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PREFACE 

In accordance with Article 4 of the United Nations Framework Convention on Climate Change 
(UNFCCC), all Parties are required to develop, periodicatly update, publish and make avail-
able to the Conference of the Parties, national inventories of anthropogenic emissions by 
sources and removals by sinks of all greenhouse gases not controlled by the Montreal Proto-
col using comparable methodologies to be agreed upon by the Conference of the Parties. 

A methodology for conducting such inventories was developed by the OECD Environment 
Directorate, the International Energy Agency (lEA), and the IPCC Working Group I Techni-
cal Support Unit and was proposed as the standard methodolc$gy as required under the 
Convention. 

In order to test and further refine the method, the UNEP Atmosphere Unit, working in 
collaboration with the UNEP Global Environment Facility (GEF), implemented a series of 
nine complementary national studies using these "IPCC Guidelines for National Greenhouse 
Gas Inventories". 

This report is one of the nine technical reports resulting from this effort. Based partly on this 
study and on a series of regional workshops sponsored by UNEP under the GEF funded 
programme and with the assistance of experts from a number of countries, an improved 
version of the IPCC Guidelines was prepared and approved at the Tenth Plenary Session of 
the IPCC in Nairobi (November 1994). 

The First Conference of the Parties to the UNFCCC (Berlin, April 1995) also adopted the 
IPCC methodology as the recommended standard to be employed by all Parties in making 
their inventories in accordance with Article 4. 

It is hoped that this report will assist other country study teams in the development and 
updating of future inventories of greenhouse gases. 
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Executive Director 
United Nations Environment Programme 	
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PREFACE 

This report is the first comprehensive national green house gas emissions inventory produced 
in Mexico. It enables the country to rank itself among other nations regarding anthropogenic 
green house gas emissions. This inventory has been made to fulfil part of Mexico's commitments, 
among the nations, to mitigate the possible global warming. 

In relation to data quality and quality of results, they are the only available today. These 
calculations are being cross checked by numerous experts, some of them from abroad during 
project supervision. Also, a preliminary version of this report was circulated among national 
experts belonging to public, private and academic institutions. Comments, observations and 
even some errors were pointed. We have welcomed these observations, most of them have been 
included in this version of the inventory. When needed, replies from the authors of the different 
sections have been forwarded to whom originated the comment. Therefore, this version is a 
product upon which there is consensus and can be presented as the National 1990 Inventory of 
Greehouse Gas Emissions, preliminary version. 

The making of the inventory has also involved the participation of graduate students on the 
different areas relating the different 8ources. Its natural links to planing of mitigation options and 
integral environmental management are evident. All this, enables us to state that the benefits 
of the inventory are far more reaching that the sole fulfillment of an international agreement to 
report these inventories. 

It also represents one success of international cooperation between friendly nations and the 
support of the United Nations to member countries to build the capabilities needed to face the 
challenges that a potential global warming pose to humanity. 

September 1995. 

Dr. Carlos Gay Garcia 	 Dr. Luis Gerardo Ruiz-Suárez 
Instituto Nacional de Ecologla 	 Centro de Ciencias de Ia Atmósfera 
SEMARNAP 
	

Universidad Nacional Autónoma de Mexico 
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Executive Summary 

Introduction 
The mexican effort to produce a Greenhouse Gases Emissions Inventory within the Mexico 
Country Study is being supported by the United Nations Environmental Programme (UNEP) 
and the US Country Studies Support Program (CSSP). It is well acknowledged by the Mexican 
Government, through the National Institute of Ecology (INE), that good and detailed greenhouse 
gases inventories are an excellent tool for an integral environmental management. The richness of 
the data collected and organized for the inventories has a potential for utilization that goes well 
beyond the immediate satisfaction of the commitment assumed by Mexico with the Framework 
Convention on Climate Change, to produce a National Inventory for the base year of 1990. 

The preliminary Greenhouse Gas Inventory within the Country Study has been built trough 
the cooperative effort of several research institutions under the coordination of INE with the 
collaboration of the Center for Atmospheric Sciences of the National University (CCA, UNAM). 
The interest of INE, the other participant national institutions and the National University for 
producing a detailed inventory was initially supported by the US CSSP and later by UNEP. It 
was understood that the additional UNEP funding would boost the mexican effort within the 
Country Study, a major effort funded by the USCSSP involving the development of emission 
scenarios and vulnerability studies, besides the National Inventory of GHG. It was agreed that 
UNEP funds would be used to produce an Inventory to Tier 1 of the adopted IPCC methodology 
halfway the course of the Country Study in order to comply with UNEP'S funding calendar. 
However some teams have got enough results that have enabled them to reach Tier 2 estimates 
(using more detailed information, methodologies and emission factors) for some or all of their 
assignments. 

Working procedure 
Responsibility for coordination of the inventory work was assigned to the National Institute 
of Ecology with the collaboration of the Center for Atmospheric Sciences (CCA-UNAM), the 
inventory of emissions of CO2 by the energy sector and other industrial processes, was in charge of 
the Electricity Research Institute (HE), as well as the integration of other parts of the inventory 
into a mexican software and MJNERG. Another group within HE was assigned the inventory from 
landfills. The National Institute for Research on Forestry, Agriculture and Livestock (INIFAP) 
with the support of the Center of Ecology (C E-UNAM) was assigned the responsibility for the 
calculation of emissions from land use change. The inventory of methane and nitrous oxide from 
agriculture was also responsibility of CCA-UNAM. Non-energy emissions from the oil industry 
were resposability of the Mexican Petroleum Institute (IMP). 

All teams had to report to HE to integrate the results into the software and the coordination 
at CCA responsible of the final report. 

Greenhouse gas emissions 
The gases included in this inventory are Carbon Dioxide (CO2), Methane (CH4), Nitrous Oxide 
(N20), Nitrogen Oxides (NOr), Carbon Monoxide (CO) and Non Methane Volatile Organic 
Compounds (NMVOC's). Table 1 provides the summary of greenhouse gas emissions. The 
different sources of emissions in the energy sector (Table 2) conform the most important ant-
hropogenic source in Mexico. Emissions come mainly from the use of energy fuel, land use, 
agriculture and fugitive emissions generated by oil and gas production. 

Most of the emissions presented here were calculated using the IPCC Draft Guidelines for 
National Greenhouse Gas Inventories. 
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Table 1. Summary report for national greenhouse gas inventories 

(Gg) 

CO3 	CO2 	Cl!4 	N20 	NO2 	Co 	NMVOC 
Emissions Emissions 

SOURCE BOTTON- TOP- 
CATEGORIES UP DOWN 

Total National 398425 433721 5654 9 1822 14292 	1047 
Emissions 

All energy (Fuel 
Combustion + 
FugitIve) 275020 310316 1286 3 1790 12588 	1047 
Fuel Combustion 275020 310316 247 3 1790 12588 	1047 
Fugitive Fuel Emission 969 
Coal mining 69 

3.Induatrial 
Processes 11621 11621 

AgrIculture 1889 5.5 
Domestic animals 1853 
Agricultural Soils 5.5 
Rice paddies 35 

Land use Ch.& 
Foresty 111784 111784 195 1 32 1704 
Forest clearing 188479 
Managed forest -76690 

Waste 526 

IV. Carbon dioxide emissions 
In 1990 total carbon dioxide emission have been calculated both in a top-down (433.721 Tg) as 
in a bottom-up (398.425 Tg) fashion. The most important source is the energy sector (275.02 
bottom-up; 310.316 top-down). 

FE- 

I use change 

indusbiaI Processes] 

Fig. 1 Carbon dioxide sources. 



Other industrial processes and sources of CO2 such as grassland and agricultural waste burning 
or agricultural soils shall be included in the next update of the inventory. Nevertheless, at this 
stage of the national inventory, main sources are evident, therefore, mitigation analysis may be 
performed on better basis. 

Table 2. National greenhouse gas emissions by energy sector 

Greenhouse gas Gg 

Source 	 CO2 	CO 	CR4 	NO2 	N20 	NMVOCs 

Stationary 
-Industry 70730 164 17.1 95.6 
-Residencial/Commercial 42420 5490 22.3 76.2 	1.24 
-Electricity Generation 67410 23.9 1.36 185 

Subtotal 180560 5680 25.4 356.8 	1.24 

Mobile 
-Particular 48190 5060 216 271 0.620 789 
-Urban 10560 270 0.768 12.5 0.132 34.3 
-Goods 26160 1550 4.80 204 0.454 218 
-Aviation 5600 15.81 0.320 22.0 2.50 E-3 2.88 
-Railroad 1970 16.4 0.161 48.3 5.37 E-2 3.49 
-Maritime 1980 0.557 6.23 E-2 14.1 1.02 E-2 

-Subtotal 94460 6910 22.3 572 1.27 1047 

Total Emissions 275020 12590 24.8 929 2.51 1050 

Energy 
Emissions from the energy sector arise mainly from combustion of fossil fuels. These emissions 

were calculated using a Tier 1 approach using data from the National Energy Balance. The 
energy sector is the most important source of the greenhouse gases at a global level. Emmisions 
of carbon dioxide amount up to 310.316 Tg from the energy sector. Incomplete combustion also 
gives place to emissions of carbon monoxide, and non-methane hydrocarbons. High temperatures 
taking place in combustion processes also allow the oxidation of small amounts of nitrogen to 
nitrogen oxides. 

Methane is the most important component of natural gas and consequently any emission 
during these operations will emit methane directly to the atmosphere. Fugitive emissions from 
the energy sector are the second most important source of methane in the country; 969.31 Gg 
were emitted in 1990. 

Methane 
Methane is a greenhouse gas with (on molecular bases) a twentyfold warming potential larger 
than carbon dioxide. Agriculture is the largest source of it with a share of 48.49% (1.88 Tg), 
followed by fugitive emissions from oil industry and small portion from coal mining contribution 
with a 26.65% (0.969 Tg), waste accounts for the 13.51% (0.551 Tg), fuel contribution adds a 
6.31% and finally, land use change adds a 5.00% 



[r 

L14o1 11 Sou,tes 

Land FMSJ 

LFuQ1t'. Enssions 

Fig.2 Methane Sources 

Agriculture 
Greenhouse gas emissions from agriculture (not including energy use) arise mainly from ma-

nure and enteric fermentation of livestock (1.85 Tg of methane), specific crops (i.e. 35 Gg of 
methane from rice paddies), use of fertilizers (5.55 Gg of N20) and a family of greenhouse gases 
from prescribed burn of on site crop refuses. Only methane from livestock and rice paddies and 
nitrous oxide from use of fertilizers are reported, other gases and sources will be included in the 
next release of the inventory due in the fall of 1995. 

Land use change and forestry 
The study is based on a in-depth review of the existing information on forest cover deforestation 
rates, areas afforested or currently regrowing as well as on forests' carbon-related biological 
characteristics. The analysis covers tropical-evergreen forest, deciduous-temperate-coniferous 
forest, broadleaf-closed forests and open forests. 

30 

25 

20 

15 

10 

High 	 Low 

Fig. 3 Carbon dioxide emissions from aboveground 
burning depending on two different 
deforestation esti mates. 
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Two estimates, high and low, are derived about greenhouse gas emissions from land use 
change. The high deforestation rate, implies that 820,000 ha were deforested and affected by 
forest fires in 1990. The low deforestation is estimated at 370,000 ha/yr. 

The analysis indicates that net emissions from forestry and land use changes reach between 
9.3 and 30.5 MtonC (figure 3) (million tons of carbon), depending on the assumed deforestation 
rates. 

Landfills 
In Mexico landfills contribute with 0.468 Tg which represent the 12.34% of methane emissions 
in the country. Of these, 41.6% concentrate in the Federal District, the remaining 58.4% is 
distributed in the rest of the country but again it concentrates in the next major cities (Fig 4). 

Fig. 4 Methane from landfills 

Mexico's greenhouse gas emissions in the world context 
Mexico ranks among the first 15 countries that emit antropogenic greenhouse gases (BIE, 199X). 
At the same time, in comparison, among FCCC non-Annex 1 countries, is only outranked by 
China, India, Brazil and Indonesia. 

Table 3. Greenhouse Index ranking and percentage share of global emIssions: 1987, 1989 and 1991" 

Country 	 1987 	 1989 	 1991 

(%) 	Rank 	(%) 	Rank 	(%) 	Rank 

United States 17.6 1 18.4 1 19.1 1 
Former Sovient Union 12.0 2 13.5 2 13.6 2 
China 6.6 4 8.4 3 9.9 3 
Japan 3.9 7 5.6 4 5.1 4 
Brazil 10.5 3 3.8 5 4.3 5 
Germany 3.9 6 3.6 7 3.8 6 
India 3.9 5 3.7 6 3.7 7 
United Kingdom 2.7 8 2.4 8 2.4 8 
Indonesia 2.4 9 - - 1.9 9 
Italy - - 1.8 10 1.7 10 
Mexico - - 2.0 9 - - 

France 2.1 10 - - - - 

Australia 1.1 19 1.1 17 1.1 16 

Notes:- Denotes that country did not rank in the top 10 emitters in that year. a  The greenhouse index includes 
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CFC emissions which are covered under the Montreal Protocol and are therefore not relevant to the Framework 
Convention on Climate Change. 

Source: Bureau of Industry Economics, Research Report 66, Greenhouse Gas Abatement and Burden Sharing, an 
analysis of efficiency and equity issues for Australia, Australian Government Publishing Service, Canberra. 

In 1990, Mexico contributed with about 2% of global emissions. In regard to carbon dioxide, 
emited 310.316 Tg (Top-down) or 275.02 (Bottom-up) from the energy sector. In a per capita 
CO2 basis, it emited 3.89 tons of CO2/person. In this category, Mexico outranked the former 
four countries, it emited more than China, and twice than Brazil (Figures in Table 3). In terms 
of energy effiency, Mexico is about half than that from industrialized countries, the same as 
Indonesia and much more than 4ndia and China. Brazil's use of bioenergy for transport puts it 
in a special case. 

XI. Pending inventory tasks 
Some categories in the inventory such as solvents, some industrial processes and grasslands have 
not been worked out, most of these shall be included in the next release of the inventory due in 
the fall of 1995. 
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1 INTRODUCTION 

As part to the Rio Convention on Climate Change, Mexico is committed to report the national 
greenhouse gas emissions inventory. This report, The National Inventory of Green House Gas 
Emissions of Mexico, 1990, preliminary version, represents the initial fulfilment of that compro-
mise. It builds up on the Preliminary Green House Gas Inventory for 1988. In doing so, it also 
represents the commitment of Mexico to update periodically and improve, in depth and quality, 
the national inventory. 

The gases included in this inventory are Carbon Dioxide (CO2 ), Methane (CH4), Nitrous 
Oxide (N20), Nitrogen Oxides (NO), Carbon Monoxide (CO) and Non Methane Volatile 
Organic Compounds (NMVOC's). In 1990, total carbon dioxide emissions were 433.721 Tg 
calculated by top-down procedure, and were 398.425 Tg when calculated by a bottom-up pro-
cedure. The differences arise in the energy sector due to changes in the emission factors used 
in each procedure and to differences in the activities of the different categories which still need 
to be conciliated. The energy sector is the most important anthropogenic source in Mexico. Its 
conttibution is 315.75 Tg by top—down or 275.02 by buttom-up procedures. Other important 
sources are: land use change, which is the second most important source of CO2 (111.78 Tg), 
agriculture, which is the largest source of CH4 (1.89 Tg), and fugitive emissions generated by 
oil and gas production. 

The inventory shows a mixed application of Tier one and two of the IPCC methodologies, 
and locally developed ones. Degree of detail depended on the availability of data. In some 
cases such as carbon uptake by abanoned lands, or methane from leaks of natural gas system 
in the oil industry, great uncertainties still exist due to lack of information. In others, such 
as in methane from cattle growing, an extensive search of literature has lead to the building 
of extensive data bases with great potential for other uses. Full design of categories and novel 
use of data provided by the IPCC Handbooks enabled us to improve in the quality of the 
inventory. Participation of the National University and public research institutes also enabled 
us to support their research and to streamline the use of recent research results, as with methane 
from landfills and deforestation rates. Links between emissions processes were highlighted such 
as the links between carbon CO2 from land use change and CH4 from cattle rising. The making 
of a national inventory is a permanent task, currently, some categories of sources have not 
been included, contribution of these to the national totals will be small. In future updates, 
some missing categories will be integrated and in other cases a more detailed inventory will be 
produced. 

- 
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2. ENERGY 

R. Muñoz Ledo 

The energy sector is the most important source of the greenhouse gases at global as well as at 
national level. Emissions from the energy sector arise mainly from combustion of fossil fuels and 
fugitive emissions due to oil and gas production, storage and transport. 

Most of these emissions were calculated using a Tier 1 approach using data from the National 
Energy Balance, although the begining of a bottom-up inventory is also reported. Incomplete 
combustion also gives place to emissions of carbon monoxide, and non-methane hydrocarbons 
(OECD, 1991). High temperatures taking place in combustion processes also allow the oxidation 
of small amounts of nitrogen to give nitrogen oxides. 

2A. FUEL COMBUSTION ACTIVITIES 
Carbon dioxide emissions from the energy sector related to combustion processes were calculated 
using top/down and bottom/up procedures following 1994 IPPC methodologies. Emissions from 
other greenhouse gases were calculated using bottom/up procedures following the corresponding 
IPPC methodologies (1,3). 

2A.1. Method 
2A. 1. b. Top/Down 

Top/down calculations for carbon dioxide are reported in Tables 2.1-2.4. Calculations were 
carried out based exclusively on data obtained from the BALANCE NACIONAL DE ENERGIA 
1990 (BNE) (SEMIP, 1991). In Mexico there are not specific emission factors, therefore default 
IPCC factors were used. 

2A.1.c. Top/Down Results 
Table 2.4 shows CO 2  emissions as carbon and as carbon dioxide from the top/down met-

hodology. 310.32 Tg of CO2 are released from fosil fuels. Emissions of carbon dioxide due to 
traditional biomass burning are not in the totals. 

2A.1.d. Bottom/Up 
Other gases in Table 1.7-1.9 were calculated using the energy consumption of each energy 

sector reported in the BNE. All gases in the bottom/up procedure were calculated using: 

Sa 
Emissions = > EF3 bc  * 

i=1 

where meaning of subindexes are dependant on the activity. 

