
The CSIRO (Australia)

Atmospheric Carbon Dioxide

Monitoring Program:

Surface Data

D. J. Beardsmore, G. I. Pearman and R. C. O'Brien

DIVISION OF AIMOSPHERIC RESEARCH TECHMCAL PAPER No. 6

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL

RESEARCH ORGANIZATION. AUSTRALIA 1984



The CSIRO (Australia)

Atmospheric Carbon Dioxide

Monitoring Program:

Surface Data

D. J. Beardsmore. G. l. Pearman and R. C. O'Brien

Division of Atmospheric Research Technical Paper No. 6

Commonwealth Scientific and Industrial
Research Or ganization, Australia

1"984



CSrRO Div is ion  At rnos .  Res .  Tech.  Pap.  No.6r  1 -115 (1984)

THE CSIRO (AUSTRALIA) ATMOSPHER]C CARBON DIOXIDE MONITOR]NG
PROGRAI4: SURFACE DATA

D.J .  Beardsmore ,  G. I .  Pearman and R.C.  OrBr ien

ABSTMCT

Detaj- ls are given of the CSTRO surface carbon dioxide monitoring
programs at the Australian BAPMoN station at Cape Grim in Tasmania, the
sub-Antarct ic stat ion at Macquarie fsland, Mawson on the Antarct ic
mainland, Wilbinga in Western Austral ia, and from ships in the Southern
Ocean. Data to the end of 1982 are presented in the WMO 19Bl- CO^
Calibrat ion Scale with pressure-broadening carr ier-gas correction's
applied where necessary.
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1 . fntroduction

The CsrRo Division of Atmospheric Research (formally Meteorological
Physics and then Atmospheric Physics) cofiunenced a research program on
large-scale atmospheric 

.carbon 
dioxide (cor) in the early 1970rs. The

program involved the making of routine high-precision observations of CO,
in the Southern Hemisphere atmosphere (previously routine observations 

-

were avai lable only for the South PoIe) r the interpretat ion of the
temporal and spatial variat ions of Co, concentrat ion in terms of
meteorological and biogeochemical pheno-mena and the modell ing of the
g1oba1 carbon cyc1e.

With regards to the observational program, the col lect ion of air
samples from aircraft with subsequent laboratory analysis was colnmenced in
L972. This work is described in Beardsmore et aI.  (197e) '  Pearman et aI.
(1983) and Pearman and Beardsmore (1984). Continuous in situ observations
at the earthrs surface were commenced in 1-976 in temporary faci l i t ies at
the site of the Austral ian Baseline Atmospheric Monitoring Station, Cape
Gr im.  Tasmania  (F igure  1 .1 ) .  Th is  p ro jec t  i s  par t  o f  a  w ider  and
on-going study of the background composition of the atmosphere (Pearman,

L982) and is the Austral ian contr ibution to the World Meteorological
Organizationrs network of background air pol lut ion monitoring stat ions

Figure  1 .  l -

Location of surface stations A

in the CSIRO CO2 monj-toring
progran .

(BAPMoN). In addit ion, supplementary observational projects were
establ ished in subsequent years at several other surface locations and
from Antarct ic supply ships. These include measuremehts at two of the
four permanent Antarctic and sub-Antarctic stations run by the Antarctic
Division of the Department of Science and Technology (Mawson in late 1977
and Macquarie Island in 1979). A minor program of sample col lect ion was
carrj .ed out between 1,979 and 1981 at Wilbinga, on the Austral ian west
coast north of Perth in co-operation with the Western Austral ian
Department of Conservation and the Environment.

AUSTRALIA
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It is the objective of this technical paper to describe the
techniques and data handring procedures associated with these surface
observational programs and to present sunmary data and descript ions of
the complete archived data sets.

A key dif ference bethteen observations of CO^ concentrat ion made at
the earthrs surface and those made from alrcraf( at alt i tude is that
almost inevitably the former, from t ime to t ime, wil l  be inf luenced by
local surface exchanges. This wir l  be especial ly so when the air sampled
has resided over act ive terrestr ial vegetation and/or under condit ions of
strong atrnospheric stabi l i ty (Fraser et a1., 1983). Such condit ions
yield data which are not.widely representative in space or t ime and of
l i t t le relevance to studies of the large-scaIe features of the carbon

It would be, therefore, of l imited value for us to present a
complete CO, data set without establ ishing a method, pecul iar for each
sampling sife, whereby the reader can select data relevant in the global
context. In the present report we have attempted to define cri teria
which a1low such data selection and, in the case of the major in situ
project at Cape Grim, we provide data both with and without select ion.

Throughout this report,  we use the term "basel ine" to refer to
condit ions when measured concentrat ions are bel ieved to be representative
in the vert ical of at least the lowest few km of the troposphere and in
the horizontal for distances of 7 1-000 km. As such, ' ,basel ine"

condit ions are expected to be associated with the observations of
relat ively constant CO, concentrat ions as the air mass passes by the
observatory. Further, ' lcecause of the rerat ively sma11 surface exchanges
over the oceansr such large-sca1e constancy is general ly characterist ic
o f  mar i t ime a i rmasses .

The cri teria we have used to select "basel ine" data ref lect this
quali tat ive concept of a large, well-mixed, general ly marit ime, ainrrass.
While a more formal i tef ini t ion might be desirable in the future, we are
of the opinion that the present concept is a satisfactory basis on which
to provide data for use in the g1oba1 carbon cycle context.

2. The Programs

2.L  Cape Gr im (4Oo4LtS,  L44o4I tE)

2 .L .L  S j - te :  The Cape Gr im mon i to r ing  s ta t ion  ( r igure  2 .1 )  i s
located near the top of a 95m promontory on the western side of the
nor th -western  t ip  o f  Tasmania  (Base l ine ,  1 "978) .  In  th is  s i tua t ion  i t  i s
well  si ted to sample basel ine marit ime air from the south-westerly
quadrant which has suffered no recent modif icat ions due to terrestr ial
biospheric or anthropogenic activi t ies. The original,  temporary location
of the co" monitoring equipment was in a large trairer van situated near
the cl i f f ' top. With the completion of the permanent stat ion bui lding in
1981-, a new set of equipment was bui l t ,  instal led and, after a period of
comparison, used for routine CO" monitoring. At this poJ_nt the original
equipment was decommj-ssioned, a'nd the Co, analyser used as a backup
instrument in the new laboratorv.



Figure  2 .  L

Site details of the Cape
crj-m Atmospheric Baseline
Po l lu t ion  Sta t ion  and i t s
position relative to the

nofthwestern tip of
Tasmania  ( inse t ) .

2.I.2 Measurement technique: Mark I instrumentation: As with most
CO, monitoring programs the measuring instrumentation at Cape Grim is
baSed on non-d ispers ive ,  in f ra red  (NDIR)  gas  ana lysers .  F igure  2 .2  i s  a
schematic diagram of the equipment in use in the temporary laboratory
between Apri l  1976 and November 1981.

AIR BLEED N' 1
A I R INTAKE

; AIR BLEED N''2

FLOW GAS SELECTION CHEMICAL 7 FLOW METERS
CONTROL VALVES DRIERS MITRON
VALVES FILTERS

FLgure 2.2 ceneral schematic diagram of the co. monitoring equipment
used in the cape Grim temporary laboratory between 1976
a n d  1 9 8 1  ( M a r k  I ) .

SIALE
0 20 40 60 80 100m
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Air intake: The sampre air was drawn through a 0.64 cm o.d. copper
tube from a point 1 metre above the van roof. To avoid direct rain
penetrat ion the inlet was pointed down and in February L979 was f i t ted
with a f lared entry as a further precaution against rain drops entering
the airstream. A capex, Mk.rr diaphragm pump (charles Austen pumps Ltd.,
surrey, England) was init ial ly used to pump air through the intake.
However, recurring problems caused by perishing and rupturing of the
rubber diaphragrms, necessitated a change to a metal bel lows type (type
MB2Li  Meta l  Be l lows corp . ,  Mass . ,  u .s .A . ) .  The a i r  rvas  t ransmi t ted
through a surge damping bottle to a bleed valve where most was vented
off,  only the volume required for monitoring purposes being passed to the
drying system.

Drying: fn the original system, instal led in March L976, drying was
effected by granular magnesium perchlorate (Dehydrite; Arthur H. Thomas
co.r Phi ladelphia, pennsylvania, usA) in two glass drying towers, To
conserve chemical drying agent, the system was changed in Apri l  j_976 so
that the air was f irst passed through a condenser situated in a
pre-cool ing refr igerator. Here i ts dew point was lowered to about 1oc,
the remaining moisture being removed in the chemical towers. Further
ref inement saw a commercial freezer unit  operating at approx. -2ooc
taking the prace of the refr igerator in July 1977. The tendency for the
inlets to the condenser elements to rapidry become clogged with ice red
to a special glass trap being instarled in December 1978. This trap was
designed so that i ts diameter was increased substantial ly before entry
into the freezer but, unfortunately, i t  proved to be too fragi le and was
replaced by a similarly-shaped stainless steel- trap in Apri l  1979 (Figure
2 . 3 a ) .

( q ) ( b ) ( c )
Ai r

in out

6 mm o.d ,

To
chemical

copper tube

50 mm o.d Cover

brqss tube
ptotes

Domestic
freezer
(-20"t )

296 mm

90 mm o.d.
S. Steet tube

Diagrams of elements used
CO2 monitoring equipment.
doftestic deep freeze unit
vapour trap used. with Mark
pre-drying condenser unit

Locoting
f r  ng

S, Steet
cond ens er

A i r  i n

I
_l

Woter
droin

Sotenoid
vqlve

in the refrigeration drying sections of the Cape crim
(a)  Deta i l s  o f  the  s ta j -n less  s tee l  t rap  used in  a

opera ted  a t  about  -20ocr  (b )  c lass  c ryogen ic  water
f I  ins t rumenta t ion  a t  -600 to  -80 .Cr  (c )  Schemat ic  o f
operated at approximately l.C with the Mark II

A i r  i n

385
m m

38



Although the operaLing temperatures of the freezer should have been 1ow
enough to remove suff icient of the water vapour from the air stream, this
did not seem to be the case ir l  practice (possibly due to the poor
conduction of the stainless steel and inadequate mixing in the air
stream). Chemical driers therefore had to be used in addit ion to ensure
adequate drying. After drying, the air passed through a tube containing
cotton wool as a medium to f i l ter out any unwanted part icles of drying
agent. Glass wool was later subst- i tuted when suspicions were aroused
regarding the capacity of cotton wool to hold moisture.

Analysis: CO. analyses at Cape Grim are performed by the method
which is basical ly ' the same as that for f lask analysis described in
Beardsmore et al.  (L978) where the analyser output for the sample air is
compared with those for two dif ferent cal ibrat ion (or span) gases whose
concentrat ions are lower (Lospan) and higher (Hispan) than that of the
sample. In the automatic, continuous system used at Cape Grim the gas
flows are control led by solenoid gas-selection valves. These valves are
activated by an operation t imer in such a way that there is a sequence of
sample air fol lowed by one span gas and then the other. Flow rates, as
measured by f lowmeters (Fischer & Porter Ltd. I  Cumberland, England) ori
both the sample and reference inlets to the analyser are adjusted to be
the same for e4ch of the gases by f low-c_optrol l j -ng needle valves (Sample
0 . 3 - 0 . 4  !  m i n  

t ;  
R e f e r e n c e  0 . 1 - 0 . 2  L m i n  

- ) .  I n  o r d e r  t o  a v o i d  s t a g n a t i o n
of the air stream in the drying section while the cal ibrat ion sequence is
in operation, a second, very slowr air bleed is instal led just before the
flow control valve. rn Apri l  1980' i t  was decided that any small  amounts

' f a D f  e  z .  I Sumary of the usage of NDIR gas analysers in the CO"
monitoring program at Cape Grim. The concentration-'
dependent, carrier-gas concentration factors given for
each analyser were derived. by the method. described in
P e a m a n  e t  a l .  ( 1 9 8 3 )  ,

Make and Serial Detector
Model Number Tvpe

Carr ier  Gas
Correction Factor

(= A + Bco)

Pef,iod

of  Use

UNOR 58

UNOR 2

URAS 2T 30L07275 Ser ies

URAS 2T 30a2727O Ser ies

0 . 9 8 0 8 ( l O . O 0 L 7 )  +  0 . 3 7 ( 1 0 . 5 0 )  x  1 o - 5 c o

0 . 9 8 5 4 ( t 0 . 0 0 2 4 )  +  O . 2 8 ( 1 0 . 7 1 )  x  1 0 - 5 c o

1 . 0 1 3 0 ( l O . O O 2 8 )  +  1 . 1 6 ( 1 0 . 8 7 )  x  1 o - 5 c o

1 . 0 1 2 5 ( r 0 . 0 0 3 9 )  -  0 . 2 3 ( ! 1 . 2 1 - )  x  L O - 5 C o

5-0599 Paral le l

631,47a Paral le l

L , 4 . 7 6  -  2 4 . 6 . 7 6

7 . r 2 . 7 9  -  t 4 . 4 . a O

2 3 . 4 . A O  -  2 . 5 . 8 0

2 7 . 9 . 7 7  -  7 . L 2 . 7 9

1 4 , 4 . 8 0  -  2 3 . 4 . 8 0

2 . 5 . 8 0  -  3 0 . 1 1 . 8 1

4 . 6 . 8 1  -
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of moisture (< 25 ppmv) present in the span gases were capabte of
inducing errors in the results given by the URAS 2T analyser then j-n use.
To overcome this, sma1l chemicar drying tubes and 7 micron swagelok
fi l ters were f i t ted in both sample and reference l ines immediately prj-or
to the gas streams entering the analyser. provision of a manually
operated valve enabred the reference gas to be passed through both cel1s
of the analyser to obtain a zero reading.

Four dif ferent g,as analysers have been used at Cape Grim to date.
They incrude instruments with both series and paral lel detector types
(Pearman,  1980) .  Tab le  2 .1  summar izes  the i r  per iods  o f  usaqe and
charac ter is t i cs .

A UNOR 5B (U. Maihak AG, Haniburg, W.cermany) was used in the early
investigations. rts original free-standing posit ion on a bench proved
unsatisfactory due to the sensit ivi ty of the microphonic detector to
vibrat ions of the trai ler induced by the movement of personnel or the
wind. The instrument was therefore mounted on an aluminium post set j-n
the ground and protruding into the trai ler through a hore in the f loor.
This system was continued when the UNOR 58 was replaced by a UNOR 2 in
September 1976. In September 7917 a URAS 2T (Hartmann and Braun, AG,
Frankfurt, /Main, W.Germany) took over as the monitoring instrument. This
was mounted j-n a large standard rack which in turn was bolted to a more
substantial mounting through the van f loor into the ground. Al l  the
operation t iming, valving and f low metering equipnent was also bui l t  into
this rack and the anaryser thermalty insulated to improve i ts stabi l i ty.

Operation t iming: In the original equipment the t iming was provided
by electro-mechanical cam-timers. A sequence of 50 minutes of sampre air
fol lowed by 5 minutes of each of the span gases proved to be adequate
after an init ial  test ing period using a 20 min, 5 min, 5 min sequence.
During the init ial  period (Apri l-June 1976) there were no permanent staff
operating the stat ion and the equipment was designed for remote,
automatic operation with only intermittent attention to change gas
cyl inders, etc. rn order to conserve gas mixtures and recorder charts, a
second t imer was incorporated. which energized the system for six out of
each twelve hours centered on midday and midnight. The air pump, gas
selection t imer and recorder chart drive were controlred in this way. As
the gas cyl inder regulators had to be left  open during unattended
operation, an on/off solenoid valve, operated from the same t imer, was
instal led in each gas l ine to ensure that no gas was lost in the period
when the system was closed down or in the event of power fai lures. In
earLy L977 an electronic t iming circuit  was buitt  to replace the
cam-timers. This incorporated a selection faci l i ty whereby the permanent
personnel now at the stat ion courd select whether the monitoring was to
be continuous or on a 6 hr on/6 hr off  cycle depending on the condit ions
expected. Manual switching faci l i t ies were avai lable on al l  valves to
al low any of the gas f low rates to be adjusted. By mid-1978 supplies of
caribration and reference gases had improved and the equipment ptuftbing
had been upgraded to such an extent that the COa was continuously
monitored most of the t ime.



Data acquisit ion: Prior to the introduction of data logging
equipment, the gas analyser outputs were recorded only on potentiometric
recorder charts. The hourly CO. data were later extracted from the
charts manually and placed on coftputer f i les along with hourly mean wind
speed and direct ion data from Woeff le recording anemograph charts
(W. Lambrecht, KG Gott ingen, W. Germany). In steady basel ine condit ions

+ h a  n n  r a = A i n n  l n  t h e  f i n a l  f i v e  m j n l J . c s  n r i o r  f n  c a l i b r a t i O n  w a S

consid6red to give suitable accuracy.

fn February 7978 a 9-channel data logger was instal led to col lect
information from the CO, and auxi l l iary meteorolog,ical instruments
including wind speed and-direct ion, the analogue recorder charts being
retained as backup for CO. and wind direct ion.

The sequence of integration of the NDIR signal for each hour is
i l lustrated in Figure 2.4. Basical ly 5 min were al lowed in each hour for
the observation of each span gas and 50 min for measuring the
atmospheric CO, concentrat ion. Because of the slow response of the
instrument, how=ever, a 1 or 2 min equil ibrat ion t ime was required after
each gas change before signal integration commenced. The span gas
signals were then integrated for 2 x 2 min periods and the atmospheric
signal for 4 x l-2 min periods.

60s Setec t ion Anotyser Doto Loggef
0utput Sequence

50 mins
orr  meosurement

l r m e

:.1 mrn equiLibrotion
- I 2x2 min rnteofotions

= i1  minequ i t ib rd t ion- 
J 2'2 min inteomtions

- 2 min equitibroiion

12 min integrotion

12 min integroiion

12 min iniegroiion

12 min iniegfotion

5  m i n s
low re fenence

5 mins
h igh  re fe rence

T
T

Fj .gure  2 .  4

The hourly sequence of
calibration and measurement
by the Cape crim Mark I CO2

analyser showing the
integration periods.

votloger
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The cassette recordings made by the data logger, each containing up
to about 2 weeks CO^ and meteorological data, were returned to the
Aspendale laboratory'and the CO. concentrat ion calculaLed as fol lows:
The output voltage associated wi1'h both the Hispan and Lospan gases was
estimated for the mid-point of each sampling period by l inear
interpolat ion between successive hourly observations. The instrument
sensit ivi ty or scale factor (a) was calculated using the relat ionship,

o - (Cni - CLo),/(VHi - u"o) ppmv mV-' ,

where C,,.  and C.^r V,,:  and V,^ are the concentrat ions of the high
LrI " i,Q; i l t- tJo- .

span gaSes and the 
-b-orrespo-n-ding 

output voltages respectively.
concentrat ion of the sample gas (Co), J.n pprnv, is then determined

C a  =  c u i - o  ( V " ,  - V o )  ,

/ 1 1

and low
The

from

( 2 )

where Vo is the output voltage corresponding to the air sample being
analysei l .  The assumption implici t  in Equation (2). is that the instrument
voltage response is l inear with respect to concentrat ion in the range of
measurement. The concentrat ion C, requires correction when the
carrier-gas composit ion of the refe?ence gases (CO. in N" throujhout the
period of observation described here) dif fers from'the ga's being measured
(CO,  in  a i r ) .  These cor rec t ions  are  descr ibed in  Sec t ion  2 .1 .3  be low.

The four values of the CO^ concentrat ion obtained in each hour were
averagfed to give an "hourly" 'mean while a standard deviat ion was
calculated as an indication of the within-hour consistencv and thus
quali ty of the data.

Mark II instrumentation: The permanent laboratory at Cape Grim was
buil t  during 1980-81, the new (Mark II)  Co^ instrumentation being
instat led in June 1981. whilst the general fayout is the same as shown
in Figure 2.2, some changes in detai l  have been made. Air from a high
volume general intake 10m above the laboratory roof is passed through the
ful l  length of the monitoring room (Baseline 19_BJ.) in a 5 cm o.d.
stainless-steel duct at a f low rate of 700 l ,  min 

-.  
The 1,0 m stainless-

steel intake only became avai lable in mid-October 1981-, a temporary
P.V.C. intake approximately 3 m high being used in the interim.
Distr ibuted along the laboratory duct are tapping points, f i t ted with
stainless-steeI shut-off and non-return valves, from which ambient air
can be sampled for the various experiments. Most of the Co, monj-toring
equipment is mounted on panels in a. single standard rack, stEinless-steel
tubing being used for interconnecting plumbing.

The cryogenic drying system was upgraded by the inclusion of a -BOoC

cooling bath. Sma11, interchangeable drying tubes in both the
cal ibrat ion and sample gas l ines are immersed in a cold ethanol bath.
Cooling to -60oC to -BOoC is provided by a CryoCool CC-100 cool ing probe
( N e s l a b  I n s t r u m e n t s  D . I . S . C . ,  I n c . ,  P o r t s m o u t h ,  N H ,  U . S . A . ) .  T o  a i d
inspectj-on and to avoid the cryodrier tubes in the air l ine blocking too
rapidly, they were bui l t  of glass and have a volume much larger than the
0.64  cm o .d .  s ta in less  s tee l  tubes  in  the  span gas  l ines  ( r igure  2 .3b) .



However, after ini t ial  tests with this system, i t  was found necessary to
return to chemical drying in July l-981 unti l  an eff icient condenser trap
in the predrying (1'C) refr igerator was developed in June 1982. This
cons is ts  o f  a  0 .64  cm o .d .  s ta in less  s tee l  co i l  mounted  ver t i ca l l y  in  the
refr igerator, at the base of which is a T-piece (Figure 2.3c). The
horizontal arm of the T leads the air stream to the cryodrier whilst the
vert ical arm terminates at a solenoid valve through which any condensate
can be drained. For this purpose the solenoj-d operates for 4 secs every
hour when the span gases are being run by the operation t imer. This is
better than a normal glass condenser in that the dead space avai lable for
air stagnation is minimal. During the period of development of this
system chemical predrying had to be used intermittently. Small  chenical
driers are st i1l used in the f inal stage before the analyser. The
analyser in the Mark TI system is a URAS 2T instrument (S,/t to.308272701
which is mounted in a special,  removeable cradle in the rack. Although
the monitorj .ng room is temperature control led, the analyser is surrounded
by panels of insulat ion material to ensure that external temperature
effects are kept to a minimum. Provision for a tCalibrat ion' mode as
described in Pearman (1980) is bui l t  into the system. Extra valves al low
for the connection of up to four Secondary Standard gas mixtures. These
can be run in a seguence with the routine working mixtures at suitable
intervals to keep an ongoing check on the cal ibrat ions of the working
gases and the analyser characterist ics. The nevr analysis system was
accompanied by a new operation t imer and data logging unit.  Either
'monitoring' or 'cal ibrat ion' mode can be selected by a panel switch and
any of the gas flows can be switched manually to the analyser as
requi-red. The same monitoring sample,/cal ibrat ion t ime sequence as in the
original system was retained but the individual integration periods are
A i  f f a r o n J -

The new data logger and acquisit ion system was introduced in July
1981, the equipment being designed and constructed at Aspendale (Bennett,
1984). Minute by minute integrations of sixteen channels of data can be
monj-tored and recorded digital ly on magnetic tape cassettes. A dual
cassette-drive mechanism automatical ly changes cassettes after 3 days of
information is recorded.

The carbon dioxide cal ibrat ion sequence on the new system is
sl ightly dif ferent to the Mark I equipment in that the Hispan cal ibrat ion
precedes the Lospan cal ibrat ion each hour. The uncorrected concentrat ion
is calculated using the last 2 minutes of the Hi- and Lo-span pefiods.
The same l inear interpolat ion is then used to evaluate any dri f t  in the
analyser response between successive cal ibrat ions. The equations for the
computation of uncorrected and corrected concentrat ions are identical for
both the Mark I and Mark II  instrumentation.

2 . I .3  Gas ca l ib ra t ion  and car r ie r -gas  cor rec t ion :  The Ter t ia ry
Standard gas mixtures (span or working cal ibrat ion gases) used at Cape
Grim are calibrated by comparison with WMO Secondary Standards held at
Aspendale. This means that the concentrat ion values ascribed can be
related to those from other stat ions in the WMO BAPMoN. Detai led
descript ions of the cal j-brat ion techniques used are given elsewhere
(Beardsmore et al.  ,  !978i Pearman et a1., 1-983) .  After use at Cape Grim
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the gas mixtures are returned to Aspendale for f inal cal ibrat ion. Tables
2.2 and 2.3 summarize the usage of span gas cyl inders at Cape Grim sj-nce
the  program's  incept ion .  The cy l inder  des ignat ion  is  an  r in  house '
numbering system for use in identi fying the span gas cyl inders in later
computation processes. Gases used in the Co, monitoring programs at
Aspendale are cal ibrated at intervals during- their use in order to
identi fy any concentrat ion dri f ts which may occur with t ine (Pearman

et al. ,  1983) .  The logist ics of the Cape Grim gas supply have precluded
the use of this method to date although the introduction of regular
in situ cal ibrat ions as described in Section 2.3-.2 wiJI improve our
abi l i ty to detect concentrat ion changes in the working gases. Ful l
cyl inders of span (and reference) gases are cal ibrated init ial ly at
Aspendale and shipped in batches to Cape Grim. When they are depleted in
pressure to approximately 2500 kPa. they are returned to Aspendale for a
f inal cal ibrat ion. Any dri f ts in concentrat ion between the two
calibrat ions are assumed to be l inear with t ime and a f inal,  mean Co^
concentrat ion is ascribed to the cyl inder. Although periods of actual
usage of the mixtures were not prolonged, transport and storage t imes
could increase the period between the init ial  and f inal cal ibrat ions
qu i te  subs tan t ia l l y .  An  inspec t ion  o f  Tab les  2 .2  and 2 .3 '  however ,  shows
tha t  on ly  11  o f  85  (13%)  reca l ib ra ted  cy l inders  used to  da te  d r i f ted  by
more than 0.4 ppmv in periods up to 23 months. Thus' in most cases, a
mean concentrat ion value wil l  be in error by < 0.2 ppmv. No gas mixture
in the Tables show a dri f t  of more than 0.8 ppmv. On several occasions
cyl inders were inadvertently completely emptied and no f inal cal ibrat ion
(NFC) was possible. In these cases the init ial  co, concentrat ion value

had to be used.

The CO, concentrat ions for air samples computed using NDIR gas

analysers cal ibrated with co",/N. 9ds standards require a correction
factor to be applied (Bischofi  LOZS; Pearman and GarratL, 1-975i Pearman'
1977). The detai led descript ion of the methods used to determine these
carrier-gas correction factors for the analysers used in the Cape Grim
program is given in Pearman et al.  ( l-983). The correction factor (r) has
t h e  f o r m  F = A + B C ^  w h e r e  A  a n d  B  a r e  e x p e r i n e n t a l l y  d e t e r m i n e d
constants and C, is t f fe apparent CO. concentrat ion. The values of these
constants for Sach analyser are i fcluded in Table 2.1. Where the
tabulated values dif fer from those given in Pearman et al.  (1983), the
changes have resulted from subsequent tests using a larger suite of
Secondary Standards and, in some cases the omission of data from
cylinders where concentrat ion dri f t  was suspected. The true value of Co,
concentrat ion (c-) can then be determined by the equation c.F = F x Co.
In accordance with wMO recommendations (WMO, 1981) ,  COr/N) 6al ibrat io"n
gases were replaced with Cor,/air mixtures at Cape Grif  on' 2 November
1982, thus el iminating the n'ecessity for carr ier gas correction;

2 .7 .4  F lask  sampl ing :  A i r  samples  have been co l lec ted  in  0 .5  .Q,
glass f lasks at intervals and returned to Aspendale for analysis. A
comparison between the Co, values from the f lasks and those from the in
situ program enable a chec-k to be kept on the equipnent and procedures at
Cape Grim. The f lask sarnpl ing equipment used in the temporary laboratory
is  i l l us t ra ted  in  F iqure  2 .5 (a)
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Cylinder Material of Approx.
Construction Capacity at

Des ign-  S /No.  (S=Stee l )  A tmospher ic
a t ion  (A=Alumin ium)  Pressure

?
( m )

Per iod  o f  Use

From To

Approx. Approx.Upward
Per iod  Concent ra t ion
Between Drift During
C a 1 ' n s  P e r i o d

(months) (ppmv)

r26
B/L4
BE1
BE5
BElO
BE2
BE7
BE11
b E U

BE13
BELS
BE15
BE2
BE17
BE2I
BE23
B E 2 2
BE19
BE2O
BE26
BE45
BE35
BE24
BE29
BE39
BE3O
BE33

BE5O
BE47
BEsl I
BE51 J
8 E 4 4 .
BE40
BE46
BE54 ]

I

BE54 I
b E 5  5

BE58
BE6O
BE64
BE61
BE6B
BE69
BETO
BE12
BE75
BE16

TU966
ALSA4629
ALSB1401
ALSB1410
ALSB1394
ALSB1411
ALSB144O
ALSB1416
ALSB14O6
AI,SB14O9
ALSB 14 3 9
ALSA4581
ALSB1411
AI,5A4629
ALSC8492
ALSC8480
ALSC8529
A.LSC8503
ALSC8486
ALSA4579
ALSE46O?
ALSD34O4
ALSBI_406
ALSBl4O1
ALSE4886
ALSD33B7
ALSD3403
ALSD3396
ALSA4667
ALSB1429
ALSCTOBT

ALSE4616
ALSE4610
ALSE4672
AL5D3444

ALSD3456
AL5D3447
ALSE4605
ALSB143B
ALSDO430
ALSC8486
ALSN1201
ALSN1204
AL5N1195
ALSN1203
ALSE4B86
ALSN6866

L . 4 . 7  6
1 9 . 6  . 7 6
7 3 . 9 . 7 6

1 1  .  1 0 .  7 6
7 . t r . 7 6

2 2 . I t . ' 1 6
r o . L 2  , 1  6
3 0  . 1 , 2 . 7  6
r 8 .  r . 7 7

4 .  2  . 7 ' 7
2 5 . 2 . ' 1 7
2 4 .  2 . ' 7 7
2 2 .  3  . 7 ' l
1 2 .  4  . ' 1 7
2 9 . 4 . 7 7
1 q  \  1 A

7 ,  6 . 7 7
2 7 .  6 . 7 7
2 2 .  7 . 7 7
2 3 . 9 . 7 7

2 .  1 2 . 7  ?
2 4 .  2 . 7 8
1 2 ,  5 . 7 8
2 3 .  6 . 7 A
1 8 .  8 . 7 8
2 3 .  r O  . 7 A
2 2  .  t 2  . 7 a
2 0 .  2 . 7 9

o  A  1 0

q  E  7 q

2 .  7 . ' , ? 9
2 3 .  7  . 7 9
2 0 .  7 . 7 9
2 8 .  A . 7 9
2 4 . r O  . ' 7 9

4 .  1 2 . 7 9
2 8 .  3 . 8 0
2 4 . 1 2 . ' 7 9
1 2 . 2 . 8 0
1 5 . 4 . B O
1 3 . 6 . 8 0

4 . 9 . 8 0
7 . 1 0 . 8 0
5 . 1 2 . 8 0
9 . 2 . 8 t

1 5 . 4 . 8 1
2 5 . 6 . 8 1
2 7 .  8 . B r
3 0 .  1 0 .  8 1

4 . 6 . 8 r
1 2 . 7 . A 2
2 6 .  5 . A 2

2  . L I . B 2

1 3  . 6 .  7 6
2 6 . 7 . 7 6

1 0 .  1 0 .  7 6
7 . r r . 7 6

] ' 0 . r 2 .76
30  . 72 . ' ?6
t a .  1 . 7 7
4 .  2 . 7 7

2 5 .  2 . 7 7
2 a . 2 . ' 7 1
2 2 . 3 . 7 7
7 2 . 4 , 7 7
2 9 . 4 . 7 7
l q  q  1 1

7 .  6 . 7 7
2 7 .  6 . 7 7
2 2 .  7 . 7 7
2 3 . 9 . 7 7

2  .  t 2 . 7 ' 7
2 4 . 2 . 7 8
1 , 2 . 5 . 7 8
2 3 .  6 . 7 8
1 8 .  8 .  7 8
2 3 . L O . ' 7 A
2 2 . 1 2 . 7 a
2 0 .  2 , 7 9

9 .  4 . 7 9
o  <  ? o

2 0 .  7  . 1 9  \
2 8 .  B . 7 s )
2 3 .  7 . 7 9
2 4  .  L O  . 7 9

4 . L 2 . 7 9
2 4 . 7 2 . 7 9 \
1 5 . 4 . 8 0 J
1 , 2 . 2 . A O
2 8 .  3 . 8 0
1 3 . 6 . 8 0

4 .  9 . 4 0
7 .  1 0 .  B 0
5 . I 2 . A O
q  ,  c ]

1 5 .  4 .  B 1
2 5 . 6 . 8 I
2 7 .  A , A I
3 0 .  1 0 .  8 1
3 0 .  1 1 .  8 1

2 6 . 5 . 4 2
2 .  I I . B 2

J ] .  J . O J

3
3
3
3
2
4
See Lospan

q

A
A
A
A

A
A
A
A
A
A
A
A

A
A
A
A

A

A
A
A
A

A
A
A
A

A

A
A
A
A
A
A
A
A

A

A

3
3
3
3

3
3
3
3
3
3
3
3
3
3
3
3

NFC

NFC

NFC

NFC

. 1

. 2
- l

0
- . 2

. 1

MARK II
BG68 ALVA437
BGTO ALVA442
BG75 ALVF2SB
GA4 ALVA1SO

6
6
6
6

4
4
4
2
2
5
5
5
6
7
B

1 1
1 3
1 3
1 5
10
1 5

9

See Lospan
L6

'7

6

4
6
5
I
8

1 1
7

10
1 0
I4

7
2 3

1 4
7 6
I 2

6

?

. 2
2

. 1
t

. 3

. 1

. 2

. 2
0

a

- 1

0

. 2
?

NFC

Nrc

, 1
. 2

- . 2

- . 4

- )

. 2
j

- . 1

. 1
- ' . 3
- . 1 .

. 3

. 2
)
q

. 2

T a b 1 e  2 . 2 sumary of Hispan Tertiary standard gases used during the course of the cape crin
co, monitoring program. A11 were co^ in nitrogen mixtures unti l 2nd November 1982
whSn the system changed to CO, in 

'air 
standards. The 'See Lospan' notation

ind ica tes  tha t  these gases .were-  used main ly  as  Lospan mix tu res  and the  da ta  fo r
the i r  ca l ib ra t ion  per iod  and concent ra t ion  dr i f t  a re  conta ined in  Tab le  2 .3 .  rn
some cylinders no final calibration (NFC) was possible after usage at Cape crim,
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a ! ' l  i  h A a r  M a t F r i  a  l  ^ f  A h n r ^ v

Construction Capacity at
Des ign-  s /No.  (s=Stee l )  A tnospher ic

ation (A=Aluminiun) Pressure
?

(m-  )

Per iod  o f  Use Approx. Approx.Upward
Period Concentration
Between Drift During
ua|  ns  le raoq

(months) (ppmv)

To

T27 AAFO34
E/  LJ  A!>A+OO /

b /  LL  A!>A4Otr+

5 d O  A L > E I J ' 6

BE8 ALSB14O6
BE9 ALSB1412
BE14 ALSA4596
BEl2  ALSBI438
BE4 ALSB1397
BE18 ALSB1439
BE16 ALSA4667
BE9 ALSB1412
EAz ALSB1417
BE28 ALSA4654
BE72 ALSB1438
BE36 ALSD34OO
BE32 ALSD3397
BE43 ALSE46O8
BE2'7 ALSB1440
BE42 ALSE4619
BE49 ALSC4673
BE31 ALSD34O2
BE38 ALSE46O9
BE44\  ALSE4616
RF44 I- - - - l

BE51-  ALSC7087
BE52 ALSB1415
BE48 ALSBI412
BE53 ALSD34O4
BE56 ALSB144O
BE41 ALSE46O6
BE57 ALSE46O8
BE54 ALSD3444
BE62 ALSC7O84
oocq l  a r .q t rn6nz----  |
BE59J
BE63 ALSDO364
BE66 ALSD3397
BE65 ALSE46O6
9B67 ALSA4629
BE71 ALSNl199
BE73 ALSN12O2
BE74 ALSNI-200
BG69 ALVA447
BE78 ALSE46O9

MARK II
BG65 ALVA2I5
ET4O ALSKOO46
BG81 ALVF285
BG82 ALVF291
GA2 ALVD219

A

A

A
A
A

A

A
A

A
A

A

A
A
A
A

A

A

A
A

A
A
A

3
3

3
3

3
3
3
3
6
3

6
3
6
6

I .  4 .  / O  f J .  O .  / O

t 9 .  6 . 7 6  2 6 .  7 . 7 6
1 , 3 . 9 . 7 6  1 0 . 1 0 . 7 6
L L . L O . 7 6  

' 1 . 1 1 , . 7 6

7 . 7 1 . 7 6  2 2 . t 1 , . 7 6
2 2 . r L . 7 6  2 4 . L 2 . 7 6
2 1 .  ! 2 .  t o  t .  t .  t o

7 .  r . 1 7  L A .  2 . 7 7
L A .  2 . 7 7  7 .  4 . 7 7

7 .  4 . ' 1 7  9 .  5 . 7 7
Y .  t . t t  t t .  o , / I

r t .  o . t t  L z .  t . t l

L2 .  ' 7 . 77  ] . 7 . LO .77
L 7 . L O . 7 7  2 1 . L 2 . 7 7
2 r . L 2 . 7 1  3 . 2 . ' 7 A

3 .  2 . 7 A  2 0 .  4 . 7 A
2 0 .  4 . 7 8  r O .  7 . 7 4
ro .  7  . - 1a  18 .  9 .  78
1 8 .  9 . 7 8  7  . L L . 1 A
7 . 7 r . 7 8  L 2 .  7 . 7 9

1 2 .  t . 7 9  2 0 . 2 . - 7 9
2 0 ,  2 . 7 9  r A .  4 . ' 1 9
L8 .  4 . ' 19  11 , .  6 . 79
7 r .  6 . 7 9  2 0 .  7 . 7 9 \
2 3 .  7 . 7 9  2 5 .  1 . 7 9 )
2 0 . 7 . 7 9  2 3 . 7 , 7 9
t <  1  1 0  <  o  ? o

5 ,  9 . 7 9  2 6 . t O . 7 9
2 6 . L O . 7 9  7 . r 2 . 7 9

7 . 1 2 . 7 9  2 3 .  1 . 8 0
2 3 . 1 . 8 0  1 2 . 2 . A O
1 2 .  2 . A O  5 .  3 . 8 0

5 . - 3 . 8 0  6 .  3 . 8 0
6 . 3 . 8 0  8 . 5 . 8 0
8 .  5 . 8 0  2 0 .  6 . 8 0 1

1 0 .  7 . 8 0  2 2 .  7 . A O )
2 0 .  6 . 8 0  1 0 .  7 . 8 0
2 2 . - 1  . A O  1 5 .  9 . 8 0
1 5 .  9 .  8 0  7 .  1 - 1 .  .  8 0

7 . 1 1 , 8 0  2 9 . L 2 . A O
2 9 . 1 2 . 8 0  2 3 . 2 . A I
z J .  z . v t  f . 3 . u I

1 .  5 . 8 1  1 .  7 . 8 1
1 . 7 , 8 1  2 3 . 1 0 . 8 1

2 3  .  1 0 . 8 1  3 0 .  1 1 , .  B 1

4 . 6 . 4 1 ,  8 . 1 2 . 8 1
8 . 1 2 . 8 1  1 2 . 2 , A 2

t z .  z . 6 z  L + .  l . 6 z
1 , 4 .  

' 7 . 4 2  
2 . r r . A 2

2 , ] - L . 4 2  3 1 .  3 . 8 3

7

3
3
2
3
2
4
I
5
2
5
4
o

B
1"0

9
16
1 5

6
l-1

See H ispan
1 1
1 1

7
4

6
See Hispan
2
5

5
4

1 1
1 1

1
l-0
l0

I
T 4

I
8
I

6

NFC

0
?

- . 1

. l

. 1

. 2

. 1

. 4

. 5
NFC

0
. 2

?

- . 1

. 5
0

- . i .

NFC

. 2

. 2

. 4

. 1
NFC

0

0

. 2
0
0

- . 3
- . 2

0
- . 3

. 1

. 1

- . 1

As for Table 2.2 but for Lospan standard gases. The 'See

Hispan' notation indicates that these gases were used
nainly as Hispan mixtures and data for their calibration
period and concentration drift are therefore contained in
x a b l e  2 . 2 .

T a b l e  2 . 3
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( o )
A t f

i  ntoke

( b )
I n  t e i

mqtn

Su rge domping
f tosk

To other tropping equipment

Sompt ing
f tqsk

Ftex  ib te
conneclof

D ry i  ng
tu be

Ftex ib le
c 0 n necI0r

Pressure
9quge

Pressure
gouge

frorn
a i r  duc t

Re tie f
V O I V E

Sampt ing
f  tosk

D tyi ng
tu be P ump

F i  ^ r r r a  ,  F Schematic diagrans of the flask smpling equipment used at
cape Grim, (a) in the temporary laboratoryT and (b) in the
new permanent laboratory building.

A 0.64 cm o.d. copper inlet tube passed through the wall  from the
sampling point above the upwind sidg of the caravan. A metal bel lows
pump drew in air at about 10 .0 min- '  and passed i t  through a stainless
steel surge-damping f lask and a drying tube to the glass sampling frask,
a gauge indicating overpressure in the f lask. provision of a 3-way bal l
valve and an air bleed (shut when col lect ing air samples) enabled the
equipment to be used for col lect ion of samples for other purposes as
werl.  co, concentrat ions of the f lask samples were determj.ned on the
Aspendale-analysis system (Beardsmore et a1. ,  ]g7}l .  While the eguipment
always remained basical ly the same, changes in i ts posit ion in the
caravan necessitated the length and posit ion of the inret tube to be
a l te red  occas iona l l v .

With the shift into the new laboratory, a new pump unit was
constructed which was dedicated solely to the col lect ion of f lask samples
(Figure 2.5b). rn this case air is drawn by the pump through a drying
tube and filter from one of the tapping points on the main laboratory air
duct and passed to the corlect ion frask. A pressure gauge and rel ief
varve on the outlet of the pump respectivery monitor the f lask f i l l ing
and protect the pump valves. rn both systems the f lasks were f lushed for
4-5 min before the sample was trapped.
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rn the f irst 15 months of the
flask samples was infrequent and
September 1978, two o-r three f lask
fair ly routine basis) at one to two
condit ions permitt ing.

s ta t ionrs  ac t iv i t ies ,  co l lec t ion  o f
randomly t imed. However, since
samples have been col lected (on a
week intervals, weather and staff ing

2.L.5 Problems: Condit ions in the temporary laboratory were rather
harsh for the precision monitoring required. The gas analysers, with
their microphonic detectors, were part icularly susceptable to mechanical
vibrat ion caused by the wind on the exposed wal1s of the caravan. Even
mounting them on posts in the ground did not entirely al leviate the
situation in very windy condit ions.

Fai lures (mainly short term) in the mains power supply occurred
quite frequently, part icularly in the f irst three years of operation.
With the commencement of construction of the new laboratory in February,
1980 (Baseline, 1-983), the supply l ine and mains transformer were
upgraded and power fai lures became less frequent. In order to minimize
their effects, the operation t imers, data logger and gas control
solenoids were operated from 24 voLt heavy-duty.accumulators which were
constantly tr ickle charged. Thus, although power fai lures affected the
analyser, chart recorder and pump, i f  power returned within approximately
48 hours (the discharge t ime of the batteries), the system automatical ly
resumed operation with i ts t iming sequences undisturbed. The new
building is equipped with faci l i t ies for automatic backup power
generation and the problem has thus been el iminated.

