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Further studies of the comparability of baseline 
atmospheric carbon dioxide measurements 

By G. I. PEARMAN, CSIRO, P.O. Box 77. Mordialloc, Vic. 3195, Australia 

(Manuscript received November 19,1975; inJinal form April 23,1976) 

ABSTRACT 
The paper describes an international intercomparison of the major baseline atmospheric carbon 
dioxide monitoring stations. Six compressed gas tanks, three containing CO,/N, mixtures and 
three CO,/air mixtures, were used to check the precision of the intercalibration system and 
determine the magnitude of the carrier gas error at each station. 

For each of the CO,/N, mixtures, the mean concentration for all stations differed by less than 
0.3 ppmv from that measured at any one station. In most cases the agreement was better than 
0.1 ppmv. 

Stations using NDIR analysers with parallel detector cells indicated CO, concentrations in the 
CO,/air mixtures 3 to 4 ppmv below the average for all stations, while those using series type 
detector instruments indicated 14 to 4 ppmv above average. Significant differences between sta- 
tions using the same detector configurations are suggested to be due to differences in analyser 
model, length of sample cell and ambient pressure. However, where carrier gas effects for 
analysers had been measured, they did not fully explain the differences in indicated concentra- 
tion observed during this study. 

Problems of non-linearity in the calibration scale and in the analysers are also shown as possi- 
ble causes of error up to 0.3 ppmv. Consequently, reported mean atmospheric CO, con- 
centration differences between stations of up to 1 or 2 ppmv cannot be interpreted as evidence 
for large-scale horizontal gradients in the atmosphere. 

Methods for improving the comparability of data are discussed with reference to recom- 
mendations given by the WMO meeting of “experts on CO, monitoring” held at La Jolla in 
March 1975. 

Introduction 

High quality measurements of  atmospheric car- 
bon dioxide (CO,) have been made at several 
monitoring locations around the world during the 
past 17 years. With the anticipated expansion of 
the WMO baseline station network, it is likely that 
the number of stations measuring CO, will in- 
crease. 

It is probably true that the monitoring o f  secular 
trends in CO, concentration could be accomplished 
using observations from only one or two suitably 
located stations. The justification for the expansion 
in the observation network is the need for more 
detailed information on the space and time distri- 
bution of  CO, in the atmosphere, leading to a bet- 
ter understanding of  large-scale CO, transfer in the 
atmosphere and between the atmosphere and 
ocean. Interpretation of  the data in this way re- 
quires high precision inter-station calibration tech- 
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niques t o  ensure a high degree of comparability 
between stations. This particular problem is the 
main subject of  this paper. 

At each of the existing stations measurements 
are made using non-dispersive infrared (NDIR) gas 
analysers. The precision of these measurements 
relative to standard reference gases is generally 
about f0.2 ppmv @arts per million by volume). 
The standard reference gases used at  all stations, 
with one exception, are CO,/N, (nitrogen) mix- 
tures calibrated by the Scripps Institution of  
Oceanography. The exception is the station 
operated by The University of  Stockholm, which 
uses CO,/air mixtures as standards, which are also 
calibrated by the Scripps Institution. 

However, it has become increasingly obvious in 
the last 1-2 years that inter-station systems com- 
parability is lacking in precision, a conclusion 
reached by a WMO meeting of  “experts on CO, 
monitoring” held at La Jolla, California, in March 
1975. 
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Preceding this meeting the author performed a 
series of gas tank comparisons at several moni- 
toring laboratories during October-November 
1974. Non-linearity errors arising in the cali- 
bration systems and NDIR analysers were also 
investigiated. The paper discusses the main results, 
particularly in the context of the recommendations 
of the WMO meeting. 

An international baseline CO, 
systems intercomparison 

Recently the operators of baseline atmospheric 
CO, monitoring programmes have become aware 
of the so-called carrier gas error that influences the 
accuracy of their measurements (see Bischof, 
1975; Pearman & Garratt, 1975). NDIR CO, ana- 
lysers indicate erroneous results when the carrier 
gas composition in the calibrating gases differs 
from that in the air to be measured. Measurements 
recorded in the above publications, together with 
further unpublished work in several laboratories, 
indicate that both the sign and magnitude of the 
camer gas error depend on the make and model of 
analyser used and the ambient pressure at which 
measurements are made. 