2A.1.D(1) Stationary Sources 
In Mexico the greenhouse gas emissions from energy related to Stationary Sources and their 

combustion activities have been grouped in three sectors 
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Industrial 
Residential, Commercial and Public 
Electric Utilities. 

in this case: 
EF = Emission Factor (g/GJ). 
Activity = Energy (GJ). 
a = Fuel Type. 
b = Sector Activity. 
c = Technology type 
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Table 2.1. CO3 from energy fuel combution activities (apparent consumption) 

Module Energy 
Submodule CO2 form energy source (reference approach) 
Worksheet I-i 
Sheet lof5 

Step 1 

A 	B 	C 	D 	E 	F 
Production Imports 	Exports 	International Stock 	Apparent 

Bunkers 	change 	Consuption 
Fuel types 	 F = A+B 

-C-D-E 

PETACALORIES 

Liquid 	Primary Crude oil 1401.3 0.0 703.9 3.1 694.3 
Fossil 	Fuels 

Nat. gas L. 57.3 0.0 0.0 0.0 57.3 

Secondary GasolineO 17.3 4.0 0.43 0.7 12.20 
Fuels 

Kerosene 0.0 7.5 18.08 -0.6 -25.00 
Diesel 0.0 16.6 ND -1.3 -15.3 
Residual 30.2 4.5 0.3 25.4 
fuel oil 

Liquid Fossil Total 1458.6 47.5 736.5 ND 2.2 748.9 

Solid 	Primary Coal 35.6 1.4 0.0 1.5 35.5 
Fossil 	Fuel 

Secondary Coke 0.8 0.0 -0.2 1.0 
Fuels 

Solid fossil total 35.6 2.2 0.0 ND 1.3 36.5 

Gaseous 	Secondary G.L.P 8.1 18.1 0.0 -10.0 
Fossil 	Fuels 

Primary 
Fuels 

Gas asoc. 0.0 0.0 0.2 -0.2 
Gas 392.0 0.0 0.0 392.0 

Gasseous fossil total 392.0 8.1 18.1 ND 	0.2 381.8 

Total 1886.2 57.8 754.6 18.51 	3.7 1167.2 

Biomass Total 91.6 0.0 0.0 0.0 91.6 
Solid 91.6 0.0 0.0 0.0 91.6 

Biomau 

NOTES: 
In the information is not included: Nucleoenergy, Geoenergy, Hidroenergy and Electricity 
1 Calorie is equal to 4.186 Joules. 
1 TeraJoule (TJ) is equal to 1 x 1012  Joules 
1 Petacalorie (PcaI) is equal to 1 x 10 15  Calories 
OIn the National Energy Balance the gasoline and naftalene are not desagregated 
# Accord of metodology(s), the production of energy for combustion of biomass is not necessary included 
ND Do not have information 
Condensated are liquids to natural gas 
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Tabla 2.2. CO2 from energy fuel combustion activities (Carbon content) 

Module Energy 
Submodule CO2 from energy source, (reference appoach) 
Worksheet I-i 
Sheet 2of5 

Step 2 Step 3 

G H I J K 
Conversion Apparent Emission Carbon Carbon 
factor Consumption factor content content 
TJ/Pcal (104TJ) (t C/TJ) (t C) (Tg C) 

Fuel Types x 103 H = (FxG) x 106  

Liquid Primary Crude oil 4.1868 290.69 20.00 58.138 58.138 
fossil Fuel 

Nat. gas L. 4.1868 23.99 17.20 4.126 4.126 

Secondary Gasoline 4.1868 6.11 18.90 0.996 0.996 
fuel 

Kerosene 4.1868 -10.47 19.60 -2.052 -2.052 
Diesel 4.1868 -6.41 20.20 -1.295 -1.295 
Residual 4.1868 10.63 21.10 2.244 2.244 
fuel oil 

Liquid fossil total 313.59 62.127 62.127 

Solid Primary Coal 4.1868 14.86 25.80 3.835 3.835 
Fossil Fuels 

Secondary Coke 4.1868 0.42 29.50 0.124 0.124 
Fuels 

Solid Fossil total 15.28 3.959 3.959 

Gaseous Secondary G.L.P. 4.1868 -4.19 20.20 -0.837 -0.837 
Fossil Fuels 

Primary 
Fuels Gas asoc. 4.1868 -0.08 15.30 -0.013 -0.013 

Gas 4.1868 164.12 15.30 25.110 16.110 

Gaseous Fossil Totals 159.85 24.260 24.260 

Total 90.346 90.346 

Biomags Total 38.35 11.467 11.467 

Solid Biomass 4.1868 38.35 29.90 11.467 11.467 
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Table 2.3. CO2 from energy fuel combustion activities (carbon stored) 

Module 
Submodule 
Worksheet 
Sheet 

Energy 
CO2 from energy 
Auxiliary worksheet I-i, estimating carbon stored in products 
1 of 1 

A B C D E F G H 
Estim. Conver. Est. Emis. Carb. Carb. Frac. Carb. 
Fuel Q. Factor Fuel Fact. Cont. Cont. Carb. Sto. 
Pcal. TJ/Pcal 10 4TJ tC/TJ 103 t C Tg C Sto. Tg C 

Fuel Types x 103  C = AxB E = CxD F = Ex10 3  H = FxG 
Crude oil 51.24 4.1868 21.45 20.00 4290 4.29 0.75 3.21 
Ca. 28.04 4.1868 11.74 15.30 1796 1.80 0.33 0.59 
GaaolineO 17.38 4.1868 7.28 18.90 1376 1.38 0.75 1.04 
Bagasee 1.68 4.1868 0.70 29.90 209 0.21 0.75 0.16 
Kerosene 0.10 4.1868 0.04 19.60 8 0.01 0.75 0.01 
Coke 0.30 4.1868 0.13 29.50 38 0.04 0.75 0.03 
TOTAL 98.74 4.1868 41.34 7717 7.72 5.04 
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Table 2.4. CO2 from energy fuel combustion activities (CO2 Emissions) 

Module Energy 
Submodule CO2 from energy sources (reference apporach) 
Worksheet I-i 
Sheet SofS 

Step 4 Step 5 Step 6 
L M N 0 P 

Carbon Net Carbon Fraction of Actual Actual CO2 
Stored Emissions Carbon Carbon Emission 
(Tg C) (Tg C) Oxidised Emission 

(Tg C) (Tg CO2) 

Fuel Types M = (K-L) 0 = (MxN) P = 0x44/12 

Liquid Primary Crude oil 3.21 54.93 0.990 54.381 199.40 
Fouil 

Nat Gas L. ND 4.13 0.990 4.080 14.96 
Secondary GasolineO 1.10 -0.134 0.990 -0.133 -0.488 

Kerosene 0.01 -2.062 0.990 -2.041 -7.484 
Diesel ND -1.29 0.990 -1.277 -4.68 
Residual ND 2.24 0.990 2.218 8.13 
Fuel oil 

Liquid fossil totals 4.32 57.814 57.190 209.84 

Solid Primary Coal ND 3.835 0.980 3.758 13.78 
Fossil Secondary Coke 0.03 0.094 0.980 0.092 0.34 

Solid Fossil Totals 0.03 3.929 3.850 14.12 

Gaseous Secondary G.L.P. ND -0.837 0.995 -0.833 -3.05 
Fossil Gas Asoci. ND -0.013 0.995 -0.013 -0.05 

Primary Gas 0.59 24.52 0.995 24.397 89.456 

Gaseous Fossil Totals 0.59 23.67 23.651 86.356 

TOTAL 4.94 85.413 84.541 310.316 

Biomass Total 0.16 11.307 11.080 40.62 

Solid Biomass 0.16 11.307 0.980 11.080 40.62 
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Table 2.5. Totals of GHG's per consumption of energy in the industrial process by fuel type (Teragrarna (1 x 1012 )). 

FUELS CO2 CO CH4 NO N20 NMVOC's 

(Tg) 

Solid Fossil 6.20 0.138E-01 0.656E-04 0.000 0.000 0.000 
Gaseous Fossil 	29.30 0.884E,-02 0.728E-3 0.348E-01 0.000 0.000 
Liquid Fossil 27.70 0.539E-02 0.91 7E-03 0.583E-01 0.000 0.000 
Biomass 7.53 0.136 0.000 0.700E-02 0.000 0.000 
Total 70.73 0.164 0.171E-02 0.956E.01 0.000 0.000 

Table 2.6 Totals of GHG's per consumption of energy in the residencial, commercial and public sectors, by fuel type 

Fuel CO2 CO CH4 NOz  N20 NMVOC'g 

(Tg) 

Wood 18.68 5.49 2.19E-2 5.92E-2 7.11E-4 0.00 
G. L. P. 19.73 2.76E-3 3.04E-4 1.30E.-2 0.00 0.00 
Kerosene 0.99 1.75E-4 6.71E-5 6.85E-4 0.00 0.00 
Diesel 0.12 2.39E-5 8.95E-7 9.55E-5 2.34E-5 0.00 
Oil 0.52 1.52E-4 1.43E-5 1.39E-3 4.16E-4 0.00 
Natural 
gas 2.40 3.65E-4 4.57E-5 1.83E-3 9.13E-5 0.00 
Total 42.42 5.49 2.23E-2 7.62E-2 1.24E-3 0.00 

Table 2.7 Totals of GHG's per consumption of energy in the generation of electricity by fuel type 

Fuel 	CO2 	CO 	CH4 	NOX 	N20 	NMVOC's 

(Tg) 

Oil 51.00 9.89E-3 4.62E-4 1.33E-1 0.00 0.00 
Natural 
gas 8.06 4.60E-3 8.48E-4 2.70E-2 0.00 0.00 
Diesel 1.16 2.34E-4 5.00E-8 1.06E-3 0.00 0.00 
Coal 7.19 9.20E-3 5.32E-5 2.48E-2 0.00 0.00 
Total 67.41 2.39E-2 1.36E-3 1.85E-1 0.00 0.00 

EA.1.D.('E) Mobile Source8 
In Mexico the greenhouse gas source of emissions from energy related to Mobile Sources and 

their combustion activities is only the transport sector. The activities of Agriculture, Foresty 
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and Fishing were not calculated because of these sectors account only for about 2% of the total 
energy consumption. In this case: 

EF = Emission Factor (g/GJ) 
Activity = amount of energy consumed 
a = transport mode (road, air, rail, urban, public, etc.) 
b = fuel type (gasoline, diesel, oil, electricity, etc.) 
c = vehicle type (passenger, light or heavy duty, etc.) 

Table 2.8 Totals of GHG's per consumption of energy in the transport*  sector by fuel type 

\iel CO2  CO CH4  NO N20 NMVOC's 

(Tg) 

PARTICULAR 

Gasoline 47.73 5.05 2.16E-1 2.69E-1 6.20E-4 7.85E-1 
G. L. P. 0.46 1.05E-2 2.18E-4 2.76E-3 0.00 4.65E-3 

URBAN 

Gasoline 1.94 2.48E-1 5.59E-4 9.78E-3 1.40E-5 3.13E-2 
C. L. P. 0.20 4.74E-3 9.35E-5 1.12E-3 0.00 1.59E-3 
Diesel 8.42 1.72E-2 1.15E-4 1.61E-3 1.18E-4 1.49E-3 

GOODS 

Gasoline 11.42 1.46 3.30E-3 5.77E.-2 8.24E-5 1.85E-1 
C. L. P. 0.36 8.69E-3 I.71E-4 2.06E-3 0.00 2.91E-3 
Diesel (Hg) 4.60 1.19E-2 0.00 1.07E-2 1.19E-4 6.27E-3 
Diesel Hea) 9.72 6.76E-2 1.33E,-3 1.34E-1 2.52E-4 2.39E-2 

AERIAL 

Gasoline 0.20 6.79E-3 1.70E-4 2.26E-4 2.50E-6 1.53E-3 
Kerosine 5.37 9.02E-3 1.50E-4 2.18E-2 0.00 1.35E-3 

RAILROAD 

Diesel 1.97 1.64E-2 1.61E-4 4.83E-2 5.37E.-5 3.49E-3 
Electricity 0.00 0.00 0.00 0.00 0.00 0.00 

MARITIM 

Diesel 0.30 2.35E-4 0.00 1.07E-2 1.02E-5 0.00 
Oil 1.68 3.22E-4 6.23E-5 3.46E-3 0.00 0.00 

Total 94.46 6.91 2.23E-1 5.73E-1 1.37E-3 1.05 

* The consumption of energy in the Tiansport Sector was obtained from the BNE (2), Its distribution was found in the 
Estadistic Manual of the Transport Sector 1992 (5) and the estadistic anuary (6) published by National Institute of 
Geography and Statistics of Mexico (INEGI). 
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Table 2.9 Emissions from energy sector 

Sources EMISSIONS (Tg) 

CO2 CO N20 NO CH4 NMVOC's 
Top/down 

National emissions 
from Energy sector 315.75 12.588 0.002 1.790 1.215 1.047 
Combustion 315.75 NC NC NC NC NC 
Stationary sources NC 5.678 0.001 1.217 0.024 0.000 
Mobile sources NC 6.910 0.001 0.573 0.223 1.047 
Fugitives NC NC NC NC 0.968 NC 
Oil & natural gas NC NC NC NC 0.968 NC 

NC Not calculated 

2.A.1.E International Bunker8 
International bunkers are the fuels used by sea and air transport going in and out of the 

country, there are given for information only as intructed by the IPCC methodology (IPCC, 
1995), these emissions are not accounted for in the national total. 

In 1990 air transport (national and international) used 18.5 Pcal, on which 97.7% was Jet 
Kerosene (turbosene in the BNE, 1991), the other 2.3% was gasoline. Sea transport used 6.4 
Pcal of which 81.4% was residual fuel oil and 18.6% was diesel. 

We assumed that all the used Jet Kerosoene, gasolina, residual fuel oil, and all butuminous 
imported coal are part of the international bunkers. This amount to 7.72 Tg of carbon dioxide 
which are equivalent to a 2.5% of the total national emissions. This amount is over estimated 
given that fuels used in national air and sea trips are also included but the impact on the national 
total will be small. 
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Table 2.10. Emissions from CO2 international bunkers 

Module 	Energy 
Submodule 	CO2 from energy sources (Reference approach) 
Worksheet 	I-i 
Sheet 	4 of 5 emissions from international Bunkers 

(International Marine and Air Transport) 

Step 1 Step 2 	 Step 3 

A B C 	D 	E F 
Quantities Conversion Quantities 	Carbon 	Carbon Carbon 
Delivered Factor Deliver 	Emission 	Content Content 

Factor 
Petacalories (TJ/Pcal) (Ti) 	(t C/Ti) 	(t C) (Gg C) 

Fuel Types * 0 # CrBxA 	 E=CxD F=Ex10 3  

Solid Other 1.38 4186.8 5773.6 	25.80 	148958.9 148.9 
Fossil Bituminous 

Coal 

Liquid 
Fossil Gasoline 0.43 4186.8 1783.6 	18.90 	33710.0 33.7 

Jet Kerosene 18.08 41868 75676.4 	19.60 	1483257.4 1483.3 
Residual 5.21 4186.8 21813.2 	21.10 	460258.5 460.3 
fuel oil 

Total 105046.8 

Tabla 2.11 

Module Energy 
Submodule CO2 from energy sources (Reference approach) 
Worksheet I-i 
Sheet 5 of S emissions from international Bunkers 

(International Marine and Air Transport) 

Step 4 Step S Step 6 
G H I J K L 

Fraction Carbon Net Fraction Actual Actual 
of carbon 	stored carbon of carbon carbon CO3 
stored emissions 	oxidized emissions emissions 

(Gg C) (Cg C) (Gg C) (Gg CO2) 

Fuel Types H=FxG I=F-H K=IxJ L=Kx44/12 

Solid Other 0 0 148.9 0.98 146.8 538.3 
Fossil Bituminous 

Coat 

Liquid 
Fossil Gasoline 0 0 33.7 0.99 33.4 122.3 

Jet Kerosene 0 0 1483.3 0.99 1468.5 5384.4 
Residual 0 0 460.3 0.99 455.7 1670.9 
fuel oil 

Total 7715.9 
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Underground Mining 5.923 17.50 
MIne.. 

Post-mining ND ND 

Surface Mining 0.5370 1.15 
Mine, 

Post-mining 0.5370 115 

C= (A.xB) 
	

E(CxD) 

103.6S 
	

0.67 
	

69.45 

ND 
	

0.67 
	

ND 

0.62 
	

0.67 
	

0.41 

0.62 
	

0.67 
	

0.41 

Total 
	

70.27 

2.A.1.F Coal mining 
In Mexico there is a small coal production in the states of Coahuila and Michoacan, all coal 

from Coahuila. 5.923 Mt is underground coal. All coal from Michoacan is open sky mined. 

Table 2.12. Methane emiulons from coal mining and handing 

Module 
Submodule 
Worksheet 
Sheet 

Step 1 

Energy 
Methane emissions from coal mining and handing 
1-4 
1 of 1 

Step 2 

A 
Amount 
of coal 
produced 
(million t) 

B 
Emission 
factor 

(m'CH 4 /t) 

C 
Methane 
emissions 
(million m 3 ) 

D 
Conversion 
factors 

(0.67Gg 
C H ./ 10'm3 

E 
Methane 
emissions 

(CgCH 4 ) 

Table 2.13. TusdiionaJ biomaj. burned for energy 

Module 
Submodule 
Works bet I 
Sheet 

Ens r gy 
Traditional bioms..s burned for energy 
1.2 optional fuelwood consumption accounting 
I of I 
Not included 

24 



2.A.2. DISCUSSION 
An study about climatic change is strongly dependent on emissions and its participation. Such 
emissions may be obtained through an inventory process that indentifies and quantifies a country 
sources of the greenhouse gases. The table 1.11 and figure 1.4 provide a summary of greenhouse 
gas emissions. The energy sector is the most important anthropogenic source in Mexico. 

Primary fuels (crude oil, natural gas and biomass) provide more than 95% of the energy used 
in Mexico. This allow us to identify were mitigation options may be most needed. 

It needs to be pointed out that for 1990, production of Kerosene and Diesel in Mexico was 
smaller than the added vaules of stocks plus exports therefore a negative net contribution of 
these categories to the emissions. 

Following the IPCC methodology (1), the carbon dioxide emissions produced by the com-
bustion of firewood and bagasse that is fixed by regrowth should not be added to the totals. 
However, in regard to firewood there is not enough information. Once better knowledge from 
land use change is obtained, this part of the inventory shall be better known. 

Carbon dioxide emissions obtained by using the default emission factors given in the workbook 
(1) are about ±2-3 % different that those obtained using the IPCC software (MINERG). Most 
likely this is due to some differences in the applied emission factors. 

Emissions of CO2 by Top/Down methodology in the energy sector are 310.32 Tg (Table 2.11), 
in this procedure all the activities are included. In the Bottom/Up methodology emissions 
are 275.02 Tg which are 11.38% smaller than the former. However, in the Bottom/Up the 
agriculture and foresty sectors are not included and these represents about the 2.6% of all energy 
consumption. Further more some forms of autoconsumption are not avilable. Therefore actual 
differences between both methods may be smaller and this fact may be seen in next reLeases of 
the inventory. 

2 A.$. CONCLUSSIONS 
The main source of greenhouse gases is the energy sector given that the most used fuels are crude 
oil, natural gas and biomass, the other fuels have a small impact on total emissions. Sources and 
sinks not included (bunkers, traditional biomass burning and regrowth, methane from carbon 
extraction) whick may be included in future releases of the inventory will also have a small 
impact. 

2 A.4. UNCERTAINTY 
We consider that the largest source of error are the data given in the BNE, in order to estimate 
an uncertainty for the emissions from energy sector, an average between the minimum and 
maximum errors suggested by default, was considered for the activity data, error from emission 
factors was the given by default (5%). Error propagation leads to a 9% of unceratinty which 
may increase up to a 12% if maximum error in activity data is accepted. 
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2B.1 FUGITIVE EMISSIONS FROM FUELS (OIL AND GAS). 

D. Cuatecontzi, J. Gasca, F. Guzmán 

Atmospheric fugitive emissions from the energy sector originate from three main sources: 
- 	Disposal of associated natural gas. During the production of oil, some associated gas 

may be produced for which there is no commercial use within an economic transport 
range. Traditionally, surplus gas has been disposed by venting or flaring it. Re-injecting 
the gas into the producing reservoir, where suitable reservoir conditions exist, is another 
way to dispose of it. 

- 	Safety/relief systems. Hydrocarbon containing systems are normally provided with 
means to safeguard against over pressure and for disposal of the gas inventory in an 
emergency. A vent or flare is installed for this purpose, the presence of which often 
leads to a continuos fugitive releases from processing valves and seals. An explosive at-
mosphere is prevented from forming in the flare system by applying a continuos purge, 
for which the most convenient source has been natural gas. 

- 	Fugitive emissions in the whole natural gas system. 
Methane is the most important component of natural gas and consequently any emission 

during these operations will emit methane directly to the atmosphere. By considering global 
fugitive methane emissions from oil and gas activities, these probably are 30 to 70 Tg per year. 
They include world wide emissions from the production, processing, transport and use of oil and 
natural gas besides those from non-productive combustion (EPA, 1994). 

Fugitive emissions from the energy sector in Mexico are the second important source of met-
hane in the country; 969 Gg were emitted in 1990, which represents 26.50% of the national 
emissions of this gas and probably 2.3% of global fugitive methane emissions. Figure lB-i 
shows the distribution of methane from fugitive emissions by area, where natural gas processing, 
transport and distribution and oil production are the main emitters. 

213.2 METHOD 
The emissions estimate were based on the IPCC Guidelines for National Greenhouse Gas Inven-
tories. It contains simple, default methods and assumptions that cover the major sources and 
sinks of greenhouse gases and it discusses more detailed methods in order to provide the Countries 
with the option of using various methods and levels of detail depending on their own needs and 
capabilities. In addition, a common reporting and documentation framework for all inventories 
to make a consistent comparison of all the national inventories. 

For the fugitive emissions from oil and natural gas activities the methodology takes into 
account: 
- 	Emissions during normal operations such as those associated with venting and flaring 

during oil and gas production, chronic leaks or discharges from process vents. 
- 	Emissions during repair and maintenance. 
- 	Emissions during system upsets and accidents. 

The emission estimates were obtained by following the first two levels of detail considered 
by the IPCC methodology, namely: Tier -2 and Tier-i. Tier 2 or mass-balance approach was 
principally used and when there was no way to apply it, Tier 1 or production-based average 
emission factors approach was the choice. 

