Comments for Scoping Hearing on Proposed Pacific Gateway Terminal/Custer Spur,
offered in Seattle, 13 Dec 2012:

Questions to be studied should include:

*x*plaase study the entire corridor of coal transport and other proposed ports. When the Army Corps
of Engineers builds a dam, they must have to consider impacts on the river upstream and downstream
from the dam. This will be a river of coal, which would not exist if there was no port. Environmental and
economic impacts all along the corridor wztil‘d be g direct result of the existence of the port, and
therefore should be studied in the EIS. If t ey:\i’mﬁ a series of dams, they must have to consider the
cumulative impact of all of the dams. In this case, cumulative impacts of all ports should be considered.

Please inctude: impacts of pollution of dirty fuel used to drive the trains and ships used to transport the
coal. Ships are now a major source of carbon emissions.

Please include: impacts to agriculture by black carbon from coal dust and coal emissions, impacts which
can reduce productivity.

Please include: how the coal operations would impact the inversion layer of smog which the Puget
Sound region frequently experiences. Will there be more days with high pollution index when it is
recommended that people stay inside or don’t exercise?

Please include: how does the limited water circulation in Puget Sound and Haro Strait affect our ability
to deal with fly-away coal dust of normal operations and with spills from the port and from tankers?
How would the current effort to clean up Puget Sound be affected?

Please include: how much would coal ports and associated activities affect NGO, state and federal

efforts at reducing carbon emissions and ocean acidification. Would this add to the cost and decrease
effectiveness of NGO and governmental programs? Would we be working against ourselves?

This should include: environmental and economic costs of pollution caused by dust emitted by normal
operations and by spills at any point along the corridor, from the mining operation to transfer to trains,
to transfer to ships, to spills from ships. Spills happen. There was a spill this year from a train accident
back east. There was the recent accident at Westport in BC under what would seem to be non-risky
conditions. Puget Sound and Straits of Jan de Fuca and Georgia have limited circulation to dilute any
spill and could take years to recover.

This should include: cumulative impacts from ALL proposed ports on the West Coast.

***plagse study the health impacts of burning the coal. There seems to be an assumption that Asia is so
far away it will not impact our health here in the US. However, even if it is burned in Asia, air pollution
created by burning coal will impact us, through black carbon released to the atmosphere. (This is still
part of the “river” of coal.} | have seen in the AAS journal Science an estimate of the amount of air
pollution in California caused by air pollution blowing across the Pacific from Asia, and it is significant. It
affects the health of Americans.

***plaage study: how property values along the transportation corridor will be affected. If coal dustis
settling on private property, will that make it difficuit to seli property, even if the coal company agrees
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to “wash” the property off as happens in British Columbia near the Prince Rupert Coal facility? | would
guess private property values would be greatly diminished. What happens to farms and vegetable
gardens exposed to coal dust? Do they accumulate toxins? Since “washing” merely moves the coal dust
into the ground or down the watershed and into lakes, rivers and streams, impacts on those bodies of
water downstream from the corridor should be studied. (see
http://daily.sightline.org/2011/10/04/how-real-is-the-threat-of-coal-dust/ )

***Dlaase study mitigation approaches as described in “Science” issue 13 Jan 2012, {vol 335) p 183:
“Simultaneously Mitigating Near-Term Climate Change and Improving Human Health and Food Security”
by Drew Shindell etal. See alfashed

Please study: how much can these impacts of a river of coal be lessened by covering the train cars, using
clean fuel for trains and ships, somehow containing the dust as the coal is transferred.

***plaase study: supply/demand. if we do not build a port, how much would that lessen the coal
available to Asia, and how much would the price there go up, and consumption down? (This has
happened with our own consumption of fuel in response to unrest in the Mid-East.) Would coal from
Australia, for example, be more efficient in terms of overall carbon emissions during mining and
transport, compared to coal from North America? Would Australian coal have a competitive advantage
to North American coal because of proximity or different regulatory environment? Will increasing use of
clean energy sources be likely to lessen the demand for coal, and lower the price paid for North
American coal?

