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What is methane and where does it come from?1 
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Methane (CH4) is a very simple substance that 
consists of one carbon atom and four hydrogen 
atoms. It is also called ‘natural gas’. Methane is 
created when organic matter decomposes and there 
is very little or no oxygen present. Organic matter 
comes from plant and animal material or from 
micro-organisms, and 90–100% of it consists of 
C (carbon), H (hydrogen) and O (oxygen) atoms. 
The other 0–10% is made of minerals, which are 
important for our nutrition and health. Some 
important minerals are nitrogen, phosphorus, 
calcium and iron. 

In agriculture, organic matter can decompose 
without oxygen. This happens in:
a)	The digestive processes of ruminants 
	 (cattle, sheep and goats);
b)	Manure storage of all farm animals;
c)	Wet rice cultivation. 

Natural sources of CH4 include thawing permafrost in 
the north of Russia and Canada. Due to climate 
change, the thawing of the permafrost is 
accelerating, which is releasing a lot of methane. 
Marshes and wet peat soils are the second largest 
natural source. 

Slightly over half of all emissions, 51%, are made 
up of CH4 created by humans. The extraction of 
fossil fuels and livestock farming are the main 
sources of this (see Figure 1), but our waste 
contributes to the formation of CH4 too.

The total global emissions of CH4 are estimated at 
an annual 750 megatons (Jackson et al., 2020), of 
which 115 megatons are created by livestock 
farming, based on Figure 1. Dutch livestock farming 
emits around 0.6 megatons of methane  annually 
(van Bruggen et al., 2021). This is less than 1% of 
the total worldwide methane emissions from 
livestock farming. 

Figure 1.	
The distribution of the global methane 
emissions across the various sources. Figure 
based on data from Jackson et al. (2020).
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2 
What is the difference between biogenic 

and fossil methane?
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The CH4 in all of the categories in Chapter 1 reaches the 
atmosphere in one of two different ways: a) as fossil CH4 
that has been stored in the Earth’s crust for a long time, 
such as natural gas and from thawing permafrost, and b) 
as biogenic CH4 created by biological processes. Fossil CH4 
is part of the long carbon cycle (see Frame 1 and Figure 
2). The CH4 from agriculture is part of the short carbon 
cycle (See Frame 2 and Figure 2), and it is created when 
organic matter decomposes in anaerobic conditions. This 
occurs in cows’ rumen and in slurry storage. From a 
chemical point of view, there is no difference between 
both types of methane. Irrespective the origin of 
methane, biogenic or fossil, in both occasions it is a 
strong greenhouse gas and thus contributes to global 
warming. This is further explained in chapter 6.

Why is there a difference between biogenic and fossil 
methane? Methane (biogenic and fossil) is degraded 
over a period of about 60 years into CO2 and other 
chemical components (See chapter 5). In the case of 
fossil methane, the C of CO2 originates from deep in the 
earth crust and is now a contribution to the atmosphere. 
In the case of biogenic methane, the C originates from 
plant material and before that, from the atmosphere. 
So, when biogenic methane is degraded to, amongst 
others, CO2, the circle is closed. That CO2 is not 
considered as a contribution to the atmosphere.

The difference between fossil and biogenic methane, and 
related to it, the long and short carbon cycle, only refers 
to the question whether the CO2 after degradation of 
methane should be considered as a contribution to the 
atmosphere. It has no meaning for the impact for 
methane itself.
Chapter 6 describes the radiation forcing of ethane 
compared to CO2 and over a time period of 100 years. 
For biogenic methane, it is a factor of 34, including the 
so called carbon feedback. For fossil methane it is about 
36, because the extra CO2 has to be taken into account.

Frame 1
Long carbon cycle explained
The long carbon cycle is about fossil fuels, like oil, 
natural gas and charcoal. However, organic matter in 
the soil also plays a part in it. Strictly speaking, these 
fuels all come from plant materials, but they are plant 
materials from a long time ago, sometimes millions of 
years back. The methane is released by the soil and 
not from biomass that has just been produced using 
CO2 from the atmosphere of today. In short: the long 
carbon cycle always involves the soil and it focuses on 
carbon from many years ago.

