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Short-term Improvements In public health from global-climate
polictes on fossil-fuel combustion: an interim report

Working Group on Public Hoaith and Fossil-Fuel Combustion*

'ml!

Background Most public-heaith assagsments of climsto-
control policles have focused on long-term Impaots of
global change. Our Interdisciplingry working  group
Ad863a¢s likely shorl-lerm inpocla on public heelth.

Methods We combined models of enerfly consumption,
corbon emissions, and 8330ci8ted FUMOSPNLrC particulse-
matter (PM) concentsation undor two difforont foracasts.
busineas-es-usual (BAU): 8nd a hypolhelical Climate-policy
scenario, whera dovoioped and developing countries
ungartake significant reductions in carbon emissions.

Findings We predict that by 2020, 700000 bvoidable
deaths (90% Ci 385 000-1 034 000) will cccur annyually 8s
a resull of sdditions! PM exposurs undor the BAU
forecasts whan compared with the ciimate-policy scenario.
. From 2000 10 2020, \he cumulative impact on public
heshh retated to the difference in PM exposure could totel
8 million deaths globally (90% Ci 4-4-11-9 million). In the
~ UBA sione, the svoldablo number of annual deaths from PM
expoaure In 2020 (WRhout ¢limatechangs-control policy)
would equel In magnitude deaths ossocisted with human
tmmunodanticiency diseases or all liver diseases in 1935.

interpretation | he mortality estimalas are ingicative of Lhe
magnitude of the likely health benefits of the climate-policy
stenorio examined and are not procise predictions of
.BvVoigedI0 Ooaths. WNII@ characterised Dy consigeradie
uncertainly, the anon-term publichealth impacts of
raduced PM sxposures associatod with greonhouso-gas
reductions 8re likoly 10 DO SuDStantigl even under the Most
congsarvative set of assumptions.

Lerco( 1997; 380: 134149

Ivestigmors 1is1ed aL und ot PEDRr

Cormsapondence t0. Dr Devro Lee Dovis, World Resources Institute.
1709 New Yurk Avenua. NW, Washinglun, OC 20000. USA.

introduction
Sincc tic indusmial revolution, the qmmbuuon of
antropogenic sources of greenhouse gases to the global
enviroobment has increased significantly.' Amnospheric
conceatrations of grecnhouse gaves, Mcluding carbon
dioxide (CO,), methane (CH)), snd nizous oxide (N,0),
sre of gresier imporiance wdsy than at eny other ume in
bumoan history. These trends can be largely sxaibuted to
human sclivities, primagly fossil-fuel combustion, wal
change i band use wsud agocultwal pracice. In the
absence of cfforts to reducc greenhousa guses, the
concentrutions of these gaves sre expecied to grow
. significantly throughout the next cenrury. The mid-raoge
cstimate from e Intorgovornmental Panel on Climare
Change (IPCC) is that human-induced climarechange
will incresse surface Lemperatures by aboul 2°C by the
year 2100;' many uncertainges cxst about tis projecuon.

In sn effort v protest the globsl<climare system for
furure generarions, aver iSO nadons eigned the UN
Framcwork Convention an Climatc Changs (UNFCCC)
in Junc, 1992." The UNFCCC csmblished the objectve
of mubilising wwmuspheric greenhouse-gis cuncentratons
at kovils Ut would wvoid desgeivus  suthrupogenic
intarfarence with the global-climate system. Sigoatory
countries will be considering opdonz to conwol
greenhouse gascs at the third confeconce of parcies in
Kyoto, Japan, in December, 1997.

Short-tern public-health impacss have genenally not
been considored in assassments of global-climate chaunge.
Two studics,* for example, have prujected that wrll into
the next century, weather parrerns resuldng from climate
change are expecied to affect the healh of furure
gencradons.  Heavtelated morralitios and  Ullnesses,
physicsl snd psycholugical owumes. and chaoges in
vector-bome and infectious dicesser, food supplics, and
coastal sca-levels arc axpected to beoome evident With
variour modals, we esiimaie Jikely public-health benefits
of current and furure global-climare~-change mitigation
policies in the firt \wo decades of the 2]st century in
devcioped and developing countries.

Many of the fossifucl combuston processes that -

produce CO, snd other greenhouse gascs also produce a
hosv of air pollutants such as paraculate marter (PM),
sulphate, ozoae, and other pollutanse, sll of which have
shori-term adverse effects on public health. We use PM
@ s sentinel o pollutanc because & {s commonly
associared with fomil-fucl combustion. Extensive public-
health literature in several countrics has shown that both
morcahty and nortidicty are significantly aszoclated with
exposwre o PM.Y Most air pollutants from fosnl fucls
hovo local impacts but tome aitbome pollutana (eg, line
particulates) can be mnspomd thousands of miles and
have glabal impaces.*

Vil 380 « Novemiber ¥, 1997
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1 Engagy-yue ScoAMION annual premetuze moriality sseocisted with FM from

li'l .4 " Greenhouso-gos roodalled fossil-fucl combustion (i¢, attributable risk) that

¢ . conau ” omiswions couid be avolded by adopuing the hypothesised climare-

Ay pon‘luun! ' policy scenario. Becausc the scrodynamic size of the

. ' . particles produced is of great importance, our model .Y

Concentcations ticvimte Matter - esumates the emissiony sand concanmations of psrucies o r°{
Human-exposures - that sre leas than 10 pm (PM,,) and fine particies of less ¢ ‘Ag .

4
Pybilc-health impacts

' Figure 1: Medels used in evitmating the globa! impact of feesit-
fuel consumption un public heallh

. We combined analyses from several independemt
models of cncrgy consumption (10 provide a first
spproximation of lkely CO, cmissions), as30ciaed
concentumtions of PM, and probable incresses In
mortulity amsociatcd solcly with PM by the year 2020

_ (Bgure 1). This analysis presents a scengrio-based order-
of-msgmtude estimatc of the possible wize of the air-
polludon impacts on populations In developed and

devcloping countrics.

Metheds :
Sconario development
Eatimation of thc conscquences for public health of
projected global cvents requires the development of
scensrio-based impact asscsament dhat relies on complex
d@"w models of environmentsl change.® Qur srudy develops
@W o possible CO, emission scenarios: 3 business-as-usual
AP —> (BAU) scenario which updates [PCC's 1992 onalysis of
expected trends in coergy consumption and associstcd
€O, cmissions;* snd 8 Bypothetcal climate-policy
scenario, which conuiders the stated intentivns of the
European Union regarding proposed reducuons in CO,
emiosions for dJeveluped countrics,” coupled with
addidonal measures by developing countries. Under our
hypothesiscd climatc-policy accnario, developed counurics
would underteke concerted and binding efforts 1o reduce
anergy-related CO, emissions 15% below 1990 levels by
the year 2010. Under this saine climate-policy scenario,
developing countries are assumed to reduce their
cmissions 10% below their levels of greenhouse-gas
amissions forecast for 2010—that is, 10% below whar
would otherwive be their BAU wends by 2010. This is
consistent with agreements made by developing counurics
“under the Berlin Mandate to advence implementaton of
existing ‘commitnents W promote  tcchnologics,
pncti'cu. and processes that reduce greenhouse-gas
omseions.

Both thete scenarioa srsume that total energy use and
‘cfficiencies in the developing countries continue 10
locregec 10 meet the needs of cconomi¢ growth. The
differences between them lie in the rates of growzh in
onagy ude, the fuel mixgs, and their combusiion end

s . - end-use efficicnces. Under ¢ach of these scenarios,
i\r& \cmiulom of PM are taken as represenmgve of general

s

s

yimicd

?y\ S ambient air pollution associated with fossilefuel
combuston and CO, emissions. Bascd ob projecied
Sg(w concentrations of PM, wc cstimatc annual and
o . cumulative numbens of avoidsbic deaths in the years
x5 2010 and 2020 among adults agcd over 30 yean and

6&») Intanes of up to 1 yesr in developed (annex 1) and

W
w

than 2'S pro (PM,,). A host of other adverse acute and
chronic heelth offects are also associated with PM and
other gir pollutants, burt are not anslyred here \*¢

Fossiifugl consumpltion and carbon emissions

Ruture fottll-fuel consumption and retulting emissions of
greenhousc gascs and other air pollutanus rellect complex
interacdons of several key variables, including aconommic
activity, transportanion modes, demographic wends, the

rate and naaue of rechnological innovations, and energy

prces. The IPCC  devined six  well-documented
projections of greenhouse-gas omissions in 1992." The

(PCC uscd the Aumospheric Stabilissrion Pramework Aﬁ'jﬂ,
(ASF) model to rélate socioeconomic scenarios to caroon |, 0
emission tajectorics. The ASF model conulns detailed |
represcatadons of forst-fuel consumpdon for four sectors
(electric udlity, residendal/commeecial, industial, and
transportation) for nine global regions.

. n
All CO, emisslon esumates in this peper refer w \(}0;\2

emissions acxiburable 1o the combusdon of fossil fuels,
which represent sbout 75% of current global anthropo-
genic emissions of CO,." The CO, emission projections
presented in this paper foll within the range of other .
emistion projections documented in the literature. The ‘
¥-3 billion metric tonney of carbon (BMTC) from fossil- 8 A
fued cwnbustion presouted i Uis puper for 2010 i I 7
slightly lower than the cvtimate of 88 BMTC as J&f ?“M
predicted by Energy Informauon Adminisoredon.” Our d } .
2020 projection of 107 BMTC is higher than the fig ¥
MASAAVEC projection of -4 BMTC" und vimilar to the ||
Shell Oil sustincd-growth scenanio estimate of 105
BMTC.”

The lopur In this study has been updewed to refiect
move fecenl populalivn projections, e Lreskup of
former Soviet Ualon, and lower antclpeted fosell-fuel
prices. ‘Lhe model assesses CO, emission-teduction goals,
by choosing the most efficient and | COSt emussion- . .
reduciion_vppuiiumiues svailsble in_sech_regiom, wnd | oA e
recognisés cfficicncy imptovements in many developing WY
countries.” The global-population deta used for these w
scenarios are consistent with the Wor "y mpedium.

owth assumptions.™ "Ahe gross nstionsl product (GNP) 4
growh sssurncd for the BAU scenario is alighdy higher LG“P

x

;\»
. \@wﬁk@ "%

<

than tho one uséd in the IS92s scenario, which reflects J«F’&“ﬁ o~
seversl econumic, enagy, and climate-change-related 65‘4}
studies 4 .

Table } and figure -2 Indicate scvern) trends and
assocledons of fossil-fuel consumption patterns modelled
under both the HAU and clinate-policy scenarivs. In
1990, despiie having only 24% of the wosld’s populstion,
snnex 1 countncs accounted for 70% of global fossil-
cnergy consumption and 68% of carbon emissions from
fossil fuels, Under RAU, overall growth in CO, emissions
from anncx 1| countrics it relatively moderate through the
projection pcriod, 1990-2020, rising by oaly 17-5%
through 2020. This modcrote growth may be explained
by current teuds of fssil-fuel conswmprion patterns in
Rusia and the fonner Sovier Union. These regions

m
17-‘5%6>€ (s

0%9 developing  (non-annex 1)  countries (UNFCCC
b\
1M2
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Table 1: Fogslifvel onergy use (10°)) under businsse-as-uaual and cBmate-policy sconarics

] markedly diller from other amnex 1 counmics, in that

sham declines in energy consumpton arc nul assumed
reach 1990 levels again before 2020. As s consequence,
falwe acses i canisvions in wonex 1 countries under
the BAU sccnano - are masked by these reduced
consumpdon paiterns in Russis and the ¢ountrics of the
former Soviet Union.

The expectcd growth in cnergy-related CO, omissions
of non-annex 1 countrics under BAU by 2020 exceeds
the sl level of cmussions of annex | counaicy in 19%0.
Nus~autiex | wuntrie” carbun emiskivns resulting frmmn
conswnptua uf (sl fuch ure expecicd W nne from 19
BMTC in 1990 w 41 BMTC in 2010, a 116% incivesc
over 30 years. In 1990, anncx | counics produced 68%
and non-annex ) countries produced only 32% of wotal
global carbon emistions. Under the BAU scensrio, by
the ycars 2010 and 2020, non-annex 1 reglon’s projected
contributions will be 4-1 and 6 BMTC, respecuvely. On
the other hand, if the climate-policy scenurio is
implemenied, by the yrars 2010 and 2020, non-annex |

smoothcd, arce-wide averuges of PM,, snd PM,,
concenuadons for each IPCC region and doew not
csumaic local aitbome-pollutant levels ot specific receptor
sitey; the latter sir-pollutant ¢stimatcs are gooerally
calculated wnth Gausman af-dopersion models that
incorporste  only local cmission inventories ' and
meteorological data. To do this analysis, we assume that
pirtborne fine particles uavel hundeeds of miles through
the ammosphere 3nd their  ¢stimawed  regional
cunccnaations are not very seasitve to the details of the

_ mudelling mamix. This contrasts with the well-known

tegion’s projected carbon crmissiona could be roduced to -

3-7 and 54 BMTC, respecuively. Figurc 2 shows the
relative conuibutions of developed and developing
coungics to fossil-fuel use for the years 1990, 2010, and
2020 undcr both sccnorios. The global fosil-fuc)
consumption i expecied tv be less under the climate
policy scenario, which reflects increased fuel-combustion
conscrvadon mestures, and improved
technologies. We sssumc that therc i3 no cross-border
uwading of greenhouse gusev. Under the climate-policy
scenitio, CO, eniszions decreare more than fossil-fuel
consumpdon a3 counuies swirch sway from coal 10 less

_ polluting fuels, such as nacural gas.

