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Per Capita Carbon Dioxide

 Bunker Fuels {a}EmissionsCarbon Dioxide Emissions, 1995 (000 metric tons)
(000 metric tons)(metric tons)TotalCementGasGaseousLiquidSolid

19951995EmissionsManufacturingFlaringFuelsFuelsFuels

485,8063.922,714,561687,927233,4794,179,8338,342,6759,016,712WORLD

25,3261.1745,59527,93273,386100,416269,355274,078AFRICA

1,4113.391,2673,08915,57847,22222,1343,243Algeria
2,5610.44,6021492,4603221,6670Angola

590.1634189004430Benin
01.52,24200002,242Botswana
40.09560009564Burkina Faso

180.021300019818Burundi
480.34,144259003,8804Cameroon
400.12340002340Central African Rep
590.095000950Chad

4760.02,09950001,194854Congo, Dem Rep

330.51,2685016771,0480Congo, Rep
2600.810,3622490010,1130Côte d'Ivoire

5,1081.591,6847,973026,05555,2052,451Egypt
00.31320001320Equatorial Guinea
X X X X X X X X Eritrea

3150.73,52529003,04511Ethiopia
4183.33,5436501,5831,8940Gabon

00.22160002160Gambia, The
1610.24,045698003,3427Ghana

400.11,0810001,0810Guinea

180.22310002310Guinea-Bissau
1720.36,683747005,683253Kenya

X X X X X X X X Lesotho
510.13190003190Liberia

7517.339,4031,1463,4249,25525,56415Libya

550.11,12530001,04844Madagascar
370.1725690061244Malawi
510.046510004540Mali
701.43,067187002,86515Mauritania

8611.31,4910001,315176Mauritius

2491.129,2943,23904819,7646,247Morocco
2160.19931000835150Mozambique

X X X X X X X X Namibia
480.11,1181500645458Niger

2,3010.890,7171,29651,4938,56329,217150Nigeria

290.14913204840Rwanda
7840.43,063294002,7700Senegal
3150.14430004430Sierra Leone

00.011120000Somalia
7,2367.4305,8054,52003,54347,291250,453South Africa

1390.13,499125003,3750Sudan
00.54540000454Swaziland

1580.12,440399002,02615Tanzania
00.2744174005720Togo

5861.715,3082,1432613,8188,849238Tunisia

00.01,04465009780Uganda
1100.32,404149001,462795Zambia

00.99,735498003,4955,738Zimbabwe
200,1398.56,247,094133,42048,3271,715,8622,075,0772,261,021EUROPE

00.51,8471000221,550176Albania
6277.459,2802,492015,16529,18412,439Austria

05.759,302616023,66629,9425,078Belarus, Rep
15,22410.3103,8163,986024,28142,09933,449Belgium

00.51,843750528297942Bosnia and Herzegovina

8616.756,6971,04609,44217,61328,594Bulgaria
02.017,01638904,42610,501267Croatia, Rep
010.9112,0492,404012,94119,59177,113Czech Rep

7,05310.554,8689973236,90723,13123,516Denmark
510.016,4444701,1983,2430Estonia, Rep

1,93810.051,01444806,73120,48523,351Finland
19,7565.9340,08510,464067,887202,82158,913France
23,47210.2835,09919,9321,011150,990309,623353,543Germany
13,8947.376,2845,98039937,26332,943Greece

05.555,8761,495018,89519,26216,221Hungary

3446.71,80341001,554209Iceland
1,4809.132,23674705,14415,23911,106Ireland

15,0117.2409,98317,4410102,185243,52046,841Italy
03.79,31810102,0816,141993Latvia, Rep
04.014,81432404,2069,2081,074Lithuania, Rep

X X X X X X X X Macedonia, FYR
02.510,8162504,9353,0342,821Moldova, Rep

43,6758.8135,9091,69434477,65821,98434,229Netherlands
2,35216.772,45269832,1717,66127,9124,012Norway
2,2248.8338,0446,918020,37940,495270,253Poland, Rep

3,0745.351,9263,7370032,66815,521Portugal
05.3121,0922,990039,78437,50140,817Romania
012.21,818,01118,1389,909774,295377,066638,606Russian Federation
07.138,0361,246010,8277,76818,195Slovak Rep
06.111,71449801,5356,3243,356Slovenia, Rep