***plaase study: are the promised jobs really to be expected, or are they optimistically calculated? Are
the particular jobs ones that current residents need and are qualified for? Do these jobs target the
segments of the community that are in particular need of jobs right now? Are the people who need jobs
qualified, or will they need training? Will the jobs be available in time to help people currently
unemployed? Will these be full time jobs that have benefits? Have the promised numbers of jobs for
current residents materialized at other coal ports such as the ones in BC?

***please study: the economic impacts of having a coal port facility continue to exist after coal exports
taper off or end. How are they dismantled and cleaned up, and who pays for it?

Sincerely,

Mary Ferm

5062 New Sweden Rd
Bainbridge Island, WA 98110
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Simultaneously Mitigating Near-Term
Climate Change and Improving
Human Health and Food Security

Drew Shindetl,™* Johan C. I. Kuylenstierna,” Elisabetta Vignati,? Rita van Dingenen,’
Markus Amann,* Zbigniew Klimont,* Susan C. Anenberg,” Nicholas Muller,®

Greet Janssens-Maenhout,® Frank Raes,” Joel Schwartz,” Greg Fatuvegi,* Luca Pozzoli,
Kaarle Kupiainen,® Lena Hoglund-Isaksson,” Lisa Emberson,” David Streets,®

V. Ramanathan,” Kevin Hicks,? N. T. Kim Oanh,

Volodymyr Demkine,'? David Fowier'*

10 George Milly,* Martin Williams,'*

Tropospheric ozone and black carbon (BC) contribute to both degraded air quality and global

warming. We considered ~400 emission control measures to reduce these pollutants by using
current technology and experience. We identified 14 measures targeting methane and BC
emissions that reduce projected global mean warming ~0.5°C by 2050. This strategy avoids 0.7
to 4.7 million annual premature deaths from outdoor air pollution and increases annual crop
yields by 30 to 135 million metric tons due to ozone reductions in 2030 and beyond. Benefits
of methane emissions reductions are valued at 5700 to $5000 per metric ton, which is well
above typical marginal abatement costs (less than $250). The selected controls target different
sources and influence climate on shorter time scales than those of carbon dioxide—reduction

ropospheric ozone and black carbon (BC)
are the only two agents known to cause
both wanming and degraded air quality. Al-
though all emissions of BC or ozone precursors
[including methane (CHL)] degrade air quality, and

‘é studies document the climate effects of total an-

i

4

" thropogenic BC and tropospheric ozone (—4),

publishéd literature is inadequate to address many
policy-relevant climate questions regarding these
pollutants because emissions of ozone precursors
have multiple cooling and warming effects, where-
as BC is emitted along with other particles that
cause cooling, making the net effects of real-world
emissions changes obscure. Such information is
needed, however, becanse mulfiple stakeholders
are interested in mitigating climate change via
control of non—carbon dioxide (COz)-forcing
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sures. implementing both substantially reduces the risks of crossing the 2°C threshold.

agents such as BC, including the G8 nations
(L’ Aquila Summit, 2009).and the Arctic Council
(Nuuk Declaration, 2011). Here, we show that
implementing specific practical emissions reduc-
tions chosen to maximize climate benefits would
have important “win-win” benefits for near-term
climate, human health, agriculture, and the cryo-
sphere, with magnitudes that vary strongly across
regions. We also quantify the monetized benefits
due to health, agriculture, and global mean climate
change per metric ton of CH; and for the BC
measures as 2 whole and compare these with im-
plementation costs.

Our analysis proceeded in steps. Initially,
~40f existing pollution control measures were
screened with the Intemational- Institute for Ap-
plied Systems Analysis Greenhouse Gas and
Air Potlution Interactions and Synergics (TASA
GAINS) model (5, 6). The model estimated po-
tential worldwide emissions reductions of par-
ticulate and gaseous species on the basis of
available real-world data on reduction efficien-
¢cies of these measures where they have been
applied already and examined the impact of full
implementation everywhere by 2030. Their po-
tential climate fmpact was assessed by using pub-
lished global warming potential (GWP) values
for each pollutant affected. All emissions con-
trol measures are assumed to improve air quality.
We then selected measures that both mitigate
warming and improve air quality, ranked by cli~
mate impact. If enhanced air quality had been

the selected measures would be quite
different {for example, measures primarily reduc-
ing sulfir dioxide (SO;) emissions improve air
quality but may increase warming]. The screen-
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ing revealed that the top 14 measures realized
nearly 90% of the maximum reduction in net
GWP (table S1 and fig. S2). Seven measures
tmgetCH.;emissions,coveringcoalmiuing,oil
and gas production, long-distance gas transmis-
gion, municipal waste and landfills, wastewater,
livestock manure, and rice paddiss. The others
target emissions from incomplete combustion and
inclode technical measumes (set “Tech™), covering

