TO: The President of the United States, Secretary of State, Special Envoy to COP21 of the UNFCCC.
EXECUTIVE SUMMARY

The UNFCCC 21 Conference of the Partiesis underway in Paris. Unfortunately current UNFCCC
conventions are based on flawed application of scientificinformation, which results in misleading
estimates of effectivelevels of greenhouse gas emissions. Thiscommunication presents abrief
explanation of the flaws and resulting errors by examining data presented primarily by the Fifth
Assessment Report (2013) of the International Panel on Climate Change.

The current convention on greenhouse gas inventories requires use of outdated 100-year global
warming potentials for greenhouse gases. This convention masks the global warming potential of
methane. Use of more appropriate, up-to-date 10-year global warming potentials shows current
methane emissions have greater short term global warmingimpacts than emissions of any other
greenhouse gas, including carbon dioxide. Since human-caused emissions of methane are much easier
to reduce than those of carbon dioxide, serious efforts to control methane emissions should be
undertakenimmediately. Currentgreenhousegasinventory and reporting rules of the UNFCCCare
causing the climate impacts of short-lived greenhouse gases such as methane to be functionally
ignored. Ignoringthe shortterm warmingimpacts of methane does not prevent or mitigate those
impacts. If climate change mitigation efforts are to be effective, the shorttermimpacts of potent, short-
lived greenhouse gases, especially methane, must be considered. Doingso leadstothe following
conclusions:

1. Shortterm climate impacts of anthropogenic methane emissions are five times greater than the
current UNFCCC reporting rules suggest.

2. Methane emissions estimates should be based on actual field measurement data. Unlike CO2
emissions that can be reasonably estimated from fossil fuel consumption data and inventori es, methane
emissions cannot.

3. Greenhouse gas emissionsinventories reported to the UNFCCC are misleading because they fail to
accurately reflectthe short-termimpacts of methane emissions, and other potent, short-lived
greenhouse gases.

4. Itisinappropriate toconsidernatural gas as a transition or bridge fuel with re spect to climate
change.

5. Climate change benefits from reduction of methane emissions willaccrue rapidly.

6. Conversely, failure to control anthropogenic methane emissions will resultin greater short-term
climate impacts than the current UNFCCC emissions accounting system anticipates.

7. Similarly, any increasesin natural methane emissions will have rapid climate impacts.

8. Atmosphericgreenhouse gas concentrations will increase at current, or likely higher rates, until
realistic, effective, sustained emissions reduction efforts begin. Specific efforts to control methane



emissions should be part of a broad efforttoreduce, preferably end, anthropogenic GHG emissions at
the earliest possible date.

Figure 1. Effects of GWP Time Horizon on
Atmospheric CO2-Equivalent Methane Burden
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SITUATION IN BRIEF

Itisessential thatall UNFCCC Parties and the global citizenry be as clearly informed as possible with
respectto potential climatechange and whatis being done to mitigate anthropogenicforcing of the
climate compared to what is actually necessary if disruptive climate change is to be minimized. If
climate change mitigation efforts are to be effective, the short term impacts of potent, short-lived
greenhouse gases, especially methane, must be considered. In the nearterm, methane emissionsdue
to human activity have a stronger global warmingimpact than the much larger emissions of carbon
dioxide. Currentgreenhouse gasinventory and reporting rules of the UNFCCC are causing the climate
impacts of greenhouse gases such as methane to be effectivelyignored.

At presentthe Convention metricforreporting emissions of greenhouse gases otherthan carbon
dioxide is Global Warming Potential (GWP). More specifically the current Convention is to use the 100-



year GWP forall non-CO2greenhouse gases, regardless of the functional lifetimes of those gases. An
improved approach fordetermining CO2-equivalence for greenhouse gases with life times substantially
shorterthan the conventiontime frame isneeded. Use of 10-year instead of 100-year GWPs, a
relatively simple change discussed in more detailbelow and presentedin Figure 1above, provides some
importantlessons regarding the impacts of methane that are overlooked orhidden by the current
UNFCCCgreenhouse gases inventory and reporting system.

