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1. Introduction

Governments nedd make important decisions with respect to a wide range of issues under the

UN Climate Change Convention (UNFCCC). To effectively address issues that are important to all
Parties to the Gwention, data and information are needed to support decéiorg. With this

need in mind, World Resources Institute (WRI) aims to provide an information and arfalysis tool
the Climate Analysis Indicators Tool (CAIT) build capacity and help suppattife policy

decisions made under the Climate Convention and in oth€AbFas an information and

analysis tool on global climate chadingigorovides a comprehensive and comparable database of
greenhouse gas emissions data (including all majos aodreaks) and other climedkevant

indicators.

This supporting documentation to CAIT describes the sources and methodologies used to compile
the greenhouse gases (GHGSs) included in CAIT. This inclugieer@ssil fuels and cement
manufactureC O, from landuse changes, and five /0@, gases. Together, these constitute the

main gases and sources contributing to climate change. Other relevant supporting documentation
can be found on the CAIT websité§://cait.wri.org.

1.1. CAIT Products

CAIT is not a single tool, but a set of tools, each with its own purpose. Each is available free of
charge from the CAIT websitetp://cait.wri.org. The principal CAIT products dmaefly
described below.

Y CAIT (online) operates through a viased interface. CAIT includes a wide variety of
climaterelevant data and indicators that can be viewed through an interactive and
customizable interface. For GHG emissieteged indidcaor s, CAIl Toés i nterf;
user in most instances to choose particular years, sectors, gases, and countries to display.
CAIT includes numerous analysis features that allow for a range of comparisons across
gases, sectors, countries, and yearsl{imgith graphing and charting tool¥)ree
additional modules accompany CAIT that incorporate different data and indicators:

o CAIT-UNFCCC is a basic interface for viewing and analyzing official GHG
emissions data submitted by UNFCCC Parties to thei@mmn Secretariat.

o CAIT-U.S. is an interface for viewing datalindicatorgertaining tdJ.S.state's

o CAIT-V&Ai s an interface for viewing data a
vulnerability and adaptive capacity (V&A).

1CAIT-U.S.includeonly GHG datafrom the U.S. Environmental Protection Agengcordingly, this supporting
document does not apply to CAUTS
2CAIT-V&A includes n GHG emissions data. Accordingly, this supporting document does not apply-WU&B8AIT

&
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1.2.  Countries & Regions in CAIT

CAIT includesountievelGHG emissions data for all Parteethe UNFCCGs well asvo non
Parties that are members of the (BNinei and Iracf) Overall, the CAIT database includes 186
countries. This covers all UNFCCC Pariegpt Liechtenstein, Marshall Islands, Micronesia,
Monaco (combined with France), San Marino (combined with Italy), and Fov#ilese
countries, there was inadequate emissionsithet&uropean Union is also included @oantry
because the Eurcgge Community (a unit of the EU) is a Party to the Conveiitaawan (Chinese
Taipei), which is neither a UN member nor a Convention Party, is also included ThGAIT.
exception is made because Taiwan (Chinese Taipei) is a significant source §giH& em

Three categories of regions are also included in'CAIT:

1. 8 Geographic refpams suisaharan Africa, South America)

2. 17 UNFCCC regions and other orgatezatiénsex |, &7/China, OPEC).

3. UsebDefined regidvsers can define (andejatheir own regions (under the Customize menu in
CAIT).

To the extent possible, CAIT includes emissions frgmeahhouse gasandmajoremission
sources for each counémyd region (segection @ for more information about regional
calculations in CAIT)Thus, as described in this document, data sources cgeeni€ions from
energycement manufactuend lanelse changas well aBom nonCO, gasesuch a£H, and
N,O. For a given countrgs many as seven GHG data sources may be used (includihgyséctor
data).The full listing of GHG emission sources for all countries included in CAIT is shown in
Appendix A(This appendix covemationadkevetmissions only; for information about seleteel
sources, segectiorb.)

3 Non-Parties are specified in CAIT with an asterisk "*".
4 SeeNotes & Definitigmgthin CAIT for a full listing of regions and their definitions.
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2. CO, from Fossil Fuels and Cement Manufacture

This section describes thecision criteria, dadaurcesand methodologies used to compile the
CO, emissions data in CAIT (excluding,€@issions from lanase change)

2.1.  CO, from Fossil Fuels: Data Sources and Selection Criteria

There are several sources of @@issions from fossil fuels widelgduby the climate poliapd
science communitigacluding databases provided by the Carbon Dioxide Information Analysis
Center (CDIAC) the International Energy Agency (IEA), the UNFCCC, and the Energy
Information Administration (EIA). In deciding whtatabase to use for kmate Analysis
Indicators Toglwe adopted severateria. Overall completengss important overarchifeature

of CAIT. Accordingly, twamportant criteria includgeographicoveragandtemporal coverage

of the data Wide geographic coverage promotes comparabiliys countwbereas wide

temporal coverage enables comparabittytimd third criterionused isccuracyf the data

Table 1. Evaluating Carbon Dioxide Databases

Scoring: *Eow; **** = High

Database Geographic Coverage Temporal Coverage Accuracy
CDIAC *kkk *kk*k *%

Almostalc ount r i (1751- 20®)
IEA *k*k *k % *k*k

134 countries (1960 or 197420(B)
UNFCCC * * ek
Annex |; many others missin (199006 20®)

ElA *kk* *% *%

Almostalc ount r i (1980 20®)
Abbreviations. CDIAC (Carbon Dioxide Information Analysis Center); IEA (International Energy Agency); EIA (Energ)
Information Administration); UNFCCC (United Nations Framework Convention on Climate C3anged. CDIACisBoden
et al.2011; IEA, 20105 UNFCCC20LY; EIA, 2011a
A Even these databases exclude certain Parties to t
(included with France), San Marino (included with Itady},wvalu. Thus, unfortunately, these Parties have not been inclug
CAIT.

Of the databases mentioned above, none score high for all criterid.sA@bterough

assessments relating to coverage and accuracy for databases that jfrdod&os3D fuels. In

terms of completeness, CDIACOs database score
coverage) . | EA0s database has the | east coun

With respect to accuracy, UNFCCC data,stiedurgreater detail iBectiorv, is regarded as the

most accuratelThesedataarefound in official submissions by Parieder the Climate
Convention.Many UNFCCC inventories are meticulopidpared by national experts according

to standardized methodologies and agreed upon criteria. These criterieaimshaderickear
assumptions and methodologieshsiste(egross timeomparabiliaicross Partie€pompleterfais
sourcesnd sinks, as well as gasespatura@yo systematic ovasr underestimation) (UNFCCC
20M®). However, official UNFCCC data extends only back to 1990, and excludes many countries
that have never submitted national communications. A¢ndxdtriized) countrieend to have
excellent coverage from 199Q@@8, although there are some exceptions, most notably for
economies in transition some of which have not reported timely inventories.-Aumexoh

5 CDIAC refers tdBodenet al. 201
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(developinggountries, most countries baeported a national communication, from which one or
two years of inventory data can be derieohe norAnnex | Parties have nggtsubmitted any
inventory data.

The UNFCCC datasets illustrate a clear-tofidetween completeness and accul&il has

dealt with this tradeff by excluding UNFCCC data from the regular edition of CAIT and creating
a separateodule witin CAIT (calledCAIT-UNFCCC)which ha®nlyJNFCCC data, as

described isectior.

| EA6s database also scores relatively high re
including the use of recognized IPCC methodologies, the wealth of available documentation
explaining methodologies, and the use of both bafdsectoraland top-down (reference)

emission estimatetEA has compared its results to UNFCCC inventory submissions to help

identify and address problems relatedetihods, input data, or emission factors ,(EER0R).

The ratings for accuracy arealsi nf | uenced by WRI O.sThiviwelvecanal y si
analyzing the degree to wHB, estimates fror@DIAC, EIA, and IEA(reference approach)

di ffer from one anot hanalyzihgghowctotieesedatasedsetoal y si s ) ,
UNFCCC inventoriesof C@ mi ssi ons from f os s iTherefate®eldvieus ( 0 c | 0 s
weaknesses and limitations to these kinds of analyses (e.g., an outlying data point may in fact be
more accurate than figureshaother datasets which ntag clustered around the same value).

However, they did reveal cases where one database deviated significantly from others, signaling
possible inaccuracies or unexplained inconsisteé®aigs.results are summarized here:

- Il EA has t he fieewessot (oavcerroaslsl a0 oruatnlge of error
- |EA data has the closest matches to UNFCCQGatadaalso explains some discrepancies)

- EIA tends to have the highest 8@lues, followed by IEA (mid), then CDIAC (lowest)

To maximize the benefits of the diffardatabases, while promoting completeness and accuracy,

CAIT compiles data for C@&rom fossil fuels in the following way:

e |EA. For25industrializeOECD) countries, IEA datareused inCAIT for the years 1960 to
20@. For106 (mostly developingguntries, IEA datareused for the years 197 126f8.
Overall JEA data covers 131 of 185 countrieSAMT. As of 2008] E Aséctorapproach has
been used (rather thegfereraggproachjo represenilational Totafs CAIT (SeeSection b

e CDIAC. CDIAC dataareused inCAIT from 1850 to 1959 f@5industrializeOECD)
countries, anftom 1850 to 1970 for the oth#@6countries for which IEA has data (see
above). For 53 countries that lack IEA ddiAAC data is usedp to20@B. Data prior to
1850, though availaliiem CDIAC for some countries, was excluded due to especially limited
geographic coverage.

e EIA. For Lesothapeither CDIAC nor IEA providednyCO, data. Thus, EIA dataxeused
from 190 to20@ (with no coverage prior to 1980).

e A complete counttgy-country listing of sources and notes can be foukighiendix A Box 1
offers some further information on the data sources used.

