in Table 3 show that
the angle-averaged minimum and maximum concen-
trations diverge from the mean angle-averaged con-
centrations. The angle-averaged mean does not
change very much over the range of particle speeds,
which confirms the efficiency at a given speed and lo-
cation in the cross-section is very sensitive to the flow
pattern established under the hood. This in turn is
highly dependent on the angle of attack o.

Table 3. Maximum, average and minimum percentage par-
ticle efficiencies at the bottom of the inlet tube for d =1 um
aerodynamic particle diameter averaged over the available
angle of attack range for three wind speeds.

Percentage efficiency

7ms* 11ms* 20ms*
maximum 97 99 102
average 94 93 93
minimum 72 66 61
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Figure 8. Angle of attack averaged percentage efficiencies
of Table 3.

3.2.4. Variation across the inlet

It is found that cross-sectional pattern varies a lot de-
pending on parameters such as the incident wind
speed u, wind inclination a. and the aerodynamic parti-
cle diameter d. In particular, the pattern along the x-
axis (flow direction in the horizontal plane) can change
from peak concentrations (Figure 7) to the lowest con-
centrations (see Figure 9). In addition, a ring of re-
duced concentration forms close to the cylindrical wall
as a result of aerosol deposition, but this region has the
highest concentrations when the interior is strongly de-
pleted of particles. Occasionally, higher concentration
lobes appear when the concentrations are lower along
the x-axis and near the walls.
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Figure 9. Aerosol mass fraction cross-section through the
air inlet at the base of the stack for angle of attack o = 15°,
incident air speed u=7m s™ and aerodynamic particle di-
ameter d = 1 um. Concentrations are in parts per 10° by vol-
ume.

When the results for various angles of attack are
averaged, as in Table 3, we note that as the incident
flow speed increases to 20 ms™ the average concen-
trations of particles along the axis increase and those
in the side lobes decrease (see Figures 10, 11 and 12).
This is responsible for the averages remaining almost
unchanged. Furthermore, there are configurations
where a strong enhancement occurs along the x-axis
and this contributes to the spreading out of angle-
averaged cross-sectional minimum and maximum val-
ues of the particle concentrations (see Table 3). The
conclusion here is that, at least for 1 um diameter par-
ticles, wind speeds in the baseline sector do not affect
the average flow of particles in the inlet, but they influ-
ence where the particles mostly turn up in the sub-
sampling region.

Figure 10. Air inlet percentage detection efficiency at the
base of the stack averaged over the angles of attack (-20°
to 20°), incident air speed u=7m st and aerodynamic par-
ticle diameter d = 1 um. Maximum, average and minimum
values for this figure are given in Table 3.
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Figure 11. Air inlet percentage detection efficiency at the
base of the stack averaged over the angles of attack (—20°
to 20, incident air speed u=11ms™ and aerodynamic
particle diameter d =1 um. Maximum, average and mini-
mum values for this figure are given in Table 3.

4.

In this article we have demonstrated the ability of CFD
software (CFX in this case) to solve numerically the
problem of aerosol flow into a detection apparatus
(blunt air inlet). The results still need to be verified for
the physical apparatus. The sensitivity of the flow to the
different boundary conditions, such as incident wind
speed, wind inclination and particle size was exam-
ined. We note the following behaviour of the model:
rapid loss of detection efficiency for particles above
~ 5-10 um diameter range;

a general variation of the order of about 10% in de-
tection efficiency from the mean value depending
on the angle of inclination. In some cases, devia-
tions were significantly large;

some variability due to incident wind speed, but de-
tection efficiency depends on the convection pat-
tern established under the dome. Generally de-
creasing efficiency, but occasional increases ob-
served particularly for the positive angle of inclina-
tion;

very little change in flow pattern observed as the
flow moves down the tube;

a large sensitivity of the efficiency pattern across
the tube depending on different boundary condi-
tions and patrticle size. The pattern was least vari-
able for the smallest particles moving at low
speeds.

Conclusions
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Abstract

AGAGE in situ observations of dichloromethane (CH,Cl,) at the Cape Grim Baseline Air Pollution Station are
compared with simulations from a regional transport model (The Air Pollution Model, TAPM), incorporating emis-
sions of CH,CI, from the Port Phillip region (PPR, largely Melbourne) as estimated in the Victorian Environmental
Protection Authority source inventory. Observations and simulations were compared over an 18-month period.
TAPM showed a high degree of skill in predicting the arrival of large pollution events from Melbourne, but overall
model concentrations were, on average, a factor of five to six lower than the AGAGE observations.

Various potential sources of error in the model simulations were considered. A major source of error could be
that the EPA inventory is a factor of three too low for CH,Cl, based on considerations of the net imports of CH,Cl,
into Victoria compared to the EPA source inventory for the PPR. Another source of error could be a systematic
bias in the model meteorology. These high pollution events are almost always found in the boundary layer of pre-
frontal air masses, whose dynamics may be difficult to simulate.

Key words: dichloromethane, back-trajectories, air pollution modelling, Cape Grim Baseline Air Pollution Station.

1. Introduction Melbourne industry is the dominant source of CH,Cl,
within the Port Phillip region, and trace gas emissions
from Melbourne have been observed at Cape Grim
[Cox et al. 2000]. It should be possible to use the
CH,CI, observations from Cape Grim to verify the EPA
regional inventory. Similar efforts have been under-
taken for the AGAGE observations at Mace Head [Ry-
all et al. 2001]. Transport of emissions from the Port
Phillip region to Cape Grim usually takes less than 24
hours, which allows CH,CI, to be treated as a passive
tracer in a chemical transport/air pollution model. In this
paper, The Air Pollution Model [TAPM; Hurley 1999],
developed at CSIRO Atmospheric Research, has been
used with the EPA CH,Cl, emissions inventory to
simulate CH,Cl, observations at Cape Grim. Compari-
son of model results and observations is a test of both
TAPM'’s ability to represent transported pollution at
Cape Grim and the accuracy of the EPA CH,Cl, emis-
sions inventory.

Dichloromethane (CH,Cl,) is a short-lived atmospheric
species that contributes small amounts of chlorine to
the stratosphere and thus plays a minor role in deple-
tion of stratospheric ozone. The lifetime of CH,Cl, in
the troposphere is approximately 6 months [Kurlyo et
al. 1999], which allows for the species to be trans-
ported into the stratosphere by deep convection in the
tropics. The primary source of CH,Cl, is its use as an
industrial and commercial solvent and in domestic con-
sumer products. Global observations of CH,Cl, show
an inter-hemispheric ratio of 1.7, with higher concentra-
tions in the Northern Hemisphere where most of the
emissions occur [Khalil 1999]. Minor natural sources of
CH,CI, originating from the ocean and biomass burn-
ing have been reported (Keene et al., 1999), but their
magnitudes are very uncertain. The main sink for
CH,CI, is destruction by the hydroxyl radical, largely in
the troposphere.

Since early 1998, the Advanced Global Atmos- . .
pheric Gases Experiment (AGAGE) has collected high- 2. AGAGE CH.CI, observations at Cape Grim
frequency, in situ measurements of short-lived chlorine  In situ GC-MS CH,Cl, measurements (6 per day) be-
species in the boundary layer. Identical GC-MS (gas gan in March 1998 as part of the AGAGE program
chromatography-mass spectrometry) instrumentation  [Prinn et al. 2000; Sturrock et al. 2001]. The AGAGE
and calibration procedures have been employed at instrumentation consists of a Carboxen-filled micro-trap
Mace Head, Ireland (52°N) and Cape Grim, Tasmania (20 pl) in an adsorption (-55°C) — desorption (240°C)
(41°S), to contribute to an understanding of their global system for air-sampling (Nafion dried, 2 litres per
and regional sources and sinks [Prinn et al. 2000; Stur-  measurement, 40 minutes trapping time), coupled to
rock et al. 2001; Cox et al. 2002]. an HP 6890/5973 GC-MS using analysis techniques

The Victorian Environment Protection Authority — developed at the University of Bristol (UB) [Simmonds
(EPA) has estimated that CH,Cl, emissions for the Port et al. 1995; Sturrock et al. 1998; Prinn et al. 2000]. In
Phillip Region (PPR, which includes Melbourne) were  the 25-month period (March 1998 — March 2000) ap-

500 tonnes yr™ for the years 1995/1996 [Environmental  proximately 3500 calibrated measurements of CH,Cl,
Protection Authority 1998], based on industry surveys.
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were made at Cape Grim. Minor data gaps are due to
instrument servicing and down time. The monthly
mean precision (% standard deviation) achieved in
1998 for about 150 standard measurements per month
was 0.9%, while the variability in background ambient
air measurements was 3%. The CH,CI, standards em-
ployed at Cape Grim and resulting data are discussed
in Prinn et al. [2000], Sturrock et al. [2001] and Cox et
al. [2002].

Cape Grim CH,CI, observations show a seasonally
varying background concentration (7-11 ppt, late sum-
mer minimum, spring maximum), with a number of
episodic events of up to 100 ppt, largely in winter. Fig-
ure 1 shows the CH,CI, observations, with the annual
background cycle subtracted, for the 18-month period
of June 1998 to November 1999, inclusive. The identi-
fication and specification of background data used CO,
variability and wind direction selection criteria, followed
by a Fourier filter and curve fit [Thoning et al. 1989;
Cox 2002].

3.

High pollution events were simply defined as those
CH,CI, observations that fell within the upper 20% of
all observations (above background). By assigning
each high pollution event to the nearest back-trajectory
in time, the air mass origin of the high pollution events
could be examined. The back-trajectories were initial-
ised to have a 100-m final elevation at Cape Grim and
follow isobaric surfaces. Back-trajectories were ob-
tained by using data from the Bureau of Meteorology
regional transport model [Limited Area Prediction Sys-
tem — LAPS; Puri et al. 1998] as input to the Hy-SPLIT
trajectory code [Draxler 1992]. These back-trajectories
were limited to 24 hours in duration at 1-hour intervals.

Air Mass Origin and Meteorology
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Back-trajectories were calculated for March to mid-
September 1998 at 0600 UTC and at 0000, 0600 and
1200 UTC for mid-September 1998 to March 2000.

Figure 2 is a trajectory frequency distribution of the
air mass position over the specified time periods, which
illustrates the air mass origin for the high pollution
events before reaching Cape Grim. The geographic
location of an air mass was recorded hourly along its
24-hour back-trajectory. These 24 latitude/longitude
readings were then placed into 1° x 1° bins and sorted
by time before arrival at Cape Grim. The bin count was
then normalised by the most populated bin. Figure 2a
shows the air mass in the interval of 7-12 hours before
reaching Cape Grim. The most populated bin for this
air mass is just south of Melbourne, essentially due
north of Cape Grim. In Figure 2b the 13-18 hour trajec-
tory frequency distribution shows the air mass origin
north of Melbourne. As expected, the variability of the
air mass origin location widens, both latitudinally and
longitudinally with time.

Figure 2 clearly indicates that the source region for
the high pollution events observed at Cape Grim was
Melbourne. Moreover, these high pollution events
came directly from Melbourne in about 12 hours. Their
transit velocity is approximately 6-7 m s™. While the air
mass origin data for other short-lived chlorinated
methanes, such as methyl chloride (CH5ClI) and chloro-
form (CHCI3), suggested Victorian and Tasmanian
coastal sources, CH,Cl, pollution appeared to originate
mainly from Melbourne [Cox et al. 2002]. The uniform
transport time further suggests that high pollution
events at Cape Grim happen under approximately the
same meteorological conditions. A study of Cape Grim
climatology reveals that this is common in the period
(several hours) before a frontal passage at the station.

100

50

CH,CI. (ppt)

1998

Figure 1. AGAGE observations and TAPM simulations of CH,Cl, for the period of June 1998 to November 1999; the TAPM

simulations are presented as negative values.
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Figure 2. The trajectory frequency distribution for high CH,Cl, pollution events observed at Cape Grim for (a) 7-12 hours
and (b) 13-18 hours before arrival at Cape Grim. Each bin is 1° x 1° and is normalised by the maximum count at that time.

4. TAPM modelling
4.1. Model configuration
A PC-based three-dimensional prognostic model

[TAPM; Hurley 1999] has been used to investigate the
fate of CH,CI, released in the Port Phillip Region. The
TAPM domain is nested within an archive of analyses
from the LAPS model [Puri et al. 1998], which provides
the initial meteorological conditions. The TAPM simula-
tion is ‘nudged’ towards the LAPS analyses at subse-
quent time steps through a standard relaxation tech-
nigue. TAPM predicts the mesoscale flows important to
local and regional air pollution studies, as well as the
concentration of pollutants at ground level.

The meteorological component of the model solves
the incompressible, non-hydrostatic, primitive equa-
tions with a terrain-following vertical coordinate. The
model solves the momentum equations for horizontal
wind components, the incompressible continuity equa-
tion for vertical velocity, and scalar equations for poten-
tial virtual temperature and specific humidity of water
vapour, cloud water and rain-water. Terrain height data
are from a United States Geological Survey 30-second
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resolution data set (approximately 0.9 km). A vegeta-
tive canopy and soil scheme is used at the surface,
while radiation both at the surface and at upper levels
is also included. CSIRO Wildlife and Ecology provided
vegetation and soil-type data on a longitude/latitude
grid at 3-minute spacing (approximately 5 km). TAPM
was configured with a 100 x 100 point 10-km resolution
outer grid extending over Victoria and Tasmania and a
100 x 100 point 5-km nested inner grid centred north of
Cape Grim. The version of TAPM used in this study
employed 20 vertical levels between 10 m and 8 km.

An analysis of the temporal and spatial perform-
ance of the modelled Melbourne plume in relation to
observed pollution episodes at Cape Grim has been
carried out. In making these comparisons, the spatial
constraint of the position of Cape Grim within the
TAPM grid was relaxed by + 40 km, the effective lateral
crosswind width of the plume at Cape Grim [Cox et al.
2000, based on Carras and Williams 1988].



4.2. Source inventory

The EPA has estimated an emissions inventory for
CH,CI, for the Port Phillip control region [Environment
Protection Authority 1998; Figure 3]. The methodology
used to derive this inventory is described in detail in
Boyle et al. [1996]. The emissions inventory was based
mainly on the response to an industrial survey. As
industrial production of CH,CI, is believed to account
for 93% of the total anthropogenic source emissions,
the EPA inventory should capture the most significant
sources. The EPA provided the source inventory in a 3
km? grid over the PPR with a high resolution 1 km? grid
over Melbourne. The CH,Cl, emissions inventory was
then used as input to TAPM to model the Melbourne
pollution episodes.

5.

Figure 1 shows the ground level concentration of
CH.CI, calculated at the TAPM grid point that includes
Cape Grim. Qualitatively the modelled and observed
readings show a high degree of correlation. This is
primarily a reflection on the ability of the TAPM/LAPS
to model the pre-frontal transport time from Melbourne
to Cape Grim. Quantitatively, however, the simulated
readings are a factor of 5-6 lower than the AGAGE ob-
servations. This is a significant difference that must re-
flect problems with the emissions inventory and/or the
transport model.

There are several possible sources of error that
may account for the difference between the TAPM
simulations and the AGAGE observations. The EPA
source inventory for CH,Cl, in the Port Phillip region
may not be accurate. The EPA inventory estimates the
source to be approximately 500 tonnes per year for
1995/1996, and this is the value of the emissions used
in these model runs. ABS (Australian Bureau of Statis-
tics) data records the import and export of CH,Cl, into
and out of Victoria. Net imports averaged 1900 + 100
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in 1994-1995 and 2000 + 400 tonnes per year for the
period of 1994 through 2000. The average for 1998-
1999 was 1800 + 250 tonnes [ABS 2001]. Assuming all
CH,CI, imported into Victoria (less exports) was emit-
ted in the Port Phillip region or within Victoria on a
population basis gives a range of CH,Cl, emissions for
the Port Phillip region in 1998-1999 of 1250-1800 ton-
nes, 2.5 to 3.6 times the EPA estimate during this pe-
riod. Scaling the EPA source inventory by this amount
would bring the TAPM simulations to within a factor of
2 of the AGAGE CH,CI, observations. This is similar to
the level of agreement that has been achieved using
TAPM, the EPA carbon monoxide (CO) inventory and
AGAGE Cape Grim CO pollution episodes observa-
tions [Cox et al. 2000, 2002; B. Dunse, U. Wollongong,
personal communication, 2002]. Another potential
source for error is the chemical removal of the CH,Cl,
in the atmosphere by reaction with OH during the time
it takes for CH,Cl, emissions from Melbourne to reach
Cape Grim (typically 12 hours). As CH,ClI, has a life-
time of approximately 6 months, it was handled as a
passive tracer within TAPM. The error associated with
such an assumption is minimal (less than 1%). Another
potential source of error that proves to be negligible
pertains to the temporal period of the AGAGE observa-
tion versus the TAPM readings. The 40 minutes trap-
ping time for the GC-MS is quite close to the hourly
averaging employed by TAPM. Another possible
source of error within TAPM pertains to the effective
dispersion, i.e. the rate at which the pollution is diluted.
The parameter within TAPM was set to 0.5 based on
empirical observations. An error in the dispersion leads
to error in the variability of the simulated readings, but
not in the integrated total. Figure 4 examines the cu-
mulative probability distribution function of the AGAGE
observations and TAPM simulations. Here again we
see that the TAPM simulations are roughly a factor of
six less than the AGAGE observations.
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Figure 3. The EPA source inventory for CH,Cl, in the Port Phillip Region (EPA, 1998).
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Figure 4 also indicates that random errors in the
meteorology cannot account for this error. Over the
course of 18 months the number of ‘false’ pollution epi-
sodes observed in the model would approximately bal-
ance the number of missed high pollution events in the
observations.
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Figure 4. The cumulative probability density functions of the
TAPM simulations and AGAGE observations of CH,Cl, over
the 18-month period, June 1998 - November 1999.

We are left with one last potential source of error:
systematic errors in the meteorology. At first sight this
might be dismissed based on the fact that TAPM has
been used successfully a number of times under a
wide variety of meteorological conditions. However,
when the specific meteorology of these high pollution
events is considered, errors in model transport may be
possible. As discussed earlier, high pollution events
are observed in the pre-frontal air masses that travel
relatively quickly from Melbourne to Cape Grim. These
fronts define the sharp separation of two air masses.
TAPM, however, relaxes the simulated dynamics to the
LAPS analysis. Under most meteorological conditions,
this is fundamentally sound. Under a frontal passage,
however, the LAPS analysis offers less resolution than
TAPM. The front is effectively being weakened by this
relaxation. The exact impact of this has not been inves-
tigated fully. However, an error in the depth of the
boundary layer could possibly account for a significant
fraction of the approximate factor of 2 underestimation
of observations in the TAPM simulations.

Even without this relaxation, it should be noted that
the pre-frontal boundary layer might be quite difficult to
simulate. Air flowing from Melbourne to Cape Grim is
classically defined as warm air advection. The air mass
at Melbourne is warmer than that at Cape Grim or the
water of Bass Strait. This leads to a stable boundary
layer that mixes predominantly via wind shear rather
than surface heating. In the winter, air over Bass Strait
can be warmer than Melbourne air, so cold air advec-
tion might be occurring. Still, the pre-frontal air mass
will be moving at high velocity and creating shear
through the boundary layer. As noted in Siems et al.
[2000], the boundary layer over the Southern Ocean
can have numerous layers rather than being homoge-
nous. This may be difficult to simulate given the limited
vertical resolution in TAPM. Finally, the boundary layer
may also be poorly defined in the pre-frontal air mass
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as there is little or no subsidence occurring. At this
time, however, the magnitude of a possible error
brought about by the limited ability to model the pre-
frontal air mass remains an open question.

6. Summary

The regional transport model TAPM accurately simu-
lates the timing of air masses that pass over Mel-
bourne and are transported to Cape Grim in pre-frontal
northerly airflows. Incorporation of the EPA PPR emis-
sions inventory for CH,Cl, into TAPM results in CH,Cl,
levels at Cape Grim during pollution episodes that are
a factor of 5-6 lower than observations at Cape Grim.
ABS import data suggest that about half of this dis-
crepancy between model simulations and observations
could be due to errors in the EPA emissions inventory
for CH,Cl,. A significant component of the remaining
discrepancy could be due to the inability of TAPM to
accurately simulate boundary layer structure and dy-
namics in pre-frontal conditions between Melbourne
and Cape Grim.
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Abstract

The Aerosol Chemistry Program at Cape Grim has been alive in one form or another since the inception of the
Cape Grim Baseline Station in 1976 and consequently a long-term record of soluble aerosol chemistry exists for
Cape Grim. However, with numerous people having had some involvement in the program over the years and
there being aerosol chemistry incorporated into a number of the intensive measurement programs at Cape Grim,
there is a great deal of information and data scattered in many places. The aim of this report is to consolidate the
aerosol chemistry data set for Cape Grim and to provide a record of the activities in aerosol chemistry that have
occurred at Cape Grim since 1976. This report will also include a summary of the main features displayed by the

aerosol chemistry up to December 2000.

1. History

For the purpose of this report, all investigations that
have involved some sort of aerosol chemistry meas-
urement that could be located are included. Programs
at Cape Grim that included aerosol chemistry have had
various titles. Initially, (1976-1984) aerosol chemistry
measurements involved the operation of a high volume
(Hi-Vol) sampler under the supervision of Helen Good-
man. In 1984, the operation of the Hi-Vol sampler was
transferred to John Ivey and Greg Ayers. In 1986, John
Ivey became the sole lead scientist for the Precipitation
Chemistry Program and a Sulfur Program lead by Greg
Ayers was established. In 1989, the Hi-Vol was
incorporated into the Sulfur program. The Sulfur Pro-
gram ceased at the end of 1996. The Soluble Aerosols
Program, under the leadership of Chad Dick, was es-
tablished in 1993, with the aim of investigating inade-
quacies in the aerosol chemistry measurements at
Cape Grim. Currently, work has been carried out under
the Multi-phase Atmospheric Chemistry Program under
the leadership of Greg Ayers. In 1999, a review of the
Aerosol Chemistry Program at Cape Grim was initi-
ated, resulting in the current report.

1.1. Hi-Vol

The backbone of aerosol chemistry measurements at
Cape Grim has been the operation of a high volume
aerosol sampler (Hi-Vol). A Hi-Vol without a size-
selective inlet operated near the cliff edge between
August and December 1976. Filters were exchanged
manually in conjunction with major changes in wind di-
rection. In 1978, the Hi-Vol was installed on the cliff
edge and run under baseline conditions with automatic
switching. Baseline was defined as winds between 190
and 280° (10-m winds) and particle counts (CN) below
600 cm™. Sampling was carried out until July 1980 and
in March 1981 the sampler was overhauled and rein-
stalled at the southern end of the roof deck. In July
1983 a second Hi-Vol was installed in the south-west
corner of the roof deck and run in parallel with the
original sampler. Polystyrene filters were exposed for
300 hours under baseline conditions at 70 m* hr'.
Gravimetric mass was determined by Australian Gov-
ernment Analytical Laboratories (AGAL), as were the
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concentrations of chemical species using Atomic Ad-
sorption Spectroscopy (AAS), however, only minimal
gravimetric mass data have been reported, for exam-
ple, total suspended particles (TSP) averaging 18.6 ug
m* was reported in Baseline 78. In February 1985
sampling times were changed to weekly. In 1988, trials
began using the Goldtop Hi-Vol sampler with a PM10
size-selective inlet and pressure transducers regulating
flow rate. In December 1988 the Goldtop was operated
using Pallflex teflon filters. AGAL began performing an-
ion analysis by lon Chromatography (IC) in 1989.
CSIRO began determining cation and anion concentra-
tions using IC in 1996.

1.2. Soil Composition Measurements

The observatory buildings at Cape Grim are located 20
m back from the cliff edge. Coupled with the consider-
able mechanical turbulence of air passing over the cliff
top and buildings, precipitation samples are contami-
nated by local soil eroded from the cliff. This problem
was recognised by Ayers and Ivey [1988] who col-
lected and analysed six soil samples from around the
observatory building. They concluded that the soil ex-
tracts contained enhanced alkalinity, K* and Ca®*, but
decreased CI' compared with seawater. This had im-
plications for estimations of CI" loss, thus compromising
the data set’s usefulness when addressing issues such
as the influence of halogen loss from sea-salt on the
marine ozone budget [Sander and Crutzen 1986; Vogt
et al. 1996].

A further program of soil sampling was carried out
during December 1997 (summer season) and June
1998 (winter). The aim was to determine a unique
chemical source signature for the soil, in a similar way
that sea-salt has a unique signature. Thus a soil dust
correction can be made to all precipitation samples col-
lected at Cape Grim. The results of this work were pre-
sented in Baseline 97-98 [Ayers 2001, which outlines a
procedure for correcting for soil dust based upon
Mg®*/Na’ ratios. This method has been adopted in all
subsequent analyses of Hi-Vol data.



1.3.
1.3.1. Sulfur Program

Other Activities

A low volume sampler, known as the Quadrupod, was
operated on the roof deck between November 1988
and August 1996. The Quadrupod sampled on two fil-
ters and operated during baseline conditions. Particles
with diameters approximately greater than 2 um were
collected on a polycarbonate filter with 8-um pore sizes
(Nucleopore) and particles smaller than 2 pm in diame-
ter were collected on a teflon filter with 1-pm pore sizes
(Fluropore). The aim of this work was to assess the
concentration of aerosol non-sea-salt SO, (NSSS),
methanosulfonic acid (MSA) and NH,", after removing
high loadings of sea-salt SO, in the coarse particles.

In 1993 a cascade impactor sampler, the Micro-
Orifice Uniform Deposit Impactor (MOUDI), was in-
stalled on the roof deck at Cape Grim. It sampled dur-
ing baseline conditions, collecting 100 m* per sample
and was operated with a heated inlet. Between 1993
and 1996 Jill Cainey operated the MOUDI and the
study formed the basis of a PhD thesis. In addition the
results have been included in a number of scientific
papers on sulfur aerosol chemistry at Cape Grim.

A low volume sampler, known as the Octopod, was
operated during December 1983 and during December
1984 as part of two three-week-long intensive sampling
programs to monitor sulfur species at high frequency
(SO, methane sulfonic acid (MSA), dimethyl sulfide
(DMS) and non-sea-salt sulfide (NSSS)). The Octopod
was made up of eight collection areas controlled by
eight solenoid valves and each collection area had four
areas: an impactor to remove sea-salt particles, a 1-um
teflon filter (Fluropore) for NSSS and MSA and finally
two teflon filters for SO, and blanks.

Results from the Sulfur Program have been pre-
sented in a number of publications on DMS and its oxi-
dation products, and are summarised in Ayers and Gil-
lett [2000].

1.3.2. Soluble Aerosols Program

The Soluble Aerosols Program was set up in 1993 to
investigate inadequacies in the aerosol chemistry
measurements at Cape Grim. One issue was to ex-
periment with sampling at the top of the telecommuni-
cations tower to prevent contamination from the cliff.
Sampling was carried out during 1993, 1994 and 1995
(with some interruptions) using specially constructed
filter packs with teflon filters on the roof deck and at the
top of the tower. Sampling ceased in August 1996
when the Quadrupod was used instead on the deck.
As part of this program a Hi-Vol sampler from the Uni-
versity of East Anglia was also operated for the collec-
tion of samples for sulfur isotope analysis.

Results from the Soluble Aerosols Program were
largely inconclusive.
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1.3.3. Australian Nuclear Science and Technology
Organisation (ANSTO)

ANSTO has been operating a PM2.5 cyclone sampler
at Cape Grim since 1993. The sampler has a flow rate
of 22 | min™, samples are collected on stretched teflon
filter media and two 24-hour (midnight to midnight)
samples are collected per week. The sample collection
is determined by baseline conditions. The concentra-
tion of elements suchas H, C, N, O, F, Na, Al, Si, P, S,
Cl, K, Ca, Ti, Cr, Mn, Fe, Co, Cu, Ni, Zn, and Pb are
determined using ion beam analytical methods. Pro-
gram reports are presented in Baseline 96 and Base-
line 97-98. In addition a source apportionment analysis
of data collected between July 1992 and December
1998 is presented in Cohen et al. [2000]. Sea-salt and
soil were found to contribute to 60% of the fine particle
mass, with the remaining 40% of mass being influ-
enced by anthropogenic sources (smoke and industry).
The Cape Grim data are used by ANSTO to correct for
sea-salt in samples collected at sites in New South
Wales.

1.3.4. Collaborative Projects

There have been a number of collaborative projects,
some which have continued for one year or more, in-
volving for example:

Stockholm University (1981-present) — Elemental
Carbon (EC). This involves a Hi-Vol sampler on the
roof deck operating during baseline with a cyclone-
collecting aerosol < 4 um in diameter on a 47-mm
diameter latex fibre filter at 5 m* hr™. After 1000 m®
of baseline air has been sampled filters are sent to
Stockholm University where they are analysed for
elemental carbon by light absorption. Heintzenberg
[1985] described the composition of fine particles
collected between December 1981 and December
1983 as part of this collaboration and the results
presented are shown in Table 1. EC concentrations
were found to be a factor of two lower than the low-
est values found in the Northern Hemisphere Arctic
summer. Heintzenberg and Bigg [1990] reported
spring maximum and winter minimum EC
concentrations for data collected between 1982 and
1990, which the authors attributed to peaks in
combustion products from biomass burning at low
latitudes, moving throughout the Southern Hemi-
sphere. In 1990, black carbon measurements
became an internal component of the Cape Grim
program using a Magee Scientific Aethalometer. An
initial climatology for black carbon (BC) based upon
data collected between 1990 and 1997 is presented
by Gras [2001]. For all wind directions, northern
Tasmania and Victoria (including Melbourne) were
found to be the main contributors to BC at Cape
Grim. Under baseline conditions, a spring maxi-
mum was again observed, which could be linked
with wind direction with a time scale of two years.
Absolute BC concentrations were not presented,
since a program to determine the specific absorp-
tion of BC has yet to be completed.



Table 1. Concentration of species measured by Stockholm
University.

Species Concentration
Na 1100 ng m™
S0, 140 ng m*
NSSS 80ngm>
EC 1.3ngm?
Pb 75pg m*®
Mn 36pgm>
cd 43 pgm?

University of Miami (1981-1996) — South Pacific
Aerosol Network. Professor J. Prospero operated a
Hi-Vol sampler on the roof deck sampling continu-
ously for one week at 1 m> min™. The samples were
analysed in Miami for NO;, SO,” and radionu-
clides. The data set produced has been used in sul-
fur model intercomparisons e.g. Barrie et al. [2001]
and Rotstayn et al. [2001] and are available from
Dennis Savoie (dsavoie@rsmas.miami.edu) at the
University of Miami. These data are compared with
Cape Grim baseline data in Section 4 of this report.
Max Plank Institute (1988-1990) — Size dependent
aerosol measurements were made using a multi-
stage impactor to allow for particle size separation.
Samples were collected during baseline conditions
on a weekly basis (volumes greater than 1000 m®).
Results are reported in Andreae et al. [1999].

1.3.5. Intensive Campaigns

In February 1978, scientists from the Max Plank Insti-
tute measured n-alkenes in gas and aerosol phase and
showed that n-alkenes and total organic matter in ma-
rine aerosols are of marine origin. The concentrations
measured at Cape Grim were similar to those found at
Loop Head in Ireland [Eichmann et al. 1981].

Between February 1978 and May 1980, G. P.
Ayers and J. L. Gras carried out a number of two-week
experiments investigating particle size distribution and
chemistry at Cape Grim. The results are described in
Bigg [1980] and Gras and Ayers [1983]. Samples were
collected under baseline conditions. Particles with di-
ameter between 0.05 and 1 um were collected on elec-
tron microscope screens using a 0.2-mm reduced
pressure jet at 0.22 | min™ and a 1-mm jet at 5 | min™.
Particles with diameters greater than 1 pm were col-
lected on glass microscope slides using a 5-mm di-
ameter jet at 200 | min™. The particles were examined
by transmission electron microscopy, and three types
of particles were identified: ammonium sulfate, cubic
sea-salt crystals, and a rarer insoluble component.
Ammonium sulfate was found to dominate the number
distribution and sea-salt the volume (mass) distribution.

In September 1979, Florida State University oper-
ated a six-stage single orifice cascade impactor [An-
dreae and Bernard 1981]. Using PIXE, the concentra-
tions of 18 elements were determined. Stacked filter
samples were also collected and analysed by proton
elastic scattering. During baseline conditions, no fine
particle mode was observed in the sulfur distribution.
Carbon concentrations were measured at 0.25 pg m™
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and during baseline conditions, no soot carbon was
detected.

In 1981 as part of the Cape Grim Aerosol Program,
particles were collected on electron microscope grids
in size range 0.06 to 0.6 um and 0.1-1 um diameter for
subsequent physical and chemical analysis. In addi-
tion, particles were collected on filters for selected wind
directions for IC analyses of ions such as S0,%, NO3,
Cl and NH,".

In 1981 scientists from the University of Antwerp
collected a small number of aerosol samples on elec-
tron microscope grids using a five-stage impactor. Indi-
vidual particles were analysed by light microscopy,
electron microprobe analysis and transmission electron
microscopy.

In January 1984 Dr R. Ferek, from Florida State
University, collected rainwater and aerosols with cas-
cade impactors and filters for analysis of elemental
composition, excess S0, and MSA at Florida State
University. This was a small adjunct to a program of
DMS measurements at Cape Grim, which in turn com-
plemented measurements taken from the North and
South Atlantic, Gulf of Mexico and equatorial Pacific
Ocean regions.

In December 1986 scientists from Florida State
University and CSIRO Atmospheric Research carried
out a series of airborne measurements (including aero-
sol ions, DMS and SO,) to the west and south of Tas-
mania. This experiment was aimed at understanding
the biogenic sulfur cycle in the marine atmosphere
[Berresheim et al. 1990].

The Southern Ocean Atmospheric Photochemistry
Experiment (SOAPEX) was carried out at Cape Grim
during the periods 1-20 August 1994, 3 August-8 Sep-
tember 1995, 16 January-26 February 1995. SOAPEX
2 was conducted during January and February 1999.
The aerosol chemistry components of these cam-
paigns were minimal.

The Aerosol Characterization Experiment (ACE-1)
campaign took place at Cape Grim between 15 No-
vember and 14 December 1995. This experiment was
designed to characterise aerosols in the Southern
Hemisphere marine atmosphere. It incorporated
measurements at Cape Grim as well as aircraft and
shipboard measurements over the south-west Pacific
Ocean, and included investigations of virtually all as-
pects of aerosol microphysics and chemistry. An over-
view of the experiment is given in Bates et al. [1998].
Of specific interest to this work were the size-resolved
chemistry determinations carried out by Sievering et al.
[1998] and Huebert et al. [1998] and the single patrticle
chemistry determination reported in Middelbrook et al.
[1998] and Murphy et al. [1998].

2. Chemistry of Aerosols at Cape Grim - pub-
lished data
2.1. Size-resolved chemistry

As described above, there have been a number of
campaigns to determine the size-resolved chemistry of
aerosol at Cape Grim. The most long-term and com-
prehensive was that of Cainey [1998], in which a
MOUDI was operated on the roof-deck of the observa-



tory between 1993 and 1996, collecting samples of
100 m® under baseline conditions. The size-resolved
chemistry of samples collected was found to be de-
pendent on the source of particles. Sea-salt species
such as CI, Br, Na*, Mg** and Ca®* displayed a uni-
modal distribution with a peak at 4-um diameter. Spe-
cies such as NSSS and MSA produced by the atmos-
pheric oxidation of dimethylsulfide (DMS) showed tri-
modal distributions with peaks at diameters of 0.06, 0.3
and 4 um.

Other investigations involved short-term and or in-
tensive campaign measurements, as described above,
including the early work of Bigg [1980] and Ayers and
Gras [1983] in which three types of particles were iden-
tified; ammonium-sulfate, cubic sea-salt crystals, and a
rarer insoluble component (possibly organic aerosol).
Ammonium sulfate was found to dominate the number
distribution and sea-salt the volume (mass) distribution.

Andreae et al. [1999] reported on the collection of
weekly Hi-Vol cascade impactor samples under base-
line conditions over 20 months between 1988 and
1990. The authors claim that the use of a cascade
sampler enabled the collection of coarse particles
(where they claim significant amounts of NSSS reside),
while avoiding the problem of contamination by soil
addressed by Ayers et al. [1991]. All contamination
was restricted to the first stage of the impactor. This
sampler was operated at ambient temperature and
humidity. During ACE-1 Huebert et al. [1998] operated
two MOUDIs within the Cape Grim laboratory using the
10-m Cape Grim Community Aerosol Inlet (which was
warmed to 50% RH). Also during ACE-1 Sievering et
al. [1999] deployed a six-stage Hi-Vol cascade impac-
tor at the 50-m level of the Telstra Tower. Sievering et
al. (1999) also reports the MOUDI results collected by
Cainey for this period. The campaigns by Andreae,
Huebert and Sievering were focused on the chemistry
of non-sea-salt particles, particularly the components,
NSSS, MSA, NH," and nitrate.

NSSS was found in the coarse particle range by all
investigators. For example, Andreae et al. [1999] re-
ported NSSS to have a significant coarse mode at >
1.2 ym in diameter, with the coarse fraction accounting
for 58% of NSSS in winter and 35% in summer. MSA
was also observed in the coarse fraction, making up
31% without evidence of a seasonal change. Huebert
et al. [1998] reported that NSSS was bimodal, with
40% greater than 1 um. MSA displayed a similar distri-
bution. Sodium was observed in even the smallest size
fractions of the MOUDI samples.

In samples collected by Sievering et al. [1999] the
size distribution of NSSS was trimodal, with almost
50% of NSSS located in particles > 0.7 um in diameter.
Low sulfuric acid gas concentrations suggested that
NSSS could not be due to H,SO, scavenging of the
coarse sea-salt particles. NH," was not associated with
these particles, therefore cloud processing was a minor
contributor. Instead, O3 oxidation of SO, in sea-salt
aerosol water buffered by biogenic carbonate (resulting
from CaCOs in the ocean microlayer) was invoked to
explain 70-90% of the concentration of NSSS in the
coarse particles. Note that the buffering capacity of
sea-salt aerosol water was enhanced over that of sea-
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water. Normally the O; oxidation reaction is limited at
pH 6 (normal pH of seawater). The rate is increased
two-fold at pH 8, the pH of the sea-salt aerosol water.

In the work of Huebert et al. [1998] NH," was uni-
modal, with no NH," outside of the accumulation mode.
Thus the NH,/NSSS ratio was greater than one in the
accumulation mode, dropping to zero at larger sizes.
MSA/NSSS distribution reflected that MSA dissolves
readily in liquid water, which is more prevalent on sea-
salt aerosol than in submicron particles.

Cainey [1997] and Ayers et al. [1997a] showed that
the chemistry of the gaseous precursor species such
as NH,", MSA, oxalic acid and NO3 were dependent
on pH and the surface area of particles at a given size
range. NH," showed a minimum concentration in the
alkaline sea-salt region of 4-um diameter, and con-
densed on strong acids in submicron particles since
the large particles, comprised of sea-salt, were suffi-
ciently alkaline to inhibit the ionization of the weakly al-
kaline gas. The acidic gases were distributed accord-
ing to their strengths in comparison to sulfuric acid,
with the weaker oxalic and nitric acids showing maxi-
mum concentrations in association with sea-salt parti-
cles. MSA condensed onto coarse mode particles be-
cause of the greater available surface area.

Sulfur was detected as sodium sulfate and was in-
ternally mixed with sea-salt in particles determined by a
single-particle mass spectrometer during ACE-1 [Mur-
phy et al. 1998]. Although sodium sulfate was identified
in most particles, ammonium sulfate and sulfuric acid
were rarely found under baseline conditions, maybe
due to the aerosol size range sampled. Sodium sulfate
was more concentrated in particles smaller than 0.4-
um diameter. MSA was only detected if its concentra-
tion was greater than NaCl (due to an interference in
the spectra). This was seldom observed. About 3% of
baseline spectra showed metal ions, possibly indicat-
ing their long-range transport to Cape Grim. Nitrate
was detected on small particles, in sharp contrast to
results at continental locations and other studies at
Cape Grim [Cainey 1997].

2.2.

In 1986 Ayers, Ivey and Goodman published the first
seven years of Hi-Vol data (1976 to 1985) and identi-
fied a distinct diurnal cycle in MSA, with minimum in
winter and maximum in summer [Ayers et al. 1986].
They found no comparable cycle in NSSS, however
this was due to the lack of size selection in the Hi-Vol
sampler used.

Ayers and Gras [1991] published nine years of
MSA and CCN data from Cape Grim (1981 to 1989)
and showed a significant seasonal (but non-linear) re-
lationship between CCN and MSA. These results were
used to conclude that DMS strongly influences CCN
concentrations but that there may be another source of
CCN apart from DMS.