_ diesel vehicles, clean-buming biomass stoves,

brick kilns, and coke ovens, as well as primarily
regulato;ymeasmm (sct “Reg™), inchuding ban-
ning agricuttural waste buming, eliminating high-
emitfing vehicles, and providing modem cooking
and heating, We refer to these seven as “BC mea-

sures,” although in practice, we consider all co-

emitted species (7).

We then developed future emissions scenar-
ios to investigate the effects of the emissions con-
trol measures in comparison with both a reference

. and a potential low-carbon firture: (i) a reference

scenario based on energy and fuel projections
of the International Energy Agency (IEA) (8)
regional and global livestock projections (9) and
incorporating all presently agreed policies affect-
ing emissions (J0); (if) a CH, measures scenatio
that follows the reference but also adds the CHj
measures; (iii) CH4+BC measares scenarios that
follow the reference but add the CH, and one or
both sets of BC measures: (iv) a CO, measures
scenario nnder which CO, emissions follow the
IEA’s “450 COz-equivalent” scenario (§) as im-
plemented in the GAINS model (affecting CO;
and co-emissions of SO, but not other long-
lived gases); and (v) a combined CO; plus CHy
and BC measures scenario. Measures are phased
in linearly from 2010 through 2030, afier which
only trends in CQ, emissions are included, with
other emissions kept constant. -

TEmissions from these scenarios were then used
with the ECHAMS-HAMMOZ (11) and GISS-
PUCCINI (12) three-dimensional composition-
climate models to calculate the impacts on
atmospheric concentrations and radiative forc-
ing (7). Chenges in surface PMs 5 (particles of less
than 2.5 micrometers) and tropospheric ozone
relationships (13-15) to calculate health and agri-
cultural impacts. CH, forcing was calculated from
the modeled CH, concenirations. Direct ozone
and aerosol rediative forcings were produced by
using the fraction of total anthropogenic direct
radiative forcing removed by the emission con-
trol measures, as calculated in the two models,
multiplied by the best estimate and uncertainty
range for direct forcing, which was determined
from a literature assessment. Albedo forcing was
similarly estimated on the basis of the fiactional
decrease of BC deposition to snow and ice sur-
faces. Indirect and semidirect forcings were es-
timated by simply assuming that these had the
same fiactional changes as the direct forcings
(16). Initially, analytic equations representing rap-
id and slow components of the climate system

183




-

RESEARCH ARTICLE

184

(17) were used to estimate global and regional
(/%) mean temperature response to the forcings.

This analytic analysis shows that the measures
substantially reduce the global mean température
increase over the next few decades by reducing
tropospheric ozone, CHy, and BC (Fig. 1). The
short atmospheric lifetime of these species allows
a rapid climate response to emissions reductions.
In contrast, CO,, has a very long atmospheric life-
time (hence, growing CO, emissions will affect
climate for centuries), so that the CO, emissions
reductions analyzed here hardly affect tempera-
tures before 2040. The combination of CH, and
BC measures along with substantial CO, emis-
sions reductions [a 450 parts per million (ppm)
scenario] has a high probability of limiting glob-
al mean warming to <2°C during the next 60
years, something that neither set of emissions
reductions achieves on its own [which is consist-
ent with (19)]. .

Work to this stage was largely in support
of the Integrated Assessment of Black Carbon
and Tropospheric Ozone (20). Here, we present
detailed climate modeling and extend impact
analyses to the national level, where regulations
are generally applied and which provides de-
tailed spatial information that facilitates re-
gional impact analyses. We also provide cost/
benefit analyses.