A betterunderstanding of the role of methane and other potent, butshortlived greenhouse gases can
be achieved by consideringtwo critical points. One of the two critical pointsisa simple, objective
accounting of foreseeable shortterm future anthropogenicemissions of greenhouse gase s under
existing oranticipated commitments of different countries, and whether that accounting accurately
presents the climate change mitigating adequacy of such commitments. Such an accounting will be,
however, neither objective norreliable without an adequately clearand reliable means of comparing
the effects of different GHGs, which brings forward the second point, how to compare the climate
effects of different greenhouse gases. The following more detailed discussionis an attemptto bringthe
currentsituation toyour attention as well as to the attention of otherleaders, scientists, and citizens
whoare involvedin orconcerned about the effectiveness of the UNFCCCand national and international
efforts to mitigate disruptive climate change.

A MORE DETAILED DISCUSSION — Global Warming Potentials and Their Use with Respect to Climate
Impacts of Short-Lived Greenhouse Gases.

Accordingto AR5!, Global Warming Potential (GWP) has become the default metric by which one
greenhouse gasis comparedtoanother. It was codified in the Kyoto Protocol by the UNFCCCas the only
conversion factorto be used by nationsto convertand report annual GHG emissions. Briefly, as most
commonly used, the GWP compares the radiative forcing caused by a one-time emission of amass unit
(e.g.,akilogram) of a selected greenhouse gas to the radiative forcing caused by a similaremission of an
equal mass of carbon dioxide (CO2). Since the GWP is based on radiative forcingitis useful to provide a
reasonable description of radiative forcing, which inturn requires a prerequisite description of the
relationships among energy flows between the earth and surrounding space, and within the earth
system, including the greenhouse effect. AR5 presentsadiagram (Figure 2-11, accessible at
http://www.ipcc.ch/report/graphics/images/Assessment%20Reports/AR5%20-
%20WG1/Chapter%2002/Fig2-11.jpg) of the complex energy flows that drive our climate. The following
discussionis based onthatdiagram.

Climate: dynamicequilibrium among energy flows.

What we observe collectively as weather patterns and related longerterm conditions is known generally
as the earth climate. The earth climate isthe result of energy flows and distributionsin space and time
amongthe atmosphere, lithosphere, and hydrosphere, as affected by biological activity, including
human activity and external energy inputs, which for practical purposesis only solarenergy, and losses,
radiation fromthe earth out into space. Figure 2-11 in AR5 provides asimplified depiction of those

1 The primary reference document for this discussionis Climate Change 2013: The Physical Science Basis.
Contribution of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
[Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
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energy flows for present day climate conditions. The numerical valuesin that image indicate energy
flow rates and have units of watts per square meter, which are the same as joules persecond persquare
meter, or about 0.24 calories persecond persquare meter. Each of the components (depictedinthe
diagram as atmosphere, land surface, clouds, water,...) stores energy, absorbing or releasingitin accord
with changing energy distribution in the other componentsin the earth climate system. The
redistribution of energy changesland, airand ocean conditions which we typically observe as changesin
temperature, atmospheric pressure, wind, cloudiness, precipitation, ocean currents, and many other
conditions, some obvious to direct human observation, some much more subtle.

A look at AR5 Figure 2-11 shows that the incoming solarenergy flow at the top of atmosphere (TOA) is
340 W/m?2. In the figure to the right of the incomingsolarenergy flow are the outgoing reflected solar
energy flow of 100 W/m?2and, furtherto the right, the outgoing thermal energy flowof 239 W/m?2. That
is, the figure indicates that atthe top of the atmosphere under present day climate conditions, thereis 1
W/m? more energy flowinginto the earth systemthanisflowingout. Thatenergyisbeingretained by
the earth system, and will resultin animbalance in the distribution of energy among the many parts of
the system. The energy flows inthe system willchange until anew energy equilibrium? amongthe
various partsis established. There are natural variationsin solarenergy inflowto the earth, and in the
speed with which and amount of energy that the various parts of the earth system can absorb, store and
release overany selected time interval. Such natural variations resultin natural climate variability.
When changesinthe energyflows resultinasustained energy imbalance thatis outside the natural
variability, there will be changesintemperature, pressure, wind, etc., which, when considered
collectively, willcause the climate to vary outside the range of natural variability, i.e.,that will cause
climate change.