Insufficient data are available on the per- 
formance of the various types of analysers in use. 
The author therefore undertook to visit each sta- 
tion during October and November 1974. The pur- 
pose was to obtain comparative measurements on 
gas mixtures containing CO, + air and CO, + N,, 
and thus ascertain the precision of the existing 
system of calibration and the magnitude of the 
carrier gas effect at each station. (The stations 
visited, together with some relevant information, 
are listed in Table 1). 

1. General procedure 

Six tanks of compressed gas (each containing 1 
m3 of gas at s.t.p., but pressurized to approxi- 
mately 140 atm) were obtained from the Com- 
monwealth Industrial Gases (CIG) Company in 
Melbourne. Three of the tanks (coded MM, GG, 
HH) contained CO,/N, mixtures with CO, con- 
centrations covering a small range about the am- 
bient atmospheric value, while the remainder 
(DAIO, DA8, DA3) contained air with a similar 
range of CO, concentrations. 

A single CIG pressure-reducing gas regulator 
was used to extract gas mixtures from the tanks 
during each analysis. 

At each laboratory a standard calibration of the 
resident NDIR analyser was frst performed which 
involved ten comparisons between each of three 
Scripps tanks' (designated high-H, medium-M and 
low-L). Only two tanks were used to calibrate the 
analysers at the Mauna Loa Observatory. For all 
the analyses CO, concentrations were expressed in 
the Scripps Index Scale (see below). 

After the initial calibration, ten comparisons 
(called Run 1) were made between each of the CIG 
tanks and one of the Scripp's tanks and then 
followed by a second standard calibration. Finally 
comparison Run 2 was performed and then 
followed by a third standard calibration. 

Following inspection of the calibration data a 
decision was made as to whether the recorder scale 
factor (sensitivity) could be considered constant or 
variable with time. In the latter case linear inter- 
polation was used to decide on the best scale factor 
to use. Some instruments were stable with little or 
no apparent change in sensitivity, while others were 
extremely variable (see Table 2). 

Using the recorder scale factors determined in 
this way the concentration of each CIG tank was 
estimated together with standard deviations for the 
ten comparisons. These data make up the bulk of 
Table 2. 

2. Stability of the comparison tanks 

The CIG tanks were prepared during the five 
months prior to the experiment. It was planned that 
throughout this period and following the intercom- 
parisons, calibration would be performed on many 
occasions against Scripps tanks (Secondary Stan- 
dards) and our own CO,/N, tertiary standards. 
Difficulties with leaking valves and concentration 
instability meant that calibration was performed on 
only four to nine separate occasions (see Table 3), 
depending on which tank is considered. 

These calibrations show: 

'Scripps tanks refer to Secondary Standards pro- 
vided by the Scripps Institution of Oceanography, being 
CO,/N, mixtures in 0.05 m3 steel tanks at initial pres- 
sures of about 150 atm. These tanks are calibrated by 
NDIR comparison with similar tanks, Primary Stand- 
ards, the CO, concentration in the latter having been 
determined manometrically. 
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Table 1. Mapr baseline atmospheric carbon dioxide monitoring stations 
Each laboratory involved in operating these was visited by the author during the CO, systems intercomparison, 
October-November, 1974 

Monitoring 
station Agency Altitude 

Type of Type of 
measurement analyser 

South Pole (a) Scripps’ 2.8 km (analysis Flask (1957+) A.P.C.8 
at sea level) Continuous ( 1 9 6 6  A.P.C. 

63) 
(Antarctica) (b) NOAA2 2.8 km Continuous (1957+) URAS 2T9 

Australia CSIRO’ 3.5-12 km (analysis Flask (1972+) UNOR2’O 
at sea level) URAS 2 

Barrow (Alaska) (a) Univ.’ Alaska 26 m Continuous (1962) LIRA 20011 
(b)NOAA 26 m Continuous (1973) UNOR 2 

Baring Head DSIR’ Sea level Continuous (1972+) URAS l9 
(New Zealand) 

Mauna h a  (a) Scripps 3.4 km Continuous (1957+) A.P.C. 
(Hawaii) (b)NOAA 3.4 km Continuous (1974+) URAS 2 

North Atlantic Univ. Stockholm6 -10-12 km Flask (1961+) UNOR 2 

Ocean weather (a) Envir.’ Canada Sea level Flask (1974+) URAS 2T9, URAS 2 

Samoa NOAA Sea level Flask (1973+) UNOR 2 or 

UNOR 5B’O 

ship “P” (b) Scripps Sea level Flask (1972+) A.P.C. 