Climate modeling. We performed climate sim-
ulations driven by the 2030 CH, phus BC mea-
sures, by greenhouse gas changes only, and by
reference emissions using the GISS-E2-S mod-
el; the same GISS atmosphere and composition
models were coupled to a mixed-layer ocean (al-
lowing ocean temperatures, but not circulation,
to adjust to forcing). Direct, semidirect (acrosol
effects on clonds via atmospheric heating), indi-
rect (aerosol effects on clouds via microphysics),
and snowfice albedo (by BC deposition) forc-
ings were calculated intemnalty (7). We analyzed
the equilibrium response 30 to 50 years after im-
position of the measures, which is comparable
with the latter decades in the analytic anatysis.

The global mean response to the CH, plus BC
measures was —0.54 + 0.05°C in the climate
model. The analytic equations yielded —0.52°C
(~0.21 to —0.80°C) for 2070, which is consistent
with these results, Climate model uncertainty only
includes internal variations, whereas the anatytic
estimate includes vncertainties in forcing and cli-
mate sensitivity {but has no internal variability).

We also examined individual forcing com-
ponents. Direct global mean arosol forcings in
the ECHAM and GISS models are almost iden-
tical (Table 1), despite large uncertainties gener-
ally present in aerosol forcing and the two aesosol
models being fimdamentally differsnt [for ex-
ample, internal versus extemal mixtures (7)]. CHa
and ozone tesponses to CH, emissions changes
are also quite similar. Ozone responses to changes
in €O, volatile organic compounds, and NQ,, as-
sociated with the BC measures are quite different,
however. This is consistent with the nonlmear
response of ozone to these precursors (21).

positive semidirect effect may ouwe
creased negative indirect effects of BC
in this model [studies differ on the
of these effects (22-24)]. Indirect off
much larger than net direct effects for1
measures.

Global mean BC albedo forcing m 1
el is very smalt (Table 1), but we aw

The combined indirect and semidirect radia-
tive forcing by all acrosols in the GISS model is
negative for the BC Tech and Reg measures.
Although sulfate increases slightly—largely be-
cause of increases in the oxidant HyO,—in all
emissions control scenarios, the BC measures pri-
marily decrease BC and organic carbon (OC).
The negative forcing suggests that a decreased

1.55C limit ' P .

CO,+CH,+
all BC measures

Temperature (2C) relative to 1890-1910

-
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Fig. 1. Observed temperatures (42) through 2009 and projected temperatures thereafter unde
scenarios, all relative to the 1890-1910 mean. Resuits for future scenarios are the centrat val
analytic equations estimating the response fo forcings calcutated from composition-climate t
and literature assessments {7). The rightmost bars give 2070 ranges, including uncertainty in
forcing amd climate sensitivity. A portion of the uncertainty is systematic, so that overlapping ¥
not mean there i no significant difference (for example, if climate sensitivity is large, #
regardless of the scenario, so all temperatures would be toward the high end of their ranges;.
giss.nasa,govistaffidshindell’Sci2012).

o

Table 1. ECHAM and GISS forcing (W/m?) at 2030 due to the measures relative to the a
Dashes indicate forcing nof calculated.

CH 4B C

CH, measures Tech measures All_:
ECHAM ozone -0.09 —0.10 : -
GISS ozone ~(.10 —0.17 -
ECHAM direct aerosols* -0.01 -0.06
GISS direct aerosols* =0.01 —0.06 -
{(BC, OC, sulfate, nitrate} (0.00, 0.00, (-0.10, 0.06, (-0.
-0.02, 0.00) -0.02, 0.01) -0,
ECHAM CHqt =022 -0.22
GISS CH.t —{.20 -0.20
GISS indirect and — -0.14 £ 0.03 -0
semidirect zerosols )
GISS BC albedo — —0.010 -
(effective forcing x5) (-0.05) ¢
GISS nett —0.32 -0.60 -

*For aerosols, the value for ECHAM is the sum of the direct BC+0C+sulfate forcing. For GISS, the same sum is pre
and tndividual components are listed afterward (the ECHAM model has more realistic internally mixed aerosols, so
are not separable). 1CH, forcing at 2030 is roughly 75% of the fording that is eventually realized from Q
changes through 2030. The net forcing given here includes the eflective value for BC albedo forcing. Uncer
10 internal variability tn the models are 0.01 Wim? or less for direct forcings and 0.001 Wi for BC albedo fort
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“effective” forcing is five times the instanta-

- neous value (25, 26). Albedo forcing can be
important regionally (Fig. 2), especially in the
Arctic and the Himalayas, where the measures
decrease forcing up to 4 W/m? (not including
the factor of 5). Such large regional impacts are
consistent with other recent studies (27, 28) and
would reduce snow and ice melting.