Alongthe bottom of the figure are depicted the inputs to and losses from the earth (land, water)
surface. The surface loses 84 W/m? through evaporation, 20 W/m? as sensible heat, and 398 W/m? as
thermal radiation, foratotal of 502 W/m?2. The surface gains 161 W/m? of solar energy and 342 W/m?
of thermal energy returned to the surface a large portion of which is due to the greenhouse effect, i.e.,
the scattering or absorption and net downward re-radiation of thermal energy by greenhouse gases®in
the atmosphere. Itisimportantto recognize thatthe atmosphere regulates by farthe largestenergy
flow to the earth surface, and that thisregulating effectis inlarge part a consequence of greenhouse
gases presentinthe atmosphere. The total inputtothe land surface is 503 W/m?. Deductingthe total

2 |t can be argued that the earth climatesystem is never at energy equilibriumsinceifthe distribution of energy
were fully equilibrated, there would be no energy flows to causeand drivethe phenomena we recognize
collectivelyas climate. Inthe context of this discussion of the earth climatesystem itshould be understood that
equilibriumdoes not mean uniform distribution of energy throughout the earth climatesystem, but a dynamic
conditioninwhich energy flows and distributions occur within a consistentrecognizablerange over time, giving
riseto what we observe and experience as the climateresulting from that dynamic equilibrium of energy flows and
distributions.

3 Greenhouse gases have molecular characteristics thatcausethem to scatter or absorb certain forms of radiant
energy, andresultingin net re-emission of that energy ina slightly differentradiantform. Consequently, GHGs in
the atmosphere prevent thermal energy radiating up from the earth surfacefrom being transmitted directly out
into space. Instead, the GHGs scatter or absorb the energy flowingup toward space, then transfer or re-radiateit
inall directions. This absorption andre-radiation reduces the direct loss of energy to space (which would cool the
climate) by sending some back down toward the earth surface (whichresults in more energy being retained in the
atmosphere and surfaceand warms the climate).



energy flows away from the surface, 502 W/m?, from the total energy flows to the surface, 503 W/m?,
gives a difference of 1 W/m? of energy thatis beingretained by the surface (and loweratmosphere).
That is, the 1 W/m? energy flow imbalance at the top of the atmosphere is due tothe 1 W/m? that is not
flowing back out from the surface (and loweratmosphere).

Most of the energy absorption orrelease mechanisms depicted in the figure are not directly or
consistently altered by human activities, except greenhouse gases, which are accumulatinginthe
atmosphere tolevelsthatare without precedent for hundreds of millennia. Human activity is changing
a key energy redistribution mechanism (the greenhouse effect) inthe earth system causingthe system
to retainenergy it previously released, resultingin an energy imbalance amongthe parts of the system,
causing changes in patterns of temperature, pressure, wind, etc., i.e., changing the earth climate.

It isalso importantto considerthat, to date, there is no indication thathumans will inthe nearterm
stop or even substantially reduce activities thatincrease GHG concentrationsinthe atmosphere.
Consequently, if substantive climate change begins beforeanthropogenic GHG emissions have been
reduced sufficiently to stabilize GHG concentrationsin the atmosphere, the energy imbalance will
continue to grow even as the earth systemis adjustingto the already unprecedented conditions. Under
continuously changing conditions, anew energy equilibrium may not develop, resultingin relatively
sudden orsevere adjustmentsin the energy distribution amongthe parts of the earth system. If that
should occur, the course of climate change could follow unanticipated, sudden orsevere paths.

