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Abstract

Methane emissions contribute to climate change. Reducing them would bring benefits.
This paper uses the PAGE95 modd to find out how big the benefits would be, and
compare them with the benefits of carbon dioxide reductions.

Immediate cutbacks of methane bring benefits of between $30 and $260 per tonne, with a
mean value of $110 per tonne. This compares to benefits of between $10 and $50 per
tonne of carbon, with amean value of $20, for immediate cutbacks of carbon dioxide. All
vauesarein 1990 dollars.

About two-thirds of the benefits are non-economic; only one-third comesfrom a
reduction in the impacts on economic activity. Only about 5% of the benefits are in the
EU, and 8% in the USA; the vast mgarity of the benfit isfdt in other regions,
particularly in the developing world.

The benefits from an immediate reduction in methane emissions continue throughout the
next century, pesking after 2050, even though methane only stays in the atmosphere for
about adecade. Thisis because the earth takes time to respond to the changesin radiative
forcing that greenhouse gases cause. Carbon dioxide stays in the atmaosphere much longer
than methane. The benefits of an immediate reduction in carbon dioxide emissons
continue throughout the 21% and 22" century.

The benefits from methane reduction are sengtive to the discount rate. Using a pure time
preference rate of 2% per year, instead of 3% per year, dmost doubles the mean benefits
to $190 per tonne; arate of 1% per year doubles the mean benefits again to $380 per
tonne.



I ntroduction

Climate change is likdly to bring harmful impacts in the decades to come (IPCC WG,
2001, p5). Reductionsin greenhouse gas emissions would therefore bring benefits. But
which gases should we reduce? Although carbon dioxide has captured most of the
headlines, methane is also a potent greenhouse gas. It accounts for about 20% of the
increase in radiative forcing since pre-industria times (IPCC WG 1, 2001, p41).

For some years, the standard way of comparing the potency of different greenhouse gases
has been to caculate their Globa Warming Potential (GWP). The GWP of agasis
defined as the rdlative radiative effect of atonne of that gas compared to atonne of CO2,
integrated over a chosen time horizon (IPCC WG |, 2001, p46). Latest estimates of the
GWP of methane are 62 over a 20 year horizon, 23 over 100 years and seven over 500
years (IPCC WG 1, 2001, p47).

GWPs have at least three obvious drawbacks. they are very sengtive to the arbitrary time
horizon chosen, as the results for methane show. They do not alow impacts that occur
soon to be vaued more highly than those that occur in the digtant future, and they are
relative, rather than absolute, measures. Knowing the GWP of a gas does not necessarily
help very much in deciding how much effort, if any, should be devoted to reducing the
emissons of it.

Instead of GWPs, the most ussful information would be the margina reduction in
impacts that would result from an immediate one tonne cutback in the emissions of the
gas. Thiswould be an absolute measure. It would not require the assumption of an
arbitrary time horizon. It would alow near-term impacts to be valued more highly. It
would aso be able to be compared with estimated costs for abating emissions of the gas.
Of course, it isaso avery difficult calculation to do, requiring an integrated assessment
model which tracks the effects of emissions right through to the impacts that they cause.

In 1996 the integrated assessment model PAGES5 was used to cal culate the benefit of an
immediate reduction in carbon dioxide emissions. The result was a 90% chance of the
value lying between $10 and $48 per tonne of carbon, with amean vaue of $21 per tonne
(discounted back to 1990 and expressed in 1990 dollars) (Plambeck and Hope, 1996).

The PAGES5 modd usesreatively smple equations to gpproximate complex climatic
and economic phenomena. This s judtified because the results gpproximate those of the
most complex climate smulations, and because dl aspects of climate change are subject
to profound uncertainty. PAGE95 represents more than 70 key inputs by probability
digtributions. Full details of the structure of the model can be found in Plambeck, Hope
and Anderson (1997).

The PAGE95 model can be used to caculate the benefit of an immediate reduction in
methane emissons, in exactly the same way as for carbon dioxide. Thisisthe calculation

that is reported in this paper.



Benefits of immediate cutbacks

The globa emissons of methane in the base year of 1990 in PAGES5 were 352 million
tonnes of methane (plus about 150 million tonnes of natural emissons). The firgt andyss
year in the PAGE95 mode is 2000, the next is 2020. Emission changes specified in one
andysis year are assumed to persist half the way back to the previous analyss year and
haf the way forward to the next. So a change in emissions specified for 2000 would
actualy be applied for a 15-year period (1995 — 2010).

A 100% change of base year emissons was specified in the first andysis year of 2000.
This gives a change in emissions of 352 million x 15 = 5.3 hillion tonnes of methane. The
changesin impacts that result need to be divided by 5.3 hillion to obtain the benefits per
tonne of methane reduction.

We need to use changes in emissions that are this big to get changes in the impacts that
can be measured to an acceptable degree of accuracy (see Table 1 and Figure 1 below for
evidence tha these changes are a the limits of measurability).

Mean benefit

The mean impacts from these runs are shown in Table 1. They are expressed in 1990
dollars and discounted to 1990 at a pure time preference rate of 3% per year. This enables
themto be compared directly with the results for carbon dioxide caculated in Plambeck
and Hope (1996). To convert any vaue to 2000 dollars, multiply by 1.24 (EIA, 2001).

Tablel M ean impactswith decreases of methane emissions

Global $hill NPV 1990-2200
Impacts change from base

Baserun 19900 = —mee-

Methane decrease 19300 - 600

Source: PAGE95 full runs

Decreased methane emissions lead to a reduction in mean globa impacts of $600 hillion.
The mean benefit per tonne is $600 billion divided by 5.3 billion = $110 per tonne of
methane reduction. This compares to a mean benefit for carbon dioxide reductions of
$20 per tonne (Plambeck and Hope, 1996).