In 1991 Ayers, Ivey and Gillett published MSA and
NSSS data from the Quadrupod and DMS concentra-
tions from 1988 to 1990 [Ayers et al. 1991]. They
showed a pronounced DMS cycle with mid-summer
maxima and mid-winter minima. The similar time series

Seasonal patterns



displayed by MSA suggested that DMS and MSA were
coupled. Submicron NSSS displayed a seasonal cycle
with a mid-winter minimum and a mid-summer maxi-
mum, however the amplitude of the variation was
smaller than DMS or MSA. The non-linearity of the
seasonal cycles of MSA and NSSS implied the exis-
tence of another source of aerosol sulfur in addition to
DMS. These results highlighted the need for size-
distributed aerosol composition and gas phase con-
centrations (for DMS and SO,) over seasonal time-
scales.

As a follow-up to this work, Ayers et al. [1997b]
published measurements of SO, between 1990 and
1994 using carbonate impregnated filter downstream
of Quadrupod aerosol filters. The aim of this work was
to investigate SO, as an intermediate product of the
oxidation of DMS in the production of MSA and NSSS.
Coherence between the SO, and DMS annual cycles
suggested that DMS oxidation is the main source of
SO, at Cape Grim. Comparison with other locations
revealed that the SO,/DMS ratio is latitudinal depend-
ent since higher SO, was observed in tropical locations
than in mid-latitude sites, suggesting that the DMS oxi-
dation reaction by the hydroxyl radical is temperature
dependent. This reaction starts with either OH abstrac-
tion of an H atom or addition of OH to an S atom. Hy-
drogen-abstraction is favoured at higher temperatures,
and leads to SO,. The OH addition to S atom leads to
formation of MSA and SO; and is favoured at low tem-
peratures.

However, the seasonal cycle in SO,/DMS showed
an increase in this ratio during winter, similar to the
MSA/NSSS ratio maximum also observed in winter,
suggesting that temperature dependence in reactions
other than the initial hydroxyl attack may be significant.
Ayers et al. [1996, 1997a] used the DMS decomposi-
tion pathway of Yin et al. [1990] with modifications for
temperature dependent rates of key species to model
SO,, MSA and NSSS formation. While MSA/DMS ratio
observations were simulated, the SO,/DMS ratio was
not approximated, with the modelled SO, concentra-
tions being too low in absolute terms. This suggested
the presence of another source of SO, (fairly minor, of
about 3 ppt), either from the oxidation of other trace
gas species (H,S etc.) or entrainment of SO, from the
lower free troposphere. Measurements are required to
test this theory.

Cainey [1997] showed seasonal patterns in the
size-distributed chemistry of several species. Sea-salt
species showed winter maxima, consistent with the
seasonal cycle in wind speed. MSA, NH; and NSSS
showed summer maxima corresponding to increased
biological activity in the warmer months. Gong et al.
[1997] used 5 years of Na data from Cape Grim (De-
cember 1988 to May 1993) in a global sea-salt model.
While the model generated a seasonal cycle with
maximum sea-salt during the winter months, this was
not observed in the data, and was attributed to high
wind speeds used in the climate model.

Andreae et al. [1999] also reported a pronounced
seasonal and interannual variability for all non sea-salt
constituents, with maximum concentrations in NSSS,
MSA NH," and NO3 in summer. Sea-salt constituents
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however, displayed little seasonal variation and little
dependence on wind speed. The seasonal pattern of
sulfur species was again attributed to the oxidation of
biogenic DMS being dominant in the production of
NSSS during summer. However, during winter, a con-
tinental source of NSSS was invoked to explain the
sulfur concentrations observed.

2.3. Diurnal patterns

During ACE-1, in addition to the MOUDI samples,
Huebert et al. [1998] collected bulk filter aerosol sam-
ples on the 30-m level of the Telstra tower, exposing
the filters on average for 3-hour intervals. This enabled
an assessment of the diurnal patterns displayed by
various chemical species. NSSS displayed no diurnal
pattern (however this may have been due to sea-salt
corrections), while MSA data showed a clear diurnal
pattern, suggesting a production rate of 6 ppt day™.

2.4. Sea-salt

During ACE-1 a single-particle mass spectrometer was
operated by NOAA. Under baseline conditions more
than 90% of particles measured at Cape Grim (be-
tween 0.16 and 3 um diameter dry) contained sea-salt
[Murphy et al. 1998], with salt containing particles ex-
tended down to 0.16 pm in diameter. This was in
agreement with the earlier measurements of Gras and
Ayers [1983]. Other species were internally mixed with
sea-salt. Bromine was found in association with sea-
salt, while iodine was enriched with respect to sea-
water and was variable between particles. The lack of
(NH,),SO, particles measured was most likely due to
the coarse nature of particles being collected.

Ayers et al. [1999] used data from the Hi-Vol re-
cord, size-resolved chemistry (collected using the
MOUDI) and rainwater chemistry, to investigate multi-
phase autocatalytic halogen activation processes. Sea-
salt is an important source of halogens to the atmos-
phere, and reactions involving chlorine and bromine
are believed to affect the concentrations of ozone, hy-
drocarbons and cloud condensation nuclei [Sander
and Crutzen 1996]. The loss of chloride from aerosols
in polluted air has been observed in many studies [e.g.
Hitchcock et al. 1980]. It has been attributed to acid
displacement reactions whereby a strong acid such as
sulfuric acid, derived from anthropogenic SO,, might
displace chloride atom in the form of more volatile HCI
from sea-salt particles. Recent studies [Sander and
Crutzen 1996] have suggested that a more efficient
dehalogenation process for sea-salt aerosol may in-
volve the acid-catalysis of bromide with the faster bro-
mide reactions resulting in a greater loss of bromide
than chloride. Ayers et al. [1999] and Vogt et al. [1996]
showed that this reaction occurs in the remote marine
atmosphere, where its clean nature means that there is
little acidity present to provide the acid catalysts. These
authors and Keene et al. [1998] also showed that the
activation of sea-salt bromide is greater than chloride.
Ayers et al. [1999] showed that chloride deficits in sea-
salt aerosol at Cape Grim were low, while bromide
deficits were large with a strong seasonal cycle (being



greater in summer). Chloride and bromide deficits were
linked to the availability of sulfur acidity.

Fresh marine aerosols measured during ACE-1 by
single-particle mass spectrometry [Middlebrook et al.
1999] were indicated by particles containing very little
sodium sulfate. While these were uncommon, when
present they also contained iodine. Thus, iodine was
only present in particles that were fresh, suggesting
that upon interaction with sulfate, iodine is liberated in
much the same way as chloride and bromide, de-
scribed above.

2.5.

Huebert et al. [1998] showed that gravimetric mass
and inorganic chemical masses in samples collected
during ACE-1 were not equivalent. They interpreted
this to indicate that under baseline conditions over the
Southern Ocean, organic matter makes up between 10
and 47% of the gravimetrically determined mass. Mid-
dlebrook et al. [1998] report on observations of organic
material in individual particles also measured during
ACE-1. Organic matter was found to comprise up to
10% of particles on some occasions. The presence of
organic material and sodium sulfate in particles was
indicative of aged aerosol produced by coagulation of
sea-salt aerosols with small sulfate aerosol, the latter
produced by oxidation of DMS, and/or the gas-phase
or heterogenous oxidation of sulfur compounds. The
organic matter likely included gaseous species ad-
sorbed and/or absorbed by the aerosol, as well as sur-
face-active organic compounds present in the sea-
surface microlayer that were incorporated into the
aerosol during the bubble bursting process.

Organics

3. Chemistry of Aerosols at Cape Grim -

Long-term Hi-Vol records

The following section describes features from the
Cape Grim Hi-Vol record (1976 to 2000) collected un-
der baseline conditions (BASELINE) and the Hi-Vol re-
cord collected by the University of Miami between 1983
and 1996 under all conditions (ALL). These records
provide a means to compare baseline PM10 chemistry
with all-conditions PM10 chemistry. As described in
Section 2.2, the BASELINE data set was screened for
soil contamination. Removing data with Na's,i/Na"sea-sat
greater than 20% decreased the data size from 550
records to 442 records. The remaining data were cor-
rected for soil contamination.

The sea-salt species, Na” and CI, make up most of
the soluble ionic composition of the BASELINE and
ALL data sets at Cape Grim. Comparison of the
species presented in both data sets (Na*, CI', NSSS,
S0,%, NO; and NH,") reveals that the ALL samples
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have higher concentrations for all species than the
BASELINE samples (Table 2). The sum of these
species (an approximation of total mass) is higher by
25% in the ALL samples. In absolute terms, CI” has the
largest difference between the two data sets; in relative
terms, NOz and NH, make a greater contribution in the
ALL data set (360% and 690% increases).

Table 2. Monthly average concentrations of selected spe-
cies sampled under all conditions [All] and under baseline
conditions [Baseline] at Cape Grim. * Data from University
of Miami.

Species ALL* BASELINE
pg m® pg m*
cr 10.52 8.69
Na" 6.09 4.81
S0~ 1.83 1.41
NSSS* 0.30 0.19
NO; 0.26 0.06
NH," 0.07 0.01
SUM 19.07 15.17

The correlation coefficients (R) obtained from linear
regression of the monthly-averaged concentrations of
all species in the ALL data set against selected mete-
orological parameters (temperature, wind speed at 10
m and CN) are shown in Table 3. The sea-salt species,
Cl and Na', show a high degree of correlation with
each other, and the correlation of Na" with SO, is sig-
nificantly different from zero. The sea-salt species also
show a high degree of correlation with total mass (cal-
culated from summing all analysed ionic components),
which is expected since these species make up most
of the total mass. The non-sea-salt species, NSSS and
NH,", display a high level of correlation with each other
and are negatively correlated with the sea-salt species.

The sea-salt species are moderately correlated with
wind speed and show an inverse correlation with tem-
perature. They show a negative and moderate correla-
tion with CN. The non-sea-salt species show a very
strong positive correlation with temperature and CN
and a moderate negative correlation with wind speed.

Nitrate is not well correlated with any other chemi-
cal species in the ALL data set.

The relationships with wind direction displayed by
the sea-salt species (represented by Na®), the non-
sea-salt species (represented by NSSS), NO;” and CN
are shown in Figure 1. The highest concentrations of
NO3; and CN are associated with wind directions be-
tween north and north-west, i.e. from the Australian
continent. Maximum concentrations in NSSS occur
with wind from the mainland Australia and with winds
from the south-east. Maximum Na’ concentrations ap-
pear to be associated with winds from the west of
Cape Grim.
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Table 3. Correlation coefficients (R) between chemical species measured under all conditions and se-

lected meteorological parameters (ALL data set).

Na* cr S0, NSSS NH," NOs sum temp ws CN
Na* 1.00
cr 0.99 1.00
S0 0.68 0.60 1.00
NSSS -0.53 -0.63 0.21 1.00
NH," -0.59 -0.70 0.09 0.96 1.00
NOs -0.16 -0.20 -0.28 0.10 0.10 1.00
sum 1.00 0.99 0.71 -0.51 -0.58 -0.16 1.00
temp -0.52 -0.63 0.22 0.96 0.96 0.02 -0.50 1.00
WS 0.55 0.64 0.28 -0.48 -0.59 -0.47 0.57 -0.52 1.00
CN -0.48 -0.56 0.26 0.89 0.82 -0.07 -0.45 0.90 -0.41 1.00
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Figure 1. Concentrations of Na*, NSSS, NOs and CN as a function of wind direction for the ALL data set.

In the BASELINE dataset, the sea-salt species,
Na’, CI' and Mg®*, show strong correlations (Table 4).
The moderate correlation displayed between Br  and
the sea-salt species is probably due to the concentra-
tions of Br being close to detection limits of the analyti-
cal system. The correlation between S0, and the
sea-salt species is very poor. Again the sea-salt spe-
cies display a high degree of correlation with total
mass. K" and Ca“" display weak correlations with the
sea-salt species. The non-sea-salt species, NSSS,
MSA, NH,", display strong positive correlations with
each other and are moderately negatively correlated
with the sea-salt species.

The sea-salt species display a weakly negative cor-
relation with temperature and CN and a positive corre-
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lation with wind speed. The non-sea-salt species show
a strong positive correlation with temperature and CN.
The correlation of NO3™ with sea-salt species is weakly
negative and with the non-sea-salt species is strong.
NOs5 displays a strong positive correlation with CN and
temperature.

The concentrations of sea-salt species (repre-
sented by Na"), non-sea-salt species (represented by
NSSS), NO3 and CN as a function of wind direction
are shown for the BASELINE data set in Figure 2. As
expected the winds are restricted to between 190° and
280°, with maximum concentrations in Na* and NSSS
associated with winds from the west. CN appears to be
evenly concentrated in all baseline wind directions, and
NO; maxima is associated with winds from the SSW.
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Table 4. Correlation coefficients (R) between all chemical species measured under baseline conditions and selected mete-

orological parameters (BASELINE data set).

+

Na* cr Mg® Br K ca® S0, NSSS MSA NH, NO; sum temp WS CN

Na" 1.00
cr 0.92 1.00
Mg® 092 077 1.00
Br 055 030 076 1.00
K* 048 052 029 005 1.00
ca* 036 048 028 -018 029 1.00
SO, 028 008 010 009 029 -0.24 1.00
NSSS -0.76 -0.81 -0.80 -0.47 -025 -048 042 1.00
MSA  -070 -0.72 -079 -052 -020 -047 044 096 1.00
NH, 061 -062 -069 -035 011 -062 039 084 084 1.00
NOs 046 -054 -055 -023 -008 -074 049 077 073 078 1.00
sum 097 097 082 039 056 040 029 -0.72 -063 -054 -044 1.00
temp  -065 -078 -058 -0.07 -039 -073 032 082 079 077 08l -068 1.00
ws 056 044 058 035 057 023 028 -034 -028 -020 -043 052 -049 1.00
CN -055 -0.59 -0.67 -046 008 -060 039 079 080 089 087 -051 0.70 -0.25 1.00
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Figure 2. Concentration of Na®, NSSS, NOs; and CN as a function of wind direction for the BASELINE data set.

The correlation between sea-salt species and wind
speed in both data sets is due to the process of forma-
tion of sea-salt aerosol by sea-spray at the ocean sur-
face, which is more efficient at high wind speeds. Sea-
salt species do not show temperature dependence.
The negative correlation between sea-salt species and
CN arises because sea-spray formation is a mechani-
cal process that produces predominately large parti-
cles.

The strong positive correlation between non-sea-
salt species, temperature and CN in both data sets is
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the result of production of CN by oxidation of DMS.
This is discussed in detail elsewhere (Section 3.2).

Nitrate under baseline conditions shows similar cor-
relations with CN and meteorological parameters as
the non-sea-salt species, suggesting that NO; may
also be produced in the fine particles in the marine at-
mosphere by gas-to-particle conversion. Under ALL
conditions, the lack of correlation between NO;~ and
non-sea-salt species most likely results from the pres-
ence of urban-derived NO, masking the relationships,
as suggested by the high NO3 concentrations associ-
ated with wind from the northwest.



Monthly means and seasonal means were calcu-
lated (summer = December, January and February;
autumn = March, April and May; winter = June, July
and August; spring = September, October and No-
vember) to determine the presence of an annual cycle.
T-test statistics were used to determine significant dif-
ferences (at 95% confidence) between monthly and
seasonal averages.

The only species that show statistically significant
seasonal cycles are the non-sea-salt species. Figure 3
displays these cycles for both the BASELINE and ALL
data sets, with NSSS representing the species MSA
and NH,". The seasonal cycle of minimum concentra-
tions during winter and maximum concentrations dur-
ing summer has been extensively discussed elsewhere
(see Section 3.2), and reflects a combination of the
dependence of the source strength of DMS and its
oxidation, on temperature.
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Figure 3. Monthly-averaged concentrations of NSSS (rep-
resenting non-sea-salt species) for the BASELINE and ALL
data sets. Error bars represent the standard error. The sea-
sonal cycle of minimum concentrations during winter and
maximum concentrations during summer is well docu-
mented elsewhere.

Figure 4 displays the monthly averages for the sea-
salt components (represented by Na") for the
BASELINE and ALL datasets. While there may appear
to be a slight annual cycle with minimum concentra-
tions in February and maximum concentrations in Au-
gust, there is no significant difference between the
monthly and seasonal averages of the sea-salt species
data. This is also the case for the seasonal averages,
except for CI' under baseline conditions, where sum-
mer averages are statistically lower than winter aver-
ages.
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Figure 4. Monthly-averaged concentrations of Na* (repre-
senting sea-salt species) for the BASELINE and ALL data
sets. Error bars represent the standard error.

The monthly-averaged concentrations for NOs™ are
shown in Figure 5. Again, the differences between
monthly and seasonal averages are not statistically
significant. As noted above, the NO3; concentrations
during ALL conditions are greater than during
BASELINE conditions. This is due to the influence of
NO, during non-baseline periods when air is advected
from mainland Australia to Cape Grim.
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Figure 5. Monthly-averaged concentrations of NO3™ (for the
BASELINE and ALL data sets). Error bars represent the
standard error.

The difference between monthly averages during
ALL and BASELINE sampling for NOs" and NSSS are
shown in Figure 6. Both species show a broadly similar
pattern of variation with minimal differences between
ALL and BASELINE concentrations during the summer
months and maximum differences during the winter
months. Because the differences in NSSS between
data sets are small, error propagation suggests that
this seasonal pattern may not be significant. The small
differences are due to NSSS being predominately of
marine origin. SO, of urban origin is less significant,
and is expected to be low because of the low S content
of fossil fuels used in Victoria. However, the difference
in NO3z between the two data sets is large, and the
seasonal cycle of minimum differences in summer and
maximum during winter is significant. Thus NO, from
urban areas appears to be most significant during the
winter months.
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Figure 6. Differences between ALL and BASELINE monthly

concentrations of NOs~ and NSSS.

The monthly-averaged chloride-deficits for both
BASELINE and ALL data sets are shown in Figure 7.
As expected, the chloride-deficits for the ALL data set
are greater than for the BASELINE data set due to acid
displacement of CI' from sea-salt by weak HNO; pre-
sent in air masses sourced from the Australian
mainland. Ayers et al. [1999] investigated chloride- and
bromide-deficits in Hi-Vol and MOUDI samples col-
lected at Cape Grim (see section 3.4) and found chlo-
ride-deficits to be low and the presence of a seasonal
cycle in the bromide-deficits. However, in this work, a
bromide-deficit seasonal cycle was not significant.
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Figure 7. Chloride-deficit (as a function of expected CI') for

the BASELINE and ALL data sets. Chloride-deficits are cal-

culated from the expected CI" concentration using the ratio

of Na'/Cl” in seawater and assuming that all Na" is of sea-

salt origin.

3.1. Summary

The composition of the high volume samples collected
under BASELINE and ALL conditions at Cape Grim
between 1976 and 2000 can be divided into sea-salt,
non-sea-salt and NO3s” components, with only non-sea-
salt components displaying a significant seasonal cy-
cle. The sea-salt components show a strong correla-
tion with wind speed, reflecting the origin of these par-
ticles in sea-spray. Greater chloride-deficits and the
presence of higher NOs; concentrations in samples
from the ALL data set, indicate acid displacement of CI
by weak HNO; found in polluted air masses sourced
from the Australian mainland during ALL conditions.
This acid displacement takes place on the weakly alka-
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line coarse sea-salt particles, resulting in the lack of
correlation observed between NO3; and CN under ALL
conditions. The strong correlation observed between
NOs; and CN under BASELINE conditions suggests
that NO3 under baseline conditions is not strongly af-
fected by NO, advected from mainland Australia. While
a seasonal cycle in chloride-deficits was not observed
in either data set, differences in NO3 between the ALL
and BASELINE suggests that more NO, is advected
from the Australian mainland during winter.

The seasonal cycle displayed by non-sea-salt spe-
cies being minimum during winter and maximum dur-
ing summer has been well documented. The correla-
tion between the non-sea-salt species and CN and
temperature in both data sets show that the concentra-
tion of these species are governed by the production of
particles during oxidation of DMS and subsequent
transformation reactions, such as neutralisation of
S0,” by NH,".

4, Conclusions

This report provides a summary of aerosol chemistry at
Cape Grim between 1976 and 2000, reviewing activi-
ties and results from the various Cape Grim aerosol
chemistry research programs as well as long-term col-
laborative and intensive short-term programs. A large
number of publications have resulted from these pro-
grams, particularly concerning the role of DMS oxida-
tion on climate. In addition, the size-resolved chemistry
of soluble species has been well characterised in a
number of intensive campaigns.

Major gaps still exist. These include a long-term re-
cord of aerosol mass closure. While a program is cur-
rently underway determining the mass of PM10 col-
lected by the Goldtop Hi-Vol under baseline conditions,
this program is not without problems due to the sam-
pling method. Soil contamination of PM10 samples will
continue to be a problem so long as the sampler re-
mains in its current location. Alleviation of this problem
could involve the installation of a tower or utilisation of
a PM2.5 size selective inlet. Finally, the determination
of total and organic carbon is required to achieve mass
closure. This is not possible using the current sampling
system.

Recommendations are for the ‘basic’ aerosol chem-
istry program at Cape Grim to include upgrading the
current Goldtop Hi-Vol and installing a PM2.5 sampler
that can collect samples for the determination of mass,
soluble ion chemistry, total carbon, elemental carbon
and organic carbon. These measurements will provide
the backbone for other more specialised programs.

The Aerosol Chemistry Program at Cape Grim is an
invaluable resource. It plays a continuing and important
role as a southern hemisphere oceanic site in the
Global Atmospheric Watch aerosol program. In addi-
tion, the program can be used to answer some very
important and outstanding questions in aerosol chem-
istry. These include the role of organic species in CN
behaviour in the marine atmosphere and the impor-
tance of aerosol in the overall reactive chemistry of the
atmosphere, as highlighted by the recent work on
halogen species [Ayers et al. 1999].
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1. Strategy

Within the general Global Atmosphere Watch (GAW)
framework for greenhouse gas monitoring, the CSIRO
focus is on improved monitoring methods that reduce
uncertainties in regional fluxes derived from atmos-
pheric composition measurement [Francey et al.
2001a]. Ongoing areas of special effort include:

o Closely coordinated sampling and analysis of the
major atmospheric greenhouse gases (CO,, CH,,
N.O) and some related gas species (stable iso-
topes, O,/N,, CO, Hy) that provide information
about the greenhouse gas source and sink proc-
esses, referred to here as a ‘multi-species ap-
proach’;

Development of ‘small-sample size’ requirements
for sampling and analysis with outcomes of: a) un-
derstanding systematic biases that influence meas-
urements, b) improving links to archived air sam-
ples that are dependent on small sample tech-
niques, and c) addressing logistic constraints that
hinder adequate spatial coverage in global sam-
pling networks;

Redundancy in methods for quality assurance pur-
poses;

Improved ability to merge data from different meas-
urement laboratories by a combination of improved
diagnostic tools (e.g. flask-air sharing; CLASSIC
Circulation of Laboratory Air Standards for Stable
Isotope inter-Comparisons; the GLOBALHUBS
strategy) and by improving the links to primary
standards (e.g. the LOFLO CO, analyser system),
and

Close cooperation with modelling groups to assess
and improve measurement strategies.

2. Measurement facilities

The Australian greenhouse gas monitoring program is
built around two key facilities:

2.1. Global Atmospheric Sampling Laboratory

(GASLAB)

Located in CSIRO Atmospheric Research, Aspendale,
Victoria (near Melbourne), the main functions are:

e Gas chromatograph and mass spectrometer analy-
sis of contemporary air from a global flask sampling
network

Gas chromatograph and mass spectrometer analy-
sis of archived air, including samples prepared in
the associated Ice Core Extraction Laboratory

(ICELAB)
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e Calibration of GASLAB and Cape Grim measure-
ments
¢ Development of improved methods

2.2.

Located in northwest Tasmania (Australia’s WMO
GAW baseline site, managed by the Bureau of Mete-
orology in cooperation with CSIRO) provides:

Cape Grim Baseline Air Pollution Station

e Continuous comprehensive monitoring of atmos-
pheric composition and physical properties;

A well-supported flask sampling site (serving sev-
eral international laboratories);

Field trials for new methods.

An additional facility, the Cape Schanck Clean Air
Facility, is operated as a GASLAB adjunct and is used
to prepare air standards for GASLAB, Cape Grim and
customer laboratories based on clean dry air from the
Southern Ocean atmospheric boundary layer.

3.

The readily accessible Cape Grim facilities, with ad-
vanced technical support, provide the premier sam-
pling facility for the CSIRO program, featuring precise,
high frequency monitoring and/or sampling, and an
unusual degree of redundancy in methods.

The GASLAB program provides a global extension
of Cape Grim records by analysing air from a network
of fixed surface sites, from moving platforms (ships and
aircraft) and from sources of archived air (the Cape
Grim Air Archive and Antarctic ice and firn). The bulk of
GASLAB samples are collected in cylindrical 0.5 litre
glass containers with Teflon or PFA O-ring valves at
each end. Flasks are flushed with anhydrous magne-
sium perchlorate-dried, marine boundary layer air, then
pressurized to 80 kPa above ambient pressure. Typical
analyses consumes approximately 250 mL of the
900 mL sample, after which the flask is topped up with
clean dry southern hemisphere air for return to the
same sampling site to await refilling. A small number of
other containers and filing methods are in use, as de-
termined by scientific or logistic considerations
[Francey et al., 1996].

Flasks of air are currently collected weekly at 10
sites, and less frequently or intermittently at other fixed
sites (see Figure 1 and Table 1). Flasks are also col-
lected in campaigns, mostly in collaborative support of
activities coordinated by Jon Lloyd, initially of Austra-
lian National University, now of Max Planck Institute for
Biogeochemistry (see Figure 1 and Table 2). The
samples collected routinely using aircraft and ships,
and on two occasions using high altitude balloons, are
listed in Table 3.

Sampling network
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Figure 1. The CSIRO GASLAB global flask sampling network.
Table 1. Fixed sampling sites in the CSIRO flask network  Table 3. Sampling from Moving Platforms
(see Figure 1 for locations of sites. Collaborator acronyms Code Descrinti Collaborat Start F
are listed at the end of this paper). ode Description offaborator ar requency
aia aircraft
G‘QSLtAB :\(leAtA Collaborator Start Interval SE Australia BoM 1991 month
ident. ent. rva ships
alc ALT AES 1989 week Southern Ocean ~ CMR/AAD  1990° intermittent
bhz BHD NIWA 1991 intermittent ~ Mis  balloon
cfa CFA AIMS 1989 week Kiruna Sweden KFA Jul 1990 2 ascents
cga CGO BoM 1977, week "suspended in 2000; 227 transects
csa AMSA 1992 intermittent
cya AAD/BoM 1997 week . . . . . .
C?/i CRI PRL 1993 week Collection of ambient air (both dried and undried), in
daa DAA UNT 1987° 35 litre electro-polished stainless steel containers typi-
epc ESP AES 1993 3 weeks cally 4 times per year, commenced in 1978. The sam-
maa MAA AAD/BoM 1993 week ples are compressed to around 30 atmospheres above
miu MLO NOAA 1984 week . . . . .
mqa MQA AAD/BoM 1986 week amb|e_nt. T_he Cape Grim Air Archive program is fully
sis SIS NERC 1992, week described in Langenfelds et al. [1996], with more re-
smu SMO NOAA 1984 cent results in Langenfelds et al. [1999], and Francey
spu SPO NOAA 1983 week

"high pressure cylinder; 2ceased in 1998; * ceased in 1991

Table 2. Flask Sampling Campaigns

Site Sampled by ANU/MPI  Comment
Brazil May 93 - Dec 95

Cameroon Mar 1994

Canada (Saskatchewan) Jul 94

Norway Aug 94

Australia (Wagga, OASIS) Oct 94, Oct 95

Siberia (Zotino) Jul 96 — Jul 00 Aircraft
Botswana Apr 99 — Jul 00 Aircraft
Scotland (Aberfeldy) Jul 00
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et al. [1999a, b].

Air has also been extracted from Antarctic ice and
firn for trace gas analysis and results described in
Etheridge et al. [1996, 1998], Francey et al. [1999a],
Trudinger et al. [1999], and associated papers. Em-
phasis has been on ice cores with the age of trapped
air spanning the last 1000 years. A feature of the ice
core work is the availability of cores from sites with
high accumulation rates, leading to high (decadal) time
resolution compared to other work [Levchenko et al.
1996, 19971.
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4.
4.1.

Analysis methods

Gas Chomatograph measurements of con-
centrations

An overview of methods is given in Francey et al.
[1996] and a comprehensive technical document is in
preparation [Langenfelds et al., in preparation]. A Se-
ries 400 CARLE gas chromatograph with flame ionisa-
tion detector (FID) is used for the measurement of CH,
and CO,; (converted to CH, using a nickel catalyst at
400°C). A Trace Analytical RGA3 gas chromatograph
measures H, and CO with mercuric oxide reduction
gas detector (RGD), which reduces HgO to Hg for de-
tection by UV absorption. A Shimadzu GC-8A with
electron capture detector (ECD) measures N,O.

A HP6890 system is scheduled for deployment in
2001/2002 to measure all of the above gases: CO,,
CH4, NoO, CO, H,, and add SFs. It is anticipated that
this system will replace the existing three gas chro-
matographs with improved precision and, overall, less
sample requirement.

4.2,

A Siemens Ultramat 5E NDIR operates continuously at
Cape Grim [Beardsmore et al., in preparation]. Since
May 2000 a prototype CSIRO LOFLO NDIR system
[Da Costa and Steele 1997] has operated in parallel
with the conventional analyser. The outstanding per-
formance of this analyser, both with regard to a factor
of 10 or more improvement in precision/stability and
operating cost. The stable, precise operation, and the
potential for a portable robust instrument that can op-
erate for periods of many months largely unattended,
represent technological breakthroughs with significant
scientific implications. These are explored further be-
low.

Non-dispersive infrared analysis of CO,

4.3.

Routine analyses of the stable isotopes of CO, are car-
ried out on GASLAB and other flasks using a Finnigan
MAT 252 mass spectrometer with an automated MT-
Box C cryogenic extraction system [Allison and
Francey 1999; Allison et al., 2002, 2003; Francey et al.
1996]. The overall system is characterised by the un-
usually small sample requirements for routine analyses
(30-50 standard mL of air).

Mass Spectrometry

5.

Particularly in the Southern Hemisphere, trace gas sig-
nals are small. The precision requirements to monitor
biogeochemical processes of interest (e.g. small
Southern Ocean fluxes over huge spatial extent, or
small decadal changes in large-scale terrestrial eco-
system average fluxes) are often more demanding
than can be achieved in calibrations that link to primary
standards. This continues to make the effective merg-
ing of data from different laboratories a major challenge
for the atmospheric composition measurement com-
munity.

Calibration
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A full description of the calibration status, precision
and maintenance of GASLAB measurements is repro-
duced in the following sub-sections.

5.1. Gas Chromatography (prepared by RL
Langenfelds, L P Steele, and R J Francey,
April 2001)

There are numerous sources of experimental uncer-
tainty in atmospheric trace gas measurements and
various ways in which these uncertainties impinge on
interpretation of data. A comprehensive calibration
strategy consists of various parts that help to minimise
and define errors/uncertainties and distinguish relative
contributions from different sources. Here we provide a
brief summary of CSIRO’s calibration strategies, and
assign realistic uncertainties to key experimental pa-
rameters. These parameters are defined in a way to be
directly applicable to field data. Uncertainty estimates
are derived from various sources of information such
as long-term statistics of instrument performance, in-
tercomparisons with other laboratories (eg. of CO, with
NOAA/CMDL who are also the current WMO Central
CO, Calibration Laboratory, with the responsibility of
maintaining and propagating the WMO Mole Fraction
Scale [Zhao et al. 1997]) and results from laboratory
and field tests. Key laboratory tests include evaluation
of non-linearity in instrument response, regulator per-
formance, preparation and analysis of test flasks (mul-
tiple flasks, of the same type used for field sampling
programs, simultaneously filled from a high pressure
cylinder) for characterisation of trace gas modification
due to 1) analytical procedures tailored for limited
sample volumes and 2) storage of air in these flasks
[Cooper et al. 1999]. Data in Table 4 represent experi-
mental uncertainty only and make no allowance for
atmospheric variability.

5.1.1. Carbon dioxide (CO5)

CO, is analysed by gas chromatography (GC), involv-
ing conversion of the separated CO, to CH; on a
heated nickel catalyst (400°C) followed by flame ioni-
sation detection (FID). Data are reported in the WMO
CO, Mole Fraction Scale. The link to this scale was es-
tablished with 9 primary standards (of a suite of 10 syn-
thetic mixtures of CO,, CH, and CO in zero air) in high-
pressure cylinders that were calibrated by
NOAA/CMDL in 1992. They span a CO; range of 291-
377 ppm. NOAA recalibrated a subset of four of these
in 1994 (mean differences —0.01, —0.04, 0.00, +0.05
ppm at 362, 349, 339, 326 ppm respectively). The pri-
mary suite retains 75% of original pressure (2000 psig)
after 9 years. The scale is monitored using two broad
approaches. Relative stability is monitored using about
15 assorted secondary standards with lifetimes of 4-
10+ years. Stability against absolute scales is moni-
tored (but the scale is never adjusted) by independent
comparisons, including 6 Nippon Sanso standards
(volumetrically prepared, calibrated against a gravimet-
ric scale at Tohoku University), WMO Round-Robin
(three cylinders in 1994-97 and again in 1998-99),
IAEA CLASSIC (five cylinders: 1996-98, 1999-00) and
other high pressure cylinder comparisons, and flask air
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sharing comparisons with several laboratories (includ- CO, difference of 20 ppm) and apply to any measure-
ing ~six per month with NOAA/CMDL since 1992 [Ma- ment of concentration differences, for example sea-
sarie et al. 2001]). The best measure of how closely sonal cycle amplitudes. Additional uncertainties apply
CSIRO has remained aligned to the WMO scale is ob- to measurements from flask samples due to experi-
tained from results of eight (most reliable) cylinder mental factors specific to flasks. This is exemplified by
comparisons, but excluding the nine primary stan- the Cape Grim flask intercomparison program involving
dards. They imply a mean scale factor of 0.99986 + CSIRO and NOAA/CMDL [Masarie et al. 2001] where
0.00012 (CSIRO/NOAA), equivalent to a difference of -  systematic differences of between 0.0 and 0.2 ppm
0.05 + 0.04 ppm (CSIRO-NOAA) at current ambient have been observed, despite a much closer level of
atmospheric CO, levels. This difference reflects collec- agreement demonstrated for high pressure cylinders.
tive uncertainty from both laboratories. There is no sig- Resolution of such discrepancies must remain a high
nificant drift in the difference, but there are insufficient  priority if CO, records from flask sampling networks of
statistics to resolve a constant offset from any drift. different laboratories are to be merged into a self-

Uncertainties due to unaccounted variations of non-  consistent global database. Further details of analytical
linearity in our instrument response are within 0.2% of  techniques and calibration for CO; and other species

mole fraction difference (eg. within +0.04 ppm for a measured by GC will be provided elsewhere [Lan-
genfelds et al. in preparation].

Table 4. Measurement uncertainties and related information applicable to data from CSIRO analyses of flask air.

CO, sC 8% CH, co H, N,O
Raw measurement precision (1c)° +0.09 ppm  £0.01 %o +0.02 %o +2.3 ppb +0.6 ppb +1.5 ppb +0.3 ppb
Long-term scale stabilityb +0.007 +0.03 +0.2 +0.3 +0.02
ppm yr’ ppb yr’ ppb yr’ ppb yr’ ppb yr”
Alignment of CSIRO’s internal scale with 0.99986 1.00021 ? ? ?
established, independent scales® +0.00012 +0.00010
Random uncertainty on individual flask
samples (1G)d +0.13 ppm  £0.02 %o +0.1 %o +1.7 ppb +0.7 ppb +1.5 ppb +0.3 ppb
Uncertainty relative to other CSIRO
network sites® +0.1 ppm +0.4 ppb +0.4 ppb +1 ppb +0.1 ppb
Uncertainty due to non-linearity of
instrument response, expressed as a
percentage of mole fraction (or d) difference’  +0.2 % +0.2 % 1 % +2 % +1 %
High-precision calibration range® 290-380 345: +2%0  546: +2%  300-1850+ 20-400 430-1000 260-340
ppm ppb ppb ppb ppb

@ Based on the long-term, mean standard deviation of repeat aliquots from high-pressure cylinder working standards. Of the listed spe-
cies, CO shows greatest variation of precision over the range of mole fraction measured in the background atmosphere. The value
shown here relates to a CO mole fraction of 100 ppb.

®Based on drift rates implied by long-term standards in high-pressure cylinders, the degree of relative stability among many such stan-
dards, and for CO,, also from results of intercomparisons with NOAA/CMDL.

°The CO, scale factor is with respect to the manometrically-defined WMO CO, mole fraction scale. The CH, scale factor is with respect
to the CH, scale maintained by NOAA/CMDL. Scale factors represent CSIRO/NOAA values of exchanged cylinder air. Alignment of
CO and H; scales cannot be easily quantified due to time and concentration-dependent differences between CSIRO and
NOAA/CMDL. Preliminary estimates of the N,O scale factor are given in the text but are not yet reliably quantified and may not be
consistent for NOAA’s HATS and CCG groups.

4Based on raw instrumental precision, results from test flasks showing noise associated with flask sample analysis and dependence on
storage time, and flask pair differences from Cape Grim which also include a contribution from noise associated with flask sampling
procedures. The values shown here relate to use of CSIRO’s glass, 0.5 litre flasks with dual PFA O-ring valves and are representative
of a typical network site, although values for specific sites differ according to mean storage times. Similar values apply to other flask
types except where storage-related drifts are significantly higher (eg. CO in glass flasks with Viton O-rings and 1.6 litre, stainless steel
‘Sirocans’).

°Based on uncertainty due to possible systematic error in allowance for storage drift, gauged from laboratory tests and from overlapping
0.5 and 5.0 litre glass flask data at other CSIRO sampling sites (South Pole and Macquarie Island). The values shown here relate to
use of CSIRO’s glass, 0.5 litre flasks with dual PFA O-ring valves and are representative of a typical network site, although values for
specific sites differ according to mean storage times. Similar values apply to other flask types except where storage-related drifts are
significantly higher (eg. CO in glass flasks with Viton O-rings and 1.6 litre, stainless steel ‘Sirocans’).

"Based on recognised uncertainty in assignments to primary standards (specifically in the accuracy of relative mole fraction or §), vari-
ability of measurements from these standards (after correction for non-linearity, where applicable) as a function of mole fraction (or )
difference from the working standard, and for CH, also from analysis of 6 standards with gravimetrically-derived assignments provided
by Tohoku University.

9 The range for which instrument response is well constrained and routinely monitored with calibration standards. Higher uncertainties
apply to values outside of this range.
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5.1.2. Methane (CH,)

CHy, is analysed by GC (FID). Data are reported in the
CSIR094 CH, scale [Steele et al. 1996], which is de-
rived from the CH, scale maintained at NOAA/CMDL.
The link to this scale was established with two high
pressure cylinders containing dry, natural air that were
calibrated by NOAA/CMDL between 1987 and 1990.
Results from later exchange (1992-1997) of 12 high-
pressure cylinders indicate a small, but measurable
difference. The ratio of CSIRO/NOAA values for these
samples is 1.00021 £ 0.00010, implying a difference of
+0.36 + 0.17 ppb (CSIRO-NOAA) at 1700 ppb. Stability
of the CSIRO scale is monitored with about 25 as-
sorted standards with lifetimes of 4-10+ years. Instru-
ment response has been evaluated with a suite of six
Nippon Sanso CHg-in-air standards (volumetrically
prepared, calibrated against a gravimetric scale at To-
hoku University) spanning the range 310-1845 ppb.
The results show the response to be linear within con-
fidence limits. A deviation from linearity of 0.2% of mole
fraction difference was measured but is of similar mag-
nitude to uncertainty of the gravimetric preparation
technique. We thus treat the response as linear and
allow for uncertainty of 0.2% of mole fraction differ-
ence, equivalent to only 2 ppb in a difference of 1300

ppb.

