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Motivation for Understanding Emissions

Actions and decisions about the atmosphere focus on emissions

Emissions Impacts

Atmospheric

Composition
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Figure courtesy of A.R. Ravishankara

Accurate emission information is needed to:

* Quantify and predict atmospheric composition
 Understand changes in air quality and climate
 Make choices about emission controls

Quantification of missions are tools of regulation, economics, foreign policy, & international diplomacy



Emissions Information Challenges

Many emissions data requirements are common to air quality
and climate research, requlation, & policy

*Transparency *Accuracy *Uncertainty
*Consistency *Timeliness

At the same time, there are many issues and needs
associated with emissions data

Complexity Analysis

* Spatial/temporal scales *Evaluations

* Source types *Uncertainties

* Interdisciplinary *Impacts

Development Communication

* |nconsistencies *Data access and sharing
 Timeliness Literature access

* Traceability *Producer — user feedbacks

Frost et al., Atmos. Environ., 2012



Emissions Needs in Atmospheric Research

» Analysis and forecasting of atmospheric composition, observations from campaigns
* wide range of chemical species
* high spatial and temporal resolution

» Global scale, long-range transport
* [imited number of chemical species
* moderate spatial and temporal resolution
* long-term variation (a few decades)
* need some coupling emissions/meteorological conditions

» Climate studies: impact of climate on emissions and of emissions on climate
* |ong-lived species, aerosols and a few ozone precursors
* emissions models or algorithms to take into account land-use and human-related
changes
e past/future realistic scenarios (decades-century)



Large diversity of sources for atmospheric pollutants

Anthro- Biomass Biogenic/ Oceanic Photo-
pogenic burning continental chemistry
CH4 Major Significant Major Minor No
CO Major Major Significant Minor Major
NOx Major Significant Major No Minor
VOCs Major Major/Sign. | Major Minor Major/Sign.
502 Major Minor Major No Minor
BC/OC Major Major No No Minor
NH3 Major Minor Minor No No
PMs Major Major Major (dust) | No Major

NOx = nitrogen oxides ; VOCs = Volatile Organic Compounds ; BC = black carbon (soot)
OC = organic carbon ; NH3 = ammonia ; PMs = particulate matter
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1. General methodology to calculate emissions



Emissions Calculation General Methodology

Z:?;s?;?\isof Ex = zs [EFx,s ° As ° (1 - CEX,s)]

compound X

/
Sum up all Emissions factor = mass of Activity of source S, Effectiveness of
sources S compound X emitted by e.g., amount of fuel control measures
source S per unit activity; burned, vehicle miles for compound X

“representative” driven, etc.; at source S;

Emissions from fires: Ex = zs [EFx *BA*BD- BE]

BA = Burnt Area ; BD = Biomass Density; BE = Burning Efficiency

Emissions of biogenic hydrocarbons from the vegetation:

E, = 2 [EF, * EA * EE]

EE = Escape efficiency; EA = Emission activity (depends on light, temperature, leaf
age, leaf area index, soil moisture, etc.



Bottom-Up Inventory Methods

Totalmace of Calculated for...

compound X —>EX — ZS [EFXS ® AS ® (1 — CEX S)]

emitted //7 ’ /' 'T‘ ’ | ;
Also need...

—

Sum up all Emissions factor = mass of  Activity of source S, Effectiveness of control
sources S compound X emitted by e.g., amount of fuel measures for compound
source S per unit activity burned X atsource S
Vehicle Fuel Control
fleet type technology
Emissions Fuel Vehicle
source economy condition
Road Distance | Vehicle
type driven |Eadails : load




Which sectors are the most important? It depends on the species

I d Energy Industry  Transport Buildings  Solvents Aprniculture Ag WstBm — Waste
<~ Co2 ; 43% 24% 18% 15% 0% 0% 0% 0%
NOx 27% 18% 41% 10% 0% 2% 1% 0%
502 57% 29% 5% 9% 0% 0% 0% 0%
CO 3% 16% 37% 41% 0% 0% 3% 1%
NMVOC 21% 1% 25% 28% 16% 1% 2% 1%
BC 1% 30% 27% 39% 0% 0% 3% 1%

ocC 3% 18% 12% 62% 0% 0% 6% 0%
NH3 0% 0% 1% 1% 0% 96% 2% 0%
CH4 26% 0% 0% 5% 0% 46% 1% 23%

What is important for SLCFs is often different than
what is important for GHGs.

» Buildings and transport are particularly important.

» Energy sector, which is a major focus of |AMs, is very important for SO,
but only moderately or not important for other emissions.

Data: Lamarque, et al. (2010) Historical (1850-2000) gridded anthropogenic and biomass buming emissions of reactive gas:
'+ and aerosols: methodology and application Afmospheric Chemistry and Physics 10 pp. 7T017-7039




residential agriculture

5% 6 Emissions have to
be quantified for
many different
sectors:

example = CO and
NO, in 2010

aircraft 3%

ships 13%

industrial
road transport 19%
25%
agriculture  power
14% 2% industrial
20%
NOX
residential
33%
road transport
30%
CO aircraft 0%

ships 1%



Comparisons for different sectors

A A_PublicPower
B B_Industry
- Most global inventories use the IPCC sectors ¢ e IICTRR oS
) . ] _Fugitives
- Regional inventories developed by regulatory E E_Solvents
. F F_RoadTransport
agencies use SNAP/ GNFR or other sectors £ B e Tissinn ek exlaen ol
) R2 F_RoadTransport_exhaust_diesel
F3 F_RoadTransport_exhaust_LPG_gas
Sector number Sector name F4 F_RoadTransport_non-exhaust
1 Energy production and distribution G G_Shipping
2 Industry (combustion and non-combustion) H H_Auviation
3 Land transport I I_OffRoad
g gﬂgrlt]me transport J J_ Waste
viation .
6 Residential and commercial K K_AgriLivestock
7 Solvents L L_AgriOther
8 Agr!culture . . Overview of aggregated NFR (GNFR) sectors distin- guished in the emission inventory.
9 Agricultural waste burning on fields
10 Waste L
11 Open vegetation fires in forests SNAP Description G N F R S eCtO rs
12 Open vegetation fires in savanna and grasslands 1 Public electricity and other energy transformation
13 Natural emissions 2 Small combustion plants
3 Industrial combustion and processes with contact
I PCC S ECtO 'S 4 Industrial process emission
5 Fossil fuel production
6 Solvent and product use
7 Road Transport
8 Other (non-road) transport and mobile machinery
9 Waste disposal
SNAP SeCtOI’S 10 Agriculture
11* Nature




