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e Temporal coverage: 2002-2017

 Spatial domains: Northern Hemisphere and contiguous
us

* Meteorology inputs: New meteorological modeling for
both domains using state-of-the-science retrospective

. . Boundary ‘
simulations Conditions |z =
* Emissions inputs: New inventories were developed using e -
EPA’s 2017 NEI as the base year with consistent methods 12km resolution CONUS
used for each sector to avoid artificial step changes e Omaln

 CMAQ version 5.3.2 (publicly released in October 2020)

EQUATES will supersede previous CMAQ time series
and provide a unified set of modeling data across

applications
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Address biases

Air quality
Meteorology
Emissions models

Unified modeling data

Consistent emissions, meteorology, and
air quality
Useful for many applications

Includes recent years

Previous simulations completed 2002-
2012

EQUATES will extend timeseries to 2017

Useful applications

Nutrient, Ecological, and Epidemiological:
Annual deposition and concentrations
used by TDEP, CASTNET, EnviroAtlas,
Critical Loads Mapper




<EPA

United States
Environmental Protection
Agency

Improvements Over Existing CMAQ Simulations

ECODEP CMAQyv5.0.2

EQUATES CMAQv5.3.2
Zhang et al. (2019) Q Q

CMAQv5.0.2

Model _ .- CMAQv5.3.2
(CBO5TUCL-AERO6; w/ bidi (CB6R3-AERO7; w/bidi NH,)
NH;)

Date range 2002 - 2012 2002 - 2017 (2018 to follow)

Domain/ 108km N Hemi +

Resolution 12km CONUS 12km CONUS

Meteorology WRF3.4 WRFv4.1.1

Various NEls / Modeling

2017 NEI as primary base year;
consistent methods used for each

Emissions Platforms sector (when feasible) to avoid

artificial step changes
Boundary GEOS-Chem N Hemi CMAQV5.3.2
Conditions

CMAQv5.3.2 Updates:

Aerosol and Gas
Chemistry

* Improved
parameterization of
organic nitrates

Deposition

e New land use
specific scheme
available

Emissions and tools

* New Detailed
Emissions Scaling,
Isolation, and
Diagnostic, Integrated
Source Apportionment
method, pre/post
processing tools
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Measurement Model Fusion Improvements to Wet Deposition

* No correction

(a) NH4 Wet Deposition (b) NO3 Wet Deposition (c) SO, Wet Deposition
00 "o 00 "o 00 "o
6.4 6.4 6.4 .
5.6 5.6 5.6f"
4.8 4.8 4.8
4.0 4.0 4.0
¢ Precipitation from PRISM is used to 3.2 32 3.2
adjust the modeled wet deposition . 5 &
2.4 s 2.4 2.4 fom 5
EQUATESprecip_ o 9,
adj 1.6 = & 1.6 5 1.6 \
o.sﬁ 8 o8 8 o8f= \
PP DY I A I IS N 16 N PP [ N VA N P I (NN AN I O S e I B O I
0.0 08 1.6 2.4 32 4.0 48 56 6.4 © 0.0 0.8 1.6 2.4 32 4.0 48 56 6.4 © 0.0 08 1.6 2.4 32 40 48 56 6.4

0T 660

¢ Universal kriging with exponential Standard deviation Standard deviation
covariance structure applied to
ratios of measured/modeled wet

EQUATESi.¢ adj deposition $3 EQUATES  §3 ECODEP (2002-2012) = EQUATESprecip-aqj == EQUATESpias— ag

Standard deviation

For more details on the MMF technique, please see Zhang 6
etal., 2019 (doi: 10.1029/2018/D029051)
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Measurement Model Fusion Improvements to Wet Deposition

T T T T T T T T T T T T T T T

(a)

* No correction

NMB (%)

¢ Precipitation from PRISM is used to
adjust the modeled wet deposition

NMB (%)

EQUATES
adj

precip-

NOsWet Deposition NHsWet Deposition

¢ Universal kriging with exponential
covariance structure applied to
ratios of measured/modeled wet