5.1.3. Carbon monoxide (CO)

CO is analysed by GC with ‘reduction gas detection’
where the separated CO reduces heated (275°C) mer-
curic oxide to mercury vapour that is subsequently de-
tected by UV absorption. Data are linked to the gra-
vimetrically-derived scale of NOAA/CMDL [Novelli et
al. 1991] using a single high-pressure cylinder stan-
dard with CO mole fraction of 196 ppb. This standard is
one of five synthetic mixtures of CO,, CH, and CO in
zero air, in the range 30-196 ppb, that were calibrated
at NOAA/CMDL between 1992 and 1994. The reason
that only the highest concentration standard is used to
link the CSIRO and NOAA scales is that large discrep-
ancies exist in the respective laboratories’ determina-
tion of relative mole fraction among these standards
and other high pressure cylinders exchanged since.
The highest concentration is likely to give the smallest
proportional error in linking the scales. We have estab-
lished the instrument response characteristics of the
CSIRO instrument by diluting air containing above-
atmospheric CO and CH, mole fraction with varying
amounts of zero air. Precise dilution ratios are deter-
mined by analysis of CH, for which non-linearity in in-
strument response is negligible by comparison to CO.
The results of five such experiments between 1993
and 1999 show the relative CO mole fraction among
these standards to consistently differ from that indi-
cated by the NOAA assignments. Using 196 ppb as
the fixed reference point for linking to the NOAA scale,
differences of up to 4 ppb are found at lower concen-
trations. These discrepancies are most likely due to dif-
ferent treatment of instrument non-linearity, despite the
fact that both laboratories employ similar analytical
techniques. NOAA has used either cubic or quadratic
functions to describe their instrument response. At
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CSIRO, we have found it necessary to use a different
function (y = ax®* + bx + cx’, where y is CO mole frac-
tion, x is peak height counts and a, b, ¢, and d, are fit-
ted parameters) that better captures sharper non-
linearity in instrument response at low concentrations
(especially below 100 ppb). Stability of the CSIRO
scale and variations in instrument response are moni-
tored with about 20 high-pressure cylinder standards,
with lifetimes of 4-10+ years, spanning a CO range of
20-400 ppb.

From our experience of maintaining a CO meas-
urement program and extensive laboratory tests, we
have identified several specific effects that can ad-
versely affect data quality. For example, instrument
‘blanks’ (i.e. appearance of CO peaks in chroma-
tograms from air containing no CO) affect the shape of
the instrument response function, especially at low CO
concentrations, and are monitored by regular analysis
of zero air (where necessary scrubbed of residual CO).
It is common for CO to be produced by internal sur-
faces of regulators and/or cylinder valves of high-
pressure cylinders. Avoiding significant errors requires
careful selection of standards (especially working stan-
dards), and adherence to suitable gas handling proce-
dures that limit the residence time of air inside the
valves/regulators. We have also observed an instru-
mental memory effect that causes H, and CO meas-
urements to be affected by the CO mole fraction of
preceding analyses. Knowledge of the existence of
these effects allows us to implement analytical and/or
data processing procedures that limits resulting uncer-
tainty to acceptable levels. Further details will be pro-
vided elsewhere [Langenfelds et al. in preparation].

5.1.4. Hydrogen (Hy)

H. is analysed by GC on the same instrument and with
identical techniques to that described above for CO.
Data are reported in the CSIR0O94 H, scale which was
defined by dilution of high purity H, and CH, (in a 1:3
ratio) with zero air to produce a mixture with H, mole
fraction close to atmospheric levels, and ‘bootstrap-
ping’ to a gravimetrically-derived, absolute CH, scale.
The relationship of the CSIR0O94 H, scale with the gra-
vimetrically-derived H, scale of NOAA/CMDL [Novelli
et al. 1999] is not well-defined due to both time and
concentration-dependent variations in the difference.
Results from the Cape Grim flask air-sharing intercom-
parison show systematic, time-dependent differences
of between 0 and 20 ppb between 1992 and 1998
[Masarie et al. 2001]. CSIRO instrument response was
determined by the same ‘dilution experiments’ de-
scribed above for CO and was found to be significantly
non-linear and of similar shape to that of CO. Unlike
CO, however, a constant response function is as-
sumed because 1) we have too few well-behaved stan-
dards with mole fraction significantly different from
ambient atmospheric levels to adequately describe
variation in the response function (y = ax® + bx + cx%),
although these standards do constrain the magnitude
of any variations and 2) the proportional range of varia-
tion in the background atmosphere is much smaller for
H, than for CO so that minor changes in instrument re-
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sponse are less critical for atmospheric studies. Stabil-
ity of the scale is monitored with ~20 high-pressure cyl-
inder standards, with lifetimes of 4-10+ years, spanning
a H, range of 430—1000 ppb. Most of these cylinders
are of electropolished, stainless steel construction. In
our experience, the aluminium cylinders successfully
used for long-term calibration of other GASLAB spe-
cies are generally not reliable for H,. Apart from a sin-
gle batch of five of these cylinders, all have been found
to grow H, at varying rates of up to hundreds of ppb
per year. The suite of ~15 stainless steel and 5 alumin-
ium cylinders are all stable against each other to better
than +1 ppb yr'1.

5.1.5. Nitrous oxide (N,O)

N.O is analysed by GC with electron capture detection
(ECD). The scale maintained at CSIRO was estab-
lished using six high-pressure cylinder standards (of a
high purity N,O/CO, mixture diluted with varying
amounts of zero air) that were gravimetrically prepared
by NOAA/CMDL in 1993. Their N;O mole fraction val-
ues were assigned on the basis of the gravimetric
preparation with a nominal uncertainty of +1 ppb, and
span a range of 264-344 ppb. In 1995, two high-
pressure  cylinders  were  exchanged  with
NOAA/CMDL'’s Halocarbons and other Atmospheric
Trace Species (HATS) group. Comparison of GC
measurements, which are of higher precision than the
gravimetric assignments, indicated a scale factor of
1.0014 (CSIRO/NOAA) at this time, equivalent to a dif-
ference of 0.44 ppb (CSIRO-NOAA) at 315 ppb. How-
ever, further cylinder intercomparisons will be neces-
sary to reliably quantify the scale difference and iden-
tify any time variation. A difference of similar magnitude
is observed in early results from the Cape Grim flask
intercomparison conducted with NOAA/CMDL’s Car-
bon Cycle Group (CCG), but the precise relationship
between HATS and CCG scales is not known at this
stage. Stability of the CSIRO scale is monitored with
about 30 high-pressure cylinder standards, with life-
times of 4-9+ years.

5.2. Mass Spectrometry (prepared by C E Alli-
son and R J Francey, April 2001)

The CO, §"*C and §'®0 data are reported on the inter-
national VPDB-CO, scale. Samples are measured us-
ing a dual-inlet Finnigan MAT252 mass spectrometer
with an MT Box-C cryogenic pre-treatment attachment
for the extraction of CO, from air samples (normally
dried at collection). First, 545 and 346 values of sample
CO, are obtained with respect to a pure reference CO..
The reference CO, is one of six sub-samples of an ul-
tra-high purity high-pressure cylinder of CO, (HC453)
maintained in large-volume glass containers. HC453
has been the sole source of reference CO, for use at
CSIRO since 1977 and HC453 sub samples were
measured against NBS-19 in the 1980s resulting in an
assignment of VPDB-CO, values of §"3C = -6.396%o,
and 8'°0 = -13.176%o [Francey and Goodman 1988].
The link to VPDB-CO, has been maintained by com-
parisons between these sub-samples. Corrections to
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convert 845 and 846 values to preliminary §"°C and
§'®0 are applied using methods described by Allison et
al. [1995]. This includes correction for the presence of
nitrous oxide, co-trapped with the CO,, using meas-
ured concentrations of N,O and CO, in each sample
[Francey et al. 1996].

Final 8"C and §'°0 values on the VPDB-CO, scale
are obtained after a correction based on comparison of
measured and assigned values in air standards (high-
pressure cylinders of air) that are processed every 4
samples. The initial assignment of VPDB-CO, isotopic
values to air standards was referred to as CG92 [Alli-
son and Francey 1999]. A revised assignment, CG99,
was developed during 1999-2000, which takes into ac-
count recently identified and independently quantified
systematic biases [e.g. Francey and Allison 1994; Mei-
jer et al. 2000]. The CG99 assignment is used here.

CSIRO expressions of the VPDB-CO, scale are
monitored using a number of high-purity CO, stan-
dards (GS-19, GS-20, OZTECH-3, OZTECH-30,
OZTECH-40) and a number of surveillance standards
(high-pressure cylinders of air). The very small sample
requirements mean that all high-pressure cylinder air
standards used since 1991 remain in the surveillance
suite. (Note: Measurements made on all surveillance
gases are used solely for diagnostic, not adjustment,
purposes). CSIRO monitors its expression of the
VPDB-CO, scale relative to those of other laboratories,
using a range of samples that includes the NIST high-
purity CO, SRMs [Verkouteren 1999], the I|AEA
CLASSIC cylinders [two four-laboratory circulations of
five cylinders, Allison et al., 2003], flask air sharing
comparisons with several laboratories (for example, six
flasks of air per month with NOAA/CMDL since 1992)
and through participation in other comparison exer-
cises.

5.3.

Developing methods to maintain an adequate level of
precision has been a key part of calibration strategies
at CSIRO. It involves an ongoing process of searching
for, discovering, documenting and rectifying systematic
bias. We participate in well-planned international inter-
comparison activities such as the WMO Round-Robins
for CO, or the NIES NARCIS program [Mukai, 2003]
for comparing stable isotope measurements of CO..
We have also sought to play an expanded international
role in the ‘data-merging’ challenge in two ways:

The immediate objective is to contribute to the
detection and rectification of systematic error
throughout global networks e.g.:

The most successful development for monitoring
relative precision and providing frequent diagnostic
information for a range of trace gas species has
been the flask-air sharing (or ‘ICP’) comparisons
between CSIRO and NOAA [Masarie et al. 2001].
The program was originally catalysed by the very
small GASLAB sample requirements, which permit-
ted CSIRO sampling of a subset of NOAA flasks en
route from Cape Grim to NOAA without detectable
modification of sample integrity. (Similar compari-
sons with other laboratories have been useful but

Intercomparison activities
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not yet so effective, mainly as a result of lower
sampling frequency, thus yielding inadequate statis-
tics).

For the measurement of stable carbon isotopes of
CO,, CSIRO has played an international role with
the preparation and distribution of a subset of 10
high-pressure cylinders of air in the IAEA CLASSIC
program, involving the four laboratories with sub-
stantial global networks [Allison et al., 2003]. Large,
but apparently consistent, systematic differences
are evident between laboratories that are not re-
flected in measurements of pure CO, standards.
Under these circumstances, the IAEA CLASSIC
cylinders remain a valuable international standard
for CO,-in-air isotope measurements, pending de-
velopment of improved links to primary standards.
The experience with CLASSIC and flask-air sharing
programs (and the WMO Round-Robin program)
led to the ‘GLOBALHUBS’ concept [Francey et al.
2001a, b]. Its aim is to place the powerful diagnostic
elements of these experiments, and more, at the
disposal of many more international laboratories. In-
ternational coordination and prompt (preferably
automated) reporting to a community web site are
key ingredients.

Most elements of the GLOBALHUBS concept are
being evaluated in Europe (AEROCARB/TACOS
programs of CARBOEUROPE) that has received
sufficient funding to effectively establish a European
HUB laboratory. CSIRO plays both an advisory and
sub-contracting role to the AEROCARB program:
[see http:/Mmww.bgc-jena.mpg.de/public/carboeur/
projects/index_p.html].

In a laboratory/diagnostic role, the LOFLO CO,
analyser system has proven effective in detecting
and quantifying previously undetectable systematic
influences on CO, measurement due to regulators,
valves, drying systems etc.

5.4. A contribution to the development of
closer links to primary standards and/or
constants.

For CO, concentration measurements, perhaps the
most significant CSIRO contribution to calibration will
result from the LOFLO development [Da Costa and
Steele 1997]. The LOFLO system design includes
seven high-pressure cylinders of air, with CO, values
spanning 340-400 ppm, directly calibrated by the WMO
Central CO, Laboratory. The system combines out-
standing precision (a few ppb) with low sample con-
sumption. Lifetime of the cylinders for continuous use
(and assuming insignificant drifts in concentration) is
expected to be decades. Thus the small sample tech-
niques imply significant contraction of calibration hier-
archies, and thus all of the error propagation and logis-
tic overheads that accompany them (see Figure 2).
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Figure 2. Proposed operational configuration of the LOFLO
analyser with regard to reducing errors associated with
propagation of the WMO CCL calibration scale. The ‘WMO
RECOMMENDED’ hierarchy is adapted from WMO TD
#980 [2000].

e For CO, stable isotopes, the European Commis-
sion TACOS program has provided an opportunity
to improve links to primary standards by improving
conventional approaches. Willi Brand, of MPI-Jena,
working in collaboration with IAEA (primary carbon-
ate reference material/scales) and CSIRO
(CLASSIC cylinders; on-going flask-air sharing with
several isotope laboratories) is to prepare CO,-in-
air standards using CO, evolved from a carbonate
standard, for circulation to participating laboratories.
Discussions with the Institute for Reference Materi-
als and Methods (IRMM), Geel, Belgium, are ex-
ploring the possibility of using high precision mass
comparators as a way of accurately determining the
absolute ratio of "*C to ?C in CO, (effectively a link
to the Avogadro constant).

6.

The calibration statements in sections 5.1 and 5.2 now
provide a sufficiently robust foundation for more formal
release of much of the CSIRO data. Until now, se-
lected data have been released on request, for applica-
tions in which calibration uncertainty was not consid-
ered to be a limiting factor at the time. There still re-
main some data with site- or species-specific biases
not yet fully accounted for; in the meantime, the major-
ity of GASLAB data (post 1992) are submitted to the
WMO GAW World Data Centre for Greenhouse Gases
(WDCGG; http://gaw.kishou.go.jp/wdcgg.html), the
CDIAC world data centre for atmospheric trace gases
(http://cdiac.esd.ornl.gov/), the Cooperative Atmos-
pheric Data Integration Project (http://www.cmdl.
noaa.gov/ccgg/globalview/co2/) and other collaborator
data repositories. Specific metadata including site,
analysis and calibration details, as well as flagging an-
ticipated upgrades/extensions.

A particular concern has been extra uncertainty as-
sociated with linking pre-GASLAB data (prior to
1991/92) to the more recent GASLAB records, with
both the final 1-2 years of the older records and the ini-
tial 1-2 years of the new records experiencing extra dif-
ficulties (requiring non-standard processing). For a lim-

Data availability
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ited number of cases (see highlights below) this has
been satisfactorily achieved. In subsequent regular re-
leases of data the extended records will be progres-
sively included.

A related significant challenge, currently being ad-
dressed, anticipates a requirement emerging from the
development of inverse and multiple-constraint models.
These models require a realistic uncertainty on individ-
ual measurements, a parameter with importance
sometimes matching the actual value, particularly
where uncertainty systematically varies with time within
a record. The models also require specific sampling
details (in particular actual sampling time) in order to
optimise ever improving atmospheric transport repre-
sentations (including nested boundary-layer/mesoscale
models). Pending the accommodation of these extra
parameters in international databases, this information
will be developed within CSIRO archives alongside the
composition data, and will be provided on request.

7. Recent milestones

The 6" International CO, Conference was held in Sen-
dai, Japan, 1-5 October 2001. The international CO,
conferences have been ftraditionally a watershed for
release of CSIRO greenhouse gas results and this oc-
casion is no exception. Appendix 1 lists publications
representing significant milestones for the Australian
global greenhouse gas measurement community (and
modelling colleagues) and includes a high proportion of
results described in more detail in the Extended Ab-
stracts volumes of the Sendai conference.

Other significant publications of CSIRO data:

Pak, B. C-Y., Vertical structure of atmospheric trace
gases over southeast Australia, PhD thesis, University
of Melbourne, 2000.

8. New directions

With increasing efficiency and automation of basic
monitoring activities, and completion of shorter-term
contractual or development activities, there is the op-
portunity from time to time to undertake new initiatives.
A number of such activities of potential interest to the
wider measurement community are listed below:

8.1. LOFLO analysers

8.1.1. Commercialisation

The performance of the Cape Grim LOFLO CO, ana-
lyser system has led to a semi-commercial production
of a further six units. A number of design changes were
necessitated by evolution of software and by a re-
quirement for portability. The design and construction
of the MARK Il LOFLO systems is being undertaken by
the engineering sections of CSIRO Atmospheric Re-
search, working in close collaboration with GASLAB
(which provides input on optimum configurations for
various applications, and for calibration, testing and
commissioning). Depending on the success of the re-
development and demand for the analysers, produc-
tion of further MARK Il units is under consideration.
Motivated primarily by strategic scientific considera-
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tions (wider deployment of LOFLO systems is the best
contribution we can make to reduce uncertainties in
fluxes derived from inversion of atmospheric CO,
measurements), plans for further improvement and a
greater degree of commercialisation (a MARK Ill) are
also under discussion.

8.1.2. Remote site operation

The French (LSCE) are preparing a MARK Il analyser
for deployment on Amsterdam Island in response to
difficulties in maintaining skilled operators at the site.
Greatly reduced operator requirements and greatly re-
duced provision and preparation of reference, span,
and associated high-pressure cylinders [WMO 2000]
are anticipated. The much lower cost of operation of a
LOFLO analyser system compared to a conventional
system is related to both factors. The day-to-day op-
eration and diagnoses of the Cape Grim LOFLO sys-
tem is conducted via telephone from Melbourne. The
design envisages on-site operator intervention once
every five months to change the reference tank and
check the drying system; during the trial phase, minor
adjustment, once per month, was also required. There
is potential to lengthen the period between both the
reference tank change and adjustment. At Cape Grim,
consumables costs are reduced by about a factor of
five compared to the conventional NDIR system. Pro-
duction of LOFLO systems that will permit precision
CO, monitoring in presently under-sampled global re-
gions remains a strategic priority.

8.1.3. Continuous versus flask sampling

Prompted by the possible removal of logistic con-
straints that have restricted the wider deployment of
continuous CO, analysers, Law et al. [2001] have at-
tempted preliminary studies with a 3-dimensional at-
mospheric transport model to explore possible im-
provement in flux estimates from inversions of atmos-
pheric CO, measurements, when flask-sampling at
GLOBALVIEW-CO, sites is replaced with continuous
LOFLO CO, analysers. Prior estimates of global emis-
sions have been used to generate ‘pseudo CO, data
at 83 GLOBALVIEW sites. Using the same transport
model, the psuedo-data at the 83 sites have been in-
verted to provide surface fluxes. In Figure 3, the mean
level and uncertainty in these fluxes are compared to
the prior estimates for different inversions using data
averaged over one month (more typical of data avail-
able from flask sites), to every four hours (representing
a continuous monitoring site). The influence of system-
atic calibration differences in the data is also explored.

A good inversion requires that the Root Mean
Square Bias (RMSB; the estimated minus the prior
source) be smaller than the Root Mean Square Uncer-
tainty (RMSU, determined across 12 months), as ob-
served in all ‘clean’ cases in Figure 3, and that the
RMSU is small (which is particularly true for the more
frequent and better calibrated data). There is support
for wider deployment of continuous analysers in this
plot.

(Note: More frequent sampling is an argument used
in justifying the development of satellite sensors of
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CO.. Given other potential biases of satellite systems
such as cloud, calibration and low precision, a parallel
focus and effort in assessing wider deployment of high-
precision, continuous, low-maintenance surface in-
struments, seems appropriate.)

RMSE for Australasia source estimates
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Figure 3. The Root Mean Square Bias (RMSB; the esti-
mated minus the prior source; green line) and Root Mean
Square Uncertainty across 12 months (UNC; red line ) are
given in the Australasian region, for clean data. The box
and whiskers define the mean, 25 and 75 percentiles, maxi-
mum and minimum of the RMSB when up to +0.2 ppm (left
box) and up to £+0.5 ppm (right box) random offsets are
applied to the data every two months. The offsets are in-
tended to simulate likely errors in a conventional CO, moni-
toring system corresponding to span and reference gas
changes, as suggested from the comparisons between the
conventional and LOFLO system at Cape Grim, or intercali-
bration differences between laboratories [Law et al. 2001].

8.1.4. Regional (Continental) Inversions using a
LOFLO system

Modelling studies using ‘pseudo data’ and ‘perfect
transport’ have been applied to the deployment of a
network of LOFLO systems across the Australian con-
tinent, with the target of better ‘top-down’ location and
monitoring of regional flux changes. The results were
similarly encouraging. Over the next two years,
GASLAB hopes to deploy trial networks of continuous
LOFLO CO, analysers, in close collaboration with flux
tower measurements and intensive inventory/process
studies of soils and plants, within a ‘multiple-constraint’
modelling framework.

In long-term continuous monitoring at continental
sites, the LOFLO systems offers the opportunity to ex-
amine averaged selected data (on the basis of local
transport and/or frequency domain filtering, etc.), at
several sites, over decades, with precisions of a few
tens of a ppb. There is a possibility that long-term,
slow, but potentially serious, environmental change is
first detected by such monitoring.
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8.1.5. Ultra-High Precision Southern Ocean Monitor-
ing

The potential for two LOFLO analysers to accurately
monitor hourly CO, differences to a precision (<10-20
ppb), an order of magnitude better than current instru-
ments, similarly suggests new dimensions to global
atmospheric CO, monitoring over the oceans. Ocean
general circulation models [e.g. Matear et al. 1999] are
suggesting that the Southern Ocean circulation is par-
ticularly sensitive to global warming and that changed
efflux of CO, and other trace gases will result. There
have also been suggestions of fertilisation of Southern
Oceans to remove excess CO, from the atmosphere.
An ultra-high-precision monitoring network for CO,
over the Southern Oceans, possibly complemented by
continuous O,/N, monitoring to better characterise ma-
rine biota influences, is proposed as one way to best
exploit the LOFLO analyser precision (see Figure 4).

. .-'.Jlrflaring Head
| eMacquarie Island

Amsterdam

Figure 4. Possible configuration of an ultra-high precision
Southern Ocean CO; and atmospheric monitoring network
based on LOFLO CO. Analyser Systems. Complementary
O2/N2 monitoring is also envisaged. (Thick dashes/stars en-
visaged by 2002/3).

With a LOFLO now operating at Cape Grim, the an-
ticipated deployment of a second system at Amster-
dam Island in 2002, and a third destined for use on the
Antarctic supply ship RV Aurora Australis from 2002,
the foundations of a Southern Ocean ultra-high preci-
sion monitoring are starting to emerge. Continuous
O./N, monitoring at Baring Head, and anticipated
monitoring from Cape Grim by NIES next year, further
strengthen the vision. This will be reinforced as extra
resources come to hand.

8.2.

GASLAB is steadily improving its capability of prepar-
ing high-pressure cylinders of air of specified composi-
tion for a range of long-lived trace gases, and of testing
of components (especially high-pressure regulators),

Intercomparison activities
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containers etc., for systematic influence on atmos-
pheric composition measurements. We have experi-
enced a growing international demand for this exper-
tise. Increasing automation and efficiency permits a
continuing, possibly expanded role as a reliable pro-
vider of quality products whose widespread deploy-
ment significantly addresses our strategic objective of
reducing uncertainty on global flux estimates from in-
versions of atmospheric composition data.
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NANO-PARTICLES AT CAPE GRIM: A REGIONAL VIEW USING SOUTHERN OCEAN
ATMOSPHERIC PHOTOCHEMISTRY EXPERIMENT (SOAPEX-2) AS A CASE STUDY
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?School of Mathematical Sciences, Monash University, Clayton Victoria 3800, Australia

Abstract

Factors influencing the concentration of particles with diameters between 3 and 12 nm, at Cape Grim, were inves-
tigated during the SOAPEX-2 study in January-February 1999. Diurnal variation was examined for three broad air
mass origins, Tasmania, continental Australia and clean maritime. Substantial differences were found in the diur-
nal cycles between these sectors with a broad daytime enhancement in the Tasmanian sector, attributed to ur-
ban/industrial activities. The diurnal variation for the continental sector had the appearance of a typical urban day-
time activity pattern (morning and evening peaks), delayed by around 10 to 12 hours. In the baseline sector there
was little evidence of photochemical enhancement of concentrations during the day but some evidence of a night-
time enhancement.

The behaviour of nano-particle concentrations following the three frontal passages during SOAPEX-2 was also
investigated; enhancements were observed following each of the fronts. These enhancements were similar to
those reported from ACE 1 but were of greater magnitude. The prevailing conditions during the SOAPEX-2 en-
hancements were very clean maritime air, low radon concentration and typical baseline concentrations of meth-
ane and carbon monoxide. Water vapour mixing ratios were reduced during the enhancement periods, supporting
the hypothesis that the particle enhancements are related to subsidence of free tropospheric air.

1. Introduction of the TSI3025 UCN counter during SOAPEX-2 it has
become possible to directly determine the concentra-
tion of particles in the range 3-12 nm with high tempo-
ral resolution.

In this study we examine some general properties
of nano-particle concentrations and other indicators of
air masses to identify possible sources of the nano-
particles. Enhanced nano-particle concentrations were
reported by Bates et al. [1998] from ship-based meas-
urements for the Southern Ocean region during post-
. N . Sl frontal subsidence for the period of the first Aerosol
are most active at this time of year. The main opject|ye Characterization Experiment (ACE 1) in 1995. In this
of SOAPEX-2 was 10 study gas phase chemistry in work we examine post-frontal conditions during

very clean air over the Southern Ocean. The study in- g APEX2 to extend the study of Southern Ocean
cluded aerosol measurements because of the impor- nano-particle enhancement to Cape Grim

tance of photochemistry in aerosol production and also
because of the role of aerosol in heterogeneous reac- 2
tions. There are various reasons for focusing on parti- '
cles in the low nanometre size range. Nano-particles 2.1. Site Description
are short-lived, rapidly growing into accumulation mode
size particles by coagulation and condensational
growth. The presence of significant concentrations of
nano-particles is a good indicator of relatively recent
new particle formation [O'Dowd et al. 1998].

This study reports on in situ measurements of nano-
particles in the marine boundary layer near south-
eastern Australia defined here as particles with diame-
ter (Dp) in the range 3 < D, < 12 nm. The measure-
ments were made during the second Southern Ocean
Atmospheric Photochemistry Experiment (SOAPEX-2)
field campaign at the Cape Grim Baseline Air Pollution
Station from 17 January to 19 February 1999. This pe-
riod was selected because photochemical processes

Experimental

The Cape Grim atmospheric observatory is located at
the north-west tip of Tasmania (40°41'S, 144°41'E).
Situated on a cliff 94 m above sea level, it is well lo-
cated for sampling air from several relatively distinct
Since its inception in 1976, the Cape Grim program r_egions. .These can b? br?’ad'y cI?ssedo as the_ Austra-
has included measurements of integrated particle num-  ian continent SW'nd dc:rect|on 280° - 80°), thellslandoof
ber concentration, including nanometer sizes (D, > 3 asmania (80° - 190°) and clean maritime air (190° -
nm), determined using a manually operated Nolan- 280°) that has traversed long distances over the
Pollak photoelectric condensation nucleus (CN) Southern Ocean. These latter conditions are highly
counter. Over that period, a series of automatically op- ~ Variable but typically occur about 50% of the time for
erated CSIRO replica Nolan-Pollak CN counters have the Cape Grim 10-m wind. This percentage is based
also been deployed and continue to be used. In 1984, 0n 14 years of data from 1988-2001 inclusive [Paul
a TSI 3020 CN counter was added [Gras 1986] and a  Krummel, CSIRO Atmospheric Research, personal
TSI 3760 CN counter has also been used continuously communication, 2002]. The baseline definition in this
since mid-1996. The use of a diffusion battery since  Study is based on wind direction only. The location of
the early 1980s has allowed the observation of size ~Cape Grim is indicated in Figure 1 (at the centre of the
distribution to nanometre sizes, although with relatively ~ Wind rose).
low temporal and spectral resolution. With the addition
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Figure 1. Wind direction frequency for SOAPEX-2 (17
January - 19 February 1999). The legend indicates wind
direction frequencies, as percentages, for the baseline (BL),
Tasmanian (TAS) and continental (CONT) sectors during
the SOAPEX-2 period. The blue dotted lines indicate the
borders between the three wind sectors.

2.2. Equipment

The concentrations of hano-particles, as reported here,
were derived from the difference in concentration de-
termined using a TSI 3025 UCN counter and a TSI
3760 CN counter. The lower detection limit (50%
counting efficiency) for the Cape Grim TSI 3760 was
determined by Wiedensohler et al. [1997] to be 12 nm.
The Cape Grim TSI 3025 lower detection limit has not
been individually established. A generic value of
2.5 nm, as determined for a group of seven TSI 3025
counters by Wiedensohler et al. [1997] is assumed.
The spread at the cut-off detection limit (50% counting
efficiency) for the seven counters tested ranged from
2.42 to 2.82 nm. The primary data for this work are
one-minute averages of particle concentration from
each of these counters.

One problem that was encountered during
SOAPEX-2, and subsequent work with the TSI3025, is
the adsorption of water in the butanol working fluid.
The TSI3025 does not have a flush system and in hu-
mid conditions the butanol absorbs water. Subsequent
correction involved regular automated flushing of the
saturator. A similar problem occurs with continuous
use of the TSI3760. In this case, the butanol reservoir
is routinely manually replenished. The counting effi-
ciency of both instruments is reduced as water is ab-
sorbed, and finally counting stops completely. For this
study, any data suspected to be impacted by this prob-
lem were not included in the analyses.

2.3.  Weather conditions during SOAPEX-2

The weather during SOAPEX-2 was marked by a rela-
tively low frequency of conditions with clean maritime
air of recent Southern Ocean origin (baseline condi-
tions). The 10-m wind direction frequency for the
SOAPEX-2 period is given in Figure 1. This wind rose
plot shows that for the one-month period of the study,
these conditions were observed for only about 31% of
the time. The rest of the period was dominated by
easterly flow (54%), which typically traversed the
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northern coast of Tasmania, or nearby Bass Strait.
Back trajectory analyses show that continental airflow
during SOAPEX-2 mainly traversed rural regions over
New South Wales and eastern Victoria, before cross-
ing Bass Strait and arriving at Cape Grim. Continental
flow was infrequent (14%) during SOAPEX-2, as
shown in Figure 1.

3.
3.1

In order to establish the general behaviour of nano-
particle concentrations from different source regions,
air mass origins were categorised into three broad
wind sectors: Tasmanian (80° - 190°), baseline (190° -
280°) and continental (280° - 80°). Figures 2a, b and ¢
show median diurnal cycles of nano-particle concentra-
tions for these three wind sectors. The plotted data are
medians over the study period, of the hourly medians
of minute data. As is evident from these figures, the
three sectors have quite different diurnal patterns. Air
arriving from the Tasmanian sector has a high prob-
ability of recently passing over regions that include ur-
ban and light industrial areas along the northern Tas-
manian coast. For this sector, a broad increase can be
seen during the day, commencing after about 0600
and reaching a maximum around mid afternoon. This
overall pattern can reasonably be associated with rela-
tively local, upwind urban/industrial activities. Figure 3,
gives the corresponding diurnal pattern for radon con-
centration. This indicates less land contact during
nighttime on average, a factor that will contribute to the
very low nano-particle concentrations observed in this
sector in the early morning.

Results and Discussion

Nano-Particles —wind sector dependence
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Figure 2. Median diurnal cycle of nano-particle concentra-
tions for the (a) Tasmanian, (b) continental and (c) baseline
sectors. The bars shown indicate the 25" and 75" percen-
tiles.
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Figure 3. The diurnal cycle of radon concentrations for the
three wind sectors: Tasmanian, baseline and continental.
The bars shown are the 25" and 75" percentiles.

For the continental case two concentration peaks
were observed, the first around 0400 and the second
around 1600. Caution is needed in interpretation of
these data due to the very limited number of cases
available (typically this ranged from 2 to 8 cases per
indicated hour). The general form of variation suggests
a time-shifted daytime maximum, associated with ur-
ban/industrial activity on the Australian continent, for
example comprising morning and late afternoon peaks.
A lag of 10 to 12 hours would be required to shift the
observed pattern in nano-particle concentrations into
the previous day, and is consistent with the prevailing
wind speed (30 km hr') and the distance (300 km) to
the nearer populated areas of south-eastern Australia.
The diurnal pattern for radon, as shown in Figure 3,
clearly shows a similar form suggesting that strong di-
urnal differences in surface coupling may have also
played a role in the nano-particle concentration diurnal
cycle in this sector. Very clearly, more data are re-
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quired both to establish, and explain, the diurnal cycle
in the continental sector.

In the baseline sector there is little evidence for day-
time photochemical production of nano-particles over
the study period, although there is some evidence for
elevated concentrations overnight (2100 - 0300). The
lack of diurnal variation in radon, and its low concentra-
tion for this sector (less than 100 mBg m™), indicate
that the overnight nano-particle increase was not due
to continental or island influences.

3.2. Nano-particle concentrations following
frontal passages

Although the SOAPEX-2 primary objective related to
clean post-frontal air, the frequency of frontal passages
was relatively low. Three frontal passages over Cape
Grim are considered. The periods encompassing the
frontal passages, and containing both pre- and post-
frontal conditions are 18 - 20 January and 14 - 19 Feb-
ruary 1999. In the first case, a front passed over Cape
Grim at 0130 on 19 January. The other two frontal
passages occurred at 0415 on the 15 and at 0900 on
17 February. All times given are Australian Eastern
Standard (UTC + 10 hours). The passage of these
three fronts can be seen on the surface isobaric charts
given in Figure 4, and their immediate effect at Cape
Grim can also be seen in the strong wind direction
shifts indicated by the dashed lines in Figures 5a and
b, and the pressure minima in Figures 6a and b. The
maximum uncertainty associated with determining the
time of frontal passage is around 2 hours, which is
mainly due to the time needed for the continental pre-
frontal air stream to be completely replaced by the
south-westerly post-frontal flow. This period is usually
referred to as frontal transition time.
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Figure 4. Surface isobaric maps for 0000 UTC 18 — 19 January 1999 (left), 14 — 15 February 1999 (middle) and 16 — 17

February 1999 (right).

56



The isobaric analysis charts suggest that the third
front was the strongest. The pressure minimum for this
front was also the lowest, further suggesting that this
passage was the strongest. As shown in Table 1, the
average wind speed also shows some differences dur-
ing the three frontal passages. The wind direction shift
and wind speed are determined from 3-hour pre- and
post-frontal averages. The wind direction is the differ-
ence between the two and the wind speed is the aver-
age. As is evident in Figure 5a, the average pre-frontal
wind flow for the first frontal passage was westerly,
which is not typical for Cape Grim. However, wind di-
rection shifts for the second and third frontal passages
were continental to baseline, as is frequently observed
at Cape Grim.

Table 1. Summary of frontal passages over Cape Grim dur-
ing SOAPEX-2.

Front Date Time Wind Wind Pressure

# 1999 Direction Shift ~ Speed Minima
(AEST) (degrees) (ms™ (hPa)

1 19Jan 0130 271 - 211 7.4 996.2

2 15Feb 0415 65 - 275 54 993.9

3 17Feb 0900 328 - 287 114 986.6

Figure 5a and b also show that total number con-
centration of particles larger than 3 nm and 12 nm di-
ameter both increased after the frontal passages.

After the first front, the nano-particle concentration
progresswely increased from a background level of
~100 cm™® to a maximum of 547 cm?® (for a 5-minute
average), dropped to 300 cm™ and then peaked again
at 534 cm® (Figure 6a). For the second and third
fronts, the maximum nano-particle peak concentrations
observed were 982 cm® and 1312 cm™ respectively
(Figure 6b). Peaks did not occur immediately after the
frontal passage, and the enhancement period ranged
from a few hours to over a day.

The increase in nano-particle concentrations ob-
served in this study exceeds those of the 13 events
observed during ACE 1 [Bates et al. 1998], for WhICh
the maximum concentration observed was 450 cm®
The most significant difference between the two stud-
ies is probably the time of year. The observations of
Bates et al. [1998] were made in late spring-early
summer whereas the present study was undertaken
closer to the summer maximum in photochemical activ-
ity. Another difference is latitude of the sampling sites.
Cape Grim is located at 41°S whereas the ship track
covered latitudes between Cape Grim and Macquarie
Island (54.5°S). Some differences in solar radiation
and sea-surface temperature would be expected al-
though previous observations Bigg et al. [1984] do not
show a strong latitude gradient in CN concentration.
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3.2.1. Further features of the SOAPEX-2 particle
enhancement events

Bates et al. [1998] have attributed increases in nano-
particle concentrations in this type of event to patrticle
production in descending air masses that are typically
associated with the high-pressure cell following cold
fronts. Many aspects of the mechanisms that can give
rise to such increases at ground level remain obscure,
and detailed modelling of the three dimensional flow in
the immediate post-frontal region in the Cape Grim re-
gion has not been undertaken. In this section we look
briefly at a number of other parameters that give addi-
tional information relating to possible indicators of air
mass during the SOAPEX-2 periods with enhanced
particle concentrations. Back trajectories can be useful
indicators of air mass origins. Trajectories were calcu-
lated using the Hybrid Single-Particle Lagrangian Inte-
grated Trajectory model (HYSPLIT) [Draxler 1992] and
Limited Area Prediction System (LAPS) [Puri et al.
1998] model, with analyses from the Australian Bureau
of Meteorology [Tully and Downey 2003], for the peri-
ods with enhanced nano-particle concentrations.
These trajectories are plotted in Figures 7-9, and show
air mass location up to 96 hours prior to the indicated
arrival time at Cape Grim, at approximately 100 m ele-
vation. They confirm that the origin of the air arriving at
Cape Grim was in the south-westerly stream well to the
south of Australia for all three nano-particle events.

Radon concentrations during the three nano-
particle enhancements also confirm a clean maritime
origin, with concentrations around 50 mBg m™ (Figures
10a and b). Methane and carbon monoxide concentra-
tions during the enhancements were within the ex-
pected range for clean marine air being 1693 ppb and
45 ppb respectively. Subsidence of relatively dry, free
tropospheric air into the marine boundary layer should
be expected to result in some decrease in water va-
pour mixing ratio. In all three cases of nano-particle
enhancement (Figures 1la and b) there was a clear
association with air that was relatively drier than air
sampled both before and after the period of enhance-
ment. The decrease in water vapour mixing ratio was
typically around 2-3 g kg™ (Table 2), based on the dif-
ference between the immediate 3-hour post-frontal av-
erage and the average during the nano-particle en-
hancement period.

Although free tropospheric ozone concentrations
are usually greater than at the surface, no consistent
pattern is evident for ozone concentrations during the
particle enhancements, as shown in Figures 11a and
b. This is indicative of the complex chemical processes
expected in mixing and descending air masses.

A summary of nano-particle peak characteristics,
wind speed and decrease in water vapour mixing ratio
during the maximum particle enhancement period is
given in Table 2.
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Figure 8. Back-trajectories for 14 - 16 February 1999, the
frontal passage occurred at about 0415 (AEST) 15 Febru-
ary. The legend shows arrival time for the trajectory at Cape
Grim.
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Figure 9. Back-trajectories for 16 - 19 February 1999, the
frontal passage occurred at about 0900 (AEST) 17 Febru-
ary. The legend shows arrival time for the trajectory at Cape
Grim.

Table 2. Summary of nano-particle peak characteristics
showing concentration, duration of peak at the base and
half-height, the time elapsed to reach peak concentration,
wind speed at peak and decrease in water vapour mixing
ratios following frontal passages.

Front Concentration Duration Time Wind Water
# Base Half Elapsed Speed Vapour

(cm®) (Hours) (Hours) (ms™) (g kg™
1 547 6 3 11.9 8.5 8.8-6.9

534 83 4.2 21.5 11.1 8.8-6.2
2 982 248 12.4 9.2 11.0 114-81
3 1312 355 17.7 16.8 6.3 9.9-6.7
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4. Discussion and summary

Nano-particle concentration at Cape Grim were exam-
ined, with a regional perspective, for the SOAPEX-2
study period of 17 January to 19 February 1999. Con-
centrations were determined for the size range of 3 —
12 nm (diameter) from the difference of concentrations
measured with two CN counters, a TSI 3025 and a TSI
3760. Diurnal variation in nano-particle concentration
was examined for three broad air mass origins, namely
Tasmania, continental Australia and clean maritime
(Baseline). Substantial differences were found in the
diurnal pattern between these sectors with a clear day-
time urban/industrial ‘activity’ in the Tasmanian sector.
This had morning and afternoon concentration maxima
as well as a less elevated increase throughout the day-
time period. A diurnal pattern of weaker daytime con-
tact with land was also suggested for this sector from
the radon diurnal pattern and this may have influenced
the nano-particle diurnal cycle. Land contact was less
during the night. Unfortunately, during SOAPEX-2
there were very few occasions when a clearly conti-
nental airmass was observed. The diurnal pattern that
was found for this sector had the appearance of an ur-
ban/industrial daytime activity pattern shifted by around
10 to 12 hours. Although this is consistent with the ex-
pected transit time of a continental airmass across
Bass Strait, the diurnal cycle of radon concentrations
shows an analogous form. This suggests that other
explanations such as changes in atmospheric mixing
or coupling to the surface are also likely to have been
important in producing the particle diurnal pattern.
Given the small number of samples for this sector
these results must be considered as indicative only,
and requiring further investigation. Within the clean
maritime, or Baseline, sector a very weak diurnal pat-
tern was evident and this showed a slight daytime en-
hancement of nano-patrticle concentration. This is con-
sistent with some weak photochemical production.