Tier-2 approach is only recommended for oil system releases of methane, and should not be 
used for releases from natural gas activities because no Tier 2 method exists for such activities. It 
employs standard, generally easy-to-obtain, oil and gas data to estimate the maximum amount 
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of methane that could be emitted to the atmosphere by different sectors of the oil and gas 
industry (PEMEX, 1991). In order to reflect actual emissions,these amounts are then scaled by 
applying appropriate emission factors. The minimum emission factors account for the amount 
of gas that is disposed of by control devices, consumed by combustion equipment, conserved 
or re-injected. Leak emission factors account for the amounts lost through leaks from these 
control/utilization systems. The emissions estimates were based on the Tier-2 approach of the 
IPPC methodology for oil production, crude oil transportation and refining, and natural gas 
processing and distribution. 

Tier-i, requires assembling activity data for Mexico which are obtained from the 1990 Mexican 
National Energy Balance (SEMIP, 1991), selecting emission factors based on information in the 
tables of typical regional values, and multiplying by such activity data to produce emissions 
estimates by major sub category. Emission factors used were the high emission factors of the 
Table 1-8 of the IPCC Workbook (Vol. 2, 1993) for the Rest of the World Region, in accordance 
to the recommendation made by the ICF consulting group. Those emission factors were applied 
to the exploration and drilling losses and non-associated gas production areas. 

2B.3. OIL AND GAS SYSTEMS 

RESULTS BY ACTIVITY 
2B. 3.1. Production 

Almost 84% of total gas produced, 30 270 millions of standard cubic meters (MMSCM), was 
associated to oil production in 1990. Around 6.6% of gas produced was re-injected to the oil 
fields while 2.7% was flared. Additionally, 90% was processed in gas plants. Figure 2.B-2 shows 
the main uses of natural gas production. 

The methane emissions from routine maintenance and venting and flaring for oil production 
were estimated with Tier-2 approach of the IPCC methodology. Additionally, the methane 
emissions from routine maintenance and venting and flaring for non-associated gas production 
were estimated with the high emission factors of the Table 2-8 of the IPCC Workbook (Vol. 2, 
1993) for the Rest of the World Region. 

The results obtained are summarized in Table 2B-1. As can be seen, 497.40 Gg of methane 
were emitted by oil and gas production operations in 1990, 83.3% of this was generated in the 
oil production areas. 

2B.3.2. Oil production 
Taken into account in this activity are all of the amounts of associated gas that are produced, 

to be processed or consumed later, or to be re-injected, disposed by control devices and consumed 
in combustion equipment, as well as their associated leaks, which are assumed to be 3% of each 
operation. The minimum methane emissions that are assessed in this segment amount to 368 
Gg/yr, while those from leaks in the fuel, flaring and re-injected gas system are equal to 47 
Gg/yr. More research most be done since the associated leaks, which are assumed to be 3% of 
the gas processed for this, and other operations, has a large uncertainty. 

2B.3.3. Gas production 
Methane emission generated by non-associated gas production area, 82.69 Gg, are only 8.53% 

of total methane fugitive emissions. These emissions were obtained with Tier-i approach, appl-
ying the high emission factors of the Table 1-8 of the IPCC Workbook (IPCC, 1995b) for the 
Rest of the World Region. 
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2B.3.4. Exploration and drilling activities 
Total methane emissions from the exploration and drilling activities will usually be small 

compared to the quantity that is emitted by other activities inside the petroleum industry. 
Consequently, a simple Tier 1 approach is perhaps the most appropriate for Mexico. As no 
datum exists for the average quantity of methane emitted per well in Mexico, it was used the 
same figure as that for the USA. (0.07 Mg/well). The emission estimate value for exploration 
and drilling, 0.33 Gg, was the lowest of the all natural gas system and represents only 0.03% of 
total methane fugitive emissions. 

2B.3.5 Refining, transportation and storage of oil 
Emissions from these activities are presented in Table 213-2. As can be seen, these are negligible 

as they represent only 2.52% of total methane fugitive emissions. The estimates were based on 
the Tier-2 approach provided by the IPCC methodology. 

Two important parameters are required in this activity in order to estimate methane emissions: 
the solution gas factor and the methane fraction, both associated with the type of crude oil which 
is managed. Table 1-47 of IPCC Reference Manual (IPCC, 1995c) provides some estimated values 
for these two parameters at onshore and offshore facilities. Although better estimates may be 
determined by performing site specific process simulations. In Mexico most of the refinery 
facilities process crude oil mixtures with a major constituent importing characteristics very close 
to type medium crude oil. When the extreme default values for the solution gas factor and the 
mole fraction associated with the type of crude oil production are used, the resulting estimates 
for the transport and refining of petroleum represent the lower- and upper-limit of the range, 
with the true value located within it. Therefore, methane emissions which were assessed for this 
segment reach 15.6 and 24.4 Gg/yr as the minimum and maximum amounts respectively. 

2B.5.6 Processing, transmission and distribution of gas 
Methane fugitive emissions from processing, distribution and transmission were estimated to 

be 318.51 Gg, which represents 32.86% of total methane fugitive emissions in 1990. This value 
was the second most important in the natural gas system. 

The emission estimate value from leakage at industrial plants and power stations and in the 
residential and commercial sectors was 129.03 Gg, which represents 13.31% of total methane 
fugitive emissions. 

All these emissions estimates were based on the Tier-2 approach of the IPPC methodology, 
assuming that the associated leaks were 3% of the gas in each operation. Table 213-3 shows the 
results. 

2B.4 DISCUSSION 
In the Table 113-4 the emission factors obtained with the combination of Tier-2 and Tier-i 
approaches are shown. These emission factors are compared with the high emission factors of 
the Table 1-8 of the IPCC Workbook (IPCC, 1995b) for the Rest of the World Region. 

For the oil production and the crude oil transportation and refining sectors the emission 
factors obtained with the Tier-2 approach are greater than those reported for the Rest of the 
World Region. On the other hand, for the natural gas processing, transport and distribution 
sector the emission factors obtained with the Tier-2 approach are lower than those reported for 
the Rest of the World Region (Fig. 213-3). 
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The emissions estimates obtained in this work can be improved if more research work is done. 
In particular, the venting and flaring quantities from oil production must be estimated more 
carefully, as well as the leaks from natural gas processing, distribution and transmission and 
from the industrial plants and power stations. 

2B.5 UNCERTAINTIES 
Uncertainties in the calculation of the fugitive methane emissions can be estimated from the 
differences in the results obtained with the different levels of the IPCC methodology. With 
the Tier-i approach a range from 435 to 1069 Gg is obtained. These numbers come from the 
application of the so-called minimum and maximum emission factors for the Rest of the World 
Region (Cuatecontzi, 1995a). On the other hand, if the emission estimates are obtained by 
combining the Tier 2 and Tier-i approaches, as in this work, the quantity of 969 Gg results. 

On other work, methane emissions for the Mexico's petroleum sector were estimated to be in 
a range from 1000 to 1700 Gg (EPA, 1994). However, Mexico was classified within the Other 
Oil Exporting Countries Region. In our opinion, that is not adequate, taken into consideration 
that there is a difference in the exploitation of natural gas between those countries and Mexico 
(Cuatecontzi, 1994). The different emissions estimates made for Mexico are shown in the Fig. 
IB-3. 

The IPCC provides a total uncertainty of 60methane emissions coming from the petroleum 
sector (IPCC, 1995 Vol. 1). With this uncertainty and taking 970 Gg as a basis, the methane 
emissions would be between 474 and 1570 Gg. The lower value of this interval is superior than 
the minimum emission value (435 Gg) which was obtained with the Tier-i for the Rest of the 
World Region. On the other side, the higher value of this interval (1570 Gg) is less than 1700 
Gg, the maximum value estimated by the EPA (1994). In other words, the dispersion of results 
when Mexico is classified either in the Rest of the World Region or in the Other Oil Exporting 
Countries Region is also about 60. 
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Table 2B1. Summary 
Fugitive fuel emissions (oil and gas) 

Source and Sink Categories Activity Data Emission Estimates 	Aggregate 	Emission Factor 
Fuel Qunatitu CH4 CO2 	CH4 	CO2 

(PJ) (Gg) (Gf) 	(kg/PJ) 	(kg/PJ) 

2B1 a Crude Oil(Total) 5862.88 439.09 74893.14 
i Production 5862.88 414.69 70731.20 
ii Transported 2946.92 7.69 2609.80 
iii Refined 2897.84 16.71 5766.40 

2B1 b Natural Gas (Total) 1640.09 530.22 323284.97 
i Production 271.10 82.69 305000.00 
ii Consumption 1074.50 447.53 416501.58 

2B1 c Oil/Gas Joint 969.31 

Table 2B-2 
1990 Emissions from oil processing 

CH4 Emissions 
Source Gg % 

Transportation 7.69 31.52 
Refining 14.19 58.16 
Storage 2.52 10.33 
TOTALS 24.40 100.00 

Table 2B-3 
1990 emissions from gas processing 

CH4 emissions 
Source Gg % 
ProcesBing 
distribution 
and transportation 318.51 71.17 
Plants leakage 126.79 28.33 
Residential leakage 2.24 0.50 
Total 447.54 100.00 
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Table 2B-4 
Methane fugitive emiulon factors 

Category 	 B 	 B 
Emission Factor 	 Emission Factor 
Tier-2 and Tier-i 	 Tier-i Rest of the World 

Oil & Gas Production 

Exploration and Drilling kg C114/well drilled kg CH4/well drilled 
70.00 

Fugitive and Other Routine 
Maintenance Emissions kg CH4/PJ kg CH4/PJ 
from Oil Production 6051.30 5000.00 

Fugitive and Other Routine 
Maintenance Emissions kg CH4/PJ kg CH4/PJ 
from Gas Production 96000.00 96000.00 
Venting and Flaring from kgCH4/PJ oil kg CH4/PH oil 
Oil and Gas Production 64623.40 

kg CH4/PJ gas kg CH4/PJ gas 
209000.00 209000.00 

Crude Oil Transportation 
Storage and Refining 

Transportation 

R.ening 

Storage Tanks 

Natural Gas Processing 
Transport and Distribution 

kg CH4/PJ 
2609.80 
kg CH4/PJ 
4897.80 
kg CH4/PJ 
868.60 

kg CH4/PJ 
745.00 
kg CH4/PJ 
1400.00 
kg CH4/PJ 
250.00 

Emission from Processing kg CH4/PJ kg CH4/PJ 
Distribution and Transmition 194200.90 288000.00 
Leaking at industrial plants kg CH4/PJ kg CH4/PJ 
and power stations 117997.20 175000.00 
Leaking in the residential kg CH4/PJ kg CH4/PJ 
and commercial sectors 58826.60 8700.00 
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Module 	 Energy 
Sub-Module 	 Methane from oil and gas systems 
Worksheet 
	

Revised 1-5 
Sheet 
	

A 

Step 1 	 Step 2 	 Step 3 
Category 	 A 	 B 	 C 	 D 

Activity 	Emission Factor 	CH4 Emissions 	Emission CR4 

	

(kgCH4) 	(Gg CR4) 

Oil & Ga. Production 	 C=(AB) 	D=(C x 10-6) 

Expl. and Drilling num. of wells drilled kg CR4/well drilled 
4732 70 331240 0.331 

Fug. and other rout. PJ oil kg CH4/PJ(*) 
Maint. Emissions produced 
from Oil Production 5862.88 6051.30 35478046 35.478 
Fug. and other rout. P3 gas kg CH4/Pj 
Maint. Emissions pooduced 
from gas production 271.10 96000.00 26025600 26.026 

PJ oil& gas produced kg CH4/PJ 
Vent. and. Flar. from P3 oil produced kgCH4fPJ( 5 ) 

Oil and Can Produc. 5862.88 64623.40 378879239 378.879 
P.J gas produced kg CH/PJ 
PJ gas produced kg CH4fPJ 
271.10 209000.00 56859900 56.660 

Total CH4 from 
oil and gas 497.374 
production 

Crude Oil Transportation 
Storage and Refining 

Transporation 	P3 oil tankered kg CH4/PJ( 5 ) 

2946.92 2609.80 7690872 7.691 
Refining 	P3 oil refined kg CH4PPJ( 5 ) 

2897.84 4897.80 14193041 14.193 
Storage Tanks 	P3 oil refined kg CH4/PJ( 5 ) 

2897.84 868.60 2517064 2.517 
Total CR4 form 
crude oil 
transporation 24.401 
storage, and 
distribution 

Natural Gas Processing, 
Transport and Distribution 

Emission from Proces. PJ gas produced kg CH4/PJ( 5 ) 

Distr.and tranemition 1640.09 194200.0 318506054 318.507 
Leak. at indus.plantes PJ non-residential kg CH4/PJ( 5 ) 

and powerstations 	gas consumed 
1074.5 117997.2 126787991 126.788 

Leak. in the resid. 	P3 residential kg CH4/PJ( 5 ) 

and commercial sec. 	gas consumed 
38.01 58826.6 2235999 2.236 

Total CR4 from 
gas processing 447.531 
transport and 
distribtuing 
Total CR4 
emission, from 969.306 



S. INDUSTRIAL PROCESSES 

R. Muñoz Ledo 

Cement production is the main industrial process wich generates greenhouse gases and it is not 
a combustion process. 

LA METHOD 
In this release, emissions for the industrial process only includes production of cement, other 

processes shall be included in the next release of the national inventory. The method used is the 
given by the IPPC methodology (3) with default emission factors. 

LB ESTIMATED EMISSIONS 
In Mexico the production of cement is aproximatly 23 312 000 tons (1,2), if the factor emission 

is 0.4985 ton CO2 per ton Cement (3) then 11.612 Tg of carbon dioxide are emitted to the 
atmosphere (Table 3.1). Although cement production is the main source, its contribution is the 
2.35% of total emissions of carbon dioxide. 

Table 3.1 Industrial processes (cement production) 

Module Industrial Processes 
Submodule CO 2  from cement production 
Worksheet 2-1 
Sheet 1 of 1 

Step 1 Step 2 

A B C D 
Cement Produced Emissions factor CO2 emitted CO2 emitted 

(t) (t CO2/t cement) (t) (Gg) 

C=(AxB) D=C/1000 

23,312,000 0.4985 11,621,032 11,621.03 

REFERENCES 
Construcción y Tecnologfa. Revista del Instituto Mexicano del Concreto y Cemento. Vol. III, 

No. 35, Abril 1991, ISSN 0187-7894. 
Examen de La Situación Económica de Mexico, 1993. Informe del Banco Nacional de Mexico 

(BANAMEX), Volumen LXIX, NCimeros 806 y 807, ISSN 0014-3960. 
Estimation of Greenhouse Emissions and Sinks, 1991. Final Report from the OECD Experts 

Meeting. 
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4. AGRICULTURE 

E. Gonzáles, L. G. Ruiz 

Greenhouse gas emissions from agriculture (not including energy use) arise mainly from livestock 
(1.85 Tg of methane), specific crops (i.e. 35 Gg of methane from rice paddies), use of fertilizers 
(5.51 Gg of N20) and a family of greenhouse gases from prescribed burn of on site crop refuses. In 
this report only methane from livestock and rice paddies and nitrous oxide from use of fertilizers 
are reported, other gases and sources will be included in the next release of the inventory due 
in the fall of 1995. 

IPCC methodologies (IPCC, 1994, a - c) for methane emissions inventories from livestock 
require data on cattle population by climate (cold, temperate and warm), average weight, energy 
intake (food intake), mean temperature, kind of herd (diary, beef, range, or young, mature, etc). 
All this information in not readily available as needed for the inventory calculation, particularly 
in developing countries. Therefore, broad assumptions (Tier 1 of IPCC methodology) or models 
regarding these set of data are applied (Tier 2). In both cases, Mexico is classified as a developing 
country and assumptions about values of the needed data set are made. 

In this section, procedures to extract or estimate the needed information from diverse and 
scattered economic, geographic and agricultural dataare described. Part of the needed infor-
mation was obtained from data bases of the Undersecretary for Cattle Rising of the Secretary 
of Agriculture and Hydraulic Resources (SARH, 1994) and the National Institute of Statistics, 
Geography and Information (INEGI). Procedures to improve on default IPCC values are com-
mented. These are based on a better knowledge of herd numbers, structure, management systems 
and climate distribution. Variational analysis on methane emissions have shown these to be li-
nearly dependant on the values of most of the variables involved in the used formulae (Anastasi 
and Simpson, 1993; Gonzáles Avalos, 1994). A comparison of results from a straight forward 
application of Tier 1 and advances on application of Tier 2 show that results from the former 
should be considered an upper limit to emissions. 

Table 4.1. Age structure of the herd (%) from national agricultural census 
from 1950-1990 

Class 	1950 	1960 	1970 	1981 	Mean 

Breeding 42.06 43.15 37.83 39.41 40.62 
+3 6.57 8.33 9.85 11.63 9.10 
2-3 14.83 15.44 22.97 14.71 16.09 
1-2 15.26 12.97 16.23 11.78 14.06 
0-1 21.28 20.11 13.11 22.46 19.24 
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4.A.1. Method 
Data on energy intake by cattle is needed for methane emissions from enteric fermentation 

and for emissions from manure. Currently, this kind of data is not available in Mexico. However, 
an analysis of tables given in the Reference Manual (Table B-i in the Reference Manual) allows 
us to obtain a linear relationship between energy intake (El) and typical animal mass (TAM) 
which is available for dairy cattle (Fig 4.2 and eq. 4.1) and for non dairy cattle (Fig 4.2 and eq. 
4.1), the former is based on a smaller data set. 

El = 32.42 + 0.26 * TAM1 	 (4.1) 

El (dairy) = 52.37 + 0.24 * TAM1 	 (4.2) 

Where El is energy intake in MJ and TAMi is typical animal mass. Use of these linear 
relationships allow us to use a more detailed description of herd structure already available and 
to approach a Tier 2 procedure for manure. 

4.B. RESULTS FOR ENTERIC FERMENTATION 
Methane emissions from enteric fermentation from all livestock species were calculated using a 
Tier 1 approach to give 1.80 Tg and account for 97.37% of emissions from livestock. 

4.B.1. Cattle and other species 
Methane emissions from cattle due to enteric fermentation are 1.62 Tg, which represent the 

90.00% of all emissions of this kind. Of these, 2 1.05% are from dairy and 68.95% are from beef 
cattle. Contribution of other non-cattle domestic species to methane emissions due to enteric 
fermentation is small, 180.3 Gg, representing only the 9.99% 

4.B.e Discussion for enteric fermentation from cattle 
Food intake is directly related to the animal weight and a classification by age is needed in 

order to use average weights. Census data provide some information although questionnaires vary 
from one census to another, even the names of age categories reflect the idiosyncratic preferences 
of designers. Nevertheless, it was possible to reduce all this categories into a standard age 
classification. Analysis of census data from 1950 to 1980 (Fig. 4.1, Table 4.1) allows us to state 
that, within each of the main regions, herd structure remains constant. This statement stands 
on the fact that herd structure is regulated by purpose of the herd, management systems, health 
of the herd, reproduction rate. Impact of these factors seem to be able to remain unchanged 
along several census. In any case trends in herd structure may be observed by analysis of census 
data. Figures 4.3, 4.1 and table 4.2 also show that about 50% of the herd have a typical animal 
mass (TAM) less than the average default weight (Tier 1) given for developing countries in the 
newest IPCC methodologies. This knowledge may, when applied, lead to smaller emissions from 
enteric fermentation. That is if full information for a Tier 2 approach is not available, Tier 1 
may be applied to assignments of the herd leading to a better estimate of methane emissions. 
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Table 4.2 

Class Typical Animal Mass (TAM) [kg] 

Dairy Non Dairy 

Crow 433.69 396.40 
+ 3 years old 530.37 446.66 
2-3 years old 350.90 358.16 
1-2 years old 267.30 267.30 
0-1 years old 154.04 155.20 

4.C. RESULTS FOR MANURE 
Methane emissions from manure are 48.802 Gg, which represent the 2.63% of methane emissions 
from livestock. Of these 24.798 Gg (1.34% of the total) are from cattle and the remaining 1.29% 
of the total from all other species. 

