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Mexico is pleased to present its Third National Com-
munication to the Parties to the United Nations 
Framework Convention on Climate Change (UN-
FCCC) and to any interested parties in general. The 
Communication, besides meeting the Country’s ob-
ligations to the Convention, is a very useful instru-
ment in deciding on policies and national strategies 
regarding climate change. It also reflects ever-increas-
ing involvement from the three levels of government, 
national productive sectors and the Mexican social 
sector, in promoting measures for the study and miti-
gation of, and adaptation to, the global phenomenon 
of climate change.

This Third National Communication is in com-
pliance with article 4, paragraph 1, regarding com-
mitments of the Parties to the UNFCCC, and article 
12, paragraph 1, on the transmission of information 
related to the application of the UNFCCC. In draw-
ing up the communication, Convention guidelines 
for non-Annex I Parties for preparing national com-
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munications (decision 17/CP.8) were followed so that 
the information in this document could be presented 
in a coherent, transparent and flexible way, and in a 
comparative form, keeping in mind specific national 
circumstances, as well as the common, but different, 
responsibilities of the Parties.

The material on which this Communication is 
based was obtained through many activities conduct-
ed by government, academic, and research institu-
tions, and by the private sector and non-government 
organizations. Some of the national scientists and 
technicians who collaborated in the process of prepar-
ing national communications continue to participate 
in working groups for the preparation of the Fourth 
Assessment Report for the Intergovernmental Panel 
on Climate Change.

The process of drawing up national communica-
tions has been enriched by north-south cooperation, 
while south-south cooperation has continued in some 
countries in Central America and the Caribbean. In 
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addition to funds invested by the ministries of state 
making up the Inter-Ministerial Commission on Cli-
mate Change, in preparatory studies for the Commu-
nication, the important contributions made for this 
purpose by the Global Environment Facility (GEF) 
through the United Nations Development Programme 
(UNDP), by the United States Environmental Protec-
tion Agency, (US-EPA), and by other national and in-
ternational institutions that generously collaborated 
with valuable input, must be acknowledged.

Mexico is deeply grateful to the institutions, orga-
nizations, companies and individuals that supported 
the preparation of this Third National Communica-

tion to the UNFCCC. Our task will now be to ensure 
that the information presented here is available to aca-
demics, the private sector, decisions makers and soci-
ety in general. Parties and Mexican society are invited 
to send feedback and comments that will enable us to 
improve our ability to fulfill the commitments and ul-
timate goal of the Convention.

Mr. José Luis Luege Tamargo
Minister of the Environment

and Natural Resources

viii     Prologue



Table of Contents

Prologue vii

List of Tables xv
List of Figures xvii
Acronyms xx
Executive Summary xxv

I. National Context 1
Geographical Characteristics 1

Location 1
Climate 2

Natural Resources 3
Population 12
Economy 18

Energy 20
Oil  22
Electricity 23
Transport 24
Industry 25
Tourism 26
Agriculture 26

Livestock 27
Waste Generation 27

Education 29
Environment 30

II. National Greenhouse Gas Inventory 33
Introduction 33
Institutional Arrangements 34
Description of the Process of Preparing 

the Inventory 34
General Panorama 2002 36
Greenhouse Gas Emissions by Category 

for 2002 36
Energy [1] 36
Industrial Processes [2] 44
Solvents [3] 46
Agriculture [4] 47
Land Use, Land Use Change 

and Forestry [5] (LULUCF) 
(Preliminary) 47

Waste [6] 48

Table of Contents     ix



Trend in Greenhouse Gas Emissions 
by Type of Gas 48
Trends in Total Greenhouse Gas 

Emissions in CO2 Equivalent 48
CO2 equivalent emissions per inhabitant 51
CO2 equivalent emissions per Gross 

Domestic Product (GDP) 51
Carbon dioxide (CO2) emissions 52
Methane (CH4) emissions 52
Nitrous oxide (N2O) emissions 52
Hydrofluorocarbon (HFC) emissions 54
Perfluorocarbon (PFC) emissions 54
Sulphur hexafluoride (SF6) emissions 54

Information on indirect greenhouse gases 56
Reference and Sectoral Approaches 56
Emissions from International Air 

and Sea Transport 57
Key Sources 58
Level of Uncertainty 62
International Comparison 63

III. Institutional Arrangements for 
Applying the Convention 71
Preparation of National Communications	 73

IV. Programs that Include Measures 
to Facilitate an Adequate Adaptation 
to Climate Change 75
Introduction 75
Climate Change Scenarios for Mexico 76

Climate Modeling Program 79
Water Sector 81

Vulnerability of the water sector 
to climate change 81

Adaptation measures in the 
water sector 84

Agriculture sector 85
Future agriculture scenarios 

in Mexico 85
Adaptation strategies 87
Forestry sector 87

Promotion of Capabilities for Stage II of 
Adaptation to Climate Change in Central 
America, Mexico and Cuba 89

Agriculture sector 90
Forestry sector 91
 Water sector 94
Conclusions 96

Adaptation study of the urban water 
sector in Hermosillo, Sonora 96

Adaptation and vulnerability to climate 
variability and climate change in water 
management in some rural areas in Mexico 97

Vulnerability of the Energy sector 100
Future climate scenarios 100
Energy demand in spring-summer 100
Generation of hydroelectric energy 101
Transmission lines, efficiency 

and infrastructure 103
Conclusions 103

Climate change and population health 
in Mexico 103
Heat stroke 104
Vector-borne diseases: dengue 

and malaria 105
Acute diarrheal illness 105
Conclusions 106

Climate change and biodiversity 106
Methodology for building scenarios 107
Projections for 40 endemic species 

in the climate change scenario 107
Scenarios of the impact of deforestation 

on species distribution 107
Adaptation to climate change in the Gulf 

of Mexico wetlands 109
Analysis of the vulnerability and adaptability 

to climate change in the most relevant 
sectors in the state of Morelos 110

Analysis of possible climate change impacts 
on the tourism sector: Cancun as 
a case study 111
Adaptation actions recommended 113

Vulnerability and resilience to climate change: 
an exploratory analysis for Mexico 113

Vulnerability reduction in high-priority 
sectors in Mexico 113
SAGARPA sector 113
SEDESOL sector 116

x     Table of Contents



V. Programs that Include Measures 
to Mitigate Climate Change 119
Energy sector 119

Main mitigation actions in the 
energy sector 120
Regulatory modifications that promote 

emissions mitigation by means of 
renewable sources 120

Use of renewable energy 122
Present state of renewable energies 122
Development of renewable energies 

connected to the Network 123
Energy efficiency and energy 

conservation 124
Cleaner fossil fuels 128
Projects for use of biogas 

and mine gas 128
Change of fuel 129
National Hydrogen Plan 129
Carbon sequestration 129

Research activities in the energy sector 129
Forecast for renewable energies. 

A View to 2030 of the use 
of renewable energies in Mexico 129

Renewable energies for sustainable 
development in Mexico 130

Assessment of the potential of biomass 
as an energy source 130

Study of biofuel policy for Mexico 130
Use of methane generated from 

manure on pig and cattle farms 130
Studies in the use of biogas 130
Joint control of urban pollution and 

greenhouse gas emissions in the 
Metropolitan Area of the Valley of 
Mexico 131

Local and global benefits of pollution 
control in the Metropolitan Area 
of the Valley of Mexico 131

Joint control of local and global 
emissions in the Metropolitan 
Area of Guadalajara 132

Modeling of the economic impact 
of greenhouse gas mitigation 132

Greenhouse gas emissions scenarios 
and mitigation measures in key 
sectors (transport and waste) 132

Electric power measurements in low-
income housing for the analysis 
of energy savings 134

Evaluation of ecotechnologies in 
low-income housing in Torreon, 
Coahuila, and Mexicali, 
Baja California 135

Design of a plan of action to promote 
inventory-taking and identification 
of opportunities for reducing 
greenhouse gas emissions 
in Mexican industry 136

Emissions projection in the energy 
sector for the years 2008, 2012, 
and 2030 137
Base scenario 138
Alternative scenarios 139
Mitigation options 139
Costs and benefits 141
Conclusions 144

Transport sector 145
Main mitigation actions in the 

transport sector 145
Complying with regulations 

in effect and developing capacities 
for vehicle verification 145

Studies for increasing energy efficiency 
and reducing fuel consumption 
(federal road transport) 145

Development of capacities in 
the communications and 
transport sector 146

Support for the infrastructure 
development for better practices 
in urban transport 146

Climate action efforts in the 
commercial intercity truck 
and bus subsector 146

Social development 146
Main mitigation actions in the 

social sector 147

Table of Contents     xi



Solid urban waste 147
Intercity transport 147

Forestry sector 148
Main mitigation actions in the 

forestry sector 148
Forestry Development Program 

(PRODEFOR) 148
Commercial Forestry Plantation 

Program (PRODEPLAN) 148
Forest Ecosystem Conservation 

and Reforestation Program 
(PROCOREF) 148

Community Forest Development 
Program (PROCYMAF II) 149

Program for the Integration 
and Development of Forest 
Production Chains 149

Hydrological Environmental 
Services Payment Program 149

Program to Develop the Environmental 
Service Market for Carbon Capture, 
Services Derived from Biodiversity, 
and to Promote the Establishment 
and Improvement of Agroforestry 
Systems (PSA-CABSA) 149

National System of Protected 
Natural Areas (PNAs) 150

System of Wildlife Conservation 
Management Units (UMAs) 150

National Forestry and Soil 
Inventory 150

Research activities in the forestry 
sector 150
Deforestation modeling in 

Mexico and implications 
for carbon sequestration projects 150

Land use, land use change 
and forestry 151

Carbon Index for Mexico 151
Sustainable Hillside Management 

Project (PMSL) 151
Evaluation of the carbon capture 

potential in indigenous and peasant 
communities in the state of Oaxaca 152

Carbon sequestration in the soils 
of Mexico and Central 
America (Bioma A) 152

Study of carbon capture potential 
in five communities in the 
municipality of Tenosique, 
Tabasco 152

Obtaining national emission factors 
in the agricultural sector 152

Design of a fire prevention 
and environmental restoration 
strategy 154

Agricultural sector 155
Main mitigation actions in the 

agricultural sector 156
Agricultural development program 156
Productive reconversion 156
Livestock development programs 156
Integrated soil and water 

management 156
Mechanization 156
Rehabilitation of grazing lands 156
National microbasin program 

(FIRCO) 157
Project for renewable energy for 

agriculture (FIRCO) 157
Fund for the stabilization, strengthening 

and reordering of coffee-growing 157
Forest fire prevention program 157
Studies for quantifying and reducing 

carbon emissions in sugar 
production 158

Other relevant activities in the area 
of mitigation 158
Toward a National Strategy 

of Climate Action for the 
Energy Sector 158

Mexican Carbon Fund 159
Mexican Carbon Program 159
Voluntary accounting program 

and greenhouse gas report 
(Mexico GHG Program) 160

Tools adapted for estimating 
greenhouse gas emissions 161

xii     Table of Contents



Projects in greenhouse gas emissions 
reduction under the Clean 
Development Mechanism 
of the Kyoto Protocol 161

Methane to Markets Initiative 162
Activities carried out by the government 

of the Federal District 2001-2006 164

VI. Relevant Information for Reaching 
Convention Objectives 167
Research 167
Potential for climate change research 167

Research priorities 170
Sectoral Fund for Environmental 

Research 170
Research Incentives 172
MILAGRO Project 172
Electric energy generation using 

gasification of biomass 
waste at UNAM 173

Water and energy in Mexico City 173
Communication and outreach 174

Climate Change Clearing House 174
Automobile Eco-labeling Portal 175
Guide to Efficient Energy Use 

in Housing 175
Children’s story 176
Forums and seminars 177
The press and the media 177
Publications 177

Strengthening capacities and technology 
transfer 178
Business Association of Companies 

for Energy Saving in Buildings 178
Greenhouse Gas Inventory System 179
National Emissions System 179

Systematic Observation 180
National Meteorological Service (SMN) 

observation infrastructure 180
National Network of State Agroclimatic 

Stations 180
Summary of Climate Change Activities 

of the Ministry of the Marine 
(2001-2006) 182

National Center for High Altitude Climate 
Observation 183

Climate Prediction Forum 183
GLOBE Program 183

Participation in international activities 184
Conference of Parties to the UNFCCC 

and the Kyoto Protocol, and Meetings 
of the UNFCCC Subsidiary Bodies 184

Ibero-American Network of Climate 
Change Offices 185

Intergovernmental Panel on Climate 
Change 185

Inter-American Institute for Global 
Change Research 186

Commission on Sustainable 
Development 186

Organization for Economic Co-operation 
and Development 187

Dialogue on Climate Change, Clean 
Energy, and Sustainable 
Development 187

Mexico-United States High Level 
Working Group on Climate Change 188

Mexico-United Kingdom Collaboration 
for implementing the State Climate 
Action Plan in Veracruz 188

Bilateral cooperation regarding the 
Clean Development Mechanism 
of the Kyoto Protocol 189

Incorporating the topic of climate change 
into national policies 189
Adaptation Policy Framework 189
Conventions on Climate Change 

and Biological Diversity 189
Second Country Study on Biodiversity 189
Self-assessment of National Capacities 

for the Implementation of Conventions 
on Biological Diversity, on Climate 
Change and to Combat Desertification 190

Integrated assessment of social 
vulnerability and adaptation 
to climate change and variability for 
agricultural producers in Mexico and 
Argentina 191

Table of Contents     xiii



Standards. Technical Committee 
of National Standardization of 
Environmental Management 
Systems 191

Montreal Process 192
 

VII. Obstacles, Shortages and Needs Related 
to Funding, Technology and Capacity 193
Associated with the application 

of activities foreseen in the 
Convention and with the preparation 
and ongoing improvement of the 
national communications 193

National priorities for climate change 
research 194

Observation of the phenomenon 195
Models and scenarios 195
Risks and extreme phenomena 195
Ecosystems 195
Sectoral research 196
Socio-economic research 196
International policy 196
Communication and education 197
Funding sources for the Third 

National Communication 197

VIII. References 199

Annex	 205

xiv     Table of Contents



Tables and Figures

Tables

Table I.1 Number of plant and vertebrate 
species that have become extinct in 
Mexico since the year 1600 7

Table I.2 Ecological zones and percentage 
of area of each formation in Mexico, 2000 7

Table I.3 Change in forest area, 1990-2005 
(Hectares) 8

Table I.4 Effects of the phenomena that 
occurred in Mexico in 2005 12

Table I.5 Effects of the most destructive 
hurricanes in Mexico, 1980-2005 13

Table I.6 Population and poverty in Mexico, 
1989-2004 16

Table I.7 Income from family remittances 
(millions of dollars), 2000-2006 20

Table I.8 National production of the livestock, 
fishery and aquaculture subsectors, 
2000-2005 (thousand tonnes)  28

Table I.9 Physical balance of natural resources, 
1999-2004 31

Table II.1 Institutional arrangements 
for collecting information 35

Table II.2 Energy subcategories 38
Table II.3 GHG emissions in the energy 

category (Gg) 38
Table II.4 GHG emissions in the energy 

category by type of gas in CO2 
equivalent 38

Table II.5 Emissions, fuel consumption and CO2 
emissions in the energy industries 
2002–2004 43

Table II.6 Subcategories of industrial 
processes 44

Table II.7 GHG emissions by gas, industrial 
processes category, 1990-2002, Gg 45

Table II.8 GHG emission by gas, industrial 
processes category, 1990-2002, 
Gg in CO2 equivalents 46

Tables and Figures     xv



Table II.9 NMVOC emissions by sector 
in the solvent category for the period 
1990-2002, Gg 46

Table II.10 Agriculture subcategories 47
Table II.11 Methane (CH4) and nitrous 

oxide (N2O) emissions in the agriculture 
category, Gg of CO2 equivalent 47

Table II.12 Lulucf subcategories 48
Table II.13 Waste subcategories 49
Table II.14 Indirect greenhouse gas 

emissions in Gg 57
Table II.15 Comparison of CO2 emissions 

estimated by reference and sectoral 
methods (Gg) 58

Table II.16 Fuel consumption in international 
air and sea transport (PJ) 58

Table II.17 Greenhouse gas emissions 
and ozone precursors in international 
bunker (Gg) 58

Table II.18 Assessment of key sources 
by tier for 2002 59

Table II.19 Assessment of key sources 
by trend for 2002 60

Table II.20 Total inventory uncertainty 
by category 62

Table II.21 Countries that represent 95% 
of global co2 emissions generated 
in the burning of fossil fuels [1a], 2003 65

Table IV.1 Direction of change in climate 
according to each GCM 89

Table IV.2 Types of vegetation affected 
by climate change 89

Table IV.3 Present and projected surface 
area (2020 y 2050) of types of vegetation 
in Mexico 90

Table IV.4 Proposals for adaptation to climate 
change, identified for the water sector 
in the region of Hermosillo, Sonora 98

Table IV.5 Relationship between morbidity 
from dengue and malaria, and 
environmental temperature, adjusted 
for accumulated 
monthly precipitation 1998-2004 105

Table IV.6 List of indicators for the case 
of Mexico 2000, within the adaptability 
and sensitivity sectors 114

Table V.1 Projects carried out and savings 
obtained by fide 125

Table V.2 Carbon dioxide emissions for 
the transport sector in the base scenario 134

Table V.3 Comparison between the base case 
and the combination of five options 
for mitigatión of carbon dioxide emissions 
in the transport sector 135

Table V.4 Annual reductión in greenhouse 
gas emissions in the six main mitigation 
options with respect to the base 
scenario (%) 135

Table V.5 Scenarios to 2020 136
Table V.6 Benefits from the application 

of measures from scenarios to 2020. 137
Table V.7 Population and GDP for base 

scenario 138
Table V.8 Proportion of generation capacity 

based on renewable sources (%) 141
Table V.9 Generation capacity based 

on nuclear energy (%). 141
Table V.10 Comparison of mitigation 

options 144
Table V.11 Variation in emissions expressed 

in GG of CO2 eq. (1990 inventory and 
updates) with different EFs 154

Table V.12 Comparison of methane EFs 
obtained by Gonzalez and Ruiz (2006) 
with respect to those of the IPCC 
reported in 1997, expressed 
as a percentage 155

Table V.13 Default values for the burning 
of sugar cane used previously in GHG 
inventories in Mexico 155

Table V.14 Companies making up work 
groups by sector 161

Table V.15 Projects and preliminary plans 
under the CDM (october 10, 2006). 162

Table V.16 Projects in GHG reduction 
on Pemex facilities 163

xvi     Tables and Figures



Table VI.1 High-priority topics for each 
call for applications to the sectoral 
fund for environmental research 171

Table VI.2 Some publications in the area 
of climáte change 178

Table VI.3 Description of the content 
of some important publications 179

Table VI.4 Category 3, 4 or 5 hurricanes 
that hit Mexico between 1970 
and 2005	 181

 
Figures

Figure I.1 Position of Mexico in the World 2
Figure I.2 Contrast between water 

development and water availability 4
Figure I.3 Water consumption in Mexico 

by sector, 2001 and 2005 4
Figure I.4 Principal causes of soil 

degradation 6
Figure I.5 Forest fires and surface area 

affected, 1997-2006 9
Figure I.6 Natural risks recorded in Mexico, 

from 1929 to 2004 11
Figure I.7 Total population and average 

annual growth rate, 1990-2050 13
Figure I.8 Population distribution pyramids 

for Mexico by age, 2000-2050 15
Figure I.9 Coverage of the health system 

in Mexico, 2005 18
Figure I.10 Evolution of the national GDP 

and its real annual growth rate, 1990-2006 19
Figure I.11 Evolution of GDP by subsectors, 

2000-2006 19
Figure I.12 Primary energy production 

in Mexico, 1995-2004 21
Figure I.13 Evolution of energy intensity, 

1995-2004 22
Figure I.14 Evolution of total final 

energy consumption and distribution 
by sector, 1995-2004 23

Figure I.15 Participation in national 
production by petroleum product,  
2004 and 2014 24

Figure I.16 Number of registered motor 
vehicles in circulation, 2000-2005 25

Figure I.17 Production and surface area 
harvested for main agricultural products, 
2000-2005 27

Figure I.18 Volume of production of fertilizers 
by type, 1997-2005 28

Figure I.19 Generation of solid urban waste 
by type of garbage in 2005 29

Figure II.1 Structure of the institutional 
arrangements for drawing up the 
NGHGI 1990-2002 35

Figure 11.2 Flowchart of GHG emissions of Mexico 37
Figure II.3 GHG emissions in the energy 

category by type of gas 1990-2002 39
Figure II.4 Percent annual change 

in GHG emissions in the energy category 
compared to the previous year 39

Figure II.5 Absolute annual change 
in GHG emissions in the energy 
category compared to 1990 40

Figure II.6 Energy intensity for México, 
1990-2002 40

Figure II.7 Emissions intensity for Mexico, 
1990-2002 41

Figure II.8 Emissions in the energy category 
by type of fuel consumed in this country 
in subcategories 1A1, 1A2 Y 1A4 42

Figure II.9 Percent contribution by sector 
to GHG emissions in the energy category, 
1990 and 2002 42

Figure II.10 Percent contribution by 
sector to CO2 emissions in the industrial 
processes category, 1990 AND 2002 45

Figure II.11 GHG emissions from the waste 
category, 1990-2002 49

Figure II.12 Emissions in Mt of CO2 equivalent 
by type of gas, 1990-2002 50

Figure II.13 Emissions index, GDP, and population 
for the period 1990-2002 50

Figure II.14 CO2 equivalent emissions 
per inhabitant, 1990-2002 51

Figure II.15 CO2 equivalent emissions 
per gross domestic product, 1990-2002 52

Tables and Figures     xvii



Figure II.16 Emissions in Mt of CO2 by sector, 
1990-2002 53

Figure II.17 CH4 emissions in Gg, 1990-2002 53
Figure II.18 N2O emissions in Gg, 1990-2002 54
Figure II.19 HFC emissions in CO2 equivalents, 

1990-2002 55
Figure II.20 PFC emissions in CO2 equivalent, 

1990-2002 55
Figure II.21 SF6 emissions in CO2 equivalent 

from 1990 TO 2002 56
Figure II.22 Indirect greenhouse gas 

emissions, 1990-2002 57
Figure II.22 Indirect greenhouse gas emissions, 

1990-2002 57
Figure II. 23 International comparison of 

per capita CO2 emissions vs. per capita 
GDP, 2003 66

Figure II.24 International comparison of 
per capita CO2 emissions vs. HDI 67

Figure II.25 International comparison of 
per capita CO2 emissions vs. HIGH HDI 68

Figure II.26 International comparison of 
per capita CO2 emissions vs. medium HDI 69

Figure III.1 Structure of the Inter-ministerial 
Commission on Climate Change 72

Figure IV.1 Scenarios of surface temperature 
change (°C) for june, in the 2020, 2050 
and 2080 climates, for emissions 
scenarios A2 (upper part) and B2 
(lower part), according to different 
GCM projections 77

Figure IV.2 Median of changes projected 
in precipitation (mm/day) for june, 
in 2020, 2050 and 2080 climates, 
on a color scale 78

Figure IV.3 Anomalies in temperature 
and precipitation for Mexico 
(country average) 80

Figure IV.4 Degree of pressure on 
water resources 82

Figure IV.5 Scenario of degree of pressure 
(maximal) on water resources to 2030 
taming into account only trends in population, 
GDP, and crop-growing 83

Figure IV.6 Degree of pressure when 
socio-economic projections are considered 
for 2030 and climate change scenarios 
are included 84

Figure IV.7 Rain-fed corn suitability map 
for Mexico (base map) 86

Figure IV.8 Change in rain-fed corn suitability 
in A2 climate change scenarios for 2050 86

Figure IV.9 Types of vegetation in Mexico 
based on INEGI-CONABIO (2002) 88

Figure IV.10 Experimental greenhouse 
in Apizaco, Tlaxcala 92

Figure IV.11 Non-intervention scenario 
of some indicators of the loss of forest 
area in Tlaxcala 93

Figure IV.12 Adaptation scenario with some 
indicators showing the loss of forest 
area in Tlaxcala 94

Figure IV.13 Comparison of total extraction 
volumes and water availability 95

Figure IV.14 Trends in water availability 
with climate change 98

Figure IV.15 Risk areas due to the concentration 
of a great number of inhabitants 
and economic activities 99

Figure IV.16 Trends in extreme rain 
events in Motozintla, Chiapas 101

Figure IV.17 Comparison of cooling needs 
under present conditions (1961-1990) 
and under climate change conditions, 
estimated using pet for the state 
of Veracruz 102

Figure IV.18 Trends in average dates of 
onset and end of periods with 
maximum temperature above 30 °c, 
in Nayarit 102

Figure IV.19 Mortality from heat 
stroke between 1979 and 2003 104

Figure IV.20 Maximum temperatures, 
mortality (1979-2004) and morbidity 
(1998-2004) from acute 106

Figure IV.21 Impact of climate change 
on the distribution of three species 
endemic to Mexico 108

xviii     Tables and Figures



Figure IV.22 Simulation of extreme events 
(hurricanes) using the earth system 
simulator of the institute of meteorological 
research in Tsukuba, Japan 110

Figure IV.23 Monthly distribution of days 
of room occupation in Cancun 
in the years 2000-2005 112

Figure V.1 National CO2 equivalent 
emissions 140

Figure V.2 Generation capacity in the 
view to 2030 scenario with low penetration 
of renewables 142

Figure V.3 Generation capacity in the view 
to 2030 scenario with high penetration 
of renewables 142

