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Motivation

* International transport can be a significant contributor to regional haze in some
Class | areas.

= EPA’s revised guidance for the Regional Haze Rule leaves it to the states to
calculate impact of international transport on uniform rate of progress in
consultation with EPA

= Given limited resources, a coordinated effort to assess contributions of
International emissions on 2028 projections is needed
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Project Organization
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Project Scope

» 3 GEOS-Chem simulations
— Provide international transport contributions through CAMx boundary conditions (BCs)
= 2016 Baseline
= 2028 Base Case

= 2028 Scenario with all anthropogenic emissions outside the U.S. set to zero ((Zero Out Rest of World
run; ZROW)

= 3 CAMx simulations with respective GEOS-Chem BCs
— 2016 Baseline, 2028 Base Case, 2028 ZROW
— Build off State/Federal Collaborative 2016 modeling database CA MX
— Develop 2016 natural emissions

= Visibility analysis
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Baseline Year for Regional Haze Modeling



Baseline Year

= Selected 2016 after receiving feedback from Scientific Review Panel

— Most frequent suggestion, most recent year, more representative
meteorological conditions

= CAMx modeling will rely on the State/Federal Inventory Collaborative 2016
modeling platform

— Will be using 2016 beta now expected by December 2018 (?)

» GEOS-Chem uses projected 2011 NEI for the US emissions so the delay has not
affected our GEOS-Chem modeling



Global Emission Inventories for
Regional Haze Modeling



US Emissions

= NEI 2011 (from v6.2 platform as available in GEOS-Chem)
» Projections to 2016, 2028 based on EPA's projected inventories

US-wide projection factors from 2011
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Non-US Emissions : Baseline

= Emissions inventories based on GEOS-Chem v11.02f

Canada APEI 2014 No projection
China MEIC 2015, 2016, 2017 2016
Global; rest of the world CEDS (GEOS-Chem 2014 2014
default)

Aircraft AEIC 2005 Projected 2016 (RCP4.5)
Shipping NEI, EMEP, HTAP2 2011, 2012, 2010 Projected 2016 (RCP4.5)
Biomass QFED2 2016 2016

Volcanic SO2 Aerocom 2009 Degassing emissions only
soil NOx, sea-salt aerosol, On-line Meteorology-driven

oceanic DMS, biogenic
VOC, wind-blown dust,
short-lived bromo-carbon
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Community Emission Data System (CEDS)

= 1750-2014

* EDGAR 4.3 supplemented
with regional/country-specific : ]

Inventories

= Comparison with other

Inventories
— Similar trends

— Global-totals higher than EDGAR
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Figure S40: Like with like comparison of global CEDS emissions with EDGAR, GAINS, CMIP5, and CDIAC (fc

C0O2 only)
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CEDS SO2 Residential, Commercial, Other (RCO) (Jan 2014)
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MEIC (Asia) 2016

= Sectors: agriculture, industry, power, residential, transportation

= Species: NO, CO, SO2, SO4, NH3, BC, OC, VOCs (including ACET, CCHOQO,
ALK1-5, HCHO, MEK, OLE1-2)

= Available for 2015, 2016, 2017

= Plots for MEIC 2015 shown in following slides.
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NOTES: Plot units: kg/m2/s, also MEIC and CEDS agriculture is 0 everywhere (for NO, SO2)

NO Industry (Jan 2015) NO Transportation (Jan 2015) NO Residential (Jan 2015)
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SO2 Industry (Jan 2015) SO2 Transportation (Jan 2015) SO2 Residential (Jan 2015)
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BC Industry (Jan 2015) BC Transportation (Jan 2015) BC Residential (Jan 2015)

Se-12 fe 11 1.5e—1i Ze—11

fe—11 1.5e11 2e—1l

15 _I= ELECTRIC POWER
© 2017 Electric Power ResearchInstitute, Inc. All rights reserved. C El | RESEARCH INSTITUTE



16

Non-U.S. Global Emissions: 2028

Canada

China

Global; rest of the world

Aircraft
Shipping
Biomass
Volcanic SO2

soil NOx, sea-salt aerosol,
oceanic DMS, biogenic
VOC, wind-blown dust,
short-lived bromo-carbon

APEI 2014

MEIC 2016

CEDS (GEOS-Chem 2014

default)

AEIC 2005

NEI, EMEP, HTAP 2011, 2012, 2010
QFED2 2016

Aerocom 2009

On-line

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.