Frame 2
Short carbon cycle explained
The cycle in which CO2 from the air is converted into 
plants and then back into CO2 through food for 
humans and animals is called the ‘short carbon cycle’. 
Animal products are also part of the cycle thanks to 
the feed that animals eat. We drink milk and eat 
meat, then convert it back into CO2. Manure is also 
part of the cycle because the organic matter in 
manure is also converted into CO2. The CO2 people 
and animals exhale does not contribute to global 
warming, so it is not included in greenhouse gas 
emissions. It is only withdrawn from the atmosphere 
briefly. For the same reason, produced biomass – 
such as grass, potatoes and vegetables – is not 
considered as carbon sequestration. There are a lot of 
calculations you can do on it but, in the end, the 
calculation for CO2 always ends up at zero, even with 
the “detour” via methane. But during the time when 
methane is present, it is a strong greenhouse gas. 
The short carbon cycle takes place above ground, 
over a period of days to years but doesn’t mean 
anything for the radiation forcing of methane. 

Figure 2.	
Representation of the long carbon cycle with fossil methane (left) and the 
short carbon cycle with biogenic methane (right). The gases in the clouds 
contribute to the greenhouse effect. Methane contributes to global 
warming in both cases, CO2 coming from methane degradation only in 
the case of the long carbon cycle.

What is the difference between biogenic and fossil methane?

CO2

CO2

Natural gas, 
coalmines, 
permafrost thawing, etc.

Millions of 
years ago

Long carbon cycle
Fossil methane

Biomass

Short carbon cycle
Biogenic methane

CH4 CO2

Turnover 
time days 
to months

Ruminants: cattle, sheep, goats

CO2

CH4



	 10 questions and answers about methane, a short-lived greenhouse gas	 13

3 
What is the total amount of methane 

in the atmosphere?
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Since the beginning of the Industrial Revolution 
(around 1750, also see Figure 3), the concentration 
of CH4 has increased from about 250 ppb (parts per 
billion, so 250 methane molecules per billion air 
particles) to the current level of about 1,900 ppb. 

A more detailed picture of the last 35 years is provided 
in Figure 4. In recent decades, the concentration of 
CH4 in the atmosphere has continued to increase, 
caused by a global increase in methane emissions. 

The extraction of shale gas (a form of natural gas) as 
a source of CH4 has contributed to an increase in the 
concentration of methane in the atmosphere. 
However, livestock farming is making an increasing 
contribution to methane emissions. The reason for this 
is the number of cattle and buffalo in the world is still 
increasing (Figure 5). 

Figure 4.	
Concentration of methane in 
the atmosphere between 1984 
and 2020. The red dots around 
the black line indicate seasonal 
variation. Source:  
Ed Dlugokencky, NOAA/GML 
(gml.noaa.gov/ccgg/trends_ch4/)
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Figure 5.	
Number of cattle and buffalo 
in the world between 1960 and 
2020. Source: FAOstat database

Figure 3.	
Concentrations of the most important greenhouse gases over the last 2,000 years. The increase since 1750 is attributed to human 
activities in the industrial era. Concentrations are expressed as parts per million (ppm, CO2) and parts per billion (ppb, CH4 and N2O). 
ppm and ppb reflect the number of molecules of a certain gas per million respectively billion air molecules. 
Source:  https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf.

https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf


	 10 questions and answers about methane, a short-lived greenhouse gas	 17

4 What is methane’s life span 
in the atmosphere?
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The lifespan of greenhouse gases is referred to as 
‘half-life’, which is the time it takes for half of them 
to degrade. The half-life of CH4 is 8.6 years. This 
means that if you release a kilogram of CH4 into 
the air, it will take 8.6 years for half of it (50%) to 
break down. It then takes another 8.6 years before 
half of the previously remaining half has broken 
down (total 75%). After 25.8 years, 87.5% will have 
broken down, and so on. 

Figure 6 shows what happens if you release one 
kilogram of CH4 and one kilogram of CO2 into the air 
at the same time (at 0). After 60 years, almost the 
entire kilogram of CH4 will have disappeared owing 
to chemical degradation. CO2 disappears in three 
ways: through plants absorbing CO2 and converting 
it into biomass, by sequestration into the soil and 
by oceans absorbing it. The residence time of CO2 
can vary from 300 to 1,000 years (https://climate.
nasa.gov/news/2915/the-atmosphere-getting-a-
handle-on-carbon-dioxide/), so it remains in the 
atmosphere for a long time. You can also see this 
in Figure 6: if the CH4 has completely disappeared 
after 60 years, 87% of the original kilogram of CO2 
will still be in the air.