Between February 1980 and the completion of the new laboratory some
baseline data may have been lost as a consequence of the bui lding
activi t ies. These losses were caused by extra personnel moving within
the caravan causing excess vibrat ion and disturbances to the temperature
stabi l i ty as well  as actual contamination of the air.  However'  as the
new bui lding was downwind of the caravan when basel ine condit ions
prevai led, contamination episodes would have been intermittent and
minimal.

Checking on the operation of the co,, program has been made dif f icult
by the relat ively long periods between Ehe acquisit ion of the data and
the f inal computation of the CO, concentrat ions. Apart from such things
as power fai lures and major contamination episodes which show up readi ly
on the analogue recorder charts, slow dri f ts in equipment characterist ics
have been almost impossible to detect at the stat ion to date. Not unti l
the span gases have been recal ibrated and calculat ions completed can a
final assessment be made, although tentat ive decisions can be taken on
the basis of comparisons between the analogue charts and f lask data.
Thus, a 1ag of several months can occur before a malfunction of the
system is corrected, leading to a decrease 1n the precision of the
results or even a loss of data altogether. This problem has recently
been remedied to some degree with the instal lat ion at the stat ion of
standard survei l lance cyl inders as described in Pearman (1980) and in
Section 2.I.3. Further improvement wil l  fol low the esta.bl ishment of on-
site data handting by stat ion staff using a dedicated computer system.
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2.7 .6  Data  hand l ing  a t  Agpenda le :  The or ig ina l  computer  sys tem a t
Aspendale which vras used for data processing consisted of a Hewlett
Packard M-1000 processor, a 120 megabyte disc drive, plotter, printer and
magnetic tape unit.  A cassette reading unit designed in the Dj-vision was
interfaced to a Hewlett Packard 21oo processor to enable the reading of
data cassettes from cape Grim. These functions were expanded over the
period of the study to include a Hewlett packard F-1000 processor.

During L983, 2 Hewlett Packard A-700 processors and 2 I2e megabyte
disc drives were purchased for real t ime acquisit ion and processing of
data in the new laboratory at cape Grim. Together with a magnetic tape
unit,  printer and several visual display units this hardware wil l  be used
in the future to provide on-site data processing faci l i t ies.

However, one processor, dj.sc drive and the magnetic tape unit have
been relocated temporari ly at Aspendale during r983/e4 to faci l i tate
software development and processing of earl ier data.

During the years since the instal lat ion of equipment at Cape crim,
there has been constant development of the software and data processing
and edit ing procedure designed to ensure the integri ty of the f inal data
sets. To achieve this, processing has been subdivided into the three
dist j-nct stages of processing, edit ing and selection.

Processing (see Appendix 98, 9C): This involved the reading of raw
data from digital cassettes and the subsequent calculat ion of hourly
means of CO? concentrat ion and meteorological parameters. Standard
deviat ions oT the individual readings contr ibuting to each mean were also
calculated. For data col lected using the Mark I system, the sequence of
events was as fol lows:

Extract raw data (counts) frorn cassette,

Time mark raw data,

Compute uncorrected values of COrr

Apply carr ier-gas correction,

Compute associated meteorological values,

Check that CO. and meteorological values are within reasonable
zrl_ml_cs ,

Compute hourly means and standard deviat ions for al l  parameters,

Print out hourlv means.

fn the period February 1978 through September 1981, 1_03 Mark I data
cassettes were acquired. These produced approxj-mately 250,000 records of
raw data which were reduced to about 31,000 hourly mean values with
standard deviat ions. The t ime marked raw data and unedited hourlv means
were stored on magnetic tape and as hard copy printouts.

1 .

2 .

4 .

7 .

8 .
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As the Mark II  data logger recorded t ime information and l-6 channels
of mi11ivo1t readi-ngs at 1 min intervals, a separate suite of programs
was needed to carry out the init ial  processing of the data col lected by
that system. A suite of B programs was developed. (See Appendix
9H,  9 I ) .  Each da ta  casset te  p roduced over  4000 records  w i th  180 Mark  r I
cassettes being accumulated unti l  the end of 1982. The init ial  transfer
of data from cassette to disc f i le and magnetic tape was essential ly the
same as that outl ined above for Mark I data. The 3 subsequent stages of
p rocess ing  were :

Conversion of sequential raw data f i les of mil l ivolt  readings
to direct access f i les for rapid processing,

(T I )  Process ing  o f  d i rec t  access  f i les  to  p roduce car r ie r -gas
corrected CO. concentrat ions in hourly means (with standard
deviat ions) fogether with wind speed and direct ion for both the
3m and 10m instruments. Up to 6 data cassettes (18 days) of
raw data could be processed at one t ime,

( T T T ) The direct access output f i le from Stage (II)  was reformatted
to a sequential access output f i le, compatible with the Mark I
edit ing, and selectj-on programs.

Edit ing (see Appendix 9D, 9e): Edit ing involved the removal of
spurious data logged during periods of instrumental adjustments and power
fai lures. Where backup data for COr, wind speed and wind direct ion were
available these were extracted from"analogue charts and inserted into the
data set suitably f lagged for future identi f icat ion. The sequence of
edit inq the hourlv mean data was as fol lows:

( r )

Concatenate individual result f i les (Cor, wind speed' wind
direct ion) into yearly f i les and save tf iese on magnetic tape,

Create f i les of dates/t imes to be removed from yearly f i Ies,
one f i le for each parameter monitored,

Create f i les of insert backup data for Co., wind speed and wind
d i rec t ion ,

Edit out hourly means using the f i les created in b,

e .  Tnser t  backup da ta  us inq  f i les  c rea ted

Store edited yearly f i les of hourly
deviat ions on magnetic tape and produce

i n  c ,

means and standard
h r i  n +  ^ r 1 +

Selec t ion (see Appendix 9F, 9G): Having produced a rel iable data set
an attempt was made to select data which were representative of basel ine
or background condit ions. The selection procedure was as fol lows:

( i)  The number of hourly means in each month was establ- ished and the
yearly edited f i les subdivided into monthly f i les,



I 7

( i i )  These were subjected to appropriate selection cri teria
producing monthly f i les with basel ine data f lagged. Hard copy
was produced giving monthly means of dai ly averages.

'1'ne selection cri teria investiqated were:

Cons is tency  o f  CO.  da ta  w i th in  spec i f ied  l im i ts  (e .9 .  0 .3  ppmv)
over  a  spec i f iec l  fe r iod  (e .g .  5  hours )  ,

Wind d i rec t ion  in  a  spec i f ied  sec tor  (e .g .  190-280o) ,

- 1
Wind speed grea ter  than a  spec i f ied  va lue  (e .S .  18  km hr  

* ) ,

Standard deviat ion of individual values within an hour less
than a  spec i f i c  va lue  (e .9 .  0 .2  ppmv) ,

Various combinations of A throuqh D.

D .

The cri teria used in the present presentation are described in
Sect ion  3 .

( i i i )  Dif f icult . ies encountered due to the use of select ion cri teria
on data at the beginning or ends of each month and the
complexit ies of handling many monthly f i les have been recently
overcome using a program which treats the entire data set j-n a
single run. Data are subdivided into yearly f i les prior to
storage on magnetic tape.

( iv) The selected f i les were the input f i tes for a further prograrn
which produced hard copy of dai ly, monthly and annual means
(either complete or selected data) together with associated
standard deviat ions and numbers of data points (see Appendices
1 ,  2  a n d  3 ) .

2 . 2  M a w s o n  ( 6 7 " 3 7 t 5 ,  6 2 0 5 2 t E )

2 .2 .L  S i te :  Mawson (F igure  2 .6 )  i s  one o f  the  th ree  permanent
research stat ions operated by the Antarct ic Division of the Austral ian
Department of Science and Technology (DST) on the Antarct ic continent,.
I t  l ies at the southern end of a horseshoe-shaped rocky area enclosing a
sma11, sheltered, deep-water harbour (Antarct j-c Divj-sion, I9e2). The
level of the area graduaily r ises unti l  i t  meets the continental
ice-sheet 300-400 meters inland. South-easterly katabatic winds from the
j-ce plateau prevai l  at a mean annual speed of 40 km hr 

* 
rnaking Mawson

one of the windj-est places on earth (Betts, 1981-).

2.2.2 Monitoring techniques: CO. rnonitoring at Mawson involves the
co l lec t ion  o f  d isc re te  a i r  samples  in '0 .5 .C a lass  f lasks  fo r  la te r
analysis at Aspendale. Each summer a number of f lasks is sent to the
stat ion on the annual supply ships. The air samples are col lected
throughout the year by personnel of the Austral ian National Antarct ic
Research Expedit ions (ANARE), stored and returned to Austral ia on the
next year's rel ief ships. Sampling frequency was original ly restr icted
to a pair of f lasks each month, the condit ions being selected by the

A .

FI

F
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F i g u r e  2 . 6

S i te  de ta i l s  o f  Mawson
station showing the

pos i t ion  o f  bu i ld ings
ment ioned in  the  tex t .

operator so that there was no possibi l i ty of contami.nation from stat ion
activi t ies. When interest was aroused regardin$ the period of ice-pack
break-up in summer, from December l-981- the sampling frequency was
increased to two pairs of f lasks each month (at approximately 2-weekly
intervals) between December and May each year and one pair for each of
the other months.

The semi-portable pump unit used at Mawson is basical ly the same as
that used at Cape Grim (Figure 2.4b), the nain dif ference being that
cradles are provided for two f lasks to be side by side in i t 's carrying
box. For various reasons the pump unit and i t 's operating posit ion have
had to be rnodified from time to time in the course of the experiment.
The original unit  in December 1,977, }:ad the metal-bel lows pump driven by
a 12 Vd.c. battery-powered motor. On sampling days i t  was taken upwind
from the cosray bui lding (see Figure 2.6) where i t  was stored and a
col lapsible, 1.5m high intake tube f i t ted to the pump intake. The two
flasks connected to the system were f i l led concurrently, the observer
keeping as far downwj.nd as possible, the equipment then being returned to
storage where the accumulator was recharged. rn this unit  no provision
was made for drying Lhe air samples at the t ime of col lect ion. Drying
was done prior to analysis at cSfRO. In January 1978, a f ire in the
Cosray building caused some damage to the pump unit and resulted in the
sampling site being shif ted to the vicinity of the Science bui lding where
the equipment was now stored.

,,,. Elevotions in
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This unlt  remained operational untj . l  Novernber 1-979, although fai lure of
the inbuitt  accumulator meant that an extra battery had to be carr ied out
with the unit.  In March 1919, t lne sampling site was moved to the high
area upwind of the stat ion near the Aeronomy bui lding. A new pump unit,
del ivered to the stat ion in December 1-979 | was driven by a 230V 50Hz
motor at the end of a long extension lead and a chemical drying tube was
fi t ted to the pump inlet for the f irst t ime. A valve was also f i t ted to
aIlow the two f lasks to be f i l led consecutj-vely, rather than at the same
time, thus giving duplication in the event of contamination during one
fi l l ing operation. Because of the extreme discomfort to the observers
whbn operating the eguipment in exposed posit ions, the intake was
modif ied so that i t  projected from the corner of the Science bui lding
into the wind f low while the operator was somewhat protected in the lee
of ' the bui lding. This was not entirely satisfactory from the monitoring
viewpoint as the operating site had to be at the downwind end of the
building. Tn March 1980, the equipment was therefore moved to a
semi-permanent posit ion inside the Science bui lding. A f ixed copper
inlet tube to the pump unit was passed through the wall  at the upwind
(SE) corner of the bui lding, the intake being about 3n from the ground
and point ing downwards to avoid the entry of any precipitat ion. Besides
adding to the comfort of the operator, the system also avoided the
thermal shock previously experienced by the glass f lasks when taken
indoors after being f i t led. This arrangement remained unti l  December
1-981-, when the proximity of bui lding activi t ies on new l iving quarters
threatened possible contamination at the sampling site and the equipment
was shif ted to the unused ionospheric observatory (rPSo) bui lding. A
2.5m 1ong, permanent intake tube brings air from about O.5m above the
upw.i-nd end of the observatory roof to the pump unit inside.

2.2.3 Problems: There appear to be few problems with the
monitoring system at Mawson. The fact that the sampling schedule
involves only one or two days per month means that the operator j.s able
to choose when there is virtual ly no possibi l i ty of anthropogenic
contamination. There has been no evidence to date of any problems
induced by the long storage t imes for some of the samples, part icularly
since they have been dried during col lect ion. The main loss of data
occurs with occasional breakages of the glass f lasks during their
shipment bet\,reen Austral ia and the Antarct ic and back.

2 . 3  i t l a c q u a r i e  r s l a n d  ( 5 4 " 2 9 ' S ,  1 5 B o 5 B ' E )

2 .3 .L  S i te :  Macquar ie  rs land is  loca ted  in  the  sub-Antarc t j -c
westerly wind be1t. r t  is a long narrow island some 37 km long by 3 km
wide (Antarc t i c  D iv is ion ,  L982;  Bet ts ,  1981)  and cons is ts  ma in ly  o f  a
plateau about 3O0m high. Although no trees grow on the island, i t  is
well  endowed with grasses and succulent species. The research stat ion
operated by the Antarct ic Divislon (DST) is si tuated on a 1ow narrow
isthmus near the northern end of the island (Figure 2.7) from which
posit ion an oceanic wind fetch can be experienced from two direct ions.
As the stat ion is in a belt  of predominently westerly windsr co.
monitoring j.s carried out mainly when the winds are from the 

-

north-westerly quadranL although, on occasions, consistent Co,
concentrat ions have been observed when thev are from the south-east-.
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Eigvre  2 .7

S i te  de ta i l s  o f  the
Macquarie Island station

inc tud ing  i t s  pos i t ion
relative to the remainder

n f  f h a  i c l a n . l  a i n e a f \

2.3.2 Measurement technique: The CO. monitoring program at
Macquarie rsland is based on an in situ ADc,zfype 225, NDrR gas anaryser
(Analyt ical Development company Limited, Hoddesdon, Hertfordshire,
England). rt  is a paral lel-cerl  type instrument which is capabre of
being operated in either an absolute or dif ferentiar mode with a f lowing
reference gas. In this program it  is used in the 25-O-25 ppmv
differential mode. The auxi lr iary gas control equipment is of Lasical ly
the same configuration as that at cape Grim. Air is drawn through a o.9s
cm o .d .  Dekabon '1300 '  tube (o Iex  cab les  L td . ,  Eas t  Brunswick ,  v ic to r ia )
from a posit ion approximately 1m above the ozone laboratory (see Figure
2.7) .  r t  passes through a f lask to extract any l iquid water and a dust
f i l ter before being del ivered by the metal-bel lows pump to the gas
control solenoid valves via two chemical drying towers (Dehydrite) each
fi t ted with a glass-wool f i l ter. No refr igerated or cryo-drying stage is
used. when the experiment commenced in 1979, an erectro-mechanical
cam-timer automatical ly controrled the operation of the valves in the
same sequence as that at cape Grim (i .e. 50 min sarnple, 5 min Lospan, 5
min Hispan). rn February 1982, this operation control ler was replaced by
a sorid state electronic unit  which served the same functions. To
simpli fy synchronization, this is equipped with a push-button faci l i ty to
init iate the t iming sequence. rn both old and new units, overr ide
switches al low manual control for the sett ing of gas frow rates. As with
the cape Grim system, al l  gas f lows to the analyser are via 7 micron
swagelok f i l ters and are monitored by f lowmeters. No f inar chemj-cal
drying tubes are f i t ted in the Macquarie rsrand equipment. The f low
rates of the span gases are adjusted by needle valves whilst that of the
sample air stream is control led by the second air-bleed tap. The ADC
analyser dif fers from the uRAs instruments in that i t  has a bui l t- in

0_5q lQq l5q 200 TN
Scsle (metres)

HASSELBOROUGH BAY

ANARE STATION O

T

1
I
t e
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provision for f lushing the fR-source housing with Co?-free air and
providing a Co.-free reference gas when operating in the absolute mode.
This faci l i ty takes the form of a smal-I pump which draws ambient air
through a COr-str ipping tower containing soda 1ime. rn order to avoid
changing the"chemical in this bui l t- in tower too often, two external-
glass towers have been provided. These contain soda asbestos and
dehydrite to remove the Co? from and predry.the air respectively'  before
it  enters the analyser hou-sing. The analyser output is recorded on a
potentiometric chart recorder.-

Although contj-nuous, year-round operation is possible with this
equipment, the logist ics of supplying large quanti t ies of reference and
span gas mixtures and chemicals to the stat ion, make i t  impractical.
Enough supplies are sent to the island each year to enable Co2 to be
measured on three or four days per month. When the weather gives an
indication of basel ine condit ions approaching, the operator act ivates the
equipment and, after a suitable warming-up perj-odr ini t iates the
automatic t iming sequence. After monitoring periods of between B and 30
hours the experiment is shut down unti l  the next selected t ime. Thus,
the operators choose monitoring periods when they expect basel ine
conditions to prevail and the gas and chemicaL supplies are not wasted, in
non-baseline weather.

2 .3 .3  Ana lys is  techn ique:  No da ta- logg ing  fac i l i t i es  a re  inc luded
j-n the system, the CO, concentrat ions being determined by manual analysis
of the analogue charf records. The mean output for the 50 minutes of
sample air f low and the mean values for the Hispan and Lospan gases

before and after the sampling periods are extracted from the charts and
the hourly mean cO^ concentrat ion calculated by the same formulae used in

other programs. '

' ! a D L e  z .  + Sumary of Tertiary Standard gases used in the course of

the Macquarie Island CO4 monitoring program. AII were

mixtures of co, in nit"rogen contained in aluminium

cv l inders .

Cy l inder

Des ignat ion  S/No.

Per iod  o f  Use
Usage

(H-Hispan)
(L-LoSpan,l .E rom To

Approx, Approx Upward
Per lod Concentrat lon

Approx.
Capaci ty
at Atmos
Presqure

(n-)

Between
Cal ib ra t ion

(months )

D r l r E  U u r a n g
Per iod
(PPmv)

Etr? ALSC8486

ETl1 ALSA4654

ET18 ALSE4619

ET2O ALSB5O29

ETLT ALSC8492

ET37 ALSKOO44

ET.44 ALSK0049

ET36 ALSKOO43

ET4I ALSDOsEO

ET33  ALSBI429

3

3

3

J

J

3

3

3

3

J

H

L

H

L

L

L

H

I J

I 2

r 7 , 4 . 7 9  r 7 . 8 . 7 9

7 7 . 4 , 7 9  1 7 , 8 . 7 9

3 1 . 1 0 . 7 9  4 , 5 . 8 1

3 1 . 1 0 . 7 9  9 . 5 . 8 0

1 0 . 6 . 8 0  2 2 , r r . 8 0

2 , 1 2 . 8 0  1 0 , 1 0 . 8 1

9 , 5 , 8 1  1 0 . 1 0 . 8 1

1 6 , 4 , 8 2  6 . 1 0 . 8 3

1 6 , 4 , 8 2  2 2 . 7 . 8 2

1 1 . 8 . 8 2  6 , 1 0 , 8 3

0

0

L 6

l 8

I 9

I 6

t 7

2 9

l 5

2 9

-0 .2

+ 0 , 2

- 0 .  3

-0 .  4

- 0 .  3

-u .  f

+ 0 .  3
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As with cape Grim, the reference and span gases for Macquarie rsland
are co2 in N, mixtures and are cal ibrated at Aspendale before and after
use on-the is- land. Table 2.4 is a sununary of the mixtures used there to
date. The selection of a f inal concentrat ion value for each mi_xture is
caff ied out in a similar manner to those for cape Grim. perusal of the
Table indicates. that the dri f ts in mean concentrat ion are of about the
same magnitude as those at Cape Grim, although there is general ly a
somewhat longer period between cal ibrat ion sets.

As al l  span gases used to date have
computed rapparentr concentrat ion of CO"
factor to be applied to take into accounf
analyser. The factor (F) i leduced for the
on Macquarie Island is given as

been CO, in N" mixturesf the
(c.) re'quires' a correction

thd carr ier gas effect on the
ADC analyser (S,/No. 2020) used

- q
1 0 - C AF  =  1 . 0 1 0 6  ( 1 0 . 0 0 3 6 )  +  o . 7 7  ( 1 i - . 1 1 - )

COr-in-air span gas mixtures wil l  be supplied to the
oc€ober 1983 in accordance with the recommendations
( 1 9 8 1 ) .

experiment from
contained in WMO

2.3.4 Problems: Apart from the logist ic problems mentioned above,
the main trouble has been noise and dri f t  in the output signar of the
anaryser. An attempt was made to lessen the signal dri f t  due to changes
in ambient temperature in the laboratory where the instrument is housed,
by bui lding an insulated enclostre around i t .  Noise induced by the
mechanical vibrat ion of the bui lding by wind and personnel, were reduced
at the end of 1980 by standing the analyser on a foam rubber mat. In
July 1981, i t  was found that some inconsistencies in the output trace
were due to the rubber air-bleed tubes perishing and spl i t t ing, thus
giving variabre sampre f low rates. Better f low control was obtained by
replacing the rubber hoses and screw cl ips with small  brass taps.

About mid-l-981 the response of the analyser began to deteriorate.
sensit ivi ty dropped and the sj-gnat became noisj-er and variable, leading
to the concrusion that the instrument was in need of maintenance.
Although part of the problem was traced to poor regulat ion of the stat ion
power supply, the instrument was returned to Aspendale for maintenance
and recal ibrat j-on between october 1.981- and February 19g2. rn the course
of the maintenance i t  was found that the electronic vacuum tubes in the
instrument had degenerated. These were replaced and the analyser
returned to Macquarie fsland where i t ,  along with the new electronic
operation t imer and a rebui l t  panel for the chemical Eowers, was
instal led in a new posit ion in the ozone laboratory. The adverse effect
of the unregulated mains power supply on the t iming of the optical
chopper in the analyser persisted, however, and eventual ly the analyser
had to be modif ied to incorporate a stabi l ized 24ov,50 Hz pot/rer supply
to the chopper motor. To further smooth the chart recording in times of
mechanical vj-brat ion due to high wind, an RC f i l ter network with a 6.7s
time constant was f i t ted across the recorded input terminals. yet
another development arose when occasional surges on the mains voltaqe
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caused the t iming sequence of the new operatj-on t imer to be reset. While
no data are lost by this occurence, i t  is inconvenient in the analysis of
the charts and wil l  hopeful ly be overcome by the instal lat ion of a mains
fi l ter in the power supply to the unit in October 1983.

2.4 Southern Ocean Ships

Sampling technique: During each summer season the Antarct ic
research stat ions are remanned and supplied by ships chartered by the
Antarc t i c  D iv is ion ,  DST (Bet ts ,  1981) .  On some o f  Lhese re l ie f  voyages
expedit ion personnel col lect air samples at intervals across the Southern
Ocean on their way from and to Austral j-a. The equipment used for these
sample col lect ions is similar to that used in the CSIRO aircraft CO^
monitoring system (Beardsmore et al.  ,  7978i Pearman et al.  ,  Ig83). 1
butyl-rubber inlet tube from the pump unit is attached to the ship as far
upwind as possible from any CO^ sources. Air is drawn through a chemical
drying tower by the pump and p'assed to one of a set (usually 6) of 0.5 I
glass f lasks. After f lushing for at least 4 mins, the f lask taps are
closed, trapping an air sample at about 100kPa above ambient air
pressure. Power is supplied to the pump from batteries which can be
recharged on the ship. The sets of f lasks are returned to CSfRO for
their CO, content to be determined. Where possible, meteorological
parametefs are also noted by the operators.

2 . 5  W i l b i n g a  ( 3 1 o 2 5 ' S ,  1 1 5 o 3 3 ' E )

2 .5 . I  S i te :  Wi lb inga is  on  the  coas t  o f  Western  Aus t ra l ia
approximately 75 km north of Perth. The sampling site is on coastal
dunes 100m from the Indian Ocean, the shorel ine of which is oriented. from
about 30o west of north to 30o east of south at this point. For more
than 30 km the land elevation rarely exceeds 100m. Vegetation in the
vicinity of the site is restr icted to a sparse cover of grasses and low
shrubs .

2 .5 .2  Mon i to r ing  techn iques :  A  box  o f  s ix  f lask  samples  were
col lected at Wilbinga approximately once per month when personnel of the
W.A. Department of Conservation and Envi-ronment were servicing their
remote j-nstruments. A semi-permanent copper tube from the j-nlet point,
about 3m up an instrument mast, reached to near ground level where i_t was
connected to the portable battery-operated pump unit used for sampling.
The f lasks were f i1led in turn with chemical ly-dried air in a manner
similar to that used j-n the programs described previously. Basic
meteorological information at the t ime of sampling was included when the
flasks were returned to CSIRO for analysis each month. The only data
loss in the program. was due to an occasional f lask breakage during
transport.
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The Data Sets

3 .1  Cape Gr im

A tabulat ion of al l  dai ly CO" concentrat ions measured by the
original (Mark I) equipment in the'temporary laboratory between Apri l ,
1976 and November, 1981, is given in Appendix 1(a) while Appendix 2(a)
contains the similar data set from the Mark II equipment in the permanent
laboratory between June, 1981 and December, L982. A11 CO, concentrat ions
in these and subsequent tabulat ions are expressed in the'WMo 1981 cO^
Calibrat ion scales and, as previously stated, have had a carr ier-gas'
correction applied to take into account the use of CO^/N^ mixtures as
cal ibrat ion gfases. AIso shown in these tables are the 6um6er of hours of
data and the standard deviat ion for each day's mean, the number of days
in the month when data are available and the monthly means and the annual
means and standard deviat ions calculated from the monthly means. Total
number of hours of data available for each month and for the whole year
are also l isted. While the equipment is operating eff iciently data
should be avai lable for 24 hours of each day of every month. Table 3.1-
shows the number of hours of CO, data acquired for each month since the
inception of the monitoring prog-ram as a percentage of the total number
of hours in each month. The percentages have r isen from fair ly 1ow
values early in the experiment to better than 90% per month with the
permanently sited Mark IT equipment in 1982. Contr ibutions to the low
sampling density have included power fai lures, eguipment fai. lure and
maintenance periods and problems relat ing to the supply of cal ibrat ion
gases which, in the f irst two years, made i t  necessary for the equipment
to be operated only 508 of the t ime.

Total number of hours of CO. concentration data collected
at cape Grim each nonth as 5 percentage of the number of
hours in the month. Annual f igures are the means of the
percentages for the months when data were available.

T a b l e  3 . 1

J 6

6 9

8 7

7 9

a 2

3 1

56

8 5

94

9 3

3 41,21 5

r J2r

2 0

7 2

8 8

8 6

9 5

91

6 3

32  62

9 0  5 L

96 90

95  93

a 2  2 2

9 2  9 4

66 98

'70  
91

MARK I EQU]PMENT

L976

L 9 7 7  4 4  5 0  4 r

t97A 64 '7 t  65

1979 70  78  A9

7 2

9 4

98

9 3

- 2 4

98 A4 94 97

49

98

95

90

9 2

89  2a

97  69

1980

198 1

l -981

L 9 A 2

MARK II EQU]PMENT

9 3  9 8

90 9898 9 7 8 1 9 2

'74
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The complete data set is of 1it t le use in est imating the basel ine
values, the CO., content being modif ied rnarkedly depending on the
trajectory and 

-stabi l i ty 
of the airmass being sarnpled. A set of

selection cri teria has therefore been devised to f i l ter the hourly mean
data leaving, hopeful ly, only those representing large-scale or
background concentrat ions. Fol lowing studies of the monthly mean of
basel ine CO. concentrat ion using dif ferent sets of select ion cri terj .a
(Baseline, fggl),  a combination of wind speed, wind direct ion and CO^
consistency was devetoped. z

This was ( i )  Wind speed z  2  78  km hr -1 ;

( i i )  Wind  d i rec t ion  :  190-2800;

( i i i )  Consistency : Hourly mean CO^ concentrat ion to be
part of a block of 5 consecu€ive hours of data
descr ibed as  base l ine  by  ( i )  and ( i i )  in  wh ich  the
CO,  var ies  by  0 .3  ppmv or  1ess .

Appendices 1 (b) and 2 (b) contain the selected basel ine Co. data sets
for the Mark I and Mark II  instal lat ions respectively, the felat ive
parameters in the tables being the same as those described for the total-
i - I ^  ^ ^ !
u a L d  5 g L -

The sensit ivi ty of the. CO" at Cape Grim to wind direct ion can be
demonstrated by Figure 3.1 whfch shows a length of analogue chart
recording CO, analyser output and \^/ ind direct ion. I t  can be seen that,

F i g u r e  3 . 1 Typical section of analogue chart recording the outputs of
an NDIR CO. gas analyser and a remote wind direction
sensor. CO^ calibrations are automaticallv performed

every hour.z co^ concentration difference Leiween the
Hispan and lospaR mix tu res  was 12 ,1  ppmv.
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as the wind backs from an oceanic to a land fetch, CO, increases
signif icantly as the effects of the land biota respir lat ion are
registered. CO^ values after 2000 hours would be el iminated from the
baseline set by-the wind direct ion and,/or consistency cri teria.

The basel ine data set contains a relat ively small  proport ion of the
total data avai lable at Cape Grim. Table 3.2 gives the monthly
percentage of basel ine hours relat ive to the total monthly data
avai lable. I t  can be seen that most percentages vary between zero and
41% with an averagfe of about 21t per month.

T a b l e  3 . 2 Nun!f,er of hours of baseline CO^ data collected at Cape
Grim each month as a percentagd of the total number of
hours of data available for that month. Annua1 fiqures
are  as  fo r  Tab le  3 .1 .

MARK

r976

1,977 23

1 9 7 8  3 0

7979 34

L 9 8 0  3 7

1 9 8 1  2 8

MARK

l-981

L 9 A 2  4 L

I EQUIPMENT

74  30

1 8 3 2 5

t 2 9 0 0

36  19  25  31

33 40 2 ' t  2A

18 20 30 '1

II EQUIPMENT

2 2

22  29

0 0 2 7

2 4 4

29  32  23

1 1 0 3 3

L 4 0 2 1 2 9 2 7

- 2 4 2 6 3 6 2 3

l s 2 5 1 3 8 1 3

0 0 2 0 2 0 1 6

43 29 30 22 3l -

5 0 0 - 7 4

22
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In some cases the low f igures are because no wind speed andr/or wind
direct ion data are avai lable due to breakdown' of the monitoring
equipment. Normally val id CO, data would in this case be el iminated by
the wind selection cri teria. 

-Also, 
at Cape Grim, there appeared to be a

diurnal variat ion in CO, at t imes, part icularly when measured by the Mark
I equipment. In this 

-case 
data would probably be el iminated by the

consistency cri teria at t imes of rapidly changing CO2 near dawn and dusk.

The air samples in glass f lasks which were col lected periodical ly at
Cape Grim were analysed for CO^ at Aspendale on the equipment used for
the CSIRO aircraft monitoring p'rogrrm. The results of these analyses for
samples col lected in Mark I equipment are l isted in Appendix 4. A11
except obviously contaminated samples are l isted although not a1l of them
were col lected in basel ine condit j-ons. wind speeds and direct ions at the
time of col lect ion of each sample are also tabulated. fn order to
compare the in situ monitoring system with the f lask samples. the in situ
CO, at the t ime of f lask sampling was computed from point values of
analyser output obtained from the analogue chart.  Figures 3.2(i l  and
3.2(b) show the dif ferences between the two systems for each of the f lask
samples taken under basel ine condit ions up to the end of l-982.
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Non-baseline values were not considered due to the relat ively
high-frequency variabi l i ty of CO" concentrat ion on many of these
occasions. I t  is apparent from th-e Figures that, for the greater part of
the sequence, signif icant dif ferences existed between the two systems.
These,  and a  der ived  cor rec t ion  to  the  in  s i tu  va lues ,  w i l l  be  d j_scussed
later in this report.  Appendices 3 (a) and (b) l ist the f inal ly corrected
complete and selected dai ly CO, concentrat ions measured by the Mark I
instal lat ion between 1976 and ftovember 1981. The f lasks from Mark II
system were shown to be consistently contaminated (see Section 4) and are
therefore not publ ished.

3 .2  Mawson

The CO. concentrat ion of al l  f lask satnples col lected at Mawson are
l j-sted, aIo"ng with other relevant information, in Appendix 5. The
samples were analysed at CSIRO and the appropriate 'carr ier gas'
correction factors appl ied. A1I samples were dried either when col lected
or before analysis except a sma1l batch from March/Apri1 1978. In this
case a correction for the volumetric effect of water vapour on the UNOR
type analyser, was made using the formula:

c d  =  c ,  ( 1  +  1 . 6 1  r )

where C" and C-_ are the CO. concentrat ion of the dry and wet sample
respectfvely anE r, the massz mixing rat io of water vapour in the samples
(see Pearman,  1975) .  Th is  cou ld  lead to  sma1I  e r ro rs ,  however ,  as
exper iments  descr ibed in  Pearman e t  a l .  (1983) ,  ind ica te  tha t  a
correctj-on in excess of the purely volumetric one may be required.
Samples were mainly co1-lected with the wind in the south easterly sector
off the Antarct ic continental plateau. However, as samples were only
col lected in non-contaminating condit ions, aII  data are considered to be
baseline no matter what wind direct ion prevai led.

3 .3  Macquar ie  fs land

Appendix 6 lists the hourly mean concentration of CO.r, wind speed,
and wind direct ion for al l  periods of monitoring on Macqua-rie Island up
to the end of 1982. A11 t j-mes are given in Austral ian Eastern Standard
Time (AEST) (= c.M.r + 10 hours) although the loca1 solar t ime precedes
th is  by  36  minu tes  ( i .e .  loca l  so la r  t ime =  c .M.T +  10  hours  36  mins) .
Listed wind speeds are obtained from Austral ian Bureau of Meteorology
observations at 3 hourly j-ntervals. Intermediate values of wind speed
and direct ion ( in brackets) are interpolated between the observed val-ues.

Although Macquarie fsland has no large plants, the native f lora is
prolific enough to have a marked effect on the surface CO, at the
monitoring point depending on the wind condit ions at the t i f ie. Figure
3.3 i l lustrates the type of variat ion in CO., which may be expected as the
wind changes between basel ine and non-baseaine condit ions. A set of
cri ter ia therefore had to be developed to define what could be consj-dered
baseline data. As winds from two sectors approach the stat ion over
water, the basel ine CO, selection cri teria were determined to be:

( i )  Wind d i rec t ion  :  l -10-180o,  290-360o;



( i i )  w ind  speed z  7  25  km hr -1 ;

and ( i i i )  Cons is tency  :  Hour ly  mean concent ra t ion  to  be  0 .3  ppmv
or less from either adiacent val id hour.

e
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z 331
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1 7 - 1 8 1 ' 4 o f c h i 9 8 0  r  \  \  .

\  I  l--* \  \  \  \  \::#::" \L"_fl"^"]'^-l
F i d , i 1 6  ?  ? Hourly mean CO. concentrations measured at Macquarie

Island il lustrating the magnitude of changes which can
occur  w iLh  changes be tween base l ine  and non-base l ine
conditions. Arrows indicate the wind directions and sDeed
(w/s )  a t  3 -hour ly  in te rva ls .

3.4  Southern  Ocean Sh ips

CO. concentrat ion data for air samples col lected aboard supply ships
whilst traversing the Southern Ocean are contained in Appendix 7.
Information regarding posit ion and weather condit ions at the t ime of
sampling are also included. The occasional sample where obvious
contamination has occurred has been omitted.

2 1  I * B
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3 . 5  W i l b i n g a

Appendix 8 contains the CO. and meteorological data obtained during
the monitoring experiment at wi lbinga. As each set of f lasks were
sampled within a short t ime span, dif ferences in Co, concentrat ion are
probably not signif icant, only giving an indication- of the sampling
variabi l i ty. Also, there are probably 1oca1 biological effects on the
CO" concentrat ion of some of these samples when the wind is from certain
di iect ions. Baseline values would be most l ikely to be encountered frorn
the  on-shore  sec tor  o f  150-330 ' .

l ' '5 Jonuofy 1980

\ \ \

W/S STALE

0  5 0  k m h r - 1
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4 . D iscuss ion

A comparison of the CO" concentrat ion at Cape Grim as determined
from f lask samples, with that measured in situ at the same t ime (Figures
3.2(a)  and (b ) )  shows reasonab le  agreement  p r io r  to  September  1978.  The
mean dif ference between the two data sets up unti l  that t ime was 0.21
ppmv (standard errors 0.08 ppmv). During September L978, in situ
measurements suddenly appeared to be higher than f lask measurements. on
average this dif ference was 0.91 ppmv (standard error = 0.05 ppmv)
between september 1978 and November L981. rnspection of the analogue
record suggests that this step change occurred at ,r ,  1500 hours on 12
september 1978, fol lowing some adjustments to the drying equipment and
the analyser. Unfortunately, no detai ls of these ad.justments were
recorded by the stat ion staff.  rnvestigations of the possible cause(s)
of the change have fai led to yield a satisfactory explanation. Tests
commenced in January 1980 indicated that the l inearity and carr ier gas
errors of the analyser were unchanged from those before the incident.
This suggested that the changes resulted from sl ightly ineffect ive drying
or minor leakage in the system. Extensive tests fai led to confirm these
poss ib i l i t i es .

F igures  3 .2 (a)  and (b )  a lso  ind ica te  tha t  the  in  s i tu  -  f task
difference appears to decrease with t irne. Thus, in order to correct the
data during this period without knowing the cause of the discrepancy, we
have chosen to calculate an addit ive correction using the least squares
l inear regression describing the changing dif ference between the in situ
and f lask  da ta ,

c o r r e c t i o n ( p p m v )  =  - I . 4 5  ( t 0 . 0 8 )  +  0 . 0 0 1 0 0 ( 1 0 . 0 0 0 1 2 )  ( D a y  n o . a f t e r  3 7 / B / 7 8 )

As a check of the effect of this correction on the integri ty of the
in situ data, Figure 4.1 shows the l inear trends of the monthly mean CO.
concentrat ions (selected basel ine data) determlned from the Cape Grim'
f lasks and the CSIRO aircraft program (pearman and Beardsmore, 1984)
between september 1976 anal september 1981. compared with these trends
are those based on the uncorrected monthly mean in situ data (selected_
baserine) between september 1976 and August 1978 and from september 1979
through September 1981. Also shown is a regression for the entire
corrected and selected in situ data set up unti l  September 1981.

The Figure i l lustrates the agreement obtained, on average, between
the in situ and f lask data us5-ng the l inear correction. But in addit ion,
the consistency of the concentrat ion dif ference between these two data
sets and the aircraft data support the contention that we were correct in
applying corrections to the in situ rather than the flask data from Cape
Grim.

The corrected data sets (without and with selection) from the Mark r
monitoring equipment are given in Appendices 3 (a) and (b).
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Following these experiences with the Mark I system, checks between

the f lask samples and in situ data from the Mark II  system, were

commenced immediately after i ts commissioning in mid-1981. The

differences between the f lask concentrat ions and those measured in situ

a t  the  same t ime are  p lo t ted  in  F igure  3 .2 (b) .  The cons is ten t ly  h igh  CO,

concentrat ion (up to 2 ppmv) in the f lask samples was eventual ly traced-

to an obscure fracture in a glass drying tower which had al lowed them to

be contaminated by laboratory air.  When the tower was replaced in August

1983, the mean dif ference between f lask and in situ concentrat ions

decreased Eo O.2  ppmv (s tandard  er ro r  =  0 .05) .

338
. . /

M I D - TROP0SPHERI C AIRtRAFT ---------l

(SEPT, '76 _ SEPI'81 )

. IORRECTED' IN SITU
{SEPI '76 _SEPT'81 )

FLASKS (SEPT,'76 -SEPT81 )

IN SITU (SEPI'76 -AUG:78)

336

334

330

e

z

E
E
t-
z.
u-l
tJ
z.
O
(J

o
(J

332

S

1976
J S

1971
J

1978 rgBo
)

1981

F i g u r e  4 . 1

1979
YEAR

Linear trends of mean monthly cslRo aircraft co, data (from Pearman and

Beardsmore ,  1984) ,  cape Gr im Mark  I  month ly  nean base l ine  f lask  Co,  da ta  and

Mark I in situ monthly mean baseline co, data before and after corre?tions. AlI

concentrations are in WMO 1981 CO.. Calfbration Scale. Equations for the above

t rends  are  as  fo l lows:  I l j -d - t ropos fher ic  a i rc ra f t :  C  =  331 '135 +  0 '12?5(M)  t
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1976 and c  i s  the  co .  concent ra t ion .
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The monthly mean basel ine CO., concentrat ions from the Mark I f lasks
and both uncorrected and correcte? in situ equipment, along with the
Mark II  in si tu values are shown in Figure 4.2. Thes.e values, excluding
those uncorrected, are also tabulated in Table 4.1. The greater scatter
in the f lask compared with the in situ data results from the l imited
number of discrete samples col l-ected in f lasks each month (a maximum of
1-3), whereas the monthly means for in situ data represent the means of up
to 280 hourlv values.
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F i g u r e  4 . 2 Monthly mean baseline CO, variation at Cape Grim as
measured by flask and in 6itu sampling techniques in the
temporary laboratory and in situ in the new permanent
Iaboratory. CO. concentrations are given in WMO 198J- CO^
uaf lb raE lon  5caIe .

M A R K I  - I N  S I T U
MARK I  -  IN SITU ( 'CORRECTED')
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Monthly mean baseline co^ concentration at cape Grim (a) from Mark I in situ
equipment in the temporaiy laboratory corrected as described in the text after
September 1978; (b) from Mark 1I in situ equipment in the new pemanent
laboratoryr and (c) from flasks collected on the Mark I sampling equipment in the
temporary Iaboratory and analysed at CSIRO, Aspendale. Also l isted for each month
are the standard deviation of mean and the nunber of days data included in the
means in the case of in situ data on the number of f lasks in the flask data. All
concentrations are on the 1981 wMO CO^ Calibration Sca1e and corrected for
appropr ia te  car r ie r -gas  er ro rs .

APR. J U N . NOV. DEC.

CAPE GRTM IN SITU (MARK I) CORRECTED

L97 6 3 2 9 . 4  3 2 A . 9  3 2 9 . 0
0 . 1 ; 5  O . 1 i 7  0 . 3 ; 6

-  3 3 0 . 9
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0 . 7 ; 8  0 . 6 ; 9

-  3 3 1 . 0  3 3 0 . 6
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3 3 5 . 9  3 3 6 . 5  3 3 6 . 2  3 3 6 . 3  3 3 6 . 0  3 3 6 , 0
0 . 3 ; 6  0 , 4 ; 1 1  O . 3 i 1 2  O . 9 i 1 , 2  0 . 6 ; 9  O . 6 ; 1 2
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Errors or variabi l i ty in est imates of CO, concentrat ions obtained at
Cape Grim can originate from several sources.- These j-nclude:

(a )  D i f fe rences  in  seLec t ion  c r i te r ia :  I t  has  been shown e lsewhere
(Base l ine ,  1983)  tha t  smal l  d i f fe rences  (up  to  tu  0 .2  ppmv)  can occur
in monthly means produced for Cape Grim data, depending on the
part icular select ion cri teria used. The cri teria used in the
present report appear to be satisfactory butl  of course, the
definit ion of what should be regarded as background or basel ine data
is st i l l  somewhat arbitrary. Some further modif icat ion of the
cri teria might occur in the future as a result of greater effort in
the interpretat ive study of the data. For instance, i t  seems
possible that consistency alone may be an adequate basel ine
selection cri terion, thus al lowing inclusion of data at present lost
when the wind j-nstruments are inoperatj-ve. However, we also know
that a considerable amount of consistent data is col lected at Cape
Grim when winds are in a direct ion other than those selected here.
We have yet to evaluate the inf luence of inclusion of these data in
the selected set and the signJ-f icance of such inclusion on the
s n a t i a l  r e n r c s e n t a t i V e n e S S  O f  t h c  d a t a .  T h e  i m n o r ' ^ * !  - ^ r . ^ L  : -
D I r q L r q r  r 9 I r ! s D e r r L q L r v v r t e - D  v r  r r r s  f l r L p v !  L 4 r r L  } / U I T I L  r D

that, although the val id data set may be increased by such changes,
i t  seems unl ikely that the monthly mean data wil l  be inf luenced by
more than about 0.2 ppmv.