Potiutant emissions and concontrations

The following discussion oudincs the modclling protocol

followed In ik srudy along with 3 brief Jescription of key
sssumpdons and senitvity amly:el.
A PM sourcereceplor marnix™ was used o derive

~ conceatrsion pauemns for PM,, snd PM,, per unit of
" encrgy usc for cach of the four sectors and three fossil-

fuel typex (coa), oll, and natura gay). The source-receptor
coefficienn were calculatcd with large-scale air-dispersion
modelz that were beyed on emission inventories calibrated
with and matched to cxtentive monitoring daw in USA
for 1990 199¢.¥ In eddiuon 0 calkulsnop  of
concenuadons uf primury paticlea (those emiited divectly
by sources), the modcl also incorporaes the sccundary
convemmon of gateout pracumors (SO, and NOD to fine

. particulates as they src uanmsported through the lower

smmosphere. Thie svurcerceeproematnix model  yickds

diffculty of modelling for short-term ozons epicodes over
» small geographic area. Evidence suppordag the long-
range transpon of fine particles can alxo be found—eg, in-

A
. 380
Netwal gos
300 oi
Coo!

il
ill

1990 Business Ciimate Busineas Climate
S-usudl  IiCy as-uigel policy
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Figure 2: Fosel-iuo! use under busineav-as-usual and
climato-policy scensries In developed (wmex I.:l)unl
developing (non-gnnex 1: ) acountrics .
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. the report of dhe sccond Werld Mecreorological
Organizadon meeung of experts 10 asscys the responsc 10
wnd aumospheric effects of the Kuwait oil fires.?

Applying such a lasge-scalc uir-dispersion model cagries
with it scveral sssumpiions st could result In @
miseccinagon of acrual PM concentrations.  In the
sbscnce of daw on typical chimney heighw in ather party
of the world, for cxample, we hive sssumcd that the
disibution of chimney heights in the USA is
represeniative of that found clscwhere, Should aversge
belghns of chimncys in a given region he lower than In the
USA, the likely consequencc would bc higher local
concenuations of particles snd thelr precursors, and
lower concentrations ar grester distances dowawind.

Conversely, higher chimneys could yield lower
concenusuions near a given source but higher
goncentrations further downwind. A sccond  key

assumopuon 13 that the spalial astociation between
emission sources and populaton densitics ln the USA is
representative of the rest of the world. In some
developing regions, such us the mego-cide¢ ol Southeant
. Asla, whose population partens are more geographically
dense, this approwch iv hkely w undercitimate sctual
buman exposures (o sitbome polluranis. Alvo, the source-
receptormaurix modcl mskes no estimates of indoor sir-
pollutant exposures 1o PM from coal or biomass ueed for
cooking s0d besting. Such exposures are known to be
very high in several developing regions, such ss Chins,
Africs, and [ndia

Our modelhng indicates that concenwadons of ¥M
frora s fixcd quantdity of emisions in hot and dry regions
arc about onc-third of what would bc cxpecred from
‘chose same emistiont under mort  other climauc
condidons. The Jikcly rcsions for this arc: higher
ambient temperatures coincide with greater mixing
Meighw, hence & grenter volume of air for dispersion; and
the conversion of gaceous PPM precursors such s SO,
into intermediate products (sulphuric ocid) requires the
presence of wawer vapour. Where lesy water vapour w
avallsble, conversion rates are slower snd conversion
takes place over longer distances. Thercfore, regivnal
Jevels of PM are expected 10 be Jower in dryer climates.

To caprurc thesc influcnces of climato on PM
conceatrations, the USA was dmdcd into [ouc roughly
oqual geographic zones based on long-ierm climatc data:
Hovdry, hovwet, cold/dry, und cokdwer. Unique source
strengths for sach sector/fuel were denived for each zone.
Similar climatc dsts for esch of e renwining cight
giobal reglons werc usca nlong with data on populauci
dengities o obwein the apprupriate, Icprescentative
welghting among USA climete z0nes --eg, 90% of the
population of thc Southcast Asis group was found to
mide In a climate which mom closely rcacmbles the
‘hovwet designaton, while 10% resides in & hovdry
grouping; none was in the cold/dry or cold/wet zones. To
derive an overall Southeast Asia ectimate, the source-
recepror association for the hovwet USA zonc was
weighted 90%, snd the hotdry zonc 10%. Had we not
adjusted the source-receptor matnx (6 account for
regional differences for climarc, and inetend wsed the
USA dismatc us = proay [ur dic coul of the world, then the
mudelled concenastions of PM wouk) have been from
16% - (climate pollcy Asia) to 130% (climeie policy

" Burope) lower.

This ansiyais projecred future global patiems of energy
consumption end adjusted the overal USA gource-

— e

recepior azsocialion to account for elimate differences in
other global regions. To project likely \.hnua in
concentrations of PM, h I also ncuessary 1o esumate
future cfficicncies of pullution-control equipment and
pohcien unrclsted to clinate-conwrol mitigstion. In ous
andlyss, two altematdve pollulion- oot werc
assumed to occur, in developed and devcloping regions.
“The USA Organisation lor Economic Co-operation and
Development (OECD)-West and OECD-Azian countics
were assumed to usc USA conuols, including SO, snd
NO, controls oudlned in e USA, 1990, Clean Air Acr.
‘Ihese do not reficet controls that individual states of the
USA might adopt as & result of recent vevivions o vxune
snd PM National Ambicm Air Qualily Standerds, which
are not expected 10 go into effect until after the adoprion
of climatc-change midgetion strategies. All other reglons
were asturncd o start with no coawols in the year 2000.
By the year 2020, thesc other reglons were assumed w
araln 1090 USA control levels for cansportadon-related
cmissions and 1970 USA cuntxol levels lor point-source
emisgions.

Our resuls arc scnsitive to the csnimation of pollution-
control efficiencies for fuel combustdon because emigsion
retes change in relation to these values. This is especially
true for situadons where high levels of conwol arc
estimated, because the difference berween 90% and 99%
conwol is a ten-fold differencc in cmissions. For counuries
that may have more stringent contrel programmer o

-the USA (eg, certain sactors {n Japan), use of USA

stancerds as » proxy mey overestimate furure PM
‘comcentrations. It is also possible that our sssumprions
abouwr fururc pollutionconmol efficicncics o too
optimiadc for developig countries; if’ 80, then we will
have undcrcstimarcd cmissions and associated hesith
effects of the control soenarios. The sensitivity of the
analysis to assumcd- conmrol Jovels was evaluated by
calculasting PM coacenirations in non-san¢x 1 regions
and Pastern Europe and farmer Soviet Union, which
would revull in the absence of controls. Analysis for 2020
showed that removing controls would yield PM, and
PM,, concenmedons of 65% snd  32%  higher,
respectively, then the values calculated in the BAU
analysis. )

Purther refincments to oanspormation-related cmissions
in 9ll non-USA regions were made o account for the
much higher reliance on diesel fucl in most of the world
thea in the USA. " The fraction of the encrgy consumed
in the wansportatun sevtve which is iesel fuel is difforent
in each counuy (eg, 60% in Laun America, 20% in the
USA) and the fraction it asswned 10 remain constant
throughaut the swdy period. These refinements also
assume o steady reduction in use of lead in petro] starting
from present levels m the year 2000 to acto in 2010.
Increased use of camlytic converters 10 conwol vehicle-
exhaust poliuianw will accompany phasc-out of lead.

In tha USA, dana ingicste chat smbiont PM,,
concentrations are on average 65% of total suspended
pardculatc concemretions; PM, , concentrations sre on an
average about 50% of PM,, concenuatons; end fossil-
fuel combustion accouncs for sbour 45% of measurcd
PM,, concenumtivns.’>~ ‘fa wvalidate modelled PM
concentauops, smbicat moniworing data were gathered
for sbout 40 counaics. Vinually all of the date, howgver,
were for total suspended pardculate snd no data were
found which establithed the fracdonsl conuibution from
fossil-fuel combustion. If one were to aseume that the
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percsntage of wral suspended porticulate thar
contributed by fuc)-combuarion suurvexs i the USA holds
chroughour e world, then cstimated PM concenurations
should be two to ten dmes higher than those developed in
this study. In our judgment, it is highly uplikely thae ather
regions oxpcricnec long-tcrm avetage PM. concenirations
from fossil-fucl combustion that spproach such levels,
Toul suspended partculate concentrations in most of the
world atc at least twice a3 hugh a3 those in the USA; this
is likely due 1o facvors such a8 much higher contribudon
to the coarses Lraction (>2'5 wu) lrom such sourcex we
wind-blown dust (g, Middic Bast) as well 28 a higher
hne fraction (<2-S ym) conuiburion from sources such s
biomass buming fom beatng, cooking, snd fores
clearing (eg, Southeaar Asia).

Healthimpact estimates

Bxtengive public-heslth litcracure in scveral counmncs
shows that both mortality and morbidity are significantly
associated whth exposure 10 PM.Y Bosides mortalily,
studies in several countries bave associoted PM with

cardiovascular and respiravory morbidity (eg, increased

hospital admissluny and cmergency-room visits for acure
and chronic pulmonary effects, including bronchitis,
ssthma, cough and wheeze).*™ Lirde is known abour the
mechanism of action of PM. Some toxicological studles
have pruduced broachitic responscs,” arbythmias," snd
axacexbution uf pucwnonis in rets™ from caposure w fine
panticles, which sre sunilur tw tiose observed in
epidemiologicel studics. It has becn found that Gny
respirable particles or airbome gqerosolr can interfere
diroctly with pulmonusy functon and plasna visousily i
snimals and buman beings.** Monslity eflects have
consistenty becn sssociated with short-term end long-
tann exposure 0 PM i more thano 40 studics done in
over ten counties. " * :

“The ehort-rerm cxposurc studics usc daily time-sctics
snalysis to sssess changes in morulity in the general
populstion thot ore asociated with changes in daily
concentrations of PM. Longsterm exposure studies of
PM have used a proapective cohort design, which allows
the adjwunenx of potential confounders in  che
assesgment of the assuciation between PM and morvality.

Health denefils from reductons in PM have been

. derived proviously from epldemiological srudiet done In
the USA and in Buropc.™™™ Long-term cxposurc stucics
were used as the hasia for the quamiiative analysh
becsuse the results from thete onalyzes have followed
single cohoris and adjusted for imponant ¢onfouandcrs.
/These snulyses suggested mormlity effecs from both

(long-mn and shom-tom  eaxposwre o PMAMA
Bpidcmiological studies were choren for this quantimuve
\mlysu only if they reported the relative risk (RR) 20 4

onotonic function of PM conocentrations. The two age

‘woups for which RR bas been estumated in long-term
srudies are aduls aged over 30 years and infants aged
between | month and 1 year. To evalugte the impact of
PM concentrations on sduilt mortality, the paper by Pope
and colleagues was selected 88 Lhe basis for guantiuative
snalysis.® For lofant mortality, we veed s study by
Woodruff and colleagues that reported RR av o
condauous monvlonic functon of PM concenmations.
Pope and colleagucs found i 3 24-5 ug/m* increase io
PM,, i associated with a 1-17 (95% CI 1-09-1-20)
increase in RR of total mortality for aduits over 30 years.
Woodruff and colleagues, found tha for a [0 ppm¥’

oa0O Frvo
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inereare ia PM,, sn odds redo of 1-04 8% Cl1
1-02-1-07) for incresses in total infent morunlity between -
) month and 1 ycar assoclatcd with incresecs in PM,, ’
concentrationy. ) .
Wo assumo that the sssociation is the same in the rest
of the world as it is in the USA. Epidemiological nudies
have found a reliGvely comsistent assocladon berween

-short-term exposures  PM and morulity in many

countrics, induding Clile, Buruzil, sad Wesw Busupe.*”

- (jiven the reladvely consistent associenon found between

thort-tum exposure . t0 PM end moruallty ectoss
countrics, it B reasonable to assume thet the hesith
effecu from long-term exposures to PM in other regions -
of the world parallel those of the USA.* .
The association berween change in PM,, and PM), and
change in morulity rixk is modalled a3 an exponential
function. The exponential functional form for the RR
comcs from the specificadon of the logistic regreasion
model used in the swdy by Woodrull and colleagues, snd
the Cox’s proportonal hazard model used in the Pope
study for evaluation of the association Letwsen PM wnd
mortality. In this modcl, the RR associswed with a PM
change of A PM is: ‘- E
RR (PM) = exp (B A PM)
The slope coefficient, B, is defivod from the chronio-

‘cxposure cpidcmioclogical studies sclected for uae in this

anslysis, sad A PM is the incremental change in the
annusl mean (or medisn) PM concenmston, had a
policy-based scenario not been adopied. The risk
reduction asociated with adoption of the policy is:

[exp (8 A PM)-1). :
“The catimatod rogional incidence of avoided premarure

oonality is:

A mortality=(RR (4 ’M]}-1) (morwlity ratc) (population),
where the mortality rate snd population are the adult or
post-neopatal regional estimates, derived from projections
of populsrion by age and infsn mortality retes by
country. These were obtained from the Bureau of Census
(USA) international databasc and aggregmted 0 a
regionsl level. The prujccted bascline  age-sdfusted
regions) adult (>70 years) mortality rates were calculared

.from individual counuy population projections (by 3-year

age group), adjusied for immigration and emigration with
World-Bank projected ner-migration rates. | )

The source-receptor-mawix ostimates annusi mean PM
concentationy. The RRs in the Pope study are based on
the annual median of daily PM concenuations, which is
wsually lower than the mean for airpolludon
concengations.” PM dsta, from the USA, suggers that a
~ distribution best deacribes the observed akewed
disuibution of daily PM levelh™ Astuming & y
disaibution, on esdmated mcdian can be derived from
the mean -and an estimated maximum daily level.
Obscrved population-weighted peak-to-mean rauos from
four USA geographic zoncs arc applled to the source-
receptor misociation. A maxhinum likelihood toutine was
uscd fur vacls region in the chmate-pulicy scenario .10
estmate the y dusuibutva with e culinsted viaun wnd
maximum daily level.