Continuous (1975+) URAS 2 

I Scripps Institution of Oceanography, La Jolla, California, Dr C. D. Keeling. 
National Oceanic and Atmospheric Administration, Environmental Research Laboratory, Boulder, Coiorado, 

Commonwealth Scientific and Industrial Research Organization, Division of Atmospheric Physics, Aspendale, 
Mr W. D. Komhyr. 

Australia, Dr G. I. Pearman. 
‘ University of Alaska, Department of Meteorology, Fairbanks, Alaska. Not participating now. Dr J. Kelley. 

Department of Scientific and Industrial Research, Nuclear Sciences Institute, Wellington, New Zealand, Dr 

University of Stockholm, InstitGte of Meteorology, Stockholm, Mr W. Bischof. 

Applied Physics Company, California. No longer in production. 
Hartman and Braun, A.G. FrankfudMain. 
H. Maihak, A.G. 2000 Hamburg 39. 

C. D. Keeling and Mr D. C. Lowe. 

’ Ocean Chemistry, Environment Canada, Victoria, British Columbia, Dr C. S. Wong. 

I’  Mine Safety Appliances, U.S.A. 

(1) During the precomparison period the tioned above. DA8 showed an increase of 2 ppmv 
measurements on each tank had a standard devia- and although the data collected using this tank are 
tion of (0.21 ppmv. This amount of variance is included for comparison, they will not be con- 
similar to that commonly experienced from day to sidered further in the discussion. 
day with NDIR analysers. (4) The small instabilities in the CO, concentra- 

(2) All tanks except DA8 showed a similar tion in the tanks probably relate to their relatively 
degree of stability during the post-comparison s m d  size and the fact that they were commercial 
period. tanks with no special precautions being taken prior 

(3) All tanks showed an increase in concentra- to filling. No attempt was made to ascertain the 
tion between the pre- and post-comparison calibra- came of the drifts‘in concentration. All tanks con- 
tions which, excepting for DA8, was only mar- tained more than 35 atm pressure at the com- 
ginally greater than the -0.2 ppmv precision men- pletion of the experiment. 

Tellus 29 (1977). 2 
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Table 3. Measurements made at Aspendale on the six gas tanks used in the international CO, systems 
intercomparison, before and after the experiment 

~ 

Dates 
1 2 3 4 
6 June4  Oct. 14 January 3-4 February 20 February 

Secondaries and 
Comparison tanks tertiaries Tertiaries Tertiaries Secondaries 

Mean and S.D. 
MM Days of calibration 

No. of comparisons 

Mean and S.D. 
GG Days of calibration 

No. of comparisons 

Mean and S.D. 
HH Days of calibration 

No. of comparisons 
c 

323.45(.13) 
4 
25 

329.08(.14) 
9 
38 

333.93(.12) 
8 
43 

323.79(.03) 
1 
10 

329.45(.03) 
1 
10 

334.1q.03) 
1 
10 

323.7q.04) 
1 
8 

329.23(.06) 
1 
6 

334.14(.06) 
1 
7 

323.65(.03) 
1 
10 

329.22(.03) 
1 
10 

334.32(.06) 
1 
10 

Mean and S.D. 
DAlO Days of calibration 

No. of comparisons 

Mean and S.D. 
DA8 Days of calibration 

No. of comparisons 

Mean and S.D. 
DA3 Days of calibration 

No. of comparisons 

322.85(. 10) 
4 
29 

332.02(.2 1) 
5 
30 

333.54(.08) 
4 
23 

323.23(.02) 
1 
10 

333.93(.02) 
1 
10 

333.85(.03) 
1 
10 

323.35(.06) 
1 
8 

334.3q.061 
1 
8 

333.87(.06) 
1 
7 

323.3q.02) 
1 
10 

334.9 1(.04) 
1 
10 

334.1 1(.01) 
1 
10 

3. Results of the comparison 

The following conclusions can be drawn from 
the data: 

(a) The standard deviation about the mean of ten 
consecutive measurements was, for most of the 
NDIR analyers investigated,<O.I ppmv (see Table 
2). Notable exceptions were the APC instruments 
at Mauna Loa and the URAS 2 a t  Victoria. For the 
former, a relatively low sensitivity and drift in 
analyser output were responsible while in the latter 
a rapidly changing analyser output and sensitivity 
occurred which culminated in a complete break- 
down of the instrument following the comparison 
(C. S. Wong, personal communication). 