(b) Eff iciency of drying: Care has to be taken when using magnesium
n a r d h l ^ r a + 6  r c  =  r ] r r r i h d  a f f a h F  t l " h a  d r r ; i n a  a f f i n i a n n r r  n f  l - h i cy v !  v r r r v 4 s  u v

chemical appears to diminish i f  used for too long, even though i t
may not show obvious signs (coagulat ion) of being spent. The NDIR
analysers are, in general,  extremely sensit ive to traces of water
vapour and thus small  ineff iciencies in the capacity of the drying
system can result in inaccuracies in the CO, concentrat ions
recorded. Given the development which took place through t.he
earl ier years of this project and at t imes the insuff icient routine
attention given to the eguipment on site, i t  is l ikely that at t imes
small  inaccuracies were introduced due to inadequate sample drying.
However, given the general agreement obtained between in situ and
flask sampling programs, aside from the period of systematic
dif ference described above, i t  appears unl ikely the persistent
errors of more than a few tenths of a ppmv could have been
introduced in this way. With the routine inspections, improved
cryogenic drying techniques and adequate stat ion staff ing, such
problems are bel ieved to have been virtual ly el iminated.

(c) Analyser performance: Close check also has to be kept on the output
balance points of the URAS 2T analysers as they have a tendency to
dri f t  with t ime. I f  this is al lowed to continue uncorrected,
instrument sensit ivi ty can decrease and the response become
non-I inear. The introduction of routine l inearity checks should
avoid this dif f iculty. As far as we are aware, the data presented
in this report have not been inf luenced by this phenomenon. I t  is
true, however, that we have chosen to infer concentrations by linear
interpolat ion between the instrument output for two cal ibrat ion
gases, even though i t  is known that the instruments used were not



l inear in their response to Cor. fn general this is acceptable j-n a
southern hemisphere program b6cause the temporal variabi l i ty of
background concentrat ions is so smal1. This means that the
cal ibrat ion gases can contain concentrat ions only 5-10 ppmv
different. Interpolat ion over such a narrow concentrat ion range
wj-1l introduce errors of general ly < 0.1- ppmv (see Beardsmore
et aI.  I  I97B). However, for concentrat ions more than 1-0 ppmv
outside the range of the cal ibrat ion gases (non-baseline condit ions)
the errors can become signif i-cantly larger.

(d) Sampling t ime: Some of the discrepancies between the data sets
i l lustrated in Figure 4.2 relate to the fact that, even un$er
condit ions where the winds are reasonably strong () 18 km hr 

')  
and

from the south west sector. a diurnal variat ion of CO" concentrat ion
can be detected i f  the air is sampled near the groufid. This is
shown in Figure 4.3 which depicts the changes in CO, concentrat ion
measured by both the Mark I and Mark ff systems off such days.
Figure 4.3(a) shows that, where both instruments were sampling air
through 1ow intakes (both ' t ,  3m above the highest point of the Cape),
the diurnal CO" variat ion is clearly evident in both data sets. fn
F igure  4 .3 (b) r - the  Mark  I I  sys tem had been connected  to  the  10m
intake and the diurnal variat ion is almost el iminated.
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As f lask samples are almost invariably col lected during dayl ight
hours, one might expect that flask and in situ data may show some
systematic dif ference in concentrat j-on i f  the in situ data is not
selected to represent exactly only those hours for which f lask samples
were taken.

fhe ful1 impact of the low level intakes on the concentrat ions of
.^ in +haca Ar+r qgls depends on the micrometeorology of the Cape Grim
siEe. Data relevant to this have been col lected and a complete
analysis wil l  be reported elsewhere. However, results such as those in
Figure 4.3(b) would suggest the monthly mean concentrat ions since the
introduction of the 10m intake probably vary by < 0.1 ppmv due to smal1
Iocal exchanges inf luencing the diurnal variat ion of concentrat ion.

The monthly mean basel ine CO. concentrat ion measured at the
sub-Antarct ic stat ion on Macquarie fsland and at Mawson on the Antarct ic
coast are shown in Figure 4.4 and tabulated in Table 4.2. Differences in
phase and ampli tude of the annual cycles from the two stat ions are
readily apparent and wil l  be discussed elsewhere. Because of i ts remote
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Figure  4 .4  Var ia t ions  o f  month ly  mean base l ine  co? concent ra t ions  a t
Mawson and Macquarie Island. Concentra-tions are given in
WMO 1981 CO, Calibration Scale.
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T a b l e  4 . 2 (a) Monthly mean baseline CO. concentration, standard deviation and number of
flasks per nonth from Mawson'; (b) Monthly mean baseline CO. concentrationr
standard deviation and number of hours of data per month fron'Macquarie Island.
AII concentrations are in 1981 WMO CO^ Calibration Scale and corrected for
appropr ia te  car r ie r -gas  er ro rs .
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Iocation and few local biospheric effects, variabi l i ty in the Mawson
data, other than that due to the normal sampling and analysis techniques,
wil l  be mainly associated with large scale transport processes. On the
other hand, the variat ion in the Macquarie Island data set are inf luenced
by several factors. Although i t  is an in situ analysis system, the
sampling density is restr icted by the need to only operate on three or
four occasions each month. Thus, although a maximum of 61 hours of
basel ine data has been used to compute one of the nonthly means in Figure
4.4, the av.erage number of hours per month is only 19. Unlike Mawson,
Macquarie Island has a f lourishing f lora and fauna and, whitst the
selection cri teria appl ied should el iminate biospheric inf luences, there
is a possibi l i ty that diurnal effects (up to tu 1 ppmv in summer), sj_mi1ar
to those at Cape Grim, may have been recorded through the low Ieve1 (t 36
above ground level) air intake. Variat ions j-n the stat ion power supply
and deteriorat ion in the analyser response characterj_st ics before
maintenance in late 1981 are other factors effect ing the quali ty of the
Macquarie Isl-and data. These factors al l  combine to, on occasions.
elevate the st4ndard deviat ions on the monthly basel ine CO^ means to
va lues  as  h igh  as  t  0 .9  ppmv.

Despite the sampling point being kept as far upwind as possj_ble, the
flasks from ships in the Southern Ocean are f i l led in close proximity to
sources of CO^. This leads to a hiqher-than-normal r isk of minor
contaminationr-although no concrete evidence of i ts occurrence has been
noted to date. The sma1l number of f lasks avai lable on these voyages
often precludes the col lect ion of repl icate pairs of samples as a
precaution against contamination.

The data set from Wilbinga is too l imitecl to provide val id basel ine
CO2 information, compri-sing a single sampling set per month at the most.

Throughout this report,  emphasis has been given to those factors
which may have inf luenced the accuracy and precision of the measurements.
The reader rnay f ind i t  di f f icult  to assess the over-al l  impact of these
factors on the accuracy and precision of the data presented. We hope the
fol lowing concluding remarks wil l  be of assistance.

The accuracy required of basel ine data for these to be of use
in global carbon studies is 0.1-0.2 ppmv with respect to the
j -n te rna t iona l  s tandards  (Fraser  e t  a l . ,  1983)  .

( i i )  For the period 1976 through August 1978 (Mark I equipment) aid
then since 1-983 using the Mark IT equipment, we have shown that
two markedly dif ferent measurement systems (in situ and f lask
sampling) can agree on average to within 0.2 ppmv. Given that
prior to the application of carr ier-gas corrections to data
col lected with the Mark I system, the apparent concentrat ions
would have dif fered by 4-10 ppmv, such agreement is testomony
of the accuracy of the carr ier-gas correction which are
b e l i e v e d  t O  b e  f o r  c : c h  e n a l r z q o r  t  0 . 1 - 0 . 2  p p m v .

( i )
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( i i i )  For the period September t97A through Novehber 1981, a
correction was necessary to compensate for a systematic error
in the Mark I data. The cause of the error is unknown and thug
uncertainty exists as to the best way to correct the data. As
a result Cape Grim data have an accuracy during this perlodl of
+  0 . 5  p p m v .

(iv) The only other correction that was made to the data was for 3
f lask samples col l-ected at Mawson. The correction was to al low
for the fact that the samples were not dried before analyEis.

While agreement between in situ and f lask sampling has
general ly confirmed our abi l i ty to obtain accurate mean
baseline concentrat ions to within t  0.2 ppmv, i t  is true that
the preclsion of the individual f lask or instantaneous in sltu
measurenents has on occasions deteriorated to t  0.5-1.0 ppnrv.
This is a disturbing aspect of the data and one which is
presently receiving further attention.

(vi) Aside from the corrections mentioned in ( i i ) ,  ( i i i )  and ( iv)
above al l  other data manipulat ions relate to selectj-on for the
so-ca l led  "base l ine"  cond i t ions .  The e f fec t  o f  th is  can be
seen by comparison of the complete and selected data sets for
Cape Grim. The monthly and annual mean concentrations are
generally lower for selected data by a, 1 ppmv. We do not wish
to suggest that these selection cri teria are inviolable. They
are the subject of on-going research and some modif icat ion of
the criteria can be expectecl in the future. But from our
studies thus far i t  appears unl ikely that these changes wil l
modify monthly or annual means by more than I 0.3 pprnv.
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Complete Mark I CO^ data
Grim, Tasmania. 

'

APPENDIX 1 (a)

set from the Australian BAPMoN stat ion at Cape

Tabulat ion of al l  CO. concentrat ion data obtained using the Mark f
in situ monitoring system's in the temporary laboratory for the period
1-976 through l-981-.

Numbers in the body of the Table are the mean concentrat ions,
standard deviations and number of hours of data for each day. Monthly
means are averages of dai ly means and are l isted with the number of days
represented, standard deviat ions and total number of hours. Annual means
are the averages of the monthly means avai lable for that year.

Concentrat ions are expressed in parts per mil l ion by volume (ppmv)
with respect to the WMO 1981 CO1 cal ibrat ion scale. A carr ier-gas
correctj-on has been applied to a'f f  values based on comparisons of
instrument response to WMO Central CO^ Laboratory CO^/N^ and CO^/Air
Secondary Standards as described in Pea'rman et al.  (1963): '

Values are as computed, no correction having been applied for the
step change in concentrat ion discussed in Section 4 of the text.



C A P E  G R I i  C O 2  C O N C E N T R A T I O N S  { X A R K  I  )

I 9 7 6  C O i P L E T E  O A T A  5 E T

A P R I  L J U L Y A U G U S T  S E P T E N B E R  O C T O E E R  N O V E i l B E R  D E C E i B E R

D A Y  I

O A Y  2

D A Y  3

O A Y

D A Y

O A Y

D A Y

D ! Y

5

7

I

D A Y  I O

D A Y  I 4

D A Y  I 6

z 2 9 , 2 6
. I 8 { 2 4 1

3 3 r . 0 7
2 . 4 9  I  2 4 '
3 3 2 . 0 1  3 2 9 , 3 9
1 . 9 3 ( 1 2 )  , 0 8 (  2 )
3 2 9 , r 0  3 2 9 . 2 9

. 0 7 f  5 )  . 5 0 t z 4 l
1 2 9 , O 5  3 2 9 , 6 7

. 1 6 t 2 4 l  2 , O 3 t 2 4 )
3 2 6 . 9 1  3 2 9 . I 4 '

, \ 7 1 2 4 t  , 4 4 t Z 4 l
3 2 9 . 6 9  3 2 9  . O 4
2 . A Z ( Z 4 t  . 2 9 l Z 4 l
1 2 0 , 9 7  3 2 4 , 7 5

. 1 3 ( 2 4  )  , L Z l 2 4 )
3  2 9 . 0  0

, z 7 t z 4 l
3 2 9 . 0 0  3 2 8 , 6 2

, 7 t t 2 4 l  . I E ( 2 4  )
3 2 9 . 0 8  3 2 A , 5 7

, 8 5 1 2 4 t  . 3 0 t 2 1 )
3 3 3 . 1 6  3 2 A . 6 7
3 , Z L t 2 4 l  . 5 8 ( 2 3 )
3 3 6 . 2 0  3 2 8 , 4 3
6 , 6 2 1 2 4 1  , 5 9 1  6 l
3 3 6 .  2 9
6 . 6 7 t 2 0 )

3 3 0 . 8 0
. a b t  2 )

3 3 r , 2 r

3 3 1 . 3 r
. 6 8 (  ! O )

3 3 r . 3 4
, 5 l ( r 0 l

3 3  r . 1 Z
. 5 2 ( 1 0 1

3 3 0 . 6 0
r . 2 7 ( r 0 )
1 f 2 , r o
I . 2 1 t r 0 )
3 3 3 . 8 8
4 . 5 7 t 1 0 1
1 3 5 . 4 0
3 , 2 5 { r 0 )
3 3 0 . r 9

. 6 6 (  r O l
3 3 0 , 9 7

. 8 r ( ! 0 )
3 3 L , 7  2
1 , 7 3 (  I O t

3 . 0 8  {  l 0  |
3 3 3 , 5 9
5 . E 6 r L 0 l
3 3 1 . 0 6
2 . 2 3 ( l 0 l
3 3 ? . 6 0
3 . 0 5 1  4 )

3 3 r . 9 3
. 2 t t  2 l

3 3 1 . 9 9
1 . 3 6 (  9 )
3 3 6 . 4 5
2 . 6 4 1  5 l
3 3 5 . 9 5
3 . 2 9 t r O t
1 3 2  , 7  3
5 . 1 3 ( 1 0 1
3 3 2 . 6 5
3 . 3 7 { r O l
3 3 4 . 7 4
l ,  2 7  t  r O l
3 3 2 . 6 1
3 . 7 7  ( r 0 )
1 1 0 , 4 2
2 . 2 9 ( I O '
3 3 0 . 1 0
r , r 9 t 1 0 l
3 3 0 . 6 1
1 . 0 0 (  2 )

3 3 0 . 7 0
I . 3 4 t  2 )
3 3 0 . 8 9

. 2 7  |  a l
3 3 0 . 6 E

. 3 9 {  9 t
3  3 0 ,  9 1

, 4 2 1  4 )
3 3 r . 7 0

3 3 2 ,  L 2
3 . 2 9 ( r 0 )
3 3 r . 7 9
2 . ? 3 ( l 0 r
1 3 0 . 5 2
r . 7 0  (  l 6  |

r . 6 2  (  2 4  )
3 3 2 . 5 2
3 , 9 0  t  t  6 1
3 3 6 . 6 6

3 2 9 . 9 3
2 , 2 4 ( r 0 l
3 3 0 , 2 9
I . 3 2 ( r 1 l
3 3 1 . 5 0

. 3 2 t  1 l
3 3 1 . 3 1

3 3  r , 3 6
. 1 6 ( r 0 )

3 3 1 . 2 0
. 1 5 t  6 J

3  3 0 , 6  2
, 7 3 {  r O l

1 3  1 , 2 3
. 9 0 t  1 0 )

3 3 0 . 7 9
. 3 9 t  t 0 )

3 3 0 . 8 9
. 6 8 (  l 0 )

3 3 3 , 9 4
1 , 5 4 t  9 l
3 2 9 . 5 5
3 , 7 4 1  6 l
1 1 4 , 0 4
3 , 6 9  (  E )
1 3 5 , 4 3

(  r l

3 2 € . 8 0
1 . 9 3 |  8 t
3 3 0 . 5 4

. 4 2 ( 1 0 )

, 4 5 (  9 t
3 3 0 . 8 1

. 4 2 ( l 0 l
3 3 0 . 6 6

. 1 9 (  7 )
3 3  0 . 7  0

,  r 1 (  5 l
3 3 0 . 4 6

. 2 4 t  5 t

3 3 0 . 9 6
. 0 7 t  3 )

3 3 0 , 5 4
r . 4 9 { r 0 l
3 3 t , 4 7
1 . 9 7 {  8 t
3 3 2 , 4 7
r . o 9 (  5 )
3 l o . l 3

. 6 3 { 1 0 )
3 3 0 . 2 6

. 0 3 (  2 )
3 3 0 , 2 6

. r 4 t  ? l
3 2 9 . 7 3
1 , 4 0  (  1 0  )
3 3 9 , 2 t
7 . 0 0 (  7 l
3 3 1 , 4 2

. 2 8 1  4 l
1 3 3 . 6 0

. 3 3 t  8 )
3 3 2 , 9 9

. 3 2 ( r 0 r
3 3 2 , 1 1

. r 3 t  2 l
3 2 6 . 3 5

, 0 9 {  2 )
3 2 6 . 1 3
4 . 8 ! ( r 0 t
3 3 4 . 8 I
1 . 7 7 ( t 0 )
3 3 0 . 7 0

. 5 5 ( 1 0 )
3 3 0 , 3 2

, 6 8 { l O )
3 3 0 . 5 1

. r 7 ( r o )
3 3 0 , 3 2

. 2 4 t r 0 l
3  3 0 . 2 1

. 3 0 { r 0 l
3 3 0 . 2 7

, 2 8 ( 1 0 )
3 3 0 , 3 2

. 3 0 { r 0 )
1 1 r , 5 7
r . 6 5 I r 0 t
3 3 2 . 1 4
r , 4 l (  9 l

3 l r  , 2  r
t . 2 r t  9 )
3 3 3 . 2 9
3 , A 0  1  2 2  1
3 3  r . 3 9
2 , 4 6 t 2 4  |
3 3 t .  r 8
r , 8 2 t 2 3 )
1 ? 9 , 4 3

. E 9 t 2 4  I
3 2 9 . L 4
! . o 6 l r 5 )

O A Y  2 5

D A Y  Z 6

D A Y  Z 7

O A Y  Z O

D A Y  2 9

O A Y  ] O

D A Y  3 I

3 2 9 , 4 7
. 1 r (  6 )

3 2 9 . 4 8
. 4 ] { 2 4 )

3 2 9 , 4 5
, o 7 t 2 ) l

3 2 9 , 2 7
. 1 4 ( 2 n  r

N O N T H L Y
H E A N

L 4 5

A N N U A L  I E A N  -  3 3 L Z Z
S T A N D A R D 0 E v I A T I 0 N .  . 9 8
H 0 U R 5  P E R  Y E A R  -  1 4 3 6



D A Y  I  3 3 1 , 5 8  3 3 0 . 7 0  3 3 4 , 9 1  1 3 0 . 7 7
z . o 5 ( t o r  . l ? ( 1 2 )  5 , 9 7 i 1 0 t  . 4 2 ( t o )

o A Y  2  1 3 0 , 6 7  3 3 0 , 9 8  3 3 4 . 9 6  3 3 0 , 8 6
. 2 2 { 1 0 )  I . 0 Z t I ? )  9 . 0 3 ( I O )  . I 6 t I O l

D A Y  3  3 3 1 . 0 0  3 3 2 . 3 4  t 3 6 . 1 6  3 3 0 . 7 5
. ? 8 ( I 0 )  1 . 3 7 { 1 2 1  7 . 9 7 r I O t  . l 2 t I O l

D A Y  4  3 1 I . 9 6  3 3 2 . 7 5  3 3 0 . 7 3  3 3 I . 1 7
2 , 4 3 ( t 0 l  l . 4 3 t t I )  1 . 3 4 r  9 )  1 , 3 4 (  9 )

o A Y  5  3 1 4 . 1 5  3 3 3 , 6 5  7 3 3 , 7 A  1 3 Z . r O
3 . 6 1 { 1 0 )  3 . 5 0 { 1 2 )  2 . 5 5 { I O r  1 . 3 0 ( t 0 l

o A Y  6  3 3 6 . 6 9  3 1 2 , O 5  3 1 0 , 6 4  3 3 1 . 6 1
r .  z I t  I 0 )  3 . 0 9 r  I  2 )  , 2 7  (  I 0 )  2 . 3 2  |  I 0  )

D A Y  7  3 3 1 . 9 4  3 3 3 . 0 6  3 1 0 . 6 4  3 3 I . 2 I
I . 9 7 1 1 0 )  5 . 4 3 ( 1 1 )  . 2 2 { 1 0 )  1 . 3 9 { t l )

o A Y  8  l t o . 1 0  3 1 2 . 2 6  3 3 I . 2 1  3 3 1 . 2 3
2 . 1 1 ( I O )  3 , 4 5 ( I 2 )  l . 4 7 t l 0 l  . 5 7 t l I l

D A Y  9  3 l l . I 5  3 3 1 , r 0  3 3 4 , 3 0  3 3 0 . 5 0
2 . 5 9 ( I 0 l  , 8 7 ( I 2 )  3 . r l ( I 0 )  L 0 6 (  8 )

D A Y  l 0  3 3 0 . 7 1  1 1 0 . 1 5  3 1 A . r 5
. 3 2 ( I O r  . 8 5 ( 1 2 )  3 , 4 6 t 1 0 I

D A Y  l I  3 3 t . 3 7  3 3 4 , 9 8  3 3 4 , E 5
1 . 5 6 (  7 )  2 . { 0 { t 2 }  3 . 3 2 { t O l

o A Y  I 2  3 3 1 , 4 5  3 1 4 . 1 7  3 3 0 . 4 9
2 . 2 8 (  8 t  I . 5 r r 1 2 )  , 3 0 ( t 0 l

D A Y  1 3  3 1 I . 5 2  3 3 I . 3 3  3 3 0 . 6 9
2 . O 5 1  7 t  t , 4 6 t l z )  . 4 0 r l o )

3  3 3 . 6  3
. 1 ? t  3 l

3 3 5 . 1 8  3 3 2 , ? B
? . 3 9 t t ? )  2 . 3 4 1  9 l
3 ) 2 , 9 q  3 3 3 . 0 ?

. 2 E ( I O l  L 0 I ( l 3 l
3 3 3 . 6 I  3 3 2 , 5 1
2 . 1 5 ( l t l  , 1 6 ( I 2 l
3 3 6 . 1 2  3 3 2 . 3 9
z . r o l L z t  . 2 5 t 1 2 )
3 3 2 , 9 1  3 ) 2 , 2 6

, 5 4 t t 2 )  , 2 t ( 2 0 )
3 3 4 . 6 4  3 3 2 , 1 5
1 , 7 3 t  6 )  . 3 I t 2 3 )
3 3 3 , 7  5  3 1 2 . 2 O
2 . 5 4 ( L Z l  , r 9 t 2 \ l
3 1 2 , 2 9  1 1 2 . 6 3

, 7 4 f  8 l  . 5 A t Z 4 l
3 1 3 . 2 4  3 3 5 , 8 6
2 . 2 9 t  9 )  6 . 0 8 ( r 8 )
3 3 2 . 6 8  1 3 2 , 4 ?

, 5 3 r r 3 l  , 3 3 t I Z )
3 3 1 . 7 8  3 3 2 . 2 4
1 , 0 6 ( 1 0 )  . ( 3 r I 2 t
3 1 3 , 4 7  1 3 ? , 4 5
l . 5 l { I 2 )  , 7 6 1 1 2 )
3  3 6 .  Z 0  3 3 2  , 2 3
I . 4 5 ( 1 2 )  2 , E O ( t 2 )
3 3 3 . 6 6  3 3 3 . 0 0
r . E 7 ( 2 0 t  2 . 1 9 ( I 0 )
3 3 3 . 2 4  3 3 2 . 1 3
L , 3 5 1 ? q t  , 1 9 (  9 l
3 1 2 . 3 9  3 3 2  . 4 7

. 5 3 1 2 4 t  . 1 8 { 1 3 }
3 3 2 . 3 A  1 3 2 , 5 '

. 7 5 t 1 5 t  . I I ( 1 2 )
1 3 4 . 2 9  3 3 2 , 4 5
2 . 7 2 t t 5 t  . 1 7 { I 2 )
3 3 2 . 7 4  3 3 2 , 4 7

, 3 1 1 2 4 '  . 2 2 ( 1 3 )
3 3 2 . 5 1  3 1 2 . 6 5

. 3 7 t 2 4 )  1 . 0 0 ( l 2 l
1 3 3 . 2 9  3 1 3  . 4 5

. 9 7 t Z 4 t  5 , A 9 t L 2 l
3 3 3 . 2 6  1 3 2 , 2 0
] . 5 6 r 2 4 )  2 . 1 ? ( 1 0 )
3 3 2 , 7  4  3 3 ?  , t C

, 3 2 1 2 4 )  ? . 2 5 1 1 2 1
1 1 3 . 0 4  3 3 2 , 3 J
2 , 0 9  |  I €  )  2 . 2 3  ( 1 2  )

D A Y  t 4  3 1 6 . 6 9  3 3 1 . 1 9  3 1 2 , 5 4
4 . 1 9 t  8 )  2 . 0 7 ( 1 2 )  r . 2 9 {  9 )

D A Y  1 5  3 3 6 . 6 9  3 3 0 . E 2  3 3 0 . 6 7
4 . 8 9 t  9 )  . 7 0 t I Z t  , 2 1 ( t 0 )

D A Y  t 6  1 3 4  , 3 4  3 3 2  , 9 2  3 3 0 . 5 4
3 , 7 2 t L O )  2 . 3 7 1 r 2 t  . I 4 r I 0 )

D A Y  I 7  3 3 4 , 2 0  3 3 2 , ? 3  1 3 0 . 5 4
3 . 7 3 ( I O )  r . 4 r ( l Z r  . 1 3 (  8 t

D A Y  1 8  3 3 3 . 2 9  3 3 1 . 6 1  3 3 0 . 5 8
5 , 5 I t L I )  2 . 2 9 t 1 2 )  . 1 4 { 1 0 )

D A Y  1 9  3 3 O , 6 2  1 3 2 . 4 6  3 3 r , 4 1
? . ? 4 l t I t  2 . 9 3 t L ? r  ? . 8 0 { 1 0 1

D A Y  2 0  1 1 t . 0 4  3 3 1  . 5 6  1 1 2 , 3 7
L 2 0 t t 2 ,  2 . 3 5 1 L 2 )  2 ! r 0 ( I 0 l

o A Y  2 r  3 1 I . 5 8  3 3 r . 0 I  3 3 ? , 4 1
I . 7 6 t r 2 t  , 6 2 ( 1 2 )  t . O O r  8 l

D A Y  2 2  3 3 r .  1 9  3 3 0 . 8 7  3 3 1 . E 5
I . 6 9 { r 2 l  t . 4 9 t l 2 )  3 . I 0 {  6 l

o A Y  2 3  3 3 0 , 9 3  3 1 3 , 2 2  3 3 3 . 0 5
, 7 9 ( I Z )  1 , 6 { r I 2 )  2 , 8 0 t r 2 1

D A \  2 4  3 3 0 . 6 1  3 3 r . 8 7  3 3 9 . 0 6
, 3 8 ( I 2 t  2 . 8 0 ( r 2 )  l O . 9 8 t 1 0 l

D A t  2 5  3 3 0 . 5 9  1 3 4 . 2 1  3 4 r . 2 4
, 3 5 { } 2 )  r . 6 2 r r l )  ? . 4 l t t o l

D A Y  2 6  3 3 0 . 7 5  3 1 0 . 7 L  3 3 4 . 0 1
. 2 r t r z l  . 7 4 1 t 2 t  5 . 2 9 t 1 2 1

o A Y  ? 7  ) 3 I . 2 5  3 3 I . 8 9  3 ) 2 . 5 A
, 6 6 {  I 2  )  I . 8 4  (  I 2  )  r .  ? r  ( 1 I  )

o a Y  2 8  3 3 0 . 8 6  3 3 2 . 1 5  3 3 r . 2 t
L I 8 ( I 2 )  2 . 7 6 r I r )  1 , 0 I {  8 )

3 3 0 , 5 9
2 . 1 5 (  A l
3 3 0 , 5 4
1 , 5 4  (  I 2  l
3 3 2 . O 7

, 8 7 { I ? )
I 3 1 . 8  3

. 1 6 t l 2 )
3 3 r , 7 8

, 1 6 r l 2 )
I 3  r . 8  2

. 2 Z l L 2 l
1 3  t  , 9 6

. o l (  3 t
3 3 1 , 5 9

. 0 6 (  3 )
t 3 t . 6 r

, t z t  6 l
1 3 2 .  \ O

, o 8 r  3 )
3 3 2 .  t 9

. t 9 (  8 )

3 3 2 . 9 9  3 3 3 . 5 3  3 3 1 , 5 {
l . l ? r  6 l  I . 3 4 r 1 2 )  3 . 1 3 ( I 2 l
3 1 3 . 2 9  3 1 2 , 8 9  3 1 2 . 3 7
7 . 2 L t L 2 t  t . 7 7 t I 2 t  . 4 9 t 1 2 )
1 3 7 , 5 9  3 3 6 . 0 3  3 3 2 . { r
4 . 1 5 ( l 2 t  I . 6 0 t l 2 ) , I 0 ( I Z l
7 1 4 . 1 2  3 1 9 . 1 4  3 3 ? , 2 0
? , 2 1 l L O l  4 , 8 7 1 L 2 )  . 2 2 ( I 2 )
3 3 2 . 7 6  3 3 5 . 7 7  3 3 2  , 2 1

. 3 r ( 1 2 )  3 . { 0 ( t 2 )  . 2 0 t I 2 l
3 3 ? , 6 0  1 3 2 . 8 3  3 3 4 . 0 r

. 3 6 ( 1 2  '  , Z Z t  9 t  ? . 9 9 1 1 2 1
3 3 4 . 6 8  3 3 3 , 8 2

3 3 l , E S  1 3 3 . 8 3  3 3 2 , 6 4
2 , 0 8  r . 5 6  . 6 0

3 t l 5 2 3  l o 3 t

H O U F  5
P E R  H o N T H  3 2 5  3 3 4  3 O 4  r a 3 2 3 5  4 4 4  4 1 4

A N N U A L  f f E A N  =  1 3 2 . 5 3
S T A N 0 A R D  0 E v l A T I 0 N  =  . 9 3
H O U R S  P E R  Y E A R  =  2 4 4 1



G R I N  C O ?  C O N C € N T R A T I O N S  ( H A R K  I I

1 9 7 8  C O H P L E T E  O A T A  5 E T

I

O A Y  2

D A Y  3

3 3 5 , 4 5  3 3 6 . 6 0 3 3 6 . t 0
1 . 0 6  (  1 2 1
3 3 3 , 6 8

4 . 3 6 ( r 8 t  3 , 7 9 ( 2 4 t
t 1 9  . 2 3  3 3 6 . 4 1

2 , 6 0 1 2 4 )
3 3 4 , r 0

l .  3 l  (  l 2 l 3 . 0 7 { t Z r  4 . 2 6 t 1 8 ) 3 , 7 3 1 2 0 1
1 3 1  , 7  5 1 3 4 , 5 7
t . l 4 t l ? ) t . 0 2 ( r 2 )  2 , E 6 ( l 2 l L . 9 l r z 4 )
i 1 2 , 7 8 t 3 6 , 9 I  1 3 4 , 6 1 3  3 3  , 2 9

. 9 6 ( l Z t 3 , 5 1 ( ! 2 )  2 , 9 9 ( r 2 ) , 2 6 t  2 0 )
t 3 6 . 4 6 t 3 9 , 2 0  3 q Z , r 7 3 3 3 .  r 3
4 . 0 0 { I z ) 7 . 9 0 t  1 t )  r 0 . 5 5  |  t l  ) , 2 0 1  2 4 1

3 3 3 , I E 3 3 5 , 3 2
. ( 6 {  3 l

, 3 4 , 2 6

3 3 3 , 3 9

1 3 9  . 2  r

3 3 5  . 7  |

3 3 5 .  r l

l . 2 6 ( r 0 l
t 1 2 , 4 6

, 4 L t 2 4 l
3 1 3 . 9 t

D A Y  '

O A Y  7

D A Y  8

D A Y  ] O

O A Y  I I

O A Y  1 2

D A Y  1 3

D A Y  1 4

O A Y  1 5

D A Y  I 6

D A Y  I 7

O A Y  I 8

D A  Y  I 9

o A Y  2 0

D A Y  Z I

D A l  2 2

o A r  2 3

D A Y  2 4

D A \  2 5

D A Y  2 6

o A Y  2 7

O A Y  2 8

o A Y  2 9

D A Y  3 0

D A Y  ] I

3 4 2 . 6 3  3 4 1 , 4 5
2 , 1 r l r 2 l 7 . 7 0 t 1 2 t  7 , 5 6 t ! 2 1 , z 4 t z 4 l

1 3 3 , r 6 3 1 4 , 4 91 3 2 , 5 9 t 3 4 , 2 9  3 4 1 . 4 3
L , 4 4 l L Z l  3 , 2 0 1 L 2 1
3 3 4 , 3 9  1 4 4 . 9 4

, 2 3  |  2 3 1, 4 3 ( t 2 )
1 1 5  , 6  8 t 3 3 , 0 4

. 2 8 ( 2 t l
, 1 3 , 5 e

3 3 4 . 5 ?
1 . 3 8  ( 1 4 )

1 3 2 , 9 4
t . 5 l ( 2 4 )
3  ) 2 , 4 7
L , 7 A t 2 4 t
3 1 1 , 7  2

. 1 8 t 2 c l
I  3 3 . 3 7

. 8 0 (  2 l t
3 3 3 . 0 5

. 5 0 (  8 )
3 3 0 , 3 6
2 , 7 5 1  6 l

, 5 L r  Z 4 l
3 3 4 . {  I

) , 2 7 1 2 4 1

. 8 8 ( I 9 l

) 2  6 , 3 0

3 3 8 . 0 6

3 3 5 , 9 0

5 , A 4 t L 2 l 2 . 2 0 ( r z )  6 , 6 2 r t r l , 4 0 t  2 4 ) . 4 L l Z 4 l
1 3 4 , 3 63 3 8  . 7 9 7 ! 4 . 5 1  3 3 6  , 0 8 3  3 3 ,  r 7

5 , 2 1 1  L 2  | 2 . 0 2 t  9 t  l . l 5 r r 2 l , 3 9 1  2  4 1 , a 7 t 2 4 l
3 3  I  . 2 6  3 3 9  , 5 2 ! 3 1 . 2  6 1 3 2 , 9 5

4 . 0 7  |  L ? ) 3 . 1 3 {  ? )  r . 0 5 ( 1 2 }
1 3 3 . 1 3  3 a t . 8 6

) . r l t L Z l , 6 E t ! 2 )  r . 5 2 ( t 2 )
1 3 2 . 6 4  3 4 r . 4 6 3 3 1 , 4 4

, z t t 2 4 , 1 , 4 6 ( 2 r '
3 3 2 , 6 5

1 . 6 8 t 2 2 ) . 9 4 t 2 4 t  4 . 5 6 t 1 2 1 . 8 4  ( 2 4 ) . 4 5 1 2 4 )
1 3  5 . 8  43 3 3 . 0 1 ) 3 3 . 7 4  3 3 4 . 6 4 t i 3 , 4 7

r . 3 I t 2 { t 1 . 8 0 1 2 2 )  4 . 6 9 t I 2 r , 6 1 ( r 2 ) . 2 7  |  2 3 1
) 3 2 . 4 4 3 3 8 . 3 5  3 3 4 . 9 8 ) 3 4 , 9 1

. ? 3 ( 2 3 )
3 3 2 . s t

, I l t 2 4 )  2 , 9 0 ( 1 0 )
3 3 3 . 1 5  3 3 9 , 0 2

. 5 8 (  2 3 1
3  3  3 , 1 1

7 . 3 3 r 2 4 )  I . E ? (  9 ) . 4 r (  9 )
J 1 5  . 7  r3 1 3 , r E  ) 3 2 . 7 1

. 5 2 ( t 6 )  I . 5 7 ( r t )
3 1 2 , 7 2  3 4 0 . 5 6

3 3 2 , 7 7  3 3 3 , 5 0
. 4 7 1 2 3 )  l , 4 3 t L 2 l

3 3 4 , 4 1  3 3 4 . 7 4
I . 4 4 t 2 4 )  2 . 2 0 { I I )
3 3 4 , 6 8  1 3 3 , 3 7
2 , 1 7 t 2 4 t  L . 1 3 t L 2 l
3 3 4 . 1 7  1 3 3 , 5 7
L . 2 9 t 2 4 t  l , 6 2 l r 2 l
3 3 5 . ? 8  3 3 t , 6 9
l . 4 l { r 9 )  r . z 4 {  5 )
3 1 3 . 0 9  3 3 4 . 9 ?

, 1 7 1 2 4 )  2 . 4 0 t 1 4 )
3 3 3 . 1 2
2 , O 7 t Z 4 l

, ? 4  l 2 1 l
1 3 3 , 7  Z

4 , 9 ? t 2 3 '
3 3 8 , 0 2
2 , 9 6 t 2 4 1
3 3 6 .  t 0

1 . 5 7  t 2 2 l l . 7 3 r l 6 l  3 . 2 9 { r 2 l . 3 4 ( t l l 2 , 0 4 t Z 4 l
3 f 2 . 7  4 7 3 4 , 3 9  3 1 5 . 0 5 1 3 3 . 6 4 3 3 8 , 7 I

. 6 3 t 2 \ l 1 . 0 3 {  6 l  I . 5 4 ( t 2 l 1 . 0 2 ( 2 q ) 4 . 8 4 ( Z r )
' 3 3 . 6 r
L . 4 E { t 9 r 2 , 6 7 r I I )  q . 3 6 ( r t l

l l 4 .  7 0  3 1 7  , O 3
2 . 6 5  (  r 0 l
) 3 5 , 7 7

4 . 5 L t Z 4 l
l 3  ? , 5  r

! 3 3  , 6  Z 3 3 3 , 9 6  3 3 6 . 0 8 3  3 4 .  1 ? 3 3 3 . 7 0
L . { 9 t 1 3 1 3 . 3 6 ( l Z t  3 . 1 7 { 1 2 ) 1 . 0 5  {  I  2 ) I . l 9 t 2 4 )
1 3 5 , 2 4 3 3 3 . 0 5  1 ) 7  , 9 4 , 3 2 , 6 9

1 . 2 3 t 1 ? )
) 3 4  . O A

4 . 6 7 r 1 8 1 t . 2 2 r r 2 )  3 . 7 5 t r 0 1 , 2 9 1 2 4 1

I . 8 0  (  Z 4  r
1 3 2 . 2 6

. 3 7  |  1 l
3 3 5 . 7  5
1 , 4 5 { r 3 )
3 3 6 , r 7
4 .  1 7  |  l 8 l
3 1 6 , 7 3 3 1 5 , 3 1
L  , 4 4  l  I 2 l , I l (  5 l
! 1 r . 9 2 3 3 5 .  r 3
I . 0 6 r I 6 ) . 2 1 u 0 )
3 1 5  , 7  03 7 2 , 7 9  1 3 6 . 7 2 3  3 4 . 0 l , 1 4  . 2 2

2 . 5 7 t 1 2 ) 1 . 6 7 { t } )  4 , 4 4 ( 1 2 1 L . Z O I ?  4 l , 4  2 1 2  4 1
3 1 2 . 5 5 1 3 q . 0 0  3 1 3 , 9 6 1 3 3 . 5 ? 3 3 4 . 1 4

, 2 r ( r 2 l
7 1 ? , 6 6

z .  l 4 t r 0 t  2 .  1 8 l r 2 )
1 3 2  , 7 3  3 3 3  , 7 l

. 2 5 t 2 4 1
l l 4 .  1 6

, 2 3 { 2 l l

. I 3 r 1 6 ) . 8 6 { 2 0 )  ! . O r ( t 2 ) , 2 4 1  2 2 1 . 7 0 (  I 2  )

t . r 3 t 2 q ) . t 8 ( r ? l
3 3 6 . 2 7

1 3 2 , 4 4
1 , 0 3 ( ? 2 )

, l 9 t  z 4  |
3 3 4 . 4 1

. 2  4 1 2  4 1

. 3 8 t 2 r )
3 1 2  , 7  q

t , 7 1 r 2 4 l
3 3 2  , 3 0
2 , 9 0 1 ? 4 1
3 3 6 . 1 8
L l 0 r  5 l

I 3 6 . 6  3
2 . 4 L l 2 4 )
3 3 6 , 9 6
2 .  1 4  {  I 9 l
1 3 r , 6 4

. 2 0 t r t l
3 3 5 . 1 4

, 2 1  l 2 a l
3 3 5 . 2 0

. 5 r t 2 3 l
3 3 5 , 5 1

, 7 7 1 2 \ l

4 , r ! ( l 2 l

3 3 1 . O 4

3 ) 5 , 3 6

3 3 5 , 9 8

3 4 0 . t 1

3 1 8 . 2 0

3 3 5 . 3 0

l l 6 , 0 3 1 3 5 .  Z L
1 , 5 4 t 2 4 1 . 5 8 t 1 2 )

3 3 2 , 6 4
, I 6 ( 2 4 )

1 3 2  , 5 2
. r ? { 2 3 )

3 3 2 , 5 4
. 6 0 t 2 4 )

3 3 3 , 8 3
r . r 5 { 2 4 )
3 3 2 , 4 4

, 7 0 t 2  a ,
3 3 3 . 8 9

. 7 5 t Z 4 l

2 , r 0 { I o )
t 3 6 . 3 1

. 9 6 t  6 )

1 1 4 . ) 7
7 , 5 Z t 1 t I
3 3 2 . 5 0

, 6 0 ( 2 2 )
3 3 2 , 5 3

, 4 ? t L 7  |

L 0 6 { r 0 l
t l 9 , o 2
3 , 1 9 t r 2 )

. 4 0 {  5 )