16,3635.8231,60512,4581117,660129,38072,093Spain
4,7345.144,5911,04601,55731,19510,790Sweden
3,7815.438,8531,99305,02331,488348Switzerland

08.5438,2115,4810149,71568,095214,919Ukraine
23,3989.3542,1406,2294,556143,515207,932179,906United Kingdom

X X X X X X X X Yugoslavia, Fed Rep

Data Table 16.1

Emissions from Fossil Fuel Burning and Cement Manufacturing, 1995
Source: Carbon Dioxide Information Analysis Center
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Data Tables

Per Capita Carbon Dioxide

 Bunker Fuels {a}EmissionsCarbon Dioxide Emissions, 1995 (000 metric tons)
(000 metric tons)(metric tons)TotalCementGasGaseousLiquidSolid

19951995EmissionsManufacturingFlaringFuelsFuelsFuels

63,99519.95,904,31243,66516,2291,316,2002,292,8432,235,370NORTH AMERICA

4,50714.8435,7495,3434,021151,796180,96193,626Canada
59,48920.55,468,56438,32312,2091,164,4052,111,8822,141,744United States
4,2103.6477,04516,5265,10273,921356,50023,952CENTRAL AMERICA

291.94140004140Belize
01.55,232493004,7410Costa Rica

1171.529,0673407727,8987Cuba
01.511,7697240010,750293Dominican Rep
00.95,188436004,7520El Salvador

00.77,1897780226,3900Guatemala
00.163825006120Haiti

00.73,855326003,5280Honduras
953.79,050261008,643147Jamaica

1,4803.9357,83411,9453,54461,830257,15823,358Mexico

00.72,700174002,5280Nicaragua
02.66,89617401176,463143Panama

78813.317,1112991,55811,8243,4300Trinidad and Tobago
12,4542.4747,33128,77426,187160,974454,71076,695SOUTH AMERICA

1,0043.7129,4643,1896,60056,33459,7673,572Argentina
01.410,4753491,9232,9285,2760Bolivia

5,8181.6249,19612,7072,3249,479180,83743,851Brazil
03.144,1041,4953163,21728,15110,926Chile
01.967,5244,7967398,07538,67015,246Colombia

7882.022,6331,1461,96950619,0090Ecuador
01.19340009340Guyana
70.83,796284003,5140Paraguay
01.330,5611,0464436327,2241,887Peru
05.02,15125002,1250Suriname

3851.75,379299005,0784Uruguay
4,4008.2180,2433,43812,27180,07383,2531,209Venezuela

168,2662.38,270,648434,18164,248772,0342,800,1393,960,971ASIA

150.11,238572232282415Afghanistan, Islamic State
01.03,64910001,9931,53918Armenia, Rep
05.642,576100011,81330,64915Azerbaijan

370.220,932140013,3047,4930Bangladesh
00.1238700011059Bhutan

00.04980004980Cambodia
3,1332.73,192,484222,049034,394447,0042,489,036China

01.47,7465005,9141,227553Georgia
2,0191.0908,73434,8812,95835,336205,785629,779India
2,3491.5296,1329,7177,78050,527191,21336,893Indonesia

1,7073.8263,7608,12217,25382,645152,2393,503Iran, Islamic Rep
04.999,0018,969966,03583,9020Iraq

1,8548.446,3201,74404428,30116,232Israel
36,5749.01,126,75345,0840119,076630,868331,731Japan

7662.513,3081,9930011,3140Jordan

013.2221,478897020,83734,064165,682Kazakstan, Rep
1,3300.2256,9861,3340011,3185,236Korea, Dem People's Rep

16,9648.3373,59227,472018,972211,816115,332Korea, Rep
1,72228.848,72099798617,41929,3190Kuwait

01.25,46314901,4731,7952,045Kyrgyz Rep

00.13080003084Lao People's Dem Rep
5134.413,3411,4950011,344502Lebanon
7845.3106,6045,3155,42230,45558,8556,555Malaysia

03.48,45754001,6126,793Mongolia
00.17,031258142,7883,800172Myanmar

00.11,532110001,107311Nepal
8725.211,4176988874,5215,3130Oman
4650.685,3574,278028,83243,9138,332Pakistan

1,9420.961,1594,8830050,2965,980Philippines
37,06913.9254,2527,97320,00577,431148,8430Saudi Arabia

