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Part 1. Overview and Bottom-Up 
Inventories 

• Sources of emissions to the atmosphere 
• Emission Inventories: What are they and why 

are they important?
• How to build an inventory
• Available inventories
• Where to get inventory data





Motivation for Understanding Emissions

Accurate emission information is needed to: 
• Quantify and predict atmospheric composition
• Understand changes in air quality and climate
• Make choices about emission controls
We are in the “Century of Accountability”
Emissions are tools of regulation, economics, foreign policy, 
& international diplomacy

Actions and decisions about the atmosphere focus on emissions



W. Steffen et al. (2015) The Anthropocene Review, doi: 10.1177/2053019614564785

http://www.futureearth.org/blog/2015-jan-16/great-acceleration 



http://www.futureearth.org/blog/2015-jan-16/great-acceleration 

W. Steffen et al. (2015) The Anthropocene Review, doi: 10.1177/2053019614564785



Emissions & air pollution: is it a new problem ? 
Not really = Smog episodes reported from the early 1900s

Meuse Valley, Belgium, 1930     

Leeds, UK, 1896     

Pittsburgh, 
USA, 1948Los Angeles, USA, 1950s      

London, UK, 1952



Major Smog Episodes Spurred 
Action to Clean Air in the US

USC Libraries NPR

Los Angeles, CA (1948) Donora, PA (1948)

Highest ozone recorded in 1955 (680 ppb) 20 people die from smog event

Stationary SourcesAutomobiles



Trends in US Anthropogenic NOx
Emissions

Largest 
reductions 
from cars 
and power 
plants

New controls 
implemented

Figure updated from McDonald et al. (2012) J. Geophys. Res.



Current US Non-Attainment Areas
What actions needed to meet standards in future?

Existing Federal Rules
Cross-State Air Pollution Rule
Mercury & Air Toxics Standard
Clean Power Plan
Vehicle & Fuel Standards



What can be done ?
Identify and quantify the emissions of the 
compounds responsible for the pollution, 
understand their origin and reduce the 
corresponding emissions.

Recent observations/pictures of polluted regions

Green: good                          Yellow: moderate          
Red: unhealthy                     Brown: hazardous 

Tiananmen Square, Beijing, 01/2013

from the 
aqicn.org

South America Asia



Emissions Needs in Atmospheric Research

 Analysis and forecasting of atmospheric composition, observations from 
campaigns

 wide range of chemical species
 high spatial (i.e. 0.1°x0.1° or few kms) and temporal resolution

 Distribution at global scale, impact long-range transport
 limited number of chemical species
 moderate spatial (i.e. 1°x1°) 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
 past/future realistic scenarios (decades-century)
• long-lived species, aerosols and a few ozone precursors
 emissions models or algorithms to take into account land-use and 

human-related changes



General Bottom-up Inventory Methodology
Inventories are an amalgam of calculations and measurements 

Above calculation carried out over a particular geographic region (usually national 
scale, or state/country) for a specific time period (usually annual or monthly)

Additional steps usually needed to use inventory in modeling or analysis
• Spatial Allocation: gridding, spatial scaling
• Temporal Variability: between and subdivisions of inventory periods
• Temporal Extrapolation: projections, scenarios
• Speciation: VOCs, PM, …

EX = ΣS [EFX,S  AS  (1 – CEX,S)]

Emissions factor = mass of 
compound X emitted by 
source S per unit activity; 
“representative” 
measurements or estimated

Activity of source S, 
e.g., amount of fuel 
burned, vehicle miles 
driven, etc.; measured 
or estimated

Effectiveness of control 
measures for cmpd X at 
source S; estimated or 
“representative” 
measurements

Sum up all 
sources S

Total mass 
emissions of 
compound X



(Activity)

Example: Emissions from ships



FOSSIL FUEL
23.1

AIRCRAFT
0.5

BIOFUEL
2.2

BIOMASS
BURNING

5.2

SOILS
5.1

LIGHTNING
5.8

STRATOSPHERE
0.2

Emissions have to be quantified for many 
different sectors:

example => NOx emissions (Tg N yr-1)

World



Be careful with units:
Fossil fuel emissions = 23.1 Tg N/yr
which means 49.5 Tg NO/yr or 75.9 Tg NO2/yr

Very often, papers only say Tg NOx/yr ??

Emissions have to be quantified for many 
different sectors:

example => NOx emissions (Tg N yr-1)

World





A list of recent global inventories

All the data are publicly available. Most available at: eccad.sedoo.fr, the 
database of the Global Emissions InitiAtive (GEIA)

Blue: inventories providing just a few species


		Author

		Acronym

		Reference or Website

		Years

		Resolution





		Lamarque et al.

		ACCMIP

		eccad.sedoo.fr

		1900-2000

		0.5x0.5



		Riahi et al.

		RCPs

		eccad.sedoo.fr

		2000-2100

		0.5x0.5



		Granier et al.

		MACCity

		eccad.sedoo.fr

		2000-2015

		0.5x0.5



		Maenhout et al.

		EDGAR4.2

		edgar.jrc.ec.europa.eu

		1970-2008

		0.1x0.1



		Crippa et al.

		EDGAR4.3

		edgar.jrc.ec.europa.eu

		1970, 2010

		0.1x0.1



		Maenhout et al.

		HTAPv2

		edgar.jrc.ec.europa.eu

		2008, 2010

		0.1x0.1



		Klimont et al.

		ECLIPSE v4, v5

		iiasa.ac.at

		1990-2030

		0.5x0.5



		Schultz et al.

		RETRO

		juelich ftp

		1960-2000

		0.5x0.5



		Bond et al.

		Bond

		Hiwater.org

		1850-2000

		country



		Junker&Liousse

		J&L

		eccad.sedoo.fr

		1860-2003

		1x1



		Huang Y. et al.

		PKU

		inventory.pku.edu.cn

		1960-2009

		0.1x0.1



		Smith et al.

		PNNL

		sedac.ciesin.columbia.edu

		1850-2005

		1x1









ACCMIP = A long-term emissions dataset developed for IPCC AR5 
(Details in Lamarque et al., ACP, 2010)

• Anthropogenic & biomass 
burning emissions

• Period: 1850-2000

• Available for each decade

• No seasonal variation

• 0.5°x0.5° resolution

ACCMIP: Emissions for Atmospheric Chemistry and Climate Modeling
Intercomparison Project

IPCC: Intergovernmental Panel on Climate Change

http://www.ipcc.ch/


- Period: 1960-2016; Monthly averages
- 0.5°x0.5° resolution
- Species: CH4, CO, NOx, SO2, BC, 

OC, NH3 & a large set of VOCs 
(new VOCs generated, based on 
users requests)

- different emissions sectors

Large community of users: 
 EU projects: PEGASOS, ACCESS, ACCENT-Plus, CAMS, etc.
 International modelling projects: CCMI (chemistry-climate, hindcast), CMIP5 

(IPCC), AEROCOM (Aerosols), etc.
 International programs: IGAC, iLEAPS, GEIA, etc.
 Individual laboratories in Europe and elsewhere

MACCity = anthropogenic and biomass burning emissions
(Details in Granier et al., Climatic Change, 2011)

Developed as part of MACC, MACCII and Cityzen

Uses RCPs IPCC scenario for 2005, 2010, 2015



Example of the ACCMIP/MACCity emissions: 
change in SO2 from 1920 to 2010



EDGARv4.2 (1970-2008)

CO2, CH4, N2O, 
HFCs, PFCs, SF6, NF3

HCFCs

NMVOC, CO, NOx, CH4

NH3, NOx, SO2

PM10

EDGARv4.2 FT2010 (2000-2010)

CO2

CH4

N2O
F-
gases: 
-HFCs

-PFCs

-SF6

EDGAR CO2 report

CO2 trends until 2012

Developed at JRC, Ispra, Italy

Resolution: 0.1° x 0.1°



Downscaling
0.01°x0.01°

Urban population calculated using  GRUMPv1 Urban population calculated using  GPWv3 

Turin-Milan CO2 at 0.01°x0.01° http://edgar.jrc.ec.europa.eu/



HTAP_v2

Online: HTAP_v2.2 of 18/12/13 on ftp://edgar@edgar.jrc.ec.europa.eu or ECCAD

HTAPv2.2= harmonised mosaic of official & semi-official 0.1°x0.1°
monthly gridmaps, gapfilled for global coverage

EMEP TNO USEPA MIX EDGAR

ftp://edgar@edgar.jrc.ec.europa.eu/


Global air pollutant emission 
scenarios 1990-2050; ECLIPSE

• Development driven by the need to improve aerosols 
emissions in long term IAM scenarios

• Multi-pollutant fine resolution inventory and projections 
including technology resolution (annual, monthly)

• Developed for a range of policies

• ‘New’ sources included, e.g., shale gas, gas flaring, wick 
lamps, diesel generators, super-emitters

• Public access to gridded data

• Platform for further set of scenarios including also estimate 
of mitigation costs

Z. Klimont, C. Heyes, L. Höglund-Isaksson, J. Cofala, P. Rafaj, W. Schöpp, P. Purohit, J. Borken, M. 
Amann, K. Kupiainen, W. Winiwarter, I. Bertok, R. Sander, B. Zhao, S. Wang 



European Emissions data

Developed at TNO, The Netherlands
by Hugo Denier van der Gon et al.

see Kuenen et al., ACP, 2014

TNO MACC-II 



European anthropogenic emissions: 
TNO-MACC 2003-2009 emissions

 “Processing” of country emission data to construct a consistent time 
series for reanalysis & European forecasting

 Resolution is 7x7 km and analysis of trends have been provided
 Inclusion of point source year-to-year changes

ships



Where can you get most of these emissions ? 
=> ECCAD : Atmospheric Compounds and Compilation of Ancillary Data

http://pole-ether.fr/eccad



Regional Analysis
• Countries
• Continent
• User-defined regions

Comparisons of datasets

Total global/regional emissions

Time series (lat/lon, over a region)

ECCAD Visualisation and On-line Tools
Map display (zoom, scaling, color palette)

http://pole-ether.fr/eccad



GEIA: The Global Emissions InitiAtive
International project focusing on emissions



GEIA Activities

GEIA
Communication Hub

GEIAcenter.org

Emissions & 
Ancillary Data

(ECCAD)

Projects

Science -
Policy 
Links

Interoperability
(CIERA, AQCoP)

New 
Emissions 
Challenges

Evaluation
Clearinghouse

Information 
about 

Emissions

Capacity 
Building

Outreach

Analysis

Access Community 

http://www.geiacenter.org/

http://www.geiacenter.org/


GEIA Working Groups
China Emissions WG
Contacts: Kebin He, Qiang Zhang, Yuxuan Wang
• Improving scientific basis for emissions from China
• Coordinating Chinese groups working on emissions
• Contributing to East Asian Emissions Assessment (ACP)
VOC Emissions WG
Contacts: Erika von Schneidemesser, Hugo Denier van der Gon
• Improve global understanding of VOC emissions speciation
• Leverage on-going VOC measurements, inventories, modelling 
• Evaluate most important VOC source sectors 

Urban Emissions WG
Contacts: Leonor Tarrasón
• Bring together techniques for urban emissions characterization
• Build capacity in megacities around the world

Latin America/Caribbean (LAC) Emissions WG
Contacts: Nicolas Huneeus, Laura Dawidowski, Néstor Rojas
• Develop and evaluate LAC-specific emissions information
• Create LAC regional emissions database and inventory
• Build LAC emissions expert community & link to global efforts

http://geiacenter.org

http://geiacenter.org


IGAC - Providing Global Leadership

IGAC’s Activities



www.igac2016.org

14th Biennial IGAC Science Conference
26-30 September 2016



Part 2. Inventory Evaluations and 
Top-Down Approaches

• Inventory comparisons
• Challenges with bottom-up inventories
• Using top-down approaches to understand 

emissions
• Examples of atmospheric observations used in 

top-down analyses



 A systematic evaluation of surface emissions has started within GEIA 
(Global Emissions InitiAtive): geiacenter.org

 Only publicly available gridded inventories considered
(for China: global inventories + REAS v1, v2, MEIC/MIX)

 Focus on: CO, NOx, SO2, BC, total NMVOCs, NH3 and PM10

For more information, talk to Claire Granier (Claire.Granier@noaa.gov) 

1. How good are all these inventories?

2.   Are any of these emissions accurate?

3.   If I use one dataset vs. another in my model or 
analysis of observations, will I get better results?
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Emissions for Asia considered for the evaluation

Inventories publicly available
Others: generally just one publication, no information if data are
available somewhere

+ PKU (Peking University) global inventory already listed before

Claire Granier et al.


		Author

		Acronym

		Reference or Website

		Years

		Resolution





		Q. Zhang et al.

		MEIC

		Meicmodel.org

		2008, 2010, 2012

		0.25x0.25



		Ohara et al.

		REASv1

		jamstec.go.jp

		1980-2003

		0.5x0.5



		Kurokawa et al.

		REASv2

		nies.go.jp/REAS

		2000-2008

		0.25x0.25



		Zhang et al.

		TRACE-P

INTEX-B

		cgrer.uiowa.edu

		2000, 2006

		0.5x0.5



		Li et al.

		MIX

		http://www.meicmodel.org/  dataset-mix

		2008, 2010

		0.25x0.25



		B. Zhao et al.

		ZhaoB

		ACP, 13, 9869, 2013

		1995-2010

		country



		Y. Zhao et al.

		ZhaoY

		ACP, 13, 4872013

		2005, 2010

		country



		Cao

		Cao

		Atm. Env, 40, 6516, 2006

		2000

		0.2x0.2



		X Huang et al.

		HuangX

		Glob. Bio. Cyc, 26, 2012

		2006

		1x1 km



		Kang et al.

		Kang

		ACPD, 15, 26959, 2015

		1980-2012

		1x1 km



		Bo et al.

		Bo

		ACP, 8, 7297, 2008

		1980-2005

		40x40 km



		Lei et al.

		Lei

		ACP, 11, 931, 2011

		1990-2005

		30'x30'



		Wei et al.

		Wei

		Atmos. Env., 2011 

		2005-2020

		36x36 km



		Su et al.

		Su

		Env. Sci. Tech., 

		1990-2007

		province



		Lu et al.

		Lu

		ACP, 10, 6311, 2010

		1996-2010

		province



		R. Wang et al.

		WangR

		Env. Sci. Tech., 46, 2012

		1949-2007

		0.1x0.1



		S. Wang et al.

		WangS

		ACP, 14, 6571, 2014

		2005-2030

		country









Trends in CO Anthropogenic Emissions
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China

 Large differences in emission levels as well as in trends

 Some emissions agree very well with some IPCC scenarios or are very 
different for other scenarios

Claire Granier et al.



MACCity REAS EDGAR4.2

kg/m2/s

Very large 
differences in 
spatial distributions

 More work 
needed to define 
the best spatial 
resolution, for 
example using 
global/regional 
models.

Spatial Difference in CO Anthropogenic Emissions - 2008

REAS / MACCity Ratio EDGAR / MACCity Ratio

Claire Granier et al.
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Trends in NOx Anthropogenic Emissions China

Claire Granier et al.



MACCity REAS EDGAR4.2

kg/m2/s

Spatial Difference in NOx Anthropogenic Emissions - 2008

REAS / MACCity Ratio EDGAR / MACCity RatioSignificant 
differences in India 
and South East 
Asia

While MACCity
is lower than 
REAS, the values 
are quite similar 
between EDGAR 
and MACCity Claire Granier et al.
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NH3

NMVOCs

PM10

BC

 Large differences between the inventories
 No clear information on the trends

China

Claire Granier et al.



Trends in other Regions in Asia
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NOX India

 For VOCs and NOx in India, some inventories show large increases while 
other indicate almost constant emissions

 For Japan, there is consistency in the decrease in BC emissions

PM10 Indonesia

Claire Granier et al.



Transport sector CO emissions in 2008 
(Is the definition of transport emissions the same ?)

EDGAR - MEIC total: -16.7 Tg

EDGARv4.2 MEIC REASv2

CO [Gg/year] 7,338 24,036 44,299

REAS - MEIC total: 20.3 Tg

From E. Saikawa, 2014 GEIA Conference



China

India

Trends in CO Emissions from Transport sector 

=> Policies implemented

0

5

10

15

20

25

30

35

40

45

50

CO
 (

Tg
CO

/y
r)

MACCity HTAPv2 RETRO RCP 2.6 RCP 4.5 RCP 6

RCP 8.5 REAS v1 REASv2 Eclipse v4 Eclipse v5 EDGAR 4.2

Streets Mix MEIC v1 MEIC v1.2 Zhao

0

2

4

6

8

10

12

14

16

18

CO
 (T

g/
yr

)

MACCity HTAPv2 RETRO RCP 2.6 RCP 4.5

RCP 6 RCP 8.5 REAS v1 REASv2 Eclipse v4

Eclipse v5 EDGAR 4.2 MIX

Claire Granier et al.



Trends in NOx Emissions from Transport sector

China

India
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Emissions Information Challenges

Development
• Inconsistencies
• Timeliness
• Traceability

Communication
• Data access and sharing
• Literature access
• Producer – user feedbacks

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

Many emissions data requirements are common to air quality &
climate research, regulation & policy:

•Transparency •Uncertainty •Timeliness

Frost, G. J., et al. (2013) Atmos. Environ., doi: 10.1016/j.atmosenv.2013.08.063 

Complexity
• Spatial/temporal scales
• Source types
• Interdisciplinary

Analysis
• Evaluations
• Uncertainties
• Impacts

•Consistency•Accuracy



A few of the many main issues in the 
determination of anthropogenic emissions

• Sector definitions
• Emission factors
• Short time scale variations
• Sporadic and rapidly evolving sources
• Gridding
• Speciation of VOCs emissions
• Speciation of PM emissions
• How to use inverse modeling



Comparisons for different sectors
 Most global inventories use the IPCC sectors
 Regional inventories developed by regulatory agencies use SNAP 
or other sectors 

IPCC  sectors used in some
global inventories

SNAP  sectors in the 
European inventories 



Main reasons:
- errors in definition / interpretation of definition
- errors in sampling / measurements
- errors in the scientific understanding of the processes

Monni, S. (2004) Uncertainties in the Finnish 2002 Greenhouse Gas Emission Inventory, VTT Working Papers 5

One of the main uncertainties: Emission Factors

Measured EF of N2O from traffic in Finland

m
g/

km



Seasonal VOCs
Temporal variation of fossil fuel

NOx diurnal emissions

From TNO, The Netherlands:
not many details on differences 
between countries, different year, etc.

CO weekly emissions



Urban Day-of-Week Variations: Surface 
Observations, Fuel-Based Estimates 

Harley, R., et al. (2005) Environ. Sci. Technol.