The behaviour of nano-particle concentrations fol-
lowing frontal passages at Cape Grim was also inves-
tigated to extend the work of Bates et al. [1998]. Whilst
the conditions during SOAPEX-2 were not highly fa-
vourable, with only three fronts and a much less than
average frequency of clean maritime flow, nano-
particle enhancements were observed following each
of the three fronts in this period. Many of the properties
of the enhancements were similar to those reported by
Bates et al. [1998] although the magnitude in all cases
was greater than those observed during ACE 1. During
the periods of enhanced nano-particle concentration,
which had a duration of up to 24 h the general picture
was one of very clean maritime air with radon concen-
trations around 60 mBg m™ and typical Baseline con-
centrations of methane (1693 ppb) and carbon monox-
ide (45 ppb). Water vapour mixing ratios were reduced
during the periods when particle enhancement oc-
curred, supporting the hypothesis that the enhance-
ments are related to subsidence of free tropospheric
air, whilst no clear relationship was evident with ozone
concentration. The stronger enhancements in nano-
particle concentrations during SOAPEX-2, compared
with ACE 1 as reported by Bates et al. [1998], is con-



sistent with the relative seasonal photochemical activ-
ity. ACE 1 was conducted in late-spring early summer,
whereas SOAPEX-2 was carried out in late summer
when the overall photochemical sulfate production at
this latitude is nearer its maximum.
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4.
4.1.

PROGRAM REPORTS
INTRODUCTION

The Program Reports section documents the status
and preliminary results of the scientific experiments
and measurements at Cape Grim during the years
1999 and 2000. There are essentially three types of
measurement programs at Cape Grim.

The first and main group are the Cape Grim Pro-
grams which are long-term and provide the core
measurements of compounds monitored in the atmos-
phere at Cape Grim. The Lead Scientists for these
programs collectively form the Cape Grim ‘Working
Group’, essentially the scientific steering committee,
and are responsible for maintaining the continuity and
quality of the core data from Cape Grim.

The second group of scientific programs are the
short-term, more research orientated, studies labelled
as ‘Pilot Projects’. Generally these studies only last
from one to three years and are designed to develop
and test new sampling techniques and/or equipment,
or for short-term intensive measurements of com-
pounds that are difficult to measure routinely.

The final group of programs includes all the Col-
laborative Programs, primarily the longer-term interna-
tional collaborations where samples and data are col-
lected and shared with international colleagues. Some
of these collaborative studies form part of global sur-
veys and Cape Grim provides assistance and samples
to outside researchers. Sometimes included in the col-
laborative program reports are the short-term intensive
studies made by scientists and research students who
are visiting Cape Grim to take advantage of the sam-
pling facilities and support at the Cape Grim station.

Cape Grim reports

The Program, Pilot Project and Collaborative reports
included in this edition of Baseline are categorised into
four groupings:

General (including climatology and transport tracers,
and the report on the Cape Grim database and data
management)

Trace Gases (radiatively or chemically active gases)
Multi-phase (including precipitation, particles and multi-
phase studies and

Radiation (electromagnetic radiation monitoring).

Missing reports

A brief summary is included below of the Cape Grim
and collaborative programs that have not submitted
reports for 1999-2000, but were in operation during at
least some of this period.

Isotopes in precipitation; Approximately 24 monthly
‘continuous’ samples were collected for analysis of
oxygen isotopes, tritium and deuterium in rain water.
The rain water samples are initially sent to ANSTO,
with a subsample forwarded to the CSIRO-Division of
Soils. The data ultimately end up archived at, and
available from, the International Atomic Energy Agency
(IAEA) in Vienna, Austria.

Other precipitation samples were collected from the
manual rain gauge on a daily basis, and from the
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weekly ERNI ‘Baseline’ collector, for the University of
Tasmania for isotope analysis.

Aerosol radionuclides; Weekly hi-volume aerosol fil-
ter samples are collected and counted for radionuclide
radiation. Data are then directly transmitted by satellite
to the Department of Energy (DOE), USA. Filters and
data backups are sent approximately every month.

Elemental carbon; Weekly low-volume aerosol fil-
ters are collected and sent to the University of Stock-
holm, Sweden, for the analysis of particulate elemental
carbon.

Lead Isotopes; Regular sampling for particulate Pb
was conducted using a trace metal/patrticle clean sam-
pler installed near the top of the Telstra tower. This
work was part of a related program on regional Pb iso-
tope ratios, based at Curtin University, Perth, WA and
ceased in mid-2000.

4.2. DATA MANAGEMENT

R P Wheaton

Cape Grim Baseline Air Pollution Station, Bureau of
Meteorology, Smithton, Tasmania 7330, Australia

Introduction

Data is collected at CGBAPS from 2 broad sources:
the analog Data Acquisition System (DAS) and instru-
ment control PC's. The DAS consists of a HP3497A
60-channel scanning DVM controlled over HP-IB inter-
face by custom software on a HP9000/715 HP work-
station (‘Jacob’). The DAS samples voltages from each
channel 10 times per minute and reduces these 10 raw
readings to mean, max, min, standard deviation & first
reading for each minute. The resulting data is stored in
a daily binary-format file. All 60 channels are sampled
although not all are in use at any given time.

Newer experiments at CGBAPS have tended to
use a decentralised approach in which an instrument is
controlled by a dedicated PC. The controlling PC typi-
cally accesses a central file server over the network to
archive its data. Instrument control software and hard-
ware are developed elsewhere by the responsible sci-
entist. Due to the development being left to the individ-
ual a wide range of software and operating systems is
in use at CGBAPS. Older instrument PC's communi-
cate with the central server using PC-NFS or LANMAN
network client software while newer machines use their
built-in SMB clients to access our 'samba’ service.

System Operation

The Data Acquisition System lost 1493 minutes in
1999 (a success rate of 99.71%) and 1261 minutes in
2000 (99.76%). Significant outages for the period were
evenly divided between hardware and software issues.
Grimco | (The HP1000's 'Alf and 'Bet’) suffered further
hardware failures in January and was retired from ac-
tive service. Grimco Il (‘Jacob’) experienced a hard
disk failure leading to loss of approximately 16 hours of
data acquisition in January. A second disk drive
showed signs of failure in May 1999 but was replaced
with minimal loss of data. The disks were replaced un-



der maintenance agreement with the vendor. The fail-
ure of the station UPS with subsequent fire caused
some loss of data during May 1999.

Due to persistent disk failures on Jacob, Grimco Il
was augmented with a new high-availability file server
'‘Mauka'. The new server is a Dell, PowerEdge 4300
with hot-swappable RAID-5 hard disk array and triple
redundant power supply for enhanced reliability. This
server entered service in September 1999 with various
instrument PC's being redirected to it progressively
throughout the remainder of the year. This server has
fulfilled its promise of enhanced reliability having suf-
fered no unscheduled downtime (apart from mains fail-
ures) despite the failure of a hard disk and power sup-
ply.

The CGBAPS ethernet network was expanded by
the addition of 3 CISCO switches. These devices are
capable of 100Mb/s operation as compared to the pre-
vious 10Mb/s HP Advancestack hubs.

Data collection for the particles program was en-
hanced by the installation of network connections to
the Auto-Pollak PC 'Blizzard" and the auto-CCN PC
'Katabat'. Data from these PC's are now automatically
archived nightly without staff intervention. All of the par-
ticles PC's were successfully migrated to the new file
server (‘Mauka) with only minor changes required to
their operating software. Some problems with the UCN
PC 'Eps' being unable to access its network drive were
traced to network configuration issues. Because the
operation of Eps is now vital to the baseline switch de-
termination a scheme was devised to attempt to restart
the software in the (rare) event of it stopping.

A CD writer was purchased and a program of regu-
larly archiving data to CD-ROM was commenced. Raw
program data for archive are, in the first instance,
stored on MOD at the station before being mirrored to
a server in Smithton overnight. When sufficient quantity
of such data has accumulated, they are recorded onto
a CD-ROM and removed from online storage. All files
on CD are recorded in a searchable online database
for future retrieval.

Extensive effort went into ensuring that all computer
systems were ‘Year 2000 compliant’. This involved
testing all systems, applying software upgrades as ap-
propriate and reviewing all locally-produced code. De-
spite our best endeavours minor issues were experi-
enced with the ‘Hurdl’, Liquid Water Radiometer & Pb
sampling PCs. These were all fixed or had work-
arounds running within the first few days of the new
year.

The Oracle RDBMS host 'Virazon' was upgraded
with an additional 256Mb of main memory to increase
performance as usage of the Cape Grim database in-
creased. A new PC 'lambda’ was integrated into the
CGBAPS network as part of the LoFlo CO, analyser.
This machine is largely administered remotely from
CSIRO-AR in Aspendale, but some routines were de-
veloped locally to make data available on our website,
archive it and forward it to Aspendale automatically.
Grimco Il was further expanded with the commission-
ing, in October 2000, of 'Pampero’ (Intel-based PC) as
our new webserver, assuming most of the functions
performed previously by the HP workstation 'Wilhelm'.
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'‘Wilhelm' is to be retained as a backup for the DAS
host 'Jacob’ as they are identical machines.

Data Processing

Software for hourly results processing was developed
for Grimco II. The former, yearly, binary file format was
discontinued in favour of a daily, human-readable
structure at the beginning of 1999. Copies of the daily
results file are routinely disseminated to CSIRO-AR
which has reduced the number of data requests from
CSIRO researchers having to be handled by CGBAPS
staff. The hourly results are also automatically entered
into the Cape Grim Database, currently held in an Ora-
cle RDBMS on a server in Smithton.

The monthly processing of aethelometer data was
ported to Grimco Il in June 1999. Ad-hoc processing of
the Hi-Vol data was also ported to Grimco Il in June
1999. The ‘baseline switch’ determination was
changed to use the 30-m wind direction whilst the 50-m
sensor was unserviceable between 11 May 1999 and
7 June 1999. The source of particles data for baseline
determination was changed from the TSI3020 counter
(connected to DAS channels 19 and 20) to the
TSI3025 counter (controlled by 'Eps') on the 28 Janu-
ary 1999. Some disruption of the flow of back-trajectory
data occurred late in 2000 when the Bureau migrated
to a new supercomputer. The missing data were sub-
sequently replaced with the assistance of Mat Tully
(BoM).

Software Development

The Cape Grim web pages were finally placed on the
Bureau's external web server for public access on 20
January 2000 after many months of design and revi-
sion. At this stage the publicly-accessible pages only
give a general overview of CGBAPS role and pro-
grams. The Cape Grim internal website (accessible
from within the Bureau, and by external users who
have permitted access) was considerably enhanced
with additions of back trajectories, hourly results, raw
minute data, additional flask forms and station logs etc.

The DAS raw minute extraction software was en-
hanced with an interface to the ‘bad channels’ data-
base and improved usage of the channel voltage limits
stored in ‘chanJ’ parameter files: this means that raw
minute voltages are now correctly converted using the
applicable conversion factors for the time rather than
current values, and flagged as ‘bad’ or ‘out-of-range’
where appropriate.



4.3. RADON AND RADON DAUGHTERS

S Whittlestone?

'University of Wollongong, NSW 2522, Australia
in 1999

’Australian Nuclear Science and Technology Or-
ganisation, Menai, NSW 2234, Australia in 2000

[Supported by CGBAPS research funds.]

Radon

The newer Huge Radon Detector (HURD-2) has been
rigorously tested, and shown to be much more stable
than the original HURD. Data in the Cape Grim data-
base are now taken from HURD-2, except during main-
tenance periods, when HURD data are used. In 1999
and 2000 a total of 20 hours data were lost, a data re-
covery rate of 99.9%.

This good performance is largely due to having two
instruments. With HURD becoming progressively
harder to maintain, installation of a replacement has
become a matter of urgency.

The standard deviation of calibrations of HURD-2
over 4 days was 2%, compared to 15% for HURD. The
difference is attributed to the effect of sun and wind
creating temperature gradients in the tanks, which lead
to increased turbulence and loss of radon decay prod-
ucts to the walls.

The major error in low-level measurements with
HURD-2 is from instrumental background. This was
determined by techniques involving comparison with
HURD, study of the decay of activity when the flow is
stopped, and a new test initiated by W. Zahorowsky in
which radon-free air was introduced into the instru-
ment. The latter technique was technically demanding,
but eventually a set of results was generated from
which it was possible to evaluate the equivalent radon
concentrations of five components of the background:
Internal emissions of Rn-222 are less than 2 mBq m’>;
and Rn-220 (thoron) are 19.7 mBg m™>; Thoron intake
via the inlet mast is negligible; Pb-210 accumulation on
the wire screen is about 10 mBg m™ per year and a
steady background from the scintillator and electronics
is 15.4 mBq m’. The statistical error in the background
is 3 mBqg m*. More data are required to determine if
this is a realistic total error.

The need for a new detector head was established
in Baseline 97-98. A major re-design was spurred by
the retirement of a skilled technician, without whom the
design current in 1999 was impracticable. The result
was simpler, cheaper, more efficient and serviceable in
the field by a technician with good general mechanical
skills by no specialist training. Components for four
units to be run in parallel in HURD-2 were purchased
and assembled in early 2000. Relatively minor techni-
cal effort is required for installation in HURD-2, al-
though trials are needed to determine the optimum
number of units.

Tests with the new head show that HURD-2 would
achieve a sensitivity of 0.98, compared to its present
value of 0.59 counts s™ per Bq m™. In addition, the in-
strument would be much less sensitive to changes in
the high voltage to the photomultiplier, with an antici-
pated improvement from 1.4% per volt to 0.21% per
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volt. These improvements would significantly improve
the quality of data sets for study of the baseline atmos-
phere.

Tables 1 and 2 show monthly summaries of radon.
The results are similar to those of previous years, al-
though at 20%, the proportion of samples in the base-
line wind sector close enough to land to acquire more
than 100 mBq m* of radon was lower than the 30%
seen previously.

Table 1. Monthly means (mBq m'3) of radon concentration
in 1999. The baseline criterion is wind speed >2 m s, wind
direction between 190 and 280°. The wind was required to
persist in the sector for at least two hours. Rn is the average
radon concentration in mBg m*.

Month Non- Baseline
baseline All CN CN<=600

Rn Rn hours hours Rn hours hours
Rn>100 Rn>100
Jan 418 133 126 43 57 55 7
Feb 565 126 123 24 40 54 4
Mar 934 149 287 73 104 175 49
Apr 576 162 267 67 50 219 31
May 1575 81 87 14 71 68 8
Jun 1588 166 175 82 160 172 79
Jul 2064 130 224 36 87 220 32
Aug 1397 107 335 57 99 333 55
Sep 994 196 223 56 131 194 39
Oct 693 74 262 60 53 188 32
Nov 222 53 255 25 31 172 6
Dec 721 72 291 24 32 190 8

Table 2. Monthly means (mBq m'3) of radon concentration
in 2000. The baseline criterion is wind speed >2 m s'l, wind
direction between 190 and 280°. The wind was required to
persist in the sector for at least two hours. Rn is the average
radon concentration in mBq m>.
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Month Non- Baseline
baseline AllCN CN<=600

Rn Rn hours hours Rn hours hours
Rn>100 Rn>100
Jan 298 107 200 40 93 134 22
Feb 907 312 201 87 201 51 28
Mar 761 177 278 49 57 177 15
Apr 1377 113 207 26 43 163 6
May 1094 183 288 29 42 285 26
Jun 1418 85 298 56 66 280 42
Jul 972 181 172 57 89 160 45
Aug 1028 352 245 83 61 196 35
Sep 409 60 259 27 57 167 15
Oct 878 96 349 38 54 180 21
Nov 400 151 145 47 172 58 22
Dec 444 42 478 30 19 65 8

Again, the CN 600 cm™ baseline criterion was inef-
fective in winter, and too severe in summer when used
to select samples influenced by land.

Radon and thoron daughter measurements

Radon and thoron daughter measurements, sus-
pended in December 1997 because of filter transport
problems, were not made in 1999-2000. It has been
decided that a major re-design is needed, and pro-
gress will depend on availability of funds and technical
effort.
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Introduction

Tables 1 to 11 present a summary of the Cape Grim
meteorological conditions for 1999 and Tables 12 to 22
for 2000.

Tables 1 - 4 and 12 - 14 contain monthly mean val-
ues for 0000, 0300, 0600, 0900, 1200, 1500, 1800,
2100 (AEST). These are computed using, for example,
the mean of hours 2, 3 and 4 to represent 0300.

In Tables 5 and 16, ‘extreme max’ is the highest of
all of minute means for the month. ‘Mean daily max’ is
the mean of the daily maxima for the month. Similarly
for ‘mean daily min’ and ‘extreme min’.

Tables 6 and 17 show the monthly and annual rain-
fall in millimetres.

Tables 7 and 18 are derived from month-to-date
and year-to-date counts of the number of minutes dur-
ing which the 'baseline switch' was on. Baseline condi-
tions are said to exist if wind direction is between 190°
and 280° and the count of condensation nuclei is less
than 600 cm?.

Tables 8 - 11 and 19 - 22 are derived from the
hourly mean vector wind speed and direction from the
10-m and 50-m levels.

Figures 1 to 12 are derived from (raw) minute data.
The monthly means presented are the mean of every
minute that month. The mean monthly maxima and
minima are the means of the daily maxima and minima
for that month.

Overview of 1999

In summer the circulation is typically dominated by a
weak circulation pattern associated with the migration
of high pressure systems from west to east along the
subtropical ridge and so it was in January 1999. In
February a high pressure system over the Tasman
was directing a north-easterly flow over the state lead-
ing to both wetter and warmer conditions than normal.
During March and April the subtropical ridge was still a
major influence though increasing frontal passages led
to more reliable rain and below normal temperatures.
By June a trend of being under the continued influence
of high pressure systems was leading to warmer than
normal conditions. This continued in August with high
pressure systems centred over southern Australia,
bringing warmer and drier conditions to much of Tas-
mania. In September high pressure systems in the vi-
cinity once again made things warmer and drier than
normal. There were also reports in northern Tasmania,
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of dust falling in rain. This appears to have been
caused by strong northerly winds and convection over
Victoria. There was below average rainfall over much
of the State with many places in the east reporting the
lowest monthly rainfall totals on record. October was
mild with above average temperatures caused by the
slow passage of systems and consequent north-
westerly winds. Reversing the trend of previous
months, November was cooler due to the frequent
passage of frontal systems embedded in a predomi-
nantly south- westerly flow. By December Tasmania
was, as is seasonally usual, under the influence of high
pressure systems.

Temperature: In February both Marrawah and Wyn-
yard airport recorded their highest mean daily minimum
temperatures (14.4°C and 13.6°C). In August, high
temperature returned with record high mean daily
maximum temperatures at Scottsdale (14.2°C), Wyn-
yard (14.1°C) and highest daily maximum at Marrawah
(18.3°C). In September Scottsdale recorded its highest
mean daily temperature for the month (16.1°C). Octo-
ber saw a number of records in the northwest of the
state. With a highest mean daily maximum of 17.7°C
and a highest mean daily minimum of 9.2°C at Mar-
rawah and highest daily minimum at Scottsdale
(13.7°C) and Marrawah (15.0°C).

Humidity: Tables 2 and 3 show the mean relative and
mean absolute humidity respectively in 1999. These
show that, apart from May, June, July and August,
which had elevated average humidity, the levels were
close to normal.

Pressure: Table 4 and Figure 2 show monthly average
pressures during 1999 and show that pressures during
autumn were a little below normal and were a little
above normal after June with July and August having
the only significant departures.

Rainfall: Table 6 shows rainfall at the station during
1999. The 686.4 mm recorded is well below the 20
year 806.2 mm average and it is the third year in a row
with a substantial rainfall deficit. This is in line with a
rainfall deficit over much of south-eastern Australia.
Baseline time: Table 7 shows Baseline time during
1999. This peaked in August (a spring peak is more
usual) and was, on average, below normal (the long
term average is about 32%) and compares with an av-
erage Baseline time of 31.8% in 1998.

Wind: Tables 8 and 9 show the wind speed and direc-
tion at the 10-m level during 1999. They show a peak
frequency in the winds from the south-westerly direc-
tion and a peak frequency of high speeds during De-
cember. There is also a smaller peak in the northeast-
erly to easterly quadrant. This can be seen in Figures 3
and 4, which show the frequency distribution at 10 and
50-m respectively for 1999. Figures 5 and 6 show the
monthly means of daily maxima, means and minima
one-minute wind speeds at both heights for 1999.
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Table 1. Monthly mean dry bulb temperature (°C) for 1999

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1999
0000 14.6 15.7 144 12.1 124 10.7 10.3 10.2 10.7 111 11.0 13.3 12.2
0300 14.3 15.9 14.3 12.0 12.3 10.4 10.1 10.2 10.4 11.0 10.9 13.0 12.0
0600 14.9 16.2 14.7 119 12.3 10.3 9.9 10.0 10.4 115 117 13.6 12.3
0900 17.1 17.8 16.0 13.4 12.9 11.0 10.6 11.0 11.9 13.2 13.6 15.3 13.6
1200 18.1 18.6 16.9 14.7 13.5 12.2 116 11.9 12.9 13.9 14.3 16.1 14.5
1500 17.7 185 16.5 14.2 13.2 11.7 114 11.4 12.4 135 13.7 15.8 141
1800 16.3 17.0 151 12.8 124 10.9 10.7 10.6 11.2 12.1 12.4 14.6 13.0
2100 15.2 16.1 14.6 12.3 12.4 10.8 10.4 10.3 10.8 115 114 13.4 124
Mean 16.0 17.0 153 12.9 12.7 11.0 10.6 10.7 114 12.2 124 144 13.0

Table 2. Monthly mean relative humidity (%) for 1999.

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1999
0000 84.3 86.1 79.0 78.4 88.0 82.8 84.7 85.1 80.5 83.7 83.0 81.5 83.1
0300 84.5 87.2 79.4 77.3 88.4 85.8 85.1 87.1 82.7 86.2 81.8 81.7 83.9
0600 82.0 86.2 79.2 77.5 89.4 85.8 86.5 89.0 84.6 84.1 79.0 78.7 83.5
0900 75.6 80.1 74.4 73.9 86.7 82.5 83.7 84.1 79.7 77.7 72.2 72.8 78.6
1200 71.9 77.0 70.6 69.8 84.1 77.3 81.3 80.2 74.3 74.3 70.7 71.0 75.2
1500 73.2 76.4 71.1 72.1 83.3 79.2 81.9 82.4 75.1 74.1 71.7 72.6 76.1
1800 79.0 81.6 77.7 76.1 86.1 81.9 85.0 86.4 79.8 80.6 76.7 77.1 80.7
2100 83.2 84.4 78.8 78.1 86.6 81.9 85.7 86.0 81.0 81.9 82.2 81.5 82.6

Mean 79.2 82.4 76.3 75.4 86.5 82.1 84.2 85.0 79.7 80.3 77.2 77.1 80.4

Table 3. Monthly mean absolute humidity (g m'3) for 1999.

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1999
0000 10.7 11.8 10.0 8.5 9.7 8.2 8.1 8.2 8.0 8.5 8.4 9.5 9.1
0300 105 12.0 10.0 8.3 9.7 8.4 8.1 8.3 8.1 8.6 8.3 9.5 9.1
0600 10.6 121 10.2 8.3 9.7 8.3 8.1 8.4 8.3 8.8 8.4 9.4 9.2
0900 111 12.3 10.3 8.7 9.8 8.4 8.2 8.5 8.5 9.0 8.6 9.6 9.4
1200 11.2 12.4 10.3 8.9 9.9 8.4 8.5 8.6 8.5 9.0 8.8 9.8 9.5
1500 11.1 12.2 10.2 8.9 9.6 8.4 8.4 8.5 8.3 8.7 8.6 9.9 9.4
1800 111 12.0 10.3 8.6 9.5 8.2 8.4 8.5 8.1 8.6 8.5 9.7 9.3
2100 10.9 11.8 101 8.6 9.5 8.2 8.3 8.3 8.1 8.5 8.6 9.6 9.2
Mean 10.9 12.1 10.2 8.6 9.7 8.3 8.3 8.4 8.3 8.7 8.5 9.6 9.3

Table 4. Monthly mean barometric pressure (hPa) for 1999.

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1999

0000 1003.1 1003.8 1004.9 1011.8 1006.2 1009.0 1009.4 1010.2 1006.8 1005.3 1005.7 1003.5 1006.6
0300 1002.2 1003.1 1004.1 1011.1 1005.8 1008.6 1008.8 1009.6 1006.3 1004.3 1005.1 1002.8 1006.0
0600 1003.0 1003.8 1004.8 1011.6 1006.1 1008.7 1009.2 1010.0 1005.9 1004.9 1005.9 1003.6 1006.5
0900 1003.6 1004.5 1005.7 10125 1007.0 1009.6 1010.0 1010.9 1006.8 1005.5 1006.5 1004.1 1007.2
1200 1003.5 1004.1 1005.4 1011.9 1006.2 1008.9 1009.1 1010.3 1006.2 1004.9 1006.0 1003.7 1006.7
1500 1002.9 1003.4 1004.6 1011.2 1005.8 1008.3 1008.5 1009.5 1005.7 1004.1 1005.4 1003.0 1006.0
1800 1002.9 1003.4 1004.8 1011.7 1006.1 1008.9 1009.1 1010.0 1006.3 1004.6 1005.7 1003.1 1006.4
2100 1003.6 1004.3 1005.6 1012.2 1006.5 1009.3 1009.8 1010.6 1006.8 1005.5 1006.3 1003.9 1007.0

Mean  1003.1 1003.8 1005.0 1011.7 1006.2 1008.9 1009.2 1010.1 1006.3 1004.9 1005.8 1003.5 1006.6

Table 5. Monthly temperature data (°C) 1999.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Extreme max 23.0 24.0 22.4 26.5 26.8 22.6 14.9 26.1 18.6 194 19.8 25.6
Mean daily max 19.4 19.9 18.2 16.4 15.9 13.6 12.6 13.6 14.3 15.1 15.3 17.6
Mean daily min 12.9 14.0 12.7 105 10.9 8.1 8.6 8.8 8.8 9.5 9.5 115
Extreme min 10.8 9.9 8.5 5.0 4.1 -1.2 4.7 5.0 5.3 5.3 6.6 8.5

Table 6. Monthly rainfall (mm) 1999.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1999 13.8 86.2 50.6 18.0 117.6 61.8 63.0 84.6 35.2 68.6 45.8 41.2 686.4

Table 7. Monthly baseline time (%) 1999.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean

1999 5.8 6.8 16.5 21.0 19.4 24.9 28.3 42.4 25.0 23.1 21.0 24.0 21.6
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10-m vector wind summary for 1999 (%)

Table 8. Speed (km hr'l), Range [a,b) meaning less than b and equal to or greater than a (%), 1999.

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1999

[ 0- 10) 8.7 4.8 4.0 4.7 3.1 2.6 4.6 5.2 5.8 4.8 2.6 2.6 4.5
[ 10 - 20) 15.0 18.5 20.2 19.2 28.4 18.3 16.8 18.5 25.6 20.0 12.1 8.6 18.4
[ 20 - 30) 18.8 12.1 23.9 31.8 27.2 34.4 23.8 22.7 215 23.1 24.2 16.1 234
[ 30 - 40) 18.1 19.0 19.5 25.3 19.6 22.4 21.5 33.3 20.3 22.8 20.1 21.2 22.0
[ 40 - 50) 21.4 17.8 18.4 12.1 12.6 16.0 18.4 14.0 15.7 18.3 23.1 25.3 17.8
[
[
[

50 - 60) 14.2 17.2 9.4 4.0 6.9 3.2 6.9 4.6 7.5 9.3 11.4 16.0 9.2
60 - 70) 34 7.8 2.3 2.2 2.0 21 55 1.6 1.9 0.9 6.5 5.9 35
70 - ) 0.3 3.0 2.3 0.7 0.3 1.0 2.4 0.0 1.7 0.7 0.0 4.3 14

Table 9. Direction (°), Range [a,b) meaning less than b and equal to or greater than a (%), 1999.

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1999

[ 0- 45 0.7 3.7 7.5 4.6 14.5 21.1 115 14.1 17.5 7.1 17 2.0 8.9
[ 45 - 90) 210 145 13.3 10.1 12.0 111 11.6 10.3 15.8 23.9 22.4 11.0 14.8
[ 90 -135) 28.9 34.3 8.9 7.1 4.0 6.0 19.8 4.0 7.6 8.5 15.3 16.4 13.2
[135 -180) 5.7 2.5 6.6 9.9 0.5 7.6 3.1 2.4 2.6 2.4 5.8 4.6 4.5
[180 - 225) 32.9 16.1 20.8 30.3 3.4 12.6 8.0 22.3 15.6 16.9 22.4 33.7 19.6
[225 - 270) 8.9 15.4 25.5 25.6 19.1 16.5 20.2 25.7 18.2 18.4 16.7 23.4 19.5
[270 - 315) 1.6 8.2 11.6 8.9 23.8 13.3 16.2 12.9 12.2 20.0 14.7 7.9 12.7
[315 - 360) 0.3 5.2 5.8 3.6 22.7 11.7 9.6 8.2 10.4 2.7 11 0.9 6.9

50-m vector wind summary for 1999 (%)

Table 10. Wind speed (km hr'l), Range [a,b) meaning less than b and equal to or greater than a (%), 1999.

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1999

[ 0- 10) 7.8 5.1 3.0 4.9 2.8 3.8 4.6 5.2 5.0 4.1 2.5 2.0 4.3
[ 10 - 20) 21.7 275 19.7 20.0 26.6 15.3 21.3 14.5 22.9 15.6 13.0 153 19.0
[ 20 - 30) 29.5 23.3 17.0 30.8 30.2 24.4 16.4 25.0 20.4 24.1 27.7 20.0 24.6
[ 30 - 40) 19.9 21.8 23.0 27.3 17.1 22.3 22.2 34.1 23.6 26.1 23.9 19.1 23.8
[ 40 - 50) 12.3 10.3 15.9 11.3 19.4 18.7 15.7 11.0 14.0 20.3 19.7 23.7 15.9
[
[
[

50 - 60) 7.3 7.2 7.4 4.2 2.8 12.3 10.0 7.3 8.0 7.3 11.3 12.2 8.4
60 - 70) 15 3.3 2.9 14 1.2 3.3 7.9 2.4 3.4 2.0 2.0 5.6 3.2
70 ) 0.0 15 11 0.1 0.0 0.0 1.9 0.4 2.7 0.4 0.0 2.0 0.9

Table 11. Wind direction (°), Range [a,b) meaning less than b and equal to or greater than a (%), 1999.

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1999
[ 0- 45) 1.1 3.9 7.0 3.7 16.3 25.0 134 13.1 17.6 7.3 1.7 1.7 8.8
[ 45 - 90) 38.1 41.4 20.5 13.2 6.3 8.8 17.1 12.2 18.5 26.8 32.7 19.9 22.2
[ 90 - 135) 12.3 7.5 2.3 4.4 0.8 3.0 11.2 0.8 3.6 45 5.0 7.1 5.5
[135 - 180) 11.7 6.9 7.9 12.1 1.6 11.5 4.5 7.3 4.5 4.1 8.8 134 8.2

[180 - 225) 29.9 17.8 29.2 37.8 5.2 11.2 12.9 28.7 17.6 18.5 23.6 32.8 23.2
[225 - 270) 4.4 10.6 19.3 17.3 29.0 18.2 17.6 20.7 16.4 21.1 17.2 17.3 16.8

[270 - 315) 1.9 6.9 7.5 7.0 22.6 7.7 125 7.3 10.3 14.8 9.9 6.2 8.8
[315 - 360) 0.5 5.1 6.2 45 183 146 108 100 115 2.9 11 15 6.5
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Figure 1. Monthly mean temperature anomaly during 1999 Figure 2. Mean monthly barometric pressure anomaly for
(1999 temperatures — long term [1987-98] means). 1999. (1999 temperatures — long term [1987-98] means).
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Figure 5. Monthly average wind speeds for 1999 at the 10-
m level. Top line is mean maximum, middle is mean and
bottom line is mean minimum.

Overview of 2000

In January 2000 well developed southerlies, caused by
high pressure systems in the Bight and to the south of
the State, led to lower than normal temperatures. In
February, once again because of northerly and north-
easterly flow, temperatures were elevated over most of
the state though rainfall remained near normal. In
March flow patterns returned to average with weak
cold fronts embedded in a westerly flow leading to near
normal temperatures. High pressure systems returned
to dominate in April, bringing warmer days and cooler
nights. On the 16 April there were severe storms on
the north coast with some houses unroofed at Ulver-
stone (180 km or so to the east of Cape Grim). In May
the state was under the influence of a westerly wind
regime and there were gales at times over much of the
state. In June, the warmer than average conditions re-
turned with the state under the influence of persistent
high pressure systems. On 12 and 16 July Tasmania
experienced two powerful cold fronts that brought
storm force winds and snow. On 26 July, snow falls cut
many roads and several schools were closed. In Au-
gust conditions returned to normal with the passage of
cold fronts embedded in the westerlies and this contin-
ued in September where there were 15 cold front pas-
sages. October was wetter and warmer than normal
though, under the influence of some very clear skies,
there were some devastating frosts on the morning of
the 17 October which cost the stone fruit industry many
millions of dollars. There was an unseasonable shift
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Figure 6. Monthly average wind speeds for 1999 at the 50-
m level. Top line is mean maximum, middle is mean and
bottom line is mean minimum.

southwards of the subtropical ridge in November. This
reduced the incidence of westerly winds and meant
temperatures were well above normal. Thirty sites with
long-term (greater than 10 years) records had record
high mean daily minimum temperatures and nearly half
of those had also record high mean daily maximum
temperatures. In December the state was buffeted with
high winds in the week around Christmas and there
was snow in the highlands.

Temperature: In January Marrawah had a record low-
est daily maximum of 13.4°C. In February the hotter
than usual conditions returned and Scottsdale reported
both a record highest monthly mean (26.2°C) and
highest mean minimum (13.3°C). Things remained
fairly normal until 7 October when Marrawah recorded
its lowest October temperature on record (1.5°C). In
November temperatures returned to be above normal
and many sites across Tasmania reported records. On
the northwest coast these included Marrawah, with a
record high mean maximum temperature for the month
of 19.3°C and a highest mean minimum of 11.5°C.
Scottsdale reported a highest mean minimum tempera-
ture of 11.4°C.

Humidity: Tables 13 and 14 show the mean relative
and mean absolute humidity respectively in 2000.
These show that the first 4 months were drier than
normal, reverting near normal with a tendency for
slightly drier than normal conditions in the second half
of the year.



Pressure: Table 15 and Figure 8 show monthly aver-
age pressures during 2000 and show that pressures
were near normal for most of the year with May and
September having significant negative departures.
Rainfall: Table 17 shows rainfall at the station during
2000. The 712.2 mm recorded is higher than the val-
ues for the last three years but is still significantly lower
than the 20-year average and it is the fourth year in a
row with a substantial rainfall deficit.

Baseline time: Table 18 shows Baseline time during
2000. This peaked in winter but was, on average, be-
low normal.

Wind regime: Tables 19 and 20 show the wind speed
and direction at the 10-m level during 2000. Once
again, they show a peak frequency in the winds from

Table 12. Monthly mean dry bulb temperature (°C) for 2000.
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the south-westerly direction and a peak frequency of
high speeds during December, though this time not as
pronounced. As seen in 1999, there is also a smaller
peak in the north-easterly to easterly quadrant. This
can be seen in Figures 9 and 10, which show the fre-
quency distribution at 10 and 50-m respectively for
2000. Figures 11 and 12 show the monthly means of
daily maxima, means and minima one-minute wind
speeds at both heights for 1999 and 2000.
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Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2000
0000 14.4 16.4 14.9 13.4 12.3 11.0 10.1 9.8 10.6 10.7 13.7 13.9 12.6
0300 14.1 16.2 145 13.2 12.2 10.8 10.1 9.7 104 10.4 135 13.6 12.4
0600 14.6 16.4 14.6 13.2 121 10.7 9.9 9.5 104 10.7 143 14.3 125
0900 16.5 18.4 16.9 15.1 12.9 11.5 10.5 10.8 11.5 11.9 16.2 16.1 14.0
1200 17.2 19.8 185 16.2 13.7 12.3 115 12.0 12.3 12.7 21.0 17.0 15.3
1500 17.1 19.3 17.7 15.7 13.3 11.9 11.3 11.6 11.8 12.4 16.5 16.6 14.6
1800 15.7 17.6 16.0 14.2 12.5 11.2 10.6 10.2 11.2 11.2 15.1 15.0 134
2100 14.8 16.6 15.0 13.8 12.3 111 10.3 10.0 10.8 10.9 14.0 14.0 12.8
Mean 15.5 17.6 16.0 14.4 12.7 11.3 105 10.5 11.1 11.4 155 15.1 135

Table 13. Monthly mean relative humidity (%) for 2000.

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2000
0000 79.1 78.7 75.3 76.3 77.1 82.0 82.0 81.0 77.7 81.3 86.1 75.1 79.3
0300 78.8 82.0 76.4 77.8 77.9 82.5 81.3 80.4 77.9 83.8 87.8 75.7 80.2
0600 77.7 81.6 76.6 79.4 77.6 82.3 81.2 81.3 78.0 83.4 84.5 73.9 79.8
0900 72.1 72.0 70.5 72.5 74.9 78.2 79.8 78.1 75.5 78.0 77.9 66.9 74.7
1200 69.1 64.8 63.9 67.4 71.7 76.3 76.7 74.2 73.4 73.8 75.6 63.7 70.9
1500 69.6 65.8 67.6 69.7 73.4 78.3 77.3 74.8 76.2 745 76.5 65.1 72.4
1800 74.9 73.1 73.9 75.0 77.2 814 80.6 81.0 78.2 78.9 81.3 69.7 77.1
2100 78.9 77.8 76.1 74.9 77.6 80.9 81.8 81.0 78.8 80.4 85.0 73.9 78.9
Mean 75.0 74.5 725 74.1 75.9 80.3 80.1 78.9 76.9 79.3 81.8 70.4 76.6

Table 14. Monthly mean absolute humidity (g m'3) for 2000.

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2000
0000 9.9 11.2 9.8 9.1 8.5 8.3 7.8 7.6 7.7 8.1 10.3 9.1 8.9
0300 9.7 11.5 9.7 9.1 8.5 8.2 7.8 7.5 7.6 8.2 10.3 9.1 8.9
0600 9.9 11.6 9.8 9.3 8.5 8.1 7.7 7.5 7.6 8.3 10.4 9.3 9.0
0900 10.2 115 10.3 9.5 8.6 8.1 7.8 7.8 7.9 8.4 10.8 9.4 9.2
1200 10.3 11.3 10.3 9.5 8.6 8.4 8.0 8.0 8.0 8.3 11.0 9.4 9.2
1500 10.2 111 10.3 9.5 8.6 8.4 7.9 7.9 8.0 8.2 10.9 9.3 9.2
1800 10.2 111 10.2 9.3 8.6 8.3 7.9 7.7 8.0 8.1 10.6 9.1 9.1
2100 10.2 11.2 9.9 9.0 8.6 8.2 7.9 7.7 7.8 8.1 10.3 9.1 9.0
Mean 10.1 11.3 10.0 9.3 8.6 8.2 7.9 7.7 7.8 8.2 10.6 9.2 9.1
Table 15. Monthly mean barometric pressure (hPa) for 2000.