Example of emissions calculation: emissions from ships

Online
sources

Data assimilation

Ship
Database

Activity
data (AIS)

D —————_

From Jukka-Pekka Jalkanen, FMI
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System Diagram: CEDS inventory

1. Data Collection

2. Develop Default

3. Calibrate to Existing
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2. Activity data



Acces to activity data

The dataset used by many groups:
International Energy Agency = IEA

IEA: iea.org

Data are not free = cannot be put
directly on a website and cannot be

shared

IEA Energy and
Carbon Tracker 2020

A new interactive product
showcasing a wide set of
indicators to analyse historical
trends of CO2 emissions,
energy, power and sectoral
patterns at country level

1,550 euros/yr
1 user
Or 7,600 euros/yr

multi-user
BUY Ofce

Emission factors one year, one user: 610 euros,

or 2,990 for multi-users

IEA Statistics
Package
A complete statistics package

aimed at businesses and
universities

16,500 euros/year




{UNdata |

Datamarts Update Calendar Glossary API

More

~——. A world of information

| Search

Datasets = Sources @ Topics

+
+
+

S e SR Sl A MR Sl AR MES A e s At e o

F s

-Animal waste EI Preview [l View data
-Anthracite El Preview [El View data
-Aviation Gasoline EX Preview [l View data
-Bagasse [l Preview [El View data

-Bio jet kerosene EX Preview [El View data
-Biodiesel EN Preview [El View data
-Biogases El Preview [El View data
-Biogasoline EX Preview [El View data
-Bitumen EX Preview [El View data

-Black liquor EX Preview [El View data

-Blast Furnace Gas [N Preview [=l View data
-Brown Coal El Preview [El View data
-Brown Coal Briquettes EX Preview [l View data
-Charcoal Ed Preview [El View data

-Coal Tar EN Preview [E View data

-Coke Oven Coke El Preview [El View data
-Coke Oven Gas El Preview [=l View data

Fmlsionm mememl EBY oo Yy ol

+ Commodity Trade Statistics Database United Nations Statistics Division (UNSD) [}
+ Demographic Statistics Database United Nations Statistics Division (UNSD) [

—-Energy Statistics Database United Nations Statistics Division (UNSD) [}
+ Additives and Oxygenates El Preview [l View data

A free dataset: Undata

http://data.un.org/Explorer.aspx

Energy statistics database


http://data.un.org/Explorer.aspx

+ Falling Water El Preview [El View data
—-Fuel Oil EAPreview [ View data
Fuel oil - Consumption by chemical and petrochemical El Preview [El View data
Fuel oil - Consumption by commerce and public services El Preview [ View data
Fuel oil - Consumption by construction El Preview [l View data
Fuel oil - Consumption by domestic aviation El Preview [l View data
Fuel oil - Consumption by domestic navigation El Preview [ View data
Fuel oil - Consumption by food and tobacco EX Preview [El View data
Fuel oil - Consumption by households El Preview [El View data
Fuel oil - Consumption by iron and steel El Preview [l View data
Fuel oil - Consumption by machinery El Preview [ View data
Fuel oil - Consumption by manufacturing, construction and non-fuel industry El Preview [El View data
Fuel oil - Consumption by mining and quarrying &l Preview [E View data htt p .//d ata .Uun.o rg/ EX p | orer.as pX
Fuel oil - Consumption by non-ferrous metals El Preview [l View data
Fuel oil - Consumption by non-metallic minerals EX Preview [E View data
Fuel oil - Consumption by other El Preview [El View data . .
Fuel oil - Consumption by other manuf., const. and non-fuel ind. El Preview [ View data Deta | IS on consum pt 10N
Fuel oil - Consumption by paper, pulp and print El Preview [El View data
Fuel qil - Consumption by pipeline transport El Preview [l View data
Fuel oil - Consumption by textile and leather [El Preview [l View data
Fuel oil - Consumption by transport El Preview [El View data
Fuel oil - Consumption by transport equipment El Preview [El View data
Fuel oil - Consumption by wood and wood products El Preview [El View data O pe n tO a I I 9 Ca n be S h a red
Fuel oil - Consumption in agriculture, forestry and fishing Ed Preview [El View data
Fuel oil - Consumption in rail El Preview [ View data
Fuel oil - Consumption in road El Preview [ View data
Fuel oil - Consumption not elsewhere specified (industry) El Preview [l View data
Fuel oil - Consumption not elsewhere specified (other) ElPreview [E View data
Fuel oil - Consumption not elsewhere specified (transport) El Preview [El View data



http://data.un.org/Explorer.aspx
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3. Emission factors



One of the main uncertainties: Emission Factors
Main reasons:
- errors in definition / interpretation of definition
- difficulty in sampling because of a wide range of conditions
- vary widely among the different processes considered

140 ~
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km used catalytic
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start” < road
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From Monni et al., 2004 (Measurement results of N,O emission factors (mg/km)
of cars with catalytic converters in different studies)



Automobiles emission factors: can we
trust values provided by car companies?