This approach has advantages and disadvantages. On the afifihgdthe gaps from different
data sources improves the ability to make-coosgry comparisons and related analyses. Yet,

6 Cement data was removed from CDIAC for the purposes of this analysis.

&
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comparability can be endangered when data points from tdgtenees (using different
methodologies) are placed $igside. Here data covering the past few decades is mostly from
IEA; however 53 countries are from CDIAC (and one from EIA). Similarly, tfeetiesedata for
the 131 countries covered by IB8ludes astitchd where the source changes from CDIAC to
IEA (either from 19580 or 197(r1).

However, these shortcominmgaynot be especially problematim many cases the difference

bet ween | EA and CDI AC dat aantejsnotarticlarly i t ch year
significant. Alsahe 53 countries using CDIAC data over the past few decades are generally small
countries (together constituting about 0.2 percent of global emidsiang)case, users should be
aware of ostitctouhayeéagr site@dapralgslsig CAI Tds

Box 1. Information on Key CO, Data Sources used in CAIT

CDIAC (175320@). CDIAC estimates rely on historical records of coal, brown coal, peat, and cruge
production (as well as imports and espdrgcountryand year. Estimates from more recent years (195(
present) are derived primarily from energy statistics compiled from questionnaires distributed by the
Statistical Office and supplemented by official national statistical publidatiens.complete description
of methodologies and sources is available from the Carbon Dioxide Information AnalysiS:€Roten
et al. 20L1) in References

EIA (1980620®). The United States Energy Informationmitdstration estimates @@missions by
country and year, based on energy balances. A very limited améarmatfon on the data, methodolgg;
and sourcess available froEIA (20119), is availablie References

IEA (196020@). IEA& Reference Approach contains total €fissions from fuel combustion as
calculated using the IPCC Reference Approach and corresponds to IPCC Source/Sink Category
following exceptianThe Reference Approach is basethersupply of energy in a country and as a resu
all inventories calculated using this method include fugitive emissions from energy transforrfration (i
oil refinerieshhatare normally included in Category F& this reason, Reference Apploastimates ar
likely to overestimate national &issiongrelative to an exact calculation using IPCC Source/Sink
Category 1 A)For more information, séeA (20L08) in References

=

D

2.2. CO, from Cement Manufacture

Carbon dioxide is a well known byproduct of cement manufacturing (as cement is calcined to
produce calcium oxiddtstimates o€0O, emitted during cement production, based orfiaeta

the U.S. Department of Inter@®iGeological Surveyre availde from CDIAC Bodenet al,

2011).

These estimates GD, from cement manufactymghich cover 1928 to the presang, includeth
CA 1l T 6,datiahal TotgSeeSection b CO, from cement manufacturarcalso be viewed
under thdndustrial Processesr in CAIT (seBectiorb.?).

7 This is an important difference between CDIAC and IEA databases.
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2.3.  Methodology for Historical Emission Estimates

Country boundaries have changed significantly over the pagt panticularly during the years
following World Wars | and 1l and the early 1990s. Considering that CAIT uses greenhouse gas
emissions data going back to the 1800s, a method was required to apportion historical carbon
emi ssi ons i n a cgeographiaboendaries.iIn thtal, WRIdchas ynade historical
estimates for more than 50 countries whose borders have changed throughout the past 150 years.
These include former Soviet Republics, former Yugoslav Republics, Germany (formerly split in two
courtries), as well as presday countries that formerly belonged to colonial territories like French
Indochina and French West Afridéis section describége methodologgmployednd

summarizeasll estimates made relating to international borderes(z@ajable2). The
methodologylescribed belowas employed separately for, €&m fossil fuels and C@om

cement manufacture, the two source categories descti®egreceding sections

For newly formed countries, such as the independenliceiibhe former Soviet Union, the

share of carbon emissions for the years prior to country formation is estimated based on each
countryds carbon emissions i n t Iltoeforthe frstfives e ar s
years which data aweailable) Specifically, the four step methodology below is used to make
historical emission estimatteisnewly formed countries:

1. Add the emissions together for the first five yafwmdependencer for which data are
availablée.g., 19994 for Kazakhstan, a former Soviet Republic).

2. Add these five year totals together for all newly formed countries (eatifosmer Soviet
Republicsd e®4)ssions from 199

3. Divide the figure obtained in step 1 by the figure obtained in Sik{s ¥ields percentage
osharedé of emissions for each newly create

4. Apply the share of emissions obtained in step 3 to-albpmendence emissions data.

For exampl e, Ka z®%%sdreaabo®2mdlion tenssiofccartzon (M)

(step 1). Emissions for all former Soviet Republics ir3@ere aboud,340MtC (step 2).

Thus, Kazakhstands shar e oZperoat(steed). Teastimats i on s
Kazakhst anos 199(wkes Kapakhstanpvasipatie Soveet Union), Zpercent

is multiplied by the Soviet Union6s emissions

In step 1 above, five years is chosen rather than a singldnigeardone in order to get a

smoother average, rather than taking a single year whadtanay not be representative because

of economic and social disruption that often accompanies border cAdoggsr period was not

used, since data many years after independenc
share prior to ikependence (of course, this might also be the case even for the five year period
used). Generally, there is no precise way to attribute historical emissions to countries when they did
not exist. (This is one of several reasons why some governmensgeasobbject to using

historical dada Accordingly, the estimates made by WRI (or others) should be considered only

rough approximations.

For countries that haumited like Germany, Yemen, and Vietfiathe methodology is more

straightforward and lessbjective: emissions from the former constituent countries are simply
added together. For example, the historical emissions of East and West Germany (prior to 1991) are

&
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attributedo presentiay GermanyTable2 below summarizes the estimates madewayn

formed countries.

Table 2. Emission Estimates for Newly-Formed Countries |

Estimated share of

Emissions data

Years used to

Newly formed Dates available for determine formercountr y 6 s
Former country(s) country(s) estimates made new country(s) shares emissions
Fossil Fuels Cement
A. Countries Divided
US.S.R
Armenia 18501989 199 1994 04% 0.4%
Azerbaijan 18501989 199 1994 16% 0.7%
Belarus 18501989 199 199D-%4 3.% 2.5%
Estonia 1801989 199 1994 08% 0.7%
Georgia 18501989 199 1994 06% 0.3%
Kazakhstan 18501989 199 199D-A4 2% 4.7%
Kyrgyzstan 18501989 199 199-A 05% 0.9%
Latvia 18501989 199 19D-HA 04% 0.4%
Lithuania 18501989 199 199D-A 0.7% 1.2%
Moldova 18501989 199 19D-H 0.7% 0.3%
Russian Federation 18501989 199 19994 615% 62.5%
Tajikistan 18501989 199 199D-H4 02% 0.3%
Turkmenistan 18501989 199 199-A 11% 1.1%
Ukraine 18501989 199 199-A 17.6% 17.3%
Uzbekisan 18501989 199 199D-H4 3. ™ 6.7%
Note: Cement shares use 1982
Yugoslavia
Bosnia & Herzegovina 18901989 1990 19094 152% 3.6%
Croatia 18901989 1990 19094 165% 35.4%
Macedonia 18901989 1990 19094 83% 9.8%
Serbia & Montezgro 18901989 1990 19094 47% 33.8%
Slovenia 18901985 1986 199094 12.2% 17.3%
Note: Due todifferent data availabilitgn additional share calculation for J1%8® was requiredement shares use 1982
Pakistan
(East and Wés Pakistan 194670 1971 1971-75 82.%% 97.0%
Bangladesh 194670 197 197-75 17.6% 3.0%
Czechoslovakia
Czech Republic 18601970 1971 197175 78.2% 644%
Slovakia 18601970 1971 197175 21. ™ 356%
Note: For cement, estimates wereeif@om 1928 to 1992, using 19930 determine the shares.
Korea (United)
Korea (North) 190544 1945 194852 31.5% 75.%
Korea (South) 190544 1945 194852 685% 24. 9%
RhodesidNyasaland
Malawi 195063 1964 196473 38% 7.7%
Zambia 195063 1964 196473 36.9%0 41.5%
Zimbabwe 195663 1964 196473 59.86 50.8%
French Equ
Central African Republic 195058 1959 195963 175% n/a
Chad 195058 1959 195963 143% n/a
Congo 195058 1959 195963 47.%% n/a
Gabon 1950658 1959 195963 203% n/a
French West Africa
Benin 194957 1958 195963 6.1% 0.0%
Burkina Faso 194957 1958 195963 3.0 0.0%
Cilte dolvoi 194957 1958 195963 26.06 0.0%
Guinea 194957 1958 195963 23.8% 0.0%
Mali 198-57 1959 195963 56% 0.0%
Mauritania 194957 1959 195963 25% 0.0%
Niger 194957 1958 195963 24% 0.0%
Senegal 194957 1958 195963 30.8% 100.0%