Figure V.4 Generation capacity in the 
scenario with intense penetration  
of renewables 143

Figure V.5 Generation capacity in the 
scenario with low penetration 
of renewables 143

Figure VI.1 Potential for climate change 
research in Mexico, 2005 169

Figure VI. 2 Trends in the number 
of researchers by research area 169

Figure VI. 3 Geographic coverage 
of the MILAGRO project (map) 173

Figure VI. 4 Climate change clearing 
house 175

Figure VI. 5 Portal for automobile 
ecolabeling in Mexico 176

Figure VI. 6 Greenhouse gas inventory 
system 180

Figure VI. 7 Portal of the national 
network of state agroclimatic stations 182

Figure VI. 8 Framework of adaptation 
policies 190

Tables and Figures     xix



Acronyms

ADI Acute Diarreal Illness
AEAEE Association of Companies for Energy Saving 

in Construction
AI Annex I
ALADI Latin American Integration Association
ALCA Free Trade Area of the Americas (FTAA)
AMIA Mexican Automobile Industry Association
AMIS Mexican Insurance Institutions Association
ANIQ National Chemical Industry Association
ANP Protected Natural Areas
ANPACT National Association of Producers of Buses, 

Trucks and Trailers
APEC Asia-Pacific Economic Cooperation
 Mechanism
APF Adaptation Policy Framework
ATPAE Association of Technicians and Professionals 

in Energy Application
BID Inter-American Development Bank
Bio-CF World Bank BioCarbon Fund
CAMIMEX Mining Chamber of Mexico
CANACERO National Chamber for the Iron and Steel 

Industry

CANACINTRA National Chamber of the Transformation 
Industry

CANAM National Chamber of Electric Equipment 
Manufacturers

CCA-UNAM Atmospheric Sciences Center of UNAM
CCD Digital Community Centers
CCMSS Mexican Civil Council for Sustainable 

Forestry (Civil Association)
CDB Biological Diversity Convention
CDS Commission for Sustainable Development 

of the United
CEDA Center for the Alternative Development 

Studies
CEMDA Mexican Center of Environmental Law
CENAPRED National Disaster Prevention Center
CENIDET National Research and Technological 

Development Center
CER Certified Emissions Reductions.
CESPEDES Center of Studies of the Private Sector for 

Sustainable Development
CFE Federal Electricity Commission

xx     Acronyms



Acronyms     xxi

CGCM2 Canadian Centre for Climate Modelling 
Analysis

CIBNOR Northwest Biological Research Center
CICC Inter-ministerial Commission on Climate 

Change
CICESE Center for Scientific Research and Higher 

Education of Ensenada
CICIMAR Interdisciplinary Center of Marine Sciences
CIECO-UNAM Center of Ecosystems Research of UNAM
CMIC Mexican Chamber of the Construction 

Industry
CMNUCC United Nations Framework Convention on 

Climate Change (UNFCCC)
CNA National Water Commission
CNEC National Chamber of Consulting Firms
CNICP National Chamber for the Pulp and Paper
COCEF Border Environmental Cooperation 

Commission
COLPOS College of Postgraduates
COMEGEI Mexican Committee for Greenhouse Gas 

Emission Reduction and Sequestration 
Projects

CONABIO National Commission for the Knowledge 
and Use of Biodiversity

CONACYT National Science and Technology Council
CONAE National Commission for Energy 

Conservation
CONAFOR National Forestry Commission
CONAFOVI Commission to Advance Housing
CONAGUA National Water Commission
CONANP National Commission for Protected Natural 

Areas
CONAPESCA National Fishering Commission
CONAPO National Council of Population
CONAVI National Housing Council
CONAZA National Commission on Arid Areas
CONCAMIN National Chamber of Electric Equipment 

Manufacturers
COTENNSAAM Technical Committee for National 

Standardization of Environment 
Management Systems

CRE Energy Regulatory Commission
CTADA Total Costs for Environmental Exhaustion 

and Degradation
D.F. Federal District
ECOSUR College of the Southern Border
ELAC Local Climate Action Strategy

ENOS El Niño/Southern Oscillation (ENSO)
EUA United States of America (USA)
FAO Food and Agriculture Organization of the 

United Nations
FAPRACC Fund to Assist the Rural Population Affected 

by Climate Contingencies
FE Factor Emission
FGRA-FBS Gonzalo Río Arronte Foundation-Javier 

Barros Sierra Foundation
FIDA International Fund for Agricultural 

Development (IFAD)
FIDE Trust Fund for Energy Saving
FIPATERM Thermal Insulation Fund
FIRCO Trust Fund of Shared Risk
FMI International Monetary Fund (IMF)
FONDEN Fund for Natural Disasters
FUMEC Mexico-U.S.A Science Foundation
G8 Group of the Eight (U.S.A, Russia, Germany, 

United Kingdom, France, Japan, Italy and 
Canada)

G8+5 Group of the Eight plus Brazil, China, India, 
Mexico and South Africa

GARP Genetic Algorithm for Rule-set Prediction
GDF Federal District Government
GEF Global Environment Facility
GEI Greenhouse Gases (GHG)
GIRA Interdisciplinary Group in Applied Rural 

Technology
GOF Global Opportunities Fund from United 

Kingdom
GRD Disasters Risk Management
GTZ Agency of Technical German Cooperation 

(Program of the Deutsche Gesellschaft für 
Technische Zusammenarbeit)

IAI Inter-American Research Institute on Climate 
Change

ICLEI Local Governments for Sustainability
IDESA Industries Derived from Ethylene
IDH Human Development Index (HDI)
IEA International Energy Agency(IEA)
IIE Institute of Electrical Research
IM Marginalization Index
IMNC Mexican Institute for Standardization and 

Certification, A.C
IMP Mexican Petroleum Institute
IMSS Mexican Institute of Social Security
IMT Mexican Institute of Transport



IMTA Mexican Institute of Water Technology
INE National Institute of Ecology
INEE National Institute for Education Evaluation
INEGEI National Greenhouse Gases Inventory 

(NGHGI)
INEGI National Institute of Statistics, Geography 

and Informatics
INEM National Emissions Inventory
INFONAVIT National Workers Housing Fund Institute
INIFAP National Institute of Forest, Agricultural and 

Livestock Research
INTEX-B Intercontinental Chemical Transport 

Experiment (Phase B)
IRA Real Renewable Water Resource Index
ISAN New Automobile Tax
ISO International Organization for 

Standardization
ISSSTE Institute of State Worker’s Social Security 

and Services
LAC Latin America and the Caribbean
LAFRE Law for the Use of Renewable Sources of 

Energy
LP Liquefy Petroleum
LUCS Land Use and Carbon Sequestration Model
LyFC Luz y Fuerza del Centro
M2M Methane to Markets
MASTU Environmental and Social Safeguard 

Framework, for the Urban Transport Project
MAX-Mex Megacity Aerosol Experiment-Mexico City
MCG General Circulation Models
MCMA Mexico City Metropolitan Area
MDL Clean Development Mechanism (CDM)
MIAF System of Cornfiel Interspersed with Fruit-

bearing Trees
MILAGRO Megacity Initiative: Local and Global 

Research Observations
MIRAGE-Mex Megacities Impacts on Regional and Global 

Environment
NAI Non-Annex I
NMX Mexican Norm
NOAA National Oceanic and Atmospheric 

Administration
NOM Mexican  Official Norm
OCDE Organization for Economic Co-Operation 

and Development (OECD)
OMC World Trade Organization
ONG Non Gubermental Organizations

PACD Plan of Action to Combat Desertification
PAESE Electric’s Sector’s Energy Saving Program
PANDSOC National Environmental Policy for the 

Sustainable Development of Oceans and 
Coasts

“PDD” Project Design Document
PEA Economically Active Population (EAP)
PEMEX Petróleos Mexicanos
PERGE Large Scale Renewable Energy Project
“PET” Physiological Equivalent Temperature
PIASRE Integrated Program of Sustainable 

Agriculture and Productive Reconversion in 
Areas of Recurrent Natural

PIB Gross Domestic Product (GDP)
PICC Intergovernmental Panel on Climate Change 

(IPCC)
PIE Independent Energy Producers
PIMAAT Project for the Introduction of 

Environmentally Friendly Transport 
Measures

PIN Project Idea Note
PMC Mexican Carbon Program
PMSL Sustainable Hillside Management Project
PNUD United Nations Development Programme 

(UNDP)
PNUMA United Nations Environment Programme 

(UNEP)
PPP Purchasing Power Parity
PROAIRE Program to Improve the Air Quality in the 

Metropolitan Area of the Valley of Mexico
PROCOREF Forest Ecosystem Conservation and 

Reforestation
PROCYMAF II Community Forestry Program
PRODEFOR Forestry Development Program
PRODEPLAN Commercial Forestry Plantation Program
PROFEPA Federal Attorney’s Office for the Protection 

of the Atmosphere
PRONARE National Reforestation Program
PSA-CABSA Program to Develop the Environmental 

Service Market for Carbon Capture, Services 
Derived from Biodiversity, and to Promote 
the Establishment and Improvement of 
Agroforestry Systems

PSA-H Hydrologic Environmental Services Payment 
Program

RETC Emissions Registration and Pollutant 
Transfer

xxii     Acronyms
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RIOCC Ibero-American Network of Climate Change 
Offices

RNH National Hydrogen Network
SAGARPA Ministry of Agriculture Rural Development, 

Fisheries and Food
SCEEM System of Economic and Ecological Accounts 

of Mexico
SCT Ministry of Communications and Transport
SE Ministry of Economy
SEDENA Ministry of National Defense
SEDESOL Ministry of Social Development
SEGOB Ministry of the Interior
SEMAR Ministry of the Marine
SEMARNAT Ministry of the Environment and Natural 

Resources
SEMIPRODESO Metropolitan System of Solid Waste 

Processing
SEN National Education System
SENER Ministry of Energy
SEP Ministry of Public Education
SHCP Ministry of the Treasury and Public Credit
SIEPCRM Integrated Energy Services for Small Rural 

Mexican Communities
SIGER Renewable Energy Geographical Information 

System
SMADF Ministry of the Environment for the 

Government of the Federal District

SMN National Meteorological Service
SNI National System of Researchers
SPS Popular Health Insurance
SRE Ministry of Foreign Affairs
SRES Special Report on Emissions Scenario
SSA Ministry of Health
SUTERM Sole Union of the Electrical Workers of the 

Mexican Republic
TLC North American Free Trade Agreement 

(NAFTA)
UABC Autonomous University of Baja California
UACh Autonomous University of Chapingo
UAM Metropolitan Autonomous University
UAT Autonomous University of Tamaulipas
UMA System of Wildlife Management Units
UNAM National Autonomous University of Mexico
USEPA United States Environmental Protection 

Agency
USAID United States Agency for International 

Development
USCUSS Land Use, Land Use Change and Forestry
UV Veracruz University
WBCSD World Business Council for Sustainable 

Development
WRI World Resources Institute
ZMVM Metropolitan Area of the Valley of Mexico



Units

bcoe barrels  of crude oil equivalent
bd barrels per day
Gg Giga grams (109 grams, thousand tonnes)
GJ/Ton Giga Joule per tonne
GW-h Giga Watt per hour
ha hectare
ha/year hectare per year
kg/inhab-day kilograms per inhabitant per day
kJ kilo Joule (103 Joule)
km kilometer
km/l kilometer per liter
km2 square kilometre
km3 cubic kilometre
ktC carbon kilo tonne

kW-h kilowatt (103 Watt) per hour
kW-h/m2-year kilowatt per hour per square meter per year
l/inhab/day liter per inhabitant per day
l/s liters per second
mm/day millimeter per day
m3/r cubic meter in round logs
m/s meter per second
m3/s cubic meter per second
m3/inhab/year cubic meter per inhabitant per year
Mm3 Million cubic meters
Mt Million tonnes
MW Megawatt (106 Watt)
PJ Petajoule (1015 Joule)
Ton de CO2 Carbon dioxide tonne

xxiv     Acronyms

Chemical	Compounds

CO2 eq Carbon dioxide equivalent (GWP =100)
CH4 Methane
CO Carbon monoxide
CO2 Carbon dioxide
COVDM (NMVC) Non Methane Volatile Organic 

Compounds

CFC Clorofluorocarbons
HFC Hydrofluorocarbons
N2O Nitrous oxide
NOx Nitrogen oxides
PFC Perfluorocarbons
SF6 Sulphur hexafluoride
SO2 Sulphur dioxide
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Mexico continues its efforts and actions towards the 
implementation of the commitments acquired as a 
Non-Annex I Party to the United Nations Framework 
Convention on Climate Change (UNFCCC).

Mexico presented the First National Commu-
nication to the UNFCCC in 1997. One of the most 
important parts of the content was the first National 
Greenhouse Gases Emissions Inventory (NGHGEI) 
for the year 1990 and also the results of the first stud-
ies on the country’s vulnerability to climate change.

Four years later, in 2001, Mexico presented its Sec-
ond National Communication to the UNFCCC, where 
an updated version of the NGHGEI for the period 
1994-1998 was included; estimates of emissions from 
land use, land use change and forestry (LULUCF) re-
ported for 1996; and the presentation of scenarios of 
future emissions.

The Third National Communication presents an 
updated emissions inventory to 2002, with recalcu-
lated figures for the years 1990, 1992, 1994, 1996, 1998 

and 2000. The estimates of the LULUCF category was 
also updated to the period 1993-2002.

This Communication was supported by the Global 
Environmental Fund (GEF) through the United Na-
tions Development Programme (UNDP), the United 
States Environmental Protection Agency (US EPA), 
and the Mexican government. The funds received al-
lowed the improvement and update of the emissions 
inventory, and supported the development of studies 
on climate change mitigation and adaptation as well 
as the preparation and publication of educational ma-
terials for disseminating the climate change topic.

On this occasion, the process of planning the Na-
tional Communication content included consultations 
with academics and representatives from goverment 
institutions, private sector and non-governmental 
organizations, in order to capture their opinion and 
points of view about what should be improved on this 
communication with respect to the previous ones. A 
public consultation was also held for the same pur-
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pose. One of the recommendations of the consultation 
process was the advice of preparing a Climate Change 
clearinghouse, which is now available on the website 
of the National Institute of Ecology, since June 2005.

Mexico’s Third National Communication was pre-
pared in accordance with the UNFCCC Reporting 
guidelines on National Communications.

National	Context

The country’s population grew from 97.5 to 104.9 
million inhabitants during the period from 2000 to 
2005. The average rate of annual population growth 
for that period was 1.26%. Males made up 48.7% of 
the population and females 51.3%. It is predicted that 
the population will increase to 129.6 million by 2050, 
and that its average age will increase from 28.3 to 42.7 
over the period from 2005 to 2050.

The Mexican economy was located in thirteenth 
position at the world level, based on its Gross Do-
mestic Product (GDP). With regard to foreign trade, 
Mexico has been the eighth country in the world since 
2003. In the period 2000-2006, the GDP rose from 
$1,605 billion pesos for 1993 to $1,822 billion pe-
sos for the same year. The annual real growth of the 
national GDP with respect to the previous year was 
6.6% and 3.0% in 2000 and in 2005, respectively. For 
purposes of international comparison, in US dollars 
Mexico’s GDP was $262,710 million dollars in 1990 
and $768,437 million dollars in 2005. The per capita 
GDP grew 6.5% annually over the period 1990-2003, 
from $4,456 to $9,168 dollars.

The energy intensity level was 3,986.5 kilojoules 
(kJ) per unit of GDP (MX Peso at 1993 values) in 2004, 
0.9% higher than in 2003. The average annual growth 
rate from 1995 to 2004 was minus 1.3%. In addition, 
the consumption of the energy sector, including self-
consumption, transformation consumption, losses 
through distribution, and inputs and transfers, fell by 
6.1%, from 2003 to 2004.

The production of primary energy in 2004 was 
10,331 Petajoules (PJ), 2.6% more than in 2003. The 
main components were hydrocarbons with 90.6%; 
primary electricity (hydro-energy, nuclear energy, 

geothermal energy and wind energy) with 4.1%, bio-
mass with 3.4% and coal with 1.9%.

National energy consumption in 2004 was 6,816 
PJ, 5.3% more than in 2003, 35.1% for the energy sec-
tor itself and 64.5% for total final consumption. The 
transport sector represented 46.2% of the final en-
ergy consumption and the industrial sector, 29.9%. 
The residential, commercial and public sub-sectors 
represented 21.1%, and the agricultural sector, 2.9%. 
Particularly noticeable was the 13.5% growth in the 
consumption of the transport sector, mainly due to 
the consumption of gasoline and diesel.

Mexico occupied the fourteenth place worldwide 
in crude oil proven reserves in 2006, the sixth posi-
tion among countries producing it in 2005, while as 
a company, Petróleos Mexicanos (PEMEX) occupied 
the third place among oil companies worldwide in 
2004. Its production of crude oil amounted to 3.3 mil-
lion barrels daily.

Lastly, it is very important to point out that, ac-
cording to information provided by the Ministry of 
Social Development, the lowest percentage of the 
population in conditions of poverty in the country’s 
recent history was reached in 2004, accounting 47% 
of the total.

Institutional	Arrangements

The main institutional arrangements made for address-
ing climate change are in the Ministry of the Environ-
ment and Natural Resources (SEMARNAT), which is 
responsible for leading national policy regarding the 
environment. For purposes of carrying out policy re-
garding climate change, the Under Ministry of Plan-
ning and Environmental Policy of SEMARNAT has the 
General Directorate for Climate Change Projects, in 
charge of promoting and facilitating the development 
of projects for the Clean Development Mechanism 
(CDM) in this country. For its part, the International 
Affairs Coordinating Unit (UCAI) has, as one of its du-
ties, the promotion and organization of the participa-
tion of the Ministry and of its de-concentrated bodies 
in international meetings or forums, in coordination 
with the Ministry of Foreign Affairs (SRE).
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A very important step in integrating the participa-
tion of different Ministries for decision-making, was 
the creation of the Inter Intersecretarial Commission 
on Climate Change (CICC). Its creation was officially 
announced in the Official Federal Gazette on April 
25, 2005. CICC was the product of an agreement be-
tween Ministries, to be a permanent body in charge of 
coordinating, the actions of the offices and entities of 
the Federal Public Administration, according to their 
own attributions. These actions are related to the for-
mulation and implementation of national policies for 
greenhouse gas emissions (GHG) prevention and mit-
igation, for adaptation to the effects of climate change, 
and, in general to promote the development of pro-
grams and strategies for climate action related to the 
carrying out of commitments agreed by Mexico un-
der the UNFCCC and other instruments derived from 
it. This agreement also aims at identifying opportu-
nities, and at facilitating, promoting, disseminating, 
evaluating and, whenever necessary, approving proj-
ects for the reduction and capture of GHG emissions 
in Mexico, in terms of the Kyoto Protocol, as well as of 
other instruments directed toward the same goal.

The members of the Commission are the Minis-
tries of Foreign Affairs; Social Development; Envi-
ronment and Natural Resources; Energy; Economy; 
Agriculture, Rural Development, Fisheries and 
Food; and Communications and Transport. The 
Ministry of Treasury and Public Credit is a guest 
participant.

It is also of the utmost importance to point out 
that, in February, 2005, by signing a Collaboration 
Agreement, the Ministry of Energy (SENER) created 
the Climate Change Committee of the Energy Sec-
tor. It incorporates the vision of the energy sector as 
a whole and aims at being consolidated as the coor-
dination mechanism for the follow-up, analysis and 
definition of policies and activities related to Climate 
Change and CDM in the Energy Sector. It also aims at 
being consolidated as the mechanism for coordinat-
ing actions on climate change with SEMARNAT.

The Committee is presided over by the Under-
secretary of Energy Planning and Technological De-
velopment of SENER, and the participants are the 

representatives of the Federal Electrical Commission 
(CFE), PEMEX, Luz y Fuerza del Centro (LyFC), the 
Energy Regulatory Commission (CRE), the National 
Energy-Saving Commission (CONAE), the Institute 
for Electrical Research (IIE), and the Mexican Petro-
leum Institute (IMP).

INE, on the other hand, is in charge of the Coor-
dination of the Program on Climate Change. Its mis-
sion is to carry out and coordinate studies on climate 
change in Mexico, in order to ensure the compliance 
with the commitments established in the National 
Development Plan 2001-2006, the Sectoral and Insti-
tutional Programs 2001-2006, and the UNFCCC, as a 
non-Annex I Party to the Convention.

Chapter VI addresses in detail important arrange-
ments that other Ministries have developed in order 
to reach their goals.

National	Greenhouse	Gas	(GHG)
Inventory	1990-2002

The NGHGI was updated to 2002 and figures for the 
years 1990, 1992, 1994, 1996, 1998 and 2000 were re-
calculated, using IPCC methodologies.

For 2002, GHG emissions for the six gases listed 
in Appendix A of the Kyoto Protocol were estimated 
at 643,183 Gg of carbon dioxide equivalent (CO2 eq), 
with the caveat that figures for the category of LU-
LUCF are preliminary.

The results of the NGHGI 1990-2002, indicate that 
the growth in emissions for the sectors, except for LU-
LUCF, in CO2 eq, was approximately 30%, which rep-
resents an average annual growth of 2.2%.

The contribution of GHG emissions from the dif-
ferent categories in terms of CO2 eq is the following: 
energy, 61% with 389,497 Gg; LULUCF, 14% with 
89,854 Gg; waste, 10% with 65,584 Gg; industrial pro-
cesses, 8%, with 52,102 Gg; and agriculture, 7% with 
46,146 Gg.

GHG emissions in CO2 equivalent by gas break 
down in the following way: for CO2, 480,409 Gg, rep-
resenting 74% of the total; for methane (CH4), 145,586 
Gg, or 23%; for nitrous oxide (N2O), 12,343 Gg, or 2%; 
and the remaining 1% is made up of 4,425 Gg of hy 
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drofluorocarbons (HFCs), 405 Gg of perfluorocarbons 
(PFCs), and 15 Gg of sulfur hexafluoride (SF6).

Energy	Generation

Energy generation contributed 24% of the coun-
try’s total emissions in 2002; transport 18%; fossil 
fuel consumption for manufacturing and the con-
struction industry 8%; that of the residential, com-
mercial and agricultural sectors, 5%; and fugitive 
methane emissions, 6%. Together, fixed and area 
sources (including energy generation, manufactur-
ing and the construction industry and other en-
ergy sectors, not including transport) represented 
37% of the total.

GHG emissions in the Energy category, expressed 
in CO2 eq, showed an increase from 312,027 Gg to 
389,497 Gg from 1990 to 2002, which represents a 25% 
increase.

Industrial	Processes

The main gas emitted in the category of Industrial 
Processes is CO2, which represented 90% of the emis-
sions in this category for 2002, with 47,069 Gg. CO2 
emissions increased 51% compared to the base year 
1990, due to a greater production of cement, a greater 
use of limestone and dolomite, and an increase in the 
production of raw materials, and of products and by 
products of iron and steel.

Fluorinated gas emissions show a sizeable increase 
in the period from 1992 to 2002, due to a greater use of 
HFCs in refrigerators and air conditioning system in 
industry, homes and automobiles. These fluorinated 
gases replace some of the chlorofluorocarbons (CFC) 
controlled by the Montreal Protocol, whose use is re-
stricted worldwide.

Solvents

The total emissions of Non-Methane Volatile Organic 
Compounds (NMVOCs) in 2002 came to 220.5 Gg, 
produced mainly by solvents. These emissions showed 
an increase of 84% from 1990 to 2002.

Agriculture

In the period from 1990 to 2002, CH4 emissions repre-
sented 84% of the category, and N2O emissions, 16%. 
A decrease can be observed in the emissions in this cat-
egory, from 47,427 to 46,146 Gg, which may be due to 
the importing of basic grains such as rice, and because 
of stagnation in the country’s cattle-raising sector.

Land	Use,	Land-Use	Change	and	Forestry
(LULUCF)	(Preliminary)

The estimated emissions of this sector, which result 
from annual averages of GHG for the period from 
1993 to 2002, come up to 89,854 Gg., in CO2 eq units.

In terms of CO2 emissions, the LULUCF category 
contributes in 2002 a total of 86,877 Gg. These emis-
sions are due to a net amount of 64,484 Gg produced 
by the combustion and decomposition of biomass as-
sociated with the processes of converting forests to 
other uses, plus 30,344 Gg of emissions derived from 
mineral soils and agricultural areas, plus emissions of 
4,932 Gg from managed forests, subtracting the cap-
ture of 12,883 Gg in abandoned lands.

Waste

GHG emissions in 2002, measured in CO2 eq, add up 
to 65,584 Gg, while in 1990 they were 33,357 Gg.

An increase of 96% is observed from 1990 to 2002, 
as a result of the increase in the disposal of solid waste 
in sanitary landfills and the promotion given in the 
last decade to the treatment of industrial and mu-
nicipal waste waters. This increase also includes the 
change shown in emissions due to the incineration of 
hazardous waste, a value that increased thirty-fold be-
tween 1990 and 2002, but whose contribution to the 
total this last year is less than 0.5%. Waste incinera-
tion is a relatively new activity in the country.

Adaptation	to	Climate	Change

Due to its geographical location, topography and so-
cioeconomic aspects, Mexico is especially vulnerable 
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to the impacts of climate change and variability. The 
El Niño and La Niña phenomena, as well as extreme 
hydrometeorological conditions, have resulted in seri-
ous damage and disasters affecting different socioeco-
nomic sectors of the country.