- EOGREOY |
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What you can see
when you buy a car

Divergence of 'realworld’ from manufacturers® type-approval CO,

G. Fontaras et al. / Progress in Energy and Combustion Science 60 (2017) 97 - 131

50% in 2014

10% in 2001

0%
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Build year / Fleet year / Model year / Test year

Travelcard (Netherlands)
kmi7.com (Spain)

LeasePlan ({Germany)

Spritmoniter.de (Germany]

Touring Club Schweiz (Switzerand)
honestjohn,co,uk (United Kingdom)

AUTO BILD (Germany)

Difference in %
between emission
factors given by car
manufacturers and
measured on-road
values



Measurement
of emission
factors related
to traffic in
different parts
of the world




Measurement of emission factors for anthropogenic emissions

“ R D e | - Cathy Liouse,
' L7 - " GEIA co-chair

Sekou Keita



CO, HC and NO Remote Sensing

Calibration

IR & UV Light Source mm } \ .
( Video
. ......-.r--.--....
Jb

From Stedman, GEIA, 2014

Plume-chasing method

(,,\ | Ultrasonic
@ Lidar | anemometer
| Chasing
Analyzers
| Anshaers | SR
- o -
Mobile platform Heavy-duty diesel vehicle

From Tong et al. Journal
Hazardous materials, 2021



Normal Driving

250+ 1

(NR) _ 1000-

Mean relative positive : fg 200: ,g 750-

acceleration = 0.101 m/s ( < 150 e 1
) (®)) =

) Y 00 ' 1 ) e i 2 500

n = 100- S -

0 0

Portable Emissions | NR AG "NR AG
Measurement System

60.0
Aggressive Driving _\i 40.0
(AG) =
Mean relative positive T
acceleration = 0.203 m/s? EL):
N
"NR AG 005\R AG

From Dithal et al., Environmental Pollution, 2021




Comparison of NOy emission standards for different Euro classes

\t https://www.eea.europa.eu
- i /media/infographics/compa
Ee rison-of-nox-emission-
2} standards/view
) i)
MRS o
MBS s
O EURO EMISSION LIMIT ‘ REAL-WORLD MEASUREMENT VALUES

Adapted from: ICCT, 2014a; Emisia, 2015 Nitrogen oxide (NO,) emissions (in g/km)



A database of emission factors

EFDB

emission factor database

ipCC

INTERGOVERNMENTAL PANEL oN Climate chanee
v

IPCC web sites

Basic search Fulltext search Search by ID Documents Off-line version of EFDB Help

Basic search

Select Gases | Select Fuels | IPCC Default Data | Other (non-default) Data
IPCC Guidelines: ’ 200€ v

Choose table columns | Hide IPCC Category tree | Hide status

J IPCC 2006 Categories

#{] 1 - Energy

#-{_] 2 - Industrial Processes and Product Use
#{] 3 - Agriculture, Forestry, and Other Land Use
#{_] 4 - Waste

-] 5 - Other

I IPCC 2006 Source/Sink Category: (All)
1 Gases: (All)
I Fuels: (All + NA)

I Type of parameter: (All)

Displayed records: 1-20/19663. | «| »| »| (Exporttoxs’

Filter

Apply filter

o Technologies / Parameters / Region / Regional Abatement / Control
270 CCA0e mCE2008 parameter () Descheton @ Practices @ Conditions © Conditions @ Technologies ® properties Source of data O
1 6A- Soli:.i 1 4.A- Solid 3 e S Revised 1996 IPCC Guidelines for National ) )
62639 Waste Disposal Waste I METHANE default (Jg‘lﬂf genZ:atic:stte United States of America 20 |kg/cap/day |Greenhouse Gas Inventories (Table 6-1 on Pages| | Detail |
on Land Disposal 6.6 - 6.7 of the Reference Manual)
1 6A - Solid 1 4.A- Solid . . Revised 1996 IPCC Guidelines for National
62640 Waste Disposal | Waste I METHANE :‘:?:U:'PCC w;ﬁfgesr\‘;llgtg:i:te Canada 1.81 |kglcap/day |Greenhouse Gas Inventories (Table 6-1 on Pages| | Detail |
on Land Disposal 6.6 - 6.7 of the Reference Manual)
1 BA- Solif:i I 4.A- Solid 1996 IPCC Municioal Solid Waste Revised 1996 IPCC Guidelines for National P
62641 Waste Disposal | Waste I METHANE el (MSW; e e Australia 1.26 |kg/cap/day |Greenhouse Gas Inventories (Table 6-1 on Pages| | Detail |
on Land Disposal 6.6 - 6.7 of the Reference Manual) ' '
1 BA- Soli:.d 1 4.A- Solid T EEE Municinal Solid Waste Revised 1996 IPCC Guidelines for National :
62642 Waste Disposal | Waste I METHANE Wil (M;S\INI)PGene;ation Rate New Zealand 1.33 |kgfcap/day |Greenhouse Gas Inventories (Table 6-1 on Pages| | Detail |
on Land Disposal 6.6 - 6.7 of the Reference Manual)
1 BA- Soli:.i 1 4.A- Solid 1996 IPCC Municioal Solid Waste United Kingdom of Great Revised 1996 IPCC Guidelines for National P
62643 Waste Disposal V\fasle I METHANE default (MSW{J & tion Rat Britain and Northern 1.9 |kg/cap/day |Greenhouse Gas Inventories (Table 6-1 on Pages| | Detail |
on Land Disposal Citl eneration Rate Ireland. 6.6 - 6.7 of the Reference Manual) ' '

https://www.ipcc-nggip.iges.or.jp/EFDB/main.php
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4. Spatial/temporal variations and VOCs speciation



1989 paper

a. Gridded emissions 1992 (4.5°lat. X 7.5° lon.)
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Grld Scaler Gridded national

totals reported by
Parties

Data sources

Grid-
Scaler

(Generate base
grids for each
component)