1C

&



World Resources Institute CAIT: GHG Sources & Methods

Table 2. Emission Estimates for Newly-Formed Countries |

Emissions data Years used to Estimated share of
Newly formed Dates available for determine former countr y 6 s
Former country(s) country(s) estimates made new country(s) shares emissions

Fossil Fuels Cement

French Indochina

Cambodia 194654 1955 195559 38% 0.0%
Laos 192854 1955 195559 14% 0.0%
Vietnam 192854 1955 195559 9.9 100.0%

Note: Cement only from 1928 to 1945; cement and fossil fuels from 1946 to 1954.
Federation of Malay&ingapore

Malaysia 195056 1957 195760 62.%% 100.0%
Singapore 195056 1957 195760 37.%% 0.0%
Rwand&Jrundi
Burundi 195061 1962 196266 43.0% n/a
Rwanda 195061 1962 196266 57.0% n/a
B. Countries United
Germany
(East and West) Germany 194569 1970 n/a 100% 100%

Note: For IEA data, data before 1970 appear to include only W. Germany; cement estimates aré968m 1!
Vietnam

(North and South) Vietnam 195569 1970 n/a 100% 100%
Yemen

(North and South) Yemen 195070 1971 n/a 100% 100%
Tanganyika &

Zanzibar Tanzania 195069 1970 n/a 100% 100%

11
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3. CO, from Land Use Changes

Through version 6.0, CAIT includestimates o€ O, from land usehangend forestry (LUCF)
developed bidoughton (2008. These estimates caat%60 to 2000 for moésountries of the
worldandwerebased on a global and regional analysis aisarchange by Houghton (2003b).
full description of the methods and results of Houghtond2&@Sprovided on the CAIT webSite.

In 2008, Dr. Houghtoproduced an updated inventory of,@@issions frohUCFthrough 2005

with significant revisiohdHdoughton, 2008). However, with the exception of a few major emitters
(e.g., China, United States), these estimates include regional and global fLl®&82088),(not
countrylevel estimates. Users interested in these data can access the data set directly through the
CDIAC websitehttp://cdiac.ornl.gov/trends/landuse/houghton/hgtaton.html

Based on the work of Houghton (2003a, 2008), estimag30a8005 average annGa),
emissionsrom LUCFwere deveped for the 25 largest contributors to LUCE @@issionsand
published in the010World DeveloprRagolteleased 2009)

CAIT v.7.09.0has incorporated annual estimates of LUCF emissions from Houghton (2008) for
CanadaChina, the United States, aimelWorld, from 1992005, and combined these with the
19902005 annual average estimates of LUCF emissions publisbeétDittVorld Development
Report

CAIT v.9.0 therefore features substantially fewer data points for emissions estimates of CO,
from LUCEF (i.e., most countries now include no data for LUCF emissions and those that do
typically have a single data poinetwh yedretween 1990 and 2005). However, CAIT now
providesthe most recent and robust estimates available, asawelttas@dtime series through
2005, for countries which account for approximately 95% ofldlfbalemissions (World Bank,
2010.

Still, wers should note thditet errors associatediwthese national estimates magutestantial.

For instance, any industrialized countries have submitted estimates fob@@and use change

to the UNFCCC tlough their annual inventory submiss(@890 to present)Thesedata can be

viewed in CAITUNFCCC.) Industrialized country estimates included in CAlTdiffay

significantly from thesefimial estimateg\s an examplegtal emissions from LUCF for Canada in

2005 ar&5million tonneCO, as reported by Houghton (2008) and 32 million tonnga&O
reported in Canadads | at edNFCACati onal i nventor

CAIT users should be aware of theseertaintieand deviations from officially reported estimates
particularly when ariningCO, from land use change estimates &pegific yéar., under the
Yearly Emissions indicator)

8 Se@®ata Note: Emissions (and Sinks) of Carbon from Land-Use Change, available at:

http://cait.wri.org/downloads.php

For more information, please see WRI&s Working Paper e
(http://www.wri.org/publication/worldgreenhousgasemission$n-2005.

&
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4. Non-CO, Gases

Five nonCO, gases are includeddAIT: methane (CEJ, nitrous oxide ()D), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCand sulfur hexafluorideH). Estimates for these gases are
drawnprimarilyfrom EPA (20@), supplemented with data from EDGAR (20&3jcurrently
coverfour recent years only: 1990, 1995, 20002005 All non-CO, emissions in CAIT are
expressenh carbon (0€0,) equivalents using 100 year global warming potentials found in the
IPCC Second Assessment Report (IPCC, 1996a).

EPA 2006and20®) provides details regarding emission collection and estimation methpdologies
as well as the typicallgihuncertainties associated with &tdl NO estimatesThe basic

approach taken by EPA is to derive emission estimates whenever possible from national sources,
including national communications, country studies, inventories submitted to the UNFCCC, or
other prepared publications. To improve consistency and comparability, EPA has revised the
national estimates to be consistent with the IPCC Guiddlmesdifferences between official data
submitted to the UNFCCC (either through national inventoriegional circumstances) and

(EPA, 200§ are, in most cases, not substantial. Any differences may be due to the methodologies
employed by EPA to improve consistenkynoted, CAIT users should be aware thatséons of
nonCO, gases have high uncertaietgls.

41. CH,and N,O
EPA 0®) estimates of CrHand NO emissions are broken down into sector andesttbr level

detail. TheNational Tot&H, estimates in CAIT are calculated by summing the following individual
sector or subsector estieminEPA 20®):

- Biomass Combustion - Manure

- Stationary and Mobile Sources - Rice

- Oil & Natural Gas Systems - Other Agricultural Sources
- Coal Mining - Landfills

- Other Industrial nomgriculture - Wastewater

- Enteric Fermentation - Other

National TotBl,O estmates in CAIT are calculated by summing the following individual sector or
subsector estimatesiRA 20®):

- Biomass Combustion - Agricultural Soils

- Stationary and Mobile Sources - Other Agricultural Sources
- Adipic and Nitric Acid Production - Human Sewage

- Other Industrial nomgriculture - Other (Waste)

- Manure

As discusselokelowin Sectiorb, much of the data from thedetailedsource categoriaseavailable

in CAIT. The above source categoriecamgiled in CAIT according tbe sectodefinitions

promulgated by tH®CC (996b. It should be noted that in many cases some countries do not

have data available for some of the above source categories. This iNayi@ifdctotaktimates

in CAIT. In some cases, it is difficult to discern whether a data gap exists, or whether the emissions
estimate is zero.

&
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EPA 0®) CH, and NO emissionsstimatesover90 CAIT countries (ség@pendixA). These

countries comprise approximatelyp&&ent of global CHind NO emissions (remaining

emi ssions are split among Eartgen(rmostly eegyisnmal)s, s uch
countries where EPA estimatese not aailable, estimates fronetEmissions Database for

Global Atmospheric Research (EDGARYye used(For more informatin about EDGAR data,

see EDGAR 4.0y JRC/PBL.underReferencepincluded in CAIT ar&EDGAR countryleveldata

for CH, and NO for 1990 1995 2000 and 2005

For countrylevel details on data sourcesAggendix A Emission estimates from EDGAR
CAIT do not cover specific sectors andsedtors

4.2. HFCs, PFCs, and SF,

EPA (004 an@0@) includes estimates of HFE$§,Cs, and $lemissionsHFC estimates include
emissions fromefrigeration/AC gerosolssolventsfoamsfire extinguishing, semiconductors
(HFC-23), flat panel displays, and HEXJroduction. PFCs estimates include emissions from
aluminum and senaicductors (CE CF,, CF;, NF;). SEestimates include emissions from
semiconductors, magnesium, and electricity transmission and distAsuisnussed fBection

5.2 all of these emissiond faithin thelndustrial Processdsr.

HFCs, PFCs, and $gstimates cover all countries in CA&SF 1990, 1995, and 20@8ept

Congo, Cook Islands, Fiji, Niue, Papua New Guinea, Samoa, and the $syehetieadixA).
Only the 90 countries reported in EPA (2006) have data available for 2005.
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5. Sector-Level GHG Emissions Data

CAIT includesectdevalata. This section describes the framework for examinirog-kse
GHG emissias in CAIT.

