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How to calibrate?

* Instrument only sensitive to 2C**01°0 (& 12CH,)
o Strictly, can only calibrate to those components
e Historically methods have measured ‘total’ CO,
o Use of calibration gases with different isotopic ratios will lead to
systematic (albeit small) errors in data
 Demonstrated in two JGR papers, 2006 & 2009:

Effect of carbon isotopic variations on measured CO, abundances in
reference gas mixtures

Jee-Yon Lee,'? Hee-Soo Yoo.' Kurt Marti.? Dong Min Moon.* Jin Bok Lee.?
and Jin Seog Kim*

Theoretical and experimental evaluation of the isotope effect of NDIR
analyzer on atmospheric CO, measurement

Yasunori Tu::uhjima,1 Keiichi Katsumata,? Isamu Morino.' Hitoshi Mukai.'
Toshinobu I\JIau::hida,1 Isao Akama,?’ Taketo Amari,?' and Urumu Tsunogai4

@

CSIRO. WMO Meeting, Jena, September 2009 CsIRO




Calibration proposal

* |sotopologue = distinct molecular species
» Create primary standards for each measureable isotopologue
 Archive primary data as 2C**0*°0O (and *CH,)
» Create a secondary record that accounts for remaining
Isotopologues
» Explicit measurement where feasible (e.g. 13C160160)

» Assumptions about fractional abundance and biogeochemical
cycles

 Why do it this way?
» Clearer where the uncertainties are

* As it becomes possible to measure additional isotopologues, these
can be accommodated naturally in the record
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Lise these data o check the

Picarra isotopes instrument /1—

00, response and confirm [y -
"“C0, response is zero

Check against LoFlo and

other calibrations suites that |4 |
have been characlerisad for

fotal [CO] and on IRMS |\

CSIRO. WMO Meeting, Jena, September 2009

v

Prepare a new calibration
suite from isotopically pure

gas samples {*C) in zero air,

Measure [CH,] and [CO2] on
GC 1o lie o pre-axi
scales.

Measure [CH4] and [CO:] on
both cavity nngdown

Instruments

iyt

Use thesa data to calibrate
Picarra CO2/CH4 response
in ""CH, & "“COx domains

Calibration strategy #1: isotopically pure gases

|

Uze calibrated Picaro CO2/
CH4 to transfer the "C scale
in both CH, and CO: o
working air standards.

@

CSIRO




Isotopically pure standards

* |sotopically pure standard created in-house
« GC measurement determines CO, value

« Assume since isotopically pure material was used, GC
numbers are >C numbers

 Calibrate Picarro to the isotopically pure standard

 Check Picarro measurements of other tanks are lower than the
known concentrations for ‘total CO,’ and ‘total CH,’ by the
expected amount

e can be calculated with IRMS measurement of 313C/ 180 for
calibration gas
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Calibration strategy #2: partitioning the total CO,

* Assume GC isotopologue independent

* GC & IRMS: total CO, partitioned into
three major isotopologues
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LoFlo/Picarro ambient record Iin an urban environment

Aspendale LoFI02 vs Picarro. Match T|me LoFI02(roof) + 900 J
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» Rigorous test — dirty and highly variable environment
» Missing data are periodic calibrations and tank measurements
» Picarro data lower than LoFlo data
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Picarro calibration

» Based on the suite of CSIRO GASLAB laboratory standards
that are tied to the LoFlo 2b instrument.

 These tanks have been measured at NOAA and are on the
WMOOQO7x scale.

» All seven tanks (span 320 — 460 ppm) were produced from
ambient air and are isotopically identical to within 0.5%o

e MAT252 measurements of 813C and 820 are used to extract
12CQO, fraction

* Picarro calibrated to 12CO, fraction.
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Picarro calibration to **CO, fraction of LoFlo2b

laboratory primary suite

12CO, calibration curve from LoFlo2B suite

with WMQO assignments
to WMOQT7x scale
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Hourly matched data

Mon Sep 07 01:23:31 2009 Iofogpicama. asp_co2 3l 44,ps Mon Sep 07 01:23:31 2009 loflo2picany_asp_co2_all_44ps
Aspendale, LoFlo2 vs Picarro. Match Time: LoFlo2(roof) + 900 s 0 Aspendale LoFlo2 vs Plcarro Match Tme LoFIo2(rool) £900s

. . - . . v - . - . - N - - v N N - . =1. A
E e v e S0 i < AR ' ' ' 5 Mean_all=-1479% $D.50071% #dpls-—iZE;Or 4 ]
| FITEXY: y={ 030+ 0.73+ (096620000 ~ + ]
4801~ BOOT XYFIT:y={ -0042 0.57)+ (0.98550.001)x ,’ -1 -1508 o * + E » ‘ #*‘_
[ No. of paired points=2260 7 i £ N + o4 ¥ ot 3 ]
r / 4 = L * * b ]
460 - - = 20 —
= L i o F b
g ] g ]
§ w0 N g 25 + ]
LO: R ] % [ ]
= L H 1
5 ] g %o Expected difference = -1.5% E
[ L E = r ]
a0 3 % 35 .
i ] - Mean difference =-1.48 £ 0.07% ;
380|- - -0 .
AT U S A DA S TN I WU <l (A S L. :ﬁ‘éy_oe‘ - 1.i.||r|08‘ - 1Ji:lﬂﬂl - M'l  — 13‘;08‘ i 10||:tE;8

380 400 420 440 460 480 e C ’
LoFlo2 GO, (ppm) (roaf)

Aspendale, LoFlo2 vs Picarro. Malch Time: LoFio2(roof) 9005 1o e Shendale, LoFlo2 vs Picarro. Match Time: LoFlo2(roof) £900s
— ; -10[ "
Mean all=-5.ss?ppm SD:O-HGppm #ofpts=2260 + # F + : +:+ + 1
-6 ‘ ﬁg ; " ¥ i N ’ ] + +, :
" b4 5 r ? g 15 + e W W" ¥ {‘}*-_f
e * £ = % + o+ +F <
[ + F i g8 [ * A ]
8 + n ) 3
E b= - 1 - E
= [ - | g N 1
g 0l i z 2sf ¢ _
3 i 1 F ]
! : ¢ o ]
'E‘ -12- . 3 =301~ -
¢ | ] N ]
[ T -] - -
g 1 & -asf ]
S b - o Tp -
g | ] X ]
< = - L 4
o - -40= -
-6 ’ 1 " . a " . " . . - L+ ] :I s sy [ [ [ [ Lo vs sy ;

THay 08 Tin 08 TIUI08 TAUG08 TSep 08 7008 380 400 420 440 480
Date LoFlo2 CO, (ppm) {roof)
clkuigasatiDatiAspendale COPLOFLO . ckrumigasiabi DetalAspendalel COZLOFLOZ: clkunig CARRO

@

CSIRO. WMO Meeting, Jena, September 2009 CsIRO




Conclusions

» Sound metrology suggests we should calibrate isotopologue
specific measurements to an isotopologue specific scale

e Such an approach:

 eliminates systematic errors associated with variable isotopic
composition of calibration standards

 requires linkages to current mole fraction scales

 Two complementary strategies have been described

* One strategy has been implemented in an overlap experiment
with a LoFlo NDIR instrument
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