Gridded sectoral
data reported by
Parties

)

Gridded sectoral
data from TNO
(emission data

derived from satellite
images)

From TNO, The
Netherlands



Road traffic data

Datasets commonly used:

Geographical Information Systems (GIS):
public versions exist

Tomtom (tomtom.com): not all publicly
available

Google Community Mobility Reports

Many national and cities datasets




Population data

Population Density, v4.11 (2000, 2005, 2010, 2015,

e Data used by many groups: CIESIN 2020)

. . . Gridded Population of the World (GPW), v4
https://sedac.ciesin.columbia.edu/

. Overview ... To provide estimates of
data/collection/gpw-v4 Download - %54 population density for the
Doc_“nl\‘;ms " years 2000, 2005, 2010,
(9) MapsS sazcammazss
(5) WMS = 2015, and 2020, based on

counts consistent with national censuses and
population registers, as raster data to facilitate

data integration.

The files for this data set are available as global rasters in GeoTIFF, ASCII, and netCDF-4 format. The ASCII and GeoTIFF
data are available at the native 30 arc-second resolution and four lower resolutions: 2.5 arc-minute, 15 arc-minute, 30 arc-
minute, and 1 degree. The netCDF-4 files are available at all resolutions except 30 arc-second. The data are stored in

WGS84, geographic coordinate system (latitude/longitude).



Temporal variations of the emissions: data used for a long time
Many datasets/models use old data from TNO in the Netherlands

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

—e— power
—=—industry
—— residential
refineries
—— processes
—e—solvent use
—— traffic
——agriculture

Seasonal

Not much details on
differences between
countries, species, etc.

From RIVM,
the Netherlands

diurnal

Diurnal variation TNO/TROTREP/POET
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Temporal variation
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Much more recent: data developed as part of the CAMS (Copernicus Atmosphere Monitoring
Service) = CAMS = atmosphere.copernicus.eu, developed at the Barcelona Supercomputer Center

A collection of gridded monthly, weekly, daily and hourly temporal profiles to be combined with the
CAMS-GLOB-ANT and CAMS-REG-AP/GHG emission inventories; considers year & pollutant-
dependency, sociodemographic and meteorological influences

« Temporal coverage: 2000 - 2020

 Sectoral coverage: energy & manufacturing industry, residential/commercial combustion, road
transport, agriculture (livestock, fertilizers and agricultural waste burning), aviation, shipping

« Methods and dataset documented in detail in Guevara et al., Earth Syst. Sci. Data, 2021

Residential combustion: Influence of temperature

(a) CAMS-GLOB-TEMPO (res) —2010/03/11 (b) CAMS-GLOB-TEMPO (res) —2017/01/09
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Monthly profiles agriculture-others (NH3)

Triple peak associated to the
application timings of fertilizers

................
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—TNO e EMEP (Spain)
= = EMEP (Poland) «eeeee EMEP (Denmark)

= CAMS-TEMPO (Spain) = = CAMS-TEMPO (Poland)
+++++« CAMS-TEMPO (Denmark)

Fertilizers: Influence of meteorology + crop calendars

Questions: ask Marc
(Poster 3.07)



What VOCs speciation mean:

VOCs = volatile organic compounds ; Most inventories = emissions of total NMVOCs

- Atmospheric models include individual VOCs, such as ethane, propane, ethene, benzene, toluene,
methanol, formaldehyde, etc.

- Most datasets provide surface emissions of total VOCs, without any indication of the emission of
individual VOCs (speciation)

- Very few data available at the global scale. More data available at the country or city scale. Some
regional models include a speciation, either based on reactivity, or just as a global percentage of
total NMVOCs

- Gridded speciations: not many available public data
RETRO speciation: developed in 2000, never published, based on non-published EU data
Huang et al. 2017 (EDGAR group): 1970-2012 0.1x0.1 degree speciation



[Name |Real name ENE [ RCO | TRO | TNR | FEF | SLV [ AGR | SHP | SWD
vocl |Alcohols X X X X X X X X
voc2  |Ethane X X X X X X X X X
voc3 |Propane X X X X X X X X X
voc4d |Butanes X X X X X X X
voc5 (Pentanes X X X X X X X X X
voc6 |Hexanes X X X X X X X X X
voc7 |Ethene X X X X X X X X X
voc8  [Propene X X X X X X X X X
voc9  |Ethyne X X X X X X X X X
vocl0 |Isoprenes X X X X X X X X X
vocll (Monoterpenes X X X X X X X X
voc12 |Other alkad. X X X X X X X X X
vocl3 (Benzene X X X X X X X X X
vocl4 |Methylbenzene X X X X X X X X X
vocl5 |Dimethylbenzenes| X X X X X X X X X
vocl6 |Trimethylbenzenes| X X X X X X X X

vocl7 [Other aromatics X X X X X X X X X
vocl8 |Esters X X X X X X X X
voc19 |Ethers X X X X X X X X X
voc20 |Chlorinated X X X X X X X

voc21 (Methanal X X X X X X X X X
voc22 |Other alkanals X X X X X X X X X
voc23 |Alkanones X X X X X X X X

voc24 |Acids X X X X X X X
voc25 (Others X X X X X X X X X

VOCs speciation based on Huang et
al. (2017), used in the CAMS-GLOB-
ANT emissions

(From Soulie et al. to be submitted,
2023)

Speciation not adapted to most
current models = redoing the
speciation represents a large
amount of work

GEIA has a new VOCs working
group = discussions planned
during the conference



Recent work on the emissions of volatile
chemical products: emissions from
consumer and industrial products

- not taken into account in many models

1rColor
ik

Cleaning agents

Adhesives
1000 Vclatile Chemical Products
s
.3 __ 100 Pre-g:géaslyst
T (1965)
L3
& 9
‘m 2 10
D =
£ o
w
SR
(@] 1 .
S Cosmetics
0.1 I I 1 1 1 1 |F
Evaporated On-Road Off-Road On-Road Off-Road Pesticides Coatings, Cleaning Personal
Gasoline Gasoline Gasoline Diesel Diesel Inks, Agents Care
Fuel Exhaust Exhaust Exhaust Exhaust Adhesives

[McDonald et al., Science, 2018 - B. McDonald is the current IGAC co-chair]



Anthropogenic emissions

Outline

5. Current public global inventories



The first global inventory for 3-d tropospheric chemistry-transport models

Jean-Francois Miiller at IASB-BIRA in a JGR paper in 1982
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Fig. 2. Same as Figure 1, for carbon monoxide (molecules/cm?/s).