To the extent possible,presenting sectdata inCAIT, WRI has follwedthe IPCC Common
Reporting Framework used by tHeFCCC(IPCC 199®). The sectors included@AIT are:
Energyndustrial Processgiultureand Use Change and Fakesttgandinternational Bunkers
Energslso includes five subsecterg.(Electricitidea). International Bunkers are shown as a
sector, but separately frémerggndNational Totah accordance with IPCC Guidelinas.
shown in this section, all six GH&s included withitheir appropriate sectors or subsectors, s
far as the data will allow

Table3 summarizegl)all of the sector data included in CABJhowthat datanagsto IPCC

Table 3. Summary of CAIT Sector Data

IPCC
CAIT Sector Category CAIT Sector Contents Category  Gas Data Source (years)
Energy 1
Electricity & Hedt Electricity &heatplants(fossil fuels)
- Public plants (electricity, heaHP) 1Ala CO; IEA (1980 ta20(®)
- Autoproducergelectricity, heat, CHF 1A CO; IEA (1980 to 208)
Other Energy Industries (fossil fuels) 1 Alb,c CO, IEA (1980 to 208)
Manufacturing & @nst. Manufacturing & Const. (fossil fuels) 1 A2 CO, IEA (1980 to 208)
Transporation Transporation(fossil fuels) 1A3 CO; IEA (1980 to 208)
Other Fuel Combustidn  Other Sectors (fossil fuels) 1A4 CO; IEA (1980 ta20(®)
Biomass Combustion 1A5 CHgy, N2O EPA (90, 95, 20005
Statonary and Mobile Sources 1A5 CHa, N2O EPA (90, 95, 20005
Fugitive Emissions Gas Venting/Flaring 1B2c CO; EIA (1980 tc20(B)
Oil & Natural Gas Systems 1B2 CHa, N2O EPA (90, 95, 20005
Coal Mining 1B1 CHa, N2O EPA (90, 95, 20005
Industrial Processes Cement 2A1 CO, CDIAC (1980 t20®)
Adipic and Nitric Acid Production 2B23 N20 EPA (90, 95, 20005
Other Industrial no#\griculture 2 CHa, N2O EPA (90, 95, 20005
All Fluorinated Gases 2 HFCsPFCs,S& EPA (9095, 200005
Agriculturé Enteric Fermentation (Livestock) 4A CHs EPA (90, 95, 20005
Livestock Manure Management 4B CHa, N2O EPA (90, 95, 20005
Rice Cultivation 4C CHq EPA (90, 95, 20005
Agricultural Soils 4D \Plo] EPA (90, 95,a0Q 05
Other Agricultural Sources 4 CHa, N2O EPA (90, 95, 20005
Land Use Change & Forest All 5 CO, Houghton (1992005
Waste Landfills (Solid Waste) 6 A CHs EPA (90, 95, 20005
Wastewater Treatment 6B CHq EPA (90, 95, 20005
Human Sewage 6B \Plo] EPA (90, 95, 20005
Other 6D CHa, N2O EPA (90, 95, 20005
International Bunkers Aviation Bunkers 1A3a CO, IEA (1980 ta20()
Marine Bunkers 1A3d CO, IEA (1980 ta20(B)
Sources: IPCC 1996bJEA, 2010g CAIT-UNFCCC. Notes:
1 Refers mainly, but not exclusively to electricity and heat (including CHP) produced Wwhesgitsnary activity is to supply
the public.Here, this category also incluaig®produaardother energy indugitiesproducgeserate electricity, wholly or partly|
for their own use as an activity which supports their primary activity. They may be privately or publicigailyribdse
emissionshould be allocated to thectorfor which the electricity and/or heat wgasereed CO, and energy statistics from the
IEA do not allow for thisOther energy industféego emissions from fuel combusted in association with production and pr
(for example, petroleum refineries) of fossil fuels, and is thus not ktcititjte or hegiEA, 20®a).
2Emissios from fuel combustion ifl) commercial and institutional buildin@3 residential buildings, &gjiculture, forestrgr
domestic inlanaioastal and deejea fishingand (4) remaining napecified emissie (IEA, 20®a).
3Consistent with IPCC Source/Sink categori®s aSsociated with fuel combustion in the agricultural sector is includegtiein
Energy, not Agriculture Sector.
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categorizationsind (3) the sources of the data.u3ée remainder of this section examines in
more detail the contents of JAdectors and subsectors. It also exgifa@waysn whichCAIT
sectorsdue to eithegaps or inconsistencies in the dahtiwr fromIPCC Source/Sink Category
definitions

5.1

Energy

TheEnerggector in CAIT consists of five subsect&igaicity/HeatManufacturing/Construction
Transportati@ther Fuel Combysding-ugitive Emissiol®st energy emissions come from CO
from fossil fuel combustion, but emissions from &td NO may also be significant, particularly
in theFugitive missiossibsector (CPL. The information below pertaining to drawn

primarily from IEA(20LG8). Information on Chland NO is drawn primarily from EPRF04.
More information about these sources can be found in the sections above dealindramh CO
fossil fuel combustio®éction Pand noACO, gasesJection ¥ The discussion here is limited to
primarily sectoral issues.

Electricity/Heat

The CAIT subsectorElectricity/Hemtcludes COe mi s s i oMas Adtivityilectrioity &

Heat Productiodo Unal | ocat edaAutwept odsgsce0s hair Ener gy
drawn from IEA(201C8). Theseéhreesectors are combined into a singleesuibsin CAIT so

as to best approximate IPCC subsector 1 A 1 (Energy Industriethre@dmmponents of this
subsector are described below in more detail.

According to the IEA201L08), Main ActivityE | ect ri city and Heat Produ
emissionsrbm main activity produceltectricity generation, combined heat and power

generation, and heat plar¥ain activity producers (formerly known@adip utilitieyare

defined as those undertakings whose primary activity is to supply the publicy baey ma

publicly or privately owned. This category corresponds to IPCC Source/Sink Category 1 A 1 a.
See IEA20L() for specific emission estimatesnain activity producetectricity generation,

combined heat and power generation, and heat plantir{gndisaggregated by fuel sources).

Accordingtothe IEA20108) , OUnal |l ocated Autoproducersd co
generation of electricity and/or heat by autoproducers. Autoproducers are defined as

undertakings that generate electricityarw#at, wholly or partly for their own use as an

activity which supports their primary activity. They may be privately or publicly owned. In the

1996 IPCC Guidelines, these emissions would normally be distributed between industry,

transport and "other" strs.

According to the IEA20108), 0 Ot her Ener gy I ndustrieso cont
combusted in petroleum refineries, for the manufacture of solid fuels, coal mining, oil and gas
extraction and other eneq@yducing industries. This categoryesponds to the IPCC

Source/Sink Categories 1 A1 band 1 A1 c. The IEA notes that, according to the IPCC
Guidelines, emissions from coke inputs to blast furnaces can either be counted here or in the
Industrial Processes category. Accordingly, carbertaken not to double count certain

emissions in this category with Industrial Processes. Following on the IEA, in CAIT these
emissions have been included only here and not in Industrial Processes. There will be no double

&
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counting in CAIT because,described below, the only Ofata included in the Industrial
Processes category is,@Om cement manufactugn

Manufacturing/Construction

The CAIT subsectoManufacturing/Construchiawn from IEA20LC8), includes CO
emission from fodduel combustion in the following activities:
- Iron and Steel

- Chemicaand Petrochemical

- Non-Ferrous Metals

- Non-Metallic Minerals

- Transport Equipment

- Machinery

- Mining and Quarrying

- Food and Tobacco

- Paper, Pulp and Printing

- Wood and Wood Pduicts

- Construction

- Textile and Leather

- Non-specified Industry

- Non-Energy Use Ind/Transf/Energy

In CAIT, emissions from the above activities are summed into a single yearly estimate for
Manufacturing/ConstrucBer IEA20L08) for specific emissiagstimates for each of the
activities listed above (including disaggregated by fuel sources).

Manufacturing/Construmimasponds to the IPCC Source/Sink Category 1 A 2. However, the

IEA (20108) notes that in the IPCC Guidelines (IRCE26b), IPCC &egory 1 A 2 also

includes emissions from industry autoproducers that generate electricity and/or heat. These

emi ssions are not included here. Because of
autoproducers are showrdad®fAud op&Fhe HA@@NMD® siot) em (
also notes that Manufacturing Industries and Construction includes emissions from coke inputs
into blast furnaces, which may be reported either in the transformation sector, the industry

sector or the separate IPCCr8elBink Category 2, Industrial Processes.

Transportation

The CAIT subsectorTransportatiamawn from IEA20L08), includes CQemission from fossil
fuel combustion in the following activities:

- Domestic air transport (commercial, privatedtyral, military, etc.)

- Road vehicles

- Rall

- Pipeline transport

- National navigation

- Non-specified transport

- Non-energy use in transport
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In CAIT, emissions from the above activities are summed into a single yearly estimate for
TransportatioSee IEA20108) for specific emission estimates for each of the activities listed
above (including disaggregated by fuel sources).

Transportatioorresponds to the IPCC Source/Sink Category 1 A 3. However, consistent with
the IPCC Guidelines (1996b), emissi@mma fnternational bunkers (aviation and marine) are
accounted for separately.

Other Fuel Combustion

The CAIT subsectorOther Fuel Combustaandes CQ CH,, and NO emission from the
following activities:

- CH,and NO from Biomass CombustioBRA, 2006

- CH,and NO from Stationary and Mobile Sources (EX2Q69

- CO,from Other Sectors (IEA&R0LCA)

In CAIT, emissions from the above activities are summed into a single yearly esiithate for
Fuel Combustidrnis CAIT sector corresponds to REC Source/Sink Categories 1 A 4 and
1AS5.

CH,andNO emi ssions from o0Stationary & Mobile S
drawn from EPAZ0®). Along with CQ(which is accounted for elsewhere) and ambient air
pollutants, emissions of C&dN,O can arise from fossil fuel combustion. These emissions

are accounted for in o0Stationary & Mobile So
capture emissions that result from incomplete combustion of fuels such as charcoal or fuel

wood.

Ideally, much of the emissions in these source categories would be disttiteu@aIT
sector€lectricity/Heét A 1) Manufacturing/Construdtidr?), offransportati@dnA 3).

However, the underlying data did not permit allocation to thessp®oifec categories.
Accordingly, oBndo®thatsi Combys&i Mobil e Sources
C A| Oiher Fuel Combustitegory (consistent with the IPCC Guidelines, Category 1 A 5).