Resuite

The sccnartos sy form the busis for this exercise rest on
complan modcls of enecgy-wee Tends, otmared
cmixkitns  0f cerbon, projected levels of PM, and
amociatod impaces on mortality. Fach of theae models
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1090 leveln by 2010 lof Al coustries ¥nd 30 Lotow BAU lovels by

necessarily has several assumplions and includes meny
uncer\ginties. Of thc many limitatons of thiy ewercise,
rwo stand out; we have only calculated mortality impacts
of PM fof adults over age 3V snd infanis of age 1 month
to ) year; and we do nuy provide estumates of morbidities
relared 1o air pollutants from fousil-fuel combustion. "The
quantitative csdmates of public-health impscts generated
through this asscssment should be understood as a first
approximation of the likely mapnitude of the cffecy, and
not a1 (epresenting precise  predictions of svoided

With these cavean in mind, if the climate-policy
scenstio wcrc t0 be implemented, subsmbtisl
improvements in fuel efficicncy would be reallsed by
2020, and major reductioms in PM pollution would be
schieved. By the end of tho secund decade of the nexe
century, the policy we have vuilined here would avoid
about 700000 deaths annually (90% CI
483 000-1 034 000), of whidli 563000 (309 000-831 000)

and 138 000 (76 000-203 0600) would oceur in non-anncx

1 (developing) and anncx 1 (dcvcloped) countries, ’
Eﬂpecu'vely (uble 2). Nowe that the CI only reflects

._uncertainties in the epidcmiological studics. If BAU
cliraats policica continus, the greaicx) impacts will occus
in developing countries.

We estimate thot implementation uf the climate-policy
scenario could prevent up to 8 million deaths (90% Cl
4-4-11'9 million) worldwidc during the fires 20 years of
the next cenory, corresponding 1o 1-67 million (0-9-2-5
million) and 6:3¢ million (3-9-9-4 willion) svaided
deaths in developed and developing countrics,
respectively. There are higher expecred deaths in
daveloping countrics comparcd with developed countrics
because of the higher proportional expected changey in
PM concenuations under the climate-policy scenacio.

To atness the tenpitivity of the numbers to certain key
sssumprions in the cstimadon of PM concentrations, we
considered wo anslyses. The firny aasenses the offcct of
assuming that the USA climate is repeesentative of that in
each of the other global rcpons cxsmined. The secand
smenes the effects of assuming that there is no change in
cmission-control levels in the BAU baseline for the non-
annex )} counwies and in Bastern Europe and the former
Soviet Union. Table 3 preseris the results for the

CRengss  meds! assumtylions NAL GeumAme  Alcogtsies T

Prirngry hogiV) 0o 6300000 1700000 9000000
g worldwde thmatc o) 2800000 1200000 $Q00 000

vome 16 I \ne UEA :

NOONG eMREHN COMMR pveit 7400000 1700000 9 300000

coretenl I the AAY 51 MA L we

Eamem Guropo

© A §-SOVSMOPING (AOAAAAEE 1) COUMLICY; AYaBialanid (3M0s 3] QUVARF LK

BAU-tn
Toble 3 : Senaitivity snalysis of svoidabis denths frem olimats
polloy: 2000 to 2020

2010 for NAL countries)

cunsularive number of deaths avoided under cach of these
ccensrios. If we assume that the climarte in the USA s the
same in the rest of the world, this resulls in fower
atimated  avoldeble deaths than our primary heulds
analysis between 2000 aod 2020 in both non-annex 1
counies (3-8 million vs &3 million In our primary
analysis) ‘and aonex 1 sounwies (12 willion o1 17
million). The alieroative assumption, about conurol levels
in the BAU baseline, results in more estimated avoidable
deaths in non-anncx 1 counuies (76 million w 6-3
million).

Discuselon

One of the most critical set of scsumprions in this
sconario asscasment it that present levels of PM are
causing sdverse effects on mortality of the magnitade
reponed by Pope and colleagues. The assumpdon that
fine pasticles are the direct cause of these effects, and not
merely correlated with them is also critical 1o our analysis.
It is these finc partcles thay ¢an be tronsported globally
because they are not trapped by convendonal particulate-
conwrol technologles, are buoyant, aod .csn mavel
thousands of miles through the air before they ere
deposited. Dline PM con produce effecs on health In
distent countries. . .

The climate-policy sccnario that we use makes acverl
assumprions that affcce the estimates of the public-health
impacy of improved policies for climatc tonuol. We
acxume an  ambitious phase-in of _pollution-conerol
equpment i developing  countnies  from  policics

unrelatcd 10 the cimatechange-mitigetion_scenstios. If

countncs fal 10 use such polludon-control equipment,
gir-pollutant  einissions will increase, and associsted
deaths and illnesses will be higher than those estimated
under the BAU scenanio, as seen in the sensiliviry
snalysis. The effectivenem of policies to reduce
greenhouse gas in the climate policy scenasio would be
even greater. Second, the air-quality modelling protocol
we usc mszumes thut the USA distribution of chimney
heighm is representative of thar throughour the world.
Many developing countrics have lower chimneys for
powcr planta end indusiris) boilers and greater population
dentes surrounding  induswial  facilities, s0  this
sssumption probably causes sn underestimation of
avoided deaths from greenhousc-ges reduction in the
pon-annex 1 couniries. However, il pupulativny arc
concenirated at grearer distance downwind, then lower
chimney heghts would probadbly yicld lower PM
exposures and resuit in un overcetimation of svoided
deadis. Third, the analyuis does not include reductions in

morbidity duc to lower PM, or reducdona in morbidicy

from other pollurants. : .

There arc seveérdl uncoruinlies avsociated with the use
of the pruspcclive ovlun studies for ontimadon of
mortality cfficcts from I'M cxpovure workiwide. While the
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prospecuve cohort studics have attempted to account fux
all impuriant vonfounders, some powendal cunfoundem
oay not have been considcred. Howcver, scnsitivity
anslyses donc in the scudy by Pope and colleagucs found
that the associaion beiween PM and morulity wes
relatively insensitive t evera] important porendal
confounders, including occupational eéxposurc and
smoking. This enalysis also assumes there s @
consistendy incrcysing sssociation between long-tcim
exposure 10 PM and increased mortality risks, which is
the same la the reat of the world as it is In the USA. In
most developing countsies, exposurs 10 PM is un vrder of
magnitude or more higher than that in the USA.
Additonal wncrcascs 1n mortality risks could diminish s
exposures approsch s saturstion level. If the exposure
tesponsc is not the vame at these higher dosos, then
exiwapolation of the USA estimates to developing
countries may overestimate the avoided deaths in non-
annex 1 countries. The results fom the Pope study, of

- adulL morulity, probably reflect both the effects of long-

torm and chort-term exposure to PM, and there is

" posslbly some overesdmation of the annual avolded
morality azsociated with estinated annugl decrements in

PM. Another factor that could lcad 0 overcstmaron is
that PM lcvels in the USA have generally improved over
the past few decadcs, aapecially for coamse particulate
levels. If the premature monality effecws sre related to
cumuladve exposure over 4 long period, then the
observed eflects In the Popc study could be associated
with a larger PM change than obierved (leading w a
smallcr nsk per unit change). '
Our anslysis accountt for the age-disiribution of the
populations affected. If the RR is higher for older people,
then the anslysis could overcsdmate mortality cffects in
noR-annex 1 countnes. However, the younger
populsdons of devcloping countries must oftan confront
other health reatening conditions (¢g, Mmalnuriton),
which may Incrcase their wulnerability to poliucants.
Parimates of the percentage of cardiorespirstory deaths in
non-anncx 1 countrisa (excepr for subSaharan Africa) is
similer to that in snnex 1 counmies, indiceting that it i

- ressonable 1o spply PM acsoclations found (n the USA o

other sounmies. While we are not awarce of any suempt to
replicate the study by Woodruff and colleagues, similar
results of infant morwality associated with PM have been
found in the Czech Republic.® :

The quaatificaton of moruality benefits derived from

fossil-fuel combusiion. For many countries ground the
world, burning biomas 1ndooss can also bt an impormnt
source of PM. For example, in Chins, houscholds burn

“about U0 million tons of biomass fuels for cooking and

hoating each year.® The asuspended PM In Chinesc
bouseholds often excecds recommended  sir-Quality

. guidelines by WHO by more than tenfold.” For most of

the Chincac population, the health impaces from indoor
aporure (o alr polluams gready exceed char of

“workplace or ourdoor exposure. Data from a sericd of

studies and official disesse stutistics suggest that air
polution from both indoury and outdvors is responsidle
for morc than 1 milion dcaths per year in China, or
abour one in every cight deatht nadonwide.”

In 1900, lower-respinatory-imfections were the leading
componenie of disability adjustcd Uit years.” By 2020,

- rcspirstory-related diseaccs are projocted o rank among

the top ten couses of poor health ln the world, The toral

aumber of annual doatha thet could be avoided under the
dismailepulivy seenano in 2020 in auds of W developed
world simost cquals the projected number of faml injutiea
caused by automobile accidents.” In the USA, by the
gear 2020, ax lesst 33000 dosths 8 year could be svoided
from implementation of the climatc-policy sccnasio. This

' projectcd number of avoidadle desuu in the USA o of

the same order of magnitude as currendy occurs M &

result of several major causes of death from ilincases, each

of which i» subject 10 major public-policy interventions,

including buman immunodcBcicacy aod chronic liver .

Newspsper repors this year from Sumatra, Bomeo,
and other regions™ indicate that measured leveis of alr
pollution assucisted both with buming forcss and air
pollution fram energy production sometmes exceed the
evels measured in London during the killer fog of 1952.
This episode of elevated poliuton in Loadon was

. associated with nearly 3000 excest deaths ln 1 week ®

.Healdh pavtesus in any region reflect an inmicate
combinanon of factors: poverty, nuiition, populedcd
density, housing and sanitation, xmoking, end workplace
end cnvironmennl factors. While environmental factors
cannor acoount for all these patterns, they are important
because they can be changed by public policy. Patterns of

* sapid growth and development i emerging megs-cities of

e developing world can impose significant involumary
risks from air poliution on large propordons of their
populaton.™* Conuol or prevention of this exposure
nceds to be recognised as aitical to the development of
eavitonments) and  public-health policy. bBven i
envitofunental Mcwrs posc rciatvely wpall niaks of

" comumon ailments, but the cxposure it widespread and

vulnerable groups exist in the exposed population, the
public-health impact of sir poliudon can be signlicant.

. Where exposure is universal and where the populagoo is

vuinersble the marginal contribution of air pollution can
be significant.”

* conclusion

Regardless of how or when greenhouse gases aler

. climats,™ Teaucing them now will ssve lives worldwide by

loxsening purtvulutc air pullutivn. The beaebuial effects
of reduced particulate pollution sppear to be far grestex
in rtapidly developing countrles than In developed
countries, although they src subsuandal in both regions.
The overall acicnific challcnge is 10 discern enough from
prevent and pest wrends (0 reduce wncertsinticy, w el sn
integrated impacr assessment can yleld useful resulu. Our
analysis should noL be misconstrued @ precisc
predictdons, bux as relative indicators of the magnitde of
the effechs that are likely 10 scise under condivions that we

. bave specificd in these climate-rclated scenarios.

The wensdisciplinary 4activity pursued i (his
ssscsumcnt provides a systcmatic framework for the
esumalion of potentially fer-ranging snd substaprial
heulth impacs i ap unccrmin fucure world. Thia
osdmoate  looks beyond the resuicted view of

environmental health ot  local problem,” recognising the .

ouly global reach of climatc policics. There is a dynamic
between being able 1o predict future impsces and being
sble 10 affect policies to avoid those potantal impaces. In

‘e 18th cootury, the philosopher Saint-Simon aotcd

“savolr pour prevoir” snd “prevoir pour pouvolr”. Widy
kaowledge comcs the ability w predic. With the abikity o
predicy, comes the power to change those prediciions.
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Ancillary environmental benefits of cap and trade for developing countries

The reduction of greenhouse gas emissions achieved by developing countries under a cap and
trade system will simultaneously reduce the concentrations of numerous other hazardous
emissions, producing ancillary environmental and human health benefits. The environmental and
health benefits to those developing counties are unlikely to be offset by decreases in
environmental quality in the United States because of our strict health-based air quality standards.
Thus, in accepting growth targets and emissions trading, developing countries gain not only
economically but environmentally -- even with caps at BAU.

As cited in Katie McGinty’s post-Kyoto testimony, a recent study in the journal Lancet by Devra
Lee Davis examines one pollutant that is reduced along with carbon emissions: airborne
particulate matter (PM). The study projects that by 2020, a climate change policy scenario in
which developing countries reduce emissions to 10% below their BAU and developed countries
reduce emissions to 15% below their 1990 levels could produce an annual reduction of 700,000
deaths due to PM exposures. Non-Annex I countries experience 563,000 of those avoided
deaths. Over the first 20 years of the study’s scenario of climate change mitigation, deaths
avoided in developing countries total over 6.3 million.

The analysis below adapts the estimations in the Lancet study to estimate the deaths avoided
generated by participation of three key developing countries (China, India, and Mexico) in a cap
and trade system. The calculations take as given the reductions from BAU that developing
countries experience as predicted by the SGM model.

Trading | Predicted % Share of Annual deaths | Share of Annual Cumulative
country Carbon non-Annex I | avoided 2010 | non-Annex I | deaths deaths
Reduction from | Pop in 2010 pop 2020 avoided avoided by
BAU 2020 2020
China 20% 23.7% 136,700 22.2% 250,500 | 2,820,000
India 18% 20.3% 105,300 19.8% 201,000 | 2,264,000
Mexico 19% 2% 19,700 2% 20,900 235,000
Caveats

The Lancet study required heroic assumptions too numerous to mention to derive from LDC
targets of 10% below BAU, the resulting fuel use changes, PM and other emissions reductions,
PM concentration changes, reduced exposures, and finally, avoided deaths. The analysis above
makes several more heroic assumptions:

. Deaths avoided in each non-Annex I country are proportional to the country’s share of



Preliminary draft. Close hold. Do not cite or distribute. March 25,1998

non-Annex I population. For example, since China is about 24% of the non-Annex 1
population in 2010, we assume China will experience 24% of the deaths avoided.
Emissions reductions below 10% of BAU result in the same incremental avoidance of
deaths. For example, we assume that a 20% departure from BAU has double the effect of
a 10% departure.