You can imagine that if you release CO2 and CH4 into 
the air not once but continuously, as you actually 
do, these amounts accumulate because more 
greenhouse gases are supplied than are broken 
down or absorbed, especially if CO2 is involved since 
it has such a long residence time. 

Figure 7 shows what happens if we release one 
kilogram of CO2 and one kilogram of CH4 every year, 
over 100 years. You can see that the amount of 
CO2 increases over the entire period. CH4 remains 
constant after 50–60 years. If you then double 
the emissions of both gases after 100 years (left 
figure), you can see that the concentration of CH4 
will rise again until a new equilibrium is reached 
after a few decades. The concentration of CO2 rises 
faster after year 101 than before. However, if you 
start to halve the emissions from year 101 (right 
figure), then something remarkable happens: the 
total amount of CO2 in the air continues to increase, 
but at a lower rate. The warming then slows down. 
However, the amount of CH4 slowly decreases, 
reaching a new equilibrium at t=150 years. This 
is because degradation depends on the amount in 
the atmosphere, and that amount was a result of 
years of emissions of one kilogram per year. Once 
emissions are halved, degradation is no longer 
fully supplemented by new CH4. After a while, the 
equilibrium amount of CH4 adjusts to the supply of 
half a kilogram of CH4. The lower concentration of 
CH4 reduces the warming of the atmosphere. 

The residence time of CH4 in the atmosphere is long 
enough so it is distributed across the globe via air 
currents, so it does not matter where it is produced. 
This indicates that with constant emissions, the 
amount of CO2 in the atmosphere continues to 
increase because CO2 disappears so slowly and the 
amount of CH4 does not increase over time because 
CH4 breaks down quickly. 
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Figure 6. 
Course of amounts of CH4 
and CO2 over time, if at 
t=0 1 kg of CH4 or CO2 
enter the atmosphere. 
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Figure 7.	
The development of the total amount of CH4 
and CO2 if an amount of 1 kg is released into 
the atmosphere annually in the period from 
t=1 to 100 years. 
Left figure; from year 101, 2 kg of both gases 
are emitted; 
right figure: from year 101, 0.5 kg of both 
gases are emitted. 
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atmosfeer wordt het over de gehele wereld verspreid.

Distribution of CH4 in the atmosphere
Due to a decomposition time of ±60 years, it 
does not matter where in the world methane 
is emitted; air currents in the atmosphere 
spread it all around the world. 
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5 How does methane disappear from 
the atmosphere?
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Methane is broken down in the atmosphere in 
different ways:
1.	 The most important is way is by so-called ‘OH 

radicals’ (84%). OH radicals are the cleaners 
	 of the atmosphere;
2.	 Degradation via chlorine radicals (4%) also 

occurs;
3.	 Some is transported to and oxidised in the 

stratosphere (8%), and
4.	 Oxidation in the soil occurs too (4%).

The breakdown of CH4 to CO2 is not a simple 
oxidation as occurs during combustion. It is a 
complex process in which OH radicals play an 

important role. Tie et al. (1992) describe this 
process in detail and discuss how the methane 
oxidation chain has a large number of intermediates. 
The breakdown of CH4 with OH radicals ultimately 
leads to the formation of CO2 (carbon dioxide), CO 
(carbon monoxide), H2O (water vapor) and O3 
(ozone). Water vapour in the atmosphere also 
contributes to the greenhouse effect. An average of 
1.15 molecules of ozone are formed per broken 
down molecule of CH4 (Tie et al., 1992). The 
concentration of ozone through methane breakdown 
has doubled over the past 100 years. Methane may 
disappear from the atmosphere, but it leaves traces 
in the form of ozone (see Frame 3). 

How does methane disappear from the atmosphere?

