





Th report describes calibrations carried out in 1982 to maintain
the primary reference gas standards developed at the Scripps Institution
of Oceanography for the Base Line “onitoring Proazram of the World
leteorological Organization. This organization adopted these primary
standards in 1976 to calibrate infrared gas analyzers used in the meas-
urement of atmospheric carbhon dioxide at a worldwide network of sta-

tions.

A more extensive set of calibrations has since been carried out to
establish a new system of carbon dioxide in air (Cﬂo—in—air) standards.
Tn 1984 these will replace the carbon dioxide in nitrogen (COz—in—Nz)
standards in current use. The 1982 calibration is, however, a link in
the maintenance of the Scripps primary standard system, and has resulted
in an interim 1982 calibration scale on which some data have been
reported to the public. Thus it is desirable to describe the 1982 cali-
bration even though most of the adopted equations will be superceded

when the 1983 calibration data are worked up.

The terminology and mathematical development follow closely two
previous reports [Bacastow et al., 1983a, bl to which the reader is

referred for background information.
Mano~~*ric C-'*hrr+ions

As with the 198] calibrations, only a subset of the ten Scripps

CN,-in-N, primary standards were used in 1982. This reduction in number

2
of standards was to allow, during a single day’s calibration, the com~

hining of these gas mixtures with a suhset of the Scripps COZ—in—air

primary standards also under calibration. In 1981 four CO7-in-Nq stan-






T 101 £, ¢ mixtur | measu | in 1980, was leasul |, making a

total of three COz-in-N? gas mixtures determined manometrically in 1982,

The results are listed in Table la. The redetermined mixture was
in cylinder WNo. 39239, The result of two new determinations (332.64
ppm) is in good agreement with the average of two previous determina-
tions in 1980 (332.72 oppm) as shown in Table 1d of Bacastow et al.

[1983a].

The new Scripps Cﬂz—in—air primary standards, still under develop-
ment, are contained in twelve high pressure cylinders, designated "white
stripe" cylinders. Tt was deemed desirable to hold these gas mixtures
for two vears (from 1981 until 1983) to test them for stability. To
avoid depleting them in the meantime, they were not emploved during the
1982 calibration. Instead four second level C02—in—air standards,
called "blue stripe" cylinders, were manometrically calibrated for the
first time in 1982 together with five cylinders supplied by the National
Nceanographic and Atmospheric Administration (NOAA). The latter
cylinders were returned to NOAA to serve as standards in their atmos-

pheric €0, base line station program. The manometric data for the blue

2
stripe gas mixtures are listed in Table lb, those for the NOAA cylinders
in Table lc. Also listed there are manometric determinations of six gas
mixtures supplied in small cylinders by the National Bureau of Stan-

dards. These mixtures, whose concentrations were established ¢ravimetr-

ically by NRS, will be discussed separately at the end of this report.

‘fanometric concentrations corrected for nitrous oxide (V70) are
listed in Table 2. The N,0 data for the blue stripe mixtures are from

measurenents made in the laboratory of »Dr. Ray WYeiss wusing a gas






Two calibrating sequences were used alternately in 1982, On the
first, third, and fifth calibrating days, the highest concentration
Cf)z—in—N2 mixture was deleted, and the five remaining COz-in-—N2 mixtures
wel compared with the five NNAA COz—in—air gases. On the second,
fourth, and sixth days, all six COz-in—N2 mixtures were compared against
four blue stripe Scripps CN,-in-air gases. As in all previous special
calibrations, the gases were run in a sequence involving the principal
and high span standards and the secondary gas standard of the Scripps
Cf)z—in—N2 system. These are the same three gas mixtures used as stan-
dards during routine calibrating. The infrared data are listed in Table
3a and 3b as Scripps index, or "I", values. Averages are also listed in

"J" units [for definition see Bacastow et al., 1983a,

adijusted index or
Equation (1)). The data are taken from Scripps Reference Gas Report No.
41. The standard deviations of the infrared measurements, as a function

of concentration are similar to those obtained in 1974 and 1989 [see

Figure 3 of Bacastow et al., 1983al.

