Global Sources of North American Ozo

Barron H. Henderson
U.S. EPA/OAQPS/AQAD/AQMG

EPA Collaborators: Pat Dolwick, Carey Jang, Alison Eyth, Jeff Vukovich, Rohit Mathur,
Christian Hogrefe, Norm Possiel, George Pouliot, Brian Timin, K. Wyat Appel

GDIT Collaborators: Kathy Brehme, Nancy Hwang

Disclaimer The views expressed in this presentation are those of the authors and do ni
necessarily reflects the views or policies of the U.S. Environmental Protection Agency.



Part I- Outline

Av dzA O1 hOSNIASYg 2F a. | O]l ANRdzy Ré€
APart llc Model System Description arfévaluation
APart lllc Model attribution results



What are background concentrations?

AJaffe et al. (2018) uses a source oriented definition doi: 10.1525/elementa.309
A Non-ControllableOzoneSources contribute to background ozone.
A What is controllable, to some extent, depends on context.
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Zeroout estimates of ozone contributions

AMotivations:
Alnterannual variability (e.g., Lin et al., 2017)
AModeling system (e.g., Huang et al. 2017)
A2016 platform )

ANew Estimates:
ANorthern HemispheridJatural
Alnternational anthropogenidntl 80%
ADomestic anthropogenidJSA

Hypothetical Annual Contributions
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Part |- Outline

System Description

CMAQ Results and Evaluation

AGlobal model versions and ASeasonal Average Ozone
options ASondeEvaluation
AEmissions ACASTNeEvaluation
ANatural

A Anthropogenic

ATropospheric Ozone Assessment
Report Databases

ASatellite semguantitative

L 62y Qi &aK2g¢g RhiedmdzsfulisibutTWIRY D9
occasionally reference the performance from GEOS

Chem in the 2011 EPA modeling platform and

preliminary 2016 GEGGhem.



Hemispheric CMAQ GEOShem

Av5.2.1 (IPV, dust, halogens)
A8 monthspinupperiod
APolar stereographic (~1xieg)
A44 Layers up to 50mb

AWeather Research and Forecasting

Layer 25 b)
2020pdaurly O3 AZ4 3/2@ 4/04/11

0.10 I

north

O de

grees

50

L]

MAS 9

n
=

AVersion 12.0.1
A 1-yearspinupperiod
A2x2.5 degree w/ half polar cells

A72 vertical layers up to 0.01mb
A ~38 up to 50mb

AGoddard Earth Qbservi
aF2NBI NR

LJN

¢F

stem (v5)
dzO U €

105 120

(molec/cm3/s; min=0.00154; max=3.73e+07)

0.00 015 030 045 060 075 090

50
1

135 1

7

L

POx



Natural Emissions

ABiogenics (plants and soils): Alnline Dust:
A BOTHModel of Emissions of Gases and A GEOSChem DEAD w/ current
Aerosols from Nature (MEGAN) v2.1 parameters
A H-CMAQNorth America Biogenic Emission AHCMAQ Inline CMAQ
Inventory System (BEIS) algorithm
AWild and Prescribed Fires: ASea Salt: similarime

A GEOSChem 2011: GFED orD6: FINN v1.6  Schemes
AH-CMAQ FINN v1.5 and over US 2016 ADimethyl Sulfide

. platform A GEOSChemin-line
Anghtnlng: | A H-CMAQnot in present run
GEOS&hemwith Lee Murray updates A Relevant for aerosols and haze

A H-CMAQGEIA climatological averages by
latitude & season

Details in EPA 2018pagov/sites/production/files/201912/documents/2016fe hemispheric tgadf and
Vukovich et al. CMAS 2018



https://www.epa.gov/sites/production/files/2019-12/documents/2016fe_hemispheric_tsd.pdf

Anthropogenic Emissions

Global Regional
AEDGARTAP base year 2010 AUS: 2016fe Platform

A BOTH interpolated to 2014 by CEDS : -
Sector/country sealars y ACanada: EC 2013 interpolated

