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Coupling between meteorology and wintertime PM
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Valleys and basins are particularly ‘\
prone to stagnation events that favor “Neutral” 1y
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Altitude (km AGL)

Evolution of the vertical structure of the atmosphere
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Science Question: How do meteorological “cold-air pool”
conditions contribute to poor wintertime basin air quality,
and how can meteorological observations and modeling
efforts be designed to most effectively inform emissions
and chemistry research?
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Particle Composition: Relationship with total PM

Aircraft Measurements
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Ground Measurements
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Spatial Distribution

* Homogeneous?
 Cities versus rural?

e Altitude?

Pusede et al. (2016): San Joaquin Valley
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Nitrate gas-particle partitioning
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Vertical structure: Chemistry + Meteorology Coupling
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Diel Variability and Process Understanding
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Science Question: What are the relevant physical
(including meteorological), chemical and thermodynamic
processes that govern winter particulate matter
formation and loss, what are the uncertainties, and how

can these be addressed through measurements and
modeling?
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NO, = Nitrate

NO, column, summer
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VOC’s = SOA
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OFP (g-03/g-ROG)

o
®

e
[}

o
'S

o
N

0.0

Livestock feed

TTITTY I

Aimond Almond HM Gr Alfalfa Cereal
Hulls Shells Corn Silage Silage Silage
Source Type

Howard et al. (2010)

Diesel
Fuel

Product Use =37 Tg

Gasoline
Exhaust

@

In d u slriai

Upstream
Emissions

VOC Emissions = 350 = 50 Gg

McDonald et al. (2018)

Dlesel
Exhaust

VoIatiIe Chemical Products & Transport

Volatile Chemical
Products 4%

Gasoline
Exhaust

N

A9% Exhaust

Industrial Upstream
CPs Emissions

Diesel

VOC Reactivity = 8.8 + 1.9 s°1

Gasoline
Exhaust

18(7)%

Diesel
\E Exhaust
19(8)%
Upstream
Emissions

Industrial
v

CPs

SOA Potential = 11.5 £+ 2.7 Gg

Composition fractions

Composition fractions

Yuan et al. (2017)

CAFQO’s

(a) Concentration (ppb) (b) Odor activity value
139 38 151 66 32 22 4.0 0.8 55 40 1.8 1.0
1.0 =k T T S R N— v—
I:I S = 12' D D
0.8 — —F A -
0.6 - - -
0.4 S - -

0.2 — | _— -
0.0- —‘ =L D . ; =

1 1 T T T T T

(c) OH reactivity (5'1) (d) NO4 reactivity (10%s")
91 23 10 45 1912 93 3.1 26 20 25 1.7

WDDDD]]DDDEDD

0.6+ = ] Nitrogen-containing B
species

[ Sulfur-containing

0.4+ = species -
Phenolic species
Carbonyls

[ Alcohols B

I Carboxylic acids

0.24 -

o

0.0

Dairy #2 -
Beef #1 -
Beef #2 4
Sheep
Chicken |
Dairy #1
Dairy #2 -
Beef #1 -
Beef #2 -
Sheep —Il
Chicken |

T
3
e
]
(]
t

19

UCDAVIS

CIVIL ano ENVIRONMENTAL
ENGINEERING



20

Science Question: What are the relevant emissions of
short-lived pollutants that are most relevant to winter air
qguality in the western U.S. and what are the major

uncertainties in quantifying them? What approaches are
required to reduce these uncertainties?
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Chemistry + Meteorology Coupling

o Winter 2019 Nighttime Profile
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Implications for Control Strategies
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Secondary Organic Aerosol
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Science Question: How do winter oxidation cycles impact
winter air quality, and how should these oxidation cycles
be approached from a measurement and modeling
standpoint ?
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Science Question: How are urban GHG emissions
changing in the western U.S., which sectors are
responsible for the changes, and how are shifts in GHG

emissions associated with changes in short-lived
pollutants?
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Science Questions Summary

1. Meteorology-Chemistry Coupling and PCAPS

2. Physical, chemical and thermodynamic processes that govern PM
formation and loss

3. Emissions of short-lived pollutants
4. Air pollution—Climate co-benefits

5. Winter oxidation cycles
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