4.C.1. Cattle and other 8pecse8 
Use of 1994 methodology for methane emissions from manure represent a significant drop 

in emissions from this source. This is due to a reduced climatic classification, lower emission 
coefficients and a slightly different formulae. Former methodology was  based on Safley et aX. 
(1992), current methodology is based on Steed and Hashimoto (1993). The former relayed heavily 
on expert opinion, whereas the later is the result of experimental work. However, cautionary 
notes in Steed and Hashimoto report state that the given emission factors may not hold for 
humid environments. If that is so, and Safley's approach classification and formulae proves to 
be better suited for warm-humid climates, methane emissions from manure in those climates in 
Mexico may rise by a factor of 5, at least. 

4.C.. Discussion for manure from cattle and other apeCses 
Total herd population is available, as well as desegregated by federal state without great 

difficulty on a yearly basis. However Mexico is a country with a wide climatic variability (IG, 
1990), spanning from tropical rain forest to high mountains with perpetual snow and glaciers, 
including large deserts, some of these climates within the same federal state. Simple climatic 
classification such as that used on IPCC methodology (warm, temperate, cool) may lead to a 
oversimplified picture of the country. This climatic variability has lead to the use of a particular 
climatic classification (Table 1, Fig 4.4). 

Cattle population data by state do not distinguish on climate. Applying gross average classi-
fication may lead to gross miscalculation of methane emissions. (González-Avalos et aX., 1994). 
Extensive agricultural census are carried out every decade in the country with detail down to 
municipal level. By performing a correlation analysis between climate and herd population of 
313 municipalities, which include those with the larger cattle population, from all the 31 federal 
states, a basic working hypothesis has been put forward. This states that to a given percent 
of a climate In any federal state corresponds the same percent of the herd In the 
sate (González-Avalos, 1994). It seem to say that herd distribution is climate independent 
(with a 9.6% error). However it needs to be pointed out that this statement holds better for the 
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the central region of the country and poorly in the states with the most extreme climates. Also 
it has to be applied within each state and not nation wide. The most extreme climates been 
truly inhospitable for both, humans and cattle. This finding makes it possible to map statistic 
data on cattle population by federal state on to climate maps and therefore to apply the correct 
emission factor. Within this high climatic variability, it is possible to divide the country in four 
regions based on the dominant climate, most abundant cattle races and feeding practices. 

Data were available for performing a Tier 2 approach. In order to calculate the emission 
factors from manure for it, is necessary to have information of the volatile solids excreted daily 
for each type of animal, between other variables that intervene in the methodology. On their 
turn, volatile solids are dependant on of the energy (energy intake) ingested by the animal. 
Correlation given in eqs. 4.1 and 4.2 were used. 

Methane emissions from cattle by regions are 5.45 Gg (21.98%) from cool and and regions, 
representing the 55.23% of the national land surface, 7.85 Gg (31.65%) from temperate repre-
senting the 20.10% of the surface and 11.50 Gg (46.37%) from warm climates, representing the 
24.67% of the national land surface (Fig. 4.5). 

For the other species the hypothesis about climatic distribution of the cattle herd was applied 
without demonstration. All together they produce 24 Gg (see tables) from manure fermentation. 

RICE 
In Mexico, currently available information related to rice cultivation provided by INEGI and 
SARH is reduced to the area cultivated under the watering regime (in this work equivalent to 
flooded cultivation) and under the rainfall regime (equivalent to dry cultivation). This assump-
tion agrees with the default values given by the IPPC methodology for Mexico. It needs to be 
pointed out that 1) in this report only data for 1990 were considered, and 2) a mean annual tem-
perature of 24°C was considered for all regions. The total methane emissions from this sources 
are 35 Gg of methane. 

NITROUS OXIDE 
IPCC methodologies relative to nitrous oxide emissions from agricultural soils require data on 
applied nitrogen through; industrial fertilizer, manure and biologic fixation (Tier 1). Data on 
agricultural soils were obtained from FAO (1993). Data on industrial fertilizer were obtained 
from INEGI (1994). Nitrogen in applied manure was obtained from the methane calculation 
assuming that only manure from intensive cattle rising is collected and applied on to farming 
fields. Nitrogen content in manure was obtained from local literature (Flores 1983, Castrejón 
1993). Following the Reference Manual, biological fixed nitrogen was taken to be 25 kg/ha/year. 
Procedures given in the 1991 IPPC methodologies were used in order to obtain emission co-
efficients from different fertilizers. Total emissions of nitrous oxide from this source were 5.51 
Gg. 

UNCERTAINTY 
4.F.1. Livestock 

Uncertainty on herd structure has been considered to be ±6% (González-Avalos, 1994), whe-
reas uncertainty on climate distribution is about ±10% (González-Avalos, 1994), therefore un-
certainty on activity data for animal population with climate resolution has been considered to 
be ±12%. 



Default uncertainty on emission factors for enteric fermentation and mature fermentaion are 
given as 25% and 20% respectively, therefore overall uncertainty on these emissions are ±28% 
and ±23%. However it should be pointed out that emission factors given by JPPC are based on 
experimental work carried out in a dry climate, cautionary notes given by the authors (Steed 
and Hashirnoto, 1993) indicate that these factors may not hold for human climates. If this is 
so and former values are better suited for these climates then an underestimation of a factor 
of 5 may be produced for emissions from manure in warm-humid climates (about 25% of herd 
population). 

4.F.2. Rice 
The advised three years period needs to be calculated, current estimates are based on 1990 

data, more resolution on temperatures needs to be introduced. However as this ource accounts 
only for 1.85% of the total, therefore this is not a pressing demand. Default uncertainties shoud 
be considered. 

4.F.S. N20 
The advised three years period needs to be calculated, current estimates are based on 1990 

data. Default uncertainties should be considered. 

REFERENCES 
Anastasi, C. and V. J. Simpson, 1993. Future Methane Emissions from Ammals.J. Geophys. 

Rca. 98D, 7181-7186. 
Gonzáles, E., 1994, Inventario de Emisiones de Metano por Activida.des Pecuarias. El Caso de 

los Desechos del Ganado Bovino y su Relación con los Climas Actuales y Futuros en Mexico. 
M. en C. Tesis, Facultad de Ciencias, UNAM, Mexico, DF, 04510. 

IPCC/OECD, 1994a. Greenhouse Gas Inventory, Vol. 1, Reporting Instructions. USA. 
IPCC/OECD, 1994b. Greenhouse Gas Inventory, Vol. 2, Final Draft Workbook.USA. 
IPCC/OECD, 1994c. Greenhouse Gas Inventory, Vol. 3, Reference Manual. USA. 
Instituto de Geograffa, 1990. Atlas Nacional de Mexico. 3 Vols., UNAM. Mexico. 
Safley, L. M., M. E. Casada, J. W. Woodbury and K. F. Roos, 1992. Global Methane Emissions 

from Livestock and Poultry Manure. U. S. Environmental Protection Agency. EPA/400/1-
91/048. 
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Warm 46.4% 

Temperate 31 7% 	\ 
0 Arid 220/ 0 

Fig. 4.5 Methane Emissions from Cattle Manure by Climate Distribution. 
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Aggregate Emission 

C 

Enteric 	Animal 
fermentation 	manu.r. 
(KG CR4 per anirn*1) 
C=(B/A)x 1000 

ND 
57 8 
49 * 
NE NE 

5 0.1397—  
5 0.149 

NE NE 
18 1.469 
10 0.806 

1 0.694 
ND 0.016 
NE NE 

Standard Data Table 4 
Agriculture: 4 A and B Enteric Fementation and Manure Management 

National 

Source and sink Activity 	Emission Estimates 
Categories 	Data 	 Factor 

A 	 B 

Number of 	Enteric 	Animal 
Animals 	fermentation 	Manure 
(1000 	 (Cg CR4) 

Cattle 32.055.417 1.624.041 24.798 
a Dary 6.665.702 379.945 5.386 
b Non-Dairy 25.389.715 1.244.096 19.412 

2BufIalo NE NE NE 
3 Sheep 5,744.676 28.723 0.800 
4 Goats 10.433.343 52.167 1.554 
5 Camels 
and Llamas NE NE NE 
6 Horses 3.322.223 59.800 4.882 
7 Mules/Asses 2.403.777 24.038 1.938 
8 Swine 15.566.159 15.567 10.809 
9 Poultry 252.561.152 NC 4.021 
10 Other NE NE NE 
Total - - - 1.804.336 38.802 

= Emission factors obtained by use of equations 4.1 and 4.2 
were used for each one of the age categories given in tables 4.1 and 4.2 

NC = Non calculated 
ND = Non data 
NE = Non exist 
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Standard Data Table 4 
Agriculture: 4 A and B Enteric Fermentation and Manure Management 

Cool/ardi region. 

Source and sink Activity Emission estimate. Aggregate emission 
Categories Data factor 

A B C 
Number of Enteric 	Animal Enteric animal 
Animals fermentation 	manure fermentation manure 

(1000) (CgCH4) (KG CH4 per animal) 
C=(B/A) x 1000 

1 Cattle 11.941.133 605.531 	5.449 ND 
a Dairy 2.558.140 145.814 	1.129 57 
b Non-Dairy 9.382.993 459.767 	4.320 49 

2 Buffalo NE NE 	NE NE NE 
3 Sheep 3.172.785 15.864 	0.317 5 0.100 
4 Goats 5.732.335 28.812 	0.631 5 0.110 
S Camels and 

Llamas NE NE 	NE NE NE 
6 Horses 1.823.863 33,027 	2.000 18 1.090 
7 Mules/Asses 1.327.606 13.276 	0.797 10 0.600 
8 Swine 8.597.521 8.597 	0.000 1 0.000 
9 Poultry 139.489.524 NE 	1.674 ND 0.012 
10 Other NE NE 	NE NE NE 
Total - - 805.160 	10.868 - - - 

* = Emission factors obtained by use of equation 4.1 y 4.2 
were used for each one of the age categories given in table 4.1 and 4.2 

NC = Non calculated 
ND = Non data 
NE = Non exist 
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Standard Data Table 4 
Agriculture: 4 A and B Enteric Fermentation and Manure Management 

Temperate regions 

Source and sink 
Categories 

Activity 
Data 

Emission estimates 
factor 

Aggregate emission 

A B C 
Number of Enteric Animal Enteric 	Animal 
Animals fermentation 	manure fermentation 	manure 

(1000) (GgCH4) (KG CH4 per animal) 
C=(B/A) x 1000 

1 Cattle 9.620.515 495.777 7.849 ND 
a Dairy 2.046.514 173.651 2.797 57 
b Non-Dairy 6.574.001 322.126 5.052 49 	 * 

2 Buffalo NE NE NE NE 	NE 
3 Sheep 1.154.680 5.773 0.185 5 	 0.160 
4 Goats 2.097.102 10.485 0.357 5 	 0.170 
5 Camels and 

Llamas NE NE NE NE 	NE 
6 Horses 667.767 12.020 1.095 18 	 1.640 
7 Mules/Asses 483.159 4.832 0.435 10 	 0.900 
8 Swine 3.128.919 3.129 3.129 1 	 1.000 
9 Poultry 50.764.791 NC 0.914 ND 	0.018 
10 Other NE NE NE NE 	NE 
Total - . 532.02 13.96 - - 	 - - 

* = Emission factors obtained by use of equation 4.1 y 4.2 
were used for each one of the age categories given in table 4.1 and 4.2 

NC = Non calculated 
ND = Non data 
NE = Non exist 
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Standard Data Table 4 
Agriculture: 4 A and B Enteric Fermentation and Manure Management 

Warm region. 

Source and sink 
Categories 

Activity 
Data 

Emission .stmates 
factor 

Aggregat. emission 

A B C 
Number of Enteric Animal Enteric 	Animal 
Animal, fermentation 	manure fermentation 	manure 

(1000) (CgCH4 ) (KG CR 4  per animal) 
C=(B/A) x 1000 

1 Cattl. 10.493.769 522.683 11.499 ND 	 * 
a Dairy 1.061.048 60.480 1.460 57 
b Non-Dairy 9.432.721 462.203 10.039 49 	 * 

2 Buffalo NE NE NE NE 	NE 
S Sheep 1.417.212 7.088 0.298 5 	 0.210 
4 Goats 2.573.906 12.869 0.566 5 	 0.220 
5 Camel, and 

Llama, NE NE NE NE 	NE 
6 Horses 819.592 14.753 1.787 18 	 2.180 
7 Mules/Asses 593.012 5.930 0.706 10 	 1.190 
8 Swine 3.840.319 3.840 7.680 1 	 2.000 
9 Poultry 62.306.836 NC 1.433 NI) 	0.023 
10 Other NE NE NE NE 	NE 
Total - - 567.16 23.97 - - 	 - - 

• = Emission factors obtained by use of equation 4.1 y 4.2 
were used for each one of the age categories given in table 4.1 and 4.2 

NC = Non calculated 
ND = Non data 
NE = Non exist 
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Standard Data Table 4 
Agriculture: 4 B Manure management 

National 

Source and sink categories 	 Activity Emission Aggregate emission 
data estimates factor 

A B C 
Number of Animal manure Animal manure 
Animals 

(1000) (GgCH4) (KG CR4 per animal) 
c=(B/A) x 1000 

1 Cattle 	 32.054.300 24.798 * 

a Dairy 	 6.665.702 	 6.386 	 * 
b Non-Dairy 	25.388.598 	 19.412 	 * 

a Dairy 	 0-1 years old 1.508.723 0.794 0.526 
1-2 years old 723.752 0.544 0.752 
2-4 years old 793.142 0.711 0.896 
+3 years old 307.388 0.379 1.233 
Cows 3.332.697 2.958 0.888 

Non-Dairy 	 0-1 years old 5.388.243 2.537 0.471 
1-2 years old 4.189.959 2.922 0.697 
2-3 years old 3.513.076 3.082 0.877 
+3 years old 1.421.357 1.406 0.989 
Cows 10.875.963 9.465 0.870 

* = Emission factors obtained by use of equation 4.1 y 4.2 were used for each one of the age categories gwen in table 4.1 
and 4.2 
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Standard Data Table 4 
Agriculture: 4 B Manure management 

Cool/arid region, 

Source and sink categories Activity Emission Aggregate emission 
data estimates factor 

A B C 
Number of Animal manure Animal manure 
Animals 

(1000) (GgCH4) (KG CH4 per animal) 
C=(B/A) x 1000 

1 Cattle 11.941.133 5.449 

a Dairy 2.558.140 1.129 * 
b Non-Dairy 9.382.993 4.320 * 

a Dairy 	 0-1 years old 578.031 0.165 0.285 
1-2 years old 268.401 0.122 0.454 
2-4 years old 278.682 0.156 0.560 
+3 years old 103.754 0.081 0.781 
Cows 1.311.273 0.605 0.461 

Non-Dairy 	0-1 years old 2.118.283 0.607 0.287 
1-2 years old 1.403.851 0.581 0.414 
2-3 years old 1.038.413 0.535 1.025 
+3 years old 521.903 0.324 0.621 
Cows 4.300.542 2.273 0.529 

• = Emission factors obtained by use of equation 4.1 y 4.2 were used for each one of the age categories given in table 4.1 
and 4.2 
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Standard Data Table 4 
Agriculture: 4 B Manure management 

Temperate regions 

Source and sink categories 	 Activity 	 Emission 	 Aggregate emission 
data 	 estimates 	 factor 

A 	 B 	 C 
Number of 	Animal manure 	Animal manure 
Animals 

(1000) 	 (GgCH4) 	 (KG CH4 per animal) 
C=(B/A) x 1000 

1 Cattle 9.620.515 7.849 

a Dairy 3.046.514 2.797 * 
b Non-Dairy 6.574.001 5.052 

a Dairy 	 0-1 years old 673.177 0.404 0.600 
1-2 years old 351.047 0.296 0.843 
2-4 years old 379.074 0.375 0.989 
+3 years old 140.881 0.183 1.299 
Cows 1.502.335 1.539 1.024 

Non-Dairy 	0-1 years old 1.364.481 0.654 0.479 
1-2 years old 1.091.471 0.747 0.684 
2-3 years old 931.619 0.775 0.832 
+3 years old 383.772 0.384 1.001 
Cows 2.802.658 2.492 0.889 

* = Emission factors obtained by use of equation 4.1 y 4.2 were used for each one of the age categories given in table 4.1 
and 4.2 
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Standard Data Table 4 
Agriculture: 4 B Manure management 

Warm regions 

Source and sink categories Activity Emission Aggregate emission 
data estimates factor 

A B C 
Number of Animal manure Animal manure 
Animals 

(1000) (GgCH4) (KG Cl!4 per animal) 
C=(B/A) x 1000 

1 Cattle 10.494.768 11.499 

a Dairy 1.061.047 1.460 
b Non-Dairy 9.432.721 10.039 5 

a Dairy 0-1 years old 248.515 0.225 0.905 
1-2 years old 104.304 0.127 1.218 
2-4 years old 126.386 0.180 1.424 
+3 years old 62.753 0.114 1.817 
Cows 519.089 0.814 1.568 

Non-Dairy 0-1 years old 1.905.707 1.276 0.670 
1-2 years old 1.694.820 1.593 0.940 
2-5 years old 1.543.205 1.772 1.148 
+3 years old 515.757 0.698 1.353 
Cows 3.773.232 4.700 1.246 

• = Emission factors obtained by use of equation 4.1 y 4.2 were used for each one of the age categories given in table 4.1 
and 4.2 
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Standard data table 4 
Agriculture: 4C Rice Cultivation 

Flooded Rice Field, 

Source and cink 
	

Activity data 
	 Emiuion 	Aggregate Emiuion 

Categorie. 	 Estimates 	Factor 

A 	 B 	 C 	 D 
Area Cultivated 	Megahectare 	Methane 	C04 Average 
in megahectares 	day@ of cultivation 	 £miuion Factor 

(Mha) 	(Mha.day.) 	(Ga CH2 	D=C/B 

1 Flooded regime 	 54.500 	 130 	 *5.0 	 0.29 
2 Intermitent regime 	 ND 	 ND 	 NC 	 NC 
3 Dry regime 	 65.108 	135 	 0.0 	 0.000 
Total 	 119.61 	- - - 	 *5.0 	 - -. 

= Source: Anuario Estadletico de Ice Ectados Uniclos Mexicano,. INEGI, 1991 
NC = Non Calculated 
ND = Non Data 
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Standard data table 4 
Agriculture: 4D Agricultural Boils 

Source and Sink 
Categories 

Activity data Emissions Aggregate 
Estimates Emission 

factor(s) 

Corptype A B C D E 
Amount of Area Amount of Emissions (t NaO/t N) 
nitrogen cultivated biological 
applied in fixation of of N2 
fertilizer nitrogen 
and manure 
(t N) (ha) (t N) (Og) 1000D/A 

AU crop. 2.409.730 24.710 X 103 617.750' 5.51 0.00271 

s = This values are to all crops of the country and it corrspond to median emission coefficient. 
* = The emission estimates and emission factor are only for N20. 

= Source: Anuario Estadistico de los Estados Unidos Mexicanos. Instituto Nacional de Estadfstica, Geograffa • InformLtica, 
1991. 

= With a nitrogen input from atmospheric deposition of 25 kg N ha yr 1 . 
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5. LAND USE CHANGE & FORESTRY 
0. Masera, T. Hernández, A. Ordoñez, A. Guzmán 

The present study aims at presenting improved estimates of greenhouse gas emissions from land 
use changes in Mexico in the year 1990. 

It is part of an effort to produce a national greenhouse gas emission inventory. Incorporating 
emissions from land use changes to the national inventory is important because earlier studies 
have estimated that deforestation might constitute the second largest source of greenhouse gas 
emissions in Mexico, after the combustion of fossil fuels (Masera et al. 1992). 

It needs to be pointed out that the categories in which this section has been divided do not 
correspond exactly with those on the IPCC common reporting frame. 

5.A. METHODS 
In this study we estimated carbon emissions from deforestation through an in-depth review of 
the existing information on forest cover, forest deforestation rates, areas afforested or currently 
regrowing as well as on forests' carbon-related biological characteristics. To estimate carbon 
emissions we followed the procedure proposed by IPCC (1994). 

We relied on local information —both from official sources and from case-studies-- as extensively 
as possible, using the IPCC default values only when local data were not available. The study 
covers all closed forest types in the country, that is: tropical evergreen, tropical deciduous, 
temperate coniferous, and temperate broadleaf, as well as open forests. 

A spreadsheet that mimics the IPCC's proposed accounting procedure—i.e., the MINERGG 
model- was created. This allowed keeping our results consistent with the methodology proposed 
by IPCC at the same time providing far more flexibility in changing parameters, using multiple 
estimates and conducting sensibility analyses. 