Climate: measurementchallenges

It should also be noted thatthe figure indicates the present day energy imbalance on typically measured
time scalesis small, and challenges the limitations of current measurement capabilities. Inthe lower left
corner of the figure the energy imbalance is provided more accurately as 0.6 W/m?, less than 0.2% of
the energy flowsincoming to and outgoing from the top of the earth atmosphere. Also, the numbersin
parenthesesindicate “the range of values within observational constraints”. Thatis, the actual
imbalance could be somewhere between 0.2and 1.0 W/m?, a five-fold difference implying that current
observational constraints do notallow evaluation of shortterm energy imbalances with sufficient
resolution and reliability to confidently predict when orhow severe climate changeis likely to be. This
effect of current observational constraints can be functionally overcome by looking at the cumulative
effects of small, instantaneous energy imbalances over much longertime frames, which brings us,
finally, toradiative forcing.

There are numerous definitions of radiative forcing. AR5section 8.1.1 describesradiativeforcingas

“the netchange in the energy balance of the Earth system due to some imposed perturbation.
Itisusually expressedin watts persquare meteraveraged overa particular period of time and
quantifies the energy imbalance that occurs when the imposed change takes place.”

To simplify for this discussion, radiativeforcing may be regarded as how much does a change in the
amountof a forcingagent, e.g., a greenhousegas inthe atmosphere, change the rate at which the earth
systemradiates energy away intospace. Anincrease in greenhouse gas concentration will cause
strongerre-radiation of energy back down toward the earth surface and thereby reduce the rate at
which the earth system radiates energy away into space. Because climate is the consequence of
continuous energy flows and redistribution of energy within the earth climate system, any agent that



can alterthose flows mightalterthe climate if its effects are strong enough, and if its effects are not
countered by otheragents that have or cause an opposite radiativeforcing. Generally, radiativeforcing
describes changesin energy flows and, therefore, uses the same units as the flows depictedin AR5
Figure 2-11, i.e., W/m?, andis discussed with respect to a given time frame because the radiative forcing
due to a change ina given agent may be affected by other changesinthe earth climate system. For
example, clouds, which generally have a cooling effect (negative radiative forcing) mayincreaseina
warmerworld due to higher moisture levelsinawarmeratmosphere. Ina cloudierworld, less solar
energyreachesthe earth surface, soless isre-radiated upward, so the radiative forcing due to
greenhouse gasesisreduced. Radiativeforcings have acumulative effect, and the overall forcingisthe
sum of all the forcings of all the agentsin the system. Usingthe common time frame for climate change
from 1750 to (near) present, AR5 reports total radiative forcing due to anthropogenicchanges in the
earth climate system ssince 1750 to be around 2.3 W/m?, or almost 4 times the imbalance from short
term measurements depictedin Figure 2-11.

Climate metrics: Global Warming Potentials and time dependence

Global warming potential (GWP) isthe metricused to accountfor the impacts of specific GHGs on
radiative forcinginthe climate system. There are Absolute Global Warming Potentials (AGWPs) and
conventional GWPs. The AGWP isthe cumulative radiative forcing (W/m?) overaselected time interval
(usuallyinyears) foral kilogram pulse emission of the selected GHG. AGWP units are year W/m?2 per
kilogram. AGWPs are calculated using radiative transfer models. The currently conventional GWP is the
ratio of the AGWP of, for example, methane, divided by the AGWP of CO2 fora selected time frame, 100
years underthe current UNFCCC GHG emissions reporting convention. The relationships amongthe
GWP for methane and the AGWPs for methane and CO2, from which the GWP is calculated, are
illustratedin AR5 Figure 8-29 (accessible at
http://www.ipcc.ch/report/graphics/images/Assessment%20Reports/AR5%20-
%20WG1/Chapter%2008/Fig8-29.jpg).