The mortality decreases for developing countries that derived from their departure from
BAU do not depend on the targets attained by developed countries. The Lancet model
assumed that Annex I countries would achieve targets 15% below 1990 emissions levels
rather than the targets in the Protocol. Here we assume that difference does not affect the
developing country mortality reductions.

The timing of emissions reductions is consistent with the timing of reductions modeled in
the Lancet article. This timing probably differs from timing predicted by SGM.
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Annex B

Party itied emission limitation or
reduction commitment
(percentage of base year or period)

Australia 108

Austria : 92

Belgium 92

Bulgaria* 92

Canada 94

Croatia* 95

Czech Republic* . 92

Denmark 92

Estonia* 92

European Community 92

Finland 92

France 92

Germany 92

Greece - 92

Hungary* 94

Iceland ' 110

Ireland 92

Italy : 92

~ Japan 94

. Latvia* 92
rmires e Liechtenstein 92
e re 4 Lithuania* 92
. Luxembourg 92

M laging — Monaco 92
('"i}‘/def Ant +Pvba} Netherlands 92
New Zealand 100

Norway 101

Poland* 94

Portugal _ 92

Romania* 92

Russian Federation* 100

Slovakia* 92

Slovenia* 92

Spain ' 92

Sweden 92

Switzerland 92

Ukraine* 100

wchades _ United Kingdom of Great Britain and Northern Ireland 92

( {"J Poio H'-',) United States of America 93

* Countries that are undergoing the process of transition to a market economy.
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Country Pop in 2010 Pop in 2020 - Share of non-Annex EShare of non-Annex E
in 2010 . in 2020
China 1,388,474 1,488,075 23.7% - 22.2%
India 1,189,082 1,327,110 20.3% 19.8%
Mexico 117,651 130,645 2.0% 2.0%
Korea 50,764 53,293 0.9% 0.8%
Brazil 199,327 220,567 3.4% 3:3%
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Proposal for Developing Countries:
To Cap and Trade Carbon Emissions Permits

L The best form of participation by developing countries in the Kyoto Protocol
would be a) acceptance of binding caps slightly below business as usual and b)
agreement to trade emission permits internationally. Therefore such participation
should be our top priority in international negotiations.

A. The economic rationale for such participation includes

Greater cost savings to the U.S.: Participation by developing countries in
international permit markets would greatly lower the costs to the U.S. of meeting
the Kyoto cap (as CEA testimony showed). In particular, costs would be lower
than with trading among only Annex I countries, and even lower than with such
trading and the intrinsically less efficient project-by-project approach of CDM.

Greater environmental benefits: Caps slightly below business as usual would
lower global emissions, and provide environmental benefits not achievable by
pursuing CDM, which only redistributes emissions geographically.

Greater economic benefits to developing countries: With targets slightly below
BAU, developing countries would enjoy net gains of many billions of dollars
through the international sale of emission reductions achieved at lower cost than
the world price. Moreover, an emissions permit market would yield greater gains
than are available through CDM.

B. Non economic rationales include the long-run benefits of including devéloping
countries into global negotiations, and greater compliance with the Byrd-Hagel resolution.
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II. Problem: To persuade a developing country voluntarily to adopt a cap and then to
trade permits internationally, international agreements must be structured to reduce the
risk of inadvertent stringency and in particular to reduce the possibility of a cap so
stringent as to cause economic losses to the developing country.

Proposed Solution: Negotiations should focus on slight reductions from the business
as usual emissions level, where this level is expressed in a way that depends on the
future values of economic variables.

Rationale: Such caps would avotd the risk of inadvertent stringency associated with higher
than projected economic growth between now and the beginning of the commitment
period in 2008. Developing countries would face only the much smaller risk that emissions
would be higher than expected given the economic conditions realized in 2007.

Basic principles for implementing such an approach are:

. Reasonable Forecasts: The relationship between the cap (ignoring any real
reductions in emissions) and the values of economic variables, when applied to
emissions and such variables during recent years, should predict emissions
reasonably well (and be without demonstrable statistical bias). Relationships that
give reasonably precise predictions reduce the risk of both inadvertent stringency
and paper tons which could increase global emissions.

. Predetermined Caps: The cap should not depend on contemporaneous values of
economic variables, so as to avoid uncertainty during the commitment period about
the country’s cap. For example, the cap should not vary with 2008 or 2010 GDP
levels, although it may vary with 2007 GDP.

. No Perverse Incentives: The cap should depend on values of economic variables
only indirectly related to emissions, to avoid creating perverse incentives for
developing countries to increase emissions so as to have higher caps in the
commitment periods. For example, the cap should not depend on energy
consumption in 2007.
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Mlustration: One sensible way of implementing the solution is described below. Other
ways of implementing the solution may work as well or better. The conclusions are stated
below and the details of our work follows

. Defining the business as usual level for a developing country as a function of its
lagged GDP and lagged population and setting the emissions cap at that level yields
a negligible risk of leaving the developing country worse off under cap and trade
because of inadvertent stringency. A cap slightly below BAU would also yield
negligible risk of leaving the developing country worse off.

. Emissions caps for developing countries set below their business as usual emission
level will result in lower gains from trade but provide environmental benefits. The
higher costs of a cap set below BAU are borne by both the developing countries
and the Annex I countries.

There are significant gains from trade for large developing countries and large cost-savings
to the U.S. if just one developing country accepts an emissions cap at BAU and
participates in emissions trading. The following table illustrates these gains from trade
from a baseline of full Annex I trading.

Trading Scenario | Country Permit Price | Gains from Trade
(97%/ton)

Annex I only United States | $54 not applicable

Annex I + China China $26 $3.6 billion/year

Annex I + China United States $11.6 billion/year

Annex I + India India $47 $1.6 billion/year

Annex I + Mexico | Mexico $51 $0.9 billion/year

! Gains from trade for the U.S. are estimated based on the reduction in
cost to the US of trading in Annex I plus China.
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China's 2010 Marginal Abatement Cost Curve

T

- Gains from trade
with cap at BAU:
~ $3.6 billion/year

- Emissions abated are
about 20% of BAU
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India's 2010 Marginal Abatement Cost Curve
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- Gains from trade:
~ $1.6 billion/year
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Emissions abated are
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Mexico's 2010 Marginal Abatement Cost Curve

_f Gains from trade:

B ~ $0.9 billion

i Emissions abated are

L about 19% of BAU
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Summary of Analysis:
A. Data

We have compiled data on 3 variables: emissions of carbon dioxide, GDP, and population
for 117 countries for the time period 1970-1992. The carbon dioxide emissions data,
measured in millions of metric tons of carbon, are from the Carbon Dioxide Information
Analysis Center (Oak Ridge National Laboratory, DOE). The GDP data, measured in
1987 U.S. dollars, are from the World Bank. The population data, measured in thousands
of individuals, are from the United Nations Population Division.

B. Methods

We have estimated a fixed effects linear regression on the logs of these variables, for the
countries in our data set, excluding those listed in Annex I. Our regression uses four non-
overlapping 5 year intervals for each country. The residuals exhibit slight serial correlation
(estimated first order serial correlation =.15). Our forecasts include the country specific
constants.

C. Results
The fixed effects regression we estimated is
Emissions = a GDP,, + b GDP,, + ¢ Population,, + y trend

Emissions are the natural logarithm of the five year non-overlapping average of carbon
emissions. All independent variables are lagged. GDP,, is the log of the gross domestic
product in the year prior to the first year in the emissions variable, GDP,, is GDP in the
year two years prior to the first year included in the emissions variable, and population,, is
the country’s population in the year prior to first year included in the emissions variable.
Trend is one in the first S year period, and 2, 3 and 4 respectively in the subsequent 5 year
periods. The useable data included 376 cross-section time series observations. The fixed
effects regression used 98 degrees of freedom. The R squared was in excess of 0.99.



Model 1 Results

Preliminary Draft, Close Hold, Do Not Cite, March 13, 1998

Variable Name Coefficient Estimate | Standard Error
GDP,, 0.9501823 0.2443047
GDP,, -0.411297 0.23894
Population, 0.4836006 0.2055439
trend 0.0073712 0.0310638

As one illustration of the model’s accuracy in predicting emissions, consider the chart
below that maps actual and predicted emissions using within sample data for ten selected
developing countries. The predicted value is never more than 1/4 of one percent away
from the actual emissions average for any of the five year intervals.

Error in Mode! | Prediction as a Fraction of Actual Emissions
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To forecast emissions for the five year period beginning in 2008 using the results of this
regression we input the World Bank forecasts of GDP for the years 2007 and 2006, and
the United Nations forecasts of 2007 population. The forecasts of emissions for the
budget period and the confidence intervals around these forecasts conditional on the
assumed 2006 and 2007 values are described in the table below.

Country 2006 GDP 2007 GDP 2007 Predicted
(19878, billions) | (19878, billions) | Population Average
Emissions,
2008-2012
China 1,385.8 1,493.5 1,357,627,00 | 2092 MMTC
0 | SE: 1.37 MMTC
India 752.1 799.7 1,140,563,00 | 345 MMTC
0 | SE: 1.34 MMTC
Mexico 268.2 282.7 113,385,000 [ 157 MMTC
SE: 1.33 MMTC

The 95 percent confidence interval around the predicted emissions is approximately
+ two standard errors. As shown above, these developing countries would incur net costs
of a cap and trade only if the cap were about 9 to 10 percent below BAU. Since such
reductions from BAU are more than 10 times greater than the standard error, the risk of
net costs is negligible.
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How Far Below BAU Should the Developing Countries’ Caps Be Set?

The answer to this question has many dimensions. Most commonly discussed is the issue
of fairness: what commitments to reduce emissions should be made by countries whose
economic resources differ substantially? Generally neglected but discussed below is the
issue of efficiency. In particular, what are the implications for U.S. costs of increasingly
more stringent caps on emissions from key developing countries?

More stringent developing country caps raise U.S. costs by restricting the supply of
permits in world markets and so raising the price of permits. To assess the magnitude of
this effect consider the cap which just leaves a country no better off than no cap at all.
This “indifference” cap is where the costs of meeting the cap just equal the net gains from
selling permits in world markets. In the figure on the next page illustrates gains from trade
for a small country. For a cap that is equivalent to a reduction from BAU of 138
MMTCE, net foreign exports are B, and the cost of meeting the cap is C. Since B=C in
this example, the net gains from trade are nil.

Imposing this “indifference” cap on China, given that its participation does affect world
permit prices leads to the following conclusions. '

1) An indifference cap for China increases annual U.S. costs by $4.5 billion or 33%
relative to a BAU cap for China.

2) The cost to the U.S. per ton of Chinese emissions reduced is $26 on average. (The
marginal cost effectiveness is likely to be higher.) This is not the average cost of a ton of
emissions purchased from China, but the average cost to the U.S. of China complying with
a more stringent cap.

Thus developing country participation in the form of acceptance of caps significantly more
stringent than business as usual will raise costs to the U.S.



Permit Price (97%/ ton)

Preliminary Draft, Close Hold, Do Not Cite, March 13, 1998

Illustrative 2010 Marginal Abatement Cost Curve
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BODY:
Summary

Background Most public-health assessments of climate-control policies have
focused on long-term impacts of global change. Our interdisciplinary working
group assesses likely short-term impacts on public health.

Methods We combined models of energy consumption, carbon emissions, and
associated atmospheric particulate- matter (PM) concentration under two dif-
ferent forecasts: business-as-usual (BAU); and a hypothetical climate-policy
scenario, where developed and developing countries undertake significant
reductions in carbon emissions.

Findings We predict that by 2020, 700000 avoidable deaths (90% CI
385000-1034000) will occur annually as a result of additional PM exposure under
the BAU forecasts when compared with the climate-policy scenario. From 2000 to
2020, the cumulative impact on public health related to the difference in PM
exposure could total 8 million deaths globally (90% CI 44-119 million). In the
USA alone, the avoidable number of annual deaths from PM exposure in 2020
(without climate-change-control policy) would equal in magnitude deaths
associated with human immunodeficiency diseases or all liver diseases in 1995.

Interpretation The mortality estimates are indicative of the magnitude of the
likely health benefits of the climate-policy scenario examined and are not
precise predictions of avoidable deaths. While characterised by considerable
uncertainty, the short-term public-health impacts of reduced PM exposures
associated with greenhouse-gas reductions are likely to be substantial even
under the most conservative set of assumptions.

Introduction
Since the industrial revolution, the contribution of anthropogenic sources of

greenhouse gases to the global environment has increased significantly.1l
Atmospheric concentrations of greenhouse gases, including carbon dioxide (C02),
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methane (CH4), and nitrous oxide (N20), are of greater importance today than at
any other time in human history. These trends can be largely attributed to human
activities, primarily fossil-fuel combustion, and change in land use and
agricultural practices. In the absence of efforts to reduce greenhouse gases,
the concentrations of these gases are expected to grow sig- nificantly
throughout the next century. The mid-range estimate from the Intergovernmental
Panel on Climate Change (IPCC) is that human-induced climate-change will
increase surface temperatures by about 20C by the year 2100;2 many uncertainties
exist about this projection.

In an effort to protect the global-climate system for future generations,
over 150 nations signed the UN Framework Convention on Climate Change (UNFCCC)
in June, 1992.3 The UNFCCC established the objective of stabilising atmospheric
greenhouse-gas concentrations at levels that would avoid dangerous anthropogenic
interference with the global-climate system. Signatory countries will be
considering options to control greenhouse gases at the third con- ference of
parties in Kyoto, Japan, in December, 1997.

