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We examine the emergence of InterContinental Transport
(ICT) of air pollution on the agendas of the air quality
and climate communities and consider the potential for a
new treaty on hemispheric air pollution. ICT is the flow
of air pollutants from asourcecontinent (e.g.,NorthAmerica)
to a receptor continent (e.g., Europe). ICT of air pollutants
occurs through two mechanisms: (i) episodic advection
and (ii) increasing the global background, which enhances
surface concentrations. We outline the current scientific
evidence for ICT of aerosols and ozone, both of which
contribute to air pollution and radiative forcing. Thegrowing
body of scientific evidence for ICT suggests that a
hemispheric-scale treaty to reduce air pollutant concentra-
tions may be appropriate to address climate and air
quality concerns simultaneously. Such a treaty could pave
the way for future climate agreements.

Introduction
Past o b serv at i o n s an d m o d el i n g stu d i es h av e estab l i sh ed th at
o n e n at i o n Õs p o l l u t an t em i ssi o n s m ay affec t t h e a i r q u a l i t y
o f d o w n w i n d reg i o n s ( e.g ., refs 1 - 3 ) . Th e l ate 1 9 9 0 s, h o w ev er,
b ro u g h t a ren ew ed fo c u s o n th e p o t en t i a l ro l e o f a i r p o l l u t i o n
t ran sp o rt b et w een c o n t i n en t s an d i t s i m p l i c at i o n s fo r a i r
p o l l u t i o n m i t i g at i o n effo rt s t h ro u g h t rad i t i o n a l d o m est i c
c o n t ro l s. Aw aren ess h as g ro w n i n t h e c l i m at e, a i r q u a l i t y ,
an d p o l i c y c o m m u n i t i es t h at a i r p o l l u t an t s are b o t h t ran s-
p o rt ed o n a h em i sp h eri c sc a l e an d c l i m at i c a l l y i m p o rt an t .
H ere w e exam i n e th e em erg en c e o f In terCo n t i n en ta l Tran s-
p o rt ( ICT) o f a i r p o l l u t i o n o n t h e ag en d as o f t h e a i r q u a l i t y
an d c l i m at e c o m m u n i t i es an d c o n si d er t h e p o t en t i a l fo r a
n ew t reat y o n h em i sp h eri c a i r p o l l u t i o n .

O b serv at i o n s p ro v i d e a c l ear i n d i c at i o n t h at p o l l u t i o n
em i t t ed at t h e su rfac e o n o n e c o n t i n en t c an c o n t r i b u t e t o
g ro u n d - l ev e l p o l l u t i o n o n d o w n w i n d c o n t i n en t s. M o d el i n g
st u d i es o f t h i s i n t erc o n t i n en t a l fl o w o f p o l l u t an t s su g g est
t h at i t m ay b e ap p ro p ri at e t o m an ag e ai r q u a l i t y o n a
h em i sp h eri c sc a l e . A t reat y su c h as t h e 1 9 7 9 Co n v en t i o n o n
Lo n g - Ran g e Tran sb o u n d ary Ai r Po l l u t i o n ( LRTAP) o ffers o n e

m ec h an i sm t o m an ag e t h i s a i r p o l l u t i o n t ran sp o rt b et w een
c o u n t r i es. I f su c h a t reat y w ere u sed t o reg u l at e n o n - c arb o n
d i o xi d e (CO 2 ) g reen h o u se g ases an d b l ac k c arb o n al o n g w i t h
o t h er sp ec i es o f i n t erest fo r h ea l t h an d ag r i c u l t u re, i t c o u l d
p av e t h e w ay fo r fu t u re CO 2 reg u l at i o n s.

Researc h o n ICT i s an o n g o i n g exam p l e o f feed b ac ks
b et w een sc i en t i fi c kn o w l ed g e an d p o l i c y aw aren ess i n w h i c h
t h e sc i en c e an d p o l i c y c o m m u n i t i es i n fl u en c e o n e an o t h er.
At m o sp h eri c c h em i st ry an d c l i m at e researc h ers h av e c o n -
v en ed i n w o rksh o p s t o ad d ress t h e sc i en t i fi c q u est i o n s o f
h em i sp h eri c a i r p o l l u t i o n t ran sp o rt an d ev al u ate th e g ro w i n g
ev i d en c e fo r ICT fro m b o t h m easu rem en t an d m o d el i n g
st u d i es. Th ese w o rksh o p s, o u t l i n ed i n Tab l es 1 an d 2 , are
i n fl u en c i n g t h e p o l i c y c o m m u n i t y , ra i si n g aw aren ess o f t h e
i ssu es, an d i n c reasi n g t h e p ri o r i t y o f researc h fu n d i n g fo r
g l o b a l sc a l e a i r p o l l u t i o n researc h . To i m p ro v e t h i s p ro c ess,
b o t h t h e sc i en c e an d t h e p o l i c y c o m m u n i t i es sh o u l d c reat e
o p p o rt u n i t i es t o fo st er t h e i n t erac t i o n n eed ed fo r b o t h
c o m m u n i t i es t o m ake p ro g ress i n t h i s area.

In M arc h 2 0 0 0 , t h e In t ern at i o n a l Gl o b a l At m o sp h eri c
Ch em i st ry Pro g ram ( IGAC) l au n c h ed t h e In t erc o n t i n en t a l
Tran sp o rt an d Ch em i c a l Tran sfo rm at i o n ( ICTC) researc h
ac t i v i t y , b r i n g i n g t o g eth er i n t ern at i o n al m easu rem en t c am -
p ai g n s an d m o d el i n g effo rt s c o n t r i b u t i n g t o ICT u n d er-
st an d i n g . Lat er, U .S. EPA- sp o n so red m eet i n g s c o n t i n u ed th e
o b jec t i v e o f ad v an c i n g ICT sc i en c e w h i l e b eg i n n i n g t o fu l fi l l
U .S. o b l i g at i o n s u n d er t h e m o st rec en t LRTAP p ro t o c o l .
Art i c l e 8 o f t h e 1 9 9 9 Go t h en b u rg Pro t o c o l em p h asi z es t h e
Òi m p ro v em en t o f t h e sc i en t i fi c u n d erst an d i n g o f t h e l o n g -
term fate o f em i ssi o n s an d ... t h e p o ten t i a l fo r i n terc o n t i n en tal
fl o w o f p o l l u t an t sÓ( 4 ) . Th e ICT w o rksh o p s rep resen t t h e fi rst
c ases o f U .S. l ead ersh i p o n LRTAP- re l at ed sc i en c e.

Th i s p ap er i s i n t en d ed t o i n t ro d u c e t h e rec en t sc i en t i fi c
ev i d en c e fo r i n t erc o n t i n en t a l a i r p o l l u t i o n t o t h e p o l i c y
c o m m u n i t y , w i t h a p art i c u l ar em p h asi s o n o z o n e ( O 3 ) an d
aero so l s an d to su g g est th e p o l i c y ap p l i c at i o n s o f th i s ev i d en c e
t o t h e sc i en t i fi c c o m m u n i t y . As su c h , w e d o n o t o ffer h ere
a d et a i l ed t reat m en t o f t h e p o l i c y i ssu es su rro u n d i n g
i n t erc o n t i n en t a l a i r p o l l u t i o n t ran sp o rt . Rat h er, w e h i g h l i g h t
t h e o p p o rt u n i t y fo r jo i n t ad v an c em en t o f sc i en c e an d p o l i c y
d ev e l o p m en t s re l at ed t o ICT.

Evidence for ICT of Air Pollution
Overview. ICT i s t h e fl o w o f a i r p o l l u t an t s fro m a so u rc e
c o n t i n en t ( e .g ., N o rt h Am eri c a) t o a rec ep t o r c o n t i n en t ( e .g .,
Eu ro p e) , sc h em at i c a l l y sh o w n i n Fi g u re 1 . H ere, w e o u t l i n e
rec en t ad v an c es i n o u r u n d erst an d i n g o f ICT fro m an al y ses
o f o b serv at i o n s an d m o d el s an d d i sc u ss w h eth er th e ev i d en c e
i n d i c at es th at a g l o b al a i r p o l l u t i o n t reat y c o u l d b e su p p o rt ed
b y t h e sc i en c e t o d at e.

Th e d i st an c e o v er w h i c h ICT o c c u rs i s h i g h l y d ep en d en t
u p o n m eteo ro l o g i c al c o n d i t i o n s ( e.g ., w i n d sp eed , p rec i p i t a-
t i o n , fro n t a l ac t i v i t y ) an d t h e p ro p ert i es o f t h e p o l l u t an t i t se l f
( e .g ., so l u b i l i t y , reac t i v i t y ) . Po l l u t an t s t ran sp o rt ed i n t h e free
t ro p o sp h ere w i l l t y p i c a l l y b e c arr i ed fu rt h er an d fast er t h an
p o l l u t an t s i n t h e b o u n d ary l ay er d u e t o st ro n g er w i n d s an d
few er l o ss m ec h an i sm s. ICT o f a i r p o l l u t an t s o c c u rs t h ro u g h
t w o m ec h an i sm s: ( i ) ep i so d i c ad v ec t i o n an d ( i i ) i n c reasi n g
t h e g l o b a l b ac kg ro u n d , w h i c h en h an c es su rfac e c o n c en t ra-
t i o n s. We fo c u s h ere o n aero so l s an d O 3 t o i l l u st rat e t h ese
m ec h an i sm s. Fo l l o w i n g t h e exam p l e set b y t h e U .S. EPA fo r
O 3 ( 5 ) , w e d efi n e b ac kg ro u n d c o n c en t rat i o n s i n su rfac e a i r
as t h o se t h at w o u l d exi st i n t h e ab sen c e o f an t h ro p o g en i c
em i ssi o n s o n th e rec ep to r c o n t i n en t . We m en t i o n h ere b ri efl y
t h e g en era l em i ssi o n so u rc es asso c i at ed w i t h aero so l an d O 3

p ro d u c t i o n . Fo r a m o re t h o ro u g h d i sc u ssi o n , t h e read er i s
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referred t o ap p ro p ri at e c h ap t ers o f t h e 2 0 0 1 Rep o rt o f t h e
In t erg o v ern m en t a l Pan el o n Cl i m at e Ch an g e ( 6 , 7 ) .