Roughly half the forcing is relatively evenly
distributed (from the CH, measures). The other
half is highly inhomogenecus, especially the
strong BC forcing, which is greatest over bright
desert and snow or ice surfaces. Those aréas often
exhibit the 1 . itigafion, mald
the regional temperature response to aerosols and
ozone quite distinct from the more homoge-
nieous response to well-mixed greenhouse gases
(Fig. 2) [although the impact of localized forc-

ing extends well beyond the forcing location
{29)1. BC albedo and direct forcings are large in
the Himalayas, where there is an especially pro-
nounced response in the Karakoram, and in
the Arctic, where the measures reduce projected
warming over the next three decades by approx-
imately two thirds and where regional temper-
alure response patterns correspond fairly closely
to albedo forcing (for example, they are Iarger
over the Canadian archipelago than the interior
and larger over Russia than Scandinavia or the
North Atlantic). )

The largest ‘precipitation responses to the
CH, plus BC measures are seen in South Asia,
West Africa, and Earope (Fig. 2). The BC mea-
sures greatly reduce afmospheric forcing—defined
as top-of-the-atmosphere minus surface forcing—
in those parts of Asia and Africa (fig. 84), which

-9 -7

Fig. 2. (A and B) June-September precipitation change, {C and D) annual average
surface temperature change, and (E) BC albedo forcing due to [(8), (0, and (B)] CH,
plus BC measures and KB} and (D)} CH, measures alone (the scales change in each
paneb). Changes are equilibrium responses relative to the reference in the GISS-E2-S
climate model (mixed-ayer ocean). Albedo forcings are directly simulated values rather
than the enhanced “effective” values. Colored areas are statistically significant (95%
confidence for temperature and forcing, 90% confidence for predipitation). Pre-
cipitation changes are small in areas not shown. Forcing from CH, plus BC measures is
roughly double the CH, measures forcing {Table 1), so that equivalent colors in the two
columns indicate comparable responses per unit forcing.

=
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can strongly influence regional precipitation pat-
tems (30-32). In comparison with 2 semiempir-
ical estimate (33), the two composition-climate
models represent present-day atmospheric forc-
ing reasonably well (fig. S4). The response to
greenhouse gases alone shows different spatial
structure over South Asia and Ewrope and is mch
weaker everywhere (per wnit of global mean forc-
ing). The BC measures moderate a shift in the
monsoon westward away from Southeast Asia
into India seen during 20th- and 21st-century
GISS-E2 simulations, with especially strong im-
pacts at the Indian west coast and from Bengal
to the northwest along the Himalayan foothills.
Climate models” simulations of monsoon responses
to absorbing aerosols vary considerably (30-32).
The results suggest that the BC measures could
reduce drought risk in Southern Europe and the

-5 .15
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million, aomually avoided premature deaths are

substantla] in comparison with other causes of
premature death projected for 2030, mcludmg
MUIOSIS (0 \! bﬂ), traffic accidents 2.1
million), or tobacco w3m(8.3 million) (34). There
would also be large heaMk benefits from im-
proved indoor air quality. Bdcause of limited
data,weonlyesﬂmawdﬂmefor ki andClnna,
where implementation of ali BC meadtes leads
to an additional 373,000 almually avoided. pre
mature deaths (7).