Below we explain the main assumptions and methods used for estimating the most relevant 
parameters needed for the analysis. 

5.A.1. Classification of Fore8ts 
The proposed IPCC classification of forests is inadequate to Mexico. Also the proposed fo-

rest sub-categories such as "productive", "unproductive", and "logged" are not reported in the 
Mexican official statistics. To cope with these problems we used an alternative classification, 
separating temperate forests in broadleaf and coniferous, tropical forests in evergreen and de-
ciduous, and including open forests. Annex 5.1 and 5.2 present the description of each forest 
category. In the absence of information about forest sub-types such as "undisturbed" and "lo-
gged", we assumed that "undisturbed" forests are those belonging to natural protected areas 
(NPA). "Logged" forests are simply the difference between the total forest area and the NPA. 

5.Ai. Area by Forest Type 
Accurate information about existing forest areas by forest type exists only for NPA (Annex 

5.3). For the remaining forests, while the information has improved since the undertaking of 
forest remote sensing inventories, there are still large discrepancies in the precise areas. Part 
of these discrepancies have to do with the continuous changes in the meaning of each forest 
category (for example, the two most recent forest inventories, "Inventario Forestal de Gran 
Vision" and "Inventario Forestal PeriOdico 1992-1994" include major changes in the proposed 
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forest categories, making comparisons very difficult). 
For the present study we relied on the forest areas presented in the "Inventario Forestal 

Nacional de Gran Visión" (SARH, 1992), which is the only inventory that estimates forest areas 
for the year 1990. Annex 5.4 presents the information as available from the forest inventory. 
Annex 5.5 and 5.6 show the forest areas that result by applying the proposed classification of 
forest types to the data in the forest inventory. 

5.A.S. Deforestation Rates 
Estimates about deforestation rates in Mexico in the 1980's range from 329,000 ha to 1,500,000 

million ha (Annex 5.7). Official sources (SARH, 1991 and 1992) report deforestation rates of 
370,000 ha, including open and closed forests. The most detailed analysis of deforestation rates 
currently available in the country (Masera et al. 1992) suggests that 804,000 ha/yr are deforested 
annually and affected by forest fires in closed forests alone. This last figure is more consistent 
with the deforestation rates found in case studies located in the different forest ecosystems. 

Given the large differences between official and non-official estimates of deforestation rates, 
we decided to use a "high" and a "low" estimate for the present study. The "high" estimate uses 
the figuies derived by Masera et. al (1992) for closed forests, and incorporates SARH (1991) 
estimates about deforestation rates in open forests. The "low" estimates uses the SARH (1991) 
estimates for open and closed forests (Annex 5.8 presents the estimates by state and main forest 
type). 

Using the suggested procedure we obtain deforestation rates close to 1% for temperate forests 
and around 2% for tropical forests in the "high" estimate; while the same figures are 0.5% and 
approximately 0.8% for temperate and tropical forests, respectively,  in the "low" estimate. For 
open forests we use a deforestation rate of 0.08% (Annex 5.9). 

It should be noted that the deforestation rates used in the "high" estimate include all the 
area affected by forest fires, while the "low" estimate incorporates only the area affected by 
forest fires that is assumed to do not regenerate. This discrepancy makes necessary handling 
differently the assumed biomass "after" deforestation in the two cases (see below). 

5.A4. Aboveground biomas8 before forest clearing 
Inventories based on destructive sampling are currently available only for tropical deciduous 

forests in Mexico. For the remaining forests, expansion factors need to be used to convert 
commercial volume to total biomass. 

Annex 5.10 present existing estimates of total aboveground biomass for the different forest 
types considered in this study. For temperate forests, we decided to use data from the latest forest 
inventory, expanding from commercial to total biomass using the IPCC suggested expansion 
factors. We also assume that the most dense forests (both broadleaf and conifer) are concentrated 
in NPA, while logged forests represent the area-weighed average biomass for dense and non-dense 
forests. 

For tropical evergreen forests we used the estimate derived by Masera et al. (1992) which 
estimates total aboveground biomass from data about basal areas. The estimates for tropical 
deciduous forests come from detailed destructive sampling inventories conducted in a research 
station from the National University of Mexico. 

There is no local information about aboveground biomass for open forests. In this case we 
relied on estimates from other studies. 
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S.A.S. Aboveground btoma8s after fore8t clearing 
The amount of biomass remaining after deforestation heavily depends upon the land conver-

sion activity that replaces the original forest cover. Thus, an estimate of the share of different 
forest conversion activities by forest type is needed. Knowing the share of the different forest 
conversion activities a weighed average of the aboveground biomass "after" forest clearing could 
be calculated. 

In the present study we first estimated the shares of the main forest conversion activities by 
forest type for both the "high" and "low" deforestation rates. In the "low" estimate, forest 
conversion activities correspond largely to agriculture and pasture (Annex 5.11 and 5.12), thus 
we used the default values suggested by IPCC (10 ton/ha for temperate and tropical forests 
and 5 ton/ha for open forests). However, in the "high" estimate, forest fires play a large role, 
particularly in temperate forests, where they reach 49% of the area perturbed annually (Annex 
5.13). Thus, in this case, we estimated a weighed average, considering the IPCC default values 
for the area converted to agriculture and pasture, and the values estimated by Masera et al. 
(1992) for the area affected by forest fires. The resulting estimates are, 25 ton/ha for temperate 
conifer forests; 19 ton/ha for temperate broadleaf; 42 ton/ha for tropical evergreen, and 13 
ton/ha for tropical deciduous forests. 

5.A.6. Decay of aboveground biomass and changes in soil carbon content 
We used the "high" and "low" estimate of forest clearing to estimate the average area cleared 

in the last 10 and 25 years (Annex 5.14 and 5.15). Different estimates of soil carbon content of 
Mexican forests have been used in previous studies (Annex 5.16). However, none of these studies 
use estimates derived from measurements in Mexico. Therefore, we decided to use the IPCC 
default values. We assume that no change in the carbon content of soils happens when tropical 
forests are cleared. Thus, soil carbon releases are assumed to come entirely from temperate and 
open forests. 

5. A. 7. Conversion of grasslands to agriculture 
Areas with natural grasslands are concentrated in Northern Central Mexico. In these regions 

part of these grasslands have been converted to agriculture in the past decades (currently the 
process is not thought to be very important). However, we were not able to collect reliable 
information on the rate of conversion of grasslands to agriculture and decided to leave the whole 
section blank. 

5.A.8. Biomass uptake from abandoned lands 
There is little information about abandoned lands in the country. Relatively accurate infor-

mation is available only for degraded forest lands. We re-classified these lands in three types, 
according to the original forest cover: "tropical", "temperate" and "open forests". We then 
substracted the amount of lands severely degraded to each category and made the assumption 
that the remaining degraded forest lands have been created at the same rate as forests have been 
cleared. We thus obtained a "high" and "low" estimate of degraded and re-growing forest lands 
created in the last 100 years by main forest type (Annex 17). 

The net biomass uptake in these forest lands was obtained using the IPCC suggested procedure 
(i.e. assuming that forests regrow only to 80% of the original forest biomass; and that they reach 
50% and 70% of total assumed biomass in temperate and tropical forests, respectively, in the 
first 20 years) (Annex 18). 
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5.A.Q. Carbon Uptake and Emissions from Managed Forest. 
Reforested/Afforested lands: Total annual biomass uptake was estimated using the total land 

afforested by state in the last 20 years, corrected by the tree's average survival ratio (34The 
uptake per hectare was estimated using conservative biomass growth rates, as afforestation 
programs are conducted in Mexico mostly for restoration of severely degraded lands. It was 
not possible to estimate the amount of urban and village trees. 

Managed Forests: Annex 20 shows the forest area and estimated annual increment by the 
different categories of commercially managed forests existing in Mexico: native temperate 
forests (both under improved and traditional harvesting systems), native tropical forests 
and forest plantations, and forests managed for fuelwood. This last area and uptake was 
assumed to be equivalent to the area and uptake needed to cope with the amount of fuelwood 
sustainably harvested in the country. 

The total biomass consumption of forest products was obtained from data about wood har-
vested by main tree species, expanding to total biomass using an average factor between IPCC's 
and Cannell's (1992) (Annex 21). The consumption of fuelwood that does not come from defo-
restation was added to the previous figures. 

Balancing the consumption of forest products with the biomass production is difficult because 
there are no reliable statistics about subsistence uses of forest products. For these reasons, 
we had to leave the column of "other wood uses" blank, even if it is known that villagers use 
non-negligible amounts of wood for housing, fencing and other domestic uses. 

As a reference to the analysis conducted following the IPCC methodology, Annex 22 shows 
the estimated biomass uptake in the forest areas of Mexico, using the data provided by the 1990 
forest inventory. 

&.B. CARBON DIOXIDE EMISSIONS 
Tables 5.1 to 5.6 show the carbon emissions for each of the main emission categories stated in 
the IPCC methodology. Emissions from burning aboveground biomass on and off site due to 
forest clearing reach from 13.8 to 33.4 MtonC/yr, depending on the estimate about deforestation 
rates. Additional 9.7 to 18 MtonC/yr are estimated to be emitted by changes in the carbon 
content of soils from temperate forests. Thus total emissions from land clearing reach from 23.5 
to 51.4 MtonC/yr (Table 5.6) 

The total estimated carbon uptake ranges from 14.2 to 20.9 MtonC/yr, out of which 7.2 
MtonC/yr come from managed forests (Table 5.6). The fact that managed forests are currently 
net carbon sinks is explained because actual timber harvesting is less than the volume authori-
zed by the Government on the basis of forest growth rates, as the forest industry is currently 
undergoing a deep economic crisis. There is also a significant uptake coming from abandoned 
lands. 

Subtracting uptake from emissions, we get net carbon emissions reaching from 9.3 to 30.5 
MtonC/yr depending on the assumed deforestation rates (Table 5.6). This result confirms that 
forests are the second largest source of greenhouse gas emissions in Mexico, only after the 
combustion of fossil fuels. The figures obtained for emissions from forest clearing (high estimate) 
are within the range of previous studies on the topic, i.e., Masera et al. (1992) and WRI (1993). 
However, net emissions (again for the high estimate) are considerably lower than the figures 
reported in these and other studies (Cairns et al. 1995). This discrepancy might be partly 
explained by the inclusion of a more detailed analysis of carbon sinks from managed forests and 
abandoned lands in the present study. 



S.C. EMISSIONS OF OTHER GREENHOUSE GASES 
Emissions of trace greenhouse gases reach from 58 to 195 kt for methane, 504 to 1,704 kt 
for carbon monoxide, about 1 kt for nitrous oxide, and 9 to 32 kt for nitrogen oxides (NOx), 
depending on the assumed deforestation rate. 

5.D. Conclusions: Research Priorities for Further Work 
The present work has attempted to improve existing estimates of greenhouse gas emissions from 
forestry and land use changes in Mexico. To that end a thorough review of available information 
and primary data has been conducted. 

However, large uncertainties remain about the precise amount of carbon emissions from land 
use changes. This is because there are important gaps of information regarding most of the 
critical parameters that affect carbon emissions and uptake in Mexican forests. To reduce these 
information gaps future work should be devoted to: 

Improve the estimates about deforestation rates by forest type. These estimates should be 
derived from high resolution remote sensing techniques, with field validation. 

c) Better ascertain the dynamics of land use change by forest type. Usually forests are not 
directly converted to agriculture or pasture, but are subject to different perturbations; also 
some of the forests originally converted to agriculture are abandoned. Thus, an estimate of 
the "average" composition of different forest conversion activities through time is needed. 

Obtain more precise estimates of aboveground biornass densities for the main forest ecosys-
tems. Here a combination of destructive sampling with a detailed processing of existing 
forest inventories might be appropriate. Remote sensing techniques could also be applied 
to show the spatial variability of forest aboveground biomass. In any case, it is important 
that information from the existing permanent forest sites (which includes not only total 
volume, but also the distribution of trees by age or diameter class) is made available. 

Ascertain to what extent clearing of tropical forests actually leads to changes in soil carbon 
content or not. In these regards, more research is also needed to obtain local estimates of 
the "average" carbon content of different forest ecosystems. Currently these estimated had 
to be drawn from the international literature. 

Better analyze the annual carbon uptake from abandoned lands and from managed forests. 
In the case of abandoned, or perturbed forest lands, more information is needed on pro-
ductivities by main forest type, the share of perturbed lands that ultimately completely 
degrade, etc. For managed forests, more information is needed particularly for subsistence 
uses (fuelwood, fencing, housing, etc.). The actual vs reported extent of harvesting, toget-
her with improved estimates of the area of forests affected by these activities is needed in 
order to better estimate the balance of emission/uptake in these forests. 

S. E. UNCERTAINTY 
The present study constitues an improvement over previous estimates of carbon emissions 

from land use change in Mexico. However, because of information gaps and lack of reliable 
primary data large uncertainties still remain in the resulting estimates. 

The main uncertainties regarding carbon emissions, include discrepancies or lack of informa-
tion about land cover, deforestation rates, and carbon densities (soil plus vegetation) before and 
after land clearing by forest type. There are also uncertainties regarding the carbon sequestration 
in abandoned lands, secondary forests, and managed forests. 

We have tried to partly cope with these uncertainties deriving a low and high estimate for 
carbon emissions. We feel that the "high" estimate better represents the more likely amount 



of emissions coming from land use changes in Mexico. However, only more through detailed 
research on the lines suggested in the previous section, these uncertainties might be reduced. 
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Table 5.1 
Summary of net carbon and trace gas emissions 

from the forest sector of Mexico 

Emissions from forest clearing 
Total Uptake Uptake/ Total Total Total Other Trace gas 

Burning Decay Soils Emissions Aban- Emissions Uptake Net Net trace Emissions 
Above- Above- donded managed Emissions Emissions green- for burn- 
ground ground lands forest house ing of 

gases cleared 
forest 

(Kt C) (Kt C) (Kt C) (Kt C) (Kt C) (Kt C) (Kt C) (Kt C) (Kt CO2) (Kt) 

High estimate High estimate 

Temperate 1,769 2,053 16.397 20,219 -3,644 CH4 195 

Tropical 13,045 16,087 0 29,133 -9,732 CO 1,704 

Open 214 238 1,600 2,052 -350 N20 1 

Forests 

Total 15,029 18378 17,996 51,403 -13,725 -7,192 -20,917 30,487 111,784 NOx 32 

Low estimate Low estimate 

Temperate 1,263 1,435 8,133 10,831 -2,738 CH4 58 

Tropical 4,951 5,697 0 10,648 -3,919 CO 504 

Open 214 238 1,600 2,052 -350 N20 0 

Forests 

Total 6,427 7,370 9,732 23,530 -7,007 -7,192 -14,199 9,331 34,215 NOx 9 

n. 



Module:Land use change and forestry 
Submodule: forest clearing - CO3 release from burning above ground biomass on and off site 

Worksheet 5-1 
Sheet A-B 

Foresttypes 
(High estimate) 

A 
Area 
Cleared 
Annu- 
ally 

(Kha) 

B 
Biomass 
before 
clearing 

(t dm/ 
ha) 

C 
Biomass 
after 
clearing 

(t dm/ 
ha) 

D 
Net 
change 
in bio- 
mass 

(t dm/ 
ha) 

D= 
(B-C) 

E 
Annual 
loss of 
biomass 

(kt dm) 
ha) 

E=(AxD) 

F 
Fraction 
of bio- 
mass 
burned 
on site 

G 
Quality 
of bio- 
mass 
burned 
on site 
(kt dm) 

G=(ExF) 

H 
Fraction 
of bio- 
mass 
oxidized 
on site 
(contri- 
bution 
efficiency) 

I 
Quality 
of bio- 
mass 
oxidized 
on site 
(kt dm) 

I=(Gx}I) 

1 	K 
Carbon 	Quality 
fraction 	of car- 
of above- bon re-
ground leased 
biomass 
(burned) 	(kt C) 
on site 

K= 
(lxi) 

Broad- Undis- 0 64 n.a 64 0 0.4 0 0.90 0 0.46 0 
leaf turbed 

Closed Logged 79 46 19 27 2 105 0.4 852 0.90 767 0.46 345 

Forests Conifer Undis- 0 90 n.a 90 0 0.4 0 0.90 0 0.45 0 
turbed 

Temper- Logged 164 65 25 40 6 633 0.4 2 686 0.90 2 418 0.45 1 088 
ate 

Unpro- n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a n.a 
Open ductive Product- 0 37 n.a 37 0 0.4 0 0.90 0 0.46 0 
forests ive 

Unpro- 53 25 5 20 1 056 0.4 428 0.90 386 0.45 173 
duct 

Ever- undis- 0 240 n.a 240 0 0.4 0 0.90 0 0.45 0 
green turbed 

Tropical Logged 212 240 42 198 41 960 0.4 16 994 0.90 15 294 0.45 6 883 

Decid- Undis- 0 85 n.a 85 0 0.4 0 0.90 0 0.45 0 
uous turbed 

Logged 312 85 13 72 22 462 0.4 9 079 0.90 8 187 0.45 3684 

Other 
820 113 91 74216 30057 27052 Sub- 12173 

total 

3 2 1 1 

lotes: 
IPCC default values 
Assumption. Total fuelwood used in Mexico 37 million m0.6 density 0.3 coming from defore,tationm' 7 million ton dm fw (Masera, 1993) 
See text for explanation about the assumption used 

63 



Module:Land use change and forestry 
Submodule: forest clearing - CO2 release from burning above ground biomase on and off site 

Worksheet 5-1 
Sheet A-B 

Foreattype, 
(Low estimate) 

A 
Area 
Cleared 
Annu- 
ally 

(Kha) 

B 
Biomass 
before 
clearing 

(t dm/ 
ha) 

C 
Biomass 
after 
clearing 

(t dm1 
ha) 

D 
Net 
change 
in bio- 
mass 

(t dm/ 
ha) 

D= 
(B-C) 

E 
Annual 
loss of 
biomass 

(kt dm) 
ha) 

E=(AxD) 

F 
Fraction 
of bio- 
mass 
burned 
on site 

G 
Quality 
of bio- 
mass 
burned 
on site 
(kt din) 

G=(ExF) 

H 
Fraction 
of bio- 
mass 
oxidized 
on site 
(contri- 
bution 
efficiency) 

I 
Quality 
of bio.- 
mas, 
oxidized 
on site 
(kt din) 

I=(GxH) 

J 	K 
Carbon 	Quality 
fraction 	of car- 
of above- bon re-
ground leased 
biomass 
(burned) (kt C) 
on site 

K= 
(ixJ) 

Broad- Undis- 0 64 10 54 0 0.3 0 0.9 0 0.45 0 
leaf turbed 

Closed Logged 42 46 10 36 1 489 0.3 419 0.9 377 0.45 170 

Forests Conifer Undis- 0 90 10 80 0 0.3 0 0.9 0 0.45 0 
turbed 

Temper- Logged 86 65 10 55 4 738 0.3 1 327 0.9 1 194 0.45 573 
ate 

unpro- n.a n.a n.a n.a n.e n.a n.e n.a n.e n.e n.a 
Open ductive Product- 0 37 0 37 0 0.3 0 0.9 0 0.45 0 
forests ive 

Unpro- 53 25 5 20 1 056 0.3 296 0.9 266 0.45 120 
duct 

Ever- undis- 0 240 0 240 0 0.3 0 0.9 0 0.45 0 
green turbed 

Tropical Logged 66 240 10 230 15 182 0.3 4 251 0.9 3 826 0.45 1 722 

Decid- Undis- 0 85 0 85 0 0.3 0 0.9 0 0.45 0 
uous turbed 

Logged 124 85 10 75 9 266 0.3 2 595 0.9 2 335 0.45 1 051 

Other 
370 95 86 31 740 8 887 7 999 Sub- 3 599 

total 

1 2 1 1 

Notes: 
IPCC default value. 
Assumption: Some as for high estimate, adjusted to 0.8 to account for 7 million ton tw coming from deforestation. 
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Module: Land use change and forestry 
Submodule: Forest clearing - COa release from burning above ground biomagi on and off site 

Worksheet 5-1 
Sheet C 

Forest Types 
(High estimate) 

L 
Fraction 
of bio- 
mass 
burned 
off site 

M 
Quality 
of bio- 
mass 
burned 
off site 
(kt dm) 

M= 
(ExL) 

N 
Fraction 
of bio- 
mass 
oxidized 
off site 
(combus- 
tion ef- 
ficency) 

o 
Quality 
of bio- 
mass 
oxidiced 
off site 
kt(dm) 