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2000

0000 1003.7 1005.7 1006.9 1009.5 1005.4 1008.4
0300 1002.9 1004.8 1006.3 1008.9 1004.9 1008.1
0600 1003.7 1005.6 1006.9 1009.5 1005.3 1008.4
0900 1004.3 1006.6 1007.7 1010.3 1006.2 1009.3
1200 1004.0 1006.4 1007.2 1009.6 1005.4 1008.5
1500 1003.4 1005.7 1006.3 1008.8 1004.8 1007.7
1800 1003.5 1005.6 1006.6 1009.3 1005.3 1008.2
2100 1004.3 1006.3 1007.3 1009.8 1005.7 1008.7

Mean  1003.7 1005.8 1006.9 1009.5 1005.4 1008.4

1003.7 1002.9 998.8 1001.9 1005.4 1000.4 1004.4
1003.2 1002.5 998.2 1000.9 1004.8 999.4 1003.7
1003.5 1003.2 9985 1001.3 10054 1000.3 1004.3
1004.3 1003.9 999.0 1002.2 10059 1001.0 1005.1
1003.8 1003.3 998.4 1001.9 1005.5 1000.9 1004.6
1003.2 10025 997.8 1001.6 1004.8 1000.5 1003.9
1003.6 1003.0 998.3 1002.3 1005.1 1000.9 1004.3
1004.1 1002.9 998.9 1002.8 1005.9 1001.4 1004.8

1003.7 1003.0 9985 1001.9 10054 1000.6 1004.4
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Table 16. Monthly temperature data (°C) 2000.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Extreme max 22.8 26.3 28.1 20.9 28.5 15.2 15.1 16.2 21.3 18.2 21.8 22.7
Mean daily max 18.4 21.3 19.9 17.4 15.3 13.3 12.6 131 13.6 13.9 18.1 18.2
Mean daily min 13.0 14.6 12.9 11.7 10.5 9.4 8.4 8.2 8.7 8.8 12.7 12.4
Extreme min 8.0 8.6 9.7 8.3 4.0 6.8 3.8 4.6 5.1 4.3 8.5 7.7

Table 17. Monthly rainfall (mm) 2000.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

2000 37.2 47.2 32.0 57.4 81.0 718 1248 77.2 69.8 58.0 27.2 28.6 712.2

Table 18. Monthly baseline time (%) 2000.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean

2000 17.2 6.4 20.9 21.7 36.2 38.1 22.1 25.6 16.5 20.5 7.6 7.3 20.1

10-m vector wind summary for 2000 (%)
Table 19. Speed (km hr'l), Range [a,b) meaning less than b and equal to or greater than a (%), 2000.

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2000

0 - 10) 1.2 4.7 5.8 2.4 3.1 3.9 5.8 10.5 2.6 3.2 6.7 3.7 4.5
10 - 20) 7.9 12.8 19.8 22.2 13.8 16.8 16.0 24.6 12.9 11.3 16.2 15.1 15.8
20 - 30) 15.2 18.2 22.2 26.2 18.5 26.7 25.9 30.1 211 15.6 18.7 20.6 21.6
30 - 40) 19.1 28.9 20.3 27.2 16.8 24.3 23.8 17.8 18.8 22.4 24.8 24.4 22.3
50) 18.7 20.4 16.9 13.2 16.8 13.2 16.9 7.5 14.0 234 22.6 18.4 16.8
50 - 60) 21.0 8.2 11.6 6.0 14.4 10.6 9.4 3.1 154 15.2 104 12.0 115
60 - 70) 12.5 5.0 2.8 2.8 9.9 3.5 1.9 2.7 11.8 6.9 0.7 4.0 5.4
70 ) 4.4 17 0.7 0.0 6.6 11 0.3 3.7 3.3 19 0.0 1.8 2.1

————————
N
o
'

Table 20. Direction (°), Range [a,b) meaning less than b and equal to or greater than a (%), 2000.

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2000

[ 0- 45) 0.5 2.2 3.2 115 6.6 15.1 9.9 9.4 9.6 6.9 25 3.3 6.7
[ 45 - 90) 19.5 28.4 17.3 15.3 2.8 2.8 13.2 16.7 3.5 6.2 20.5 7.5 12.8
[ 90 -135) 21.4 23.3 17.1 6.9 4.0 1.0 7.4 12.7 12.8 13.1 33.3 4.0 13.0
[135 - 180) 5.6 4.6 8.1 8.2 3.2 4.3 9.3 7.6 12 1.0 3.9 2.0 4.9
[180 - 225) 35.8 23.3 14.9 19.3 17.3 19.3 18.1 7.9 1.9 17.6 27.7 171 18.4
[225 - 270) 10.8 12.6 26.1 18.2 259 23.1 13.0 25.4 16.4 28.4 7.5 42.8 20.9
[270 - 315) 55 4.5 11.8 151 29.3 20.7 13.6 117 45.1 20.6 3.3 20.7 16.9
[315 - 360) 0.9 11 15 5.4 10.8 13.8 155 8.6 9.4 6.2 1.3 2.6 6.4

50-m vector wind summary for 2000 (%)
Table 21. Speed (km hr’l), Range [a,b) meaning less than b and equal to or greater than a (%), 2000.

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2000

0 - 10) 2.2 6.0 9.1 2.8 2.8 4.2 8.5 10.1 2.5 35 7.7 2.9 5.2
10 - 20) 13.2 20.4 19.2 16.2 9.9 12.3 12.9 25.2 10.3 16.0 28.3 15.0 16.5
20 - 30) 18.8 22.6 241 30.6 17.3 24.5 17.1 241 17.4 16.5 24.1 24.4 21.8
30 - 40) 23.8 24.7 21.6 22.2 15.6 21.8 22.5 19.3 19.6 19.1 22.2 24.6 21.4
40 - 50) 18.0 18.0 14.7 171 17.3 18.0 19.8 10.8 13.5 17.0 13.6 18.6 16.4

— ———————

50 - 60) 12.5 6.5 7.8 8.2 18.0 14.4 12.8 4.4 18.8 18.3 3.9 8.8 11.2
60 - 70) 8.6 17 3.2 2.5 13.7 4.0 5.7 3.8 11.7 9.0 0.3 3.8 5.7
70 ) 3.0 0.0 0.3 0.4 5.2 0.8 0.8 2.3 6.1 0.7 0.0 1.9 18

Table 22. Direction (°), Range [a,b) meaning less than b and equal to or greater than a (%), 2000.

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 2000
[ 0- 45) 0.8 2.3 3.0 121 7.7 15.2 10.0 9.8 9.5 5.9 3.1 29 6.8
[ 45 - 90) 36.3 47.2 29.5 17.8 2.8 14 15.6 19.7 8.6 16.5 39.0 105 20.3
[ 90 -135) 5.2 4.2 5.5 33 2.7 0.4 4.0 8.9 6.8 2.6 15.4 0.7 5.0
[135 - 180) 14.9 7.8 10.1 12.8 6.6 7.8 143 7.8 24 3.2 8.5 4.4 8.4

[180 - 225) 32.7 26.0 18.5 20.3 21.6 213 17.5 16.4 15 22.3 27.8 28.7 21.2
[225 - 270) 5.6 7.8 21.2 14.3 14.2 23.8 10.2 18.7 29.5 29.7 1.8 40.2 18.1
[270 - 315) 3.4 3.9 10.4 13.2 32.3 15.8 11.7 8.5 31.6 12.7 3.1 9.6 13.0
[315 - 360) 11 0.9 18 6.2 12.1 14.2 16.7 10.1 10.0 7.1 1.3 3.0 7.1
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Figure 7. Monthly mean temperature anomaly during 2000

(2000 temperatures — long-term [1987-99] means).
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Figure 9. Frequency distribution of the 10-m wind for 2000.
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Figure 11. Monthly average wind speeds for 2000 at the
10-m level. Top line is mean maximum, middle is mean and
bottom line is mean minimum.
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Figure 8. Mean monthly barometric pressure anomaly for
2000 (2000 temperatures — long-term [1987-99] means).
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Figure 10. Frequency distribution of the 50-m wind for 2000.

50-m wind speed (km hr'")

B0

60

40

20

3x_;f/”“~~xJ/“x\/;

< T — /-HH‘“\ ]
L~ T S~

Il L 1 Il L 1 1 L 1 Il

1 2 3 4 5 6 7 8 9 10 " 12

Month

Figure 12. Monthly average wind speeds for 2000 at the
50-m level. Top line is mean maximum, middle is mean and
bottom line is mean minimum.
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CSIRO Atmospheric Research (CAR) operates two
programs at Cape Grim to measure the isotopic com-
position of atmospheric carbon dioxide (CO,). The in
situ program (CIA), where CO, is extracted from base-
line air at Cape Grim and sent to CAR for stable iso-
tope ("°C and '®0) analysis, has been operating since
1977 [Allison et al. 1994; Francey et al. 1995]. The
flask sampling program (CGA), where samples of air
are collected in 5.0 or 0.5 litre glass flasks and returned
to CAR for analysis as part of the global flask network
operated by CAR, has been in operation since 1991
(although collection of 5.0 litre flasks ceased in August
1998). Both programs sample air from the 70-m intake.
Results from these two programs for 1999 and 2000
are summarised here and data from both programs is
available through the Cape Grim data archive.

Baseline Selection

The criteria used to select baseline air have been in
use since the beginning of the stable isotope sampling
programs. These criteria are (1) that air originates from
the marine sector, 190° to 280°, (2) that the ‘in situ’
CO, concentration is steady, variation <0.2 ppm hr,
and (3) that the condensation nuclei (CN) count is less
than 600 cm™. Our use of this fixed CN limit to indicate
air of continental origin has persisted to maintain con-
sistent records even though the marked seasonal cycle
in CN, with median concentrations of around 100 cm™
in winter and 700 cm™ in summer [e.g. Gras 1995], as
well as significant inter-annual variation, clearly indi-
cates that using a fixed CN level is less than ideal. We
have previously failed to detect a difference in 5'°C
values in summer when criteria (1) and (2) are met but
(3) is marginally exceeded. With the establishment at
Cape Grim of a supplementary baseline criterion, and
Baseline Switch, that is based on the previous five
year's CN data for the current month selected for a 50-
m level wind direction between 190° and 280° we
have revised the CN count requirement for the stable
isotope program. The CN threshold, above which
samples are considered to be non-baseline, is based
on the 90" percentile of CN hourly medians for this pe-
riod interpolated using cubic splines to give daily val-
ues. Collected samples that fail the new CN threshold
test are retained but identified as high CN samples.
This revised CN criteria will be used in the future for
selecting baseline air. The application of the revised
criteria to previously published data will be reported in
a future publication.

In situ Program (CIA)

There were no serious disruptions to sampling re-
corded in the logbook.

71

PROGRAM REPORTS - General

Eighty-one samples were collected and analysed:
CGIS (Cape Grim in situ) #899 through #979, with an
average sampling interval of 10 + 8 days. Nine of these
samples were collected from a high-pressure cylinder
of air (see below: Air Standard) and two samples were
collected under non-baseline conditions (wind direction
not in the sector between 190° and 280° [Francey and
Goodman, 1985]) leaving 70 samples characteristic of
marine air. Of these, two were collected under mar-
ginal baseline conditions. Four samples exceeded the
CN rejection criteria based on the 90™ percentile.

The in situ §"°C record is presented in Figure 1 and
a summary of the collection and storage details is pre-
sented in Table 1. The samples that failed the CN
threshold test are plotted separately. Rejected, non-
baseline, samples are not plotted.

The storage time for CIA samples, 34 + 34 days,
was longer than expected due to two failures on the
inlet system on the MAT252 mass spectrometer at
CAR in 1999. No CIA samples were analysed from
January to May, and from August to November. This
problem did not affect the CGA flask program.

Tablel. Average collection details and storage times for the
CIA and CGA samples.

CIA CGA
No. of retained samples 70 183
Average sampling frequency (days) 10+8 8+5
Average storage time prior to analysis 34+ 34 41+35
Average wind direction (°N) 249+22 243+34
Average wind speed (m s™ 11+4 12+4
No. of samples with CN above 90" percentile 4 5
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Figure 1. Smoothed fit to the 1999-2000 Cape Grim §'°C
records for CIA (dashed black line) and CGA (solid grey
line). Samples collected when CN exceeded the 90" per-
centile threshold are indicated as X for CIA and + for CGA.
The analyses of the air standard used at Cape Grim are
represented by A for the CO, extracted at Cape Grim and
analysed at CSIRO GASLAB and by a for CO, samples
both extracted and analysed at GASLAB.

Flask Program (CGA)

Three hundred and fifty-four CGA samples were col-
lected. Of these, one hundred and sixty-four were col-
lected for use in other programs. Of the one hundred
and ninety collected for the stable isotope program, five
were not analysed and two were rejected due to poor
analysis. The one hundred and eighty-three retained
samples were collected at an average sampling inter-
val of 8 + 5 days. Of these, thirteen were collected un-



der marginal baseline conditions and four were col-
lected under non-baseline conditions (wind direction).
Of the one hundred and seventy-nine samples not re-
jected (marginal baseline samples were retained), five
had CN counts greater than the 90" percentile thresh-
old for the collection day. A smoothed curve has been
fitted to the 5'°C of the 174 retained CGA samples us-
ing the fitting routines of Thoning et al. [1989]. This is
presented in Figure 1. Samples collected under condi-
tions of high CN are plotted separately. The four re-
jected non-baseline samples are not plotted. The col-
lection and storage details for all CGA samples are
presented in Table 1.

While not affected by the inlet system failure of the
MAT252 mass spectrometer, the CGA flask storage
time of 41 + 35 days was longer than desired due to
some CGA flasks being used for storage tests prior to
analysis.

Comparison of the 8"°C records

A bias of about 0.1 %o between the two "C records
that was first observed in 1998 persists [Allison et al.
2001]. This is discussed below (CIA Air Standard).

§'%0 data

The §'0 of the CO, is also measured for all samples
collected in the CIA and CGA programs. The §'®0 re-
sults for the CIA and CGA samples have not been pre-
viously reported due to some problems in resolving
calibration issues that have affected the 5'°0 meas-
urements but not the 5"°C measurements. These cali-
bration issues have been largely resolved and the §'®0
results for samples collected during 1998-2000 are
plotted in Figure 2. Data were selected using the same
criteria as used for the §°C. There is a small difference
between the CIA and CGA records similar to that ob-
served for §"°C. The complete Cape Grim §'®0 records
will be presented in a future Research Report.
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Figure 2. Smoothed fit to the 1999-2000 Cape Grim §'°0
records for CIA (dashed black line) and CGA (solid grey
line). Samples collected when CN exceeded the 90" per-
centile threshold are indicated as X for CIA and + for CGA.
The analyses of the air standard used at Cape Grim are
represented by A for the CO, extracted at Cape Grim and
analysed at CSIRO GASLAB and by a for CO, samples
both extracted and analysed at GASLAB.
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CIA Air Standard

In order to investigate the observed difference between
the CIA and CGA records, a cylinder of air was pre-
pared at CSIRO GASLAB. The CO, and N,O concen-
tration of air in this cylinder were measured, and the
5'3C and §'0 of the CO, were measured with the As-
pendale extraction line. In August 2000 the cylinder
was sent to Cape Grim and connected to the in situ ex-
traction line where CO, was extracted using the same
protocols used to extract CIA samples (flow rate, trap-
ping time, etc). Results for the analysis of this cylinder
both at CSIRO GASLAB and through the Cape Grim in
situ extraction line are presented in Figures 1 and 2.

The observed difference between the CIA and CGA
records for both 8"°C and §'°0 is observed in the
analyses of the air standard. The cause of this differ-
ence must be either the assignment of the isotopic
composition of a reference gas or a bias introduced by
the different extraction lines. Further analysis of the air
standard at Cape Grim and at CSIRO GASLAB are
required before conclusions can be made. Details of
these analyses will be the subject of a future Research
Report.

CO, and N,O concentration

The concentrations (mixing ratios) of both CO, and ni-
trous oxide (N,O) are used to correct for mass spec-
trometric interference from N,O that is co-trapped with
the CO; [Francey and Goodman 1988]. The CO, and
N>O concentrations of all CGA samples are measured
at GASLAB [Langenfelds et al. 2003] while for CIA
samples the average CO, concentration during the
CO, trap is obtained from the in situ CO, program
[Steele et al, 1999] and N,O concentration is obtained
using an interpolation procedure described previously
[Allison et al. 2001]. If no CO, concentration data are
available for either an in situ or flask sample, the CO,
concentration is estimated by interpolation from a fitted
equation (comprising a quadratic and four harmonic
functions [Thoning et al. 1989]) to the 0.5 litre flask
data over the period 1992 through 2000.
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Since 1980, regular aircraft sampling flights over Bass
Strait have measured vertical and horizontal variations
in the long-lived trace gas composition of the tropo-
sphere [Pearman et al. 1983; Fraser et al. 1992; Lan-
genfelds et al. 1996, 2001]. The ‘climatological’ vari-
ability of vertical gradients above Cape Grim has been
analysed for the period 1992-1997 [Pak et al. 1996;
1999; Francey et al. 1999; Pak 2000]. CO data from
two flights in 1994 were used for ground-truthing of
space shuttle-based, remotely sensed CO measure-
ments collected as part of the Measurement of Air Pol-
lution from Satellites (MAPS) program [Reichle et al.
1999].

Updated data sets will soon be made available at
the CAR website (http://www.dar.csiro.au). Details of
analytical and data handling procedures are given by
Francey et al. [1996] and Steele et al. [1996].
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Logbook

Table 1 lists details of flights conducted in 1999 and
2000. Two profiles (30 January 1999 and 22 April
1999) were conducted about 50 km west of the usual
sampling site in an attempt to avoid terrestrial influence
on sampled air masses, due to winds at Cape Grim
being either southerly and/or light and variable.

Two periods of intensive vertical profiling were co-
ordinated with campaigns investigating the Southern
Hemisphere atmosphere:

1. The Southern Ocean Atmospheric Photochemistry
Experiment (SOAPEX-2) in January/February 1999
examined photochemical influences on the trace
gas composition of background marine air above
Cape Grim. Trace gases measured as part of
CAR’s aircraft sampling program included some
species (e.g. CH,, CO, H,) that are potential tracers
of photochemical processes via reaction with the
hydroxyl radical. Sampling emphasis during this pe-
riod was on the lower troposphere with one flight (8
February 1999) restricted to a maximum altitude of
only 2.9 km. Preliminary analysis of the relative in-
fluence of photochemistry and long-range transport
on the 0-7 km vertical profiles is given by Pak
[2000]. Vertical profiles of selected species between
0 and 2 km are shown in Figure 1. Within the ma-
rine boundary layer (MBL), vertical profiles may be
influenced by photochemistry, air-sea exchange
and entrainment of air from above the MBL. How-
ever, any forcing of gradients by these processes is
opposed by rapid convective mixing. The data in
Figure 1 show few, if any, significant vertical gradi-
ents below 1 km. Larger variations begin to appear
above 1 km, reflecting slower mixing above the
MBL and influence of other processes such as long
range transport [Pak 2000].

The Southern African Regional Science Initiative
(SAFARI 2000) investigated trace gas emissions
from African biomass burning during the dry season
in August/September 2000. CAR'’s involvement in
this campaign focused on detection of biomass
burning plumes in the mid-troposphere above Cape
Grim. Flights were scheduled with the aim of inter-
cepting air masses enriched in biomass burning
products. The outflow of such air masses from Af-
rica out over the Indian Ocean was shown by satel-
lite observations to occur in bursts of 1-2 days, ap-
proximately once a week. Model forecasts of the
transport of these air masses between Africa and
Australia suggested a transit time of about 7 days.
Two of the vertical profiles during the SAFARI 2000
period (13 September 2000 and 28 September
2000) were conducted above Melbourne, rather
than Cape Grim, in coordination with ground-based
lidar measurements of aerosol backscatter above
CAR in Aspendale. Results from the set of flights
indicate large and variable vertical gradients in the
mid to upper troposphere in multiple trace gases
[Pak et al. 2003] and aerosol [Young et al. 2001],
consistent with significant influence of biomass
burning plumes.



PROGRAM REPORTS - General

Routine monthly flights were suspended at the end  crisis in late 1999 and early 2000, and growing con-
of 1999 for a range of reasons including a prolonged straints on time and availability of the CSIRO staff in-
interruption due to the light aircraft fuel contamination volved in this over-flight program.

Table 1. Cape Grim/Bass Strait aircraft overflights in 1999/2000. Sampling details are shown for the Bass Strait sampling
site (39°08’S, 145°14’E), and for profiles collected either offshore from Cape Grim with co-ordinated ground-based flask
sampling at the Cape Grim station or above Melbourne. Wind observations are hourly mean values at Cape Grim. Flights on
13 and 28 September 2000 included sampling above Bass Strait at multiple altitude levels.

----Bass Strait Site----  ----m--m-mmemeeee Vertical Profile Cape Grim Station-------
Flight  Altitude No. of Max. Min. No.of No. of Wind No. of
Date # Samples  Latitude Longitude Altitude Altitude Samples Speed Direction Samples
(km) (°S) (°E) (km) Levels (ms™h 9
Aircraft: Cessna C401A (VH-NAS)
13 Jan 99 C248 4.9 1 40.5 1443 71 015 21 32 10 228 2
19 Jan 99 C249 4.9 1 40.5 1443 71 015 20 28 9 257 6
30 Jan 99 C250 4.9 1 40.5 143.7 71 015 22 44 13 197 0
7 Feb 99 C251 4.9 1 40.5 144.3 7.0 015 19 34 21 187 0
8 Feb 99 C252 40.5 144.3 29 015 14 26 9 196 2
16 Feb 99 C253 4.9 1 40.5 144.3 7.0 0.15 18 30 18 286 4
19 Feb 99 C254 5.0 1 40.5 144.3 7.0 015 19 34 10 270 2
5 Mar 99 C255 4.9 1 40.5 144.3 7.0 015 17 40 6 270 4
22 Apr 99 C256 4.9 1 40.5 143.7 7.0 0.15 18 34 3 194 0
Aircraft: Piper Chieftain (VH-PRJ)
2 Jul 99 C257 4.9 1 40.5 144.3 55 015 12 30 8 249 4
2 Aug 99 C258 4.9 1 40.5 1443 70 015 17 29 6 230 0
Aircraft: Cessna C401A (VH-NAS)
1 Sep 99 C259 4.9 1 40.5 144.3 71 015 17 30 10 200 4
Aircraft: Piper Navajo (VH-EGK; later registered as VH-NAS)
280ct 99 C260 4.9 1 40.5 1443 6.1 0.15 16 30 6 302 3
21 Dec 99 C261 4.9 1 40.5 144.3 6.1 015 16 30 12 190 0
30 Aug 00 C262 4.9 1 40.5 1443 6.7 0.15 16 24 2 308 2
5 Sep 00 C263 4.9 1 40.5 1443 6.7 0.15 16 17 19 258 4
13 Sep 00 C264 38.0 1451 6.7 1.8 14 23
18Sep 00 C265 4.9 1 40.5 1443 6.7 0.15 20 24 14 281 4
28Sep 00 C266 38.0 145.0 6.7 1.8 19 30
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Figure 1. Vertical profiles of selected trace gas species measured at CAR GASLAB for the seven SOAPEX-2 flights. Data
were calculated as residuals from mean values for the 0-1200 m range for each flight and were fitted by a spline with 50%
attenuation at 500 m. Mean profiles were calculated by spline fitting residuals for all flights.
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Aircraft / Air intakes

Three aircraft, each fitted with twin turbo-powered en-
gines, were used during 1999/2000. The Cessna 401A
(VH-NAS) employed since June 1998 was used
through to April 1999 and again for an additional flight
in September 1999, but was no longer available for
charter after this time. Flights during the intervening pe-
riod (July and August 1999) used a Piper Chieftain
(VH-PRJ), with air sampled through the cabin ventila-
tion ports. However, flow rates of air through the venti-
lation system were relatively low, causing samples to
be contaminated with cabin air. No further sampling
was attempted from this aircraft.

From October 1999, sampling flights employed a
Piper Navajo (VH-EGK; later registered as VH-NAS).
On the first flight in this aircraft (28 October 1999), air
was also sampled through the cabin ventilation system.
Thereafter, all sample air was drawn from a dedicated
intake plate mounted on the side window of the aircraft.
The plate is of stainless steel construction with sepa-
rate ports (3/8” tube) available for up to four individual
pump units or instruments. Each port is equipped with
Swagelok fittings on the cabin side of the window plate,
and a length of tubing protruding several centimetres
from the external side of the window. Externally, each
tube is right-angled such that the orifice faces the rear
of the aircraft (opposite to the direction of travel), thus
limiting accumulation of moisture inside the tube. The
four tubes are positioned in separate horizontal planes
to avoid the possibility of cross-contamination between
ports during operation.

New instrumentation / measurements

Flights throughout 1999/2000 continued to provide ver-
tical profiles of trace gas species measured at CAR
GASLAB (CO, and its isotopes 5'°C and §'°0, CHg, H,,
CO, N2O, 8(02/Ny) etc.), University of Heidelberg (SFs)
and CGBAPS (halogenated compounds) [see Lan-
genfelds et al. 2001 and references therein]. From
January 1999, 4-6 additional samples spanning the full
range of altitude were routinely collected in 6L, Silcos-
teel®-treated, stainless steel flasks (Restek Corpora-
tion, Bellefonte, PA, USA) for analysis of VOCs [Kivlig-
hon et al. 2000; Kivlighon 2001]. These samples were
collected undried, with a dedicated, stainless steel,
metal bellows pump (MB-14 P/N 40043, Metal Bellows
Div., Senior Flexonics Inc., Sharon, MA, USA). The
flights of 30 August 2000, 13 September 2000 and 18
September 2000 included continuous measurement of
O3 using an instrument developed at CAR specifically
for aircraft-based work. This instrument is a battery-
powered, dual-beam photometer with a time resolution
of 1 second and a precision of approximately 0.2 ppb.
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Air samples are regularly collected at Cape Grim in
glass and stainless steel flasks, and returned to CSIRO
Atmospheric Research’s (CAR) Global Atmospheric
Sampling Laboratory (GASLAB) for analysis of trace
gas composition [Francey et al. 1996]. Gas chroma-
tographic (GC) measurements of methane (CH,), car-
bon dioxide (CO,) and carbon monoxide (CO) com-
menced in 1980 [Fraser and Hyson 1986; Fraser et al.
1986, 1994]. Introduction of new and upgraded instru-
mentation in 1991/92 as part of the GASLAB develop-
ment led to improved precision and calibration of pre-
viously measured species, and measurement of two
additional species, hydrogen (H,) and nitrous oxide
(N2O) [Francey et al. 1996; Steele et al. 1996; Cooper
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et al. 1999; Langenfelds et al. 2001a]. This report ex-
tends records of all species to the end of 2000.

Figure 1 shows time series and growth rates for
CH, and CO. Figure 2 shows CO,, H, and N,O. Data
are displayed for all flask samples with different sym-
bols used to distinguish retained and rejected data.
Causes of rejection are described by Steele et al.
[1996] and Cooper et al. [1999]. Updated data sets will
soon be made available at the CAR website
(http://www.dar.csiro.au). The CO, and CH, data are
contributed regularly to the ‘Globalview’ data sets gen-
erated by integration of measurements from participat-
ing international laboratories [Globalview-CO, 2001;
Globalview-CH,4 2001].

Recent publications using GASLAB GC data have
addressed the prominent role that Cape Grim plays
within CAR’s trace gas measurement programs in the
Southern Hemisphere [Francey et al. 1999a], trends in
§'°C of CO, [Francey et al. 1999b, 2001] and §"°C of
CH, [Francey et al. 1999c], inversion of CO, and §"°C
data to determine the global, spatiotemporal distribu-
tion of surface CO, fluxes since 1992 [Allison et al.
2001], correlations in interannual growth rate variability
of multiple trace gas species during the 1990s [Lan-
genfelds et al. 2001b, 2002] and results from the flask
intercomparison program maintained by NOAA/CMDL
and CSIRO since 1991 [Masarie et al. 2001].
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Figure 1. Top panels: Atmospheric CHs and CO in ppb (mole fraction in parts per 10% in dry air). CSIRO data are from indi-
vidual Cape Grim flask air samples and are shown as retained (diamonds) or rejected (crosses), based on selection for
baseline conditions and analytical quality assessment. The solid curves indicate long-term trends obtained from the curve
fitting routine described by Thoning et al. [1989]. Bottom panels: Growth rate curves as given by the first derivative of the

long-term trends.
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Figure 2. Top panels: Cape Grim records of CO2, Hz and N2O. Results from all individual flask air samples are classified as
retained (diamonds) or rejected (crosses). Solid curves indicate long-term trends. Bottom panels: Growth rate curves as
given by the first derivative of the long-term trends.
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Regular collection of Cape Grim air in high-pressure
metal cylinders for the purpose of maintaining an ar-
chive of atmospheric composition has continued since
1978. A history of sampling events, protocols, tech-
niques and reconstruction of atmospheric trace gas re-
cords through 1995 has been given previously [Lan-
genfelds et al. 1996 and references therein] and up-
dated through 1998 [Langenfelds et al. 1999; 2001].
Recent publications using Cape Grim Air Archive data
[Oram 1999; Fraser and Prather 1999; Prinn et al.
2000] have addressed long-term trends of several
classes of halogenated trace gases (CFCs, HCFCs,
HFCs, PFCs, halons, SF;) implicated in stratospheric
ozone depletion and/or the enhanced greenhouse ef-
fect.
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Primary sampling

During 1999/2000, 14 cylinders were filled under base-
line conditions and 2 under marginal baseline condi-
tions (Table 1). Of these, 10 were filled specifically to
be used as calibration standards at CGBAPS for
measurement programs maintained by the Advanced
Global Atmospheric Gases Experiment (AGAGE) and
the University of East Anglia (UEA).

In January 1999, the intake line used to fill archive
cylinders was modified to include a pressure relief
valve. This device was introduced as an additional
safety measure to protect against inadvertent cryo-
trapping of excess air. Immediately following the cryo-
genic collection of each sample, cylinders were re-
moved from the liquid nitrogen bath and left to warm
(and sample air to vapourise) with the cylinder valve
left open to the pressure relief valve. For two samples
(collected 21 July 1999 and 22 July 1999), some air
was observed to vent through the pressure relief valve
during this process. These samples were later found to
be measurably fractionated as a result of the sample
loss. This problem was overcome by slightly increasing
the pressure relief setting and using a gas meter to
routinely monitor the vent port during the warming
phase, to ensure that any sample loss is detected and
quantified. One affected cylinder earmarked for reten-
tion in the archive (S35L-C40), was refilled shortly af-
terwards (4 August 1999).

Table 1. Collection and status details for primary archive samples filled at Cape Grim. Samples are listed against UAN (a
number unique to each sample, assigned at CAR), Tank ID (a label unique to each individual sample container) and Archive
ID (a sample identifier commonly used before 1992). Wind data represent estimated averages over the period of collection.
They are calculated either from collection records or from Cape Grim hourly average data.

dcryo  immersion in liquid nitrogen °CAR managed and stored at CAR
"wet  no drying YAGAGE used as a standard in the AGAGE program.
‘UEA used as a standard in the measurement program
maintained at CGBAPS by University of East Anglia.
UAN Tank Archive Collection  Sampling Drying Wind Pressure Current
ID ID Date Method®  Method” Speed Direction Fill Current  Status®*®
(GMT) (ms™ © (kPa abs)
S35L-C70 CG210199 21 Jan 99 cryo wet 8 80 2900 0 exhausted
991060 S35L-C65  CG170299 17 Feb 99 cryo wet 11 272 2900 2630 CAR
991061 S35L-C53  CG040399 4 Mar 99 cryo wet 6 263 3380 0 exhausted
991062 S35L-C59  CG130499 13 Apr 99 cryo wet 9 227 3300 2500 AGAGE
991063 S35L-C46 CG070699 7 Jun 99 cryo wet 12 228 0 exhausted
991313 S35L-C40 CG210799 21 Jul 99 cryo wet 17 272 3590 0 exhausted
991314 S35L-C53 CG220799 22 Jul 99 cryo wet 12 225 3590 0 exhausted
991381 S35L-C40 CG040899 4 Aug 99 cryo wet 10 227 2970 2700 CAR
S35L-C46  CG181099 18 Oct 99 cryo wet 14 225 4290 0 exhausted
992045 S35L-C38  CG161199 16 Nov 99 cryo wet 14 210 3180 3180 CAR
S35L-C53 CG190100 19 Jan 00 cryo wet 9 221 4290 0 exhausted
S35L-C39  CG010300 1 Mar 00 cryo wet 8 74 4700 3460 UEA
992982 S35L-C46  CG140300 14 Mar 00 cryo wet 14 229 3360 3250 CAR
S35L-C70 CG190400 19 Apr 00 cryo wet 4 253 4290 0 exhausted
S35L-C53  CG060900 6 Sep 00 cryo wet 15 256 4490 0 exhausted
993562 S35L-C55  CG290900 29 Sep 00 cryo wet 21 273 3000 2460 CAR

Table 2. Preparation and status details for subsamples of primary archive samples. Current status entries denote the insti-

tute managing the sample.

Subsample Fill Current
Subsample Parent Archive Preparation Pressure Pressure Current Status
UAN Tank ID UAN Date Date kPa abs kPa abs
991066 S$320-204 991060 17 Feb 99 19 May 99 650 UEA
991067 S$320-205 991061 4 Mar 99 19 May 99 650 UEA
991068 $320-206 991062 13 Apr 99 19 May 99 650 UEA
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Subsampling

Table 2 lists collection details of 3 archive subsamples
prepared during 1999/2000. All were prepared for Uni-
versity of East Anglia, UK (UEA) in 3.2 litre, stainless
steel containers provided by them. This extends the air
archive records of the halogenated trace gas species
being measured by GC-MS techniques at UEA and is
complemented by occasional, direct sampling of back-
ground Cape Grim air into similar containers.
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4.9. SFs FROM FLASK SAMPLING
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[Cooperative Research report.]

Sulfur hexafluoride (SFs) is a man-made trace gas
used predominantly in gas-insulated switchgear. Be-
cause of its well known, largely northern hemispheric
source strength and distribution and its long lifetime of
probably more than 1000 years, it is a useful tracer of
atmospheric circulation and exchange between the
atmosphere and linked reservoirs. It is also a strong
greenhouse gas with radiative forcing 36000 times that
of CO, on a per molecule basis.

A high precision record (Figure 1) of its accumula-
tion in the atmosphere between 1978 and 1994 was
reconstructed from measurements made at University
of Heidelberg (UHEI-IUP) of the Cape Grim Air Ar-
chive. This record has been strengthened and ex-
tended by analysis of additional pre-1996 archived air
and by regular, direct flask sampling of baseline Cape
Grim air in 1.6 L stainless steel flasks since November
1995 [Maiss et al. 1996]. Measurement of SFg in Cape
Grim surface air is complemented by sampling of the
troposphere above Cape Grim as part of CSIRO’s es-
tablished aircraft sampling program [Levin et al. 2001].
Data are available on request, e-mail:
Ingeborg.Levin@iup.uni-heidelberg.de
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Figure 1. SFe at Cape Grim from measurements of the
Cape Grim Air Archive and direct flask sampling since 1978.
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4.10. BASELINE CARBON DIOXIDE
MONITORING
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The continuous monitoring of atmospheric carbon diox-
ide continued at Cape Grim during 1997-2000. Over
this time several changes have been made, and these
are described in this report.

BASGAM

During the four-year period of 1997 to 2000 inclusive,
the continuous measurement of atmospheric carbon
dioxide (COy) in air drawn from the 70-m intake contin-
ued with the Siemens ULTRAMAT 5E infrared gas
analyser system known as BASGAM. On 26 May
1999, the ULTRAMAT 5E (serial number X07-389)
was replaced with a similar analyser (serial number
X08-397) due to the development of a fault (unstable
chopper frequency) with the original analyser. Figure 1
shows the hourly CO, values for this period with corre-
sponding baseline data and growth rate. Specifically,
the top panel shows all instrumentally valid hourly val-
ues, with baseline data shown in red and non-baseline
data shown in blue. This illustrates the large number of
departures of CO, both above and below the baseline
values. It is quite apparent that the largest negative
departures from baseline levels occur predominantly in
the winter months of each year, while the largest posi-
tive excursions occur in the summer months.

The second panel shows hourly baseline data only
(see later for details of baseline selection technique).
Also shown in this panel is the 80-day smooth curve
(blue) and 650-day trend curve found using the filtering
techniques of Thoning et al. [1989]. During the four
year period, baseline CO, increased by approximately
7 ppm.

The last panel shows the instantaneous growth rate
of CO, for the four-year period, derived by computing
the derivative of the trend curve in panel 2. During this
period the growth rate rose to a peak value of 2.9 ppm
yr' in early 1998, making it the highest CO, growth
rate ever recorded at Cape Grim. This finding at Cape
Grim has also been reported by other investigators,
showing that this unprecedented high growth rate of
CO, was a global phenomenon [e.g. see Tans et al.
2002; Langenfelds et al. 2002a].
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Figure 1. Cape Grim BASGAM in situ carbon dioxide (CO)
record for 1997 to 2000 inclusive. First panel: all valid hourly
CO; values, with baseline data shown in red and non-
baseline shown in blue. Second panel: hourly baseline data
only, with 80-day smooth curve (blue) and 650-day long-
term trend curve (green). Third panel: Instantaneous CO-
growth rate. See text for details.

1997 i1998

A change to the BASGAM CO, monitoring program
introduced from the beginning of 1997 was the use of
high-span, low-span, and reference gases prepared in
GASLAB from dry natural air. This development meant
that it was no longer necessary to purchase CO.-in-air
calibration and reference gas mixtures that had been
prepared commercially by The BOC Group (Preston,
Victoria). Natural air was pumped into 29.5 L alumin-
ium, high-pressure cylinders (manufactured by Luxfer,
Riverside, California, and prepared by Scott-Marrin,
Inc. of Riverside, California) with the use of a model
SA-3 oil-less compressor (RIX Industries, Benicia, Cali-
fornia). Drying of the air was carried out by the use of a
chemical drying reagent (phosphorus pentoxide) on
the outlet stream of the compressor. The CO, mixing
ratios were adjusted to the desired values by either
adding a known amount of high purity CO,, or switch-
ing a tube filled with a CO,-adsorbent material into the
outlet stream of the compressor for a specified period
of time. Cylinders were typically filled to a pressure of
2000 psig. After filling, the water vapour levels in each
cylinder were measured with an Aquamatic+ analyser
(Meeco, Inc., Warrington, Pennsylvania, USA) as part
of the quality assurance procedure. Typically, water
levels less than 0.2 ppm were achieved.

The details of the high-span, low-span, and refer-
ence gases used for BASGAM monitoring during
1997-2000 are given in Table 1. The dates and times
specified are Australian Eastern Standard Time
(AEST). The Universal Analysis Number (UAN) is a



unique identifier for each air sample measured in
GASLAB that avoids possible confusion over the iden-
tity of any of the calibration gases, even when the
same cylinder is re-filled several times, as has been
the case here. All span and reference gases are meas-
ured for CO, (and other trace species) in GASLAB,
prior to despatch to Cape Grim, and on return to
Aspendale.

Table 1. Tank serial number, Universal Analysis Number
(UAN), on/off dates and times (AEST) and carbon dioxide
(CO_) concentration (parts per million) of the high-span, low-
span and reference gases used for BASGAM monitoring
during 1997-2000.