Frame 3. 
The harmful effects of ozone
Ozone is an oxygen compound (O3) with a 
characteristic pungent odour that you sometimes 
smell during thunderstorms. Ozone affects the 
lungs and mucous membranes. Van Dingenen et 
al. (2018) estimate that, worldwide, 0.3 to 1.2 
million people per year die prematurely due to 
higher ozone concentrations. Higher ozone 
concentrations also reduce crop production. Mills 
et al. (2018) calculate a yield decline of 4 to 12% 
for the most important crops in the world. The 
total drop in yield in the world is calculated at 227 
megaton product per year. To give an impression 
of how much that actually is, in 2020, 119 
megatons of wheat were produced across the 
entirety of the European Union’s 28 countries.  

Table 1.	
The yield decline due to ozone concentrations in 
the period 2002–2012 compared to ozone 
concentrations during the pre-industrial period. 
Source: Mills et al. (2018). 

Crop 	 calculated yield reduction (%)
Soy	 12.4 
Wheat	 7.1
Rice	 4.4
Corn	 6.1

For soy, the effects are strongest in North and 
South America; wheat is the most affected in India 
and China; rice in China, Bangladesh, India and 
Indonesia, and maize (corn) mainly in China and 
the US. Accordingly, researchers also highlight the 
importance of reducing methane emissions 
because of the effect on the world’s food supply. 
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6 Do carbon dioxide and methane retain 
the same amount of heat?
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The sun transfers light and heat to the earth 
through electromagnetic radiation. We refer to this 
as ‘thermal radiation’. This thermal radiation is 
partly reflected back into space and partly absorbed 
by greenhouse gases. This is quite a good 
arrangement because if all the heat was reflected 
back into space, it would be too cold to live on 
Earth. However, greenhouse gas concentrations are 
too high, and the atmosphere is warming more than 
it used to. We call this the ‘enhanced greenhouse 
effect’. Greenhouse gases all contribute to retaining 
thermal radiation while they are in the atmosphere. 
However, some gases do perform ‘better’ than 
others: carbon dioxide and methane are different.

Per molecule, CH4 is a stronger greenhouse gas than 
CO2 because it absorbs thermal radiation from the 
Earth better. How well molecules absorb thermal 
radiation compared to CO2 is expressed as Global 
Warming Potential (GWP). This can be seen in the 
left-hand graph of Figure 8. When a kilogram of CH4 
is released into the air, the warming effect of CH4 is 
many times greater than that of CO2 especially at 
the beginning. 

Over the first 20 years, it is approximately 86 times 
greater (GWP20 = 86). After several years, 
however, the total retained heat no longer increases, 
simply because there is no more CH4. It has decayed 
and becomes CO2 as part of the short carbon cycle 
in the case of biogenic methane (see Frame 2, 
question 2). The CO2 still retains heat, as shown by 

the slowly rising line in Figure 8, left. After a period 
of 100 years, the CH4 is 28 times as strong as CO2 
(GWP100 = 28). This is shown in the right figure. 

The values for GWP20 and GWP100 come from the 
fifth IPCC report (Assessment Report 5, abbreviated 
to AR5).

The AR5 also mentions a higher value of 34 for the 
GWP100, so over a period of 100 years CH4 is 34 
times stronger than CO2. The difference is due to 
the so-called ‘carbon feedback’, a subsequent effect 
of degradation processes in the atmosphere. Due to 
the rising temperature, the capacity of seawater to 
absorb CO2 decreases. Vegetation is also affected, 
as is the amount of water vapor in the air and the 
clouds. These side effects are all included in ‘carbon 
feedback’, which means that the GWP is another 6 
units higher, so it is actually 34 instead of 28. In 
Figure 8, the effect of the CO2 produced during the 
breakdown of CH4 has deliberately not been included 
because it was biogenic CH4. This is not the case for 
the CO2 created after the breakdown of fossil CH4. 
The GWP values for fossil CH4 are therefore slightly 
higher, at 36, because the additional CO2 in the 
atmosphere must also be taken into account. 

Do carbon dioxide and methane retain the same 
amount of heat?