(b) The difference between mean concentrations 
determined on a given analyser during two separate 
sets of ten comparisons is generallyc0.2 ppmv. 

(c) Large differences between measurements 
made at  Victoria and the mean for all stations are 
known to be due to malfunction of  .the Victoria 
instrument. 

(d) With the exception of Stockholm (see later), 
all stations were shown to be able to measure con- 
centrations for each of  the CO,/N, tanks which 
were within 0.3 ppmv of  the mean for all stations. 
In most cases the agreement was better than 0.1 
ppmv. Such agreement is excellent considering the 
reproducibility of NDIR analysers and the errors 
which can arise due to  non-linearities (see later 
discussion). 

(e) The excellent agreement between stations for 
measurements on CO,/N, tanks was not found for 
the CO,/air tank data. On the basis of the measure- 
ments made using the CO,/air tanks (DA8 ex- 
cluded), the various stations can be divided into 
two distinct groups. Those using UNOR analysers 
(which have series type detectors) indicate CO, 
concentrations higher than the average for all sta- 
tions, whilst those using APC, LIRA and URAS 
analysers (having parallel type detectors) indicate 
CO, concentrations that are lower than average. 
This is consistent with the results of  laboratory 
experiments on the carrier gas effect (Bischof, 
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Table 4. Shows the mean and standard deviation of all station estimates for each tank 
Data for Victoria and Stockholm exchded because of  instrument malfunction and the use of air reference gases 
at these stations respectively. The deviation of the station means from the overall mean are shown in the body of the 
table 

CO,/N, tanks COJair tanks 

Mean and MM GG HH DAlO DA8 DA3 
standarddevi- - - - Meandifference - - - 
ation for all 323.67 329.30 334.24 for three 3 19.83 329.74 330.47 
station means (0.12) (0.12’1 (0.26) CO,/N, tanks (3.46) (3.99) (3.42) 

Deviation of 
individual station 
means from mean 

Melbourne(1) -0.22 
Baring Head -0. I6 
MU)-Scripps - 0 . 1 1  
M W N O A A  -0.02 
La Jolla +0.12 
Boulder ( 1) -0.03 
Boulder (2) +0.06 
Barrow +0.12 
Victoria +0.16 
Stockholm -6.60 
Melbourne (2) +0.08 
Melbourne (3) +0.09 
Melbourne (4) -0.02 

-0.22 
+o.o 1 
-0.12 
+0.02 
+0.20 
+0.03 
+o.o 1 
+0.09 
+0.4 1 
-6.96 
+0.15 

-0.08 
-0.07 

-0.3 1 
-0.02 
-0.22 
-0.1 1 
+0.22 
- 0 . 1 1  
+0.66* 
-0.01 
-0.65 
-6.79 
-0.10 
-0.10 
+0.08 

-0.25 
-0.06 
-0.15 
-0.04 
+o. 18 
-0.02 
+0.24( 
+0.07 
-0.03 
-6.78 
+0.04 
-0.03 
-0.01 

+ 3.02 
-3.87 
-3.74 
-3.82 
-3.22 
+1.66 

+2.74 
:+OM)* -3.19 

-6.45 
-3.18 
+3.40 
+3.52 
+3.51 

+2.28 
-4.40 
-4.52 
-4.28 
-4.55 
+ 1.36 
-3.20 
+2.42 
-3.00 
-3.53 
+4.19 
+4.56 
+5.17 

+3.07 
-3.88 
-3.59 
-3.75 
-3.33 
+1.62 
-3.04 
+2.53 
-2.84 
-3.5 1 
+3.38 
+ 3.40 
t3.64 

Large difference without obvious explanation. Difference in parentheses excludes this value. 