Nrift of the Scripps €N,-in-N, System between the 1980 and 1982 Calibra-

tions

Because a different set of Cﬂz-in—VZ standards were used in 1982
than in 1981, it is preferable to express changes in adjusted index, J,
relative to the detailed calibration of 1980 rather than the 1981 cali-
bration. Two of these mixtures, however, were not part of the special
calibration of 1980, although they had heen analyzed repeatedly at other
times. (They were, in 1980 and earlier, designated as Scripps quarterly

cylinders. See Bacastow et al. [1983al for definition of these gas mix-

tures.) In the 1983 calibration we will make use of these quarterly



data to ¢« :1imal adjut :ed index valt ;i for 1980, but for the 1982 cali-
bration, an indirect approach was adopted. Since the 1983 calibration
scale will make obsolete the 1982 scale developed here, it 1is not
worthwhile to revise the 1982 scale in this report. Ue, therefore,
describe this indirect approach and its subsequent use to establish the

1982 scale.

The relation between the adjusted index, J, and the manometric mole
fraction, X, was established in 1980 by a least squares fit of the J and
X data resulting in the cubic equation [see BRacastow et al., 1983a,

Equation (3)1:

¥82 = CUR2 (.780). (1)

The manometric concentration data (X wvalues) for the three mixtures
redetermined in 1982 (see Table la) were averaged into the earlier set
of manometric data (used to determine ClI32), and new average X values
used to derive J values for 1980 for all six mixtures using the calibra-

tion curve versus X as a basis.

Specifically, these derived wvalues, designated T30¥°, are obtained

from the relation:

JROX’ = cv_mz'l (X82) (2)

where XR2 denotes the updated average X values (three of which are

1 is the inverse of the func-

indeed 1identical to X80 values) and CUR2™
tion CUR2. The relevant data are listed in Table 4 including the J

values obtained in 1980 (shown only for comparison to J80X’) and in

1982, The latter are designated '"JR2" and are copied from the second



col of the ry 1li :ings of Table 3a. The corresponding "J80"
data are listed as they will appear in 1983 calibration report. They

differ slightly for those reported by Bacastow et al., [1983al.

The system drift, J82-J80X’, of each gas mixture, is also listed in
Table 4. A quadratic least squares fit, shown in Figure 1, was deter-

mined between the drift data and JBOX’:

J82-180X’ OUADLL(JBOX") &)

= -N,9098 + N,085096(JROX’) = 1.9177X10_3(J80K’)2

This equation is the bhasis for determining the system drift for dates

between the 1980 and 1982 calibrations.

Specifically, to find by interpolation the drift correction between

central dates CNR1 AND CN22 (9 September, 1981 and 18 Novemher, 1992):

J - JROX’ = (JR1 - T180X’) + R(.J82 - J81) (4)

where J denotes the observed value for any date, D, .J8Bl denotes J for

cn8l,
J81 - J81X’ = OUADIO (J8OX’) )
and
R = (D - CD81)/(CDY2 - CN8L) (6)
Since:
J82 - J81 = NUADI1 (780X’) - QUADLO (J8OX") (7)

it follows that:

J - J80X’ = (1-R) NUJANIO (JR’NX’) + (R) NUADLL (JROX") (%)
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The above equation is solved for J80X’ by iteration.

1982 Air C-~tection

The data for Cﬂz-in—air gas mixtures are used here merely to check
on the wvalidity of the 1981 COZ—in—air calibration function in current
use, This functioﬁ, CUB9, [See Bacastow et al.,, 1983b, Equation 1]
corrects J values obtained when COz—in-.\I2 reference gases are compared
with air samples or gas mixtures of C02—in—air in cylinders., This
approach 1is an interim procedure until the 1983 calibration is worked
up. At that time a more rigorous expression based in the intercom-
parison of 10 CnN —in-N2 standards with 12 Cﬂz-in—air standards will be

2
adopted as the principal function.

Rasically the air correction, expressed on the J scale, is obtained
by comparing the observed J value of a COZ—in—air gas mixture with that
calculated from the observed manometric mole fraction using the relation
of J to X for COZ—in—N2 gas mixtures. 0Owing to system drift, the pro-

cedure is made more complicated, but the pnrincipal is unaltered.

The relevant observations and calculated J and ¥ values are listed
in Table 5 for the Cﬂz—in—air gas mixtures measured in 1982. The NZO
corrections to the manometric concentrations, listed in Table 2, were
not available when these calculations were performed. As an interim
procedure, a constant correction of 0.3! ppm was used. The resulting

errors using 0.31 ppm are negligible except in the case of the lowest

concentration gas (0.24 ppm).