0= 
(MxN) 

P 
Carbon 
fraction 
of above- 
ground 
biomass 
(burned 
off site) 

Q 
Quality 
of carbon 
released 
as CO2 
(from bio- 
mass 
off site) 

Q= 
(QxP) 

ft 
Total 
carbon 
released 
as CO2 
(From on 
&off site 
burning) 

R= 
(K+Q) 

S 
Total of 
released 
CO2 re- 

(kt CO2) 
S=Rx 
(44/12) 

Broad Undis- 0.10 0 0.9 0 0.45 0 0 0 
leaf turbed 

Closed Logged 0.10 200 0.9 180 0.45 81 426 1 563 

forests Conifer Undis- 0.10 0 0.9 0 0.45 0 0 0 
turbed 

Temperate Logged 0.10 630 0.9 567 0.45 255 1 343 4 925 

Unpro- n.a n.a n.a n.a n.a n.a n.a n.a 
ductive 

Open product- 0.10 0 0.9 0 0.45 0 0 0 
ive 

forest Unpro- 0.10 100 0.9 90 0.45 41 214 784 
duct 

Ever- Unids- 0.10 0 0.9 0 0.45 0 0 0 
green turbed 

opical Logged 0.10 3 986 0.9 3 588 0.45 1 614 8 497 31 155 

Decid- Undis- 0.10 0 0.9 0 0.45 0 0 0 
uous turbed - 

Logged 0.10 2 134 0.9 1920 0.45 864 4 549 16 678 
Other 

Sub-total 7 051 6 345 Sub-total 2 855 15 029 66 106 

1 1 

Note: 1) IPCC default values 
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Module: Land use change and forestry 
Submodule: Forest clearing - CO2 release from burning above ground biomass on and off site 

Worksheet 5.1 
Sheet C 

Forest Types 
(Low estimate) 

L 
Fraction 
of bio- 
mass 
burned 
off site 

M 
Quality 
of bio- 
mass 
burned 
off site 
(kt dm) 

M= 
(ExL) 

N 
Fraction 
of bio- 
mass 
oxidized 
off site 
(combus. 
tion ef- 
ficency) 

0 
Quality 
of bio- 
mass 
oxidized 
off site 
kt(dm) 

0= 
(MxN) 

P 
Carbon 
fraction 
of above- 
ground 
biomass 
(burned 
off site) 

Q 
Quality 
of carbon 
released 
as CO2 
(from bio- 
mass 
off site) 

Q= 
(QxP) 

R 
Total 
carbon 
released 
as CO2 
(From on 
&off site 
burning) 

R= 
(K+Q) 

S 
Total of 
released 
CO2 re- 

(kt CO2) 
S=Rx 
(44/12) 

Broad Undis- 0.22 0 0.9 0 0.45 0 0 0 
leaf turbed 

Closed Logged 0.22 330 0.9 297 0.45 133 303 1 112 

forests Conifer Undis- 0.22 0 0.9 0 0.45 0 0 0 
turbed 

Temperate Logged 0. 1 042 0.9 938 0.45 422 959 3 518 

Unpro- n.a n.a n.a n.a n.a n.a n.a n.a 
ductive 

Open product. 0.22 0 0.9 0 0.45 0 0 0 
ive 

forest Unpro- 0.22 232 0.9 209 0.45 92 214 784 
duct 

Ever- Unids- 0.22 0 0.9 0 0.45 0 0 0 
green turbed 

Tropical Logged 0.22 3 340 0.9 3 006 0.45 1 353 3 074 11 273 

Decid- Undis- 0.22 0 0.9 0 0.45 0 0 0 
uous turbed 

Logged 0.22 2039 0.9 1 835 0.45 826 1 876 6 880 
Other 

Sub-total 6 983 6 286 Sub-total 2 828 6 427 23 667 

1 1 

Note: 1) IPCC default values 



Module: Land use change and forestry 
Submodule: Forest clearing - CO3 release from decay of above ground biomass 

Worksheet 5-1 
Sheet D 

Forest types 
(High estimate) 

A 
Annual 
Area 
cleared 
(10 year 
average) 
(Kha) 

B 
Biomass 
Before 
clearing 

(t dm/ha) 

C 
Biomass 
After 
clearing 

(t dm/ha) 

0 
Net 
change 
in 
biomass 

(kt dm) 
D=(B-C) 

E 
Average 
annual 
loss of 
biomass 

(kt dm) 
E=(AxD) 

F 
Fraction 
left to 
decay 

G 
Quantity 
of bio- 
mass to 
decay 

(kt dm) 
G=(ExF) 

H 
Carbon 
fraction 
in above- 
ground 
biomasa 

I 
Portion C 
Released 
as CO2 

(kt C) 
I=(Gx}I) 

Broad Undia- 0 64 n.a 64 0 0.5 0 0.45 0 
leaf turbed 

Closed Logged 82 46 19 27 2 196 0.5 1 094 0.45 494 
forests Conifer Undis- 0 90 n.e 90 0 0.6 0 0.45 0 

turbed 
Temperate Logged 172 65 25 40 6 927 0.5 3 463 0.45 1 569 

Unpro- n.a n.e n.e n.e n.e n.e n.e n.e n.e 
ductive 

Open Produc- 0 37 n.a 37 0 0.5 0 0.45 0 
tive 

forests Unpro- 53 25 5 20 1 060 0.5 530 0.45 238 
ductive 

Ever- Undid- 0 240 n.a 240 0 0.6 0 0.46 0 
green turbed 

Tropical Logged 237 240 42 198 46 880 0.5 23 440 0.46 10 548 
Deciduous Undis- 0 85 n.a 85 0 0.5 0 0.45 0 

turbed 
Logged 342 85 13 72 24 618 0.5 12 309 0.45 5 539 

Other 886 116 92 81 681 40 840 18 378 

2 	 1 	 1 

Notes: 
I) IPCC default values 

2) See text for explanation about the assumption used. 
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Module: Land use change and forestry 
Submodule: Forest clearing - CO2 release from decay of above ground biomagi 

Worksheet 5-1 
Sheet D 

Forest types A B C D E F G H I 
(Low estimate) Annual Biomau Biomass Net Average Fraction Quantity Carbon Portion C 

Area Before After change annual left to of blo- fraction Released 
cleared clearing clearing in lou of decay mass to in above- as CO2 
(10 year biomass biomass decay ground 
average) biomass 
(Kha) (t dm/ha) (t dm/ha) (kt dm) (kt dm) (kt dm) (kt C) 

D=(B-C) E=(AxD) G=(ExF) I=(GxH) 

Broad Undjs- 0 64 10 54 0 0.5 0 0.45 0 
leaf turbed 

Closed Logged 43 48 10 36 1 532 0.5 766 0.45 345 
forests Conifer Undis- 0 90 10 80 0 0.5 0 0.45 0 

turbed 
Temperate Logged 87 65 10 55 4 846 0.5 2 423 0.45 1 090 

Unpro- n.a n.a n.a n.a n.a n.a n.a b.a n.a 
ductive 

Open Produc- 0 37 0 37 0 0.5 0 0.45 0 
tive 

forests Unpro- 53 25 5 20 1 060 0.5 530 0.45 238 
ductive 

Ever- Undis- 0 240 0 240 0 0.5 0 0.45 0 
green turbed 

Tropical Logged 68 240 10 230 15 712 0.5 7 856 0.45 3 535 
Deciduous Undi- 0 85 0 85 0 0.5 0 0.45 0 

turbed 
Logged 128 85 10 75 9 607 0.5 4 804 0.45 2 162 

Other 380 96 86 32 767 16 378 7 370 

1 
	

1 
	

1 

Note: 

1) IPCC default values 



Module: Land use change and forestry 
Submodule: Forest clearing - Soil carbon release 

Worksheet S-i 
Sheet E 

Foresttypes 
(High estimate) 

A 
Average 
annual 
forest 
deared 
(25 year 
average) 
(kha) 

B 
Soil 
carbon 
content 
of forest 
eoil 

(t/ha) 

C 
Total 
annual 
potential 
soil 
carbon 
loss 
(kt C) 
C=(AxB) 

D 
Fraction 
of carbon 
released 

B 
Carbon 
releaaed 
from soil 
carbon 

(Id C) 
E=(CxD) 

Broad Undi.- 0 0 0.5 0 
leaf turbed 

Closed Logged 89 120 10 637 0.5 5 319 
forests Conifer Unid.- 0 0 0.5 0 

turbed 
Temperate Logged 185 120 22 156 0.5 II 078 

Unproduc- n.a n.a n.a n.e n.a 
tive 

Open Productive 0 0 0.5 0 
forests Unproduc- 53 60 3 199 0.5 1 600 

tive 
Ever- Undis- 0 0 0.0 0 
Green turbed 

Tropical Logged 287 115 33 041 0.0 0 
Deciduous Undis- 0 0 0.0 0 

turbed 
Logged 401 100 40 072 0.0 0 

Other 
1 015 108 109 106 17 996 

1 2 

lotes: 

IPCC default values probably overestimate the soil carbon content of broadleaf forests 
IPCC default values 
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Module: Land use change and forestry 
Submodule: Forest clearing - Soil carbon release 

Worksheet S-i 
Sheet E 

Foreettypes 
(Low estimate) 

A 
Average 
Annual 
forest 
cleared 
(25 year 
average) 
(kha) 

B 
Soil 
Carbon 
content 
of forest 
soil 

(t/ha) 

C 
Total 
Annual 
potential 
soil 
carbon 
lose 
(kt C) 
C=(AxB) 

I) 
Fraction 
of carbon 
released 

E 
Carbon 
released 
from soil 
carbon 

(kt C) 
E=(CxD) 

Broad Undis- 0 0 0.5 0 
leaf turbed 

Closed Logged 45 120 5 360 0.5 2 680 
forests Conifer l.Jnids- 0 0 0.5 0 

turbed 
Temperate Logged 91 120 10 906 0.5 5 453 

Unproduc- n.a n.a n.a n.a n.a 
tive 

Open Productive 0 0 0.5 0 
forests Unproduc- 53 60 3 199 0.5 1 600 

tive 
Ever- Unids- 0 0 0.0 0 
green turbed 

Tropical Logged 72 115 8 325 0.0 0 
Deciduous Unids- 0 0 0.0 0 

turbed 
Logged 136 100 13 617 0.0 0 

Other 
397 104 41 408 9 732 

1 2 

Notes: 

i) IPCC default values probably overestimate the soil carbon content of broadleaf forests. 

2) IPCC default values 
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Module: Land use change and forestry 
Submodule: Forest clearing - Total CO3 emissions 

Worksheet 5-1 
Sheet F 

Forest Types A B C D E 
(High estimate) Ininediate Delayed Long Total Total 

released emissions term annual annual 
from from emissions carbon CO2 
burning decay from releas, release 

soil from from 
forest foreat 
clearing clearing 

(kt C) (kt C) (kt C) (kt C) (kt CO2) 
D=(A+B+C) E=(DX[44/121) 

Broad Undis- 0 0 0 0 0 
leaf turbed 

Closed Logged 426 494 5 319 6 239 22 876 
forests Conifer Undis- 0 0 0 0 0 

tubed 
Temperate Logged 1 343 1 559 11 078 13 980 51 260 

Unpro- n.e n.e n.e n.e n.e 
ductive 

Open Productive 0 0 0 0 0 
forests Unpro- 214 233 1 600 2052 7 524 

ductive 
Ever- Undis- 0 0 0 0 0 
green turbed 

Ttopical Logged 8 497 10 548 0 19 045 69 832 
Deciduous Undis- 0 0 0 0 0 

turbed 
Logged 4 549 5 539 0 10 088 36 988 

Other 0 0 0 
15 029 18 378 17 996 51 403 188 478 
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Module: Land use change and forestry 
Submodule: Forest clearing - Total CO2 emissions 

Worksheet 5-1 
Sheet F 

Forest Type. A B C D E 
(Low estimate) Inmediate Delayed Long Total Total 

released emissions term annual annual 
from from emissions carbon CO2 
burning decay from release release 

soil from from 
forest forest 
clearing clearing 

(kt C) (kt C) (kt C) (kt C) (kt CO,) 
D=(A+B+C) E=(DX144/121) 

Broad Undis- 0 0 0 0 0 
leaf turbed 

Closed Logged 303 345 2 680 S 328 12 203 
forests Conifer Undis- 0 0 0 0 0 

tubed 
Temperate Logged 959 1 090 5 453 7 503 27 509 

Unpro- n.a n.a n.a n.a na 
ductive 

Open Productive 0 0 0 0 0 
forest. Unpro- 214 238 1 600 2062 7 524 

doctive 
Ever- Undis- 0 0 0 0 0 
green turbed 

Tropical Logged 3 074 3 535 0 6 609 24 235 
Deciduous Undis- 0 0 0 0 0 

turbed 
Logged 1 876 2 162 0 4038 14 806 

Other 0 0 0 
6 427 7 370 9 732 23 530 86 277 
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Module: Land use change and forestry 
Submodule: On - site burning of cleared forests 

Worksheet 5-2 
Sheet A 

A B C 1) E F G 
Carbon Nitrogen Total Nitrogen Trace Trace gas Conversion Trace gas 
Released Carbon Released Gas Emissong Factor Emissions from 
(High estimate) Ratio Emiuions Burning of 

Ratios Cleared Forests 
(kt C) (kt N) (kt C) (kt CH4,CO) 
Wsh 5.1 Sh B E=(AxD) G=(ExF) 
Col K 

12 173 CH4 0.012 146.08 1.33 195 
12 173 CO 0.060 730.40 2.33 1 704 

(kt N) (kt N20, NOx) 
C=(AxB) E(CxD) G=(ExP) 

12 173 0.01 121.73 N30 0.007 0.85 1.57 1 
12 173 0.01 121.73 NOx 0.121 14.73 2.14 32 

1 1 

Note: 
1) IPCC default values 

Module: Land use change and forestry 
Submodule: On - site burning of cleared forests 

Worksheet 5-2 
Sheet A 

-A B C D E F C 
Carbon Nitrogen Total Nitrogen Trace Trace gas Conversion Trace gas 
Released Carbon Released Gas Emissions Factors Emissions from 
(Low estimate) Ratio Emissions Burning of 

Ratio. Cleared Forests 
(kt C) (kt N) (kt C) (kt CH4,CO) 
W.h 5.1 Sh B E(AxD) G(ExF) 
Col K 
3 599 CR4 0.012 43.19 1.33 58 
3 599 CO 0.060 215.96 2.33 504 

(kt N) (kt N20, NOx) 
C(AxB) Er(CxD) G(ExP) 

3 599 0.01 35.99 N20 0.007 0.25 1.57 0 
3 599 0.01 35.99 NOx 0.121 4.36 2.14 9 

1 1 

I) IPCC default values 

73 



B C 
Annual rate of Annual 
aboveground aboveground 
biomass biornasa 
uptake uptake 
(t dm/ha) (kt dm) 

C=(AxB) 

1.2 1 244 
4.2 18 538 
0.7 60 

19 842 

2 

Moldule: Land use change and forestry 
Submodule: Abandonment of managed lands 

Worksheet 5-4 
Sheet A 

D E F 
Carbon Annual carbon Annual rate 
content of uptake in of uptake of 
aboveground aboveground carbon in 
biomass biomass soils 

(kt C) (tc/ha) 
E=(CxD) 

0.45 560 1.2 
0.45 8 342 0 
0.45 27 1.2 
Sub-total 8 929 

1 	 1 

A 
Growth land 	20 year 
Type 	total area 
(High estimate) 	abandoned 

(kha) 

Temperate 	1 054 
Tropical 	4 444 
Open forest 	81 

5 578 

G 
Total annual 
carbon 
uptake in 
soils 
(kt C) 
G=(AxF) 

1 265 
0 

97 
1 362 

Notes: 

IPCC default values. 

These growth rates are obtained by assuming that forests regrow to 80% of the original biomasa (i.e. the biomass corresponding to logged tropical and 
temparate forests). It is also assumed that tropical forest regrow to 70% of the assumed total biomasa in the first 20 years and temperate forest regrowtb 
to 50% of the forest biomase in the first 20 year8. 

Moldule: Land use change and forestry 
Submodule: Abandonment of managed lands 

Worksheet 5-4 
Sheet A 

A B C D E F G 
Growth land 20 year Annual rate of Annual Carbon Annual carbon Annual rate Total annual 
Type total area aboveground aboveground content of uptake in of uptake of carbon 
(Low estimate) abandoned biomass biomass aboveground aboveground carbon in uptake in 

uptake uptake biomass biomass soils soils 
(kha) (t dm/ha) (kt dm) (kt C) (tc/ha) (kt C) 

C=(AxB) E=(CxD) G=(AxF) 

Temperate 531 1.2 627 0.45 282 1.2 637 
Tropical 1 347 4.2 5 622 0.45 2 530 0 0 
Open forest 81 0.7 60 0.45 27 1.2 97 

1 959 6 308 Sub-total 2 839 734 

2 1 1 

Notes: 

IPCC default values. 
These growth rates are obtained by assuming that forests regrow to 80% of the original biomass (i.e. the biomass corresponding to logged tropical and 
temparate forests). It is also assumed that tropical forest regrow to 70% of the assumed total biomass in the first 20 years and temperate forest regrowth 
to 50% of the forest biomasa in the first 20 years. 
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Module: Land use change and forestry 
Submodule: Abandonment of managed land. 

Worksheet 5-4 
Sheet B-C 

Regrowth land H 
type 	Total area 
(Low estimate) abandoned 

more than 
20 years 
(kba) 

I J K L M N o P 
Annual rate of Annual Carbon Annual carbon Annual rate Total annual Total carbon Total 
aboveground aboveground content of uptake in of uptake of carbon uptake from carbon 
biomass biomass aboveground aboveground carbon in uptake in abandoned dioxide 
uptake uptake biomass biomass soils soil, lands uptake 
(t dm/ha) (kt dm) (kt C) t C/ha) (kt C) (lit C) (lit CO2) 

J=(HxI) L=(JxK) N=(HxM) O=(E+ P(Ox[44/121) 
G+L+N) 

Temperate 2 483 	0.32 730 0.45 330 0.60 1 490 3 644 13 360 
Tropical 6 908 	0.45 3 088 0.45 1 389 0.00 0 9 732 35 683 
Open forests 331 	0.19 61 0.45 28 0.60 198 350 1 282 

9 721 3 881 Sub-total 1 747 Totals 1 688 -13 725 -50 325 

3 	2 
	

1 
	

1 
	

4 	4 

Notes: 1) IPCC default values 

These growth rates are obtained by assuming that forests regrow to 80% of the original biomass (i.e. the biomass corresponding to logged tropical and 
temperate forests). It is also assumed that tropical forest regrow to 70% of the assumed total biomass in the first 20 years and temperate forest regrowtb 
to 50% of forest biomass inthe first 20 years. 

Only the low estimate was used because the high estimate of the deforestation rates is not applicable more than 20 years into the past. 
Assumption: Emissions are positive and Uptake is negative 

Module: Land use change and forestry 
Submodule: Abandonment of managed lands 

Worksheet 5-4 
Sheet B-C 

Regrowth land H I .1 K L M N 0 p 
type Total area Annual rate of Annual Carbon Annual carbon Annual rate Total annual Total carbon Total 
(Low estimate) abandoned aboveground aboveground content of uptake in of unptake of carbon uptake from carbon 

more than biomass biomau aboveground aboveground carbon in uptake in abandoned dioxide 
20 years uptake uptake biomass biomass soils soils lands uptake 
(kha) (t dm/ha) (lit dm) (lit C) t C/ha) (kt C) (kt C) (lit CO,) 

J=(HxI) L=(JxK) N(HxM) 0(E+ P(Ox[44/121) 
G+L.i-N) 

Temperate 2 483 0.30 732 0.45 330 0.60 1 490 2 738 10 041 
Tropical 6 908 0.45 3 088 0.45 1 389 0.00 0 3 919 14 370 
Open forests 331 0.19 61 0.45 28 0.60 198 350 1 282 

9 721 3 881 Sub-total 1 747 Totals 1 688 -7 007 -25 693 

3 2 1 1 4 4 

Notes: 
IPCC default values 

These growth rates are obtained by assuming that forests regrow to 80% of the original biomass (i.e. the biomass corresponding to logged tropical and 
temperate forest.). It is also assumed that tropical forest regrow to 70% of the assumed total biomass in the first 20 years and temperate forest regrowth 
to 50% of forest biomass inthe first 20 years. 