H O N T H L Y
h E A N

3 3 6 . 9 8
2 . l o
2 9

3 3 6 . 0 3
2 . 6 0
] I



4 7

C A P E  G R I f r  C 0 2  C O N C E N T R A T  I O N 5  t  f f A R K  I  I

I 9 7 9  C O X P L E I E  D A T A  5 E T

I O N T B  J A N U A R Y  F E S R U A R Y  i l A R C H  A P R I L f f A Y  J U N E  J U L Y  A U G U S T  s E P T E N E E R  O C I O S E R  N O V E N E E R  D € C E I B E R

o A Y  I  3 3 5 , A \  3 1 4 . 3 2  1 3 5 . 6 9  3 1 5 . 9 2  3 3 6 , 2 4  3 3 4 . 9 7  3 3 t . 7 9  3 3 6 . 0 3  3 3 6 , 0 9  3 3 6 . 2 0  3 3 6 , 3 7I ' 4 7 ( 2 4 )  c . 5 a l 2 4 )  2 . 5 4 1 2 4 )  ? . 6 9 { 2 4 t  1 ' 9 0 t 2 4 )  . L 4 l 2 2 l  . 1 6 ( 2 4 1  . 3 a ( 2 4 1  L . Z l t l q t  , g 4 1 2 2 ,  I . 3 O i 2 4 lo A Y  z  1 3 4 . 8 2  3 3 7 . 8 1  3 3 8 . 7 0  3 3 0 . ? 9  3 3 9 . 4 0  3 3 4 , 8 4  3 1 5 . 7 2  3 3 5 . 7 9  3 3 4 . 7 9  3 3 7 . 9 0  i 3 6 . o o, 3 5 ( 2 4 1  3 , 2 3 1 2 3 t  6 . A 2 1 2 4 t  L . 3 7 t | Z t  4 , 5 2 t 2 4 t  . 8 9 ( 1 1 )  . 1 5 t 2 r l  1 , t o (  g ,  3 . 3 t t 2 4 l  3 . o 4 1 2 3 t  . 3 2 1 2 1 'o A Y  3  3 3 4 , 6 6  1 3 5 . 0 4  3 3 6 . 6 5  1 3 5 . 4 5  3 3 0 . 6 3  3 3 6 , 2 8  3 3 5 . 8 9  3 3 7 , 1 8  3 3 7 . 1 6  3 3 6 , 2 01 . 4 7 1 2 4 1  L . r 9 l 2 4 l  L ' 6 3 l 2 c l  1 . 6 9 { 2 0 )  2 . 4 0 1 2 4 1  1 , 1 1 t 2 4 )  . 1 7 1 2 4 1  2 . A 8 1 2 2 1  t , 1 9 t 2 4 t  . 9 5 l 2 4 lD A Y  4  3 3 5 . 3 0  1 q o , o 5  1 3 r , 1 9  1 1 4 . 5 9  3 3 9 . 7 1  3 1 6 , 2 9  3 3 5 , 6 6  3 3 6 , 4 9  3 3 ? , 3 ?  1 3 7 , 2 5  3 3 7 , 0 ;Z ' l O l 2 4 l  6 . 8 6 ( 2 4 l  . 6 9 l 2 2 l  . 7 9 1 2 1 )  3 ' 7 O l L 8 l  r . 4 2 l 2 . l  . 4 0 { 2 4 ,  L . O 8 (  E I  1 . 6 4 ( Z O t  2 , 7 9 ( 2 4 )  2 . 0 0 { I e lO A Y  5  3 3 7 . € 1  3 3 6 . 3 5  3 3 6 . 5 c  3 1 7 , r 0  3 3 6 , 3 6  7 3 7 . 5 7  1 a 5 . O 7  1 3 7 , 2 3  3 3 8 , i l  3 3 i . 9 I  3 3 6 , 3 15 , 5 7 1 2 q t  3 . 1 5 ( 2 4 )  t , 3 0 { I 7 t  3 , Z 1 t Z 4 t  2 , 2 Z l z I t  4 . 1 O ( 2 4 1  . 7 3 1 2 4 t  l . 6 2 t t 7 t  1 . I 3 t 2 4  |  . 4 5 1 2 4 1  . 2 7 t L a ,D A Y  6  3 ) 4 . 7 0  3 3 4 . 9 !  3 3 4 . 5 4  3 3 5 ' L 6  3 3 8 , 5 0  3 3 7 , 6 6  1 3 5 . 5 2  3 3 r . 2 2  3 1 6 . 2 0  3 3 6 . 2 L  3 1 6 . 1 2  3 3 6 . 2 6. o ! 1 2 4 t  . 6 7 ( I l )  . 1 3 (  8 l  1 , 8 7 { 2 4 1  3 . 7 O t 2 4 )  2 . 4 C t 2 4 '  , 1 A t 2 4 t  . 9 8 t 2 3 t  . Z t t Z C t  . 5 a t 2 4 t  . 4 9 t z I }  t . 5 9 ( I 6 rD A Y  7  3 3 r . 9 3  3 3 j . 2 9  3 1 7 . 3 5  3 3 4 , 5 5  3 3 0 . 0 6  3 1 7 , 5 0  3 1 4 . ? 3  3 3 6 , 1 3  3 3 h , 2 9  3 3 6 , 2 6  3 3 6 . 1 6  3 3 6 . 6 52 . o L l z 4 l  3 . 1 o 1 2 4 )  2 . l I t I l l  . 3 6 t Z 4 l  4 . 6 4 1 2 4 1  2 . I o ( I 9 )  1 . 6 6 ( Z 4 l  . 6 2 1 2 4 )  . 1 3 ( 2 2 t  . 5 o t 2 4 t  . 7 3 ( Z 4 t  I . T g t z o lD A Y  I  3 3 5 , 1 2  3 3 9 .  1 7  3 3 6 . 4 2  3 3 C . 7 4  3 3 6 , 5 6  3 3 7 , 1 1  3 3 4 . 6 6  3 3 6 . 2 3  3 3 6 . 0 6  3 3 7 , 5 3  3 1 5 . 7 6  3 3 r . 7 22 , 5 9 1 2 2 t  4 . 4 9 1 2 4 )  1 . 0 7 ( t 2 t  , 5 7 1 2 c )  2 , 2 9 ( 2 4 t  1 . 4 A 1 2 4 1  . E l t z 2 l  : 5 s t 2 4 t  . 4 5 t 2 4 t  z , 8 t l 2 4 t  3 . 6 6 1 L 3 t  . 4 5 t 2 4 lo A Y  9  1 q 0 , t 1  3 1 5 . A 5  3 3 q . 9 6  3 3 4 , r 4  3 3 4 . 3 0  3 3 9 , 2 6  1 1 5 . 3 1  3 3 5 . 9 8  3 1 7 . 3 2  3 1 7 . 1 L  3 7 5 . 0 5  3 1 5 . ? z-  g ' 5 9 1 2 4 1  3 . 2 4 1 2 4 1  . 5 8 t 2 3 )  . 4 6 ( 2 4 1  l . 3 0 l l 5 )  5 . 8 5 t 2 4 1  , ? L l Z Z l  , L 4 l 2 3 )  3 . 5 4 1 2 4 1  2 . 8 0 ( 2 4 t  I . 6 3 t Z O )  . Z 5 t z 4 )o A Y  I 0  1 3 4 . 5 4  3 3 5 . 8 0  3 1 5 , 5 4  3 3 4 . 1 7  3 3 6 . 4 I  3 3 5 , s 0  3 3 5 , 4 3  3 1 5 . 6 8  3 3 8 . i 7  3 3 6 . i 0  3 3 E . 2 0  3 3 i . 5 5. ? 7 ( ? I l  I ' c O ( 2 q )  2 ' O l t 2 c )  . 2 1 1 2 4 )  8 , 1 0 t 2 4 1  2 , 3 5 t 2 4 t  . ! 7 ( 2 4 t  . l l ( 2 4 )  I . 9 5 ( 2 4 )  . T L l l q t  Z . 9 6 t 2 4 t  , 2 6 l z a tD A Y  l l  r 3 4 . 5 9  3 3 4 , 5 9  3 3 6 . 2 r  j j 4 . 7 7  3 3 5 . 3 1  3 3 5 . 0 7  j 3 4 . 6 2  3 3 r , 7 ?  l 3 9 . r r  3 1 4 . 9 7  i E g , : c  r : i . c :
. 2 6 1 2 q l  ' L A ( Z 4 l  4 . O 7 1 2 4 1  . 8 0 ( 2 4 )  . 1 2 l 2 O l  , 1 8 { 1 7 1  L 7 9 { I E l  . L 4 l 2 4 t  5 . L 4 1 2 4 1  L 3 g t Z q t  Z . 7 Z t 2 3 t  t , + O t z r tD A Y  1 2  7 3 4 . 4 3  3 3 q ' 7 4  3 4 o . 3 7  3 3 5 ' 8 6  3 1 4 , 9 5  3 3 8 . 9 6  3 3 5 . 2 2  3 3 6 . 0 8  1 3 5 , 7 9  3 3 6 . 0 4  3 3 5 , 5 6  1 3 5 . 7 7
. 4 3 { I 6 l  . 3 7 1 2 4 1  l . 3 8 t Z c )  I ' 8 9 ( 2 2 1  ' 2 1 1 2 4 )  2 , 9 7 1 2 4 1  . 3 5 t I 9 l  . 5 o l 2 4 l  . 1 9 ( 2 4 )  . 4 3 1 2 4 ,  . 3 0 ( I 2 t  I . 6 1 ( Z 4 lD A Y  1 3  3 3 4 . 2 t  3 3 5 . 1 0  3 3 9 . 7 0  3 3 6 . 6 4  3 3 4 . 7 2  3 3 5 , 3 '  3 3 5 . 7 0  3 3 6 , 1 1  3 3 6 . ! 4  3 3 6 , 7 7  1 3 5 . 4 6L , 6 2 t 2 4 l  , r O t 2 4 l  4 . 6 0 ( L 6 t  5 . 2 3 1 2 4 )  . I l ( 2 4 t  . 1 6 { 2 4 t  , 2 r l 2 q t  , I 4 ( Z 4 l  , 7 t t z 4 t  2 , 0 7 t t Z )  . 3 } l z 4 ,D r Y  1 4  3 4 0 ' 6 1  3 3 4 . 5 1  3 3 9 , 7 4  3 4 3 . 8 9  3 3 4 ' 8 6  3 3 s . 2 5  3 3 5 . 0 3  3 2 5 . 5 2  i 3 6 . 0 9  3 3 6 . ? 5  3 3 5 . 9 9r o ' 4 2 t 2 4 )  . r L t 2 z t  2 . o a l 2 4 t  7 . 4 1 1 2 4 t  ' L ? t z 4 t  3 . o 5 t 2 4 ,  . r r n r )  t . i 2 r 1 6 )  r . z o i z c l  i , a r i i g l  i . : i i ) o rD A Y  1 5  3 1 4 , 9 5  3 3 4 . 6 6  3 3 9 , 0 3  3 1 t , O Z  3 3 4 . A ?  3 3 4 , A 7  1 3 3 , 4 5  3 3 r . 1 S  3 1 6 . 2 6  3 3 7 , g L  3 3 7 . 6 92 . 2 7 1 2 4 1  . 1 5 t 2 4 )  6 . 7 0 { 2 4 )  I ' O I { 2 4 1  . 5 ? ( 2 1 )  2 . L O l Z 4 l  Z . 7 7 l I 4 l  2 , 2 Z t 2 4 t  , 4 7 1 2 4 t  t . 4 q t 2 3 t  Z , 2 r t . a to A Y  1 6  3 3 7 . 0 9  3 3 4 . ! 3  3 3 6 ' B t  3 c o . 4 9  3 3 6 ' 3 0  3 1 1 . 3 6  3 1 6 . 3 9  3 3 2 , 9 4  3 3 7 . I 1  i J 6 , z z  3 3 5 . i 63 . 9 2 1 2 4 t  . 2 O t 2 3 t  3 , 3 4 ( 2 4 1  ? , I t t Z 2 )  Z , O 3 t 2 4 )  L . r 2 t 2 4 t  . A 6 1 2 4 1  4 . 2 0 t I g t  2 . 4 5 1 2 4 t  , 7 3 t 2 4 t  . J g t z 4 lD A Y  1 7  3 3 5 ' 6 8  3 3 3 ' 9 6  3 3 6 , 4 7  3 3 8 . 5 1  3 3 4 . 8 1  3 3 4 , 9 4  3 4 O . l I  3 3 6 , t 2  3 3 8 . 0 3  3 3 6 . 6 4  3 3 i , O B2 . 9 ? ( 2 4 )  . 2 2 1 2 4 1  t , 4 6 t 2 4 t  3 , 9 6 1 2 4 )  , 6 2 1 2 4 1  L , r 5 t Z 2 t  4 . O r t 2 2 t  , L 7 t 2 4 l  2 , O 3 t 2 4 1  Z . 2 B t Z 4 )  . 3 2 l 2 2 lD A Y  1 6  l l 4 t 9 9  3 1 4 . 1 0  3 3 4 , 6 8  3 3 4 . 7 2  3 3 7 . q 0  3 3 5 . 6 6  1 3 0 , 0 6  3 1 6 , 2 0  3 3 7 . 8 4  3 1 6 . 9 4  3 3 r . 7 62 , r o t 2 2 t  . 6 9 { 2 4 )  l . 3 0 { ? 4 1  . A 5 t 2 4 l  3 , 5 4 t Z q )  . 4 1 1 2 q )  4 , 1 9 1 2 4 1  , 1 6 { 2 4 )  3 . 4 0 t 1 4 t  . 6 4 t r 5 )  . 3 r t z 4 lo A Y  1 9  3 3 7 . 4 0  3 1 6 . 6 7  3 3 E . 4 6  3 1 1 . 8 7  3 3 4 . 3 0  3 l 6 . O E  3 3 1 , 6 2  3 3 6 . 2 9  3 3 0 , 1 6  1 3 5 , r A  1 3 r , 7 O4 . 3 O t 2 2 t  5 , 6 6 t 2 4 1  4 r 8 9 ( 2 4 )  L 9 0 t 2 4 r  . 9 0 t 2 4 t  L O I ( 2 4 1  t . 6 3 ( 2 4 '  . I 0 { 2 4 1  3 , 6 I ( 2 l t  5 , 0 9 ( 2 3 '  . 3 6 t 2 4 ,o A Y  2 0  3 3 A . 5 5  3 3 5 , 1 9  3 3 6 . S 0  1 3 8 . 1 5  1 1 6 . 4 1  3 3 6 , 5 2  3 3 5 . 9 0  3 3 6 . 9 6  3 a 5 . 9 6  3 ! 6 , 4 2  3 3 7 . 2 22 , 2 0 1 2 4 1  L . 3 3 l l 7 l  4 . 6 6 1 2 c 1  5 . 0 4 { 2 4 )  l , ? l t 2 0 l  r . 8 9 { l 7 l  . 4 9 ( z 4 t  , 3 7 1 2 4 )  , 6 6 1 2 4 )  L 6 4 l z 4 l  J . q a t z 4 ,o A Y  2 1  3 3 4 , 7 0  3 3 6 . 6 4  3 3 8 . 4 8  1 1 6 , A 7  3 3 5 . 0 6  3 3 5 , 5 0  3 3 r , 7 6  3 3 6 . S ?  3 3 r . 7 2  3 3 6 , 2 7  3 3 6 , 6 8' 6 9 f 2 4 )  l . 6 l ( 2 4 1  5 . 6 2 ( l 0 l  2 . 5 0 ( Z ( l  L . O I { e 4 l  . 5 6 t 2 4 }  . l E t 2 2 )  . t 6 t Z Z )  2 . 3 ? t 2 3 )  , 5 4 t Z 1 t  3 , 3 g t 2 3 lD A Y  Z ?  1 1 6 . t 2  3 1 7 . A O  3 1 4 , 7 A  3 3 4 . q 7  1 3 4 . 9 6  3 3 5 , 3 8  1 1 5 . 1 7  3 3 5 , 6 E  7 3 6 . 7 3  3 3 7 , 4 9  3 3 6 . 4 '  3 3 5 , 3 9

z . 3 o t 2 4 t  L , a z t ? 3 1  r . 5 3 t t 5 )  . z 4 t 2 4 l  . 7 8 { 2 ? )  l . ? 6 ( I l l  , 4 6 1 2 3 1  , I O ( 2 4 1  t . 1 5 1 2 4 t  _  I . 6 6 ( 2 I t  1 . 6 2 t 2 0 )  . 3 2 t 2 3 1o A Y  2 3  3 3 9 . 2 0  3 3 9 . 1 5  1 3 5 ' 5 5  3 3 4 . 6 1  3 3 6 . 3 5  1 1 4 . 9 h  1 3 r , 8 2  7 3 5 , 7 s  3 3 ? . ? 5  3 7 g , 3 3  3 3 6 . 9 3  3 l i . 6 s4 , 2 7 t  7 )  3 , I 4 1 2 4 t  L 3 ? l ? 3 1  . l 5 t I 3 ,  t . 0 3 ( 2 4 ,  2 . 4 0 ( 2 4 t  . I { ( 2 3 1  , 4 7 1 ? 4 1  L . 6 5 t Z 4 l  3 . 0 9 1 2 2 t  a , 6 2 t Z 3 t  . 2 9 t z c ,D A Y  2 4  3 3 8 . 3 0  3 3 \ . 7 4  3 3 4 , 4 L  3 3 7 . c O  3 3 4 , 2 4  3 3 5 , 3 2  3 3 5 . 9 1  3 3 6 . 4 r  j 1 6 . 0 7  1 4 2 , q t  1 3 5 , A 44 ' z 2 l z 4 )  . 2 6 1 2 4 1  , 2 1 l z 4 l  I . 2 2 1 2 4 1  I . o ? { 2 4 )  1 . 4 t ( 2 4 1  L . I 4 ( 2 4 1  t , 4 0 t 2 q 1  . 3 7 t 2 4 l  5 . 6 3 ( 2 4 t  , z z t z o lD A Y  2 5  3 3 e ' A 5  3 3 5 , 2 L  3 4 0 . 1 3  1 3 4 . 7 5  3 3 4 , 4 1  3 1 9 , 4 6  3 1 7 . 5 L  3 3 8 . 2 4  3 3 5 , 8 L  3 j 5 , 7 4  3 3 5 . 7 6
t , 3 5 t 2 q t  , ) z I ? 4 1  5 . 5 o 1 2 4 t  . 3 5 t 2 3 t  Z . r 7 l 2 3 t  3 , A O t Z O t  Z . 6 A t 2 4 t  L 4 O t 2 4 )  . 4 7 1 2 4 '  , q 4 t 2 4 l  . 3 8 1 2 c ,D A Y  2 6  3 1 7 ' 5 3  3 4 0 . 0 1  3 3 6 . 3 0  3 4 2 . 4 2  3 3 5 . 5 4  3 3 5 . 8 1  3 3 6 , 3 1  3 3 ? . 1 6  i 3 6 . 4 t  3 3 5 . s €  3 3 6 . 2 3t . L 1 l 2 4 l  1 . 1 2 ( 2 2 )  2 . 0 8 1 1 9 )  7 . 8 7 { 2 c )  . 8 0 ( z r )  , 7 7 i z t t  L , 5 8 t 2 4 1  z . 4 E ( z r )  r . I g t z o t  , q 3 t 2 4 t  L , 3 5 1 2 4 ,O A Y  2 7  1 3 5 . 6 2  3 q l ' l o  ) 1 4 ' 1 2  3 1 4 . 6 3  1 3 5 . 0 9  3 1 6 . 3 4  3 3 6 , 1 4  3 4 2 . 6 2  3 3 5 . 9 8  1 3 6 . 1 2  3 3 6 . 6 1

. 7 0 ( I 7 )  1 I . 4 5 ( ? 4 )  . I 5 ( 2 4 )  . L l l 2 4 l  , 9 4 1 2 4 ,  l . 2 O l 2 4 l  , 3 1 ( 2 4 t  3 . 3 I ( 2 1 1  . 3 3 ( 2 q t  , Z q t ? 2 t  L 6 Z t Z c lo A Y  2 8  J 1 9 . 3 1  3 3 6 , 8 3  3 3 4 , 2 0  3 1 5 . 5 0  1 1 5 . 6 L  3 3 5 , 8 4  3 3 6 . 9 8  3 4 0 , 7 0  1 3 6 ! 0 1  3 3 5 . 9 1  1 3 9 , 7 \4 . 4 8 t 2 4 t  2 , 4 3 ( 2 4 t  . 1 8 ( 2 4 1  r . 5 8 { 2 4 t  , 7 5 t 2 1 '  . 3 6 t 2 4 t  l . r r { l 6 l  5 . o o ( 2 4 )  . 2 1 t 2 4 )  . 3 Z I Z 4 t  4 , t l t 2 4 l
O A Y  2 9  3 3 r ' z z  3 3 4 . 2 0  3 3 6 . 9 9  3 1 5 , 4 i  J 3 5 , g a  3 i o . o 6  3 3 i . 6 r  1 3 r , i z  3 3 5 . 9 5  1 4 2 , 0 )1 . l 2 l r 9 )  . 2 f l 2 4 l  1 , 5 \ ( z 4 l  . 4 6 ( 2 l l  , 6 2 l L 7 l  3 , 3 7 1 2 4 t  L . 3 6 t 2 4 t  , a 6 t z q t  , z z t z 4 t  , . 3 4 t 2 1 1o A Y  3 0  3 1 6 . 7 3  3 3 6 . 5 6  3 3 4 , 6 6  3 3 4 , 9 2  ! ! 4 . 4 O  3 3 6 . 7 3  3 3 6 . 0 5  3 3 5 . 9 9  3 3 5 . 9 6  3 q O , 5 O

Z ' 1 3 l 2 0 l  L , 6 2 1 2 4 ,  . 1 4 { I 9 )  . 7 4 l 2 3 l  I . 0 2 l 2 4 1  2 . L r l 2 4 l  . 1 1 1 2 4 t  . 6 0 t 2 1 r  - 2 a t 2 2 t  1 - 1 ^ t ) 4 r
3 3 8 , 1 6  1 3 4 . A 3  3 3 5 . a 4  3 3 6 . 1 ?  3 3 5 . 9 6  3 ) 6 . 4 7
. . ( t t z c ,  . 3 6 t z q t  . I { t z 4 )  , 3 0 t z 0 t  z . 4 5 t z 4 l  L . 7 4 i z 4 l

n O N T H L Y  3 3 6 . 1 6  1 3 6 . 2 6  3 3 7 . I 0  3 3 6 , 2 A  3 3 6 . 0 6  3 1 6 . 5 4  3 3 5 , 6 2  3 3 6 , 2 5  3 3 6 . 6 r  3 3 6 . 6 I  3 3 6 , 7 5  3 1 6 , 6 !i E A N  r . 9 6  1 . A l  2 . 1 6  2 . l l  l . ? 5  t . 7 7  1 . 3 4  t . r 4  z . o 1  l . o 4  I . 3 8  1 , r t
2 3  2 3  f l  ! o  1 1  ) lz J  2 3  3 1 3 1  2 1  3 I  l l  2 9  3 t

H O U R S
P E R  H O N T H  5 2 0  5 2 I  6 6 0  6 9 1  7 0 7  4 6 t  6 E 7  7 0 0  6 3 1  7 \ 5  6 4 7  7 o O

A N N U A L  H E A N  =  3 1 6 . 4 2
S T A N D A R 0  D € v I A T l 0 N  -  . 4 0
H O U R S  P E R  Y E A R  .  7 6 4 6



4 A

C A P E  G R I f r  C O 2  C O N C E ( ] R A T I O N 5  I H A R K  I  )

I 9 8 O  C O H P L E T E  O A T A  5 E T

i O N T H  J A N U A R Y  F E E R U A R Y  H A R C T  A P R I L J U N E  J U L Y  A U G U S T  S E P T E N B E R  O C T O S E R  N O V E N g E R  O E C E H E E R

o A Y  l 3  ) 3 5 , 1 1
I . I q ( 2 ( t

o a Y  I 4  3 1 4 . 9 r
3 . 9 6 { Z t t

D A Y  ?  3 ) 5 . 9 2  3 3 6 . 3 6  3 3 b , 2 8  3 3 8 . 1 I  3 3 6 , 1 0  3 3 6 . 5 0  3 3 7 , 5 9  3 3 6 . 4 5  1 3 7 , 7 5  3 1 7 . 6 5  3 3 7 , t 5  3 4 0 . 3 2
I . 9 9 r Z l )  r . 0 6 r 2 4 )  . 6 5 t 2 4 t  2 . 5 3 r 2 3 )  t . 9 0 l I 7 r  1 . 0 8 { Z Z t  . 2 3 {  8 )  I . t 4 r 2 4 )  , t 4 ( 2 4 )  r , 5 5 t 2 I )  , 3 6 ( 2 4 1  3 . 2 6 t 2 0 )

D A Y  3  ) a 5 . 7 6  3 3 5 , 1 1  1 3 r . 9 4  3 3 5 , 1 9  3 ( 0 . 2 4  3 3 9 . I 5  3 3 7 , 5 '  3 3 6 . 9 3  1 3 7 , r 7  3 3 6 . 9 9  3 3 7 . 0 9  3 3 8 . 5 6
l , 9 0 r 2 4 t  , r 2 t 2 q )  L 0 3 t 2 4 )  , 0 9 {  9 t  7 . 9 1 t ? 4 )  3 ! 8 2 { r 6 )  , 2 7 1 2 c )  . 3 3 ( 2 4 t  , 4 Z t 2 O l  . 4 3 t 2 { l  I . O O ( 2 4 1  3 . I 0 { 2 4 )

D A Y  4  3 3 5 . 7 4  3 3 5 , 7 O  3 3 6 . 4 4  3 3 7 . 8 1  3 3 8 . 4 5  1 3 7 , 4 6  3 3 6 . E 9  ) 3 7 , 6 4  3 3 8 . 9 1  1 3 7 . 2 3  3 3 6 . 8 4
, q 0 f 2 4 )  . 2 l r ? c )  I . 2 t ( 2 4 r  L , 1 4 t 2 q t  ? . 7 7 t 2 4 t  , 2 6 1 2 4 1  L . O 9 l 2 3 l  L 5 7 t 2 2 l  1 , 7 5 1 ? 4 1  1 , 3 4 1 2 4 )  , 4 1 1 2 4 '

D A Y  5  ) 3 8 . 4 7  1 3 5 . 6 3  3 3 5 . S 0  1 3 7 , 9 9  3 1 7 . 8 5  3 3 6 1 9 0  3 3 6 . 4 7  3 3 7 . 0 5  3 3 6 , A L  3 3 7 . 7 1  3 3 ? , 2 ?
1 . 5 3 t 2 4 t  , t a ( 2 4 )  . r 5 ( 1 3 )  . 8 8 r 2 2 )  I . 2 9 ( r 6 l  L l { r 2 4 }  1 , 9 0 r 2 3 1  , 4 4 1 2 3 1  , 9 3 1 ? 4 1  ? . I 8 1 2 4 1  L 2 3 l 2 0 l

o A Y  6  3 3 6 , 9 2  3 3 5 . 3 8  ) 3 7 , 6 \  3 3 9 , 1 6  3 3 7 . 8 0  3 3 6 . € 5  3 3 6 . 1 6  3 3 5 . 1 3  3 3 8 , 4 1  3 3 6 . 6 0  3 1 7 . 4 9
? . o o t z 4 t  , 2 8 t ? r t  ? . q ] 1  8 r  2 , r z l 2 r )  L . 3 5 t z o t  . 3 4 ( 2 4 1  r . 9 6 { 2 4 )  2 . 7 8 t 2 4 )  r , B ? t 2 4 1  L t 7 t 2 0 )  1 . 4 8 1 2 4 )

D A y  7  3 3 A . 4 5  3 3 5 . S r  3 ( 0 . 1 0  3 4 0 , 5 2  3 3 9 . 6 0  ) ) 6 , 9 6  3 3 6 , 0 8  3 ) 5 , 7 4  3 3 1 . 3 1  3 3 9 . 3 1  3 3 6 . 6 0
3 . 3 0 { 2 C t  . 6 0 { 2 0 1  3 , 1 ? t 2 l )  t . 5 5 t 2 4 )  4 . 9 2 t z q l  . Z 9 l 2 a t  , 9 2 1 2 ? )  ? . 6 0 1 2 4 1  . 9 4 ( 2 0 }  3 . 1 0 ( 2 I )  2 . 2 I ( 2 c r

D A y  8  3 3 8 , ? O  3 3 6 , 0 1  3 3 6 . 1 E  3 4 0 , 8 4  3 3 5 . 5 0  3 1 7 . r 0  3 3 7 . 0 7  3 3 7 . 4 9  3 3 6 . 9 3  3 3 7 . 2 4  3 3 6 , 3 1
3 . 9 r 1 2 3 t  t , ? a 1 2 4  I  . 6 r r 2 4 )  3 . r 0 r t 9 )  2 . 0 3 ( 1 6 )  . 3 1 { 2 4 )  . I 9 ( 2 0 )  r , 3 5 t 2 4 )  . 3 7 ( l 9 l  , 9 4 t 2 4 1  L , 5 6 1 ? q l

o A Y  9  3 3 9 . 1 6  3 1 6 . 7 7  3 J 7 . 2 6  3 4 r . 3 4  3 1 5 , 5 7  3 1 7 . r 9  1 3 5 . 6 0  ? 3 7 , 3 1  3 t 6 , 6 5  3 3 9 , E 3  3 1 6 . 0 1
6 . a 6 { 2 4 }  1 . 0 6 r ? 4 )  1 . a O { ? 4 )  3 , 1 ) t 1 7 )  L 4 9 r ? ? l  , 5 9 t ? 4 t  2 . 7 7 t z q l  , ? 5 r 2 4 t  , 7 7 1 2 4 1  3 . 2 2 t 2 4 t  2 . 7 9 1 2 c t

D A Y  t 0  3 3 6 , 1 6  3 3 7 . 9 7  3 3 7 . 8 I  3 1 6 . 9 6  3 3 6 . 5 0  3 3 ? . 4 0  3 3 5 . 5 4  3 ) 1 . 2 4  3 1 6 . l O  1 3 7 . 5 9  3 4 5 . 3 I
z , a 3 ( 2 4 )  4 . O 7 t 2 4 )  2 , 4 5 ( 2 4 t  . 9 9 t 2 3 t  . 8 8 t 2 2 t  , 7 0 t I S t  t . A 8 t 2 3 )  . 2 9 t z t t  2 , 9 5 1 2 4 1  . 2 1 t  7 )  6 , 2 6 1 2 4 '

D i Y  1 1  3 3 6 . 7 7  3 3 9 . 6 8  3 q 1 . 9 2  3 4 0 . 2 2  3 3 7 , 2 3  3 3 8 , 8 9  3 3 7 . 3 2  3 3 7 . 0 9  3 3 7 . 6 7  3 4 5 . 2 A  3 3 E . 0 2
? , ? 1 1 2 4 t  \ . 9 9 1  9 )  5 . 0 5 r 2 4 t  ) , r A t 2 4 )  t , 6 0 t 2 4 )  I . 6 5 ( 1 2 )  l . I 6 ( 2 4 )  , 3 5 t 2 4 )  L I 7 l 2 4 l  6 , 0 9 1 1 5 )  2 . 6 7 ( 2 4 r

3  3 6 . 6  r  3 3 6 .  ? 4
. 5 1 t 2 4 t  . l r ( 2 4 )

1 3 6 . 7 9  3 1 6 , 1 9
. ? 7 r 1 6 1  . l l t  9 l

l 4 l  ,  l 9
2 . a t t 2 4 )
3 4 t . 8 9

3 ) 9 .  r 3
2 . 9 6 1 2 3 )
) 3 5 . e 2

. t 4 l z 4 t2 . 5 3 t ? \ )
D A Y  I 8  3 f ' . 6 4

. 2 r t ? 2 1
0 A Y  t 9  f 1 5 . 6 4

. t 7 t z \ t
o A Y  ? 0  1 3 5 . 5 2

. I 7 1 2 4 )
0 A Y  2 l  3 3 r . 4 6

, 2 2 t 2 3 )
D A \  Z 2  1 1 1 , 7 0

. 4 8 { 2 1 )
D A Y  2 3  1 3 5 . 4 8

. 1 8 t 2 2 )
D A Y  2 4  3 3 5 . 3 2

, \ 5 t 2 A l
D ^ Y  2 5  ) 3 r , 6 ?

. 2 0 t ? 0 )
0 A Y  2 6  3 3 5 . 8 C

, t 4  t 2 4 t
D A Y  2 7  3 1 6 . I t

, 6 4 1 ? C l
D A Y  2 8  1 3 6 , 8 1

t , 6 7 1 2 4 )
D A Y  2 9  3 ) r . 9 \

. 1 7 1 2 \ )
D A Y  3 0  3 3 5 . 9 3

. t 9 t  2 ?  |
0 A Y  t l  3 1 8 , t 2

L 0 0 1 2 4  )
l 3 8 ,  O  l
t . 7 a I 2 4 )
1 3 5 . 8 I

. 1 7 ( 1 7 !
3 3 6 . 4 q

. g 5 t  z L l
3 3 6 . 8 0
I . Z 1 t 2 4 )
3 3 5 . 8 t

, 2 A l ? 4 1
1 3 6 , 0 6

. \ 7 1  2 4  |
1 3 5 . S 8

, z 2 t ? 4 1
I  1 6 .  0 9

, 2 Z t 2 4 l
3 3 6 , 3 6

, 9 7 t  2 4 )
3 3 7 , 0 4

I  3 6  . 0 4
. t 3 l 2 2  )

3  3 5 , 8  5
. t 2 t  2 4  |

1 3 5  . 4  5
, 2 0 t Z 4 l

3 1 5  , 0 I

3 1 5 , A 6
. L C t 2 4 )

1 3 r . A 9
. t 3 ( 2 4 1

3 1 5 . 9 4
. L 4 t  2 4 1

3  3 5  . 8 7
, 0 7  r ? 4 1

3 3 r , 5 9
. 6 6 (  Z 0 )

) 3 4 , 1 4
l , ? 8 r 1 6 )
3 3 5 . 1 9

. 7 2 t 2 4 1
3 3 6 . 8 9
2 . 7 6 1 ? 4 1
1 t 7 . 6 6
1 . 9 9 t 2 4 t
3 3 S . 3 9
2 , 5 Z r r ? l
1 4 2 . t '
3 , 3 9 t 1 5 )
3 3 9 . E 6
2 , 9 9 1 2 4 1
3 4 0 . 1 4
2 . 6 3 ( t 6 )
3 3 6 ,  l 4

D A Y  t 2  a 1 7 . 2 9  1 4 2 , 1 2  3 3 a . 4 1
1 . 3 O t 2 4 t  2 . 2 5 1  8 )  4 , 6 6 t 2 3 1

3 3 6 . 9 6  3 3 7 . 1 0  3 3 E . 0 9  3 3 9 . 3 3  3 3 6 , 6 0
. 2 0 1 2 4 t  . 5 r ( 2 4 )  3 . 4 7 r 2 4 1  5 . 2 4 t 2 4 t  r . L S l 2 4 l

3 3 6 . 9 9  3 3 7 . 7 L  3 3 7 , 4 9  3 4 1 , 3 5  3 3 6 . 0 4
, 5 5 t 2 4 )  L . 1 9 t 2 4 t  ? , 2 7 1 2 4 )  3 . 7 A t 2 4 )  2 , 3 9 1 2 4 1

3 3 7 . 5 5  3 3 6 . 3 r  1 3 6 , 9 7  3 1 1 . 0 1  3 3 ? . 0 6
, 6 5 1 ? 4 )  1 . 3 1 r 2 4 t  . q 6 ( ? 4 1  . 4 9 t 2 3 )  . 4 4 1 2 4 '

3 ) 5 . 9 4  1 1 7 , L 2  3 3 7 , 3 1  ) 3 7 , O 7  3 3 A , 2 2  1 1 7 , 0 2
. 6 5 {  8 )  . Z 3 t 2 2 t  . 1 6 { 2 1 )  . 3 6 r 2 4 )  I . 6 8 ( 2 4 )  . 5 5 1 2 3 )

3 3 6 , 8 1  3 3 6 , 8 6  3 3 6 , A 5  3 1 7 . O 5  3 3 7 . 0 4  3 3 6 . 6 0
r , 3 9 l z z t  . 3 6 ( Z q t  . 1 0 t ? 4 t  . 4 9 ( 2 2 )  l . 2 0 t 2 q t  ! . 1 t l I 5 )
3 3 6 , 6 9  3 1 7 . \ 4  1 1 7 . r 4  1 1 A . 2 2  ) 4 2 , 2 2  3 3 6 . 9 9

. 9 8 {  9 )  . t 4 l 2 4 l  L . \ 5 t Z a l  2 , O A t 2 4 l  5 . 2 6 1 2 ! l  , 1 6 1 2 \ l
3 3 6 . 3 8  3 3 5 . 4 5  1 3 7 . 4 4  1 3 9 , 1 3  1 3 9 , 8 I  3 3 6 . E I

, 7 1 1 1 2 )  L r 6 l 2 4 t  , 4 1 1 ? 4 t  4 , 7 4 1 ? 4 1  1 . 9 A t 2 0 1  . 6 8 ( 2 4 1
3 3 6 . 6 9  3 3 9 . 5 0  3 3 7 . 2 r  3 3 6 . 9 4  1 3 6 . 8 9  3 3 7 , 6 4

. 2 0 1 2 4 t  3 , t t t ? 4 t  . l l ( 2 1 )  1 . 3 9 { 2 4 )  . a 6 t 2 2 l  L . 7 3 1 2 4 )
3 ) 7 . 3 9  3 4 0 , 4 3  3 3 6 . 9 5  3 3 8 , 3 r  3 3 6 . 9 2  3 3 9 . 5 0
1 , 2 9 t 1 7 t  2 . 7 7 r 2 4 1  , 2 4 t ? 4 t  L , 7 L l 2 4 l  . r 4 { 2 r )  3 . 0 1 ( Z 4 l
3 3 9 . 5 6  3 3 7 . 9 9  3 3 6 . 8 6  3 3 0 . 6 r  3 3 6 . 9 4  3 3 7 , 7 a
t . 2 2 t  9 )  2 , L r t 2 4 l  . r t t 2 4 t  ? . L 7 1 2 4 1  . Z 5 t 2 4 l  2 . 3 \ 1 2 4 1
3 3 7 . 7 6  1 1 6 , 2 6  3 3 6 . 9 8  3 3 9 . 1 3  3 3 6 . 8 4  3 3 9 . r r

. 5 0 {  8 )  2 . 0 9 ( 2 4 )  . 1 3 1 2 4 1  3 . 9 9 1 2 4 t  , 1 3 1 2 4 )  L , 6 7 1 2 2 1
3 3 1 . 7 1  3 1 1 . 1 9  3 3 6 . 3 8  3 3 9 , 7 5  ) 1 6 . 7 4  1 3 6 . 3 C
1 . 6 6 ( 2 4 )  r . 0 6 ( 2 4 1  2 . 9 1 ( 2 4 t  2 . 5 0 1 1 6 1  . 1 6 ( Z 4 l  . 1 5 1 ? 4 1
3 3 9 . 1 6  3 3 7 , r r  3 3 9 . 3 8  3 3 7 , 1 6  1 3 6 , 9 2  1 3 7 , 2 '
l , 7 3 r I E t  . 2 4 t 2 4 )  7 . 8 6 { 2 0 1  I . 0 8 ( 2 1 )  , 7 4 1 2 4 )  1 . 0 5 { 1 9 )
3 4 0 . 4 8  3 3 7 , 3 3  3 3 7 , 4 4  3 3 8 . r 5  3 3 9 , 3 5  3 c r . 8 4
6 . 3 5 { 2 r )  , 3 ? l ? 4 )  , ) 6 t z r t  2 , 5 7 t 2 3 t  3 , A 3 1 2 4 t  a , r 4 l 2 4 l
1 3 7 . 5 8  3 l ? . 1 3  3 1 1 , 1 5  3 1 8 , 4 1  3 4 ? , O 4  3 3 9 . 5 4
1 . 6 6 ( 2 4 )  . 4 q t 2 4 t  . t 6 r t 4 )  2 , 8 2 { 2 4 )  1 . 1 6 1 2 4 1  5 . 7 4 1 ? 4 1

3 3 7 , l 9
2 , 0 2 t ? a l
1 ) 5 . 9 2

, 2 0 r ? 4 )
0 A Y  I 5  3 3 5 . 7 4  1 3 5 . 5 O

, 2 0 1 2 4 1  .  I 9  r I  3 )
0 4 Y  r 6  3 3 5 , e 4  3 3 5 . 5 5  3 3 5 , 9 1

. 6 r t z \ t  . 2 l r l 0 )  . 2 l t l 2 )
D A Y  1 7  3 1 8 . 2 9  3 3 1 , 0 5

1 1 r . 9 5
, 3 q t I 5 )

) 3 >  . 7  r
. ? 3 t 2 4 1

3 3 6 . 6 4
L l 8 { 2 q )

3 3 9 . 0 6  3 ) 5 . t 2
l . 4 0 t 2 4 )  r . 6 I ( 2 4 )
3 1 7 . a 5  3 ) 7  . 4 3

. 5 6 ( l 6 t  r , 0 6 ( 2 4 )
) ) 7  . 3 2  3 3 7 . 7 1

. 3 4 t 1 1 )  , 5 4 t 2 0 1
1 3 7 . 3 3  3 t 7 . 5 7

, 3 1 ( r 4 )  r . 4 3 ( 2 4 )
3 3 7 . q 2  1 3 7  , 6 6

3 3 9 , 4 4  3 3 E . 9 9  3 3 6 , ? 8
4 , O L t 2 4 )  2 . 7 r I 2 2 I  . 7 3 t 2 4 )
3 1 7  . r 7  3 1 9 , 5 ?  3 3 7  .  t E

. 3 7 r I 8 )  2 . 7 8 { 2 I I  1 . 4 6 ( 2 4 1
3 1 2 . 5 2  3 l ? . 0 4  3 1 7 . 2 9  3 1 7 . 5 0
1 , 9 5 (  6 l  , 5 3 1 2 3 )  . 7 9 t 2 4 t  . 4 3 { I 8 }
3 ) 7 . 6 7  3 3 6 . 7 8  3 3 8 . 1 5  3 3 8 . 9 6
r , 5 2 t 2 o f  , r L l 2 4 l  2 . 9 1 t 2 4 t  2 . 2 O l 1 1 l

3 3 6 .  8 9  1 3 7  . 2 6
2 . 3 1 1 2 4 t  4 . O 4 t 2 0 )  . 4 6 t 2 4 t  . 9 5 t 2 2 t  , 2 4 t ? 4 l  . 5 6 { 2 1 1  r . 3 z l ? 2 1

n 0 N r H L y  r r 6 . ( q  1 3 i . r t  r r 6 , e o  1 i t , 6 a  r r d , r o  u t r . ; ; - - - . ; r : ; ; - - - ; ; ; : ; ; - - - - ; ; ; : ; ; - - - - ; ; ; : ; ; - - - - ; ; ; : ; ; - - - - ; ; ; . ; ; - - -
f l E l N  l . l 9  1 , 9 5  t , 4 A  L 7 9  ? , 2 t  L r O  l . O 2  l , 0 6  t . t z  . 8 5  ? . 0 6  1 . 8 4

3 t  ? 5  l o  t ]  3 1  2 0  2 1  3 L  ? A  3 L  3 0  3 l

H O U R S
P E R  H o N T H  7 2 6  4 7 O  6 6 1  t g A  6 6 9  3 5 3  4 9 2  7 2 9  6 2 0  7 C 8  6 6 9  6 9 2'  - - - - - - - - - - - - 

; ; ; ; ;. 
- 
; ; ; 

- - - - - - - - - ;;;-.;;- 
- - - - - - - -

5 T A N D A R D  0 E V I A I I 0 N  =  . 5 9
H 0 U R S  P E R  Y E A R  =  6 9 8 9



49

-;;;;;--,;;;;;-;;;;;;;;----;;;;;---;;;;----;;;------;;;;-----,;;;----;;;;;;-;;;;;;;;;--;;;il;-;;;;;;;--;;;;;;;;--

o A Y  I  3 3 9 . 1 8  3 3 8 . 8 1  1 3 f . 3 7  3 5 0 . ? 6  3 3 9 . 7 0  3 4 3 . 4 6  3 3 7 . 7 5  3 3 6 . 5 0  3 3 8 . 0 4  3 3 ? , 2 0
z . 7 o l I 9 l  1 . 3 1 1 2 2 t  , 6 5 1 ? 4 1  6 . 3 0 { 2 4 1  2 . 0 2 { I 0 t  4 , 2 L t Z 4 t  . t 5 t l 6 )  I . 7 5 t 2 4 )  . 2 6 { I 4 )  2 , 4 3 ( 1 6 )

D A Y  2  3 3 7 , I 5  3 3 6 , ? A  3 4 0 , 0 8  3 4 I . 5 3  3 3 9 , 0 9  3 4 6 . 1 9  3 3 7 , 6 9  1 3 ? . 1 0  3 3 7 , 9 5  3 3 E , 1 7
. 7 0 l I I )  . 5 A l 2 4 t  I . 7 5 1 2 4 1  ? . A 2 t 2 2 l  t . 4 2 t ? 4 t  7 . 7 6 t 2 4 t  . 2 3 { I I )  L 3 3 ( 2 4 r  , 7 2 t 2 3 t  . 4 4 t I 5 l

D A Y  3  3 1 7 . 6 8  3 1 9 , 6 9  3 1 0 , 0 3  3 3 E . 9 6  l l ? . 6 8  3 4 5 , 3 L  3 3 8 , 0 0  3 4 5 , 5 2  3 1 0 . r 0  7 3 A , 2 9
. 9 4 1 2 4 t  L . 9 2 l 2 q l  . 9 1 t 2 4 1  t . 7 O t 2 4 )  L , 3 7 1 2 4 t  5 . 2 9 r ? 4 1  . 3 4 { 1 6 1  3 . 4 q (  8 '  , 2 5 ( I 6 t  . 2 4 t Z 4 l