Based on the results of climate scenarios, gener-
ated with Global Circulation Models (GCM), under 
emission scenarios A2 and B2, the following conclu-
sions were reached:

• It is very likely that Mexico’s climate will be 
warmer by 2020, 2050 and 2080, mainly in the 
most continental region in the northern part of 
the country;

• Decreases in rain are projected, as well as chang-
es in its seasonal distribution, with respect to the 
1961-1990 base scenario. For example, reductions 
of up to 15% are expected in the regions of Central 
Mexico, and of less than 5% in the Gulf of Mexico 
water basin, mainly between January and May;

• The hydrologic cycle will become more intense, 
so the number of severe storms and the intensity 
of drought periods will increase. A summary was 
made of flood impacts on the socioeconomic sec-
tors in the state of Veracruz, showing that the cost 
of changes in the hydrologic cycle is high;

• The components of the hydrologic cycle indicate 
that in Mexico nearly 75% of the precipitation 
evapotranspires and 5% recharges the aquifers. 
The water balance suggests that the increase in 
temperature will cause evapotranspiration to in-
crease and the humidity in the soil to decrease. 
IPCC evaluations indicate that Mexico may un-
dergo a significant decrease in runoff, of the order 
of 10 to 20% at the national level, and over 40% in 
the coastal wetlands of the Gulf;

• In the case of extreme phenomena such as cold 
fronts (“Nortes”, as they are called in Spanish), it 
is possible that these may become less frequent. 
It is uncertain to what extent this decrease could 
affect precipitation, but according to certain sce-
narios, this will tend to decline mainly in the Gulf 
of Mexico water basin;

• The temperature of the ocean’s surface in the Ca-
ribbean, Gulf of Mexico and Mexican Pacific could 
increase by between 1 and 2° C. Based on physical 
considerations, rises in the ocean’s temperature 
increase the intensity of tropical hurricanes, favor-
ing the probabilities that these could reach higher 
categories on the Saffir-Simpson scale; and

• Starting in 2020, the greatest temperature increases 
will occur under the A2 scenario compared to the 
B2, mainly due to the difference in GHG emissions 
between both scenarios, whence the importance in 
promoting global GHG mitigation strategies.

Chapter IV mentions some of the main studies 
carried out in this area in the country’s institutions of 
higher learning and research.

Mitigation

Projection	of	Emissions	in	the	Energy	Sector
for	the	Years	2008,	2012	and	2030

A projection of GHG emissions was made, based on 
the NGHGI 1998-2002, for the Mexican Energy Sec-
tor for the years 2008, 2012 and 2030. The sectors’ 
emisssions were estimated using IPCC methodology, 
according to the energy demand of the industrial, 
manufacturing and construction, and transport sec-
tors and others (residential, business, public and ag-
ricultural).

Also considered was the use of energy in the in-
dustries producing it, including the generation of 
electricity, and fugitive emissions in the oil, natural 
gas and coal industry. The greenhouse gases relevant 
to the energy sector are CO2, CH4 and N2O.

To build the base emissions scenario for the years 
2008, 2012 and 2030, the LEAP (Long-range Energy 
Alternatives Planning System) computing platform 
was used. This system relates the energy consumption 
for different sectors to GHG emissions. The emission 
factors from the LEAP computing platform are con-
sistent with those of the IPCC. A base scenario and 
two alternate ones were constructed.
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The conclusions from this exercise are that elec-
tricity generation shows a great sensitivity to GDP 
growth, with results of 30% less generation in the 
scenario with low economic growth, to 24% more in 
the case of high growth, both of these with respect 
to the SENER Prospective scenario to the year 2030. 
The same thing happens with the importing of gas-
oline, whose figures oscillate from 80% less in the 
first scenario, to 50% more in that of high economic 
growth.

Non-biogenic CO2 emissions are a little less sen-
sitive, varying from a 22% increase, with an annual 
GDP growth of 4.3% to 5.2%, to a 23% reduction when 
the annual GDP growth falls from 4.2% to 2.8%.

It was ascertained that the option of implement-
ing efficiency standards in vehicles can considerably 
reduce GHG emissions and can be combined with the 
dieselization option.

The study concludes that 17% of GHG emissions 
could be abated with respect to the base scenario if the 
following measures were implemented:

• Electric generation with participation of 29% re-
newable and 12% nuclear.

• Implementation of energy efficiency standards in 
private gasoline-run (including SUVs) and diesel 
run vehicles.

• Implementation of energy-saving measures pro-
moted by CONAE.

Mitigation	in	the	Energy	Sector

The energy sector has a decisive role to play in GHG 
emissions mitigation. SENER, in collaboration with 
its companies and deconcentrated bodies, is continu-
ing with the implementation of programs, actions, 
and measures for the efficient use and saving of en-
ergy, whose goal is to reduce the rate of emissions 
growth in the country.

In 2005, the energy saving due to institutional 
programs was 19,659 million KW-h, the equivalent of 
4,981 MW of electric capacity. This saving represented 
1.84% of the energy consumption and 2.83% of the to-
tal final consumption recorded in 2004. Savings for 

2006 are expected to reach 21,882 million KW-h, with 
a saving in capacity of 5,510 MW.

CONAE and FIDE are carrying out programs for 
a more sustainable energy use. In 2005, the savings in 
electric power, a result of the application of Daylight 
Saving and projects carried out by the FIDE, were 5,205 
million KW-h, which represented a 3.1% decrease in 
the consumption of this resource in Mexico with re-
spect to the previous year. In generation capacity, the 
savings were 2,414 MW; and it is calculated that this 
is equal to 8% of the peak demand for the same year. 
This made it possible to defer the investment of $2,400 
million dollars for enlarging the generation capacity, 
transmission and distribution of electrical power. It 
is estimated that the actions carried out prevent the 
emission of 5.6 million tons of CO2 into the atmo-
sphere, by saving the equivalent of 11.7 million barrels 
of petroleum.

Renewable Energy

The use of renewable energy is still being promoted 
in Mexico. At the end of 2005, 54 permits had been 
authorized for electrical power generation based on 
renewable sources, under the schemes of self-supply, 
co-generation and exporting, 37 of which are already 
in operation. By 2007 the remaining 17 projects are 
expected to begin operation, whereby over 1,400 MW 
with a generation capacity of more than 5,000 GWh/ 
year will be incorporated into the network.

In December, 2005, the Chamber of Deputies ap-
proved the Law for the Use of Renewable Energy 
Sources (LAFRE), establishing a Program for the 
Use of Renewable Energy Sources. The goal for 2012 
consists in achieving 8% participation for renewable 
energy, in its different schemes, in the total electrical 
generation, not including the large hydroelectric com-
panies.

Chapter V mentions important actions that the 
Mexican energy companies are putting into practice.

By October, 2006, the COMEGEI had issued 144 
Letters of Approval for Mexican projects. By Septem-
ber of the same year, 21 had obtained their registration 
with the CDM Executive Board of the Kyoto Protocol.
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By this date, the registered CDM projects had 
placed Mexico in third place worldwide for the num-
ber of projects and in fifth position for Certified Emis-
sion Reductions.

Mitigation	in	the	Forestry	Sector

In Mexico, GHG mitigation measures are not foreign 
to government policies. At the present time, several 
activities in this country whose goal it is to attend to 
national development priorities, are at the same time 
helping to reduce the current emissions growth rate. 
These activities include: proper conservation and 
management of natural forests, alternatives for reduc-
ing deforestation, as well as reforestation of degraded 
and deforested lands and the promotion of agro-for-
estry systems. In this regard, the Mexican govern-
ment, through the National Forestry Commission, 
develops, favors and promotes productive activities of 
conservation and restoration in the area of forestry. 
These actions are classified into direct and indirect, 
according to the IPCC (2001).

Among indirect actions of emissions reduction 
—maintaining captured carbon—, the following pro-
grams were continued: Forest Development, Project 
in the Conservation and Sustainable Management of 
Forest Resources (Procymaf II) in its second stage 
(2004-2007); Programs of Payment for Hydrological 
Environmental Services (PSAH); Program of Con-
servation and Reforestation of Forest Ecosystems 
(Procoref), in its component: protection, conserva-
tion and restoration of forest lands. Similarly, actions 
were expanded in the phytosanitary diagnosis and 
treatment of forests and rainforests. In addition, the 
surface area under protection increased through the 
National System of Protected Natural Areas, as well 
as the number and surface area of Units for Wildlife 
Management and Use (UMA).

As for direct actions in emissions reduction —car-
bon capture—, programs were implemented such as 
the PROCOREF (for its initials in Spanish) in its com-
ponent: restoration of the vegetation cover in strategic 
locations in the country with suitable species; the Pro-
gram of Commercial Forest Plantations; the Program 

to Develop the Market of Environmental Services 
by Carbon Capture, Derivatives of Biodiversity, and 
to Promote the Establishment and Improvement of 
Agro-forestry Systems (PSA-CABSA). Similarly, the 
market of carbon credits is being explored through 
the generation of projects inside the CDM, with a 
portfolio of 14 “Project Idea Notes” (PINs) for affores-
tation/ reforestation.

Among research actions, a series of studies was 
conducted, focusing on understanding GHG mitiga-
tion in greater depth. Several of these studies were co-
ordinated by INE and other institutions.

Chapter V mentions some of the initiatives that are 
being developed in Mexico with international support.

Other	Relevant	Information	for
Achieving	the	Convention’s	goal

Mexico maintains its commitment to research activi-
ties in academic institutions and to public and private 
research, and systematic observation, through direct 
support to research projects on climate change, im-
provement in the infrastructure for systematic ob-
servation and data processing, activities in climate 
modeling, and participation in the global observa-
tion networks. In addition to this, priorities and the 
research potential of the country regarding climate 
change have been evaluated. Between 2001 and 2005, 
the number of experts or specialists working in the 
national territory in the area of climate change in-
creased by 30% , while the number of institutions in 
which this work is carried on increased by 20%.

Regarding education, training and public aware-
ness, Mexico has substantially increased the number 
of forums, workshops and publications intended for 
the public in general and the country’s decision-mak-
ers in particular. At the same time, a great deal of in-
formation related to climate change has been made 
available to the public through the Internet. It includes 
research results, statistics and electronic versions of 
publications produced by the government, research 
institutions, NGOs and the private sector.

The reinforcing of the national capacity for work-
ing in the area of climate change is a necessity and a 
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priority. Activities in this regard range from the train-
ing of professionals within the institutions that make 
up CICC to the creation or development of mecha-
nisms for inter-departmental interaction, in such a 
way that climate change can become a topic common 
to the different productive and government sectors.

Future	Actions

In the framework of risk reduction in climate change, 
it is desirable to reduce the size of the danger or threat, 
in this case the heating up of the planet, and the vul-
nerability of the country’s different socioeconomic 
and environmental sectors in the face of extreme cli-
matic conditions. Mitigation actions insert Mexico 
in a global movement of GHG emissions reduction 
throughout the planet. The main mitigation activities 
are conducted by the country by virtue of specific na-
tional policies, as is the case in the energy sector for 
the gasification programs, diversification of sources, 
and increase in efficiency and energy-saving. In other 
sectors, the reforestation programs contribute toward 
the same purpose. In addition, by means of projects 
coordinated within the CDM and with other instru-
ments directed toward the same goal, our country 
contributes, as far as its capacities allow, to the pre-
vention of dangerous climate changes. It is expected 
that in the near future, the number of actions in this 
direction may increase so that the impact of Mexico’s 
work can be greater.

CICC approved the preparation and later the con-
tent of the document titled “Toward a National Strat-
egy of Climate Action”, which contemplates two main 
aspects in facing Climate Change: mitigation and ad-
aptation.

In order to consolidate the National Strategy of 
Climate Action, above and beyond individual projects, 
what is required are structured programs to channel 
all national efforts in the area to a common end: that 
of reducing the risk of climate change.

To consolidate this National Strategy of Climate 
Action over the next few years, financing is required 
in order to expand national actions in the identifica-
tion of programs and projects leading to emissions 
reduction by sources and increasing sequestration by 
sinks; and in order to select and implement adapta-
tion actions. These will include specific technologies 
to be used, materials and equipment required, and 
techniques and practices necessary for applying them. 
Additional increases in costs for reducing emissions 
and/or increasing GHG sequestration will be calcu-
lated, as will the benefits associated with these. The 
Strategy must also have funds for monitoring and 
evaluating its further development and for undertak-
ing the implementation of new projects. The devel-
opment of a program to communicate the advances 
obtained at national level will be very useful.
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I. National Context

Geographical Characteristics

Location

The United Mexican States (the official name for Mex
ico) is located in the northern part of the American 
continent (Figure I.�). The limiting coordinates that 
form a frame of Mexican territory are: �4° 32’ 27”, 
south of the mouth of the Suchiate River, on the Gua
temalan border; 32° 43’ 06”, to the north, at Monu
ment 206, which is the point furthest north of our 
border with the United States of America (USA); 86° 
42’ 36”, at the southeast end of Isla Mujeres; and to 
the west, ��8° 27’ 24”, at Elephant Rock on Isla Guada
lupe, in the Pacific Ocean (INEGI, 2006a).

Mexican territory covers �,964,375 km2, of which 
�,959,248 km2 are continental and 5,�27 km2 insular. In
sular territory is made up of 37� islands, reefs and cays. 
Mexico’s coastline is ��,�22 km long, and its international 

borders measure 4,30� km. The surface area of Mexican 
seas adjacent to the continent and forming part of na
tional territory is 209,000 km2 (CONABIO, �998).

Mexican territory is distributed into equal parts 
on each side of the Tropic of Cancer.

Mexico has borders to the north and south:

• To the north it is bounded by the USA along a bor
der 3,�52 km long that runs from Monument 206, 
northeast of Tijuana, to the mouth of the Río Bra
vo [Río Grande] in the Gulf of Mexico. The states 
along Mexico’s northern border are Baja Califor
nia, Sonora, Chihuahua, Coahuila, Nuevo Leon 
and Tamaulipas (CONAGUA, 2005).

• To the south, the border with Guatemala is 956 km 
long and with Belize, �93 km. The states along the 
country’s southern border are Chiapas, Tabasco, 
Campeche and Quintana Roo.
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It should be mentioned that more than 65% of the 
country’s territory is over a thousand meters above sea 
level, and nearly 47% of its territory has slopes steeper 
than 27%, a factor that illustrates the irregular relief 
of Mexican territory (CONABIO, �998).

Climate

The Tropic of Cancer forms, approximately, the tran
sition line between the arid/semiarid climates located 
towards the north, and the humid/semihumid cli
mates influenced by the Trade Winds and by tropical 
hurricanes towards the south (CONABIO, �998).

a) Very arid, arid, and semiarid areas occupy 56% of 
national territory and are located in the northern 
and central parts of the country. These areas are un
der the extratropical, highpressure belt that forms 
a strip where the air descends and hinders cloud
formation and inhibits the presence of rains.

b) Subhumid areas cover 37% of the country’s sur
face and are found in the mountains and coastal 

plains of the Pacific, the Gulf of Mexico, and the 
northeastern part of the Yucatan Peninsula. These 
areas are under the influence of the Trade Winds.

c) Humid areas are found in the remaining 7% of the 
territory, where the rise into the mountains begins 
and the moisture from the Gulf of Mexico is de
posited, as well as in a small portion of the Pacific 
Basin at the country’s southern extreme.

The temperature categories identified in Mexico, as 
well as the percentage of coverage of national territory 
are:

i. >22°C or warm, 37%.
ii. �8° to 22°C or semiwarm, 39%.
iii. �2° to �8°C or temperate temperatures, 23%.
iv. <�2°C or semicold and cold, �%.

Rainfall along the territory’s length and breadth is 
varied. While in the north and northeast the precipi
tation barely reaches an annual average of �00 mm, 
there is an annual average in the southeast and part 

Figure i.1 Position oF Mexico in the World

Source: INEGI, 2006a.
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of the southern coast of the Pacific of 2,000 to 4,000 
mm. Historically, the national annual average precipi
tation was 773 mm for the period from �94� to 2004 
(CONAGUA, 2005).

The summerrain regime covers 66% of national ter
ritory. The intermediate one (with rains between sum
mer and winter), covering 3�%, is to be found along the 
country’s northern border and in areas in the Mexican 
tropics with heavier precipitation. The Pacific Basin and 
the Baja California Peninsula (3% of the country’s terri
tory) have a winterrain regime (CONABIO, �998).

Natural Resources

Mexico is among the countries with the greatest bio
logical diversity in the world, not only because of its 
large number of species, but also its diversity at other 
levels of biological variability, such as the genetic and 
ecosystem levels. It is estimated that between �0 and 
�2% of the species existing on Earth can be found in 
this country (PNUMASEMARNAT, 2004). Mexico’s 
extraordinary biodiversity can be explained by the 
complexity of its topography, the variety of its climates 
and the convergence of two biogeographical areas, the 
Neartic and the Neotropical.

Water Resources

Of the precipitation that falls on the country (�,�35 
km3 per year), 75% evapotranspires and returns to the 
atmosphere, and the remainder runs off in rivers or 
streams or filters into the subsoil and recharges the 
aquifers (CONAGUA, 2005). The total average natural 
water availability is 475 km3 per year; the regions with 
the greatest availability are the Southern Border and 
Central Gulf regions, with �58.3 and �02.5 km3 per 
year, respectively. As for the average natural availabil
ity per capita in 2004, two main areas in Mexico stand 
out for their respective geography and climate:

�) High availability: this is found in the south and 
southeast, and averages �3,290 m3/inhab/year. For 
example, in Campeche, water availability is 25,840 
m3/inhab/year.

2) Low availability: this is found in the country’s 
north, center and northwest and averages �,835 
m3/inhab/year. For example, in the Federal Dis
trict and the state of Mexico, water availability  
�90 m3/inhab/year  is the lowest in the country.

As can be seen in Figure I.2, there is great inequal
ity in the distribution of water, in addition to the fact 
that 77% of the population is settled, and 85% of the 
GDP is generated, in the area of low availability. It is 
estimated that the national natural availability per 
capita will drop from an average of 4,505 m3/inhab/
year in 2004 to an average of 3,808 m3/inhab/year in 
2025, without taking climate change into account, so 
that Mexico is already among the countries with low 
water availability. It should be mentioned that in the 
present Public Administration, the subject of water is 
already a national priority; thus the National Forest 
and Water Crusade is being implemented through the 
Ministry of the Environment and Natural Resources 
(SEMARNAT), and is supported by states and muni
cipalities throughout the country, in the search for 
and application of ways to conserve and recover Mexi
co’s forests, water and soils.

Among the factors that aggravate the problem of 
water availability is the lack of maintenance in the dis
tribution networks, resulting in considerable leakage. 
In addition, drinking water is used in many processes 
that could use water of lesser quality, for example for 
watering green areas, for some industrial processes, 
and for flushing toilets.

According to the National Water Commission 
(CONAGUA), in 2004, the degree of pressure on water 
resources  defined as total annual extraction / natural 
availability  was �20% in the Valley of Mexico, 86% in 
the Baja California Peninsula, and �% in the region of 
the southern border. The gross total water extraction 
climbed from 72.6 km3 in 200� to 75.4 km3 in 2004.

The agricultural sector stands out for its consider
able use of water (Figure I.3). As a result of projects to 
modernize infrastructure, irrigation mechanization 
and training, as well as heavier than expected rains in 
some districts of the country, a saving of �.95 km3 of 
water was made in the sector in 2005.
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Figure i.2 contrast betWeen Water develoPMent and Water availability

Source: CONAGUA, 2005.

Figure i.3 Water consuMPtion in Mexico by sector, 2001 and 2005

Source: Own preparation with data from the CNA, 2003; CONAGUA, 2005 and Presidencia, 2006d.
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There are about 4,000 dams with a storage capacity 
of �50 km3 of water altogether. With respect to under
ground waters, there are nearly 653 aquifers identified 
throughout national territory (CONAGUA, 2005), 
�04 of which were overexploited in 2004. Aquifers 
provide approximately 57% of national extraction for 
all uses, although due to overexploitation, the under
ground water reserve is diminishing at a rate of nearly 
6 km3 per year. There are �7 aquifers with problems 
of saline intrusion located in the states of Baja Cali
fornia, Southern Baja California, Colima, Sonora and 
Veracruz.

The supply of drinking water in 2000 was 3�2,007 
liters per second (l/s) and serviced 83 million inhabit
ants (87.8% of Mexican population). For 2005, these 
figures rose to 324,470 l/s and 87.2 million people ser
viced (89.5% of the population). In the period 2000
2005, coverage of the service in urban areas rose from 
94.7% to 95.2% and, for rural communities, from 
68.2% to 7�.5%. Coverage of the sewage system in the 
country was 76.2% in 2000 and 77.2% in 2005 (92.�% 
in urban areas and 47.5% in rural areas) (CNA, 2003; 
CONAGUA, 2005, Presidencia, 2006d).

Waste water

In 200�, urban centers produced 252 m3/s of waste
water; 80% was collected by sewers and, of this per
centage, only 26% received some form of treatment. 
For 2003, 255 m3/s were produced, and 79.6% was col
lected in the sewage system.

Industry, for its part, discharged �7� m3/s of waste
water in 200� and 258 m3/s in 2003; �0% was treated 
for reuse (CNA, 2003 and CONAGUA, 2005).

In 2004, �,�82 municipal waste water treatment 
plants were in operation (CONAGUA, 2005). In �994, 
there were �77 industrial wastewater treatment plants; 
for �998, there were already �,354 plants, and by 2004, 
�,579 plants were in operation.

Soils

Almost two thirds of the country’s soil is unsuitable 
for agriculture, because it is made up of leptosols, 

regosols and calcisols, which contain little humidity, 
are shallow and have low fertility due to a high cal
cium content (PNUMASEMARNAT, 2004).

Water erosion affects 37% of national territory, 
wind erosion �5%, and chemical degradation 7%. Wa
ter erosion produces: loss of topsoil (25.3% of the sur
face affected), followed by land deformation (��.6%), 
and sedimentation (0.�%). Wind erosion, on the other 
hand, causes loss of topsoil (�4.6%) and land deforma
tion (0.4%). Of the territory affected by wind erosion, 
most of the soil is in a light (36.3%) and moderate 
(34.4%) state of degradation, while 20.5 and 8.7% of 
the soil affected by this type of erosion is degrading at 
severe and very severe rates, respectively.

The main causes of soil degradation in this country 
are overgrazing, deforestation, and land use change, 
due mainly to farming activities (Figure �.4).

Biodiversity

Mexico is among the top five countries known as 
“megadiverse” that are home to between 60 and 
70% of all known biological diversity on the planet. 
The combined diversity of species in Mexico repre
sents approximately �2% of the world’s total. In this 
country there are 23,522 known species of plants, 530 
mammals, 804 reptiles, �,�07 birds and 77,307 insects, 
among others. The study of most groups of species has 
not been concluded and it is thought that the coun
try’s diversity might be even greater. A special com
ponent of Mexico’s biodiversity is the high proportion 
of species endemic to the country, illustrated by the 
fact that (land and sea) mammals are 32% endemic 
and at least half of the flora cannot be found in any 
other part of the world (CONABIO, 2006a).The meth
ods and intensity of agricultural land use, leading to 
habitat transformation, constitute the factor of great
est impact on Mexico’s biodiversity, as they reduce the 
number of species and increase the risk of extinction 
of endemic species, and the loss of plant and animal 
populations. Other direct causes of the loss of natural 
capital are pollution of the ecosystems, the introduc
tion of invasive species, and climatic variability. Di
rect factors would include population dynamics.
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Since �997, the National Commission for the 
Knowledge and Use of Biodiversity (CONABIO) 
has worked on both the Country Study and the 
formulation of the National Strategy; as a result, 
since �998, Mexico has had the document known as 
“Mexico’s Biological Diversity, Country Study”. At 
the present time, the CONABIO is coordinating the 
preparation of the Second Country Study, which will 
be published in 2007. The document will include a 
characterization of the ecosystems and biodiversity 
that they host, the changes and trends witnessed in 
recent years, as well as the factors responsible for 
these changes; public policies, the types of use of 
natural resources and the regulations established to 
respond to the need for conservation and a sustain
able management of Mexico’s biological diversity, 
and the effectiveness that these have had in the last 
few years; it will also include an analysis of recom
mended economic, demographic and public policy 
scenarios and their possible repercussions on the 
conservation and sustainable management of the 
country’s ecosystems. More than 400 Mexican au
thors, experts in different disciplines, are partici
pating.

In addition, in the year 2000, Mexico’s National 
Biodiversity Strategy was drawn up, thereby becom
ing the general framework that was to orient national 

policies for the conservation and sustainable use of 
biodiversity (CONABIO, 2006b).

Loss of biological diversity

In Table I.�, it can be seen that fresh waster fish repre
sent the greatest number of vertebrate species that have 
become extinct or disappeared, with at least nineteen. 
Birds are also greatly affected, with the extinction or 
disappearance of eight species documented, mostly 
due to hunting, destruction of their habitat, and the 
introduction of exotic species. From �600 to date, the 
extinction of �5 plant and 32 vertebrate species has 
been recorded (PNUMASEMARNAT, 2004).

Forests

In this country there are nine types of vegetation: 
mountain mesophytic forest, xerophytic scrub land, 
grazing land, thorny forest, coniferous and oak forest, 
tropical evergreen forest, aquatic and subaquatic veg
etation, tropical deciduous forest and tropical subde
ciduous forest, distributed throughout three climatic 
areas: tropical, temperate and arid/semiarid (PNU
MASEMARNAT, 2004).