ECCC’s projections (2013 to
2025)

Wang et al., (2014)
RCP4.5

RCP4.5

RCP4.5

2016

Degassing emissions only

Meteorology-driven
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GEOS-Chem Approach for Non-U.S. Global Anthropogenic

Emission Contributions

= Turn off all countries anthropogenic emissions except for U.S. (projected NEI)
= For shipping and aircraft emissions that are not associated with a country,

remove emissions outside of red box
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Projection Approach for Non-US Global Emissions

= RCP4.5 provides projections to 2028 by world region
— China and Canada approached differently (see following slides)

Projection factors 2014 -> 2028 from RCP4.5
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Emission Projections

= Country-specific projections for US and

Canada

— US: EPA’s NEI projections from 2011 to 2028
— Canada: ECCC'’s national projections from 2013 to

2025
= China

— Selected one of the six 2030 scenarios from the
research group that developed MEIC (Wanget al.,

2014)

» Recent satellite data suggest decreasing NOx
emissionssince 2012 and earlier for SO,

= Consistent with Chinese Government projections

through 2020

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.
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Figure 7. Time series of the ratio of the mean SO» columns and

the fossil fuel consumption in China based on observations of OMI

(black), SCIAMACHY (green), and GOME-2 (blue). The ratios of

the annual NO, emissions and the fossil fuel consumption are based

on observations of OMI (red). All time series are normalized to the

year 2007.
van der A et al., 2017
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Regional OMI Observations of SO, and NO, Changes

N. A. Krotkov et al.: Aura OMI observations of regional SO, and NO» pollution changes
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Figure 3. Relative changes (compared to 2005) in OMI PBL SO columns (left) and tropospheric NO7 columns (right) over the world’s five
most polluted regions: (a) and (b): Ohio River valley and southwestern Pennsylvania (ORV) 1 the eastern US (ORV — blue box m Fig. 2);
(c) and (d): the Maritsa Iztok power plants in Bulgaria (blue box in Fig. 4); (e) and (f): North China Plain (NCP — blue box 1n Fig. 5); (g)
and (h): NE India (blue box in Fig. 6); (i) and (j): the Persian Gulf (blue box in Fig. 7). Gray circles show de-seasonalized monthly columns
(see details m Appendix B). Black filled circles show annual means. Vertical bars show standard deviations. Red diamonds show bottom-up
emission estunates for power plants in ORV and from coal-fired power plants in NE India (Chhattisgarh and Odisha region — blue box 1n

Fig 6).
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Krotkov et al, Atmos. Chem.
Phys., 16, 4605-4629, 2016
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China Future-Year NOx and SOx Emissions

= Six 2030 scenarios from the research group that developed MEIC (Wang et al.,
2014)

[0] = baseline

[BAU] = business-as-usual [PC] = more strict enforcement

[1] = progressive _ o
as of 2010 \ / of new energy-saving policies
[2] = maximum feasible control

» Recent satellite-derived observations suggest decreasing NOx and SOXx
emissions since 2012 (van der A et al., 2017; Zhang et al., 2018)

= Government reported nation-wide emissions between 2010-2015 and projected
through 2020 (MEE, 2016)

— We extrapolated 2015-2020 trend through 2030
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China Energy Consumption

» Difference between BAU and PC scenarios is the adoption of energy policies
= PC scenario is more consistent with the government estimates
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China Future-Year Emissions

NOy EMISSIONS UNDER DIFFERENT SCENARIOS
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China Future-Year Emissions
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SO2 EMISSIONS UNDER DIFFERENT SCENARIOS
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2028/2016 SO2 factor = 0.645
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Limitations

= Emission Control Areas (ECA) zones not considered
— They will be considered in CAMx simulations

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.



Current Status on GEOS-Chem Modeling and
Baseline 2016 Simulation Results
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Current Status on GEOS-Chem Modeling

» Baseline 2016 modeling completed

— Model performance evaluation focusing on rural sites (due to the coarse grid
resolution)

= Surface sites: CASTNET and IMPROVE sites

= Future-year 2028 modeling
— Literature Review for emission projections
— Zero-out simulation completed
— Base 2018 simulation to be completed by this year

© 2017 Electric Power ResearchInstitute, Inc. All rights reserved. Cl E'
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Baseline 2016 Model Performance

GEQS-Chem Model

Ozone predictions are within reasonable ranges
e r=0.6; tendency to underestimate
80 Pears-lzm{r:O.5l??2, p:(I).ODOO) Slpearmap{rzﬂ.ﬁlloa, p:O.IOOOO) 100 §§
all hours all sites o7 “ibo
70 ’ 80
60 | 60 Zg‘o”
50 40 gg
a0k 30 Eég
30+ 20 ;ggo
20 i 10 CIRCLE=CASTNET_HOURLY;
10} 5 e Biases (NMB) generally within 15%
okl . . . . . . 0 e Overpredictionin Q3 in the east influenced by
0 10 20 30 40 50 60 70 80 . .
CASTNET Observations local emissions
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Baseline 2016 Model Performance

PM, = FB (%)

PM25_TOT FB (%) for GEOSChem_12km_nolnterp_Q1_rerun for Q1

...
23 'u_,

units =%
coverage limit = 75%

units = %
coverage limit = 75%

CIRCLE=IMPROVE;
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units =%
coverage limit = 75%

>120

CIRCLE=IMPROVE;

PM25_TOT FB (%) for GEOSChem_12km_nolnt

p_Q4_rerun for Q4

Lt

CIRCLE=IMPROVE;

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.