D A Y  4  3 3 6 . e 5  3 3 4 , 4 1  3 3 6 , 9 2  3 1 7 . 6 7  3 q 0 . 1 3  3 4 3 . 3 0  1 3 8 . 2 6  3 4 I . 6 4  3 3 E , 0 9  3 3 7 . 9 L
. 1 8 ( 2 4 1  l . 2 E ( 1 7 )  , 1 6 l 2 2 l  r . 2 0 t ? 4 1  5 , 6 3 1 2 4 t  4 . 7 4 ( 2 4 t  I . 7 0 l Z 4 t  4 . 2 5 t I ? t  . 3 8 ( 2 4 )  . 2 9 1 2 4 1

D A Y  5  3 3 8 , 3 8  ) \ O . 3 5  3 3 7 . 0 8  3 3 9 , 1 9  3 3 E . 2 ?  3 a O . 2 2  3 3 ? . 7 4  1 1 1 , 1 4  3 3 7 . 9 4  3 3 ? . E 6
3 . 5 6 1 2 \ t  4 . 3 2 1 2 4 t  . 4 9 1 2 3 1  3 . 0 5 t 2 4 r  r , 8 3 ( 2 4 1  4 , 4 4 1 2 2 )  . 3 1 t r 5 l  1 . 3 r t 2 4 l  . 5 1 t ? 4 t  . 3 9 t 2 4 )

o A Y  6  3 4 L 2 9  3 3 7 . 7 2  3 3 9 . 5 3  3 1 ? . 1 4  3 4 0 , 3 3  3 4 t , 2 7  3 3 7 . 9 ?  3 1 6 , 0 4  3 3 6 . 0 7  3 1 6 . 5 0
5 . 6 6 1 2 4 t  L 1 6 l 2 4 l  t . 0 3 1 2 2 )  , 7 6 t 2 4 1  2 , 9 L t 2 C l  3 , 3 4 1 2 4 1  . 0 6 ( 1 0 )  , 2 5 1 2 3 t  3 . \ 2 1 2 4 t  2 , 4 2 1 2 4 1

o A Y  7  3 3 8 . 6 4  3 3 7 . 6 1  3 1 7 , 5 2  3 4 0 . 7 2  3 3 7 . 1 4  3 4 O , 4 3  j 3 1 , 7 4  3 3 8 . 6 0  3 3 6 . 0 9  1 3 8 . 0 9
3 , 2 8 1 2 4 '  r . 2 8 1 2 4 t  , 6 6 1 2 4 t  4 . 5 6 1 2 3 1  . 5 t l 2 a t  2 , 5 t 1 2 4 t  . 2 O t Z 4 l  Z . 0 7 r 2 4 l  3 . O O t 2 4 )  . 4 4 ( l 8 t

D A Y  I  3 1 7 . 3 1  3 4 0 . 8 6  1 3 7 , ? 6  3 { 6 . 9 6  3 3 7 . 2 ?  3 3 7 i 8 9  3 3 7 . 9 0  3 3 7 . 8 1  3 3 7 . r 1  3 4 0 ' 6 5
. a 6 l 2 4 l  3 , 2 6 1 2 4 )  . 5 6 l Z 4 l  9 , 3 A t ? 4 1  , t t t 2 4 )  L 3 2 l 2 4 t  . 5 5 1 2 4 t  L . 2 0 t 2 4 t  1 . 3 2 t 2 4 1  6 . 6 l l I 4 l

D A Y  9  3 4 I . I l  3 3 8 . 6 9  3 3 7 . 0 5  3 4 0 . 4 2  3 3 7 . I 8  1 3 ? , 8 a  3 3 a . 1 ?  3 3 S . 3 t  3 3 7 . 9 8  3 1 8 . 1 9
2 , O 3 1 2 2 1  2 , 7 1 1 L 9 )  . 0 7 ( 2 t )  4 r 9 9 ( 2 I )  . I 2 ( 2 C l  I . l 7 ( 2 l t  . A 3 l 2 4 t  . 6 0 ( 2 4 )  . 4 5 t 2 3 t  . 4 1 ( I C )

o A Y  1 0  3 1 7 . 7 I  3 3 6 . 9 8  3 3 7 . 0 9  3 1 7 . 5 5  3 3 7 , 2 3  3 3 E . 7 6  3 4 0 , 8 I  1 3 9 . r 2  3 4 0 . 4 9  3 t 8 . 0 7
\ , 1 9 1 2 4 1  , 0 8 { 2 3 j  . I I ( 2 4 )  t , 7 6 ( 2 4 r  . 0 5 {  6 '  l . 3 I ( 2 4 )  3 . 8 4 1 ? 4 t  2 , \ 5 l z a t  2 , 4 0 t 2 4 t  . 4 4 ( 2 4 1

o A Y  t 1  1 3 7 . A 3  3 3 8 . I r  3 3 7 , 0 1  3 3 7 . 5 0  3 3 7 . 1 6  1 3 7 , 7 0  
_  

3 3 0 , 8 3  3 3 9 . 2 5  3 3 A . ? 3  3 3 8 . 0 6
? , 1 7 1 2 4 t  , 9 O l 2 4 t  , 1 6 l 2 4 t  2 . 0 5 t 2 4 )  . 2 2 { l a )  L 0 O ( 2 4 r  t . 4 8 ( 2 4 1  2 . 2 5 ( 2 \ l  . 2 6 t 2 4 1  , 3 5 1 2 4 1

D A Y  1 2  3 1 7 1 7 \  3 3 6 . 9 6  3 3 ? ' 5 I  3 3 7 ' 9 7  3 3 8 . 2 1  3 3 7 . 4 O  3 3 A . 3 3  3 3 8 , 3 4  3 3 A . O Z  3 3 9 . O 9
2 , 4 6 1 ? 4 1  . 4 5 t Z q l  . € 6 1 2 4 )  . 8 3 1 2 4 t  2 , L 2 1 2 2 1  . 3 6 t 2 2 )  L . 5 6 t 2 4 )  t . 6 4 t 2 4 1  . 2 3 1 2 4 t  ? . 9 r t 2 4 t

o a Y  1 3  3 3 ? . 3 0  3 l ? . O ?  3 l ? . I O  3 3 7 . 0 I  3 3 9 . 3 2  3 3 8 , 3 6  3 3 7 , 9 4  3 1 8 , 1 7  3 3 7 . 8 5  1 3 8 , 6 8
, 8 5 f 1 8 )  . 7 6 { 2 O )  , 3 9 ( 2 I )  . l l ( 2 4 1  I . O 3 { 2 3 )  . 6 6 { 2 4 1  . 5 O l 2 2 t  t , 9 3 1 2 4 1  , 7 7 t 2 4 )  2 , 5 0 l L 6 l

o A Y  1 4  3 3 8 . 9 7  3 3 7 . 6 1  J 3 7 , I 9  3 3 6 . 9 8  3 4 5 , 2 5  1 3 8 . 4 4  3 3 8 . 4 0  3 3 7 , 7 4  3 3 8 . 5 9  3 3 9 . 1 9
1 . 2 6 { 2 0 )  . 9 1 1 2 4 1  , 4 a l Z 3 t  , L 7 t ? 4 1  6 , 1 4 1 2 4 t  L . a 2 l 2 C l  . A 4 t l Z )  , 5 A r 2 4 l  t , 2 1 1 ? 4 t  2 , O O t L 9 l

C A P E G R I h  C 0 2  C O N C E N T R A T I O N S  { i l A R K  I  )

I 9 8 I  C O H P L E T E  O A T A  5 E T

o A Y  l 5  3 3 9 , r 1  3 4 O , 2 4  3 3 6 , 9 1  3 3 7 , 1 3  3 4 4 . 0 0  1 3 7 , 5 5
L 2 5 l Z 4 l  I . 8 O l 2 4 t  , O 7 l 2 4 l  . 2 4 ( r 9 l  4 . 5 l t 2 O l  , 4 2 ( 2 4 1
3 4  1 3 7 , A 3  3 3 6 . 9 t  1 3 7 . \ 5  3 1 8 . 3 7  ) 3 7 , 5 A
4 , 2 0 ( 2 I )  2 . 0 6 t Z l t  , L 3 { 2 4 t  . L 5 t 2 4 l  . 9 8 ( 2 { t  , 8 0 { 2 4 )

o A Y  1 7  3 3 8 . 0 2  3 3 1 . 2 1  3 3 1 , q 6  3 f 6 . 9 I  i 3 r . 2 3  3 4 l . l l
. 1 3 1 2 4 )  , 6 9 { 2 2 )  I . l 3 ( 1 9 )  , 1 4 ( 2 I l  , Z t r 2 3 l  4 . L 5 1 2 4 1

D A Y  l 8  3 3 9 , 7 7  3 3 6 , 7 3  3 a t , 5 t  3 3 7 , t 6  3 3 7 . ? 3  ) 3 7 , 7 7
l , L q t 2 4 l  . I ? t 2 4 1  3 , 2 0 t 2 4 t  , 0 ? (  8 t  . E I ( 2 3 )  , 4 I ( 2 4 1

o A Y  1 9  3 3 7 , 3 0  3 3 6 . 8 7  3 3 9 . 2 1  3 3 8 , 3 3  3 3 7 . 4 2
L . r 7 t 2 4 t  . 2 9 ( 2 4 '
1 3 9 , 3 2  3 4 0 . 4 5
L , A 4 t 2 0 t  2 , 7 8 1 2 4 1

1 3 7 . 1 4  3 4 0 . 6 2  3 3 8 , 2 2
, 7 a l 2 a t  2 , 2 6 t z q t , 3 o t 2 4 l

J 1 7  . A 2  3 3 4 . 1 ?  1 3 4 , r 7
, 3 A t 2 4 )  2 , 4 9 1 2 4 )  L O S t L A l

l 3 E . 0 5  3 3 9 , 0 2  3 4 1 . 0 6
. r 3 t 2 4 l  1 , 7 5 { 2 0 )  5 . 6 9 r r O l

3 3 6 . 0 1  3 3 E . I 4  3 3 8 , 3 3
. 2 3 t 2 4 )  . 9 7 t 2 3 1  l . 7 0 l I 6 t

3 3 A . 5 2  3 3 7 . 9 9  3 3 6 . 3 5
, 2 t t 2 4 t  . 5 0 { 2 4 )  1 . 6 1 ( 2 3 1

J 3 A , 7 3  3 3 9 . 0 0  3 3 8 , 2 3
l , t 5 t 2 4 l  L , 4 7 1 2 \ )  1 . 9 9 t 2 4 )

3 3 1 , E 8
r 3 9 {  9 )

3 3 1 . 9 2
. 5 2 1  2 t l

3 3 8 . E 6
3 . 6 2 1 2 4 1
3 3 9 , 7 6
2  . A 6 l  2 4  |
3  3 0 . 3 1
r , 7 4 t ? 4 )
3 3 7 , 9 7
r . z 1 t 2 4 l
3 3 E . 0 7
1 . 2 6  (  I  4 )

, 6 2 1 2 4 )  . 5 2 1 2 4 )  2 . 1 6 1 2 4 1
o A Y  2 0  3 3 8 , 2 4  3 3 7 , 7 9  3 3 ? . O q

L , t 4 l 2 4 t  r , z o t 2 4 l  . r 5 ( 2 2 1
O A Y  2 I  3 3 7 . 8 7  3 q 0 i l 8  3 3 6 . 9 8

\ . 4 3 t 2 4 )  3 . t Z l 2 4  )  . 1 0 ( 2 4 1
D A \  2 2  1 3 7 , O O  3 3 8 , 2 3  3 3 6 . 9 9

. ! a l 2 4 t  t . 2 9 l ? 3 )  . 0 9 ( 2 4 )
o A Y  2 3  1 1 6 . 1 ?  3 4 1 . 0 3  3 3 6 . 5 6

, t 8 t z 4 t  5 , 5 a t L 3 )  2 . 0 2 t 2 4 l
D A Y  2 4  3 3 7 , 4 6  1 1 7 , 6 5  3 1 8 , 1 9

t , L 2 l 2 4 t  . 4 r t 2 a l  t . ) 5 1 2 4 1
D A Y  2 5  1 4 1 . 8 3  1 3 7 . 8 5  1 3 6 . 6 7

6 . 2 1 { 2 4 )  1 . 8 0 ( 2 { )  . I 3 { 2 3 t
o a Y  2 6  1 3 8 . 7 3  l t 8 , 5 1  3 3 8 . 8 6

3 . A 4 1 2 4 t  L . 8 7 1 2 4 t  I . 6 6 { 2 4 )

l q t . 3 6  ) 3 1 . t 4  3 4 O , 1 1  3 3 8 . 2 1  3 3 7 , 9 9  3 4 0 . 6 0
6 . 5 0 r 2 3 )  l . 5 E ( 2 4 )  Z . 5 2 l L 5 l  . 7 L ( 2 4 1  . 3 5 1 2 4 )  3 , 3 9 t 2 4 1
3 ) 7 , A t  3 l 8 . l O  3 3 7 , 9 6  3 3 8 . 1 1  1 1 A , 2 9  3 3 A , 5 7
t . a 5 t z 2 t  L 4 6 t 2 4 t  I . 4 5 t 2 4 )  . 1 9 ( 2 4 l  , 5 3 l 2 q t  t . O 7 t 2 4 l

3 3 7 . 1 1  3 1 7 . 6 1  3 3 9 . 2 3  3 3 7 . 2 7  3 3 8 . 0 7  3 3 8 . 0 0  3 1 A , 5 2
, 2 3 1 ? 4 )  . 9 3 t ? 4 t  2 . 3 9 t ? 4 t  L , O O l 2 4 t  . I ? t 2 4 t  , 6 7 1 2 4 t  t , Z t l Z O l

1 1 7 . 2 6  3 1 7 , 7 1  3 3 4 . ? 4  3 3 A , O 5  3 3 9 . 0 5  3 3 8 . 2 0  3 1 7 . 9 2
, 1 2 { 1 7 '  . 7 7 t 2 4 )  2 . r 2 1 2 4 1  . 3 7 ( 2 4 )  I . 6 9 t I 0 l  . t 9 ( 2 4 1  . 2 9 1 2 4 )

1 4 3 . 0 7  3 3 9 . 8 0  3 3 7 . 5 5  3 3 8 , 6 1  3 3 8 , 1 6  3 1 8 , 0 4
2 , q 2 t 2 4 t  2 , 6 2 t I A r  . 8 8 t 2 4 )  2 r I I ( 2 4 )  , Z 3 l Z 3 l  , I 0 t 1 8 )
3 4 1 . 2 4  3 1 1 , 0 3  3 3 7 , 9 1  3 3 7 . 0 r  3 1 7 , 4 A  t 3 8 . 8 1
z , 8 o t 2 2 t  , 7 o t 2 2 l  , 2 4 t 2 4 t  1 . 0 6 1 2 2 t  2 . 2 5 1 2 q t  3 . 7 4 t 2 4 1

o A y  2 7  3 3 1 . 2 A  3 3 7 . 5 6  3 3 A . 5 0  3 1 6 . 6 5  3 4 2 , O 4  3 3 7 , 1 4  3 3 6 . 0 6  3 3 A . ? 4  j 3 7 . 6 8  3 4 I . 1 5
r . 0 l { 2 l l  , 5 0 ( 2 r )  3 , 0 t ( 2 0 )  . 0 9 t r o l  3 , 9 3 ( 2 4 1  , t 7 t 2 4 )  , L 9 r 2 4 t  . t 9 t 2 r t  z . t a t 2 4 l  2 , 1 5 t 2 3 1

o A Y  2 8  3 4 1 . 5 9  1 1 7 , r A  3 1 9 . 7 7  3 3 6 . 6 6  3 4 0 . 1 6  ? 3 7 , 4 7  3 3 8 . 6 9  3 3 8 , 1 5  3 3 9 . 2 2  3 3 8 . 1 3
5 . 0 4 ( 2 0 )  , 6 7 1 2 4 1  2 , 7 2 1 ? 4 1  . 0 6 ( l 2 l  1 , 6 9 t 2 4 1  . A O t 2 4 l  2 . 4 Z l 2 t )  , 7 3 t Z 4 l  . 3 0 ( 2 4 t  . 2 6 ( I 3 l

D A Y  2 9  3 3 8 . 0 0  3 3 8 . 7 1  3 3 7 , 5 9  3 4 1 . 1 3  ) 1 1 . 8 L  3 3 9 . 4 7  3 3 9 . 9 3  3 3 8 . 4 8  3 1 7 , 7 9
2 , 0 6 l 2 q l  2 , L 2 ( 2 4 )  . 4 0 1  7 l  1 . 3 2 t 2 4 t  . 6 9 ( 2 { l  I . 6 7 ( 2 4 )  L , 9 5 1 ? 4 t  L . 2 4 1 2 4 )  , 7 4 ( l 4 l

o A Y  3 0  3 3 7 , 6 3  1 4 4 , 3 3  3 3 9 . 0 6  1 3 A , 1 2  ) 3 7 , 5 5  3 3 6 . 9 3  1 4 7 , A L  3 3 9 . 0 5  3 3 7 . q 2
2 , O Z t 2 3 t  A . 4 A t 2 4 t  2 . 5 8 1 2 4 )  1 . 2 5 t 2 4 1  t , E ? ( 2 2 t  L . 5 O t Z 4 t  7 . 6 4 ( r 3 )  1 . 7 3 ( r l l  . 4 O t 2 2 )

D A Y  3 1  3 3 9 , 8 ?  3 4 L 3 2  3 4 I . 9 4  3 3 A , 2 A  3 3 8 . 4 3
4 , 1 6 ( 1 6 )  3 . 5 1 1 2 4 )  1 . 7 0 1 2 4 1  2 . O 4 t 2 I l  \ , A 5 t 2 4 )

i 0 N T H L Y  3 3 e . 5 t  3 3 8 , 2 6  1 3 8 , 2 2  3 3 8 . 8 9  3 1 9 . 4 8  ) 3 9 . 3 1  3 3 8 . 3 3  3 3 8 . 8 8  1 3 8 : 1 9  3 3 8 . 6 4  3 1 8 . 2 5
i E A N  1 . 4 5  I . 2 9  t . 7 1  1 . 3 2  2 . ? A  2 . 5 0  . E 5  2 , 3 4  . 9 I  t , Z l  , 7 1

____________lt________::________:l -_______i:___-____t:___-__-_:9_____-__::________:9________::________3:_________:_____
H O U R S
P E R  i l o N l H  6 9 5  6 3 3  7 2 3  4 9 6  6 8 4  7 0 5  5 2 I  6 7 4  6 8 3  6 0 9  1 5 8

A N N U A L  I E A N  -  3 3 8 . 6 3
S T A N o A R O  0 E v I A T I O N  -  , 4 6
H o U R S  P E R  Y E A R  =  6 5 E l



Selected basel ine Mark
Cape Grim, Tasmania.

APPENDIX J-  (b)

f  data set from the Australian BAPMoN station at

winds were in
and where the

5 such hours
t h a n  t  0 . 3

Tabulat ion of basel ine CO, concentrat ion data obtained using the
Mark I in situ monitoring syst-em in the temporary laboratory for the
per iod  1976 th rouqh 1981.

Numbers in the body of the Table are the mean concentrat ions,
standard deviat ions and number of hours of data for each day. Monthly
means are averages of dai ly means and are l isted with the number of days
represented, standard deviat ions and total number of hours. Annual means
are the averaqes of the monthly means avai lable for that year.

Data selection has been made for condit ions when local
the sector 1900 to 2B0o and of an average speed 7 18 km hr,
hourly mean concentrat ion is part of a period of at least
during which hourly mean concentrations varied by no more
ppmv.

Concentrat ions are expressed in parts per mil l ion by volume (ppnv)

with respect to the wMO 1981 Co. Calibrat ion Sca1e. A carr ier-gas
correction has been applied to 6ff values based on comparisons of
instrument response to WMo Central CO. Laboratory Co^,/N. and CO./ALr
Secondarv Standards as described in Pea'rman et a1. ( l-963)i "

Values are as computed, no corrections having been applied for the
step change in concentrat ion discussed in Section 4 of the text.
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APPENDIX 2 (a)

Complete Mark If CO^ data set from the Australian BAPMoN station at Cape
Gr im,  Tasmania .  

z

Tabulat ion of al l  CO, concentrat ion data obtained using the Mark TI
in situ monitoring system-in the permanent laboratory during the years
798r-1,982.

Numbers in the body of the Table are the mean concentrat ions,
standard deviat ions and number of hours of data for each day. Monthly
means are averages of dai ly means and are l isted with the number of days
represented, standard deviat ion and total number of hours. Annual means
are the averages of the monthly means avai lable for that year.

Concentrat ions are expressed in parts per mil l ion by volume (ppmv)
with respect to the WMO 1981 CO^ Calibrat ion Scal-e. Unti l  2nd November
7982 a carr ier-gas correction ha's been applied, based on comparisons of
instrument response to WMO Central CO^ Laboratory CO^,/N^ and CO^/Air
secondary standards as described in fearman et al.  

t06gZ). gfr.er
2nd November 1982, CO^/Air standard cal ibrat ion gas mixtures were used at
the stat ion
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APPENDTX 2 (b)

Selected basel ine Mark TI data set from
Cape Grim, Tasmania.

the Austral ian BAPMoN stat ion at

Tabulat ion of basel ine co, concentrat ion data obtained using the
Mark II  in si tu monitoring syst?m in the permanent laboratory during the
years  1981-1-982.

Numbers in the body of the Table are the mean concentrat ions,
standard deviat ions and number of hours of data for each day. Monthly
means are averages of dai ly means and are l isted with the number of days
represented, standard deviat ions and total number of hours. Annual means
are the averages of the monthly means avai lable for that year.

Data selection has been made for condit ions when local 5pinds were in
the sector 190" to 2BO" and of an average speed ) l-8 km hr- ' ,  and where
the hourly mean concentrat ion is part of a period of at least 5 such
hours during which hourly mean concentrat ions varied by no more than +

0.3  ppmv.

concentrat ions are expressed in parts per mil l ion by volume (ppmv)

with respect to the wMo 1981 co" cal ibrat ion Scale. unti l  2nd Novemlf,er

I9B2 a carr ier-gas correction h6s been applied based on comparisons of

instrument response to WI4O Central CO. Laboratory CO",/N, and COr/Air
secondary standards as described in tearman et aI.  " tgbl.  aft 'er
2nd November 1982 Co^/Air standard calibration gas mixtures were used at

the stat ion
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APPENDIX 3 (b)

Corrected and selected basel ine Mark I data set from the Austral ian
BAPMoN station at Cape Grim, Tasmania.

Tabulat ion of basel ine CO, concentrat ion data obtained using the
Mark I in situ monitoring syst-ern in the temporary laboratory for the
period l-976 through l-981.

Corrections, as discussed in Section 4 of the text, have been
applied to al l  Co, values after 31st August L978.

Al-1 other corrections, definit ions and formatt ing are the same as in
Appendix 1 (b) .
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l l 6  ' 6 9
. r 8 ( L 2 l

1 1 7  , 2 3  3 1 6 , 7 7
, o 8 r  2 t  . 0 8 {  8 )

3 3 7 . 2 3  3 1 6 , 3 4
. I t {  6 l  . 1 2 l  5 l

f r o N T H L Y  3 3 6 . 4 4  3 3 6 . 1 1  3 3 6 . { 8  3 3 6 . 1 6  3 3 6 , 6 1  3 3 ? . 1 7
. 2 6  . 4 4  . 0 9  . l C  . l I  . l AN E A N
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APPENDIX 4

Mark I f lask CO, data set from
Gr im,  Tasmania .  

-

Tabulat ion of al l  wind and
Mark I f lask f i l l ing equipment
in the temporary laboratory for

the Australian BAPMoN station at Cape

CO, concentrat ion data obtained using the
anf associated meteorological instruments
the  years  1976 th rough 1981.

Analysis for CO, was performed on UNOR 2 Lype, NDIR gas analysers at
CSIRO, and concentrat ions are expressed in parts per mil l ion by volume
(ppnv) with respect to the WMO 1981 CO" Calibrat ion Scale. A carr ier-gas
correction has been applied to al l  r ialues based on comparison of
instrument response to WMO Central CO1 Laboratory CO.,/N. and CO./ALI'
Secondary Standards as described in pea"rman et al.  eg63): 

'

A11 samples are chemical ly dried at the t ime of col lect ion using
granular magnesium perchlorate (Dehydrite) as the drying agent.

Sampling t ime is given in Austral ian Eastern Standard Time (EST).
(ESf = Greenwich Mean Ti-me + 10 hours).
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C A P E  C R I f l  F L A S K  C O 2  A N D  H I N O  O A T A

c o z  h l N o
C O N C E N T R A T I O N  D I R E C T I O N  S P E E O

( P P i l V )  ( D E G R E E S }  ( K i l / H R }

C A P E  G R I T  F L A S K  C O 2  A N D  H I N D  D A T A

D A T E T I H E
( E S T )

I I H E  C O z  H I N D
( E 5 T )  C O N C E N T R A I I O N  O I R E C T I O N  S P E E D

I P P X V )  ( D E G R E E S '  ( K H / H R I

1 9  . 0  6 .  7 6  t 4 3 5
r 5 0 5
L 5 4 5
r 5 5 3

1 3  . 0 9 .  7 6  2 2 3 r
2 2 4 0

0 4 . 1 I . 7 6  1 6 5 5
I 7 I O
r 7 l 5

0 5 , 1 1 , 7 6  7 4 C 1 ,
t q 5 5
1 5 I  O

1 r . r 1 , 7 6  0 9 0 0
0 9 0 5

1 2 .  r  1 . 7 6  0 8 1 5
o 8 3 0

1 7 . I  L  7 6  0 9 3 6
0 9 q t

1 9 . 1 1 . 7 6  0 8 5 3
o 9 0 0

2 6 , 1 r . 7 6  0 8 5 1
0 a  5 7
o g 0 5
1 5 0 5
r 5 1 r
r 5 1 1

3 t . o 5 . 7 7  1 6 0 3
r 6 2 0
L 6 5 5

0 1 . 0 6 . 7 7  0 8 4 9
0 q 3 ?
0 s 5 4

0 4 . 0 7  , 1 1  1 0 2 6
1 1 0 0
l r 2 5

L 4 . O 1 , 1 7  r 3 0 0
1 3 5 0
L 4 4 5

2 8 , O 7 . 7 1  l 3 4 J
0 8 . 0 8 . 7 7  0 9 5 9

r 0 3 4
r t 0 0

L 4 . O 9 . 7 7  L Z q S
-  1 2 5 3

1 3  q L

1 5 . 0 9 , 7 7  1 4 3 4
1 4 4 9

2 1 , 0 9  . 7 7  L 4 2 5
I 4  3 6
t q 5 4

0 5 , 7 0 , 7 7  7 2 5 4
I 3 5 4
t \ 5 4

3  1 , 1 0 . 7 7  L O 5 4
r 1 5 4

1 5 . t 2 , 7 7  r 0 4 0
r 1 3 7
L 2 3 7

3 2 8 . r
3 2 7 . 4

3 2 8 , 2
3 3 r . 8
3 3 1 . 8
3 3 1 . 0
1 3 t . 2
3 3 1 .  r
3 3 0 . 8
3 3 0 . 8
3 3 0 , 6
3 3 0 , 5
3 2 9 . 2
1 2 9 , 9
3 2 8 . 5
3 2 9 , 4
1 2 9 , 3
3 2 9 . 3
1 3 0 . 2
3 2 9  , 9
3 2 8 . 1
] 2 9 . 2

3 3 2 , 3

3 3 1 . 3
3 3 r . 3
3 3 r . 2
3 3 t  , 2
1 3 L . 2
3 1 r . 1
1 3 1 .  3
3 3 0 . 7
3 3 0 . 9
3 3 1 . 0
3 3 t , 5
3 3 r . 4
i 3 L , Z
1 1 t . 2
3 1 1 . 2
3 3 1 . 1
3 3 1 . 5
3 3 1 . 5
3 3 2 .  L
3 3 1 . 9
3 3 2 . 0
3 3 2  , 5
3 3 2 . 5
3 1 2  , 4
3 1 3 . 2
3 3 3 . 0
3 3 2 . 8
1 1 L . 2
3 3 1 . 8
3 3 2 , 8 '
3 3 2 . 4
3 3 2 , \

2 2 5
2 2 5

2 2 5
200
2 0 0
2 Z O
2 2 0
220
2 1 0
2  t 0
2 1 0
0 6 0
0 6 0
2 8 0
2 S O
2 1 0
zto
2 1 0
2  r 0
0 9 0
0 9 0
0 9 0
2 2 0
2 2 0
2 2 0
2 3 0
2 2 0
2 2 0
2 2 0
2 2 0
2 Z O
2 6 0
2 5 0
2 4 0
2  t 0
2 2 0
2 1 0
2 2 0
2 5 0
2 5 0
26C
2 1 0
220
220
2 2 0
2 3 0
2 4 0
2 4 0
2 5 0
2 7 0
260
2 7 0
2 7 0
2 7 0
2 4 0
250
2 5 0

3 3 2 . O
1 3 L , 2

3 3 2 . 4

3 3 2 , 3
3 3 2 , 7

3 3 2 . 2
3 3 2 . 4
1 3 4 , 9
1 3 4 , 4
3 3 4 , ?
3 3 4 . 3
3 3 4 . I
3 3 2 . 3
3 3 2 . \
i 3 2 . 5
3 3 2 . q
3 3 3  , 4
3 3 2 . 9
1 1 2 , 7
1 3 2 , 6
3 3 4  , 7
3 3 4 . 9
3 3 3 . 3

3 3 4 . 0

3 3 4  , 2

3 3 3 . 8

3 3 3 . 1
3 3 3 . 4
3 3 3 . 6

1 3 2 . 9
3 3 4 . I
3 3 4 . I
3 3 4 . 2
i 3 3 , 6
3 3 3 . 4
3 3 3 . 3
3 3 3 . 7
3 3 4 . 0
1 3 1 . 7
3 3 3 . 5

2 5 0
2 6 0
2 4 0
250
3 3 0
? 6 0

2 2 5
2 2 5
2 2 5
2 9 0
2 9 0
? 9 0
290
0 9 0
o 9 0
0 9 0
0 9 0
0 9 0
2 5 0
250
2 5 0
2 5 0

0
5

2 0
zo
zo
z o
2 L
2 L
5 0
5 0
5 0
c 3
4 3
4 3

0 8 . 0 2 , 7 8  L L 5 ?

0 9 . 0 2 . 7 8  1 0 3 9
1 r  0 1

1 0 . 0 2 . 7 e  0 9 0 4
0 1 . 0 3 . 7 8  1 2 4 5

1 3 0 0
1 ? . 0 3 . 7 8  1 4 0 r

I 4 I 9
|  4 1 5

2 7 . 0 4 , 7 8  1 4 0 0
l 4 l r

l 4  2 1
2  1 . 0 6 , 7 8  1 4  l 0

I 4 L '
I 4 2 0
l q 2 5
1 4 3 0

o 7 . o 7 , 7 8  r 3 L 2

r 3 2 9
r l 3 5

t 3 , 0 7 . 7 8  I 0 4 4
l o 5 2
L C 2 9

2 8 . o 7 . 1 8  1 4 2 9
L q a t
1 4 5 7

I 0  , 0 8 ,  7 8  I q 4 2
1 4 5 0
r 4 5 5
1 5 0 0

2 3  .  0 8 ,  ? 8  I 3 4  I
L 3 5 0
r 3 5 8
1 4 0 6

1 8 . 0 9 . 7 8  t 2 4 a
r 3 0 0
r 3 5 9

2 7 . O 9 , 1 8  1 4 5 9
.  1 5 1 1

1 5  5 0
0 3 . 1 0 . 7 e  1 3 5 0

l c 0 0
t 4  5 Z

0 4 . I O . 7 8  1 5 q 8
l r 5 ,
r 6 0 0

2 0 , 1 0 . 7 8  I I 0 0

l l 4 4
1 I 5 3
1 2 0 0
t 2 ) 5

0 1 . 1 ! . 7 8  1 4 0 0
I 4 3 0
t 4  4 1

2 6
6 0
7 0

2 4
2 4
4 8
4 8
4 8
3 6
3 b
1 6
3 6
2 7
2 7
2 6
2 6
2 0

5
5

3 5
3 5

r 2
I 2
t z

6 4

I g
I 9
2 2
5 0
3 3
3 2
3 7
2 2
2 2
2 Z
3 l

1 5
2 a
2 8
5 3

5 3
5 3

5 0
2 7
2 7
4 3
4 2

9 0
6 0
6 0
6 0
7 5
7 5
8 0

3 l l .

3 3 4 .

z o
2 6 0
2 6 5
2  6 0
2 6 0
260
2 6 0
240
2 q o
z \ o

z c o
240
2 1 0
2 1 0
2  r 0

3 0
4 0
4 0
4 0
3 5
3 5
4 0
4 0
2 0
2 0
2 0
2 0
2 Z
2 2
2 2
5 7
5 7
5 7
2 7
3 0
2 5
4 5
5 0
5 '
3 5
3 5
3 '
3 5

3 5
2 5
2 5
2 5
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C A P E  G R I i l  F L A S K  C O 2  A h D  { I N D  D A T A C A P E  6 R I q  F L A S X  C 6 2  A I J D  i l I N D  D A T A

T I H E  C O z  K I N O
( E 5 T I  C L N C E N T R A T I O N  D I R E C T I O N  S P E E O

( P P I l V }  I D E G R E E S )  ( K H / H R )

DA TE T l r { E  c o 2  k  l N o
( E S T I  C C I I C E I { I R A T I O \  O I R E c T I o N  S P E E D

I P P t s V )  { O E G R E E S )  ( K f l / H R )

0 3 , I 1 . 7 8

z 4 . I t , 7 A

2 9 . I 1 . 7 8

0 5 , 1 2 . 1 A

0 8 . I 2 , 7 8

1 8 . I 2 . 7 8

t 9 .  I  2 . 7 8

1 0 . 0 1 . 7 9

1 5 . O 1 . 7 9

1 7 . o 1 . 7 9

2 5 . 0 r . 7 9

o 7 . o 2 . 7 9

0 8 . 0 2 . ? 9

t 2 , 0 2 . 7 9

t 3  .  0 2 , 7 9
z t , o 3 , 7 9

2 9 . 0 3 . 7 9
3 0 . 0 3 . 7 9
I  I  . 0 4  . 7 9

I 8 . 0 4 .  ? 9

2 4  . O 4 . 7 9

1 0 . 0 5 . 7 9

1 0 5 4
1 1 0 0
r 3 5 9
r z o 0
L 2 4 6
1 3 0 0
1 3 4 0
1 3 5 0
1 4 0 0
0 9 0 0
0 9  q 7
L O C Z
o 9 5 7
1 r 3 5
1 I 5 8
0 6 5 8
0 9 5 7

0 7 5 t t
o 8 3 8
0 8 5 9
1 5  4 7
1 5  5 4
I 6 0 0
1 L 2 5
1 1 4 0
I 2 0  5
0 8 5 9
0 9 2 8
0 9 4 4
1 2 r 3
r  2 2 4
7 2 4 3
1337
1 3 4 9
I 4 0 0
L 4  4 7
L 4 5 9
1 5 5 0
r  3 0 0
r 3  5 0
1 3 5 9
0 9 4 6
l r 0 2
1 2  4 A
0 9 5 1
0 8 5 9
L 2 4 2
1 4 3 5
1 3 0 0
1 3 4 6
1 5 0 0
I  I O O
1 2 0 0
L259
L 3 5 4
1 4 4 2
L259
t 1  5 4
L 4 4 2

3 1 3 . 7

3 3 2 . 5

3 3 2 . 9

2 0 5  2 5
2 1 0  2 5
z o 5  2 5
2 3 0  2 0
2 3 o  2 2
z c o  2 0
2 3 ,  4 5
2 4 0  4 5
2 C O  4 5
z o 5  6 0
2 0 0  5 0
2 0 8  5 0
2 r 0  2 8
2 r o  3 5
z r 5  3 5
z t o  4 0
z L O  4 0
2 I 0  4 0
2 2 0  6 5
2 0 0  6 5
2  r 0  5 5
2 3 8  3 0
2 3 5  3 0
2 3 2  3 0
? 2 0  1 8
z z o  1 8
2 2 0  1 8
2 r 0  3 5
2  L O  3 5
2 1 0  3 5
z r o  q 0
2 r 0  4 0
2 r o  q c
2  r 0  z a
z r c  2 8
2 1 0  2 a
2  r 0  3 0
2 r 0  2 a
z L O  2 8

2 2 5  2 0
2 3 0  Z O
2 6 0  6 0
2 6 0  6 0
2 6 0  6 0
o 7 5  5 0
o 7 5  4 0
2 2 0  1 8
2 ! O  2 5
z z o  3 0
2 r 5  2 5
2 2 0  2 5
z q o  5 0
2 3 5  5 0
z ? 0  3 8
z r 5  6 5
2 2 0  5 5
2 2 0  3 8

2 2 0  5 5

1 1 , O 5 . 7 9  1 4 0 0
L q  \ 1
l 4  5 0

3 1 , O 5 . 7 9  0 8 4 6
o 8 5 4
0 9 0 0

1 4 , 0 6 , ? 9  t 2 5 t
1 3 0 0

2 2  . 0 6 . 1 9  0 9 0 0
0 9 4 8
L 4 5  I

2 8 , 0 6 . 7 9  1 5 4 3
r 5  5 6
16zo

0 5 . 0 7 . 7 9  0 9 4 1
0 9  5 0
1 0 0 0

1 0 . 0 ? . 7 9  1 3 4 0
1 4 0 0
\ 4 5 q

1 8 . 0 ? . 7 9  1 0 0 0
1 1 0 0
l 5 q 8

2 6 , O 7  . 7 9  1 4 3 6
t 4 4 6
1 5 0 0

3 1 . . 0 7 . 7 9  1 2 5 3
1 3 0 0

0 9 . 0 8 . 7 9  0 9 0 0
0 9 4 5
r 0 0 0

I 3 . 0 8 , 7 9  t 2 5 0
r 3 0 0
1 4 0 0

2 2 . 0 8 . 1 9  1 1 5 0
1 2 0 0
1 4 0 0

2 7  . O A , 7 9  1 4  5 0
t 5 0 0
r 5 5 \

0 5 , 0 9 . 7 9  0 9 5 5
r 0 0 0

1 2 . 0 9 . 7 9  1 0 5 0
1 1 0 0
1 1  5 5
r 3  5 2

1 8  . 0 9 .  7 9  1 0 0 0
1 1 0 0
r 2 0 0

2 8 . o 9 , 7 9  I l O 0
1 3 5 3
1 4 0 0

0 9 .  r 0 . ? 9  0 9 4 5
0 9 5 8
r 6 0 0

r o . 1 0 . 7 9  1 2 0 0
1 3 0 0
I 5 0 0

3 3 4  r 3
3 3 4 . 2
3 3 3 , 9
3 3 4 . 0
3 3 1 . 8
1 3 3 . 8
1 3 3 . 8
1 3 3 , 9
1 3  4 , 2
1 3 4 . 8
3 3 3 . 4
3 1 5 . 3
3 3 5 . O
3 3 5 . O
3 3 4 . 6
3 3 4 . 8
3 3 4 . 4
3 3 3  , 4
3 3 1 , 9
3 3 1  , 5
3 3 4 , 0
3 3 3 . 6
3 3 4 . 0
3 3 4 . 2
3 3 4 , 1
1 3 4 . 5
3 3 5 . 3
3 3 5 , ?
3 3 3 . 9
J 3 4 . 2
3 3 q . 3
3 3 q . 3
3 3 C . I
3 3 4 . I
3 3 5 . 1
3 3 5 . \
3 1 5 , 6
3 3 5  , 7
3 3 5 . 6
3 3 5 . 6
3 3 6 . 0
3 3 6 . 4
3 3 5 , 7
3 3 r . 3
3 3 5 .  2
3 3 5 , O

1 1 4 . 6
3 J \ . 6
3 3 9 . 5
3 3 3 . 0
3 3 9 , 0
1 3 q . 3
3 3 4 . 8
3 3 1 . 4
1 3 5 . q
1 3 4 , q
3 3 3 , 1

2 1 5  2 5
2 2 0  2 5
2 L 5  2 5
2 2 5  3 5
2 2 0  3 5
2 2 5  3 5
2 6 0  5 0
2 6 0  5 0
2 3 5  4 0
2 3 5  4 0
2 3 5  3 0
2 6 0  4 0
2 6 0  4 0
2 6 0  q 0
2 h 5  3 0
2 L 5  3 0
2 6 5  3 0
2 6 0  3 0
2 6 0  3 0
2 6 0  3 0
2 4 5  2 8
2 5 0  2 8
2 5 0  2 2
? 3 0  3 0
2 2 0  2 5
2 2 0  2 5
2 6 0  5 0
z f o  5 0
2 6 0  5 0
2 6 0  5 0
2 6 0  6 5
2 Z O  3 5
z r 5  3 0
2 2 0  2 5
2 3 0  6 5
2 1 0  7 5
2 2 0  4 5
z L 5  4 2
2 t 5  1 5
2 r 5  3 5
2 6 0  a 2
2 6 0  a z
2 4 O  5 5
2 4 O  3 '
2 5 0  4 5
2 5 8  3 5
2 6 0  2 5
2 6 0  3 5
2 6 0  3 '
r 0 o  2 0
l o o  2 0
1 0 0  2 0
2 6 0  3 5
2 6 0  3 5
2 3 5  1 . 9
2 5 0  4 5
2 6 0  4 5
2 6 0  4 5

3 3 4 ,
1 3 4 .
1 3 4 ,
3 3 3 ,
3 3 3 .
3 3 3 .
1 1 3 , 4
1 3 3 . O
3 3 2  9
3 3 3 . 6
3 3 3 . 8
3 3 3 . 8
3 3 3 . 8
3 3 3 . 9
3 1 1 . 5
3 3 3 , 0
3 3 2 , 6
1 3 2 , 6
3 3 3 . 0
3 3 3 . 1
3 3 3 . 0
1 3 2 , 8
3 3 2 , 8
3 3 2 . 9
3 3 4 , 7

3 3 3 . 6
1 1 3  . 6

3 3 3 . 1

3 3 2 . 4
3 3 1 . 9
3 3 3 . 9
1 3 3 . 6
3 3 3 . 0
3 3 4 . 8
3 3 4 . 0 +
3 3 q . 1 +
3 3 3 . 8 +
1 3 2 . 5 +
3 3 4 , 2 +
3 3 4 . r *

3 3 3  , 7
3 3 3 . O
3 3 2 . 9
1 1 2 . 8
3 3 5 . ?
3 3 4 . 8
1 3 4 . 8
3 3 q . 8 +
3 3  C , 3 +
3 3 4 , 8 +

+ - S A X P L E O  T H R O U C H  A N A L Y S E R .
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C A P E  G R I M  F L A S K  C O 2  A N D  I { I N D  D A T A C A P E  G R I M  F L A S K  C O 2  A N O  H I I ] D  D A T A

T I f f E

t E s r )
C O 2  H I N D

C O N C E H T R A T I O N  O I R E C T T O N  5 P € E D
( P P H V I  ( D E G R E F S )  I K T / H R )

T l f f E  C O z  H l N o
( F S T )  C t i N C E r i r t a T l 0 N  0 I R E C T I 0 N  5 P E E 0

{ F P I V )  ( D E G R E E S )  I K t s / H R )