The GWP is convenientand appealingly simple in appearance, but appropriate applicationis not
straightforward. A prominentdifficulty arises from the fact that different greenhouse gases do notforce
radiative processesinthe same ways, and do not have the same functional lifetimes in the atmosphere
(see again AR5 Figure 8-29). Both of these inturn complicate the selection of which time frame is
appropriate for comparing the effects of different greenhouse gases. Acommon approachto address
this difficulty has been to compare the GWPs of different greenhouse gases over different time frames,
most commonly 20, 100, and 500 years (Myhre et al. 2013, Chapter 8 inthe AR5). Myhre etal.
remarked on related cautionary comments with regard to selecting an appropriate time frame over
which to consider GWPs to compare the impacts of different greenhouse gases.

“Note, howeverthat Houghton et al. (in the First IPCC Climate Assessment) presented these time
horizons as ‘candidates for discussion [that] should not be considered as having any special sig-

s

nificance’.

“The choice of time horizon has a strong effect on the GWP values — and thus also on the
calculated contributions of CO2 equivalent emissions by component, sector or nation. There is
no scientificargument forselecting 100 years compared with other choices (Fuglestvedtetal.,
2003; Shine, 2009). The choice of time horizonisa value judgement because itdepends on the
relative weightassigned to effects at different times. ...”
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The 100-year time frame was specifically mentioned by Myhre et al. because in the 1997 Kyoto Protocol
the UNFCCC confirmed the 100-year GWPs for greenhouse gases presented in Climate Change 1995
(http://unfccc.int/ghg_data/items/3825.php) were to be used for purposes of calculating and reporting
annual inventories of emissions of greenhouse gases. Since that convention was established much
related scientific, policy and reporting work has used the UNFCCC 100-year GWP convention (see
especially Montzka et al., 2011, doi:10.1038/nature10322). Asforeseen by the admonitions of
Houghton etal. and others (Myhre etal.), general use of the 100-year GWP GHG inventory convention
appearsto have resultedinafunctional misperception of the implications of greenhouse gas emissions
overtime frames shorterthan 100 years, particularly for gases with shorter atmosphericlifetimes than
carbon dioxide. The most prominentamongthose shorterlived gasesis methane.

Myhre etal. used the 10-, 20- and 100-year GWPs of 8 differentanthropogenicemissions —CO2,
methane, nitrous oxide, other nitrogen oxides (NOx), carbon monoxide, sulfur dioxide, black carbon and
organiccarbon —to convertemissions levels in 2008 to Petagrams (gigatons, or billions of tons) of
carbon dioxide equivalent (peryear). They presented the results intheir Figure 8.32 accessible at
http://www.ipcc.ch/report/graphics/images/Assessment Reports/AR5 - WG1/Chapter 08/Fig8-32.jpg.
The GWPs of the minoranthropogenicemissions, NOx, sulfur dioxide and organiccarbon, are negative,
thatis, they have a cooling effectonthe atmosphere. Coincidentally, and conveniently for this
discussion, the sum of CO2 equivalents of the minoranthropogenic emissions with positive GWPs
(nitrous oxide, carbon monoxide, black carbon) and the minoremissions with negative GWPs is
reasonably close tozero. That is, forthe 8 anthropogenicemissions addressed by Myhre etal., the 3
positive- and 3 negative-GWP minor emissions collectively cancel each otheroutinthe net CO2
equivalentemissions, leaving the net effective GHG emissions as the total of only methane and CO2.

Further consideration of Myhre etal. Figure 8.32 shows thatin the 10-year GWP, CO2 emissions in 2008
amounted to about 37.5 gigatons, while methane emissions amounted to about 39 gigatons CO2
equivalent. Thatis, from 2008-2018, the cumulative warming effect of anthropogenic methane emitted
in 2008 would exceed the warming effects of CO2 emitted in 2008. In contrast, usingthe 100-year GWP,
or the warmingimpacts of the 2008 emissions over the time from 2008-2108, CO2 emissionsamountto
about 37.5 gigatons butthe impact of the 2008 methane emissions declines toabout 10.5 gigatons CO2
equivalent. Itisfundamentally importantto understand why the methane impact appearsto decline
while the CO2impact remainsthe same.