First, from the N,N corrected manometric concentration, XB82,

adjusted index wvalues for Cﬂz—in—air are derived on the basis of the
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1981 calibration. These values are called "J81X" where:

JR1X = CURY™L (x82) (9)

Secondly, J values for CO,)--in-N2 are calculated on the basis of the 1980
calibration. These values are called "JR0X’" where (identically with

equation (2)):

180X’ = cur2”l (x82) (10)

The prime indicates that the gas mixture is here treated as though it
contained only nitrogen as the carrier gas even though it actually con-
tained air. Thirdly, the J80X’ values are corrected for system drift so
as to apply to 1981 via the 1980-1981 C02—in—N2 data. These are called

"JRIX’" values where:
J8IX’ = JROY' + TUAD1O (JRO'X) (11)

The air correction is equal to J81X’ - J81X. The correction is alterna-

tively expressed by a factor:
FACTOR = (JRIX'-JR1X)/J81X (12)

The differences, /\J = J8IX’ - JB1X, are shown in Table 5 and the correc-
tion factors, defined by equation (12), are plotted and compared in Fig-
ure 2 with those obtained previously. The smooth curve was obtained as
a locus of points of the quantity, "FACTOR" of equation (12) versus a
horizontal axis scaled in adjusted index. The procedure was to compute
J81X and JBIX’ for selected values of X82 via equations (9), (10), and

(11). Then "FACTNR" was computed and plotted versus J81X’.



‘ison vi«+ NBS Standards

During April of 1982 Nr. Earnest Hughes of the U.S. National Bureau
of Standards visited the Scripps C02 laboratory. Ye brought with him
six aliqotes of C02-in-air mixtures derived, pairwise, from three
batches of standard gases undergong preparation as standard materials by
the bureau, As in the case of three gas mixtures which he had brought
to -Scripps in 1980 [see Bacastow et al. 1983a] each batch had been
analyzed at NRS against primary gravimetric standards synthesized by Dr.
Hughes. Each of the six aliquotes was analyzed once by Peter Guenther
at Scripps in the same manner as the other gas mixtures reported in
Tables la-lc. The results are listed in Table lc. The contents of N20,

analyzed at the N.B.S., are listed in Table 2, together with corrected

€0, mole fractions. The agreement between the Scripps and NBS results,

-

as indicated by the comparisons listed in Table 4, is even closer than
in 1980, O0On averape the mixtures agree to 0.01 ppm. The standard devi-
ation in the mean of the differences is 0.02 ppm. In comparison, the
NBS mixtures analyzed in 1980 were 0.09 + 0.N05 npm higher than the
Scripps results. It may be concluded that the Scripps and NBS methods

for determinating the concentration of €0, in primary tandards agree

2

within the detectability of CN, by anv existing means of instrumental

analysis.

Computer Program

At the end of this report we list a FORTRAN subroutine which exe-
cutes the calculations described above., The main parameters of the pro-
gram and their equivalent symbols, as given in this report, are also

listed.






- 14 -

Bacastow, R. B., C. D. Keeling, P. R. Guenther, and D. J. Moss, "Scripps
Reference Gas Calibrating System for Carbon Dioxide in Nitrogen Stan-
dards: Revision of 1980", A report prepared for the Environmental ‘oni-
toring Program of the World Meteorological Organization, Scripps Insti-

tution of Oceanography, 1983a.

Bacastow, R. B., C. D. Keeling, P. R. Guenther, and D. J. “Moss, "Scripps
Reference Gas Calibrating System for Carbon Dioxide in Air Standards:
Revision of 1981", A report prepared for the Environmental ‘lonitoring
Program of the World Meteorological Organization, Scripps Institution of

Oceanography, 1983b.



Table la. Manometric analyses of COz—in—N

Cylinder

- R ¥~

39239 1 3
2 10
3 12

39256 1 5
2 10
3 15

39272 1 8
2 10
3 11

NovV

NOV

NOV

NOV

NOV

NOV

NOV

NOV

NV

Nate

82

82

82

82

82

82

82

82

82
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2

Individual Overall

Determinations Run Average Average
(ppm) G (ppm)