S0,Wet Deposition
NMB (%)

ey ¢ 8 2 53 iy
EQUATES, . oq deposition — 8 g
_20 L 1 1 1 1 1 1 1 1 1 L 1 1 1
™ m < n O M~ [e0] [e)] o — o~ m g N (] M~
o o o o o o o o — — — — — — — —
o o o o o o o o o o o o o o o o
™~ o~ o~ o~ ™~ ™~ ~ o~ o~ ™~ ™~ o~ (o] (o] ™~ o~
Year

% EQUATES m EQUATESprecip - adj @ EQUATESpias - adj 23 ECODEP
For more details on the MMF technique, please see Zhang
etal., 2019 (doi: 10.1029/2018/D029051)
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Comparison to NADP Wet Deposition Measurements
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Approximate Boundary of Chesapeake Bay Watershed
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“"Ea!?gﬁzwrmmﬁmApplication: Nitrogen Source Apportionment using ISAM

Agency

e CMAQv5.3.2

Quantifies the contributions of various emissions (source /

sectors and geographic regions) to pollutant levels in the A
L o LA e e January-December 2016 (completed)
g
e 12 km windowed domain
J

Can calculate source attribution of a large number of

sources directly in the model in one simulation SnGRSAM Banchmeds Bomatn Simylatior Himson S.50U)

T runtime <gi=

30 7x

E‘Z&
For each species, the production and loss terms from each g ;
chemical reaction is tracked (generalized for the available £2 .

mechanisms) and propagate changes to tags based on ;

stoichiometry and production/loss rates of the precursors. = v

g

’_

10- ~5 min/day
P . N

Base CMAQ 20

7 11
Number of ISAM tags

- ISAM=Integrated Source Apportionment Method 12
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Run CMAQ with ISAM options:

1. Geographic regions 2. Emission streams 3. Compounds of interest
N q Tag Class Model species
onroa
(N) Manure (A) Sulfate 50,, H,50,, SO,
— Nitrate HNO,, HNO,, NO,", NO,, NO,,
Mobile (M) - Poultry (P) NO, Organic Nitrates
Ammonium | NH;, NH,*
EC Elemental Carbon Aerosols
ocC Organic Carbon Aerosols
VOoC Volatile Organic Aerosols
CMV (C) g
= . PM25_IONS | CI, Na, Mg, K, Al, Si, Mn, and
h other aerosol cations
By | co co
Ozone All Nitrate species + all VOC
species
2-letter region identifier + 1-letter emission identifier Appended to each compound

13




R Nitrogen Deposition in the Chesapeake Bay Watershed

ggggg

Total Oxidized N

WEM  CABUM

CPM

- I&PI\FW

Boundary
Conditions

] 14
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Monthly Total Oxidized Nitrogen by Region
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" Nitrogen Deposition in the Chesapeake Bay Watershed
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Total Reduced N

NWA NEA CAA
SPA
CPA
OTA OTP
33% DMP
~1.5% ¢EPs
o \' .
CPP
25%
Boundary
Conditions

BID (Fertilizer)

Other &
Untracked a
<
- Emissions oo >\ ’
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Monthly Total Reduced Nitrogen by Region
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Mobile Impacts in the Watershed

Major Truck Routes on the NHS: 2040

Annual Deposition from mobile sector

March 2015-19 Avg.
NO.

5 50
| \/ 102" molecules/cm’
| MEXICO

Gulf of Mexico,

e
i i o R
3 b | =— maoTreaso0ns amoTTARDTS 025
L e s | e ——————
N i —

] ke o

vonion 14,2083

Image from:
https.//ops.fhwa.dot.gov/freight/freight_analysis/nat_freight_stats/n
hsmajortrkrts2040.htm

Marchi2020

NO,

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75

- Images from: https://www.nasa.gov/feature/goddard/2020/drop-in-air-pollution- Total (Wet+Dry) OXN (kg-N/ha) 20
over-northeast
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Annual Deposition from mobile sector

* Roadways can be
identified in the mobile
sector tag

*  Mobile emissions from
each source region
contribute ~5% to
oxidized N deposition
across the Bay
Watershed

* Mobile sources from
each source region
contribute at most ~20%
to the total oxidized N
deposition at a particular
location within the
source region

- —
0 5 10 20 25 30

15 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
Percentage of Bulk due to mobile Total (Wet+Dry) OXN (kg-N/ha)

] 21
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Poultry Impacts in the Watershed

Annual Deposition from poultry sector

Global Chickens-
2006 (Birds per sq.
km)