The conventional GWP rates the warmingimpacts othergasesin relation to the warmingimpact of CO2
overa selectedtime frame. Consequently, the warmingimpacts of CO2are always equal to the
warmingimpacts of CO2, and, so, the GWP of CO2is always 1 (i.e., 1kg of CO2 emissions=1 kg of CO2
equivalentemissions). Thisis, of course, nottrue for othergreenhouse gases, which can differ from CO2
inhow longtheyremaininthe atmosphere andin how they cause warming effects. Forthe sake of
brevity, let us consideronly the effects of differences in atmosphericlifetimes.

A gas emittedintothe atmosphere today will be removed by natural processes overtime. Those natural
processes begin working as soon as the gas is emitted into the atmosphere, and continuously reduce the
remaining amount of the emitted pulse of gas until itis eventually effectively gone. A pulse emission of
CO2 emittedtoday, orfunctional portions of it, will remain in the atmosphereforcenturies. One
hundred yearsis less than the functional lifetime of a pulse CO2emission. Consequently, the currently
conventional 100-year GWP is reasonable for CO2, as itis for nitrous oxide, which also has afunctional
atmosphericlifetime of more than 100 years. In contrast, methane hasa much shorteratmospheric
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lifetime, somewhere in the range of 8-12 years. The lifetime of a pulse emission of methane isvariable
due to the range of mechanisms of removal, and the variability of those mechanisms with atmospheric
and other environmental conditions. Forconvenience inthis discussion 10 yearsis used as a reasonable
approximation of the functional atmosphericlifetime of a pulse emission of methane.

So, for nitrous oxide compared to CO2, which both have lifetimes over 100 years, a 100-year time frame
GWP is reasonable, and changing to shortertime frames has little effect. Forexample, the nitrous oxide
100-year GWP is 265 while the 20-year GWP is 264. In contrast, for methane with a 10-year functional
atmosphericlifetime, asimilarchange intime frame has alarge effect: the 100-year GWP for methane
is 34, while its 10-year GWP is 104, or 3 times greaterthan the 100-year. Why? Simply put, witha
functional lifetime of 10-years, all the warmingimpacts of methane occurinthatfirstten years* during
which time methane is converted to CO2and continues warming as CO2 thereafter. Use of a shorter
time frame GWP indicates more closely the actual impact of a pulse emission of methane whileitis
actually presentinthe atmosphere (relative to the impact of a pulse of the same mass of CO2 emitted at
the same time). Use of a longertime frame, say, 100 years, will effectively look at the impact of 10 years
of actual methane warming effect plus 90 following years of warming due to residual CO2from
decomposition of that pulse of methane, then compares the sum of those two impacts to the impact of
asimilarfirstyear pulse emission of CO2 overthe entire 100 years.

Now, if the primary concernis only an accounting of one year’s greenhouse gas emissions overan
abstractly longterm, thenthe currently conventional use of the 100-year GWP may be reasonable.
Unfortunately, use of a 100-year GWP leadsto a false impression regarding the actual, nearterm
impacts of methane, and, consequently, the likely short term warmingimpacts on the atmosphere. One
means of illustrating the nature and potential of the resulting misperception is to use the GWP to look at
the effects of a series of annual pulse emissions of methane. Thatis, consideranannual emission of
methane asa pulse, and look at the warming effects over multiple years, asinthe Figure 1 (above).

This graph uses emissions datafrom Myhre etal. Figure 8.32 to project the warmingimpacts of methane
emissions (as CO2 equivalents) overthe 20-year period from 2008-2028, assuming annual emissions are
constantoverthose 20 years. The reference (starting) conditionin Figure 1isthe year 2008, already
well above pre-industrial levels of methane and CO2, buta convenient starting point since dataforthat
year could be borrowed directly from Myhre etal. Figure 8.32. The gray line projects the accumulating
CO2levelsforcontinued annual emissions at the 2008 rate. The black (based on 100-year GWP) and red
(based on 10-year GWP) lines project the warming effects (CO2 equivalents) of methane if annual
methane emissions continued atthe 2008 rate. Minoryear-to-yearvariationsinthe size of annual
emissions have onlyminor effectsinthe nearterm.