2 2 . t O . 1 9  1 4 0 0
r 5  4 0
1 5  5 9

2 5 . t O . 1 9  1 0 0 0
I I O O
r 3 0 0

2 9 . 1 0 . ? 9  r 0 4 9
I  I O O
r 3 0 0

0 6 . 1 r . 7 9  t 3 2 5
1  3 1 9

1 6 . 1 r . 7 9  0 9 5 5
1 0 5 5

2 r , r r . 7 9  0 8 5 0
0 9 0 0
0 9 5 0

2 6 . t r , 7 9  l r 0 0
1 2  4 5
1 3 0 0

0 1 , r 2 , 1 9  L 2 5 2
r 3 0 0
t  1 5 5

1 0 .  1 2  .  7 9  1 2 5 3
r 3 0 0
r 2 4 5

r 1 . 1 2 . 7 9  0 8 5 1
0 9 0 0
0 9 r 5

1 1  , I 2 , f 9  0 9 0 0
I 0 0 0
l 0  5 5

0 4 . o 1 . 8 0  1 0 q o
l o 5 8

0 8 . o l . B o  1 1 1 7
t 1 5 8

3 0 , 0 r , 3 0  t 2 r 5
0 5 . o 2 . 8 0  0 9 0 0

0 9 r 5
1 0 0 0

2 2 , O 2 . 8 0  L 4 1 4
I 4  5 9
L 5  2 4

2 8 . o 2 . 8 0  1 4 0 0
l c 4 5
1 5 0 0

0 7 . 0 3 . 8 0  1 4 5 I
t 4 r 6

2 4 , 0 3 , 8 0  I 3 5 7
1 4 5 4
1 5 0 0

1 6 , 0 4 . 8 0  0 9 2 9
o 9 5 9
1 0 2 9

1 8 , 0 7 . 8 0  1 4 5 0
1 4 5 5
1 5 0 0

2 5 . 0 7 , 8 0  1 1 5 9
t 2 1 9

2 9 , 0 7 . 8 0  1 0 4 6
1 0 5 0
1 0 5 6

1 2  . 0 8 ,  8 0  1 3 5 2
l c 0 0
I 4 4 '

1 3 . o 0 . 8 0  0 c 5 1
r 0 0 0

2 I . 0 8 . 8 0  1 q O 0
r r 5 0
1 5 5 9

2 5 . C 8 , 8 0  0 9 5 5
I O 0 0
l r 0 0

0 2  . 0 s . 8 0  L 6 5 Z
I 7  0 0
1 8 0 0

0 9 . 0 9 . 8 0  1 0 5 3
r l o o
r 2 0 0

1 5 . 0 9 . 8 0  1 2 0 0
1 5 5 6
1 6 0 0

2 2 . 0 9 . 8 0  0 9 5 3
1 0 0 0
l  S c o

0 6 . l c . 8 0  0 9 4 8
r 0 0 0
1 6 3 8

I 5 . t O . 8 0  1 I 0 0
1 3 0 0
1 6 4 4

2 r . 1 0 . 8 0  1 0 5 4
1 1 0 0
I  I 5 9

2 7 . L 0 , 8 0  1 3 0 0
I q  4 9
1 5 0 0

0 7 , 1 1 . e 0  l 2 q 6
1 3 0 0
r 4 0 0

1 4 , 1 1 , 8 0  O B 5 6
0 9 0 0
r 2 0 0

1 8 . r r . 8 0  1 4 5 5
1 5 0 0
l 5 5 b

0 3 . 1 2 . 3 0  r I 5 3
r 2 0 0
1 3 0 0

I 2 . 1 2 . 8 0  O 1 5 6
o 8 0 0
o 8 5 9

1 6 . 1 2 . 8 0  1 2 0 0
r z  5 5
1 3 0 0

2 9 . 1 2 . 8 0  0 8 5 9
L O 5 2
l o 5 9

2 5 0  4 0
2 5 0  4 0
2 5 0  4 0
2 5 0  9 0
2 5 0  9 0
2 5 0  9 0
2 5 0  4 0
2 5 0  q 0

2 C 5  2 5
2 5 0  2 5
2 5 0  2 5
2 2 5  3 5
2 4 5  1 5
2 4 0  4 0
2 5 5  8 5
2 5 5  8 5
2 5 5  7 5
2 5 5  8 5
2 5 '  8 5
2 5 8  1 0 0
2 5 0  7 0
2 5 0  7 0
2 5 0  7 0
2 5 0  b 5
2 5 0  6 5
2 5 0  6 5
2 2 0  2 5
2 2 0  1 0
2 3 5  3 0
2 5 0  4 5
2 5 5  q 5
2 \ 5  5 5
2 6 0  2 5
2 7 0  2 5
2 6 0  3 0
2 7 8  3 5
2 5 5  \ 5
2 5 5  \ 5
2 L '  1 5
z t 5  3 5
z t a  3 2
2 t 5  ( 0

2 t 5  4 0
2 r 5  q 0

2 r 5  2 5
2 7 0  2 5
2 6 0  3 5
2 6 0  6 8
2 6 0  8 0
2 6 0  8 0
2 3 5  { 0
2 2 5  4 0
2 5 2  3 2
2 1 0  2 0
2 r 5  2 5
2 r 5  2 3
2 2 0  6 5
2 r 5  \ '
2 1 5  q 5

) 3 7  . 3
1 3 6 ,  8
3 1 6  , 3
3 3 q , 1
3 3 \ . 1
3 3 3 . 6
3 3 3 , 7
3 3 3  . 7
1 3 3 . 5
3 3 4 . 0
3 3 3 . 8
3 3 C  . 7
3 3 4 , r
3 3 3 , 6
3 3 4 . 5
3 3 4 . 0

3 3  4 . 5
3 3 r . 8
3 3 6  . 2
3 3 4 , 2
3 3 5 . 0
3 3 3 , 6
i 3 4 , 4
1 1 4 . 2
3 1 4 , O
3 3 4  . 7
3 J 4 , 4
3 3 3 . 7
3 3 6 . 2
1 3 r . 5
3 3 5 , 9
3 3 4 , 4
3 1 4 . 4
3 3 5 .  q
3 3 4 . 3
1 1 5 , 9
1 3 5 . 3
3 3 6 . O
3 3 6 . 2
3 3 4 . 8
1 3 4 . 4
3 3 4 . 8
3 1 7 . 7
3 3 7 , 6
3 3 7 . 1
3 3 9 , 0
3 3 8 . 6
1 3 5  , 5
3 3 5  . 2
3 1 5 ,  1
3 3 5 . D A
1 3 5 , 2 4
3 3 5 , l a
1 1 5 . a
3 3 5 , 3
1 3 6 . r
3 3 5  , 5
3 3 4 . 1

0 8 5
0 8 0
o 8 0
2 1 0
220
2 3 5
2r5
2 r 8
2 r 5
2 3 5
2 4 0
2 1 0
2LO
2  r 0
2 4 0
2 4 0
2 5 0
2 5 5
2 r 5
2 6 0
2 5 5
2 5 5
2 5 5
2 7 0
2 7 0
2 1 0
2 3 5
2 3 5
2 3 5
265
250
2 1 5
2 r 3
2 l o
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5 5
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A - A I R C R A F T  P U H P  U I ! 1 T  U 5 E D ,
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3 3 5
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3 5
q 0
5 5

5 8
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2 5
2 5
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3 5
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6 0
6 0
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2 3
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2 4
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a
8
5
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3
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3 3 8 . 6
3 3 7 . 6
3 3 8 . 4
1 3 7 . 2
3 3 6 . 8
3 3 6 , 6
3 3 6 . 8
3 3 6 . 9
3 3 6 . 7
3 3 1 , I +
3 3 6 . 8 +
1 3 7 , 4 +
3 f 8 . 9
1 3 7 , 6
3 3 8 . 6
3 3 7 . o +
3 3 7 . 0 +
3 3 6 . I +
3 3 ? . 5
3 3 8 , 1
3 3 8 , 1
3 4 2 , 5
3 \ ) . . 7
3 4 0 . 1
1 3 7 . 2
3 3 7  . 5
3 3 7 . 7
1 3 6 , 4
3 3 7 , 6
3 3 8 , 2
3 3 8 . r
3 3 7 , 6
3 3 8  , 2
3 3 8 " 0
1 3 1 . 2
3 3 7 , 2
3 3 f , f
3 3 8 . 6
3 1 6  . 5
3 3 7 . 2
3 3 7 . 6
3 3 7  . 2
3 3 7 , 4
1 3 7 . a
3 3 5 . 8
3 3 5 , 2
1 3 5 . 1
3 3 5 . \
3 3 5  . 3
3 3 6 . O
3 3 8 , 9
3 3 9 . 1

3 4 0
3 5 0
3 5 0
2 5 5
260
0 7  8
0 8 0
0 8 5
0 6 0
0 6 0
0 7 5
3 4 2
1 4 0
3 4 5
2 5 5
255
2 5 0
2 3 0
2  4 0
3 1 5
3 L 5
1 2 0
1 2 0
3 2 5
3 2 5
2 4 3
2 q 0
2 4 5
2 5 0
250
2 4 5
2 ? 2
2 7 1
2 7 2
260
2 6 5
z t , o
2 4 5
2 1 t
2 f 5
2 9 0
2 9 0
2 4 5
2 8 5
2  r 9
2 2 0
2 5 0
2 8 0
2 1 0
2 5 0
2 6 0
2 4 3
2 4 6
2 6 7
2 2 8
2 ? 8
2 2 8
2 0 7
z o 1
z I 4
2 5 7
2 5 8

1 5
1 5
3 3
6 8

2 5
2 2
2 3
2 1
2 3
3 5
q 2

2 q
4 0
2 5
3 5

3 8
3 5
3 6

3 6
2 9
2 A
z 6
3 1
2 5
2 5
3 '
3 5
3 0
5 0

6 0
5 I
2 4
2 5

t 0
l o
r 5
l 3
t 3
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APPENDIX 5

CO2 data set from CSIRO monitoring program at Mawson.

Tabulat ion of al l  Co^ concentrat ions and auxi l l iary data from f lask
samples col lected at Mawso'n for the years 1-977 through 1982.

Analysis for CO, was performed on NDIR gas analysers at CSIRo and
concentrat ions are ex-pressed in parts per.mil l ion by volumes (ppmv) with
respect to the WMO 1981 CO" Calibrat ion Scale. When necessary, a
carrier-gas correction has aeen applied to al l  values based on
comparisons of instrument response to WMO Central CO, Labol.atol.Y CO\/N)
and COr/Alr Secondary Standards as described in Pearm1n et al.  (1983t. -

Except where otherrt ise stated, samples are chemical ly dried' either
during col lect ion or prior to analysis, using granular magnesium
perchlorate (Dehydrite) as the drying agent.

Times of sampling in the tabulat ion are in Greenwich Mean Time (Z)

and the sampling locations can be determined by referr ing to Figure 2.7.
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APPENDIX 6

Complete co2 data set from CSIRo monitoring program at Macquarie fsland.

Tabulat ion of al l  hourly mean CO., concentrat ions obtained using an
in situ NDIR CO^ analysis system at M6cquarie Island for the years !979
Enrouqn fvuz-

Concentrat ions are expressed in parts per mil l ion by volume (ppmv)

with respect to the WMO 1981 CO, Calibrat ion Sca1e. A carr ier-gas
correction has been applied to 611 values based on comparison of
instrument response to wMo central co^ Laboratory Co^/N. an4 Co-/Air
Secondary  S tandards  as  descr ibed in  Pef rman e t  a l .  (1963) :  "

Wind speed and direct ion data are obtained from Austral ian Bureau of
Meteorology gurface observation at 3-hourly intervals. Values for
intermediate hours ( in brackets) are determined by interpolat ion.

Times of sampling refer to Austral ian Eastern Standard Time (AEST)
(ars t  =  Z  +  1 ,0  hours ) .
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MCSUNTE ISND 02 ND SU$ACE Wrm DATA

YEAR:- 1979

L7 APRIL LA APRIL 26 APRIL 15 MAY f6 JUNE

Trw co.
AEST (ppfiv)

w/D w/s Co, w/D w/s Co" w/D w/s Co,
(kfr/hr) (ppfiv) &m/hr) (ppfiv) (km^r) (ppftv)

H/D W/S COt
(kn,/hr) (ppnv)

w/D w/s
(km,/hr)

55
(s  5 )
(ss )
(5s)
(5  s )
(5s)
(ss)
(ss )
(s  5 )
55

4 0
( 4 0 )
( 4 0 )
40

(42)

144)
46

(46)
( 4 6 )
46

( 4 8 )
( 5 1 )
53

(521

o1
o 2
03
o4
05
o6
o 7
08
o9
lo
l l
1 2

14
1 5
16
L'7
1 a
1 9
2 0
2 7
2 2
2 3
2 4

3 3 3 . 6  ( 3 5 0 )  ( 5 2 )
3 3 3 .  5  3 5 0  5 1
3 3 3  , 4  ( 3 s O )  ( s 1 )
3 3 3 . 4  ( 3 4 0 )  ( 5 1 )
3 3 3 . 4  3 4 0  5 1
3 3 3 . 3  ( 3 4 0 )  ( 5 1 )
3 3 3 . 4  ( 3 5 0 )  ( 5 0 )
3 3 3 . 5  3 5 0  5 0
3 3 3 . 6  ( 3 s O )  ( 5 0 )
3 r 3 . 4  ( 3 5 0 )  ( s o )
3 3 3 . 5  ( 3 4 0 )  ( s o )

( 3 4 0 )  ( s 1 )
( 3 4 0 )  ( 5 1 )
340 5I

3 4 0
3 3 3 , 9  ( 3 3 0 )
3 3 3 . 9  ( 3 3 0 )
3 3 3 . 8  3 2 0
3 3 3 . 9  ( 3 3 0 )
3 3 3 . 9  ( 3 4 0 )
3 3 3 . 9  3 s 0
3 3 3 . 9  ( 3 5 0 )
3 3 3 . a  ( 3 5 0 )
3 3 3 . 8  3 5 0
3 3 3 . 7  ( 3 s O )
3 3 3 . 6  ( 3 5 0 )
3 3 3 .  6  3 s 0
3 3 3 . 6  ( 3 5 0 )

3 3 0
r 3 4 . O  ( 3 3 0 )
334.1- (  330)
3 3 3 . 6  ( 3 3 0 )
3 3 3 . 7  ( 3 3 0 )
3 3 3 . 8  ( 3 3 0 )
3 3 3 . 1  ( 3 3 0 )
3 3 3 . 7  ( 3 3 0 )

G  3 0 )
3 3 0

3 f 0  5 I
( 3 r 0 )  ( 5 1 )
( 3 1 0 )  ( s 1 )

3 3 4 . s  ( 3 I 0 )  ( s 1 )
3 3 4 . 4  ( 3 0 0 )  ( s 1 )
3 3 4 . 8  { 3 0 0 )  ( 5 1 )
3 3 4 . 4  3 0 0  5 1
334.4 12901 (46)
3 3 4 . 1  ( 2 ' t o l  ( 4 2 )
334.2 260 37
3 3 4 . 2  ( 2 5 0 )  ( 3 5 )
3 3 4 . 3  l 2 4 o l  ( 3 3 )
3 3 4 . 3  ( 2 3 0 )  ( 3 2 )

l 2 2 o ' )  ( 3 0 )
( 2 1 O )  l 2 a l
200 26

3 3 5 .  O  3 2 O  4 6
334.6 l32O) \46)
3 3 4 , 6  ( 3 2 0 )  1 4 6 )
3 3 4 . 6  ( 3 2 0 )  ( 4 6 )
3 3 4 . 5  ( 3 2 0 )  ( 4 6 )
3 3 4 . 5  ( 3 2 0 )  ( 4 5 )
3 3 4 - 7  ( 3 2 0 )  ( 4 s )
3 3 4 . 5  ( 3 r O )  l 4 5 l
3 3 4 . 5  ( 3 1 0 )  ( 4 4 )

3 3 4 . 8  ( 3 l O )  ( 4 4 )
3 3 5 . O  ( 3 I O )  ( 4 4 )
3 3 5 . 0  ( 3 l O )  ( 4 4 )
3 3 5 . 0  3 1 0  4 4
3 3 5 .  I  ( 3 1 0 )  ( 4 3 )

I?  JME 20 JUTY 21 JULY L7 AUGUST 31 OCTOBER

TIM

MST

CO,

1ppftv )

w/D w/s 6) w/D H/s co,
(km/hr) (ppfiv) (kn/hr) (ppfiv)

CO,
(ppfrv)

CO,
(ppftv)

vD w/s
(km^r)

w/D w/s
(km/hr)

w/D w/s
(km,/hr)

o1
o2
o3
o4
0 5
o6
o 7
o8
o9
10
1I
12
l3
I 4
t 5
l6
t 7
1a
l9
2 0
2I
2 2
2 3
2 4

3 3 5 , 4  ( 3 1 0 )  ( 4 2 )
3 3 5 , 4  ( 3 1 O )  ( 4 0 )
3 3 5 , 5  ( 3 1 0 )  ( 3 9 )
3 3 s . 3  ( 3 1 0 )  ( 3 8 )
3 3 5 -  2  ( 3 1 0 )  ( 3 7 )
3 3 5 , 3  ( l 1 O )  ( 3 5 I
3 3 5 . 3  ( 3 1 0 )  ( 3 4 )
3 1 5 . 3  3 1 0  3 3
3 3 5 . 5  ( 3 1 0 )  ( 3 5 )
3 3 5 , 5  ( 3 1 0 )  ( 3 8 )
3 3 6 . 2  3 1 0  4 0

3 3 5 . 0  ( 2 2 0 |  ( 3 8 )
335.2 (220) (38)
3 3 s . 3  ( 2 l O )  ( 3 e )
3 3 4 . 8  ( 2 O 0 )  ( 3 7 )
3 3 4 . 3  ( 2 0 0 )  ( 3 ' , 1 )
3 3 4 . 9  ( 2 0 0 )  ( 3 6 )
3 3 5 . O  ( 1 9 0 )  ( 3 6 )
3 3 5 . 0  ( 1 8 0 )  ( 3 6 )
3 3 5 . 0  { l e o )  ( 3 5 )
3 3 5 . 0  ( 1 e 0 )  ( 3 4 )

( 1 7 0 )  ( 3 4 )
( 1 6 0 )  ( 3 4 )
( 1 6 0 )  ( 3 3 )
160 33

( s  2 )
( 4 9 )
4 6

( 4 s )
( 4 5  )
4 4

300 46
(300) (461
( 2 e o t  ( 4 s )
(280) 144)

335.4 (280) (44)
3 3 5 , 0  ( 2 8 0 )  ( 4 4 )
3 3 5 .  r  ( 2 ? 0 )  ( 4 3 )
3 3 s . 2  ( 2 6 0 )  ( 4 3 )
3 3 5 . 2  ( 2 6 0 )  l 4 2 l
3 3 5 . 1  ( 2 6 0 )  ( 4 2 1
3 3 5 . 2  ( 2 5 0 )  ( 4 2 1
3 3 5 .  I  ( 2 5 0 )  ( 4 r )
335.2 (240) (40)
3 3 5 . 0  1 2 4 0 )  ( 4 0 )
335. r  (240) (40)
3 3 s .  O  ( 2 3 0 )  ( 3 9 )
3 3 4 . 9  ( 2 2 0 )  ( 3 9 )

320
1 3 2 0 )

3 3 5 . 9  ( 3 2 0 )
3 3 6 . 1  3 2 0
3 3 6 . O  ( 3 2 0 )

_  ( 3 1 0 )
3 3 6 .  O  3 1 0

3 3 9 , 8

3 3 6 .  f
3 3 5 . 4
3 3 5 . a
3 3 5 . 4
3 3 5 . 9

336.4
3 3 6 . O
3 3 5 . 7



o t

MCQUARIE ISND CO^ AND SMACE WIND DATA

EN: -  1979

2 NOVEMBER 9 NOWMBER 4 DECEMBER 5 DECEMBER

TIre CO,
dST (ppfiv)

w/D w/s
(km^r)

co, w/D w/s
(ppfiv) (kn/hr)

cQt
(psv)

cot
(pmv)

w/D w/s
(km,/hr)

w/D w/s
(km/hr)

( 7 )
1

( 1 2 )
( 1 7 )
2 2

( 3 0 )
( 3 8  )
46

(s0)
( 5 s  )
59

29
125)
( 2 2 )
I 8

(L4)
(10)

6
( 5 )

( 3  1 )
( 3  1 )

( 3 0 )
(29)
2 A

132)
( 3 6 )
40

( 4 0 )
( 4 1  )
t 4 2 I
Q 2 )
( 4 3 )
44

40
( 3 8 )
( 3 5 )
3 3

( 3 3  )
(32)
(  3 2 )
{3r)
(3r)
( 3 0  )
( 3 0 )

129)
29

ol
o 2
0 3
o4
05
o6
o?
08
09
1O
r l

1 3
I 4

I,7
I8
19
2 0
2 I
2 2

2 4

3 3 6 . 7  2 t O
3 3 6 . 5  ( 2 8 O )
3 3 6 . 6  ( 2 8 O )
337.2 290
3 3 8 . O  ( 2 9 0 )

_ (2901
3 3 ? . 0  ( 2 8 0 )
3 3 ? . 4  ( 2 8 0 )
337.6 lzeol

(280)

l 2 7 o )
(270)
270

3 3 5 . 3  2 7 0
3 3 5 . 4  ( 2 7 O )
3 3 5 . 4  ( 2 7 0 )
3 3 5 . 3  2 7 0
3 3 5 .  5  ( 2 1 O )
3 3 5 , 8  ( 2 ' l O )
3 3 6 .  I  2 7 0
3 3 6 . 5  ( 2 8 0 )
3 3 6 . 8  ( 2 8 0 )
337. I  290
3 3 7 . 7  ( 3 r O )
3 3 7 . 5  ( 3 2 0 )
3 3 7 . 3  3 4 0
339.7 (350)

260
( 2 7 0 )

3 3 6 , 0  ( 2 8 0 )
3 3 6 . 4  2 9 0
3 3 6 .  s  ( 2 9 0 )
336.3 1290)
3 3 5 . 8  2 9 0
336.4 (2901
3 3 6 . 3  ( 2 9 0 )
336.7 290
3 3 6 . 7  ( 2 9 0 )
3 3 6 . 3  ( 2 9 0 )
336.2 (300)

( 3 0 0 )
(300 )
300

3 4 L . 2  ( 3 5 0 )
3 4 1 . 8  3 6 0
3 3 9 . 4  ( O 3 0 )
3 3 7 . 6  ( 0 6 0 )
337.4 090
3 3 7 . 3  ( 0 8 0 )
3 3 7 . 5  ( 0 7 0 )
336.4 070
3 3 6 . 2  ( 0 9 0 )
3 3 6 ,  r  ( 1 I 0 )

1 3 04 2
14L)
( 4 1  )
4 0

(  3 6 )
( 3 3 )



MCQUARIE TSND CO^ AND SUffACE WIND DATA

5 JNNY 30 JNARY L9 FEBRUART 2 O DEBRIJNY

m"
(ppfiv)

CO,
(ppftv)

cot
(pmv)

CO,
(ppftv)

w/D w/s
(kn^r)

w/D \|/s
(kn^r)

H/D w/S
(kn^r )

w/D w/s
(km/hr)

o t
o 2
o3
o4
o 5
06
01
o8
09
l o
l1
L2

T4

16
L7
1a
I9
2 0
2 L
2 2

2 4

3 3 a . O  ( 2 6 0 )  ( I 8 )
3 3 7 . a  2 1 o  2 4
3 3 7 .  3  l 2 7 O )  ( 2 9 1
3 3 7 . 2  l 2 7 O )  ( 3 5 )
3 3 6 . 6  2 7 0  4 0
336.9 (27o) (34)
3 3 6 . 1  ( 2 7 0 )  ( 2 e )
3 3 5 . 8  2 7 0  2 2
3 3 5 . 4  ( 2 8 0 )  ( 2 2 )
3 3 s . 6  ( 2 8 0 )  t 2 4 l
3 3 5 . 3  2 9 0  2 4
3 3 5 . 2  ( 3 0 0 )  ( 2 6 )
33s.2 (310) 128)
335.2 320 29
3 3 4 . 9  t 3 3 0 )  ( 3 0 )
33s.2 (330) (32)
3 3 5 . 1  3 4 0  3 3

3 3 5 . 7  2 9 0  3 7
335.6 (2901 (36)
3 3 5 . 7  t 2 e o t  ( 3 4 )
3 3 5 . 9  2 9 0  3 3
335. '1 (2e0) (2sl
3 3 5 . 9  ( 2 8 O )  ( 2 6 1
3 3 6 .  I  2 8 0  2 2
3 3 5 . 4  l 2 7 o l  ( 1 8 )
3 3 5 . 2  ( 2 s O )  ( 1 5 )
334.7 240 1l
3 3 s . 2  l 2 2 O )  ( r 7 )

( 2 1 0 )  ( 2 3 )
1 9 0  2 9

340 33
3 3 5 . 2  { 3 4 O )  ( 3 4 )
3 3 s . 1  ( 3 4 0 )  ( 3 6 )
3 3 5 .  O  3 4 0  3 7
334.7 (340) (39)
3 3 5 . O  ( 3 4 O )  1 4 2 )
3 3 5 . 0  3 4 0  4 4
315.2 (34O) (42)
3 3 5 . 2  ( 3 4 O )  ( 3 9 )
3 3 5 . 5  3 4 0  3 1
3 3 5 . 4  ( 3 1 O )  \ 2 ' t )
3 3 6 . 2  ( 2 8 0 )  ( r 7 )
3 3 7 . 6  2 5 0  7
3 3 8 . 8  ( 2 6 0 )  ( 1 3  )

3 3 5 . 4  3 4 0
3 3 5 . 4  ( 3 4 0 )
3 3 5 . 4  ( 3 4 0 )
334.9 340
3 3 5 . 2  ( 3 3 0 )
3 3 5 . 4  ( 3 3 0 )
3 3 5 . 3  3 2 0
3 3 5 . 6  ( 3 2 0 1
335.s (320)
335. ? 320
3 3 5 . 6  ( 3 2 0 )

(  3 2 0 )
320

3 r o  3 7
( 3 2 0 )  ( 3 8 )

3 3 s . 3  ( 3 3 0 )  ( 3 8 )
3 3 5 . 4  3 4 0  3 9
3 3 5 . 3  ( 3 3 0 )  ( 4 1 )
3 3 5 . 5  ( 3 3 0 )  1 4 2 )
3 3 5 . 0  3 2 0  4 4
3 3 5 . 5  ( 3 r 0 )  1 4 2 )
3 3 5 . s  { 3 O 0 )  ( 3 9 )
3 3 5 . 6  2 9 0  3 1
335.6 (2901 (38)
3 3 5 . 7  ( 2 9 O )  ( 3 9 )
335.7 290 40
3 3 5 . ?  ( 2 9 0 )  ( 3 9 )
3 3 s . 8  ( 2 9 0 t  ( 3 e )

3 9
(  3 9 )
( 4 0 )
4 0

( 4 O  )
{ 3 9 )
3 9

1 3 7 l
( 3 s )
3 3

(  3 4 )
( 3 6  )
3 1

25 FEBRUNY 17 ilARCH 3 APR]L 20 APRIT18 NCH

w/D w/s
(kmlhr)

CO,
(ppv)

Co"
{ppv)

TIME
d5f

CO,

lppmv)

coc
(ppnv)

CO,

tppmvl

w/D w/s
(kn/hrl

w/D w/s
lkn/hr)

w/D vs
(kn^r)

N/D w/S
(km/hr)

0 1
02
0 3
o4
0 5
o6
o'1
o8
o 9
1 0
I 1
T 2
1 3
L4
1 5
16
t 7
t8
1 9
2 0
2 I
2 2
2 3
2 4

1 6 0
(160)

3 3 5 .  r  ( 1 6 0 )
3 3 5 . 3  1 6 0
3 3 5 . 5  ( 1 6 0 )
3 3 s . 2  ( 1 6 0 )
3 3 5 . 7  1 6 0
3 3 s . 4  ( 1 6 0 )
3 3 5 . 8  ( 1 6 0 )
3 3 5 . 5  1 6 0

3 3 5 . 6  t 3 6 0 )  ( 3 3 )
3 3 5 . 6  ( 3 6 0 )  ( 3 6 )
3 3 5 . 4  3 6 0  4 0
3 3 5 , 5  ( 3 3 0 )  ( 4 1 )
3 3 6 . 9  ( 3 O O )  ( 4 3 )
3 3 7 . 0  2 7 0  4 4
3 3 6 . 6  ( 2 9 O )  ( 4 0 )
3 3 5 . 3  ( 3 0 0 )  ( 3 7 )
3 3 5 , 2  3 2 0  3 3
3 3 5 . 5  ( 3 2 0 )  ( 3 3 )
3 3 5 . 4  ( 3 2 0 )  ( 3 3 )
335.2 320 33
3 3 s , 2  ( 3 3 0 )  ( 3 8 )
3 3 s . 3  ( 3 3 O )  ( 4 3 )
3 3 5 .  I  3 4 0  4 A
3 3 5 . 4  ( 3 4 0 )  ( 4 9 )
3 3 5 . 5  ( 3 4 0 )  ( 5 0 )
3 3 5 . 6  3 4 0  5 I
3 3 5 , 5  ( 3 3 0 )  ( 5 1 )
3 3 5 . 6  ( 3 3 0 )  ( s 1 )

320 51

270 33
( 2 1 0 ' )  ( 3 0 )

3 3 s . 2  ( 2 1 O )  ( 2 7 1
3 3 5 . 0  2 ' t O  2 4
3 3 5 . 4  ( 2 1 0 1  ( 2 8 )
3 3 6 .  i .  ( 2 7 0 t  ( 3 3 )
336.4 2' tO 31
3 3 6 . 3  ( 2 5 0 )  l 2 A )
336.3 l22O) l2O)
3 3 6 . 6  2 0 0  1 1

2 A
( 3 0 )
( 3 3 )
3 5

( 3 6 )
( 3 8  )
39

( 3 6 )
( 3 2  )
29

2 7 0
( 2 8 o )
( 2 9 0 )

3 3 4 . O  ( 3 0 0 )
3 3 7 . 2  ( 3 0 0 )
3 3 6 . 6  ( 3 1 0 )
3 3 5 . 9  3 2 0
335. '7 (330)
3 3 5 . 7  ( 3 5 0 )
3 3 5 .  7  3 6 0

3 3
(  3 1 )
l29l
(2e)
(26)

124)
2 2

( 2 4 )
( 2 t I
29

3 3 6 . 0  2 9 0
3 3 6 .  s  ( 2 8 O )
336.6 (28O)
3 3 6 . 7  2 7 0
3 3 6 . 8  \ 2 7 0 )
3 3 6 . 7  ( 2 7 O )
3 3 6 . 8  2 1 0
3 3 6 . 8  l 2 ? O l
336.6 l2'10l
336-6 2'70

5 l
(s r)
(sr)
5 l

(52)
( 5 4 )
5 5

( s 3  )
(52)
5 0



B9

MAceuNrE TSUND co, ND suFAcE wrND DATA

YEAR:- 1980

2I  APFIL t h Y IO JUNE 12 JUNE

T]E CO,
AEST (ppmv)

w/D w/s co,
(kmlhr) (ppfrv)

w/D w/s
(kn/hr )

CO,
(prv)

CO, W/D S./S CO, W/D W/S
(ppftv) (km^r) (ppfrv) (kn^r)

w/D w/s
(km^r )

2 2
122)
l 2 2 l
2 2

122\
(22)
2 2

(221
t 2 2 )
2 2

l 2 0 l
( 1 7 )

0 1
o 2
o 3
o4
05
06
07
oa
o9
1 0
II
1 2

14

l 7
1a
19
2 0
2 I
2 2

2 4

3  3 6 . 6  ( 2 7 0 \  ( 5 0  )
3 3 6 . 7  ( 2 1 O )  ( s O )
3 3 6 - f  2 ' 1 0  5 0
336.9 l280l 144)
3 3 7 .  r  ( 2 8 0 )  ( 3 7 )
3 3 t . 6  2 9 0  3 1
3 3 7 . O  ( 3 O O )  ( 3 2 )
3 3 6 . 6  ( 3 r O )  ( 3 2 )
336.2 32O 33
336.2 (32O) (35)
3 3 6 . 2  ( 3 2 O )  ( 3 8 )
3 3 6 . 1  3 2 0  4 0
3 3 6 . 1  ( 3 I O )  ( 3 8 )
3 3 6 . 0  ( 3 O 0 )  ( 3 5 )
336. I  290 33
336. 3 (29O) (32 )
3 3 6 . 7  l 2 9 O )  ( 3 0 )
3 3 6 . 5  2 9 0  2 9

3 3 8 . 7  ( 2 8 0 )
1 3 7 . 4  ( 2 8 0 )

2 7 0

3 3 6 .  a  ( 2 6 0 )
337.O 1260)
3 3 ? . 0  2 ' t O

( 3 6 )
(44)
5 1

125)
( 3 6 )
4 6

3 3 1 . 2  3 2 0  2 A
3 3 6 . 7  ( 3 2 0 )  ( 2 ' 7 )
336.7 (32O) (25\
3 3 6 . 5  3 2 O  2 4
3 3 6 , 8  ( 3 3 0 )  1 2 5 )
3 3 7 . 1  ( 3 3 0 )  1 2 5 \

-  3 4 0  2 6

-  3 2 0  5 1
3 3 6 . 3  ( 3 2 0 )  ( 4 . t )

( 3 1 0 )  ( 4 4 1
310 40

250
3 3 6 . 3  ( 2 6 0 )
336.5 1260)
3 3 1  - 2  2 7 0
337 -4 (270)
337.4 (270J
3 3 ? . 4  2 7 0
3 3 7 . 2  ( 2 7 O )
337 -2 (2'70)
3 3 7 . 5  2 1 0
3 3 7 . 6  ( 2 8 0 )
3 3 7 . 5  ( 2 8 0 )
3 3 8 . 2  2 9 0

3 3 6 . 4  2 1 0
336.4 l2AO)
3 3 7 .  l  ( 2 8 O )
337.3 290
3 3 6 . 8  ( 2 8 0 )
3 3 6 ; 9  ( 2 8 O )
3 3 ? .  r  2 1 0
3 3 7 . 1  ( 2 7 0 1
337. I  1270)
337. I  2 '70
3 3 7 . 2  ( 2 6 0 )
3 3 7 .  r  t 2 6 0 )
3 3 7 .  O  2 5 0

A 4
( 3 9 )
( 3 4 )
2 A

( 3 4 )
( 4 0 )
46

( 4 5  )
( 4 5 )
4 4

( 3 9 )
( 3 4 )
2 9

25 flNE 13 fllY 14 ftLY 2 AUGUST ]A AUGUST

TlUE
ESr

co, w/D w/s co. w/D w/s co^(ppmv) (kmlhr) (ppftv) (kn/hr) (ppflv)
vs co, \|/D w/s co.

(km^r) 1ppfiv) (knlhr) 1ppfiv)
w/D w/s

(knlh! )

3 3
( 3 6 )
( 3 e )
4 2

( 4 3 )
(4s)
46

t s 2 l
l A e )
46

3 3
( 3 7 )
( 4 0 )
4 4

( 4 0  )
( 3 7 )
33

( 3 4 )
( 3 6 )
3 7

( 3 4 )
(3 r )
2 A

o1
o2
o 3
04
0 5
06
o7
08
09
1 0
1l-
12

I 4

l6
I 1
1 a
l9
2 0
2 1
2 2
2 3
2 4

3 3 8 . 0  2 7 0  4 4
3 3 7 . ?  l 2 ' t o l  ( 4 4 1
3 3 7 . 6  t 2 7 o l  ( 4 4 1
3 3 7 . 5  2 ' 7 0  4 4
3 3 7 . 4  ( 2 8 0 )  ( 4 4 1
3 3 7 . 4  ( 2 8 0 )  ( 4 4 )
3 3 7 . 3  2 9 0  4 4
3 3 7 . 2  ( 2 9 O )  ( 4 3  )

( 2 8 0 )  ( 4 r )
2 a o  4 0

337 -5 27O 50
337.6 (260) (42)
33?.4 1260l (34)
3 3 ? . 6  2 5 0  2 6
3 3 7 . 1  ( 2 s 0 )  1 2 6 )
3 3 1 . 6  ( 2 5 0 1  1 2 6 l
3 3 7 . 3  2 5 O  2 6
3 3 ? . 4  ( 2 3 0 )  ( 3 1 )
3 3 7 . 3  ( 2 O O )  ( 3 5 )
3 3 7 . 3  I 8 0  4 0
3 3 7 . 1  ( 1 8 0 )  ( 4 5 )
3 3 7 . 2  ( 1 8 O )  ( 5 0 )
3 3 7 . 1  I 8 0  5 5

3 3 1 . 2  ( 1 8 0 )
( 1 8 0 )
180

180

33?.1- 180
3 3 6 . 9  ( 1 8 0 )
3 3 6 . 8  ( 1 8 0 )
336.7 180
3 3 6 . 8  ( 1 8 0 )
3 3 6 . 7  o e o )
3 3 6 . 8  1 8 0
3 3 6 , a  ( 1 8 0 )
3 3 6 . 9  ( 1 8 O )
3 3 6 . 9  1 8 0
3 3 7 . 0  ( 1 8 O )
3 3 7 . 0  ( 1 8 0 )

1 8 0

336. 7 320
3 3 6 . 8  ( 3 3 O )
3 3 6 . 9  ( 3 3 0 )
3 3 6 . 9  3 4 0
3 3 6 . 9  ( 3 4 O )
3 3 7 .  O  ( 3 4 O )
3 3 6 . 9  3 4 O
3 3 7 . 0

3I0 6l
(3r0) rc21

3 3 7 . 1  ( 3 2 O )  ( 6 3  )
3 3 7 . 0  3 2 0  6 4
3 3 6 . 7  ( 3 2 0 )  1 6 1 l
3 3 6 . 7  ( 3 2 0 )  ( ? 0 )
336.7 320 13
3 3 6 . 6  ( 3 0 0 )  ( 6 0 )
336. s l29O) (46)
3 3 6 . 7  2 7 O  3 3
3 3 ' 1 . 6  ( 2 ' t 0 l  ( 3 3 )
3 3 7 . 9  l 2 7 O )  ( 3 3 )
3 3 7 . 8  2 7 0  3 3
337.9 l2 ' tol  (39)
3 3 7 .  9  l 2 1 O )  ( 4 5 )
3 3 4 .  I  2 7 0  5 I



mcguARrE rsLND CO2 AND SUSACE WrND DATA

L9 AUGUST 29 AUGUST 30 AUGUST 2f SEPTEMBER 22 SEPTEMBER

TilE

AEST

CO,
(ppnv)

w/D w/s
(km/hr)

w/D w/s
(]sn/hr)

w/D w/s
(kn^r)

w/D w/s
(km,/hr )

Cot
(ppmv )

Cot
(pmv)

co, w/D w/s
(ppftv) (kmlhr)

CO,
(ppmv)

O I

o 2
0 3
o4
o5
o6
o7
oa
o9
10
1 l
1 2
1 3
L4
l5
16
I7
1a
19
2 0
2T
22

2 4

3 3 a .  O  ( 2 7 O )
1 3 7 . 8  t 2 1 0 )
3 3 1 . 7  2 1 0
3 3 ? . 6  ( 2 ' 1 O )
3 3 7 . 6  ( 2 ' 7 O l
331.6 2'70
3 3 7 . 6  l 2 7 O )
3 3 7 .  s  \ 2 7 O )
3 3 7 . 3  2 7 0
337. t  1260)
3 3 7 .  I  ( 2 5 0 )

240

( s 7  )
(6s)
'72

(6s)
( 5 7 )
50

(s4)
(s8)

ls2l
(43  )
33

33A.2 (330)

3 3 8 . 1  ( 3 3 0 )
3 3 8 . 1  3 4 0
338.2 (340)
3 3 8 . r  ( 3 4 0 )
3 3 a .  I  3 4 0
3 3 7 . 8  ( 3 1 0 )
3 3 8 . O  ( 2 8 0 )

337.9 250
3 3 7 - 5  ( 2 5 0 )
3 3 ' ] . 4  ( 2 5 0 )

250

( 3 2 )
( 3 5 )
39

( 3 7 )
( 3 5 )
3 3

(29)

t 2 6 l
2 2

(23)
(2s)
2 6 3 3 f . f  3 3 0

3 3 8 .  r  ( 3 4 0 )
-  ( 3 5 0 )
- 360
- (360)
-  ( 3 6 0 )
- 360
-  ( 3 4 0 )

3 3 8 . 3  ( 3 2 0 )
3 3 7 . 8  3 0 0
3 3 a . 3  ( 3 0 o )
338.2 (3O0)
3 3 7 . 8  3 0 0

3 3 8 . s  ( 3 r 0 )  ( 3 7 )
3 3 8 . 4  ( 3 r 0 )  ( 3 ? )
3 3 8 . 2  3 2 0  3 7
3 3 7 . 6  ( 3 2 0 )  ( 3 ? )
3 3 7 , 6  ( 3 2 0 )  ( 3 7 )
3 3 7 . 9  3 2 0  3 7
3 3 8 . r  ( 3 0 O )  ( 3 4 )
3 3 7 . 9  ( 2 8 0 )  ( 3 2 )
3 3 7 . 5  2 6 0  2 9
3 3 6 . 9  ( 2 6 0 )  ( 3 5 )

- (2101 (40)
-  2 7 0  4 6
- (280) (44)

337.7 (28O) 142)
338.2 290 40
33a.2 I29o) (431
338.4 (290) t47l
3 3 a . 1  2 9 0  s 0
3 3 8 . 2  ( 2 8 0 )  ( 4 9 )
3 3 8 . 1  ( 2 8 0 )  ( 4 9 )
3 3 8 . 1  2 7 0  4 8
338. s l27O) 149)
3 3 8 . 5  ( 2 7 O )  ( 5 0 )
3 3 8 . 1  2 1 0  5 r

3 3 9 . 3  2 9 0
3 3 8 . 0  ( 3 1 0 )
3 3 8 , 0  ( 3 2 O )
3 3 1 . 9  3 4 O
3 3 7 . 8  ( 3 4 0 )
3 3 4 . I  ( 3 4 0 )
3 3 4 . 3  3 4 0
3 3 7 . 9  ( 3 4 O )
3 3 7 . 8  ( 3 4 O )
337.9 340
3 3 7 . 9  ( 3 3 0 )
3 3 7 . 9  ( 3 3 O )
334. O 320

(29)
(26)
2 4

(  3 1 )
( 3 7  )
4 4

l 4 a \
( 5 3 )

(47 |
( 3 8 )
2 8

3 3
( 3 7 )
(42)
46

(49t
( s 2 )

( 5 0  )
( 4 4  )
39

( 3 8 )
( 3 8 )

23 SEPTEMER 30 SEPTHBER 1 OCTOBER 15 @TOBER II NOVEMBER

TIME CO,

ssT (ppfiv)
w/D vs

(kmlhr )
w/D w/s

(km/hr )
CO,

lppmv)

Co"
(pmv)

Cat
(prv)

Co.
(ppnv,

w/D \|/s
(kn/hr

w/D w/s
(kmlhr)

vD w/s
(kn/hr

0l
o2
o3
o4
05
06
o?
o8
09
I O
I 1
t 2
I 3

l]
1a
t9
2 0
2 l
2 2
2 3
2 4

334.6 l27O)
338. r  l2 ' t0)
3 3 8 . 1  2 7 0
3 3 7 . 9  ( 2 7 0 )
3 3 a . 1  ( 2 7 0 1
3 3 a . 2  2 ' t O
3 3 7 . 1  l 2 7 O )
337. ' t  l21O)
3 3 7 . 7  2 1 0
3 3 7 : 7  ( 2 ' 7 O l
3 3 7 . 8  ( 2 7 O )
3 3 7 .  I  2 7 0
337.1 (2' t0l

l27O)
210

(s0)
( 4 9 )
4a

(s0)
( s 3 )
55

(s4  )
152)
51

152)
(s4  )
55

(s0  )
(4s  )
40

3 3 8 . 1  ( 2 8 0 )
334.2 (2AOl
338,8 290
3 3 8 , 7  ( 3 0 0 )
3 3 8 . 9  ( 3 1 0 )
3 3 9 . 3  3 2 0
3 3 9 . 6  ( 3 3 0 )
3 3 8 , 3  ( 3 3 0 )
3 3 8 . 5  3 4 0
3 3 8 . 0  ( 3 4 0 )
3 3 1 . 9  ( 3 5 0 )
3 3 8 , 5  3 5 0