The National Forest Inventory, which is an instru
ment for ascertaining the condition of the country’s 

Figure i.4 PrinciPal causes oF soil degradation

Source: PNUMASEMARNAT, 2004.
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forest cover and for drawing up public policies re
lated to the conservation and sustainable use of for
ests, tropical forests, and arid and semiarid areas of 
Mexico, indicated in 2000 that scrubland covered the 
greatest proportion of the country’s surface area, fol
lowed by crops, rainforests, forests and grazing lands 
(Table I.2). Mexico is the country with the �2th largest 
forest area worldwide (CONAFOR, 2006a).

In 2004, the preparation of the National Forest and 
Soil Inventory 20042009 began, and so far 82% of the 
sampling has been completed; its particular feature is 
that categories and forms of measurement are stan
dardized. This process will be very useful since this 
instrument will be updated every five years, and every 
year there will be a national monitoring of areas with 
loss of forest cover (CONAFOR, 2006b).

Table I.3 shows that the rate of deforestation in 
Mexico between �990 and 2000 was 347,000 hectares/
year, taking only forests and rainforests into account. 
The projection of the deforestation rate between 2000 
and 2005 was made by assuming that the rate for 
�9902000 would remain constant although moder
ated by various programs the federal government is 
now applying to reduce its effects (CCMSS, 2006). 
Thus, in the period from 2000 to 2005, Mexico lost al
most �,302,000 hectares of forest, and the total defor
estation rate was 0.4% per year, which meant a yearly 
average loss of 260,000 hectares of forest (CONAFOR, 
2006b).

The result of this process is a degraded and under
used forest base. In addition, the conversion of fragile 
natural areas and forests for nonsustainable agricul
tural and livestock uses causes a loss of land and a 
change in humidity as a result of the overexploitation 
of lumber and nonlumber resources, which translates 
into a decrease in the productivity of forests and natu
ral areas. The greatest deforestation is concentrated in 
the humid tropic (PNUMASEMARNAT, 2004).

In the period from 2000 to 2005, Mexico fell from 
ninth to twelfth place worldwide in net annual loss 
of forest area. As for the percentage of forests that 
Mexico loses annually with respect to its total forest 
area, at the moment it occupies 6�st place worldwide, 
with the loss of 0.4% of its surface for the same period 
(CONAFOR, 2006b).

Forest harvesting

In 2000, forest lumber production fell from 9.4 mi
llion cubic meters in round logs (m3r) to 6.8 million 
m3r in 2005. Approximately 65% was sawn lumber, 
�8% pulp, 6% firewood and charcoal, and the rest 
consisted of veneer, threeply and posts. The appar
ent national consumption for 2005 was �6.9 m3r, 
that is to say 84% more than in 2000 (Presidencia, 
2006d).

table i.1 nuMber oF Plant and vertebrate sPecies that have becoMe 
extinct in Mexico since the year 1600

 Group Extinct species

 Plant �5
 Fish �9
 Anphibian �
 Reptile 0
 Bird 8
 Mammal 4
	 Total	 47

Source: PNUMASEMARNAT, 2004.

table i.2 ecological zones and Percentage 
oF area oF each ForMation in Mexico, 2000

Formation  Surface area

 km2 %
 
Crops 456,870 24
Forests 328,507 �7
Rainforests 307,349 �6
Scrubland 554,5�8 28
Grazing land �88,473 �0
Hydrophytic vegetation 20,826 �
Other types of vegetation 6�,986 3
Other cover 23,455 �
Total	 1,941,984	 100

Source: PNUMASEMARNAT, 2004.
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Rural communities have been involved in the man
agement of their forest resources and there are 8,500 
ejidos (communal lands) whose residents are owners 
of 80% of the rain forests (CONAFOR, 2006b).

Use of firewood

Firewood represents 90% of rural household con
sumption, with 28 million Mexicans dependent on 
this fuel for cooking. It is estimated that household 
consumption of firewood amounts to 37 million m3 
per year, a figure higher than the timber production 
authorized in national territory. Between 85 and 90% 
of rural homes burn firewood. The distribution of fire
wood consumption throughout national territory in
dicates that the states that consume the most firewood 
are those with a high level of rural, indigenous popu
lation with a considerable degree of exclusion. Projec
tions for Mexico indicate that firewood consumption 
will remain practically stable over the medium term 
(PNUMASEMARNAT, 2004).

Forest fires

Every year forest fires of varying sizes occur through
out the country, mainly during the annual dry season, 
between December and August. In 2005, there were 
9,709 forest fires, which represented an increase of 
�3.46% over the year 2000 (Figure I.5). The annual av
erage for the period was 7,880 fires. The average annual 
surface area affected was 208,533 hectares (SEMAR
NAT, 2006a). For the first six months of 2006, there 

were 8,569 forest fires recorded in the country’s 32 
federal entities (states and federal district), affecting 
a surface area of 234,745 hectares. Most of the surface 
affected was covered by grazing land, herbaceous veg
etation, bushes and forested areas. The most frequent 
causes of the forest fires were agricultural activities 
(42.07%), hikers’ bonfires (�0.5%), smokers (9.35%), 
forest activities (3.65%), burning of garbage dumps 
(2.52%), poachers (2.3�%), rights of way (2.24%), and 
unspecified causes (27.36%). Of the total number of 
fires that occurred, 83.0% lasted one day, �2.9% be
tween two and three days, 2.9% from four to seven 
days and �.2% more than seven days.

Due to the damage caused by forest fires in �998, 
in Mexico’s natural areas, the CONABIO implemen
ted the “Program for the detection of heat points by 
means of remoteperception techniques” beginning 
in �999, and it is continually being updated. Among 
the achievements attained is collaboration in the early 
detection of forest fires, the training of 60 people in 
the use of the program, and collaboration with all 
the Central American countries. It is envisioned that, 
with the Program, it will be possible to analyze the 
behavior of the vegetation and the relationship of this 
dynamic to the occurrence of forest fires, to prepare 
the cartography of burnt areas, and to have technol
ogy transfer (CONABIO, 2006c).

Seas and coasts

Mexico has 23�,8�3 km2 of territorial sea and nearly 
3,�49,920 km2 of exclusive economic zone, between the 

table i.3 change in Forest area, 1990-2005 (hectares)

 Change in forest Rate of deforestation % Forest  Hectares
 area(hectares) ha/year  Characteristics

�990 69,0�6,000 �9902000 347,000 0.5 Total 64,238,000
2000  65,540,000 20002005 260,000 0.4 Primary 32,850,000
2005 64,238,000    Modified natural 30,330,000

Source: Own preparation based on Mongabay, 2006; CCMSS, 2006 and CONAFOR, 2006b.
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two ocean basins, which represents almost 50% of con
tinental territory. The coastal zone is inhabited by ap
proximately �5% of the country’s population and some 
of its towns show the greatest rates of population growth 
in Mexico (2.8% on average) (SEMARNAT, 2006b).

Of the country’s 32 federal entities, seventeen have 
a coastline. The length of the coastline in these states, 
not including insular territory, is ��,�22 km, 7,828 
km of which belongs to those states with access to the 
Pacific Ocean and the Gulf of California, while those 
states that border the Gulf of Mexico and the Carib
bean Sea have 3,294 km of coastline.

Along the Mexican coastlines, there are a number 
of activities that are integral to national and regional 
economic development. Concentrated in these zones 
are 95% of oil production; 80% of natural gas; 80% 
of the exports that leave the country through natio
nal ports; more than 60% of foreign tourism; 50% of 
electric power production; river and industrial fish
ing; agriculture and the extraction of salt, sand and 
limestone.

The main problems affecting Mexico’s coastal 
zones include: the loss of habitat in tidal areas, dunes 

and cliffs due to deforestation, to landuse change for 
urban, port and tourist developments, and to mining 
or filler for construction; the disappearance or reduc
tion of wetlands (marshes, mangrove swamps, ham
mocks and seagrass beds) due to changes in landuse 
or from obstruction and sedimentation, as a result of 
the alteration of beds upbasin (dams, deforestation); 
deterioration of the landscape and water quality; fires; 
conflicts among the farming, tourist, industrial, fish
ing, aquacultural and mining sectors; and a deficit in 
employment and problems of delimitation, regulation 
and inspection and surveillance, due to irregular oc
cupation of the Federal Maritime Terrestrial Zone.

Mangrove swamps

Mangrove swamps are ecosystems that provide vari
ous services to the environment, including, in par
ticular: carbon sequestration, the natural treatment 
of waters with high contents of organic matter, and 
protection of coasts from erosion, since they function 
as a natural barrier against hurricanes. They also rep
resent important breeding, shelter and feeding places 

Figure i.5 Forest Fires and surFace area aFFected, 1997-2006

p Figures for the period from Jan to July
Source: Presidencia, 2006d.
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for species of commercial importance, for marine mi
croorganisms and for resident and migratory birds. 
In addition, mangrove swamps provide local towns 
in the coastal zones with resources such as charcoal, 
firewood, wood and materials for roofbuilding. From 
the social point of view, mangrove swamp ecosystems 
are a source of employment and generate revenues de
rived from the productive activities that are carried 
on there such as shrimp, fish, mollusk and crustacean 
fishing (SEMARNAT, 2006b).

In the year 2000, the mangrove swamp area com
prised 880,000 hectares. Approximately 62% of this 
was located along the Atlantic and 38% along the 
Pacific coasts. Mangrove swamp cover along Mexi
can coasts has been considerably affected in recent 
years. There are references giving an estimate of the 
annual rate of national mangrove swamp cover loss 
that range between 2.9 and 5.0%. Recently, the INE’s 
General Directorate of Ecological Landuse Planning 
and Ecosystem Conservation made a preliminary es
timate of the average yearly rate of mangrove swamp 
loss at 2.5% (INE, 2005). The projection to the year 
2025 at that same rate shows a loss of 50% of the cover 
calculated for the year 2000. At the moment there is a 
modification to Norm 022 in process that will seek to 
prevent the new tourist developments from affecting 
or modifying the environmental services offered by 
mangrove swamps (CEMDA, 2006).

Wetlands

In Mexico, wetlands, which are recharging sites for 
aquifers, are mainly threatened by either agricultural 
activities or urban developments. This was the rea
son the National Wetlands Committee was formed in 
2005, in order, among other things, to produce guide
lines and recommendations for the management of 
these ecosystems. For its part, the National Forest 
Commission (CONAFOR), together with CONA
GUA, the National Institute of Statistics, Geography 
and Informaties (INEGI), the Ministry of the Envi
ronment and Natural Resources (SEMARNAT), the 
National Institute of Ecology (INE), and CONABIO, 
among other institutions, are promoting a National 

Wetlands Inventory that will be a very useful tool to 
help locate, quantify and ascertain the state of the 
country’s wetlands and to assist in decisionmaking 
(CONAFOR, 2006c).

Coral reefs

In Mexico, six zones of coral reefs are recognized: the 
west coast of the Baja California Peninsula and the Gulf 
of California; the Islas Marias and Revillagigedo; the 
southern Pacific coast; the banks located opposite the 
coasts of Veracruz and Campeche in the Gulf of Mexi
co; the barrier opposite the coast of Quintano Roo; and 
Cozumel Island and the Chinchorro Bank, which forms 
part of the MesoAmerican BarrierReef System, the 
second largest in the world. It is estimated that the area 
of warmwater coral reefs in the country covers nearly 
�,780 km2, that is to say, nearly 0.63% of the total area 
worldwide for that type of reef (SEMARNAT, 2006b).

Productive activities have had direct and indirect 
impacts on these ecosystems. The effects of popula
tion growth in the coastal zones, such as marine pol
lution from landbased sources, the overexploitation 
of fisheries, and tourism are some of the factors in 
their deterioration.

In 2006, the SEMARNAT announced the National 
Environmental Policy for the Sustainable Development 
of Oceans and Coasts (PANDSOC), whose mission it 
is to produce an administrative framework linking the 
country’s economic sectors with government in order 
to create an integrated plan of action with a focus on 
ecosystems. PANDSOC establishes the bases for sus
tainable development based on the appropriate use and 
exploitation of natural marine and coastal resources.

Thus, the country is on its way toward fulfilling its 
commitments acquired in the United Nations Confer
ence on the Environment in �992 (Rio Summit), and 
in the World Summit on Sustainable Development in 
Johannesburg in 2002.

Natural risks

Mexico and, in particular, its coasts show variable vul
nerability to the impact of different natural phenom
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ena, mainly hurricanes and floods, as well as landslides 
and earthquakes (Figure I.6). This is due to climatic 
characteristics deriving from the country’s geographi
cal situation in the subtropical area, to the geomorpho
logical characteristics and the dynamics of the tectonic 
plates that cause earth tremors and tidal waves, and 
locally to the factors associated with the state of the 
vegetation and the physiography. Other fundamental 
factors of vulnerability to natural risks are the concen
tration of population and productive development.

Major natural risks include cyclones or hurricanes 
due to their annual effects on the population, the in
frastructure and the coastal ecosystems, mainly from 
May to November, causing floods, major economic 
losses, and even loss of human lives. Table I.4 shows 
the effects of the phenomena that occurred in 2005.

Extreme hydrometeorological phenomena

Mexico has a high incidence of cyclones because it is 
located in four of the six cyclonegenerating regions in 

the world (SEGOBCENAPRED, 2006). In areas near 
Mexico, tropical cyclones originate in the Atlantic 
Ocean, where there is an average of �� tropical cyclones 
per season, six of which reach the hurricane category, 
while in the Northeast Pacific Ocean, there is an aver
age of �5 tropical cyclones per season, 8 of which reach 
the hurricane category (INEIMTA, 2006).

Between �980 and 2004, 92 tropical cyclones hit 
the coasts of Mexico, 42 of which had acquired hur
ricane intensity by the time they reached land. Every 
year, an average of 3.8 of these phenomena affect the 
country, �.4 of them along the coast of the Gulf of 
Mexico and the Caribbean, and 2.4 along the Pacific 
coast (CONAGUA, 2005).

The hurricanes that approach from the south of 
the Gulf of Mexico have been more severe during the 
past twenty years, for example Gilbert in �988; Gert in 
�993; Opal and Roxanne in �995; and Isidore in 2002 
(YánezArancibia A. and J. W. Day 2005a). In the last 
five months of 2005, twentythree tropical storms and 
hurricanes were recorded, an occurrence that had 

Figure i.6 natural risks recorded in Mexico, FroM 1929 to 2004

Source: SEGOBCENAPRED, 2006.
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never been witnessed before over such a short period of 
time in the Gulf of Mexico (YánezArancibia A. and J. 
W. Day 2005b). In September and October, hurricanes 
Emily, Stan and Wilma materialized, causing serious 
damage in Tamaulipas, Nuevo Leon, Yucatan, Vera
cruz, Hidalgo, Puebla, Oaxaca, Chiapas and Quintana 
Roo (Table I.5). The rise in average sea level produced 
by winds and the volume of water driven by Wilma in 
Quintana Roo was of a devastating magnitude. Under 
normal conditions, the height of the waves and the wind 
velocity are 2 m and 4 m/s, respectively, while during 
the event there were waves �0 m high, and a wind with 
a speed of 30 m/s (SEGOBCENAPRED, 2006). Quin
tana Roo, the most important tourist center in Mexico, 
is visited annually by 3 million tourists and contributes 
more than a third of the country’s entire tourist rev
enues, $3.280 billion dollars. After hurricane Wilma 
had passed through the state, 287 hotels were affected, 
the accommodation availability decreased by 60% with 
�6,384 rooms damaged, and $�60 million dollars in 
income was lost per month. Another significant result 
was the erosion of the beaches.

Population

Mexico is made up of 3� states and a Federal District 
(D.F.), which are in turn made up of 2,446 munici
palities (including the �6 delegaciones or political dis
tricts of the D.F.). There are �99,39� towns and cities 
in the country, of which �78 have 50,000 inhabitants 

or more; 2,863 towns have between 2,500 and 49,999 
inhabitants; in 47,77� there are from �00 to 2,499 in
habitants; and in �48,579 villages there are fewer than 
�00 inhabitants (CONAGUA, 2005).

The country’s total population grew from 97.5 to 
�03.3 million inhabitants in the period from 2000 to 
2005. The average rate of annual population growth 
in this period was �.�9% (Figure I.7). In 2005, males 
formed 48.7% of the total population and females 
5�.3%. Urban population represented 74.6% of the to
tal population in 2000 and 76.5% in 2005. The coun
try’s growth rate places it 83rd among nations that, 
with a hundred thousand or more inhabitants, show 
the smallest population growth. The Federal District 
is the federal entity from which most Mexicans mi
grate, while Baja California has become one of the 
destinations for migrants (CONAPO, 2002; INEGI, 
2006b and Presidencia, 2006d).

The birth rate fell from 23.7 to �9.0 births per thou
sand inhabitants between 2000 and 2006. The overall 
fertility rate was 2.7 children per woman for the year 
2000 and 2.2 for 2006 (INEGI, 2006b and Presidencia, 
2006d).

General mortality increased slightly, rising from 
4.7% to 4.9% between 2000 and 2006. At the same 
time, Mexicans’ life expectancy increased from 74.0 
to 74.5 years in the same period, which is equivalent 
to an annual reduction in the risk of death of 0.�% 
for both sexes. Infant mortality, on the other hand, 
decreased �8.8%, falling from 233 to �90 deaths per 

table i.4 eFFects oF the PhenoMena that occurred in Mexico in 2005

Phenomenon Casualties Population Homes Schools Area Roads  Total  Total
  affected  damaged damaged of crops and affected damages  percentage
  (persons)   /or grazing (km) (Million
     land damaged  pesos)

Hydrometeorological 203 8�8,397 �27,37� 2,605 �,09�,88� 2�,324 45,096.0 99.3
Geological 25 72� 96 0 0 0 �.4 0.0
Chemical 93 6,03� �02 0 276,09� 0 284.4 0.6
Sanitation 0 �4 0 0 0 0 0.0 0.0
Socioorganizational �97 �,369 �3 0 0 0 44.4 0.�
Total	 518	 826,532	 127,582	 2,605	 1,367,972	 21,324	 45,426.2	 100.0

Source: SEGOBCENAPRED, 2006.
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table i.5 eFFects oF the Most destructive hurricanes in Mexico, 1980-2005

Date Phenomenon States Casualties Homes Total 
  Affected  Affected (Millon
     dollars)

September, �998 Gilbert Coahuila, Campeche, Nuevo Leon,
  Quintana Roo, Tamaulipas, Yucatan 240 9,739 76
September, �993 Gert Hidalgo, San Luis Potosi,
  Tamaulipas, Veracruz 40 5,000 �8
September, �995 Opal Campeche, Quintana Roo, Tabasco,
  Yucatan �4 35,229 �25
October, �995 Roxanne Various states 29 33� 24�
October, �997 Paulina Oaxaca, Guerrero 228 54,500 448
September, 200� Juliette Sonora, Southern Baja California 9 �9,079 �89
September, 2002 Isidore Yucatan, Campeche 4 89,68� 920
October, 2002 Kena Jalisco, Nayarit 2 472 �29
August and September, 2003 Ignacio
 and Marty Southern Baja California 8 2,488 7�
August and September, 2005 Emily Tamaulipas, Nuevo Leon, Yucatan,
  Quintana Roo 0 34,565 403
October, 2005 Stan Hidalgo, Puebla, Oaxaca, Veracruz,
  Chiapas 98 58,252 �,934
October, 2005 Wilma Yucatan, Quintana Roo 93 28,980 �,724

Source: SEGOBCENAPRED, 2006.

Figure i.7 total PoPulation and average annual groWth rate, 1990-2050

Source: Own preparation with data from CONAPO, 2002, and INEGI, 2006b.
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thousand births in infants under one year of age from 
2000 to 2005.

With respect to population density, the National 
Council of Population (CONAPO) estimates that the 
national average was 50.0 and 53.3 inhabitants per km2 
for 2000 and 2006, respectively. The Federal District 
occupies the smallest territory and has the greatest 
number of people, so that it is the federal entity with 
the greatest density of population  5,972 inhabitants 
per km2 in 2005. At the other end of the spectrum is 
South Baja California, located in the most isolated 
peninsular tip; though not one of the largest states in 
area, it has the lowest population density with only 7 
inhabitants per km2.

Distribution

The five main metropolitan areas of the country are 
the Valley of Mexico, Guadalajara, Monterrey, Puebla
Tlaxcala and Toluca, which altogether are inhabited 
by 28.7% of the country’s total population. The met
ropolitan area of the Valley of Mexico remains the 
largest urban settlement, with �8.5 million residents, 
representing a concentration of �7.9% of the nation’s 
population (CONAPO, 2002 and Presidencia, 2006d).

Within the national urban system, the rates of 
growth of five cities stand out particularly: Playa del 
Carmen (9.37%) and Cancun (4.52%) in Quintana 
Roo, San Jose del Cabo (5.73%) and Cabo San Lucas 
(5.7�%) in Southern Baja California; and Ciudad Acu
ña (4.33%) in Coahuila. The first four reflect the dy
namism of the country’s main tourist centers, and the 
last shows the strong attraction that the promotion of 
the assembly plant (maquiladora) industry along the 
northern border holds for the population in the rest of 
the country.

In contrast, the population fell in more than 
�82,000 rural towns (with fewer than 2,500 inhabit
ants), decreasing from 25.4% of the total population 
in 2000 to 23.5% in 2006. Oaxaca is the state with the 
highest percentage of rural population, with Nuevo 
Leon at the opposite end of the spectrum.

Regarding the population’s geographical distribu
tion, most inhabitants live in the temperate (42%) and 

arid (32%) areas, with the rest of the population locat
ed in the tropic (26%) (PNUMASEMARNAT, 2004).

Future population

The CONAPO estimates that the country’s population 
 counted halfway through the year indicated  will 
increase to ���.6 million in 20�0, �27.2 million in 2030 
and �29.6 million in 2050. The rate of total growth 
in turn will fall to 0.88% in 20�0, 0.38% in 2030 and 
0.�7% in 2050. The overall fertility rate will fall from 
�.97 children per woman in 20�0 to �.85 children per 
woman in 2050 (CONAPO, 2002).

People of working age (�5 to 59 years) and older adults 
(60 years or more) will represent an increasing propor
tion of the population. The average age nationwide was 
26.6 years in 2000, 28.3 in 2005, and will increase to 30.2 
in 20�0, 37.0 in 2030 and 42.7 years in 2050. This aging 
process can be seen more precisely in the sequence of 
population pyramids shown in Figure I.8.

In the foreseeable future, the urbanization process 
is expected to follow its course, though at a slower 
pace. The national urban system will increase to 76.2 
and 90.2 million inhabitants in 20�0 and 2030, respec
tively, that is to say, 68.2 and 70.9% of the country’s 
total. It is predicted that in the next 27 years, six more 
cities will reach a population of one million inhab
itants: the metropolitan areas of Queretaro in 20�0, 
Merida in 20�4, Cuernavaca in 20�7, San Luis Potosi 
in 20�8, Aguascalientes in 202� and the city of Mexi
cali in 2027 (CONAPO, 2002).

According to one prediction, more than 60% of the 
rural population could be concentrated in only eight 
states, by the year 2030: Chiapas (��.0%), Veracruz 
(�0.5%), Oaxaca (8.4%), Puebla (7.�%), Guanajuato 
(6.2%), the state of Mexico (6.0%), Guerrero (5.7%) 
and Michoacan (5.4%).

Indicators of Social Development

Poverty

The official methodology adopted by the Mexican 
government to define poverty since 2002 has included 
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three poverty lines: the first, known as “food pov
erty”, identifies the sectors of the population whose 
income is less than that necessary to acquire a suffi
cient shopping basket of food. The required monthly 
income was $739.6 and $548.�7 pesos (at 2004 prices) 
per person for urban and rural areas, respectively. The 
second line is known as “poverty of capacities” and 
refers to the income that makes it possible to cover the 
minimum food necessities, but is insufficient to make 
the necessary investment in education and health for 
each member of the household. The monthly income 
established was $909.7� and $65�.77 (in 2004 pesos) 
per person for urban and rural areas, respectively. Fi
nally, the third line is known as “patrimony poverty” 
and refers to the sectors of the population that have 
enough income to cover their minimum food, educa
tion and health necessities (above the capacity pov
erty line), but are not able to acquire the minimum 
levels of acceptable housing, clothing, footwear and 
transportation for every member of the household. 
The income established for this poverty line was equal 
to $�,487.34 and $�000.4 (in 2004 pesos), respectively 
(SEDESOL, 2005).

Based on the figures presented in Table I.6, the low
est percentage of the population in conditions of pover
ty in the country’s recent history was reached in 2004. 

The total number of poor is less than 50% of the total 
population. Poverty in this country is an important 
challenge and is associated with inequality and social 
exclusion, mainly among indigenous groups (44% of all 
native people are at the poorest end of the income scale 
and suffer the greatest levels of deprivation in terms of 
health, education and access to basic services).

Human Development Index

The Human Development Index (HDI) was proposed 
by the United Nations Development Programme 
(UNDP) as a reference point in assessing countries’ 
progress in this area. This index combines three ele
ments: Gross Domestic Product (GDP) per inhabitant 
and health and education indices. Zero represents the 
minimum reference value and corresponds to a major 
deficiency; an index near one means that, on average, 
the population’s development is near the desirable lev
el. According to the Report on Human Development: 
Mexico 2004 (PNUD, 2005), important inequalities 
exist at both the regional and state levels. Although 
the country as a whole has an HDI of 0.7937, close to 
that of countries with a high level of human develop
ment, only the northeastern, northwestern and cen
tral parts of the country reach an HDI considered to 

Figure i.8 PoPulation distribution PyraMids For Mexico by age, 2000-2050

Source: CONAPO, 2002.
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indicate high development, while the rest of the coun
try falls into the intermediate category (INE, 2004). 
Fourteen states show a high HDI level, of which the 
Federal District has the best level, with 0.8830; Nuevo 
Leon 0.845�, Coahuila 0.8284, Southern Baja Califor
nia 0.8269, Aguascalientes 0.8246 are located in the 
northern region, and Campeche 0.8�89 and Quintana 
Roo 0.8238, in the southern. At the other extreme, the 
five states that suffer the greatest deficiency are Chi
apas 0.7076, Oaxaca 0.7�64, Guerrero 0.7296, Michoa
can 0.7422 and Veracruz 0.7457.