Aero so l s, sm al l p art i c l es su sp en d ed i n t h e a i r , m ay b e
c o m p ri sed o f a ran g e o f d i fferen t c o m p o n en ts, i n c l u d i n g b l ack

c arb o n ( BC) , o rg an i c c arb o n ( OC) , so i l d u st , sea sa l t , su l fat e ,
an d / o r n i t rat e . Th e m akeu p o f an aero so l i s d et erm i n ed b y
i t s em i ssi o n so u rc e as w el l as c h em i c a l reac t i o n s w i t h i n t h e
atm o sp h ere. D i rec t l y em i t t ed ( p ri m ary ) aero so l s are re l eased

TABLE 1. Policy-Relevant ICT Science Meetings

meeting date location focus sponsors

Intercontinental Transport and
Chemical Transformation

March 2000 Tokyo, Japan define objectives of
multi-year
research activity

International Global Atmospheric
Chemistry Program (IGAC),
National Oceanic and
Atmospheric Administration
(NOAA)

First International Conference
on Trans-Pacific Transport of
Atmospheric Contaminants

July 2000 Seattle, WA trans-Pacific air
pollution

Nautilus Institute and U.S. EPA

Workshop on Photooxidants, Particles,
and Haze across the Arctic and
North Atlantic: Transport
Observations and Models

July 2001 Palisades, NY trans-Atlantic and
Arctic air pollution

EPA and European Monitoring
and Evaluation Programme
(EMEP)

Trends and Intercontinental Transport
of Photo-oxidants, Particles and
Their Precursors across the
Northern Hemisphere: Observations,
Models, Policy Implications

October
2002

Bad Breisig,
Germany

ICT throughout
the Northern
Hemisphere, O3,
PM , mercury,
and POPs

German Ministry of the
Enviroment (BMU/UBA),
EMEP, and U.S. EPA

TABLE 2. Interdisciplinary Climate- Air Pollution Meetings

meeting date location focus sponsors

Workshop on Global
Climate and Air
Quality

December
2001

Research Triangle
Park, NC

climate and air pollution
feedbacks

U.S. EPA

Air Pollution as a Climate
Forcing Workshop,
Honolulu, Hawaii

April/May
2002

Honolulu, HI atmospheric chemistry,
climate, public health,
and energy issues of
aerosols and non-CO2

greenhouse gases

NASA, NOAA, NSF, Hewlett Foundation,
California Air Resources Board,
California Energy Commission,
International Pacific Research
Center, and East- West Center

FIGURE1. Cartoon schematic of intercontinental air pollution transport. Emissions from the upwind ÒsourceÓcontinent are advected to
the downwind ÒreceptorÓcontinent through episodic transport events and/or by enhancing the global background pollution concentration.
Emissions may be mixed vertically into the free troposphere for rapid long-range transport or transported within the boundary layer. The
degree of photochemical processinganddeposition that occursduring transport controls the air pollutant concentrations that are ultimately
detected on the receptor continent.
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b y fo ssi l fu e l b u rn i n g ( BC an d OC) , b i o m ass b u rn i n g ( BC an d
OC) , o c ean w av e b reak i n g ( sea sa l t ) , an d w i n d ero si o n
( m i n era l d u st ) . Aero so l s m ay a l so b e p ro d u c ed b y h et ero -
g en eo u s c h em i c al reac t i o n s ( sec o n d ary aero so l s) . Prec u rso rs
t o sec o n d ary aero so l s i n c l u d e n o n - m et h an e h y d ro c arb o n s
( N M VOC) , su l fu r d i o xi d e ( SO 2 ) , an d n i t ro g en o xi d es ( N O x ) .
Aero so l s c an b e p ro d u c ed fro m sec o n d ary o xi d at i o n i n t ran si t
o r b e w ash ed o u t o f t h e at m o sp h ere d u ri n g p rec i p i t a t i o n
ev en t s.

Tro p o sp h eri c O 3 i s n o t em i t t ed d i rec t l y b u t i n st ead fo rm s
t h ro u g h a c o m p l ex ser i es o f reac t i o n s t h at i n v o l v e m et h an e
(CH 4 ) , N M VOC, an d c arb o n m o n o xi d e (CO ) i n t h e p resen c e
o f N O x an d su n l i g h t . Th ese O 3 c h em i c a l p rec u rso rs are
em i t t ed b o t h fro m h u m an ac t i v i t i es su c h as fo ssi l fu e l
c o m b u st i o n , i n d u st r i a l p ro c esses, ag r i c u l t u ra l p rac t i c es, an d
b i o m ass b u rn i n g an d fro m n atu ral p ro c esses su c h as v eg eta-
t i o n , w i l d fi res, l i g h t n i n g , an d m i c ro b i a l ac t i v i t y i n so i l s. A
d i rec t so u rc e o f O 3 t o t h e t ro p o sp h ere i s t ran sp o rt fro m t h e
st rat o sp h ere, w h i c h n at u ra l l y c o n t a i n s m u c h h i g h er O 3

c o n c en t rat i o n s fro m p h o t o l y si s o f o xy g en m o l ec u l es. O 3

p ro d u c ed i n t h e b o u n d ary l ay er fro m p rec u rso rs em i t t ed at
t h e su rfac e c an b e d i rec t l y t ran sp o rt ed t o an o t h er c o n t i n en t .
In ad d i t i o n , O 3 p rec u rso rs c an b e exp o rt ed an d c o n t r i b u t e
t o O 3 fo rm at i o n d o w n w i n d o f t h e reg i o n o f em i ssi o n . Th i s
c h em i c a l p ro d u c t i o n i n t h e free t ro p o sp h ere m ay b e m o re
i m p o rt an t i n c o n t r i b u t i n g t o t h e h em i sp h eri c b ac kg ro u n d
t h an d i rec t exp o rt o f O 3 o u t o f t h e c o n t i n en t a l b o u n d ary
l ay er ( e .g ., ref 8 ) . O z o n e c an al so b e rem o v ed fro m t h e
at m o sp h ere d u ri n g t ran sp o rt , p r i m ari l y v i a p h o t o l y si s o r d ry
d ep o si t i o n .

Bo t h aero so l s an d O 3 h av e l i fe t i m es o f ab o u t 1 w eek, l o n g
en o u g h t o b e t ran sp o rt ed o v er t h e 5 - 1 0 - d t rajec t o ry fro m
Asi a t o t h e U n i t ed St at es ( 9 ) as w el l as t h e sh o rt er d i st an c es
ac ro ss t h e At l an t i c o r Eu rasi an c o n t i n en t . Th e em i ssi o n
st ren g t h , t ran sp o rt d u rat i o n , d eg ree o f p h o t o c h em i c a l p ro -
c essi n g , an d w et an d d ry d ep o si t i o n d u ri n g t ran si t w i l l
u l t i m at e l y d et erm i n e t h e aero so l an d O 3 c o n c en t rat i o n s t h at
reac h su rfac e a i r o v er t h e rec ep t o r c o n t i n en t . Tab l es 3 an d
4 su m m ari z e p ast st u d i es d o c u m en t i n g su rfac e aero so l an d
O 3 en h an c em en t s at n o rt h ern m i d - l a t i t u d es fro m ICT. Th e
aero so l st u d i es ( Tab l e 3 ) h av e t y p i c a l l y fo c u sed o n ep i so d i c
t ran sp o rt ev en ts th at p ro d u c e p eak l ev el s i n m easu red su rfac e
c o n c en t rat i o n s o n t h e rec ep t o r c o n t i n en t . VanCu ren an d
Cah i l l ( 1 0 ) , h o w ev er, h av e rec en t l y sh o w n th at ICT o f aero so l s
d o es o c c u r p ersi st en t l y fro m Asi a t o N o rt h Am eri c a at sm al l
b ac kg ro u n d l ev e l s ( Tab l e 3 ) . ICT o f O 3 p r i m ari l y o c c u rs
t h ro u g h i n c reases i n b ac kg ro u n d c o n c en t rat i o n s t h at are
d i ffi c u l t t o d et ec t as ev en t s o n t h e rec ep t o r c o n t i n en t .