The Other Fuel Combustitegory in CAIT alsocludesCOf r om 0 Ot her, Sect or s
20108), which contains the emissions from commercial/ institutional activities, residential, and
agriculture/forestry/fishing as well as other emissions not specified elsewhere that are included

in the IPCC Source/§k Category 1 A 4.

Fugitive Emissions

The CAITFugitive Emissisuissector includes the following,£2CH,, and NO emissions:
- CO,from Natural Gas Flaring/Venting (EI2Q(L1a)

- CH,and NO from Oil & Natural Gas Systems (ERB0§

- CH,and NO from Coal Mining (EPA006

Gas flaring refers to the practice of burning of gas that is released in association with oil
production. Gas is flared either as a means of disposal or for safety reasEmsssiGas

&
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from gas flaring are drawn from H0119. CHandNO f r om 0 Oi | & Natur al
and o0Coal Mi ni ng®0@re drawn from EPA (

5.2. Industrial Processes

The CAITIndustrial Processsor includes:
- CO, emissions from Cement Manufacture (CDBd@tienet al, 2011)
- N,O emissins from Adipic and Nitric Acid Production (ERA0§
- N,O and CH emissions from Other Industrial (ragriculture) (EPA006
- HFCs, PFCs, and SEPA, 20042006

CO, emissions from Cement Manufacture, drawn from CCBAGefet al, 2011), is descrexd in

Section 2.2N,0 emission from Adipic and Nitric Acid Production are drawn from EHRB) (

Emission estimates of high global warming potential (GWP) gases, namely HFCs, PECs, and SF
are draw from EPA 200420@®).

This sector is compiled so as to best match IPCC Source/Sink Category 2 (Industrial Processes).
However, IPCC Guidelines (1996b) include several subsectors under Industrial Processes that, due
to lack of data, are not includedCAIT. These include emisg@mom, inter aligthe chemical

industry and iron and steel production. In CAIT, as noted above, some of these emissions may
instead bincluded in the Energy sector under Manufacturing and Construction.

5.3.  Agriculture

The CAITAgricultursector includes Gtand NO emission from the following activities:
- CH,from Enteric Fermentation (Livestock) (ERB0§

- CH,and NO from Livestock Manure Management (EE®§

- CH,from Rice CultivatiofEPA 2006

- N,O from Agrcultural Soils (EP2Z006

- CH, and NO from Other Agricultural Sources (ERA0§

This sector is compiled in CAIT so as to best match IPCC Source/Sink Category 4 (Agriculture)
(IPCC 1996b). Users should note, however, that this category does retarkmdissions

from fossil fuels associated with agricultural activities. These emissions are included in IPCC
Source/Sink Category 1 A 4 (Energy, Other Sectors).

5.4. Land-Use Change & Forestry

Emissions in the CAlTandUse Change & Forssiryo, drawing on Houghton (28)aand World
Bank (201)0Qare described aboveSaction 3 This CAIT sector best matches IPCC Source/Sink
Category 5 (LaAdse Change & Forestry) (IPAQ%b).

5.5.  Waste

The CAITWastsector includes Gtand NO emission from the following activities:
- CH, from Landfills (Solid Waste) (ER2806
- CH, from Wastewater Treatment (ERA0§

1<
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- N,O from Human Sewage (EP2006
- CH,and NO from Other (Waste) (ERR006

This ctor is compiled in CAIT so as to best match IPCC Source/Sink Category 6 (Waste) (IPCC
19%b).

5.6. International Bunkers

The CAlTInternational Bunkergor, drawn from IEL0L08), includes CQemissions from the
following activities:

- AviationBunkers

- Marine Bunkers

In CAIT, emissions from Aviation and Marine Bunkers are summed into a single yearly estimate for
International Bunk&se IEA2004 for specific countdevel emission estimates Aviation and

Marine Bunkers (including disaggted by fuel sources). These CAIT sector matches to IPCC
Source/Sink Category 1 A 3 éand di). Unless specified by the user, emissions from International
Bunkers are not included in CA¥&tional Total$n accordance with IPCC methodologies, these
emissions are to be excluded from national totals and reported separately.

2(
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6. National GHG Totals

CAIT calculates a National TaddiIGHG emissionsdr each countryf. National Total calculations

can be made at the level of individual gase£0, orCH,), or multiple gases collectivey.,

CO,pluLH,), depending upon which gases ar®esel ecte
contents of National Total calculationsforCO, gasese descrilikabove irSection 4 This

section concerns primarily National Total calculatio@®Xoand national total calculations for

CO, in combination with other GHGs (i.€H,, N,O, HFCs, PFCs, ar&F).

Figure 1. Control Panel for Yearly Emissions

Year: IZDDU ;I S INationaI Tatal ;I CO2 CHA N20 PFC HFC SF6
{0 I i i i =
(=
™ Include Land-Use Change & Forestry
D Data dvailabilty | Include Intl Bunkers

First National Total calculations are extremely sensitive to data avaitabiliyt possible, for

example, to calculate a National TotalfdBHGsSn 20@. This is due to the lack of nGD, data

availability IfCAIT for the yeaR0@®. (In CAIT-UNFCCC, however, some countries do have non

CO, datafor recent years, e.80®.) Accordingly, where certain dataunavailable, the National

Total calculation will not be an accurate reflectanot ount ryds true tot al
where all daareavailable is 2005 (with the exceptiongé$-emissions for some countriBsjta
availability in CAI'T can easily be checked by
CAI Tds cont r o Morgdatailed cougty-caoygnty data avgilability can be viewed
under CAI Tds Notes and Definitions.

Second, the National Total is, in general, a sum of the data from each of the individual sectors.
Accordingly, a National Total will include emissions from Energy, Industrial Bretesse
summed into a single numbElowever, theres oneexception to this general rule:
(1) CO, from Land Use Change and Forestnafld@Ckjrom International Bunlkers
accordance with IPCC Guidelines and UNFGEIG inventories, emissions fromghe
sources are not automatically included in national totals. For LUCF, this is in part due to
very high data uncertainties. &mission froninternationaBunker fuelgwhich are
estimatedbased onhe location of marine and aviatieiueling), thiss mainly due to
difficulties in attributing international emissions to individual countries. In order for these
totals to be included in National Total calculations, the user must specify their inclusion by
checking the relevant boxeshe CAIT contropanelFigure 1).

An example of a National Total is as followall gasewereselectedCanadads Nati onal
theyear2000would comprise the following:

- Energysector:
o CO,from fossil fuel combustion (IERQLOg sectoral approagh

o CO,fromgas flaring (EIA20108)
- Industrial Proceessector

9 This appears as the first item on the -dimpn box located on the Yearly Emissions page
(http://cait.wri.org/cait.php?page=yearly&mode=Vie®ee Figure 1.
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o0 CO,from cement manufactuigqdenet al.2011)
o0 HFCs, PFCs, a8, (EPA,2006 (seesection 4.%r a description of specific
emission sources inclugled
- AgricultureandWastesectors CH, andN,O (EPA,200§ (se&Section 4.1or a description of
specificCH, andN,O emission sources included)
- Land Use Change and Foreseggtor (if manually selectédughton, 208
- International Bunkef§ manually selected): IE2Q1LCa.
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7.

UNFCCC Greenhouse Gas Emissions Data (CAIT-UNFCCC)

As discussed fBection 11, CAIT-UNFCCC complements the basic version of CARG
emissions da in CAIT, as described in the preceding sections, diawftinidata sources.
CAIT-UNFCCQG by contrasiyses only official GHG data sourcA GHG data in CAIT
UNFCCCaredrawn from official submissions by Parties to the UNFCCC Secrétaasatata
in raw formareavailable to the public from the UNFCCC website.

Dataweregathered by WRI from single UNFCCC source

1.

National Inventory Submissions in the Common Reporting H@REB). Parties included

in Annex | to the Climate Convemti(i.e., industrialized countries) submit annual
inventories to the UNFCCC Secretariat using the CRF sygiinmas used the most
recent CRF submissions from Annex | Parti€AIT-UNFCCC g011) d see

http://unfccc.int/national reports/annex i ghg_inventories/national inventories submissi

ons/items/4771.php

Table 4. Summary of CAIT-UNFCCC Sector Data

IPCC
CAIT-UNFCCC Category Category  GHG Sources/Sinks Gases
National Total All sectors Six gases
Energy 1 Fuel combustion & fugitive emissions from fuels COy, CHy, N2O
Energy Industries (Includes public electricity & heat productic CO,, CHs, N2O
Electricity/Heat 1A1 petroleum refiing, solid fuel manufacturing, and other energy
industries.)
Manufacturing/Construction 1A2 Manufacturing Industries & Construction CO;,, CHs, N2O
Transportation 1A3 Transport CO;, CHy, N2O
. 1A4 Other Sectors (Category 1 A 4: includes commercial/institutic CO,, CHs, N;O
e [=UEl e 1A5 residential, agriculture/forestry/fishing) & Other (Category 1 £
Fugitive Emissions 1B Fugitive Emissions from fuels (coal, oil, gas; venting & flarinc CO,, CHs, N2O
| q Industrial Processes (Includes production of cement, chemic Six gases
ndustrial Processes 2 X
metals, halocarbons, sulfur hexafluoride, and others.)
Agriculture 4 A_gricultl_Jre _(Includes enteric_ fermentation, manure managen CO;ACH,,
rice cultivation, agultural soils, and others.) N2O
Land Use Change & Forestry 5 ]I(_and Use Change & Forestry_ (Inclut_:ies changes in biomass CO,, CHs, N2O
orest and grassland conversion, soils and others.)
Waste 6 Waste (Includes landfills, wastewaterotsts) CO,, CHy, N2O
. 1A3a International aviation (international bunkers) and internatione CO,, CHs, N.O
International Bunkers 1A3d marine (bunkers)
Other (includes solvents) 3&7 Solvent and other product use (Category 3) and other (Zaje¢ CO,, CHs, N,O
Sources. IPCG 19%b; CAITFTUNFCCC. Notes. A, asSdoiated with fuel combustion in the agricultural sector is not included
the | PCC Source/ Sink category of OAgriculture. o

Official UNFCCC inventories are prepared in accoraaticl?CC methodologies (IPCTO%Db).
These methodologies generate detailed-t®atbdata. Tabiellustrates how CAFUNF CCCO0 s
sector categories match to IPCC Source/Sink catedonmeany cases, CAINFCCC shows

less sectoral detail thareishinically possible (eFugitive Emissiomsld bedisaggregatdyy fuels).

