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The Keeling Curve and the carbon cycle

CENTREPIECENEW HORIZONS

When will CO2 
emissions peak?
We are a long way from peak emissions. 
Concentrations rose by 2.9 ppm 
between 2018 and 2019. The rise in CO2 
concentrations is not yet slowing down. 
We need to make more progress replacing 
fossil fuel combustion with renewables. The 
last time the Earth saw CO2 concentrations 
above 400 ppm was during the warm 
climates of the Pliocene Period before the 
Quaternary ice ages.

With every year that sees a further 
increase in carbon emissions, the targets 
set out in the 2015 Paris Agreement become 
more difficult to meet. The United Nations 
Environment Programme has warned that 
global CO2 emissions must fall by 25% in 
the 2020s to keep global temperatures 
within 2°C of pre-industrial levels.

Changing levels of CO2 in the atmosphere
Carbon dioxide (CO2) is a colourless, odourless greenhouse gas. Before the industrial era the 
concentration of carbon dioxide in the Earth’s atmosphere was fairly stable — at least for the 
last 11,000 years or so since the end of the last glacial period. Ice core records show that the 
natural background concentration is around 270–280 ppm for an interglacial period.

Direct measurements of atmospheric CO2 began in 1958 at the Mauna Loa Observatory in 
Hawaii. Daily recordings of CO2 at this observatory are maintained by the Scripps Institution of 
Oceanography at UC San Diego. The record is named for Charles Keeling, who pioneered this 
research and took the first measurements in 1958. He maintained the measurements for some 
five decades until his death in 2005 (Figure 1).

Keeling’s long-term monitoring effort was pivotal in showing that the use of fossil fuels 
across the world was changing the composition of the global atmosphere and strengthening 
greenhouse warming. Carbon dioxide is still increasing because of the burning of fossil 
fuels (coal, oil, gas) by human activity. Concentrations were 315 ppm in 1958. They passed 
350 ppm in 1987 and 400 ppm in 2014. The rate of increase has grown every decade since 
monitoring began.

The Mauna Loa Observatory sits at an elevation of 3,400 metres above sea level on the 
north side of Mauna Loa volcano. Located in the central Pacific Ocean, over 4,000 km from 
the Californian coast, this is an ideal location to monitor the composition of the Earth’s 
atmosphere. The atmosphere is well mixed at this elevation and is a long way from major 
sources of atmospheric pollution. The measurements in Hawaii therefore represent average 
concentrations for the global atmosphere.
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Figure 1 Concentrations of CO2 in the global atmosphere 1958–2020, as measured at the 
Mauna Loa Observatory on Hawaii

Seasonal shifts
The concentration of CO2 in the Earth’s atmosphere shows a clear seasonal pattern (Figure 2). 
Charles Keeling was the first to recognise this distinct seasonal cycle. The seasonal cycle is 
largely driven by fluxes of carbon between the atmosphere and vegetation on land in the 
northern hemisphere.

Most land is in the northern hemisphere and this is where the major expanses of vegetation 
are found that see pronounced seasonal variation in biomass. When trees and plants shed 
leaves or die back during northern hemisphere autumn and winter, this biomass decays 
releasing CO2 into the atmosphere. Photosynthesis is much less active during the winter 
months. We see this in the Keeling Curve as the concentration of CO2 increases from about 
October to the following spring. When vegetation begins to grow again in the northern 
hemisphere spring, plants absorb CO2 from the atmosphere via photosynthesis. So carbon is 
transferred from the atmosphere to the terrestrial biosphere. This process results in a fall in 
atmospheric CO2 from late spring to the end of summer (May to October).

This marked seasonal pattern is superimposed on the overall increasing trend of rising CO2 
concentrations resulting from human activities. Note how each peak and trough is higher than 
those of the previous year. The Keeling Curve shows a steady upward trend alongside this 
seasonal variability. Note that other processes, such as forest fires and thawing permafrost, can 
also add CO2 to the atmosphere.

Source: Scripps Institution of Oceanography

Figure 2 Seasonal variations in the atmospheric concentration of CO2
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Carbon dioxide measurements have been taken at one observatory every day since 1958. 
What do these data tell us about carbon emissions over time and across the seasons?