Cost and benefit valuation. Economic analy-
ses tse the value of a statistical fife (VSL) for
health, world market prices for crops, and the
social cost of carbon {SCC) slong with global
mean impacts relative to CO, for climate (7).
Valuation is dominated by health effects and
hence by the BC measures (Table 2). Climate
valuation is large for the CH, measires, although
it depends strongly on the metrics used. If mstead
of the 100-year GWP, the 100-year global tem-
perature potential {GTP) of CH, is used (35),
the value becomes $159 billion. Similarly, bene-
fits scale with differing choices for the SCC,
Climate benefits for the BC measures are based
on the CH,, measures’ climate benefits tirfies the
relative global mean climate impact6f the BC

ues do not cover all species and ignore some
factors affecting climatp

is sigifr to the ratio of the integrated
e7io a single year’s emissions (GWP).
fthod still neglects regional effects of these
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C}Leuﬁssionscanbeabawdatmarginalcosis
below $1100, with more than 50 Tgfyear cost-
ing less than 1/10 this valuation (including the
value of CH, captured for resale). Analysis using
more tecent cost information in the GAINS mod-
€l (38, 39) finds that the measures analyzed here

CH, measures by seciaf and region. It is also
straightforward to sepfrate the impact of CH,
reductions in éach4Egion and sector on forcing.
Because CH, i« relatively well mixed globally,
other impag#! (such as crop yields) have the seame
proporfiefality as forcing, Emissions reductions
In the’ coal mining and oil/gas production sectors

Table 2. Glohal impacts of measures on climaté agriculture, and health and their economic valuation,

alyations are annual valiies in 2030 and beyénd due to sustained application of the measures, which are
nearijequal to the integrated future valyation of a single year's emissions reductions {without discounting).
Climate vakyations for CH, use GWP100 and an SCC of 5265 per metric ton (36). Crop and health valuations
use 95% corifidgnce intervals, whefeas cimate valuations use ~67% uncertginty range. All values are in
2006 dollars.

CHs BC Tech BC Reg
measures measures measures

Physical [nfpacts
Avoided“warming in 2050 (°C) 0.12 (+0.06/~0.09) 07 (+.04/-0.09)
Apntially avoided crop yield losses 24 (+721-21) 2 (+13~-3)

{millions metric tons; sum of
wheat, rice, maize, and soy)
Annually avoided premature

deaths {thousands)
Valuation

47 (+40/-34)

20 (+1529/~-1188) 619 {+639/~440)

Climate, biltions 5US 331+ 118 142 (+7I106) 83 (+47/~106)
(SUS per metric ton CH,) (2381 + 850)

Crops, billions $US 42+1.2 3626 0.4+ 06

($US per metric ton CH,) (291 8)

Health, billions 5US 148 + 99 3717 {+3236/~2563) 425 (+1475/-1015)
{(5US per metric ton CH,) (1080 + 721} ' .
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Sahel while reversing shifting monsoon patters
in South Asia.

Global mean impacts of packages of mea-
sures, Having established the credibility of the
analytic climate calculations at the global scale
[airqualitysimulationswcreshowntobereal—
istic in (20)), we now briefly compare the glob-
al effects of the separate packages of measures
(Table 2). The CH, measures contribute more
than half the estimated warming mitigation and
have the smaliest relative incerfainty. BC Tech
imeasures have a larger climate fmpact and a sub-
stantially smaller fractional vacertainty than that
of the Reg measures because aerosols contribute
alargcrpotﬁonofmewlxlfominginﬂaech
case (and uncertainty in radiative forcing by BC
or OC is much largerﬁm:forC&orozone). In
the Rep case, the temperature range even in-
cludes the possibility of weak giobal warming,
although the distribution shows a much larger
probability of cooling.

For yield losses of four staple crops due to
ozmq&nemeenvaluwforCI—handBCTech

] measures are comparable, whereas BC Reg mea-

from BC measures are far larger that thosc from
mecmmwmresbmhealﬂlismmesensi-

ﬁvemmdwedmpometnPMzsﬂ:mmgrmmd- 7

level ozone. “The large ranges for health impacts
stem primarily from uncertzinty in concentration-
response relationships. The estimated 0.7 to 4.7
million annually avoided premature deaths arc
substantial in i i
premature death projected for 2030, including
tuberculosis (0.6 million), traffic accidents 2.1
million), or tobacco use (8.3 million} (34). There
would also be large health benefits from im-

where implementation of all BC measures leads
to an additional 373,000 annually avoided pre-
mature deaths (7).