Only the low estimate was used because the high estimate of the deforestation rates is not applicable more than 20 years into the past. 
Assumption: Emissions are positive and Uptake is negative 
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Module: Land use change and forestry 
Submodule: Managed forests 

Worksheet 6-5 
Sheet A 

Harvest 
categories 
(specify) 

A 
Area of 
managed forest 
(kha) 

B 
Annual growth 
rate 
(t din/ha) 

C 
Annual biomass 
increment 
(kt din) 
C=(AxB) 

D 
Carbon content 
of thy matter 

B 
Total carbon 
increment 
(kt C) 
E=(CxD) 

Temparate conifer forest 
(Traditional management) 3 500.00 1.28 4 463 0.45 2008 
Temperate conifer forest 
(Improved management) 2600.00 5.95 15 470 0.45 6 962 
Plantations 2.80 6.04 17 0.45 8 
Tropical evergreen forest 900.00 2.94 2 644 0.45 1 190 
Traditional management 
(fuelwood) 17 411.76 1.28 22 200 0.45 9 990 
Sub-total 24 414.56 1.83 44 793 20 157 

Number of Annual growth 
trees (t dm/1000 
(bOOs of trees) trees) 

Aflorestation programs 170 234 3.46 588 866 0.45 266 
Village and farm trees 0 0 0 0 0 
Sub-total 20 422 

1 

Notes: 

1) IPCC default values 
Traditional management (fuelwood): Approximate area harvested considering the amount of fuelwood that is consumed on a sustainable basis. It 
assumed that increst growth rates are the same as those corresponding to the traditional management of conifer forests. 
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Module: Land use change and forestry 
Submodule: Managed forests 

Worksheet 5-5 
Sheet B-C 

Harvest 	F C H I J K L M 	N 0 P Q 
categories 	Cominer- Biomass Total Total Other Total Wood Total 	Carbon Annal Annual Convert to 
(specify) 	cial expansion biomass traditional wood biomau removed biomass 	fraction carbon carbon CO2 annu' 

harvest factor removed fuelwood use consump- from consump- release uptake or emissions 
(km2  round in consumed tion forest tion from release removal 
wood) commer- clearing managed 

cial forest 
harvest 

(t dm/m2 ) (kt dm) (kt dm) (kt din) (kt dm) (kt dm) (kt din) (kt C) (kt C) (Gg COa) 
H=(FxG) K=(H-f-I+J) M=(K-L) O=(MxN) P=(E-O) Q=(Px 

144/121) 

Pine tree 6 817 1.76 12 016 0 12 016 	12 016 0.45 5 407 
Sacred fir 226 1.76 399 0 399 399 0.45 179 
Other 77 1.76 135 0 135 135 0.45 61 
conifer 
Oak tree 383 1.76 675 8 880 9 555 9 555 0.45 4 300 
Other 190 1.76 334 2 220 2 554 2 554 0.45 1 150 
broadleaves 
Subtotal 7 693 13 559 11 100 24 659 24 659 11 097 

Precious 40 1.69 67 0 67 67 0.45 30 
woods 
Common 369 1.69 625 11 100 11 725 11 725 0.45 5 276 
tropical 
woods 
Other 0 1.69 0 0 0 0 0.45 0 
tropical 
woods 
Subtotal 409 692 11 100 11 796 11 792 5 306 
Totals 8 102 14 251 22 200 36 451 	7 051 29 401 13 230 -7 192 	-26 369 

2 	 3 	4 	 5 	1 	 6 	6 

Notes: 

IPCC default values 

Average of Cannel!, 1982 and IPCC, 1994 expansion factors. 

From Masera (1993). Total fuelwood consumed at 37 million m' or 22 200 kt dm, assuming an average wood density of 0.6. 

Wood is used for subsistence uses such as housing, fencing, etc., however there are not statistics regarding the consumption for the state uses. 

Wood removed from forest clearing substracted from the total 

Assumption: Emissions are positive and uptake is negative. 
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Annex 5.1. Comparison of the vegetation types considered in the inventory 

Classification used for IPCC 	 Corresponding Mexico's classification 

Natural protected areas 
Broadleaf (Oaks) 

Remaining broadleaf 
Conifer, conifer-broadleaf Natural protected areas 
and cloud forests (mostly 
pine and pine-oak trees) Remaining conifer 

Tropical evergreen Natural protected areas 
and Remaining evergreen and 
semievergreefl semievergreen 

Natural protected areas 
Tropical deciduous 

Remaining deciduous 

Natural protected areas 

Remaining areas 

Broadleaf 
Temperate 
forests 

Conifer 

Evergreen 
Tropical 
forests 

Deciduous 

Open forests 

Unproductive forests 

* Managed and unmanaged. 

Undisturbed 

Logged 
Undisturbed 

Logged 

Undistrurbed 

Loggec 
Undistrubed 

Logged 

Productive 
(Undisturbed) 
Unproductive 

Temperate 
Forests 

Tropical 
Forests 

Open forests 

Unproductive forests 



ANNEX 5.2 

BIOLOGICAL CHARACTERISTICS OF EACH TYPE OF VEGETATION 
CONSIDERED IN THE INVENTORY 

Broadleaf forests. Forests with different species of broadleaf trees and less than 20% of conifer 
trees. Broadleaf and conifer forests constitute the main forest cover in the areas with semi-humid 
temperate and cold climates. Broadleaf forests are located from the sea level to 3,100 m, however 
most of these forests are between the 800 and 1,200 m. 
Conifer forests. Forests with a mix of conifer tree species and less than 20% of broadleaf trees. 
Most the conifer species are from the genus Pinus. These forests are distributed mainly in the 
mountain regions of Mexico, in climates where the annual temperature is between 6 and 28 °C, 
and elevations between 1,500 and 3,000 m. However, Pinus caribaea grows at sea level and Pinus 
hartwegii grows in elevations higher than 3,000 m. Some other genus found in less proportion 
are: Abies, Juniperus, Pseudotsuga, Picea, and Cupressus. 
Conifer-broadleaf forests. Forests with mixtures of the genus Pinus and Quercus. They 
are distributed in mountain regions of the country, at elevations ranging from the sea level to 
3,100 m, with an average annual temperate between 10 and 26°C, and with an average annual 
precipitation between 600 and 1,200 mm. 
Cloud forests. Forests located in the slopes of the mountains where fogs are present almost all 
the year round and in places protected from the wind and from the sunstroke. This type of forest 
grows at elevations between 400 and 1,000 m. They are distributed on the Sierra Madre Oriental 
in a thin and long non-continuous strip, from the southwest of Tamaulipas up to the north of 
Oaxaca; in Chiapas this forest is located in the center and both slopes of the Sierra Madre. Near 
the Pacific ocean its distribution is more spread, being found in the Sierra Madre Occidental 
from the north of Sinaloa up to Michoacan; also it is found in small areas in the Cuenca del 
Balsas, Valle de Mexico and the exterior slopes of the Sierra Madre del Sur in Guerrero and 
Oaxaca. 
Tropical evergreen and semi-evergreen forests. These types of forests include the tropical 
evergreen forests which are represented by community with a high density of trees and with 
a complex composition, considered as the type of vegetation more exuberant in the tropical 
climates. Their superior stratum is about 30 m high, frequently there are trees higher than 45 
m. The other two or three wooded stratums cover the remaining space from 5 to 20 m. Generally 
not all the components are evergreen, because some of them loose their leaves during a short 
period of time in the dry season. The tropical semi-evergreen forests are communities with trees 
measuring from 20 to 30 m high; they are located in hot-humid climates and are very similar to 
the tropical evergreen forest in components and ecological conditions. 
Tropical deciduous forests. Forests with trees from 4 to 15 m high, more frequently between 
8 to 12 m. Almost all of the species loose their leaves during several months. This type of forest 
includes patches of tropical evergreen, semi-evergreen, deciduous and sub-deciduous, and thorny 
forests. Tropical deciduous forests are found in regions with average annual temperatures higher 
than 200C and annual precipitation of 1,200 mm maximum, generally of 800 mm, with a dry 
season as long as 8 months. They are distributed in elevations ranging from sea level to 1,700 m. 
This type of vegetation is widely distributed in small and big spots; the more important areas 
with this type of forests are located in Sonora and Sinaloa; some other States with this kind of 
vegetation include: Campeche, Guerrero, Jalisco, Quintana Roo and Tamaulipas. 
Mezquital and huizachal. Forests with small thorny trees from 4 to 15 in high, including 
the genus Prosopis and Acacia. They grow in dryer climates than the tropical deciduous forest 
but more humid than the "matorral xerofilo". The mezquital (Prosopis spp.) constitutes the 
characteristic vegetation of lands with deeper soils and they can be found in elevations ranging 

79 



from 1,000 to 2,000 m. At the present time most of their distribution area is occupied by 
irrigation agriculture, as in the Bajio area and large tracts of Sonora, Sinaloa, Tamaulipas and 
San Luis Potosi. Prosopis is frequently found mixed with Acacia app., Pithecellobium app., and 
Cercidiurn app., in the southeast of San Luis Potosi, mountains of Tamaulipas, south of Sonora, 
central part of Durango and Coahuila. 
Chaparral. Forests with fire resistant shrubs of 1-2 m high; they grow mainly in the slopes of 
the mountains, further uphill than the matorral of and and semiarid lands, of natural grasslands. 
Sometimes it is mixed with pine and oak forests. Its distribution is in the north of Mexico, with 
climates between those of arid lands and semi-humid lands in Coahuila, Chihuahua, Durango, 
Nuevo Leon, San Luis Potosi, Sonora, and Zacatecas; in the center of the country they are 
located in Guanajuato, Hidalgo, Oaxaca, Tiaxcala, and in the region of Tehuacan, Puebla; and 
also they can be found in the region of Comitan, Chiapas. 
Matorral xerofllo. Forests of the and lands with matorral of the types crassicaule, micro-
phyllus, and rosetophyllus. The crassicaule matorral is the type of vegetation with plants of 
succulent stems and many cactuses. The microphyllus matorral is the type of vegetation with 
and species of small leaves. The rosetophyllus matorral is the type of and vegetation with species 
of long and narrow leaves and aspect of rosette at the end of the stem. 
Open forest. Forests constituted by the following vegetal communities: mezquital-huizachal, 
chaparral, and xerophyllus matorral. According with FAO the open forest is an area characteri-
zed by the combination of forests and grasslands with trees that cover a surface higher or equal 
to lOcontinuous cover of grass through the forest soil. 
Unproductive forest. Undisturbed forests frequently submitted to land use changes, like as 
agriculture, livestock, infrastructure and population centers, that show rests of temperate or 
tropical forest distributed on irregular form. In this type of forest there are also crops or grasses 
in combination with natural regeneration areas of vegetation. 

Source: SARH, 1991 and SARH, 1994. 

80 



ANNEX 5.3. Natural Protected Areas of Mexico by type of vegetation 

Type of vegetation Area (ha) 

Reserves 5421293  

Tropical forests 1 872 939 

Evergreen 1 765 963 

Deciduous 106976 

Wetlands 302706 

Temperate forests 357 989 

Conifer 357 989 
Broadleaf 0 

"Matorrates" (Thorny forest, "Chaparral") 2 887 659 

National Parks 688 953 

Tropical forests 93 743 

Evergreen 89 851 
Deciduous 3892. 

Temperate forests 314 075 

Conifer 314075 

Broadleaf 0 

"Matorrales" (Thorny forest,"Chaparral") 282 135 
Reefs 51 238 

Total 6110246 

Modified from Masera, et al., (1992) cited by Ordóñez and VilIela (1995). (In press) 

Quadri de Ia Torre (1994). 
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ANNEX 5.5. Forest area of Mexico by forest type and state (ha) 

31029 T.np.ratul T.mperati Troplca Troplca TOTAl. CLOSE4 TOTAL oci TOTIU usPODuc11vl o&,i 

C0nV14! Broiidl.iil' Evergr...J Deciduous! PORESTS! ?ORE$T1! PORESTs! roltusTs iOTA 

guascaliant.s 8213 56087 01 0 14300 155358 213613 3279 222937 

Baja California 158006 4374 Ol 2153121 377634 5038874 1411618 _272107 1688571 

Baja California S. 38 605 136 2004 0 1 512 316 1 187 121 4312253 6999374  452 182 6451666 

Carrçech. 0 01 2460318 1 007 396 3447714 0 3 467 714 298 139 3766363  

Coahulla 127911 54420' 0 0 132331 1  12195318 12377143 465629 12843273 

Gol"M 8491 32430 57700 1633421 211 913 4864 265327 45621 312448 

Chiapas 896 852 277 693f 1636612 280 460 3091 117 0 3091117 1 243 934 4331111 

chihuahua 4027516 921 458 0 97852 6046321 95301431 14671313 431 110 11003019 

Distrko Federal 370881 1 011 0 01 38 033 a] 38 033 671 38 770 

Duia,go_______ 35273121 325425 0 365448 4218186 4672652 8890837 321617 3212454 

123104 205417 oj 316205 1363876 Ojuate 0 	328521 	715149 	1043670 

Querrero 1156878 611 059! 217321 1  1147596 31328641383929 1i 3611783 1 045 917 1  4612700 

l4idalgo  220 108 

- 

210 273 9806 1 .  546931 434 880 [453071 347961 590482 1  

Jalisco 987234 1 425756 1  1365141  526635 30711331 )7844 _1 4183983 498113 6182091 

Mexico 396654 75571  0 107251 482360 26118 i 603063 257434 1  716602 

Michoacan 1124916! 421 341 289427 5719321 2407 6161 2311261 1 325 604 4236866 

Morelo3 31 285 712 0 34544 666411 0 11141 116014 182666 

Nayarit 477542 210 421 311 621 247 602 1  1 247 181 549 280 1 736 461 119213 1 316673 

NuevoLe6r, 319615 187473 0' 0 607088 4372076 4979114 1  126345 6 106 610 

Oaxaca 1007 635 860 098: 427519 1  811 704 3101361 678 684 3786140 i 2448917 1  6234 667 - 

Puebla 275 865 25 163 113 464 462 020 881 620 257 149 I Z38 113 884 436 2 123 106 

Queretaro 93622 99642: 01 6 720 139 384 409 309 G092331 226 305 1 829 698 

Quintana Roe 01 0 I 570 620 1 603976 , 3174 636 0 3 174 196 I 216 338 4390 934 

San Luis Potosi 93038 301 299 4207 311 918: 710 412 3078227!  3 7886831 917 525 4701214 

Sinaloa 417 251 608324 , 725 6151 1 499964 3261 164 355 041 3101 136 305 423 3911 118 

Sonoa 846437 560200 i  011420575 2827212 9 562 255 12389467 611 213 13000680 

Tabasco 0; 0 106415 165431 122968: 0; 122968 420086 643044 

Tamaulipsa 85 354 375 297 1  53261 1 3588841 84 811 _1 •  2 3_67 cI 226995! 4 684 641 

Tiaxcela 485321 4151 01 0! 62 683 i 9573 822661 62 138 

/eracruz 228 003 42916 537 2151 753 949 1 662 083 303541 1 692 437 1 327 911 2920 34.8 

1  0 01 - 70555 904 101  374 666 01374151] 1416093 230 743 

.acMecas 345927 375201 I 0 	57901 773 023! 43759631 	6164992 96 104 6261036 

Total 17108333 1  84034171 8186266 164.44108 43647779 66009904 
1 
 116667683 1  18083101 : 133 740 784 

Source: SARH.lnventaglo kacional Forestal de Grin VisIon (1392). 

AREA BY FOREST TYPE (Xha) 

Temperate Ternp.rat. 	Tropical 	Tropical 	Total Closed1  Total Open 	Tota 	Unproductivel ORAIf 

Conifer Broadl.af 	Evergreen 	Deciduous 	 ForestJ 	Foresti) 	Forests! 	Forests! TOTA 

Total 17103 34031 8181 1 	11444 43643 56010 1 	111618 18083 133741 

Undisturbed 	- 672 0 1 855 111 2638 3170 5808  6808 

Logged 16437 8409 6830 153331 47010 62840 109850  127933 
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ANNEX 5.6. AREA BY FOREST TYPE IN MEXICO 

KhaI Kh 

Temperate  

forests Broadleaf  8 409  

Undisturbed  0 
Logged  8 409 

Conifer  17109  

Undisturbed - 1  672  
! Logged  16437 

Tropical  

forests Evergreen  8 685  

Undisturbed - 2  1 85 
Logged  6 830  

Deciduous  15444  

Undisturbed - 3 

Logged  15333  

Open  

Forests   66010  

Undisturbed  3 170 
Unproductive  62 840 

Unproductive  

Forests  21 631  

'Degraded  18 083 

Severely degraded  3 548 

TOTAL  137288 137288 
Sources: SARH-lnventario Nacional Forestal de Gran Vision (1992) 

Modified from Masera, et at., (1992) cited by Ordóñez and ViHela (1995). (In press) 

NOTES: 

Natural Protected Areas (Reserves and National Parks). We assume that 

temperate forests include pine, pine-oak and cloud forests 

(358 Kha + 314 Kha = 672 Kha). 

Reserves (1 765 Kha) and National Parks (90 Kha). 

Reserves (107 Kha) and National Parks (4 Kha). 
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ANNEX 5.8. Deforestation by state and forest type (ha) 

State Temperate 

Forest 

Tropica 

Forest 

Opel 

forest 

Total 

Aguascalientes 1 935 0 1 052 2 987 

Baja California 58 0 73 131 

Baja California Sur 0 0 4 4 

Campeche 0 53341 0 53341 

Coahuila 256 318 3595 4169 

Colima 8 23989 0 23997 

Chiapas 12 907 3 428 0 16 335 

Chihuahua 1810 0 2617 4427 

Distrito Federal 217 0 0 217 

Durango 4204 0 272 4476 

Guanajuato 22 0 952 974 

Guerrero 1 693 7 459 1 242 10 394 

Hidalgo 290 769 17 1 076 

Jalisco 658 0 0 658 

Mexico 24960 0 0 24960 

Michoacán 50685 86 0 50771 

Morelos 5286 124 0 5410 

Nayarit 1368 6461 24 7853 

Nuevo Leon 0 0 8 874 8 874 

Oaxaca 14164 11875 0 26039 

Puebla 357 392 279 1 028 

Querétaro 491 107 82 680 

Quintana Roo 0 53 814 0 53 814 

San Luis PotosI 210 1 068 164 1 442 

Sinaloa 2881 5883 119 8883 

Sonora 7 0 33037 33044 

Tabasco 0 3642 0 3642 

Tamaulipas 167 7810 69 8046 

Tlaxcala 2 383 0 0 2 383 

Veracruz 173 5469 0 5642 

Yucatan 0 2 887 0 2 887 

Zacatecas 61 0 1 355 1 416 

Total 	1 127251 188922 53827 370000 

Source: SARH (1991b). 
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ANNEX 5.10. Aboveground biomass estimates by forest type 

Before deanna 

Forest type 

Masera et aL, 

1992 

(tdmlha) 

Olson et al., 

1983; 1985 

(tdm/ha) 

Brown et al., 

1985; 1989 

(tdmlha) 

IPCC 

1994 

(tdmlha) 

Inventarlo 

Forestal 1992* 

(tdm/ha) 

This study 

(prelimInary) 

(tdm/ha) 

Temperate  

Broad leaf 60 93  

Undisturbed  64 64 

Logged  46 46 

Conifer 86 111  

Undisturbed  172 150 90 90 

Logged  69 60 65 65 

Tropical  

Evergreen 240 277  

Undisturbed  170 230 89 240 

Logged  140 190  240 

Deciduous 85 79  

Undist.rbed  23 85 

Logged  85 

Open Forest  37  

Productive  59 60  37 

Unproductive  25  25 

Unproductive forests  

Degraded  74  0 

Severely degraded  0 

Source: Olson et al, 1983 & 1985, reported by Cairns et al., (1994); SARH-Inventario Nacional Forestal (1992). 

Orig ina l data was in commercul volume from ha. To convert from commercial to total biomass we used the expansion factors 

suggested by IPCC (199.4). 
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ANNEX 5.16. Estimates of soil carbon by forest type 

Forest types 

Masera et al, 

1992 

(t C/ha) 

Zinke et al., 

1984 

(t C/ha) 

Sombroek 

et al., 1993* 

(t C/ha) 

IPCC, 

1994 

(t C/ha) 

This study 

(preliminary) 

(t C/ha) 

Tern perate  

Broadleaf 29.5 161 102  

Undisturbed  134 134 

Logged  120 120 

Conifer 109.1 132 102  

Undisturbed  134 134 

Logged  120 120 

Tropical  

Evergreen 66.0 104 109 115 115 -. 