GHG data from the UNFCCC in CAIT spans the period from 1990 % ROfst (although not
all) Annex | Parties have full inventories covering this time pEn@dvailabty of official

11 United Nations Framework Convention on Climate Chhtige/(nfccc.int).
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UNFCCC data is generally much sparser than unofficial data used in CAIT, although UNFCCC may

in some cases be more accurate and complete (with respect to gas coverage and sectoral detail). For
exampleTable5 shows that th&lectricity/Blasector in CAIFUNFCCC includes COCH,, and

N,O, whereas the comparable sector in CAIT includes only CO
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8. Greenhouse Gas Projections

CAIT includes 11 emission projectioasging fron2030to 2100 generated by a variety of

models.Like aly future emission projections, there is significant uncertainty in the model
projections included here. Accordingly, they should be used with care. Projections in CAIT are for
CO, from fossil fuels only.

8.1.  Special Report on Emissions Scenarios (6 projections)

Six projections are included from the IPCC Special Report on Emission Scenarios (SRES) (IPCC
20M®). These six scenari@scompass four combinations of demographic change, social and

economic development, and broad technological develepooerésponding to the four
ofamiliesé6 of I PCC scenarios (A1, A2, B1, B2)
ALT) explicitly explore alternative energy technology developments, holding the other driving forces
constant. Each ofthesescar i os (A1, A2, B1, B2, AlFIl, A1lT)
scenario, 6 which is included in CAIT. Five m
AIM (A1), ASF (A2), IMAGE (B1), MESSAGE (B2 and A1T), and MINICAM (A¥Eording

to the PCC, these scenarios span a wide range of uncertainty and each should be considered equally
sound. Box 2 offers summary descriptions of the IPCC family of scenarios.

Box 2. IPCCSpecial Report on Emissions Scenarios (SRES)

Al. The Al storyline and scenario family describes a future world of very rapid economic growth, global g
that peaks in midentury and declines thereafter, and the rapid introduction of new aeffimient technologies
Major underlying themes are convergence among regions, capacity building and increased cultural and
interactions, with a substantial reduction in regional differences in per capita income. The Al scenario fa
develops intthree groups that describe alternative directions of technological change in the energy syste
three Al groups are distinguished by their technological emphasis: fossil intensive (fkBl)emengy sources
(ALT), or a balance across all saui&&B) (where balanced is defined as not relying too heavily on one part
energy source, on the assumption that similar improvement rates apply to all energy supply and end use
technologies).

A2. The A2 storyline and scenario family describes heterggeneous world. The underlying theme-igkaifce
and preservation of local identities. Fertility patterns across regions converge very slowly, which results i
continuously increasing population. Economic development is primarily regiomaitlyaréeper capita econom
growth and technological change more fragmented and slower than other storylines.

B1l. The B1 storyline and scenario family describes a convergent world with the same global population, t
mid-century and declindteteafter, as in the Al storyline, but with rapid change in economic structures tow
service and information economy, with reductions in material intensity and the introduction of clean and r
efficient technologies. The emphasis is on globtibaslto economic, social and environmental sustainability|
including improved equity, but without additional climate initiatives.

B2. The B2 storyline and scenario family describes a world in which the emphasis is on local solutions to
socialand environmental sustainability. It is a world with continuously increasing global population, at a rg
than A2, intermediate levels of economic development, and less rapid and more diverse technological ch
the B1 and A1l storylines. Wétthe scenario is also oriented towards environmental protection and social eg
focuses on local and regional levels.

An il lustrative omarkeré scenari o was c¢chosen f
All should be @nsidered equally sound.

Source: IPCG 2001b.
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Each SRES marker scenario includes four regions, roughly categorized as: (1)cDE€ID)as

(2) Central and Eastern Europe and other Newly Independent States (i.e., economies in transition),
(3) Asia (excluding Middle East), and (4) Africa, Latin America, and Middle\Zadtregion is

also includedSRES projections extend to @1Bor more information about SRES scenarios,

including the precise geographic composition of these regions, s&@.CC

8.2.  Energy Information Administration (3 projections)

CAIT includes three projections basedwiput fromthe Energy Infanation

Admi ni st r aorld &med@sProfedions Plus (WEPS+) maddlthe System for
Analysis of Global Energy Markets (SAGE) m@id#l, 2011b). According to EIA

(20L1b), OWEPS+ consists of a system of individual sectoral energy models, using an
integrated iterative solution process that allows for convergence of consumption and prices
to an equilibrium solution. It is used to build the Reference case energy projections, as well
as alternative energy projections based on different assump@i»B fmowth and fossil

fuel price® The model projectiofiswhich cover 16 regions or countiiesegenerally
dependent on aggregate supply prices, GDP levels, and populdtioalude regional

carba dioxide projections (EIA, 2Ib).

SAGEO0 éis aregimal modethat providea technologyich basis for estimating regional
electricityconsumption.For each region, SAGE/GEM inputs reference case estimates of
electricity demand (e.g., commercial, industrial, residential, and transportation) that were
devéoped on the basis of economic and demographic projections in WEB@¢tions

ofel ect r i ci toyneegteaieetnicipdernands ére estimated on the basis of each
r egi on Oekectreityusepattermsgthe existing stoc&lettricity gesration

equipment, and the characteristics of availableleavicity generatiaachnologiegnd
fuelsupplyo For mor e hitpn/ivvomeira.golv/analysis/mosied e
documerdtion.cfm#intl

In CAIT, the thredclA projections are labeled EIA High, EIA Reference, and EIA Low
and represent annual model estimates from the
and oLow Oil Price Case, 6 respectively

EIA emission projecti@are not fully disaggregated by country. Howeveraifiytarge

countries (including Brazil, China, India, Mexico, U.S., and others);speditry

projections are availabBased on the countries and regions in the rtautblsing

interpolaton)WRI has al so constr ueitnenck xarn 60 Arerge  nl, 6 bar
which are included in CAIT. EIA projections extend 208.

8.3.  International Energy Agency

CAIT includes CQprojectionsrom IEA (2QL(b), which are derived from the letegm energy
projections of the World Energy Model (WEM). Information on the WEM can beafound
http://www.worldenergyoutlook.org/model.asphe WEM include24 geographic regions

(including sexral large countries individually, such as China, India, tRed3i&.and others).

Based on the countries and regions in the mod
oneAmnex |1 6 region, both of whi extendamtle€030.ncl| uded
@

2¢€


http://www.eia.gov/analysis/model-documentation.cfm#intl
http://www.eia.gov/analysis/model-documentation.cfm#intl
http://www.worldenergyoutlook.org/model.asp
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Using calculated average annual growth rates, WRI has interpolated between IEA published data
points to provide annual projections.

8.4. POLES

CAI'T includes projections from the POIlEtS mode
de Politique de | 06Energi e i n20@.rRObhESbdworld Fr ance
simulation model for the energy sector. It works in-dygeaar recursive simulation and partial
equilibrium framework, with endogenous internationayepeces and lagged adjustments of

supply and demand by world region. GDP and population are the main exogenous variables.
Additional information about the model structure can be found in Blanchard (2002: 240). The

POLES model is geographically disggged into 38 countries or regions (including most EU

countries individually, as well as several large countries, such as China, India, Japan, Brazil, the U.S.,
and others)Polesprojections extend until 20
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9. Additional Methodological Issues
9.1. Data Uncertainties

Data underpinning the indicators may suffer from substantial uncertaegj@se uncertainties,
WRI haschosen to err on the side of inclusiveness, by capturing the widest possibl&Fk@ge of
sources and sinks that contrébto global climate chandeusers wish tootexamine particular
gases or s o winterface will allodv thdsé gases @& sources to be excluded.

In general, for information about uncertaimders should refer ttmcumentation frormdividual
data sourcedescribd above. These documents provide much more detail and information than
can be included heréloweversome brief discussioreiso warranted.

First, @en CQ emissions from fossil fuels may hagaeificant errorsMost datasources derive
these estimates from national energy use data, which may contain inatoupaciaete
accuracy, annual revisions of national energy data are cleadnog,in some cases to significant
revisions of recently reportedigsions dataAnalysis byAndres et al. (2008howed that by 1993,

revisions of 1983 data (10 years previous) amounted to an average 8.8 percent decrease, with 25

countries making revisions larger thanpetfent CDIAC also has madxpert judgments
regarding nationdhta qualityconsidering data from OECD countries to be the highest quality.