35,47919.163,6699470062,614110Singapore
1,3010.35,888448005,4344Sri Lanka

3113.246,0242,9904,5354,42634,0684Syrian Arab Rep
00.73,7415003,21341066Tajikistan, Rep
03.0175,04013,205017,298106,60037,937Thailand

1,3852.7165,91716,520011,94573,52263,929Turkey
07.028,334199015,86512,2710Turkmenistan, Rep

2,16230.968,3042,99065443,45921,2040United Arab Emirates
04.498,8771,744067,13925,6994,294Uzbekistan, Rep
00.431,7083,7372,9481113,68911,325Vietnam

4731.014,4114980013,9120Yemen

11,41711.3322,5353,427040,42594,051184,625OCEANIA

8,40916.2289,8082,990031,45976,878178,477Australia
1691.0736390064551Fiji

2,6827.727,44034908,80812,6225,657New Zealand
730.62,481001582,3234Papua New Guinea

70.41610001610Solomon Islands

Notes: a. Bunker fuels are stored fuels to be used for ship or air transport.

Data in this table are reported as the mass of carbon dioxide emitted.

Data Table 16.1 continued
AT M O S P H E R E A N D C L I M AT E
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Nitrous

Oxide

(000Methane Emissions from Anthropogenic Sources (000 metric tons)Carbon Dioxide Emissions (000 metric tons)
metricTotalAgricultureFuelFossil FuelNet CO2IndustrialLand UseFossil
tons)Methane {c}Waste     OtherLivestockCombustionExtractionEmissions {b}Processes {a}ChangeFuelsYear

  WORLD

 AFRICA

16263707850127033,6331330,3793,2411990Côte d'Ivoire
X 489eX X 4241352d83,51028,110X 41,3101990Egypt
51,597281719743401515,85913013,3932,3361992Ethiopia
03078132X 1,854X 1,6482061993Gambia, The
0630120748X (208)9571994Mauritius

 EUROPE

4603228X 2592492f44,2002,100(15,000)57,1001990Austria
X 0X X X X 0d114,4107,198X 106,2981990Belgium

221,37085662451124977,1895,680(5,801)76,5351990Bulgaria
26942151X 19559531g136,2828,428(2,265)157,3641990Czech Rep
11401122X 256121160,5321,327(2,600)61,8051994Denmark

118730X 46210923,2732151,64521,4131994Estonia, Rep
11247135X 92j16iX 27,300800h(31,000)57,5001994Finland

1712,831725381,550182333328,35614,250(37,189)351,2951993France
1915,2031,917 X 1,6881301,460891,20025,200(20,000)886,0001993Germany

14343110101651939d82,1005,890X 76,2101990Greece
118512723170636667,2063,568(4,467)68,1051990Hungary

12110X 110X d2,301408X 1,8881993Iceland
4279513641603510d30,7191,627X 29,0381990Ireland

1203,9011,6113191,54166348392,21127,591(36,730)401,3501990Italy
215944X 111228,677371(14,300)22,6061990Latvia, Rep

581,041376X 47828159174,7001,900(1,700)173,6001994Netherlands
14297167X 95181627,4796,597h(10,200)30,6821994Norway
502,474941170229793d371,59110,603X 360,9881992Poland, Rep
112273513163142d42,1483,462X 38,6861990Portugal
672,32924134576461,416g117,6559,244(2,925)189,2281989Romania

22527,3602,4001004,900lX k19,6001,801,82040,670(587,200)2,348,3501990Russian Federation
16347531171219653,8272,775(4,451)55,0331990Slovak Rep
942,15149111577276695204,15617,696(23,166)209,4251990Spain
25336j100X 202j34iX 23,8904,883h(34,368)53,0811994Sweden
16318672520581338,1822,730(5,150)39,2621994Switzerland
259,460930152,235606,220648,16431,780(51,976)668,3601990Ukraine
943,8771,862X 1,11691808545,6058,373(5,970)542,6891994United Kingdom

NORTH AND CENTRAL AMERICA

1113,514815X 964401,695d483,55825,019X 451,8351994Canada
35928,17110,4006388,5589457,6304,594,08323,083(532,000)5,103,0001994United States