Tank serial UAN Date On Hour Date Off Hour CO,
# (AEST) (AEST) (ppm)
Hispan
CA01687 960912 24 Dec 96 14 25 Mar 97 15 362.93
CA01696 970236 25 Mar 97 16 25 Jun 97 10 370.08
CA01697 970235 25 Jun 97 11 03 Sep 97 15 370.43
CA01696 970833 03 Sep 97 16 08 Dec 97 14 370.72
CA01697 971437 08 Dec 97 15 06 Mar 98 14 372.20
CA01696 980100 06 Mar 98 15 05 Jun 98 15 373.36
CA01607 980407 05Jun 98 16 28 Aug98 14 371.94
CA01697 980815 28 Aug98 15 27 Nov98 15 373.55
CA01696 981403 27 Nov 98 16 28 Jan 99 14 374.94
ALWA2681 970420 28 Jan 99 15 02 Feb 99 15 370.60
(CA62)
CA01675 971028 02 Feb 99 16 31 May99 09 372.04
CA01607 990743 31 May99 10 09 Sep99 15 374.90
CA01697 990998 09 Sep99 10 10 Dec99 10 375.07
CA01607 991741 10 Dec 99 11 01 Mar 00 15 377.00
CA01696 992076 01 Mar 00 16 02 Jun 00 12 376.07
CA01653 992299 02 Jun 00 13 18 Aug 00 14 370.44
CA01607 992503 18 Aug00 15 27 Nov00 11 376.74
CA01696 993204 27 Nov 00 12 12 Feb 01 13 376.08
Lospan
ALVF352 960968 02 Oct 96 11 28 Jan 97 15 355.74
(CA95)
CA01666 961264 28 Jan 97 16 23 Apr 97 16 358.62
CA01614 961265 23 Apr 97 17 24 Jul 97 10 358.70
CA01620 970651 24 Jul 97 11 20 Oct 97 13 353.84
CA01623 970834 20 Oct 97 14 09 Jan 98 16 357.09
CA01614 971486 09 Jan 98 17 15 Apr 98 16 355.98
CA01620 980101 15 Apr 98 17 20 Jul 98 12 357.71
CA01623 980408 20 Jul 98 13 19 Oct 98 13 355.17
CA01614 980814 19 Oct 98 14 18 Jan 99 11 360.27
CA01620 981614 18 Jan 99 12 26 Apr 99 13 359.11
CA01623 990598 26 Apr 99 14 16 Aug99 11 363.70
CA01614 990996 16 Aug99 12 05 Oct 99 15 359.52
CA01620 991293 050ct 99 16 10 Feb 00 13 361.95
CA01623 991879 10 Feb 00 14 11 May0O 16 361.96
CA01614 992077 11 May00 17 08 Aug 00 12 360.50
CA01620 992504 08 Aug00 13 14 Nov 00 09 358.08
CA01614 993205 14 Nov00 10 01 Mar 01 11 361.00
Reference
ALVP394 970570 12 Dec 96 13 29 Apr 97 15 328.54
(DA07)
CA01644 970405 29 Apr 97 16 08 Aug 97 10 335.15
CA01681 970406 08 Aug 97 11 17 Nov 97 14 329.09
CA01644 971394 17 Nov 97 14 26 Feb 98 14 328.96
CA01618 971487 26 Feb 98 15 05 Jun 98 15 333.92
CA01681 980406 05Jun 98 16 18 Sep 98 15 337.08
CA01644 980816 18 Sep98 16 30 Dec 98 15 335.00
CA01618 981615 30 Dec98 16 01 Apr 99 14 338.67
CA01681 990591 01 Apr 99 15 12 Jul 99 12 338.43
CA01644 990933 12 Jul 99 13 25 0ct 99 14 335.98
CA01618 991292 250ct 99 15 10 Feb 00 13 340.79
CA01681 991900 10 Feb 00 14 26 May00 12 339.18
CA01644 992078 26 May00 13 11 Sep 00 09 339.82
CA01676 992542 11 Sep 00 10 21 Dec00 13 342.60
CA01681 993159 21 Dec 00 13 06 Apr 01 16 342.42
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The monthly average, and annual average baseline
CO;, values derived from the BASGAM system during
1997-2000 are tabulated in Table 2. Included in the
Table are summaries of the number of CO, baseline
hours, and the proportion of hours when instrumentally
valid CO, data were obtained. In a departure from pre-
vious practice, the CO, values are reported to 3 digits
after the decimal (rather than 2 digits after the deci-
mal). While clearly not warranted at this stage, it is
done here in anticipation of improvements in CO,
measurements.

Another change that is explored here is in the
method used to calculate the monthly average base-
line CO, values shown in Table 2. There are several
component parts of the overall method that are being
evaluated, prior to a final acceptance. Firstly, the hourly
average winds measured at the 50-m level on the
tower are used here, rather than those at the 10-m
level, since it is now clear that the 50-m winds are
much less perturbed by local topographic influences
[see Baines and Murray 2003]. Due to instrumentation
problems, 50-m winds were not available for two sig-
nificant periods, corresponding to 1400 hours, 14
January 1998 - 1100 hours, 19 February 1998, and
1300 hours, 11 May 1999 - 1000 hours, 04 June 1999.
A few minor occurrences of missing 50-m wind data
also occurred. For the purposes of this study, the 10-m
wind data (where available) were used as a substitute
for the missing 50-m wind data. The wind direction sec-
tor of 190°-280° was retained as the baseline sector.
Two additional constraints were tried here: only those
hourly periods with wind speeds =5 m s were eligible
for acceptance as baseline; and the hourly CN was re-
quired to be < 600 cm™. The usual criterion for CO,
stability was retained (i.e. for an hourly CO, value to be
eligible for classification as baseline it must be part of a
group of 5 consecutive hourly values during which time
the CO, concentration varied by less than 0.3 ppm
around the mean value).

After application of these criteria, an iterative filter
based on smooth curve fitting techniques [Thoning et
al. 1989] is then applied to the remaining data to clip
outliers. First, a smooth curve is fitted to the hourly CO,
values which meet all baseline criteria. Monthly aver-
ages are then calculated from daily values determined
from the smooth curve. Hourly CO, values which lay
greater than 0.4 ppm from their corresponding monthly
average were flagged, and the curve fitting repeated. If
necessary, this clipping was repeated until no hourly
CO, values lay greater than 0.4 ppm from their corre-
sponding monthly average. The daily values for base-
line CO, are calculated from the final fited smooth
curve, and the monthly averages are calculated as the
mean of all the daily values in each month. This ap-
proach has clear advantages in more reliably estimat-
ing monthly averages, especially during those times
when there are relatively few periods of baseline condi-
tions.

A full description of the evaluation of possible im-
provements to the definition of CO, baseline at Cape
Grim will be provided elsewhere. After such evaluation
and acceptance, any new definition will be then applied
consistently to the full CO, record.
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Table 2. Monthly mean baseline atmospheric carbon dioxide mixing ratios measured by the BASGAM in situ monitoring
system at Cape Grim during 1997 to 2000 inclusive. The monthly mean values have been calculated from smooth curve fits
to the hourly baseline data, see text for details. The mixing ratios are expressed in the WMO mole fraction calibration scale,
as parts per million (ppm) of CO> in dry air. Also shown are the number of CO; baseline hours, the number of instrumentally

valid CO; hours plus the total possible hours for each month.

1997 1998 1999 2000

Month CO, bl hrs CO, hrs/ CO, bl hrs CO, hrs/ CO, bl hrs CO, hrs/ CO, bl hrs CO, hrs/

(ppm) total hrs (ppm) total hrs (ppm) total hrs (ppm) total hrs
Jan 360.275 179 733/744 361.998 184 658/744 364.741 45 669/744 366.035 124 725/744
Feb 360.397 120 651/672 362.321 275 643/672 364.715 45 572/672 366.032 48 681/696
Mar 360.356 270 708/744 362.482 302 704/744 364.704 165 732/744 366.000 147 727/744
Apr 360.350 269 656/720 362.611 330 669/720 364.754 203 610/720 366.030 158 705/720
May 360.570 195 709/744 362.967 226 716/744 364.918 79 273744 366.101 310 732/744
Jun 360.804 143 572/720 363.389 184 693/720 365.219 198 702/720 366.273 256 704/720
Jul 361.131 340 720/744 363.887 252 698/744 365.577 206 723/744 366.638 160 733/744
Aug 361.546 322 7151744 364.453 77 522/744 365.857 258 732/744 367.049 158 697/744
Sep 361.756 152 705/720 364.690 226 701/720 366.045 160 703/720 367.307 170 706/720
Oct 361.892 235 629/744 364.673 325 726/744 366.235 175 731/744 367.387 170 699/744
Nov 361.939 250 653/720 364.677 143 710/720 366.252 160 709/720 367.425 36 607/720
Dec 361.841 69 162/744 364.724 205 725/744 366.092 162 646/744 367.434 64 721/744
Year 361.071 2544 7613/8760 363.573 2729 8165/8760 365.426 1856 7802/8760 366.643 1801 8437/8784
LOFLO the measurement of each calibration sample was

In May 2000, a prototype LOFLO CO, analyser system
was installed at Cape Grim, to operate in parallel with
the BASGAM system, as one way of evaluating the
operational performance of both systems. Both sys-
tems share the 70-m air intake line. The basic philoso-
phy and architecture of the LOFLO has been described
elsewhere [Da Costa and Steele 1997, 1999].

The LOFLO system is calibrated with a suite of 7
CO,-in-dry (natural) air standards, prepared in 29.5 L
high-pressure aluminium cylinders. The details of these
standards are shown in Table 3. The CO, values were
assigned to these standards in GASLAB, using the gas
chromatographic technique described elsewhere
[Francey et al. 1996]. Each standard was fitted with its
own dedicated, pressure reducing regulator (high pu-
rity, single stage, stainless steel, 74-2400 series, avail-
able from Tescom Corporation, Elk River, Minnesota,
USA). Each standard is effectively permanently con-
nected to the LOFLO system. The reference gas is
also COy-in-dry (natural) air contained in a similar high-
pressure cylinder. Because of the considerably higher
usage rate of the reference gas, these cylinders re-
quire to be changed every few months. The details of
the first 3 reference gas tanks are also shown in Table
3. Initially, the reference tank was fitted with a pres-
sure-reducing regulator of the same type as those
used on the calibration standards. On 26 June 2000, a
second such regulator was connected in series with
the first, to provide better pressure regulation on the
reference gas. This was found to be necessary be-
cause of the more demanding regular (hourly? switch-
ing between delivery flow rates of 15 ml min~ and 30
ml min™.

The response function of the LOFLO system was
determined 12 times during the time from its installation
to the end of 2000. This entailed a classical ‘calibration
pyramid’ approach, flowing gas from each calibration
standard through the sample cell in turn. Multiple
pyramids were run on each occasion. A ‘zero’ determi-
nation (reference gas passing through both cells simul-
taneously) was made each alternate sample, so that
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bracketed by the measurement of a ‘zero’. The occa-
sions of these response function determinations are
given in Table 4. In this initial period of evaluating the
operational performance of the LOFLO, more frequent
(about double) calibrations have been run than is ex-
pected to be the case in routine operation. In each of
these calibration experiments, the response function of
the analyser system is determined (a shallow quadratic
function), as well as the CO, value of the reference
gas, relative to the suite of seven calibration standards.
These are then deemed to define the response of the
analyser during ambient air measurements, until the
time of the next calibration experiment.

Instrumentally valid, minute-average CO, data from
the LOFLO system through to the end of 2000 are
shown in Figure 2. Most of the gaps in the record cor-
respond to the times when calibration experiments
were being run. The selection of instrumentally valid
data is based primarily on the behaviour of the pa-
rameters such as differential pressure. Overall, the per-
formance of the LOFLO over this period has been very
encouraging.

Table 3. Details of the CO2-in-air calibration suite used on
the LOFLO CO; analyser system, as well as those of the
first three COg-in-air reference gases. Consumption of gas
in the first reference tank appears high, and was traced to
the presence of a leaking fitting. The leak was identified and
repaired on 16 May 2000.

ID Installation Cyl. # UAN Starting GASLAB
Date Pressure CO;
(Psig) (ppm)
CAL1 20000510 CA01666 980773 1870 338.96
CAL2 20000510 CA01687 980772 1950 350.24
CAL3 20000510 CA01647 970830 1750 360.68
CAL4 20000510 CA01688 980771 1890 369.99
CAL5 20000510 CA01634 970337 1790 380.37
CAL6 20000510 CA01640 970338 1780 388.47
CAL7 20000510 CA01622 970339 1740 400.15
REF1 20000510 CA01686 991782 1400 367.39
REF2 20000607  CA01605 991071 1860 365.23
REF3 20001011 CA01698 992447 1880 366.59




Table 4. Basic details of the calibration experiments con-
ducted on the LOFLO CO, analyser system, from the date
of installation to the end of 2000. Dates (yyyymmdd) and
times (hhmm) are in AEST. The reference gas is assigned a
CO; value (last column) on the basis of each calibration ex-
periment.

CAL Start Finish REF CO;
# Date Time Date Time ppm
REF1
1 20000510 1840 20000516 1640 367.422
2 20000606 1351 20000607 1557 367.416
REF2
3 20000607 1624 20000608 1756 365.251
20000628 1957 20000630 1614 365.256
5 20000717 1507 20000719 1230 365.258
6 20000804 1538 20000807 0935 365.255
7 20000825 1537 20000828 0903 365.260
8 20000915 1611 20000918 1024 365.267
9 20001009 1011 20001011 1246 365.273
REF3
10 20001011 1312 20001013 0932 366.535
11 20001110 1609 20001113 1007 366.539
12 20001211 1424 20001214 1438 366.543
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Figure 2. Cape Grim LOFLO in situ carbon dioxide (CO)
record, all valid 1-minute average values for May to De-
cember 2000.

A revealing result has emerged over this period by
comparing the ambient CO, data from BASGAM and
LOFLO. This is shown in Figure 3, where only instru-
mentally valid hourly data from both systems are used.
Systematic offsets are clearly present, at unexpected
levels. Included in the figure are markers to indicate
when calibration and reference tank changes occurred
on BASGAM. The correlation between the timing of
step changes in the CO, difference with changes in the
working standards on BASGAM suggests strongly that
these frequent changes of standards can inject a level
of uncertainty into such records. It is difficult to imagine
that this finding could be established without such an
overlap experiment between these two analyser sys-
tems.
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Figure 3. Difference between LOFLO and BASGAM hourly
carbon dioxide (CO,) data for all matching times during the
overlap period May to December 2000 as a function of time.
Vertical lines indicate calibration and reference tank
changes on the BASGAM system: Dashed black - reference
tanks; Orange - high-span tanks; Blue - low-span tanks.

Comparison between BASGAM and CO, flask
data

Flask samples of air are collected at Cape Grim, and
analysed in GASLAB for a range of trace species, in-
cluding the CO; mixing ratio [see Langenfelds et al.
2003]. It is informative to compare the flask CO, data
with the in situ measurements derived from the
BASGAM system. The results of this comparison for
the 4-year period 1997-2000 are shown in Figure 4.
The flask air samples are typically collected during
good baseline conditions, when the ambient CO, levels
are very stable, and this helps to ensure a realistic
comparison between the two methods. Only instru-
mentally valid data are included in the comparison, and
an additional requirement is that the sampling times for
both methods must match within 30 minutes. For the
purpose of this type of comparison, the hourly average
in situ data are assigned a sampling time correspond-
ing to the middle of the hourly sampling period (e.g.
data for 0800-0900 hours would be assigned a sam-
pling time of 0830 hours). The match time of £30 min-
utes then assures that a flask sample result is com-
pared to the hourly in situ value measured for the
hourly period within which the flask sample was taken.

The overall result of the comparison is encouraging.
Through most of the 4-year period, the mean differ-
ence between the records is 0.1 + 0.15 ppm, with the
flask values being higher. The only clear exception was
in early 1998 where the flask — in situ difference was as
low as —0.2 ppm. A likely candidate for this feature is a
spurious CO, assignment to one of the BASGAM
standards, although this has not yet been verified.

The main factors responsible for the differences in
the bottom panel of Figure 4 probably relate to gas
handling procedures involving both flask samples and
high pressure cylinders. The flask sample CO; values
reflect any corrections applied for sample storage ef-
fects, which presently include an adjustment of +0.1
ppm to allow for an initial loss of CO, observed in test
flasks filled from well-characterised standards in high-
pressure cylinders [Masarie et al. 2001]. Recent evi-
dence indicates that this initial loss of CO; includes a
contribution due to mass-dependent fractionation of
components of air during transfer of air from high-
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pressure cylinders (via a pressure-reducing regulator)
to flasks [Langenfelds 2002b], which should not be ap-
plied to Cape Grim flask data. The precise magnitude
of this contribution is not well known at this stage, but it
is certainly of the right sign to account for at least part
of the mean difference observed in Figure 4. Further
tests will be necessary to better quantify contributions
from such fractionation effects.

It is also likely that there are fractionation effects
present in the BASGAM CO; record shown here. As
shown recently by Langenfelds [2002b] a mass-
dependent fractionation of CO, can occur as dry, natu-
ral air is decanted from high-pressure cylinders. This
effect is almost certainly occurring when the high-span
and low-span CO_-in-air calibration gases flow from the
cylinder to the analyser, via their respective pressure-
reducing regulators. It is expected that when correc-
tions for these effects are better quantified and applied
to the BASGAM data, a further part of the mean differ-
ence between flask CO, and in situ CO, will be ac-
counted for.
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Figure 4. Comparison of CSIRO (GASLAB) flask CO; and
hourly BASGAM in situ CO; records for Cape Grim for 1997
to 2000 inclusive. First panel: shows both of the full data
sets as time series (Flask - red; in situ - blue). Second
panel: shows only the matched data points as time series
(match window is flask fill time + 30 minutes). Third panel:
shows the difference between the matched flask and in situ
records as a function of time; orange dots indicate data that
lie outside 2 standard deviations about a 31 point running
mean (green line).
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Introduction

The ocean is an important natural source of atmos-
pheric CH;Br. However there still remains considerable
uncertainty in the global strength of this source, which
could go some way to explaining the discrepancy be-
tween historical atmospheric concentrations derived
from firn air data and those calculated from best esti-
mates of source and sink strengths. Much of the uncer-
tainty in the oceanic source strength comes from the
large uncertainty in the spatial and temporal distribution
of this source. Previously it was thought that open
oceans were undersaturated and therefore a net sink
of atmospheric CH3Br, whilst coastal and upwelling wa-
ters were supersaturated and thus a net source. How-
ever, more recent studies have found supersaturations
in open oceans, and coastal waters to sometimes be
undersaturated.

This latter result came from a routine investigation
of seasonal variations in CH3Br saturation [Baker et al.
1999], the only such study undertaken. Supersatura-
tion during the summer and undersaturation during the
remainder of the year were found in the North Sea, a
continental shelf sea off England. An analogous sea-
water measurement program on the coastal waters off
NW Tasmania, was established in March 2000. This
work is an extension of a preliminary study during
SOAPEX2, which was carried out at Cape Grim
(January - February 1999), in which CH;Br was found
to be supersaturated. The main purpose of the present
study is to establish the temporal extent of this super-
saturation and to see if a similar seasonal cycle exists
and whether it is reproducible from year to year.

Furthermore, as CH3Br is both produced and de-
stroyed in the ocean, the role of the ocean in regulating
the atmospheric burden of this gas is unresolved. The
North/South interhemispheric concentration ratio varies
from 1.35+0.04 (April) to 1.1+0.03 (September) [Win-
genter et al. 1998]. An annual cycle, governed by reac-
tion with seasonally varying hydroxyl (OH) radicals, is
observed in atmospheric CH3Br mixing ratios in the
Northern Hemisphere [Wingenter et al. 1998] but there
is not such a clearly discernable cycle in the Southern
Hemisphere [Sturrock et al. 2001]. This implies the
Southern Hemisphere must have one or more sea-
sonal influences out of phase with OH removal.

Studies are focusing on how seasonal cycling of
oceanic CH3Br, caused by the combination of biologi-
cal and chemical production/degradation, may contrib-
ute to obscuring the expected Southern Hemispheric
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atmospheric cycle. Knowledge of the magnitude and
seasonality of all sources and sinks of CH3Br are still
required to help constrain modelling of the CH3Br
budget.

Seawater sampling

Saturation levels are determined from analysis of a
seawater and an air sample which are collected simul-
taneously from sites alternating between 2 locations:
Site 1 at Woolnorth Point and Site 2, situated ~3 miles
offshore with a seawater depth of ~50 m. Sampling
took place at each site on roughly a monthly basis al-
though on a less regular basis by boat due to inclem-
ent weather conditions.

Saturation is calculated using the following equa-
tion:

Saturation(%) = [C,, /[C. /H]]x 100

Where C,, and C, indicate the concentration of a spe-
cies in seawater and air respectively, and H is the
Henry's law constant. Saturations exceeding 100% are
referred to as supersaturations and imply a net flux
from the seawater to the atmosphere.

GC-ECD measurements

CH3Br and various other trace gases in both surface
seawater and air samples were analysed with a purge
and cryotrap system and GC-ECD, similar to that de-
scribed in Baker et al., [1999]. The work of Baker et al.
[1999] included detailed investigations of purging effi-
ciency, blank tests and detector linearity. Briefly, he-
lium gas is used to purge gases from seawater sam-
ples (20 ml) contained in a glass purge tower. Water
vapour is removed from the resultant gas stream by a
glass spiral condenser immersed in an ice bath fol-
lowed by a Nafion drier. The dried gas is cryofocused
on a stainless steel loop prior to injection onto a capil-
lary column by heating the cryotrap to 100°C and de-
tection is achieved by electron capture. All seawater
samples were analysed as soon as possible after col-
lection. The same GC-ECD system was used for the
analysis of air samples, however, a three-way valve
was incorporated to isolate the spiral condenser and
purge tower from the air flask sample flow.

A whole air sample (undried) collected at Cape
Grim (filled March 2000) serves as a relative standard
to ensure internally consistent results can be produced
during the entire study. This standard was analysed
along with each seawater and air sample to determine
the concentration which is then used to calculate satu-
ration levels. This reference standard has been cali-
brated against the AGAGE GC-MS 'gold' standard (L.
Porter, personal communication.) for CH;Br mixing ra-
tio on the SIO98 scale.

Summary

Preliminary findings revealed CHsBr to be highly su-
persaturated in the surface seawater in summer during
SOAPEX2. The seawater has continued to be pre-
dominantly supersaturated, although there is evidence
of a decrease with distance from the shore. The two



routine sampling sites are in coastal waters that are
already known to be generally more saturated with re-
spect to CH3Br. Unresolved at present is how far these
persistent CH3Br supersaturations extend into open
ocean areas at this latitude. By extending the meas-
urements to the edge of the continental shelf, an at-
tempt will be made to determine the spatial extent of
the observed saturations.

Interannual variations in saturation levels, shown in
Figure 1, indicate no reproducible or distinct cycle at
the Tasmanian coastal sites, unlike the earlier system-
atic study in the North Sea [Baker et al., 1999]. Fur-
thermore, undersaturation is observed further offshore
during the austral summer of 2000/2001 when the bio-
logical processes driving in situ CHsBr production
would be expected to contribute most substantially to
production. The temperature range encountered during
the study in Tasmanian waters is between 12 and
20°C, while the North Sea study covered a larger tem-
perature range (4°C - 18°C) although lower tempera-
tures dominate apart from during the summer months
of July - September.

Phytoplankton counts in the North Sea revealed
that few species were present untii May when the
seawater temperature rises (>9°C). Baker et al. [1999]
showed these coastal waters were predominately un-
dersaturated until the summertime when an increase in
water temperature and an associated phytoplankton
bloom gave rise to a clear seasonal pattern in CH3Br
saturations. Studies on phytoplankton speciation for
the more recent seawater samples collected off Cape
Grim from Site 2 (from late November 2000 onwards)
are ongoing in association with the University of Tas-
mania, Hobart to aid intepretation of the seawater data.
Initial analysis of the biological data collected during
this study is reported in a research paper in this Base-
line.
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Waters in the temperature range 12-20°C have
been observed to show the greatest CH3Br
supersaturations [Groszko and Moore 1998; King et al.
2000] and likewise in this work, and although indicative
of localised production, it is not necessarily extensive.
The variation in coastal waters as a source of CH3Br
may potentially be influenced by a temperature
regulation in combination with the variability in the
biology rather than simply the time of year.

Other potential factors that could influence produc-
tivity and CH3Br supersaturations include wind speed
and depth of the ocean surface mixed layer, and nutri-
ent concentrations and upwelling. The ongoing study
will look at the relative importance of phytoplankton
speciation, nutrients, water temperature, physical mix-
ing and air-sea exchange on CH3Br production and
emission.
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Introduction

This report summarises in situ observations of ten
trace gases at Cape Grim which are involved in strato-
spheric ozone depletion, climate change and tropo-
spheric chemistry. Measurements of CFC-11 (CCI3F),
CFC-12 (CClyF,), CFC-113 (CCIL,FCCIF,), chloroform
(CHCIs), methyl chloroform (CHsCCls), carbon tetra-
chloride (CCly), nitrous oxide (N,O), methane (CHj),
carbon monoxide (CO) and hydrogen (H,) were made
at Cape Grim during 1993-2000, using a composite
instrument comprising a Hewlett Packard gas chro-
matograph (HP5890 GC) with two electron capture de-
tectors (ECDs), a Carle Series 100 GC with a flame
ionization detector (FID) and a Trace Analytical
RGA2/RGD2 GC with a mercuric oxide reduction de-
tector (MRD), as part of the Advanced Global Atmos-
pheric Gases Experiment (AGAGE) program.

The instrument design and methodologies used to
make these observations are discussed in Baseline
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94-95 and Prinn et al. [2000]. Data on all AGAGE spe-
cies except CO have been published [Prinn et al. 2000
and references therein; Simmonds et al. 2000;
O’Doherty et al. 2001; Cunnold et al. 2002]; all AGAGE
data, including CO and H,, are available from CDIAC
(Carbon Dioxide Information Analysis Center, Oak
Ridge National Laboratory, Oak Ridge, Tennessee,
USA). The data can be accessed on the web at
http://cdiac.ornl.gov/ndps/alegage.html. To access the
Atmospheric Lifetime Experiment (ALE), Global At-
mospheric Gases Experiment (GAGE) or AGAGE
data, select the appropriate directory. The AGAGE
data presented in this report (including CO and H,)
were updated by the Georgia Institute of Technology
(GIT) on 17 December 2002.

Standard gases

The concentrations of all species are based on com-
parisons of ambient air to working standards (G- and J-
series, Table 1). The concentrations of all trace gases
(Table 2), except CH4, CO and H,, are reported in the
SI098 scale [Prinn et al. 2000]. The AGAGE CH, data
are referenced to a gravimetrically prepared CH,-in-air
calibration scale developed by T. Nakazawa and co-
workers at Tohoku University, Sendai, Japan, and
maintained at CSIRO GASLAB [Cunnold et al. 2002].
The AGAGE CO data are referenced to a CSIRO scale
closely linked to a CO gravimetric scale developed by
NOAA-CMDL [Novelli et al. 1991]. The AGAGE H,
data are referenced to a calibration scale developed by
CSIRO GASLAB, boot-strapped from the CH, scale
[Simmonds et al. 2000].

Table 1. Natural air standards used in the AGAGE program (updated by SIO, 26 September 2002) up to the end of 2000.
Mole fractions of halocarbons and N,O are listed in the SIO98 scale; mole fractions of CH4, CO and H, are listed in scales

maintained by CSIRO GASLAB.

Tank On CC|3F CClez CCleCCle CH3CC|3 CC|4 Nzo CH4 CHC|3 CcO H>
# (ppt) (ppY) (ppt) (ppt) (ppt) (ppb) (ppb) (ppt) (ppb) (ppb)
G-016 Aug 93 260.79 499.09 117.69 102.01 77.22 309.43  1683.37 11.34 60.40 492.20
G-023D" Sep 93 262.86 506.71 112.89 95.16 79.41 309.40 1670.64 6.63 48.70  512.90
G-011D° Feb 94 259.49 493.83 119.96 91.96 74.44 310.38  1670.60 7.02 69.20 513.90
G-025" Mar 94 262.86 508.38 116.50 101.44 80.28 309.83 1682.43 8.89 59.10 508.50
G-029° Jul 94 263.23 512.29 109.09 101.06 81.31 309.86  1654.92 6.07 42.30 518.40
G-031° Nov 94 262.76 512.68 108.37 100.75 81.31 309.77 1662.68 5.77 43.50 518.90
G-035 Apr 95 264.11 517.78 105.49 100.39 81.94 310.75 1679.56 5.42 53.90 529.20
G-039 Sep 95 263.08 519.22 99.96 100.14 82.09 310.47  1670.13 12.03 47.10 523.10
J-005° Apr 96 268.23 537.53 124.81 101.47 84.04 31246  1787.55 12.12 176.20 531.60
J-011 Nov 96 267.79 536.23 102.13 101.56 83.91 312.22 1794.74 12.37 148.30 530.10
J-018 Aug 97 267.50 535.60 100.45 101.40 84.29 312.05 1782.63 12.88 156.40 502.20
J-023 May 98 265.94 542.73 72.49 99.55 83.53 314.13  1816.49 13.58 178.70  506.50
J-029 Jan 99 265.63 542.15 72.55 99.53 83.59 313.72 1819.16 12.92 165.40 512.90
J-036 Oct 99 265.65 542.10 72.64 98.95 83.42 313.92  1815.03 13.07 165.68 501.86
J-047 Jun 00 262.20 545.63 49.02 97.32 82.00 316.04  1825.91 10.93 153.00 542.20
G-085 Dec 00 257.95 539.20 44.07 94.68 81.97 315.20 1720.77 6.53 58.80 522.10

%G series standards are wet, baseline air, cryo-trapped (-196°C) at Cape Grim into evacuated, welded, electropolished 35 L stainless steel tanks; D indi-

cates a cryogenically dried (-78°C) air standard.
®Standards used on GAGE and AGAGE simultaneously.

©J series standards are natural air from Trinidad Head, California, compressed (Rix pump) into evacuated, welded, electropolished 35 L stainless steel

tanks and dried to 10 torr of water vapour.
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Table 2. AGAGE monthly mean halocarbon, nitrous oxide, methane, carbon monoxide and hydrogen mixing ratios for 1993-
2000, with pollution episodes removed statistically. Annual means are obtained from monthly means, monthly means from
individual measurements. The halocarbon and N,O data are in the SIO98 scale and the methane, carbon monoxide and
hydrogen data are in calibration scales maintained by CSIRO GASLAB (see text). Data were updated by GIT on 17 De-
cember 2002.

month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mean
CFC-11; CCI5F (ppt)

1993 2634 263.6 2638 263.8 263.8

1994 263.8 2634 263.1 263.2 263.3 263.3 263.6 2638 264.0 2640 264.0 2639 263.6
1995 2639 2637 264.1 2628 2628 263.0 263.1 2632 2633 2634 2634 2634 263.3
1996 263.2 2629 2629 2633 2641 263.6 2634 2634 2633 2632 263.1 263.0 263.3
1997 2629 2626 2625 2626 2625 2626 262.6 262.7 262.6 2624 2623 2620 262.5
1998 2617 261.3 2611 2609 2612 2615 2617 2616 261.7 2615 2614 2613 261.4
1999 261.1 260.8 2604 260.2 260.2 260.0 260.0 260.1 260.0 259.7 259.6 259.5 260.1
2000 259.3 259.2 2589 2587 258.6 2586 258.7 258.7 258.7 2586 2585 2582 258.7
CFC-12; CCI,F; (ppt)

1993 509.3 509.7 510.3 510.8 511.2

1994 511.6 512.7 5128 5136 5141 5147 5153 5160 5169 5176 5182 518.7 515.2
1995 519.1 519.2 5196 519.6 5206 520.9 5215 5222 5227 523.0 5235 5238 521.3
1996 5241 5241 5248 5248 526.2 526.1 5265 527.0 5275 5281 5284 5287 526.4
1997 529.0 529.2 529.6 530.3 5308 5315 5318 5324 5327 5329 5331 5331 531.4
1998 533.0 5329 5330 5332 5335 5337 5346 5350 5355 5356 5359 536.2 534.3
1999 536.3 536.3 536.2 536.5 5369 5369 537.3 5379 5380 5381 538.0 5383 537.2
2000 538.3 5385 5384 5386 5389 539.2 539.3 539.7 539.7 540.0 540.2 540.0 539.2
CFC-113; CCI,FCCIF; (ppt)

1993 80.9 80.5 80.3 80.4 80.4

1994 80.4 80.6 81.0 81.1 81.2 81.3 81.6 81.8 82.0 82.0 82.1 82.0 81.4
1995 82.0 82.0 82.2 82.1 82.0 82.1 82.2 82.2 82.4 82.4 82.4 82.5 82.2
1996 82.4 82.4 824 82.6 82.7 82.7 82.8 82.8 82.8 82.9 82.9 82.8 82.7
1997 82.8 82.6 82.6 82.6 82.6 82.6 82.7 82.9 83.2 83.2 83.2 83.1 82.9
1998 83.1 83.0 82.9 82.8 82.7 82.7 82.8 82.8 82.8 82.8 82.8 82.8 82.8
1999 82.8 82.6 82.5 824 82.3 82.3 82.3 82.3 82.3 82.1 82.1 82.0 82.3
2000 81.9 81.8 81.8 81.8 81.8 81.8 81.5 81.6 81.6 81.6 81.6 81.6 81.7
Chloroform; CHCI; (ppt)

1993 7.2

1994 7.0 6.5 5.6 5.5 5.8 6.3 6.4 6.5 6.5 6.5 6.2 6.2 6.2
1995 6.0 5.4 5.6 54 5.6 6.0 6.1 6.4 6.5 7.1 6.8 5.8 6.1
1996 5.7 5.3 5.1 5.3 6.3 7.1 6.9 6.8 6.9 6.7 6.1 5.6 6.2
1997 5.3 5.0 5.0 5.3 5.7 6.1 6.4 6.7 6.9 6.6 6.1 5.7 5.9
1998 53 5.1 5.0 53 5.8 6.4 6.7 7.0 7.0 6.9 6.5 5.9 6.1
1999 5.6 5.2 5.1 5.2 5.8 6.4 6.7 6.8 6.9 6.5 6.7 5.7 6.0
2000 5.2 5.1 5.1 5.3 5.8 6.2 6.5 6.7 6.6 6.4 5.9 5.4 5.8
Methyl chloroform; CH;CCl; (ppt)

1993 1154 1151 1153 1148 1141

1994 1129 1115 109.8 109.2 109.2 109.1 1083 107.9 1075 1065 1055 103.9 108.4
1995 102.3 1011 100.1  100.0 99.7 99.4 99.2 98.6 97.9 96.8 95.5 93.8 98.7
1996 92.0 90.9 89.6 89.3 88.7 88.5 87.8 86.9 86.2 85.1 83.7 82.5 87.6
1997 80.7 79.0 78.2 77.2 76.6 76.0 75.4 74.8 74.1 73.0 71.9 70.7 75.6
1998 69.3 68.2 66.5 65.9 65.2 64.6 64.1 63.5 62.7 61.9 60.8 59.5 64.3
1999 58.3 57.0 56.3 55.5 54.8 545 53.9 53.2 52.6 52.0 51.4 50.3 54.2
2000 49.1 48.1 47.6 46.8 46.2 45.7 453 44.9 44.5 43.7 42.8 42.2 45.6
Carbon tetrachloride; CCl, (ppt)

1993 101.5 1015 1014 1014 1015

1994 1015 1015 1013 1012 101.1 100.8 100.7 1005 100.4 1004 100.4 100.4 100.9
1995 100.4 100.3 100.2 100.0 100.1 99.9 99.8 99.7 99.6 99.6 99.6 99.7 99.9
1996 99.6 99.5 99.5 99.2 99.2 99.0 98.8 98.7 98.5 98.5 98.5 98.5 98.9
1997 98.6 98.5 98.5 98.4 98.4 98.3 98.2 98.1 98.1 98.0 97.9 97.9 98.2
1998 97.7 97.5 97.5 97.3 97.2 97.1 97.1 96.9 96.9 96.8 96.8 96.8 97.1
1999 96.8 96.7 96.6 96.4 96.3 96.1 96.0 96.0 95.8 95.7 95.6 95.7 96.1
2000 95.7 95.7 95.6 95.5 95.4 95.3 95.1 95.0 94.8 94.8 94.9 94.8 95.2
Nitrous oxide; N,O (ppb)

1993 309.8 3099 3100 3101 310.1

1994 310.2 310.0 310.1 310.2 310.2 3102 310.2 3102 3105 310.6 310.7 310.9 310.3
1995 3109 3107 3105 3106 3108 3108 3108 311.0 3111 3113 3114 3115 310.9
1996 3115 3115 3115 3113 3114 3115 3117 3118 3119 3120 3121 3123 311.7
1997 3124 3123 3123 3123 3124 3125 3126 3128 313.0 313.0 3131 3132 312.6
1998 3132 3131 3129 3128 3129 313.0 3133 3135 3137 3138 3139 3141 313.4
1999 3142 3141 3140 3140 3140 3140 3142 3144 3145 3145 3146 3147 314.3
2000 3148 3148 3147 3147 3147 3148 3150 3152 3153 3155 3156 3156 315.0
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Table 2. continued........
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month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mean
Methane; CH, (ppb)

1993 1701.3 1701.8 1700.8 1696.1 1688.4

1994 1680.7 1674.9 1675.7 16815 1687.9 16958 1701.8 1705.7 1708.3 1707.5 1703.9 1697.2 1693.4
1995 1691.3 1686.0 1685.5 1688.9 1696.7 1702.1 1706.1 1710.8 1714.2 17145 17114 1702.1 1700.8
1996 1692.2 1687.2 1686.9 1690.2 1698.5 1704.2 1709.1 1712.3 1713.8 1713.3 1709.4 1702.2 1701.6
1997 1695.0 1691.3 1692.8 1700.6 1709.4 1716.1 1720.9 17253 1727.2 17246 1720.7 17123 1711.3
1998 1704.1 1698.9 1698.6 17025 1711.1 1719.2 17265 1733.1 1734.8 1733.9 1730.1 1722.2 1717.9
1999 1715.2 1710.3 1711.2 1717.7 1724.7 1730.8 1736.3 1740.6 1742.8 1740.7 1736.4 1727.8 1727.9
2000 1718.6 1713.1 17139 1718.8 1726.3 1732.8 1738.9 17425 1742.6 1740.7 17355 1726.9 1729.2
Carbon monoxide; CO (ppb)

1993 60.9 67.0 68.8 59.4 48.0

1994 40.9 38.7 40.0 43.3 46.8 51.1 52.4 55.4 59.5 61.6 57.9 51.3 49.9
1995 45.6 41.5 40.0 40.7 45.0 47.9 53.0 58.4 67.4 76.2 70.5 55.5 53.5
1996 42.4 37.1 36.0 425 46.4 50.2 54.4 55.9 59.0 60.3 55.5 47.3 48.9
1997 404 36.7 37.5 41.7 47.2 51.9 56.5 60.0 64.2 65.0 61.5 55.0 51.5
1998 47.4 42.4 42.1 45.1 51.0 58.5 63.5 69.4 71.4 69.8 63.0 53.4 56.4
1999 45.4 41.5 41.1 44.6 47.2 52.0 56.7 60.4 66.7 70.4 63.3 51.1 53.4
2000 44.6 41.2 41.3 44.4 49.3 52.9 57.5 60.0 59.7 58.7 55.1 47.3 51.0
Hydrogen; H; (ppb)

1993 502.9 506.7 513.1 516.4 518.6

1994 521.7 5204 5203 5175 513.6 5084 5079 5086 511.2 5178 5223 526.9 516.4
1995 526.0 528.1 528.5 523.7 515.5 514.3 515.1 514.2 516.0 521.4 527.3 532.6 521.9
1996 533.4 533.9 530.4 526.5 521.7 515.0 512.4 514.4 515.0 520.2 523.4 526.9 522.8
1997 527.7 527.9 527.8 524.8 521.2 513.8 513.7 514.7 517.1 522.5 527.2 532.3 522.5
1998 536.7 539.1 538.6 535.7 5315 5279 5256 5234 5276 5324 533.8 540.0 532.7
1999 539.0 539.2 538.9 535.1 529.3 525.3 523.6 524.0 524.8 531.4 534.1 535.3 531.7
2000 537.3 533.9 533.8 530.7 528.3 522.1 519.9 520.1 522.8 524.3 527.9 531.5 527.7

Table 3. The average annual growth rates in CClsF, CCl,F,, CCI,FCCIF,, CH3CCls, CCls, N2O, CH4, CHCI3, CO and H; ob-
served at Cape Grim from the AGAGE program over the period 1993 to 2000. The uncertainties are one standard deviation.