332.46 332.46

332,47

332.62 332.61 332.64

332,60

332.70 332.66

332,62

345,47 345,50 345,57

345,52

345,68 345,66

345,64

345,57 345,56

345,56

360,46 360.46 360.49

360.46

360,50 360.48

360,46

360,57 360.54

360,52

*Run No. 1 deleted (detectable uptake in gas delivery line)

standards during 1982,

No. of

Desan

2%
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Table 1b., Manometric analyses of C02-in—air secondary standards (blue striped

cylinders) during 1982,

Individual Overall
Cylinder Determinations Run Average  Average No, of
No., Run No. Date (ppn) (ppm) (ppm) Runs
Blue stripe Cylinders
34891 1 19 NOV 82 298.14 298.16 298.16 2
298.19
2 20 NOV 82 298.15 298,16
298,16
62807 1 21 Nov 82 338.65 338.64 338.65 2
338,62
2 22 Nov 82 338.65 338.66
338.67
62817 1 22 NOV 82 365,61 365.61 365.63 2
2 23 Nov 82 365.67 365,65
365,63 _
62814 1 23 Nov 82 425,20 425,22 425.23 2
425,24
2 23 NoOv 82 425,23 425,24

425.25
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Table lc, Manometric analyses of COz—in-air secondary standards obtained from

NOAA and NBS,

Individual Overall
Cylinder Determinations Run Average Average No. of
- . Rur ™ nos~ __ ‘ppm) (ppm) - (ppm) Runs
NBS Cylinders
18207 1 19 APR 82 335.68 335.67 335.67 1
335.66
18040 1 20 APR 82 335.52 335.52 335.52 1
18067 1 20 APR 82 342,47 342.44 342.44 1
342,40
16410 1 21 APR 82  351.06 351,06 351.06 1
351.06
18042 1 23 APR 82  342.77 342.72 342,72 1
342,67
16417 1 23 APR 82 351.16 351.17 351.17 1
351.18
NOAA Cylinders
3082 1 12 NOV 82 316.71 316.68 316.62 2
316.64
2 15 NOV 82 316.57 316.56
316.55
3074 1 15 NOV 82 329.41 329,38 329.38 2
329.35
2 16 NOV 82 329,38 329.37
329.36
3071 1 16 NOV 82 352,70 352,68 352.70 2
352.65
2 17 Nov 82 352.74 352.72
352,71
3091 1 17 NOV 82 341,93 341,92 341.92 2
341.92
2 18 NOV 82 341,93 341.92
341,91
3092 1 18 NOV 82 366.99 366.98 366.93 2
366.98
2 19 NOV 82  366.89 366,88

366.88
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Table 2. N20 corrected concentration of COz—in-air standards

manometrically analyzed during 1982

Manometric N,O Corrected
Cylinder Average * Concentration Concentration
No. (ppm) (ppm) (ppm)
Blue Stripe Cylindersl
34891 298.16 .24 297.92
62807 338.65 .29 338.36
62817 365.63 .28 365.35
62814 425,23 .31 424,92
NOAA CylinderSZ)
3082 316. 62 .30 316.32
3074 329,38 .30 329,08
3091 341,92 .30 341,62
3071 352.70 .30 352,40
3092 366.93 .303) 366.63
NBS Cylinders4)
18207 335.67 .06 335.61
18040 335.52 .06 335.46
18067 342,44 .08 342.36
18042 342,72 .08 342,64
16410 351.06 .03 351.03
16417 351.17 .03 351.14

l)[1\120] determined by SIO as in 1981 and before
2)[NZO] determined by NOAA
3)
[N,
4)[NZO] determined by NBS
*
See Tables 1b and 1lc

0] assumed









Table 4.

the central dates, CD80 and CD82,

culation based on manometric data as explained in the text.
J80 are observed values as listed in Table 3.

determinations averaged.

Cylinder J82
No. (ppm)
7366 273.84

39239 331.91
39256 344 .44
39272 358.44
35299 406,56
35316 453,02

ke

*

*

(ppm)
276.66(7)

332,75(4)

415.00(4)

472.80(6)

Data summary of 1982 corrections for CO

New
Manometric
Data

332.64(2)
345.57(3)

360.49(3)

2-in—N

isted index values in the column headed J80Y' are from a cal-

X82
(ppm)

276.66(7)
332.71(6)
345.57(3)
360.49(3)
415.00(4)

472,80(6)

407.19

453.98

2 Reference Gas System drift between

The values in the column headed

Numbers in parentheses indicate number of manometric

J82 -
J80x' J80X'
273.85 -0.01
332.17 -0.26
344,65 -0.21
338.75 -0.31
407.19 -0.63
454,02 -1.00

“Small error detected in final proofing of report (Correct value .0l ppm lower, see Table 3a).






Table 6. Comparison of Manometric Analyses with N,B.,S.