X 2,977386351,804X 753402,053X 89,148312,9061990Mexico
SOUTH AMERICA

1597X 29429m1151456,51426050,0076,2471990Bolivia
X X X X X X 0d339,49612,853X 215,1591994Brazil
155564108281202133,7641,15013,73618,8781990Ecuador
71,43313029838315822103,8241,08983,13519,5991990Peru

4543,17022198853121,827190,8132,86780,612107,3341990Venezuela
ASIA

31,3357447352019080110,860X (25,151)74,7271990Bangladesh
1,10033,83079018,4008,940505,6502,496,160106,0009,1602,381,0001990China
2,7693,746X 2,039864316527(672,199)33,769(822,849)116,8811990Indonesia

n54n1,31640027652026941,151,00056,000(90,000)1,137,0001994Japan
73,5551,763X 939X 84197,2334,348(90,000)182,8851990Kazakstan, Rep
032915X 3015914,2082201813,9701990Mongolia
1996X 542370lX k84d99683X 9131990Nepal
X o1,518o1,518X X X 0303,641o4X 303,6331992Oman
81,2901385593152208168,4443,28684,20238,2451990Philippines

OCEANIA

606,2431,3913963,005281,026419,8086,892130,843282,0731990Australia
191,895423X 1,43682313,6332,680(13,796)24,7491994New Zealand

Notes: a. Usually refers to cement production. b. Net emissions for some countries include sources of CO2 not listed. c. Total methane emissions for some countries include sources 

not listed. d. Total, not net, emissions.  e. Waste is included under agriculture. f. Calculation of net emissions based on total emissions for 1992. g. Calculation of net emissions 

based on total emissions for 1993. h. 1990 figure. i. Emissions for fossil fuel extraction are included under fuel combustion. j. Includes fossil fuel extraction. k. Includes 

methane emissions from fuel combustion. l. Included under fossil fuel extraction.  m. From land use and change. n. Methane and nitrous oxide emission reports are for 1993. 

o. 1993 data.

Data Table 16.2

Inventories of National Greenhouse Gas Emissions, 1989–94
Sources: Various
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Annual Per
CapitaCarbon dioxide emissions (million metric tons)

EmissionsCumulativeGasCement
(metric tons)TotalTotalFlaringManufacturingGasLiquidSolidYear

X 5511X X 00111755
X 11011X X 00111760
X 16511X X 00111765
X 22011X X 00111770
X 29315X X 00151775

X 36615X X 00151780
X 45818X X 00181785
X 55018X X 00181790
X 66022X X 00221795
X 78829X X 00291800

X 95333X X 00331805
X 1,13637X X 00371810
X 1,34144X X 00441815
X 1,59451X X 00511820
X 1,88062X X 00621825

X 2,22888X X 00881830
X 2,66492X X 00921835
X 3,221121X X 001211840
X 3,913158X X 001581845
X 4,793198X X 001981850

X 5,928260X X 002601855
X 7,412333X X 003331860
X 9,343436X X 004361865
X 11,820539X X 045351870
X 15,026689X X 046851875

X 18,789865X X 0118541880
X 23,6361,015X X 4151,0001885
X 29,4481,304X X 11291,2641890
X 36,4531,488X X 7401,4401895
X 45,1261,960X X 11591,8871900

X 56,2172,433X X 18882,3301905
X 70,4593,067X X 261912,8511910
X 86,6833,129X X 332242,8731915
X 103,4823,444X X 443113,0891920
X 120,3593,605X X 664543,0851925

X 140,1113,935X 371106343,1581930
X 158,5274,433X 332201,2052,9721935
X 184,3915,643X 403041,5723,7261940
X 212,7505,265X 264321,8033,0041945
2243,3485,96173663551,5503,9201950

3249,8156,46781734211,7554,1371951
3256,3856,57084814541,8474,1001952
3263,1166,73181884801,9534,1221953
3269,9276,81177995062,0414,0891954
3277,3987,471951105502,2904,4261955