( 3 8 )
( 3 8 )
3 1

( 3 4 )
(  3 1 )
2 A

t2e)
(29)
2 9

( 2 1  )
(24)
2 2

3 3 8 . 6  2 1 0
3 3 8 . 9  1 2 l o l
3 3 8 . 9  l 2 7 O )
3 3 9 . 0  2 1 0
3 r 9 , 1  ( 2 7 0 )
3 3 8 . 3  ( 2 7 O )
3 3 7  - 4  2 7 0
3 3 7 . 6  1 2 7 0 )
3 3 7 , 8  ( 2 7 0 )
3 3 7 . 5  2 ' l O
3 3 1  - 4  ( 2 8 0 )
3 3 8 . 3  ( 2 8 O )
33A.2 290
3 3 A . 2  ( 2 9 0 )
3 3 8 . 2  ( 2 9 0 )
3 3 4 . 0  2 9 0
3 3 a . a  ( 3 0 0 )
3 3 8 . 7  ( 3 1 0 )
3 4 0 , 0  1 2 O
3 3 9 . 8  ( 3 3 0 )
3 3 9 . 2  ( 3 3 0 )
3 4 0 .  O  3 4 0
3 3 9 . 4  ( 3 5 0 )

2 A
( 2  8 )
129)
2 9

( 2 8 )

126)
124)
123)
(2rl
2 0

( 2 3 )

126)
2 9

( 2 8 )
( 2 7  )
2 6

124)
(22)
2 0

( 2 0 )
( 2 0 )
2 0

122)

270
3 3 7 . 6  ( 2 ' 7 0 )
2 3 7  - 6  l 2 ' t j )
3 3 7 . 9  2 7 0
3 3 a . O  Q 1 O )
3 3 7 . 9  ( 2 1 0 )
3 3 8 .  I  2 7 0
3 3 8 . 3  ( 2 7 0 )
3 3 8 . 2  ( 2 ' 1 0 )
338. f ,  210
3 3 8 . 3  l 2 ' ] O )
334-2 12'70')
3 3 8 . 2  2 7 0

44
( 4 3 )
(  4 1 )
40

( 3 9 )
( 3 8 )
3 7

( 3 6 )
( 3 4 )
3 3

55
( 5 s )

5 5
( 5 3 )
(52)
5 0

( 4 6  )
( 4 3  )
3 9

( 3 9 )
( 3 e )
39

3 3 9 . 3  3 4 0
3 3 8 . r  ( 3 4 0 )
3 3 a . 4  ( 3 4 0 )
3 3 8 . 6  3 4 0
3 3 8 . 6  ( 3 4 0 )
3 3 8 . 4  ( 3 4 0 )
3 3 8 . 7  3 4 0
3 3 9 . O  ( 3 4 0 )
3 3 8 . 5  ( 3 3 0 )

3 3 0



9 1

MCAUNIE TSUND COA AND SUFACE WTND DATA

YEN: -  1980

12 NOVilBER 20 NOVEHB'R 21 NOVEMBER 22 NOVEHBER 2 DECET1BER

TfrE CO,
msr (pmv)

w/D w/s
(kmlhr )

cot
(ppnv)

|]/D w/s
(km/hr )

CO,
(ppnv )

H/D W/S
(km^r)

CO,
(ppfrv)

\]/D W/S
(kn/ht )

COt W/D H/S
(ppnv) (kn/hr)

OI
02
o3
o4
o5
o6
of
o8
0 9
10
1 I
12
l3
14
15

I 7
l 8
l9
2 0
2 I
2 2
2 3
24

3 3 9 . 2  ( 3 s O )  l 2 4 l
3 3 8 . 4  3 6 0  2 6
3 3 8 . 3  ( 1 6 0 )  { 2 3 )
3 3 8 . 3  ( 3 6 0 )  ( 2 I )
3 3 8 . 4  3 6 0  f 8
3 3 a . 2  ( 3 5 0 )  ( 1 e )
3 3 9 . 2  ( 3 5 0 )  ( 1 8 )
3 3 9 . 0  3 4 0  1 8
3 3 9 , 5  ( 3 3 O )  1 2 2 )
3 4 O .  r  ( 3 2 O )  1 2 6 l

{ 3 2 0 )  ( 3 0 )
( 3 1 0 )  ( 3 4 )
( 3 0 0 )  ( 3 9 )
( 2 s o )  ( 4 3 )
t29o) t4 ' t )
( 2 8 0 )  ( s l )
2 1 0  5 5

3 3 7 . 9  ( 2 9 0 )  ( s 0 )
338. O 290 44
3 3 8 . 4  ( 3 O 0 )  ( 4 3 )
3 3 7 . 9  ( 3 1 0 )  ( 4 1 )
3 3 8 . 0  3 2 0  4 0
3 3 8 . 2  ( 3 2 O )  ( 4 O )
3 3 8 . 0  ( 3 2 O )  ( 3 9 )
3 3 7 . 9  3 2 0  3 9
3 3 8 ,  O  ( 3 2 0 )  ( 3 9 )
3 3 7 , 9  ( 3 2 0 \  ( 4 0 )
3 3 7 . 9  3 2 0  4 0
3 3 7 . 9  ( 3 1 O )  ( 4 0 )
3 3 7 . 9  ( 3 0 0 )  ( 4 0 )
338. L 290 40
338.4 (29O) (38)
3 3 8 , 3  ( 2 8 0 )  ( 3 7 )
3 3 A . ?  2 A O  3 5
3 3 9 . 1  ( 2 8 O )  ( 3 4 )
3 3 9  6  ( 2 8 0 )  ( 3 2 )
340.2 2AO 31
3 4 o . 1  ( 2 8 o )  1 3 2 )
3 4 0 , 2  ( 2 8 0 )  ( 3 2 )
340. '1 2ao 33
3 4 0 . 1  ( 2 8 O )  ( 3 1 )

3 4 O . 3  l 2 1 O )  ( 3 O )
3 4 I . 1  2 7 0  2 8
340.9 (2sO\ (2r)
3 4 0 . 5  t 2 4 0 )  ( 1 5  )
3 4 0 . 9  2 2 0  8
1 3 9 . 7  ( 2 3 O )  ( 1 1 )
3 3 9 . 0  ( 2 3 0 )  ( 1 5 )
3 3 8 . 0  2 4 O  f a

3 3 7 . 4  3 2 0
3 3 7 . 6  ( 3 3 0 )
3 3 f . 6  ( 3 r O )
331.6 340
3 3 ? , 8  ( 3 2 0 )
3 3 7 . 6  ( 3 1 0 )
3 3 7 . 9  2 9 0
3 3 ? , ?  ( 2 9 0 )
337.7 (290)
3 3 7 . 9  2 9 0
33A.2 (2901
3 3 A . 4  ( 2 9 0 )
3 3 7 . 9  2 9 0
3 3 8 . 0  ( 2 9 O )

50
( 5 4 )
( s 8  )
6 2

( 6 6  )
( 6 9 )
1 3

( 6 7 )

{ 6 r  )
5 5

( s 7  )
(ss)

(ss )

2 A O  3 3
( 2 8 0 )  ( 3 3 )

Q A O )  ( 3 3 )
(2AO) (33)

3 3 8 . 0  \ 2 1 D )  { 3 3 )
3 3 8 , 7  ( 2 7 0 )  ( 3 3 )
3 3 9 . 0  2 1 0  3 3
3 3 7 . 9  ( 2 7 0 )  ( 3 4 )
3 3 A . 2  Q ' | O )  ( 3 4 )
3 3 8 . 0  2 1 0  3 5
3 3 4 . 5  ( 2 8 0 )  ( 3 4 )

3 DECHBER 19 DECWBER 20 DECftBER 25 DECEWER 26 DECEUBER

TryE CO,
AESr (ppftv)

w/D w/s
(fm,zhr )

CO,
(ppfrv)

w/D w/s
ftn/hr

co, w/D w/s co,
(prv, rKn/nr) (ppnv,

w/D w/s
(km/hr)

co, w/D w/s
(ppilv) (kn/hx

ot-
o2
0 l
o4
0 5
06
o7
0a
o9
1 0
1 f
I 2
1 3

1 5
L6
I 1
f8

2 0
2 L
2 2
2 3
24

3 3 8 . 8  ( 2 8 0 )  ( 3 4 )
338.8 290 33
3 3 8 , 8  ( 3 O 0 )  ( 3 2 1
3 3 4 . 1  ( 3 r o )  ( 3 o )
3 3 8 . 4  3 2 0  2 9
3 3 8 , 4  ( 3 3 0 )  t 3 2 l
3 3 4 . 5  ( 3 3 0 )  ( 3 4 )
3 3 8 . 3  3 4 0  3 1
3 3 8 , 6  ( 3 4 0 )  ( 3 7 )
3 3 4 . 0  ( 3 4 0 )  ( 3 1 )
3 3 1  . 7  3 4 0  3 1
3 3 7 . 6  ( 3 5 O )  ( 3 7 )
3 3 7  . 6  ( 3 5 0 )  ( 3 7  )
3 3 7 . 5  3 6 0  3 7
3 3 1 . 6  ( 3 6 0 )  ( 3 7 1
3 3 8 .  s  ( 3 6 0 )  ( 3 7 )
3 3 8 , 3  3 6 0  3 1

3 3 7  . 7  1 4 0
3 3 7 . 5  ( 1 4 0 )
3 3 7 . 3  ( 1 4 0 )
337.4 I40
3 3 7 . 1  ( 1 4 0 )
3 3 1 . 4  ( 1 4 0 )
33'7,2 140
3 3 7 . r  ( 1 4 0 )
33? 3 (140)
3 3 ? . 4  r 4 0
3 3 7 , 5  ( 1 3 0 )
3 3 f . 4  ( I 2 0 )
3 3 7  . 5  t r o
3 3 7 . 5  ( 1 1 0 )

4 0
( 3 e )
( 3 8 )
3 1

( 3 8 )
( 3 9  )
4 0

(  4 1 )
( 4 r )
4 2

( 4 1 )
(  4 1 )
40

( 4 0 )

3 3 7 , 5  ( 1 1 0 )  ( 4 0 )
3 3 7  - 4  1 1 0  4 0
3 3 1  . 4  ( 1 2 O )  ( 3 8 )
3 3 1 . 1  ( 1 3 0 )  ( 3 5 )
3 3 7 . 5  1 4 0  3 3
3 3 1 . 4  ( 1 3 0 )  ( 3 3 )
338.0 l I2Ol (33 )
3 3 7 . 9  1 1 0  3 3
3 3 7 , 3  ( r 1 0  )  ( 3 2 )
3 3 7  3  ( 1 1 0 )  ( 3 2 )
3 3 7 . 1  1 1 0  3 1
337, f  {110) 124)
3 3 7 . 1  ( r 1 0 )  ( 1 8 )
3 3 1 . 2  1 1 0  l l
3 3 7 , l  ( 1 r 0 )  ( r o )
3 3 7 . 2  ( I 1 0 )  ( I O )

110 9

320 31
( 3 3 0 )  ( 3 0 )

3 3 6 , 9  ( 3 3 O )  ( 3 O )
337,4 340 29
337 -2 (340) (29)
337.4 (340) 129)
3 3 7 . 2  3 4 0  2 9
3 3 7 . 6  ( 3 4 0 )  ( 3 0 )
3 3 1 , 7  ( 3 4 0 )  1 3 2 )
3 3 a . 0  3 4 0  3 3
3 3 8 . 1  ( 3 4 0 )  ( 3 4 )
3 3 8 , 4  ( 3 4 O )  { 3 6 )
3 3 8 . 4  3 4 0  3 7
3 3 8 . 4  ( 3 4 O )  ( 3 4 )
3 3 8 , 3  ( 3 4 0 )  ( 3 2 )
3 3 8 . 1  3 4 0  2 9
3 3 8 . 1  ( 3 3 0 )  1 2 9 )

3 3 7 , 4  ( 3 3 o )  ( 2 9 )
3 3 f . 9  3 2 O  2 9
3 3 7 . 6  ( 3 2 0 )  1 2 9 )
3 3 8 , 1  ( 3 2 O )  ( 2 9 )
3 3 7 . 5  3 2 0  2 9
3 3 6 , 4  ( 3 0 O )  ( 3 2 )
3 3 6  - 2  ( 2 9 O )  ( 3 4 )
3 3 6 . 1  2 1 0  3 1
3 3 6 ,  1  l 2 1 O )  ( 3 6 )
3 3 5 . s  ( 2 7 o )  ( 3 4 )
3 3 6 . 4  2 7 0  3 3
3 3 6 . 1  ( 2 8 o )  ( 3 4 )
3 3 6 . 9  ( 2 8 O )  ( 3 6 )
3 3 7 .  1  2 9 0  3 7
3 3 7 . o  { 2 9 0 )  ( 3 9 )
3 3 7 .  l -  ( 3 0 0 )  ( 4 2 )

300 44



9 2

BCQUARTE rSND CO2 AND SUFACE WTND DATA

Y E A R : -  1 9 8 1

14 JNUARY 28 JANUARY 29 JNUARV }4 FEBRUARY
13 JNUARY

TIME COz

NST (prv l
w/D w/s

(h /h r )
w/D w/s

(km,/hr)
w/D w/s

(knlhr)
w/D s/s

(h/hr)
w/D w/s

(km,/hr)
CO,

tppmv )
cot

(ppfiv )
Cot

(ppnv )
cor

(ppmv )

ol
o 2
03
04
0 5
o 6
01
o8
09
1 0
f 1
l 2
l 3
l4
1 5

t 7
la
] 9
20
2I
2 2
2 3
2 4

3 3 7 . 4  3 2 0  3 1
3 3 7 . s  ( 3 2 0 )  ( 4 r )

3 3 7 , o  ( 3 2 O )  ( 4 6 )
33? .3 320 50
3 3 1 . 4  ( 3 2 0 )  ( 5 2 )
3 3 7 . s  ( 3 2 0 )  ( 5 3 )
3 3 f . 4  3 2 0  5 5
3 3 1 . 2  ( 3 2 0 )  ( 5 6 )
3 3 7 .  I  ( 3 2 0 )  ( 5 6 )
3 3 6 . 9  3 2 0  5 1
3 3 6  9  ( 3 0 0 )  ( s 9 )
3 3 7 . 5  ( 2 9 O )  ( 6 0 )
337.1 2'70 62
3 3 1 . 4  ( 2 1 0 t  ( 5 8 )

137 ,  s (2101
3 3 1 . 6  2 1 0
3 3 1 . 5  l 2 1 O )
3 3 1 . 6  ( 2 1 O )
3 3 7 . 3  2 1 0
3 3 7  . 0  l 2 7 o l
3 3 6 . 7  ( 2 l O )
3 3 6  4  2 1 0

-  l 2 1 o ' )
3 3 6  1  l 2 7 o t
3 3 6 . 3  2 7 0
336.2 (2101
3 3 6 . 4  t 2 ' l o )
3 3 6 . 4  2 7 0
3 3 6 . 5  1 2 1 j )
3 3 6  A  ( 2 1 O )
3 3 6 . a  2 7 0
3 3 7  . 3

3 3 7  .  I  2 1 0

210
3 3 6 . 1  ( 2 7 0 )
3 3 6 . 3  ( 2 1 0 1
3 1 6 , 9  2 1 0
3 3 6 . 8  ( 2 7 0 )
3 3 7 . 3  l 2 1 O )
3 3 7 . 4  2 t O
3 3 7  . 8  ( 2 1 O )
331.1 1270)
3 3 a . 0  2 f o
3 3 8 . O  ( 2 8 0 )

3 3 7 . 9  ( 2 8 0 )
3 3 7 . 8  2 9 0
3 3 f . 9  ( 2 9 O J
3 3 7  . 8  ( 2 9 O )
331.1 290
337.4 1290)
3 3 ? . 3  ( 2 9 O )
3 3 7 . 3  2 9 0
3 3 7 . 1  ( 2 e 0 )
3 3 6  I  ( 2 8 0 )
3 3 5 . 8  2 1 0
3 3 5 . 7  ( 2 1 4 )
3 3 5 . 8  ( 2 1 0 J
3 3 5 . 9  2 7 0
3 3 6  . 1  l 2 1 O )
336 .3 1270)
3 3 6 , 4  2 7 0
3 3 6 . 9  ( 2 8 0 )

( 2 8 0 )
290

3 3 7 .  0  3 4 0
3 3 7 . 2  ( 3 4 0 )
3 3 7 .  r  ( 3 4 0 )
3 3 1 . 2  3 4 0
3 3 6 . 9  ( 3 3 0 )
3 3 ? . 0  ( 3 3 0 )
3 3 6 . 4  3 2 0
3 3 6 . 8  ( 3 2 0 )
3 3 7 . O  ( 3 2 0 )
3 3 6 . 8  3 2 0
3 3 7 .  3  ( 3 2 0 )
331 2 (320)
337 .  I  320
3 3 7 .  r  ( 3 2 0 )

( 5 5 )
5 l

( 5 2 )
( 5 2 )
5 3

(521
(s2)
5 1

( s 2 )
( 5 3 )
5 5

( s 3 )
( s 2 )
5 1

( 5 0 )

t49l
4 8

4a
{ 5 3 )
( s ? )

( 5 5  )
1 4 7  )
4 0

( 3 6 )

t 3 2 l
2 A

( 3 0 )
(  3 1 )
3 3

( 3 2 )

t 4 4 )
4 A

( 4 1  I
( 4 s )
4 4

( 4 6 )
( 4 8  )
50

( 4 6 )
( 4 3 )
3 9

( 4 r )

t 4 2 )
4 4

( 4 0 )
( 3 7 )
3 3

( 3 ? )

l 4 2 l
46

4 2
( 4 5 )
t4'1 |
50

( 4  6 )
( 4 r )
3 1

{ 3 7 )
( 3 7 )
3 7

( 4 r )

]5 FEBRUARY 2A FEBRUARY I MRCH 13 URCH 2l ffiRCH

Trffi CO, W/D W/S CO,

ESr (ppiiv) (h,/hr) (prv)
w/D \]/s co,

(h/ht) (ppiiv)
w/D w/s co,

(km,/hr) (ppfiw)
w/D w/s Co,

(kmlhr) (ppmv)
w/D w/s

(kn/hr)

01
o 2
o3
o4
o5
o6
01
08
o9
t 0
1 1
I 2
l 3
L 4
f5
]6
l 7
t a
1 9
2 0
2 t
2 2
2 3
24

3 3 1  - 2  ( 3 2 O )
3 3 7 . 1  3 2 0
3 3 7 . 1  1 3 2 0 )
3 3 1  - 2  ( 3 2 0 )
3 3 7 .  1  3 2 0
1 3 6 . 9  ( 3 2 0 )
3 3 6 . 4  ( 3 2 0 )
336.7 320
3 3 6 . 5  ( 3 2 0 )
3 3 6 . 4  ( 3 2 0 )
3 3 6 . 3  3 2 0
3 3 6 . 3  ( 3 1 0 )
3 3 6 . 4  (  3 O O )
3 3 6 . 4  2 9 0
3 3 6 . 6  ( 2 9 O )
3 1 6  6  ( 3 0 0 )

3 0 0

3 3 7  . 8  ( 3 4 0 )  @ 4 )
3 3 7  . 8  ( 3 4 0 )  Q 2 )
334.2 340 40
3 3 8 . 1  ( 3 2 0 )  ( 3 4 )
3 3 8 , O  ( 2 9 0 )  ( 2 A )
3 3 f  - 9  2 1 0  2 2
3 3 a - 2  l 2 7 O )  ( 2 3 )
3 3 7 . 1  l 2 l 0 l  ( 2 5 )
3 3 6 . 9  2 1 0  2 6
3 3 1 . 2  l 2 7 O '  ( 3 0 )
3 3 6 . 9  1 2 1 0 )  ( 3 3 )
331 3 210 31
3 3 7  - 5  ( 2 1 0 )  { 4 3 )
3 3 ? . 1  ( 2 ? O )  ( 4 9 )
3 3 7  , 5  2 1 0  5 5
3 3 7  3  ( 2 1 0 )  ( 5 2 )
3 3 1 . 9  1 2 7 0 '  ( 4 9 )

2 1 0  4 6

3 3 6 . 4  2 5 0
3 3 f . s  ( 2 6 0 )
3 3 7 . 5  1 2 6 0 '
3 3 7  . 8  2 7 0
3 3 8 , 1  ( 2 1 0 )
3 3 9  O  ( 2 7 0 1
3 3 a . 8  2 1 0

320 22
( 3 2 0 )  ( 2 3 )

1 3 7 . 2  ( 3 2 0 )  ( 2 3 )
337 9 320 24
3 3 7  3  ( 3 2 0 1  l 2 s )
3 3 1  - 6  ( 3 2 O )  ( 2 7 )
331 -1 320 2A
1 3 7  . 9  ( 3 2 0 )  t 2 e )
3 3 8 . 5  ( 3 2 0 )  ( 2 8 )
331.9 320 2a
3 3 7 . 6  ( 3 1 0 )  ( 2 9 ' l
3 3 7 . ' 7  ( 3 0 0 )  ( 3 0 )
331.6 290 31
3 3 7  6  ( 2 8 O )  { 3 2 )
3 3 8 . 7  ( 2 8 0 )  ( 3 s )
3 3 8 . a  2 l O  3 1

132)
3l-

( 3 5 )
( 4 0 )
44

( 4 8  )
( 5 r )
5 5

( s 4 )
( s 2 )
5 f

( 4 6 )
t 4 2 )
3 1

( 3 9 )

t 4 2 )
44

2 2
124)
( 2 7  )
29

\291
( 2 8 )
2A

3 3 9 . 9  3 4 0
3 3 9 . 8  ( 3 4 0 )
3 3 9 .  r  ( 3 4 0 )
3 3 9 .  O  3 4 0
3 3 4 . 9  ( 3 4 0 )
3 3 9 . 4  { 3 4 0 )
3 3 7 . 8  3 4 0
3 3 a . 4  ( 3 4 0 )
3 3 4 , O  ( 3 4 0 )
3 3 7  . 9  3 4 0
3 3 a . 8  ( 3 4 0 )
3 3 4 , 3  ( 3 4 O )
3 3 4  I  ( 3 4 0 )
334 2 340

3 3
( 3 3  )
( 3 3 )
3 3

( 3 6 )
(  3 9 )
4 2

( 4 4 1
(  4 6 )
4 a

(  4 8 )
t 4 1 J
t 4 6 )
4 6



9 3

UCQUARTE TSTAND CO2 ND SUreACE WrND DATA

YEAR:-  f981

22 mRCH l1 mcH 12 APRIL ]8  APRIL 19 APRI I

TIE CO,

AEST (ppnv)
w/D q/s

(kn/hr )
@ ?

(ppfiv)
w/D w/s

lkn/ht)

CO,
(prv)

w/D w/s
(km,/hr)

cor
(ppv)

w/D w/s
(h , /h r )

CO,
(ppmv)

\]/D U/S
( kr,/hr)

o1
o 2
0 3
o4
o 5
06
o7
08
o9
10
11
l 2
f 3
14
1 5
t6
t7
l8
19
2 0
2 I
22
23
2 4

3 3 9 . 3  ( 2 9 0 )  1 3 2 )
3 3 8  7  ( 3 O 0 )  1 2 1  )
3 3 9  6  3 2 0  2 2
3 3 9 . 2  ( 3 2 0 )  1 2 3 )
3 3 4 . 6  ( 3 2 0 )  t 2 3 )
139. r  320 124)
3 3 9 . 0  ( 3 3 0 )  1 2 1 )
3 3 a . 5  ( 3 3 0 )  ( 3 0 )
3 3 7 . A  3 4 0  3 3
3 3 7 , 6  ( 3 4 O )  1 3 2 )
3 3 1  2  ( 3 4 O )  ( 3 O )
3 3 7  , 0  3 4 0  2 9
3 3 6 . 4  ( 3 4 O )  l ' 3 2 )
3 3 6 , 5  ( 3 4 0 )  ( 3 4 )
336. '7 340 3' ,1
3 3 6 - 6  ( 3 4 0 )  ( 3 7 )
3 3 6 . 6  ( 3 4 0 )  ( 3 7 )
3 3 6 . 8  3 4 0  3 f
1 3 6 . 8  ( 3 4 O )  ( 3 8 )

( 3 3 0 )  ( 3 9 )
3 3 0  4 0

3 1 0  5 9
3 3 6 , 5  ( 3 0 0 )  ( s 8 )
3 3 7 , O  ( 3 0 0 )  ( 5 6 )
3 3 7 . 0  2 9 0  5 5
3 3 7 . O  ( 2 8 0 )  ( 5 1 )
3 3 6 .  s  ( 2 8 0 )  ( 6 0 )
3 3 ? .  I  2 1 0  6 2
3 3 A . 1  1 2 1 0 \  ( s 8 )
3 3 8 . 0  ( 2 1 0 J  ( 5 s )
1 3 8 . 0  2 7 0  5 1

3 3 0  3 1
3 3 1  2  ( 3 3 0 )  { 3 e )
3 3 7 . 3  ( 3 4 O )  ( 3 9 )
3 3 7 .  r  3 4 O  4 0
3 3 1 . 2  ( 3 4 0 )  ( 4 3 )
3 3 7 . 1  ( 3 4 O )  ( 4 5 )
3 3 7  . 0  3 4 0  4 a
3 3 7  . 0  ( 3 4 0 )  @ 9 )
3 3 1  - 2  ( 3 4 0 )  ( 5 O )
331 2 340 51

240 11
3 3 f . 4  ( 2 s O )  ( 2 6 1
3 3 7 . 5  ( 2 6 0 )  ( 4 O )
3 3 6 . 9  2 t O  5 5
3 3 6  9  t 2 1 0 )  ( s 5 )
3 3 7  f  l 2 1 O )  ( s s )
3 3 7 . f  2 7 0  5 5
3 3 7 . 4  ( 2 1 0 )  ( 4 8 )
3 3 7 . 4  1 2 1 0 )  ( 4 0 )
3 3 1 . 9  2 7 0  3 3
3 3 1 . 7  ( 2 8 0 )  l 3 2 l
3 3 1 . 6  ( 2 8 O )  l 3 2 l
3 3 1 . 6  2 9 0  3 L
3 3 1  6  ( 3 O O )  ( 3 3 )
3 3 7 . 7  ( 3 r o )  ( 3 s )
3 3 7 . 6  3 2 0  3 7

3 3 1  - 5  ( 3 3 0 )
3 3 7  .  s  ( 3 5 0 )
3 3 7  . 3  3 6 0
3 3 ' , 1 . 2  ( 3 5 0 )
3 3 7  1  ( 3 4 O )
337 f  320
3 3 7 , 4  ( 3 2 0 )
3 3 7 . 4  ( 3 2 0 )
3 3 7 . 3  3 2 0
3 3 7 .  I  ( 3 2 O )

(  3 t o )
3 1 0

( 3 6 )
( 3 4 )
3 3

(  3 1 )
(  2 8 )
2 6

127)
( 2 8 )
2 9

129)
(29)
2 9

4 B Y 9 U Y IO NY 17 HAY

TIW CO,

AEST (ppfrv)
w/D w/s

( knlhr )
co, w/D w/s

(ppnv) (kn,/hr)
cot

(ppfiv)
w/D w/s

{kn lh r )

c92
(ppnv)

\]/D w/s Co,
(kn,/hr) 1ppfiw)

w/D w/s
(km/hr)

o1
o2
o3
o4
o5
06
o7
08
09
1 0
1 t
I 2
1 3
l 4
1 5
16
L1
l 8
I9
2 0
2 L
2 2
2 3
24

300 5l
( 3 1 0 )  ( s l )

3 3 7  O  ( 3 1 0 )  ( s 0 )
336.9 320 50
3 3 7 . 2  ( 3 2 O )  ( 4 ' 1 )
3 3 1 . r  ( 3 2 O )  1 4 5 )
3 3 7 .  t  3 2 0  4 2
r 3 7 . r  ( 3 1 0 )  ( 4 1 )
3 3 ? . 1  ( 3 0 O )  ( 4 3 )
3 3 7 . 1  2 9 0  4 4

3 1 0
( 3 1 0 )

3 3 8 . 6  ( 3 2 0 )
3 3 7 . 9  3 2 0
3 3 8 . 0  ( 3 2 0 )
3 3 8 , 2  ( 3 2 0 )
33a. I  320
3 3 4 . 1  ( 3 3 0 )
3 3 4  - 2  ( 3 5 0 )
3 3 8 . 1  3 6 0
3 3 4 ,  3  ( 3 6 0 )
3 3 4 . 2  ( 3 6 0 )
3 3 8 .  O  3 6 0
3 3 8 .  r  ( 3 6 0 )
3 3 a . 2  ( 3 6 0 )
3 3 a . 7  3 6 0

4 6
Q 2 )
t 3 t )
3 3

( 3 2 )
( 3 0 )
2 9

(25)

122)
1 8

( 1 9 )
( 2 I )
2 2

( r 5 )

t 7 )
0

3 3 9  0  ( 3 4 O )
3 3 8 ,  I  ( 3 1 0 )
331.9 290
3 3 8 . 2  ( 3 0 0 )
3 3 8 . f  ( 3 1 0 )
338. O 320
3 3 7  . 8  ( 3 3 o )
3 3 8 . 0  ( 3 s 0 )
3 3 7 , A  3 6 0
3 3 1 . 7  ( 3 6 0 )
3 3 7  1  ( 3 6 0 )
3 3 1 . 4  3 6 0
3 3 7  . 5  ( 3 6 0 )
3 3 1  - 6  ( 3 6 0 )
3 3 1 . 4  3 6 0
337 6 (360)
3 3 7 . 6  ( 3 6 0 )
3 3 7 . 1  3 6 0

TI2)
( 2 5 )
3 1

( 3  6 )
( 3 4 )
3 3

t29)
(26)
2 2

1 2 2 )
122)
2 2

t23)
( 2 s )
2 6

(2st
( 2 3 )
2 2

290 5f
337 -4 (290) (s4)
337 -s.  l29O) (s6)
33f -6 29O 59
3 3 7 . 6  ( 2 8 0 )  ( s 2 )
3 3 7  . 3  { 2 8 0 )  1 4 4 )

-  2 1 0  3 1
-  ( 2 7 0 t  ( 3 6 )

3 3 8 . O  ( 2 1 0 J  ( 3 4 )
3 3 4 . 2  2 7 0  3 3

3 3 7 . 8
337.1 29O
3 3 4 . 0  ( 3 0 0 )
3 3 1 . 9  ( 3 1 0 )
3 3 1  . 1  3 2 0
3 3 7 . 1  t 3 2 o )
3 3 1  1  ( 3 2 0 )
3 3 7 . 6  J 2 0

1 8
1 2 2 )
1 2 s )
2 9

( 3 O )
( 3  0 )
3 f



NCQUARIE ISLND CO, AND SUFACE WIND DATA

YEAR:  -  1981

30 ffiY A JWE 1 5  J M E 20 JME

TrME CO,
AEST (prv)

w/D w/s
(kn,/hr )

w/D \]/s
(kn/hr )

w/D w/s Co,
(kmlhr) (ppfiv)

w/D w/s Co"
(km/hr) (ppinv)

cor w/D w/s
(kn,/hr)

o 2
(ppnv)

ot
o2
03
o4
0 5
06
o7
08
o9
fo
1 t
7 2
1 3
7 4
I 5
16
7 1
l 8
f 9
2 0
2 I
2 2
2 3
24

240
3 3 1 . 2  l 2 4 O )
3 3 1  - 2  ( 2 5 0 )
337 3 250
3 3 1 . 2  ( 2 2 O \
3 3 7 . 3  { 1 9 0 )
3 3 ?  , 8  f 6 0
3 3 7  - 7  ( 1 8 O )
3 3 8 . 3  ( 2 0 O )
3 3 8 . 7  2 2 0

3 3 7  . 0  r 8 0
3 3 6 . 8  ( r 8 0 )
3 3 7 . 5  ( r 8 0 )
3 3 7 . 5  r 8 0
3 3 7  - 7  ( r 8 0 )
3 3 7 . 9  ( r 8 0 )
3 3 7 . 9  1 A 0
3 3 7 . 9  ( 2 O 0 )
3 3 8 .  B  ( 2 3 O )
334. ? 250
3 3 9 . I  ( 2 s 0 )
3 3 8 . 7  ( 2 s o )
3 3 8 . 7  2 5 O

1 3 8 . 3  \ 2 6 0 )
3 3 8 . 0  ( 2 6 0 )
3 3 1 . 9  2 1 0
3 3 a . O  ( 2 t O )
3 3 1 . 9  \ 2 7 O )
f,34. o 210
3 3 7 . 8  l 2 7 O ' J
3 3 1 . 9  ( 2 7 0 )
3 3 7 . 8  2 1 0
3 1 1 . 4  ( 2 7 0 1
3 3 7 . 6  l 2 7 o l
3 3 1 . 6  2 7 0
3 3 7 . 4  l 2 1 O )
3 3 7 . 4  ( 2 1 O )
3 3 7 . 9  2 7 0
3 3 8 .  O  ( 2 1 O J
33A -2 t2101
3 3 n .  I  2 1 0

2 2
(  2 1 )
( 1 9  )
l 8

( 1 9 )
(2r ' )
2 2

( 2 r )
( 1 9  )
f a

{ 1 8 )
( 1 8 )
1 8

( 2 1 )
( 2 5 )
2A

( 2 4  )
(29)
2 9

(29)

t29)
2 9

132')
( 3 4 )
3 1

( 3 6  )
( 3 4 )
3 3

(29)
(26)
2 2

3 3 7 . 3
3 3 7 . 5
3 3 8 - O
337 . ' l

340 -7
3 3 8 . 3
3 3 4 . f

3 6 0
( 3  5 0 )
( 3  5 0 )
340

( 3 2 0 )
(290)
270

( r 7 )
(20)
2 2

(22)
( 2 2 )
2 2

124)
l26I
2A

rir
( 9 )
l l

(20')

\ 2 8 )
2 2

2ao
( 2 8 0 )

3 3 8 . 9  ( 2 9 0 )
338 8 290
3 3 A . 2  ( 2 8 0 )
3 3 8 . 3  ( 2 8 0 )
3 3 8 - A  2 1 0
3 3 9 , 5  ( 2 8 0 )
r 3 8 , 8  ( 2 8 0 )
337.9 290

27 JWE 6 JULY 7 JUIY 18 JULY

TIffi CO,

Msr (ppfiv )

w/D w/s
( lqn/hr )

\]/D w/s
(h /h r )

w/D vs
(km/hr )

w/D w/s
(knlhr)

w/D w/s
(kmlhr)

CO,
(ppfrv)

cQt
(pmv)

CO,
(ppv)

cor
1Ptrnv,

ot
o2
o3
o4
0 5
o6
o7
08
09
fo
l l
T2
t 3
l4
1 5
I6
L ]
la
l 9
2 0
27
22
2 3
24

3 3 9 . 9
3 3 9 . 7  2 9 0
3 4 0 , 3  ( 2 8 O )
340-8 (280)
3 4 0 . 3  2 1  0
3 3 9 . a  ( 2 1 0 )
3 4 0 , 1  ( 2 ' 7 0 )
3 3 9 . r  2 1 0

3 3 4 . 3  3 4 0
3 3 7 . 7  ( 3 s 0 )
3 3 4 , o  ( 3 5 0 )
3 3 1 . 7  3 6 0
3 3 7 . 8  ( 3 5 0 )
3 3 7 . A  ( 3 5 0 )
3 3 1 . 9  3 4 0
3 3 8 . 0  ( 3 s O )
3 3 4 . 2  ( 3 5 O )
3 3 ' 7 . 9  3 6 0
3 3 7  . 6  ( 3 5 0 )
3 3 8 . 5  ( 3 3 0 )
334.7 320
3 3 8 ,  s  { 3 2 0 )
33a.2 13201
3 3 4 . 4  3 2 0

3 3 4 . 5  ( 3 2 O )
3 3 8 , 5  ( 3 2 0 )
3 3 4 , 2  3 2 0
3 3 a . f  ( 3 2 0 )
3 3 4 . 2  ( 3 2 0 )
334.2 320
3 3 4 , 4  ( 3 2 0 )
f 3 8 . 7  ( 3 2 0 )
3 3 4 , 6  3 2 0
3 3 a . s  ( 3 0 0 )
3 3 a , 6  ( 2 9 0 )
3 3 8 . 7  2 7 0
3 3 9 . O  ( 2 3 O )
3 3 8 . 6  ( 2 0 0 )
3 3 8 . 3  1 6 0
3 3 8 . 4  ( 1 6 0 )
3 3 8 . 3  ( 1 6 0 )
3 3 4 .  2  1 6 0

3 1 0  ] t
( 3 0 0 )  ( 1 3 )

3 4 O . 2  ( 2 8 O )  ( 1 6 )
3 4 0 . 6  2 f o  1 8
3 3 9 . 1  ( 2 9 0 )  ( 1 7 )
3 3 9 , O  ( 3 0 O )  ( 1 6 )
3 3 9 ,  O  3 2 0  1 5
3 3 8 , 4  ( 3 3 0 )  ( 1 5 )
3 3 8 . 1  ( 3 3 0 )  ( l s )
3 3 8 . 1  3 4 0  1 5

3 3 0
( 3 3 0 )

3 3 8 , 2  ( 3 4 0 )
3 3 4 , 3  3 4 0
3 3 8 . 4  ( 3 4 0 )
3 3 8 . 4  ( 3 4 0 )
3 3 a . 3  3 4 0
3 3 4 . 4  ( 3 4 O )
3 3 8 . 6  ( 3 4 0 )
3 3 4 . 3  3 4 0

18
(17)
( r6 )
15

( r6)
( r 7 )
18

4 0
t 4 2 I
144)
4 6

146)
146)
4 6

( 4 1  )
t 4 7 )
4 8

(23)
t 2 \ )
18

(201

t 2 2 )
24

I2sl
(2' l  \
28

(24)
( 1 9 )
1 5

( 1 4 )
( 1 2 )
1 1

( r6)
(2r)
26

3 5
( 3 4 )
( 3 4 )
3 3

( 3 s )
( 3 1 1
3 9

(  4 1 )
l 4 2 l
4 4

( 3 7 )
(29)
2 2

( 2 3 )

l 2 s )
2 6



BCqUARIE JSLAND CO^ ND SUFACE WIND DATA

YEAR:  -  I98 I

6 AUGUST 7 AUGUST 12 AUGUST 21 AUGUST

TTre CO, W/D W/S CO" \]/D N/S CO-
AESr  (pp6v)  \kn /hr )  (pp fv )  (k r /h r )  (pp fv )

w/D vs
(kn,/hr)

CO, W/D ||/S CO" \|/D W/S
(ppfiv) (knlhr) (ppfiv) (km,/hr)

OI

o2
03
o4
o5
06
o7
oa
09
IO
1 f
a 2
13
14
15
I6
T 1
18
1 9
20
2 l
2 2
23

3 3 8 .  2  1 6 0
3 3 7 . 9  ( 1 6 0 )
3 3 4 . 2  ( 1 6 0 )
1 3 4 . 1  1 6 0
3 3 8 . O  ( 1 7 0 )
3 3 4 . O  ( I 7 O )
l 3 a .  L  t 8 o
3 3 4 , 4  ( 1 8 O )
3 3 9 . 6  ( I 8 0 )
) 3 9  - 2  1 8 O

3 3
(  3 2 )
( 3 2 )
3 1

\24)
( l 6 )

I
( 1 0 )
( 1 0 )
I I

3 4 0
( 3 5 0 )

3 3 4 , 4  ( 3 5 0 )
3 3 a . 1  3 6 0
3 3 8 . 7  ( 3 6 0 )
3 3 4 . 7  ( 3 6 0 )
3 3 9 . 3  3 6 0
3 3 4 . 4  ( 3 6 0 )
3 3 4 - l  ( 3 6 0 )
3 3 8 . 5  3 6 0
3 3 a . 6  ( 3 s O )
3 3 A . 7  ( 3 3 0 )
3 3 8 . 5  3 2 O
3 3 4 . 6  ( 3 3 0 )
3 3 9 - 6  ( 3 3 0 )
3 3 8 . 9  3 4 0

3 1
(39)
(42)
4 4

(  4 0 )
( 3 7 )
3 3

( 3 7 )
( { o )
4 4

( 3  9 )
( 1 4 )
29

( 3 0 )
( 3 0 )
3 L

3 3 7 . 9  ( 3 2 O )
3 3 7 . 5  ( 3 1 O )
339.2 290
3 3 4 . 9  ( 3 0 0 )
3 3 9 . 4  ( 3 r o )
3 3 4 . 9  3 2 0
3 3 8 . 7  ( 3 1 0 )
3 3 9 . 1  ( 3 0 0 )
338,6 290
3 3 9 . 5  ( 2 9 0 )
3 3 9 . 2  ( 2 9 0 )
33a.4 290
3 3 8 . 7  l 2 9 O )
3 4 0 - 2  ( 2 9 A )
f,41,5 290
3 3 7 . o  ( 2 8 0 )
3 3 a . O  ( 2 6 0 )
3 4 0 . 2  2 5 0

(  3 1 )
( 3 r )
3 I

(341
( 3 1 )
4 0

t 3 8 )
( 3 5 )
3 3

( 3 4 )
( 3 6 )
3 1

( 3 1  )
( 2 4 )
1 8

( 1 4 )
(  1 1 )

'1

lao 2a
(1e0) 121)

331 -6 (19O) 125)
3 3 4 . 0  2 0 0  2 4
3 3 7 . 9  ( 2 1 0 )  ( 2 3 )
331. ' t  (27O) l23l
33A.7 220 22
3 3 8 . 4  ( 2 1 0 )  1 2 7 )
3 3 8 . 3  ( 1 9 0 )  l 3 2 l
3 3 8 , 5  f 8 o  3 7

3 3 9 . a  3 6 0
3 3 9 . 0  ( 3 6 0 )
3 3 a . 9  ( 3 6 0 )
3 3 9 . 0  3 6 0
3 3 ' 1 . 6  ( 3 6 0 )
3 3 8 . 4  ( 3 6 0 )
1 3 4 . 3  3 6 0

4 0
( 4  r )
( 4 3 )
4 4

( 4 2 )
( 3 9 )
3 7

27 AUGUST 4 SEPTETBER 5 SEPTEWER Ll SEPTEreER 17 SEPTEBER

T1re
AEST

CA,
fppfi')

w/D w/s
(km/hr)

CO,
(pp6v)

w/D w/s co,
(kn/lr) (ppfrv)

w/D w/s co,
(kn^r) (ppiv)

\]/D W/S
(kn /hr )

CO,
(ppnv,

w/D w/s
(kil/hr )

0f
o 2
03
04
05
06
07
08
o9
10
t 1
L2
I 3
1 4

16
L1
fa
19
20
2 I
2 2

24

340 40
( 3 4 0 )  ( 3 9 )

3 3 1 . 9  ( 3 4 O )  ( 3 8 )
339.1 340 3' t ,
3 3 8 . 1  ( 3 4 0 )  ( 3 8 )
3 3 8 . 2  ( 3 4 0 )  ( 3 8 )
3 3 4 . 2  3 4 0  3 9
3 3 8  3  ( 3 4 O )  ( 3 7 )
3 3 e , 4  ( 3 4 O )  ( 3 s )
3 3 8 . 9  3 4 0  3 3

170 9
( 2 1 0 )  ( r s )

3 3 8 . 1  ( 2 5 0 )  ( 2 2 1
3 4 2 , 0  2 9 O  l a
34I.4 (280) (21)
34I. '7 (260) (14)
337.5 25O 7
3 3 8 . 0  ( 2 3 0 )  ( 1 0 )
1 4 0 . 6  ( 2 2 0 )  { 1 2 )
339.1 2OO 15
3 3 a . 3  ( I 9 0 )  ( 1 9 )
3 3 ? . 5  ( 1 9 O )  l 2 4 l
3 3 8 . 9  1 8 O  2 a
3 3 9 . 0  ( 1 9 O )  t 2 2 )
339 -2 l2Lol (n)
1 3 8 . 8  2 2 O  t l