Observational Evidence. Ev i d en c e fo r aero so l t ran sp o rt
t o N o rt h Am eri c a i s su m m ari z ed i n Tab l e 3 . O b serv at i o n a l
aero so l ICT st u d i es h av e fo c u sed o n t ran sp o rt fro m Asi a t o
w est ern N o rt h Am eri c a an d fro m t h e Sah ara t o Israe l an d
t h e east ern U n i t ed St at es. In ad d i t i o n , ICT o f o t h er sp ec i es
h as b een d etec t ed i n N o rth Am eri c a: p est i c i d es i n ai r m asses
fro m Asi a i n t h e Can ad i an Ro c ky M o u n t a i n s, ec o l o g i c a l
i n d i c at o rs o f p o ssi b l e t ran s- Pac i fi c t ran sp o rt o f PO Ps, an d
h eav y m et a l s i n t h e Pac i fi c N o rt h w est an d Arc t i c ( ref 1 1 an d
referen c es t h ere i n ) .

Th e o b serv at i o n a l ev i d en c e fo r ICT o f a i r p o l l u t i o n fro m
N o rt h Am eri c a t o Eu ro p e i s l ess c o m p el l i n g . O b serv at i o n a l

TABLE 3. Surface Aerosol Enhancements at Northern Mid-Latitudes from Intercontinental Transport of Pollution

source region receptor region aerosol type

aerosol enhancement
(µg m- 3 unless

stated otherwise) method of estimatea ref

Asia (mean) U.S., yearly means organic C 0.013 (western U.S.) sensitivity simulation 44
0.007 (eastern U.S) with no anthro-

elemental C 0.005 (western U.S.) pogenic emissions
0.003 (eastern U.S.) from source region

Asia (events) northwestern U.S.,
spring 1997

all ! 200 particles cm- 3 obsd enhancements at
Cheeka Peak
Observatory in
air masses of Asian
origin

45

Asia (dust event) western U.S., April 1998 all 40- 63 (PM10),
4- 11 (PM2.5)

obsd enhancements at a
number of
monitoring stations

46, 47

Asia (dust event) Lower Fraser Valley, BC,
Canada, Apr 1998

all 18- 26 (PM10) attribution based on elemental
composition at a
umber of monitoring
stations

48

Asia (dust event) northwestern U.S., all 4- 9 (PM10) obsd enhancements at three 49
Apr 1993 organic C 0.4- 0.7 monitoring stations

elemental C 0.03- 0.1
Asia western U.S., spring,

summer, fall 1989- 1999
all 0.2- 1 (PM2.5), rare

exceedances
of 5

attribution based on matching
Asian source type
(diagnosed from Apr
1998 events) via
cluster analysis at a
number of monitoring
stations

10

Sahara (mean) Florida, U.S. mineral dust 0.8- 16.3 (monthly
mean; max in
July) 10- 100
(daily max during
episodic events in
summer)

long-term observations
in Miami

50

Sahara (mean) eastern U. S.
(east of 106¡ W)

mineral dust 1 (annual mean),
4- 8 (July)

attribution based upon Al/Si
ratios at monitoring
stations

51

Sahara (dust events) Israel, Mar 1998 all 1000- 1900 (PM10) observations in Tel Aviv 52
a All estimates are from observations except for those from ref 44.
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ev i d en c e o f N o rt h Am eri c an em i ssi o n s reac h i n g t h e u p p er
t ro p o sp h ere o v er Eu ro p e i s w el l - d o c u m en t ed ( 1 2 ) . H o w ev er,
su rfac e o b serv at i o n s are i n c o n c l u si v e i n d et ec t i n g a si g n i fi -
c an t N o rt h Am eri c an c o n t r i b u t i o n ( e.g ., ref 1 3 ) , exc ep t i n t h e
c ase o f Can ad i an fo rest fi res ( 1 4 ) .

Li m i t ed m easu rem en t s i n Asi a i m p ed e si m i l ar an al y ses
o f t h e c o n t r i b u t i o n o f Eu ro p ean an d N o rt h Am eri c an
em i ssi o n s o n ai r q u a l i t y i n Asi a ( 1 5 ) . In t erest i n Asi a o n
assessi n g t ran sb o u n d ary a i r p o l l u t i o n w i t h i n t h e reg i o n h as
l ed t o t h e est ab l i sh m en t o f t w o reg i o n a l a i r p o l l u t i o n
m o n i t o r i n g n et w o rks: Ac i d D ep o si t i o n M o n i t o r i n g N et w o rk
i n East Asi a (EAN ET) , p ara l l e l i n st ru c t u re an d p u rp o se t o
th e LRTAP- sp o n so red m o n i t o ri n g p ro g ram i n Eu ro p e (EM EP,
Eu ro p ean M o n i t o r i n g an d Ev al u at i o n Pro g ram ) ( 1 6 ) , as w el l
as a n et w o rk fo r b ase l i n e st u d i es o f a i r p o l l u t i o n i n So u t h
Asi a u n d er t h e M al e« D ec l arat i o n ( 1 7 ) .

I t i s d i ffi c u l t t o d i sc ern ICT i n fl u en c e o n O 3 m easu rem en t s
si n c e d et ec t i o n at t h e rec ep t o r c o n t i n en t refl ec t s t h e so u rc e
reg i o n , c h em i c a l t ran sfo rm at i o n s, m i xi n g w i t h o t h er a i r
p arc e l s, an d rem o v a l p ro c esses t h at m ay h av e o c c u rred
d u r i n g t ran sp o rt . O b serv at i o n - b ased st u d i es o f O 3 , i t s

p rec u rso rs, an d o th er t rac ers o f c o n t i n en tal em i ssi o n s p ro v i d e
u sefu l i n fo rm at i o n o n b ac kg ro u n d l ev e l s as w el l as ev i d en c e
o f i n t erc o n t i n en t a l i n fl u en c e o n t h ese c o n c en t rat i o n s ( 2 , 1 3 ,
1 8 - 2 1 ) . In fac t , O 3 o b serv at i o n s at m o u n t a i n si t es i n Eu ro p e
i n d i c at e t h at h u m an ac t i v i t i es o v er t h e p ast c en t u ry h av e at
l east d o u b l ed t ro p o sp h eri c O 3 c o n c en t rat i o n s ( 2 2 ) .

Wh i l e th ese resu l t s su g g est a p ro b l em o f p o ten t i a l c o n c ern
t o d o m est i c a i r q u a l i t y i n t h e U n i t ed St at es an d Eu ro p e as
w el l as a g l o b a l c o n c ern ab o u t Arc t i c h az e, t h e o b serv at i o n a l
ev i d en c e al o n e i s n o t su ffi c i en t t o d eterm i n e so u rc e at t r i b u -
t i o n . Su c h a d et erm i n at i o n w o u l d b e an i m p o rt an t p rec u rso r
t o em i ssi o n s- l i m i t i n g ag reem en t s. Al t h o u g h aero so l c o m -
p o si t i o n c an b e u sed t o i d en t i fy rem o t e so u rc es, t h e ev en t s
w i th th e m o st i m p ac ts Asi an d u st sto rm s an d Can ad i an fo rest
fi ress are n o t su b jec t t o d i rec t c o n t ro l s. Th e ev i d en c e fo r
d i rec t ICT o f p o l l u t i o n fro m Asi a t o N o rt h Am eri c a i s l i m i t ed
an d fro m N o rth Am eri c a t o Eu ro p e i s i n c o n c l u si v e. H o w ev er,
w h en o b serv at i o n s are c o n si d ered i n c o n c ert w i th si m u l at i o n s
fro m c o m p u t er m o d el s o f ICT, t h e p o ssi b l e b en efi t s o f
reg u l at i o n m ay b e assessed .

TABLE 4. Surface Ozone Enhancements at Northern Mid-Latitudes from Intercontinental Transport of Pollution

source region receptor region O3 enhancement (ppbv) method of estimatea ref

Asia northwestern U.S.,
spring

4 (mean), 7.5 (max) sensitivity simulation with no anthropogenic
emissions from source region

53

Asia western U. S.,
spring

3- 10 (range during Asian
pollution events)

sensitivity simulation with no surface
emissions from source region

28

Asia Europe, U. S. 1.0 (U.S.), 0.8 (Europe) annual mean enhancements from sensitivity
simulations with 10% increases in
emissions from source region;
results were multiplied by 10 to
estimate total effect of current
anthropogenic emissions from
source continent

25

Europe Asia, U.S. 1.1 (Asia), 0.9 (U.S.)
U.S. Europe, Asia 2.0 (Europe), 0.8 (Asia)
Asia + Europe U. S., summer 4- 7 (typical afternoon

range), 14 (max)
sensitivity simulation with no anthropogenic

NOx and NMVOC emissions from
source region

54

Europe East Asia, spring 3 (daytime mean) Ibid. 29
North America Europe, summer 2- 4 (daytime mean),

5- 10 (events)
Ibid. 29

Europe East Siberia 2 (annual),
3 (spring- summer)

difference between median obsd O3

concentrations in 1997- 1999 for
air masses originating from Europe
vs from Siberia and high latitudes

55

North America Mace Head,
Ireland

0.4 (winter),
0.2 (spring),
- 0.3 (summer),
- 0.9 (fall)

mean obsd difference in O3 concentrations
in 1990- 1994 for air masses
originating from U.S. and Canada
vs from Iceland and Greenland

13

North America Europe, yearly
mean

18 (Atlantic fringes),
10- 15 (central
Europe)

ozone produced in tropospheric
column over source region

56

Asia Europe, yearly
mean

9 (Atlantic fringes),
5- 7 (central Europe)

background (anthro-
pogenic methane)

