Characterizing the troposphere up and downwind of New York and New England during ICARTT 2004
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Overview: Fehsenfeld et al., JGR, 2006JD007829, 2006



» Ozone is made in the atmosphere- not emitted into it.
» Processes that make, remove, and move ozone are complex.
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To understand and predict ozone, we need to:

» Quantify 2 key ingredients- VOCs and NOx (amount and form)

» Understand and quantify meteorology (including deposition) ESRL .S
expertise

Altitude, km

» Understand day and night chemistry (gas and particle phase)



Export of the New York City plume
to the North Atlantic,
20-22 July 2004

The start of a Lagrangian experiment of
transport across the North Atlantic

Flight Planning guided by Lagrangian transport model
FLEXPART CO tracer overlaid on GOES IR image
using MCIDAS, Owen Cooper and Andreas Stohl
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July 20 & 21, 2004

Biomass Burning Plumes over the NE US at 3 km

Export of pollution from New York City and the US East Coast

to the Atlantic below 2km
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Transport and Photochemistry in urban plumes over the North Atlantic Ocean
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Reactive nitrogen transport and photochemistry in urban plumes over the North Atlantic Ocean
above the Marine Boundary Layer without fresh emissions and without surface removal.
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Can we start to see the change of anthropogenic
emissions and its effect on the photochemistry

_ during such continental outflow events?
NOyid = Sum ( NO + NO2 + HNO3 + PANSs)

Neuman et al., JGR, 2005JD00710, 2006,

(Buhr et al., JGR, 101, 29013, 1996, Daum et al. JGR, 101, 29029, 1996, Lin et al., JGR 103, 13593, 1998)



Modeling ozone plumes observed downwind of New York City over the North Atlantic
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Can we detect change?
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Reduction of power plant
NO, emissions,
Satellite Observations

Jun-Aug 2004 and Analysis Model

WRF-Chem

WRF-Chem
& &
National 2004
Emissions = |° Power
Inventory Plant
1999 Emissions

Kim et al., GRL, 2006GL027749, 2006
building on
Richter et al., Nature, 437, 129, 2005
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NOx/CO [mole/mole]

Long-term atmospheric NO,/CO enhancement ratios in megacities provide
evaluations of emission inventories
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In comparison to urban ground based observations
and a global emission inventory
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Hassler et al., GRL 2016



Evaluate Inventory using VOC Measurements from CalNex (2010)

Equipped with on-line GC-MS
~80 species measured
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Ground site measures downtown LA Data able to directly evaluate emission
emissions (Kim et al., J. Geophys. Res. 2016) Inventories (Borbon et al., J. Geophys. Res. 2012)
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Energy-Related Emissions Alone Do not Explain Urban VOCs
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Bottom-Up Emissions

(VOC ppt CO ppb”)

Energy-Related Emissions Alone Do not Explain Urban VOCs

A

Combustion,
Evaporated Fuel

(mass resolved = 83%)

Agree
aromatics,
<C9 alkanes, thA |
ethano
Too low
C9-C11 alkanes, alcohols,
ketones, esters,
A
acetone
oY MEK
A,
® ® C9-C11 alkanes
® . A
A i-propyl
aIcohoIA
A methyl acetate Bias: -37%

Ambient-Derived Emissions
(VOC ppt CO ppb ™)

B

+Volatile Chemical

Products
(mass resolved = 51%)

5:1 2:1 11

Aethanol
Agree
+C9-C11 alkanes, halocarbons, acetone
alcohols, ketones, esters, .
i-propyl
Too low alcohol
methyl acetate &
o U
® A
C9-C11 alkanes
A
© A
AL
Bias = -9%
IIIII 1 1 IIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII
0.01 0.1 1 10 100

Ambient-Derived Emissions
(VOC ppt CO ppb ™)



Distribution of Anthropogenic VOC Emissions in Los Angeles (2010)
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VOC Emissions = 820 = 200 t/d

Volatile chemical product (a.k.a. solvent) emissions underestimated by ~2x



Number of days that Ozone exceeds the 8 hr standard of 70 ppbv, 2010 - 2014

Days per year that dma8 ozone exceeds 70 ppb, summer Data extracted on: 2016-10-24
nvgt070 ozone, 2010-2014 (minimum 3 years): all sites
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Trend in number of Ozone exceedance days, 2000 - 2014

Trends of number of days with daily max. 8-hr 0;,>70 ppb, summer Data extracted on: 2016-10-21
nvgt070 ozone, 2000-2014: all sites
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Emissions from power plants and traffic are changing in response to emission controls

Ambient measurements (monitors, field experiments, remote sensing ) are needed to observe these changes

Ambient measurements of secondary products are critical to examine
the response of Ozone and PM to precursor emission controls