30

25

20

15

10

5

0
0 20 40 60 80 100 

R
ad

ia
ti
ve

 f
or

ci
ng

(1
0-

13
 W

/m
2 /

kg
)

Biogenic CH4              CO2

Time (years)

140

120

100

80

60

40

20

0
0 20 40 60 80 100 

G
W

P 
bi

og
en

ic
 C

H
4 

(w
it
ho

ut
 f
ee

db
ac

k)

GWP biogenic CH4 

Time (years)

CO2

CH4

CH4
28

Figure 8. 	
Left: the cumulative retained thermal radiation (radiative forcing) of CO2 and CH4 expressed in 10-13 Watt/m2/kg. 
Right: the ratio between the retained heat of 1kg CH4 compared to 1kg CO2.
Source: IPCC 5th Assessment Report, Chapter 8: the physical background. 
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Operation of greenhouse gases, including CH4 and CO2
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much thermal radiation is 
retained (radiative forcing) 
and the earth is warmed.
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7 How is the total greenhouse gas effect 
calculated if the effect of gases is so different?
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To be able to compare and visualise the greenhouse 
effect of every gas together, you have to be able to 
add their effects up. Because the effects of CH4 and 
CO2 are not the same, this is not quite as simple as 
it first seems. 

There are several ways to add warming effects up. 
The most commonly used calculation methods are 
GWP20, GWP100 and GWP*. They all express the 
warming effect of CH4 relative to CO2.

GWP20 and GWP100 represent the ratio of the total 
retained thermal radiation of CH4 to CO2 over a 
period of 20 and 100 years, respectively. These 
values can be read in the right-hand graph of Figure 
8 (question 6). Because the GWP is a conversion 
from CH4 to CO2, it is expressed in ‘CO2 equivalents’. 

The GWP100 therefore indicates how the emission of 
a quantity of CH4 must be settled over a period of 
100 years. A comparable settlement over a period of 
20 years applies to the GWP20. 

Methane has a relatively short greenhouse effect, 
but it is intense. If you spread it over a period of 
100 years, the effect per year will be smaller than 
over a period of 20 years. For example, using 
GWP20, CH4 is equal to 86 CO2 equivalents because 
the stronger effects of CH4 in relation to CO2 are 
spread over a short period of time. When calculated 
over 100 years, however, the GWP of CH4 is only 28 
times as strong as CO2 (28 CO2 equivalents).

The GWP* works differently. It takes the short half 
life of CH4 into account. Two things are done in the 
GWP*: a) the GWP* does not look at current 
emissions, but at the change in CH4 emissions over 
a period of time because the change affects the total 
amount in the atmosphere, as shown in Figure 7 
(question 4); and b) the GWP* takes into account the 
fact that CH4 has the most effect at the beginning 
(Figure 8, question 6). The formula used to calculate 
GWP* also uses GWP100 (Lynch et al., 2020). 

With increasing emissions, the GWP* calculates a 
strong warming effect for the first few years and a 
less strong effect afterwards. This means it is a 
completely different way of looking at the GWP20 
and GWP100, which spread it equally over a period 
of 20 and 100 years respectively! It fits better with 
what can be seen in Figure 7 (question 4) and Figure 
8 (question 6). Figure 7 shows that the total amount 
of methane increases as annual emissions increase. 
Figure 8, on the other hand, shows that the major 
effects of CH4 occur precisely in that period of a 
limited number of years after the moment of 
emission. Conversely, the GWP* calculates a 
negative value with decreasing CH4 emissions. This 
also fits well with the development of methane 
quantity in the graph on the left of Figure 7 
(question 4), where the total methane quantity 
decreases when annual emissions fall. 

28 CO2
equivalents

GWP100

GWP20
86 CO2
equivalents

How is the total greenhouse gas effect calculated if 
the effect of gases is so different?

The warming effect (retention of thermal radiation, radiative forcing) of a gas is expressed in GWP (Global 
Warming Potential). Here, CH4 is converted to CO2 equivalents. In GWP, the warming effects of methane 
have been measured over their lifetime and distributed evenly over 20 and 100 years respectively. 
Methane is a very strong greenhouse gas but, fortunately, it also breaks down quickly. If you spread that 
strong effect over 20 years you have a GWP of 86; if you spread it over 100 years, you have a GWP of 28.  

Do CH4 and CO2 retain the same amount of heat?
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8 What do the differences between 
GWP100 and GWP* look like for agriculture now?
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The left graph in Figure 9 shows the emissions from 
Dutch agriculture for the period 1990–2016 (the 
solid line) and the annual change in emissions (the 
dotted line). Total emissions in the Netherlands 
fluctuate between 450 and 600 kilotons. The 
changes are always in the order of 20–30 kilotons, 
which is only 5% of the annual amount. 