Short-term public-health impacts have generally not been considered in
assess- ments of global-climate change. Two studies,4,5 for example, have
projected that well into the next century, weather patterns resulting from
climate change are expected to affect the health of future generations.
Heat-related mortalities and illnesses, physical and psychological traumas, and
changes in vector-borne and infectious diseases, food supplies, and coastal
sea-levels are expected to become evident. With various models, we estimate
likely public-health benefits of current and future global-climate-change
mitigation policies in the first two decades of the 21st century in developed
and developing countries.

Many of the fossil-fuel combustion processes that produce €02 and other
green- house gases also produce a host of air pollutants such as particulate
matter (PM), sulphate, ozone, and other pollutants, all of which have short-term
adverse effects on public health. We use PM as a sentinel air pollutant because
it is commonly associated with fossil-fuel combustion. Extensive public-health
literature in several countries has shown that both mortality and morbidity are
significantly associated with exposure to PM.6,7 Most air pollutants from fossil
fuels have local impacts but some airborne pollutants (eg, fine particulates)
can be transported thousands of miles and have global impacts.8

We combined analyses from several independent models of energy consumption
(to provide a first approximation of likely CO2 emissions), associated
concentra- tions of PM, and probable increases in mortality associated solely
with PM by the year 2020 (figure 1). This analysis presents a scenario-based
order-of-magnitude estimate of the possible size of the air-pollution impacts on
populations in developed and developing countries.

Methods
Scenario development

Estimation of the consequences for public health of projected global events
requires the development of scenario-based impact assessment that relies on
complex models of environmental change.9 Our study develops two possible CO2
emission scenarios: a business-as-usual (BAU) scenario which updates IPCC's 1992
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analysis of expected trends in energy consumption and associated CO2
emissions;10 and a hypothetical climate-policy scenario, which considers the
stated intentions of the European Union regarding proposed reductions in CO2
emissions for developed countries,1l coupled with additional measures by
developing countries. Under our hypothesised climate-policy scenario, developed
countries would undertake concerted and binding efforts to reduce energy-related
CO2 emissions 15% below 1990 levels by the year 2010. Under this same
climate-policy scenario, developing countries are assumed to reduce their
emissions 10% below their levels of greenhouse-gas emissions forecast for
2010--that is, 10% below what would otherwise be their BAU trends by 2010. This
is consistent with agreements made by developing countries under the Ber- lin
Mandate to advance implementation of existing commitments to promote tech-
nologies, practices, and processes that reduce greenhouse-gas emissions.

Both these scenarios assume that total energy use and efficiencies in the
developing countries continue to increase to meet the needs of economic growth.
The differences between them lie in the rates of growth in energy use, the fuel
mixes, and their combustion and end-use efficiencies. Under each of these
scenarios, emissions of PM are taken as representative of general ambient air
pollution associated with fossil-fuel combustion and CO2 emis- sions. Based on
projected concentrations of PM, we estimate annual and cumula- tive numbers of
avoidable deaths in the years 2010 and 2020 among adults aged over 30 years and
infants of up to 1 year in developed (annex 1) and develop- ing (non-annex 1)
countries (UNFCCC nomenclature). Avoidable deaths refers to the estimated annual
premature mortality associated with PM from modelled fos- sil-fuel combustion
(ie, attributable risk) that could be avoided by adopting the hypothesised
climate-policy scenario. Because the aerodynamic size of the particles produced
is of great importance, our model estimates the emissions and concentrations of
particles that are less than 10 m (PM10) and fine particles of less than 25 m
(PM25) . A host of other adverse acute and chronic health effects are also
associated with PM and other air pollutants, but are not analysed here.12,13

Fossil-fuel consumption and carbon emissions

Future fossil-fuel consumption and resulting emissions of greenhouse gases
and other air pollutants reflect complex interactions of several key variables,
including economic activity, transportation modes, demographic trends, the rate
and nature of technological innovations, and energy prices. The IPCC devised six
well-documented projections of greenhouse-gas emissions in 1992.14 The IPCC used
the Atmospheric Stabilisation Framework (ASF) model to relate socioeconomic
scenarios to carbon emission trajectories. The ASF model con- tains detailed
representations of fossil-fuel consumption for four sectors (electric utility,
residential/commercial, industrial, and transportation) for nine global regions.

All CO2 emission estimates in this paper refer to emissions attributable to
the combustion of fossil fuels, which represent about 75% of current global
anthropo-genic emissions of C02.15 The CO2 emission projections presented in
this paper fall within the range of other emission projections documented in the
literature. The 83 billion metric tonnes of carbon (BMTC) from fossil-fuel
combustion presented in this paper for 2010 is slightly lower than the estimate
of 88 BMTC as predicted by Energy Information Administration.16 Our 2020
projection of 107 BMTC is higher than the IIASA/WEC projection of 84 BMTC17 and
similar to the Shell 0Oil sustained-growth scenario estimate of 105 BMTC.18
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The input in this study has been updated to reflect more recent population
projections, the breakup of former Soviet Union, and lower anticipated fos-
gsil-fuel prices. The model assesses CO2 emission-reduction goals, by choosing
the most efficient and least cost emission- reduction opportunities available in
each region, and recognises efficiency improvements in many developing

countries.19 The global-population data used for these scenarios are con-
sistent with the World Bank's medium-growth assumptions.20 The gross national
product (GNP) growth assumed for the BAU scenario is slightly higher than the
one used in the IS%2a scenario, which reflects several economic, energy, and
climate-change-related studies.21,22

Table 1 and figure 2 indicate several trends and associations of fossil-fuel
consumption patterns modelled under both the BAU and climate-policy scenarios.
In 1990, despite having only 24% of the world's population, annex 1 countries
accounted for 70% of global fossil-energy consumption and 68% of carbon emis-
sions from fossil fuels. Under BAU, overall growth in CO2 emissions from annex 1
countries is relatively moderate through the projection period, 1990-2020,
rising by only 175% through 2020. This moderate growth may be explained by
current trends of fossil-fuel consumption patterns in Russia and the former
Soviet Union. These regions markedly differ from other annex 1 countries, in
that sharp declines in energy consumption are not assumed to reach 1990 levels
again before 2020. As a consequence, future increases in emissions in annex 1
countries under the BAU scenario are masked by these reduced consumption pat-
terns in Russia and the countries of the former Soviet Union.

The expected growth in energy-related CO2 emissions of non-annex 1 countries
under BAU by 2020 exceeds the total level of emissions of annex 1 countries in
1990. Non-annex 1 countries' carbon emissions resulting from consumption of
fossil fuels are expected to rise from 19 BMTC in 1990 to 41 BMTC in 2010, a
116% increase over 30 years. In 1990, annex 1 countries produced 68% and
non-annex 1 countries produced only 32% of total global carbon emissions. Under
the BAU scenario, by the years 2010 and 2020, non-annex 1 region's projected
contributions will be 41 and 6 BMTC, respectively. On the other hand, if the
climate-policy scenario is implemented, by the years 2010 and 2020, non-annex 1
region's projected carbon emissions could be reduced to 37 and 54 BMTC,
respectively. Figure 2 shows the relative contributions of developed and
developing countries to fossil-fuel use for the years 1990, 2010, and 2020 under
both scenarios. The global fossil-fuel consumption is expected to be less under
the climate policy scenario, which reflects increased fuel-combustion
efficiencies, conservation measures, and improved technologies. We assume that
there is no cross-border trading of greenhouse gases. Under the climate-policy
scenario, CO2 emissions decrease more than fossil-fuel consumption as countries
switch away from coal to less polluting fuels, such as natural gas.

Pollutant emissions and concentrations

The following discussion outlines the modelling protocol followed in this
study along with a brief description of key assumptions and sensitivity
analyses.

A PM source-receptor matrix23 was used to derive concentration patterns for
PM10 and PM25 per unit of energy use for each of the four sectors and three
fossil-fuel types (coal, oil, and natural gas). The source-receptor coeffi-
cients were calculated with large-scale air-dispersion models that were based on
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emission inventories calibrated with and matched to extensive monitoring data in
USA for 1990-1994.24 In addition to calculation of concentrations of primary
particles (those emitted directly by sources), the model also incorporates the
secondary conversion of gaseous precursors (S02 and NOx) to fine particulates as
they are transported through the lower atmosphere. The source-receptor-matrix
model yields smoothed, area-wide averages of PM10 and PM25 concentrations for

each IPCC region and does not estimate local air- borne-pollutant levels at
specific receptor sites; the latter air-pollutant estimates are generally
calculated with Gaussian air-dispersion models that incorporate only local
emigsion inventories and meteorological data. To do this analysis, we assume
that airborne fine particles travel hundreds of miles through the atmosphere and
their estimated regional concentrations are not very sensitive to the details of
the modelling matrix. This contrasts with the well-known difficulty of modelling
for short-term ozone episodes over a small geographic area. Evidence supporting
the long-range transport of fine particles can also be found--eg, in the report
of the second World Meteorological Organization meeting of experts to assess the
response to and atmospheric effects of the Kuwait oil fires.25

Applying such a large-scale air-dispersion model carries with it several
assumptions that could result in a misestimation of actual PM concentrations. In
the absence of data on typical chimney heights in other parts of the world, for
example, we have assumed that the distribution of chimney heights in the USA is
representative of that found elsewhere. Should average heights of chim- neys in
a given region be lower than in the USA, the likely consequence would be higher
local concentrations of particles and their precursors, and lower concentrations
at greater distances downwind. Conversely, higher chimneys could yield lower
concentrations near a given source but higher concentrations further downwind. A
second key assumption is that the spatial association between emission sources
and population densities in the USA is representative of the rest of the world.
In some developing regions, such as the mega-cities of Southeast Asia, whose
population patterns are more geographically dense, this approach is likely to
underestimate actual human exposures to airborne pollutants. Also, the
source-receptor-matrix model makes no estimates of indoor air-pollutant
exposures to PM from coal or biomass used for cooking and heating. Such
exposures are known to be very high in several developing regions, such as
China, Africa, and India.26

Our modelling indicates that concentrations of PM from a fixed quantity of
emissions in hot and dry regions are about one-third of what would be expected
from those same emissions under most other climatic conditions. The likely
reasons for this are: higher ambient temperatures coincide with greater mixing
heights, hence a greater volume of air for dispersion; and the conversion of
gaseous PM precursors such as SO2 into intermediate products (sulphuric acid)
requires the presence of water vapour. Where less water vapour is available,
conversion rates are slower and conversion takes place over longer distances.
Therefore, regional levels of PM are expected to be lower in dryer climates.

To capture these influences of climate on PM concentrations, the USA was
divided into four roughly equal geographic zones based on long-term climatic
data: hot/dry, hot/wet, cold/dry, and cold/wet. Unique source strengths for each
sector/fuel were derived for each zone. Similar climatic data for each of the
remaining eight global regions were used along with data on population densities
to obtain the appropriate, representative weighting among USA climate zones--eg,
90% of the population of the Southeast Asia group was found to reside in a
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climate which most closely resembles the hot/wet designation, while 10% resides
in a hot/dry grouping; none was in the cold/dry or cold/wet zones. To derive an
overall Southeast Asia estimate, the source-receptor association for the hot/wet
USA zone was weighted 90%, and the hot/dry zone 10%. Had we not adjusted the
source-receptor matrix to account for regional differences for climate, and
instead used the USA climate as a proxy for the rest of the world, then the
modelled concentrations of PM would have been from 16% (climate policy Asia)
to 130% (climate policy Europe) lower.

This analysis projected future global patterns of energy consumption and
adjusted the overall USA source-receptor association to account for climate
differences in other global regions. To project likely changes in concentra-
tions of PM, it is also necessary to estimate future efficiencies of pol-
lution-control equipment and policies unrelated to climate-control mitigation.
In our analysis, two alternative pollution-control strategies were assumed to
occur, in developed and developing regions. The USA Organisation for Economic
Co-operation and Development (OECD)-West and OECD-Asian countries were assumed
to use USA controls, including SO2 and NOx controls outlined in the USA, 1990,
Clean Air Act. These do not reflect controls that individual states of the USA
might adopt as a result of recent revisions to ozone and PM National Ambient Air
Quality Standards, which are not expected to go into effect until after the
adoption of climate-change mitigation strategies. All other regions were assumed
to start with no controls in the year 2000. By the year 2020, these other
regions were assumed to attain 1990 USA control levels for
transportation-related emissions and 1970 USA control levels for point-source
emissions.

Our results are gensitive to the estimation of pollution-control efficiencies
for fuel combustion because emission rates change in relation to these values.
This is especially true for situations where high levels of control are
estimated, because the difference between 90% and 99% control is a ten-fold
difference in emissions. For countries that may have more stringent control
programmes than the USA (eg, certain sectors in Japan), use of USA standards as
a proxy may overestimate future PM concentrations. It is also possible that our
assumptions about future pollution-control efficiencies are too optimistic for
developing countries; if so, then we will have underestimated emissions and
associated health effects of the control scenarios. The sensitivity of the
analysis to assumed control levels was evaluated by calculating PM concentra-
tions in non-annex 1 regions and Eastern Europe and former Soviet Union, which
would result in the absence of controls. Analysis for 2020 showed that remov-
ing controls would yield PM10 and PM25 concentrations of 65% and 32% higher,
respectively, than the values calculated in the BAU analysis.

Further refinements to transportation-related emissions in all non-USA
regions were made to account for the much higher reliance on diesel fuel in most
of the world than in the USA.27,28 The fraction of the energy consumed in the
transportation sector which is diesel fuel is different in each country (eg, 60%
in Latin America, 20% in the USA) and the fraction is assumed to remain constant
throughout the study period. These refinements alsoc assume a steady reduction in
use of lead in petrol starting from present levels in the year 2000 to zero in
2010. Increased use of catalytic converters to control vehicle-exhaust
pollutants will accompany phase-out of lead.

