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Calibration, comparison and atmospheric records of CO2 stable isotopic composition

Records of the d13C and d18O of atmospheric CO2 are used 

in studies of the global carbon budget. The WMO’s Global Atmospheric 
Watch programme recommends goals (Table 1) for measurement 
compatibility for participating laboratories (Figure 1).

Table 1. From GAW Report 255                               Figure 1. Accessed August 2022 from WDCGG. 
(https://library.wmo.int/doc_num.php?explnum_id=10353)      (https://gaw.kishou.go.jp/search) 
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However, compatibility at the target level has not been 

demonstrated in independent records of d13C (Figure 2a) & d18O (Figure 2b) 
at Kennaook/Cape Grim, Tasmania, or in WMO Round Robin #6 (Figure 3). 

Figure 3: d13C (left) and d18O (right) results from RR#6. The CSIRO minus INSTAAR difference (inverse of 
differences in Figure 2) are circled. (Modified from https://gml.noaa.gov/ccgg/wmorr/index.html).

Figure 2a: d13C records 
from Kennaook/Cape 
Grim from CSIRO (green) 
and INSTAAR (red).

Figure 2b: d18O records 
from Kennaook/Cape 
Grim from CSIRO (green) 
and INSTAAR (red).

Measurement correction and Calibration differences are the 

likely sources of the observed differences. The results presented in Figures 2 
and 3 were obtained using isotope ratio mass spectrometry (IRMS) and well 
documented measurement and correction procedures (see Brand et al, (2010, 
doi:10.1351/PAC-REP-09-01-05) and references therein). However, there are 
differences in the correction and calibration strategies used in many of these 
laboratories.

Correction procedure differences arise because d13C and d18O 

values are parameter dependent, i.e. they depend on the measured d45 and 
d46 and parameters used to correct for isobaric interference from 17O and N2O. 
Key correction equations are given below with the agreed parameters in red, 
the apparent isotopic composition of N2O in green, and parameters that must 
be measured for each sample or IRMS in blue. The final d13C and d18O values 
are dependent upon many parameters and inconsistencies, or errors, in these 
parameters can introduce significant bias into comparisons.

Calibration differences can arise from the need to establish metrological 
traceability. Figure 4 (modified from Hibbert, 2006, doi 10.1007/s00769-006-
0177-x) illustrates this traceability and suggests increasing uncertainty, and 
possibly bias, at each step. 

A Central Calibration Laboratory for CO2 stable isotopes (CCL-isoCO2) can 
reduce several steps in the calibration/traceability chain. MPI-BGC acts as the 
CCL-isoCO2 and provides a calibrated link at the level of secondary standards. 
The uncertainty of measurements, and the possibility of differing results, is 
minimised: the pink shading represents the section of the traceability 
improved by a CCL-isoCO2.

Has compatibility improved using the CCL-isoCO2 link? The results 

shown in Figure 2 are updated in Figure 5 with data from both laboratories 
linked via the CCL-isoCO2 and evaluated using the same agreed (red) 
parameters.

For d18O, the two records now meet the goal in Table 1. For d13C, the 
compatibility goal is still exceeded, with the consistency of the difference 
suggesting the offset could arise from either (a) the (blue) parameters that 
must be measured for each sample or IRMS, or (b) a bias introduced by the 
value assignment at the CCL-isoCO2 level that may be propagated through 
the different laboratory standards and working reference gases.

Figure 4. Results are comparable if traceable to the same unit.

Secondary standard

Primary reference material

CO2 gas (100 % H3PO4 @ 25 °C)

Principal CO2 in air 
reference/standard

Air samples

Working reference

NBS-19
IAEA-603

x11 ± s11 

x12 ± s12 [ = (s1
2 + s112)0.5 ]

x13 ± s13 [ = (s1
2 + s122)0.5 ]

x14 ± s14 [ = (s1
2 + s132)0.5 ]

x15 ± s15 [ = (s1
2 + s142)0.5 ]

X21 ± s11 

X22 ± s22 [ = (s2
2 + s212)0.5 ]

X23 ± s23 [ = (s2
2 + s222)0.5 ]

X24 ± s24 [ = (s2
2 + s232)0.5 ]

X25 ± s25 [ = (s2
2 + s242)0.5 ]

Value plus uncertainty for two laboratories:
Laboratory 1 Laboratory 2
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δ��C =
r13������

r13���
 −  1 δ��O =

r18������

r18���
 −  1

r13REF = r13(VPDB) = 0.011180
r17(VPDB) = 0.0003931

r18REF = r18(VPDB) = 0.00208835

r17������

������
=

r18������

������

λ

r45������ =  δ45(corr) + 1 * ������

r46������ =  δ46(corr) + 1 * ������

l = 0.528

Isobaric correction for 17O

� =
���

���
E is the relative ionisation efficiency of N2O wrt CO2 (~0.7)

(δ45� − δ45�) ≈ ���‰

(δ46� − δ46�) ≈ ���‰

δ45(corr) = ���(��|����) +
��

� + ��
(δ45� − δ45�)

Isobaric correction for N2O

δ46(corr) = ���(��|����) +
��

� + ��
(δ46� − δ46�)

Figure 5b: Updated 
d18O records from 
Kennaook/Cape Grim 
from CSIRO (green) 
and INSTAAR (red).

Figure 5a: Updated 
d13C records from 
Kennaook/Cape Grim 
from CSIRO (green) 
and INSTAAR (red).

Improved calibration, comparison and compatibility will 

require more consistent use of parameters, not just the agreed parameters, 
and establishing a link through the CCL-isoCO2.

Some suggestions for improving comparisons, and therefore compatibility, are:

• Sharing the agreed, apparent and measured parameters used for the 
isobaric corrections, including a scheme for the application of the 
corrections.

• One, or more, links to the CCL-isoCO2 that can be compared with other 
laboratories.

• Updating past comparison results when laboratory procedures are 
changed.

• Assessment of traceability and inclusion of a robust uncertainty 
assessment that can be used to assess laboratory performance against the 
WMO compatibility goals in a consistent manner.

• Validation, or revision, of the compatibility goals for stable isotopes of CO2.

Average difference over 30 years: 0.027 ± 0.030 ‰

1995            2000              2005                2010               2015              2020

D
if

fe
re

n
ce

 (
‰

) 
   

   
   

 d
1

3
C

V
P

D
B
(‰

)

-7.8

-8.0

-8.2

-8.4

-8.6

0.2

0.1

0.0

-0.1

Average difference over 30 years: 0.015 ± 0.114 ‰
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Average difference over 27 years: 0.028 ± 0.032 ‰
c.f. RR#6 difference (2014): ~ 0.04 ‰
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Average difference over 27 years: -0.114 ± 0.171 ‰
c.f. RR#6 difference (2014): ~ -0.08 ‰
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