units = %
coverage limit = 75%

= Biased highin
Q1 and Q4

— Influenced by
natural
emissions

* Tendency to
under estimate

In Q2 and Q3
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Baseline 2016 Model Performance

= Ozone predictions are within reasonable ranges
— NMB generally within 15%
— Biased high in the eastern US likely related to local (US) emissions

= PM,  performance is not as good \ } e
— Driven largely by local sources ...
— Not clear how PM performance matters to CAMx boundary conditions

= Emission assumptions could affect model performance
— Shipping ECA zones not considered (they will be in CAMx simulations)

© 2017 Electric Power ResearchInstitute, Inc. All rights reserved. Cl E'
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Preliminary GEOS-Chem Results

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.
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GOES-Chem

Results

Ozone

th
4 Max Daily 8-hr Avg

2016 Basecase 2028 ZROW

Q3

20 40 60 80 100 120 140

Min(42,1) = 15.6, Max(126,62) = 68.5

20 40 60 80 100 120 140

Min(143,21) = 24.1, Max(132,63) = 83.4

Q4

ppb

20 40 60 80 100 120 140
20 40 60 80 100 120 140

Min(148,3) = 32.6, Max(103,58) = 63.8 Min(148,1) = 23.4, Max(103,58) = 54.8
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GOES-Chem

Results
PMZ.S

Quarterly average

Q3

Q4
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2016 Basecase

2028 ZROW

ug/m3

20 40 60 80 100 120 140 20 40 60 80 100

Min(119,111) = 1.1, Max(64,1) = 11.2

120 140

Min(119,111) = 0.9, Max(14,52) = 9.3

ug/m3

20 40 60 80 100 120 140 20 40 60 80 100

Min(1,47) = 1.3, Max(31,92) = 75.9

120 140

Min(146,107) = 0.8, Max(31,92) = 72.2
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Update on CAMx Modeling

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.
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Current Status on CAMx Modeling

= CAMx modeling will rely on State/Federal Inventory Collaborative
2016 modeling platform

— 2016a is available
— 2016b with 2028 projections by end of Dec 2018 (we will use this)
— 2016 version 1 with 2028 projections by May 2019

= Natural Emissions
— Fires from the 2016 modeling platform
— MEGAN biogenic emissions
— Building stand-alone tools for wind-blown dust, DMS, lightning NOx
= Beta versions available
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Natural Emissions for CAMXx

Day-specific Wildfire
Biogenic VOC

Sea-salt

Windblown Dust

Oceanic dimethyl sulfide (DMS)

Lightning NOx

2016 Modeling Platform
MEGAN modeling

Ramboll’s sea salt pre-processor using
a scheme described by Ovadnevaite et
al. (2014)

Ramboll’'s wind blown dust pre-
processor using a scheme described by
Klingmuller et al. (2017)

Updating the current sea-salt pre-

processor to include DMS
Lightning NOX pre-processor

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.

Uses CAMx met and landuse inputs
(and global oceanic chlorophyll-A if
generating halo-methanes)

Uses new CAMx met, landuse, and soill
moisture inputs; uses global fields for
emissive areas, LAI, clay content and
mineral fraction

Uses CAMx met files and Lana et al.
(2011) global DMS concentrations

Uses new CAMx met files and other
inputs (flash rates, yields per flash,
cloud-to-grid ratio) from literature
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CAMx Emissions

Country Year

Available Data

US

Canada

Mexico

Natural-
only

2016
2028

2016

2028

2016

2028

2016

2028

2016b platform
Available with the 2016 platform
ERTAC for EGUs

Could be available with the 2016 platform
Develop projections; 2015 and 2025 available

Could be available with the 2016 platform
ECCC projected 2025 inventory available

Could be available with the 2016 platform
Develop projections; 2008 and 2017 available

Could be available with the 2016 platform
Develop projections; 2025 and 2030 available

Day-specific fire, biogenic VOC, wind-blown dust

Hold constant from 2016 (not using averaging approach)

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.
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Schedule Update

© 2017 Electric Power Researchlnstitute, Inc. All rights reserved.
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Project schedule (assumed 2016b available by Dec 2018)

Proposed Tasks Estimated Completion
Task 1. Global modeling Dec 2018
Task 2. Regional modeling (CAMX) Jan — Aug 2019
.. Throughout the project
B &5 CemmUmEEen (Preliminary results — Aug 2019)

Task 4. Final Report and Data Distribution Fall 2019 (Est.)
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Additional optional analysis that could be obtained from
GEOS-Chem/CAMx modeling

= Any decisions must be made (quite) soon.

= Natural Emissions Model Simulation
o Zero-out all (U.S. and International) anthropogenic emissions

o Provides model floor visibility and another estimate of natural background
= 2016 PM Source Apportionment Modeling

o State anthropogenic contributions to visibility
o Wildfires and WBD contributions
o Modeled Most Impaired Days
= 2028 PM Source Apportionmentmodeling
o State, WF, WBD, etc. contributions
o Anthropogenic emissionsvisibility impairment Glide Slope
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