U.S., summer 6 (afternoon mean) sensitivity simulation with anthropogenic
CH4 emissions reduced globally
by 50%; O3 enhancements from
that simulation were doubled to
estimate total enhancement from
anthropogenic CH4

36

background
(1980- 1998)

U.S. 3- 5 (spring, fall) obsd trend in lower quantiles of O3

frequency distribution at rural sites
20

background
(1984- 2002)

U. S., west coast 10 obsd trend at surface sites and from
aircraft missions (1984- 2002)

57

Asia (future) U.S. 2- 6 (western U.S),
1- 3 (eastern U.S.)
highest in Apr- Jun

sensitivity simulation with tripled Asian
NOx and NMVOC emissions

23

Asia (future) western U.S.,
spring

30- 40 (max during Asian
pollution events)

sensitivity simulation with quadrupled
Asian emissions

28

a All estimates are from global 3-D models except those of refs 13, 20, 55, and 57.
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Model Evidence. Cu rren t m at h em at i c a l m at h em at i c a l
m o d el s o f t ro p o sp h eri c c h em i st ry are p o w erfu l t o o l s fo r
d i ag n o si n g t h e c h em i c a l an d t ran sp o rt p ro c esses g o v ern i n g
p resen t an d fu tu re d i st r i b u t i o n s o f a i r p o l l u t an t s. Th e i m p ac t
o f fu t u re i n c reases i n h em i sp h eri c O 3 b ac kg ro u n d o n U .S. a i r
q u a l i t y w as u n d ersc o red b y Jac o b et a l . ( 2 3 ) , w h o c a l c u l at ed
t h at a t r i p l i n g o f an t h ro p o g en i c em i ssi o n s fro m Asi a ( t h en
p ro jec t ed fro m 1 9 8 5 t o 2 0 1 0 ) c o u l d i n c rease m o n t h l y m ean
su rfac e O 3 o v er t h e U n i t ed St at es b y 1 - 6 p p b v ( m i n i m u m
i n t h e east , m axi m u m i n t h e w est i n t h e sp r i n g ) . Wh i l e t h e
m ag n i t u d e o f t h i s i n c rease ap p ears sm al l , i t w o u l d m o re th an
o ffset t h e b en efi t s o f 2 5 % red u c t i o n s i n d o m est i c an t h ro -
p o g en i c em i ssi o n s i n t h e w est ern U n i t ed St at es ( 2 3 ) . M o re
rec en t l y , a m o d el i n g st u d y b y Li et a l . ( 2 4 ) at t r i b u t ed 2 0 % o f
v i o l a t i o n s o f t h e 8 - h av erag e, 5 5 p p b v Eu ro p ean Co u n c i l O 3

st an d ard t o an t h ro p o g en i c em i ssi o n s fro m N o rt h Am eri c a.
In ad d i t i o n t o q u an t i fy i n g t h e m ag n i t u d e o f ICT t ran sp o rt

o f O 3 as su m m ari z ed i n Tab l e 4 , rec en t g l o b a l m o d el i n g
stu d i es h av e ad v an c ed th e u n d erstan d i n g o f th e m ec h an i sm s
fo r ep i so d i c ICT t ran sp o rt , em p h asi z i n g t h at t h e b al an c e
b et w een v ar i o u s m et eo ro l o g i c a l an d c h em i c a l p ro c esses
g o v ern i n g ICT o f p o l l u t i o n v ar i es c o n si d erab l y w i t h seaso n
an d reg i o n ( e.g ., ref 2 5 ) . Lag ran g i an p art i c l e d i sp ersi o n m o d el s
h av e a l so b een u sed t o i d en t i fy t h e v ar i o u s p at h w ay s an d
t i m e sc a l es b y w h i c h p o l l u t i o n fro m eac h c o n t i n en t i s
exp o rt ed ( e.g ., ref 1 5 ) .

Gl o b a l m o d el i n g st u d i es h av e sh o w n t h at Asi an p o l l u t i o n
c an b e exp o rt ed i n t h e b o u n d ary l ay er ( st ro n g est at 3 0 - 4 5 ¡
N ) an d to th e free t ro p o sp h ere b y c o n v ec t i o n o r b y o ro g rap h i c
fo rc i n g ( 2 6 , 2 7 ) . M axi m u m ICT o f Asi an p o l l u t i o n t en d s t o
o c c u r i n sp r i n g w h en c o l d fro n t s sw eep ac ro ss east ern Asi a ,
v en t i n g p o l l u t an t s t o t h e l o w er free t ro p o sp h ere w h ere t h ey
are t ran sp o rt ed ac ro ss t h e Pac i fi c b efo re su b si d i n g t o t h e
su rfac e o v er N o rt h Am eri c a ( see Fi g u re 2 ) ( 1 5 , 2 6 - 2 9 ) . Th e
i m p o rt an c e o f t ran sp o rt b y t h i s w arm c o n v ey o r b e l t m ec h -
an i sm w as rec en t l y c o n fi rm ed b y ext en si v e sam p l i n g d u ri n g
t h e TRACE- P ai rc raft m i ssi o n o ff t h e Asi an Pac i fi c r i m ( 3 0 ) .

Th e m o n so o n sy st em l arg el y c o n t ro l s t h e seaso n al v ar i ab i l i t y
i n t h e m ec h an i sm s fo r p o l l u t i o n t ran sp o rt i n Asi a ( e .g ., refs
2 7 an d 3 1 ) .

Warm c o n v ey o r b e l t s a l so c arry p o l l u t i o n fro m t h e U .S.
b o u n d ary l ay er t o t h e u p p er t ro p o sp h ere o v er Eu ro p e ( 3 2 ,
2 5 ) . Gl o b a l m o d el i n g st u d i es h av e sh o w n t h at an o t h er
i m p o rt an t p at h w ay fo r ICT o f p o l l u t i o n fro m N o rt h Am eri c a
t o Eu ro p e i s d i rec t ad v ec t i o n o f p o l l u t i o n ac ro ss t h e At l an t i c
i n t h e b o u n d ary l ay er ( 2 4 , 2 5 ) . Po l l u t i o n fro m t h e U n i t ed
St at es i s a l so l o ft ed t o t h e free t ro p o sp h ere b y d eep
c o n v ec t i o n , p art i c u l ar l y i n su m m er o v er t h e so u t h east ern
an d c en t ra l st at es ( 2 5 , 3 3 ) .

Exp o rt o f p o l l u t an t s fro m Eu ro p e i s o f g reat est c o n c ern
fo r t h e c o n t ro l o f h az e i n t h e Arc t i c ( ref 1 5 an d referen c es
t h ere i n ) . Bo u n d ary l ay er ad v ec t i o n i s t h e t y p i c a l p at h w ay fo r
exp o rt o f Eu ro p ean p o l l u t i o n , w h i c h p red o m i n an t l y fl o w s
n o rt h t o t h e Arc t i c . U n l i ke N o rt h Am eri c a an d Asi a , Eu ro p e
l ac ks d o w n w i n d st o rm t rac ks an d t h e asso c i at ed w arm
c o n v ey o r b e l t s t h at effi c i en t l y t ran sp o rt p o l l u t an t s fro m Asi a
t o N o rt h Am eri c a an d fro m N o rt h Am eri c a t o Eu ro p e.
M axi m u m Eu ro p ean p o l l u t i o n i n fl u en c e o n Asi a o c c u rs i n
w i n t er an d sp ri n g w h en p o l l u t i o n i s t ran sp o rt ed aro u n d t h e
Si b er i an an t i c y c l o n e t y p i c a l l y i n t h e b o u n d ary l ay er ( 2 7 , 2 9 ,
3 4 ) .

Air Pollution Impacts on Climate
Th e c ase fo r c o n t ro l l i n g n o n -CO 2 g reen h o u se g ases an d BC
aero so l ( so o t ) w as fi rst p resen t ed b y H an sen et a l . ( 3 5 ) . Th ey
arg u e t h at CO 2 ac c o u n t s fo r l ess t h an h al f o f t h e c u rren t
rad i at i v e fo rc i n g an d t h at a c o n t ro l st rat eg y fo c u sed o n CH 4 ,
CFCs, O 3 , an d BC aero so l s c o u l d o ffer a m o re t rac tab l e, sh o rt -
t erm so l u t i o n t o sl o w i n g g l o b a l w arm i n g . Al t h o u g h CH 4 i s
n o t c u rren t l y reg u l at ed as an ai r p o l l u t an t , i t s ro l e i n
c o n t ro l l i n g b ac kg ro u n d O 3 i n su rfac e a i r ( 3 6 ) su g g est s t h at
p o l i c i es t o red u c e m et h an e em i ssi o n s m ay b e ap p ro p ri at e
u n d er an ai r p o l l u t i o n ag reem en t .