The graph on the right describes what the amounts 
of CO2 equivalents and CO2 heat equivalents are 
when they are calculated using GWP100 and GWP*, 
respectively. The CO2 equivalents (GWP100) are 
about 450–600 kilotons, the CO2 heat equivalents 
(GWP*) are only about the 5% changes. 

You can use the solid line of the left graph to 
calculate the CO2 equivalents with GWP100 in the 
right graph, and the dotted line of the left graph to 
calculate the CO2 heat equivalents with GWP* in the 
right graph. You can then see that the line of the 
CO2 equivalents/GWP100 has a very stable course, 
while the line of the CO2 heat equivalents/GWP* is 
much less regular. 

The GWP* emphasises changes in several kilotons, 
while less attention is paid to the level of about 500 
kilotons of CH4 that is emitted annually. This is lot 
easier to understand with the solid line (GWP100), 
because it continues to describe the annual amount 
of CH4 emitted. However, the GWP100 pays little 
attention to the positive effect of reducing methane 
emissions due to the short life of CH4. On the other 
hand, the GWP* takes into account not only 
decreases, but increases in methane emissions too. 
You can see this in the right-hand graph of Figure 9 
after 2003, when Dutch agriculture started to emit 
slightly more CH4. 

 

What do the differences between GWP100 and GWP* 
look like for agriculture now?
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Figure 9. 	
The amount of methane (in kilotons) per year emitted by Dutch agriculture as a whole (left graph, solid line) and 
the change in the annual amount of methane (left graph, dotted line). The graph on the right shows the conversion 
of the annual amount of methane to CO2 equivalents with GWP100 (solid line) and the conversion of the annual 
change to CO2 heat equivalents with GWP* (dotted line). Data taken from the Dutch emission calculations. 
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9 Is GWP100 or GWP* better for measuring 
how much methane causes?
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There is a lot of debate in research, practice and policy 
about whether GWP* is a better value than GWP100 
because the GWP* describes short-term effect better 
and takes the degradation of CH4 into account. It also 
provides a much more favourable picture of the 
changing livestock population than the GWP100. 

To put the value of GWP* into perspective: Figure 10 
shows almost the same situation as Figure 9, only the 
annual methane emission is 400 kilotons lower, so a 
much lower emission rate. The annual changes 
remain the same in both figures. The right graph in 
Figure 10 shows that the GWP100 is lower than in 
Figure 9, but the GWP* is exactly the same. The 
GWP* therefore says absolutely nothing about 
absolute emission rates despite it being important, 
because high annual emissions still result in large 
amounts of CH4 in the atmosphere. The GWP* says 
something about the change in annual emissions. 

You can draw a parallel with cars: the GWP100 
displays a speed, for example 30 or 80 km per hour. 
The GWP* can indicate an acceleration of 20 km per 
hour. The issue is, with just the information from the 
GWP* (the acceleration), you do not know if you are 
going from 30 to 50 or from 80 to 100 km per hour. 
If you want to know how fast you are going towards 
your destination, speed is particularly important!

The annual emissions for the period 1990–2020, the 
solid lines in Figure 9, clearly show when emissions 
rise or fall. At the same time, the solid lines also 
provide information about the absolute level of the 
emissions. That absolute level is important because, 
ultimately, its amount determines whether the 

methane ‘blanket’ is being maintained or reduced. 
The GWP100 shows emission rates very clearly and 
the change in speed a little less clearly. The GWP* 
pays a lot of attention to changes in emission rates, 
but it does not provide any information about the 
absolute level of methane emissions. The emphasis 
on the change in speed leads to an erratic course with 
limited changes of 3–5%. As Figure 9 illustrates, this 
leads to a more variable impression of the rates, and 
it is difficult to predict what the long-term effects will 
be. Have the emissions increased or decreased over a 
longer period of time?

The GWP* describes the dynamics of CH4 in the 
atmosphere better than the GWP100. However, since 
the GWP* describes a change in emissions from the 
previous year, it cannot be added to CO2 emissions, which 
are expressed in absolute annual emission rates. Then 
it becomes a matter of comparing the incomparable. 