Cost and benefit vatuation. Economic analy-
ses use the value of a statistical life (V SL) for
health, world market prices for crops, and the
sacial cost of carbon (SCC) along with global
tmean impacts relative to COz for climate (7).
Valuation is dominated by health effects and
hence by the BC measures (Table 2). Climate
valyation is targe for the CH, measures, atthough
it depends strongly on the metrics used. If instead
of the 100-year GWP, the 100-year glabal tem-
peratare potential (GTP) of CHy is used (35),
the value becomes $159 billion. Similarly, bene-
fits scale with differing choices for the SCC.
Climate benefits for the BC measures are based

on the CH, measvres’ climate benefits times the .

relative global mean climate impact of the BC
measmesbecauscpublishedGWPorG’[Pval—
nes do not cover all species and ignore some
facmrsaﬁ'ecﬁngcihnate(suchasaemsolindhect
effects), and the ratio of the temperature re-
sponswissimﬂartotheraﬁooftheintegrated
forcing due to a single year’s emissions (GWP).
Thhme@dsﬁﬂneglects:egional&&'edsofﬁese
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pommlsonmpa'amres,precipimin.“
light available for photosynthesis.

Because the CH, measures largely imflmesms:
CH, emissions alone, and CH, cmisshoms. 2
threhaveequalimpact,itissw :
value CH, reductions by the metric s Clowsr:
benefits dominate, at $2381 per memic am, vl
health second and crops third. The cham e
efit per metric ton is again highly depemiioe
on roetrics. Forexample,insteadofamm'
(36)—a typical value assuming a nescacms dis-
count rate-—a value of $21 consistent with &~
discount rate could be used. Because: dmomma-
ing emphasizes near-tenn impacts, we beiowe &
20-year GWP or GTP should be used will e
$21 SCC, in which case the valuation = S
or $430 per metric ton, respectively. Heallis mal
agricultural benefits could also be discomstnd %
account for the time dependence of the ssmmc
response. Using a 5% discount ratc, the S
health and agricultural benefits decrease relative:
to the undiscounhedTableZvahwstﬁ!ﬂ'
$18 per metric ton, respectively, Climae T
efits always exceed the agticultural benchis par
mefric ton, but climate values can be less or s
than health benefits depending on e e
choiges {the health benefits are similardy depes-
dent on the assumed VSL).

A very conservative summation of hemeling,
using $430 for climate and disooumied Teailie
and agricultural values, gives 2 total beoesit of
~$1100 per metric ton of CH, (~5700 w0 35008
pamcuicmn,usingﬁleaboveanaiysts}ﬂ
estimates (37) indicate roughly 100 Tevem of
CH, emissions can be abated at margmal coses-
below $1100, with more than 50 Tg/year cost-
ing less than 1/10 this valuation (inclnding @
valtwofcmcapumdfortesale).Analys'Sﬁ
mmemoentoostinfomaﬁoninﬂchAﬂﬂSmd-
el(38,39)ﬁmisthatﬂlemsmuanalynﬁbt

Table 2. Global impacts of measures on dimat, agricalre, and health and their economic valuation.
Valuations are annual values in 2030 and beyoad, doe & sstained application of the measures, which are
nearly equal to the integrated future valuation of a single year's emissions reductions {without discounting).
Climate valuations for CHg use GWP100 and an SCC of $265 per metric ton (36). Crop and health valuations
use 95% confidence intervals, whereas dimate vahmtions use ~67% uncertainty range. All values are in

s margmal costs below $1500 per metric torn,

e {ains), forestry, and ponmortality health
S, using 5% discounting (40). Their agri-

_-ggmm&fomuyandmmomﬁqhealﬂ;ef-

ek reduce 2030 CH, emissions by ~110 Tg

wisk 90 Tg below $250. The full set of mea-
ses: Fednce emissions by ~140 Tg, indicating
_mmwouldpmduoebencﬁisgmatﬁthan—
ami Sor approximately two-thirds of reductions
ﬁpﬂ'ﬂ:an—ﬂleabawnsutcosis. Of course,
-khﬂwolﬂdnotnecessaﬁlyaccnmtoﬁmse