The global anthropogenic emissions inventories commonly used:

- EDGAR inventories (Joint Research Center, Italy) (including HTAP)
https://edgar.jrc.ec.europa.eu/

- CEDS inventory for IPCC AR6 (PNNL, Pacific Northwest National Laboratory):
http://www.globalchange.umd.edu/ceds/

- CAMS-GLOB-ANT, and CAMS-GLOB-SHIP, available from ECCAD
https://eccad.sedoo.fr/

- ECLIPSE, developed at lIASA, Austria,
https://iiasa.ac.at/models-tools-data/global-emission-fields-of-air-pollutants-and-ghgs



EDGAR= Emissions Database for Global Atmospheric Research

- Developed in Ispra, Italy at the Joint Research Center. Site : https://edgar.jrc.ec.europa.eu/

- Greenhouse gases and air pollutants

- Greenhouse gases: 1970 — 2021 with EDGARv7 Worde corerc
1570y TODAY o D
- Pollutants: 1970-2018 with EDGARv6 S 2 o s e

0 Scientifically relevant
A&

Completely free
S Open access
Time series of greenhouse gas a2 f Spatial distribution of emissions
and air pollutant emissions :ﬂ &4  (high resolution)

- Monthly averages, spatial resolution : 0.1x0.1 degree

i,
t
St

- 27 sectors -
220

e

- VOCs speciation up to 2012


https://edgar.jrc.ec.europa.eu/

EDGAR/HTAP = An emission inventory in support to Hemisperic Transport of Air
Pollution

Environment and > ‘ '; - : /}_7‘_' T = - S L 2010'2018

Climate Change

: 8 sectors
Envimn_menlal e
Aoeney wsepwy [ o 0.1x0.1 degree
a All compounds, except
A, greenhouse gases
%; - . I 4 HTAP discussion planned
P L during a lunch at the
e g = GEIA conference,

organized by Tim Butler

Compared to the previous HTAP mosaics (HTAPv1, HTAPv2.2), HTAP_v3 aims at extending the (Germa ny)
temporal coverage of the air pollutant emissions, their sectoral breakdown and the geographical

coverage of the official data. The overall purpose is to provide the scientific inventory and modelling

communities a comprehensive tool to develop trend analysis, study the transboundary transport of

air pollutants, and help policy makers in addressing and mitigating emissions for relevant sectors.



CEDS - Community Emissions Data System
https://data.pnnl.gov/dataset/CEDS-4-21-21 = last version of the CEDS emissions

Emissions from 1750 to 2019

Emissions used in the simulations of the last IPCC ARG6 report

Monthly emissions, spatial resolution : 0.5x0.5 degree

Emissions per country and sector available at: https://zenodo.org/record/4741285



CEDS — Community Emissions Data System

Region Comparison: NOx Region Comparison: CO Region Comparison: SO2 Region Comparison: NH3
5 30 = 5 5
S ) d =
Z 25 /" ¢ O ) =
2 / 2 z 2
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c c c C
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(2} (72} [} [2}
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1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
Year Year Year Year

Region Comparison: NMVOC Region Comparison: BC Region Comparison: OC

T o Legend:
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@ | = 2 Countries/Regions

5 ¥ @ E W Africa North America
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5 20/ p %’ é’ I Latin America Middle East
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" 2 8 BN China Other Asia/
- International Shipping Pacific
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‘igure 8 Time series of global annual CEDSggp.maps €missions of NO,, CO, SO,, NH3, NMVOCs, BC, and OC for all sectors and fuel types, split into 11 regions and countries (defined in Table S9).

McDuffie et al., ESSD, 2020



CAMS-GLOB-ANT _ version 5.3 developed as part of the European Copernicus
Atmospheric Monitoring Service (CAMS)

Required : 2000-2024 for forecasts and reanalyses (no other dataset available for
such a period) = need extrapolation

Based on EDGAR and CEDS + use of CAMS-GLOB-TEMPO and CAMS-GLOB-SHIP

Growth factor application

1.4/ —— EDGARvV6 emissions
—&- Geometrical extrapolation
CEDS emissions

1.2 EDGAR015
©1.0 q2. EDGAR2015
2L
c 0.751 \ I et
O =
208 | T~ A= (g )T q. EDGAR2015
2 £ 0.70
S re a°. EDGAR2015
W 5

0.6 M 0.65

E
0.4. 060 CEDS emissions
2012 2013 2014 2015 2016 2017 2018 2019
2
0 2004 2008 2012 2016

2020

2024

See the poster of Antonin Soulie
for more details (#3.18)

From Soulie et al. (2023), to be
submitted to ESSD



Example of CAMS emissions: version v5.3 — NOx in June 2023

CAMS-GLOB-ANT Anthro NOx - Sum Sectors - v5.3 - 2023-06 kg m-2 s-1

= = e - g ! 1.00e-8

1.00e-9

1.00e-10

1.00e-11

1.00e-12

1.00e-13

1.00e-14

1.00e-15

1.00e-16

1.00e-17

2 — o~~~ 1.00e-18



Example of CAMS emissions: version v5.3 — NOx 2000-2023

Total (Tg)

