An inventory of Gases and Particles
Emissions for the 1900-2000 Period

Claire GRANIER

Service d’Aéronomie/lPSL, Paris, France
CIRES/NOAA Earth System Research Laboratory, Boulder, USA




Co-authors:

- Aude MIEVILLE, Service d’Aéronomie/lIPSL, Paris, France

- Cathy LIOUSSE, Bruno GUILLAUME,
Laboratoire d’Aerologie, Toulouse, France

- Jean-Marie GREGOIRE, Joint Research Center, Ispra, Italy

- Florent MOUIILOT, CEFE/IRD, Montpellier, France




8-

1

ION
CHEMISTRY

EJMLHM]‘DH
A,ss:mmrmn

MESOSPHERE

PHOTO
CHEMISTRY

L

STRATOSPHERE STRATOSPHERE

TROPOSPHERE
EXCHANGE

= LIGHINING

_ft-nr,ﬂ

CLOUD

CHEMIS
TURBULENCE

EMISSIONS @@ &J

S

TROPOSPHERE

TRANSPORT

—

SUBSCALE
TRANSPORT

AERI:'SDI. Yy

§ EHEES

ﬁ
NUTRIENTS

HETEROGENEOUS
CHEMISTRY

AEROSOL EVOLUTION
GAS-PHASE
CHEMISTRY

0 BIOGEOCHEMICAL
CYCLES OCEAN




Historical ozone

Very few reliable
measurements until
1960s. Oldest record:
Montssouri, 1760. A few
optical measurements
from early 1900s.

The figure shows that
ozone has increased
throughout the (lower)
troposphere.
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Motivation:

Development of a new inventory of emissions for
studies of changes in atmospheric species since 1900

- gases and aerosols
-> consistent gas/aerosols emissions
-> similar algorithms for both types of species

- sensitivity studies
-> algorithms that can allow changes in energy
use, emission factors, ...

Acronym of the inventory: GICC




Surface emissions of gases and particles

What has been done up to now:

- Inventory of surface emissions
—>anthropogenic origin
—>biomass burning

from 1900 to 2000
1x1 degree spatial resolution

- ozone precursors (CO, NOX, VOCs)

- particles (BC, OC) and precursors (SO2)




Technological emissions:

General equation used to generate emissions:

Emission =2 A, EF, P,, P,

A, = Activity rate for a source
(ex: kg of coal burned in a power plant...)

EF,; = Emission factor : amount of emission per unit activity
(ex: kg of sulfur emitted per kg burned

P, Py, ... = parameters applied to the specified source types
and species
(ex: sulphur content of the fuel, efficiency, ...)

Emissions calculated for different categories of emissions




1860-1949

Fuel productionby | .

Etemad et al. [1991] |

Fuel trading data by
Mitchell [1992,1993,1995]

Fuel consumption data for 185 countries, 33 different
fuels, and over 50 different usagefAechnology categories
Industrial Domestic Combined
consumption consumption consumption

Fuel consumption data for
138 countries and 4 fuel categories

Global estimate of fuel usage
within the categories
Industrial, Domestic, Combined

Emission factors for 3 country classifications,
33 different fuels, and 3 usage categories
population density
within each

1°x1° spatial distribution 1°x1° spatial distribution
of emissions of emissions

- Semi- . iali Semi- .
Industrialised developed Developing ( i . developed Developing

population density
within each country

GICC Fossil Fuel and Biofuel inventories

Pollutants : CO, CO2, NOx, NMVOC, SO2, BC, OCp
Period : 1860-2030

Based on Junker and Liousse ACPD 2008 algorithm

Emission factors for 3 (2) country classifications,
4 different fuels, and 3 global usage categories

Crude oil into

Diesel and Gasoline

(extrapolation from UN data
for each country group
and activities)

Fuels into
the three sectors

= Country classification

<1940 : only 2 classes

—p EF values

Biofuel (1860-1969)

extrapolation from UN data
and population trends
for each country group
and each activities)




Large uncertainties remain concerning
emission Factors: example for BC

EF (gC/kg) Liousse Bond Liousse Bond Liousse Bond

Domesti | (1996) Industrial | Industrial Traffic traffic
c Domestic

Hard coal 1.4 3 0.149 0.001-0.006

Developed

Hard coal 23 3.2 1.1 0.28-4.5

Developing

Lignite dev 25 0.2 0.3 0.015-0.3

Lignite 4.1 0.22 1.98 0.01

devping

Diesel dev 2 0.25 2 0.25 2 0.8

Diesel 2 0.25 0.35 0.24 10 1.3

devping

Gas dev 0.03 0.08 0.03 0.13 0.03 0.08

Gas devping 0.15 0.08 0.15 0.09 0.15 0.26




Emission factors are changing with time

Evolutive EF for BC and OCp
EF (BC)