Weekend-weekday 
differences resulting from 
traffic patterns

California statewide NOx emissions 
from motor vehicles based on roadside 
monitoring, traffic counts, and fuel use 
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1990

1990 - 2000 change in 
weekend-weekday 
difference: 
cleaner gasoline vehicles

All traffic



Top-Down vs. Bottom-Up Emissions Approaches

Bottom-Up (inventories)
Regulatory or research emissions inventories
• Sector specific/process specific
• Time specific and not always speciated (total VOCs)
• Regional or global scales
• Uncertainty estimates usually non-existent or low
• Rarely up-to-date

Top-Down (inverse modeling)
Atmospheric measurements and modeling
• Sector specific
• Time specific and speciated
• Results are model-dependent 
• Generally one species 
• Range of uncertainties
• Up-to-date

Relies on high quality 
atmospheric measurements 

of trace gas and 
measurements/modeling of 
the atmosphere mixing and 

wind characteristics

Pétron, G., et al. (2012) J. Geophys. Res., doi: 10.1029/2011JD016360 EX = ΣS [EFX,S  AS  (1 – CEX,S)]

Relies on high quality 
activity data (routine 

and non routine), 
emissions factors, 

estimates of control 
effectiveness



Need for Top-Down Methods for Quantifying Emissions
Actions about the atmosphere focus on emissions. Emission inventories are critical 
for understanding emissions in the past, present and future.

Inventories are inherently complex and therefore 
uncertain, and these uncertainties are difficult to quantify.

Top-down methods based on 
observations can provide 
objective tests of inventories 
and help improve the scientific 
basis of emissions.

Bottom-Up 
Inventories

Top-Down 
Approaches

Reconciliation
Synthesis to 

Benefit 
Stakeholders

Improvement

Rapid societal development 
results in new challenges to 
emissions understanding. 
Similarly, efforts to circumvent 
controls may be difficult to detect. W. Steffen et al., The Anthropocene Review, 2015

We cannot manage what we can’t measure 
– John Burrows



2013

2015

2015

Why top-down emissions analyses are needed



How top-down emissions analyses are carried out
Top-down emissions approaches
• Observations of atmospheric abundance
• Models: abundance  emissions
• Reconciliation with bottom-up inventories
• Quantifiable uncertainties 
• Different methods  same answer
• Pollutants relevant to air quality & climate

What can be determined

Total 
emissions

Temporal variation
Spatial mapping

Sector partitioning



Atmospheric observations 
reflect emissions changes

Warneke, C., et al. (2012) J. Geophys. Res., 
doi:10.1029/2012JD017899

ln
 (V

O
C 

or
 C

O
)

m
ixing ratio (ppb

v )

Observations from Monitors & Field Campaigns
South Coast Air Basin (Los Angeles)

Pollack, I. B., et al. (2013) J. Geophys. Res., doi: 10.1002/jgrd.50472

Surface and airborne observations show 
consistency in interannual trends

 Ambient NOx & VOCs decreasing for 50 yrs
 Declining motor vehicle emissions



Azimuthal
Scan

FTIR Spectrometer

1.7 km a.s.l. 

California Laboratory for 
Atmospheric Remote Sensing 

(CLARS)

Wong, K. W., et al. (2015) 
Atmos. Chem. Phys.

Observing urban 
natural gas leaks



US power plant emissions are monitored

• Gross load had maximum in 2007; coal is being replaced by natural gas
• CO2 decreased since 2007: increased use of natural gas
• NOx and SO2 decreased: increased regulation and natural gas use

de Gouw, J., et al. (2014) Earth’s Future, doi: 10.1002/2013EF000196

http://ampd.epa.gov/ampd/



Power plant emissions from aircraft data

Peischl, J., et al. (2010) J. Geophys. Res., doi: 10.1029/2009JD013527

2006 Texas Air 
Quality Study

Measured 
multiple chemical 
species on flights 
downwind of 
power plants
Flights during 
daytime, well-
mixed conditions

NOAA P-3 flight track & chemical data collected on 9/16/2006

Wind 
direction

Data 
shown 

on next 
slide



Power plant emissions from aircraft data

emission ratio NOx/CO2 SO2/CO2 CO/CO2

Monticello
P-3 0.8 ± 0.1 2.8 ± 0.3 5.4 ± 0.3

CEMS* 0.8 2.8

Welsh
P-3 1.2 ± 0.1 1.5 1.7

CEMS* 1.0 1.7

Slope of 
enhancement ratio 
correlations = 
Emissions ratio in 
molecules of species 
X per molecule CO2

2006 Texas Air Quality Study

*CEMS = Continuous Emissions Monitoring Systems

Peischl, J., et al. (2010) J. Geophys. Res., doi: 10.1029/2009JD013527



Power plant emissions from aircraft data
2000 and 2006 Texas 
Air Quality Studies

TexAQS 2000

Power plant emissions differences = 
CEMS – aircraft

2000
2006

W. A. 
Parish

TexAQS 2006

Measured reduction in NOx emissions 
resulting from controls
CEMS and aircraft-derived emissions 
agreed to within ±25%

Comparing power plant emissions 
before & after NOx controls

Peischl, J., et al. (2010) J. Geophys. Res., doi: 10.1029/2009JD013527
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Satellite UV/VIS (NO2) Measurements: Principle

DOAS-Analysis

Slant Column

Tropospheric Slant Column

Tropospheric Vertical Column
SCIATRAN RTM  
Airmass Factor
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Satellite NO2 Trends: The Global Picture

• NO2 reductions in Europe and parts of the US
• strong increase over China
• consistent with significant NOx emission 

changes

• 7 years of GOME satellite data
• DOAS retrieval + CTM-stratospheric correction
• seasonal and local AMF based on 

1997 MOART-2 run
• cloud screening

1996 - 2002

GOME annual changes in tropospheric  NO2

A. Richter et al. (2005) Increase in tropospheric nitrogen dioxide over China observed from space, Nature, 437
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A. Richter et al. (2005) Increase in tropospheric nitrogen dioxide over China observed from space, Nature, 437

Satellite NO2 Trends: The Global Picture

• NO2 reductions in Europe and parts of the US
• strong increase over China
• consistent with significant NOx emission 

changes

• 7 years of GOME satellite data
• DOAS retrieval + CTM-stratospheric correction
• seasonal and local AMF based on 

1997 MOART-2 run
• cloud screening

1996 - 2002

GOME annual changes in tropospheric  NO2



Using Satellites to Understand US Emissions Trends 

SCIAMACHY
Summer 2004

Trends in satellite NO2
signals show impact of 
power plant NOx
emission controls

Ohio River Valley: Satellite NO2
Ohio River Valley: Emissions NOx
Northeast US: Satellite NO2
Northeast US: Emissions of NOx

Satellites measure solar 
radiance reflected from 
Earth

Satellite NO2 signals are proportional to 
NOx emissions from surface sources

After accounting for atmospheric 
absorption and scattering, amount of NO2
in troposphere can be derived

Kim, S.-W., et al. (2006) Geophys. Res. Lett., doi: 10.1029/2006GL027749



Using Satellites to Understand US Emissions Trends 
Satellite (OMI) NO2 Columns

Russell, A. R., et al. (2012) Atmos. Chem. Phys.

2005

2011

x  1015 (molec. cm-2)

Changes in OMI NO2 columns, 2005-2014

Duncan, B. N., et al. (2016) J. Geophys. Res.



Resolving day-of-week emissions variations with 
research aircraft and satellites

Weekend
Weekday

Pollack, I. B., et al. (2012) J. Geophys. Res., 
doi: 10.1029/2011JD016772

Thu        Fri         Sat         Sun     Mon       Tue       Wed

Kim, S.-W., et al. (2009) J. Geophys. Res., doi: 10.1029/2008JD011343

SCIAMACHY NO2 (U. Bremen), May-Sept 2003-2007

Selected Western US Cities

N
O

2
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lu
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n 
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m
-2
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Satellite retrieval uncertainties impact 
emissions estimates

North Valmy

Intermountain

Hunter /
Huntingt
on

Mohave

Navajo Four Corners/
San Juan

Cholla/Coronad
o/ Springerville

Bonanza

Craig/Hayden

Jim Bridger/
Naughton

Dave Johnston/
Laramie River

Colstrip

Reid Gardener 

• US power plants directly monitor their 
emissions (CEMS)

• Leverage power plant satellite signals to 
understand retrieval uncertainties

Kim, S.-W., et al. (2009) J. Geophys. Res., doi: 10.1029/2008JD011343



Natural VOCs from 
trees are so high in 
the East that ozone 
production is 
primarily 
controlled by 
reducing NOx
emissions.

Ozone production is 
controlled by 
reducing VOC 
emissions in 
downtown LA.

Reduce NOx EmissionsReduce VOC Emissions Transition

Duncan, B. N., et al. (2010) 
Atmos. Environ.

OMI 
HCHO/NO2

• HCHO/NO2 columns used to explore sensitivity of ozone formation to changes in VOC 
and NOx emissions

• Indicator ratios will vary with time of day, day of week, and temperature, reflecting 
emissions source mixtures and chemistry 

Using satellites to assess control strategies



Column CH4 anomaly (ppb)

Satellite CH4 over fossil fuel basins 

• Largest methane anomaly in the US
• Quantified annual emissions
• Independent verification by aircraft
• What are the sources?

Kort, E. A., et al. (2014) Geophys. Res. Lett. SCIAMACHY 
Column CH4

Anomaly, 
2003-2009



https://commons.wikimedia.org/wiki/File:Orbitalaltitudes.jpg#/media/File:Orbitalaltitudes.jpg
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http://www.unidata.com.au/support/documentation/technology

Low-Earth-Orbiting (LEO)
vs Geostationary (GEO)
Satellites

http://www.unidata.com.au/support/documentation/technology


GEO should offer 
improvement over LEO for 
emissions constraints

TEMPO’s hourly sampling and high spatial 
resolution will enable it to… 
• Evaluate temporal variations, spatial 

mapping, and sector-specific emissions 
in unprecedented ways

• Resolve daytime cycles in emissions 
and chemistry

• Improve detection of lower frequency 
variations in emissions and processes

Kelly Chance and Jay Al-Saadi

Fishman, J., et al. (2008), Bull. Amer. Meteorol. Soc.



Courtesy Jhoon Kim,
Andreas Richter

GEMS

Sentinel-4
TEMPO

Policy-relevant science and environmental services enabled by common observations
• Improved emissions at common confidence levels over Northern Hemisphere
• Improved air quality forecasts and assimilation systems
• Improved assessment of impacts

Global GEO monitoring constellation

Spatial coverage of funded 
GEO spectrometers 2018-
2020



BREAK



Part 3. Quantifying Specific 
Emissions Sources

• Oil and natural gas extraction
• Mobile sources
• Biogenic sources
• Fires and open burning



Energy in the US
US Oil and Natural Gas Production

US Energy Consumption 

Oil Gas

Some important tight sand/shale basins

US Energy Information Administration



Potential Impacts from Oil & Gas Development

Climate
Methane is the 2nd most 
important greenhouse gas in 
terms of radiative forcing.

CO2

CH4

Radiative Forcing

Methane (CH4)

Composition of Natural Gas
Air Quality
VOCs are precursors to ozone 
and particulate matter, the 
main constituents of smog.
Many VOCs are also toxic to 
humans.



NOAA ESRL Oil/Gas Research Studies 

http://www.esrl.noaa.gov/csd/news/topics/oilandgas.html

US Energy Information Administration

http://www.esrl.noaa.gov/csd/news/topics/oilandgas.html


CH4 Emissions in Oil/Gas Basins

mixing 
height
(PBL)

Wind

emissions

Wind

Upwind

Downwind

Aircraft mass balance

Hydrocarbon 
leak rates 
inferred from 
observations in 
oil & gas 
production 
basins

Karion, A., et al. (2013) Geophys. Res. Lett., 
doi: 10.1002/grl.50811

Emissions from different oil & 
gas basins can differ significantly

Peischl, J., et al. (2015) 
J. Geophys. Res., doi:  
10.1002/2014JD022697



VOC/CH4 Ratios: Chemical Fingerprint of Oil/Gas Activity

VOC Enhancement Ratios:  minimize effects of air mass mixing and dilution

Jessica Gilman et al., in preparation



Emission 
datasets 

Source
Methane

(tons/year)
Non methane VOCs 

(tons/year)
NOx

(tons/year)

Bottom-up EPA National Emission 
Inventory (NEI-2011)

100,279 101,184 16,448

Top-down
Based on the 

measurements
482,130 184,511 4,158

 Total top-down based methane flux estimate from Karion et al., 2013
 Total methane and other VOC emissions in NEI-2011 are lower by a factor of 4.8 and 1.8

than in the top-down estimates, respectively
 Conversely, NOx emissions are 4 times higher in the NEI-2011 inventory
 Implications for air quality regulations and for climate and air quality impacts

Atmospheric Measurements 
Improve Emissions in an Oil 
and Natural Gas Basin

Ahmadov, R., et al. (2015) Atmos. Chem. Phys., doi: 10.5194/acp-15-411-2015



(NEI-2011)

Ahmadov, R., et al. (2015) Atmos. Chem. Phys., doi: 10.5194/acp-15-411-2015

Measurement-Based Emissions Improve O3
Predictions in an Oil and Natural Gas Basin

• Multi-day buildup of surface O3 during stagnation 
episodes

• Model using official bottom-up emissions inventory 
can’t reproduce observed high O3 levels

• Measured emissions case explains high O3 levels
• High O3 in this basin driven mostly by oil/gas emissions



Mobile sources

Switch to Mobile Sources presentation file



Biogenic Emissions



• What is 
emitted? 

Biogenic Emissions

R. Fall 1999



Guenther et al. 1995; Guenther et al. 2006

Isoprene
600 TgOther reactive

VOCs
260 Tg

Other non-
reactive VOCs

260 Tg

Monoterpenes
130 Tg

Total: 
~1250 Tg yr-1

Global Estimates of Non-Methane VOC Emissions


Chart1

		Isoprene

		Monoterpenes

		Other Reactive VOC

		Other NonReactive VOC
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NMV_FT_2000

		National NMVOC emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

								B10-INDUSTRY		B20-POWER GENERATION		B30-CHARCOAL PRODUCTION		B40-RCO: RESIDENTIAL		B51-ROAD TRANSPORT		F10-INDUSTRIAL SECTOR		F20-POWER GENERATION		F30-OTS (ALL)		F40-RCO SECTOR(RES+COM+OTH)		F51-ROAD TRANSP.(INCL. EVA)		F54-TRANS. LAND NON-ROAD		F57-AIR TRANSPORT		F58-INTERNATIONAL SHIPPING		F80-OIL PRODUCTION		F90-GAS PROD./TRANSM.		I10: IRO: IRON&STEEL		I30: CHE: CHEMICALS		I50-PAP: PULP & PAPER		I60: FOO: FOOD (BEER&WINE)		I70: SOL: SOLVENT USE/MISC.		I90: MIS: IND. MISCELLANEOUS		L41: TROPICAL FOREST FIRES*		L42: SAVANNAH AND SHRUBS FIRES*		L43-BB-AGRIC. WASTE BURNING		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		W40-WASTE INCINER.(NON-ENERGY)		W50-MISC. WASTE HANDLING		Grand Total

		01: CANADA		CAN		Canada		0.0		1.2		0.0		45.6		0.0		6.6		2.6		82.8		9.1		1310.8		14.5		13.6		0.1		942.5		336.4		1.8		44.9		48.2		8.2		450.0		14.3						18.5		1332.61		63.7		17.1		43.5		4808.5

		02: USA		SPM		St-Pierre & Miquelon		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				UMI		US Minor Outlying Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				USA		United States (USA)		0.7		29.0		38.1		680.6		0.0		35.0		77.3		539.8		72.6		6648.2		80.5		216.5		3.4		61.5		1506.5		11.8		430.2		174.4		72.4		5787.3		174.0				25.8		123.1		1239.35		297.6		159.3		557.7		19042.5

		03: OECD EUROPE		AND		Andorra		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.5		0.0						0.0						0.0		0.0		0.8

				AUT		Austria		0.0		0.8		0.0		14.9		0.0		0.5		0.6		8.4		1.3		87.3		0.4		1.5		0.0		12.8		2.7		1.0		2.5		2.8		2.8		90.2		0.9						1.9				3.1		0.7		9.1		246.0

				BEL		Belgium		0.0		0.2		0.0		3.1		0.0		2.5		0.7		15.6		3.8		91.2		1.1		3.9		0.5		0.0		4.4		2.4		13.0		0.9		2.9		133.8		11.4						1.8				0.4		0.1		13.4		307.0

				CHE		Switzerland		0.1		0.7		0.0		5.0		0.0		0.3		0.0		2.4		0.6		87.2		0.1		4.2		0.0		0.0		0.8		0.1		0.1		0.0		0.2		70.0		0.0						0.7		1.41				0.7		7.0		181.7

				DEU		Germany (united)		0.0		1.1		0.0		52.0		0.0		8.5		8.2		4.8		39.1		347.0		6.0		18.9		0.3		30.5		0.0		7.8		81.8		0.9		25.7		1106.5		32.5						15.5				6.2		2.8		111.1		1907.2

				DNK		Denmark		0.0		0.7		0.1		2.6		0.0		0.5		0.9		4.2		0.7		75.7		1.9		2.2		0.2		157.7		3.9		0.1		0.5		0.0		3.3		64.7		0.1						2.9						0.2		6.4		329.5

				ESP		Spain		0.0		2.1		3.3		12.7		0.0		1.9		2.3		30.0		2.2		472.1		100.5		11.6		0.4		1.8		5.1		2.1		27.1		5.8		12.1		407.5		8.8						12.7				16.3		2.3		42.7		1183.4

				FIN		Finland		0.0		3.9		0.0		18.9		0.0		4.3		0.9		12.3		5.8		60.1		2.2		1.3		0.0		0.0		1.1		0.7		3.5		26.3		2.1		58.6		2.0						1.1		0.62		0.0789		0.5		5.8		212.3

				FRA		France		0.0		10.7		5.6		59.6		0.0		4.0		0.5		35.6		12.7		675.7		10.5		17.3		0.3		14.6		12.2		4.3		53.7		6.0		6.3		765.5		22.2						25.0				2.4		3.7		76.7		1825.0

				FRO		Faeroe Islands (Foroyar)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.2

				GBR		United Kingdom		0.0		2.6		0.3		0.8		0.0		5.0		5.1		47.4		22.7		660.5		7.8		28.7		0.3		1127.6		61.1		3.1		25.7		0.0		19.2		738.9		13.5						8.6				3.0		1.6		74.2		2857.6

				GIB		Gibraltar		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.6		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		2.7

				GRC		Greece		0.0		0.0		0.1		14.4		0.0		1.3		1.1		20.2		0.6		198.9		1.7		3.4		0.4		1.9		0.6		0.1		0.3		0.0		1.3		92.3		0.2						5.2				2.3		1.1		9.2		356.8

				GRL		Greenland		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.0						0.0		0.0		1.3

				IRL		Ireland		0.0		0.0		0.0		0.0		0.0		0.2		0.6		1.7		5.2		118.1		0.3		0.0		0.0		0.0		3.9		0.0		0.0		0.0		0.6		28.4		0.0						0.6				0.1		0.4		2.7		162.8