Seconddespite uncertainties in Cfitbm fossil fuels, uncertainties are larger foiG@ygases.

For U.S. emissions, the largest uncertainties argf@niNssionsUsing IPCC Tier 2 uncertainty
estimation methods, EIA (2002) estimated uncertainties surrounding a simulated mean of CO
(-1.4% to 1.3%), CH-15.6% to 16%), and,® (-53.5% to 54.2%)Jncertaing bandsappear

smaller wheexpressed as percentagdstakestimated emissior30, (-0.6% tol.7%)CH,

(-0.3% to 3.4%pndN.O (-1.9% to 6.3%)Uncertaintiesurrounding nof€O, emissions are
expected to bgreater in developing countries, idisme cases to weak underlying activity data
and urcertain emission factors.

Finally, uncertainties are probably the largest fdgir@®land use change (see discussion in
Section B

9.2. Regional Emission Totals

SomeGHG data sources used in CA&Ig., CDIAC) include their own regional totals (e.g., for
0OAsi ad) . However, we have not used any of
regional totals are calculatethinCAIT. The reason is that we have compiled data from a large
numbe of sources, anggional definitions across different sources aremthiatméason, there

may be discrepancies between regional totals found heresand dther published soutces
(Regional definitions used in CAddn be found under tiNotes & Definitioitks)

The only exception to this ruld¥eridotals. We have used published world totals from various
sources because the countries included in CAIT do not constitute 100 percent of the global
coverage. Hong Kong and a varmétymall territories, principalities, and otherstates are

excluded. Therefore, to give the Opercentage

published world totals.

&
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An important caution regarding regional totals is that, in sos\ededaeenot available for all

countries included in CAIT. Accordingggional totals will be affected by the'Sevdathayapsot

made any effort to correct for missing country data in the regional calculations. In many cases, data
gaps wilhot have a significant effect on emissions for particular regions (e.g., lack of data for
Afghanistan will have little influence off BChina totals).

For National Totad§ CO,, most countries have data extending back to at least 1950. However,
many cantries do lack emissions data prior to 1950, and very few countries have data extending
back to 185Qhe beginning of the CAIT tinseries) Exact overage emissions datdahe country

level (including for ne@0, gasesgan be found iAppendix A

12This problem is more significant for GDP and Energy Use data in CAIT. For more infoseatdathodologies,
under Nbtkd&D&fmitions

&
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Appendix A. Summary of Country-by-Country Data Sources and Notes
Non-CO; Gases (1990, 1995, 2000, 2005)

CO; from Land Use

Country CO: from Fossil Fuels Change & Forestry CH4 & N20 HFCs, PFCs, SF6

Afghanistan  19492008(CDIAC) No data EDGAR EPA

Albania 19331970 (CDIAC); 1972008 (IEA) No data EPA EPA

Algera 19161970 (CDIAC); 1972008(IEA) No data EPA EPA

Angola 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Antigua & 19572008(CDIAC) No data EDGAR EPA

Barbuda

Argentina 18871970 (CDIAC); 1972008(IEA) 19902005(Houghton) EPA EPA

Armenia 18501970 (CDIAC); 1972008(IEA). No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).

Australia 18601959 (CDIAC); 1962008(IEA) No data EPA EPA

Austria 18501959 (CDIAC); 196R008(IEA) No data EPA EPA

Azerbaijan 18501970 (DIAC); 19712008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).

Bahamas 19502008(CDIAC) No data EDGAR EPA

Bahrain 19331970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Bangladesh 19461970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates, 13981 (E. & W. Pakistan).

Barbados 19282008(CDIAC) No data EDGAR EPA

Belarus 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).

Belgium 18501959 (CDIAC)19662008(IEA) No data EPA EPA

Belize 19502008(CDIAC) No data EDGAR EPA

Benin 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Based on WRI estimates, 183QFrench West Africa).

Bhutan 19702008(CDIAC) No data EDGAR EPA

Bolivia 19281970 (CDIAC); 1972008(IEA) 19902005(Houghton) EPA EPA

Bosnia & Herz. 18851970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Based on WRI estimates prior to 1992 (Yugoslavia).

Botswana 19722008(CDIAC) No data EDGAR EPA

Brazil 19011970 (CDIAC); 197-P008(IEA) 19902005(Houghton) EPA EPA

Brunei 19331970 (CDIAC); 1972008(1EA) No data EDGAR EPA

Bulgaria 18811970 (CDIAC); 1972008(IEA) No data EPA EPA

Burkina Faso 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimafdl 9567 (French West Africa).

Burundi 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimates, 183qQRwand&rundi)

Cambodia 19462008(CDIAC) 19962005(Houghton) EPA EPA
Based on WRI estimates, 184 French Indochina)

Cameroon 19501970 (CDIAC); 1972008(1EA) 19962005(Houghton) EDGAR EPA

Canada 18501959 (CDIAC); 196R2008(IEA) 19962005(Houghton) EPA EPA

Cape Verde 19502008(CDIAC) No data EDGAR EPA

Central Afr. 19502008(CDIAC) No data EDGAR EPA

Rep. Based on WRI estimates, 18BQFrench Equatorial Afr.)

Chad 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimates, 18B(QFrench Equatorial Afr.)

Chile 18951970 (CDIAC); 1972008(IEA) No data EPA EPA

China 18991970 (CDIAC); 9712008(IEA) 19902005(Houghton) EPA EPA

Colombia 19211970 (CDIAC); 1972008(IEA) No data EPA EPA

Comoros 19592008(CDIAC) No data EDGAR EPA

Congo 19501970 (CDIAC); 1972008(IEA) No data EDGAR --
Based on WRI estimates, :88QFrench Eagtorial Afr.)
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CO; from Land Use

Non-CO; Gases (1990, 1995, 2000, 2005)

Country

CO; from Fossil Fuels

Change & Forestry

CH4 & N20

HFCs, PFCs, SF6

Congo, Dem. 19201970 (CDIAC); 1972008(IEA) 19962005(Houghton) EPA EPA
Rep.
Cook Islands 19692008(CDIAC) No data EDGAR --
Costa Rica 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Cote d'lvoire 19501970 (CDIAC); 181-2008(IEA) No data EDGAR EPA
Based on WRI estimates, 183QFrench West Africa).
Croatia 18851970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1991 (Yugoslavia).
Cuba 19411970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Cyprus 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Czech Republic 18601970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates, 18800 (Czechoslovakia).
Denmark 18501959 (CDIAC); 196R008(IEA) No dat EPA EPA
Excludes Greenland and the Danish Faroes, except prior
1990, where data on oil for Greenland were included with
Danish statistics.
Djibouti 19502008(CDIAC) No data EDGAR EPA
Dominica 19492008(CDIAC) No data EDGAR EPA
Dominican Rep. 19471970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Ecuador 19171970 (CDIAC); 1972008(IEA) 19902005(Houghton) EPA EPA
Egypt 19111970 (CDIAC); 1972008(IEA) No data EPA EPA
El Salvador 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Equat. Guinea 19502008(CDIAC) No data EDGAR EPA
Eritrea 19391970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Estonia 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates, 18527 and 19491 (USSR).
Ethiopia 1941-:1970 (CDIAC); 1972008(IEA) No data EPA EPA
Fiji 19562008(CDIAC) No data EDGAR -
Finland 18601959 (CDIAC); 196R008(IEA) No data EPA EPA
France 18501959 (CDIAC); 196R008(IEA) No data EPA EPA
Includes Monaco, and excludes overseastoemts, Includes Monaco
including French Polynesia, Guadeloupe, Martinique, and
Réunion. (CDIAC and IEA).
Gabon 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Based on WRI estimates, :8B(QFrench Equatorial Afr.)
Gambia 19502008(CDIAC) No data EDGAR EPA
Georgia 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).
Germany 18501969 (CDIAC); 1972008(IEA) No data EPA EPA
Includes former East and West Germany,-6945
Ghana 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Greece 18671959 (CDIAC); 196208 (IEA) No data EPA EPA
Grenada 19502008(CDIAC) No data EDGAR EPA
Guatemala 19411970 (CDIAC); 1972008(IEA) 19902005(Houghton) EDGAR EPA
Guinea 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimates, :83QFrench West Africa).
GuineaBissau  19502008(CDIAC) No data EDGAR EPA
Guyana 19502008(CDIAC) No data EDGAR EPA
Haiti 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Honduras 19501970 (CDIAC); 1972008(IEA) 19902005(Houghton) EDGAR EPA
Hungary 18511970 (CDIAC); 1972008(IEA) No data EPA EPA
Iceland 19361959 (CDIAC); 196R008(IEA) No data EPA EPA
India 18581970 (CDIAC); 1972008(IEA) No data EPA EPA
Indonesia 18891970 (CDIAC); 1972008(IEA) 19902005(Houghton) EPA EPA
Iran 19111970 (CDIAC); 1972008(IEA) No data EPA EPA
Iraq 19271970 (CDIAC); 1972008(IEA) No data EPA EPA
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CO; from Land Use

Non-CO; Gases (1990, 1995, 2000, 2005)

