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Introduction

® The Gulf of Alaska sees an influx of shipping
traffic during the summer tourist season

@ What effects are ship emissions having on this
pristine, photochemically active environment?
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Ship emissions are only modestly

regulate

d

@ Ship traffic contributes more emissions than
aviation and is comparable to road traffic.

® Global regulations on NO, emissions and sulfur
fuel content are modest and allow for large
amounts of pollutants to be released.
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Hypothesis and questions raised

@ Ship emissions are impacting Southwest Alaska
In terms of air quality and atmospheric
deposition

@ Are ship emissions significantly increasing
pollutant concentration and deposition?

@ What areas are most affected and why?
@ What are the possible ramifications and what is being
done?

® What is the role weather conditions have on air
guality and deposition?

@ Improve or exacerbate?



WRFChem domain and setup

@ Domain spans roughly
1000km x 900km

® Centered over Kodiak
Island

@ /km grid increment

® Run with (SEM) and
without (REF) ship
emissions

@ 5/20/2006 — 8/20/2006



Meteorology Affects Transport,
Transformation, and Deposition

Ahotolysis

dry deposition

wind transport

wet deposition



WRFChem underestimates air
temperature but captures trends

@ Misrepresented terrain height
@ Underestimated shortwave radiation
® Damping of diurnal cycle



WRFChem overestimates dewpoint

temperature
® Surface moisture fluxes are overestimated
@ Due to misrepresented land cover

® WRFChem does not well capture dry air
Intrusion In early season
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Error propagation throughout
WRFChem

Overpredicted _
moisture fluxes 6 Ovefp!red]cted
precipitation
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Underpredicted 4
temperatures _

Underpredicted

shortwave radiation

ﬁ Falsely achieved
saturation

® WRFChem also overestimates sea-level pressure and wind speed
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Ship emissions increase NO,
concentrations and deposition

NO, (SEM-REF) concentration (pptv) NO, deposition due to ships (%)



Increased NO, deposition from
ships disrupts nitrogen cycle.
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NO, concentrations are broadly
dependent upon weather conditions
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Ship emissions increase SO,
concentrations and deposition

SO, (SEM-REF) concentrations (pptv) SO, deposition due to ships (%)



Increased SO, deposition from
ships disrupts sulfur cycle
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SO, concentration broadly depends
upon meteorological conditions
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Ship emissions increase PM, .
concentrations and deposition

PM, : (SEM-REF) concentrations (ng/m3) PM, ¢ deposition due to ship emissions (%)



PM, - Influenced by low
pressures events
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Ship emissions increase PM,,
concentrations and deposition

PM,, (SEM-REF) concentrations (ng/m3) PM,, deposition due to ship emissions (%)



PM,, concentrations depend on
low pressure systems

SEM concentrations
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Prince Willlam Sound and Cook Inlet
show greatest impacts from ships

@ PWS is the most heavily
traveled region in the Gulf
of Alaska

@ Lows staghate and dissipate

® Kenal Peninsula and

Kenal Fjords National Park (D

@ Strong onshore winds and

precipitation on windward
side. u
@ Lake Clark and Katmai
National Parks

® Wind channeling between
Kenai and Kodiak



Summary and Conclusions

@ Ship emissions cause significant increases Iin
pollutants including NO,, SO,, PM, -, PM,,,
HNO,, and PAN

@ Ship emissions contribute substantially to
deposition of NO,, SO,, PM, ., and PM,,

@ Meteorological conditions and topography have
a major influence on air quality and deposition

® WRFChem well captures the synoptic situation
of the 2006 summer tourist season