				ISL		Iceland		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		5.4		0.0		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.1		3.3		0.0						0.0						0.0		0.3		9.6

				ITA		Italy		0.3		0.3		0.6		36.8		0.0		4.3		5.3		60.4		7.3		768.0		5.1		9.4		0.3		56.1		23.7		3.9		30.2		0.0		4.4		683.6		13.9						18.6		0.60		16.6		4.8		69.5		1823.9

				LIE		Liechtenstein		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		0.5

				LUX		Luxembourg		0.0		0.0		0.0		0.0		0.0		0.3		0.0		0.0		0.1		30.6		0.2		0.8		0.0		0.0		0.2		0.3		0.0		0.0		0.0		5.0		0.0						0.0				1.3		0.0		0.5		39.2

				MCO		Monaco		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		0.6

				MLT		Malta		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		2.7		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.2		2.8		0.0						0.0						0.0		0.3		6.3

				NLD		Netherlands		0.0		0.7		0.1		0.6		0.0		0.8		5.4		17.1		4.7		216.7		4.1		8.6		1.4		19.0		28.6		1.0		26.9		0.0		2.7		226.0		14.4						2.5				0.1		0.4		22.3		604.3

				NOR		Norway		0.0		0.1		0.0		6.1		0.0		0.7		0.0		14.9		0.2		68.5		3.7		1.7		0.1		1579.5		16.4		0.1		6.2		1.8		0.0		55.4		1.1						0.5		0.33				0.3		5.4		1762.7

				PRT		Portugal		0.0		0.5		0.8		3.3		0.0		0.7		0.7		12.2		0.3		98.9		0.5		2.0		0.1		0.0		0.0		0.2		4.8		6.2		3.2		106.2		0.9						2.1				6.2		1.6		10.9		262.2

				SJM		Svalbard and Jan Mayen Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				SMR		San Marino		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.0						0.0		0.0		0.4

				SWE		Sweden		0.0		3.1		0.2		18.9		0.0		0.5		0.1		11.3		0.4		128.8		0.5		2.4		0.1		0.0		0.2		0.7		8.0		26.9		3.1		93.5		3.5						1.6		0.09		0.4		0.4		9.4		314.3

				VAT		Vatican City		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

		04: OCEANIA		ASM		American Samoa		0.0		0.0		0.0		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		0.5

				ATF		French Southern Territories (a.o. Kerguelen)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				AUS		Australia		0.0		2.1		1.7		16.7		0.0		5.9		2.4		65.3		1.7		653.4		3.7		10.6		0.1		111.0		25.5		1.5		9.7		1.2		7.6		201.6		3.5		10.5		1445.2		63.3		615.47		536.0		6.8		19.4		3822.1

				CCK		Cocos (Keeling) Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				COK		Cook Islands		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.2

				CXR		Christmas Island (Australia)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				FJI		Fiji		0.1		0.0		0.4		7.2		0.0		0.0		0.0		0.0		0.0		1.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.5		0.0						0.4						0.0		0.1		10.8

				FSM		Micronesia, Federated States of		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				GUM		Guam		0.0		0.0		0.0		0.8		0.0		0.0		0.0		0.0		0.0		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.8		0.0						0.1						0.0		0.1		2.3

				KIR		Kiribati		0.0		0.0		0.0		0.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.2						0.0		0.0		0.8

				MHL		Marshall Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				MNP		Northern Mariana Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				NCL		New Caledonia		0.0		0.0		0.1		1.1		0.0		0.1		0.0		0.0		0.0		2.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.9		0.0						0.0						0.0		0.1		4.5

				NFK		Norfolk Island		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				NIU		Niue		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				NRU		Nauru		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		0.2

				NZL		New Zealand		0.2		0.5		0.0		0.4		0.0		0.7		0.3		4.8		1.7		104.0		11.3		2.2		0.0		16.4		9.0		0.1		0.0		2.8		1.8		24.3		0.0						4.8		0.36		0.0		1.3		2.4		189.4

				PLW		Palau		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				PNG		Papua New Guinea		0.5		0.0		1.6		30.4		0.0		0.0		0.0		0.0		0.0		3.5		0.0		0.0		0.0		6.7		0.0		0.0		0.0		0.0		0.0		10.8		0.0		122.5		89.9		5.2						0.1		1.0		272.3

				PYF		French Polynesia (Tuamotu & Marquesas)		0.0		0.0		0.1		1.1		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.3		0.0						0.2						0.0		0.1		3.0

				SLB		Solomon Islands		0.0		0.0		0.1		2.8		0.0		0.0		0.0		0.0		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.8		0.0						0.4						0.0		0.1		5.6

				TKL		Tokelau		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				TON		Tonga		0.0		0.0		0.0		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.3						0.0		0.0		1.1

				TUV		Tuvalu		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				VUT		Vanuatu		0.0		0.0		0.1		1.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.7		0.0						0.7						0.0		0.1		2.7

				WLF		Wallis & Futuna		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.2

				WSM		Western Samoa		0.0		0.0		0.1		1.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.4						0.0		0.0		1.9

		05: JAPAN		JPN		Japan		0.0		11.1		1.9		1.6		0.0		27.2		14.0		235.1		8.2		1845.2		10.9		25.9		0.8		5.1		60.7		22.4		223.0		36.2		12.2		2144.6		93.4						11.3		7.61		11.6		68.6		213.0		5091.6

		06: EASTERN EUROPE		ALB		Albania		0.0		0.0		0.0		11.4		0.0		0.0		0.0		0.3		0.1		24.5		0.0		0.1		0.0		4.4		0.0		0.0		0.0		0.0		1.1		9.2		0.0						1.7				2.3		0.5		1.0		56.7

				BGR		Bulgaria		0.0		0.0		0.2		34.6		0.0		0.8		0.8		6.0		1.6		2.4		0.2		0.3		0.0		0.5		6.1		0.4		2.0		0.3		3.6		34.9		0.9						13.1				4.6		0.7		3.8		117.7

				BIH		Bosnia & Herzegovina		0.0		0.0		1.0		0.0		0.0		0.0		0.3		2.4		30.9		6.3		0.0		0.1		0.0		0.0		0.2		0.0		0.2		0.0		7.0		19.5		0.1						1.9				3.6		0.5		1.7		75.9

				CZE		Czech Republic		0.0		0.3		0.1		4.0		0.0		3.8		1.4		1.8		0.8		188.2		0.0		0.5		0.0		2.5		15.5		1.2		9.3		1.2		5.6		94.7		2.7						10.2				0.9		0.9		9.7		355.3

				HRV		Croatia (Hrvatska)		0.0		0.0		0.3		24.2		0.0		0.2		0.2		5.5		0.3		49.9		0.9		0.2		0.0		17.5		3.2		0.0		1.8		0.0		1.2		33.8		1.6						4.7				0.7		0.5		3.5		150.2

				HUN		Hungary		0.0		0.1		0.7		14.5		0.0		0.3		0.9		7.1		6.3		150.2		0.4		0.6		0.0		13.1		25.0		0.3		5.1		0.0		2.3		91.6		1.3						18.4				0.9		0.9		9.8		349.8

				MKD		Macedonia (FYROM)		0.0		0.0		0.0		15.5		0.0		0.1		0.2		0.8		0.1		9.9		0.0		0.1		0.0		0.0		0.1		0.0		0.3		0.0		0.6		3.9		0.1						2.2				1.3		0.2		0.4		35.7

				POL		Poland		0.2		0.4		1.3		19.4		0.0		5.6		3.8		23.8		34.4		303.9		0.9		1.0		0.0		6.4		27.3		1.9		5.2		2.8		14.2		236.5		2.9						48.3				1.4		3.5		24.0		769.0

				ROM		Romania		0.0		0.0		3.1		58.1		0.0		1.4		1.7		11.6		1.2		115.8		1.8		0.3		0.0		73.4		50.8		0.9		5.0		0.7		15.0		102.9		2.3						33.4				1.8		2.5		10.6		494.1

				SVK		Slovakia		0.0		0.0		0.2		0.6		0.0		1.9		0.3		0.8		1.6		58.9		0.0		0.1		0.0		0.8		11.9		0.7		3.9		1.9		1.4		33.2		1.2						5.7				0.08		0.9		3.4		129.4

				SVN		Slovenia		0.0		0.0		0.0		9.9		0.0		0.1		0.1		0.2		0.1		87.4		0.1		0.1		0.0		0.0		0.8		0.1		1.1		0.0		0.8		33.6		0.3						1.3						0.2		3.5		139.8

				YUG		Yugoslavia, Federal Republic of		0.0		0.0		0.0		1.0		0.0		2.7		1.0		1.1		6.7		34.2		1.1		0.1		0.0		6.5		1.9		1.1		466.0		0.3		3.3		37.3		0.1						15.1				2.1		1.1		3.8		586.5

		07: FORMER USSR		ARM		Armenia		0.0		0.0		0.0		5.1		0.0		0.1		0.1		0.0		0.2		12.6		0.0		0.2		0.0		0.0		2.3		0.0		0.6		0.0		2.4		19.4		0.2						1.5				0.1		0.3		1.9		47.0

				AZE		Azerbaijan		0.0		0.0		0.1		9.6		0.0		0.3		0.3		42.3		1.0		3.9		0.6		0.3		0.0		116.9		20.0		0.0		0.6		0.0		5.4		25.3		0.2						3.3				0.8		0.8		2.5		234.2

				BLR		Belarus		0.0		0.0		0.0		11.9		0.0		0.5		1.4		64.7		3.5		37.3		26.0		0.0		0.0		14.7		29.8		0.2		3.6		0.0		7.2		68.4		1.2						10.2				1.3		0.7		7.0		289.8

				EST		Estonia		0.0		0.0		0.0		11.7		0.0		0.0		0.0		0.1		0.3		12.5		0.3		0.1		0.0		0.0		1.4		0.0		1.1		0.2		0.6		16.5		0.4						0.8				0.02		0.1		1.8		47.8

				GEO		Georgia		0.0		0.0		0.0		66.9		0.0		0.0		0.0		0.1		2.8		1.9		0.0		0.1		0.0		1.1		2.1		0.0		0.6		0.0		0.9		26.4		0.2						4.0				0.3		0.6		2.7		110.8

				KAZ		Kazakhstan		0.0		0.0		0.0		6.0		0.0		5.3		2.0		30.6		2.6		67.4		0.0		0.9		0.0		309.9		19.9		1.2		4.1		0.0		4.6		82.1		1.4						13.2		67.30		33.9		1.7		8.6		662.7

				KGZ		Kyrgyzstan		0.0		0.0		0.0		5.7		0.0		0.4		0.1		0.0		0.1		4.1		0.0		0.1		0.0		0.6		1.2		0.0		0.6		0.0		1.0		17.6		0.2						2.6				1.4		0.7		1.7		38.0

				LTU		Lithuania		0.0		0.0		0.0		54.2		0.0		0.1		0.3		0.1		0.4		24.5		0.5		0.1		0.0		3.3		4.3		0.0		1.7		0.0		1.5		29.5		0.5						3.3				0.2		0.3		3.0		127.8

				LVA		Latvia		0.0		0.0		0.0		37.4		0.0		0.1		0.1		0.1		0.5		12.3		0.3		0.1		0.0		0.0		2.3		0.0		1.2		0.0		1.1		30.2		0.4						1.4				0.2		0.2		3.2		90.8

				MDA		Moldova		0.0		0.0		0.0		13.1		0.0		0.2		0.2		0.0		0.2		3.2		4.3		0.1		0.0		0.0		4.4		0.1		2.6		0.0		0.8		14.8		0.9						6.8				0.7		0.5		1.5		54.2

				RUS		Russian Federation		0.2		7.3		2.3		311.2		0.0		24.0		36.2		903.6		226.8		185.9		235.3		23.1		0.6		2661.6		1626.4		11.9		49.5		13.4		74.0		1368.0		21.7						105.9		2634.54		486.2		8.9		141.3		11160.2

				TJK		Tajikistan		0.0		0.0		0.0		0.4		0.0		0.0		0.0		0.1		0.4		34.3		0.0		0.0		0.0		0.2		1.4		0.0		0.4		0.0		2.7		13.7		0.1						2.1				0.0		1.0		1.3		58.1

				TKM		Turkmenistan		0.0		0.0		0.0		0.3		0.0		0.0		0.6		28.6		2.0		25.9		0.0		0.0		0.0		61.2		101.2		0.0		1.2		0.0		1.1		20.1		0.5						4.3				2.0		0.6		1.8		251.2

				UKR		Ukraine		0.0		0.0		0.4		68.6		0.0		17.1		2.5		55.4		45.4		183.7		3856.2		0.5		0.1		28.8		159.1		8.5		6.2		0.1		20.2		417.6		5.2						57.9				8.6		3.9		44.0		4990.0

				UZB		Uzbekistan		0.0		0.0		0.2		27.4		0.0		0.0		2.6		40.8		10.4		138.8		0.0		0.8		0.0		57.8		179.7		0.0		3.4		0.0		4.7		74.5		1.1						15.6				1.0		3.3		6.9		569.1

		08: LATIN AMERICA		ABW		Aruba		0.0		0.0		0.0		0.5		0.0		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		1.2

				AIA		Anguilla		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				ANT		Netherlands Antilles		0.0		0.0		0.0		1.3		0.0		0.0		0.0		6.0		0.0		21.7		0.0		0.2		0.2		0.0		0.0		0.0		0.0		0.0		0.0		1.1		0.0						0.0						0.0		0.1		30.6

				ARG		Argentina		15.9		0.0		3.0		5.4		0.0		1.1		2.3		29.3		2.6		317.9		0.0		4.6		0.1		335.0		57.4		0.6		10.6		1.8		1.4		229.4		3.8		11.6		28.5		105.2		673.02		586.4		3.1		21.9		2451.7

				ATG		Antigua and Barbuda		0.0		0.0		0.0		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.1		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		3.2

				BHS		Bahamas		0.0		0.0		0.0		1.7		0.0		0.0		0.0		0.0		0.0		2.5		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.5		0.0						0.1						0.0		0.1		6.1

				BLZ		Belize		0.0		0.0		0.0		1.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0		26.9		22.0		0.2						0.0		0.0		51.1

				BMU		Bermuda		0.0		0.0		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.7		0.0						0.0						0.0		0.1		1.1

				BOL		Bolivia		8.2		0.1		0.1		4.8		0.0		0.0		0.1		1.8		0.0		36.0		0.1		0.3		0.0		16.2		4.0		0.0		0.0		0.0		0.1		8.6		0.0		977.9		174.8		4.7						0.4		0.8		1238.9

				BRA		Brazil		187.6		6.2		74.1		155.2		70.5		11.6		0.6		93.6		1.3		1105.0		2.7		9.7		0.3		500.1		11.7		6.4		41.3		24.7		22.4		545.5		13.1		3705.0		4757.6		47.5		300.25		61.4		12.5		52.6		11820.2

				BRB		Barbados		1.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.1		0.0		1.4		0.0		0.0		0.0		0.0		0.0		1.5		0.0						0.0						0.0		0.2		4.4

				BVT		Bouvet Island		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				CHL		Chile		3.1		0.8		0.4		70.2		0.0		0.9		0.5		11.0		0.3		146.4		1.5		1.4		0.1		3.7		6.4		0.2		0.2		8.2		0.4		26.3		0.1				0.0		28.4		9.96		49.8		1.2		2.6		374.0

				COL		Colombia		30.4		0.4		1.1		68.9		0.0		2.4		0.5		16.5		1.2		239.8		1.0		1.8		0.0		303.0		9.7		0.1		2.0		0.6		1.3		78.1		1.2		298.7		223.1		7.6						2.6		7.5		1299.6

				CRI		Costa Rica		1.9		0.0		0.0		1.4		0.0		0.0		0.0		0.6		0.0		38.6		6.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		10.5		0.0				19.8		7.2						0.2		1.0		87.6

				CUB		Cuba		32.9		2.6		0.4		0.1		0.0		0.4		0.3		7.5		0.2		71.1		7.1		0.6		0.0		24.8		0.8		0.0		0.0		0.0		4.7		20.2		0.0				74.5		0.0						0.8		2.1		250.9

				CYM		Cayman Islands		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.0						0.0		0.0		0.4

				DMA		Dominica		0.0		0.0		0.0		0.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.3						0.0		0.0		1.0

				DOM		Dominican Republic		2.9		0.1		3.2		14.8		0.0		0.0		0.2		2.0		0.1		57.8		5.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		1.0		5.4		0.0				33.8		1.8						0.5		0.5		129.3

				ECU		Ecuador		4.9		0.0		0.5		18.1		0.0		0.1		0.1		8.9		0.1		90.0		1.3		0.6		0.0		178.0		0.0		0.0		0.0		0.0		0.2		24.9		0.0		3.0		18.4		19.0						0.7		2.4		371.0

				FLK		Falklands Islands (Malvinas)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				GLP		Guadeloupe		0.0		0.0		0.0		2.6		0.0		0.0		0.0		0.0		0.0		1.6		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.6		0.0						0.1						0.0		0.1		5.1

				GRD		Grenada		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.1						0.0		0.0		0.9

				GTM		Guatemala		2.9		0.4		0.3		79.2		0.0		0.0		0.1		0.9		0.0		34.6		0.0		0.1		0.0		11.7		0.0		0.0		0.0		0.0		0.1		8.5		0.0		127.9		110.3		0.0						0.4		0.8		378.1

				GUF		French Guiana		0.0		0.0		0.0		0.8		0.0		0.0		0.0		0.0		0.0		3.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0		2.0				0.2						0.0		0.0		6.4

				GUY		Guyana		2.7		0.0		0.0		5.4		0.0		0.0		0.0		0.0		0.0		1.1		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.5		0.0		20.6		20.9		0.0						0.0		0.1		51.4

				HND		Honduras		2.4		0.0		0.2		27.9		0.0		0.1		0.0		0.5		0.0		18.7		2.8		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		7.5		0.0				108.2		3.9						0.2		0.7		173.2

				HTI		Haiti		4.0		0.0		2.7		18.7		0.0		0.0		0.0		0.0		0.0		6.2		0.9		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.6		0.0				0.2		3.5						0.2		0.4		41.6

				JAM		Jamaica		0.0		0.6		0.7		0.4		0.0		0.1		0.2		1.5		0.1		27.1		1.5		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.3		4.5		0.0						0.3						0.1		0.5		38.4

				KNA		St Kitts & Nevis (St Christopher)		0.0		0.0		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		0.4

				LCA		St Lucia		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.5						0.0		0.0		0.9

				MEX		Mexico		23.0		2.2		0.1		196.7		0.0		3.5		4.5		67.8		1.2		1239.9		2.8		7.0		0.1		1427.8		57.8		1.8		14.3		1.1		6.9		246.2		8.4		286.7		536.5		74.1		43.61		2.1		6.7		23.6		4286.4

				MSR		Montserrat		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				MTQ		Martinique		0.0		0.0		0.0		2.0		0.0		0.0		0.0		0.1		0.0		2.6		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.6		0.0						0.7						0.0		0.1		6.3