The best way to calculate the effect of CH4 is to use 
actual amounts of methane in the atmosphere. This is 
also done in complex meteorological models, which do 
not work with GWP values. In addition, gaining an 
image of the methane concentration in the 
atmosphere is particularly helpful; figures 3 and 4 
(question 3) speak for themselves. However, these 
meteorological models are much too complex to 
visualise effects per sector in a country. The GWP100 
has been specifically developed to enable calculations 
at the national and sector level. The GWP* shows us 
that reducing short-lived gases is an effective strategy 
to slow global warming: it shows that reducing 
methane emissions can help slow global warming. 
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Figure 10.	
A hypothetical annual methane emission, 400 kilotons lower than the actual amount of Dutch agriculture as a 
whole (left graph, dots: actual amount; solid line: hypothetical amount) with the same change in the annual 
amount of methane (left graph, dotted line). The graph on the right has the conversion of the annual amount 
of methane to GWP100 (dots for CO2 equivalents of the actual and a solid line for the hypothetical amount) and 
the conversion of the annual change to CO2 heat equivalents via GWP* (dotted line). Data taken from the Dutch 
emission calculations. 

Is GWP100 or GWP* better for measuring how much 
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What is the best option for methane? 10 
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In order to reduce global warming, it is essential to 
bring CO2 emissions down to net zero. Since CO2 
remains in the atmosphere for a very long time, any 
effects on temperature will not be visible in the 
short term. Methane is a short-lived gas, so a 
reduction will have less effect on global warming 
than CO2 in the long term but, because it is a strong 
greenhouse gas, it can lower the global warming 
peak so we do not exceed 1.5–2° of warming. 
Reducing emissions of CH4 is therefore a good 
strategy in the short term. Reducing methane 
emissions does not, however, mean that there is 
room to slow down the reduction of CO2. Methane 
contributes to 16% of the total global greenhouse 
effect; CO2 contributes 66%. However, methane 
‘decays’ after about 60 years and disappears, but 
carbon dioxide continues to contribute to global 
warming for centuries. It is therefore necessary to 
reduce the emissions of both greenhouse gases. 

Globally, CH4 emissions are still increasing. Methane 
naturally originates from marshes and peatlands, 
but the increase, as shown in Figure 3 and 4, is due 
to fossil fuel use, rice cultivation, waste processing 
and animal husbandry. 

For the Netherlands, actions to reduce emissions in 
terms of livestock farming, gas extraction and gas 
use are important areas for attention. Emissions 
from waste processing and landfill have already 
been drastically reduced since the 1990s. The 
cultivation of rice plays no role in the Netherlands.
 
Globally, the number of cattle is increasing 
constantly. This increase is mainly taking place in 
Asia, Africa and Latin America, due to population 
growth, increasing prosperity and significant 
urbanisation. These processes took place in Europe 
and the US in the 19th and 20th century. In North 
America and Europe, the number of farm animals is 
either stagnant or has come to a standstill. However, 
these countries can be expected to reduce more than 
the global average due to their disproportionately 
high emissions per capita and their global warming 
legacy (Lynch and Garnett, 2021). 

This shows that the issue of greenhouse gases is 
multidimensional, so several considerations must 
apply when it comes to reducing CH4 emissions to 
stem global warming. These are, of course, of an 
environmental nature, but they also concern 
economic growth and social equality. 

What is the best option for methane? 



	 10 questions and answers about methane, a short-lived greenhouse gas	 49

§ Literature & colophon



	 10 questions and answers about methane, a short-lived greenhouse gas	 51

Bruggen, C. van, A. Bannink, C.M. Groenestein, 
J.F.M. Huijsmans, L.A. Lagerwerf, H.H. Luesink, 
M.B.H. Ros, G.L. Velthof, J. Vonk en T. van 
der Zee (2021). Emissies naar lucht uit de 
landbouw berekend met NEMA voor 1990-
2019. Wageningen, WOT Natuur & Milieu, WOt-
technical report 203. 238 p.; 26 tab.; 8 figs.; 72 
ref.; 32 bijl.

Cady, R.A. (2020): A Literature Review of GWP*: 
A proposed method for estimating global 
warming potential (GWP*) of short-lived 
climate pollutants like methane. 

	 https://online.flippingbook.com/view/220951/

Dlugokencky, Ed (2021) NOAA/GML (gml.noaa.gov/
ccgg/trends_ch4/)

FAOstat database: www.fao.org, benaderd januari 2022

IPCC (2016) IPCC 5th Assessment Report, 
chapter 8: the physical background.