Cylinder
No.

18207
18040
18067
16410
18042

16417

Average Difference (SIO-NBS)

SIO

Manometric

Conc.

(ppm)
335,

335.
342,
342.
351.

351.

61

46

36

64

03

14

335.

342.

342,

351.

351.

NBS
Gravimetric

Conc.

__(ppm)
335.

61

49

31

65

08

11

Gravimetric Data

Difference

(ppm)

0.00
-0.03
+0.05
-0.01
-0.05

+0.03

-0.00 * .02
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DJ7i WAD72(AJB0)
DJ=(CD74-DAYN)/(CD74-CD72)#DJ72
G0 TO 50

TF(DAYN. GT. CD78)6G0 TO 40

--. 3=QUAD" AJBO)
DJ=(DAYN-CD74)/(CD78~CD74)+#DJ78
60 TO 30

CONTINUE

IF(DAYN. GT. CD8B0)GO TO S50
DJ78=QUAD78(AJB0O)
DJ=(CD80-DAYN) /(CDB0O-CD78)#DJ78

BJB0=AJ80+DJ
RL..RN
END

SUBRODUTINE CORRZ(DAYN, BJ80, CJBO)
COMMON/CAL /CD5%, CD&2, CD&6&, CD70., CD72, CD74, CD78, CDBO, CD8B1, CD82

STLN&62(BJ) = -1.736 + 0. 005661#BJ
STLN&&L&(BJ) = 3. 059 ~ 0. 009219#BJ
DJ=0.

IF(DAYN. GT. CD&62)60 TO 10
IF(DAYN.LT. CD59)60 TO 50
DJ62=8STLN&2(BJBO)

D. (DAYN-CDS59?)/(CD62-CD59)#DJb2
60 TO S50

IF(DAYN. GT. CD&64)GO TO 20

DJU&2=STLN62(BJBO)

DJU&66=5TLN&6(BJBO)

DJ=(DJb&# (DAYN-CD&2) +DJ62# (CDLEE~DAYN) ) / (CD6LH—-CDE2)
G0 TO 50

CONTINUE

IF (DAYN. GT. CD70)G0 TO 50
DJ66=STLNG& (BJBO)
DJ=(CD70-DAYN) /7 (CD70-CD&&6) #DJ&6

CJB80O=BJBO+DJ
RETURN
END

SUBROUTINE CORR3(DAYN, Y5%, CJB0, CJ81)

COMMON/CAL/CD5%, CDé&2, CD6&, CD70, CD72, CD74, CD78, CD80, CD81, CDB2

QUADBL1(CJ) = =1.952 + CJ#(0. 0139646 - 0. 25281E-4#CJ)

QUADB2(CJ) = -0. 910 + CJ#(0. 008510 — 0. 19177E~-4#CJ)

FORMAT (1HO.: ‘CORR3 FAILED TO CONVERGE. DAYN AND J59 =,
I16,F10. 2)

IF(DAYN. LT. CD8B0)GO TO &0
IF (DAYN. GT. CD81)G0O TO 20

R=(DAYN~CDB0O)/(CD81~-CD80)
CJBOT=Y59
DO 10 I=1,20



20

DO

30

&0

CJB0=Y. J-R#QUk.u ol (CUBOT)
IF(ABS(CJB0~CJB0T). LLT. . 001)G0O TO &0
CJ80T=CJ80
L TINUE
WRITE(&, 1001 )DAYN, Y59

) TO &0

CONTINUE

R=(DAYN-CD81)/(CD82-CD81)

NOT EXTRAPOLATE CORRECTION

IF(R.GT. 1.0} R=1.0

CJ80T=Y39

DO 30 I=1,20
CJB0=Y59-(1. -R)#QUAD81 (CJBOT)-R#*QUADB2(CJBOT)
IF(ABS(CJBO-CJUBOT). LT. . 001)G0 TO &0
CJ80T=CuUB0

CONTINUE

WRITE(&, 1001 )DAYN, Y59

€J81=CJ80+QUADB1 (CuUBO)

RETURN
END

FUNCTION ACUBB1(C81)

ACUBB1=86. 984+CB1# (0. 523638+CB1+#(5. 0398E-4+35. 5214E-7%C81))

RETURN
END
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Figure 1. System drift in COz—in—N2 gas standards between 1980 and 1982

calibration periods (see last column of Table 4). The equation for the curve

is a quadratic leasts squares fit and is given in the text as FEquation (3).