FIGURE2. Cartoon schematic of specific intercontinental transport mechanisms, including warm conveyor belts (WCBs; warm moist air
ÒbeltsÓahead of a cold front transport air from the boundary layer to the free troposphere). The trans-Pacific WCB carries air from the
Asian boundary layer and subsides at the surface of North America. The trans-Atlantic WCB produces elevated levels of pollution in the
free troposphere over Europe. Boundary layer advection is an important mechanism for trans-Atlantic ICT and the primary mechanism
for Europe-to-Asia pollution transport.
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Th e i n fl u en c e o f aero so l s o n c l i m at e i s an ac t i v e area o f
researc h , as l arg e u n c ert a i n t i es rem ai n i n q u an t i fy i n g t h e
d i st r i b u t i o n an d so u rc es o f a l l sp ec i es. Id en t i fy i n g sp ec i fi c
aero so l c o m p o n en t s i s c r i t i c a l t o l i n k p art i c u l at e m at t er
p o l l u t i o n w i t h c l i m at e g o a l s. Th e si g n o f rad i at i v e fo rc i n g b y
aero so l s i s h i g h l y d ep en d en t u p o n c h em i c a l c o m p o si t i o n .
Su l fate aero so l , t h e p ro d u c t o f SO 2 em i ssi o n s, exert s a n eg at i v e
rad i at i v e fo rc i n g w h ereas BC i s an i m p o rt an t w arm i n g
c o n st i t u en t . Al l aero so l t y p es c o n t r i b u t e Òi n d i rec tÓfo rc i n g
t o t h e c l i m at e b y serv i n g as n u c l e i fo r c l o u d c o n d en sat i o n ,
b u t t h e refl ec t i v i t y o f t h e resu l t i n g c l o u d s d ep en d s i n p art o n
t h e t y p e o f aero so l s aro u n d w h i c h t h ey fo rm ed .

Bec au se i t w o u l d b u i l d o n n at i o n sÕd o m est i c g o a l s o f
i m p ro v i n g a i r q u a l i t y an d red u c i n g g reen h o u se fo rc i n g
sp ec i es si m u l t an eo u sl y , a h em i sp h eri c t reat y a i m ed at
red u c i n g i n t erc o n t i n en t a l a i r p o l l u t i o n t ran sp o rt m ay serv e
as a p rec u rso r t o c l i m at e c o m m i t m en t s b y t h e U n i t ed St at es,
Ch i n a, an d o t h er m ajo r em i t t ers i n o p p o si t i o n o f t h e c u rren t
Ky o t o Pro t o c o l . H an sen et a l . ( 3 5 ) ac kn o w l ed g e t h e p o l i t i c a l
b en efi t s o f t h e i r a l t ern at i v e sc en ari o n o t i n g , Ò[A] fo c u s o n ai r
p o l l u t i o n h as p rac t i c a l b en efi t s t h at u n i t e t h e i n t erest s o f
d ev el o p ed an d d ev el o p i n g c o u n t ri esÓ. Fu rth erm o re, th ey n o te
t h at fo r am b i t i o u s em i ssi o n red u c t i o n p o l i c i es, su c h as t h o se
n eed ed to c o n t ro l m eth an e em i ssi o n s, Òg l o b al i m p l em en ta-
t i o n o f ap p ro p ri ate p rac t i c es req u i res i n tern at i o n al c o o p era-
t i o n Ó( 3 5 ) . Wh i l e ad o p t i o n o f t h i s a l t ern at i v e sc en ari o ( o r a
si m i l ar st rateg y ) w o u l d p resen t c h al l en g es to th e i n tern at i o n al
sc i en c e an d p o l i c y c o m m u n i t i es, t h e c o n t ro l o f a i r p o l l u t i o n
t o m eet c l i m at e g o a l s o ffers a p o l i t i c a l l y at t rac t i v e ap p ro ac h
t o red u c e g reen h o u se w arm i n g i n t h e sh o rt t erm . Reg u l at i o n
c o u l d t ake sh ap e w i t h o u t i m m ed i at e refo rm o f t h e d o m est i c
o r i n t ern at i o n a l en erg y ec o n o m y . Fu rt h erm o re, en erg y
sav i n g s i m p l em en t ed t o ac h i ev e a i r q u a l i t y g o a l s c o u l d h av e
t h e w i n / w i n affec t o f red u c i n g CO 2 em i ssi o n s as w el l .

Coordinating Global Air Quality and Climate
Decision-Making
In t h i s sec t i o n , w e sket c h o u t a p o t en t i a l c o o rd i n at ed ai r
q u a l i t y an d c l i m at e m an ag em en t reg i m e. Wh i l e a d et a i l ed
an al y si s o f su c h a fram ew o rk i s b ey o n d t h e sc o p e o f t h i s
p ap er, w e fee l i t i s n o t t o o so o n t o b eg i n d i a l o g u e o n t h e
p o ssi b i l i t i es fo r a h em i sp h eri c t reat y ad d ressi n g i n t erc o n -
t i n en t a l a i r p o l l u t i o n t ran sp o rt an d i t s i m p ac t s.

A g l o b a l a i r p o l l u t i o n t reat y w o u l d p r i m ari l y p ert a i n t o
c o u n t r i es i n t h e m i d - l a t i t u d e N o rt h ern H em i sp h ere, w h ere
d o m i n an t w i n d s fro m t h e w est p ro d u c e a n o rt h ern m i d -
l a t i t u d e p o l l u t i o n b el t t h at t rav erses t h e en t i re ext rat ro p i c a l

N o rt h ern H em i sp h ere ( Fi g u res 1 an d 2 ) . Ag reem en t m ay b e
fac i l i t a t ed as eac h c o u n t ry st an d s t o b en efi t fro m u p st ream
em i ssi o n red u c t i o n s. H o w ev er, so m e c o u n t r i es w i l l l i ke l y
b en efi t m o re t h an o t h ers.

Bec au se b en efi t s fro m em i ssi o n s red u c t i o n w i l l b e d i s-
t r i b u t ed u n ev en l y , assi g n i n g sp ec i fi c em i ssi o n red u c t i o n
t arg et s i s n o t a st ra i g h t fo rw ard t ask . A q u an t i t a t i v e p o l i c y
assessm en t w o u l d i d en t i fy i n tern at i o n al a i r q u al i t y o b jec t i v es
an d est i m ate i n terc o n t i n en tal so u rc e- rec ep to r rel at i o n sh i p s.
A ran g e o f i m p l em en t at i o n m ec h an i sm s, su c h as u n i fo rm
em i ssi o n red u c t i o n g u i d e l i n es o r em i ssi o n p erm i t t rad i n g ,
w o u l d b e ev a l u at ed , an d eac h p o t en t i a l m ec h an i sm w o u l d
b e w ei g h ed i n t erm s o f ab i l i t y t o m eet a i r q u a l i t y o b jec t i v es,
c o st , an d p o l i t i c a l feasi b i l i t y . In fo rm ed p o l i c y c an n o t m o v e
fo rw ard w i t h o u t q u an t i t a t i v e p o l i c y an al y si s. H o w ev er, o ft en
su c h an al y si s fo l l o w s t h e em erg en c e o f an en v i ro n m en t a l
i ssu e o n t h e p o l i t i c a l ag en d a. We i n t en d h ere t o p l ac e
em erg i n g sc i en t i fi c i ssu es i n a p o l i c y c o n t ext an d c o n si d er
an o v eral l st ru c tu re th at m ay b e ap p ro p ri at e fo r an ICT t reat y .

In c o n si d er i n g t h e st ru c t u re o f a g l o b a l a i r q u a l i t y ac c o rd ,
an o b v i o u s st art i n g p o i n t i s t h e LRTAP Co n v en t i o n , w h i c h
w as i n i t i a l l y d rafted to ad d ress t ran sb o u n d ary ac i d d ep o si t i o n
i n Eu ro p e. I t h as si n c e b een am en d ed t o c o v er a b ro ad ran g e
o f p o l l u t an t s ( see Tab l e 5 ) , an d p art i c i p an t s i n c l u d e c o u n t r i es
fro m b o t h West ern an d East ern Eu ro p e as w el l as t h e U n i t ed
St at es an d Can ad a. Bro ad l y d esc r i b ed , LRTAP i s b ased o n
v o l u n tary c o m p l i an c e w i th em i ssi o n l i m i t s al o n g si d e o n g o i n g
rep o rt i n g o f em i ssi o n s an d am b i en t p o l l u t i o n c o n c en t rat i o n s
( 3 7 ) .

Th e t reat y fu l fi l l ed exp ec tat i o n s o f en v i ro n m en tal p ro tec -
t i o n p ri m ari l y th ro u g h i n d i rec t m ec h an i sm s. I t p u t ac i d i fi c a-
t i o n o n t h e n at i o n a l ag en d as o f m em b er c o u n t r i es; i t
i n c reased n at i o n al c ap ac i t i es fo r en v i ro n m en ta l sc i en c e; an d
i t p ro v i d ed a fo ru m fo r o n g o i n g reg i o n a l n eg o t i a t i o n , t h u s
i n c reasi n g p o l i t i c a l st ab i l i t y an d en c o u rag i n g st ro n g er n a-
t i o n a l em i ssi o n red u c t i o n p o l i c i es ( 3 7 ) . Rec en t LRTAP
p ro t o c o l s, p art i c u l ar l y t h e Sec o n d Su l fu r Pro t o c o l an d t h e
Go t h en b u rg Pro t o c o l , w ere sh ap ed b y l east - c o st an a l y ses
fro m i n t eg rat ed assessm en t m o d el s, esp ec i a l l y t h e RAIN S
m o d el ( 3 8 , 3 9 ) .