Exclusion Index

The Exclusion Index (EI) developed by CONAPO is 
the best available indicator of poverty in Mexico. It is 
based on nine socioeconomic indicators�  of social de
privation and is widely used throughout the country 
to establish highpriority social policy measures at the 
different levels of government. The EI is not compa
rable at the international level. Since the EI is based 
on census data, it will be necessary to wait until 20�0, 

when a general population census is carried out, to 
bring it up to date (INEE, 2004).

In the year 2000, the EI, taken state by state, was 
located between �.5294 for the Federal District and 
2.2507 for Chiapas. The lower the value of the index, 
the lower the proportion of young and adult popula
tion in conditions of geographical isolation.

• Elevated EI: in the year 2000, 20% of the national 
population was distributed throughout five states 
with the highest EI (Chiapas, Guerrero, Oaxaca, 
Veracruz and Hidalgo), and their illiteracy rates 
were the highest in the country. In the first three 
states mentioned, more than 40% of the popula
tion failed to finish primary school.

• High and medium EI: 23% of the national population 
was located in the entities with a high degree of ex
clusion (San Luis Potosi, Puebla, Campeche, Tabas
co, Michoacan, Yucatan, Zacatecas, Guanajuato and 
Nayarit); 8.8% of the national population was settled 
in entities of medium exclusion (Sinaloa, Quintana 
Roo, Durango, Tlaxcala, Morelos and Queretaro).

table i.6 PoPulation and Poverty in Mexico, 1989-2004

Year Total population Population (%) By type of poverty (millions)*

 Poor* Not poor Food Capacities Patrimony

�989 83.67 53.40 46.60 �9.00 24.50 44.70
�992 88.76 52.60 47.40 20.00 24.90 46.70
�994 92.04 55.60 44.40 �9.40 27.�0 5�.20
�996 95.�0 69.60 30.40 35.30 43.�0 66.20
�998 97.92 63.90 36.�0 33.20 39.90 62.60
2000 �00.57 53.70 46.30 24.30 32.�0 54.00
2002 �03.04 50.60 49.40 20.90 28.20 52.�0
2004 �05.57 47.00 53.00 �8.30 26.00 49.60

* Percentage of the population below the relative patrimonial poverty line (includes food and capacity poverty).
Source: SEDESOL, 2005.

� The construction of the EI is based on the illiterate population of �5 years of age or more; occupants of private homes without drainage or private 
sanitation service; without access to electric power; without access to running water; private homes with some degree of overcrowding; occu
pants of private homes with a dirt floor; people in towns with fewer than 5,000 inhabitants and people employed with an income of up to two 
minimum wages.
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• Low EI 30% of the national population (settled in 
Tamaulipas, Sonora, Chihuahua, Southern Baja 
California, state of Mexico, Colima, Jalisco and 
Aguascalientes) experienced a low degree of exclu
sion, while �8% of the national population located 
in the Federal District, Coahuila, Baja California 
and New Leon, experienced the lowest rates of ex
clusion.

During the last decade of the 20th century, four 
states widened the gap with respect to the Federal 
District: Guerrero (6%), Campeche (3%), Nayarit (2%) 
and Southern Baja California (�%). On the other hand, 
seven states considerably narrowed the gap: Nuevo 
Leon (56%), Coahuila (48%), Aguascalientes (30%), 
Baja California (24%), Queretaro (23%), Tamaulipas 
(22%) and Quintana Roo (2�%).

Health

The 2.6% of the GDP that is invested in health as a 
public expense has not varied in the period 2000
2006.

With the recent Law Reform in Mexico, a health 
system now exists that will be available to all Mexi
cans which will be made up of three public insurance 
programs:

�. The Mexican Institute of Social Security (IMSS) is 
intended for salaried workers in the formal, pri
vate sector of the economy. This insurance offered 
medical care to 46.53 million people in 2000 and 
47.54 in 2006, approximately 45.7% of the popula
tion (SSA, 2005 and Presidencia, 2006d).

2. The Institute of State Workers’ Social Security 
and Services (ISSSTE) is an insurance program 
for people working for the state. The number of 
people subscribed was �0.07 and �0.77 million, in 
2000 and 2006, respectively (�0.6% of the popula
tion).

3. The Popular Health Insurance (SPS): as of January 
�st, 2004, the General Health Law was reformed 
and the System for Social Protection in Health, 
whose operational arm is the SPS, was established. 

This insurance is intended for the selfemployed, 
workers in the informal sector, and unemployed 
without access to other insurance programs. In 
only three years of operation, the SPS is already 
the second most important presence, serving ��.40 
million people, that is to say approximately ��.7% 
of the total national population (Figure I.9).

Transmissible Illnesses

Nontransmissible illnesses such as diabetes mellitus 
and cardiovascular illnesses have displaced trans
missible illnesses as the number one causes of death. 
These changes have had a very important influence 
on the health of the Mexican population and on the 
demand for medical services, since health problems 
mainly target the older adult population, specifically, 
the population over 65 years of age.

Malnutrition

Deaths arising from nutritional illnesses showed a 
favorable trend, decreasing by 5.2% over the period 
from 2000 to 2006 to reach a rate of 6.9 per �00 thou
sand children in the last year, lower than the rate of 
�2.� reported at the beginning of the presidential 
term. Activities in the social programs have contrib
uted towards reducing nutritional deficiencies in the 
child population (Presidencia, 2006d).

Infant Mortality

In the last 25 years, there have been major changes in 
the child population’s epidemiological pattern in Mex
ico. The rate of infant mortality decreased to �8 per 
�,000, a decrease of 62%. Over 70% of infant deaths 
are associated with perinatal problems or congenital 
malformations and more specifically, with respiratory 
distress in newborns, neonatal bacterial sepsis, and 
congenital heart malformations (SSA, 2004). On the 
other hand, common infections have fallen, particu
larly diarrheas, associated with 4% of infant mortality. 
Infant mortality in small, poor, rural towns can be up 
to five times greater than that of larger cities, due to 
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inequality in their access to primary clinics (Aguilera 
et al, 2005).

Economy

The Mexican economy in 2005 was located in thir
teenth position at the worldwide level based on the 
Gross Domestic Product (GDP) (FMI, 2006). As for 
external trade, Mexico has been the eighth strongest 
country in the world since 2003 (Presidencia, 2006a).

In the period from 2000 to 2006, Mexico’s GDP rose 
from $�,605 billion pesos at �993 prices to $�,822 billion 
pesos at �993 prices. The real annual growth of this indica
tor with respect to the immediately previous year was 6.6% 
and 3.0% for 2000 and 2005, respectively (Figure I.�0).

For the benefit of international comparison, Mex
ico’s GDP was $262,7�0 and $768,437 million dollars 
in �990 and 2005 respectively (Presidencia, 2006d and 
FMI, 2006).

It should be pointed out that, in the year 2004, the 
Federal District contributed 2�.8% of the national 
GDP; the state of Mexico, 9.5%; Nuevo Leon, 7.4% and 
Jalisco, 6.3%.

For the period 20002006, per capita GDP rose 
from $55,788 current pesos to $87,�50 in 2006. For 
international comparison, per capita GDP grew 6.5% 
annually in the period �9902003 and rose from $4,456 
to $9,�68 dollars (Presidencia, 2006d). The challenge 
of the Mexican economy is in improving the distribu
tion of income in society, since the poorest �0% of the 
Mexican population receives only �.4% of the national 
income, while the richest �0% receives 42.8%.

Progress in the economy in 2000 was due to a rate 
of growth in the world economy that was higher than 
predicted; recovery of international oil prices; and a 
return to vigorous growth in consumption and in
vestment in the private sector. In 2005, the decelera
tion of the industrial and farming sectors constituted 
the main factor in the contraction of the country’s 
economy; the sector services advanced at an annual 
rate of 4.2%. For the first semester of 2006, industrial 
activity increased its annual rate by 5.4%, the tertiary 
sector by 5.4% and the farming sector by 2.6% (Figure 
I.��) (SHCP, 2006).

On the other hand, remittances, which are quan
tities of money sent by Mexican emigrants to their 

Figure i.9 coverage oF the health systeM in Mexico, 2005

* Ministry of National Defense, Ministry of the Marine and Petróleos Mexicanos.
Source: SSA, 2005.
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Figure i.10 evolution oF the national gdP and its real annual groWth rate, 1990-2006

* Figure from Jan to Mar, 2006, with respect to the same period in 2005.
Source: Own preparation based on the INEGI, 2006c.

Figure i.11 evolution oF gdP by subsectors, 2000-2006

p Preliminary as of year indicated. For 2006, only the first six months.
Source: Own preparation with data from the INEGI, 2006c.
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country, contributed very significant revenues during 
the period 20002006 (Table I.7).

Balance of Trade

Mexico’s balance of trade, measured as the sum of na
tional exports and imports, rose from $8,337 million 
dollars to $7,587 million dollars in the period from 
2000 to 2005. Total exports rose from $�66,�2� mil
lion dollars in 2000 to $2�4,233 million dollars in 
2005. Therefore, imports added up to $�74,458 million 
dollars in 2000 and $22�,820 million dollars in 2005 
(Presidencia, 2006d).

Mexico had twelve free trade agreements (FTAs) 
in effect with 43 countries in North America, Europe, 
Latin America and Asia, including the Economic Asso
ciation Agreement with Japan that was signed in 2005. 
Commercial agreements continued to be negotiated 
with partners in Latin America in the framework of the 
Latin American Integration Association (ALADI) and 
Mexico participated actively in commercial negotiations 
of the World Trade Organization (WTO), the AsiaPa
cific Economic Cooperation Mechanism (APEC), and 
the Free Trade Area of the Americas (ALCA).

Mexico’s total trade through the free trade agree
ments was worth $373,300 million dollars in 2005, 
�2% more than the amount for 2004, and represented 
85.8% of the country’s total commercial exchange 
(Presidencia, 2006a).

Employment

The Economically Active Population (EAP) numbered 
39.99 million in 2000 and 43.52 million in 2006. The 

unemployment rate of the EAP was 2.2% in 2000 and 
4.4% in 2006.

The primary sector, which includes agriculture, 
livestock, forestry, hunting, and fishing, was the source 
of employment for �8.2% and �2.8% of the EAP in the 
years 2000 and 2006, respectively. In 2000 and 2006, 
26.5% and �8.9% of the EAP, respectively, were work
ing for the secondary sector (extractive, electrical, 
transformation and construction industry), while for 
the same years, the rate was 55.5% and 62.5%, respec
tively, for the tertiary sector, dedicated to services and 
the government (Presidencia, 2006d).

The average nominal salary estimated by the IMSS 
was $�29.7 pesos per day in 2000, and $�97.5 in 2006. 
The extractive and transformation industries paid the 
best salaries; for example, in 2005 they exceeded those 
of the primary sector by up to �00%.

Energy

The production of primary energy in 2004 amount
ed to �0,33� Petajoules (PJ), which represented 2.6% 
more than in 2003 (SENER, 2005). The main compo
nents of this production were hydrocarbons, which 
contributed 90.6%, followed by primary electricity 
(hydro energy, nuclear energy, geothermal energy 
and wind energy), which participated with 4.�% of 
the total. Also, biomass and carbon maintained their 
contributions, which were 3.4 and �.9% respectively 
(Figure I.�2). It should be pointed out that hydro en
ergy, nonassociated gas, wind energy, condensates, 
and geothermal energy showed the greatest increases, 
with rates of 24.�, �8.6, �7.3, �6.4 and 8.2%, respec
tively.

table i.7 incoMe FroM FaMily reMittances (Millions oF dollars), 2000-2006P

 2000 200� 2002 2003 2004 2005 2006p

Total Remittances  6,572.8	 8,895.3	 9,8�4.4	 �3,396.2	 �6,6�2.8	 20,034.9	 �5,5�0.�

P: until Aug, 2006�

� Source: Bank of Mexico, 2006. Annual Report 2005, consulted at: http://www.banxico.org.mx/
Source: Bank of Mexico, 2006. Economic and Financial Indicators; consulted at: http://www.banxico.org.mx/SieInternet



National Context    2�

For the same year, nonpublic sources produced 
3.2 PJ of renewable energy (solar and wind), reflect
ing a growth of �0.9% with respect to 2003. Between 
2002 and 2003, these two types of renewable energy 
grew at an annual rate of �5.�% and 4.2%, respectively 
(SENER, 2005).

As Figure I.�3 shows, energy intensity, which in
dicates the quantity of energy required to produce a 
peso of GDP, calculated at �993 prices, was 3,986.5 
kilo Joules (kJ) in 2004, 0.9% higher than that re
corded for 2003 (SENER, 2005). For the years 2002 
and 200�, it was 3,894.4 and 4,003.7 kJ, respectively 
(SENER, 2002 and SENER 2003). Although the na
tional average energy intensity increased in 2004, the 
average annual growth rate from �995 to 2004 was 
�.3%, maintaining its tendency to fall. The increase 
in this indicator is explained by the greater final 
consumption observed in 2004 than in 2003, having 
grown 8.5% in 2004  a figure that is greater than the 
growth observed in the GDP. On the other hand, the 
energy sector consumption, including selfconsump
tion, transformation consumption, distribution loss
es, and inputs and transfers fell by 6.�% between 2003 
and 2004.

Final Consumption

National energy consumption per inhabitant in 2004 
was 64.8 million kJ, a figure that is 3.7% higher than 
the 62.5 million kJ for 2003. This is equivalent to ev
ery inhabitant in the country consuming just under 
�� barrels of crude oil per year or burning 20, �00watt 
light bulbs all year, or consuming just over 43 tanks of 
50 liters of gasoline (SENER, 2005). For 2002, this pa
rameter had a value of 6�.5 million kJ, 5.7% less than 
in the year 2000 (SENER, 2003).

In 2004, national energy consumption was 6,8�6 
PJ, 5.3% more than in 2003: 35.�% went to the energy 
sector itself, and 64.5% to total final consumption. In 
2003 the corresponding figures were 37.0 and 63.0% 
respectively. In 2002, it fell by 2.5% from 2000 to reach 
the figure of 6,276.3 PJ, 38% of which went to the en
ergy sector itself and 62% to final consumption. This 
decrease stemmed from a lower level of economic ac
tivity, and a greater intensity in the use of energy.

In 2004, the transport sector was responsible for 
46.2% of the final fuel consumption and the industrial 
sector represented 29.9%. For its part, the aggregate 
formed by the residential, commercial, and public 

Figure i.12 PriMary energy Production in Mexico, 1995-2004

Source: SENER, 2005.
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Figure i.13 evolution oF energy intensity, 1995-2004

Source: SENER, 2005.

subsectors claimed 2�.�% and the farming sector, 
2.9% (Figure �.�4).

Particularly noticeable is the growth of �3.5% in 
consumption in the transport sector, due mainly to 
the consumption of gasolines and diesel in the com
mercial truck and bus subsector. The industrial sector, 
for its part, grew 8.4% as a result of greater consump
tion in the iron and steel, chemical, sugar, cement and 
mining subsectors. The farming, residential, commer
cial, and public sectors reduced their participation in 
the total final fuel consumption.

Oil

Mexico occupied fourteenth place worldwide in 
terms of proven crude oil reserves in 2006, sixth 
place worldwide among the crude oil producing coun
tries in 2005, while among the main oil companies, 
Petróleos Mexicanos (PEMEX) was the third largest 
in the world. In terms of total sales of petroleum pro
ducts, PEMEX occupied seventh place worldwide 
(PEMEX, 2006).

Petroleum is a key hydrocarbon in the production 
of goods, in the transportation of merchandise and 
people, and for the growth of the country’s economy. 
In 2005, the production of crude oil amounted to 3.3 
million barrels daily, which represents an increase of 
�0% over the year 2000. Also, the production of gaso
line increased �9% and that of diesel 22.3% over vol
umes for the year 2000. Regarding the production of 
natural gas, in 2005 a volume of 4,800 million cubic 
feet per day was achieved, representing 2.�% more 
than in 2000. Refining capacity of �.5 million barrels 
per day remained stable over the period 20002005 
(Presidencia, 2006d).

The national oil industry is the first source of 
the country’s foreign currencies, having obtained 
$86,�63 million dollars for total sales in 2005. In the 
period 20002006, PEMEX exports grew by 70.4%. 
Imports of petroleum products came to $9,702 mil
lion dollars in 2005 and onethird of these by vol
ume were imports of gasolines, as a result of the 
growth in national demand (Presidencia, 2006b and 
2006d).
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Electricity

The effective installed capacity of electric power gen
eration was 40,504 MW for the year 2000 and 56,238 
for 2006, which meant a total growth of 38.8% in that 
interval. The CFE and LyFC contribute more than 
80% of the capacity; however, the contribution of the 
licensees  except for independent producers, who are 
included with the CFE  continues to increase (Presi
dencia, 2006d). The CFE is the company that gener
ates, transmits, distributes, and markets electrical 
power for 22.5 million customers, a figure that repre
sents almost 80 million Mexicans (80% of the national 
population) (CFE, 2006).

Electricity generation through the CFE increased 
by �0,850 MW with the starting up of operations in 30 
new electrical power stations. The hydroelectric com
pany El Cajon, which will have an installed capacity of 
750 MW, equivalent to the burning of 7.5 million light 
bulbs, is also being built in the state of Nayarit, and 
will produce an annual saving of 2 million barrels of 
fuel oil (CFE, 2006). This work, which is expected to 
be finished in 2007, together with the power generat
ing stations that started up operations, and the nine 

that are still under construction, will help guarantee 
electrical capacity for the next �0 years (Presidencia, 
2006b).

Based on estimates programmed for the end of 
2006, the electrical power infrastructure is made up 
of 734,394 km of network �4.05% more than in 2000 
 and made up of 6.55% transmission lines, 6.78% sub
transmission lines and 86.67% distribution lines.

Forecast for petroleum products 2005-2014

According to the estimate of national demand for 
petroleum products for the period 2005 to 20�4, the 
SENER predicts that, by the end of that period, there 
will be an increase of 20% over the starting year, 2005. 
This rise represents 27�.6 thousand barrels of crude 
oil equivalent (bcoe) per day. The main fuels satisfy
ing national demand will be gasolines, fuel oil and 
diesel, and to a lesser extent, turbosine and petroleum 
coke (Figure I.�5) (SENER, 2006).

Domestic demand for petroleum products will be 
greatest in the transportation and electricity sectors 
over that period of time, and lesser in the industrial 
and oil sectors. Nevertheless, at the end of the period, 

Figure i.14 evolution oF total Final energy consuMPtion and distribution by sector, 1995-2004

Source: SENER, 2005.
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the electrical and industrial sectors will reduce their 
contribution to domestic demand, while that of the 
transport and oil sectors will increase.

During this period, the processing of crude 
oil will increase by 34.5%, which is equal to 43�.7 
thousand bd. In this regard, the production of pe
troleum products projected for the end of 20�4 will 
be �,5�8.9 thousand bcoe per day, 27.8% more than 
in 2004.

In spite of the National Refining System Reconfig
uration Programs put into effect in order to increase 
the processing capacity of heavy crude oil, the supply 
of petroleum products for the next �0 years will con
tinue to be insufficient to cover the demand for fuel, 
especially gasoline demand. By the end of the period, 
the domestic demand will be �,652.8 thousand bcoe 
per day, while production will have reached a level 
of �,5�8.9 thousand bcoe per day, which means that, 
for 20�4, domestic production will be able to satisfy 
90.3% of domestic demand.

Nevertheless, beginning in 2008, a gradual de
crease will be observed in the volume of imports, 

which will reach �63.9 thousand bcoe per day in 20�4. 
The fuels that will be most imported by the end of the 
period will be gasolines, with 74.6 thousand bcoe per 
day, and fuel oil, with 82.7 thousand bcoe per day.

Transport

The transport, storage and communications sector 
contributed �0.3% of the total national GDP in 2000 
and �2.2% in 2005. The annual sectoral GDP grew by 
7.�% in 2005. In the first six months of 2006, the rate of 
growth increased to 9% in comparison with the same 
period in the previous year. This advance was the re
sult of the greater movement of imported and exported 
goods, the influx of passengers transported by land 
and by air, and the public and private investments for 
amplifying and modernizing the highway, rail, air and 
sea port infrastructures, as well as for expanding the 
communications network (Presidencia, 2006d).

This sector showed the greatest participation 
(46.2%) in energy consumption for 2004 (SENER, 
2005).

Figure i.15 ParticiPation in national Production by PetroleuM Product, 2004 and 2014.

Source: SENER, 2006.
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The infrastructure of the sector in 2005 was made 
up of 355,796 kilometers (km) of road network, 26,662 
km of electrified and nonelectrified train tracks, �,485 
national and international airports and airfields, and 
96 sea ports.

Of all the charge that is moved in this country, 55% 
is carried by truck, 34% by sea, �0% by rail, and 0.�% 
by air. From 2000 to 2006, rail transportation played a 
greater role at the expense of road transportation.

In 2000, the federal public bus transportation sys
tem carried 2,660 million people, and 2,950 million 
in 2006. For the same years, air transport carried 33.9 
and 42.2 million people, respectively, and passenger 
trains 0.33 and 0.26 million people, respectively.

The registered vehicle fleet amounted to �6.5 and 
22.2 million units in 2000 and 2005. Automobiles 

constituted the greatest percentage, and were mainly 
concentrated in large and mediumsize cities. The rate 
of growth of this type of transport was 6.4% in the pe
riod from �990 to 2000, so that for the last year in this 
period of time, �89 vehicles per thousand inhabitants 
were counted (Moreira, 2005). Figure I.�6 shows the 
number of registered vehicles by type.

Industry

The industrial sector is made up of the mining, manu
facturing, construction and electricity, gas and water 
generation subsectors, which altogether contributed 
28.8% and 26.8% of the national GDP in 2000 and 
2005, respectively (Presidencia, 2006d). Manufactur
ing production and construction contribute the great

Figure i.16 nuMber oF registered Motor vehicles in circulation, 2000-2005

n.a. Not available
p Preliminary
Source: Presidencia, 2006d.
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est percentage of the sectoral GDP, and constitute the 
industrial activities that are most sensitive to fluctua
tions in external demand.

GDP in the industrial sector grew by 6.�% in 
2000 and �.6% in 2005. The fall in GDP in the sec
tor in 2005 was the main cause for the deceleration of 
Mexico’s economic growth. The rate of growth fell in 
the country’s four subsectors, particularly in the two 
main ones, manufacturing and construction. Several 
factors caused manufacturing to decline, including, 
in particular: a weaker manufacturing sector in the 
US, the main market, throughout most of the year; 
low levels of competitiveness in several productive 
branches, in an environment of increasing supply in 
other countries, especially China, and the delay in 
the appearance of new models in the automotive in
dustry. In construction, the fall in activity during the 
year was due to a drop in demand in the construction 
of housing and officespaces, which was a response to 
an oversupply in some parts of the country (Banamex, 
2006).

Growth in industrial production in the first six 
months of 2006 accelerated at an annual rate of 5.4%. 
The greater availability of financing for homes, as well 
as the development of infrastructure projects in road, 
rail and air links, were crucial elements in boosting 
construction, which showed an annual increase of 
6.6%, the greatest expansion since �997 for a similar 
period. The manufacturing industry showed an an
nual growth of 5.4%, boosted by greater production 
of automobiles, chassis, motors, parts and accesso
ries for automobiles; products based on nonmetallic 
minerals; iron and steel industries; beer and malt; and 
electronic equipment and appliances. The increase in 
industrial activity led to greater consumption of fuels 
by the larger companies, which, together with higher 
energy demand in the residential sector, produced an 
annual growth of 4.�% in electricity, gas and water 
generation (Presidencia, 2006a).

Tourism

Tourism has grown as an important source of revenue 
that involves the other productive sectors, at the three 

levels of government and at the different socioeco
nomic levels of the population. Tourism contributed 
8.4% and 7.7% of the national GDP for 2000 and 2005. 
Through this sector, Mexico received $8.3 and $��.8 
billion dollars in 2000 and 2005. The personnel em
ployed in the tourism sector numbered �.75 and �.76 
million people in 2000 and 2005, respectively (Presi
dencia, 2006d).

Mexico occupied seventh position worldwide in 
attracting tourists in 2005, continuing to be the most
visited country on the American continent in the last 
two years, second only to the USA. In the same year, 
it was placed fourteenth on a global level in terms of 
foreign currency receipts, exceeded only by Canada 
and USA on the American continent (Presidencia, 
2006b).

In 2005, the effects of tourist activity were posi
tive, both in terms of foreign currency capture and 
the number of international visitors, despite the im
pact in October caused by hurricanes Stan in Chiapas 
and especially by Wilma on the coasts of Quintana 
Roo. These damaged the tourism infrastructure in 
the Mexican southeast, particularly in the latter state, 
where 90% of the hotel infrastructure and services 
were affected (Presidencia, 2006a).