The red (10-year GWP) methaneline isabove the CO2line forthe firsttenyears. Thatis, the actual
warmingimpacts of methane emissions exceed those of CO2 emissions forthe firsttenyears. When the
100-year GWP is used to convert methane emissions to CO2 equivalents (black line), thisimpactis

4 Neither the functional life of a pulseof a greenhouse nor the warmingimpacts actually suddenly ends atthe end
of a specific number of years after its emission, but thatis the approximation utilized for preparation of GWPs. As
put by Shindell et al. (2009, Science, 326:716-718). “There are many limitations to the GWP concept (25). It
includes only physical properties, andits definitionis equivalentto an unrealisticeconomic scenario of no
discounting through the selected time horizon followed by discountingto zero valuethereafter. The 100-year time
horizon conventionally chosen strongly reduces the influence of species that are short-lived with respect to C02.”



underestimated by almost 4-fold. Thatis, policy based on use of the 100-year GWP to convert methane
to CO2 equivalent emissionsinherently amounts to effectively ignoring over 70% of climate warming
impacts of anthropogenic methane emissions overthe first ten years of such policy. Numerically, using
the 100-year GWP convention leads to the conclusion that methane emissions from 2008-present have
amountedto 84 gigatons (about 16 ppm) CO2 equivalent, when the actual warmingimpact (using 10-
year GWP) would be 312 gigatons (about 60 ppm). Givenin 2008 the concentration of atmosphericCO2
was around 385 ppm, use of the 100-year GWP indicates thatthe nearterm warmingimpact of 2008-
2015 methane emissions would have added the warming equivalent of about 4% to that of the initially
present CO2, while the actual neartermimpact based on the 10-year GWP was more like a 16%
increase.

The red (10-year GWP) line in Figure 1 becomes horizontal after 10 years because each new annual
methane emissions pulse compensates the disappearance of the impact of the pulse that occurred 10
yearsearlier. Due tothe longerlife of CO2, the effects of pulses from prioryears accumulate and the
gray line continuestorise, indicating the accumulating long term warming impacts of CO2 emissions.
The strong nearterm impact of methane emissions and the leveling off of methane impactsdue toits
short pulse life time has provided a basis for proposals that aggressive efforts to reduce anthropogenic
methane emissions can be more easily accomplished, and more productive in the neartermthan near
term effortsto reduce CO2 emissions (Montzkaetal., doi:10.1038/nature10322; Shindelletal.,

DOI: 10.1126/science.1210026; and others). However, Montzka et al. and others have typically used a
100-year GWP to presentimplications of methane emissions reduction efforts. Consequently, those
presentations understatethe likely nearterm climate impact, and, consequently, benefit to be obtained
from reduction of methane emissions.

Itis unclearhow the life time of a pulse methane emission should be handled when using a 100-year
GWHP. If the 100-year GWP is used, then it would seem appropriate to extend the implied life time of a
methane pulse to 100 years. Doingso causesthe warmingimpact of residual CO2from the
decomposition of the pulse emission of methane to accumulate, increasing the 100-year (2008-2108)
cumulative emissionsimpact from 429 billion tons using the 10-year GWP to 976 billion tons using the
100-year GWP. This further clarifies the difficulty presented by using only one GWP forall gases, and
onlyone policy directed time frame. Usingthe 10-year GWP betterindicatesthe actual nearterm
warmingimpacts of methane. However, the residual CO2 from oxidation of that methane continues to
warm the atmosphere long afterthe pulse of methane has been eliminated. Hence, using the 10-year
GWP would underestimate the long term warmingimpacts.

IMPLICATIONS

An improved approach for determining CO2-equivalence for GHGs with life times substantially shorter
than the preferred policy timeframe isneeded. At presentthe commonly used metricis the GWP and
the simplified depiction of the time course of atmospheric CO2-equivalents based onthe GWP in Figure
1 provides some important lessons regardingits use (thislistis expanded fromthe list of 8 condensed
conclusions presented at the beginning of this document).

