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Abstract: Previous studies have concluded that emissiam ficean-going marine vessels may cause as maby,@30 deaths annually
worldwide. In this study, emissions of NOx, SOrd@M from shipping emissions are shown to contelsignificantly to poor air quality
across North America and are increasingly contiiiguto the amount of sulfur and nitrogen being d#ed in the U.S. and Canada. The
outputs from a series of regional air quality siatigdns, using the Community Multiscale Air QualfgMAQ) modeling system, were
paired with several ecosystem models to look atirtigacts of potential regulations on ocean-goingsets on human health and welfare.
As part of this analysis, several innovative linkagvere developed to relate projected changes quality to impacts on health and welfare
metrics such as human mortality, acidification g@iatic and terrestrial ecosystems, and foresttnedlhis paper will summarize the results
of these integrated modeling systems and demoastrat reductions in ship emissions would produickespread benefits that outweigh the
costs of any potential controls. Additionally, eeal sensitivity tests were conducted to quantiy &ir quality and health impacts of ship
emissions at various distances from the North Acagrishoreline. Based on this modeling, a joinppsal from the United States, Canada,
and France to amend MARPOL Annex VI to designageific areas of North American coastal waters aEmission Control Area (ECA)
was accepted by the International Maritime Orgaiora(IMO) in March 2010. This ECA is scheduledhegin to reduce emissions as
early as July 2010 and is expected to deliver smlisi public health benefits to many people livingthe U.S., Canada and French
territories, as well as to marine and terrestrialsystems over the next decade.
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BACKGROUND

A natural by-product of a global economy is thechém transportation of commodities from their saiof origin to their

source of consumption. Steady growth in intermatiGhipping over the past half-century has redufteemissions from this
sector increasingly being viewed as a significamitdbutor to degraded air quality and health waitte. Recent studies
have shown that shipping-related emissions areoresdiple for as many as 60,000 cases of prematurtality every year

(Corbettet al, 2007; Winebraket al, 2009).

However, emissions from international shipping #mel associated air quality problems have traditlgrizeen difficult to
regulate due to jurisdictional issues (Shrader8200ro address this issue, the International MmaeitOrganization (IMO),
an agency of the United Nations, established Anviexf the MARPOL convention to assist in the preventof air
pollution from ships. This international convemtiallows countries to apply for a designation ofmissions Control Area
(ECA) for specific portions of their coastal waterShips operating in a designated ECA are requiaubt to exceed 0.1
percent fuel sulfur by 2015. This requirement xpexted to reduce PM and SOx emissions by more &%apercent.
Additionally, beginning in 2016, vessels operatingn ECA will need to meet engine emissions staisltirat will result in
an 80 percent reduction over present-day NOx earissi In March 2010, the International Maritime @rgation (IMO)
member states formally agreed to designate a lpoggons of U.S., Canadian and French waters as@h. EBased on
modeling analyses described further in this pather,decision was made to extend the North AmerE&A boundary to
200 nautical miles from the relevant shorelines.

EPA AIR QUALITY MODELING CONFIGURATION

When considering the potential effects of any patér air quality regulation, it is common practite apply a

photochemical air quality modeling system to estéemthe change in air quality expected to occur with emissions
reductions proposed as part of the control progrémtheir core, air quality models are quantitatapproximations of the
numerous complex physical and chemical interactionshe atmosphere that determine the formation fatel of air

pollutants in the atmosphere. The U.S. governnhast traditionally used air quality modeling resuttssupport policy
decisions and as inputs into regulatory impact y@eal. As part of this exercise, a fine-resolutioational air quality
modeling analysis was performed to estimate theceffi 2020 of the proposed ECA emissions reductionfuture 8-hour
ozone concentrations, annual fine particulate ma@M2.5) concentrations, visibility levels, andicaaeposition to
watersheds and ecosystems across the U.S.

EPA’'s Community Multi-scale Air Quality (CMAQ) modelj system was used in this analysis (Byun and $¢cl2806).
CMAQ is a publicly available, peer reviewed, statéh@-science model consisting of a number of smemttributes that are
critical for simulating the oxidant precursors amehlinear organic and inorganic chemical relatigpstassociated with the
formation of ozone as well as sulfate, nitrate, arghnic aerosols. The CMAQ modeling analyses weréormed for three
separate domains, as shown in Figure 1. This rmafaked a parent horizontal grid of 36 km with taested, finer-scale
12 km grids covering the Eastern and Western Ul& model extends vertically from the surface t0 ddllibars using a
sigma-pressure coordinate system. Air quality @tk at the outer boundary of the 36 km domainewdownscaled from
the global GEOS-Chem model and did not change énesitnulated scenarios. Meteorological inputs f&f@2 were used
as determined by separate retrospective MM5 mdtagioal modeling.
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Figure 1. Map of the CMAQ Modeling Domains. Thedil@uter box denotes the 36 km national modelingalo; the red inner box is the
12 km western U.S. fine grid; and the blue innet isache 12 km eastern U.S. fine grid.

IMPACTS OF ECA ON OZONE AND FINE PARTICULATE LEVELS

High levels of ozone and fine particulates are etgubto continue to be a problem over the U.Safdeast the next two
decades despite numerous past emission reductignaons. Without further action, emissions fronpshill contribute a
larger share to the projected levels of ozone amal farticulates as emissions from other sourcesedse. The CMAQ
modeling shows that the designation of an ECA wi00 nautical miles of the U.S. coastline will haignificant benefits
to ozone and fine particulates.