Agriculture

The farming sector contributed 4.�% of the total na
tional GDP in 2000 and 3.4% in 2005 (Presidencia, 
2006d); 63.0% of the sectoral GDP was contributed by 
the agricultural subsector, 28.8% by the livestock sub
sector, 5.9% by forestry, and 2.3% by fisheries.

Agricultural production

The volume of production of the ten main grains 
and oilseeds was 29.2 million tonnes in 2000. In 
Figure I.�7 one can see that for 2005, this level was 
�0.5% lower than in 2004, as a result of a smaller 
area being planted, greater climatological catastro
phes and an erratic rainy season. The most marked 
falls were seen in beans, saff lower and barley, 
caused to a great extent by the excess of rains and 
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by low yields. Soya and cotton both saw an increase 
in production, due to their greater resistance to cli
mate variability. The production of fruits such as 
banana was also affected in 2005, when there was 
a decrease of 5.5% compared to the previous year 
(Presidencia, 2006a).

Fertilizers

More than 95% of the country’s farmers are accus
tomed to using fertilizers in their agricultural activi
ties. In the �980’s, the national consumption reached 
5 million tonnes, and basically nitrogen and a scant 
quantity of phosphorus were used. At the present 
time, the consumption of fertilizers does not exceed 
one million tonnes, and nitrogen fertilizers predomi
nate in a proportion of �.6 times that of phosphate fer
tilizers (Figure I.�8).

Livestock

Stock production rose from 4.3 million tonnes of meat 
carcasses of different kinds in 2000 to 5.� million 
tonnes in 2005 (Table �.8). A fact that stands out is that 

the production of honey was 8.4% lower in 2005 than 
in 2004, due to the strong impact of hurricanes Emily, 
Wilma and Katrina, which caused losses to apiculture 
in the southern and southeastern parts of the country, 
the main production areas. In spite of this, the domes
tic supply was ensured and an important presence was 
maintained in the external market.

Fisheries and aquaculture

National fishery production grew by 8.2% from 2000 
to 2005. The fishing catch contributed 85% and aqua
culture �5% of this growth. Fishery products came 
from the Pacific (76.5%), the Gulf of Mexico and the 
Caribbean (2�.2%), and states without a coastline 
(2.3%).

Waste Generation

Urban solid waste generation in Mexico rose from 
30.73 million tonnes in the year 2000 to 35.38 mil
lion tonnes in 2005 (INEGI, 2006d and Presidencia, 
2006d). The average national rate per day was 0.86 ki
lograms (kg) per capita in 2000 and 0.93 kg in 2005. 

Figure i.17 Production and surFace area harvested For Main agricultural Products, 2000-2005

Source: Own preparation with data from the Presidencia, 2006a.
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Figure i.18 voluMe oF Production oF Fertilizers by tyPe, 1997-2005

* Jan to Aug
Source: Own preparation with data from the INEGI, 2005b.

table i.8 national Production oF the livestock, Fishery and aquaculture subsectors, 2000-2005 (thousand tonnes)

       Variation % 
Type  2000 2001 2002 2003 2004 2005p with respect to

 2000 2004

Meats 4,359.4 4,529.8 4,720.9 4,804.4 4,998.6 5,�04.3 �7.� 2.�
Beef �,408.6 �,444.6 �,467.6 �,503.8 �,543.7 �,559.� �0.7 �
Pork �,030.0 �,057.8 �,070.2 �,035.3 �,064.4 �,087.8 5.6 2.2
Goat 38.8 38.8 42.2 42.2 42.0 42.5 9.5 �.2
Lamb 33.4 36.2 38.2 42.2 44.3 45.4 35.9 2.5
Fowl �,848.7 �,952.3 2,�02.7 2,�8�.0 2,304.2 2,369.4 28.2 2.8
Milk
(Million liters) 9,442.6 9,6�2.2 9,804.8 9,936.2 �0,025.3 �0,0�5.8 6.� 0.�
Beef 9,3��.� 9,472.3 9,658.3 9,784.4 9,864.3 9,854.8 5.8 0.�
Goat �3�.2 �39.9 �46.5 �5�.8 �6�.0 �6�.0 22.7 0
Eggs for consumption �,787.9 �,892.� �,900.6 �,872.5 2,00�.6 2,065.� �5.5 3.2
Honey 58.9 59.� 58.9 57.0 56.9 52.� ��.5 8.4
National
Fish production �,402,938.0 �,520,938.0 �,554,452.0 �,564,966.0 �,5�5,432.0 �,5�8,644.0 8.2 0.2
Catch �,2�4,780.0 �,324,2�5.0 �,366,967.0 �,357,�90.0 �,295,073.0 �,3�0,263.0 7.9 �.2
Aquaculture �88,�58.0 �96,723.0 �87,485.0 207,776.0 220,359.0 208,38�.0 �0.8 5.4

P Preliminary
Source: Presidencia, 2006a.
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Figure i.19 generation oF solid urban Waste by tyPe oF garbage in 2005

Source: Own preparation based on the Presidencia, 2006d.

The rate was 0.87 kg in the central part of the country, 
0.92 kg in the north; 0.67 kg in the south and 0.95 kg on 
the northern border. The highest rate was in the Federal 
District, where each person generates �.4 kg per day. As 
shown in Figure I.�9, most urban solid waste is made 
up of remains of food, gardens and similar organic ma
terials, with �7.44 million tonnes generated in 2004, 
followed by paper waste with 5.5 million tonnes.

In 2000, 47.�% of solid waste was deposited in 
sanitary landfill, 7.9% in controlled landfill, 42.6% in 
openair dumps, and 2.4% was recycled. These per
centages changed to 54.3%, �0.4%, 32.0%, 3.3%, re
spectively, in 2005.

Education

In the 20062007 school cycle, the National Educational 
System (SEN) was made up of 242,000 schools, 36.3% of 
which were preschool, 42.2% primary, �3.8% junior high 
school, 0.7% technical high schools, 4.9% senior high 
school, 0.2% for Bachelor’s of Education, �.4% for Univer
sity and Technological Bachelor’s and 0.6% for graduate 
studies (INEGI, 2006e and Presidencia, 2006d).

The percentage of national GDP spent on educa
tion was 6.42% in 2000 and, based on the figures esti
mated, 7.07% for 2006 (Presidencia, 2006d).

Between the 2000200� and 20062007 school cy
cles, the average number of years of schooling for the 

population over �5 years of age rose from 7.6 to 8.3. 
The index of illiteracy fell from 9.2% to 7.7% of the 
total population in the period 20002006.

In 2000, 29.6 million children and young people, 
and 32.7 million in 2006, attended the different schools 
of the SEN  in its regular (not open) form  which rep
resented an increase of 3.� million students.

Basic education had a coverage of 87.�% among 
children between 4 and �5 years of age in 2000, and 
this figure climbed to 94.9% in 2005. In the 20062007 
school cycle, �8.4% of basic education was made up 
of preschool, 57.4% of primary and 24.7% of junior 
high school. Beginning in the 20052006 cycle, pre
school education became obligatory for four yearold 
children and it is hoped that in the cycle 20082009 it 
will become compulsory for three yearolds. Termi
nal efficiency in the SEN has improved, since for 2000 
it was 86.3% for basic education, 74.9 for junior high 
school and 59.3 for senior high school. For 2006, these 
percentages were 9�.8%, 79.2% and 60.5, respectively.

In 2006, the Opportunities Program provided 
5,500 scholarships, 87.92% allocated to elementary 
level and the rest to senior high school level. Also, 786 
scholarships from national educational institution 
funds were granted. This has helped to reduce drop
out rates.

To improve the coverage and quality of the educa
tion offered by the primarylevel public schools in the 
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country, the Encyclomedia Program was implemented 
during the 20042005 school cycle. The program con
sists of introducing electronic blackboards, digitaliz
ing the contents linked to the free text books, as well 
as access to the Internet, and has benefited 700,000 
students. By the end of 2006, the �65,000 classrooms 
of fifth and sixth grades in the public primary schools 
are expected to have the Encyclomedia Program 
(Presidencia, 2006b). Also, the number of Internet us
ers has increased in our country, reaching more than 
�5 million (Presidencia, 2006a). This achievement has 
been helped overwhelmingly by the creation of the 
Digital Community Centers (CCD) of the eméxico 
Red de Conectividad Satélite Digital. About 80% of 
the eMéxico CCDs serve the educational sector. Ev
ery month, in these 7,500 schools, more than 5 million 
Mexicans have access to the Internet, where they can 
consult national and international information.

Researchers

Based on estimated figures for 2006, Mexico has 4�,779 
researchers in public and private universities, research 
centers and the private sector, 88% higher than in the 
year 2000. According to these figures, the country has 
0.90 researchers per �000 individuals in the EAP.

Investment in research and experimental develop
ment as a percentage of GDP was 0.37% in 2000 and 
0.46% in 2006. The Sectoral Funds that the National 
Science and Technology Council (CONACYT) offers, 
together with the departments in the Federal Govern
ment that invest in science and technology, increased 
from 6 to �8 in the period 200�2006, while in 200� 
there were �9 Mixed Funds, which the CONACYT 
arranges with the governments of the States, and in 
2006, 32 respectively (Presidencia, 206d).

As a result of the 2006 assessment, it is predicted 
that the National System of Researchers (SNI), which 
the CONACYT coordinates, will have �2,500 scien
tists and technicians of recognized national and inter
national prestige, which represents a growth of 67.4% 
in the period 20002006. It is estimated that the funds 
invested in the SNI in 2006, which will represent 
25.7% of the CONACYT’s budget, may reach $�,534 

million pesos, 8.8% in real terms above those of the 
previous fiscal year.

Environment

Information on costs resulting from the exhaustion 
of natural resources and the degradation of the envi
ronment is contained in the System of Economic and 
Ecological Accounts of Mexico (SCEEM) �9992004 
(INEGI, 2006f). Table I.9 presents the physical bal
ance of natural resources  both the amounts and rates 
of environmental deterioration measured in physical 
units  for the period, covering both the exhaustion 
and degradation aspects.

It can be seen that forest assets showed an average 
annual decrease of 0.4%, a result of the average yearly 
loss of approximately 260,000 hectares of conifer and 
broadleaf forests, caused both by forestry activities 
without sustainable forest management, and by illegal 
logging and fires.

In the case of the atmosphere, the primary emis
sions of pollutants were estimated to have an approxi
mate growth rate of 2.�% annually, while the erosion 
study showed a loss of soil resources at an average 
yearly rate of 0.8%. An increase was observed in pol
lution by municipal solid wastes of 2.3% annually, 
which is a result of a per capita production of garbage 
of nearly 357 kilos annually on the average.

On the other hand, the water flow study showed 
waste discharges into the country’s main bodies of 
water such as lakes, lagoons, estuaries and rivers, at 
an average annual growth rate of �.6%, between the 
beginning and the end of the period under study. This 
situation is worsened by the low volume of treated 
wastewater produced (approx. 26%), in addition to the 
precarious quality of this resource, which is among 
the lowest in the world, according to the indicator of 
water quality developed by the United Nations Envi
ronment Programme and which places Mexico below 
countries like Costa Rica, Brazil or Argentina.

In addition, if current conditions continue, at least 
half the amount of the country’s GDP in 2004 would 
have to be used to help the environment recover from 
the damage caused by society during the six years that 
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the study lasted. It is important to point out that, for 
this same year, while the Total Costs for Environmen
tal Exhaustion and Degradation (CTADA) amount to 
7�2,344 million current pesos (9.2% of GDP), the cost 
of environmental protection came to 45,574 million 

pesos, representing 0.6% of GDP or 6.4% of the CTA
DA. This shows that the remaining investment nece
ssary this year to maintain the ecological environment 
should be approximately �4.6 times more than that 
which exists at the moment (INEGI, 2006f).

table i.9 Physical balance oF natural resources, 1999-2004

Resources Units of measurement 1999 2004 AAGR* Observations

Forest (Woods) million m3 4,83�.00 4,735.00 0.40 Opening Balance +/
 in round logs    Changes  Closing
     Balance

Oil (Total reserves) million barrels 58,204.00 46,9�4.00 4.22 Idem

Water (Overexploitation) million m3 5,776.00 6,455.00 2.25 Idem

Air pollution from primary
emissions thousand tonnes 46,352.00 5�,387.00 2.06 Flow of Polluting
     Emissions

Soil pollution from
solid municipal waste thousand tonnes 33,4�5.00 37,466.00 2.32 Idem

Water pollution
(Discharge of waste water) million m3 20,�59.00 2�,785.00 �.56 Idem

Soil erosion
(Loss of nutrients) thousand tonnes 689,599.00 7�6,766.00 0.83 Flow

* AAGR = Average Annual Growth Rate
Source: INEGI, 2006f.
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II. National Greenhouse Gas Inventory

Introduction

The present National Greenhouse Gas Inventory (NG-
HGI) includes estimates of emissions by source and 
sink for the period 1990-2002. It was drawn up in line 
with articles 4 and 12 of the United Nations Framework 
Convention on Climate Change (UNFCCC) and the 
Guidelines for National Communications of non-An-
nex I Parties of the UNFCCC, adopted in decision 17/
CP.8, which state that non-Annex I Parties should in-
clude information on a national inventory of anthropo-
genic emissions by source and absorption by sinks of all 
greenhouse gases (GHG) not controlled by the Protocol 
of Montreal, within the limits of their possibilities, us-
ing in its preparation the comparable methodologies 
promoted and approved by the Conference of Parts.1

The calculations of GHG emissions reported here 
were made for the six emissions categories defined 
by the Intergovernmental Panel on Climate Change 
(IPCC): Energy [1], Industrial Processes [2], Solvents 
[3], Agriculture [4] and Waste [6]. As of the date of 
publication of this document, only preliminary esti-
mates of annual averages are available for the period 
from 1993 to 2002 for emissions in the category Land 
Use, Land Use Change and Forestry (LULUCF) [5], so 
that these figures are only considered in the General 
Panorama section in this chapter; LULUCF emissions 
are not included in the trends analyses and compari-
son with other emissions categories.

The NGHGI 1990-2002 also reports on the six 
GHGs included in Appendix A of the Kyoto Protocol: 
carbon dioxide (CO2), methane (CH4), nitrous oxide 

1 UNFCCC. (2004). “Reporting on climate change. User manual for the guidelines on national communications from non-Annex I Parties to the 
UNFCCC”. Climate Change Secretariat, Germany, p. 1.
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(N2O), halocarbons (HFC, PFC) and sulphur hexaflu-
oride (SF6). In this updating, emissions of fluorinated 
gases (halocarbons and sulphur hexafluoride) are cal-
culated for the first time in the emissions category of 
Industrial Processes, and emissions in the Solvents 
category, so that it is now the most complete Inven-
tory prepared by Mexico to date.

GHG emissions from 1990 to 1998 that were re-
ported in the First and Second National Communica-
tions to the UNFCCC have been recalculated in the 
present inventory, taking into account updated infor-
mation and applying emissions factors that are more 
appropriate for the national situation. The NGHGI 
1990-2002 figures are therefore intended to replace 
the values previously calculated.

The emissions estimates and the later preparation 
of the reports for each emissions category were pos-
sible thanks to the dedicated work of specialists from 
the Center of Ecosystems Research (CIECO-UNAM); 
National Research and Technological Development 
Center (CENIDET); College of the Southern Border 
(ECOSUR); College of Postgraduates (COLPOS); In-
stitute of Engineering (UNAM); Institute of Electrical 
Research (IIE); Mexican Petroleum Institute (IMP); 
National Institute of Forest, Agricultural and Live-
stock Research (INIFAP) and the National Institute of 
Ecology (INE).

Institutional Arrangements

One of the UNFCCC recommendations in preparing 
the national GHG inventories is to describe the pro-
cedures and arrangements established for collecting 
and recording the inventory information, as well as 
ensuring that the preparation of the inventory is an 
ongoing process. In this regard, it is suggested that in-
formation regarding the institutions participating in 
the process, and the role assumed by each of them, 
should be included.

In response to UNFCCC suggestions, the Ministry 
of the Environment and Natural Resources, through 
the Coordination of the Climate Change Program of 
the National Institute of Ecology, established certain 
institutional arrangements internally and with other 

Ministries of State and public and private institutions 
for drawing up the NGHGI 1990-2002.

Based on its experience in the preparation of previ-
ous inventories, INE invited a number of experts, both 
independent and from institutions with a recognized 
background in the area of climate change and drafting 
emissions inventories, to participate in the preparation 
of the NGHGI 1990-2002. These experts took on the 
roles described in Figure II.1; in this way, the Coordina-
tion of the Climate Change Program managed to form 
a structure that would cover the different aspects that 
typify the process of making up the NGHGI.

In addition, the collaboration of the institutions 
and organizations shown in Table II.1 facilitated the 
gathering of data, and the revision and external vali-
dation of the NGHGI 1990-2002.

Description of the process of preparing 
the inventory

Preparation of the NGHGI 1990-2002 was carried out 
in five phases: 1) beginning, 2) development, 3) com-
piling, 4) drawing up the report and 5) revision and 
publication.

1.	 Beginning: In this phase, a meeting of coordina-
tors and inventory experts was called to discuss 
the methodologies and good practices to follow in 
preparing the Inventory. A work program was pre-
sented in which dates were set for each phase; the 
electronic versions of the spread sheets and meth-
odological guides to be followed were distributed; 
objectives and quality parameters to be met in 
the NGHGI were defined; and recommendations 
received by outside experts regarding the last in-
ventory drawn up by Mexico were discussed. By 
means of a questionnaire applied to the experts, 
the information needs for each sector were de-
tected. INE took this information as a basis for re-
questing activity data from the entities involved. 
Finally, the methodologies to be used in estimat-
ing emissions in the corresponding emissions cat-
egory were jointly reviewed by experts in the work 
group and coordinators of the inventory.
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Figure ii.1 Structure oF the inStitutional arrangementS For drawing up the nghgi 1990-2002

table ii.1 inStitutional arrangementS For collecting inFormation

Institutions

Ministry of Energy (SENER)
Petroleos Mexicanos (PEMEX)

Ministry of the Economy (SE)
Council of Mineral Resources
Arkema
Quimobásicos
DUPONT
Federal Electricity Commission (CFE)

National Forestry Commission (CONAFOR)
National Institute of Statistics, Geography and Informatics (INEGI)

Ministry of Social Development (SEDESOL)
National Water Commission (CONAGUA)
Ministry of the Environment and Natural Resources (SEMARNAT)

Emissions Category

Energy [1]

Industrial Processes [2]

LULUCF [5]

Waste [6]
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2.	 Development: In the space of six months the 
information was gathered for each emissions 
category or sector, the data and information 
obtained were recorded on the spread sheets, 
emissions were estimated and a report was pre-
pared by the expert in the sector, with the es-
timates, as well as the analysis carried out and 
the sources of information consulted. During 
this phase, coordinators of the Inventory fol-
lowed up requests for information made by the 
experts and were given support in obtaining 
additional data that were necessary for the esti-
mates. At the conclusion, each category expert 
submitted his report to the General Coordi-
nation of the Inventory, including the corre-
sponding spread sheets; after that, the quality 
assessment was carried out as specified in the 
Inventory Quality Plan.

3.	 Compiling: In the compiling phase, the inven-
tory coordinators reviewed the reports and spread 
sheets and assessed their compliance with estab-
lished guidelines. After the quality control, esti-
mates for each emissions category and sector were 
recorded, and the information to be used in mak-
ing up the inventory was consolidated. Emissions 
trends were estimated by emissions category and 
by gas, and both general and category uncertain-
ties were estimated.

4.	 Drawing	up	 the	 report: Based on what each ex-
pert presented, the final inventory report was 
made up according to the previously prepared 
format.

5.	 Revision	 and	 publication: The final report was 
submitted for revision by outside experts and the 
public in general; based on the comments and ob-
servations received, the last adjustments and cor-
rections were made to the document. Once the 
report was concluded, the final version was pro-
duced for publication.

General Panorama 2002

GHG emissions for 2002, in units of CO2 equivalent 
and with preliminary figures for the category Land 

Use, Land Use Change and Forestry (LULUCF), were 
estimated at 643,183 Gg, taking into account the six 
gases given in Annex A of the Kyoto Protocol.

The diagram in Figure II.2 shows the contribution 
for each emissions category (left side) and each gas 
(right side).

The contribution of GHG emissions from the dif-
ferent categories in terms of CO2 equivalent in 2002 
is as follows: Energy represented 61% (389,497 Gg), 
followed by the categories of LULUCF 14% (89,854 
Gg); Waste 10% (65,584 Gg); Industrial Processes 8% 
(52,102 Gg) and Agriculture 7% (46,146 Gg).

Within the Energy category, this being the main 
source of emissions, the contribution was as follows: 
energy generation, 24% of the country’s total emis-
sions; transport, 18%; consumption of fossil fuels in 
manufacturing and the construction industry, 8%; 
consumption in the residential, commercial and ag-
ricultural sectors, 5%; fugitive methane emissions, 
6%. On the whole, fixed and area sources (including 
energy generation, manufacturing and the construc-
tion industry, and other energy sectors, not counting 
transport) represented 37% of the total.

National GHG emissions by gas in CO2 equivalent 
are the following: 480,409 Gg (74%) correspond to 
CO2, 145,586 Gg (23%) are CH4, 12,343 Gg (2%) cor-
respond to N2O, and the remaining 1% is made up of 
4,425 Gg of HFCs, 405 Gg of PFCs and 15 Gg of SF6.

Greenhouse Gas Emissions by Category 
for 2002

Energy [1]

The Energy category, which is the most important in 
the NGHGI for Mexico, is subdivided into fossil fuel 
consumption and fugitive methane emissions (Table 
II.2).

In 2002, the GHG emissions for this category, ex-
pressed in units of CO2 equivalent, showed an increase 
of 25% with respect to the base year (1990), rising from 
312,027 Gg to 389,497 Gg; however, their contribution 
to the total volume of emissions fell by 4% in the same 
time period (Table II.3).
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table ii.3 ghg emiSSionS in the energy category (gg)

Category and subcategories 1990 1992 1994 1996 1998 2000 2002

1 Energy 312,027 321,836 342,900 349,431 394,129 398,627 389,497
1A Fossil
      fuel consumption 279,864 291,045 308,932 311,197 351,760 356,796 350,414
1B Fugitive emissions
      from fuels 32,163 30,790 33,968 38,233 42,369 41,831 39,082

table ii.4 ghg emiSSionS in the energy category by type oF gaS in co2 equivalent

Gas 1990 1992 1994 1996 1998 2000 2002

CO2 276,490 287,518 305,152 307,889 349,233 353,868 346,361
CH4 34,371 33,086 36,280 39,964 43,005 42,605 40,634
N2O 1,166 1,232 1,467 1,578 1,891 2,155 2,501
Total	 312,027	 321,836	 342,900	 349,431	 394,129	 398,627	 389,497

In 2002, CO2 contributed 89%, CH4 contributed 
10% and N2O 1% of the GHG emissions in the Energy 
category (Table II.4 and Figure II.3).

Figures II.4 and II.5 illustrate the annual percent-
age change in GHG emissions in the Energy category 
and the absolute change in emissions with respect to 
1990, respectively.

GHG emissions in this category show an average 
annual growth rate of 2% from 1990 to 2002, less than 
the average annual GDP growth rate, which was 3.1% 

for the same period.2 Figures II.6 and II.7 show the 
behavior of energy intensity (fossil fuel consumption 
per unit GDP at constant 1993 prices) and emissions 
intensity (GHG emissions from the fossil fuel con-
sumption per unit GDP at constant 1993 prices) for 
the period from 1990 to 2002. In these graphs, one can 
see the improving trend in both intensities: in terms 
of a lesser fossil fuel consumption and a lower quan-
tity of GHG emissions per unit of GDP produced in 
this country.

table ii.2 energy SubcategorieS

1A Fossil fuel consumption 1A1 Energy generation
 1A2 Manufacturing and construction industry
 1A3 Transport
 1A4 Others (Commercial, residential and agricultural)

1B Fugitive methane emissions 1B1 From mining and coal handling
 1B2 From oil and natural gas activities

3 Average annual growth rate of the GDP: own estimate calculated as a simple average according to annual economic growth figures published by 
the Bank of Mexico for the period 1990-2002. Source: http://www.banxico.org.mx/SieInternet/
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Figure ii.3 ghg emiSSionS in the energy category by type oF gaS 1990-2002

Figure ii.4 percent annual change in ghg emiSSionS in the energy category compared to the previouS year
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Figure ii.5 abSolute annual change in ghg emiSSionS in the energy category compared to 1990

Figure ii.6 energy intenSity For mexico, 1990-2002

Source: Own preparation with data from the National Energy Balance 2005.
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Figure ii.7 emiSSionS intenSity For mexico, 1990-2002

The only change in the trend toward improving 
energy intensity can be seen in the period from 1995 
to 1998, when there is a setback due to an increase 
in fossil fuel consumption, in an attempt to improve 
economic growth after the 1995 crisis. Related to 
this, the trend toward improvement in emissions in-
tensity is also affected; in the period from 1996 to 
1998, there is a change in the selection of fossil fuels 
burned in this country, as shown in Figure II.8; the 
change involved an increase in emissions from the 
consumption of diesel, non-associated natural gas, 
and fuel oil; emissions intensity improves from 1999 
on, the year in which the consumption of fuel oil de-
creases and the consumption of non-associated gas 
and diesel stabilizes.

Within energy subcategories, GHG emissions in 
units of CO2 equivalent produced in 2002 from the 
burning of fossil fuels in fixed and area sources (energy 
generation [1A1], manufacturing and construction in-
dustry [1A2], other sectors [1A4]) are equivalent to 61% 
of the emissions in this category (236,028 Gg), while 
emissions in the transport sector [1A3] represent 29% 
(114,385 Gg) and fugitive emissions 10% (39,082 Gg).