340.0 (2201
339.8 1220)
3 3 8 . 5  2 2 0
3 3 8 . 2  ( 2 1 0 )
3 3 a . 7  ( 1 9 0 )
3 3 8 . 5  1 8 0
3 3 8 . 9  ( 2 1 0 )
3 3 8 . 6  ( 2 4 0 1
3 3 9 . 0  2 1 0
3 3 9 . 1  ( 2 5 0 )
3 3 9 . a  ( 2 4 O )
3 3 1 . 7  2 2 0
338.1 t2401
3 3 9 . 1  ( 2 5 0 )
3 3 9 . 2  2 7 0
3 3 8 . 4  ( 2 1 O )
3 3 8 . a  ( 2 7 O )
3 3 7 . 3  2 7 0

(  1 6 )
(  2 1 )
2 6

(30)
( 3 3  )
3 1

( 3 2 )
(27)
2 2

( 2 n
( 1 9 )
r 8

124)
( 3 r )
3 7

( 3 4 )
( 3 1  )
2 A

3 5 0  4 6
3 3 4 . 6  ( 3 5 0 )  ( s 2 )
3 3 ' 1 . 9  ( 3 6 0 )  ( s e )
3 3 4 . 6  3 6 0  6 4
3 3 8 . 9  ( 3 5 0 )  ( 5 9 )
3 3 8 . 8  ( 3 5 o )  ( 5 3 )
339.4 34O 48
3 3 8 , 6  ( 3 2 0 )  1 4 4 )

( 2 9 0 )  ( 4 1 )
2 7 0  3 7

3 3 4 . 3  3 4 0  3 3
3 3 8 . 3  ( 3 4 O )  ( 3 5 )
3 3 9 .  r  ( 3 4 0 )  ( 3 8 )
3 3 9 . 6  3 4 0  4 0
3 3 8 . 7  ( 3 4 O )  ( 4 0 )
3 3 8 , 8  ( 3 4 0 )  (  0 )
3 3 9 . 0  3 4 0  4 0
3 3 8 .  3  ( 3 3 O )  ( 3 8 )
3 3 9 .  O  ( 3 3 0 )  ( 3 5 )
334.2 320 33



96

HACQUmTE TSTAND CO2 AND SUSACE wlND DATA

YEAR:  -  f981

9 OCTOBER IO MTOBER
24 SEPTEMBER 4 OCTOBER A MTOBER

TIW CO,
(ppfiv)

CO" w/D w/s
(ppnv) (km/hr)

CO, w/D w/s
(h , /h r )

w/D vl/s
(h/hr)

co. \]/D w/s co"
tppf,"l (kn/hr) (PPfiv)

|]/D N/S
(km/hr )

0l
o 2
03
o4
o5
o6
o'l
08
o9
t 0
l 1
t 2
13

f 5
t6
l7
1a
19
2 0
2r
2 2
2 3
2 4

o90
3 3 a , 4  ( O 9 0 )
3 3 9 . 6  ( O 9 0 )
3 4 0 .  I  O 9 0
3 3 9 . a  ( O 9 0 )
3 3 8 , 6  ( O 9 0 )
34\-2 090
3 3 A . 2  ( 0 9 0 )
3 3 a . 7  ( 0 9 0 )
3 3 a .  I  O 9 0

3 3 7 . 9  2 1 0
3 3 a .  O  ( 2 7 0 )
3 3 7 . 3  1 2 1 0 )
3 3 8 . 6  2 7 0
3 3 8 , 5  ( 2 8 0 )
3 3 9 . 4  ( 2 8 0 )
3 4 2 . 3  2 9 0
3 4 I . 4  ( 2 9 0 )
339. l  \290\
338.7 290
3 3 9 . 0  ( 3 0 0 )
3 3 9 . 8  ( 3 1 0 )

f ,20

3 3 9 .  O  1 6 0
3 3 a . 6  ( 1 7 0 )
3 3 8 , 8  ( r 7 0 )
3 3 4 . 5  1 8 0
3 3 7 . 7  ( 2 1 0 )

3 3 9 . 5  t 2 4 0 )
340.5 210
341-.4 (280)
3 4 2 . 4  ( 2 8 O )
345. r  290
3 4 2 . O  ( 3 0 0 )
3 4 1 . 3  ( 3 1 0 )
3 3 4 , 8  3 2 0
3 3 9 . 6  ( 3 2 0 )
3 3 a . 8  ( 3 2 0 )
339.4 320

3 3 7 . 6  ( 3 2 O )  ( 4 r )
3 3 9 . 2  ( 3 2 0 )  ( 4 1 )
33A.7 320 40
3 3 8  3  ( 3 3 0 )  ( 4 1 )
3 3 8  . 5  ( 3 3 0 )  ( 4 3 )
3 3 8 , 1  3 4 0  4 4
3 3 a . 9  ( ] 3 0 )  ( 4 4 )

3 3 9 . 1  ( 3 3 0 )  ( 4 4 )

3 3 8 . 4  3 2 O  4 4
3 3 6 . 9  ( 3 3 0 )  G 6 )
3 3 9 . 5  ( 3 3 0 )  ( 4 9 )

3 3 9 . 6  3 4 0  5 1
3 3 7  . 5  ( 3 4 0 )  ( s 1 )
3 3 9 . 0  ( 3 4 0 )  ( 5 0 )
3 3 9 . 0  3 4 0  5 0
3 3 9 . 2  ( 3 4 0 )  ( 5 0 )
3 3 a . 3  ( 3 4 0 )  ( 5 0 )

3 3 8 . 3  3 4 0  5 0
3 3 1 . 9  ( 3 4 0 )  ( 4 9 )
3 3 9 . 0  ( 3 4 0 )  ( 4 1 )

3 3 ?  . 8  3 4 0  4 6
3 3 8 . 1  € 3 0 )  ( 4 9 )

3 3 7 . 5  ( 3 3 0 )  ( 5 2 )
3 3 7 . 1  3 2 0  5 5

3 3 ? .  I  ( 3 2 0 )
3 3 a . O  ( 3 2 0 )
3 3 ' 7 . 4  3 2 0
3 3 7  - 1  ( 3 3 0 )
3 3 A . 2  ( 3 3 0 )
3 3 9 . 0  3 4 0
3 3 a . 4  ( 3 3 O )
3 3 9 . 0  ( 3 3 0 )
3 3 A . 1  3 2 0
3 4 0 . 1  ( 3 2 0 )
3 3 4 . 2  ( 3 2 0 )
3 3 8 , 9  3 2 0
339.2 (300)
3 4 3  . 8  ( 2 9 0 )
343 .  O 2' IO
3 3 9  . 3  ( 2 8 0 )
3 3 9 . 1  ( 2 8 0 )
341.6 290

2 2
(2r)
{ 1 9 )
l 8

t23l
( 2 4  )
3 3

t32)
( 3 0  )
2 9

18
(  l 6 )
(  1 5 )

(1-2)
( 1 2  )
1 l

(  1 5 )
( 1 8 )
2 2

( z 5 l
( 2 8 )
3 1

( 3 s )
( 3 8 )
4 2

l a
( 2 2 )
( 2 s )
29

(2sJ

l 2 2 t
1 a

t 2 3 l
l z a  )
3 3

(  3 1 )
( 3 O )
2A

( 5 3 )
(  5 0 )
4 A

( 4  8 )
( 4 8 )
4 8

( 4 7 1
( 4 5 )
4 4

(42)
( 3 9 )
3'l

( 3 6  )
( 3  6 )
3 5

( 3 8 )
( 4 r )
4 4



9 7

I'fACQUARIE TSLANp C02 ANp SURFACE t{INp DATA

Y E A R : 1 9 8 2

24 MARCH 14 APRIL I 6  A P R I L 17 APRIL

TII1E CO,
IESr (ppri)

w/s  co ,
(km/ht) (ppmn)

u/s co,
(kn/ht)  (ppnn)

, t /D l , t /s co"
(kn/hr) (ppnn)

I ' /D t i /s co"
(tm/t t1 to*o'

w/s
(kn/hr)

0 l
02-
0 3
0 4
05
0 6
0 7
0 8
0 9
r 0
I I

t 2
1 3
I 4
1 5
t 6
I 1
l 8
l 9
2 0
2 l
2 2
2 3
2 4

320
( 3  l 0 )

3 4 0 . 3  ( 3 1 0 )
300

(300)
339.5  (290)

290

4 0
( 4 2 t
( 4 4 )
4 6

( 4 4 ' )
( 4 2 )
4 0

339.0  (320)  (56)
338. r  (320)  (s8)
338.1 320 s9
3 3 9 . 0  ( 3 2 0 )  ( s 5 )
338.9  (320)  (50)
338. 9 320 46
3 3 9 . 6  ( 3 2 0 )  ( 4 5 )
339.3 (32O) (4s)
343.2 320 44
3 3 9 . 3  ( 3 2 0 )  ( 4 3 )
339.3  (32o)  (41)
339.4  320 40
339.9  (320)  (40)
343.0 (320\ (40)
340.0  320 40
339.8  (320)  (40)
34r .0  (320)  (40)
339.5 320 40

280
(  280)

3 3 8 . 8  ( 2 7 0 )
3 4 0 . 0  2 7 0
3 4 r . 0  ( 2 6 0 )
3 3 8 . 9  ( 2 6 0 )
339.  r  250
3 3 8 . 8  ( 2 4 0 )
339.2 (230)
3 3 8 . 9  2 2 0
340.2 <240)
340.6 (250)
340.6 270
340.9 (290)
342.  r  (320)
340. r 340
3 3 9 . s  ( 3 5 0 )
340.1  (3s0)
3 4 0 . 3  3 6 0
339,  s  (350)
3 3 9 . 6  ( 3 5 0 )
339.  0  340

5 5
(  s3)
(50)
4 8

( 4 7 )
( 4 7 )
4 6

(  3 7 )
( 2 7 )
l 8

( r 9 )
(21)
2 2

(26)
(29)
33

(32)
(30)
2 9

(39)
(49)
5 9

320 48
(320)  (46)
(320)  (4s)
(320)  (43)
( 3 1 0 )  ( 4 r )

3 3 8 . 2  ( 3 1 0 )  ( 3 9 )
338.9  (310)  (38)
3 3 9 .  I  ( 3 1 0 )  ( 3 7 )
339,2  (310)  (3s)
339.2  (300)  (33)
339.2  (300)  (31)
339,2  (300)  (30)

300 28

300
338.  7  (300)
338.2 (290')
338.6  290
3 3 8 . 6  ( 3 o o )
338,  s  (310)
338.7 320

48
(50)
(53)
55

(5s)
( 5 s )
55

DATE 18 MAY 2 JUNS 29 JUNE

T]ME C0"
AEST (ppmv-)

w/s  con
(kn,/hr) (ppm,i)

w/s c0,
(kn/hr) (ppnn)

w/s co"
(kn/hr) (ppnf)

I , l /s c0.
(km/hr) (ppilS)

l{/D v/s
(kn/hr)

0 l
02
0 3
04
05
06
o 7
08
09
l0
1 t
l 2

1 4

t 6
1 7
1 8
t 9
20
2 l
2 2
2 3
24

3 3 9 . 3  ( 3 4 0 )
339 9 (340)
340.  l  340
3 4 0 . 6  ( 3 2 0 )
34r  .0  (300)

280

(s8)
(s6)
5 5

( 4 2 )
(28)
I 5

(3  00)
339.9  (300)
340, I 290
339.8 (290)
339. B (290)
339 .8  290
3 4 0 . 0  ( 2 8 0 )
339.  B  (280)
339.2  270
339.6  (280)
339.5  (280)
339.5 290
339.5  (29O)
339.5  (290)
339.  8  290
339,5 (300)
340.0  (300)

3 I 0

320 33
340.4  (310)  (32)
339.1 (290) (30)
339,7  270 29
339.s  (270)  (31)
340.4  (270)  (33)
340.  I  270 35
340.3  (270)  (30)
340.2 (270) (25)

270 20

3 4 1 . 5  2 1 0  4 4
(270) (4s)
(210)  (45)

340.  r  270 46
339.6 (270) (42)
340.0  (270)  (37)
3 4 0 . 8  2 7 0  3 3
340.4  (280)  (31)
3 4 0 . 8  ( 2 8 0 )  ( 2 8 )
340.5  290 26
3 4 r . 0  ( 3 0 0 )  ( 2 8 )
3 4 r . 0  ( 3 r 0 )  ( 3 r )
339.9 320 33
339.8  (310)  (32)
3 3 9 . 9  ( 3 1 0 )  ( 3 0 )

300 29

340.8  320 50
340,2 (320) (52)
340.4 (320) (53)
340.4 320 5s
341.4 (320) (55)
344.0  (320)  (ss )
34r ,5  320 55
3 4 0 . 6  ( 3 1 0 )  ( 5 6 )
340.4  (300)  (58)
340.0  290 s9
3 4 0 . 0  ( 3 r 0 )  ( s 9 )
339.9 (320) (59)
340.2  340 59
340.  r  (320)  (49)
340.3  (290)  (38)
340.0  270 28
339.6 (290, (271
340.0  (300)  (27)
339.8  320 26
339.9 (320) (28)
3 4 0 . 6  ( 3 2 0 )  ( 3 1 )
339.9  s20 33

(40)
(43)
4 6

(43)
(40)
31

(43)
(49)

(48)
(40)
3 3

( 3 7 )
(42)
46

(46)
(46)
46



MCOUARIE ]SLAI{D CO^ AND SURFACE WIND DATA

Y E A R : 1 9 8 2

28 JULY 1I AUGUST 12 AUGUST 25 AUGUSI 26 AUCUSI

TrME C0. t i /s co"
(kn/hr) (ppnn)

w/s co,
(kn/hr) (ppnn)

I.I/s co.
(kn/hr) (ppmf)

w/s c0" I i /D
(km/hr) (ppmi)

w/s
(  kn/hr )

O I
02
0 3
04
05
0 6
07
08
09
I O
I I
T 2
t 3
I 4
1 5

l 7
l 8
I 9
2 0
2 t
2 2
2 3
2 4

340,2  (320)
340.5  (320)
339,7 320
3 3 9 . 9  ( 3 2 0 )

(320)
( 3 1 0 )
( 3 1 0 )
(  3 1 0 )
3 1 0

(32)
(30)
29

(  28)
(27)
(26)
(26)
( 2 s )
24

3 3 9 . 9  ( 2 9 0 )  ( 5 4 )
3 4 0 . 0  ( 2 9 o )  ( s 2 )
3 3 9 . 8  2 9 0  5 I
3 4 0 . 5  ( 2 8 0 )  ( 5 r )
3 4 0 . 5  ( 2 8 0 )  ( s l )
3 4 r . 2  2 7 0  5 r
340.7 (21O) (46)
3 3 9 . 8  ( 2 7 0 )  ( 4 2 )
3 3 9 . 8  2 7 0  3 7
3 3 9 . 7  ( 2 8 0 )  ( 3 6 )
3 3 9 , 7  ( 2 8 0 )  ( 3 6 )
3 4 r . 1  2 9 0  3 5
3 4 r .  r  ( 2 9 0 )  ( 3 6 )
34r.1 (290) (37)
3 4 1 .  1  ( 2 9 0 )  ( 3 8 )
342,2 (290) (39)
3 s 0 . 8  ( 2 8 0 )  ( 4 0 )
3 4 2 , 5  ( 2 8 0 )  ( 4 1 )
3 4 0 . 0  ( 2 8 0 )  ( 4 2 )
3 3 9 . 1  ( 2 8 0 )  ( 4 3 )
339.6 280 44
3 4 0 . 0  ( 2 8 0 )  ( 4 3 )
3 3 9 . 8  ( 2 7 0 )  ( 4 3 )

2 7 0  4 2

343.6 (290) (57)
339,6 (290) (60)
339.5  290 62
339.4 (290) (6s)
339.8  (290)  (67)
339.  6  290 70
339.  5  (280)  (67)
3 j9 ,4  (280)  (6s)
340,2  210 62
338.6  (270)  (68)
339.2  (270)  (75)
3 3 9 .  r  2 7 0  8 I
3 3 9 . 9  ( 2 q o )  ( 7 6 )
339.8  (290)  (72)
339.  3  (300)  (6s)

(3oo) (62)
(3 r0)  (58)
320 53

290
(290)

34r.6 (290)
340,0  290
340.1  (290)
3 4 0 . 7  ( 2 9 0 )
340.7 290
340.0  (290)
339,6  (290)
339.8  290
340.3  (290)
340.2  (290)
339.6 290

( 4 9 )
( 5 4 )
5 9

( 5 8 )
(s6)
5 5

40
(43)
(4s)
48

(41)
(41)

(4e)
( 5 2 )

(ss)

3 4 0 . 6  3 4 0
339.  9  (340)
339.6  (340)
3 3 9 . 8  3 4 0
3 3 9 . 0  ( 3 2 0 )
3 3 9 . 3  ( 3 r 0 )
339,9 290

DATE 27 SEPTEMBER LO NOVEMBER t1 NOVEMBDR 22 NOVEMBER 9 DECEMBER

TIME
AEST

co"
(ppmn )

w/s  c0 ,
(km/hr) (ppnn)

IJ/s c0,
(km/hr) (ppmi)

I'l/s co"
(kn/hr) (ppmf)

w/s c0"
(km/hr) (ppnn)

l,I/D w/D l l /s
(kn/hr)

0 t
o 2
0 3
04
05
06
07
08
09
1 0
1 1
t 2
l 3
l 4
I 5

l 7
l 8
t q

20
2T
22

24

290 44
(290)  (4s)

3 4 r . 7  ( 2 9 0 )  ( 4 7 )
341.  0  290 48
34 1 .  0  (300)  (s3)
3 4 r ,  r  ( 3 1 0 )  ( 5 9 )
340.9  320 64
3 4 r . 0  ( 3 2 0 )  ( 6 3 )
3 4 r . 3  ( 3 2 0 )  ( 6 3 )
340.7 320 62
340.1  (3 r0)  (63)
340.7  (300)  (6s)
34r .0  290 66
3 4 1 . 3  ( 2 9 0 )  ( 6 1 )

(300) (56')
300 5 I

340.8  (27O)
340.8  270
3 4 O . 7  ( 2 8 0 )
3 4 r .  l  ( 2 8 0 )
341.  r  290
340.8  (280)
340.4  (280)
340.8  270
340.5  (290)
3 4 r .  I  ( 3 2 0 )
3 4 2 . 0  3 4 0
3 4 r . 6  ( 3 5 0 )
342.0  (350)
340,4 360
3 4 1 , 0  ( 3 5 0 )

(350)
340

290
(300)

342.3  (310)
34 1 .0  320
34r .6  (3 r0)
340.9  (300)
34t.4 290
3 4 0 . 3  ( 2 9 O )
340,7  (290)
340.9 290
342,0  (290)

(290)
(100)
(300)
(300)
300

250
(260)

340,6  (260)
339.5  270
339.2  (21O)
3 3 9 . 3  ( 2 7 0 )
3 3 8 . 8  2 7 0
339,2  (260)
340.0  (260)
340.  1  250

3 4 5 , 2  2 7 0
3 4 4 . 4  ( 2 7 0 )

341.4 (270)
3 4 2 , 2  2 7 0
3 4 1 .  5  ( 2 7 0 )
3 4 t . r  ( 2 7 0 )
3 4 0 .  s  2 7 0
3 4 0 . 1  ( 2 7 0 )
3 4 1 . 0  ( 2 7 0 )
3 4 0 . 7  2 7 0
3 4 r . 5  ( 2 7 0 )
3 4 r . 2  ( 2 1 0 )
3 4 r . 8  2 7 0
3 4 r  . 0  ( 2 7 0 )

3 7
(  38)
(38)
39

(3e)
(40)
4 0

( 4 1  )
( 4 3 )

35
(33)
( 3 0 )
28

( 2 7  )
t2s)
2 4

(22)
(20)
t 8

( 1 9 )
(2r )
(22)
(23)
(2s)

( 4 3 )
4 8

( 4 8 )
( 4 8 )
48

( 4 5 )
( 4 3 )
4 0

( 3 r )

(2s)
( 2 3 )

2 2
(22)
(22)
2 2

53
( s  1 )
(50)
tr8

(  5 3 )
( 5 7 )

(63)

(s5)
(44)
3 3

(38)



99

MACQUARIE ISLAND CO2 AND SURFACE WIND DATA
Y E A R : 1 9 8 2

18 DECEMBEP T9 DECE}fBDR 28 DECEMBER

TIME CO,
AEST (pp*n)

W/S CO,
(km/hr) (ppnn)

w/s co,
(kn/hr) (ppmf)

l l /s co"
(km/hr) (ppmf)

t l /s co,
(kn/hr) (ppnv')

!t/ s
(km/hr )

340.8  290
339.6  (290)
3 3 9 . 5  ( 2 9 O )
339.4  290
339,7  (290)
3 3 9 . 3  ( 2 9 0 )
339,7 290
3 3 9 . 9  ( 2 9 0 )
340.0  (290)
339.8  290
339,7  (280)
339,6  (280)
3 3 9 . 6  2 7 0
34O.2  (280)

339.9  (280)
340.0  290
340.  l  (280)
339.8  (280)
340.0  270
340.1  (270)
339.6 (270)
3 3 9 . 3  2 7 0
339.7  (270)
339.1  (270)
338.7  270
338.9  (270)
339.8  (270)
339.  I  270
339.4  (260)
339.6  (260)

250

339.5  270
338.4  (280)
338.8  (280)
338.8  290
338.8  (280)
338.8  (280)

270

( 4 r )
40

(40)
(39)
39

(38)
(38)
3 7

(37)
(37)
3 7

(34)
( 3 1  )
28

(25)
(23)
20

3 9
( 3 9 )
(40)
40

(40)
(39)
39

4 2
(t+3)
(4s)
A 6

(42)
(39)
3 5

( 3 7 )
(40)
42

(43)
(43)
44

(43)
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APPENDIX 7

CO, data set from CSTRO shipboard monitoring program'

T a b u l a t i o n o f a l l C o . c o n c e n t r a t i o n s a n d a u x i l l i a r y d a t a f r o m f l a s k
samples col lected on boar6 ships traversing the southern ocean between

Austral ia and Antarct ica during the years 1977 through 1982'

A n a l y s i s f o r C o ' w a s p e r f o r m e d o n N D ] R g a s a n a l y s e r s a t c s l R o a n d
concentrat ions are 

" ipr""="a 
in parts per mil1-ion by volume (ppmv) with

r e s p e c t t o t h e W M o l g 8 l C o , C a l i b r a t i o n S c a l e . W h e n n e c e s s a r y ' a
carrier-gas correction has 

'been applied to al l  w-alues based on

comparisons of instrument response to wMO centrll Co, Labora'"',t 
^2?Z/*,

a n d C o , / A L r s e c o n d a r y S t a n d a r d s a s d e s c r i b e d i n P e a r m b n e t a l . ( l - y U J , .

A l l s a m p l e s w e r e c h e m i c a l l y d r l e d e i t h e r a t t i m e o f s a m p l i n g o r
prior to analysis using granular magnesiurn perchlorate (Dehydrite) as the

drying agent.

Times of sampling are l isted in Greenwich Mean Time (z)



1 0 1

co2 mNTTRING DAtA EmU SHrPS

SMLING

DATE
SHIP TIE

(z )
POSIfTON Co2

WIND ATR TE@ESTUre
coffiNTsrcNGITUDE (ppnv) )IMCTION

(Deg!ee)
SPEED

((ny'hr)
D . B .  ( " c ) w . B ,  ( o c )

4 - I 2 - 7 7

6 - r 2 - 7 7

7 - t 2 - 7 1

t 3 - L 2 - 7 1

14-12-71

1 0 - l I - 7 9

I 3 - t 1 - 7 9

t 5 -  1 t -  7 9

23-1-80

28-f ,-80

I l -1-81

t2-1-81

15-t-81

21-1-AI

20-f-8t

f-2-81

3-2-81

8-2-81

1 3 -  2 -  8 1

l4 af

9 3 8 l

12-3-81

l5-3-81

2 3 - 3 - 8 t

9-1t-8r

f l - I I - 8 1

l6-1f,-81

19-11-Af

2?-11-81

1 3 - t - 8 2

r4-r-42

16-t-82

19-1-82

3-2-82

6-2-A2

9-2-a2

N e l D d

Nella Dan

Nel la Dan

te I la Dd

rhala hn

Ie l la  Dan

Ie l Ia  Dan

'ha Ia  Dan

rhafa Darl

0620

23IO

o200

0700

o 4 2 t

o 7 2 L

0 2 1 5

0 2  3 0

1130

0215

0646

2 2 5 6

2302

0005

0 4 3 3

o153

o203

o2IO

o225

0 3 3 5

0 3 4 5

oo22

oo31

I1s8

I  2 0 8

2203

0505

0 5 1 0

o440

0605

06f1

o220

2 3 2 2

2328

o443

0 4 0 6

o400

o854

o 3 0 8

2 2 4 5

o6f0

0615

o 4 1 4

0 6 2 7

7327

o03a

0 0 4 3

45"2 8 t :

50000 |

540541

60.21 |

6 5 0 0 3 '

4 2 ' I O  '

5 0 0 5 5 1

5 5 . 0 0  r

630021

60000 |

54001 |

4 7 .  0 9  |

4 4 0 5 3  |

52"201

6 0 . 1 4 '

6 5 0 f 9  '

56" ' ,26's

6 6 " 0 5 '

50 25

5 0 . 1 3 ,

45. t4 '

5 4  0 5 8  |

6 0 . 0 1 ,

5 4  0 5 9 '

5 0 0 0 7 ,

4 8 0 3 2 ' s

5 2 0 0 0 i

5 8 . 0 2 '

510291

630041

45.121

490 41 |

5 4 0 C 9 '

5 9 . 0 0 '

63" 49'

5 9 . 0 8 '

54025'

1 3 9 "  1 5 ' E

1 3 6 ' 4 3 ,

1 3 0 " 4 5 '

90'oo,

9 0 0 3 f '

1 3 9 0 s 4  |

126. L4'

1 1 4 0 0 s  I

7 8 0  3 6  r

9 0 . 3 3 '

1 0 a . t a '

t 2 s o 3 a l

1 3 9 0 4 t '

1 3 6 . 3 8 '

1 3 1 . 0 2 '

8 7 . 5 9 '

1220 27 | E

1 2 0 0 2 0 1

1400 10'

1 5 1 . 5 6 '

1 5 5 . 3 2 '

l 5 l 3 4

6 2 "  7 2 '

7  4 . 2 8  |

f00"02 ,

L 3 3 " 4 1 '

f 3 9 "  1 9  |  E

1 3 2 . 0 4 '

l o 4 0 3 7 l

1 9 " 4 1 '

6 2 . 3 L 1

I44047'

r 4 l . 0 7 ,

1 3 8 0 5 4  |

I 2 f o 0 4 '

1 1 5 0 3 5 '

1 3 9 0 2 9 ,

1 5 9 0 0 0 '

3 3 2 . O

332.1

3 3 3 , 1

1 3 3 , f

3 3 2 , 6

3 3 8 , 9

3 3 6 , 0

3 3 6 . 5

3 3 ? . 3

3 3 5 . 6

3 3 5 . 2

3 3 5 ,  I

3 3 5 . 6

3 3 6 . 3

3 3 7 . 3

3 3 6 . 8

3 3 6 . A

3 3 7 . 0

3 3 6 . 6

3 3 6 , 5

336.2

336.2

3 3 6 . 5

331 .2

3 3 6 . a

3 3 6 . 2

1 3 6 .  A

3 3 7 . f

3 3  7 . 6

3 3 7 .  I

3 3 7 . 6

3 3 7 . 7

3 3 7  - 1

3 3 8 . 7

3 3 9 . 4

3 3 8 . 8

3 3 9 . 4

340-2

3 3 9  4

3 3 8 . 4

3 3 8  2

3 3 8  2

3 3 8 . 4

3 3 8 . 7

3 3 8 , 3

3 3 8 , 9

3 3 8 . 7

I 3 8 . 9

2 4 5

2 5 0

210

120

090

0 3 0

2AO

320

o50

0 7 0

2AO

230

240

250

340

110

090

135

090

o45

360

3 3 8

230

2 3 0

290

360

0 4 5

2 1 0

2 1 0

2 1 0

2AO

2AO

250

3 4 0

320

204

6 4

2 9

7 3

4 4

5 5

2 A

3 I

4 0

I 4

4 3

3 3

4 A

2 6

3 7

ta

2 2

2 6

3 3

3 7

3 3

3 3

3 7

3 3

6 1

CaIn

r 8

5

3 6

l a

3 7

2 A

5 5

2 4

5 5

1 5  l

5 . 2

2 . 5

1 . 0

t 3 . a

6 . 0

3 . 7

'  o . 4

5 . 4

2 . 4

o ; ,

4 0

7 r - 2

1 6 - 7

2  - I

1 . 3

4 . 4

1 0 . 5

t 0 . o

5 . 5

0

- o 4

o

1 4 .  I

I I  2

6 . 5

4 . 8

1 . 5

4 . 8

6 . a

1 3 . 1

3 . 0

0 . 1

5 . O

0 . 9

- o . 5

3 0

1 0 . o

1 3 . 7

0 , f

o - 2

I . a

9 . 6

a - 7

5 i 5

- o 7

- l  o

- f o

1 2 . 8

1 i .  I

5 . 5

3 , 4

0 . 5

5 . 5

h pack  ice .

No in le t  hose used

sep led  on  lee  s ide

L igh t  ra in
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APPENDIX 8

CSIRO monitoring program at Wi lb inga,  WesternCO, data set from
Aus-traI ia.

Tabulat ion of al l  Co; concentrat ions and auxi l l iary data from f lask
samples col lected at Wilbfnga during the years 1979 through 1981.

Analysis for CO, was performed on NDIR gas analysers at cSIRo and
concentrat i-ons are eipressed in parts per mil l ion by volume (ppmv) with
respect to the WMO 1981 Co, Calibrat ion Scale. A carr ier-gas correction
has been applied to al l  v=alues based on comparisons of instrument
response to WMo.Centra1 Co. Laboratory Co",/N" and Co./Air Secondary
Standards as described in Pelrman et aI.  G6*f .  

z

AlI sarnples were chenical ly dried at the t ime of sampling using
granular magnesium perchlorate (Dehydrite) as the drying agent.

Meteorological data in the tabulat ion are derived from single
observations by the operators within the t ime span of col lect ing a group
of  samples .



I U J

C O 2  f l O N I T O R I N G  D A T A  -  H I L S I I ' J G A i I ] . A .

sAt' lPL i l.rG
D A T E

T I H E  C O 2  H I I { D  I E h P .  C O T 1 I 4 E N T S
I Z I  C O N C E N T R A T I O T i  D I R E C T I O I . I S P E E D

( P P M V I  ( O E C R E E S }  ( K H / H R }

2 7 . 0 3 . 7 9  0 4 2 3
o 4 2 9
0 4 3 4
0 5 4 5

0 8 . 0 5 . 7 9  0 4 2 9
0 4 3 6
O4' r  I
0 5 3 1
0 5 3 6
0 5 4 2

0 7 . 0 6 . 7 9  0 . t 1 I
0 4 1 6
o 4 2 L
0 5 0 4
0 5 0 9

L O . 0 7  , 7 9  0  3 5 0
035 '
0 4 0 0
0 4  0 ?
o  4 I )
0 4 1 8

2  1 . 0 8 , 7 9  0 3 4 5
0 3 5 0
0 3 5 6
0 5 0 4
0 5 0 8

1 1 . 0 9 . 7 9  0 4 2 9
o 5 2 6

1 1 . 1 0 . 7 9  0 4 2 7
0 4 3 0
o  4 3 5
o 4 3 9
0 4 4 4

1 3 . 1 I . 7 9  O 4 0 l

0 4 0 5
o  4 0 9
0 { 3 4
0 4 3 8
0 4 4 2

1 9  .  t 2  . 7 9  0 5 0  5
0 5 I 0
0 5 I 5
0 5 5 r
o 5 5  6

3 3 6 . 8
3 1 7 . L

3 3 7 . 7
3 3 3  . 7
3 3 3 . 4
333 .  r t
3 3 3  . 4
1 1 3 . 3
3 3 1  . 5
3 3 r . 2
3 3 0 . 7
3 3 L  . 2
3 3 r . 4
3 3 0 . 6

3 3 5  , 9
3 3 5 . 9
3 3 t . e
3 3 5  , 9
1 3 4 . 1 )

3 3 5 . 6
3 3 5 . 8

3 3 '  . 4
3 1 5  . 5
1 3 5 , 6

3 3 5 . 6
3 3 5 . 8

1 3 5 . 6
3 3 5 . 7

1 3 5 . 5
1 3 5  , 5
3 3 6 . 3
3 3 6 . 0
3 3 5  , 8
3 3 5 . 9
3 3 5 . 7

2 r o
2 r o
2  r 0
2  r 0
0 8 0
0 8 0
0 8 0
o 1 5
0 7 5
0 7 5
0 4 5
0 4 ,
0 4 5
0 4  0
0 4 0
3 L '
315
3 r 5
3 1 5
3 1 5
3 r 5
210
230
2 3 0
2 L O
z t 0
2 0 0
2 0 0
2 7 0
2 ? 0
2 7 0
2 7 0
2 7 0
2 4 0

L 4
1 4
l 4
2 5
2 5

2 2
2 2
2 2
2 2
2 2
1 B
I 8
1 B
l 8
r i l
1 B
1 3

I 3
7'l

I 6
I 6
3 2
3 2
3 Z
3 2
3 2
3 2

i 2
3 2

3 2
3 2
2 5

2 5
2 5

2 7  , 2
2 7  . 2
2 1  . ?
2 6 . 6

2 9 . O
2 9  . 0
2 9 . 0
z  L . 4
2 L . 4
2 L . 4
2 2 . 7
2 2 . 7
r 8 . 4
1 8 . 4
1 8 , 4
1 8 . 4
1 8 . 4
t B . 4
L 9 . B
t 9 . B
l 9 . B

2 L . O
2 r . o
2 r . o
2 1 . 0
2 1 . 0
2 1 . 0
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APPEND]X 9

Flowcharts depict ing the logical f low of data processing for both
Mark r and Mark rr data sets from cape Grim. This appendix has been
divicled into several sub-sections, each corresponding to a specif ic phase
of the processing procedure.

rn general,  each f low diagram is preceded by a key chart showing the
names and functions of the individuat programs. Lette.rs are used to
denote programs, while computer f i les are represented by boxes. Fi le
names used have been indicated where appropriate and numbers within boxes
indicate logic f low connections. A brief sunmary of each subsection
fo l lows:

Appendix No.

9A

Function

Data Processing Overview - Mark T and Mark II

9B Program Key for Mark I Processing

Flow Diagram for Mark I Processing

Program Key for Edit ing

Flow Diagram for Edit ing

Program Key for Selection

Flow Dj-agram for Selection

9c

9D

9E

9F

9G

9H Program Key for Mark II  Data Processing

Flow Diagram for Mark II  Data ProcessinqJ L
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APPENDIX 9A SYSTEM OVERVIEW

P R O T E S S I N G
STAGE 1

ED ITING
STAGE 2

SELEITION
STAGE 3

PROCESSING:-

[onversron of row dolo
to hourty meons

E D I T I N G : -
Removol of  bod doto
Insert ion of bockup doto
[onstruct yeqrly fite

SELECTI0N: -
Selection of 

'boseline"

doto, occonding to
setection riterio
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APPENDIX 98

STAGE 1 - PROCESSING MARK I DATA

PROGRAM
PROGRAM 

NAME
FUNCT]ON INPUT PARAMETERS

GR]M1

GRr144

XXBAK

PGTIME

PGMTCD

PGCARI

PGREST

PGFILE

PGOWLY

PGDISP

PGMTMD

Reads data from cassettes

Transfers data to H' lP1ooo
a a n n r r + a v  f  i  1 a
v v r L , y s e v !  - 4 + v

Transfers data to H/P1000
a n m n r r * a r  f i l a

System magnetic tape
ut i l i t y

Time marks raw data f i le

Computes uncorrected Co2
va lues .  t ransposes  o tner
values of raw data

Applies carier gas

corrections to CO. values '
z

transposes other ialues of
raw data

computes meteorological
va lues ,  t ransposes  CO2

Removes headings from 3rd
working f i le and transPoses
l ^ r -

Computes hourlY means and
standard deviat ions of al l
h i  r a m a t  a r q

Rearranges hourlY means

Computes CO, onIY - does
not transpose other raw
l ^ ! -

Computes hourlY means for

uu^ onrv

Name of H,/Pl-000
. ^ m n r l t e r  f i l c  P G - - A Av v r L t Y s  e v +

Varies with tyPe of run

start ing and f inishing
times of cassette data

Working cyl inder cal ib-
rat ions, lower l imit of
co^

Carrier gas correction
factors for each
analyser used. MK I or
MK II data. MK II  data
format

Name of data logger
cal ibrat ion f i le. Data

logger cal ibrat ions

Lower and upper limits
for each parameter.
Tape no. and version of
run

Year of data being
^ - n n a  c  c  a A

CO" lower reject ion
lifrit and working
cyl inder cal ibrat ions

J

L

M PGOWMY
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APPENDIX 9I STAGE 1:- PROIESSINGMARK I DATA

MAGNETIC
TAPE

MAG

DATA TASSET
A

2100
IOMPUTER FILE

o r H P 1000
COMPUTER FILE

DI

I HARO
COPY

AGNETIC
TAPE : ) ]

PG--AA: RAW

DATA FILE

E HARO
COPY

P6M, ICN:

WORKIN6 IYLINDER

CALIBRATIONS

n -LAST DIGIT 0FYEAR

PG--AB: TIME
MARKED FILE

PGZZZA:  F IRST
WORKING FILEPGANAL :

CARRIER GAS

CORRECTION FACTORS

FOR TATH ANALYSER

--:r-l G l---_5
PGZZCAZ SECONI

WORKING FILE
PGCA--: DATA LOGGEF

TALIBRATION FILE
- - - -YEAR OF

CALI BRATIONS
lHeodings in fh is f i te k
re modified ofter eorh rur

--=_l H F---C
DG--AC: THIRD
WORKING FILE

I HARD
COPY

PG--AD: FOURTF
WORKING FILEPGZDAT:

FILE OF LOWER AND

UPPER LI14ITS FOR

EACH PARAI'4ETER

-;_-_]
J F---f

PG__AE: FIFTH
WORKING FILE

t  l K HARD
IOPY

PEU---:
'UNLAUNDERED'
HOURLY MEANS

STAGE 2

I

PGMICn-W0RKlNt
CYLINDER

CALIBRATIONS

n-  LAST  D IG IT
OF YEAR

PGZZZA3 FIRST

WORKING FILE

L

PG--AE: FIFTH

WORKING FILE
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APPENDIX 9D

STAGE 2 - EDITING MARK I AND MARK II DATA

PROGRAM
PROGRAM 

NAME
FUNCTTON TNPUT PARAMETERS

c

PGCAT

XXBAK

PGEDIT

PGINST

CGENIT

PGEDFT

EDIT

PGCAPE

(Background) concatenate
f i l e s

System Magnetic taPe
ut i l i t y

(eackground) edits out
bad values

(Background) inserts
backup data

(Background) creates
fi les of dates and t imes

(Background)

rnser t  head ings ;  #  o f
records to be edited;
end of edit  terminator

Converts chart readings
+ ^  c O  c o n c o n t r a t i i r n s  a n de v  v v a

transfioses w/d and w/s
r a r A  i  n n cr  v s \ 4 + . r Y  v

rnput f i le names'
cartr idge no. r outPut
f i le name, cartr idge
n o .

Varies with type of run

Name input edit  f i le
name f i le to be edited
name output file
cartr idge nos.
param. to be edited

Name input insert file
name f i le to be
inserted; name output
f i le ;  car t r idge  nos .
param. to be edited

Input and output file
namesi output f i le size

File of carbon dioxide
cal ibrat ion values
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APPENDIX 9E STAGE 2 :  EDIT ING MARK 1  AND 2

.UNLAUNDERED'  HOURLY MEANS -  PGU-_-

A

1

FILE CGUL-_
--=YTAR NUMBER

B L

INPUT  EDIT  F ILE
FILE NAME VARIES
AICORDING TO

PARAI4ETER

3 _---12 MAGNETIC TAPE

PARTIALLY EDITED OR

I  NSERTED F ILEINPUT INSERT FILE

FILE NAME VARIES

ACCORDIN6 TO
PARAMETER

)
L

1
FI NAL 'LAUNDER

YTARLY FILE CGI
- - =  Y E A R  N U M

ED'
.L- -

]ER

B

GNETIC TAPEMI

I tKt'il\AL il\ru I

i r i

CHART READINGS OF
CARBON D IOXIDE ,
WIND DIRECTION AND
WIND SPEED

CGt  I  nn

FILE OF CHART
READINGS FOR YEARnn

STAGE
PGMICn  F ILE  0F
'iVORKING CYLINDER
CALIBRATIONS
FOR YEAR n

:-_-1H
tGRAnn FILE 0F
COMPUTED WIND SPEED,
wlND DlREIT|ON & t02
INSERTS FOR YEAR Nn

G HARD
COPY

tGtRnn MODIFIED
FILE 0F t02,  WIND
9EED, WIND DIRECTION
INSERTS FOR YEAR nn

I+

TGEDFL
FILE OF DATES AND
TIMES FOR REI4OVAL

WORKING F ILE

NAME VARIES ACCORDING

TO PARAMETER



STAGE 3 - SELECT]ON

PROGRAM
PROGRAM

NAME
FUNCTION

PGNREC

EDIT

PGSEMS

LgDADE

LUDU!T

Determines number of records in monthlv
f , i1es

Breaks yearly f i les
concatenates yearly

into monthly f i les and
f i les

Baseline section cri teria proqram

Applies basel ine selection cri teria to
unselected f i les

Produces monthly yearly and daily mean



APPENDIX 96 STAGE ] :  SELEIT ION

Nome vories with dato sei

SELECTEO YEARLY FILES

YEARLY 'LAUNDERED '
FILE
Nome vqr ies wi th
doto sel

HARD COP/ SHO\,VIN6

NUMBER OF RETORDS
IN  EA IH  MONTH

TEMPORARY MONTHLY WORKING FILES CGTEO1 _ C6TE12

C6 S E14O

TEMPORARY MONTHLY

SELECTED FILE

'LAUNDERED' YEARLY FILES

SELECTED YEARLY
F I L E

Nome vor ies wi th
doto set

tGBF I l

C RITERIA FILE E
HARD COPY OF
DAILY, MONTHLY AND
YEARLY FILES
Selected or  toto l
doiq

FILE OF OAILY, MONTHLY

AND YEARLY MEANS

Nome vor ies wi lh dot(
set



APPEND]X 9H

PROGRAM KEY FOR MARK I1 DATA PROCESSING

PROGRAM

NAME
FUNCTION

NRTRN

NRPRO

NRCON

Processes up to 6 mil l ivolt  data f i1es, performs
concatenation and conversion of raw data f i les
to direct access f i .1e

Converts raw data to hourly means. Results are
direct access f i les (one for each parameter)

Converts hourly results f i les to sequentiat
access f i les (Mark I compatable)
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APPENDIX 9 I PROTESSING MARK 2 DATA

MAGNETICTAPE

STAGE 2

SEOUENTIAL

RAW DATA FILE
SEOUENTIAL

RAW DATA FILE

DIREIT ATIESS
OUTPUT F ILE

(oz
HOURLY MEANS

DIRECT ACTESS
OUTPUT FILE

wIND DIREITION
(10 )

HOURLY MEANS

DIRECT ACCESS OUTPU
F I L E

WIND SPEED
( 1 0  )

HOURLY MEANS

DIREIT ACTESS
OUTPUT F ILE

WIND DIRECT]ON
G )

HOURLY MEANS

DIRETT ACCESS
OUTPUT FILE

WI  ND SPEED
( 3 )

HOURLY MEANS

COMBINED.UNLAUNDERED'

HOURLY FILE