Year CCIF CCI,F, CCI,FCCIF, CHCl; CH;CCls CCl, N.O CH, CcO H,
(pptyr’)  (pptyr)  (pptyr’)  (pptyr)  (pptyr)  (pptyr) (ppbyr) (ppbyr’)  (ppbyr’) (ppbyr’)
(%yr) (%yr) (%yr) (% yr) (% yr) (yr)  (Byr)  (%yr) (oyr)  (%yr)
1093 0.32:0.03 7.51+0.002 1.41:0.09 -0.43:0.04 -10.14+0.41 -0.87+0.05 0.69:0.03 7.14£0.10 -2.090.92 5.03:0.28
0.12:0.01 147+0.003 175:0.11 -6.24+0.52 -8.83+0.27 -0.85:0.05 0.22+0.01 0.420.01 -3.99+1.77 0.98+0.06
1094  0.04:031 7.03:0.404 1.37+0.30 -0.68+0.16 -9.23+0.16 -1.07+0.07 0.58:0.03 8.20+0.57 -1.15+2.90 5.47+0.64
0.01:0.12 1.37+0.083 1.68+0.37 -10.45:2.35 -8.53x0.31 -1.07+0.06 0.190.01 0.48+0.03 -2.23:5.69 1.06+0.12
1095  -0.36:0.26 5.24:0.448 0.39:0.10 0.20:0.19 -10.23:0.42 -0.83:0.08 0.73+0.04 3.113.17 2.90+3.45 4.34+2.03
-0.14+0.10 1.00:0.089 0.48:0.13 3.20:3.03 -10.38+0.74 -0.83:0.08 0.23:0.01 0.18+0.19 5.54+6.54 0.83:0.39
1096  -0.20:0.36 5.17+0.256 0.36:0.11 -0.18+0.24 -11.85:0.35 -0.95:0.14 0.90+0.09 4.434.36 -5.06+2.66 -3.23+1.32
-0.08:0.14 0.98:0.046 0.44:0.13 -2.88+3.74 -13.55:0.91 -0.96:0.14 0.29:0.03 0.26+0.26 -9.87+5.15 -0.62+0.25
1097  -1.13:0.09 4.02:0.858 0.14+0.04 -0.14+0.27 -11.74+0.26 -0.81+0.17 0.83+0.12 8.66+2.51 6.92+2.01 7.41+4.10
-0.43:0.04 0.76:0.163 0.170.05 -2.27+4.48 -15.53:0.35 -0.83:0.17 0.27:0.04 0.510.15 13.27+3.65 1.42:0.78
1098  -0.95:0.15 2.87+0.172 -0.25:0.16 0.34+0.15 -10.94+0.30 -1.01+0.06 0.86+0.09 9.912.74 0.10+3.26 4.01+4.17
-0.37+0.06 0.54:0.031 -0.310.19 545:2.43 -17.03t0.40 -1.04:0.06 0.27+0.03 0.58+0.16 0.17+5.79 0.76:0.79
1099  -1.56:0.09 2.41+0.379 -0.670.06 -0.24+0.08 -9.26+0.55 -1.49:0.16 0.75:0.08 5.44+4.18 -2.40:0.58 -2.02+0.30
-0.60+0.03 0.45:0.071 -0.82£0.07 -3.81+1.31 -17.09+0.18 -1.55:0.17 0.24:0.03 0.32+0.24 -4.39+1.03 -0.38+0.06
2000  -153:0.12 144:0.196 -0.62+0.03 -0.32:0.02 -8.15:0.22 -0.45:0.37 0.77+0.03 -0.94+0.15 -1.57+2.28 -4.22+0.47
-0.59+0.05 0.27+0.036 -0.76:0.03 -5.35:0.43 -17.90+0.46 -0.47:0.39 0.24:0.01 -0.05+0.01 -2.98+4.37 -0.80:+0.09

Instrument maintenance/modifications
1999

In March the palladium cell in the hydrogen purifier for
the GC-FID was bypassed (it had ruptured) with no
apparent effect on the methane data. The palladium
catalyst was regenerated in November. In May the
Trace Analytical UV lamp was replaced (GC-MRD).
During June, July, October and November problems
were experienced with contaminated carrier gas (ar-
gon/methane) for the GC-ECD. In August, the Aadco
zero air generator was serviced (GC-FID) — the purifi-
cation reactor, solenoid, check valves and timer were
replaced. In September an electronic timer was in-
stalled in the Aadco zero air generator, replacing the
electro-mechanical unit. A Supelco catalytic carrier gas

purifier was installed in the argon/methane (GC-ECD)
supply line in October, later switched off in December
when no longer required. The hydrogen generator
(GC-FID) was serviced (sticky non-return valve) in De-
cember.

2000

The hydrogen generator (GC-FID) was serviced in
January and March (sticky non-return valve). Sample
pump contamination (CFC-11) was detected in March
and pump modifications were made in May (installed
an isolating coil to reduce ‘dead’ volume problems) and
November (isolation coil and pressure relief valve re-
placed by back-pressure regulator). The Aadco zero air
generator was serviced (GC-FID) in April and October
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(failed solenoid valve). The GC-MRD oven tempera-
ture controller failed and was replaced in July. In July
and August new regulators (Veriflo model 959 Mag-
num) were installed on the SIO working standard tank
and high carbon monoxide standard tank. Blank tests
in August showed no contamination from the new Veri-
flo regulators. Argon/methane carrier gas (GC-ECD)
was changed from 10% to 5% in August. During Sep-
tember problems were experienced with contaminated
carrier gas (argon/methane) for the GC-ECD. The Su-
pelco catalytic purifier (argon/methane) was switched
on in September and charcoal traps were also in-
stalled, initially upstream of the SIO clean-up trap, later
(October) downstream. In November a molecular sieve
trap was installed between the SIO trap and the char-
coal trap (argon/methane — GC-ECD).

AGAGE data
Identification of pollution

The identification of pollution in the AGAGE data is
achieved using an objective, automated algorithm
[Prinn et al. 2000]. The algorithm considers a 4-month
period centred on each observation. After removal of a
second-order polynomial fit to the data in this period,
the algorithm seeks to identify a statistically normal dis-
tribution of unpolluted (baseline) mole fractions over
this period. This is achieved by iteratively removing
(and labelling as pollution) those mole fractions which
exceed the median plus 2.5 standard deviations. Si-
multaneously, the algorithm fits a normal distribution to
these baseline values to produce a mean and standard
deviation of the distribution. Further checks using stan-
dard synoptic analyses and back trajectory calculations
ensure that the pollution events so identified are mete-
orologically reasonable.

The data

The AGAGE monthly mean halocarbon, N,O, CH,4, CO
and H, baseline data (pollution episodes removed) for
1993-2000 are presented in Table 2. Figures 1-4 show
AGAGE total (baseline monthly means and non-
baseline) data where available. The average annual
growth rates in CClsF, CCl,F,, CCI,FCCIF,, CHCIs,
CH;CCl;, CCls, N,O, CH4, CO and H, observed at
Cape Grim from the AGAGE program over the period
1993 to 2000 are listed in Table 3 and shown in Fig-
ure 5. The growth rates are calculated using the curve
fitting techniques of Thoning et al. [1989], by finding a
long-term trend curve with 650-day smoothing and
seasonal cycles removed. The derivative of the long-
term trend curve is then taken to give an instantaneous
growth rate curve. The annual averages are then found
from this curve.
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Chlorofluorocarbons
CFC-11 (CClIsF)

The annual average CClsF mixing ratios in 1999 and
2000 were 260.1 and 258.7 ppt respectively. The
1998-99 and 1999-2000 changes were -1.3 and -1.4
ppt respectively. These are the largest decreases
(0.5% yr') in CClsF observed at Cape Grim, but larger
decreases are expected in the future, up to 2% per
year when global emissions are near zero.

A distinct feature of the pre-1995 data was the oc-
currence of CCIlzF (Figure 1a) pollution episodes, par-
ticularly in winter. These are largely found in air
masses at Cape Grim that had previously passed over
Melbourne. The data suggest that the emissions of
CCIsF into the Melbourne atmosphere have declined
significantly since 1994, in line with the Montreal Proto-
col total phase-out of the consumption of CFCs from
the beginning of 1996. Melbourne emissions of CCIzF
in 1999-2000 averaged about 30-40 tonnes yr' [Dunse
et al. 2001, 2002].

CFC-12 (CCI,F,)

The annual average CCI,F, mixing ratios in 1999 and
2000 were 537.2 and 539.2 ppt respectively and the
1998-99 and 1999-2000 increases were 2.9 and 2.0
ppt respectively. These are the smallest increases in
CCI,F, observed at Cape Grim and continue a slow-
down in growth of CCI,F, first observed in 1988-89.
The data indicate that CCI,F, levels should stop grow-
ing in 2-3 years. The intensities of CCI,F, pollution epi-
sodes at Cape Grim have declined, but not disap-
peared, compared to the mid-1980s (Figure 1b). There
are remaining emissions of CCl,F, in Melbourne, pre-
sumably from old refrigeration and auto-air conditioning
systems. Melbourne emissions of CCl,F, in 1999-2000
averaged about 90-120 tonnes yr* [Dunse et al. 2001,
2002].

CFC-113 (CCL,FCCIF,)

The annual average CCI,FCCIF, mixing ratios in 1999
and 2000 were 82.3 and 81.7 ppt respectively and the
1998-99 and 1999-2000 changes were -0.5 and -0.6
ppt respectively. The data suggest that the levels of
CCI,FCCIF; in the atmosphere have started to decline,
the second CFC, along with CCI;F, to do so. Significant
emissions of CCI,FCCIF, in Melbourne appear to be
small (less than 10 tonnes yr) after 1995, based on
the CCLFCCIF, pollution episode data observed at
Cape Grim (Figure 1c) [Dunse et al. 2001, 2002].
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Figure 1. Total (blue) and baseline monthly mean () in situ
observations of CFCs (ppt) made at Cape Grim on the
AGAGE HP5890 gas chromatograph over the period 1993-
2000. (a) CFC-11 (CCIsF, silicone column); (b) CFC-12
(CCIyF,, Porasil C column) and (c) CFC-113 (CCI,FCCIF,,
silicone column). The black line represents growth rates

(ppt yr).

Chlorocarbons
Chloroform (CHCIy)

The annual average CHCI; mixing ratios in 1999 and
2000 were 6.0 and 5.8 ppt respectively and the 1998-
99 and 1999-2000 changes were 0.0 and -0.2 ppt re-
spectively. The AGAGE background CHCI; data
(1993-2000) do not show a long-term trend (Figure 2a).
The non-baseline data at Cape Grim show frequent
episodes of elevated mixing ratio from local and
mainland sources, both natural and anthropogenic.
The baseline and non-baseline data show seasonality
of different phases, reflecting the roles of background
seasonal destruction by hydroxyl radicals and season-
ally-dependent local sources [Cox et al. 2003;
O’Doherty et al. 2001]. Melbourne appears to be a sig-
nificant source of CHCl,, approximately 600 tonnes yr*
[Dunse et al. 2001, 2002].

Methyl chloroform (CH3CCls)

The annual average CH3CCl; mixing ratios in 1999 and
2000 were 54.2 and 45.6 ppt respectively and the
1998-99 and 1999-2000 decreases were -10.2 and -
8.6 ppt respectively. The magnitude of the decreases,
in ppt, over the past four years have declined (-11.9,
1996-1997; -8.5, 1999-2000) but the percentage de-
cline has been stable at 17% for 1998-1999 and 1999-
2000, close to the expected maximum decrease of
about 20% per year, indicating that global emissions
are close to zero. Significant emissions of CH3CCl; in
Melbourne appeared to stop after 1997, based on the
CH3CCl; pollution episode data observed at Cape
Grim (Figure 2b) [Dunse et al. 2001, 2002]. The current

PROGRAM REPORTS — Trace gases

Melbourne CH5CCl; source appears to be small, less
than 20 tonnes yr.

Carbon tetrachloride (CCl,)

The annual average CCl,; mixing ratios in 1999 and
2000 were 96.0 and 94.9 ppt respectively and the
1998-99 and 1999-2000 decreases were -1.1 ppt for
both. The decreases over the six-year period (1994-
2000) have stabilised at 1.0 ppt, currently 1% yr™. The
maximum decrease possible is about 2% per year if
global emissions were close to zero. CCl, emissions
(Figure 2c) for Melbourne have not been detected
since 1996 [Dunse et al. 2001]; they are probably less
than 10 tonnes yr.
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Figure 2. Total (blue) and baseline monthly mean () in situ
observations of chlorocarbons (ppt) made at Cape Grim on
the silicone column of the AGAGE HP5890 gas chromato-
graph over the period 1993-2000. (a) chloroform (CHCIs),
(b) methyl chloroform (CH3CCl3) and (c) carbon tetrachlo-
ride (CCly). The black line represents growth rates (ppt yr'l).

Nitrous oxide (N,O)

The annual average N,O mixing ratios in 1999 and
2000 were 314.3 and 315.0 ppb respectively and the
1998-99 and 1999-2000 increases were 0.9 and 0.8
ppb respectively. The increases over the six year pe-
riod (1994-2000) have averaged 0.8 ppt yr™, currently
0.25+0.04 % per year. The 22 year (1978-2000) aver-
age increase is 0.7+0.5 ppb yr'. The pollution data
(Figure 3a) indicate that there is a poorly understood
source of N,O in the Melbourne/Port Phillip region of
about 10-15 ktonnes yr” [Dunse et al. 2001, 2002].

Methane (CHy,)

The annual average CH, mixing ratios in 1999 and
2000 were 1728.0 and 1729.2 ppb respectively and the
1998-99 and 1999-2000 increases were 10.1 and 1.2
ppb respectively. The 1999-2000 growth rate of 1.2
ppb is the lowest since 1995-1996 (0.9 ppb) and 1992-
1993 (-0.9 ppb). There are significant CH, pollution



events observed at Cape Grim (Figure 3b), largely in
air influenced by Melbourne CH, sources (natural gas,
land-fills, sewerage treatment etc). The average inten-
sity of the pollution events up to 1997 appears to be
approximately constant in time. In 1998 the average
pollution episodes appear to be less intense than in
previous years. Emissions from Melbourne appear to
be increasing (around 150 ktonnes yr* in 1995-1996)
to 250 ktonnes in 1999-2000 [Dunse et al. 2001, 2002].
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Figure 3. Total (blue) and baseline monthly mean () in situ
observations of (a) nitrous oxide (N.O; ppb) measured on
the Porasil C column of the HP5890 gas chromatograph
and (b) methane (CH4; ppb) measured on the molecular
sieve 5A column of the Carle gas chromatograph at Cape
Grim over the period 1993-2000. The black line represents
growth rates (ppb yr?).

Carbon monoxide (CO)

The annual average CO mixing ratio was 53.3 ppb in
1999 and 51.0 in 2000. The general features of the
data (Figure 4a) are: (i) a distinct seasonality with a
minimum concentration in late summer, reflecting en-
hanced destruction by hydroxyl radical and (ii) the
regular observation of CO pollution episodes at Cape
Grim, usually associated with air that had previously
passed over Melbourne. The average intensity of the
pollution events appears to be approximately constant
in time.

Hydrogen (Hy)

The annual average H, mixing ratio was 531.6 ppb in
1999 and 527.7 ppb in 2000. The general features of
the data (Figure 4b) are: (i) a distinct seasonality with a
minimum concentration in winter and a maximum in
late summer, reflecting the major photochemical H,
source in the atmosphere [Simmonds et al. 2000], (i)
the regular observation of elevated, with respect to
baseline, H, levels at Cape Grim, usually associated
with air that had previously passed over Melbourne
(unidentified source, 5-15 ktonnes yr) [Dunse et al.
2001, 2002] and (iii) the regular observation of re-
duced, with respect to baseline, H, levels at Cape
Grim, usually associated with air that had previously
passed over the rural mainland (soil H, sink).
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Figure 4. Total (black) and baseline monthly mean () in
situ observations of (a) carbon monoxide (CO; ppb) and (b)
hydrogen (Hz; ppb) measured on the molecular sieve 5A
column of the Trace Analytical gas chromatograph at Cape
Grim over the period 1993-2000. The black line represents
growth rates (ppb yr?).
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Figure 5. The average annual growth rates observed at
Cape Grim from the AGAGE program over the period 1993
to 2000. (a) CClsF (—), CClF, (—), CCILFCCIF; (—); (b)
CH3CCl3 (—), CCls (—), CHCI3 (—); (€) N2O (—), CH4 (),
CO () and Hz ().

References

Cox, M. L., G. A. Sturrock, P. J. Fraser, S. Siems, P. Krummel, and S.
O’Doherty, Regional Sources of Methyl Chloride, Chloroform and
Dichloromethane Identified from AGAGE Observations at Cape
Grim, Tasmania, 1998-2000, J. Atmos. Chem., in press, 2003.

Cunnold, D. M., L. P. Steele, P. J. Fraser, P. G. Simmonds, R. G.
Prinn, R. F. Weiss, L. W. Porter, S. O'Doherty, R. L. Langenfelds,
P. B. Krummel, H. J. Wang, L. Emmons. X. X. Tie, and E. J.
Dlugokencky, In situ measurements of atmospheric methane at
GAGE/AGAGE sites during 1985-2000 and resulting source infer-
ences, J. Geophys. Res., 107, doi:10.1029/2001JD001226, 2002.

Dunse, B. L., L. P. Steele, P. J. Fraser and S. R. Wilson, An analysis
of Melbourne pollution episodes observed at Cape Grim from
1995-1998, in Baseline Atmospheric Program (Australia) 1997-98,
edited by N. W. Tindale, N. Derek and R. J. Francey, Bureau of
Meteorology and CSIRO Atmospheric Research, Melbourne, Aus-
tralia, 34-42, 2001.

Dunse, B. L., Investigation of urban emissions of trace gases by use
of atmospheric measurements and a high-resolution atmospheric
transport model, Ph.D. Thesis, University of Wollongong, Wollon-
gong, Australia, 298 p., 2002.



Novelli, P. C., J. W. Elkins, and L. P. Steele, The development and
evaluation of a gravimetric reference scale for measurements of
atmospheric carbon monoxide, J. Geophys. Res., 96, 13,109-
13,121, 1991.

O'Doherty, S., P. G. Simmonds, D. M. Cunnold, H. J. Wang, G. A.
Sturrock, P. J. Fraser, D. Ryall, R. G. Derwent, R. F. Weiss, P.
Salameh, B. R. Miller, and R. G. Prinn, In situ chloroform meas-
urements at Advanced Global Atmospheric Gases Experiment at-
mospheric research stations from 1994 to 1998, J. Geophys. Res.,
106, 20,429-20,444, 2001.

Prinn, R. G., R. F. Weiss, P. J. Fraser, P. G. Simmonds, D. M. Cun-
nold, F. N. Alyea, S. O'Doherty, P. Salameh, B. R. Miller, J. Huang,
R. H. J. Wang, D. E. Hartley, C. Harth, L. P. Steele, G. Sturrock, P.
M. Midgley, and A. McCulloch, A history of chemically and radia-
tively important gases in air deduced from ALE/GAGE/AGAGE, J.
Geophys. Res., 105, 17,751-17,792, 2000.

Simmonds, P. G., R. G. Derwent, S. O'Doherty, D. B. Ryall, L. P.
Steele, R. L. Langenfelds, P. Salameh, H. J. Wang, C. H. Dimmer,
and L. E. Hudson, Continuous high-frequency observations of hy-
drogen at the Mace Head baseline atmospheric monitoring station
over the 1994-1998 period. J. Geophys. Res., 105, 12,105-12,121,
2000.

Thoning, K. W., P. P. Tans and W. D. Komhyr, Atmospheric carbon
dioxide at Mauna Loa Observatory, 2, Analysis of the
NOAA/GMCC data, 1974 - 1985, J. Geophys. Res., 94, 8549-
8565, 1989.

4.13. HCFCS, HFCS, HALONS, MINOR CFCS
AND HALOMETHANES - THE AGAGE IN
SITU GC-MS PROGRAM AT CAPE GRIM,
1998-2000

P J Fraser’, L W Porter?, P B Krummel*, B Dunse?,
N Derek® and G A Sturrock®

'CSIRO Atmospheric Research, Aspendale, Victoria
3195, Australia

Cape Grim Baseline Air Pollution Station, Bureau of
Meteorology, Smithton, Tasmania 7330, Australia

*School of Environmental Science, University of East
Anglia, Norwich, UK

[Supported by CGBAPS research funds.]

Introduction

Gas chromatography-mass spectrometry (GC-MS) in-
struments were installed at Mace Head, Ireland, and
Cape Grim, Tasmania, in late-1997 as part of the
AGAGE global GC-MS program for the measurement
of chlorofluorocarbon (CFC) replacements — hydro-
chlorofluorocarbons (HCFCs) and hydrofluorocarbons
(HFCs) — as well as halons, minor CFCs and ha-
lomethanes. The Cape Grim instrument, its installation
and operation, are discussed in detail in Sturrock et al.
[2001a,b], along with initial observations of these halo-
carbon species. A summary of the AGAGE GC-MS
program has been published in Prinn et al. [2000]. The
AGAGE halomethane data (methyl chloride, CH3CI;
methyl iodide, CHal; dichloromethane, CH,Cl,; chloro-
form, CHCI5) have been published or accepted for pub-
lication [Cox 2001; O’'Doherty et al. 2001; Cohan et al.
2003; Cox et al. 200343, b].

This report summarises the major instrumental
problems encountered in the AGAGE GC-MS program
at Cape Grim during 1999-2000 and presents and dis-
cusses the HCFC, HFC, halon, minor CFCs and ha-
lomethane data for 1998-2000.
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Instrument maintenance/modifications
1999

The MS filament was switched to the alternate in Feb-
ruary; this filament burnt out in March and the MS op-
eration was continued by switching to the alternate.
New GC-MS data processing software was installed in
March. The GC-MS turbo-molecular vacuum pump
failed in April and was replaced in May. ADS microtrap
heating problems were experienced in May and re-
paired. In June the MS ion source was cleaned, the
MS filaments replaced and the operating system up-
graded. In August the zero-air supply was changed
from an Aadco generator to a Linde cylinder. The fore-
line vacuum failed in December and was replaced by
the spare pump during the same month. In December
the MS was cleaned, the filaments replaced and the
vacuum pump oil was changed.

2000

The original fore-line vacuum pump was repaired and
re-installed in January. A new GC-MS operating sys-
tem was installed in March. In May the ADS Peltier
cooling units were replaced. In June the GC capillary
column broke and was repaired. Also in June, the MS
was cleaned, the filaments replaced and the vacuum
pump oil was changed. The fore-line vacuum pump
failed in July and was replaced with the spare pump.
The repaired vacuum pump was re-instated in August.
In October the working standard regulator (Veriflo) was
changed and returned to the manufacturer after show-
ing signs of methyl chloroform contamination.

Standard gases

AGAGE GC-MS data are reported in a number of
standard scales (Table 1). SIO98 is the long-term
AGAGE standard scale and UBOO is an interim
AGAGE standard scale. The origin and propagation of
these scales are described in Prinn et al. 2000 and
Sturrock et al. 2001a,b. At present AGAGE has
adopted the NOAA-CMDL standard scale for HCFC-
123 and the UEA standard scale for CHsl. The concen-
trations of all species are based on comparisons of
ambient air to working standards (G- series, Table 2).

The data

The monthly and annual mean baseline data for
HCFCs, HFCs, halons, minor CFCs and halomethanes
from 1998 to 2000 are listed in Table 3.

Figure 1 shows the HCFCs: (a) HCFC-22, CHCIF,;
(b) HCFC-123, CHCI,CF3; (c) HCFC-124, CHCIFCF3;
(d) HCFC-141b, CH;CClLF; (e) HCFC-142b,
CH3CCIF,; Figure 2 shows the HFCs: (a) HFC-125,
CHF,CF3; (b) HFC-134a, CH,FCF;; (c) HFC-152a,
CH3CHF,); Figure 3 shows minor CFCs: (a) CFC-114,
CCIL,FCF; and CCIF,CCIF,; (b) CFC-115, CCIF,CFs3;
Figure 4 shows the halons: (a) H-1211, CBrCIF,; (b) H-
1301, CBrF; and Figure 5 shows the halomethanes:
(a) methyl chloride, CH;CI; (b) methyl bromide, CH3Br;
(c) methyl iodide, CHjsl; (d) chloroform, CHCls; (e) di-
chloromethane, CH,Cl,.



Temporal trends and annual cycles

The annual mean trends in ppt yr* and % yrare listed
in Table 4. Several of the AGAGE GC-MS species

show clear evidence of annual cycles at Cape Grim.
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Regional pollution

The AGAGE in situ data show clear evidence of local urban
sources (largely Melbourne) of HCFC-22 (refrigeration/air

conditioning), HCFC-141b (foams), HFCs-125, -134a and
-152a (refrigeration) and H-1211.

Table 1. The standard scales used in reporting AGAGE GC-MS data.

HCFCs HFCs minor CFCs halons halomethanes
HCFC-22 UBO00 HFC-125 UBO00 CFC-114 UBO0O H-1211 UB0O CHs;Br S1098
HCFC-123 NOAA/CMDL HFC-134a  UBOO CFC-115 UBO0O H-1301 UB00O CH3ClI S1098
HCFC-124 UBO00 HFC-152a  UBOO CHal UEA
HCFC-141b UBO00 CHCl; S1098
HCFC-142b UBO00 CH.Cl, UBO00

Table 2. The working standards employed at Cape Grim from 1998 to 2000 (updated by SIO, 21 November 2002).

Tank On HCFC-22 HCFC-123 HCFC-124 HCFC-141b HCFC-142b HFC-125 HFC-134a  HFC-152a
ppt ppt ppt ppt ppt ppt ppt ppt
G-064 Jan 98 121.15 0.05 0.90 6.45 8.47 0.43 4.46 0.67
G-051 Mar 98 116.19 0.06 0.69 4.44 7.29 0.29 2.48 0.62
G-064 Mar 98 121.15 0.05 0.90 6.45 8.47 0.43 4.46 0.67
ALM64447 Mar 98 137.42 0.09 1.33 8.94 12.80 0.83 6.87 1.84
G-065 Mar 98 121.04 0.05 0.92 6.66 8.58 0.49 4.79 0.65
ALM64447 May 98 137.42 0.09 1.33 8.94 12.80 0.83 6.87 1.84
G-051 May 98 116.19 0.06 0.69 4.44 7.29 0.29 2.48 0.62
G-067 May 98 122.82 0.05 1.00 7.27 8.92 0.58 5.52 0.73
G-069 Sep 98 124.58 0.05 1.03 7.71 9.20 0.63 6.06 0.79
G-071 Dec 98 125.41 0.04 1.08 8.14 9.41 0.92 6.85 0.80
G-073 Mar 99 127.43 0.05 111 8.72 9.78 0.77 7.78 0.76
G-075 Jun 99 128.56 0.05 1.17 9.13 10.01 0.80 8.27 0.86
G-077 Sep 99 124.87 0.05 1.13 9.02 9.78 0.79 8.32 0.87
G-079 Nov 99 131.11 0.06 1.24 9.78 10.41 0.84 9.36 0.95
G-081 Feb 00 132.06 0.05 1.27 10.22 10.70 0.95 10.35 0.87
G-083 Jun 00 132.94 0.05 1.32 10.54 10.91 1.03 10.91 0.90
G-084 Sep 00 135.74 0.05 1.38 11.31 11.40 1.14 12.24 1.04
Tank On CFC-114 CFC-115 H-1211 H-1301 CH3Br CHsCI CHal CH,Cl,  CHCl;
ppt ppt ppt ppt ppt ppt ppt ppt ppt
G-064 Jan 98 17.12 7.64 3.59 2.67 8.10 530.90 1.13 7.79 5.40
G-051 Mar 98 17.10 7.38 3.41 2.58 8.10 532.48 1.20 9.09 6.99
G-064 Mar 98 17.12 7.64 3.59 2.67 8.10 530.90 1.13 7.79 5.40
ALM64447 Mar 98 17.33 7.84 3.85 2.77 0.00 633.56 0.87 40.05 10.29
G-065 Mar 98 17.07 7.60 3.58 2.67 8.15 520.92 1.15 6.71 4.96
ALM64447 May 98 17.33 7.84 3.85 2.77 0.00 633.56 0.87 40.05 10.29
G-051 May 98 17.10 7.38 3.41 2.58 8.10 532.48 1.20 9.09 6.99
G-067 May 98 17.08 7.69 3.66 2.70 8.57 560.85 141 8.43 6.52
G-069 Sep 98 17.12 7.74 3.70 2.75 7.89 567.00 1.06 9.68 6.88
G-071 Dec 98 16.94 7.72 3.70 2.77 8.00 534.11 1.05 7.21 5.49
G-073 Mar 99 17.18 7.80 3.77 2.80 8.57 562.90 1.27 7.37 6.94
G-075 Jun 99 17.10 7.81 3.79 2.83 8.05 551.00 1.28 8.46 6.09
G-077 Sep 99 17.05 7.81 3.69 2.83 7.94 536.37 1.03 8.92 6.35
G-079 Nov 99 17.15 7.88 3.86 2.86 8.77 554.88 0.78 9.43 6.43
G-081 Feb 00 17.14 7.95 3.89 2.85 8.83 544.32 2.19 7.14 5.96
G-083 Jun 00 17.15 8.00 3.91 2.84 8.62 525.03 1.13 7.50 5.08
G-084 Sep 00 17.14 8.03 3.98 2.93 7.65 555.97 0.83 9.95 7.11

Table 3. AGAGE monthly mean HCFC, HFC, minor CFC and halomethane mixing ratios for 1998-2000, with pollution epi-
sodes removed statistically. Annual means are obtained from monthly means, monthly means from individual measure-
ments. The data were updated by GIT on 17 Dec 2002.

month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mean
HCFC-22; CHCIF, (ppt)

1998 122.1 122.5 123.1 123.5 124.4 125.1 125.7 126.1 126.1 126.3 1245
1999 126.7 127.0 127.5 128.4 129.2 129.8 130.7 131.6 131.6 131.8 132.1 131.9 129.9
2000 132.0 1323 1328 1334 1343 1350 1356 1364 136.2 1365 137.3 1370 134.9
HCFC-123; CHCI,CF; (ppt)

1998 0.046 0.046 0.048 0.048 0.052 0.051 0.051 0.051 0.051 0.048 0.049
1999 0.042 0.041 0.044 0.042 0.045 0.048 0.055 0.057 0.056 0.057 0.052 0.050 0.049
2000 0.047 0.046 0.047 0.049 0.053 0.051 0.051 0.054 0.054 0.054 0.050 0.049 0.050
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Table 3. continued........

month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec mean
HCFC-124; CHCIFCF; (ppt)

1998 0.952 0.982 1.000 1.025 1063 1.079 1101 1.086 1.104 1.118 11
1999 1120 1145 1128 1.146 1212 1233 1258 1.271 1253 1.250 1.244 1.287 1.2
2000 1293 1301 1.318 1.334 1350 1.398 1.438 1.444 1392 1381 1.387 1.405 14
HCFC-141b; CH3;CCLLF (ppt)

1998 6.9 7.1 7.3 7.4 7.7 7.8 8.0 8.1 8.2 8.3 7.7
1999 8.4 8.6 8.7 8.9 9.2 9.3 9.5 9.7 9.8 9.8 10.0 10.0 9.3
2000 101 10.2 104 10.6 10.8 11.0 11.2 11.3 11.4 115 11.7 11.7 11.0
HCFC-142b; CH3CCIF; (ppt)

1998 8.8 8.8 8.9 9.0 9.1 9.2 9.4 9.4 9.5 9.5 9.2
1999 9.6 9.7 9.8 9.9 10.0 10.1 10.2 104 104 105 105 10.6 10.1
2000 10.6 10.7 10.8 10.9 11.1 11.1 11.3 11.4 11.4 11.4 11.5 11.6 11.1
HFC-125; CHF,CF; (ppt)

1998 0.5 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.7
1999 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
2000 1.0 1.0 1.0 11 11 11 12 1.2 1.2 1.2 1.3 1.3 11
HFC-134a; CH,FCF; (ppt)

1998 5.1 5.4 5.6 5.8 6.0 6.3 6.6 6.7 6.9 7.2 6.2
1999 7.4 7.6 7.9 8.2 8.6 8.8 9.0 9.3 9.4 9.7 9.9 10.1 8.8
2000 10.4 10.6 10.9 11.2 11.6 11.8 12.1 12.3 12.4 12.7 13.1 13.2 11.9
HFC-152a; CH3;CHF, (ppt)

1998 0.7 0.7 0.8 0.8 0.8 0.9 0.9 0.9 0.8 0.8 0.8
1999 0.8 0.8 0.8 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 0.9 0.9
2000 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.1 11 11 11 11 1.0
CFC-114; CCIF,CCI F, (ppt)

1998 17.1 17.1 17.1 17.1 17.1 17.1 17.2 17.1 17.1 17.1 17.1
1999 171 17.2 17.2 17.2 17.2 17.2 17.2 17.2 17.1 17.2 17.2 17.1 17.2
2000 17.2 17.2 17.2 17.2 17.2 17.1 17.2 17.2 17.1 17.0 17.0 17.1 17.1
CFC-115; CCIF,CF; (ppt)

1998 7.7 7.6 7.7 7.7 7.7 7.7 7.8 7.8 7.8 7.8 7.7
1999 7.8 7.8 7.8 7.9 7.8 7.8 7.9 7.9 7.8 7.8 7.8 7.9 7.8
2000 7.9 7.9 8.0 8.0 8.0 8.0 8.0 8.1 8.1 8.1 8.1 8.1 8.0
H-1211; CBrCIF; (ppt)

1998 3.6 3.6 3.7 3.7 3.7 3.7 3.7 3.7 3.8 3.8 3.7
1999 3.8 3.8 3.8 3.8 3.8 3.8 3.9 3.9 3.9 3.9 3.9 3.9 3.8
2000 3.9 3.9 3.9 3.9 3.9 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
H-1301; CBrF; (ppt)

1998 2.7 2.7 2.7 2.7 2.7 2.7 2.8 2.8 2.8 2.8 2.7
1999 2.8 2.8 2.8 2.8 2.8 2.8 2.9 2.9 2.9 2.9 2.9 2.9 2.8
2000 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 3.0 2.9
methyl chloride; CH3Cl (ppt)

1998 530.2 5341 540.7 5496 565.0 570.9 5744 568.0 564.1 553.7 5447 554.1
1999 539.6 532.0 5299 539.7 5557 5694 5705 5712 564.2 556.9 553.7 536.1 551.6
2000 521.7 513.6 5144 5226 5410 553.3 563.6 562.8 546.7 539.8 533.0 528.1 536.7
methyl bromide; CH3Br (ppt)

1998 8.2 8.4 8.4 8.4 8.6 8.7 8.1 7.9 8.0 8.0 8.3
1999 8.4 8.4 8.3 8.2 8.2 8.2 7.9 7.9 8.1 8.1 8.2 8.0 8.2
2000 8.0 7.9 7.9 8.0 8.1 8.2 8.2 8.3 8.0 7.8 8.0 7.8 8.0
methyl iodide; CHsl (ppt)

1998 1.50 1.69 1.75 1.79 1.65 1.69 151 145 1.68 1.97 17
1999 211 2.05 1.71 1.75 1.79 1.72 1.52 1.29 1.29 1.29 1.25 141 1.6
2000 1.59 1.66 1.59 1.52 1.54 1.48 1.46 1.31 1.32 1.18 1.62 1.56 1.5
chloroform; CHCI; (ppt)

1998 5.2 5.4 5.8 6.6 6.9 7.2 7.5 7.3 6.9 6.3 6.5
1999 5.6 5.3 5.2 5.3 5.8 6.4 6.8 6.9 7.0 6.8 6.4 5.8 6.1
2000 5.3 5.2 5.2 5.4 5.9 6.1 6.5 6.7 6.9 6.8 6.0 5.7 6.0
dichloromethane; CH,ClI, (ppt)

1998 7.0 7.2 7.5 8.2 8.9 9.6 10.2 10.1 9.7 9.0 8.2 8.7
1999 7.5 7.3 7.3 7.5 8.5 9.0 9.6 10.0 10.1 9.7 9.0 8.0 8.6
2000 7.4 7.1 7.1 7.6 8.4 8.9 9.5 9.9 10.0 9.5 8.9 8.0 8.5
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Table 4. The annual mean trends for HCFCs, HFCs, minor CFCs, halons and halomethanes

Species Formula Trend (ppt yr?) Trend (% yr™)
1998 1999 2000 1998 1999 2000
HCFC-22 CHCIF, 5.96 £0.15 5.63+0.416 4.76 +0.07 4.79 +0.06 4.34+ 0.37 3.53+ 0.05
HCFC-123 CHCI,CF3 -0.002 £0.001 0.003 +0.001 -0.000 £0.002 -3.95+1.68 6.78+ 2.87 -0.49+ 3.74
HCFC-124 CHCIFCF; 0.22 +0.01 0.18 £0.01 0.09 +0.04 20.74 £1.60 14.35+ 1.60 6.68+ 2.95
HCFC-141b CH3CCLLF 1.89 +0.03 1.73 £0.05 1.63 £0.03 24.72 £1.83 18.62+ 1.58 14.82+ 0.92
HCFC-142b CH;CCIF, 1.11 +0.01 1.03 £0.04 1.04 £0.04 12.15+£0.44 10.19+ 0.70 9.33+ 0.14
HFC-125 CHF,CF; 0.27 £0.02 0.21 +0.02 0.32 +0.029 41.23 +3.20 23.83+ 3.43 27.82+ 1.48
HFC-134a CH,FCF; 2.88 £0.10 2.95+0.03 3.16 +0.09 47.24 +3.82 33.57+ 3.47 26.67+ 1.31
HFC-152a CH3CHF, 0.11 +0.03 0.11 +£0.03 0.12 £0.027 12.91 +2.86 11.53+ 3.07 11.38+ 2.28
CFC-114 CHCIF, 0.12 +0.01 -0.01 £0.05 0.01 +0.05 0.73 +£0.06 -0.03+£ 0.32 0.07+ 0.30
CFC-115 CHCIF, 0.17 £0.04 0.12 +0.05 0.21 +0.07 2.24 +£0.49 1.49+ 0.62 2.57+ 0.89
H-1211 CHCIF, 0.15+0.01 0.13 +0.001 0.11 +0.016 4.05+0.29 3.46+ 0.04 2.87+0.42
H-1301 CHCIF, 0.12 £0.004 0.08 +0.03 0.11 +0.04 4.46 +0.18 2.84+ 0.95 3.78+ 1.33
methyl chloride CHaCI 2.09+2.48 -10.10+6.62 -10.06 +4.43 0.38 +0.45 -1.83+ 1.21 -1.86+ 0.81
methyl bromide CH3Br -0.15 £0.07 -0.13 £0.10 -0.18 £0.18 -1.75 £0.85 -1.61+ 1.24 -2.25+ 2.24
methyl iodide CHjsl 0.17 +0.09 -0.33+£0.11 0.16 £0.12 9.58 +5.08 -20.39+ 6.96 10.18+ 7.92
chloroform CHCI; 0.10 £0.16 -0.32 £0.07 -0.11 £0.04 1.56 £2.50 -5.10+ 1.03 -1.86+ 0.61
dichloromethane CH.Cl, 0.18 £0.03 -0.07 £0.08 -0.09 £0.05 2.12+£0.38 -0.81+ 0.91 -1.09+ 0.52
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Figure 1. Total (blue) and baseline monthly mean (¢) in situ
observations of HCFCs (ppt) made at Cape Grim on the
AGAGE GC-MS over the period 1998-2000. The black line
represents growth rates (ppt yr'l). (a) HCFC-22 (CHCIFy);
(b) HCFC-123 (CHCI-CFs3); (c) HCFC-124 (CHCIFCFs3); (d)
HCFC-141b (CH3CCIyF); (e) HCFC-142b (CHsCCIF,).
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Figure 3. Total (blue) and baseline monthly mean () in situ
observations of minor CFCs (ppt) made at Cape Grim on
the AGAGE GC-MS over the period 1998-2000. The black
line represents growth rates (ppt yr'l). (&) CFC-114
(CCIF,CCIFy); (b) CFC-115 (CCIF,CFs3).
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Figure 5. Total (blue) and baseline monthly mean () in situ
observations of the halomethanes (ppt) made at Cape Grim
on the AGAGE GC-MS over the period 1998-2000. The
black line represents growth rates (ppt yr'l). (a) Methyl chlo-
ride (CHsCI); (b) methyl bromide (CH3Br); (c) methyl iodide
(CHgsl); (d) chloroform (CHCIs); (e) dichloromethane
(CH2Cl).
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Figure 4. Total (blue) and baseline monthly mean () in situ
observations of halons (ppt) made at Cape Grim on the
AGAGE GC-MS over the period 1998-2000. The black line
represents growth rates (ppt yr'l). (a) H-1211 (CBrCIFy); (b)
H-1301 (CBrFs).
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4.14. PARTICLES

J L Gras

CSIRO Atmospheric Research,
Aspendale, Victoria 3195, Australia

[supported by CGBAPS research funds.]

Introduction: Program and instrumentation

During 1999-2000 the Cape Grim particles program
included measurements of atmospheric condensation
nucleus (CN) concentration, cloud condensation
nucleus (CCN) concentration, the size distribution of
CN and aerosol optical absorption (interpreted as
elemental carbon). The instrumentation used is listed
in Table 1. As shown in Table 1, the instrumentation
included a TSI 3025 UCPC ultrafine particle
condensation particle counter that was introduced into
the program in January 1999 during the SOAPEX-2
experiment. A wide range of additional particle
measurements was also made as part of the
SOAPEX-2 study. In August 2000 the Cape Grim
automated CCN counter was a part of the international
CCN workshop at Albany New York, a study
comparing the performance of a number of traditional
and new CCN counter designs.

Data summary

In keeping with previous Baseline ‘Particles’ reports,
data presented here should be considered provisional
and may be subject to further editing and revision. Only
‘baseline’ data obtained when the wind at 10 m is in
the 190°-280° ‘baseline sector’ are reported. No other
criteria have been applied for baseline data selection.