In the USA, data indicate that ambient PM10 concentrations are on average 65%
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of total suspended particulate concentrations; PM25 concentrations are on an
average about 50% of PM10 concentrations; and fossil-fuel combustion accounts
for about 45% of measured PM25 concentrations.23,24 To validate modelled PM
concentrations, ambient monitoring data were gathered for about 40 countries.
Virtually all of the data, however, were for total suspended particulate and no
data were found which established the fractional contribution from fos- sil-fuel
combustion. If one were to assume that the percentage of total suspended
particulate that is contributed by fuel-combustion sources in the USA holds

throughout the world, then estimated PM concentrations should be two to ten
times higher than those developed in this study. In our judgment, it is highly
unlikely that other regions experience long-term average PM concentra- tions
from fossil-fuel combustion that approach such levels. Total suspended
particulate concentrations in most of the world are at least twice as high as
those in the USA; this is likely due to factors such as much higher contribu-
tion to the coarser fraction (>25 m) from such sources as wind-blown dust (eg,
Middle East) as well as a higher fine fraction (<25 m) contribution from sources
such as biomass burning from heating, cooking, and forest clearing (eg,
Southeast Asia).

Health-impact estimates

Extensive public-health literature in several countries shows that both
mortality and morbidity are significantly associated with exposure to PM.6,7
Besides mortality, studies in several countries have associated PM with car-
diovascular and respiratory morbidity (eg, increased hospital admissions and
emergency-room visits for acute and chronic pulmonary effects, including bron-
chitis, asthma, cough and wheeze) .6,7,29 Little is known about the mechanism of
action of PM. Some toxicological studies have produced bronchitic responses, 30
arrhythmias, 31 and exacerbation of pneumonia in rats33 from exposure to fine
particles, which are similar to those observed in epidemiological studies. It
has been found that tiny respirable particles or airborne aerosols can interfere
directly with pulmonary function and plasma viscosity in animals and human
beings.33-35 Mortality effects have con- sistently been associated with
short-term and long-term exposure to PM in more than 40 studies done in over ten
countries.6,7,36-38

The short-term exposure studies use daily time-series analysis to assess
changes in mortality in the general population that are associated with changes
in daily concentrations of PM. Long-term exposure studies of PM have used a
prospective cohort design, which allows the adjustment of potential confounders
in the assessment of the association between PM and mortality.

~ Health benefits from reductions in PM have been derived previously from
epidemiological studies done in the USA and in Europe.29,38,39 Long-term
exposure studies were used as the basis for the quantitative analysis because
the results from these analyses have followed single cohorts and adjusted for
important confounders. These analyses suggested mortality effects from both
long-term and short-term exposure to PM.6,7,41 Epidemiological studies were
chosen for this quantitative analysis only if they reported the relative risk
(RR) as a monotonic function of PM concentrations. The two age groups for which
RR has been estimated in long-term studies are adults aged over 30 years and
infants aged between 1 month and 1 year. To evaluate the impact of PM con-
centrations on adult mortality, the paper by Pope and colleagues was selected as
the basis for quantitative analysis.42 For infant mortality, we used a study by
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Woodruff and colleagues43 that reported RR as a continuous monotonic function of
PM concentrations. Pope and colleagues found that a 245 g/m3 increase in PM25 is
associated with a 117 (95% CI 109-126) increase in RR of total mortality for
adults over 30 years. Woodruff and colleagues, found that for a 10 g/m3 increase
in PM10, an odds ratio of 104 (95% CI 102-107) for increases in total infant
mortality between 1 month and 1 year associated with increases in PM10
concentrations.

We assume that the association is the same in the rest of the world as it is
in the USA. Epidemiological studies have found a relatively consistent
association between short-term exposures to PM and mortality in many countries,
including Chile, Brazil, and Western Europe.6,37 Given the relatively consistent
association found between short-term exposure to PM and mortality across
countries, it is reasonable to assume that the health effects from long-term
exposures to PM in other regions of the world parallel those of the USA.6 The
association between change in PM25 and PM10 and change in mortality risk is
modelled as an exponential function. The exponential func- tional form for the
RR comes from the specification of the logistic regression model used in the
study by Woodruff and colleagues, and the Cox's proportional hazard model used
in the Pope study for evaluation of the association between PM and mortality. In
this model, the RR associated with a PM change of D PM is:

RR (PM) = exp (b D PM)

The slope coefficient, b, is derived from the chronic-exposure
epidemiological studies selected for use in this analysis, and D PM is the
incremental change in the annual mean (or median) PM concentration, had a
policy-based scenario not been adopted. The risk reduction associated with
adoption of the policy is:

[exp (b D PM)-1].
The estimated regional incidence of avoided premature morality is:

D mortality=(RR [D PM]-1) (mortality rate) (population), where the
mortality rate and population are the adult or post-neonatal regional estimates,
derived from projections of population by age and infant mortality rates by
country. These were obtained from the Bureau of Census (USA) international
database and aggregated to a regional level. The projected baseline age-adjusted
regional adult (>30 years) mortality rates were calculated from individual
country population projections (by 5-year age group), adjusted for immigration
and emigration with World-Bank projected net-migration rates.

The source-receptor-matrix estimates annual mean PM concentrations. The RRs
in the Pope atudy are based on the annual median of daily PM concentrations,
which is usually lower than the mean for air-pollution concentrations.42 PM
data, from the USA, suggests that a g distribution best describes the observed
skewed distribution of daily PM levels.39 Assuming a g distribution, an
estimated median can be derived from the mean and an estimated maximum daily
level. Observed population-weighted peak-to-mean ratios from four USA geographic
zones are applied to the source-receptor association. A maximum likelihood
routine was used for each region in the climate-policy scenario to estimate the
g distribution with the estimated mean and maximum daily level.
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Results

The scenarios that form the basis for this exercise rest on complex models of
energy-use trends, estimated emissions of carbon, projected levels of PM, and
associated impacts on mortality. Each of these models necessarily has several
assumptions and includes many uncertainties. Of the many limitations of this
exercise, two stand out: we have only calculated mortality impacts of PM for
adults over age 30 and infants of age 1 month to 1 year; and we do not provide
estimates of morbidities related to air pollutants from fossil-fuel combus-

tion. The quantitative estimates of public-health impacts generated through
this

assessment should be understood as a first approximation of the likely magnitude
of the effect, and not as representing precise predictions of avoided
mortalities.

With these caveats in mind, if the climate-policy scenario were to be imple-
mented, substantial improvements in fuel efficiency would be realised by 2020,
and major reductions in PM pollution would be achieved. By the end of the sec-
ond decade of the next century, the policy we have outlined here would avoid
about 700000 deaths annually (90% CI 385000-1034000), of which 563000
(309000-831000) and 138 000 (76000-203000) would occur in non-annex 1
(developing) and annex 1 (developed) countries, respectively (table 2). Note
that the CI only reflects uncertainties in the epidemiological studies. If BAU
climate policies continue, the greatest impacts will occur in developing
countries.

We estimate that implementation of the climate-policy scenario could prevent
up to 8 million deaths (90% CI 44-119 million) worldwide during the first 20
years of the next century, corresponding to 167 million (09-25 million) and 634
million (35-94 million) avoided deaths in developed and developing countries,
respectively. There are higher expected deaths in developing countries compared
with developed countries because of the higher proportional expected changes in
PM concentrations under the climate-policy scenario.

To assess the sensitivity of the numbers to certain key assumptions in the
estimation of PM concentrations, we considered two analyses. The first assesses
the effect of assuming that the USA climate is representative of that in each of
the other global regions examined. The second assesses the effects of assuming
that there is no change in emigsion-control levels in the BAU baseline for the
non-annex 1 countries and in Eastern Europe and the former Soviet Union. Table 3
presents the results for the cumulative number of deaths avoided under each of
these scenarios. If we assume that the climate in the USA is the same in the
rest of the world, this results in fewer estimated avoidable deaths than our
primary health analysis between 2000 and 2020 in both non-annex 1 countries (38
million vs 63 million in our primary analysis) and annex 1 countries (12 million
vs 17 million). The alternative assumption, about control levels in the BAU
baseline, results in more estimated avoidable deaths in non-annex 1 countries
(76 million vs 63 million).

Discussion
One of the most critical set of assumptions in this scenario assessment is

that present levels of PM are causing adverse effects on mortality of the mag-
nitude reported by Pope and colleagues. The assumption that fine particles are
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the direct cause of these effects, and not merely correlated with them is also
critical to our analysis. It is these fine particles that can be transported
globally because they are not trapped by conventional particulate-control
technologies, are buoyant, and can travel thousands of miles through the air
before they are deposited. Fine PM can produce effects on health in distant
countries.

The climate-policy scenario that we use makes several assumptions that affect
the estimates of the public-health impact of improved policies for climate
control. We assume an ambitious phase-in of pollution-control equipment in
developing countries from policies unrelated to the climate-change-mitigation

scenarios. If countries fail to use such pollution-control equipment,
air-pollutant emissions will increase, and associated deaths and illnesses will
be higher than those estimated under the BAU scenario, as seen in the
sengitivity analysis. The effectiveness of policies to reduce greenhouse gas in
the climate-policy scenario would be even greater. Second, the air-quality
modelling protocol we use assumes that the USA distribution of chimney heights
is representative of that throughout the world. Many developing countries have
lower chimneys for power plants and industrial boilers and greater population
densities surrounding industrial facilities, so this assumption probably causes
an underestimation of avoided deaths from greenhouse-gas reduction in the
non-annex 1 countries. However, if populations are concentrated at greater
distance downwind, then lower chimney heights would probably yield lower PM
exposures and result in an overestimation of avoided deaths. Third, the analysis
does not include reductions in morbidity due to lower PM, or reduc- tions in
morbidity from other pollutants.

There are several uncertainties associated with the use of the prospective
cohort studies for estimation of mortality effects from PM exposure worldwide.
While the prospective cohort studies have attempted to account for all important
confounders, some potential confounders may not have been con- sidered. However,
sensitivity analyses done in the study by Pope and col- leagues found that the
association between PM and mortality was relatively insensitive to several
important potential confounders, including occupational exposure and smoking.
This analysis also assumes there is a consistently increasing association
between long-term exposure to PM and increased mortality risks, which is the
same in the rest of the world as it is in the USA. In most developing countries,
exposure to PM is an order of magnitude or more higher than that in the USA.
Additional increases in mortality risks could diminish as exposures approach a
saturation level. If the exposure response is not the same at these higher
doses, then extrapolation of the USA estimates to developing countries may
overestimate the avoided deaths in non-annex 1 countries. The results from the
Pope study, of adult mortality, probably reflect both the effects of long-term
and short-term exposure to PM, and there is possibly some overestimation of the
annual avoided mortality associated with estimated annual decrements in PM.
Another factor that could lead to overestimation is that PM levels in the USA
have generally improved over the past few decades, especially for coarse
particulate levels. If the premature mortality effects are related to cumulative
exposure over a long period, then the observed effects in the Pope study could
be associated with a larger PM change than observed (leading to a smaller risk
per unit change).

Our analysis accounts for the age-distribution of the populations affected.
If the RR is higher for older people, then the analysis could overestimate
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mortality effects in non-annex 1 countries. However, the younger populations of
developing countries must often confront other health threatening condi- tions
(eg, malnutrition), which may increase their vulnerability to pol- lutants.
Estimates of the percentage of cardiorespiratory deaths in non-annex 1 countries
(except for subSaharan Africa) is similar to that in annex 1 countries,
indicating that it is reasonable to apply PM associations found in the USA to
other countries. While we are not aware of any attempt to replicate the study by
Woodruff and colleagues, similar results of infant mortality associated with PM
have been found in the Czech Republic.40

The quantification of mortality benefits derived from our analysis only con-

siders outdoor sources of PM from fossil-fuel combustion. For many countries
around the world, burning biomass indoors can also be an important source of
PM.

For example, in China, households burn about 500 million tons of biomass fuels
for cooking and heating each year.44 The suspended PM in Chinese households
often exceeds recommended air-quality guidelines by WHO by more than tenfold.45
For most of the Chinese population, the health impacts from indoor exposure to
air pollutants greatly exceed that of workplace or outdoor exposure. Data from a
series of studies and official disease statistics sug- gest that air pollution
from both indoors and outdoors is responsible for more than 1 million deaths per
year in China, or about one in every eight deaths nationwide.46

In 1990, lower-respiratory-infections were the leading components of dis-
ability adjusted life years.47 By 2020, respiratory-related diseases are
projected to rank among the top ten causes of poor health in the world. The
total number of annual deaths that could be avoided under the climate-policy
scenario in 2020 in much of the developed world almost equals the projected
number of fatal injuries caused by automobile accidents.48 In the USA, by the
year 2020, at least 33000 deaths a year could be avoided from implementation of
the climate-policy scenario. This projected number of avoidable deaths in the
USA is of the same order of magnitude as currently occurs as a result of several
major causes of death from illnesses, each of which is subject to major
public-policy interventions, including human immunodeficiency and chronic liver
diseases.

Newspaper reports this year from Sumatra, Borneo, and other regions49
indicate that measured levels of air pollution associated both with burning
forests and air pollution from energy production sometimes exceed the levels
measured in London during the killer fog of 1952. This episode of elevated
pollution in London was associated with nearly 3000 excess deaths in 1 week.50

Health patterns in any region reflect an intricate combination of factors:
poverty, nutrition, population density, housing and sanitation, smoking, and
workplace and environmental factors. While environmental factors cannot account
for all these patterns, they are important because they can be changed by public
policy. Patterns of rapid growth and development in emerging mega-cities of the
developing world can impose significant involuntary risks from air pollution on
large proportions of their population.51,52 Control or prevention of this
exposure needs to be recognised as critical to the develop- ment of
environmental and public-health policy. Even if environmental factors pose
relatively small risks of common ailments, but the exposure is widespread and
vulnerable groups exist in the exposed population, the public-health impact of
air pollution can be significant. Where exposure is universal and where the

u

P LDSNEXS G LEXSNEXIS @ LEXIS-NEXIS

G A member of the Reed Elsevier plc group A member of the Reed Blscvier pic group

-&A member of the Reed Elsevier plc group



Page 13
The Lancet November 8, 1997

population is vulnerable the marginal contribution of air pollution can be
significant.53

Conclusion

Regardless of how or when greenhouse gases alter climate,54 reducing them now
will save lives worldwide by lessening particulate air pollution. The benefi-
cial effects of reduced particulate pollution appear to be far greater in
rapidly developing countries than in developed countries, although they are
substantial in both regions. The overall scientific challenge is to discern
enough from present and past trends to reduce uncertainties, so that an
integrated impact assessment can yield useful results. Our analysis should not
be misconstrued as precise predictions, but as relative indicators of the mag-
nitude of the effects that are likely to arise under conditions that we have

specified in these climate-related scenarios.