				NIC		Nicaragua		2.3		0.5		0.1		27.6		0.0		0.0		0.1		0.9		0.0		10.8		1.1		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.1		0.0				109.6		0.2						0.3		0.4		157.9

				PAN		Panama		0.9		0.2		0.0		10.7		0.0		0.1		0.0		1.2		0.0		23.4		2.3		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.2		4.6		0.0				37.2		2.9						0.1		0.4		84.5

				PER		Peru		0.5		0.1		1.3		73.1		0.0		0.5		0.1		7.5		0.3		63.1		16.5		0.9		0.0		40.3		0.8		0.5		0.4		0.0		1.2		29.3		0.1		107.7		47.1		11.5						1.7		2.9		407.4

				PRI		Puerto Rico		0.2		0.0		0.0		20.6		0.0		0.0		0.0		0.0		0.0		64.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		19.9		0.0						0.2						0.3		1.9		107.7

				PRY		Paraguay		1.5		0.7		2.2		24.2		0.0		0.0		0.0		0.1		0.0		13.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		35.5		0.0		118.9		213.7		8.8		171.45		137.7		0.3		3.1		732.1

				SLV		El Salvador		2.0		0.4		0.2		36.6		0.0		0.0		0.0		1.0		0.0		24.5		2.8		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.5		0.0				7.3		1.0						0.3		0.4		81.4

				SUR		Suriname		0.0		0.0		0.0		0.9		0.0		0.0		0.0		0.0		0.0		3.9		0.0		0.1		0.0		2.2		0.0		0.0		0.0		0.0		0.0		0.8		0.0		26.8				0.8						0.0		0.1		35.7

				TCA		Turks & Caicos Islands		2.3		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		2.4

				TTO		Trinidad and Tobago		0.0		0.1		0.1		0.0		0.0		0.2		0.3		8.6		0.0		20.9		0.0		0.0		0.0		58.2		17.2		0.1		1.7		0.0		0.0		7.7		0.2						0.0						0.1		0.8		116.3

				URY		Uruguay		0.7		0.0		0.0		7.6		0.0		0.0		0.0		2.3		0.0		31.0		2.8		0.0		0.1		0.0		0.0		0.0		0.0		0.1		0.1		8.4		0.0						5.9				11.5		0.3		0.8		71.7

				VCT		St Vincent & The Grenadines		0.0		0.0		0.0		0.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.2						0.0		0.0		1.4

				VEN		Venezuela		0.0		0.1		0.0		0.0		0.0		1.9		1.2		55.8		0.7		511.9		0.0		0.8		0.1		1517.0		48.3		0.4		12.3		0.0		0.3		131.8		5.0		342.4		422.7		11.0						1.9		12.2		3077.5

				VGB		British Virgin Islands		5.7		0.0		1.9		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		7.8

				VIR		Virgin Islands (US)		0.0		0.0		0.0		0.8		0.0		0.0		0.0		0.5		0.1		26.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.7		0.0						0.0						0.0		0.1		28.3

		09: AFRICA		MAR		Morocco		0.0		0.0		0.0		24.9		0.0		1.0		0.3		6.5		0.4		30.0		0.8		0.8		0.0		0.1		0.1		0.0		0.0		0.4		0.0		28.8		0.0						16.7		0.34		0.3		1.4		2.7		115.7

				AGO		Angola		1.0		0.0		19.2		88.7		0.0		0.0		0.0		1.5		0.0		5.0		0.0		1.2		0.1		340.1		0.8		0.0		0.0		0.1		0.2		9.1		0.0		1098.8		1337.4		0.0						0.3		0.8		2904.3

				BDI		Burundi		0.4		0.0		8.3		34.1		0.0		0.0		0.0		0.0		0.0		3.4		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.3		0.0				16.3		4.5						0.0		0.4		71.8

				BEN		Benin		0.4		0.0		8.1		25.4		0.0		0.0		0.0		0.0		0.0		11.1		0.0		0.1		0.0		1.3		0.0		0.0		0.0		0.0		0.0		7.4		0.0		88.8		86.0		2.6						0.2		0.7		232.0

				BFA		Burkina Faso		0.9		0.0		19.0		84.1		0.0		0.0		0.0		0.0		0.0		10.3		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		10.0		0.0				81.8		1.4						0.2		0.9		208.8

				BWA		Botswana		0.2		0.0		3.7		15.6		0.0		0.1		0.0		0.0		0.6		3.7		0.0		0.0		0.0		4.5		0.0		0.0		0.0		0.0		0.1		2.4		0.0				172.3		0.0				21.2		0.1		0.2		224.5

				CAF		Central African Republic		0.2		0.0		5.1		22.1		0.0		0.0		0.0		0.0		0.0		3.7		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		3.6		0.0		175.2		1203.3		0.4						0.1		0.3		1414.1

				CIV		Cote d'Ivoire (Ivory Coast)		1.0		0.0		20.7		94.1		0.0		0.0		0.0		2.2		0.0		10.2		0.1		0.3		0.0		5.4		0.0		0.0		0.0		0.0		1.0		22.6		0.0		553.5		149.4		10.4						0.6		2.1		873.6

				CMR		Cameroon		1.0		0.0		20.2		91.4		0.0		0.0		0.0		1.5		0.0		23.8		0.0		0.2		0.0		84.8		0.0		0.0		0.0		0.0		0.3		16.2		0.0		119.9		358.0		6.0						0.6		1.5		725.4

				COD		Democratic Republic of the Congo (former Zaire)		0.0		0.0		64.4		263.4		0.0		0.2		0.0		0.4		0.5		13.8		0.0		0.3		0.0		14.8		0.0		0.0		0.0		0.0		0.2		40.5		0.0		1781.7		1281.7		79.0						1.3		3.7		3545.8

				COG		Congo		0.2		0.0		4.0		16.7		0.0		0.0		0.0		0.6		0.0		3.7		0.0		0.1		0.0		159.8		0.0		0.0		0.0		0.0		0.0		2.8		0.0		114.3		76.9		0.8						0.2		0.2		380.2

				COM		Comoros		0.1		0.0		1.2		4.5		0.0		0.0		0.0		0.0		0.0		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.1						0.0		0.0		6.6

				CPV		Cape Verde		0.0		0.0		0.7		2.7		0.0		0.0		0.0		0.0		0.0		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.0						0.0		0.0		4.4

				DJI		Djibouti		0.0		0.0		0.0		2.8		0.0		0.0		0.0		0.0		0.0		2.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0				0.0		0.0						0.0		0.0		6.0

				DZA		Algeria		0.0		0.0		0.0		111.4		0.0		0.2		1.2		22.2		1.3		118.9		0.0		1.0		0.1		588.1		88.2		0.3		0.2		0.0		0.1		58.2		0.5				0.00		0.0		6.99				1.6		5.6		1006.0

				EGY		Egypt		0.0		0.0		0.0		285.1		0.0		2.1		2.4		30.4		0.4		183.5		0.0		1.2		0.3		302.6		29.4		0.6		0.0		0.0		0.0		46.2		0.0						0.0				0.01		2.8		4.5		891.3

				ERI		Eritrea		0.0		0.0		0.8		16.2		0.0		0.0		0.0		0.0		0.0		4.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.4		0.0				5.3		0.0						0.1		0.2		28.5

				ESH		Western Sahara		0.0		0.0		0.0		1.5		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0				0.00		0.0						0.0		0.0		1.9

				ETH		Ethiopia		2.0		0.0		13.0		437.7		0.0		0.0		0.0		0.9		0.0		8.3		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.3		22.8		0.0				599.3		29.7						0.9		3.1		1118.3

				GAB		Gabon		0.2		0.0		4.0		14.6		0.0		0.0		0.0		0.7		0.0		2.2		0.1		0.2		0.0		132.2		0.2		0.0		0.0		0.0		0.1		2.5		0.0		7.9		2.6		0.0						0.1		0.2		167.9

				GHA		Ghana		0.7		0.0		14.9		66.5		0.0		0.0		0.0		1.3		0.0		29.4		0.1		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		17.2		0.0		63.2		274.4		11.9						0.6		1.6		482.3

				GIN		Guinea		0.6		0.0		12.2		53.5		0.0		0.0		0.0		0.0		0.0		3.2		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		8.1		0.0		182.4		254.1		3.0						0.2		0.8		518.3

				GMB		Gambia		0.1		0.0		1.5		6.8		0.0		0.0		0.0		0.0		0.0		1.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.6		0.0				15.7		0.0						0.0		0.1		27.3

				GNB		Guinea-Bissau		0.1		0.0		1.9		8.3		0.0		0.0		0.0		0.0		0.0		1.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.2		0.0				48.2		0.3						0.0		0.1		61.2

				GNQ		Equatorial Guinea		0.0		0.0		0.7		2.8		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.0		0.0		1.0		0.0		0.0		0.0		0.0		0.0		0.5		0.0		0.1				0.1						0.0		0.0		5.5

				KEN		Kenya		15.5		0.0		101.4		212.0		0.0		0.1		0.1		2.1		0.1		24.1		0.1		1.2		0.0		0.0		0.0		0.0		0.0		0.0		7.7		20.5		0.0				75.3		0.0						0.8		1.9		462.9

				LBR		Liberia		0.2		0.0		3.5		16.2		0.0		0.0		0.0		0.0		0.0		1.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.0		0.0		24.8		74.7		0.0						0.1		0.3		125.7

				LBY		Libyan Arab Jamahiriya		0.0		0.0		0.0		16.5		0.0		0.4		0.5		17.3		0.1		109.0		0.0		1.4		0.0		592.4		8.2		0.1		0.0		0.0		0.0		28.5		0.0				0.2		0.0		0.41		0.02		0.5		2.6		778.0

				LSO		Lesotho		0.2		0.0		3.4		14.5		0.0		0.0		0.0		0.0		0.0		1.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.0		0.0						0.0				12.7		0.0		0.1		33.5

				MDG		Madagascar		1.2		0.0		23.5		107.1		0.0		0.0		0.0		0.1		0.0		5.6		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.3		9.9		0.0		218.9		273.5		3.0				4.0		0.4		0.9		648.6

				MLI		Mali		0.0		0.0		0.0		93.8		0.0		0.0		0.0		0.0		0.0		2.6		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.2		10.7		0.0		33.5		151.0		0.0						0.3		1.0		293.2

				MOZ		Mozambique		1.5		0.0		34.1		140.9		0.0		0.0		0.0		0.0		0.1		3.2		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		13.5		0.0		101.6		723.8		0.0				54.6		0.6		1.2		1075.2

				MRT		Mauretania		0.0		0.0		0.0		17.7		0.0		0.0		0.0		0.0		0.1		18.4		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.3		0.0				3.7		0.0						0.1		0.1		41.5

				MUS		Mauritius		5.7		0.0		0.0		1.8		0.0		0.0		0.0		0.0		0.1		11.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.9		0.0						0.0						0.0		0.2		21.7

				MWI		Malawi		0.8		0.0		16.0		71.4		0.0		0.0		0.0		0.0		0.0		3.4		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		6.4		0.0				95.1		2.0						0.1		0.6		196.1

				MYT		Mayotte		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				NAM		Namibia		0.2		0.0		3.2		14.6		0.0		0.0		0.0		0.0		0.0		0.5		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.0		0.0				116.0		0.0				0.05		0.1		0.1		135.8

				NER		Niger		0.0		0.0		0.0		82.7		0.0		0.0		0.0		0.0		0.1		6.3		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		5.4		0.0				3.0		0.0						0.2		0.5		98.3

				NGA		Nigeria		13.3		0.0		350.5		1571.2		0.0		0.3		0.4		6.0		0.1		330.0		0.3		1.5		0.0		1089.6		14.7		0.0		0.0		0.1		0.1		155.1		0.0		77.3		503.8		17.3						4.4		13.9		4150.0

				REU		Reunion		0.0		0.0		1.0		3.4		0.0		0.0		0.0		0.0		0.0		7.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.0		0.0						0.0						0.0		0.1		13.5

				RWA		Rwanda		1.2		0.0		17.8		107.5		0.0		0.0		0.0		0.0		0.0		5.2		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.3		6.8		0.0				19.1		2.5						0.0		0.5		160.9

				SDN		Sudan		52.5		0.0		348.1		797.7		0.0		0.0		0.0		3.0		0.1		20.2		0.1		0.3		0.0		77.4		0.0		0.0		0.0		0.0		0.0		24.3		0.0				1107.2		0.0						0.8		2.3		2434.1

				SEN		Senegal		6.6		0.4		5.2		21.0		0.0		0.0		0.0		1.0		0.0		5.7		0.9		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		14.9		0.0				110.7		1.6						0.4		1.3		170.4

				SHN		St Helena		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				SLE		Sierra Leone		0.3		0.0		7.0		29.6		0.0		0.0		0.0		0.0		0.0		2.1		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		5.2		0.0		52.5		131.8		0.4						0.1		0.5		229.6

				SOM		Somalia		1.5		0.0		62.9		31.0		0.0		0.0		0.0		0.0		0.0		4.0		0.0		0.1		0.0		19.9		0.0		0.0		0.0		0.0		0.1		6.2		0.0				11.8		1.4						0.2		0.5		139.6

				STP		Sao Tome & Principe		0.0		0.0		0.2		0.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.1						0.0		0.0		1.4

				SWZ		Swaziland		0.1		0.0		1.4		6.2		0.0		0.0		0.0		0.0		0.1		2.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.7		0.0		0.7		0.0						0.0				8.3		0.0		0.1		19.9

				SYC		Seychelles		0.0		0.0		0.1		0.4		0.0		0.0		0.0		0.0		0.0		0.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		1.5

				TCD		Chad		0.0		0.0		0.0		56.7		0.0		0.0		0.0		0.0		0.0		0.7		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		6.7		0.0				352.6		0.0						0.1		0.6		417.5

				TGO		Togo		0.3		0.0		6.7		30.5		0.0		0.0		0.0		0.0		0.0		5.4		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.6		0.0		32.6		89.8		0.8						0.1		0.4		171.4

				TUN		Tunesia		0.0		0.0		0.0		38.9		0.0		0.3		0.4		2.3		0.2		29.1		0.0		0.7		0.0		33.5		4.1		0.1		0.0		0.0		1.6		17.5		0.0						0.0						0.6		1.7		131.0

				TZA		Tanzania, United Republic of		18.3		0.0		65.4		669.9		0.0		0.0		0.0		0.6		0.0		10.0		0.2		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.2		22.6		0.0		182.7		720.5		22.8						0.7		2.1		1716.2

				UGA		Uganda		0.0		0.0		31.0		152.5		0.0		0.0		0.0		0.0		0.0		5.6		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		14.3		0.0				207.7		27.3						0.2		1.3		440.3

				ZAF		South Africa		1.5		0.6		0.0		266.7		0.0		6.8		3.8		17.3		20.4		405.8		0.9		3.9		0.3		3.9		0.0		1.1		3.9		4.5		11.8		85.0		1.5				27.7		20.6		143.88		324.0		2.0		8.3		1366.1

				ZMB		Zambia		3.5		0.0		18.0		65.1		0.0		0.2		0.0		0.0		0.0		6.1		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		7.0		0.0		205.9		1124.7		0.0						0.3		0.6		1431.5

				ZWE		Zimbabwe		0.7		0.0		21.7		95.3		0.0		1.4		0.1		0.3		4.8		13.3		1.4		0.2		0.0		0.0		0.0		0.1		0.0		0.0		0.1		12.4		0.0				239.3		0.0						0.4		1.2		392.6

		10: MIDDLE EAST		ARE		United Arab Emirates		1.5		0.0		2.2		3.1		0.0		0.3		1.3		10.8		0.0		110.3		0.0		2.6		1.3		966.9		51.9		0.0		0.0		0.0		0.0		23.9		0.0						0.0						0.2		2.2		1178.5

				BHR		Bahrain		0.0		0.0		0.0		1.4		0.0		0.4		0.4		13.8		0.0		24.9		0.0		0.9		0.0		27.0		8.9		0.0		0.3		0.0		0.0		3.1		0.0						0.0						0.1		0.3		81.4

				CYP		Cyprus		0.0		0.0		0.0		0.0		0.0		0.1		0.1		1.2		0.0		14.1		0.0		0.7		0.0		0.0		0.0		0.0		0.0		0.0		0.4		5.0		0.0						1.9						0.0		0.5		24.1

				IRN		Iran, Islamic Republic of		1.4		0.0		0.0		128.9		0.0		3.5		3.8		78.6		6.7		711.7		0.0		2.3		0.2		1616.1		97.9		0.7		5.2		0.0		0.0		120.7		0.0				0.0		46.0				0.4		4.0		11.7		2839.8

				IRQ		Iraq		0.0		0.0		0.0		58.0		0.0		0.9		0.5		23.1		0.2		215.9		0.0		1.2		0.0		1128.1		7.4		0.0		0.0		0.0		0.0		42.0		0.0						0.0				0.2		1.5		3.9		1482.9

				ISR		Israel		0.0		0.0		0.0		0.1		0.0		0.2		0.9		10.8		0.4		124.5		0.0		0.1		0.0		0.1		0.0		0.0		0.5		0.0		0.0		30.6		0.2						11.2				0.2		0.5		2.8		183.0

				JOR		Jordan		0.0		0.0		0.0		11.2		0.0		0.1		0.2		4.0		0.1		16.3		0.0		0.6		0.0		0.0		0.0		0.0		0.3		0.0		0.0		5.6		0.0						0.0						0.4		0.5		39.4

				KWT		Kuwait		0.0		0.0		0.0		0.0		0.0		0.3		0.8		38.0		0.0		90.2		0.0		0.9		0.0		870.6		14.2		0.0		0.0		0.0		2.4		22.5		0.0						0.2						0.2		2.0		1042.2

				LBN		Lebanon		0.1		0.0		0.0		7.5		0.0		0.2		0.2		0.1		0.1		70.8		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.8		0.0						0.0				0.0		0.3		0.3		82.6

				OMN		Oman		0.0		0.0		0.0		3.9		0.0		0.0		0.4		4.3		0.1		55.9		0.0		0.5		0.0		457.2		12.8		0.0		0.0		0.0		0.0		8.5		0.0				0.0		1.0						0.2		0.7		545.6

				QAT		Qatar		0.0		0.0		0.0		0.5		0.0		0.2		1.4		2.7		0.0		29.3		0.0		0.5		0.0		304.4		31.9		0.1		0.1		0.0		0.0		5.3		0.0						0.0						0.1		0.5		377.0

				SAU		Saudi Arabia		0.0		0.0		0.0		14.8		0.0		0.7		2.0		87.5		5.8		610.3		0.0		6.2		0.2		3883.8		78.4		0.3		0.0		0.0		0.0		108.3		0.0				0.0		21.4						1.5		9.4		4830.6

				SYR		Syrian Arab Republic		0.2		0.0		0.0		31.3		0.0		0.5		0.7		12.5		0.9		79.1		0.0		1.0		0.0		238.0		8.3		0.0		0.0		0.0		0.0		26.9		0.0						15.0				0.3		0.7		2.5		417.9