CN concentration - Auto Nolan-Pollak Counter

Values of CN concentration for 1999-2000 are given in
Table 2. Values presented are monthly medians of the
hourly medians of Baseline CN, as determined using
the auto Nolan-Pollak counter. The hourly medians are

Table 1. Instrumentation for Particles program, 1999-2000.
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derived from 15 direct CN readings per hour on
counter #1. All concentrations are referenced to the
local manual counter Nolan-Pollak #2 using three
monthly data blocks. Data presented here, were
derived using the 1993 calibration of Nolan-Pollak #2
to the ‘standard’ Nolan-Pollak #3. Figure 1 shows
baseline median CN concentrations, corrected to
counter #3 (as above) for 1977-2000. As shown in
previous Baseline reports, CN data show a
pronounced annual cycle with a summer concentration
maximum and winter minimum. Inter-annual
modulation of particle number concentration, with a
long-term cyclic nature is also evident in Figure 1 and
this has also been reported previously. As clearly
shown in Figure 1 the longer-term modulations for the
summer and winter concentrations do not have a
consistent phase relationship.

CCN concentration

Concentration data for CCN that are active at 1.2%,
0.96%, 0.71%, 0.47% and 0.23% supersaturation are
given in Table 2. These are monthly median
concentrations for 1999-2000 Baseline conditions only
determined using the manual CCN counter. Criteria
used for selecting Baseline are the same as those for
CN concentration. Daily mean spectra are calculated
from a minimum of three daily spectra, and the monthly
medians are determined from the daily means. The
number of Baseline spectra for each month is also
included in Table 2.

For some months the number of baseline spectra is
small; a factor that should be taken into account when
using these data. Usually the cause for few spectra is a
combination of the manual operation of the CCN
counter and a low baseline frequency. CCN
concentrations for all five supersaturations are plotted
in Figure 2 for the period covering 1980 to 2000. As
with CN concentration, the CCN concentrations follow
a clear annual cycle but with emerging evidence of
longer-period cyclic inter-annual modulation.

CN counters

Manual Nolan-Pollak, CSIRO #2, operated daily.

Automated Nolan-Pollak, CSIRO #1, quasi-continuous (3 diffusion battery cycles per hour, includes 15 direct CN

samples per hour).

TSI 3020, continuous
TSI 3025, continuous
TSI 3760, continuous

CCN-1

manually, 3 spectra daily
ASCCN

supersaturation
Particle size

Static thermal gradient counter, 5 supersaturations, nominal values 0.25%, 0.5%, 0.7%, 1% and 1.2%. Operated
Automated static thermal gradient counter. Operated continuously September 1999 — July 2000, 0.5%

Diffusion battery, CSIRO #8. Operated automatically, 3 cycles per hour in conjunction with Nolan-Pollak CSIRO #1.

Aerosol optical
absorption

B, - aethalometer, Magee scientific. Continuous, 30 minute measurement cycle.
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Concentration (cm-3)

1980 1985 1990 1995 2000
year

Figure 1. Baseline median CN concentrations from 1976 to 2000. CN are referenced to the standard Nolan-Pollak
counter #3.

Table 2. Baseline monthly median CCN and CN concentrations (cm’3) for 1999 and 2000. CCN concentrations are given for
nuclei active at the indicated supersaturation. N is the number of baseline CCN spectra determined for the indicated month.
CN monthly median (of hourly medians) baseline concentrations are converted to an equivalent Nolan-Pollak #3 (reference
counter) value.

Month Supersaturation Supersaturation

N 1.25% 1.00% 0.75% 0.50% 0.23% CN N 1.25% 1.00% 0.75% 0.50% 0.23% CN

1999 2000

Jan 1 201.0 190.0 160.0 134.0 162.0 661 6 239.0 228.5 223.0 201.0 162.0 447
Feb 2 160.0 136.5 108.0 79.0 65.0 702 3 1054.0 790.0 596.0 386.0 238.0 857
Mar 6 194.0 160.0 157.5 146.0 101.5 504 6 120.5 118.5 109.5 101.0 98.5 570
Apr 2 91.5 93.0 745 95.0 50.5 395 7 261.0 134.0 131.0 166.0 148.0 440
May 0 212 10 128.5 105.0 89.0 123.5 78.5 191
Jun 4 65.5 52.5 56.0 40.5 36.5 178 9 37.0 41.0 36.0 50.0 36.0 159
Jul 1 18.0 35.0 54.0 31.0 21.0 169 5 43.0 35.0 34.0 40.0 44.0 218
Aug 8 56.0 46.5 41.5 335 335 201 7 53.0 51.0 44.0 46.0 33.0 284
Sep 7 146.0 132.0 97.0 93.0 73.0 321 4 172.5 135.0 154.5 124.5 112.0 290
Oct 10 85.0 87.0 83.5 79.5 78.0 391 8 138.0 136.0 133.0 115.0 76.5 365
Nov 9 198.0 167.0 151.0 104.0 82.0 553 2 500.0 384.0 374.0 207.0 158.5 556
Dec 9 172.0 131.0 118.0 95.0 71.0 516 13 231.0 202.0 207.0 168.0 132.0 560

1000

100

Concentration (cri” )

10 1 1 1 1 1 1 1 1 1
81 83 o] 87 89 91 893 95 97 899

Figure 2. Median concentrations for CCN active at 0.23%, 0.47% and 1.2% supersaturations for baseline conditions 1981-
2000.
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Aethalometer

Equivalent elemental carbon loadings are
determined at Cape Grim by light absorption, using a
Magee Scientific Aethalometer. Values of elemental
carbon mass loading, derived using the aethalometer,
are plotted in Figure 3 for Baseline sector winds (190°-
280°). No other Baseline selection criteria have been
applied. Values plotted are determined from hourly
absorption measurements, interpreted as aerosol
optical absorption per cubic metre of air that has
passed through the filter, converted to equivalent
elemental carbon (EC) concentration using a mass
absorption coefficient of 19 m? g". Data are recorded
as 30-minute integrals and a three point running
average has been applied before the hourly average
was taken. Values plotted in Figure 3 are daily means
determined from hourly absorption/carbon values. All
hourly values of absorption/carbon concentration are
included irrespective of the sign (positive or negative).
Sample air for the aethalometer is taken from the main
10 m inlet stack. An impactor with a greased collector
is used to remove coarse patrticles, particularly wind-
eroded sand from the nearby cliff-face. The impactor
has a 50% collection efficiency (cut) at 3.6 um
diameter (for a particle density of 1 g cm'3) and a flow
rate of 15 litres min™.

The median of the baseline equivalent elemental
carbon Ioadin3gs for 1999 was 8.1 ng mand for 2000 it
was 8.7ng m™~.

Logbook summary (1999-2000)

Few significant problems were encountered in the
operation of aerosol sampling equipment during 1999-

3
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2000. For the SOAPEX-2 experiment, in January-
February 1999, additional aerosol instruments were
housed in a CSIRO van that was located near the main
gate. These included an additional UCPC, the
automated static CCN counter, DMA sizing system,
ASASP-X size spectrometer, TSI aerodynamic particle
sizer and two Radiance nephelometers, one operating
at low humidity, the other at high humidity. The new
TSI 3025 UCPC for Cape Grim was also
commissioned during the SOAPEX-2 study. Minor
equipment  problems  during 1999 included
aethalometer lamp connections, air leaks in the auto
Pollak and some problems with the driving PC.
Frequent trimming of the TSI 3020 photometer zero
was necessary. In June 1999 the chamber end plate
on the TSI 3025 was replaced with a new plate
constructed at CSIRO, and an automated control
system installed to allow for automatic flushing of the
butanol saturation chamber. The automated CCN
counter (ASCCN) was installed in September 1999.
Calibrations during 1999 included Pollak #2 in May,
TSI 3025 flow calibrations in June, and November and
the ASCCN in September.

During 2000 problems that were identified included
low reference volts on the ASCCN (in June) later found
to be due to an intermittent signal plug connection. In
September the TSI 3760 sample nozzle required
cleaning and in October an air leak in the auto Pollak
was fixed. The ASCCN was returned to Aspendale in
July in preparation for the International CCN workshop
in Albany New York in August. Calibrations in 2000
included TSI 3025 flow calibration and Pollak #2 count
calibration in June. The ASCCN was recalibrated in
Aspendale for the CCN workshop.
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Figure 3. Aethalometer output for baseline sector winds (190°-280°) for 1999-2000. Inferred elemental carbon (EC)
concentrations assume a mass absorption coefficient of 19 m? g'l.
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4.15. FINE PARTICLE SAMPLING AT CAPE
GRIM

D D Cohen, D Garton and E Stelcer

Australian Nuclear Science Technology
Organisation, Menai, NSW 2234, Australia.

[Cooperative Research Report.]

Fine particles (PM2.5) are being sampled at Cape
Grim using a cyclone sampler with a 50% cut-off point
for a flow rate 22 L min™. Samples are collected on 220
ug m” stretched-Teflon filters of 25 mm diameter. Two,
24-hour (midnight-midnight) samples per week are
obtained.

These stretched-Teflon filters are ideal for multi-
elemental analysis using the accelerator based ion
beam analysis IBA techniques at Australian Nuclear
Science Technology Organisation (ANSTO). Currently
the following elements can be detected at levels
around or below 10 ng m™ of air sampled; H, C, N, O,
F, Na, Al, Si, P, S, CI, K, Ca, Ti, Cr, Mn, Fe, Co, Cu, Ni,
Zn, Br, and Pb. Measured average annual
concentrations for many of these species for two
twelve month periods covering January to December
1998 and 1999 are given in Table 1. A time series plot
of the fine mass, as PM2.5, for 1997 and 1998 is given
in Figure 1.

12000

Cape Grim PM2.5
10000
8000

6000

Mass (ng m”)

4000

2000

JFMAM I JASONDIFMAMIIASOND
1997 1998

Figure 1. Average monthly mass for PM2.5 fine particles at
Cape Grim 1997-1998.

The annual averages are calculated from all the 24-
hour samples and contain components from the
baseline sector as well as all other sectors (continental
and Tasmanian sectors).

The non sea-salt sulfur (nss-S) was calculated
assuming the S/Na for sea-salt was 0.084 and the non
sea-salt potassium (nss-K) assumes K/Na = 0.036 for
sea-salt.

If all the elemental sulfur measured on the filter was
assumed to occur as fully neutralised ammonium
sulphate then this would correspond to an annual
average of (0.94+0.5) ug m™ or about 16% of the total
fine mass. From the sodium and chlorine values we
estimate that sea-salt was about 58% of the total
measured fine mass during 1998. Soil was estimated
from the oxides of Al, Si, Ti, Ca and Fe and represents
about 2.0% of the total fine mass at Cape Grim.

Elemental carbon estimates were obtained by
standard laser integrating plate methods, pre- and
post- filter exposure assuming a mass absorption
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coefficient of 7m’g" and show that at Cape Grim
elemental carbon is only about 5% of the total average
annual fine mass.

Organic matter was estimated from the hydrogen
not associated with ammonium ions and assumed the
average organic particle was composed of 9% H, 20%
O and 71% C. It corresponds to about 7% of the
annual average fine particle mass.

Table 1. 1998 and 1999 annual average concentrations (ng
m=, except where indicated by * (ug m®)) of selected
species and some derived parameters in the sub 2.5 um
size fraction at Cape Grim, based on 2 day per week, 24-

hour average, non-sectored sampling.

Species 1998 1999

Annual Min Max Annual Min Max
(ng m'3) average average
Mass* 5.9+3 1.4 17 5.3+2 1.4 13
Hydrogen 94+101 16 955 7655 5 271
Sodium* 1.1+1.0 0 5.0 0.96+0.7 0.1 3.1
Aluminium 615 0 37 415 0 38
Silicon 12+12 1 99 15420 3 163
Phosphorous  2+2 0 8 2+2 0 19
Sulfur 228+127 42 602 247+171 58 961
Chlorine* 1.7+1 0.04 5.6 1.2+0.7 0.04 3.4
Potassium 40122 10 110 36118 9 112
Calcium 39+25 7 117 35+29 8 229
Titanium 0.6+0.4 0 2 0.8+0.6 0 5
Vanadium 0.5+0.8 0 6 1+1.5 0 8
Chrome 0.1+0.2 0 2 0.1+0.2 0 1
Manganese  0.8+2 0 12 0.6x1 0 7
Iron 415 0 28 517 0 54
Cobalt 0.1+0.2 0 1 0.2+0.2 0 1
Nickel 0.2+0.3 0 2 0.2+0.2 0 1
Copper 0.2+0.2 0 2 0.25+0.6 0 6
Zinc 0.5+0.8 0 6 0.6+0.8 0 4
Bromine 3+2 0 10 242 0 11
Lead 0.8+1.3 0 9 0.9+1.3 0 8
nnsS 133+£110 0 493 166+182 0 946
nss-K 3+20 0 44 2+21 0 84
Seasalt* 3.4+2.4 0.45 13 25+1.6 0.32 8.0
Soil 116+65 31 495  117+112 36 1003
Organics  409+1070 0 9630 151+402 0 1788
Elemental
Carbon 298+161 72 859  308+158 96 933
Reconstructed
mass (%) 73128 77120

4.16. PRECIPITATION CHEMISTRY

R W Gillett, G P Ayers, M D Keywood and P W
Selleck

CSIRO Atmospheric Research, Aspendale, Victoria
3195, Australia

[supported by CGBAPS research funds.]

Table 1 shows the results of the chemical analysis of
rainwater collected at Cape Grim under baseline
conditions. Samples are collected in an ERNI wet only
sampler as described by Ayers and Ivey [1990]. The
sampler opens after activation from the baseline event
switch (BEVS) when the wind direction is between
190° and 280° and the condensation nucleus (CN)
concentration is <600 cm.

Samples were collected on a weekly basis. As
suggested by Gillett and Ayers [1991], and further
guantified by Ayers et. al. [1998], thymol was added to
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the collection bottle before sampling, to inhibit
biological degradation of ions such as organic acids
and ammonia.

After collection samples were sent to CSIRO
atmospheric Research (CAR) where the chemical
analysis was carried out. Anion and cation
concentrations were measured by supressed ion
chromatography (IC) using a Dionex DX500 gradient
ion chromatograph. Anions were determined using a
Dionex AS11 column, a Dionex ARSUltra supressor
and a gradient eluent of sodium hydroxide. Cations
were determined using a Dionex CS12 column and a
Dionex CRSUltra supressor with a 20 millimolar
methanesulfonic acid eluent. Conductivity was
measured in a flow system using a Waters auto-
sampler to inject samples into a Milli-Q water stream;
detection was done using a Dionex conductivity
detector. pH measurements were carried out using an
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Orion Ross pH electrode calibrated with Orion low ionic
strength buffers.

The data set presented here is raw and has not
been subjected to more than preliminary quality
checks. The cation anion balance is a useful quality
control check since the total number of cation
equivalents should equal the total number of anion
equivalents because electroneutrality is assumed.
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Table 1. Baseline rainfall, cation and anion concentrations and pH and conductivity in precipitation collected at Cape Grim.

+

Sample Date Time Date Time rainfall H" Na NH," K" Mg¥ ca* Total Conductivity
Cations Meas. Calc.
Oon GMT off GMT (mm) | pmol I'* 1 peq I* [ pwscm® ]
575 13/01/99 1100 09/02/99 1030 2.8 2140.0 8.2 39.7 192.4 63.6 2700.0
576  09/02/99 1030 23/02/99 0950 3.3 11725 4.1 20.6 90.7 39.9 1458.4
577  23/02/99 0950 09/03/99 0930 0.7 2070.6  23.7 54.9 196.3 77.5 2696.7
578 09/03/99 0930 16/03/99 1255 11.9 338.4 3.6 8.7 40.5 13.0 457.6
579 16/03/99 1255 30/03/99 1120 1.2 4037.7 11.1 65.4 387.1 128.3 5145.0
580 30/03/99 1120 06/04/99 1030 11 1355.9 7.7 27.0 133.3 50.4 1757.9
581 06/04/99 1100 20/04/99 1053 1.6 1888.4 7.2 35.4 187.3 58.3 2422.2
582  20/04/99 1035 27/04/99 1120 1.1 1099.4 9.9 254 96.2 33.5 1394.1
583 27/04/99 1120 11/05/99 1110 2.1 4252.9 13.5 73.0 441.9 126.5 5476.2
584 11/05/99 1110 18/05/99 1115 4.0 3.1 1631.6 8.8 34.7 140.1 38.4 2035.3 253.6 256.3
585 18/05/99 1115 01/06/99 1000 5.9 2.9 1841.7 9.6 39.9 176.5 45.1 2337.3 288.3 294.0
586 01/06/99 1000 08/06/99 1055 15 1.8 975.3 6.7 20.0 88.2 26.5 1233.3 157.3 154.8
587 08/06/99 1055 15/06/99 1045 2.8 3.3 1618.6 17.4 36.2 166.6 43.4 2095.4 246.2 262.8
588 15/06/99 1045 22/06/99 1120 4.7 2.6 1180.6 15.1 31.2 105.8 26.6 1494.1 173.2 186.9
589  22/06/99 1120 06/07/99 1035 7.2 3.4 994.5 6.6 21.7 86.1 21.2 1240.7 155.9 156.1
590 06/07/99 1035 13/07/99 1110 2.3 2.1 1366.5 275 43.0 138.8 38.5 1793.9 225.7
591  13/07/99 1110 21/07/99 1045 8.4 2.3 1372.5 6.1 28.6 125.5 28.8 1718.2 205.2 214.3
592  21/07/99 1045 28/07/99 1600 3.4 1.0 3019.1 15.0 59.8 295.7 76.9 3840.0 443.5 485.1
593  28/07/99 1600 03/08/99 1117 7.4 2.6 427.9 3.0 10.5 29.7 7.2 517.8 62.4 65.6
594 03/08/99 1117 10/08/99 1115 8.0 3.0 2445 55 7.7 17.9 4.6 305.7 38.7
595 10/08/99 1115 17/08/99 1045 4.8 3.9 535.0 4.2 11.7 41.8 10.3 658.9 83.4
596 17/08/99 1045 24/08/99 1100 5.4 2.9 1089.3 5.7 21.8 96.5 24.4 1361.6 169.9
597  24/08/99 1100 07/09/99 1050 0.8 5.2 693.6 9.6 15.7 54.7 15.3 864.1 108.6
598 07/09/99 1050 21/09/99 1200 51 0.8 1612.2 8.7 32.6 119.0 37.0 1966.2 244.0
599  21/09/99 1200 12/10/99 0950 0.3 0.3 3658.6 34.8 76.2 412.1 130.4 4854.8
600 12/10/99 0950 26/10/99 1145 5.7 15 904.0 55 19.0 79.9 26.4 1142.6 142.1 142.2
601 26/10/99 1145 02/11/99 1035 2.5 0.4 3083.3 15.8 57.4 233.5 83.7 3791.3 445.1
602 02/11/99 1035 16/11/99 1020 4.3 0.5 1700.9 8.6 37.0 129.7 42.0 2090.3 255.8 257.1
603  16/11/99 1020 23/11/99 1000 1.1 4.6 804.8 8.0 18.7 65.0 22.3 1010.8 127.5 126.4
604  23/11/99 1000 07/12/99 1030 0.6 3.5 4357.1 549 101.3 459.2 167.3 5769.7 649.0 738.6
605 07/12/99 1030 14/12/99 1015 14 0.8 2129.3 14.2 44.8 168.2 57.7 2640.8 316.3 328.4
606  14/12/99 1015 21/12/99 1015 8.7 1.6 849.9 4.7 19.5 69.1 21.2 1056.4 134.9 132.0
607 21/12/99 1015 04/01/00 0954 1.9 2.1 294.9 8.0 9.9 18.3 7.6 366.8 51.9 45.6
608 04/01/00 0954 25/01/00 1027 1.8 0.4 3564.3 17.3 68.3 318.3 110.3 4507.3 533.0
609 25/01/00 1027 15/02/00 1530 8.2 0.9 727.9 55 17.3 61.3 21.0 916.3 117.8 113.8
610 15/02/00 1530  14/03/00 1200 0.3 1.8 4149.0 30.9 75.7 386.7 144.2 5319.1 621.4
611 14/03/00 1200 21/03/00 1045 0.6 2.6 14450 14.0 29.5 128.9 47.2 1843.4 227.3 229.4
612 21/03/00 1045 28/03/00 1200 2.7 0.1 1967.1 11.4 22.9 8.5 3.9 2026.3 247.0 245.1
613  28/03/00 1200 04/04/00 1100 2.7 0.2 1843.7 10.1 35.0 58.3 20.9 2047.6 248.1 250.4
614  04/04/00 1100 18/04/00 0000 1.3 0.3 1496.8 5.2 33.7 127.9 45.5 1882.8 214.8 241.7
615  18/04/00 0000 26/04/00 0000 51 0.4 1341.8 1.9 27.5 103.5 34.5 1647.6 199.0 213.3
616  26/04/00 0000 02/05/00 0000 1.0 0.5 1920.6 11.2 39.8 181.0 63.5 2461.0 280.1 321.0
617  02/05/00 0000 09/05/00 0000 2.2 2.1 4016.8 4.4 75.5 435.9 107.8 5186.2 569.0 689.2
618 09/05/00 0000 16/05/00 0000 4.3 2.0 1781.9 2.7 39.3 168.2 43.6 2249.6 259.1 294.8
619 16/05/00 0000 23/05/00 0000 10.2 0.6 1608.2 1.3 33.9 156.3 48.7 2053.8 234.8 270.6
620  23/05/00 0000 30/05/00 0000 17.9 0.6 1553.5 0.8 32.0 143.7 38.7 1951.7 224.6 257.8
621 30/05/00 0000 06/06/00 0000 7.0 0.6 1127.0 1.4 24.1 109.3 27.4 1426.5 169.2 187.3
622  06/06/00 0000 13/06/00 0000 9.0 0.5 589.3 1.2 12.7 59.1 13.4 748.8 93.6 98.7
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Table 1. continued....
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623  13/06/00 0000 20/06/00 0000 2.9 0.9 15334 2.9 334  146.3 37.7 19387 219.6  257.1
624  20/06/00 0000 27/06/00 0000 35 1.5 661.0 3.2 15.5 64.5 16.0 842.2 1026 1122
625 27/06/00 0000 04/07/00 0000 0.4 16 35626 6.9 59.0 487.4 1225 48498 523.0 648.5
626  04/07/00 0000 11/07/00 0000 2.0 2.2 809.2 5.7 19.4 76.0 19.0  1026.6 1244  136.1
627 11/07/00 0000 18/07/00 0000 0.8 2.3 11700 9.6 26.0 1157 30.7  1500.7 1734  199.7
628 18/07/00 0000 25/07/00 0000 9.4 0.6 24342 15 50.3  238.7 62.4  3088.6 3449 4147
629 25/07/00 0000 01/08/00 0000 6.8 05 14539 15 331 1437 336 18436 2126 2467
630 01/08/00 0000 15/08/00 0000 9.6 0.4 23183 1.4 472 2381 60.0 29635 3380 399.8
631  15/08/00 0000 29/08/00 0000 1.8 0.6 7455 3.0 221 66.6 18.8 942.1 1122 1252
632  29/08/00 0000 05/09/00 0000 7.0 0.6 16208 1.6 331 151.2 403 2039.0 230.6 2745
633  05/09/00 0000 12/09/00 0000 4.3 0.4 34893 1.2 70.4 3483 91.2 44403 4873  603.0
Sample Date Time Date Time pH cr Br NO; SO0/ C, 07 F CH, COO HCOO CH;SO; Total
Anions
Oon GMT off GMT pmol I'* ] peql™
575 13/01/99 1100 09/02/99 1030 23179 32 45 1254 50 2583.1
576  09/02/99 1030  23/02/99 0950 12082 16 1.6 626 4.1 1343.2
577  23/02/99 0950 09/03/99 0930 2156.8 3.2 189 1356 14.2 2475.3
578  09/03/99 0930  16/03/99 1255 3596 05 21 207 19 407.0
579  16/03/99 1255 30/03/99 1120 46142 7.1 7.3 2436 7.3 5123.3
580 30/03/99 1120 06/04/99 1030 14959 32 24 769 41 1660.2
581  06/04/99 1100 20/04/99 1053 20956 3.2 89 1079 5.4 2330.9
582  20/04/99 1035  27/04/99 1120 11619 19 26 618 3.6 1295.3
583  27/04/99 1120  11/05/99 1110 49472 76 7.2 2574 58 5480.9
584 11/05/99 1110 18/05/99 1115 551 1780.7 2.1 11 885 18 052 29 7.7 1973.1
585 18/05/99 1115 01/06/99 1000  5.53 2042.9 2.3 42 1016 18 028 1.6 5.1 0.26 2261.0
586 01/06/99 1000 08/06/99 1055 5.75 1070.6 1.1 12 520 18 023 21 6.9 1188.4
587  08/06/99 1055 15/06/99 1045 548 1789.1 2.1 134 973 20 068 3.1 7.2 2011.4
588  15/06/99 1045 22/06/99 1120 559 12747 15 10 686 20 032 26 6.3 1425.8
589  22/06/99 1120 06/07/99 1035 547 1078.0 11 16 528 10 039 22 6.3 1195.7
590 06/07/99 1035 13/07/99 1110  5.68 1488.7 1.4 357 895 21  1.02 6.6 13.6 1727.6
591  13/07/99 1110 21/07/99 1045  5.63 14882 1.7 11 721 0.8 035 1.2 2.8 1639.0
592  21/07/99 1045 28/07/99 1600  6.00 3387.6 44 07 1784 11 068 1.6 45 020 3753.6
593  28/07/99 1600 03/08/99 1117 559  451.8 03 0.8 208 0.6 013 1.8 4.0 501.2
594 03/08/99 1117 10/08/99 1115 552  258.3 2.3 11.8 06 061 22 4.8 290.0
595 10/08/99 1115 17/08/99 1045 541 5768 04 06 246 06 028 1.8 45 634.0
596 17/08/99 1045 24/08/99 1100  5.54 1180.6 1.3 0.7 539 0.8 046 23 41 1296.9
597  24/08/99 1100 07/09/99 1050 529 7362 06 34 327 24 015 35 8.7 822.0
598  07/09/99 1050 21/09/99 1200  6.11 16750 1.9 14 913 19 063 1.1 1.9 1866.0
599  21/09/99 1200 12/10/99 0950  6.49 4156.3 6.1 189 2349 161 048 21.8
600 12/10/99 0950 26/10/99 1145 584  981.1 09 14 475 18 137 23 2.2 1085.5
601 26/10/99 1145 02/11/99 1035  6.36 32989 43 15 1847 23 046 12.7
602 02/11/99 1035 16/11/99 1020  6.27 1750.0 1.9 22 972 16 074 1.1 25 1953.3
603 16/11/99 1020 23/11/99 1000 5.34 8446 07 3.1 444 20 070 6.1 11.4 958.0
604 23/11/99 1000 07/12/99 1030 546 49789 57 704 306.8 113 2299 0.2 57.6 5743.3
605 07/12/99 1030 14/12/99 1015  6.12 22402 2.6 28 1231 30 121 70 15.7 2518.0
606 14/12/99 1015 21/12/99 1015 5.80 910.8 0.8 0.7 453 10 056 20 3.4 1009.4
607 21/12/99 1015 04/01/00 0954  5.67 2822 2.6 192 09 140 823 15.7 346.3
608  04/01/00 0954 25/01/00 1027  6.44 3936.7 52 1.1 2223 58  0.77 11.9
609 25/01/00 1027 15/02/00 1530  6.03  783.3 06 3.4 389 024 17 1.2 867.4
610 15/02/00 1530 14/03/00 1200  5.74 46411 4.1 220 2595 136  1.31 40.4
611  14/03/00 1200 21/03/00 1045  5.58 1553.3 1.2 55 831 49 149 43 8.8 1747.8
612 21/03/00 1045 28/03/00 1200  6.87 1662.3 1.8 58 863 32 262 8.1 15.1 1870.3
613 28/03/00 1200 04/04/00 1100  6.69 1701.8 2.0 3.1 900 46 011 56 10.8 1910.4
614  04/04/00 1100 18/04/00 0000  6.53 16651 2.3 52 91.3 55 175 57 30.7 059  1900.6
615 18/04/00 0000 26/04/00 0000  6.43 1497.8 25 12 841 28 084 3.0 6.7 0.37 1682.8
616  26/04/00 0000 02/05/00 0000  6.35 2249.0 3.6 129 1250 37 179 54 15.1 0.41  2540.0
617  02/05/00 0000 09/05/00 0000  5.68 4970.3 7.4 58 2605 29 065 24 9.9 5515.1
618 09/05/00 0000 16/05/00 0000  5.69 20941 3.0 27 1129 24 245 16 4.1 2333.0
619  16/05/00 0000 23/05/00 0000  6.24 1909.4 3.0 06 1174 13 096 1.6 2.8 2151.8
620 23/05/00 0000 30/05/00 0000  6.24 1840.6 2.7 0.4 1053 0.6 095 1.0 2.0 2055.8
621  30/05/00 0000 06/06/00 0000  6.20 13383 23 02 711 0.8 083 17 4.0 0.18  1488.1
622  06/06/00 0000 13/06/00 0000 629 7051 1.0 05 362 0.8 078 22 47 786.3
623  13/06/00 0000 20/06/00 0000  6.06 18346 29 1.7 1036 15 087 24 5.6 2054.4
624  20/06/00 0000 27/06/00 0000  5.84  797.4 16 19 425 12 075 29 7.6 897.2
625 27/06/00 0000 04/07/00 0000  5.80 47032 7.4 21 2308 34 1384 45 321 5210.2
626  04/07/00 0000 11/07/00 0000  5.66  950.3 1.7 50 560 21 092 22 75 019 1081.4
627 11/07/00 0000 18/07/00 0000  5.64 14182 23 46 772 17 069 3.8 8.7 1593.1
628 18/07/00 0000 25/07/00 0000  6.26 3021.7 43 11 1569 12 057 05 21 3341.7
629  25/07/00 0000 01/08/00 0000  6.30 17823 2.7 04 976 08 123 1.0 2.4 1982.9
630 01/08/00 0000 15/08/00 0000  6.35 2899.8 4.4 23 161.7 12 063 0.8 1.9 3230.8
631  15/08/00 0000 29/08/00 0000  6.20  886.1 2.3 22 492 28 211 21 6.7 1001.0
632  29/08/00 0000 05/09/00 0000  6.23 1991.1 3.4 12 1069 14 079 20 5.9 2216.9
633  05/09/00 0000 12/09/00 0000  6.44 4409.6 6.8 0.6 2372 14 055 1.3 7.4 4895.9

103



4.17. SPECTRAL SOLAR RADIATION

S R Wilson® and B W Forgan®
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[Supported by CGBAPS research funds.]

Reported here are the data from the Spectral Radiation
program, which includes measurements of spectral ir-
radiance and turbidity.

Optical depth

The operation of this system was relatively trouble free
for the two years. The tracker controlling for the sun-
photometer failed on 25 January 1999, but the sunpho-
tometer was returned to service on 27 January 1999.

On 2 June 2000 it was found that the sunphotome-
ter was partially shaded by the global irradiance sys-
tem. An unused arm was removed to solve the prob-
lem.

Spectral irradiance

This section reports on measurements from two in-
struments; a spectral radiometer (SRAD) (Optronics
Laboratories OL-752), and a broad band UV-B detec-
tor (Solar Light model 501 UV-Biometer). Included in
this section are changes of note that occurred during
the two years.

Computer problems occurred sporadically. Te con-
trolling computer ‘del’ stopped for a variety of reasons
on 10 January 1999, 15 — 18 January 1999 (server
problems), 5 February 1999, 12 February 1999, 1 April,
30 April, 6 May — 4 June (UPS power problems). On
July 20 1999 a software patch was applied to the oper-
ating system to remove the 49.7 day crash problem.
The system stopped again on 17 September 1999.

On 23 October 1999 SRAD failed, a fault that was
eventually traced to a faulty capacitor, and the system
returned to service on 9 November 1999.

On 28 October a major system service was under-
taken, as the diffuser and lightguide was now unserv-
iceable, due to corrosion. This was replaced with a
Lumatec 300 lightguide and a Bo series 3 diffuser. The
new diffuser provided a 100-fold increase in signal
throughput, at least partially due to the steady decay of
the optical train of the older system. The front panel
display of SRAD was found to have failed totally.

A major upgrade of the software was also under-
taken, and installed on 10 December 1999, with testing
completed on 21 December 1999.

On 9-10 April 2000 the controlling computer was
upgraded to a system running Windows NT. Minor
problems occurred on a number of days following this
installation until the problems were sorted out.

The Biometer system ran reliably through this entire
period, with the data collected by the main Grimco data
collection system.
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4.18. PASSIVE SOLAR RADIATION

S R Wilson

University of Wollongong,
Wollongong, NSW 2522, Australia

[Supported by CGBAPS research funds.]

The Passive Solar Radiation monitoring program con-
tinued throughout 1999-2000 The Regional Instrument
Centre the Bureau of Meteorology is responsible for
the maintenance and calibration of the instruments and
data processing of all irradiance quantities apart from
uv.

Continuous measurements of global, direct, diffuse,
and terrestrial measurements continued in 1999-2000.

Data processing is largely automated. Daily expo-
sure and irradiance data were edited to exclude those
days when instrument failures or data acquisition er-
rors were evident from system logs or trace examina-
tion. Daily data are excluded from the monthly aver-
ages when quality control and assurance tests reject
more than 2 minutes in a day. Tables 1 and 2 provide
monthly statistics of the processed quantities.

Table 1. Monthly mean daily terrestrial (long wave) irradi-
ance for 1999-2000. The sample estimate of the standard
deviation and number of days included in the average is
given in brackets for each month.

Terrestrial Terrestrial

Irradiance Irradiance
Month  (Wm?) sd. days Wm?  sd. days
1999 2000
Jan 350.37 219 28 339.85 24.79 28
Feb 364.7 25.67 28 349.94  24.08 26
Mar 3515 23.95 31 348.15 22.39 30
Apr 326.87 26.04 26 329.58 20.52 30
May 345.17 20.71 30 338.79  16.26 31
Jun 322.8 20.84 28 323.89 13.01 28
Jul 32711 2332 31 324.04 20.6 31
Aug 326.34 20.13 31 316.48 19.28 31
Sep 323.61 2294 30 329.11 18.71 30
Oct 32422 25.68 31 327.09 23.95 31
Nov 318.23 25.23 30 338.82 25.04 30
Dec 332.7 28.91 31 327.2 18.97 31
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Table 2. Monthly mean daily solar exposure and sunshine hours for 1999-2000

Exposure Sunshine

Direct s.d #days Global s.d #days Diffuse s.d #days #hours s.d #days

(MIm? /month MIm? /month MIm? /month per day /month
Jan 99 18.25 12.25 28 2439 6.98 28 10.58 3.63 28 7.18 4.27 28
Feb 99 13.65 10.32 28 1891 7.82 28 9.49 344 28 5.93 3.96 28
Mar 99 10.96 8.86 31 1494 571 31 8.08 2.36 31 4.93 3.43 31
Apr 99 14.13 8.49 25 12.18 3.28 25 531 1.73 25 6.06 3.17 25
May 99 5.69 6.39 30 6.18 3.09 30 3.72 119 30 2.79 2.6 30
Jun 99 6.48 5.43 29 5.67 194 29 3.34 0.88 29 3.47 2.54 29
Jul 99 6.11 6.97 31 5.66 2.05 29 3.61 0.97 31 3.05 2.88 31
Aug 99 8.93 6.86 31 8.83 334 31 4.6 1.56 31 4.18 2.8 31
Sep 99 1157 9.62 30 13.45 5.37 30 6.82 2.56 30 5.2 3.72 30
Oct 99 17.73 11.92 31 1947 75 31 749 3.2 31 7.2 4.19 31
Nov 99 24.05 14.25 30 25.8 8.15 30 8.21 3.82 30 8.88 4.47 30
Dec 99 22.25 13.08 29 27.34 8.01 31 981 3.35 29 8.9 4.43 29
Jan 00 18.99 12.78 29 23.85 856 28 9.84 3.18 27 7.49 4.38 29
Feb 00 20.66 10.84 29 2293 557 29 8.3 3.03 29 8.11 3.64 29
Mar 00 1191 94 28 16.05 5.3 31 8.24 237 28 5.26 3.66 28
Apr 00 13.64 8.72 25 12.29 3.19 29 554 1.66 25 5.97 3.17 25
May 00 5.18 454 27 6.95 2.39 31 448 0.85 27 2.77 2.08 27
Jun 00 6.51 4.81 30 572 1.67 30 3.45 0.69 30 3.37 2.21 30
Jul 00 6.41 6.57 31 573 2.23 29 35 0.98 31 3.13 2.81 31
Aug 00 10.64 7.39 29 9.69 3.62 31 446  1.27 29 4.66 2.9 29
Sep 00 7.68 6.85 30 11.87 4.25 30 7.34 1.98 30 3.89 2.87 30
Oct 00 12.22 8.24 29 17.84 5.56 31 957 28 29 5.71 3.25 29
Nov 00 17.92 12.43 29 23.63 7.45 30 10.53 3.66 29 7.15 4.17 29
Dec 00 24.6 10.65 26 28.32 5.22 31 9.78 3.17 26 9.58 3.33 26
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Officer-in-Charge
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Temporary staff

Post Doctral Fellow
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Reinout Boers
Arthur Downey
John Gras

Roger Francey
Paul Fraser

lan Galbally

(No Lead Scientist)
Paul Steele

Paul Steele
Stewart Whittlestone
Stephen Wilson

Neil Tindale

Brian Weymouth, Alan Gough (left March 1999),
Randall Wheaton (arrived August 1999)

Laurie Porter, Stuart Baly

Jan Britton

Ellen Porter, Daniel Evenhuis, Craig McCulloch, Bob Parr
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Georgina Sturrock (Left Cape Grim for CSIRO-AR in March 1999)

Multiphase Atmospheric Chemistry
Remote Sensing of Clouds
Meteorology/Climatology

Particles

Carbon isotopes and air archives
Halocarbons, nitrous oxide and air archives
Ozone/NO, and air archives

Precipitation chemistry/High Volume aerosol
Carbon dioxide

Methane, carbon monoxide, hydrogen
Radon

Radiation (spectral)

CGBAPS Funded Research Personnel

Lisa Cooper
Grant Da Costa
Nada Derek
Paul Krummel
Paul Selleck

Management Group

Doug Gauntlett
Graeme Pearman

Technical officer
Research engineer
Technical officer
Research scientist
Technical officer

Deputy Director (Research and Systems)
Chief, CSIRO

List of Working Group Attendees

Colin Allison
Greg Ayers
Stuart Baly
John Bennett
Simon Bentley
Reinout Boers
Willem Bouma
Jan Britton
Arthur Downey
Roger Francey
Paul Fraser
lan Galbally
Rob Gillett

CAR John Gras

CAR Mick Meyer

CAR Stuart Penkett
CAR Laurie Porter

CAR Peter Price

CAR Brian Sawford

CAR George Scott
CGBAPS Paul Steele

BoM Neil Tindale

CAR Randall Wheaton
CAR Stewart Whittlestone
CAR Stephen Wilson
CAR Wilodek Zahorowski
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BoM
CAR
CAR
CAR
CAR

CAR
CAR
ANSTO
UowW

CAR
CAR
CAR
CAR
CAR

BoM
CAR

CAR
CAR
UEA
CGBAPS
BoM
CAR
CAR
CAR
CGBAPS
CGBAPS
ANSTO
UowW
ANSTO
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(Most frequently used acronyms and symbols in this issue)

AGAGE
AGAL
ANSTO
BoM
CGBAPS
CMDL
CSIRO
CAR
GASLAB
NIES
NIST
NOAA
PU

SIO

UEA
Uow
WMO

AEST
BEVS
CCN
CN

sc

GC
GRIMCO
HP
NDIR
uv

ppm
ppb
ppt
%o
V-PDB

Advanced Global Atmospheric Gases Experiment

Australian Government Analytical Laboratories, Hobart, Tasmania
Australian Nuclear Science and Technology Organisation, Menai, NSW
Bureau of Meteorology

Cape Grim Baseline Air Pollution Station

Climate Monitoring and Diagnostics Laboratory, NOAA, Boulder, USA
Commonwealth Scientific and Industrial Research Organisation
CSIRO Atmospheric Research, Aspendale, Victoria

Global Atmospheric Sampling Laboratory, CSIRO-AR

National Institute for Environmental Studies, Tsukuba, Japan

National Institute of Standards and Technology

National Oceanic and Atmospheric Administration, USA

Princeton University, Princeton, New Jersey, USA

Scripps Institution of Oceanography, La Jolla, California, USA
University of East Anglia, Norwich, England, U.K.

University of Wollongong, Wollongong, NSW

World Meteorological Organization

Australian Eastern Standard Time
Baseline Events Switch

cloud CN

condensation nuclei

relative isotopic ratio *c/*2C

gas chromatograph

CGBAPS computing system
Hewlett Packard

Non-Dispersive InfraRed
ultraviolet

parts per 10°

parts per 10°

parts per 10"

per mil, parts per 10°

international scale for expressing C and O isotopic composition
relative to PDB carbonate
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