18

16

14

12

—
(=]

co

CAMS-GLOB-ANT Anthro NOx v5.3 yearly

yearly (2000-2023)

2000

2002

@ China +

2004

2006

@ India +

2008

2010

2012
Date

@ United States

2014

2016 2018

) Western Europe

2020

2022



CAMS Global/European ship emissions: CAMS-GLOB-SHIP

* Ship emissions more and more important: in
many countries, road emissions decreasing, and
regulations in ship emissions are just starting
(except in SECA countries in Nothern Europe S—
which started a few years ago)

1ﬁ|||11

* FMI (Finland) has developed a very detailed
model called STEAM, which calculate global and
regional datasets based on realistic vessel traffic

 Localisation of ships with AIS (Automatic
Identification System) + Technical description of
the global fleet

Developed at the Finnish Meteorological Office by
Jukka-Pekka Jalkanen and colleagues




¥ Marine and road fuel sulphur standards

Sulphur content (%)

4.5

4.0

3.5

3.0

2.5

2.0
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1.0

0.5

@ MarineGlobal @ Marine SECA Road Diesel @ Road Petrol
@ EU non-SECA passenger ship Berth (>2 hours)

“T== TRANSPORT & wr@transenv [ @transenv
= ENVIRONMENT @ transportenvironment.org

SO2 emissions from ships

I Cruise ships polluted more than all the cars circulating key port cities

BARCELONA

531,749 cars [

CIVITAVECCHIA (Port of Rome)

PALMA MALLORCA

HAMBURG

SOUTHAMPTON

MARSEILLE

I 34,139 cars S

813,847 cars o

369,433 cars L2

0|

Source: Transport & Environment (2023)

2,000 4,000

6,000 8,000 10,000 12,000 14,000
SOx emissions (kg)

@ SOx emissions - cruise ships ® SOx emissions - passenger cars

16,000

18,000

20,000



Europe's most polluted cruise ports

Barcelona suffers highest levels of toxic air pollution from cruise ships, while Venice drops off
the list after cruise ship ban
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O I -+

& R
= wewsan
= =

O e

° | v

2019 2022

M €




Recent development in ship emissions

* International/Domestic split * To do:

Import/Export emissions, country matrices * Metals, not decided which ones
* Ni, V, Pb most probably (EMERGE project

* Updated emission factors and new pollutants

 Updated method for LNG engines and methane slip * N,O (SCIPPER project)
* Added for ammonia fuelled ships, but not
yet for all ships

* NOx abatement (EMERGE project)

* Modelling of auxiliary machinery

* Impact of weather and sea conditions

* Wave resistance (Townsin et al. 1993)

* Ice resistance (Juva and Riska 2002) * New fuels

 Wind resistance (Blendermann 1993, 1996) * ULSFO, VLSFO, Hydrogen; Ammonia and
methanol already in STEAM

 Emission factors available?

* Sea currents (ship’s velocity relative to water)
* Impact of abatement systems: scrubbers, SCR o
e Use emission factors for HFO, but
remove S components accordingly,
* Hires coastline determination impact on BC?

* Local regulations



Significant wave height

o

= gt

[>

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

DataMin=00 Max=8.0 Mean=186

Figure 4 An example of significant wave height data used in calculation of the effect of
waves to vessel power prediction. These data were obtained from Copernicus Marine
Environment Monitoring Services of the ECMWF.



Google Earth




ECLIPSE, developed at IIASA, Laxenburg, Austria
https://iiasa.ac.at/models-tools-data/global-emission-fields-of-air-pollutants-and-ghgs

A host of scientific chemistry and climate model experiments
explore responses of the global atmosphere and climate
systems to possible future changes in emissions of air
pollutants and greenhouse gases.

The Pollution Management research group has used its
GAINS model to develop a set of global emission fields of
nine substances that provide consistent sets of future
sectoral emissions for well-specified assumptions on A ——
economic development and the effectiveness of dedicated " | | | | "
emission control policies.

ECLIPSE V6b Baseline scenario (CLE)

Gridded emissions (netcdf4 format) of SO,, NOx, NH3, nmVOC, BC, OC, OM, PM, s,
PM;,, CO, CH4



Anthropogenic emissions

Outline

6. A few current public regional inventories
7. Evaluation of anthropogenic emissions



Currently available regional inventories:

North America: EPA, USA and Environment Canada, Canada

Latin America: Castesana et al., 2021; Rojas et al., 2023; Huneeus et al. 2019
Africa: DACCIWA-2 (Keita et al, 2021)

Asia: MEIC and REASv3 (Kurokawa et al., 2019)

Europe: CAMS-REG (Kuenen et al., 2022)

+ more, not always published, not always publicly available or unknow to me

A few details on each inventory + comparisons with global datasets



USA and Canada
- EPA, USA and Environment Canada, Canada: well documented, gridding linked to regional models

Canada
https://pollution-waste.canada.ca/air-emission-inventory/

Annual data Emission trends for
Year 2021 v Year range 2015 to 2021 v
Substance Sulphur Dioxide (SOX) Substance Nitrogen Oxides (NOx) v

- -

Download results: CSV or Excel

Trends and national totals/ totals per province available


https://pollution-waste.canada.ca/air-emission-inventory/

USA: Environment Protection Agency
https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei

For use in models
https://www.epa.gov/air-emissions-modeling/emissions-modeling-platforms

More information: ask Brian
McDonald and other US
colleagues

2\(Maasakkers et al., 2016

-
8 12 16 20

Methane emissions (Mg a’ km'2)
Includes all methane emissions included in the National Greenhouse Gas Inventory.