3285,3677,9691101175902,4884,6641956
3293,6628,2951061256522,6164,8001957
3302,1708,508951327032,6824,8951958
3311,1548,984921477842,8955,0641959
3320,5459,391881588613,1145,1701960
3329,9879,442881659313,3164,9431961
3339,8109,823841801,0153,5944,9501962
3350,16510,354921871,0993,8585,1191963
3361,11710,9521142091,2024,1705,2581964
3372,57411,4571322161,2864,4745,3531965
4384,61012,0361432311,3924,8555,4151966
4397,06412,4541912381,5025,2185,3051967
4410,14813,0842052561,6305,6875,3051968
4424,03113,8832452711,7846,1345,4481969
4438,92214,8902782861,8916,7345,7011970
4454,40915,4883223082,0307,1305,7011971
4470,51316,1033443262,1367,5305,7601972
4487,48816,9754033482,2288,2075,7891973
4504,49217,0053923522,2648,2225,7781974
4521,39516,9023413482,2837,8086,1231975
4539,27517,8803993772,3718,4756,2581976
4557,66118,3863813962,3678,7536,4851977
4576,22318,5623924252,4708,7316,5441978
4595,81819,5953664362,6169,2856,8961979
4615,16019,3423264402,6608,8197,1011980
4633,87918,7192644432,6978,3216,9981981
4652,45218,5732534432,6787,9737,2291982
4670,99218,5402314582,6867,9187,2471983
4690,15819,1662134692,8988,0067,5841984
4709,95919,8002094803,0127,9518,1521985
4730,46220,5041985023,0788,3508,3761986
4751,43120,9691875243,3098,3878,5631987
4773,22121,7901945573,4778,7648,7971988
4795,39922,1781835723,6028,9008,9181989
4817,78322,3832205753,7379,1538,6981990
4840,41922,6362565903,7749,5488,4681991
4862,71122,2922276193,7349,1498,5631992
4884,88922,1782316493,8119,1538,3361993
4907,94323,0542346893,8989,3108,9221994
4931,78123,8382347074,1779,4099,3071995

Note: Mass of carbon dioxide.

Data Table 16.3

World CO2 Emissions from Fossil Fuel Consumption
and Cement Manufacturing, 1755–1995
Source: Carbon Dioxide Information Analysis Center

AT M O S P H E R E A N D C L I M AT E
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Data Tables
Combustion of different fossil fuels releases CO2

at different rates. For the same level of energy con-
sumption, burning oil releases about 1.5 times the
amount of CO2 released by burning natural gas;
coal combustion releases about twice the CO2 of
natural gas.

It was assumed that approximately 1 percent of
the coal used by industry and power plants was not
burned and that an additional few percent were
converted to nonoxidizing uses.Other oxidative re-
actions of coal are assumed to be of negligible im-
portance in carbon budget modeling. CO2 emis-
sions from gas flaring and cement manufacturing
production make up about 3 percent of the CO2

emitted by fossil fuel combustion.

Data Table 16.2

Inventories of National
Greenhouse Gas Emissions,
1989–94
Sources: Bangladesh: Bangladesh Climate Change
Country Study, Emission Inventory, Final Report
(Bangladesh Centre for Advanced Studies, 1996).
Bolivia: Programa Nacional de Cambios Climati-
cos, Inventario de Emisiones de Gases de Efecto In-
vernadero de Origen Antropogenico de Bolivia para
el Año 1990 (Ministerio de Desarrollo Sostenible y
Medio Ambiente, 1996). Brazil: CO2 Emissions from
Energy Sector—Top-Down Approach, Minesterio
de Cienceo y Technologia. Available online at
http://www.mct.gov.br/GABIN/CPMG/
CLIMATE/PROGRAMA/ing/tab94.html (1997).
China: Carbon Dioxide—National Conditions
Analysis and Research Group of China Academy of
Sciences, No. IV Report of National Conditions, Op-
portunities, and Challenges—Goals of Economic
Development and Study on Fundamental Develop-
ment Strategy (Science Press, Beijing, 1996); Meth-
ane—Wang Hanchen, National Environmental
Protection Agency of 5.29 (NEPA, Beijing, 1997).
Cote d’Ivoire: Ministère de l’Enseignement Su-
perieur de la Recherche et de l’Innovation Tech-
nologique,Emissions et Puits des Gaz a Effet de Serre
en Cote d’Ivoire (École Nationale Superieure des
Travaux Publics, 1996). Ecuador: Ecuador Climate
Change Country Study, Modulo 4: Inventario Na-
cional de Emisiones Gaseosas que Producen el Efecto
Invernadero, Borrador del Informe Final, Año 1990
(Ministerio de Energia y Minas, 1996). Egypt: El-
Raey et al.,Egypt: Inventory and Mitigation Options,
and Vulnerability and Adaptation Assessment, In-
terim Report on Climate Change Country Studies
(1995). Available online at: http://www.gcrio.org/
CSP/IR/IRegypt.html (1997). Ethiopia: Ethio–U.S.
Country Study Project, Greenhouse Gases Emission
Inventory and Vulnerability, Adaptation, and Miti-
gation Assessment to Climate Change in Ethiopia
Technical Report (Crop, Water Resources, Forestry,
Grasslands and Livestock, and Energy Sectors) (Na-
tional Meteorological Services Agency, 1996). The
Gambia: Bubu P. Jallow, The 1993 Greenhouse Gas
Emissions Inventory of The Gambia: A Synthesis Re-
port (National Climate Committee). Indonesia:
U.S.–EPA Indonesia Country Study Program, In-