Emissions associated with the subcategory of fossil 
fuel consumption show some variation in their contri-
bution compared to 1990. For example, the contribu-
tion of the energy-producing industry increases from 
34% to 40%, while emissions from manufacturing 
and the construction industry and from other sectors 
decreases (Figure II. 9).

GHG emissions from fossil fuel consumption 
amounted to 350,414 Gg of CO2 in 2002, which repre-
sents 25% more than for the base year 1990.

In 2002, the contribution of the different sectors 
that form part of the subcategory of fossil fuel con-
sumption [1A], with respect to fixed and area sources, 
is as follows:

• 64.7% of the total GHG emissions generated by 
fixed sources of combustion, belong to the energy 
industries [1A1].

• 21.7% are generated by the manufacturing and 
construction industry sectors [1A2], and

• the remaining 13.6% are produced by the resi-
dential, commercial and agricultural sectors 
[1A4].
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Figure ii.8 emiSSionS in the energy category by type oF Fuel conSumed in thiS country in SubcategorieS 1a1, 1a2 y 1a4

Figure ii.9 percent contribution by Sector to ghg emiSSionS in the energy category, 1990 and 2002
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Energy	Industry

The subcategory of the Energy Industry is made up of 
electricity generation and fossil fuel production. The 
consumption of fossil fuels and their corresponding 
CO2 emissions for the period from 2002 to 2004 are 
shown in Table II.5.

As can be seen in this Table, in the Federal Electric-
ity Commission (CFE) and in Luz y Fuerza del Centro 
(LyFC), the consumption of fossil fuels and the associ-
ated CO2 emissions fell by almost 16%. On the other 
hand, the Independent Energy Producers (PIE) doubled 
their consumption of natural gas as a result of the start-
up of new combined cycle plants. In this sector, the use 
of fuel oil by the CFE and LyFC contributed 45% to the 
total emissions derived from electricity generation.

With respect to PEMEX’s energy consumption, 
liquefied petroleum gas increased 53% in the analysis 
period, followed by diesel with 42%; however, most of 

the CO2 emissions produced by this company are due 
to the consumption of natural gas and non-associated 
gas, which are responsible for 36% each, followed by 
fuel oil use, responsible for 19%.

Transport

In 2002, the total GHG emissions in the transport sec-
tor [1A3], in units of CO2 equivalent, were 114,385 Gg. 
The contribution by type was: automobile [1A3b] 91%; 
air [1A3a] 6%; sea [1A3d] 2% and rail [1A3c] 1%.

Fugitive	methane	emissions

Fugitive methane emissions [1B] for 2002 in CO2 
equivalents were 39,082 Gg, made up of 96% emis-
sions from oil and gas production [1B2] in this cate-
gory, and the remaining 4% from the mining and coal 
handling process [1B1a].

table ii.5 emiSSionS, Fuel conSumption and co2 emiSSionS in the energy induStrieS 2002–2004

 2002 2003 2004 2002 2003 2004

  Fuel PJ Gg = ktm
  Coal 264.10 307.98 236.12 24,484.4 28,552.0 21,890.4
 CFE, LyFC Diesel 14.08 28.49 14.40 1,032.5 2,088.7 1,056.0
  Fuel oil 787.56 677.95 636.25 60,321.7 51,926.0 48,732.4
  Natural gas 371.93 378.43 328.14 20,761.0 21,123.7 18,316.4
  Total	 1,437.68	 1,392.84	 1,214.91	 106,599.6	 103,690.4	 89,995.3

  Diesel 1.10 1.12 0.26 80.5 82.1 19.1
 PIE Natural gas 157.10 233.23 328.61 8,769.0 13,018.6 18,343.1
  Total	 158.19	 234.35	 328.87	 8,849.5	 13,100.7	 18,362.1

  Diesel 23.21 24.83 33.03 1,702.1 1,820.8 2,421.6
  Fuel oil 89.92 95.71 101.77 6,887.3 7,330.9 7,794.9
  Natural gas 231.10 271.20 268.97 12,899.7 15,138.1 15,013.9
  Non-associated gas 242.39 253.40 273.21 13,530.3 14,144.5 15,250.7
 Pemex LPG 5.56 6.98 8.49 347.4 435.9 529.9
  Carbon coke 0.75 0.86 0.85 79.0 91.2 90.1
  Gasoline 22.91 12.19 13.64 1,571.9 836.1 935.5
  Kerosene 0.04   0.00 2.6 0.0 0.1
  Total	 615.88	 665.17	 699.96	 37,020.3	 39,797.5	 42,036.7

Source: Dick Cuatecontzi with data from PEMEX, SENER
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Industrial Processes [2]

The Industrial Processes category accounts for emis-
sions generated in the production and use of minerals, 
the production of metals, the chemical industry, some 
processes such as paper production, foods and drinks, 
and finally, in the production and consumption of 
halocarbons and sulphur hexafluoride (Table II.6).

CO2, CH4, N2O, HFC, PFC, and SF6 are the GHGs 
belonging to this category. In addition, other second-
ary gases such as carbon monoxide (CO), sulphur di-
oxide (SO2), nitrogen oxides (NOx), and non-methane 

volatile organic compounds (NMVOCs) are taken 
into account (Table II.7).

In general terms, the main gas emitted in this cate-
gory is CO2, which in 2002 represented 90% of Indus-
trial Process emissions, with 47,069 Gg (Table II.8). 
This was an increase of 51% compared to the base year 
1990, thanks to increased cement production, greater 
use of limestone and dolomite, and an increase in the 
production of raw materials, products and derivatives 
of the iron and steel industry.

Fluorinated gas emissions show a major increase 
in the period 1992-2002, and taken all together repre-

table ii.6 SubcategorieS oF induStrial proceSSeS 

2A Mineral Products

2B Chemical Industry

2C Metal Production

2D Other Industrial Processes

2E Production of Halocarbons and sulphur
       hexafluoride

2F Consumption of Halocarbons and sulphur
      hexafluoride

2A1 Cement Production
2A2 Calcium Oxide and Calcium Hidroxide Production
2A3 Limestone and Dolomite Use
2A4 Soda Ash Production and Use
2A5 Asphalt Roofing Production
2A6 Road Paving with Asphalt
2A7 Glass Production

2B1 Ammonia Production
2B2 Nitric Acid Production
2B3 Adipic Acid Production
2B4 Carbide Production
2B5 Others

2C1 Iron and Steel Production
2C2 Ferroalloys Production 
2C3 Aluminum Production
2C4 Sulphur hexaflouride Used in Aluminum
         and Magnesium Foundries

2D1 Pulp and Paper Industries
2D2 Food and Drink

2E1 Emissions as waste or byproducts
2E2 Fugitive emissions

2F1 Refrigeration and Air Conditioning Equipment
2F2 Foam Blowing
2F3 Fire Extinguishers
2F4 Aerosols
2F5 Solvents
2F6 Electrical Equipment and Automatic Switches
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sent 1% of the inventory total; this increase is mainly 
a reflection of the greater use of HFC in refrigerators 
and air conditioning systems in industries, homes, 
and automobiles to replace some of the CFCs con-
trolled by the Montreal Protocol whose use is restrict-
ed throughout the world.

SF6 emissions, despite being less significant than the 
HFCs included in fluorinated gas emissions, increased 
five-fold between 1990 and 2002 (Table II.8). However, 
the data available for estimating SF6 emissions only 

include acquisitions of electric equipment by the CFE 
for the period 1990-2002, and do not take into account 
equipment acquired before 1990, nor do they give in 
detail units that are retired from the system every year. 
Furthermore, the data account for equipment incorpo-
rated into the electric distribution system, but do not 
include the almost 3,700 units acquired for the trans-
mission system, or other equipment for the electricity 
generation system, since the annual breakdown is not 
available for the period under review. SF6 estimates do 

Figure ii.10 percent contribution by Sector to co2 emiSSionS in the induStrial proceSSeS category, 1990 and 2002

table ii.7 ghg emiSSionS by gaS, induStrial proceSSeS category, 1990-2002, gg

GHG 1990 1992 1994 1996 1998 2000 2002

CO2 31,142.88 32,168.76 38,001.77 39,519.71 44,016.44 50,442.14 47,069.14
COVDM 406.92 447.12 566.96 383.80 407.61 611.94 525.27
SO2 92.05 81.74 71.56 87.02 99.32 104.28 102.70
CO 67.23 43.84 32.24 67.36 63.57 56.55 42.13
CH4 5.13 4.68 4.40 4.79 4.70 4.61 3.62
NOx 5.10 3.93 2.81 10.24 8.49 5.50 4.17
N2O 1.62 1.00 0.14 3.26 2.29 0.82 0.36
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table ii.8 ghg emiSSion by gaS, induStrial proceSSeS category, 1990-2002, gg in co2 equivalentS

GHG 1990 1992 1994 1996 1998 2000 2002

CO2 31,142.88 32,168.76 38,001.77 39,519.71 44,016.44 50,442.14 47,069.14
CH4 107.7 98.3 92.4 100.59 98.7 96.8 76
N2O 502.2 310 43.4 1,010.6 709.9 254.2 111.6
HFC - 40.4 463.6 1,469.8 2,770.6 4,414 4,425.2
PFC 701.2 257.5 642.6 638.1 642.6 635.9 405.1
SF6 2.4 3.4 3.9 5.2 6.1 8.1 15.2
Total	 32,456.38	 32,878.36	 39,247.67	 42,744.00	 48,244.34	 55,851.14	 52,102.24

table ii.9 nmvoc emiSSionS by Sector in the Solvent category For the period 1990-2002, gg

Product Years

 1990 1992 1994 1996 1998 2000 2002

Enamels 29.6 33.4 42.1 37.5 42.7 50.9 45.4
Lacquers 4.9 5.9 7.0 6.6 7.3 10.3 10.5
Mineral-free water
-soluble paints 3.2 3.6 3.5 3.2 4.8 5.6 5.3
Varnishes 3.5 4.4 6.3 5.1 5.6 7.3 6.6
Mineral water-
soluble paints NA* NA* 2.5 2.2 2.7 2.7 2.2
Paintings with solvents 6.4 7.9 13.7 13.2 17.4 21.5 17.5
Sealants 3.0 3.9 6.4 5.3 6.4 7.1 6.5
Adhesives 7.1 7.6 12.9 16.7 23.6 29.3 23.3
Roofing 8.9 8.7 9.2 18.3 17.8 17.1 14.1
Printing inks  NA*  NA* 10 14.7 20.4 20.2 24.7
Solvents 52.8 51.7 67.8 57.5 61.6 73.8 64.4
Totals, Gg	 119.4	 127.1	 181.4	 180.3	 210.3	 245.8	 220.5

 *NA: Not available.

not take into account the possible destruction of the 
gas, leaks in the equipment or its reuse in other equip-
ment, since these data are not known.

For their part, PFCs show a decrease of 42% from 
1990 to 2002, mainly due to a drop in aluminum pro-
duction in the country.

Solvents [3]

The solvents category includes NMVOC emissions 
produced by the use of solvents in paints, printer’s 

inks, adhesives, varnishes, lacquers, and other chemi-
cals (Table II.9). NMVOCs play an important role in 
the troposphere as precursors of ozone, which is an 
indirect greenhouse gas.

NMVOCs emissions generated by the use of sol-
vents were estimated for the years 1990, 1992, 1994, 
1996, 1998, 2000 and 2002. Since the IPCC Guide-
lines revised in 1996 do not offer a methodology for 
estimating, the methodologies proposed in inventory 
reports for the United States, Hungary, Latvia and 
Norway were followed.
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The total NMVOC emissions in 2002 came to 220.5 
Gg and their main source is solvents. NMVOC emis-
sions showed an increase of 84% over the 1990 level.

Most emissions in this category come from sol-
vents (29%), enamels (21%), printing inks (11%) and 
adhesives (10%). The rest of the emissions are from 
chemical products such as lacquers, varnishes, water-
proofing material, sealers and paints.

Agriculture [4]

The agriculture category is made up mainly of emis-
sions from cultivation activities (crops and soil man-
agement) and livestock (enteric fermentation and 
manure management). Its main gases are CH4 and 
N2O (Table II.10).

Estimations in this category were calculated us-
ing updated emission factors, and the activity data or 
census data of items included in agricultural and live-
stock activities.

For the period 1990-2002, average CH4 emissions 
account for 84% of the agriculture category and N2O 

the remaining 16% (Table II.11). Also, overall emis-
sion dropped in this category, from 47,427 to 46,146 
Gg, possibly due to the importing of basic grains such 
as rice and from the stagnation of the livestock sector.

Land Use, Land Use Change and Forestry [5] 
(LULUCF) (Preliminary)

The category of LULUCF includes CO2 emissions gen-
erated by the subcategories defined by the IPCC (Table 
II.12), as well as CH4 and N2O emissions generated by 
land use change [5B].

For the emissions estimate in this category, the 
historical classification of vegetation and land use in 
Mexico was standardized and adapted to the IPCC 
methodologies.

The emissions estimated correspond to annual 
GHG averages for the period of 1993-2002 that in CO2 
equivalent came to 89,854 Gg.

In terms of CO2, the LULUCF category contributes 
a total of 86,877 Gg. These emissions are the result of 
the balance between 64,484 Gg from the combustion 

table ii.10 agriculture SubcategorieS

4A Enteric fermentation Subdivided into 10 different types of animals
4B Manure management Subdivided into 10 different types of animals
4C Rice cultivation 4C1 Irrigated
 4C2 Rainfed
 4C3 Deep water
4D Agricultural soils
4E Prescribed burning of savannas
4F Field burning of agricultural residues

table ii.11 methane (ch4) and nitrouS oxide (n2o) emiSSionS in the agriculture category, gg oF co2 equivalent

 1990 1992 1994 1996 1998 2000 2002

CH4 40,312.76 39,403.39 38,698.77 37,155.64 37,988.29 37,712.00 38,681.60
 85% 86% 85% 84% 84% 83% 84%
N2O 7,114.81 6,646.09 6,805.10 6,921.06 7,456.43 7,814.76 7,464.49
 15% 14% 15% 16% 16% 17% 16%
Total	 47,427.57	 46,049.48	 45,503.87	 44,076.70	 45,444.72	 45,526.76	 46,146.09



48     Mexico’s Third National Communication to the UNFCCC

table ii.12 lulucF SubcategorieS

5A Changes in forest (inventory) 5A1 Tropical forests
 and other woody biomass stocks 5A2 Temperate forests
 5A3 Boreal forests
 5A4 Grasslands, tropical savanna and tundra
 5A5 Others

5B Land use change 5B1 Tropical forests
 5B2 Temperate forests
 5B3 Boreal forests
 5B4 Grasslands, tropical savanna and tundra
 5B5 Others

5C Abandonment of managed lands 5C1 Tropical forests
 5C2 Temperate forests
 5C3 Boreal forests
 5C4 Grasslands, tropical savanna and tundra
 5C5 Others

5D CO2 emissions and removal from soil

and decomposition of air biomass associated with the 
processes of conversion of forests to other uses; 30,344 
Gg for emissions from mineral lands and agricultural 
areas; 4,932 Gg for emission in managed forests and 
a capture of 12,883 Gg on abandoned land, which is 
discounted from the total emissions for this category.

Waste [6]

The waste category looks at CH4 emissions generated 
from the disposal of solid municipal waste and munic-
ipal and industrial wastewater management and treat-
ment, as well as N2O emissions emitted by municipal 
wastewater and CO2 and N2O emissions generated by 
the incineration of hazardous wastes (Table II.13).

GHG emissions in 2002, in CO2 equivalent, came to 
65,584 Gg, while the quantity for 1990 was 33,357 Gg.

GHG emissions for this category, in CO2 equiva-
lent, rose 96% compared to 1990, as a result of the 
increase in the disposal of solid waste in sanitary 
landfills and greater emphasis in the last decade on 
municipal and industrial wastewater treatment; the 
figure also includes the rise in emissions from the 

incineration of hazardous waste, which increased 
thirty-fold in the same period; but its contribution 
to total emissions in the last year is less than 0.5%. 
Waste incineration is a relatively new activity in this 
country (Figure II.11).

Trend in greenhouse gas emissions by 
type of gas

Trends in total greenhouse gas emissions in 
CO2 equivalent

In 2002, GHG emissions came to 553 million tonnes 
in CO2 equivalent, an increase of 30% over 1990 levels. 
The main gases, as can be seen in Figure II.12, are CO2 
and CH4, which show an increase of 28 and 34% in 
1990 and 2002, respectively.

CO2 constitutes 72% of the average annual emis-
sions; CH4, 25%; N2O, 2%; and fluorinated gases, 1%.

In the period 1990-2002, total emissions in CO2 
equivalent grew at a constant annual rate of 2.2%. Be-
tween 1990 and 2000, the increase was 2.8% per year 
and from 2000 to 2002, 1.8% annually (Figure II.13).
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table ii.13 waSte SubcategorieS 

6A Solid waste disposal on land

6B Wastewater management and treatment

6C Waste incineration

6A1 Solid waste disposal in sanitary landfill
6A2 Solid waste disposal in open-air dumps
6A3 Others

6B1 Industrial wastewater
6B2 Domestic and commercial wastewater
6B3 Others

Figure ii.11 ghg emiSSionS From the waSte category, 1990-2002
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Figure ii.12 emiSSionS in mt oF co2 equivalent by type oF gaS, 1990-2002

Figure ii.13 emiSSionS index, gdp, and population For the period 1990-2002
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Figure ii.14 co2 equivalent emiSSionS per inhabitant, 1990-2002

In the same period 1990-2002, Mexico’s GDP grew 
3.1% annually on average4 and the national popula-
tion increased 1.8% annually.

CO2 equivalent emissions per inhabitant

The average per capita emissions for the country are 
5.4 tonnes of CO2 equivalent per inhabitant, with an 
average annual growth of 0.4% between 1990 and 
2002 (Figure II.14).

However, this trend is not always on the rise, 
since the emissions per inhabitant show an average 
annual increase of 1.4% between 1990 and 1998, to 
later fall by 0.7% between 1998 and 2000 and by 
2.4% between 2000 and 2002. This indicates that, 
in spite of the increase in population, at a rate of 

1.8% annually, emissions showed slower growth 
between 1998 and 2002, which could ref lect a de-
coupling between population growth and GHG 
emissions.

CO2 equivalent emissions per Gross Domestic 
Product (GDP)

CO2 equivalent emissions per unit of GDP in 2002 
amounted to 0.34 kg per Peso of GDP, which repre-
sents a decrease of 8% compared to the 1990 figure. As 
observed for the period 1998-2002, the decrease can 
be attributed to the increase in GDP for those years 
and to the deceleration in the growth of emissions, 
mainly due to the change in fuels used in generating 
electric power (Figure II.15).

4 Goldemberg, J. (2001). “Energy and human well-being”. Available at http://hdr.undp.org/publications/papers.cfm
Krugman, H., Goldemberg, J. (1983). “The energy cost of satisfying basic human needs”. Technological Forecasting and Social Change. Vol 24, 

Issue 1, pp. 45-60.
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Carbon dioxide (CO2) emissions

Carbon dioxide emissions amounted to 393,532 Gg in 
2002, representing an increase of 28% with respect to 
1990. The CO2 emissions in this country come mainly 
from two emissions categories: energy and industrial 
processes.

The sectors that contributed most to CO2 emis-
sions in 2002 and showed the greatest percentage 
increase compared to 1990 are: the energy generat-
ing industry (1A1), 39% of the total and an increase 
of 46%; transport sector (1A3), 28% and 28%, re-
spectively. To a lesser extent, other activities such 
as fossil fuel consumption in the manufacturing 
and construction industry sectors (1A2) and others 
(residential, commercial and agricultural) (1A4), 
as well as the production of minerals (2A) and 
metals (2C), contribute together 32% of total CO2 
emissions. The remaining 1% is made up of fugi-
tive methane emissions from oil and gas (1B2), the 
chemical industry (2B) and waste incineration (6C) 
(Figure II.16).

As is to be expected, the consumption of fossil fu-
els (1A) in the energy category is the main generator of 
CO2 in the country, with 88% of the total.

Methane (CH4) emissions

In 2002, CH4 emissions amounted to 6,803 Gg, an 
increase of 34% with respect to 1990. The main emis-
sions sources are associated with the subcategories of 
fugitive emissions for oil and natural gas, in the Energy 
category, and enteric fermentation, in the Agriculture 
category, with a contribution of 26% each. Next are 
emissions from waste disposal in sanitary landfills with 
24%, and emissions from wastewater management and 
treatment, with 20% (Figure II.17). For its part, rice 
growing in the Agriculture category saw a decrease of 
60% compared to 1990, brought about by a fall in na-
tional production and a rise in basic grain imports.

Emissions from solid waste disposal and wastewa-
ter management and treatment underwent significant 
increases between 1990 and 2002, with 115% and 85%, 
respectively, brought about by better management of 
solid waste, and in particular to disposal in sanitary 
landfills and wastewater treatment in our country.

Nitrous oxide (N2O) emissions

In 2002, N2O emissions amounted to 38.815 Gg, rep-
resenting an increase of 16% with respect to 1990. The 

Figure ii.15 co2 equivalent emiSSionS per groSS domeStic product, 1990-2002
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Figure ii.16 emiSSionS in mt oF co2 by Sector, 1990-2002

Figure ii.17 ch4 emiSSionS in gg, 1990-2002
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main contribution comes from agricultural lands, in 
the Agriculture category, which represents 62% of 
2002 emissions. Next come wastewater management 
and treatment, with 16%, and transport, with 14%.

Emissions from waste incineration, although they 
represent 0.04% of the emissions of N2O, grew by a fac-
tor of 29 with respect to 1990, as a result of the promo-
tion given to the sector in recent years (Figure II.18).

Hydrofluorocarbon (HFC) emissions

Hydrofluorocarbon emissions are produced by refrig-
eration and air conditioning equipment, and in 2002 
they came to 4,425 Gg in CO2 equivalent, representing 
an 109-fold increase with respect to 1992. This increase 
reflects a greater use of HFC in refrigerators and air 
conditioning in industry, homes and automobiles, as a 
substitute for CFCs, which are controlled by the Mon-
treal Protocol and whose use is restricted all over the 
world. The main gas consumed was HFC-134a, which 
represents 92% of the 2002 emissions (Figure II.19).

Perfluorocarbon (PFC) emissions

Emissions of this gas come from the production of 
aluminum in the Industrial Processes category. The 
emissions amounted to 405 Gg in CO2 equivalent in 
2002, representing a decrease of 42% with respect to 
1990, due mainly to the decrease in aluminum pro-
duction in this country. The main emission is that 
of perfluoromethanes, which represent an average of 
88% of the emissions (Figure II.20).

Sulphur hexafluoride (SF6) emissions

Estimates of SF6 emissions for the period 1990-2002 
were based on the inventory of electric equipment in the 
electric power distribution system of the CFE. In 2002, 
the emissions amounted to 15 Gg in CO2 equivalent, 
representing a five-fold increase with respect to 1990 
emissions. These figures are based on assumptions of 
potential emissions that a unit of equipment can release 
year by year throughout its useful life (Figure II.21).

Figure ii.18 n2o emiSSionS in gg, 1990-2002
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Figure ii.19 hfc emiSSionS in co2 equivalentS, 1990-2002

Figure ii.20 pfc emiSSionS in co2 equivalent, 1990-2002
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Figure ii.21 Sf6 emiSSionS in co2 equivalent From 1990 to 2002

The data obtained for estimating SF6 emissions 
only show the acquisition of electric equipment by 
the CFE for the period 1990-2002, but do not take 
into account the equipment that was acquired in 
years previous to 1990, nor do they itemize the 
units that are retired from the system every year. In 
addition, the data correspond to the equipment ac-
quired for the system of electrical distribution, but 
do not include the almost 3,700 units acquired for 
the transmission system, or other units for the elec-
tricity generation system, since the annual break-
down for the period under consideration is not 
available. The estimates do not consider the pos-
sible destruction of the gas, leaks in the equipment 
or its reutilization in other equipment, since these 
data are unknown.

Information on indirect greenhouse gases

The UNFCCC encourages Parties not included in An-
nex I to report on anthropogenic emissions of indirect 
greenhouse gases: carbon monoxide (CO), nitrogen 
oxides (NOx), non-methane volatile organic com-
pounds (NMVOCs) and sulphur dioxide (SO2).

Since indirect greenhouse gases do not have any 
equivalence in terms of CO2, they are reported in 
units of Gg emitted for each gas. For this reason, it is 
not possible to compare them with GHG emissions.

As shown in Table II.14 and in Figure II.22, CO 
and SO2 emissions show a decrease of 21% and 3%, 
respectively, between 1990 and 2002; NOx emissions 
increased by 14% and those of NMVOCs, by 8%.

Reference and Sectoral Approaches

Carbon dioxide emissions from fuel consumption 
[1A] in the Energy category, estimated with Reference 
and Sectoral methods, differ by an average of 6% from 
one method to another in each of the years between 
1990 and 2003. This can be attributed to the fact that 
the energy consumption figure used in the sectoral 
method turns out to be less than the consumption fig-
ure used in the reference method.

In the reference method, data on primary fuel con-
sumption are used and the losses from conversion of 
primary to secondary fuels are not considered. In the 
sectoral method, secondary fuel data are used. The 
difference between the two estimates is not a deter-
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mining factor, and they are considered to have been 
carried out correctly (Table II.15).