The transdisciplinary activity pursued in this assessment provides a
systematic framework for the estimation of potentially far-ranging and sub-
stantial health impacts in an uncertain future world. This estimate looks beyond
the restricted view of environmental health as a local problem,55 recognising
the truly global reach of climate policies. There is a dynamic between being
able to predict future impacts and being able to affect policies to avoid those
potential impacts. In the 18th century, the philosopher Saint-Simon noted
"savoir pour prevoir" and "prevoir pour pouvoir". With knowledge comes the
ability to predict. With the ability to predict, comes the power to change those
predictions.
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Ancillary benefits of non-Annex I cap and trade

The reduction of greenhouse gas emissions achieved by developing countries under a cap and
trade system will reduce simultaneously the concentrations of numerous other hazardous air
pollutants, producing ancillary environmental and human health benefits. A recent study in the
journal Lancet projects that by 2020, a climate change policy scenario in which developing
countries reduce emissions to 10% below their BAU and developed countries reduce emissions to
15% below their 1990 levels could produce an annual reduction of 700,000 deaths by reducing
airborne particulate matter (PM). Non-Annex I countries experience 563,000 of those avoided
deaths. The estimations in the Lance study can be adapted to estimate the deaths avoided by the
emissions reductions charted in this paper. :

Key assumptions in Lancet:

Earlier estimates of mortality risk associated with PM are correct.
Mortality risk associated with PM is the same around the world as it is in US.
PM reductions are proportional to emissions reductions.

Key assumptions here:

All net DC emissions reductions are from reduction in gross emissions, not increases in sinks.
Deaths avoided in a particular developing countries is equal to the total non-Annex I deaths
avoided multiplied by its share of the non-Annex I population.

Trading US. US. PM LDC % LDC population | LDC LDC PM

Scenario MMTCE deaths reduction MMTCE deaths avoided
reduction avoided from BAU reduced

Annex I 0% 0 0

only

Annex I + 20% 1,357,627,000 | 276

China

Annex I + 18% 1,140,563,000 | 65

India

Annex I+ 19% 113,385,000 345

Mexico
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- A Proposal for Developing Countries: C{(W ¢t 1C1\)wt Jby

Participation in a “Target and Trade” System Mmawn {)TS .ol ?

I. As the U.S. moves ahead in the post-Kyoto process, and seeks to elicit developing
. country participation, we must identify leading opportunities for constructive
Gmgzge@t To that end, this analysis demonstrates that/if deve opmg countrle’
accept binding targets at or slightly below their business as usual (BAU) emissions
levels, and (b) trade from their respective targets{the gains will be substamti
Developing countries will benefit from additional income, the US(and other AnnexI
countries) will benefit from lower costs, and the environment will benefit from further
reductions in emissions. The strongest case for eliciting developing country
participation may be found, ultimately, in persuading them of the substance of the gains
from trade. To the extent that we can convince them that they will benefit from
participating in a “target and trade’” system, we can better draw them into the

post-Kyoto process. We believe that participation in a “target and trade” system should
be the cornerstone of our international negotiations.

7__/@. The economic and environmental rationale for such participation includes
o of

Greater economic benefits to developing countries: With targets only slightly
below BAU, developing countries would enjoy net gains of many billions of dollars
through the international sale of emission reductions achieved at lower cost than the
world price.

. Greater cost savings to the U.S.: Participation by developing countries in
international permit markets would greatly lower the costs to the U.S. of meeting its
Kyoto target (as CEA testimony showed). In particular, costs would be lower than with
trading among only Annex I countries.

. Greater environmental benefits: Targets slightly below business as usual would
lower lobal ermssmns relative to a world with only Annex I targets, g&d Most an'
would reé‘iee the potential for emissions leakage associate ower {;Z

world oil price’ Further, reducing carbon dioxide emissions generates ancillary air
quality benefits\through lower particulate matter, sulfur dioxide, and nitrogen oxides
emissions.
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. Target and trade yields greater benefits than CDM: While the Clean Development
= Mechanism will likely result in cost ?%'in s to the U.S. relative to a world with only
Annex I trading, a system includingarget and trade of developing countries’ emissions
—_ would yiel Vggker cost savings to the U.S. and greater gains to developing countries than
CDM. Further, target and trade could achieve environmental benefits not achievable by

v Nursuing CDM, which only redistributes emissions geographically.
LA

ot > (W Other rationale;ﬁnclude the long-run benefits of including developing countries into global
gu\l {g E negotiations, for example, as recognized by the Byrd-Hagel resolution. By establishing

participation now, further commitments might be feasible in future periods.
“Cixle wiavl,e

* The pvcip e of )
Fan pavm ciparo,” . '
I. Problem: To persuade a developing country voluntarily to adopt a target and then to trade
permits internationally, international agreements must be structured to reduce the risk of
/ inadvertent stringency and in particular to reduce the possibility of a target so stringent as to
cause large economic losses to the developing country.

. . e . T g . ,_4“(- .
Proposed Solution: Negotiations should focus on %ﬁﬁ;&nﬁtﬁn&fvﬁm the estimated =’,._‘,11-‘<»,”_ i
business as usual emissions level, where this level is expressed in a way that dependson =7 * - "=
the future values of economic variables, such as GDP. » 4()4"@77\ ‘f(_,r T

Rationale: Such targets would avoid the risk of inadvertent stringency associated with high

e pom than projected economic growth between now and the beginning of the commitment period in Lb’b‘-/
= Yipf " 2008.(Developing countries would face only the much smaller risk that emissions would be -

(f Toua (oo higher than expected, given the economic conditions realized in 2007. ) /‘"«2
YU L“'Z eV L . .

rfiM Basic principles for implementing such an approach are:

3 NP . )
ui Yive g4 ¢
s . Reasonable Forecasts: The relationship between the target (&ﬁﬁﬁn any real

reductions in emissions) and the values of economic variables, when applied to emissions
and such variables during recent years, should predict emissions reasonably well fand be
without demonstrable statistical biasg. Relationships that give reasonably reliable
predictions reduce the risk of either inadvertent stringency,or paper tons which could

increase global cmissionf. TV 9ne L)
’
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Predetermined Targets:§Vhe target sho

0 avoid uncertainty during the commitment

but rather with 2007 GDP.

/

/e No Perverse Incentives: The target should depend on values of economic variables
/ only indirectly related to emissions, to avoid creating perverse incentives for developing

/ countries to increase emissions so as to have higher targets in the commitment periods. !
For example, the target should not depend on energy consumption in 2007, but could |

reflect pre—Kyoty{:vels.

Lmags T

I1I. Illustration: One way of implementing iom is described below. Other ways of
implementing the solution may work as well or better. The conclusions are stated below: agd
the details of our work 'follow'/\ 0\;&%\,&' M oan Ao WNC Corulden o
or sui \ewaiTaw 9t7{g X
. Defining the business as usual level for a developing country as a function of its GDP
and population in earlier years and setting the emissions target at that level yields a
tgible risk of leaving the developing country worse off under target and trade because
of inadvertent stringency. \A target epdy slightly below BAU would also yield negtigible s wa ¥/
1 risk of leaving the developing country worse off.
Sven
. Emisasions tgﬁets for developing countries set below their business 2s usual emission
N

=

gral

level would fesult in gains from trade lewemthan with a BAU target, %&g(h providing
environmental benefits. The higher costs of a target set below BAU are borne by both the
developing countries and the Annex I countries.

There are significant gains from trade for developing countries and large cost-savings to the
U.Stufeve oping_countryaccepts an emissions target at BAU and participates
if emissions trading. Table 1 and Charts 1 through 3 illustrate these gains from trade from a
aseline of full Annex I trading.
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Table 1. Nlustrative Gains from Trade with Developing Countries that Target and Trade

Trading Scenario | Permit Pricel Country Gains from Trade with
(1997%/ton) Gaining Developing Countries
Annex I only $54 United States | not applicable
Annex [+ China | $26 China $3.6 billion/year
United States | $11.6 billion/year2 -
Annex I + India $47 India $1.6 billion/year
United States | $2.5 billion/year2
Annex I + $51 Mexico $0.9 billion/year
Mexico
United States | $1.2 billion/year2

1 These scenarios do not account for the cost savings available through the Clean

Development Mechanism and carbon sinks.
2 Gains from trade for the U.S. are estimated as the change in the U.S. total cost of complying

with the Kyoto Protocol relative to an Annex I only trading regime.
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Chart 2. India’s 2010 Marginal Abatement Cost Curve and Gains from Trade
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Chart 3. Mexico’s 2010 Marginal Abatement Cost Curve and Gains from Trade
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The answer to this question has many dimensions. Most commonly ssed is the issue of
fairness: what commitments to reduce emissions should be made by countries whose
economic resources differ substantially? Generally neglected but discussed below, is the issue
of efficiency. In particular, what are the implications for U.S. costs of increasingly more
stringent targets on emissions from key developing countries?
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More stn'ngcnt developing country targets raise U.S. costs by restricting the supply of permits

in world markets and so raising the price of permits. llo assess the magnitude of this effect q"
consider the target which just leaves a country no better off than no target at all. This
“indifference” target is where the costs of meeting the target just equal the net gains from
selling permits in world markets. Chart 4 illustrates gains from trade for a small country. For
a target that is equivalent to a reduction from BAU of 17 MMTC, net gains from foreign
exports are B, and the cost of meeting the target is C. Since B = C in this example, the net
gains from trade are nil.

Chart 4. Nllustrative 2010 Marginal Abatement Cost Curve and Indifference Target

for (}w;tic\\’“//
Note:xThis indifference target is illustrated for a country whose participation in world
permit marké}s does not affect world permit prices.
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Table 2 provides an illustration of the effects of emissions targets more stringent than BAU
on China with Annex I plus China trading. Note that a small reduction below BAU has no
real effect on the Annex I trading price, and thus no economic effects on the U.S. However,
as the target becomes more stringent, the Annex I trading price increases, resulting in higher
total costs of compliance for the U.S. If China accepts a target below BAU, the cost of this
additional stringency to the U.S. -- essentially, the cost of supplying the environmental
benefits associated with these emissions reductions -- can become significant. Thus
developing country participation in the form of acceptance of targets more stringent than
business as usual will raise costs to the U.S.
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Ntpedix L ¥, Ancillary Environmental Benefits of Target and Trade in Developing Countries
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Table 2. Effects of Various Chinese Emissions Targets with Annex I Trading
'Emissions Permit Chinese Chinese Total Cost to Cost to U.S.

Targetl Price Emissions | Emissions | U.S. of of Additional
(1997%/ | Reductions | Sales Complying with | Stringency
ton) (MMTC) (MMTC)2 | Kyoto

BAU $26 276 276 $1340 not

applicable

BAU-1% | $26 276 262 $134b ~$0

BAU-5% | $29 304 235 $149b $22/ton

Indifference | $36 343 172 $179b $26/ton

1 We employ the SGM BAU for China for the purposes of these calculations.
2 Reductions in Chinese emissions less Chinese emissions sales yields net global reductions.

Imposing this “indifference” target on China, given that its participation lowers world permit
prices, leads to the following conclusions.

. An indifference target for China increases annual U.S. costs by $4.5 billion or 33%
relative to a BAU target for China.

. If China accepts an emissions target requiring reductions of approximately 170

MMTC below BAU, the average cost to the U.S. would be $26/ton. This is not the

average cost of a ton of emissions purchased from China, but the average cost to the U.S.

of the environmental benefits associated with China complying with a more stringent

target.
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The voluntary reduction of greenhouse gas emissions by developing countries under a target
and trade system will simultaneously reduce emissions of several pollutants, producing

ancillary environmental and human health benefity. T& environmental and health benefits
that accrue to those developing counties azezunlikely Lo BeEotEiabb:

environmental quality in the United States\pecause of our strict he tW
standards. . would et Le
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A recent study in Lancet examines the emissions of one pollutant that are reduced along with
carbon emissions: airborne particulate matter (PM). The study projects that by 2020, a
climate change policy scenario in which developing countries reduce emissions to 10% below

their BAU could produce an annual reduction of 563,000 statistical deathsA " 7"\‘,"‘ ' .
[or Al uide 7.1

— _T——X
he analysis below adapts the predictions in the Lancet study to estimate the mo%.lity risk
educed from participation by three developing countries (China, India, and Mexico) ina
target and trade system. These illustrative calculations take as given the emissions reductions
from BAU resulting from permit sales that are predicted by SGM. It suggests that significant
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public health gains could result from developing country participation in international carbon
permit markets.

Table 3. The Effects of International Carbon Permit Trading on Mortality Risk Associated

with Particulate Matter Emissions

Country Predicted carbon Share of Annual PM statistical
emissions reduction non-Annex [ | deaths avoided in 2010 by
from international population in | international carbon permit
permit sales 2010 trading

China 20% 23.7% 136,700

India 18% 20.3% 105,300

Mexico 19% 2.0% 19,700

R
\'\\
A
NI
(-\N;’ W& BAU target.
0
Caveats

ot g Note that for most developing countries, adopting a carbon target more stringent than BAU
N R and participating in international trade does not yield any additional ancillary benefits than a

Major assumptions beyond those in the Lancet article include:

Deaths avoided in each non-Annex I country are proportional to the country’s share of

non-Annex I population.

Deaths avoided are proportional to carbon emissions reductions.