Country

CO; from Fossil Fuels

Change & Forestry

CH4 & N20

HFCs, PFCs, SF6

Ireland 18501959 (CDIAC); 196R008(IEA) No data EPA EPA
Israé 19301970 (CDIAC); 1972008(IEA) No data EPA EPA
Italy 18601959 (CDIAC); 196R008(IEA) No data EPA EPA
Includes San Marino and the Vatican (CDIAC and IEA). Includes San Marino
Jamaica 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Jpan 18681959 (CDIAC); 196R008(IEA) No data EPA EPA
Includes Okinawa (IEA). Excludes the Ruyuku Islands, pr
1950 (CDIAC). The IEA notes that the Japanese National
Communication uses fiscal years, whereas the IEA uses
calendar years.
Jorda 19501970 (CDIAC); 1972008(IEA) No data EPA EPA
Kazakhstan 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).
Kenya 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Kiribati 19612008(CDIAC) No data EDGAR EPA
Korea (North) 19091970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1945 (United Korea).
Korea (South) 19091970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 194%téd Korea).
Kuwait 19461970 (CDIAC); 1972008(IEA) No data EPA EPA
Kyrgyzstan 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).
Laos 19462008(CDIAC) No data EPA EPA
Based on WRI @states, 19464 (French Indochina)
Latvia 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates, 194qQUSSR).
Lebanon 19311970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Lesotho 19802008(EIA) No data EDGAR EPA
Liberia 19502008(CDIAC) No data EDGAR EPA
Libya 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Lithuania 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).
Luxembourg 19451959 (CDIAC); 196R008(IEA) No data EPA EPA
Macedonia 18851970 (CDIAC); 1972008(IEA) No data EPA (CH4); EPA
Based on WRI estimates prior to 1990 (Yugoslavia). EDGAR (N20,)
Madagascar 19452008(CDIAC) No data EDGAR EPA
Malawi 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimates, 183qRhodesiblyasaland)
Malaysia 18901970 (CDIAC); 1972008(1EA) 19962005(Houghton) EDGAR EPA
Malaysia includes "Peninsular Malaysia" from19830 Basec
on WRI estimates, 1956 (Malay&ingapore).
Maldives 19712008(CDIAC) No data EDGAR EPA
Mali 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimates, 183QFrench West Africa).
Malta 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Mauritania 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimates, 2930 French West Africa). No data
Mauritius 19502008(CDIAC) No data EDGAR EPA
Mexico 18911970 (CDIAC); 1972008(IEA) 19902005(Houghton) EPA EPA
Moldova 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).
Mongolia 19502008(CDIAC) No data EPA EPA
Morocco 19281970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Mozambique 19271970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Myanmar 19281970 (CDIAC)19712008(IEA) 19902005(Houghton) EPA EPA
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CO; from Land Use Non-CO; Gases (1990, 1995, 2000, 2005)
Country CO:z from Fossil Fuels Change & Forestry CH4 & N20 HFCs, PFCs, SF6
Namibia 1990 (CDIAC); 1992008(IEA) No data EDGAR EPA
Nauru 19642008(CDIAC) No data EDGAR EPA
Nepal 19501970 (CDIAC); 1972008(IEA) No data EPA EPA
Netherlands 18501959 (CDIAC); 196R008(IEA) No data EPA EPA
Excludes Surinam & Netherlands Antilles (CDIAC and IE#
New Zealand 18781959 (CDIAC); 196R008(IEA) No data EPA EPA
Nicaragua 19421970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Niger 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimates, 183QFrench West Africa).
Nigeria 19151970 (CDIAC); 1972008(IEA) 19902005(Houghton) EPA EPA
The variation in emissions for 1993 and 1994 are due to
problems in the underlying energy data. Oil export data fc
these two years are from the Energy Commission of Nige
(IEA)
Niue 19702008(CDIAC) No data EDGAR -
Norway 18501959 (CDIAC); 196R008(IEA) No data EPA EPA
Oman 19641970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Pakistan 19461970 (CDIAG; 19712008(IEA) No data EPA EPA
Based on WRI estimates, 13981 (E. & W. Pakistan).
Palau 19552008(CDIAC). No data EDGAR EPA
Panama 19481970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Papua New 19502008 (CDIAC) 19962005(Hougtton) EDGAR -
Guinea
Paraguay 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Peru 18841970 (CDIAC); 1972008(1EA) 19962005(Houghton) EPA EPA
Philippines 19071970 (CDIAC); 1972008(1EA) 19962005(Houghton) EPA EPA
Poland 18501959 (CDIAC); 180-2008(IEA) No data EPA EPA
Portugal 18701959 (CDIAC); 1962008(IEA) No data EPA EPA
Includes the Azores and Madeira.
Qatar 19491970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Romania 18581970 (CDIAC); 1972008(IEA) No data EPA EPA
Russian 18501970 (CDIAC); 1972008(1EA) 19962005(Houghton) EPA EPA
Feceration fi fi fi i Based on WRI estimates prior to 1992 (USBR).fi i
Rwanda 19502008(CDIAC) No data EDGAR EPA
Based on WRI estimates, 185qQRwand&rundi) No data
Saint Kitts & 19572008(CDIAC) No data EDGAR EPA
Nevis Includes Anguilla (19%8D)
Saint Lucia 19502008(CDIAC) No data EDGAR EPA
Saint Vincent & 19502008(CDIAC) No data EDGAR EPA
Grenadines
Samoa 19502008(CDIAC) No data EDGAR -
Sao Tone & 19512008(CDIAC) No data EDGAR EPA
Principe
Saudi Arabia 19361970 (CDIAC); 1972008(IEA) No data EPA EPA
Senegal 19491970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates, 183QFrench West Africa).
Serbia & 18851970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Montengro Formerly the "Federal Republic of Yugoslavia"; Based on
estimates prior to 1988 (Yugoslavia).
Seychelles 19632008(CDIAC) No data EDGAR -
Sierra Leone 19502008(CDIAC) No data EDGAR EPA
Singapore 19501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates, 1960 Malay&ingapore).
Slovakia 18601970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates, 186@0 (Czechoslovakia).
Sloveia 18851970 (CDIAC); 1972008(IEA) No data EPA EPA
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CO; from Land Use

Non-CO; Gases (1990, 1995, 2000, 2005)

Country

CO:z from Fossil Fuels
Based on WRI estimates prior to 1980 (Yugoslavia).

Change & Forestry

CH4 & N20

HFCs, PFCs, SF6

Solomon Isl. 19522008(CDIAC) No data EDGAR EPA

South Africa 18841970 (CDIAC); 1972008(IEA) No data EPA EPA

Spain 18501959 (CDIAC)19602008(IEA) No data EPA EPA
Includes the Canary Islands.

Sri Lanka 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Sudan 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Suriname 19502008(CDIAC) No data EDGAR EPA

Swaziland 1950-2008(CDIAC) No data EDGAR EPA

Sweden 18501959 (CDIAC); 1962008(IEA) No data EPA EPA

Switzerland 18581959 (CDIAC); 196R008(IEA) No data EPA EPA
Includes Liechtenstein. Includes Liechtenstein

Syria 19311970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Taiwan 18961970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Tajikistan 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).

Tanzania 19501970 (CDIAC); 1972008(IEA) 19902005(Houghbn) EDGAR EPA
Includes Tanganyika & formerly indep. Zanzibar;@8®50

Thailand 19471970 (CDIAC); 1972008(IEA) No data EPA EPA

Togo 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Tonga 19502008(CDIAC) No data EDGAR EPA

Trinidad& 19091970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Tobago

Tunisia 19161970 (CDIAC); 1972008(IEA) No data EDGAR EPA

Turkey 18651959 (CDIAC); 1962008(IEA) 19962005(Houghton) EPA EPA

Turkmenistan 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).

Uganda 19502008(CDIAC) No data EPA EPA

Ukraine 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR).

United Arab 19591970 (CDIAC)19712008(IEA) No data EPA EPA

Emirates

United 18501959 (CDIAC); 196R008(IEA) No data

Kingdom EPA EPA

United States of 18501959 (CDIAC); 196R008(IEA) 19962005(Houghton) EPA EPA

America Includes Puerto Rico, Guam, the Virgin Islands and the Includes Puerto Rico and the Virgin Islar
Hawaian Free Trade Zone.

Uruguay 19321970 (CDIAC); 1972008(IEA) No data EPA EPA

Uzbekistan 18501970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates prior to 1992 (USSR). No data

Vanuatu 19622008(CDIAC) No data EDGAR EPA

Venezuela 19041970 (CDIAC); 1972008(IEA) 19902005(Houghton) EPA EPA

Vietnam 18921970 (CDIAC); 1972008(IEA) No data EPA EPA
Based on WRI estimates, 2928 French Indochina); Include
Former North ad South Vietnam, 1963.

Yemen 19501970 (CDIAC); 1972008(IEA) No data EDGAR EPA
Includes Former North and South Yemen, /@50

Zambia 19501970 (CDIAC); 1972008(IEA) 19902005(Houghton) EDGAR EPA
Based on WRI estimates, 1830RhodesidNyasaland)

Zimbabwe 19031970 (CDIAC); 1972008(IEA) 19902005(Houghton) EDGAR EPA

Based on WRI estimates, 183qRhodesiblyasaland)

Note on Cement Manufacture & Flaring: All countries include emissions fron
cement manufaae (CDIAC) from 19220@ and from g@s flaring (EIA) from

198020@8.
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Emission Source Key:

CDIAC

EIA

EDGAR

EPA

Houghton

IEA
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