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• Ph.D. in polymer chemistry from Univ. of Illinois
– He liked the west, outdoors, hiking in the cascades…

• Post-doc at Cal Tech
– First studied uranium in rocks
– Then studied CO2 in river water; he couldn’t understand CO2 

amounts in rivers until he understood it in the air
– His primary motivation was that it was fun to go out on camping 

trips in nature.

Charles Keeling



Detectable local CO2 sources:
• upslope volcano
• vegetation 30 km east
• diesel generator (until July 1967)
• daytime automobile pollution

Mauna Loa Observatory

(Price and Pales 1959)

(Pales and Keeling 1965)

Observatory is located on lava flow on north slope of 
largest active volcano.

Volcanic emanations of CO2 near the summit of 
Mauna Loa and uptake of CO2 on the forested lower 
slopes of the mountain influence the concentration of 
CO2  at Mauna Loa Observatory, but do not seriously 
interfere with the determination of regional changes. 
(Pales and Keeling 1965)



Mauna Loa Observatory



(Price and Pales 1959)

Local meteorology



Hygrothermograph chart

A representative hygrothermograph chart, Mauna Loa Observatory. The tendency for humidity to 
increase during the afternoon probably reflects the influx of air from lower levels.

(Price and Pales 1959)



Applied Physics Corporation* dual 
detector infrared analyzer

• Measures CO2 mixing ratio

• s ≈ 0.3 ppm for individual 
comparison

• s ≈ 0.5 ppm for two reference 
gases 

* APP® Cary Instruments (division of Varian) in 1966

Instrumentation: infrared analyzer

(Price and Pales 1959)



• A mole fraction scale proportional to instrument response, 
informally known as Scripps index. Est. 1957

• Linear relation between index and mole fraction of CO2 was 
determined in the 310–330 ppm range, “where linearity in 
instrument response could be reasonably assumed”.

Adjusted CO2 index



• Measures energy loss of IR beam traversing a gas sample. 

• Radiation emitted by a glowing nichrome filament is mechanically chopped at 
20 c.p.s. and then directed through the gas sample into a detector cell which is 
permanently filled with CO2 diluted with argon. 

• Radiation absorbed by CO2 gas produces a cyclic pulsation in pressure that is 
transmitted to a tantalum diaphragm of a condenser microphone and then 
converted to an alternating voltage, amplified, and recorded. 

• The presence of CO2 in the gas sample stream reduces the radiation reaching 
the detector cell at just those wavelengths at which absorption can occur in the 
detector. 

• Thus the voltage developed by the detector varies inversely with the CO2
concentration in the gas sample. This voltage is plotted by a strip chart 
recorder which thereby furnishes a continuous record of the concentration of 
CO2 in the gas sample stream.

Infrared analyzer



(Pales & Keeling 1965)

Air flow system for atmospheric CO2



Concentration of atmospheric CO2, 1958–1972

(Keeling et al. 1976)



1. Analysis in which CO2 is separated from carrier gas using 
liquid nitrogen freeze-out technology.

2. Synthesis in which CO2 is mixed with carrier gases in 
accurately determined proportions and compared with 
reference gases by IR analysis.
• carrier gases: N, O2, Ar

Manometric calibration methods



Carrier gases

(Keeling et al. 1976)



Hourly average CO2 concentration

CO2 min & RH max at 18:00 

Persistent diurnal variation
• 0:00 ® low-humidity air blows downslope
• Am: upslope wind develops and brings sub-inversion layer air (Keeling et al. 1976)



• Inaccuracy of manometric standard gases

• Imprecision in IR comparisons

• No procedure can prove the absence of undetected 
systematic errors

Uncertainties



• Seasonal oscillation

• Long-term increase

• Meteorological conditions
• Air is above trade wind layer
• Local contamination

Mauna Loa data features



• Reflects integrated uptake & release of CO2 by land plants & soil

• Amplitude: 
– Maximum in Arctic; NH > SH

• due to NH boreal vs. austral predominance
– Decreases with decreasing latitude towards SH mid-latitudes
– Decreases with height above the ground

• due to mixing
– Varies seasonally: 6 ppm annual average
– 0.7 ppm ­ yr–1 (Pales and Keeling 1965)

• Data reflects changes in air above trade winds, essentially the same as 
aloft except in summer 

Seasonal oscillation



• CO2 concentration annual increase ≈ 1 ppm dry air
– Represents ~ half of combustion contribution.

• CO2 rate of increase is not proportional to fossil 
fuel combustion rate in either hemisphere.

CO2 long-term increase



800,000-year CO2 & temperature record

(Noble 2024)



800,000-year CO2 & temperature record

(Noble 2024)



Keeling curve and related datasets
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Carbon dioxide concentration at Mauna Loa Observatory*

Full record ending May 17, 2024

*Mauna Kea data in blue

(IPCC 2021)

(Keeling 2024)
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