Comparison of the EPA inventory with global datasets (from Soulie et al., 2023)

CO emission (Tg.year-1)

NOx emission (Tg.year-1)
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USA CO emissions

USA NOx emissions

CAMS-GLOB-5.3
EDGARv6
EDGARvV5

CEDS
ECLIPSEv6
EPA-NEI

HTAPv3

CAMS-GLOB-5.3

- EDGARv6

EDGARvV5
CEDS
ECLIPSEv6
EPA-NEI
HTAPv3

Such comparisons

— Some evaluation of the
uncertainties between
inventories

- No statistical evaluation
of uncertainties as all
global inventories are
dependent on each
other



Latin America / Carribean: work done in LAC country + work done as part of PAPILA

PAPILA: Prediction of Air Pollution in Latin America and the Caribbean
(2018-2023) https://papila-h2020.eu

B A

PAPILA

Prediction of Air Pollution
in Latin America and the Caribb




Anthropogenic emission D B 55 £ cean
. . . 3iA 3 :. Spatial resolution: 0.1°x 0.1° (coverage: Argentina)
Inventories Of Arge NntiNna s e

o ,‘0 UTN FRM Temporal coverage: Yearly (2016)

CNEA-3iA-GEAA 0.1x0.1 Anthropogenic CO - 2016-01-01 2.298 Tgyr1 CNEA-3IA-GEAA 0.1x0.1 Anthropogenic NOx - 2016-01-01  0.9351 Tgyr-1  CNEA-3IA-GEAA 0.1x0.1 Anthropogenic PM10 - 2016-01-01 0 2465Tg | pARAMETERS
6.26e-2 v 4.00e-2 9.51e.3
CcO
6.26e-3 5.98e-3 9.51e-4 NO
NMVOCs
S02
6.26e-4 8.94e-4 9.51e.5
NH3
PM10
6.26e-5 1.34e-4 9.51e-6
SECTORS
6.26e-6 2.000-5 9.51e-7 Agricultural waste burning
Fugitives
6.26e-7 2.99e-6 9.51e-8 Industry
Manure management
6.26e-8 4.48e-7 9.51¢-9 Non-road transportation
Power generation
6.26-9 6.69¢-8 9.51e-10 Residential and other sectors
Road transportation
6 1.00e-8 Ships
6.26e-10 Loe 9.51e-11
Soil crops
Soil fertilizer
6.26e-11 1.50e-9 9.51e-12
Soll grazing
Sum Sectors
2.24e-10 qQ R160.13

6.26e-12

Castesana, P.; Dawidowski, L.; Finster, L.; Gomez, D.; Taboada, M. (2018). Ammonia emissions from the agriculture sector in

E\w From Paula Castesana, CN EA Argentina; 2000-2012. Atmospheric Environment, 178, 293-304.

Puliafito, S.; Allende, D.; Castesana, P.; Ruggeri, F.; (2017). High-resolution atmospheric emission inventory of the argentine
energy sector. Comparison with EDGAR global emission database. Heliyon, 3 (12), e00489.



Buenos Aires NOx Emissions [Ton/yr]
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Santiago NOx Emissions [Ton/yr]
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Blue: local inventory
Red: EDGAR

Green: ECLIPSE

From Huneeus et al.,
Atmos Env. 2019

Discussion of LAC
emissions during the
GEIA conference on
Thursday afternoon
+ several
talks/posters



Paper that just came out in "Transportation Research"

Emissions at ~ a 1x1 km resolution
Road transport exhaust emissions in Colombia. 1990-2020 trends
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Emissions in Africa

First version of a regional inventory: published by Keita et al., ESSD, 2021
1990-2015, 0.1x0.1 degree resolution

Only combustion sources BC emissions in Africa

700
600
Discussion of emissions in @ 400 /—’/T_ _________
Africa during the GEIA G0 T__—=-==777
conference on Thursday Eao e
afternoon * several 100 e
talks/posters .
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A new version of DACCIWA emissions for Africa = DACCIWA-2
Developed under the CoCO2 project in LAERO, Toulouse

New dataset DACCIWAV2 includes:

- Emissions for combustion and fugitive sources, emissions from agriculture/livestock, waste and solvents

Use of activity data and emission factors from local measurements (and also literature if not available)

1.00e-9
2.00e-10
3.98e-11

7.94e-12

Species included: CO,, CH,, BC, OC, CO, NOx, SO, and NMVOC.
Sectors compatible with CAMS-GLOB-ANTV5.3 global emissions
Use of CAMS-GLOB-TEMPO monthly temporal profiles

2000 -2018; 0.1x0.1 degree resolution

1.58e-12

3.16e-13
6.31e-14

T ot N 15 ¢/ . 1.26e-14

\‘. ,,“
H e
e e

-

: 5.01e-16

2.57e-15

1.00e-16

NOx emissions in June 2018
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Emission inventories in Asia

Two datasets used widely: MEIC and REAS ]
MEIC = meicmodel.org

MEIC Home Introduction - Dataset~ Users Publications Team http_'//meicmodel,org/ Older View Of the WEbSite

Site is currently down
(see with Qiang Zhang during GEIA)

12 REHIS R SMEMEIC
Multi-resolution emission‘inventory for CHina More details in BO Zheng et al.,
ACP, 2018

MIX Asian emission inventory was developed by the MEIC team LOGIN

MEIC team recently released an Asian emission inventory, MIX, in years of 2008 and 2010. MIX was developed to E-mail Discussion of emissions in Asia

provide up-to-date model-ready emissions for multiple chemical transport models and climate models. Integrating latest

MEIC, REAS2, PKU-NHs, and CAPSS emission inventories, MIX covers ten air pollutants and greenhouse gaseous (SO; d : h G f
X ) e — uring the GEIA conference on