Undisturbed  

Logged  

Deciduous 29.5 112 105 100 100 

Undisturbed  

Logged  

Open Forests  77  60 60 

Productive  

Unproductive  

Note: *Cited  by Cairns et aL, (1995). 
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6. WASTE 

J. L. Arvizu 

6.A. LANDFILLS 
Methane from landfills contributes a significant portion of annual global methane emissions, 

although the estimation is subject to a great deal of uncertainty. Estimates of global methane 
emissions from landfills range from 20 to 70 Tg/year, which means for 6 to 20% of total methane 
emissions. (IPCC,1992). 

Uncertainty related to methane emissions from waste landfihled in Mexico is not different. 
Therefore, by this study, an Alternative Methodology based on field and laboratory testings was 
applied in parallel to the IPCC Methodology, to reduce uncertainty. 

6.A.1. General Methodology 
Two different but of equal order magnitude values for methane emissions from sanitary landfills 

in Mexico were obtained by using the following two methodologies. The JPCC Methodology is 
divided into three parts: 1. Quantification of disposed Urban Solid Waste; 2. Annual biogas 
quantification of emissions from disposed Solid Waste; 3. Determination of Methane Emissions. 

Information requested by IPCC methodology was processed using worksheets 6-1 (table 6.1) 
and supplementary worksheets 6-1 (table 6.2) enclosed. 

On the other side, in the Alternative Methodology two parameters were used, namely biode-
gradability and methane yield, which were determined experimentally in local conditions and 
with local waste composition (4-8). 

These parameters are equivalents to IPCC factors termed DOC (degradable organic carbon) 
and DOC dissimilated (degradable organic carbon dissimilated) which are general parameters. 

6. A. 2. Classification of waste 
Organic landfill materials such as yard waste, household garbage, food waste, and paper, can 

descompose and produce methane. Methane production typically begins one or two years after 
waste in placed in a landfill and may last from 10 to 60 years. 

In the study Mexico was divided into five regions, according with waste composition. These 
regions are presented in tables 6.3 and 6.4, which show the composition of waste materials 
throughout the country. Each waste composition shows particular values in the biodegradability 
and methane yield, as well as differnet contents of DOC and DOC Dissimilated. 

6.A.S. IPCC Methodology 
Results from the application of the first step of the [FCC methodology are presented in 

supplementary worsheet 6-1 (table 6.1), which shows the disposed urban solid waste. 
Column A of the Supplementary Worksheet 6-1 gives the total population per region and was 

derived from figure published in the 1990 Official Populaion Census. Column B from the same 
worksheet referes to solid waste production rate, and was derived from information compiled by 
the former Secretarfa de Desarrollo Urbano y Ecologfa (SEDUE) and by the Departamento del 
Distrito Federal (DDF). These figures are referred to one million people. 

Column C is the product of Column A and B. Information on the fraction of solid waste 
landfilled (column D) comes from SEDUE and DDF. Two figures can distinguish; 0.65 for 
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Federal District (Mostly Mexico City) and 0.22 for the rest of the nation. Finally, Column E 
referred to solid waste landfilled is the product of columns C and D. 

Worksheet 6-1 (table 6.2) was derived by applying the next two steps of the IPCC Methodology, 
that is, the quantification of annual biogas production and net methane emissions from urban 
solid waste. 

Figures in Column A of worksheet 6-1 are the same as figures presented in Column E of 
supplementary worksheet 6-1, and are called landfilled urban solid waste. 

Figures presented in columns B, D, and F of worksheet 6-1 are default figures proposed by 
IPCC Reference Manual in table 6-1, and the corresponding text of the Methodology. 

In Column B figures of 0.19 for Mexico city and of 0.15 for the rest of the country, are due to 
differences in solid waste characteristic among these regions, and are the same proposed by the 
IPCC Methodology in table 6-1. 

Figures presented in Column H are a constant which is obtained by divided the methane 
atomic weight by the carbon atomic weight. No figures are presented in Column J, because 
biogas or Methane from landfills is not recovered in Mexico for any practical purpose. The rest 
of the columns (C, G, I and K) are the product of the values of solid waste landfilled and default 
constant figures given in the previous columns. In the last column I, the Net Methane Emissions 
are presented for the disposed Solid Waste. 

It can be seen in the last Column of table 6.2 (the methane emissions by regions of the 
country), that Mexico City (DF) accounts for 50% of emissions in this concept. 

From the available official information (SEDUE), and applying IPCC Methodology it is shown 
that Urban Solid Waste in Mexico generates 551 Gg of methane, which represents all the methane 
emitted by waste disposal in 1990. 

6.A.4. Alternative Methodology 
The same information required by the IPPC Methodology was used to establish waste biode-

gradability and methane yield. Applying the empiric factors, results in the information presented 
in table 5. It can be observed that to the Border and DF regions correspond larger figures for 
biodegradability and methane yield (194.4 and 214.3 kg of waste dry biodegradable waste/ton 
of waste, and 80.6 and 88.9 m3 CH4/ton of waste, respectibily). For the remaining three regions 
practically the same figures were obtained in the two parameters. 

In table 6.6 figures are presented for waste generated by year, fraction of waste landfilled and 
total waste landfihled, for DF region and the rest of the country, taking into account as the main 
factor the fraction of waste landfilled for this classification. Table 6.7 presents the information on 
methane yield and annual methane emissions by volume and weight obtained in this case. Annual 
metane emissions were estimated at 386 Gg of methane by using the Alternative methodology. 

6.A.5. Results. 
The annual figure for methane emissions obtained by following both methodologies are of the 

same order of magnitude. The average value of the two figures for Methane Emissions is 468.5 
Gg CH4/year with an uncertainty of about 17%. Taking into account that both methodologies 
start from the same data base, and that each methodology represents the empirical and theorical 
points of view respectively, we consider the average value as the Net Methane Emissions from 
Lanfills in Mexico in 1990. 
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6.A.6 Uncertainty 
Both higher and lower figures obtained with the two methodologies are considered as the, 

bounds of the uncertainty of the estimate. 
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Table 6.1 
Sliest 6-1 

West..: M.thans Emission. from Underground Landfills 

A B C D B 
Population DSW USW Fragm.nt USW 

10' Production G.n.rat.d plac.d on placed on 
Rat. Cg USW landfill landfill 

Og DSW/10 Gg USW 
6 

cep/y.ar 

bailer 8 235 1,880 0.23 413.60 

North 13 255 4,590 - 	 0.22 1,009.80 

Canter 37 226 8,325 0.22 1,831.80 

F.deral 350 4,200 0.66 2,730.00 
DIJtZICt 

12 

South 12 342 2,904 0.23 633.88 

Table 6.2 
Work Sheet 6-1 

West.,: Methan. Emission, From the Underground Landfills 

A B C D B F C H I J K 
Annual Ftactiou Annual Real hog... Fraction CR4-C Convertion CH4 CH4 CH4 
USW COD USW degradated Annual CH4 Gg,C Factor R.cov.r.d Net 
C6 from fraction liberated Og CH4/ Emissions 16/12 Emi..ions Cg Emissions 

landfill Carbon Cg Gg Cg 
Gg Gg blomau 

413.60 0.15 62.04 0.75 46.53 0.50 23.26 1.333 31.02 0.00 31.02 

1,009.8 0.15 151.47 0.75 113.60 0.50 56.19 1.333 75.73 0.00 75.73 

1,831.5 0.15 274.73 0.76 206.05 0.50 103.02 1.333 137.37 0.00 137.37 

2,730.0 0.19 618.70 0.75 389.03 0.501 194.51 1.333 259.35 0.00 269.35 

638.88 0.15 95.83 0.75 71.87 0.50 35.93 1.333 47.91 0.00 47.91 

6,623.8 0.17 1,102.7 0.75 827.08 0.50 413.53 1.333 551.38 0.00 561.38 
Total 

104 



Tab!. 6.3 
Population and Urban Solid Wait. Production in Mexico 1990 

Zone 
Numb.r of 
inhabitants 
Millions 

Production 
kg/p.r/day 

Dayly 
production 
Ton/year 
Thounsands 

Annual 
Production 
Ton/year 
Thousands 

Border 8.06 0.645 6.2 1,898 8.7 

North 17.53 0.698 12.2 4,453 20.6 

Center 36.64 0.617 22.6 8,212 37.9 

Federal 
District 

11.97 0.960 11.6 4,197 19.5 

South 11.99 0.663 7.9 2,883 13.4 

Average 0.718 

Total. 86.05 59.3 21,643 100.00 

Tab!. 6.4 
Percentual Composition of Urban Solid Waite by Country Regions 

Component Border North Center South Federal 
District 

Food wastes 25.22 37.73 37.46 40.26 44.14 

Garden wastes 15.06 7.34 6.92 7.73 3.97 

Paper waste. 16.76 14.16 12.71 11.20 17.78 

Plastic wastes 10.95 9.37 8.82 10.47 13.01 

Textile wastes 2.48 1.91 1.97 1.23 2.37 

Wood wastes - - - - 0.68 

Inorganic wastes 30.31 29.47 31.4 29.07 18.15 

Totals 100.0 100.0 100.0 100.0 100.0 
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Table 6.5 
Methan, yield by region 

Region 
USW Biodegradable. 

Kg dry/Ton USW 
Methane Yiield 
CE4 m'/Ton USW 

Border 194.4 80.6 

North 183.4 76.1 

Center 173.1 71.8 

South 170.0 70.5 

D. F. 4.3 88.9 

Note. The second column values were obtain from the values on the before table.. The value, on the third column were obtain from multiply the second 
column by 0.415 factor. This number is the methane yield by each biodegradable Kg of urban solid waste (USW). 

Table 6.6 
Urban Solid Wastei (USW) Placed on Sanitary Landfills 

Thousands of USW USW Percentage USW Thousand. of Tons 
Country lone tones produced placed on sanitary Annualy placed on 

per year Landfills sanitary landfill. 

Federal District 4.197 65.50 3.749 

Rest of the country 17.446 22.25 3.881 

Total 	 21.643 	 30.63 (average) 	 6.630 
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Table 6.7 
All Country Preliminar Urban Solid Wait. Methane 

E.timation (1990) 

[78W USW Annual Annual 
Country 	 P1ac4; w Mthsne Methane M.than. 
eon. 	 Sanitary Yi&d emiuions emissions 

lndf11I. (m$!N/ (Millions of (Thouaad of 
(millions Ton/f Ton USW) m8 /year) Toni/year) 
Y.ar) 

Federal 	 2.75 	 88.9 	 244.38 	 174.5 
District. 

Rest of 	 3.88 	 74.75 	 296.60 	 211.4 
the 

untry 

Total 	 6.63 	 - - - 	 540.98. 
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6.B. WASTE WATER 
Methane emissions from wastewater occurs when this is treated in an anaerobic biological way. 

Anaerobic treatment remotes from more than one century, but in Mexico its use in wastewater 
treatment starts in the present decade. Basically, anaerobic term refers to an ambient condiciton 
without air or oxygen requirements. Actually anaerobic conditions are also reached in some 
degree in oxidation ponds and municipal drain grids. 

In 1990 in Mexico, there were 310 municipal wastewater treatment plants using several aerobic 
technologies, with a total capacity of 19.3 m3/second, equivalent to 12% of total wastewater 
volume generated in those years. One hundred and thirty eight of this plants were oxidation 
ponds, this technology combines anaerobic and aerobic processes. Methane emissions from these 
plants were calculated to be of 7.1 Gg CH 4/year. 

For 1990 urban population of Mexico was 70%, and municipal drain grid reached 63.6% of 
households. Taking into account these two factors and default values from [FCC Methodology 
for 0.04 kg BOD/capita/day, 0.22 kg CH4/kg BOD, and assuming 50% anaerobic degradation 
of BOD, gives as a result methane emissions of 58 Gg CH4/year. The population considered 
was the total population multiply by fraction of urban population and by municipal drain grid. 
Equation used for methane emissions estimation is from [FCC Methodology and is given below: 

Gg CH4/yr = (Population)(0.04 kg BOD/capita/day)(365 days/yr)(0.22 kg CH4/kg BOD)(0.5 
Fraction Anaerobically Digested) 

From approximations cited previously, the second option is more realistic, and established a 
58 Gg CH4/year as methane emissions from municipal wastewater. 

In reference to industrial wastewater, the industries that produce the larger volumes of waste 
water are: suger cane, chemical, paper, petroleum, beberages, textil, steel electric goods and 
food industries. They sum 82% of watewater generated in the country. And of these, sugar cane 
an chemical industries contribute with 60% of the total. In sugar cane industries, traditionaly 
wastewater is used as a crop irrigation water. In the same way as in municipal sector, anaerobic 
treatment was not used until 90's decade, therefore it was not possible to estimate emissions 
from this source. 
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Gas Inventories; Volume 3, Methodology for Estimating Emissions from Wastewater Treat-
ment. 
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Table 7A Summary Report for National Greenhouse Cu Inventories 
Summary Report for National Greenhouse Cu Inventories (Sheet 1) 

Botton-up methodology 
(Cg) 

Greenhouse CO3 Ernie- CO2 ft.- CR4 N20 NOx CO NMVOC 	RICe 	PlC. 	SF6 
Gas Source alone 	morals 
and sink 
c*tegoriu 

Total 
National 
Emission, 
and Removals 398425 5654 9.12 1822.2 14292 1046.5 

1 AU Energy 
(Fuel 
Combustion 
+ Fugitive) 275020 1286.78 2.61 1790.2 12588 1046.5 

A Fuel 
Combustion 275020 247.2 2.61 1790.2 12588 1046.5 

I Energy 
and Trans- 
formation 
Industries 

2 Industries 
(ISIC) 1381.40 2.07 1141 187.9 1046.5 

3 Transport 94460 222.8 1.37 573 6910 
4 Small 

Combustion 42420 22.3 1.24 76.2 5490 
SOth.r 
6 Traditional 

Biomus 
Burned 
for Energy 

B Fugitive 
Emissions 
from Fuels 1039.58 

I Solid 
Fuels 70.27 

2 Oil and 
Natural 
Gas 969.31 

2 Industrial 
Process" 11621 

3 Solvent 
and Other 
Product 
Use 
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Table 7A Summary Report for National Greenhous. Gas Inventories 
Summary Report for National Gr..nhouse Gas Inventories (Sheet 2) 

(Gg) 

Greenhouse 	 CO2 Emi.- CO2 Re- CH4 	N20 	NOx 	CO 	NMVOC HFCs 	PFC. 	SF6 
Gas Source 	 sions 	movals 
and sink 
categories 

4 Agriculture 1888.138 	5.51 
A Enteric 1804.336 

Fermentation 
B Manure 48.802 

Management 
CRice 35 

Cultivation 
D Agricultural 5.51 

Soils 
B Prescribed 

Burning of 
Agriculture 
Residues 

F Other 

5 Land Use 	 111784 195 	1 	32 	1704 
Change and 
Forestry 
A Changes 	 188479 
in Forest 
and other 
Woody Blames. 
Stocks 
B Forest and 
Grassland 
Conversion 
C Abandonment 	 76695 
of Managed 
Lands 
D Other 

6 Waste 526 
A Solid Waste 
Disposal on 
Land 468 
B Waste water 
Treatment (urban) 58 
C Waste 
Incineration 
D Other Waste 

7 Other 

International 
Bunkers 

This iheet is not affected by the differences between button/up or top/down methodologies used to estimate emissions in the energy sector. 
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Table TB Short Summary Report for National Greenhouse Cu Inventories 
Short Summary Report for National Gre.nhouse Cu Inventories (Sh.et 1) 

Bottom-up methodology 
(Cg) 

Greenhouse CO3 Ernie- CO3 Re- CR4 N20 NOx CO NMVOC 	HFCs 	PFC. 	SF6 
Cu Source sions 	movala 
and sink 
categories 

Total 398425 5654 9.12 1822.2 14291.9 1046.5 
National 
Emiuions 
and Removals 
1 All Energy 275020 1286.78 2.61 1790.2 12587.9 1046.5 

(Fuel 
Combustion 
+ Fugitive) 

A Fuel 275020 247.2 2.61 1790.2 12587.9 1046.5 
Combustion 

B Fugitive 1039.58 
fuel 
emission 

2 Industrial 11621 
Processes 

3 Solvent 
and other 
product use 

4 Agriculture 1888.138 5.51 
5 Land Use 111784 195 1 32 1704 

Change and 
Forestry 

6 Waste 626 
7 Other 

International 
Bunkers 
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Table 7A Summary Report for National Gr.snhoua. Ga. Inventories 
Summary Report for National Greenhouse Gas Inventories (Sheet 1) 

Top-down methodology 
(Gg) 

CO2 Ernie- CO2 Re- 	CH4 	N20 	NOx 	Co 	NMVOC RYC. 	PFC. 	SF6 
sions 	movals 

433721 

310316 

310316 

11621 

Greenhouse 
Ga. Source 
and sink 
categories 

Total 
National 
Emiesions 
and Removals 
1 All Energy 

(Fuel 
Combustion + 
Fugitive) 

A Fuel 
Combustion 

1 Energy 
and Tanj-
formation 
Industries 

2 Industries 
(ISIC) 

3 Transport 
4 Small 

Combustion 
5 Other 
6 Traditional 

Biomas. 
Burned 
for Energy 

B Fugitive 
Emissions 
from Fuels 

1 Solid 
Fuels 

2 Oil and 
Natural 
Ga. 

2 Industrial 
Proc.u" 

S Solvent 
and Other 
Product 
Use  

5654 	9.12 

1286.78 	2.61 

247.2 	2.61 

2.07 

	

222.8 	1.37 

	

22.3 	1.24 

izca 14291.9 1046.5 

1790.2 187.9 1046.5 

1790.2 12587.9 1046.5 

	

1141 	187.9 	1046.5 

	

573 	6910 

	

76.2 	5490 

1039.58 

70.27 
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Table 7A Summary Report for National Greenhouse Gas Inventories 
Summary Report for National Greenhouse Gas Inventorie. (Sheet 2) 

(Gg) 

Greenhouse CO3 Ernie- CO3 Re- CH4 N20 	NOx 	Co 	NMVOC 	IlYCs 	PFC. 	SF6 
Gas Source lions 	movals 
and sink 
categories 

4 Agriculture 1888.138 5.51 
A Enteric 1804.336 

Fermentation 
B Manure 48.802 

Management 
C Rice 35 

Cultivation 
D Agricultural 5.51 

Soils 
E Prescribed 

Burning of 
Agricultura 
Residue. 

F Other 

5 Land Use 111784 195 1 	32 	1704 
Change and 
Forestry 
A Changes 188479 
in Forest 
and other 
Woody Biomass 
Stocks 
B Forest and 
Grassland 
Conversion 
C Abandonment 76695 
of Managed 
Lands 
D Other 

6 Waste 526 
A Solid Waste 
Disposal on 
Land 468 
B Waste water 
Treatment (urban) 58 
C Waste 
Incineration 
D Other Waste 

7 Other 

International 
Bunkers 

This sheet is not affected by the differences between button/up or top/down methodologies used to estimate emissions in the energy sector. 
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Tabi. TB Short Summary Report for Na&ional Gr..nhous. Gas Inv.ntories 
Short Summary Report for National Gre.nhoua. Gas Inv.ntoiru (Sh..t 1) 

Top-down m.thodology 
(Gg) 

Greenhouse CO3 Ernie- CO2 R.- CH4 N20 NOx Co NMVOC 	HFCs 	PFCs 	SF6 
Gas Source lions 	rnova1 
and sink 
categories 

Total 433721 5654 9.12 1822.2 14291.9 1048.5 
National 
Emissions 
and R.movala 
I AU Energy 310316 1216.48 2.61 1790.2 12587.9 1046.5 

(Fuel 
Combustion + 
Fugitive) 

A Fuel 310318 247.2 2.61 1790.2 12587.9 1046.5 
Combustion 

B Fugitive 969.31 
fuel 
emission 

2 Induitrial 11621 
Processes 

S Solvent 
and other 
product use 

4 Agriculture 1888.138 5.51 
5 Land Use 111784 195 1 32 1704 

Change and 
Forestry 

6 Wast, 526 
7 Other 

International 
Bunkers 
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