				TUR		Turkey		0.0		0.8		0.0		0.0		0.0		9.3		1.7		26.5		14.0		303.8		1.6		3.2		0.0		35.0		4.4		2.0		5.7		0.8		0.3		170.5		2.4						163.4				7.0		4.7		16.3		773.2

				YEM		Yemen		0.0		0.0		0.0		33.2		0.0		0.0		0.1		4.7		0.1		64.4		0.0		0.2		0.0		258.3		0.0		0.0		0.0		0.0		0.1		7.0		0.0				0.6		0.0						0.5		0.6		369.7

		11: SOUTH ASIA		AFG		Afghanistan		2.1		0.0		0.0		163.4		0.0		0.0		0.0		0.0		0.0		0.9		0.0		0.2		0.0		30.4		0.2		0.0		0.0		0.0		0.4		11.4		0.0						0.0				0.2		0.4		1.1		210.6

				BGD		Bangladesh		130.1		0.0		0.0		830.4		0.0		0.4		0.6		1.1		0.3		35.0		1.5		0.3		0.0		1.2		13.0		0.0		0.0		0.0		0.2		83.5		0.0		63.1		14.6		0.0						2.2		7.9		1185.4

				BTN		Bhutan		0.1		0.0		0.2		14.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.0		0.0		0.2				0.0						0.0		0.1		15.6

				IND		India		47.5		2.1		78.7		5993.9		0.0		43.3		11.5		111.7		1.2		1662.5		10.5		5.9		0.1		272.3		41.1		5.3		35.4		4.0		0.1		551.2		6.5		133.0		170.8		68.1				37.1		24.9		53.4		9372.2

				IOT		Britisch Indian Ocean Terr. (Chagos)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				LKA		Sri Lanka		2.3		0.0		1.6		114.8		0.0		0.0		0.1		2.3		0.0		33.6		0.1		0.7		0.0		0.0		0.0		0.0		0.0		4.4		0.0		12.2		0.0				11.4		2.3						0.4		1.2		187.6

				MDV		Maldives		0.0		0.0		0.0		1.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.0						0.0		0.0		2.2

				NPL		Nepal		3.0		0.0		4.2		347.9		0.0		0.2		0.0		0.0		0.1		6.7		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		12.4		0.0		0.05		9.4		0.0						0.2		1.2		385.5

				PAK		Pakistan		11.1		0.0		0.0		881.9		0.0		2.3		1.6		9.7		1.1		203.3		1.4		1.9		0.0		27.8		29.7		0.1		0.0		0.0		0.0		89.1		0.0				1.3		0.0				3.8		4.7		8.2		1278.9

		12: EAST ASIA		CHN		China		28.1		0.0		0.0		5764.5		0.0		155.6		27.4		266.9		506.4		1824.4		87.0		13.8		0.3		1258.9		52.0		33.7		21.3		6.5		5.7		1290.1		9.3		35.8		95.7		0.0		0.19		42.3		36.9		127.0		11689.4

				HKG		Hong Kong		0.0		0.0		0.0		1.2		0.0		0.2		0.6		0.0		0.0		34.1		3.9		7.0		0.3		0.0		0.0		0.0		0.3		0.0		0.0		26.5		4.4						0.0						0.6		2.5		81.6

				KOR		Korea, Republic of (South)		0.2		0.0		0.0		47.7		0.0		14.6		3.5		133.4		9.9		874.3		5.1		6.6		0.6		0.0		15.2		8.1		99.5		1.6		2.5		207.4		30.9						43.6				0.4		3.7		20.7		1529.4

				MAC		Macau		0.0		0.0		0.0		2.2		0.0		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.6		0.0						0.0						0.0		0.2		5.3

				MNG		Mongolia		0.1		0.0		0.0		13.6		0.0		0.1		0.0		0.0		0.0		1.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		4.1		0.0						0.0				29.0		0.2		0.4		49.2

				PRK		Korea, Democratic People's Republic of (North)		0.7		0.0		0.0		135.1		0.0		12.3		0.4		0.7		0.0		30.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		42.8		0.0						0.0				10.1		1.4		4.3		238.4

				TWN		Taiwan		0.5		0.0		0.0		99.1		0.0		7.8		2.8		39.7		0.6		456.1		0.8		5.7		0.3		0.5		5.4		3.1		0.0		0.0		0.0		765.2		0.0				0.29		0.0						1.6		15.4		1404.8

		13: SOUTHEAST ASIA		BRN		Brunei		0.0		0.0		0.1		1.5		0.0		0.0		0.1		0.4		0.0		28.2		0.0		0.2		0.0		87.2		9.8		0.0		0.0		0.0		0.0		2.3		0.0		20.8				0.0						0.0		0.2		150.8

				IDN		Indonesia		23.1		0.0		80.5		1575.4		0.0		4.1		2.1		51.8		20.0		1661.1		8.0		1.6		0.0		591.5		79.0		0.3		5.6		13.4		0.5		253.2		1.8		854.9		808.3		185.1						7.0		24.2		6252.7

				KHM		Cambodia (former Kampuchea)		0.7		0.0		2.5		72.9		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		5.1		0.0		32.2		163.9		0.0						0.2		0.5		278.2

				LAO		Lao Peoples Democratic Republic		0.5		0.0		1.7		32.7		0.0		0.0		0.0		0.0		0.0		1.9		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.8		0.0		130.2		300.4		4.3						0.1		0.3		475.0

				MMR		Myanmar (former Burma)		3.0		0.0		11.4		314.7		0.0		0.5		0.1		1.0		0.0		18.9		0.0		0.1		0.0		3.3		5.7		0.0		0.0		0.0		0.0		35.0		0.0		486.0		397.4		0.0						1.2		3.3		1281.5

				MYS		Malaysia		6.1		0.0		21.0		410.2		0.0		1.7		2.2		23.8		0.2		794.0		0.0		3.9		0.0		302.4		53.5		0.4		0.0		0.5		0.1		353.0		0.0		112.5		71.3		14.3						1.1		32.0		2204.0

				PHL		Philippines		32.8		0.0		12.5		282.5		0.0		0.6		0.4		13.6		0.2		206.6		0.8		2.2		0.0		1.2		0.0		0.5		1.5		0.5		0.5		176.1		0.7				38.7		32.4						3.7		16.1		824.0

				SGP		Singapore		0.0		0.0		0.0		0.0		0.0		0.0		1.0		43.5		0.0		66.6		0.0		6.0		1.4		0.0		0.0		0.1		0.0		0.0		0.2		37.3		0.0				1.8		0.0						0.3		3.3		161.3

				THA		Thailand		1.1		1.6		4.4		117.6		0.0		3.6		2.6		37.8		0.5		806.1		0.8		6.9		0.1		58.1		29.7		0.2		0.2		2.8		0.4		70.7		0.1		150.5		336.8		28.2						1.2		7.2		1669.2

				TMP		Timor Timur (East Timor)		0.1		0.0		0.3		4.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		5.4

				VNM		Vietnam		0.0		0.0		17.1		554.1		0.0		1.5		0.3		0.0		3.7		164.4		0.0		1.0		0.0		145.2		2.0		0.0		0.0		0.7		0.3		25.6		0.0		37.1		157.9		0.0						1.4		2.6		1115.0

		Grand Total						772.2		100.3		1742.3		27327.6		70.5		479.0		279.0		3954.7		1193.1		33753.9		4581.9		550.5		16.8		27964.3		5412.8		161.3		1831.7		438.8		457.0		23232.1		548.3		13360.8		23233.2		1972.6		7250.4		2928.8		478.8		2222.5		186315.1

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors
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		National NMVOC emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000
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		Grand Total						772.2		100.3		1742.3		27327.6		70.5		479.0		279.0		3954.7		1193.1		33753.9		4581.9		550.5		16.8		27964.3		5412.8		161.3		1831.7		438.8		457.0		23232.1		548.3		13360.8		23233.2		1972.6		7250.4		2928.8		478.8		2222.5		186315.1
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								BIOFUEL		30012.8		30

								Fossil Fuel		78186.0		78
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								AG/BB		48745.8		49

								WASTE		2701.3		3
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Global Estimates of Non-Methane VOC Emissions
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NMV_FT_2000

		National NMVOC emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

		iso3		01: CANADA		02: USA		03: OECD EUROPE		04: OCEANIA		05: JAPAN		06: EASTERN EUROPE		07: FORMER USSR		08: LATIN AMERICA		09: AFRICA		10: MIDDLE EAST		11: SOUTH ASIA		12: EAST ASIA		13: SOUTHEAST ASIA		Grand Total

		B10-INDUSTRY		0.0		0.7		0.5		0.9		0.0		0.2		0.2		339.9		133.8		3.1		196.2		29.5		67.4		772.2

		B20-POWER GENERATION		1.2		29.0		27.4		2.7		11.1		0.8		7.4		15.3		1.0		0.8		2.1		0.0		1.6		100.3

		B30-CHARCOAL PRODUCTION		0.0		38.1		11.0		4.2		1.9		6.8		3.3		92.7		1345.8		2.2		84.8		0.0		151.6		1742.3

		B40-RCO: RESIDENTIAL		45.6		680.6		249.5		64.8		1.6		193.2		629.2		882.8		6508.6		294.1		8348.1		6063.4		3366.2		27327.6

		B51-ROAD TRANSPORT		0.0		0.0		0.0		0.0		0.0		0.0		0.0		70.5		0.0		0.0		0.0		0.0		0.0		70.5

		F10-INDUSTRIAL SECTOR		6.6		35.0		36.5		6.7		27.2		17.0		48.0		23.1		13.3		16.6		46.3		190.7		12.1		479.0

		F20-POWER GENERATION		2.6		77.3		32.5		2.7		14.0		10.7		46.8		11.2		9.4		14.3		13.9		34.8		8.8		279.0

		F30-OTS (ALL)		82.8		539.8		298.6		70.1		235.1		61.4		1166.5		325.8		118.5		318.6		124.9		440.7		171.9		3954.7

		F40-RCO SECTOR(RES+COM+OTH)		9.1		72.6		107.7		3.4		8.2		84.2		296.5		8.5		30.0		28.3		3.0		517.0		24.6		1193.1

		F51-ROAD TRANSP.(INCL. EVA)		1310.8		6648.2		4197.6		765.1		1845.2		1031.7		748.2		4256.9		1517.6		2521.4		1941.9		3221.3		3747.9		33753.9

		F54-TRANS. LAND NON-ROAD		14.5		80.5		146.6		15.0		10.9		5.5		4123.4		58.3		5.6		1.6		13.5		96.8		9.6		4581.9

		F57-AIR TRANSPORT		13.6		216.5		118.6		12.9		25.9		3.4		26.2		30.3		17.7		21.3		9.2		33.0		22.0		550.5

		F58-INTERNATIONAL SHIPPING		0.1		3.4		4.5		0.1		0.8		0.1		0.8		1.1		1.0		1.9		0.1		1.5		1.5		16.8

		F80-OIL PRODUCTION		942.5		61.5		3001.4		134.1		5.1		125.1		3256.1		4421.5		3451.4		9785.7		331.7		1259.3		1188.8		27964.3

		F90-GAS PROD./TRANSM.		336.4		1506.5		164.9		34.5		60.7		142.6		2155.4		214.1		145.6		315.9		84.0		72.5		179.7		5412.8

		I10: IRO: IRON&STEEL		1.8		11.8		27.8		1.6		22.4		6.7		22.0		10.1		2.2		3.1		5.4		44.9		1.5		161.3

		I30: CHE: CHEMICALS		44.9		430.2		284.4		9.7		223.0		499.7		77.1		82.8		4.2		12.1		35.4		121.0		7.2		1831.7

		I50-PAP: PULP & PAPER		48.2		174.4		77.7		4.0		36.2		7.2		13.7		36.5		5.7		0.8		8.5		8.0		18.0		438.8

		I60: FOO: FOOD (BEER&WINE)		8.2		72.4		90.4		9.4		12.2		56.2		128.4		40.9		25.0		3.2		0.7		8.4		1.9		457.0

		I70: SOL: SOLVENT USE/MISC.		450.0		5787.3		4733.7		244.4		2144.6		731.2		2224.0		1476.4		797.0		582.5		761.0		2338.7		961.4		23232.1

		I90: MIS: IND. MISCELLANEOUS		14.3		174.0		125.4		3.5		93.4		13.5		34.1		31.8		2.0		2.6		6.5		44.7		2.5		548.3

		L41: TROPICAL FOREST FIRES*		0.0		0.0		0.0		133.0		0.0		0.0		0.0		6055.9		5115.6		0.0		196.4		35.8		1824.2		13360.8

		L42: SAVANNAH AND SHRUBS FIRES*		0.0		25.8		0.0		1535.1		0.0		0.0		0.0		6966.1		12125.7		0.7		207.4		96.0		2276.5		23233.2

		L43-BB-AGRIC. WASTE BURNING		18.5		123.1		101.5		76.2		11.3		155.9		233.0		347.9		266.5		260.2		70.5		43.6		264.3		1972.6

		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		1332.6		1239.4		3.0		615.8		7.6		0.0		2701.8		1198.3		151.6		0.0		0.0		0.2		0.0		7250.4

		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		63.7		297.6		58.4		536.0		11.6		19.6		536.9		849.1		425.1		8.0		41.1		81.8		0.0		2928.8

		W40-WASTE INCINER.(NON-ENERGY)		17.1		159.3		21.4		8.3		68.6		12.5		23.6		35.0		25.1		14.8		32.8		44.2		16.2		478.8

		W50-MISC. WASTE HANDLING		43.5		557.7		477.1		23.5		213.0		75.1		229.3		141.4		74.8		54.0		73.0		170.5		89.6		2222.5

		Grand Total		4809		19043		14398		4318		5092		3260		18732		28024		32320		14268		12638		14998		14417		186315

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors
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NMV_FT_2000

		National NMVOC emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

								B10-INDUSTRY		B20-POWER GENERATION		B30-CHARCOAL PRODUCTION		B40-RCO: RESIDENTIAL		B51-ROAD TRANSPORT		F10-INDUSTRIAL SECTOR		F20-POWER GENERATION		F30-OTS (ALL)		F40-RCO SECTOR(RES+COM+OTH)		F51-ROAD TRANSP.(INCL. EVA)		F54-TRANS. LAND NON-ROAD		F57-AIR TRANSPORT		F58-INTERNATIONAL SHIPPING		F80-OIL PRODUCTION		F90-GAS PROD./TRANSM.		I10: IRO: IRON&STEEL		I30: CHE: CHEMICALS		I50-PAP: PULP & PAPER		I60: FOO: FOOD (BEER&WINE)		I70: SOL: SOLVENT USE/MISC.		I90: MIS: IND. MISCELLANEOUS		L41: TROPICAL FOREST FIRES*		L42: SAVANNAH AND SHRUBS FIRES*		L43-BB-AGRIC. WASTE BURNING		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		W40-WASTE INCINER.(NON-ENERGY)		W50-MISC. WASTE HANDLING		Grand Total

		01: CANADA		CAN		Canada		0.0		1.2		0.0		45.6		0.0		6.6		2.6		82.8		9.1		1310.8		14.5		13.6		0.1		942.5		336.4		1.8		44.9		48.2		8.2		450.0		14.3						18.5		1332.61		63.7		17.1		43.5		4808.5

		02: USA		SPM		St-Pierre & Miquelon		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				UMI		US Minor Outlying Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				USA		United States (USA)		0.7		29.0		38.1		680.6		0.0		35.0		77.3		539.8		72.6		6648.2		80.5		216.5		3.4		61.5		1506.5		11.8		430.2		174.4		72.4		5787.3		174.0				25.8		123.1		1239.35		297.6		159.3		557.7		19042.5

		03: OECD EUROPE		AND		Andorra		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.5		0.0						0.0						0.0		0.0		0.8

				AUT		Austria		0.0		0.8		0.0		14.9		0.0		0.5		0.6		8.4		1.3		87.3		0.4		1.5		0.0		12.8		2.7		1.0		2.5		2.8		2.8		90.2		0.9						1.9				3.1		0.7		9.1		246.0

				BEL		Belgium		0.0		0.2		0.0		3.1		0.0		2.5		0.7		15.6		3.8		91.2		1.1		3.9		0.5		0.0		4.4		2.4		13.0		0.9		2.9		133.8		11.4						1.8				0.4		0.1		13.4		307.0

				CHE		Switzerland		0.1		0.7		0.0		5.0		0.0		0.3		0.0		2.4		0.6		87.2		0.1		4.2		0.0		0.0		0.8		0.1		0.1		0.0		0.2		70.0		0.0						0.7		1.41				0.7		7.0		181.7

				DEU		Germany (united)		0.0		1.1		0.0		52.0		0.0		8.5		8.2		4.8		39.1		347.0		6.0		18.9		0.3		30.5		0.0		7.8		81.8		0.9		25.7		1106.5		32.5						15.5				6.2		2.8		111.1		1907.2

				DNK		Denmark		0.0		0.7		0.1		2.6		0.0		0.5		0.9		4.2		0.7		75.7		1.9		2.2		0.2		157.7		3.9		0.1		0.5		0.0		3.3		64.7		0.1						2.9						0.2		6.4		329.5

				ESP		Spain		0.0		2.1		3.3		12.7		0.0		1.9		2.3		30.0		2.2		472.1		100.5		11.6		0.4		1.8		5.1		2.1		27.1		5.8		12.1		407.5		8.8						12.7				16.3		2.3		42.7		1183.4

				FIN		Finland		0.0		3.9		0.0		18.9		0.0		4.3		0.9		12.3		5.8		60.1		2.2		1.3		0.0		0.0		1.1		0.7		3.5		26.3		2.1		58.6		2.0						1.1		0.62		0.0789		0.5		5.8		212.3

				FRA		France		0.0		10.7		5.6		59.6		0.0		4.0		0.5		35.6		12.7		675.7		10.5		17.3		0.3		14.6		12.2		4.3		53.7		6.0		6.3		765.5		22.2						25.0				2.4		3.7		76.7		1825.0

				FRO		Faeroe Islands (Foroyar)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.2

				GBR		United Kingdom		0.0		2.6		0.3		0.8		0.0		5.0		5.1		47.4		22.7		660.5		7.8		28.7		0.3		1127.6		61.1		3.1		25.7		0.0		19.2		738.9		13.5						8.6				3.0		1.6		74.2		2857.6

				GIB		Gibraltar		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.6		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		2.7

				GRC		Greece		0.0		0.0		0.1		14.4		0.0		1.3		1.1		20.2		0.6		198.9		1.7		3.4		0.4		1.9		0.6		0.1		0.3		0.0		1.3		92.3		0.2						5.2				2.3		1.1		9.2		356.8

				GRL		Greenland		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.0						0.0		0.0		1.3