Prior work valued CH, reductions at $81
MbSllG}permeticwn,including agricul-

st valmation was ~$30 (31 to $42) per met-
siz:som Hence, our agriculture values are smaller
ot weedl within their large range. Those results

s commribute another ~$50 per metric ton of
(}anﬁmﬁﬁesimplyallvahmﬁonsmaysbiﬁ
somewhat as the background atmospheric com-
- GAINS estimates show that improved effici-
u':shimanetoostsavingsforﬂ:ebﬁckldm
-ici:nmingstoveBCmeasm.Thmeac-
o for ~50% of the BC measuses’ impact.
measures on high-emitting vehi-

wimch zequire primarily political rather than ec-
awoen investment, account for another 25%.
MﬁehﬂcofﬂxeBCmsmescmﬂdpmb-
difheimlementedwiﬂmostssubstanﬁa]lyless
sham the benefits given the large valuation of the
Scebb anpacts (Table 2).

Gt.mamreshysecmrandregion.ltisalso
ssmphiorward to sepatate the impact of CHy
seductions in each region and sector on forcing.
Becmse CH, is relatively well mixed globally,
d:riqnds(mchaswopyields)haveﬂmsame
propoetionality as forcing. Emissions reductions
m the coal mining and oil/gas production sectors

2006 dollars.
M, BC Tech BC Reg
measures measures measures
Physical Impacts
Avoided warming in 2050 (°C) 028 =010  0.12 {+0.060.09 .07 (+.04/-0.09)
Annually avoided crop yield fosses 27 {(+42/-20) 24 (+72/-21) 2 (+13-3)
(millions metric tons; sum of
wheat, rice, maize, and soy) :
Annually avoided premature 47 (+40/-38) 1720 (+1529/-1188) 619 (+639/—440)
deaths (thousands)
Valuation
Climate, billions $US 331 +£118 142 (+71/~106) 83 (+47/~106)
{5US per metric ton CHy) (2381 + 850)
Crops, bilkions $US 42+12 3.6+26 0.4 % 0.6
{$US per metric ton CHy) (29 + 8}
Health, billions $US 148 £ 99 3717 (+3236/-2563) 1425 (+1475/-1013)
{5US per metric ton CHy) ’ .

(1080 + 721}
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RESEARCH ARTICLE

. Fig. 4. National benefits of the CH, plus BC measures versus the refer-
ence scenario. Circle areas are proportional to values for (A and B} climate
change, (C and D} human health {values for population over age 30), and (E
and P agriculture. Surface temperature changes are from the GISS-E2-5
simulation. Health, agriculture, and atmospheric forcing impacts are based
on the average of GISS and ECHAM concentration changes and are for 2030
and beyond. Uncertainties are ~60% for global mean temperatures, with
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Avoided surface

temperature = @.@., -
@ (]

increase
~2050
rC) .

Decrease in
atmospheric

forcing (4
(Wirf)

tation of the CH, and BC measures (fig. 53)
shows that early adoption provides mmch larger
near-term benefits but has little impact on long-
term temperatures (20). Hence, eventual peak
warming depends primarily on CO, emissions,
assuming air quality—rclated polintants are re-
moved at some point before peak warming.
Valuation of worldwide health and ecosys-
tem impacts of CH, abatement is independent
of where the CH, is emitted and usually out-
weighs abatement costs. These benefits are
therefore potentially suitable for inchusion in
international mechanisms to reduce CH, emis-
sions, such as the Clean Development Mecha-
nism under the United Nations Framework
Convention on Climate Change or the Prototype
Methane Financing Facility (47). Many other
policy alternatives exist to implement the CH,
and BC measutes, including enhancement of cur-
rent air quality regulations. The realization that
these measures can slow the rate of climate change
and help keep global warming below 2°C rela-
tive to preindustrial in the near term, provide en-
hanced warming mitigation in the Arctic and
the Himalayas, and reduce regional disruptions

Annually avoided
pramature
deaths

Annually avoided
premature

~70% for heatlth, and

health, and agricuiture

to traditional rainfall patterns—in addition to
their local health and local-to-global agricultural
benefits—may help prompt widespread and early

implementation so as to realize these manifold
benefits.
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