A GEOSChem uses RETRO VOC AMexico
A HCMAQ uses Pouliot sectbased A Mobile 2016 MOVES
speciation A Other scaled from 2008
ASQI&F():II\I’)I%Q EDGARTAP and 2016f AAsia (norChina): MIXv1
: an e . ] . . .
platform within Continental US modeling AChina: Tsinghua University (THU)
domain A Lower sulfate than CEDS
A GEOShem: ARCTAS S0O2, ICOADS CO, A Lower NOx than CEDS
| and over Europe from EMEP A Similar trends in power sector
A Aircraft: A Differences in metals where THU applies
A HCMAQ: EDGARTAP government requiredontrols
A GEOShem: AEIC A Zhaoet al. doi: 10.1073pnas.1812955115

Details in EPA 2016pa.gov/sites/production/files/20191 2/documents/2016fe hemispheric tgudf and
Vukovich et al. CMAS 2018



https://doi.org/10.1073/pnas.1812955115
https://www.epa.gov/sites/production/files/2019-12/documents/2016fe_hemispheric_tsd.pdf

Results and Evaluatio

CMAQOnly

Seasonal Averages for Ozone
Sondeand CASTNeEvaluation
TOAR Qualitative Evaluation
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Ozone Surface and about Skm Spring

Northern Hemisphere Spring (March April May, MAM) concentrations are relatively low with clear
transport in the midtroposphere seen most strongly in the southern latitudes

Surface 0.5 sigma or ~500hPa or 5km

80 80

Beljing
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Ozone Surface and about 5km Summer

Northern Hemisphere Summer (JudelyAugust, JJA) concentrations are higher both at the
surface and aloft., but the transport patterns are less clearly defined than spring.
Surface 0.5 sigma or ~506Paor ~5km

80 80

Belijing
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Hilo (HI)=50 * New Delhi=9
MNAHA=44 Wallops Is=29
- TSUKUBA=47 ® GooseBay=48
SAPPORO=47 San Pedro=47
Hong Kong =48 ® Yarmou th=32
* Petaling ]=10 ® Lerwick=49
Sepang Air=14 Legionowo =32
® Hanoi=21 ® De Bilt=56
Kelowna=37 ® Praha=51
WO U D C Stonyplain=42 ® Valentia 0=29
Boulder ES=49 @ Hohenpeiss=129
- . . . . Resolute=24 Payerne=146
Aln domain sites: 29; launches: 1315 it gl s
e Churchill=18 Nairobi=48

Alert=47

A Many in NA and W EU
A Averaging samples w/in CMAQ sigma levels

ACASTNet

A Large scale simulations will not capture |_ Mk World Ozone and Ultraviolet
smallscale gradients

. Percent Urban at CASTNet Sites . SN i : J . r
A Not all CASTNetites are rural ot & s S I
r R Y - g 200

Aln-service Aircraft for Global Observing
System (IAGOS) 0

A 333 grid cells covered
A 3156 ascents or descents
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WOUDGsondesby Site (all Times)

WwouDC

Sonde (ppb) CMAQ (ppb)

A Sorted by <2X
latitude and
averaged across
launches _ <3/2 X

A Near

tropopause bias;
that is strongest
in the northern §
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WOUDGsondesby Time (all Sites)
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Near tropopause

bias is strongestin ~ 2%°
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IAGOS Flights

AFocusing on east
(Japan) for Asian
outtflow

AMissing Apr, Jul,
and Oct flights

ACaptures a few
prominent upper
air features

ATends to be high
biased

AOver the
continent, tends
to be higher
biased
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IAGOS Flights

0.0

AFOCUSlng On West of 100W (n=21) Predicted
west (Hawaii) L=
for iIncoming air

AMissing Ma¥
Jul, and Oct
FEAIKGAX:

ACaptures
several key
features

. T T T T T T T T T T

- w W N H W & % o
P @ o AR A A A g M g0 o d /R g mog
HHHHHHHHHHHHHHHHHHHHHH

[ 1 1 [ 1 [l [ [ 1 1 1 [ 1 1 [ [l [ [ 1 1
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
DDDDDDDDDDDDDDDDDDDDDD
NNNNNNNNNNNNNNNNNNNNNN

2020-06-11 CMAS Seminar

100

70

- 60

50

40

30

20

03 ppb

2.00
Ratio I
b 1.50

- 1.20

0.80

0.66

0.50

ratio



CMAQ 03 ppb (0, 33, 100)

CASTNdaWonitors: All Year

Pearson (r=0.58, p=0.00); Spearman (r=0.57, p=0.00)
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CASTNET O3 ppb (0, 34, 108)

CASTNaetonitors are not all rural,

but they are frequently used as a

proxy. Here we evaluate hourly

ozone.