				IRL		Ireland		0.0		0.0		0.0		0.0		0.0		0.2		0.6		1.7		5.2		118.1		0.3		0.0		0.0		0.0		3.9		0.0		0.0		0.0		0.6		28.4		0.0						0.6				0.1		0.4		2.7		162.8

				ISL		Iceland		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		5.4		0.0		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.1		3.3		0.0						0.0						0.0		0.3		9.6

				ITA		Italy		0.3		0.3		0.6		36.8		0.0		4.3		5.3		60.4		7.3		768.0		5.1		9.4		0.3		56.1		23.7		3.9		30.2		0.0		4.4		683.6		13.9						18.6		0.60		16.6		4.8		69.5		1823.9

				LIE		Liechtenstein		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		0.5

				LUX		Luxembourg		0.0		0.0		0.0		0.0		0.0		0.3		0.0		0.0		0.1		30.6		0.2		0.8		0.0		0.0		0.2		0.3		0.0		0.0		0.0		5.0		0.0						0.0				1.3		0.0		0.5		39.2

				MCO		Monaco		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		0.6

				MLT		Malta		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		2.7		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.2		2.8		0.0						0.0						0.0		0.3		6.3

				NLD		Netherlands		0.0		0.7		0.1		0.6		0.0		0.8		5.4		17.1		4.7		216.7		4.1		8.6		1.4		19.0		28.6		1.0		26.9		0.0		2.7		226.0		14.4						2.5				0.1		0.4		22.3		604.3

				NOR		Norway		0.0		0.1		0.0		6.1		0.0		0.7		0.0		14.9		0.2		68.5		3.7		1.7		0.1		1579.5		16.4		0.1		6.2		1.8		0.0		55.4		1.1						0.5		0.33				0.3		5.4		1762.7

				PRT		Portugal		0.0		0.5		0.8		3.3		0.0		0.7		0.7		12.2		0.3		98.9		0.5		2.0		0.1		0.0		0.0		0.2		4.8		6.2		3.2		106.2		0.9						2.1				6.2		1.6		10.9		262.2

				SJM		Svalbard and Jan Mayen Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				SMR		San Marino		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.0						0.0		0.0		0.4

				SWE		Sweden		0.0		3.1		0.2		18.9		0.0		0.5		0.1		11.3		0.4		128.8		0.5		2.4		0.1		0.0		0.2		0.7		8.0		26.9		3.1		93.5		3.5						1.6		0.09		0.4		0.4		9.4		314.3

				VAT		Vatican City		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

		04: OCEANIA		ASM		American Samoa		0.0		0.0		0.0		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		0.5

				ATF		French Southern Territories (a.o. Kerguelen)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				AUS		Australia		0.0		2.1		1.7		16.7		0.0		5.9		2.4		65.3		1.7		653.4		3.7		10.6		0.1		111.0		25.5		1.5		9.7		1.2		7.6		201.6		3.5		10.5		1445.2		63.3		615.47		536.0		6.8		19.4		3822.1

				CCK		Cocos (Keeling) Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				COK		Cook Islands		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.2

				CXR		Christmas Island (Australia)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				FJI		Fiji		0.1		0.0		0.4		7.2		0.0		0.0		0.0		0.0		0.0		1.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.5		0.0						0.4						0.0		0.1		10.8

				FSM		Micronesia, Federated States of		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				GUM		Guam		0.0		0.0		0.0		0.8		0.0		0.0		0.0		0.0		0.0		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.8		0.0						0.1						0.0		0.1		2.3

				KIR		Kiribati		0.0		0.0		0.0		0.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.2						0.0		0.0		0.8

				MHL		Marshall Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				MNP		Northern Mariana Islands		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				NCL		New Caledonia		0.0		0.0		0.1		1.1		0.0		0.1		0.0		0.0		0.0		2.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.9		0.0						0.0						0.0		0.1		4.5

				NFK		Norfolk Island		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				NIU		Niue		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				NRU		Nauru		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		0.2

				NZL		New Zealand		0.2		0.5		0.0		0.4		0.0		0.7		0.3		4.8		1.7		104.0		11.3		2.2		0.0		16.4		9.0		0.1		0.0		2.8		1.8		24.3		0.0						4.8		0.36		0.0		1.3		2.4		189.4

				PLW		Palau		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				PNG		Papua New Guinea		0.5		0.0		1.6		30.4		0.0		0.0		0.0		0.0		0.0		3.5		0.0		0.0		0.0		6.7		0.0		0.0		0.0		0.0		0.0		10.8		0.0		122.5		89.9		5.2						0.1		1.0		272.3

				PYF		French Polynesia (Tuamotu & Marquesas)		0.0		0.0		0.1		1.1		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.3		0.0						0.2						0.0		0.1		3.0

				SLB		Solomon Islands		0.0		0.0		0.1		2.8		0.0		0.0		0.0		0.0		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.8		0.0						0.4						0.0		0.1		5.6

				TKL		Tokelau		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				TON		Tonga		0.0		0.0		0.0		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.3						0.0		0.0		1.1

				TUV		Tuvalu		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				VUT		Vanuatu		0.0		0.0		0.1		1.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.7		0.0						0.7						0.0		0.1		2.7

				WLF		Wallis & Futuna		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.2

				WSM		Western Samoa		0.0		0.0		0.1		1.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.4						0.0		0.0		1.9

		05: JAPAN		JPN		Japan		0.0		11.1		1.9		1.6		0.0		27.2		14.0		235.1		8.2		1845.2		10.9		25.9		0.8		5.1		60.7		22.4		223.0		36.2		12.2		2144.6		93.4						11.3		7.61		11.6		68.6		213.0		5091.6

		06: EASTERN EUROPE		ALB		Albania		0.0		0.0		0.0		11.4		0.0		0.0		0.0		0.3		0.1		24.5		0.0		0.1		0.0		4.4		0.0		0.0		0.0		0.0		1.1		9.2		0.0						1.7				2.3		0.5		1.0		56.7

				BGR		Bulgaria		0.0		0.0		0.2		34.6		0.0		0.8		0.8		6.0		1.6		2.4		0.2		0.3		0.0		0.5		6.1		0.4		2.0		0.3		3.6		34.9		0.9						13.1				4.6		0.7		3.8		117.7

				BIH		Bosnia & Herzegovina		0.0		0.0		1.0		0.0		0.0		0.0		0.3		2.4		30.9		6.3		0.0		0.1		0.0		0.0		0.2		0.0		0.2		0.0		7.0		19.5		0.1						1.9				3.6		0.5		1.7		75.9

				CZE		Czech Republic		0.0		0.3		0.1		4.0		0.0		3.8		1.4		1.8		0.8		188.2		0.0		0.5		0.0		2.5		15.5		1.2		9.3		1.2		5.6		94.7		2.7						10.2				0.9		0.9		9.7		355.3

				HRV		Croatia (Hrvatska)		0.0		0.0		0.3		24.2		0.0		0.2		0.2		5.5		0.3		49.9		0.9		0.2		0.0		17.5		3.2		0.0		1.8		0.0		1.2		33.8		1.6						4.7				0.7		0.5		3.5		150.2

				HUN		Hungary		0.0		0.1		0.7		14.5		0.0		0.3		0.9		7.1		6.3		150.2		0.4		0.6		0.0		13.1		25.0		0.3		5.1		0.0		2.3		91.6		1.3						18.4				0.9		0.9		9.8		349.8

				MKD		Macedonia (FYROM)		0.0		0.0		0.0		15.5		0.0		0.1		0.2		0.8		0.1		9.9		0.0		0.1		0.0		0.0		0.1		0.0		0.3		0.0		0.6		3.9		0.1						2.2				1.3		0.2		0.4		35.7

				POL		Poland		0.2		0.4		1.3		19.4		0.0		5.6		3.8		23.8		34.4		303.9		0.9		1.0		0.0		6.4		27.3		1.9		5.2		2.8		14.2		236.5		2.9						48.3				1.4		3.5		24.0		769.0

				ROM		Romania		0.0		0.0		3.1		58.1		0.0		1.4		1.7		11.6		1.2		115.8		1.8		0.3		0.0		73.4		50.8		0.9		5.0		0.7		15.0		102.9		2.3						33.4				1.8		2.5		10.6		494.1

				SVK		Slovakia		0.0		0.0		0.2		0.6		0.0		1.9		0.3		0.8		1.6		58.9		0.0		0.1		0.0		0.8		11.9		0.7		3.9		1.9		1.4		33.2		1.2						5.7				0.08		0.9		3.4		129.4

				SVN		Slovenia		0.0		0.0		0.0		9.9		0.0		0.1		0.1		0.2		0.1		87.4		0.1		0.1		0.0		0.0		0.8		0.1		1.1		0.0		0.8		33.6		0.3						1.3						0.2		3.5		139.8

				YUG		Yugoslavia, Federal Republic of		0.0		0.0		0.0		1.0		0.0		2.7		1.0		1.1		6.7		34.2		1.1		0.1		0.0		6.5		1.9		1.1		466.0		0.3		3.3		37.3		0.1						15.1				2.1		1.1		3.8		586.5

		07: FORMER USSR		ARM		Armenia		0.0		0.0		0.0		5.1		0.0		0.1		0.1		0.0		0.2		12.6		0.0		0.2		0.0		0.0		2.3		0.0		0.6		0.0		2.4		19.4		0.2						1.5				0.1		0.3		1.9		47.0

				AZE		Azerbaijan		0.0		0.0		0.1		9.6		0.0		0.3		0.3		42.3		1.0		3.9		0.6		0.3		0.0		116.9		20.0		0.0		0.6		0.0		5.4		25.3		0.2						3.3				0.8		0.8		2.5		234.2

				BLR		Belarus		0.0		0.0		0.0		11.9		0.0		0.5		1.4		64.7		3.5		37.3		26.0		0.0		0.0		14.7		29.8		0.2		3.6		0.0		7.2		68.4		1.2						10.2				1.3		0.7		7.0		289.8

				EST		Estonia		0.0		0.0		0.0		11.7		0.0		0.0		0.0		0.1		0.3		12.5		0.3		0.1		0.0		0.0		1.4		0.0		1.1		0.2		0.6		16.5		0.4						0.8				0.02		0.1		1.8		47.8

				GEO		Georgia		0.0		0.0		0.0		66.9		0.0		0.0		0.0		0.1		2.8		1.9		0.0		0.1		0.0		1.1		2.1		0.0		0.6		0.0		0.9		26.4		0.2						4.0				0.3		0.6		2.7		110.8

				KAZ		Kazakhstan		0.0		0.0		0.0		6.0		0.0		5.3		2.0		30.6		2.6		67.4		0.0		0.9		0.0		309.9		19.9		1.2		4.1		0.0		4.6		82.1		1.4						13.2		67.30		33.9		1.7		8.6		662.7

				KGZ		Kyrgyzstan		0.0		0.0		0.0		5.7		0.0		0.4		0.1		0.0		0.1		4.1		0.0		0.1		0.0		0.6		1.2		0.0		0.6		0.0		1.0		17.6		0.2						2.6				1.4		0.7		1.7		38.0

				LTU		Lithuania		0.0		0.0		0.0		54.2		0.0		0.1		0.3		0.1		0.4		24.5		0.5		0.1		0.0		3.3		4.3		0.0		1.7		0.0		1.5		29.5		0.5						3.3				0.2		0.3		3.0		127.8

				LVA		Latvia		0.0		0.0		0.0		37.4		0.0		0.1		0.1		0.1		0.5		12.3		0.3		0.1		0.0		0.0		2.3		0.0		1.2		0.0		1.1		30.2		0.4						1.4				0.2		0.2		3.2		90.8

				MDA		Moldova		0.0		0.0		0.0		13.1		0.0		0.2		0.2		0.0		0.2		3.2		4.3		0.1		0.0		0.0		4.4		0.1		2.6		0.0		0.8		14.8		0.9						6.8				0.7		0.5		1.5		54.2

				RUS		Russian Federation		0.2		7.3		2.3		311.2		0.0		24.0		36.2		903.6		226.8		185.9		235.3		23.1		0.6		2661.6		1626.4		11.9		49.5		13.4		74.0		1368.0		21.7						105.9		2634.54		486.2		8.9		141.3		11160.2

				TJK		Tajikistan		0.0		0.0		0.0		0.4		0.0		0.0		0.0		0.1		0.4		34.3		0.0		0.0		0.0		0.2		1.4		0.0		0.4		0.0		2.7		13.7		0.1						2.1				0.0		1.0		1.3		58.1

				TKM		Turkmenistan		0.0		0.0		0.0		0.3		0.0		0.0		0.6		28.6		2.0		25.9		0.0		0.0		0.0		61.2		101.2		0.0		1.2		0.0		1.1		20.1		0.5						4.3				2.0		0.6		1.8		251.2

				UKR		Ukraine		0.0		0.0		0.4		68.6		0.0		17.1		2.5		55.4		45.4		183.7		3856.2		0.5		0.1		28.8		159.1		8.5		6.2		0.1		20.2		417.6		5.2						57.9				8.6		3.9		44.0		4990.0

				UZB		Uzbekistan		0.0		0.0		0.2		27.4		0.0		0.0		2.6		40.8		10.4		138.8		0.0		0.8		0.0		57.8		179.7		0.0		3.4		0.0		4.7		74.5		1.1						15.6				1.0		3.3		6.9		569.1

		08: LATIN AMERICA		ABW		Aruba		0.0		0.0		0.0		0.5		0.0		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		1.2

				AIA		Anguilla		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				ANT		Netherlands Antilles		0.0		0.0		0.0		1.3		0.0		0.0		0.0		6.0		0.0		21.7		0.0		0.2		0.2		0.0		0.0		0.0		0.0		0.0		0.0		1.1		0.0						0.0						0.0		0.1		30.6

				ARG		Argentina		15.9		0.0		3.0		5.4		0.0		1.1		2.3		29.3		2.6		317.9		0.0		4.6		0.1		335.0		57.4		0.6		10.6		1.8		1.4		229.4		3.8		11.6		28.5		105.2		673.02		586.4		3.1		21.9		2451.7

				ATG		Antigua and Barbuda		0.0		0.0		0.0		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.1		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		3.2

				BHS		Bahamas		0.0		0.0		0.0		1.7		0.0		0.0		0.0		0.0		0.0		2.5		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.5		0.0						0.1						0.0		0.1		6.1

				BLZ		Belize		0.0		0.0		0.0		1.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0		26.9		22.0		0.2						0.0		0.0		51.1

				BMU		Bermuda		0.0		0.0		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.7		0.0						0.0						0.0		0.1		1.1

				BOL		Bolivia		8.2		0.1		0.1		4.8		0.0		0.0		0.1		1.8		0.0		36.0		0.1		0.3		0.0		16.2		4.0		0.0		0.0		0.0		0.1		8.6		0.0		977.9		174.8		4.7						0.4		0.8		1238.9

				BRA		Brazil		187.6		6.2		74.1		155.2		70.5		11.6		0.6		93.6		1.3		1105.0		2.7		9.7		0.3		500.1		11.7		6.4		41.3		24.7		22.4		545.5		13.1		3705.0		4757.6		47.5		300.25		61.4		12.5		52.6		11820.2

				BRB		Barbados		1.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.1		0.0		1.4		0.0		0.0		0.0		0.0		0.0		1.5		0.0						0.0						0.0		0.2		4.4

				BVT		Bouvet Island		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				CHL		Chile		3.1		0.8		0.4		70.2		0.0		0.9		0.5		11.0		0.3		146.4		1.5		1.4		0.1		3.7		6.4		0.2		0.2		8.2		0.4		26.3		0.1				0.0		28.4		9.96		49.8		1.2		2.6		374.0

				COL		Colombia		30.4		0.4		1.1		68.9		0.0		2.4		0.5		16.5		1.2		239.8		1.0		1.8		0.0		303.0		9.7		0.1		2.0		0.6		1.3		78.1		1.2		298.7		223.1		7.6						2.6		7.5		1299.6

				CRI		Costa Rica		1.9		0.0		0.0		1.4		0.0		0.0		0.0		0.6		0.0		38.6		6.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		10.5		0.0				19.8		7.2						0.2		1.0		87.6

				CUB		Cuba		32.9		2.6		0.4		0.1		0.0		0.4		0.3		7.5		0.2		71.1		7.1		0.6		0.0		24.8		0.8		0.0		0.0		0.0		4.7		20.2		0.0				74.5		0.0						0.8		2.1		250.9

				CYM		Cayman Islands		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.0						0.0		0.0		0.4

				DMA		Dominica		0.0		0.0		0.0		0.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.3						0.0		0.0		1.0

				DOM		Dominican Republic		2.9		0.1		3.2		14.8		0.0		0.0		0.2		2.0		0.1		57.8		5.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		1.0		5.4		0.0				33.8		1.8						0.5		0.5		129.3

				ECU		Ecuador		4.9		0.0		0.5		18.1		0.0		0.1		0.1		8.9		0.1		90.0		1.3		0.6		0.0		178.0		0.0		0.0		0.0		0.0		0.2		24.9		0.0		3.0		18.4		19.0						0.7		2.4		371.0

				FLK		Falklands Islands (Malvinas)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				GLP		Guadeloupe		0.0		0.0		0.0		2.6		0.0		0.0		0.0		0.0		0.0		1.6		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.6		0.0						0.1						0.0		0.1		5.1

				GRD		Grenada		0.0		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.1						0.0		0.0		0.9

				GTM		Guatemala		2.9		0.4		0.3		79.2		0.0		0.0		0.1		0.9		0.0		34.6		0.0		0.1		0.0		11.7		0.0		0.0		0.0		0.0		0.1		8.5		0.0		127.9		110.3		0.0						0.4		0.8		378.1

				GUF		French Guiana		0.0		0.0		0.0		0.8		0.0		0.0		0.0		0.0		0.0		3.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0		2.0				0.2						0.0		0.0		6.4

				GUY		Guyana		2.7		0.0		0.0		5.4		0.0		0.0		0.0		0.0		0.0		1.1		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.5		0.0		20.6		20.9		0.0						0.0		0.1		51.4

				HND		Honduras		2.4		0.0		0.2		27.9		0.0		0.1		0.0		0.5		0.0		18.7		2.8		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		7.5		0.0				108.2		3.9						0.2		0.7		173.2

				HTI		Haiti		4.0		0.0		2.7		18.7		0.0		0.0		0.0		0.0		0.0		6.2		0.9		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.6		0.0				0.2		3.5						0.2		0.4		41.6

				JAM		Jamaica		0.0		0.6		0.7		0.4		0.0		0.1		0.2		1.5		0.1		27.1		1.5		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.3		4.5		0.0						0.3						0.1		0.5		38.4

				KNA		St Kitts & Nevis (St Christopher)		0.0		0.0		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		0.4

				LCA		St Lucia		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.5						0.0		0.0		0.9

				MEX		Mexico		23.0		2.2		0.1		196.7		0.0		3.5		4.5		67.8		1.2		1239.9		2.8		7.0		0.1		1427.8		57.8		1.8		14.3		1.1		6.9		246.2		8.4		286.7		536.5		74.1		43.61		2.1		6.7		23.6		4286.4