IPCC (2018) https://www.ipcc.ch/site/assets/
uploads/2018/02/ar4-wg1-chapter2-1.pdf.

Jackson R.B., Saunois M., Bousquet P., Canadell J.G., 
Poulter B., Stavert A.R., Bergamaschi P., Niwa 
Y.,  Segers A., Tsuruta A. (2020) Increasing 
anthropogenic methane emissions arise 
equally from agricultural and fossil fuel 
sources. Environmental Research Letters 15, 
202, https://doi.org/10.1088/1748-9326/
ab9ed2.

Lynch, J.; Cain, M.; Pierrehumbert, R.; Allen, M. 
(2020) Demonstrating GWP*: a means of 
reporting warming-equivalent emissions 
that captures the contrasting impacts of 
short- and longlived climate pollutants. 
Environmental Research Letters 15 (2020) 
044023 https://doi.org/10.1088/1748-9326/
ab6d7e

Lynch, J. and Garnett, T. (2021). Policy to Reduce 
Greenhouse Gas Emissions: Is Agricultural 
Methane a Special Case? In: Eurochoices (20) 
2 Agricultural Economics Society and European 
Association of Agricultural Economists 

	 (DOI: 10.1111/1746-692X.12317)

Mills, G., Katrina Sharps, David Simpso, Hakan 
Pleijel, Malin Broberg, Johan Uddling, 
Fernando Jaramillo, William J Davies, Frank 
Dentener, Maurits Van den Berg, Madhoolika 
Agrawal, Shahibhushan B. Agrawal, Elizabeth 
A. Ainsworth, Patrick Büker, Lisa Emberson, 
Zhaozhong Feng, Harry Harmens, Felicity 
Hayes, Kazuhiko Kobayashi, Elena Paoletti, 
Rita Van Dingenen (2018) Ozone pollution 
will compromise efforts to increase global 
wheat production. Global Change Biology 
2018;24:3560–3574. 

	 https://doi.org/10.1111/gcb.14157

Myles R. Allen; Keith P. Shine; Jan S. Fuglestvedt; 
Richard J. Millar;  Michelle Cain; David J. 
Frame; Adrian H. Macey (2018) A solution to 
the misrepresentations of CO2-equivalent 
emissions of short-lived climate pollutants 
under ambitious mitigation. Climate and 
Atmospheric Science (2018) 1:16 ; doi:10.1038/
s41612-018-0026-8

Tie, X.X.; jim-Kao, C.Y.; Mroz, E.J. (1992) Net 
yield of OH, CO and O3 from the oxidation 
of atmospheric methane. Atmospheric 
Environment 1992: 26A, pp 125 – 136.

Van Dingenen, R., Crippa, M., Maenhout, G., 
Guizzardi, D., Dentener, F., 2018. Global trends 
of methane emissions and their impacts 
on ozone concentrations, EUR 29394 EN, 
Publications Office of the European Union, 
Luxembourg, 2018, ISBN 978-92-79-96550-0, 
doi:10.2760/820175, JRC113210

Authors:	
	 Theun Vellinga en Karin Groenestein
	 Wageningen Livestock Research

Commissioned by:
	 Het ministerie van Landbouw, 
	 Natuur en Voedselkwaliteit

Publication: 
	 Wageningen Livestock Research
	 De Elst 1
	 6708 WD Wageningen
	 T  0317 483 953

Graphic design:
	 Rob Gros, Twaalfdozijn

Photography:	
	 Jeroen Bouman (pagina 4, 8, 22, 40)

WUR © September 2022	

Literature Colophon

https://online.flippingbook.com/view/220951/
http://gml.noaa.gov/ccgg/trends_ch4/
http://gml.noaa.gov/ccgg/trends_ch4/
http://www.fao.org
https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf
https://doi.org/10.1088/1748-9326/ab9ed2
https://doi.org/10.1088/1748-9326/ab9ed2
https://doi.org/10.1088/1748-9326/ab6d7e 
https://doi.org/10.1088/1748-9326/ab6d7e 
https://doi.org/10.1111/gcb.14157