Th e key st ren g t h t o d ay o f LRTAP i s i t s b ro ad g eo g rap h i c
sc o p e, i n c l u d i n g n o n - EU p art i es an d st ret c h i n g ac ro ss t h e
At l an t i c . As su c h , LRTAP i s w el l - p o i sed t o b e a t em p l at e fo r
a fl exi b l e ICT t reat y . As a Eu ro p ean / N o rt h Am eri c an t reat y
a l o n e, h o w ev er, LRTAP fac es an u n c ert a i n fu t u re w i t h o u t
so m e so rt o f i n c o rp o rat i o n i n t o a l arg er sc a l e ac c o rd . Wh ere
t h e t reat y fu l fi l l ed m u l t i p l e p o l i t i c a l an d en v i ro n m en t a l
o b jec t i v es t h ro u g h o u t t h e 1 9 8 0 s an d earl y 1 9 9 0 s, i t s d u t i es

TABLE 5. LRTAP Timelinea

year protocol summary signed ratified

1979 Geneva Convention on initial framework 33 49
Long-Range Transboundary Air

Pollution (LRTAP)
convention

1984 EMEP Protocol, Geneva established cost-sharing of program to collect emission
data, measurements, and develop models

22 40

1985 First Sulfur Protocol, Helsinki 30% cuts in SO2 emissions (or Òtransboundary fluxesÓ) 19 22
1988 NOx Protocol, Sofia freeze NOx emissions (or transboundary fluxes) 25 28
1991 VOC Protocol, Geneva 30% cuts in non-methane VOC emissions (or

transboundary fluxes)
23 21

1994 Second Sulfur Protocol, Oslo differentiated SO2 emissions ceilings 28 25
1998 Heavy Metals Protocol, Aarhus cadmium , lead, and mercury reduced below 1990 (or

alternate 1985- 1995 years)
36 14

1998 POPs Protocol, Aarhus 16 substances addressed: 8 banned, others limited to
restricted use and/or scheduled for future elimination

36 15

1999 Multi-Pollutant Protocol, Gothenburg differentiated 2010 emissions ceilings set for SO2, NOx,
VOC, and ammonia

31 4

200? Particulate Matter and Precursors? ? ? ?
a Information on signatories and ratification current as of June 23, 2003 (4).
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are b ec o m i n g p art i a l l y red u n d an t w i t h t h e en v i ro n m en t a l
d i rec t i v es o f th e EU , w h i c h i n c l u d e en fo rc em en t m ec h an i sm s.

Al t h o u g h t h e U n i t ed St at es i s c u rren t l y p art y t o LRTAP,
i t w o u l d h av e a g reat er i n c en t i v e t o p art i c i p at e i n an
ag reem en t p ro m o t i n g em i ssi o n s red u c t i o n s i n d ev e l o p i n g
Asi a , esp ec i a l l y Ch i n a. H ei g h t en ed c o n c ern fo r p o l l u t i o n
i n fl o w fro m Asi a i s o n e m ajo r p o l i c y o u t c o m e o f th e em erg i n g
sc i en c e- p o l i c y d i a l o g u e o n i n t erc o n t i n en t a l a i r p o l l u t i o n
t ran sp o rt . Ch i n a an d o t h er Asi an c o u n t r i es m ay v i ew t h e
ac c o rd as a m ean s o f g a i n i n g i n t ern at i o n a l rec o g n i t i o n fo r
p o l l u t i o n em i ssi o n s red u c t i o n s al read y u n d erw ay o r p l an n ed ,
fo l l o w i n g t h e exam p l e o f p ast su l fu r d i o xi d e em i ssi o n
red u c t i o n s i n Ch i n a. Ch i n a i s a l read y t ak i n g ac t i v e st ep s t o
red u c e d o m est i c a i r p o l l u t i o n ( e.g ., ref 4 0 ) , an d SO 2 em i ssi o n s
i n Ch i n a h av e b een d ec l i n i n g t h ro u g h t h e l at e 1 9 9 0 s ( 4 1 , 4 2 ) .
SO 2 exert s a c o o l i n g i n fl u en c e o n th e c l i m ate, so i t s reg u l at i o n
t o d at e d o es n o t d i rec t l y su p p o rt t h e c l i m at e i n c en t i v es o f
a p o t en t i a l t reat y ; h o w ev er, t h e t ren d s exh i b i t ed i n SO 2

em i ssi o n red u c t i o n su g g est t h at Ch i n a m ay b e o p en t o o t h er
p o l i c i es t o red u c e l o c a l p o l l u t i o n i m p ac t s.

Gi v en th at th e p o l l u tan t em i ssi o n s fu l fi l l d o m est i c p ri o ri -
t i es i n Ch i n a an d o t h er Asi an c o u n t r i es, l ev erag i n g t h ese
red u c t i o n s t o b o l st er n at i o n a l i m ag e c o u l d b e a p o w erfu l
i n c en t i v e . I t h as b een arg u ed t h at t h e d esi re t o p ro jec t a
fav o rab l e i n t ern at i o n a l i m ag e i s a v ery rea l fac t o r i n d et er-
m i n i n g a c o u n t ry Õs n eg o t i a t i n g p o si t i o n , t erm ed Òt o t e b o ard
d i p l o m ac y Ó( 3 7 ) . A c o o p erat i v e st ru c t u re arg u ab l y h as t h e
g reat est c h an c e o f su c c ess i f i t en h an c es Ch i n aÕs n at i o n a l
i m ag e an d o ffers a l l p art i es an o p p o rt u n i t y t o p u rsu e t h e i r
en v i ro n m en t a l o b jec t i v es.

Discussion
Researc h o n ICT o f ai r p o l l u t i o n i n t h e N o rth ern H em i sp h ere
h as rec en t l y b een ad v an c ed b y b o t h at m o sp h eri c c h em i st ry
an d c l i m at e c o m m u n i t i es. O v er l ap p i n g i n t erest s i n t h e
sc i en c e an d p o l i c y c o m m u n i t i es o n ICT are refl ec ted i n rec en t
c o n feren c e p art i c i p at i o n , n ew d i rec t i o n s i n ICT researc h ,
an d sc i en c e fu n d i n g p at t ern s. Th e c o n v erg en c e o f i n t erest
aro u n d ICT o f a i r p o l l u t i o n b y t h ese t rad i t i o n a l l y sep arat e
c o m m u n i t i es su g g est s t h at i t i s n o t t o o so o n t o d i sc u ss
w h et h er a n ew h em i sp h eri c t reat y i s ap p ro p ri at e fo r jo i n t l y
m an ag i n g a i r q u a l i t y an d g reen h o u se w arm i n g .

I f a h em i sp h eri c o r g l o b a l a i r p o l l u t i o n t reat y ad d ressi n g
p o l l u t an t s c o n t r i b u t i n g t o ICT w ere i m p l em en t ed o n a st ep -
b y - st ep b asi s, i t c o u l d c ap i t a l i z e o n c h arac t er i st i c s c o n t r i b -
u t i n g t o t h e su c c ess o f t h e t ran s- At l an t i c LRTAP t reat y . In i t i a l
effo rt s sh o u l d b e d i rec t ed t o w ard p o l l u t an t s su c h as BC
aero so l s an d O 3 , w h i c h p o se r i sks fo r h ea l t h o n l o c a l an d
reg i o n a l sc a l es, w h i l e c o n t r i b u t i n g t o l arg e- sc a l e c l i m at e
fo rc i n g . As su b seq u en t p o l l u t an t s are reg u l at ed u n d er su c h
a fram ew o rk, CO 2 c o u l d b e ad d ressed i n a c o n si st en t m an n er.
Th u s, w e su g g est t h at m u l t i - l a t era l a i r p o l l u t i o n reg u l at i o n
c o u l d p av e t h e w ay fo r su c c essfu l effo rt s t o m i t i g at e g l o b a l
c l i m at e c h an g e.

Th e m o m en t u m fo r g ro w i n g i n t erest i n t h e c o n n ec t i o n s
b et w een ai r q u a l i t y an d c l i m at e i n t erest i n ICT m ay b e
at t r i b u t ed i n p art t o feed b ac ks b et w een sc i en c e an d p o l i c y
c o m m u n i t i es: t h e sc i en c e c o m m u n i t y d i rec t s m o re researc h
t o h o t q u est i o n s n eed i n g fu rt h er i n v est i g at i o n ; t h e p o l i c y
c o m m u n i t y d i rec t s m o re fu n d s to sc i en c e i d en t i fi ed as p o l i c y -
re l ev an t . Ju st as researc h o u t p u t m ay b e c h arac t er i z ed as
p o l i c y - re l ev an t , t h e i n t ersec t i n g p o l i c y i s o ft en sc i en c e-
re l ev an t . Ad v an c es i n eac h fi e l d c o n t r i b u t e t o t h e ev o l u t i o n
o f t h e o t h er. Wi t h i n an o n g o i n g sc i en c e- p o l i c y fram ew o rk ,
t h ese feed b ac ks h av e b een t erm ed d ep en d ab l e d y n am i sm
( 4 3 ) , as exem p l i fi ed b y t h e i n t erp l ay b et w een sc i en c e an d
p o l i c y d u r i n g rec en t p ro t o c o l s t o LRTAP.

In t erac t i o n s am o n g sec t o rs o f t h e sc i en t i fi c c o m m u n i t y
an d t h e p o l i c y st akeh o l d ers en c o u rag e d ev e l o p m en t s w i t h i n
an d ac ro ss t h e sep arat e d i sc i p l i n es. As su c h , w e su g g est t h at

p at t ern s o f i n t erd i sc i p l i n ary exc h an g e an d ag en d a set t i n g i n
ICT sh o u l d b e en c o u rag ed . An u n d erstan d i n g o f h em i sp h eri c
a i r p o l l u t i o n an d t h e c o n seq u en c es o f i t s reg u l at i o n w i l l
b en efi t b y th e c o n t i n u ed i n terac t i o n s o f th e p o l i c y an d sc i en c e
c o m m u n i t i es.