NOy, CO, NMVOC, NH3, PMg, PM3 5, BC, OC and CO;) with a resolution of 0.25 degree at Asia scale. MIX recently has

been used to support MICS-Asia (Model Inter-Comparison Study for Asia) and TF HTAP (Task Force Hemispheric h d f I
Transport of Air Pollution) projects as the base emission inventories for modeling. Gridded emissions of MIX can be q b T UrS ay a te rn Oon + Seve ra
emember

accessed here

- talks/posters

The MEIC model contributes to the national emission inventory guidelines

The development of a complete emission inventory is an essential step in an air quality management process. To guild



Ratio relative to 2010

Emission inventories in Asia

Trends in MEIC from Bo Zheng's ACP 2018 paper
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REASv3 emissions in Asia

500N =

40°N

30°N|

200N

10°N

10°S

Long-term historical trends in air pollutant emissions in Asia:
Regional Emission inventory in ASia (REAS) version 3

Junichi Kurokawa! and Toshimasa Ohara?

1 Asia Center for Air Pollution Research, 1182 Sowa, Nishi-ku, Niigata, Niigata, 950-2144, Japan
ZNational Institute for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki, 305-8506, Japan

Maldives

Sri Lanka

ACP, 2019

Website:
https://www.nies.go.jp/REAS/

1950-2015

0.25 x 0.25 degree

Species: Species: SO2, NOx, CO,
NMVOC, PM10, PM2.5, BC, OC, NH3,
and CO2

Junichi will present poster 1.18

60E 70E 80E 90°'E 100°E 110°E 120°E 130°E 140°E 150°E


https://www.nies.go.jp/REAS/
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Comparisons of a large number of datasets providing NOx emissions in China :
in Granier at al. : Anthropogenic emissions inventories of air pollutants, in Handbook of
atmospheric Chemistry and Climate Change (community paper, 23 co-authors)



Emissions in Europe:

EMEP = emissions reported by each country
available at: https://www.ceip.at/webdab-emission-database

EMEP emissions checked, completed, gridded, etc. by TNO (The Netherlands)
As part of the CAMS project = CAMS-REG

Detailed in Kuenen, ESSD, 2022


https://www.ceip.at/webdab-emission-database

CAMS-REG - developed at TNO

Total (2015)

Official reported GHG emissions 80+ subsectors:
(UNFCCC NIR — CRF) aggregated NFR
with fuel splits
Official reported Air Pollutant
emissions (EMEP CEIP)
D
Other emission datasets [ CA'_VIS_ / TNO
“ASA GAINS & JRC EDGAR emISSlons by 0 0.05 0.2 1 5 10 25 50 100 300 1000 50000
su bse ctor GHG Emission CO2_FF [kTon/yr]
_ _ Gridded European regional emission
TNO internal estimates g

product (time series)

Shipping grids

Bottom-up checks

(CAMS - FMI)

NOx emission by sector and year for EU countries (+ NOR, CHE, GBR, ISL)
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* Non-international shipping N % con
* Agricultural waste burning r—m— i
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= = [
. 10.000
* Small combustion (wood) Spatial proxies gy o l | l | | | | I | | | I | e

* Etc.

\\\\\

2000-2018; 0.05x0.1 degree spatial resolution
More details in Kuenen et al., Earth Syst. Sci. Data, 2022



III

* Inventory building on already existing inventories from each country in Europe - the “officia
reported emission data which are submitted annually

Qi csphere * Emissions by species, year, sector and pollutant
Monitoring

* “Accepted” and used for many policy applications
* Advantage of incorporating specific national circumstances

» Gapfill with alternative data sources where necessary (mostly IASA GAINS model)

* Apply a consistent European spatial distribution methodology

Official reported emissions IIASA GAINS emissions
{EMEP, UNFCCC) {WPE_2018 scenario)

CAMS-REG emissions by pollutant, year, country,
sector and fuel

_-\\.

Emissions for shipping and
agricultural waste burning

CAMS-REG spatially

distributed emission
grid Emissions for North Africa and
-— the Middle East

v

\ 4

Spatial proxies for point
sources and area sources
0.1° x 0.05°

Data source for CAMS-REG-v4: official reported, .
official reported gapfilled, GAINS, EDGAR For dEtaI/s’ see Kuenen et al. (2022)



https://essd.copernicus.org/articles/14/491/2022/essd-14-491-2022.pdf

@

Atmosphere
Monitoring

CAMS-REG version 6.1

Years: 2019 & 2020

Emission distribution over sectors (2020)
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Resulting dataset

Change 2020 compared to 2019 per region (%)

NOX SOX NMVOC |NH3 PM2.5
EU+_North -9% -16% 1% 1% -5%
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EU+_East -8% -7% -2% 0% -1%
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Average -9% -12% -2% 0% -2%
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Anthropogenic emissions

Outline

8. Conclusions = Access



Where can you get access to emissions data?

ECCAD database = Emissions of Atmospheric Compounds and Compilation
of Ancillary Data eccad.aeris-data.fr or eccad.sedoo.fr

ECCAD is the official emissions database for:
- The GEIA (igacproject.org): Global Emissions InitiAtive
- The CAMS project

ECCAD provides:

A large diversity of datasets and chemical compounds
Global and regional emissions at various grid resolution
Detailed metadata with complete reference
User-friendly tools to visualize and analyse emissions

A download system for of all the data

The possibility of hosting data with restricted access while the data are being checked
and analyzed



Example of ECCAD tools
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Summary

 High quality emissions information is critical to understand the atmosphere and
make good decisions about how to manage it

- Bottom-up inventories are integral to these efforts, but there are challenges
associated with these complex datasets

« There are significant disagreements between different global and regional
bottom-up inventories ; identifying the causes of these differences and the
uncertainties in these datasets is difficult because of lack of information

- Many publicly available inventories are accessible through the ECCAD database

* More information later on how to improve these datasets using inverse
methods



