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Global methane budget
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Methane (CH4) is a naturally occurring 
gas. It can exist in different parts of the 
environment (for example soils, wetlands). 
While atmospheric concentrations of 
methane are significantly lower than those of 
carbon dioxide (CO2), methane has a larger 
warming effect. It absorbs solar radiation 
around 30 times more than does CO2. Its 
residency time in the atmosphere, though, is 
much shorter than CO2: around a decade.

Methane naturally ‘leaks’ into the 
atmosphere from sources such as wetlands 
(where micro-organisms create it as a 
by-product). However, through their 
combined activities, humans have greatly 
increased the amount of methane that’s 
emitted from water-based and land-based 
sources. Anthropogenic emissions are 
direct (for example from cattle on farms; 
from rice fields) and indirect (for example 
from permafrost when melting is caused 
by ‘greenhouse warming’). These emissions 
exceed the capacity of land and water 
bodies to reabsorb methane.

There are two ways to reduce atmospheric 
methane concentrations: (i) reduce 
emissions and (ii) increase atmospheric 
removal and absorption into land and 
water sinks. The world currently lacks a 
coordinated approach to both measures. 
This is a cause for serious concern and must 
be addressed if we are to keep atmospheric 
temperatures down to levels that humans 
can cope with in the future. A major worry 
is that some large methane emissions are 
now ‘locked in’ — notably from melting 
permafrost across northern Russian 
and Canada.

Accurate measurement of total methane fluxes — that is, flows into and out of the atmosphere 
— is extremely difficult. This is because methane leaks from countless sources over time, and 
not all of these sources are properly monitored. Scientists must thus use estimates from sources 
they have studied closely to ascertain the likely methane emissions from all sources on Earth. 
This introduces uncertainty into any attempt to set a methane budget for human activity. 
The numbers shown in the chart are an average, and there is actually a range of uncertainty 
for each one. For the period 2008–17, scientists believe about 1/20 of total methane fluxes 
remained in the atmosphere as additional gas.

Comparisons with ice core data for 1750 
suggest that by 2017 atmospheric methane 
concentrations were around 2.5 times 
greater. Methane is thus contributing to 
the observed temperate increase of over 
1°C since the pre-industrial era. The United 
Nations Paris Agreement seeks to keep 
total atmospheric warming to below 2°C, 
preferably no more than 1.5. This means 
that all greenhouse gases — not only 
CO2 — need to be managed effectively 
to reduce the risk and potential harm of a 
‘hothouse Earth’.

Scientists around the world have been 
estimating the ‘carbon budget’ for over 
10 years. This is the total ‘allowable’ CO2 
emissions if the atmosphere is not to warm 
more than 1.5 and 2°C. Similarly, scientists 
have been estimating the methane budget. 
However, before a budget can be set it is 
essential to know how much methane is 
currently entering the atmosphere. Dozens 
of scientists who are part of the Global 
Carbon Project — an international research 
collaboration among mostly university-
based scientists — produced the most 
complete estimate of methane emissions in 
2019. It covered the 2008–17 period. They 
continue to update it, recording methane in 
teragrams (a teragram = one trillion grams).

Controlling the amount of methane in the atmosphere is an important way to keep 
the global average temperature to less than 2°C above pre-industrial levels. 
Geoscientists have recently estimated the ‘surplus’ emissions of methane caused 
by human activities since the start of the European industrial revolution

The Economist (2021) ‘Those who 
worry about CO2 should worry about 
methane, too’.
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