Acknowledgments
We t h an k Terry Keat i n g , D an i e l Jac o b , N o el l e Ec k l ey , D i n a
Kru g er, an d an o n y m o u s rev i ew ers fo r m an y h el p fu l c o m -
m en t s o n t h i s m an u sc r i p t . D i sc u ssi o n at o u r Sp ri n g 2 0 0 2
AGU sp ec i al sessi o n o n ÒPo l i c y -Rel ev an t Versu s Po l i c y - D ri v en
Atm o sp h eri c Ch em i st ry Researc h Óh el p ed sh ap e th i s p ro jec t ,
an d w e th an k th e sessi o n p art i c i p an t s. M .G.H . ac kn o w l ed g es
su p p o rt fro m t h e N at i o n a l Sc i en c e Fo u n d at i o n Grad u at e
Researc h Fel l o w sh i p an d th e D ep artm en t o f En erg y Grad u ate
Researc h Ed u c at i o n Fel l o w sh i p . A.M .F. ac kn o w l ed g es su p -
p o rt fro m t h e U .S. EPA O ffi c e o f Ai r Q u al i t y P l an n i n g an d
St an d ard s.

Literature Cited
( 1 ) An d reae, M . O .; Berresh ei m , H .; An d reae, T. W.; Krt i z , M . A.;

Bat es, T. S.; M err i l l , J. T. J. At m o s. Ch em . 198 8 , 6 , 1 4 9 .
( 2 ) Parr i sh , D . D .; H ah n , C. J.; Wi l l i am s, E. J.; N o rt o n , R. B.;

Feh sen fe l d , F. C. J. Geo p h ys. Res. 1992 , 9 7 , 1 5 ,8 8 3 .
( 3 ) Lev y , H ., I I ; M o xi m , W. J. N atu re 1987, 3 2 8 , 4 1 4 .
( 4 ) U n i t ed N at i o n s Ec o n o m i c Co m m i ssi o n fo r Eu ro p e. 1 9 7 9

Co n v en t i o n o n Lo n g-Ran ge Tran sb o u n d aryAi r P o l l u t i o n ; h t tp :/ /
w w w .u n ec e.o rg / en v / l r t ap ( ac c essed 6 / 2 3 / 0 3 ) .

( 5 ) U n i t ed St at es En v i ro n m en t a l Pro t ec t i o n Ag en c y . Ai r Q u al i t y
Cr i t er i a fo r O z o n e an d Rel at ed Ph o t o c h em i c a l O xi d an t s.
Researc h Tri an g l e Park , N C, m an u sc r i p t i n p rep arat i o n .

( 6 ) Pen n er, J. E. In Cl i m at e Ch an ge 2 0 0 1 : Th e Sci en t i fi c Basi s;
H o u g h t o n , J. T., et a l . , Ed s.; Cam b ri d g e U n i v ersi t y Press:
Cam b ri d g e, U .K., 2 0 0 1 ; Ch ap t er 5 .

( 7 ) Prat h er, M . J.; Eh h al t , D . In Cl i m at e Ch an ge 2 0 0 1 : Th e Sci en t i fi c
Basi s; H o u g h t o n , J. T., et a l . , Ed s.; Cam b ri d g e U n i v ersi t y Press:
Cam b ri d g e, U .K., 2 0 0 1 ; Ch ap t er 4 .

( 8 ) Li an g , J.; H o ro w i t z , L. W.; Jac o b , D . J.; Wan g , Y.; Fi o re, A. M .;
Lo g an , J. A.; Gard n er, G. A.; M u n g er, J. W. J. Geo p h ys Res. 1998 ,
1 0 3 , 1 3 ,4 3 5 .

( 9 ) Wi l ken i n g , K. E.; Barr i e , L. A.; En g l e , M . Sci en ce 2000, 2 9 0 , 6 5 .
( 1 0 ) VanCu ren , R. A.;Cah i l l , T. A., J. Geo p h ys. Res. 2002 , D O I: 1 0 .1 0 2 9 /

2 0 0 2 JD 0 0 2 2 0 4 .
( 1 1 ) Wi l ken i n g , K. E. Wat er , Ai r So i l P o l l u t . 2001, 1 3 0 , 1 8 2 5 .
( 1 2 ) St o h l , A.; Tri c k l , T. IGACt i v i t i es N ew sl . 2001, 2 4 .
( 1 3 ) D erw en t , R. G.; Si m m o n d s, P. G.; Seu ri n g , S.; D i m m er, C. At m o s.

En v i ro n . 1998 , 3 2 , 1 4 5 .
( 1 4 ) Fo rst er, C.; Wan d i n g er, U .; Wo t aw a, G.; Jam es, P.; M at t i s, I .;

Al t h au sen , D .; Si m m o n d s, P.; O ÕD o h ert y , S.; Jen n i n g s, S. G.;
Kl eefe l d , C.; Sc h n ei d er, J.; Tr i c k l , T.; Kre i p l , S.; Ja¬g er, H .; St o h l ,
A. J. Geo p h ys. Res. 2001, 1 0 6 , 2 2 ,8 8 7 .

( 1 5 ) St o h l , A.; Ec kh ard t , S.; Fo rst er, C.; Jam es, P.; Sp i c h t i n g er, N . J.
Geo p h ys. Res. 2002 , 1 0 7 , 4 6 8 4 ; d o i : 1 0 .1 0 2 9 / 2 0 0 1 JD 0 0 1 3 9 6 .

( 1 6 ) Rep o r t o f t h e Th i rd Sessi o n o f t h e In t ergo v ern m en ta l M eet i n g o n
t h e Aci d D ep o si t i o n M o n i t o r i n g N et w o rk i n East Asi a . EAN ET
( Ac i d D ep o si t i o n M o n i t o r i n g N et w o rk i n East Asi a) : Ch i an g
M ai , Th ai l an d , 2 0 0 1 ; EAN ET/ IG 3 / 1 2 .

( 1 7 ) Im p l em en tat i o n o f th e M al e« D ecl arat i o n o n Co n t ro l an d Prev en -
t i o n o f Ai r P o l l u t i o n an d Its Li k e l y Tran sb o u n d ary Effects fo r
So u t h Asi a , P h ase I . P ar t I : Gu i d el i n es fo r t h e P rep arat i o n o f
Basel i n e St u d i es; U n i t ed N at i o n s En v i ro n m en t a l Pro g ram m e:
1 9 9 9 .

( 1 8 ) Trai n er, M .; Parri sh , D . D .; Bu h r, M . P.; N o rt o n , R. B.; Feh sen fel d ,
F. C.; An l au f, K. G.; Bo t t en h ei m , J. W.; Tan g , Y. Z.; Wi eb e, H . A.;
Ro b ert s, J. M .; Tan n er, R. L.; N ew m an , L.; Bo w erso x, V. C.;
M eag h er, J. B.; O l sz y n a, K. J.; Ro d g ers, M . O .; Wan t , T.;
Berresh ei m , H .; D em erji an , K. L.; Ro y c h o w d h u ry , U . K. J.
Geo p h ys. Res. 1993, 9 8 , 2 9 1 7 .

( 1 9 ) H i rsc h , A. I .; M u n g er, J. W.; Jac o b , D . J.; H o ro w i t z , L. W.;
Go l d st e i n , A. H . J. Geo p h ys. Res. 1996, 1 0 1 , 1 2 ,6 5 9 .

( 2 0 ) Li n , C. Y.; Jac o b , D . J.; M u n g er, J. W.; Fi o re, A. M . Geo p h ys. Res.
Let t . 2000, 2 7 , 3 4 6 5 .

( 2 1 ) Lefo h n , A. S.; O l t m an s, S. J.; D an n , T.; Si n g h , H . B. J. Geo p h ys.
Res. 2001, 1 0 6 , 9 9 4 5 .

( 2 2 ) M aren c o , A.; Go u g et , H .; N ed el ec , P.; Pag es, J. P.; Karc h er, F. J.
Geo p h ys. Res. 1994, 9 9 , 1 6 ,6 1 7 .

( 2 3 ) Jac o b , D . J.; Lo g an , J. A.; M u rt i , P . P. Geo p h ys. Res. Let t . 1999,
2 6 , 2 1 7 5 .

VOL. 37, NO. 20, 2003 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 4541



( 2 4 ) Li , Q .; Jac o b , D . J.; Bey , I .; Pa l m er, P. I .; D u n c an , B. N .; Fi e l d ,
B. D .; M art i n , R. V.; Fi o re, A. M .; Yan t o sc a, R. M .; Parr i sh , D . D .;
Si m m o n d s, P. G.; O l t m an s, S. J. J. Geo p h ys. Res. 2002 , D O I:
1 0 .1 0 2 9 / 2 0 0 1 JD 0 0 1 4 2 2 .

( 2 5 ) Wi l d , O .; Ak i m o t o , H . J. Geo p h ys. Res. 2001, 1 0 6 , 2 7 ,7 2 9 .
( 2 6 ) Bey , I .; Jac o b , D . J.; Lo g an , J. A.; Yan t o sc a, R. M . J. Geo p h ys. Res.