1975; Pearman & Garratt, 1975). Closer scrutiny, 
however, does reveal a number of potentially 
important discrepancies between the present 
measurements and the previously determined 
carrier gas effects. 

(f) A comparison of the measurements made on 
the C02/N2 tanks at different stations shows that a 
large discrepancy exists between the mean values 
determined at Stockholm and the mean for all other 
stations (see Table 4). The Stockholm station uses 
C02/air reference gases calibrated by the Scripps 
Institution so that carrier gas errors occur during 
the initial calibration of the Stockholm tanks and 
again during the measurement of the CO,/N, CIG 
tanks. At the WMO meeting of experts, Keeling 
(personal communication) indicated that the carrier 
gas error for the APC analyser used for calibra- 
tion at Scripps is -3.9 ppmv. That is, when the 
instrument is calibrated with CO,/N, mixtures and 
used to measure CO,/air it reads low by this 

Mean difference 
for DAlO and 
DA3 CO,/air 
tanks 

+3.05 
-3.88 
-3.67 
-3.79 
-3.28 
+1.64 
-3.12 
+2.64 
-4.65 
-3.35 
+3.39 
+3.46 
+3.58 

amount. Bischof (1975) indicates a carrier gas 
error for his UNOR 5B of +3.8 ppmv. Thus one 
would expect the discrepancy between measure- 
ments made at Stockholm and La Jolla on COz/N, 
mixtures to be about 7.7 ppmv. The average of the 
observed discrepancy for the three CO,/N, tanks 
was 7.0 ppmv (from Table 4). Thus the observed 
difference is some 0.7 ppmv smaller than the ex- 
pected difference. 

Similarly, at ambient C 0, concentrations, the 
carrier gas effect for the Melbourne UNOR 2 used 
in the comparison has been measured by methods 
described by Pearman & Garratt (1975), to be 
+4.6 ppmv (+4.3 due to 21% 0,, see Fig. 1 ,  and 
0.3 due to 1% argon, see Fig. 2), giving an expected 
difference between the indicated CO, concentra- 
tion in the CO,/air tanks at Melbourne and at La 
Jolla of 8.5 ppmv. The observed differences (in 
Table 4) for. tanks DAlO and DA3 were 6.7 and 
7.0 ppmv respectively. 
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Indicated CO, concentrotion ( p p m v )  

Fig. 1. Indicated CO, concentrations vs. fraction of 0, in the carrier gas: experimental data for UNOR 2 63 1693 and 
631478. Varying proportions of 0, and N, were produced using Wosthoff gas mixing pumps (see Pearman & Gar- 
ratt, 1975). 

(g) An additional source for discrepancy be- 
tween stations involves the dependence of the 
carrier gas effect on ambient atmospheric pressure 
and hence station altitude (see Pearman & Garratt, 
1975). It should be noted however, that the La 
Jolla, Melbourne and Stockholm measurements 
discussed in (f) above were made at sea level and 
therefore at neariy equal ambient pressures. 

In contrast, a comparison of the two UNOR 2’s 
used by NOAA at Boulder and Barrow (Table 2) 
shows that the Boulder instrument read CO,/air 
mixtures lower than the Barrow instrument by -1 
ppmv, consistent with the altitude pressure differ- 
ence between the stations of - 1.6 km, (see Pear- 
man & Garratt, 1975). On the other hand, no signi- 

ficant difference was observed between the APC 
instruments at Mauna Loa and La Jolla when used 
to measure CO,/air mixtures, despite an altitude 
difference of -3 km. This is surprising as a similar 
altitude difference was shown by Pearman & Gar- 
ratt (1975) to cause a difference in carrier gas ef- 
fect of -0.6 ppmv when measurements were made 
with a URAS 2. Similarly there appears to be no 
significant difference between the indicated CO, 
concentration in the CO,/air tanks when measured 
at Baring Head (URAS 1) and Maumi Loa (URAS 
2 and APC). Bischof (1975) ascribes a carrier gas 
effect of -4.9 ppmv to his URAS 1 while Keeling 
(personal communication) gives a value of -3.9 
ppmv for the La Jolla APC. If we assume that the 
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Fig. 2. Indicated CO, concentration vs. fraction of 
argon in the carrier gas. 