1. If GHG impacts are real and effectiveinthe shortterm, then the currently wide spread use of the
100-year GWP is effectively masking likely actual warming impacts of methane emissions. Use of a GWP
with a time frame that more reasonably reflects the atmosphericlifetime of aspecific GHG provides a
betterindication of the actual time distribution of the warming effects of that GHG. For methane
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emissions, the more appropriate 10-year GWP indicates current methane emissions account for half or
more of total nearterm climate warmingimpacts.

2. CurrentUNFCCCreported GHG inventories use the 100-year GWPs from the Second IPCCClimate
Assessment Report (1995). The 1995 GWP for methaneis21. That GWP has beenrevised upward in
subsequent IPCC Assessment Reports, mostrecently in Assessment Report 5 (2013) to a value of 28 or
34, dependingonwhichindirect effects are considered. Effective thisyearthe UNFCCCis updatingthe
GWPs used forreporting GHG inventories from those in the Second Assessment Report (1995) to those
inthe Fourth (2007), thatis, from 21 to 25, beginningthisyear. Thishasand will continue toresultin
substantial underreporting of likely warming effects of methane emissions, as well as those of the short-
lived but extremely potent GHG hydrofluorocarbons, emissions of which may increase in the near
future.

3. Atmosphericconcentrations of both CO2and methane continue toincrease, indicating that globally
no effective reductionsin net GHG emissions have been achieved despite 20 years of negotiations and
efforts. Efforts atemissionsreductionsto mitigate anthropogenicclimate change cannot be effective if
those efforts are based on an accounting system that fundamentally misrepresents the climate impacts
of the target GHG emissions.

4. GHG inventories reported using 100-year GWPs contribute to inappropriate inferences of relatively
benign climate impacts from development of natural gas (primarily methane), as well asits proposed
role as a transition or bridge fuel.

5. Dueto the 10-year life time of a pulse emission of methane, areductioninrate of increase of GHG
warming effects will begin 10years afteran effective effort to control anthropogenic methane emissions
begins. Evenifthateffortonly stabilizes instead of decreasing emissions, areal reductioninthe rate of
accumulating GHG warming effects will occur within 10 years.

6. Conversely, the 10-yearlife time of a pulse emission of methanealso implies that allowing methane
emissionsto continue toincrease may resultin substantially greater nearterm anthropogenicwarming
(or related weather/climate events) than presently anticipated.

7. The strong nearterm warmingimpacts of methane alsoimply that changesin natural methane
emissions could cause rapid changesin overall GHG warmingimpacts. Destabilization or stimulation of
large, sequestered pools of methane (or methanogenic potential)in permafrost soils, tropical wetlands
or methane hydrates on cold seafloors due to climate warming could have rapid climate impacts.

8. Atmospheric GHG concentrations will increase at current, orlikely higherrates, until realistic,
effective, sustained GHG emissions reduction efforts begin. The relative increase in CO2 concentration
isincreasing fasterthan that of methane. Consequently, the relative “value” of amethane emissions
control effort can be expectedto decrease overtime, i.e., the besttime forsuch effortsis now.

9. Dueto massivelylargeremissionsand longeratmosphericlife time than methane, CO2isand will
remain the dominant GHG with regard to climate warming. Reducing methane emissions provides a
more likely achievable opportunity to quickly, albeit temporarily, slow the rate of increase of GHG-
related warming, but will not stop the increase. Effortsto control methane emissions should be part of
a broad efforttoreduce, preferably end, anthropogenic GHG emissions at the earliest possible date.



Sincerely,

Bryce F.PaynelJr., PhD

Director of Science and Technology
Gas SafetyInc.

Telford, PA

Brian Redmond, PhD

Department of Environment Energy and Earth Science
Wilkes University

Wilkes-Barre, PA

Dennis Lemly, PhD
Department of Biology
Wake Forest University
Winston-Salem, NC
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