2001, 1 0 6 , 2 3 ,0 9 7 .
( 2 7 ) Li u , H .; Jac o b , D . J.; Bey , I .; Yan t o sc a, R. M .; D u n c an , B. N .;

Sac h se, G. W., J. Geo p h ys. Res. ( i n p ress) .
( 2 8 ) Yi en g er, J. J.; Gal an t er, M .; H o l l o w ay , T. A.; Ph ad n i s, M . J.;

Gu t t i ku n d a, S. K.; Carm i c h ael , G. R.; M o xi m , W. J.; Lev y , H ., I I .
J. Geo p h ys. Res. 2000, 1 0 5 , 2 6 ,9 3 1 .

( 2 9 ) Li u , H .; Jac o b , D . J.; Ch an , L. Y.; O l t m an s, S. J.; Bey , I .; Yan t o sc a,
R. M .; H arr i s, J. M .; D u n c an , B. N .; M art i n , R. V. J. Geo p h ys. Res.
2002 , D O I: 1 0 .1 0 2 9 / 2 0 0 1 JD 0 0 2 0 0 5 .

( 3 0 ) Jac o b , D . J.;Craw fo rd , J. H .; Kl eb , M . M .;Co n n o rs, V. E.; Ben d u ra,
R. J.; Rap er, J. L.; Sac h se, G. W.; Gi l l e , J. C.; Em m o n s, L. J. Geo p h ys.
Res. ( i n p ress) .

( 3 1 ) d e Laat , A. T. J.; Lel i ev e l d , J. J. Geo p h ys. Res. 2002 , D O I: 1 0 .1 0 2 9 /
2 0 0 1 JD 0 0 1 4 8 3 .

( 3 2 ) Co o p er, O . R.; M o o d y , J. L.; Parr i sh , D . D .; Tra i n er, M .; Ry erso n ,
T. B.; H o l l o w ay , J. S.; H u b l er, G.; Feh sen fe l d , F. C.; Ev an s, M .
J. J. Geo p h ys. Res. 2002 , D O I: 1 0 .1 0 2 9 / 2 0 0 1 JD 0 0 0 9 0 1 .

( 3 3 ) H o ro w i t z , L. W.; Li an g , J.; Gard n er, G. M .; Jac o b , D . J. J. Geo p h ys.
Res. 1998 , 1 0 3 , 1 3 ,4 5 1 .

( 3 4 ) N ew el l , R. E.; Ev an s, M . J. Geo p h ys. Res. Let t . 2000, 2 7 , 2 5 0 9 .
( 3 5 ) H an sen , J.; Sat o , M .; Ru ed y , R.; Lac i s, A.; O i n as, V. P ro c. N at l .

Acad . Sci . 2000, 9 7 , 9 8 7 5 .
( 3 6 ) Fi o re, A. M .; Jac o b , D . J.; Fi e l d , B. D .; St reet s, D . G.; Fern an d es,

S. D .; Jan g , C. Geo p h ys. Res. Let t . 2002 , D O I: 1 0 .1 0 2 9 /
2 0 0 2 GL0 1 5 6 0 1 .

( 3 7 ) Lev y , M . A. In In st i t u t i o n s fo r t h e Ear t h ; H aas, P. M ., Keo h an e,
R. O ., Lev y , M . A., Ed s.; M IT Press: Cam b ri d g e, M A, 1 9 9 3 ; p 7 5 .

( 3 8 ) H o rd i jk , L. Wat er , Ai r , So i l P o l l u t . 1995 , 8 5 , 2 4 9 .
( 3 9 ) H o l l o w ay , T. Ph .D . D i ssert at i o n , Pr i n c et o n U n i v ersi t y , 2 0 0 1 .
( 4 0 ) Pu , Y.; Sh ah , J. J.; St reet s, D . G. EM Th e U rb an En v i ro n m en t ;

Ju n e 2 0 0 2 , 3 2 .
( 4 1 ) St reet s, D . G.; Tsai , N . Y.; Ak i m o t o , H .; O ka, K. At m o s. En v i ro n .

2000, 3 4 , 4 4 1 3 .
( 4 2 ) Carm i c h ael , G. R.; St reet s, D . G.;Cal o ri , G.; Am an n , M .; Jac o b so n ,

M . Z.; H an sen , J.; U ed a, H . En v i ro n . Sci . Tech n o l . 2002 , 3 6 , 4 7 0 6 .
( 4 3 ) Ec k l ey , N . Gl o b a l En v i ro n . Ch an ge 2002 , 1 2 , 1 5 .

( 4 4 ) Park , R. J.; Jac o b , D . J.; Ch i n M .; M art i n , R. V. J. Geo p h ys. Res.
2003, 1 0 8 , 4 3 5 5 ; d o i : 1 0 .1 0 2 9 / 2 0 0 2 JD 0 0 3 1 9 0 .

( 4 5 ) Jaffe , D .; An d erso n , T.; Co v ert , D .; Ko t c h en ru t h er, R.; Tro st , B.;
D an i e l so n , J.; Si m p so n , W.; Bern t sen , T.; Kal sd o t t i r , S.; Bl ake,
D .; H arr i s, J.; Carm i c h ael , G.; U n o , I . Geo p h ys. Res. Let t . 1999,
2 6 , 7 1 1 .

( 4 6 ) H u sar, R. B.; Trat t , D . M .; Sc h i c h t e l , B. A.; Fa l ke, S. R.; Li , F.;
Jaffe , D .; Gasso«, S.; Gi l l , T.; Lau l a i n en , N . S.; Lu , F.; Reh ei s, M .
C.; Ch u n , Y.; West p h al , D .; H o l b en , B. N .; Gu ey m ard , C.;
M c Ken d ry , I .; Ku ri n g , N .; Fe l d m an , G. C.; M cCl a i n , C.; Fro u i n ,
R. J.; M err i l l , J.; D u Bo i s, D .; Vi g n o l a , F.; M u ray am a, T.; N i c ko v i c ,
S.; Wi l so n , W. E.; Sassen , K.; Su g i m o t o , N .; M al m , W. C. J.
Geo p h ys. Res. 2001, 1 0 6 , 1 8 ,3 1 7 .

( 4 7 ) Vau g h an , J. K.; Cl a i b o rn , C.; Fi n n , D . J. Geo p h ys. Res. 2001, 1 0 6 ,
1 8 ,3 8 1 .

( 4 8 ) M c Ken d ry , I . G.; H ac ker, J. P.; St u l l , R.; Sak i y am , S.; M i g n ac c a,
D .; Rei d , K. J. Geo p h ys. Res. 2001, 1 0 6 , 1 8 ,3 6 1 .

( 4 9 ) Jaffe , D .; M c Ken d ry , I .; An d erso n , T.; Pr i c e, H . At m o s. En v i ro n .
2003, 3 7 , 3 9 1 .

( 5 0 ) Pro sp ero , J. M . J. Geo p h ys. Res. 1999, 1 0 4 , 1 5 ,9 1 7 .
( 5 1 ) H u sar, R. B. Presen t ed at t h e U .S. EPA/ EM EP Wo rksh o p o n

H em i sp h eri c Po l l u t i o n , Bad Brei si g , Germ an y , O c t o b er 2 0 0 2 .
( 5 2 ) Al p ert , P.; Gan o r, E. J. Geo p h ys. Res. 2001, 1 0 6 , 1 8 ,2 7 5 .
( 5 3 ) Bern t sen , T. K.; Karl sd o t t i r , S.; Jaffe , D . A. Geo p h ys. Res. Let t .

1999, 2 6 , 2 1 7 1 .
( 5 4 ) Fi o re, A. M .; Jac o b , D . J.; Bey , I .; Yan t o sc a, R. M .; Fi e l d , B. D .;

Fu sc o , A. C.; Wi l k i n so n , J. G. J. Geo p h ys. Res. 2002 , 1 0 7 , D O I:
1 0 .1 0 2 9 / 2 0 0 1 JD 0 0 0 9 8 2 .

( 5 5 ) Po c h an art , P.; Ak i m o t o , H .; Kaji i , Y.; Po t em ki n , V. M .; Kh o d z h er,
T. V. J. Geo p h ys. Res. 2003, 1 0 8 , 1 0 .1 0 2 9 / 2 0 0 1 JD 0 0 1 4 1 2 .

( 5 6 ) D erw en t , R. G.; St ev en so n , D . S.; Co l l i n s, W. J.; Jo h n so n , C. E.
Presen t ed at t h e U .S. EPA/ EM EP Wo rksh o p o n H em i sp h eri c
Po l l u t i o n , Bad Brei si g , Germ an y , O c t o b er 2 0 0 2 .

( 5 7 ) Jaffe , D .; Pr i c e, H .; Parr i sh , D .; Go l d st e i n , A.; H arr i s, J. Geo p h ys.
Res. Let t . 2003, 3 0 , 1 6 1 3 ; d o i : 1 0 .1 0 2 9 / 2 0 0 3 GL0 1 7 0 2 4 .

Recei v ed fo r rev i ew Jan u ary 1 0 , 2 0 0 3 . Rev i sed m an u scr i p t
recei v ed Ju l y 1 , 2 0 0 3 . Accep t ed Ju l y 1 , 2 0 0 3 .

ES0 3 4 0 3 1 G

4542 9 ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 37, NO. 20, 2003