. . . ®  Coal, industry, Pertuisot [1993]
EVOI Utlon Of emission Coal, industry, industrialised

factors for gases based on = = = coal, industry, developing

Diesel, traffic, industrialised

evolution of BC emission Diesel, traffc. developing
facto rs Gasoline, traffic, industrialised

Trends for Coal EF from trends of power plant
efficiency; Trends for Diesel from Yanowitz et
al., 2000

Junker and Liousse, 2006

There is an even larger uncertainty on fuel consumption data for
residential burning in Asia and Africa:
2 different scenarios are considered

- low value

- high value




CO2 anthropogenic emissions (Tg CO2/year)

1900 M 1910 H1920 M 1930 1940 01950 [J1960 [11970 1980 1990 M 2000

| p—)) |

(1) Europe (11+12) USA+Canada (4) Asia-East (3+5) Asia-S+SE (7-10) Africa (13-15) Amer S.

CO anthropogenic emissions (Tg CO/year)

1900 M 1910 [H1920 W 1930 [E1940 01950 [J1960 11970 1980 M 1990 M 2000

(1) Europe (11+12) USA+Canada (4) Asia-East (3+5) Asia-S+SE (7-10) Africa (13-15) Amer S.

Change in the anthropogenic emission of CO2 and CO
for several large areas from 1900 to 2000.




SO2 emission per large region

1900 M 1910 M1920 W 1930 W1940 M 1950 1960 I 1970 1980 W 1990 W 2000

SO2 emission

Chine ASE+OC AFR+ME  Amer_N Amer_S

BC Emissions per large region

1900 M 1910 W 1920 M 1930 W1940 1950 1960 I 1970 1980 W 1990 M 2000

BC Emission

Chine ASE+OC AFR+ME  Amer_N Amer_S

Change in the anthropogenic emission of CO2 and CO
for several large areas from 1900 to 1997.




The Global Distribution of Active YWegetation Fires as Derived from MO&A—AYHRR Sotellite Data

Menitaring of Tropical Yegetation Unit, Spoce Applicaticns Institute, Joint Ressorch Centre of the European Commission, Ispra, Kaly

01 April 1992

Apr

Biomass burning emissions: large
contribution to total emissions




Calculation of emissions resulting
from biomass burning

Emission(CO2) = BA x BD x BE x EF(CO2)

BA = Burnt Area
BD = Biomass Density
BE = Burning Efficiency
EF(CO2) = Emission Factor
(from Andreae and Merlet, 2001)

Emission (species) = Emission (CO2) * emission ratio
emission ratio [Andreae and Merlet, GBC 2001]
given for boreal/temperate forest, tropical forest,
savana




2. 1900-1996 biomass burning emissions: Use of historical data

Use of data compiled by Mouillot and Field:
Fire history and the global carbon budget: a 1x1 degree fire history
reconstruction for the 20th century, Global Change Biology (2005) 11, 398—420.

Calculate CO2 emissions for the 1990-2000 decade as the product :
Emissions(CO2) = BA x BD x BE x EF(CO2)

BA = Burnt Area (from Mouillot et al. paper)

BD = Biomass Density

BE = Burning Efficiency (Use GLC 2000 map)

EF(CO2) = Emission Factor for CO2 (from Andreae and Merlet, 2001)

Scale 1990-2000 CO2 emissions from forest/savanna burning so that
they equal the 1997-2003 previously calculated

Use the same scaling for all other decades considering forest and
savanna burning separately




Methodology — biomass burning emissions 1997-2003

GLC veaetation man

GLC vegetation classes Biomass density | Combustion | EF C02 EF CO
kgim2 efficiency g/kg alkg
1|Broadleaf evergreen GLC1 233 0.25 1580 104
2|Closed broadleaf deciduous GLC2 20 0.25 1569 107
3|0Open Broadleaf deciduous GLC3 3.3 0.4 1613 65
4 |Evergreen needleleaf forest GLC4 36.7 0.25 1569 107
5|Deciduous needleleaf GLCS 18.9 0.25 1569 107
6|Mixed leaf type GLCB 14 025 1569 107
7|Tree Cover, regularly flooded, fresh (-brackish) GLC| 27 025 1580 104
8|Tree Cover, regularly flooded, saline, (daily variation 14 0.6 1696 82
9|Mosaic : tree coveriother natural vegetation GLC9 10 0.35 1591 86
11|Shrub, closed-open, evergreen GLC11 1.2 0.9 1613 65
12| Shrub, closed-open, deciduous GLC12 3.3 0.4 1613 65
13|Herbaceous cover, closed open GLC13 1.4 0.9 1613 65
14 |Sparse herbaceous or sparse shrub cover GLC14 0.9 0.6 1667 78
Cultivated and managed areas GLC18
Mosaic : croplanditree coveriother natural vegetatio|
oA e P T, Mosaic : croplandishrub or grass GLC18