Mauna Loa APC instrument has a similar carrier 
gas effect to the La Jolla instrument then it is dif- 
ficult to explain why the difference between these 
carrier gas effects, i.e. 1.0 ppmv (plus an amount 
due to the decrease in carrier gas effect at the 
altitude of Mauna Loa), was not observed during 
the intercomparison. Indeed (f) and (g) above in- 
dicate that our present knowledge of the carrier gas 
effect cannot adequately explain the differences in 
measurements at these stations to  better than 1 to 2 
PPmv. 

(h) Yet another source for discrepancy relates to 
variations in cell length between analysers of the 
same model. Laboratory data from Aspendale 
(Figs. 1 and 2) show that a short-celled UNOR 2 
has a carrier gas effect of 4.6 ppmv at ambient 
CO, concentration, whilst a long-celled instru- 
ment has a smaller effect of about 2.1 ppmv. 
Bischof (1975) showed effects of  3.8 ppmv and 1.3 
ppmv for short- and long-celled UNOR’s respec- 
tively. Table 2 shows that the Melbourne UNOR 2 
(short cell) indicates CO, concentrations in CO,/air 
mixtures which are higher than those for the 
UNOR 2 (long cell) at Barrow by -1 ppmv, consis- 
tent with the above. 

4. Non-linearities as a source of error 

The Scripps Secondary Standard tanks which 
serve as the basis of the global calibration system 
are ascribed “index” concentrations which relate 
linearly to the recorder scale differences observed 
during the comparisons of tanks using an APC 
instrument. The “index” concentration relates 
back to approximate concentrations ascribed to 
two primary tanks established in 1958. In 1959 Dr 
C. D. Keeling used manometrically determined con- 
centrations to  relate the “index” concentrations to 
actual concentrations. The relationship was found 
to be: 

J=(I-311.51)1.2186 + 311.51 0 )  

where J is the actual CO, concentration according 
to the 1959 manometric calibration and I is the “in- 
dex” value. Because this relationship is linear it has 
been accepted practice to calibrate analysers using 
“index” values, linearly interpolate to  determine 
“index” concentrations of air, and then convert 
these concentrations to actual concentration using 
eq. (1). 

Recently, further manometric measurements by 
Dr  C. D. Keeling and Mr P. R. Guenther (per- 
sonal communication) have indicated that the 
relationship between actual CO, concentration (x)’ 
and the “index” scale is not linear and that the 
1974 scale deviates significantly from the 1959 
manometric scale. Dr Keeling has proposed the use 
of the following relationship to obtain actual con- 
centrations from data quoted in the 1959 
manometric scale: 

X =  76.58 + 5.84910 x lO-lJ+ 3.1151 x 10-4J2 
+ 7.3225 x 10-’J3 

(2) 
Errors can arise whenever linear interpolation is 

used and either the instrument or the calibration 
scale is not linear. The APC NDIR CO, gas ana- 
lyser by definition responds linearly with respect to 
the “index” concentration scale. That is it is non- 
linear with respect to actual concentration. In this 
case it is therefore legitimate to use linear inter- 
polations between the “index” values of two cali- 
bration tanks to ascribe an “index” value to an un- 

At the WMO sponsored Expert Meeting on Carbon 
Dioxide Monitoring held at La Jolla, March 1975, it was 
recommended that this new scale be referred to as the 
WMO 1974 CO, Calibration Scale. 
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know. The latter can be then converted to actual 
concentration using eqs. (1) and (2). 

An alternative instrument, for example the short- 
celled UNOR 2 used in Melbourne, is very near to 
linear with respect to actual concentration. In this 
case it is legitimate to make linear interpolation us- 
ing the WMO 1974 scale, but not the “index” scale. 

Consider the reference gases actually used in the 
intercomparison at La Jolla and Melbourne (see 
Table 5). In each case the measured index value is 
given after interpolation using the “index” scale 
and the WMO 1974 scale. The table demonstrates 
that under the conditions of the example, errors of 
up to 0.3 ppmv can result depending on what 
linearity assumptions are made. 

Throughout this paper I have assumed, as is nor- 
mal practice at baseline stations, that all analysers 
are linear with respect to the “index” scale. We 
know that our short-celled analyser is linear with 
respect to actual concentration while the longer- 
celled UNOR is non-linear. At present we do not 
know the linearity characteristics of all the ana- 
lysers used, but it should be clear from the above 
example that differences between station measure- 
ments of a few tenths of a ppmv might result in this 
way. 