Specifically, large improvements in PM2.5 air qtyakire projected to occur as a result of an ECAgtkesion. The air
quality benefit will be largest in coastal areag;ez=ding 1.0 ug/m3 annually in some locations. 8asethese modeled air
quality improvements, the ECA designation is estadato result in benefits ranging from $27-60 biilidollars due to
reduced health costs and reduced premature mprtdfigure 2 shows the improvement in peak 24-HoMR2.5 levels in
2020 as a result of the lower SOx and NOx emissions
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Figure 2. Map of the changes in county-wide 24-HeR.5 design values in 2020 after the implemeortadif a 200 nautical mile ECA over
North America. The changes are shown only forétmminties with existing fine particulate monitors.
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Large improvements in ozone air quality are alsmjgmted to occur as a result of an ECA designatidgain, AQ benefits
will be greatest in coastal areas. Some locatwagrojected to experience reductions of 0.5 -p@tDby 2020 as a result of
the tighter ECA NOXx engine standards. Figure 3 shihv change in average daily maximum 8-hour ofreds in 2020 as
a result of this reduction in shipping emissiorihe modeling shows some areas of ozone increaggspovtions of Los
Angeles and Seattle due to less titration of ozshen NOx shipping emissions are reduced. Howeslpcal emissions of
NOx are further reduced in these areas in the dutormeet national ambient air quality standardi expected that the
ozone chemistry will become increasingly favorabl&Ox controls.
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Figure 3. Map of the changes in gridded daily maxim8-hour ozone values in 2020 after the implenemtaf a 200 nautical mile ECA
over North America.

IMPACTS OF ECA ON ACID DEPOSITION, VISIBILITY, AND ECOSYSTEM HEALTH

Not surprisingly, given the large reductions in Né&nd SOx emissions that will occur in the coastgions over the next
decade due to the ECA designation, the modeling@isjects large reductions in total nitrogen artdltsulfur deposition

over the U.S. Reductions of more than ten pereestiiphur deposition are projected in most coastds by 2020. Figure
4a and 4b show the change in total nitrogen arfdrstdposition in 2020 based on the absolute ostpiithe CMAQ model.
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Figure 4. Map of the changes in gridded: a) toitabgen and b) total sulfur deposition in 2020 aftee implementation of a 200 nautical
mile ECA over North America.

These reductions in acid deposition lead to a spoeding improvement in ecosystem health. As §@an the preceding
results, large ships release emissions over a warda, and depending on prevailing winds and otheteamnological
conditions, these emissions may be transported redadand even thousands of kilometers across Néanterica.
Deposition of nitrogen and sulfur causes acidifaat which alters biogeochemistry and affects ahiema plant life in
terrestrial and aquatic ecosystems across the W&or effects include a decline in some forese tspecies, such as red
spruce and sugar maple; and a loss of biodiven$ifighes, zooplankton, and macro invertebrates.
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As part of the North American ECA application, EP@nducted a case study looking at the Adirondack Mfains of New
York and the Blue Ridge Mountains in the State ofgWila. These two areas have long been a focusrfeironmental
issues related to acid deposition. Soils and wabeiies, such as lakes and streams, usually btlféeacidity from natural
rain with "bases", the opposite of acids from theimnment. The poor buffering capability of thals in both these regions
make the lakes and streams particularly susceptiblacidification from anthropogenic nitrogen andfie atmospheric
deposition resulting from nitrogen and sulfur oxdemissions. Consequently, acidic deposition hizstaefl hundreds of
lakes and thousands of miles of headwater strearbsth of these regions. The diversity of lifetlrese acidic waters has
been reduced as a result of acidic deposition.si®éty modeling conducted with CMAQ showed thatpghing emissions
contributed to several water bodies where greatdrdeposition occurred than could be neutralized.

Lastly, among the numerous positive impacts ofE& designation, the modeling showed that improveme visibility
could be expected in many scenic national parksnamiments across the U.S. Figure 5 shows howilggiwill improve
across ten Class 1 areas over the U.S. The ECgsiEms reductions are projected to result in 2¢6qre improvements in
visibility in numerous locations. In some westeh$. locations, the improvements from the ECA paogire equivalent to
the improvements resulting from all other sectartoa between 2002 and 2020.
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Figure 5. Bar chart of projected visibility levéfsdeciview units in 2002 (black), 2020 (blue), &@80 (green). For 2020 and 2030, the
projected visibility levels are shown with and vadth a 200 nm North American ECA.

CONCLUSIONS

The U.S. coastline and much of the interior of toeintry will experience significant improvementsaim quality due to
reduced fine particulates and ozone precursors $tops complying with ECA standards. Coastal avdexperience the
largest improvements; however, significant improeets will extend hundreds of miles inland to reaohattainment areas
in states such as Nevada, Tennessee and PennaylMdaiional treasures such as the Grand CanyonrightPark and the
Great Smoky Mountains will also see air quality imgements. Additionally, the North American ECAeigpected to yield
significant health and welfare benefits. EPA eatigs that the annual benefits in 2020 will inclpdeventing between 5,500
and 14,000 premature deaths, 3,800 emergency rasita, \and 4,900,000 cases of acute respiratorypgyms in 2020.
More detail on the ECA modeling results is containéthin the technical support document that sumzbrthe ECA
designation (U.S. EPA, 2009)
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