A 15LST has an r=0.67

A Performance at these monitors is
within £7.5 ppb at most monitors.

A There is a westast bias divide
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00to05 LST bias (ppb)
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CASTNeﬂ)lurnal Performance
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Satellites and Sondes Evaluation avalil elsewhere

ectCorVertCol molec/m=*2

OMNO2D_HR 2016-07
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Summary

ACompares well tsondesn the mid troposphere
A appears to have a near tropopause lias
Alow bias northward of 50 degrees Dbtay
A performing similarly to GEGShem used for the 2011 platform

ARoutine aircraft measurements show mixed results.

APerforms best in JJA comparedd8STNet
A Most data is within 10 ppb of observations
A Clear WesEast bias gradient

ATOAR evaluation suggests similar results with better performance at rural
than urban monitors

ACompared to current test of GE@®em v1102* were less biased.
A H-CMAQ was lovbiased while GC was higiiased compared tsondes
A Testing GC version (v12.0.1), considering meteorology

*W/FINN fires and 2016 lightning



Part |l: Zeraput estimates of ozone contributions

AMotivations:
A Interannual variability (e.g., Lin et al., 2017)
A Modeling system (e.g., Huang et al. 2017)
A 2016 platform f)

ANew Estimates:
A Northern Hemispheriddatural
A International anthropogenidntl
A Domestic anthropogenitJSA 30%
A And either:ResiduaX

ALong range transport and aloft results 60%
A At 108km & Separating China and India

ASurface results
A 108km and 12 km nested from 108 km LBO%
A Natural, Intl, USA

Hypothetical Annual Contributions
100%

40%

0%

West East
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Estimates of 2016 Ozone Components

APredictions= KM, B Evaluations: Henderson CMAS 2018;

ATotal: E =sum(fat, usa sum{ntl)}) IGC9 2019; CMASA 2019

A Natural :E= sum(fiat}); soil NOx and methane are treated as natural

A ZINTL E= sum(fat, usa); prescribed

fires are treated as anthropogenic

AZUSA aka USB : E = smat({sum{ntld YO T h & KS N& X

NOx Emissions

Contributions

A Natural = ZANTH

A USA = TotalZUSA

A Intl = Total ZINTL

A RES* = TotalUSA- INTLc NAT

202006-11

International Parts
A CHN = TotalZCHN
A SHIP = TotalZSHIP
A IND = Total ZIND
A CANMEX = TotglZCANMEX
cmas Ae@TFHER = IRICHN- IND- SHIR CANMEX

Backg d NO tons/y!
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Monthly average ozone illustrate transport

Evaluations: Henderson CMAS 2018:
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Ozone source contributions in April aloft
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Ozone source contribution in July aloft
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Difference between West and East aloft (108km)

West ~500 hPa
704{ M Natural H India B Intl Shipping W China

West Contributions

China

EU

- USA

- Other

202006-11

Bl Canada/Mexico I Other Non-US B RES | UsA

East Contributions

Near and High

Near Border

High Elevation

- West

- East

I Excluded

Other countries 1615 ppb

East ~500 hPa
701 M Natural M India I Intl Shipping B China I Canada/Mexico W Other Non-US B RES = USA

0
7_016'01 1016'012016'03 7_016'0&7_016'05 1016'06'2016'01 7_016'08 2016'09 1016'10 '2_016'117_016'12

CMAS Seminar

26



Difference between West and East Aloft (108km)

West ~500 hPa
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China and the European Union (108km)

EU ~500 hPa

H India B Intl Shipping
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Anthro over the EU
(UK in EU at time of writing
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Other NorUS is not all EU, but this
gives us a sense that upwind
contributions similar in the EU as in
the West.

0
2016‘01 2016’02.2016’03 2016’04 2016‘05 2016’06.2016‘01 1016‘08 7-016’09 2016‘10 2016’11 2016‘1?‘

CHN ~500 hPa i

g I Intl Shipping W Canada/Mexico = USA B Other Non-US M India W RES M China
— 20
<
N
O Q_15
> m
O o

% 10
© 3
=
dd
c 5
<

3 & 5 9] L &)

China Aloft ozone from other countries is-18 ppb
CMAS Seminar 28



Ozone source contributions in April at the Surface
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https://doi.org/10.12952/journal.elementa.000029

Ozone source contributions in July at the Surface

Natural
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Difference between West and East Surface (12km
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