ventory of Greenhouse Gases Emissions and Sinks in
Indonesia (The State Ministry of Environment,
1996). Kazakstan: Kavalerchik et al., Kazakstan:
Overall Approaches and Preliminary Results from
Country Study, Interim Report on Climate Change
Country Studies (1995). Available online at:
http://www.gcrio.org/CSP/IR/IRkazakh.html
(1997). Kenya: Kenya Country Study on Climate
Change, Inventory of Greenhouse Gases (GHG)
from Agricultural Activities, Second Progress Report
(1997). Mauritius: National Climate Committee:
U.S. Country Study Programme Mauritius, Na-
tional Inventory of Greenhouse Gases (1990), Mau-
ritius Meteorological Services Report No. 2 (Mau-
ritius Meteorological Services, 1996). Mexico:
Mexico Country Studies Project Team, Mexico:
Emissions Inventory, Mitigation Scenarios, and Vul-
nerability and Adaptation—Interim Report, Coun-
t r y Study, Mexico. Avai lable on l ine at
http:www.gcrio.org/CSP/IR/IRmexico.html
(1997). Mongolia: U.S. Country Studies Program:
Mongolia’s Study Team, Mongolia Greenhouse Gas
Inventory 1990,Mongolia’s Country Studies Report
on Climate Change, Volume 2 (Ulaanbaatar, 1996).
Nepal: U.S. Country Studies Team—Nepal, A Re-
port on Inventory of Greenhouse Gases Emission for
Nepal,Final Draft (Integrated Methodical Research
Centre and Associates [PVT] Ltd., 1997). Oman:
Oman Country Studies Project Team, National
Emission Inventory of Greenhouse Gases (Sultanate
of Oman Ministry of Regional Municipalities and
Environment, 1995). Peru: Peru Climate Change
Country Study Team, Peru’s National Greenhouse
Gas Inventory 1990 (Universidad Nacional de In-
genieria, 1996). Philippines: Philippine Country
Study on Climate Change, National Greenhouse
Gas Inventory 1990 (PAGASA, 1996). Ukraine:
Country Study on Climate Change in Ukraine, De-
velopment of Greenhouse Gas Emissions Inventory,
Final Report (Supplement) (Agency for Rational
Energy Use and Ecology, 1995). Venezuela: Vene-
zuela Country Studies Team,Venezuela Greenhouse
Gas Emissions (Ministry of Environment and Re-
newable Natural Resources). Available online at:
http://www.gcrio.org/CSP/IR/gifs/VenTab1.gif
(1997).

Australia, Austria, Belgium, Bulgaria, Canada,
Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Iceland, Ire-
land, Italy, Japan, Latvia, Netherlands, New Zea-
land, Norway, Poland, Portugal, Romania, Russian
Federation, Slovakia, Spain, Sweden, Switzerland,
United Kingdom, and United States: Compiled by
the Secretariat of the Climate Change Convention
from national sources. Available online at:
http://www.unfccc.de/fccc/emiss/file08.htm#
emis94.

These inventories are detailed estimates of emis-
sions and not inventories as the word is commonly
understood. Estimates of other gas emissions at the
national level have been shown to be highly labile
due to changes in the understanding of the under-
lying data, changes in the methods used in estima-
tion, and even changes in the extent of the phe-
nomenon under study. Variations of 30 or 40 per-

cent from one estimate of a particular year’s emis-
sions to a later estimate of the same year’s emissions
are not unheard of.