S0, using the mean va ues, one tonne of methane causes alittle over five times as much
impact as one tonne of carbon as CO2, or about 20 times as much impact as one tonne of
CO2. Thisis not too dissmilar to the 100 year GWP of methane of 23.



To put the vaue into context, the average US price of natura gas, which isamost pure
methane, in 2000 was $3.60 per thousand cubic feet (EIA, 2001). In 1990 dollars, this
converts to about $150 per tonne. The climate change benefits of methane reduction area
sgnificant proportion of this.

So any utility consdering, say, pipeine replacement to decrease losses, should be
encouraged to go ahead if the Net Present Cost were less than about $260 per tonne saved
in 1990 dollars — made up of not just $150 from having the gas available to sdll, but dso
$110 from the reduction in climate change impacts.

Distribution over sectors and world regions

PAGED95 cdculates the digtribution of these benefits across sectors and world regions.
About $200 hillion of the benefits come from reduction in economic impacts; about $400
billion are reductions in non-economic impacts, such as the inundation of wetlands, and
the destruction of vauable habitats. Only about $30 billion of the benefits, or 5% of the
tota, are in the EU, with $50 billion, or 8% in the USA; the vast mgority of the benefit is
fdt in other regions, particularly in the developing world. Table 2 shows how the benefits
are digtributed across the regions of the world

Table?2 Benefits of decreased methane emissions
by world region

Global $ bill NPV 1990-2200
World region Bendit
EU 30
FSU & E.Eur 0
USA 50
China& CP Asa 90
India& SE Ada 90
Africa& ME 120
Latin America 140
Other OECD 80
Tota 600

Source: PAGE95 full runs

The method used to obtain this valuation is essentidly the same as the method used in the
REGIONAL experiment in Plambeck and Hope (1996), which should be consulted for
details of adaptation measures taken, discount rates applied etc. The only differenceis
that the emissions are based upon the new IPCC ‘marker’ A2 scenario, that most closely
reflects contemporary thinking about emission prospects (Nakicenovic and Swart, 2000),
rather than the older IPCC scenario used in Plambeck and Hope.



Distribution over time

The digribution of these benefits over time is shown in Figure 1. The mean yearly
benefits of an immediate reduction in carbon dioxide are aso shown for comparison.

Figure 1 Annual benefits of immediate reductions
in methane and carbon dioxide
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Source: PAGE95 full runs

The reduction in mean impact for methane peaks around 2100 at about $40 per year.
Methane only staysin the atmosphere a decade or so, but the extraradiative forcing
continues to have an effect for much longer as the earth takes along time to respond fully
to increased forcing. The reduction in impacts does not peak earlier because the
temperature rise and so the total impacts before 2050 are small. Rounding errors caused
by working at the limit of resolution of the model mean that these results are only
accurate to one sgnificant figure a best. The strong influence of discounting can be
detected in reducing decades of yearly benefits of the order of $40 per tonne to anet
present value of $110 per tonne.

The benefit of the immediate carbon dioxide reductions continues to rise right through
the 22" century, reaching over $60 per year in 2200. Carbon dioxide staysin the
atmosphere much longer than methane.

Probability distribution

Uncertainty is represented in the PAGE95 mode by using probability distributions for
the most important inputs. The mode then performs 250 runs sampling from the input



digtributions. The 250 runs give the results shown in Figure 2. The moda vaues are
between $50 and $100 per tonne of methane. The 90% range is about an order of
magnitude. This compares with a 90% range of benefits of about $10 to $50 per tonne for
reductions in carbon dioxide (Plambeck and Hope, 1996).

Figure 2 Probability distribution of the
benefits of methane reduction
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Lower basdline of carbon dioxide emissions

How do things change if we look at the benefits of methane reduction againgt a
background of carbon dioxide emissons that implement the Kyoto protocol of 5%
cutbacks in the industrialised countries by about 2010 and then reduce at 1% per year
until 2100 in the industrialised countries? The answer is not much. Table 3 showsthe
mean impacts.

Table3 Mean impacts with increases of methane emissions
against alower baseline of carbon emissons

Global $hill NPV 1990-2200
Impacts change from base

Baserun 60O -----

Methane decrease 16100 - 600

Source: PAGE95 full runs



Of course, the total impacts are smaller than under business-as-usud emissions of carbon
dioxide as the emissons of carbon dioxide are much lower. Recall from Table 1 that with
abusiness-as-usud base, the benefit of the reduced methane emissions was adso $600
billion. So the benefit of reducing methane emissionsis not perceptibly affected by the
emissons scenario on which it is superimposed, at least within the range of emisson
scenarios considered here.

Different discount rates

The results so far use a pure time preference rate of 3% per year to convert impactsto a
net present vaue. Table 4 shows how the benefits depend upon the discount rate.

Table4 Benefits of methane reductions
by discount rate

Global NPV 1990-2200
PTPrate Bendfit

(% per year) ($ per tonne)

3 110

2 190

1 380

Source; PAGE95 full runs

Unlike the background emissions of carbon dioxide, changesin discount rate have alarge
effect upon the benefits of methane reduction. Thisis because the globa warming
problem is along-term one. A reduction in methane emissons affects the climate for
many decades. As would be expected, the lower the discount rate, the higher the benefit.
But the appropriate discount rate to use is not an issue that can be solved here.

Conclusion

The cdculationsin this paper provide a theoretically defensible way of comparing the
benefits of methane reduction with the benefits of reducing carbon dioxide. The results
depend strongly on the discount rate used, and are il highly uncertain. But they do
provide enough information to start arationa discussion about the appropriate trade-off
between gases.
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