5. Conclusions 

The ability of this intercomparison to define the 
inter-station precision of the CO, monitoring net- 
work was limited by the reproducibility of the 

NDIR analysers and the drifts of concentration of 
the gases which were circulated. Excluding tank 
DA8, the tanks appeared to increase in concentra- 
tion by slightly more than 0.2 ppmv which is the 
day-to-day variation expected for NDIR 
analysers. 

Thus differences of greater than about 0.5 ppmv 
were considered to be indicative of real errors. 
Such differences were not obtained during the 
C02/N2 cylinder comparison, thus confuming the 
high degree of precision of the Scripps Secondary 
Standard tanks. 

In the case of the Codair measurements how- 
ever, aside from the major difference of about 5 to 
8 ppmv between parallel and series detector instru- 
ments, there were differences between instruments 
of the same detector configuration which exceeded 
0.5 ppmv. 

We have evidence that some of these differ- 
ences are due to sample cell size, ambient pressure 
and instrument model. However, in those cases 
where laboratories had determined the carrier gas 
effect for their own instruments, the measured 
errors did not equal those observed during the 
intercomparison. As this discrepancy is about 1 to 
2 ppmv, this would appear to be the relative pre- 
cision of the global network at present. Since 
published differences in mean annual concentra- 
tion between network stations are also of this or- 
der, we cannot at this stage use these differences as 
evidence for global scale concentration gradients of 
co,. 

Table 5 .  Shows the discrepancies in concentrations ascribed to C0, /N2 tanks when linear interpolation is 
made using the non-linear “index” concentration scale or the linear WMO 1974 concentration scale 

Reference 
tank 
code 

Ascribed 
index 
concentration 
(PPmv) 

343.01 
311.97 
- 
- 

Interpolation using Interpolation using 
Equivalent index scale WMO 1974 scale 
WMO 1974 
concentration Index WMO 1974 Index WMO 1974 
(Ppmv) (ppmv) (ppmv) (ppmv) (ppmv) 

- - - - 350.74 
311.71 
- 323.79 326.22 324.07 326.57 
- 334.46 339.69 334.69 339.99 

- - - - 

- - - - 327.28 330.59 
322.39 324.48 
- - 323.65 326.05 323.65 326.05 

HH - - 334.32 339.5 1 334.22 339.39 

- - - - 
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Accepting that these carrier gas effects exist and 
need to be corrected for, the WMO “meeting of ex- 
perts” recommended that the following remedial 
action be taken: 

(i) CO,/N, reference gases should continue to be 
used for calibrations. An investigation of the long- 
term stability of CO,/air mixtures shouM begin 
with the objective of eventually replacing N, with 
air as the carrier gas if it can be demonstrated that 
the latter behaves identically to the former. 

(ii) A continuing programme of CO, analyser 
system checks be implemented around the world 
using the following methods: 
(a) Periodic shipment from the WMO Central CO, 

Laboratory (at the Scripps Institution) to field 
stations of calibrated CO,/air reference gases.  

(b) Weekly, parallel CO, flask and analyser 
sampling at field stations, with subsequent ana- 
lysis of the flask samples at central facilities, 
augmented by periodic exchanges and ana- 
lyses of selected samples of atmospheric CO, 
by the central facilities and the WMO Central 
CO, Laboratory. 

(c) In addition it would be desirable to compare 
field station analysers with a portable CO, ana- 

lyser using reference gases traceable to the 
WMO Primary Reference Gases. 

In addition to these recommendations, each sta- 
tion or group of stations (e.g. national group) 
should make every attempt to ascertain by experi- 
ment the carrier gas error of their own analysers 
and the dependence of this error on pressure. 

The WMO “meeting of experts” considered that 
kach baseline station should acquire a minimum of 
four secondary reference gases from the WMO 
Central CO, Laboratory. In this way each station 
would be able to satisfactorily establish the 
linearity of its analyseds) with respect to the WMO 
1974 CO, Calibration Scale. 
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AAJIbHEfiIIIEE M3YYEHME CPABHMMOCTM SA3OBbIX 
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