C]<l
()1-50
Dso-loo
(@) 100- 250
250-500
@ 500 1.000
.1,000-2,500

. 2,500 - 10,000

@ > 10.000

Screenshot from https://livestock.geo-wiki.org/

Total (Wet+Dry) REDN (kg-N/ha)
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Annual Deposition from poultry sector

10 15 20
Percentage of Bulk due to poultry Total (Wet+Dry) REDN (kg-N/ha)

Poultry locations can be
identified in the poultry
tag

Poultry emissions from
each source region
contribute a smaller
amount (generally <3%)
to reduced N deposition
across the Bay
Watershed

Poultry sources from
each key source regions
comprise a large amount
(>30%) of the total
reduced N

23
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What about the
Delmarva poultry?

a«“ﬂ#

.

b

From Hughes et al.,
(2015)
https.//doi.org/10.11 N

- /5/AMC-D-14-
0011.1

i’i ,'
iww

Wind Speed
(m/s)

-12

| | [ufs)
'.AL'JOND
wohoat
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30

75°W

Global Chickens'
2006 (Birds per sq.
km)

C]<I
()1-50
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(@) 100- 250
250-500
@ 500 1.000
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. 2,500 - 10,000

@ > 10.000

Winter Spring

Summer Fall

0.0

——— T

0.2 0.4 0.6 0.8 1.0
Total (Wet+Dry)  DMP REDN (kg-N/ha) ”
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“Why shouldn’t [cows] be able to learn how to
use a toilet?”

Current Bi0|ogy ® MOOLOO approach to 154  W.N.SCHOENFELD, B. K. COLE, J. LANG, AND R. MANKOFF
teach calves to use a
Correspondence toilet area of the barn so

Learned control of
urinary reflexes in
cattle to help reduce
greenhouse gas
emissions

Neele Dirksen', Jan Langbein'*,
Lars Schrader?, Birger Puppe'~,
Douglas Elliffe’, Katrin Siebert’,
Volker Rottgen’, and

Lindsay Matthews®

Indiscriminate voiding of excreta by
cattle contributes to greenhouse gas
(GHG) emissions and soil and water
contamination’#. Emissions are higher
in animal-friendly husbandry offering
cattle more space’ — a trade-off we call
the ‘climate killer conundrum’. Voiding
in a specific location (latrine) would help
resolve this dilemma by allowing ready
capture and treatment of excreta under
more spacious farming conditions. For

that urine can be
collected and treated

Initial estimates suggest
that if 80% of cattle urine
was collected from a
barn, the ammonia
emissions would be

reduced by more than
half.

News article: ) )
https://www.theguardian.com/environment/2021/sep/13/
cows-potty-trained-in-experiment-to-reduce-greenhouse-

gas-emissions

"Boy, have | got this guy conditioned! Every fime I
press the bar down he drops in a piece of feod.

[ Used by permission of JESTER, Columbia College. )

THE
GOLDEN 2?2?27
GOOSE *° °°

AWARD

25
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Next Steps: Efficiency Calculation

Example Calculation:

Coefficient at iﬁ( from Delmarva
(DM)=
Annual Accumulated Tota| REDN
Deposition at

Annual Accumulated Emissions
Summed over the DM Source
Region

Repeat for all source regions

Additional Analysis:

Tracked
Emission Category
Sectors

Oxidized
and
Reduced
N

Monthly,
Annual

Domain Gridded

26



Summary & Next Steps

* EQUATES model simulations for 2002-2017 completed:

* Precipitation and bias corrections to modeled wet deposition improve agreement
with NADP NTN wet deposition measurements

e Adjustment decreases the annual NMB of wet deposition across the US by ~20-30%
annually compared to CMAQv5.3.2

* Manuscript in prep
* ISAM simulations completed for 2016:

* Boundary conditions and other untracked sources are the largest contributors to N
deposition inside the Chesapeake Bay Watershed

* Mobile sources constitute a large amount to total oxidized nitrogen deposition
(~25%)

* Non-poultry animal manure is an important source of total reduced nitrogen
deposition (~30%)

* Next steps: efficiency calculation
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Monthly Total Oxidized Nitrogen by Emission
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Monthly Total Reduced Nitrogen by Emission
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