				MSR		Montserrat		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				MTQ		Martinique		0.0		0.0		0.0		2.0		0.0		0.0		0.0		0.1		0.0		2.6		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.6		0.0						0.7						0.0		0.1		6.3

				NIC		Nicaragua		2.3		0.5		0.1		27.6		0.0		0.0		0.1		0.9		0.0		10.8		1.1		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.1		0.0				109.6		0.2						0.3		0.4		157.9

				PAN		Panama		0.9		0.2		0.0		10.7		0.0		0.1		0.0		1.2		0.0		23.4		2.3		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.2		4.6		0.0				37.2		2.9						0.1		0.4		84.5

				PER		Peru		0.5		0.1		1.3		73.1		0.0		0.5		0.1		7.5		0.3		63.1		16.5		0.9		0.0		40.3		0.8		0.5		0.4		0.0		1.2		29.3		0.1		107.7		47.1		11.5						1.7		2.9		407.4

				PRI		Puerto Rico		0.2		0.0		0.0		20.6		0.0		0.0		0.0		0.0		0.0		64.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		19.9		0.0						0.2						0.3		1.9		107.7

				PRY		Paraguay		1.5		0.7		2.2		24.2		0.0		0.0		0.0		0.1		0.0		13.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		35.5		0.0		118.9		213.7		8.8		171.45		137.7		0.3		3.1		732.1

				SLV		El Salvador		2.0		0.4		0.2		36.6		0.0		0.0		0.0		1.0		0.0		24.5		2.8		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.5		0.0				7.3		1.0						0.3		0.4		81.4

				SUR		Suriname		0.0		0.0		0.0		0.9		0.0		0.0		0.0		0.0		0.0		3.9		0.0		0.1		0.0		2.2		0.0		0.0		0.0		0.0		0.0		0.8		0.0		26.8				0.8						0.0		0.1		35.7

				TCA		Turks & Caicos Islands		2.3		0.0		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		2.4

				TTO		Trinidad and Tobago		0.0		0.1		0.1		0.0		0.0		0.2		0.3		8.6		0.0		20.9		0.0		0.0		0.0		58.2		17.2		0.1		1.7		0.0		0.0		7.7		0.2						0.0						0.1		0.8		116.3

				URY		Uruguay		0.7		0.0		0.0		7.6		0.0		0.0		0.0		2.3		0.0		31.0		2.8		0.0		0.1		0.0		0.0		0.0		0.0		0.1		0.1		8.4		0.0						5.9				11.5		0.3		0.8		71.7

				VCT		St Vincent & The Grenadines		0.0		0.0		0.0		0.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.2						0.0		0.0		1.4

				VEN		Venezuela		0.0		0.1		0.0		0.0		0.0		1.9		1.2		55.8		0.7		511.9		0.0		0.8		0.1		1517.0		48.3		0.4		12.3		0.0		0.3		131.8		5.0		342.4		422.7		11.0						1.9		12.2		3077.5

				VGB		British Virgin Islands		5.7		0.0		1.9		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		7.8

				VIR		Virgin Islands (US)		0.0		0.0		0.0		0.8		0.0		0.0		0.0		0.5		0.1		26.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.7		0.0						0.0						0.0		0.1		28.3

		09: AFRICA		MAR		Morocco		0.0		0.0		0.0		24.9		0.0		1.0		0.3		6.5		0.4		30.0		0.8		0.8		0.0		0.1		0.1		0.0		0.0		0.4		0.0		28.8		0.0						16.7		0.34		0.3		1.4		2.7		115.7

				AGO		Angola		1.0		0.0		19.2		88.7		0.0		0.0		0.0		1.5		0.0		5.0		0.0		1.2		0.1		340.1		0.8		0.0		0.0		0.1		0.2		9.1		0.0		1098.8		1337.4		0.0						0.3		0.8		2904.3

				BDI		Burundi		0.4		0.0		8.3		34.1		0.0		0.0		0.0		0.0		0.0		3.4		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.3		0.0				16.3		4.5						0.0		0.4		71.8

				BEN		Benin		0.4		0.0		8.1		25.4		0.0		0.0		0.0		0.0		0.0		11.1		0.0		0.1		0.0		1.3		0.0		0.0		0.0		0.0		0.0		7.4		0.0		88.8		86.0		2.6						0.2		0.7		232.0

				BFA		Burkina Faso		0.9		0.0		19.0		84.1		0.0		0.0		0.0		0.0		0.0		10.3		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		10.0		0.0				81.8		1.4						0.2		0.9		208.8

				BWA		Botswana		0.2		0.0		3.7		15.6		0.0		0.1		0.0		0.0		0.6		3.7		0.0		0.0		0.0		4.5		0.0		0.0		0.0		0.0		0.1		2.4		0.0				172.3		0.0				21.2		0.1		0.2		224.5

				CAF		Central African Republic		0.2		0.0		5.1		22.1		0.0		0.0		0.0		0.0		0.0		3.7		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		3.6		0.0		175.2		1203.3		0.4						0.1		0.3		1414.1

				CIV		Cote d'Ivoire (Ivory Coast)		1.0		0.0		20.7		94.1		0.0		0.0		0.0		2.2		0.0		10.2		0.1		0.3		0.0		5.4		0.0		0.0		0.0		0.0		1.0		22.6		0.0		553.5		149.4		10.4						0.6		2.1		873.6

				CMR		Cameroon		1.0		0.0		20.2		91.4		0.0		0.0		0.0		1.5		0.0		23.8		0.0		0.2		0.0		84.8		0.0		0.0		0.0		0.0		0.3		16.2		0.0		119.9		358.0		6.0						0.6		1.5		725.4

				COD		Democratic Republic of the Congo (former Zaire)		0.0		0.0		64.4		263.4		0.0		0.2		0.0		0.4		0.5		13.8		0.0		0.3		0.0		14.8		0.0		0.0		0.0		0.0		0.2		40.5		0.0		1781.7		1281.7		79.0						1.3		3.7		3545.8

				COG		Congo		0.2		0.0		4.0		16.7		0.0		0.0		0.0		0.6		0.0		3.7		0.0		0.1		0.0		159.8		0.0		0.0		0.0		0.0		0.0		2.8		0.0		114.3		76.9		0.8						0.2		0.2		380.2

				COM		Comoros		0.1		0.0		1.2		4.5		0.0		0.0		0.0		0.0		0.0		0.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.3		0.0						0.1						0.0		0.0		6.6

				CPV		Cape Verde		0.0		0.0		0.7		2.7		0.0		0.0		0.0		0.0		0.0		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.0						0.0		0.0		4.4

				DJI		Djibouti		0.0		0.0		0.0		2.8		0.0		0.0		0.0		0.0		0.0		2.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0				0.0		0.0						0.0		0.0		6.0

				DZA		Algeria		0.0		0.0		0.0		111.4		0.0		0.2		1.2		22.2		1.3		118.9		0.0		1.0		0.1		588.1		88.2		0.3		0.2		0.0		0.1		58.2		0.5				0.00		0.0		6.99				1.6		5.6		1006.0

				EGY		Egypt		0.0		0.0		0.0		285.1		0.0		2.1		2.4		30.4		0.4		183.5		0.0		1.2		0.3		302.6		29.4		0.6		0.0		0.0		0.0		46.2		0.0						0.0				0.01		2.8		4.5		891.3

				ERI		Eritrea		0.0		0.0		0.8		16.2		0.0		0.0		0.0		0.0		0.0		4.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.4		0.0				5.3		0.0						0.1		0.2		28.5

				ESH		Western Sahara		0.0		0.0		0.0		1.5		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0				0.00		0.0						0.0		0.0		1.9

				ETH		Ethiopia		2.0		0.0		13.0		437.7		0.0		0.0		0.0		0.9		0.0		8.3		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.3		22.8		0.0				599.3		29.7						0.9		3.1		1118.3

				GAB		Gabon		0.2		0.0		4.0		14.6		0.0		0.0		0.0		0.7		0.0		2.2		0.1		0.2		0.0		132.2		0.2		0.0		0.0		0.0		0.1		2.5		0.0		7.9		2.6		0.0						0.1		0.2		167.9

				GHA		Ghana		0.7		0.0		14.9		66.5		0.0		0.0		0.0		1.3		0.0		29.4		0.1		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		17.2		0.0		63.2		274.4		11.9						0.6		1.6		482.3

				GIN		Guinea		0.6		0.0		12.2		53.5		0.0		0.0		0.0		0.0		0.0		3.2		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		8.1		0.0		182.4		254.1		3.0						0.2		0.8		518.3

				GMB		Gambia		0.1		0.0		1.5		6.8		0.0		0.0		0.0		0.0		0.0		1.4		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.6		0.0				15.7		0.0						0.0		0.1		27.3

				GNB		Guinea-Bissau		0.1		0.0		1.9		8.3		0.0		0.0		0.0		0.0		0.0		1.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.2		0.0				48.2		0.3						0.0		0.1		61.2

				GNQ		Equatorial Guinea		0.0		0.0		0.7		2.8		0.0		0.0		0.0		0.0		0.0		0.1		0.1		0.0		0.0		1.0		0.0		0.0		0.0		0.0		0.0		0.5		0.0		0.1				0.1						0.0		0.0		5.5

				KEN		Kenya		15.5		0.0		101.4		212.0		0.0		0.1		0.1		2.1		0.1		24.1		0.1		1.2		0.0		0.0		0.0		0.0		0.0		0.0		7.7		20.5		0.0				75.3		0.0						0.8		1.9		462.9

				LBR		Liberia		0.2		0.0		3.5		16.2		0.0		0.0		0.0		0.0		0.0		1.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.0		0.0		24.8		74.7		0.0						0.1		0.3		125.7

				LBY		Libyan Arab Jamahiriya		0.0		0.0		0.0		16.5		0.0		0.4		0.5		17.3		0.1		109.0		0.0		1.4		0.0		592.4		8.2		0.1		0.0		0.0		0.0		28.5		0.0				0.2		0.0		0.41		0.02		0.5		2.6		778.0

				LSO		Lesotho		0.2		0.0		3.4		14.5		0.0		0.0		0.0		0.0		0.0		1.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.0		0.0						0.0				12.7		0.0		0.1		33.5

				MDG		Madagascar		1.2		0.0		23.5		107.1		0.0		0.0		0.0		0.1		0.0		5.6		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.3		9.9		0.0		218.9		273.5		3.0				4.0		0.4		0.9		648.6

				MLI		Mali		0.0		0.0		0.0		93.8		0.0		0.0		0.0		0.0		0.0		2.6		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.2		10.7		0.0		33.5		151.0		0.0						0.3		1.0		293.2

				MOZ		Mozambique		1.5		0.0		34.1		140.9		0.0		0.0		0.0		0.0		0.1		3.2		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		13.5		0.0		101.6		723.8		0.0				54.6		0.6		1.2		1075.2

				MRT		Mauretania		0.0		0.0		0.0		17.7		0.0		0.0		0.0		0.0		0.1		18.4		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.3		0.0				3.7		0.0						0.1		0.1		41.5

				MUS		Mauritius		5.7		0.0		0.0		1.8		0.0		0.0		0.0		0.0		0.1		11.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.9		0.0						0.0						0.0		0.2		21.7

				MWI		Malawi		0.8		0.0		16.0		71.4		0.0		0.0		0.0		0.0		0.0		3.4		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		6.4		0.0				95.1		2.0						0.1		0.6		196.1

				MYT		Mayotte		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				NAM		Namibia		0.2		0.0		3.2		14.6		0.0		0.0		0.0		0.0		0.0		0.5		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.0		0.0				116.0		0.0				0.05		0.1		0.1		135.8

				NER		Niger		0.0		0.0		0.0		82.7		0.0		0.0		0.0		0.0		0.1		6.3		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		5.4		0.0				3.0		0.0						0.2		0.5		98.3

				NGA		Nigeria		13.3		0.0		350.5		1571.2		0.0		0.3		0.4		6.0		0.1		330.0		0.3		1.5		0.0		1089.6		14.7		0.0		0.0		0.1		0.1		155.1		0.0		77.3		503.8		17.3						4.4		13.9		4150.0

				REU		Reunion		0.0		0.0		1.0		3.4		0.0		0.0		0.0		0.0		0.0		7.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.0		0.0						0.0						0.0		0.1		13.5

				RWA		Rwanda		1.2		0.0		17.8		107.5		0.0		0.0		0.0		0.0		0.0		5.2		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.3		6.8		0.0				19.1		2.5						0.0		0.5		160.9

				SDN		Sudan		52.5		0.0		348.1		797.7		0.0		0.0		0.0		3.0		0.1		20.2		0.1		0.3		0.0		77.4		0.0		0.0		0.0		0.0		0.0		24.3		0.0				1107.2		0.0						0.8		2.3		2434.1

				SEN		Senegal		6.6		0.4		5.2		21.0		0.0		0.0		0.0		1.0		0.0		5.7		0.9		0.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		14.9		0.0				110.7		1.6						0.4		1.3		170.4

				SHN		St Helena		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.1

				SLE		Sierra Leone		0.3		0.0		7.0		29.6		0.0		0.0		0.0		0.0		0.0		2.1		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		5.2		0.0		52.5		131.8		0.4						0.1		0.5		229.6

				SOM		Somalia		1.5		0.0		62.9		31.0		0.0		0.0		0.0		0.0		0.0		4.0		0.0		0.1		0.0		19.9		0.0		0.0		0.0		0.0		0.1		6.2		0.0				11.8		1.4						0.2		0.5		139.6

				STP		Sao Tome & Principe		0.0		0.0		0.2		0.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.1						0.0		0.0		1.4

				SWZ		Swaziland		0.1		0.0		1.4		6.2		0.0		0.0		0.0		0.0		0.1		2.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.7		0.0		0.7		0.0						0.0				8.3		0.0		0.1		19.9

				SYC		Seychelles		0.0		0.0		0.1		0.4		0.0		0.0		0.0		0.0		0.0		0.8		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1		0.0						0.0						0.0		0.0		1.5

				TCD		Chad		0.0		0.0		0.0		56.7		0.0		0.0		0.0		0.0		0.0		0.7		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		6.7		0.0				352.6		0.0						0.1		0.6		417.5

				TGO		Togo		0.3		0.0		6.7		30.5		0.0		0.0		0.0		0.0		0.0		5.4		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		4.6		0.0		32.6		89.8		0.8						0.1		0.4		171.4

				TUN		Tunesia		0.0		0.0		0.0		38.9		0.0		0.3		0.4		2.3		0.2		29.1		0.0		0.7		0.0		33.5		4.1		0.1		0.0		0.0		1.6		17.5		0.0						0.0						0.6		1.7		131.0

				TZA		Tanzania, United Republic of		18.3		0.0		65.4		669.9		0.0		0.0		0.0		0.6		0.0		10.0		0.2		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.2		22.6		0.0		182.7		720.5		22.8						0.7		2.1		1716.2

				UGA		Uganda		0.0		0.0		31.0		152.5		0.0		0.0		0.0		0.0		0.0		5.6		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		14.3		0.0				207.7		27.3						0.2		1.3		440.3

				ZAF		South Africa		1.5		0.6		0.0		266.7		0.0		6.8		3.8		17.3		20.4		405.8		0.9		3.9		0.3		3.9		0.0		1.1		3.9		4.5		11.8		85.0		1.5				27.7		20.6		143.88		324.0		2.0		8.3		1366.1

				ZMB		Zambia		3.5		0.0		18.0		65.1		0.0		0.2		0.0		0.0		0.0		6.1		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		7.0		0.0		205.9		1124.7		0.0						0.3		0.6		1431.5

				ZWE		Zimbabwe		0.7		0.0		21.7		95.3		0.0		1.4		0.1		0.3		4.8		13.3		1.4		0.2		0.0		0.0		0.0		0.1		0.0		0.0		0.1		12.4		0.0				239.3		0.0						0.4		1.2		392.6

		10: MIDDLE EAST		ARE		United Arab Emirates		1.5		0.0		2.2		3.1		0.0		0.3		1.3		10.8		0.0		110.3		0.0		2.6		1.3		966.9		51.9		0.0		0.0		0.0		0.0		23.9		0.0						0.0						0.2		2.2		1178.5

				BHR		Bahrain		0.0		0.0		0.0		1.4		0.0		0.4		0.4		13.8		0.0		24.9		0.0		0.9		0.0		27.0		8.9		0.0		0.3		0.0		0.0		3.1		0.0						0.0						0.1		0.3		81.4

				CYP		Cyprus		0.0		0.0		0.0		0.0		0.0		0.1		0.1		1.2		0.0		14.1		0.0		0.7		0.0		0.0		0.0		0.0		0.0		0.0		0.4		5.0		0.0						1.9						0.0		0.5		24.1

				IRN		Iran, Islamic Republic of		1.4		0.0		0.0		128.9		0.0		3.5		3.8		78.6		6.7		711.7		0.0		2.3		0.2		1616.1		97.9		0.7		5.2		0.0		0.0		120.7		0.0				0.0		46.0				0.4		4.0		11.7		2839.8

				IRQ		Iraq		0.0		0.0		0.0		58.0		0.0		0.9		0.5		23.1		0.2		215.9		0.0		1.2		0.0		1128.1		7.4		0.0		0.0		0.0		0.0		42.0		0.0						0.0				0.2		1.5		3.9		1482.9

				ISR		Israel		0.0		0.0		0.0		0.1		0.0		0.2		0.9		10.8		0.4		124.5		0.0		0.1		0.0		0.1		0.0		0.0		0.5		0.0		0.0		30.6		0.2						11.2				0.2		0.5		2.8		183.0

				JOR		Jordan		0.0		0.0		0.0		11.2		0.0		0.1		0.2		4.0		0.1		16.3		0.0		0.6		0.0		0.0		0.0		0.0		0.3		0.0		0.0		5.6		0.0						0.0						0.4		0.5		39.4

				KWT		Kuwait		0.0		0.0		0.0		0.0		0.0		0.3		0.8		38.0		0.0		90.2		0.0		0.9		0.0		870.6		14.2		0.0		0.0		0.0		2.4		22.5		0.0						0.2						0.2		2.0		1042.2

				LBN		Lebanon		0.1		0.0		0.0		7.5		0.0		0.2		0.2		0.1		0.1		70.8		0.0		0.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.8		0.0						0.0				0.0		0.3		0.3		82.6

				OMN		Oman		0.0		0.0		0.0		3.9		0.0		0.0		0.4		4.3		0.1		55.9		0.0		0.5		0.0		457.2		12.8		0.0		0.0		0.0		0.0		8.5		0.0				0.0		1.0						0.2		0.7		545.6

				QAT		Qatar		0.0		0.0		0.0		0.5		0.0		0.2		1.4		2.7		0.0		29.3		0.0		0.5		0.0		304.4		31.9		0.1		0.1		0.0		0.0		5.3		0.0						0.0						0.1		0.5		377.0