ATSR Fire Counts 1997 -2003



kg

Methodology — biomass burning emissions 2000

Burnt area per vegetation type CO2 emissions per vegetation type

14E+12 2500

1,2E+12

X BD x BE x EF **

: 1500

1000

1E+12

8E+11

Tg-C02

6E+11

4E+11

500
2E+11

0

1 2 8 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 1n 12 13 14
vegetation class vegetation class
Other years:
y -

scaling of ATSR fire counts, using 2000 as a basis



Table 1. Emission Factors for Pyrogenic Species Emitted From Various Types of Biomass Burning”
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Inter-comparison of
global fire products:
-World Fire Atlas (WFA)
- GLOBSCAR

- GBA2000

Boschetti et al., 2004
Geophy. Res. Letters
Vol. 31



Historical burnt areas (m2) for the decade 1300-1910, regridded at 0.5°

Burned areas (in m*2)
for the 1900-1910 and
1990-2000 decades

1900-1910

Historical burnt areas {m2) for the decade 1990-2000, regridded at 0.5°

1990-2000




co2 emission flux from fires - 1900-1910, yearly average

1900-1910  ° "

1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s

CO2 emissions
for the 1900-1910 and

1990-2000 decades
in 1.e13 molec/cm2/s

Not taken into account: Change in
vegetation distribution over the
20th century.

19902000  °  ” I




CO2 emissions from biomass burning
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CO2 emissions resulting from biomass burning during the 20t century




CO2 emissions from biomass burning
0 1900-10 O 1910-20 @ 1920-30 @m 1930-40 m 1940-50 O 1950-60 @ 1960-70 m 1970-80 m 1980-90 m 1990-2000

CO2 emissions from biomass burning

0 1900-10 @ 1910-20 @ 1920-30 @ 1930-40 @m 1940-50 O 1950-60 @ 1960-70 m 1970-80 m 1980-90 m 1990-2000

Europe Siberia Asia+Oceania N. America S. America

CO2 emissions resulting from biomass burning during the 20t century




Evaluation of the inventories under way:

—~>Use of a chemistry-transport model and compare simulation results
with observations

MOZART-4 model: available at http://gctm.acd.ucar.edu/mozart/

Global chemistry-transport model

Includes gaseous species and aerosols

Emissions (anthropogenic and biomass burning): from the GICC inventory
Natural emissions: algorithm included in the model

- Comparisons with other inventories

Under way: already discussed in the GEIA presentation




Examples of results of simulations using MOZART-4

Black carbon
(Ppbv)

] 45 aQ 135 —-13z —-&80 —45 vl 45 g0 135
8] A4S 20 135 _ s000 —135 G0 —45 8] 45 90 135

July 1

P
il 7

SO, (ppbv)

During the next months: look for available observations
and comparisons model/observations




CO [ppbv]

CO [ppby]

HUN: Hegyhatsal { 46.95N, 16.65E)

MHD: Mace Head { 53.33N, 350.10E)

.
-
.
. -8,
[ ] o .

a
LI s

CO [ppbv]

MOZART-4 with GICC emissions

MOZART-4 with standard emissions

Observations

SPO: South Pole (-89.98N, 335.20E)

CO [ppbv]

CO [ppbv]

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

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

CO at different NOAA/GMD stations
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PEM-Tropics-A/Tahiti PEM-Tropics-B/Hawaii
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CO vertical profiles from different campaigns




JFMAMJ JASOND JFMAMJ JASOCND

Observed and calculated SO2 and SO4 (in u g/m3)
Observations from the IMPROVE US network,
at the Bryce Canyon National Park




Availability of the dataset:

It will be publically available through
the ACCENT/GEIA web portal for emissions

[RETRO, EDGAR, GFEDvV2, etc.
already available within GEIA]

ACCENT access: www.accent-network.org
GEIA access: www.geiacenter.org




