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Need for a new air-density formula

• “Pre- GUM” uncertainty 
statement

• T from IPTS-68, R from 
CODATA 1973

• US Standard Atmosphere of 
1976 (except for newer 
value of argon content and 
fixed xO2+xCO2)

• No change to uncertainty 
statement

• T from ITS-90, R from 
CODATA 1986

• By 2002, evidence of small, 
systematic difference with 
air density measured by 
Archimedes’ Principle 
(Argon content ?)

“CIPM-1981”

“CIPM-1981/91”
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“CIPM-2007” equation
REVISED FORMULA FOR THE DENSITY OF MOIST AIR 

(CIPM-2007)
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CCM hypothesis: xAr value used in CIPM-81 explains systematic difference. 
Confirmation: new xAr values published by two CCQM GAWG members, 
KRISS (2004); LNE (2007). (CIPM-2005 advised two independent results.)

Principal advantages of “CIPM-2007”

• Detailed uncertainty statements, which follow GUM recommendations.

• All data from latest references (R, virial coefficients, molar masses, xO2+xCO2 ).

• Comparison with experimental measurement of air density via Archimedes’
Principle (publications from several NMIs and the BIPM). 

• Difference between the equation and experiment has been removed.
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But there are consequences…
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The significant
difference is in :

CIPM-81/91

3.483 488 5

CIPM-2007

3.483 740 2

(relative increase is
always +72 × 10−6 )

2COFor =400 µmol/molx ,

.
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Therefore,

• The buoyancy correction for 1 kg of stainless 
steel with respect to a national prototype will 
increase by about 

(125 – 46.4)cm3 × 0.001 2 g cm-3 × 72⋅10-6

= 6.8 µg (approx.) 

• We must deal with this change.
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Suggestions

• State in future calibration reports that the
CIPM-2007 formula for the air density has been 
used, giving appropriate references.

• If appropriate, state in future calibration reports 
that the CIPM-2007 formula results in a small 
upward shift (less than 10 µg/kg) in the mass of 
stainless steel standards derived from the 
international prototype through the national 
prototypes.

• Update databases and Quality Procedures.
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