				SAU		Saudi Arabia		0.0		0.0		0.0		14.8		0.0		0.7		2.0		87.5		5.8		610.3		0.0		6.2		0.2		3883.8		78.4		0.3		0.0		0.0		0.0		108.3		0.0				0.0		21.4						1.5		9.4		4830.6

				SYR		Syrian Arab Republic		0.2		0.0		0.0		31.3		0.0		0.5		0.7		12.5		0.9		79.1		0.0		1.0		0.0		238.0		8.3		0.0		0.0		0.0		0.0		26.9		0.0						15.0				0.3		0.7		2.5		417.9

				TUR		Turkey		0.0		0.8		0.0		0.0		0.0		9.3		1.7		26.5		14.0		303.8		1.6		3.2		0.0		35.0		4.4		2.0		5.7		0.8		0.3		170.5		2.4						163.4				7.0		4.7		16.3		773.2

				YEM		Yemen		0.0		0.0		0.0		33.2		0.0		0.0		0.1		4.7		0.1		64.4		0.0		0.2		0.0		258.3		0.0		0.0		0.0		0.0		0.1		7.0		0.0				0.6		0.0						0.5		0.6		369.7

		11: SOUTH ASIA		AFG		Afghanistan		2.1		0.0		0.0		163.4		0.0		0.0		0.0		0.0		0.0		0.9		0.0		0.2		0.0		30.4		0.2		0.0		0.0		0.0		0.4		11.4		0.0						0.0				0.2		0.4		1.1		210.6

				BGD		Bangladesh		130.1		0.0		0.0		830.4		0.0		0.4		0.6		1.1		0.3		35.0		1.5		0.3		0.0		1.2		13.0		0.0		0.0		0.0		0.2		83.5		0.0		63.1		14.6		0.0						2.2		7.9		1185.4

				BTN		Bhutan		0.1		0.0		0.2		14.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		1.0		0.0		0.2				0.0						0.0		0.1		15.6

				IND		India		47.5		2.1		78.7		5993.9		0.0		43.3		11.5		111.7		1.2		1662.5		10.5		5.9		0.1		272.3		41.1		5.3		35.4		4.0		0.1		551.2		6.5		133.0		170.8		68.1				37.1		24.9		53.4		9372.2

				IOT		Britisch Indian Ocean Terr. (Chagos)		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0						0.0						0.0		0.0		0.0

				LKA		Sri Lanka		2.3		0.0		1.6		114.8		0.0		0.0		0.1		2.3		0.0		33.6		0.1		0.7		0.0		0.0		0.0		0.0		0.0		4.4		0.0		12.2		0.0				11.4		2.3						0.4		1.2		187.6

				MDV		Maldives		0.0		0.0		0.0		1.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		0.0						0.0						0.0		0.0		2.2

				NPL		Nepal		3.0		0.0		4.2		347.9		0.0		0.2		0.0		0.0		0.1		6.7		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		12.4		0.0		0.05		9.4		0.0						0.2		1.2		385.5

				PAK		Pakistan		11.1		0.0		0.0		881.9		0.0		2.3		1.6		9.7		1.1		203.3		1.4		1.9		0.0		27.8		29.7		0.1		0.0		0.0		0.0		89.1		0.0				1.3		0.0				3.8		4.7		8.2		1278.9

		12: EAST ASIA		CHN		China		28.1		0.0		0.0		5764.5		0.0		155.6		27.4		266.9		506.4		1824.4		87.0		13.8		0.3		1258.9		52.0		33.7		21.3		6.5		5.7		1290.1		9.3		35.8		95.7		0.0		0.19		42.3		36.9		127.0		11689.4

				HKG		Hong Kong		0.0		0.0		0.0		1.2		0.0		0.2		0.6		0.0		0.0		34.1		3.9		7.0		0.3		0.0		0.0		0.0		0.3		0.0		0.0		26.5		4.4						0.0						0.6		2.5		81.6

				KOR		Korea, Republic of (South)		0.2		0.0		0.0		47.7		0.0		14.6		3.5		133.4		9.9		874.3		5.1		6.6		0.6		0.0		15.2		8.1		99.5		1.6		2.5		207.4		30.9						43.6				0.4		3.7		20.7		1529.4

				MAC		Macau		0.0		0.0		0.0		2.2		0.0		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.6		0.0						0.0						0.0		0.2		5.3

				MNG		Mongolia		0.1		0.0		0.0		13.6		0.0		0.1		0.0		0.0		0.0		1.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.2		4.1		0.0						0.0				29.0		0.2		0.4		49.2

				PRK		Korea, Democratic People's Republic of (North)		0.7		0.0		0.0		135.1		0.0		12.3		0.4		0.7		0.0		30.5		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		42.8		0.0						0.0				10.1		1.4		4.3		238.4

				TWN		Taiwan		0.5		0.0		0.0		99.1		0.0		7.8		2.8		39.7		0.6		456.1		0.8		5.7		0.3		0.5		5.4		3.1		0.0		0.0		0.0		765.2		0.0				0.29		0.0						1.6		15.4		1404.8

		13: SOUTHEAST ASIA		BRN		Brunei		0.0		0.0		0.1		1.5		0.0		0.0		0.1		0.4		0.0		28.2		0.0		0.2		0.0		87.2		9.8		0.0		0.0		0.0		0.0		2.3		0.0		20.8				0.0						0.0		0.2		150.8

				IDN		Indonesia		23.1		0.0		80.5		1575.4		0.0		4.1		2.1		51.8		20.0		1661.1		8.0		1.6		0.0		591.5		79.0		0.3		5.6		13.4		0.5		253.2		1.8		854.9		808.3		185.1						7.0		24.2		6252.7

				KHM		Cambodia (former Kampuchea)		0.7		0.0		2.5		72.9		0.0		0.0		0.0		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		5.1		0.0		32.2		163.9		0.0						0.2		0.5		278.2

				LAO		Lao Peoples Democratic Republic		0.5		0.0		1.7		32.7		0.0		0.0		0.0		0.0		0.0		1.9		0.0		0.1		0.0		0.0		0.0		0.0		0.0		0.0		0.0		2.8		0.0		130.2		300.4		4.3						0.1		0.3		475.0

				MMR		Myanmar (former Burma)		3.0		0.0		11.4		314.7		0.0		0.5		0.1		1.0		0.0		18.9		0.0		0.1		0.0		3.3		5.7		0.0		0.0		0.0		0.0		35.0		0.0		486.0		397.4		0.0						1.2		3.3		1281.5

				MYS		Malaysia		6.1		0.0		21.0		410.2		0.0		1.7		2.2		23.8		0.2		794.0		0.0		3.9		0.0		302.4		53.5		0.4		0.0		0.5		0.1		353.0		0.0		112.5		71.3		14.3						1.1		32.0		2204.0

				PHL		Philippines		32.8		0.0		12.5		282.5		0.0		0.6		0.4		13.6		0.2		206.6		0.8		2.2		0.0		1.2		0.0		0.5		1.5		0.5		0.5		176.1		0.7				38.7		32.4						3.7		16.1		824.0

				SGP		Singapore		0.0		0.0		0.0		0.0		0.0		0.0		1.0		43.5		0.0		66.6		0.0		6.0		1.4		0.0		0.0		0.1		0.0		0.0		0.2		37.3		0.0				1.8		0.0						0.3		3.3		161.3

				THA		Thailand		1.1		1.6		4.4		117.6		0.0		3.6		2.6		37.8		0.5		806.1		0.8		6.9		0.1		58.1		29.7		0.2		0.2		2.8		0.4		70.7		0.1		150.5		336.8		28.2						1.2		7.2		1669.2

				TMP		Timor Timur (East Timor)		0.1		0.0		0.3		4.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.4		0.0						0.0						0.0		0.0		5.4

				VNM		Vietnam		0.0		0.0		17.1		554.1		0.0		1.5		0.3		0.0		3.7		164.4		0.0		1.0		0.0		145.2		2.0		0.0		0.0		0.7		0.3		25.6		0.0		37.1		157.9		0.0						1.4		2.6		1115.0

		Grand Total						772.2		100.3		1742.3		27327.6		70.5		479.0		279.0		3954.7		1193.1		33753.9		4581.9		550.5		16.8		27964.3		5412.8		161.3		1831.7		438.8		457.0		23232.1		548.3		13360.8		23233.2		1972.6		7250.4		2928.8		478.8		2222.5		186315.1

		* Biomass burning: 1997 - 2001 average activity data with EDGAR 32 emission factors





Sheet1

		National NMVOC emissions per source category

		Year: 2000

		Unit: Gg

		Source: EDGAR 32FT2000

								B10-INDUSTRY		B20-POWER GENERATION		B30-CHARCOAL PRODUCTION		B40-RCO: RESIDENTIAL		B51-ROAD TRANSPORT		F10-INDUSTRIAL SECTOR		F20-POWER GENERATION		F30-OTS (ALL)		F40-RCO SECTOR(RES+COM+OTH)		F51-ROAD TRANSP.(INCL. EVA)		F54-TRANS. LAND NON-ROAD		F57-AIR TRANSPORT		F58-INTERNATIONAL SHIPPING		F80-OIL PRODUCTION		F90-GAS PROD./TRANSM.		I10: IRO: IRON&STEEL		I30: CHE: CHEMICALS		I50-PAP: PULP & PAPER		I60: FOO: FOOD (BEER&WINE)		I70: SOL: SOLVENT USE/MISC.		I90: MIS: IND. MISCELLANEOUS		L41: TROPICAL FOREST FIRES*		L42: SAVANNAH AND SHRUBS FIRES*		L43-BB-AGRIC. WASTE BURNING		L44: MIDDLE AND HIGH LATITUDE FOREST FIRES*		L47: MIDDLE AND HIGH LATITUDE GRASSLAND FIRES*		W40-WASTE INCINER.(NON-ENERGY)		W50-MISC. WASTE HANDLING		Grand Total

		Grand Total						772.2		100.3		1742.3		27327.6		70.5		479.0		279.0		3954.7		1193.1		33753.9		4581.9		550.5		16.8		27964.3		5412.8		161.3		1831.7		438.8		457.0		23232.1		548.3		13360.8		23233.2		1972.6		7250.4		2928.8		478.8		2222.5		186315.1

										Gg		Tg

								BIOFUEL		30012.8		30

								Fossil Fuel		78186.0		78

								Industrial		26669.2		27

								AG/BB		48745.8		49

								WASTE		2701.3		3

								SUM (no BB)		Anthropogenic		138

										burning		49		*

										Isoprene		600

										MTP		130

										Other Reactive VOC		260

										Other NonReactive VOC		260
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		Source_All		AMT_All		SOURCE_BVOC		AMT_BVOC

		Anthropogenic		138		Isoprene		600

		burning		500		Monoterpenes		130

		Isoprene		600		Other Reactive VOC		260

		MTP		130		Other NonReactive VOC		260

		Other Reactive VOC		260

		Other NonReactive VOC		260

								1250
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Meteorological and Phenological Variables Controlling Biogenic 
Isoprene Emissions

LIGHT
Diffuse and direct radiation
Instantaneous and accumulated

(24 hrs and 10 days)

TEMPERATURE (Leaf-level)
instantaneous and accumulated 

(24 hrs, 10 days)

TPAR

γL

γT

[Guenther et al., 2006]
SOIL MOISTURE
 suppressed under drought

Month

LAI
SUMMER

LEAF AGE
Max emission = mature 
Zero emission = new

Slide from C. Heald (CSU)



Modeling Biogenic Emissions

Guenther et al., 2012



ργγγε ••••= SMageCEEM

EM: Emission (µg m-2 hr-1)
ε: Emission Factor (µg m-2 hr-1)
γCE: Canopy Factor
γage: Leaf Age Factor
γSM : Soil Moisture Factor
ρ: Loss and Production within plant canopy

(Guenther et al., 2006)

Emission Factors assigned: 
- By Plant Functional Type
- Area-Specific Map 



Isoprene Emission Factor Map 

@ Standard Conditions (July LAI)



ργγγε ••••= SMageCEEM

TPLAICE γγγγ ••=

EM: Emission (µg m-2 hr-1)
ε: Emission Factor (µg m-2 hr-1)
γCE: Canopy Factor
γage: Leaf Age Factor
γSM : Soil Moisture Factor
ρ: Loss and Production within plant canopy
γLAI : Leaf Area Index Factor
γP : PPFD Emission Activity  Factor (light-dependence)
γT:  Temperature Response Factor

(Guenther et al., 2006)

Emission Factors assigned: 
- By Plant Functional Type
- Area-Specific Map 



Isoprene Emission Estimates (MEGAN v2.1)

Guenther et al. 2012



Biogenic VOC emission models

MAGBEIS

BIOME3
GloBEIS

BVOCEM

GEOS-CHEM 
MEGAN

IFU Europe 
BVOC

WRF-CHEM BVOC 
default

BEIGIS

MALTE- MEGAN

JRC Europe 
IDL MEGAN

LPJ- DGVM

BEIS

CMAQ/CAMxME
GAN 2.04

CLM-MEGAN

NOAH-
MEGAN

MEGAN

MEGAN
related

Other 
models

Although there are few 
comparisons……
Between-model emission differences are 
about the same as within-model differences 
(i.e. estimated with different versions of the 
same or similar model)

For example, Areneth et al. (2011) found 
that emission differences between MEGAN 
and the MEGAN-related BVOCEM model 
are greater than the differences between 
MEGAN and LPJ-DGVM 

Different versions of MEGAN (or just using 
different inputs) result in even larger 
differences 
(Guenther et al. 2006; Mueller et al. 2008; 
Barkley et al. 2008)



Fires and open burning



Many efforts to develop fire emissions inventories & models
• Global, regional, local
• Various resolutions
• Various species
• Driven by different data (remote sensing/reports/ 

both)

Modeling Fire Emissions requires multiple inputs: 
- fire location/timing
- burned area
- fuel loading
- fuel burned
- emission factors





Modeling Fire Emissions

A(x,t): Area burned

B(x): Biomass burned 
• type of vegetation (ecology)
• fuel characteristics:

– amounts of woody biomass, leaf 
biomass, litter

– fuel condition
– moisture content

EFi: Emission factor 
(mass of emissioni /biomass 
burned)

• fuel characteristics
• fuel condition

)),(),,((
i

EFxBtxAfEmissionsi =

• Satellite Data
• Location and timing of fires
• Vegetation distribution
• Density of vegetation

• Laboratory Measurements

• Field Observations



Estimating 
Emissions

Emission 
Factor

(g/kg)

• Based on laboratory and field 
measurements

• Dependent on measurement 
techniques

• Function of type of burning 

Montana Fire Sciences Laboratory (B. Yokelson)
Thomas Karl, TROFFEE Study, Brazil



Published 2011
May 2013 Update at:
http://bai.acd.ucar.edu/Data/fire/



Fire Emissions

Akagi et al., Atmos. Chem. & Phys., 2011

Greenhouse Gases
Hydrocarbons
Oxygenated 
Compounds
Nitrogen-Containing 
Compounds
Sulfur-Containing 
Compounds
Halogen-Containing 
Compounds
Particulates

Carbon Dioxide (CO2) 2-Methyl-1-Pentene (C6H12) Nitric Oxide (NO)
Methane (CH4) n-Hexane (C6H14) Nitrogen Dioxide (NO2)
Hydrogen (H2) Heptane (C7H16) Nitrous Acid (HONO)
Carbon Monoxide (CO) Benzene (C6H6) Methyl Nitrate (MeONO2)
Acetylene (C2H2) Toluene (C6H5CH3) Ammonia (NH3)
Ethylene (C2H4) Xylenes Hydrogen Cyanide (HCN)
Ethane (C2H6) Ethylbenzene (C8H10) Acetonitrile (CH3CN)
Propadiene (C3H4) Methanol (CH3OH) Propenenitrile (C3H3N)
Propylene (C3H6) Phenol (C6H5OH) Propanenitrile (C3H5N)
Propane (C3H8) Formaldehyde (HCHO) Pyrrole (C4H5N)
1-Butene (C4H8) Glycolaldehyde (C2H4O2) Carbonyl Sulfide (OCS)
1,3 Butadiene (C4H6) Acetaldehyde (CH3CHO) Dimethyl Sulfide (C2H6S)
trans-2-Butene (C4H8) Propanal (C3H6O) Sulfur Dioxide (SO2)
n-Butane (C4H10) Hexanal (C6H12O) Methyl Bromide (CH3Br)
i-Butane (C4H10) Acetone (C3H6O) Methyl Iodide (CH3I)
trans-2-Pentene (C5H10) Methacrolein (C4H6O) Trichloromethane (CHCl3)
cis-2-Pentene (C5H10) Crotonaldehyde (C4H6O) OC
n-Pentane (C5H12) Methyl Vinyl Ketone (C4H6O) BC
i-Pentane (C5H12) 3-Pentanone (C5H10O) Total PM
3-Methyl-1-Butene (C5H10) Furan (C4H4O) Total Particulate Carbon
Isoprene (C5H8) Formic Acid (HCOOH) PM2.5

Cyclopentane (C5H10) Acetic Acid (CH3COOH) PM10

Not just one thing 
emitted

Many different 
compounds

Some hazardous 
air pollutants

Numerous impacts 
on air quality and 
climate



Fire Emissions

Fossil Fuel Combustion
8511 Tg C

Fire
1981 Tg C

Annual (2005-2009)
Global Emissions of CO2

Wiedinmyer et al., GMD, 2011
http://cdiac.ornl.gov/trends/emis/glo.html



Fire Emissions
Particulate Black Carbon

5.5

2.4

Particulate Organic Carbon

35

13

25

PM2.5 Emissions
45 Tg from Fire
34 Tg from Anthropogenic 

Wiedinmyer et al., GMD, 2011
Andreae and Rosenfeld, Earth Science Reviews, 2008

Anthropogenic
Fire
Biogenic



Fire Emissions

116

1412

1000

146

88

Carbon Monoxide 

546

409

76

Wiedinmyer et al. GMD 2011
EDGARFT2000
Yan et al, GBC, 2005
Guenther et al., 1995; 2006; pers. comm. 
Andreae and Merlet, GBC, 2001

Nitrogen Oxides

Non-Methane Organic Compounds

Anthropogenic
Fire
Biogenic

30% - 70% of NMOC 
were un-identified
(Yokelson et al., 
2013)



Fire Emissions Inventories

• Many emission models exist
– global/regional
– Different drivers of activity

• Differences in emissions can be substantial



Uncertainties in Emission Estimates

Area Burned

CO Emission

Al-Saadi Journal of Applied Remote Sensing , 2008, DOI: 10.1117/1.2948785.



Take home messages….
• 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

• Top-down approaches based on atmospheric measurements 
and models provide objective information about emissions 

• A broad community of scientists, regulators, and policymakers 
must collaborate to develop high quality emissions information

• Combining top-down and bottom-up approaches improves 
process-based understanding of key emissions sources



Thank you for your attention
Contacts:
Christine Wiedinmyer, christin@ucar.edu
Greg Frost, Gregory.J.Frost@noaa.gov
Brian McDonald, brian.mcdonald@noaa.gov
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