Each key developing country is the sole non-Annex I country to adopt a target and
participate in international trading.
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Summary of Analysis
A. Data

We have compiled data on 3 variables: emissions of carbon dioxide, GDP, and population for
117 countries for the time period 1970-1992. The carbon dioxide emissions data, measured
in millions of metric tons of carbon, are from the Carbon Dioxide Information Analysis
Center (Oak Ridge National Laboratory, DOE). The GDP data, measured in 1987 U.S.
dollars, are from the World Bank. The population data, measured in thousands of
individuals, are from the United Nations Population Division.

B. Methods

We have estimated a fixed effects linear regression on the logs of these variables, for the
countries in our data set, excluding those listed in Annex I. Our regression uses four
non-overlapping 5 year intervals for each country. Our forecasts include the country specific
constants.

C. Results
e (/L/}’\V] ney G;I)UG) 7/n\

The fixed effects regression we estimated is ___— g7

g )
Emissions = a GDPt-1 +K fy + ¢ Populationt-1 + vy trend

Emissions are the natural logarithm of the five year non-overlapping average of carbon
emissions. All independent variables are lagged. GDPt-1 is the log of the gross domestic
product in the year prior to the first year in the emissions variable, GDPt-2 is GDP in the year
two years prior to the first year included in the emissions variable, and populationt-1 is the
country’s population in the year prior to first year included in the emissions variable. Trend
is one in the first 5 year period, and 2, 3, and 4 respectively in the subsequent 5 year periods.
The useable data included 376 cross-section time series_abservations. The fixed effects

regression used 98 degrees of freedom. e R squared was in excess of 0.99:
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Table 4. Model I Results

Variable Name Coefficient Estimate | Standard Error
GDPt-1 0.9501823 0.2443047
GDPt-2 -0.411297 0.23894
Populationt-1 0.4836006 0.2055439
trend 0.0073712 0.0310638

As one illustration of the model’s accuracy in predicting emissions, consider the chart below
that maps actual and predicted emissions using within sample data for ten selected developing
countries. The predicted value is never more than 1/4 of one percent away from the actual
emissions average for any of the five year intervals.

Chart 5. Error in Model I Prediction as a Fraction of Actual Emissions
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A Proposal for Developing Countries:
" Participation in a “Target and Trade” System

L As the U.S. moves ahead in the post-Kyoto process, and seeks to elicit developing
country participation, we must identify leading opportunities for constructive
engagement. To that end, this analysis demonstrates that, if developing countries (a)
accept binding targets at or slightly below their business as usual (BAU) emissions
levels, and (b) trade from their respective targets, the gains will be substantial.
Developing countries will benefit from additional income, the U.S. (and other Annex
I countries) will benefit from lower costs, and the environment will benefit from
further reductions in emissions. The strongest case for eliciting developing country
participation may be found, ultimately, in persuading them of the substance of the
gains from trade. ‘To the extent that we can convince them that they will benefit
from participating in a “target and trade” system, we can better draw them into the
post-Kyoto process. We believe that participation in a “target and trade” system
should be the cornerstone of our international negotiations.

A. The economic and environmental rationale for such participation includes

. Greater economic benefits to developing countries: With targets only slightly
below BAU, developing countries would enjoy net gains of many billions of dollars
through the international sale of emission reductions achieved at lower cost than
the world price.

. Greater cost savings to the U.S.: Participation by developing countries in
international permit markets would greatly lower the costs to the U.S. of meeting
its Kyoto target (as CEA testimony showed). In particular, costs would be lower
than with trading among only Annex [ countries.

. Greater environmental benefits: Targets slightly below business as usual would
lower global emissions relative to a world with only Annex I targets, and most
importantly, would reduce the potential for emissions leakage associated with
lower world oil prices.
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. Target and trade yields greater benefits than CDM: While the Clean
Development Mechanism will likely result in cost savings to the U.S. relative to a
world with only Annex I trading, a system including target and trade of developing
countries’ emissions would yield greater cost savings to the U.S. and greater gains
to developing countries than CDM. Further, target and trade could achieve
environmental benefits not achievable by pursuing CDM, which only redistributes
emissions geographically.

B. Other rationale include the long-run benefits of including developing countries into
global negotiations, for example, as recognized by the Byrd-Hagel resolution. By
establishing participation mow, further commitments might be feasible in future periods.

IL. Problem: To persuade a developing country voluntarily to adopt a target and then to
trade permits internationally, international agreements must be structured to reduce the
risk of inadvertent stringency and in particular to reduce the possibility of a target so
stringent as to cause large economic losses to the developing country.

Proposed Solution: Negotiations should focus on slight reductions from the
estimated business as usual emissions level, where this level is expressed in a way
that depends on the future values of economic variables, such as GDP.

Rationale: Such targets would avoid the risk of inadvertent stringency associated with
higher than projected economic growth between now and the beginning of the
commitment period in 2008. Developing countries would face only the much smaller risk
that emissions would be higher than expected, given the economic conditions realized in
2007.

Basic principles for implementing such an approach are:

. Reasonable Forecasts: The relationship between the target (ignoring any real
reductions in emissions) and the values of economic variables, when applied to
emissions and such variables during recent years, should predict emissions
reasonably well (and be without demonstrable statistical bias). Relationships that
give reasonably reliable predictions reduce the risk of either inadvertent stringency
or paper tons which could increase global emissions.
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. Predetermined Targets: The target should not depend on contemporaneous
values of economic variables, so as to avoid uncertainty during the commitment
period about the country’s target. For example, the target should not vary with
2008 or 2010 GDP levels, but rather with 2007 GDP.

. No Perverse Incentives: The target should depend on values of economic
variables only indirectly related to emissions, to avoid creating perverse incentives
for developing countries to increase emissions so as to have higher targets in the
commitment periods. For example, the target should not depend on energy
consumption in 2007, but could reflect pre-Kyoto levels.

IIL. Mlustration: One way of implementing the solution is described below. Other ways of
implementing the solution may work as well or better. The conclusions are stated below
and the details of our work follow. .

. Defining the business as usual level for a developing country as a function of its
GDP and population in earlier years and setting the emissions target at that level
yields a negligible risk of leaving the developing country worse off under target and
trade because of inadvertent stringency. A target only slightly below BAU would
also yield negligible risk of leaving the developing country worse off.

. Emissions targets for developing countries set below their business as usual
emission level would result in gains from trade lower than with a BAU target,
though providing environmental benefits. The higher costs of a target set below
BAU are borne by both the developing countries and the Annex I countries.

There are significant gains from trade for developing countries and large cost-savings to
the U.S. if even one large developing country accepts an emissions target at BAU and
participates in emissions trading. Table 1 and Charts 1 through 3 illustrate these gains
from trade from a baseline of full Annex I trading.
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Table 1. Illustrative Gains from Trade with Developing Countries that Target and Trade

Trading Scenario | Permit Price! - Country Gains from Trade with
(19973/ton) Gaining Developing Countries

Annex I only $54 United States | not applicable

Annex I + China | 326 China $3.6 billion/year

United States | $11.6 billion/year?

Annex [ + India $47 India $1.6 billion/year

United States | $2.5 billion/year?

Annex I + $51 Mexico $0.9 billion/year
Mexico

United States | $1.2 billion/year?

! These scenarios do not account for the cost savings available through the Clean
Development Mechanism and carbon sinks.

2 Gains from trade for the U.S. are estimated as the change in the U.S. total cost of
complying with the Kyoto Protocol relative to an Annex I only trading regime.
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Chart 1. China’s 2010 Marginal Abatement Cost Curve and Gains from Trade
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Chart 2. India’s 2010 Marginal Abaten.lent Cost Curve and Gains from Trade
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Chart 3. Mexico’s 2010 Marginal Abatement Cost Curve and Gains from Trade
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IV. How Far Below BAU Should the Developing Countries’ Targets Be Set?

The answer to this question has many dimensions. Most commonly discussed is the issue
of fairness: what commitments to reduce emissions should be made by countries whose
economic resources differ substantially? Generally neglected but discussed below is the
issue of efficiency. In particular, what are the implications for U.S. costs of increasingly
more stringent targets on emissions from key developing countries?

More stringent developing country targets raise U.S. costs by restricting the supply of
permits in world markets and so raising the price of permits. To assess the magnitude of
this effect consider the target which just leaves a country no better off than no target at all.
This “indifference” target is where the costs of meeting the target just equal the net gains
from selling permits in world markets. Chart 4 illustrates gains from trade for a small
country. For a target that is equivalent to a reduction from BAU of 17 MMTC, net gains
from foreign exports are B, and the cost of meeting the target is C. Since B = C in this
example, the net gains from trade are nil.
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Chart 4. Illustrative 2010 Marginal Abatement Cost Curve and Indifference Target
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Note: This indifference target is illustrated for a country whose participation in
world permit markets does not affect world permit prices.

Table 2 provides an illustration of the effects of emissions targets more stringent than BAU
on China with Annex I plus China trading. Note that a small reduction below BAU has no
real effect on the Annex I trading price, and thus no economic effects on the U.S.
However, as the target becomes more stringent, the Annex I trading price increases,
resulting in higher total costs of compliance for the U.S. If China accepts a target below
BAU, the cost of this additional stringency to the U.S. -- essentially, the cost of supplying
the environmental benefits associated with these emissions reductions -- can become
significant. Thus developing country participation in the form of acceptance of targets
more stringent than business as usual will raise costs to the U.S.
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Table 2. Effects of Various Chinese Emissions Targets with Annex I Trading

Emissions Permit Chinese Chinese Total Cost to Cost to U.S.

Target! Price Emissions | Emissions | U.S. of of Additional
(1997%/ | Reductions | Sales Complying with | Stringency
ton) (MMTC) (MMTC)* | Kyoto

BAU $26 276 276 $134b not

applicable

BAU-1% | $26 276 262 $13.4b ~$0

BAU - 5% 329 304 235 $149b $22/ton

Indifference | $36 343 172 $179b $26/ton

I We employ the SGM BAU for China for the purposes of these calculations.
2 Reductions in Chinese emissions less Chinese emissions sales yields net global reductions.

Imposing this “indifference” target on China, given that its participation lowers world
permit prices, leads to the following conclusions.

. An indifference target for China increases annual U.S. costs by $4.5 billion or 33%
relative to a BAU target for China.

. If China accepts an emissions target requiring reductions of approximately 170
MMTC below BAU, the average cost to the U.S. would be $26/ton. This is not
the average cost of a ton of emissions purchased from China, but the average cost
to the U.S. of the environmental benefits associated with China complying with a
more stringent target.
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Summary of Analysis
A. Data

We have compiled data on 3 variables: emissions of carbon dioxide, GDP, and population
for 117 countries for the time period 1970-1992. The carbon dioxide emissions data,
measured in millions of metric tons of carbon, are from the Carbon Dioxide Information
Analysis Center (Oak Ridge National Laboratory, DOE). The GDP data, measured in
1987 U.S. dollars, are from the World Bank. The population data, measured in thousands
of individuals, are from the United Nations Population Division.

B. Methods

We have estimated a fixed effects linear regression on the logs of these variables, for the
countries in our data set, excluding those listed in Annex I. Our regression uses four non-
overlapping 5 year intervals for each country. Our forecasts include the country specific
constants.

C. Results
The fixed effects regression we estimated is
Emissions = a GDP,, + b GDP,,, + ¢ Population,, + ¥y trend

Emissions are the natural logarithm of the five year non-overlapping average of carbon
emissions. All independent variables are lagged. GDP,; is the log of the gross domestic

~ product in the year prior to the first year in the emissions variable, GDP,, is GDP in the
year two years prior to the first year included in the emissions variable, and population,, is
the country’s population in the year prior to first year included in the emissions variable.
Trend is one in the first 5 year period, and 2, 3, and 4 respectively in the subsequent 5 year
periods. The useable data included 376 cross-section time series observations. The fixed
effects regression used 98 degrees of freedom. The R squared was in excess of 0.99.
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Table 3. Model I Results

Variable Name Coefficient Estimate | Standard Error
GDP,, 0.9501823 0.2443047
GDP,, -0.411297 0.23894
Population, 0.4836006 0.2055439
trend 0.0073712 0.0310638

As one illustration of the model’s accuracy in predicting emissions, consider the chart
below that maps actual and predicted emissions using within sample data for ten selected
developing countries. The predicted value is never more than 1/4 of one percent away
from the actual emissions average for any of the five year intervals.

Chart 5. Error in Model I Prediction as a Fraction of Actual Emissions

0.25% -
¥
]
[
*
. % n
' . :
0.00% [ . @ 5
i %
] 3
* — %
. *
| *
]
-0.25% L L ' 1
73-77 78-82 83-87 88-2
China Mexico Incia Brazil Chile
X * [ ) .
Argertira lsrael S. Afnca  CoslaRica S, Korea
8 x O + [

10



Preliminary Dratft, Close Hold, Do Not Cite, March 19, 1998

To forecast emissions for the five year period beginning in 2008 using the results of this
regression we input the World Bank forecasts of GDP for the years 2007 and 2006, and
the United Nations forecasts of 2007 population. The forecasts of emissions for the
budget period and the confidence intervals around these forecasts conditional on the
assumed 2006 and 2007 values are described in the table below.

Table 4. Predicted Average Emissions, 2008-2012

Country 2006 GDP 2007 GDP 2007 Predicted
(19873, billions) | (19878, billions) | Population Average
Emissions,
2008-2012
China 1,385.8 1,493.5 1,357,627,00 | 2092 MMTC
0 | SE: 1.37 MMTC
India 752.1 799.7 1,140,563,00 | 345 MMTC
0 | SE: 1.34 MMTC
Mexico 268.2 282.7 113,385,000 | 157 MMTC
SE: 1.33 MMTC

The 95 percent confidence interval around the predicted emissions is approximately
+ two standard errors. As shown in figure 1, these developing countries would incur net
costs of a target and trade only if the target were about half the reduction needed to raise
the marginal cost of abatement to the world price. Given figures 2-4, these levels are
about 9 to 10 percent below BAU. Since such reductions from BAU are more than 10
times greater than the standard error, the risk of net costs is negligible, given the model.
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