Carbon dioxide (CO2) emissions from fossil fuels
include emissions from combustion and other in-
dustrial processes. CO2 emissions from land use
change are estimates of the emissions associated
with the clearing of land or increases in forest cover
or forest biomass. Industrial processes refers to
emissions from industry; most of these emissions
result as a byproduct of cement manufacturing and
steel production. Net CO2 emissions sums energy
use and negative or positive emissions from forest
growth.

Methane emissions from anthropogenic sources:
fossil fuel extraction includes methane released
from venting and leakage from oil, gas, coal pro-
duction, and distribution systems. Fuel combustion
includes emissions from combustion of fuels for
human use. In some countries this includes bio-
mass. Under agriculture, emissions from livestock
include both enteric fermentation and animal
waste. Other agricultural sources include wet rice
agriculture, methane released from soils, and the
burning of agricultural waste and grazing lands.
Waste includes emissions from landfills. Total
methane is the total of all sources, and for some
countries, includes emissions from industrial pro-
cesses and land use change.

Nitrous oxide (N2O) is another potent green-
house gas that is difficult to model. In descending
order of importance, the primary sources of N2O
are agriculture, industry, and energy use for trans-
port.

Data Table 16.3

World CO2 Emissions from Fossil
Fuel Consumption and Cement
Manufacturing, 1755–1995
Source: Carbon Dioxide Information Analysis
Center (CDIAC), Environmental Sciences Divi-
sion, Oak Ridge National Laboratory, “Global CO2

Emissions from Fossil-Fuel Burning, Cement
Manufacture, and Gas Flaring: 1751–1995,” pre-
pared by Gregg Marland and Tom Boden (CDIAC),
Bob Andres (University of Alaska-Fairbanks), and
Cathy Johnston (University of Tennessee); and
“1995 Estimates of CO2 Emissions from Fossil Fuel
Burning and Cement Manufacturing Based on the
United Nations Energy Statistics and the U.S. Geo-
logical Survey Cement Manufacturing Data,”
ORNL/CDIAC-25, NDP-030 (an Internet-
accessible numerical database), available at:
http://cdiac.ESD.ORNL.GOV/ndps/ndp030r6.html
(Oak Ridge, Tennessee, September 1995).

For years after 1950, CDIAC calculates world
emissions from data on the global production of
fossil fuels (based on the World Energy Data Set
maintained by the United Nations Statistical Divi-
sion), and from data on world cement manufactur-
ing (based on the Cement Manufacturing Data Set
maintained by the U.S. Geological Survey). Emis-
sions are calculated using global average fuel chem-
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istry and usage. These data account for all fuels in-
cluding “bunker fuels” not accounted for in the to-
tals in Data Table 16.1, which are also shown sepa-
rately. For further information, see the Technical
Notes for Data Table 16.1.

For years prior to 1950, estimates are based on
CDIAC’s historical database of national emissions.

Data Table 16.4

Atmospheric Concentrations of
Greenhouse and Ozone-
Depleting Gases, 1965–96

Sources: Carbon dioxide: Charles D. Keeling and
T.P. Whorf, Carbon Dioxide Information Analysis
Center (CDIAC), Environmental Sciences Divi-
sion, Oak Ridge National Laboratory, “Atmos-
pheric CO2 Concentrations—Mauna Loa Observa-
tory, Hawaii, 1958–1996” (revised August 1997),
ORNL/CDIAC-25, NDP-001/R7 (an Internet-
accessible numerical database), available at
http://cdiac.ESD.ORNL.GOV/ftp/ndp001r7/
(Oak Ridge, Tennessee, September 1997). Other
trace gases: CDIAC, Environmental Sciences Divi-
s ion, O a k Ridge Nat iona l L ab or ator y,
ORNL/CDIAC-25, DB-1001/R3 (an Internet-
accessible numerical database), available at:
http://cdiac.ESD.ORNL.GOV/ndps/alegage.html
(ALE/GAGE/AGAGE Monthly Readings at Cape
Grim, Tasmania), originally R.G. Prinn et al., “At-
mospheric CFC-11 (CCl3F), CFC-12 (CCl2F2), and
N2O from the ALE-GAGE Network,”in T.A.Boden,
et al., eds., Trends ‘93: A Compendium of Data on
Global Change (ORNL/CDIAC-65, CDIAC, Oak
Ridge, Tennessee, 1994), pp. 396–420.

The trace gases listed here affect atmospheric
ozone, contribute to the greenhouse effect, or both.
Carbon dioxide (CO2) accounts for about half the
increase in the greenhouse effect and is emitted to
the atmosphere by natural and anthropogenic pro-
cesses. See the Technical Notes for Data Tables 16.1
and 16.2 for further details.

Atmospheric CO2 concentrations are monitored
at many sites worldwide; the data presented here are
from Mauna Loa, Hawaii (19o 32’ North latitude,
155o 35’ West longitude). Trends at Mauna Loa re-
flect global trends, although CO2 concentrations
differ significantly among monitoring sites at any
given time. For example, the average annual con-
centration at the South Pole in 1988 was 2.4 parts
per million (ppm) lower than at Mauna Loa.

Annual means disguise large daily and seasonal
variations in CO2 concentrations. The seasonal
variation is caused by photosynthetic plants storing
larger amounts of carbon from CO2 during the
summer than in the winter. Some annual mean fig-
ures were derived from interpolated data.

Data are revised to correct for drift in instru-
ment calibration, hardware changes, and perturba-
tions to “background”conditions.Details concern-
ing data collection, revisions, and analysis are con-
tained in C.D. Keeling et al., “Measurement of the
Concentration of Carbon Dioxide at Mauna Loa
Observatory, Hawaii,” in Carbon Dioxide Review:
1982,W.C.Clark,ed.(Oxford University Press,New
York, 1982).

Data for all other gases are from values moni-
tored at Cape Grim, Tasmania (45o 41’ South lati-
tude, 144o 41’ East longitude) under the Atmos-
pheric Lifetime Experiment (ALE), Global Atmos-
pheric Gases Experiment (GAGE), and Advanced
GAGE (AGAGE). Although gas concentrations at
any given time vary among monitoring sites, the
data reported here reflect global trends. Cape Grim
generally receives unpolluted air from the south-
east and is the ALE/GAGE/AGAGE station with the
longest, most complete dataset. Air samples were
collected 4 times daily for ALE and 12 times daily
for GAGE/AGAGE. The annual values shown here
are averages of monthly values calculated by
CDIAC. Missing values were interpolated.

Carbon tetrachloride (CCl4) is an intermediate
product in the production of CFC-11 and CFC-12.
It is also used in other chemical and pharmaceutical

applications and for grain fumigation. Compared
with other gases, CCl4 makes a small contribution
to the greenhouse effect and to stratospheric ozone
depletion.

Methyl chloroform (CH3CCl3) is used primarily
as an industrial degreasing agent and as a solvent
for paints and adhesives. Its contribution to the
greenhouse effect and to stratospheric ozone de-
pletion is also small.

CFC-11 (CCl3F), CFC-12 (CCl2F2), and CFC-113
(C2Cl3F3) are potent depletors of stratospheric
ozone. Together, their cumulative effect may equal
one fourth of the greenhouse contribution of CO2.

Total gaseous chlorine is calculated by multiply-
ing the number of chlorine atoms in each of the
chlorine-containing gases (carbon tetrachloride,
methyl chloroform, and the CFCs) by the concen-
tration of that gas.

Nitrous oxide (N2O) is emitted by aerobic de-
composition of organic matter in oceans and soils,
by bacteria, by combustion of fossil fuels and bio-
mass (fuelwood and cleared forests), by the use of
nitrogenous fertilizers, and through other pro-
cesses. N2O is an important depletor of strato-
spheric ozone; present levels may contribute one
twelfth of the amount contributed by CO2 toward
the greenhouse effect.

Methane (CH4) is emitted through the release of
natural gas and as one of the products of anaerobic
respiration. Sources of anaerobic respiration in-
clude the soils of moist forests, wetlands, bogs, tun-
dra, and lakes. Emission sources associated with
human activities include livestock management
(enteric fermentation in ruminants),anaerobic res-
piration in the soils associated with wet rice agricul-
ture, and combustion of fossil fuels and biomass
(fuelwood and cleared forests).CH4 acts to increase
ozone in the troposphere and lower stratosphere;
its cumulative greenhouse effect is currently
thought to be one third that of CO2, but on a
molecule-for-molecule basis, its effect, ignoring
any feedback or involvement in any atmospheric
processes, is 11 to 30 times that of CO2.