Emissions from International Air and 
Sea Transport

In this part of the document, the data relating to 
fuel consumption for the international air and sea 

transport are presented. Although it is not a re-
quirement to include this information within the 
National GHG Inventory, it is given here for refer-
ence.

In Table II.16, the data of annual fuel consumption 
for international air and sea transport are shown.

In Table II.17, emissions from international air and 
sea transport are shown.

table ii.14 indirect greenhouSe gaS emiSSionS in gg

Indirect greenhouse
gas 1990 1992 1994 1996 1998 2000 2002

CO 8,740.224 9,368.557 9,156.133 8,723.409 8,493.662 7,664.473 6,902.226
NOx 1,241.916 1,288.236 1,357.233 1,350.133 1,480.079 1,501.188 1,412.405
COVDM 1,461.709 1,574.162 1,747.699 1,516.207 1,564.972 1,748.744 1,579.915
SO2 2,697.432 2,501.492 2,750.202 2,612.574 2,985.017 2,945.017 2,612.912

Figure ii.22 indirect greenhouSe gaS emiSSionS, 1990-2002
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table ii.15 compariSon oF co2 emiSSionS eStimated 
by reFerence and Sectoral methodS (gg)

Year Sectoral Reference Difference Difference
 method method  (%)

1990  276164 291486 15322 5.3%
1991  285488 302910 17422 5.8%
1992  287173 304390 17217 5.7%
1993  283835 303268 19433 6.4%
1994  304807 329679 24872 7.5%
1995  287499 312717 25218 8.1%
1996  306988 334093 27105 8.1%
1997  323860 346504 22644 6.5%
1998  347221 360342 13121 3.6%
1999  333039 350045 17006 4.9%
2000  352048 371370 19322 5.2%
2001  347372 371577 24205 6.5%
2002  345365 362397 17032 4.7%

table ii.16 Fuel conSumption in international 
air and Sea tranSport (pj)

Year Kerosene Diesel Fuel Oil Total

1990 16.066 0.229 1.006 17.301
1991 15.526 0.576 0.853 16.955
1992 15.621 0.703 0.118 16.441
1993 14.891 0.584 0.086 15.560
1994 17.875 1.964 0.130 19.968
1995 17.592 1.111 0.068 18.772
1996 18.862 0.959 0.070 19.892
1997 20.632 0.755 0.051 21.438
1998 23.157 1.494 0.128 24.779
1999 23.791 2.020 0.409 26.221
2000 24.479 2.107 0.622 27.208
2001 21.358 1.563 0.342 23.263
2002 21.045 1.135 0.196 22.376

table ii.17 greenhouSe gaS emiSSionS and ozone precurSorS in international bunker (gg)

Year CO2 CH4 N2O NOx CO NMVOC SO2

1990 1229.620 0.188 0.031 7.855 7.610 2.232 2.157
1991 1205.350 0.201 0.030 7.950 8.031 2.303 2.015
1992 1166.090 0.184 0.030 7.086 7.082 2.109 0.647
1993 1103.290 0.184 0.028 6.576 6.876 2.041 0.393
1994 1419.020 0.214 0.034 9.684 9.164 2.609 0.559
1995 1331.870 0.200 0.034 8.311 8.009 2.372 0.388
1996 1410.770 0.214 0.036 8.606 8.396 2.511 0.405
1997 1519.640 0.222 0.039 8.730 8.532 2.589 0.390
1998 1758.350 0.236 0.045 10.959 9.899 2.969 0.582
1999 1862.940 0.240 0.047 12.384 10.763 3.163 1.118
2000 1933.950 0.248 0.048 13.086 11.308 3.302 1.519
2001 1652.120 0.217 0.042 10.791 9.493 2.817 0.951
2002 1587.640 0.218 0.041 9.807 8.970 2.702 0.669

Key Sources

An analysis was made of the key sources of the NGHGI 
1990-2002 following the guidelines indicated in Sec-
tion 7 “Methodological Choice and Recalculation” of 
the IPCC Good Practice Guidance, particularly con-
cerning the level and trend assessment of inventory 
sources. In this analysis, emissions categories 3 and 5, 

which correspond to “Solvent and other product use” 
and “Land Use, Land Use Change and Forestry”, were 
excluded because the same methodology does not ap-
ply to them.

Because the estimation of uncertainties is not avail-
able for all categories in each sector, it was decided to 
estimate key sources by level and trend assessment 
using the basic method. In the level assessment, the 
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contribution made by the emissions to total emissions 
from each of the categories and sectors is found, while 
in the trend assessment, the general contribution of in-
ventory emissions is determined. This latter assessment 
makes it possible to identify sources that have a differ-
ent trend from the inventory’s general trend, multiplied 
by the result of the level assessment, in order to achieve 
an appropriate weighting. Therefore, a main	source	cat-
egory will be one whose trend differs significantly from 
the total trend, weighted by the level of emissions of the 
corresponding source category. Equation 7.1 was used 
to assess the level, and equation 7.2 for the trend, as de-
scribed in the Good Practice Guidance.

For level assessment, the categories were grouped 
by the type of gas (CO2, CH4, N2O, HFC, PFC, and 
SF6) and ordered from largest to smallest in magnitude 
with respect to the emissions values in CO2 equivalent 

for 1990, 1992, 1994, 1996, 1998, 2000 and 2002. The 
next step was to calculate their level using equation 7.1 
of the Good Practice Guidance and to determine the 
accumulative total for all the sources considered. The 
main source categories are those which, if added in 
descending order of magnitude, make up more than 
95% of the total emissions in the inventory.

In Table II.18, the key source assessment is shown 
by level for the year 2002. During the entire period 
1990-2002, there are thirteen sources that reach an ac-
cumulation of over 95% of the emissions; in particular, 
the subcategories of transport, electricity production 
and manufacturing and construction industry are the 
three most important, followed by enteric fermenta-
tion, oil refining, and fugitive emissions from oil and 
natural gas. Seven of the thirteen sources belong to 
the Energy category.

table ii.18 aSSeSSment oF key SourceS by tier For 2002

 A B C D E F

 2002 CO2 eq Eq. CO2 eq
 
IPCC Source Categories Sector Direct base Current Level Cumulative
  Greenhouse  year year assessment Total
  Gas estimate estimate  of Column
   (Gg) (Gg)  E

1A1a  Electricity production Energy CO2 66719.168 115449.087 0.208664335 20.87%
1A3  Transport Energy CO2 87784.474 111959.959 0.202358036 41.10%
1A2  Manufacturing and
 construction industries Energy CO2 56624.301 51025.368 0.092223982 50.32%
4A  Enteric fermentation Agriculture CH4 38802.615 37366.876 0.067537428 57.08%
1A1b  Petroleum refining Energy CO2 37987.856 37020.277 0.06691098 63.77%
1B2  Fugitive emissions oil
 and natural gas Energy CH4 30564.730 36690.761 0.066315408 70.40%
6A  Solid waste
 disposal on land Waste CH4 16294.383 34960.611 0.06318831 76.72%
2A  Mineral products Industrial
  Process CO2 15402.296 30618.698 0.055340674 82.25%
6B  Wastewater management
 and treatment Waste CH4 15476.076 28566.615 0.05163171 87.42%
1A4b  Residential Energy CO2 18343.169 19277.118 0.03484174 90.90%
2C  Metal production Industrial
  Process CO2 11792.283 15322.440 0.027693998 93.67%
4D  Agriculture soils Agriculture N2O 7100.481 7449.319 0.013464006 95.02%
1A4c  Agriculture/forestry/fishing Energy CO2 4986.497 5883.832 0.010634522 96.08%
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For the trend assessment (Table II.19), the sourc-
es selected were ordered as a function of the value 
of CO2, CH4, N2O, HFC, PFC, and SF6 emissions in 
CO2 equivalent, corresponding to the year of the as-
sessment, that is to say 1992, 1994, 1996, 1998, 2000 
and 2002. The trend was estimated with respect to the 
base year (1990) except for HFC, for which 1992 was 
taken as the reference year, since there are no previous 
emissions data. The next step was to estimate the per-
centage of each sector’s contribution to the trend, and 
finally to estimate the accumulated total, as indicated 
by the methodology.

The results indicate that, depending on the year, 
the number of sources that contribute with more than 
95% of the inventory trend varies between 13 and 15 
in the period from 1992 to 2002. The main categories 
in the analysis period are electricity production and 
manufacturing and construction industry; however, 

solid waste disposal shows a variation in trend, rap-
idly increasing from 1992 to 1996, and later falling to 
third place in 2002. As for enteric fermentation and 
oil refining, they have occupied between fourth and 
sixth places in this classification every year analyzed. 
Transport, for its part, shows a falling trend, drop-
ping from the first main category in 1992 to fifth place 
in 1998, and even occupying position number 12 in 
2002. For fugitive emissions from natural gas and oil, 
their variation in trend is a drop from sixth place in 
1992 to 15th place in 1998, but later climbing to posi-
tion number 11 in 2002. For the period analyzed, six 
of the sources belong to the Energy category.

It is possible that this distribution may change sig-
nificantly if the categories of land use, land use change 
and forestry are included. However, a complete analy-
sis of all sources will make it possible to corroborate 
this in the future.

table ii.19 aSSeSSment oF key SourceS by trend For 2002

 A B C D E F G

 2002 CO2 eq Eq. CO2 eq

IPCC Source Categories Sector Direct base Current Trend % de Cumulative
  Greenhouse year year Assessment Contribution Total
  Gas estimate estimate   to trend of Column
   (Gg) (Gg)   F

1A1a Electricity
 production Energy CO2 66719.168 115449.087 0.040 21.19% 21.19%
1A2 Manufacturing and
 construction industries Energy CO2 56624.301 51025.368 0.031 16.74% 37.93%
6A Solid waste
 disposal on land Waste CH4 16294.383 34960.611 0.019 10.18% 48.11%
4A Enteric fermentation Agriculture CH4 38802.615 37366.876 0.018 9.70% 57.81%
1A1b Petroleum refining Energy CO2 37987.856 37020.277 0.017 9.17% 66.98%
2A  Mineral products Industrial
  Process CO2 15402.296 30618.698 0.015 7.83% 74.80%
6B Wastewater
 management and treatment Waste CH4 15476.076 28566.615 0.012 6.24% 81.04%
 Residential Energy CO2 18343.169 19277.118 0.006 3.39% 84.43%
2F6 Consumption of halocarbons
 and sulphur hexafluoride Industrial
  Process HFCs 40.352 4425.158 0.006 3.23% 87.67%
2B Chemical industry Industrial
  Process CO2 3948.300 1128.000 0.006 2.96% 90.63%
1B2 Fugitive emissions
 Oil and natural gas Energy CH4 30564.730 36690.761 0.004 2.27% 92.90%
1A3 Transport Energy CO2 87784.474 111959.959 0.003 1.66% 94.56%
4D Agriculture soils Agriculture N2O 7100.481 7449.319 0.002 1.32% 95.88%
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In general, this country does not have direct mea-
surements of GHGs emitted by fixed and area sources. 
The sectors in the Energy category are identified as a 
key source; however, there is no information available 
on fuel consumption that is broken down according to 
the type of technology, so that the emissions estimate 
is made using a Tier 1 method. In addition, default 
emission factors are used, since there are no emission 
factors characteristic of the country or of the region. 
In the energy generation sector, an attempt is made to 
adjust national emission factors to the type of technol-
ogy existing in the country, but they are not sufficient 
to achieve a Tier 2 estimate; therefore, emissions in 
the subcategories of fixed and area sources are esti-
mated using Tier 1 methodologies.

In the case of the Transport sector [1A3], it is not 
possible to estimate the kilometers traveled according 
to vehicle type or technology type; however, emission 
factors are used according to the type of fuel where 
the factors are weighted for vehicles with and without 
a three-way catalytic converter, in an effort to reflect 
the incorporation of antipollution technology into 
the most recent models in the vehicle fleet. For this 
reason, this sector’s emissions were estimated using a 
Tier 1 method.

Fugitive emissions [1B] are identified as a key source; 
however, there is no detailed information available on 
the infrastructure of Mexico’s natural gas and oil sys-
tem, or with direct measurements of emissions, nor are 
there national emission factors for this key source, so 
that finally emissions are estimated using IPCC default 
emission factors and the Tier 1 method.

The solid waste emissions subcategory [6A] is iden-
tified as a key source, but it is not possible to estimate 
the emissions with a methodological tier other than 
the IPCC default method (Tier 1), because there is no 
historical information previous to 1990 on solid waste 
disposal and management in this country, or on the 
composition of the waste deposited in older dumps.

The wastewater subcategory [6B] is also identi-
fied as a key source; however, in this country there is 
no complete or well-documented characterization of 
all wastewater sources, or national parameters that 
would offer general data concerning the operation 

and parameters of the country’s treatment plants. In 
this case, the emissions were estimated with a Tier 1 
methodology.

Within the category of Industrial Processes [2], 
the subcategories of mineral products [2A], chemical 
industry [2B] and halocarbon and sulphur hexafluo-
ride consumption [2F] were identified as key sources. 
Generally, the emissions estimate was made using a 
Tier 1 methodology, and the use of a Tier 2 methodol-
ogy was only possible in estimating emissions gener-
ated by iron and steel production; the use of a Tier 1 
method is a result of the following specific points in 
the different sectors estimated in the Industrial Pro-
cesses category: a) cement production (2A1): there 
are no data available on cement clinker production in 
this country, or on the CaO content in the clinker; b) 
calcium oxide and hydroxide production (2A2): data 
regarding the structure of the lime produced in this 
country are unknown (water content in lime hydrate); 
c) aluminum production (2C3): the information on 
the type of process used in aluminum production is 
not available; d) electric equipment and automatic 
switches (2F6): there is no information available on 
the recharge and destruction of SF6 gas in the equip-
ment, the life cycle of the equipment that contains SF6, 
the marketing of SF6 gas in Mexico, the recovery of 
SF6 from obsolete equipment, or the annual itemized 
report of equipment with SF6 acquired for the entire 
national electric system.

In the Agriculture category [4], the enteric fer-
mentation subcategory [4A] was identified as a key 
emission source. In the emissions estimate, a Tier 1 
methodology is used, due to a lack of information con-
cerning the average weight of each type of livestock, 
the increase in weight throughout the year, the intake 
and feed situation for each type of livestock, and the 
conversion rate of the daily intake to methane.

Similarly, the subcategory of agricultural lands 
[4D] was identified as a key source. The estimate of 
emissions was made with a Tier 1 methodology, given 
that there is no information available in the country 
concerning the nitrogen fraction from animal excre-
ment that is emitted as NOx or ammonium, or what is 
deposited on the land during grazing. For this reason, 



62     Mexico’s Third National Communication to the UNFCCC

activity data reported by international agencies and 
default values are consulted.

As may be observed, the availability of activity 
data and emissions factors characteristic of the coun-
try are the main limitation preventing the use of Tier 
2 methodologies or higher in estimating GHG emis-
sions. Even with the use of Tier 1 methodology, the 
recommendations of the Good Practice Guidance are 
followed in each estimate in the NGHGI 1990-2002.

Level of Uncertainty

According to the IPCC’s Good Practice Guidance, 
quantifying uncertainty is an essential element of a 
complete emissions inventory. The estimation of un-
certainties makes it possible to prioritize efforts to-
wards improving the accuracy of future inventories, 
to define specific topics which should be researched 
in order to improve inventory features, and to inform 
decisions on the choice of methodology.

Uncertainty can be associated with determining 
the emission factors, with continuous monitoring 
of emissions, and with taking emission factors from 
published references or from activity data.

In the case of the NGHGI 1990-2002, uncertainties 
in the inventory are associated with both the emission 
factors chosen for each source and the activity data 
used in the estimates. As the Good Practice Guidance 
suggests, the uncertainties associated with the values 

of Global Warming Potential are not considered, nor 
are they estimated for indirect greenhouse gases (CO, 
NOx, SO2, NMVOCs).

For this inventory, Tier 1 methodology, “Estimat-
ing uncertainties by source category with simplify-
ing assumptions”, recommended in Chapter 6 of the 
IPCC Good Practice Guidance, is used. Based on this 
methodology, uncertainty values associated with an-
nual emissions estimates and emission trends over 
time were calculated.

To do so, Table 6.1 of the IPCC Good Practice 
Guidance was used, with the results that are presented 
in Table II.20.

The uncertainty values presented in Table II.20 in-
clude the subcategories and sectors for which it was 
possible to estimate an uncertainty value individually 
for the year 2002, either for the activity data and/or 
for the emission factor. The total emissions considered 
for the calculation of uncertainties represent 96% of 
the total emissions in the inventory.

According to this approach, it is estimated that 
the NGHGI 1990-2002 has an overall uncertainty of 
7% and an uncertainty introduced into the emission 
trend of 4%.

In the uncertainty analysis, there are two specific 
results considered: a) the combined uncertainty that 
the sector or subcategory contributes with respect to 
the total inventory uncertainty for the year 2002, and 
b) the uncertainty that the subcategory or sector con-

table ii.20 total inventory uncertainty by category

Category 1990 Base 2002 Combined uncertainty Uncertainty introduced in
 year Emissions as % of total of national trend of total national
 emissions (Gg) emissions for 2002 emissions
 (Gg)

1 Energy 308,766.16 390,100.92 3.06 1.92
2 Industrial Process 23,973.00 31,486.00 0.62 0.06
4 Agriculture 47,426.51 46,146.16 1.74 2.20
5 LULUCF 86,811.00 86,811.00 4.38 1.32
6 Waste 31,770.90 63,527.65 3.31 1.92
Estimated total 498,747.57 618,071.73 6.55* 3.74*
Total emissions 512,079.00 643,183.00 — —

* x2∑
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tributes to the total uncertainty in the total national 
emission trend. Based on both these results, the fol-
lowing conclusions are reached:

In the energy category [1], within the subcategory of 
fugitive emissions [1B], the sectors with greatest uncer-
tainty for the year 2002 are: a) fugitive emissions in the 
production of natural gas, and b) fugitive emissions in 
the venting and combustion in burners. The second sec-
tor introduces a significant value into the uncertainty of 
the total emissions trend derived from the uncertainty 
in its activity data.
In the agriculture category [4], only the subcategory of 
enteric fermentation [4A] displayed a high uncertainty 
value in 2002, as well as in the uncertainty introduced 
into the total emission trend generated mainly by the 
uncertainty of activity data.
In the waste category [6], the subcategories of municipal 
solid waste [6A] and industrial wastewater [6B1] con-
tribute the greatest uncertainty to both the combined 
uncertainty of the inventory total and the uncertainty 
introduced into the inventory’s total emission trend; in 
both cases, the uncertainty of the emission factors is 
the cause for the magnitude introduced into the trend 
uncertainty.

The uncertainty analysis indicates the following 
conclusions:

• More work needs to be done on establishing un-
certainty in those subcategories and sectors where 
it was not possible to estimate their value in 2002. 
The IPCC Good Practice Guidance does not of-
fer a default uncertainty value for these sectors or 
subcategories; nor is there a value documented at 
the national level for the uncertainty of the activ-
ity data or for the national emission factors used in 
the NGHGI 1990-2002 estimates; and finally, no-
where in the scientific literature could uncertainty 
values for emission factors be found that could be 
used in this country.

• For the subcategories and sectors for which it was 
possible to estimate an uncertainty value in 2002, 
it is also necessary to estimate national emission 

factors in order to reduce the uncertainty associ-
ated with those default factors used from the IPCC 
Guidelines, as in the case of the disposal of mu-
nicipal solid waste and industrial wastewater man-
agement and treatment; similarly, it is necessary 
to have access to activity data obtained by direct 
measurements whenever this is possible (industrial 
processes, fuel consumption in manufacturing and 
construction industry); to document statistics as-
sociated with the activity data in such a way as to 
reflect more completely the situation of the sector 
(enteric fermentation, automobile); to obtain activity 
data, when they exist, with a greater level of itemiza-
tion, according to either technology, region, or some 
other desired characteristic (fugitive emissions in 
venting and combustion in burners, SF6 consump-
tion in electricity generation, transmission and dis-
tribution); all this in order to reduce the uncertainty 
introduced into the total inventory emissions.

International Comparison

One way of checking the reliability of the GHG emis-
sions inventory is by means of a verification process. 
The IPCC Good Practice Guidance describes five 
techniques as verification options for a national GHG 
inventory:

1. revisions of quality control,
2. comparisons with other inventories,
3. comparisons between intensity indicators,
4. comparisons with data on atmospheric concentra-

tions or measurements of emission sources, and
5. modeling studies.

The application of any one of these techniques can 
be carried out at the national or international level, 
considering the availability of data, results and tech-
nical experience in the country. According to this, the 
comparisons can be given in the following way:

• comparison with national emissions data prepared 
independently by another organization or report-
ed in national scientific literature,
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• comparison of national emissions with the emis-
sions of other countries reported in some publica-
tion of that country,

• comparison with local, regional or global atmo-
spheric measurements,

• comparison with international scientific publica-
tions.

In order to improve the reliability of the inventory 
and to compare Mexico’s position with other coun-
tries in the world, comparisons of the NGHGI 1990-
2002 were made with data for CO2 emissions from the 
burning of fossil fuels estimated by the International 
Energy Agency (IEA). In the comparisons, intensity 
indicators were included as well as the value of the 
Human Development Index for the countries select-
ed. In the comparison, data were included from 124 
countries whose emissions were estimated by the IEA 
based on national energy balances. In the compari-
son process, each country was identified as being an 
Annex I or non-Annex I party of the UNFCCC and 
was checked to see whether it belonged to the Orga-
nization for Economic Cooperation and Development 
(OECD), an organization to which Mexico belongs. 
The countries of Latin America and the Caribbean 
and those countries that make up the Group of 8 (G8) 
were also included.

Global CO2 emissions generated by the burning of 
fossil fuels represented 24,221.63 million tonnes for 
the year 2003, according to IEA estimates; this figure 
does not include emissions from aviation and interna-
tional sailing (international bunkers).

Table II.21 shows a list of 55 countries that alto-
gether emit 95% of the world CO2 emissions gener-
ated by the burning of fossil fuels. On that list are 25 
Annex I (AI) countries and 28 non-Annex I countries 
(NAI) of the UNFCCC; on the same list are also 23 
countries of the 30 that make up the OECD, all of 
the countries that form the Group of 8 (G8) as well as 
the five countries that participate as guest countries 
at the G8 meetings (Brazil, China, India, Mexico and 
South Africa); only six countries of the 55 listed are 
from the region of Latin America and the Caribbean 
(LAC).

Of the total CO2 emissions from these 55 coun-
tries, 56.7% are generated by the Annex I countries, 
and 36.9% by non-Annex I countries. The remaining 
1.4% is generated by other countries or regions that at 
the moment do not form part of the UNFCCC.

The six Latin America and Caribbean countries 
shown on the list generate only 4.2% of the global CO2 
emissions; these countries are Argentina, Brazil, Co-
lombia, Chile, Mexico and Venezuela.

The thirteen countries that meet in the G8+5 
framework emit 70.2% of the global CO2 emissions 
generated by the burning of fossil fuels. In particular, 
the G8 generate 46.4% and the five invited countries, 
23.8% of the global CO2 emissions.

For their part, the 23 OECD countries included 
on the list altogether generate 51.9% of the global CO2 
emissions.

According to the figures reported by the IEA for 
2003, Mexico occupies 12th place globally as regards 
CO2 emissions from the burning of fossil fuels, with a 
total of 374.25 million tonnes of CO2 or 1.5% of global 
emissions. In general, the estimates made by the IEA 
for Mexico vary by approximately 5% with respect to 
the estimates made in our country with IPCC Guide-
lines and reported in the NGHGI 2002.

Figure II.23 shows a comparison of the per capita 
emissions of CO2 and the per capita GDP of a group of 
37 of the 55 countries shown in the previous Table. The 
37 countries in this figure represent 86% of the world 
GDP and 88% of the CO2 emissions from the burning of 
fossil fuels. In the figure, one can appreciate the fact that 
those countries that enjoy a higher level of income per 
capita are those that also emit a greater quantity of CO2 
per inhabitant from the burning of fossil fuels. Differ-
ent factors such as the type of fossil fuels consumed, the 
type and conditions of the technology used, the size of 
the population or variations in the climate throughout 
the year, affect the emissions level for each country.

As shown in the graph, a higher level of income 
is generally associated with a greater consumption of 
fossil fuels. As the population is able to satisfy its basic 
needs (housing, food, health) and seeks to satisfy sec-
ondary needs, it tends toward a greater consumption of 
energy (which can be by means of the burning of fos-
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table ii.21 countrieS that repreSent 95% oF global co2 emiSSionS generated in the burning oF FoSSil FuelS [1a], 2003

Sources of information: CO2 Emissions: IEA, 2005. “Key World Energy Statistics. GDP: UNDP, 2005. “Human Development 
Indicators”.Population: UNDP, 2005. “Human Development Indicators” (HDI): UNDP, 2005. “Human Development Indicators” 
*Notations. - (NE) Not Estimated; (AI) Annex I; (NAI) non-Annex I; (LAC) Latin America and the Caribbean; (G8+5) G8 coun-
tries plus Brazil, China, India, Mexico and South Africa; (OECD) Organization for Economic Co-operation and Development
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Figure ii.23 international compariSon oF per capita co2 emiSSionS vS. per capita gdp, 2003

sil fuels). As studies carried out by Goldemberg4 and 
Krugman indicate, energy consumption is also related 
to the level of well-being of a country’s population. The 
author concludes that the consumption of 1 tonne of 
oil equivalent per person per year is the breaking point 
between achieving a higher or lower level of well-being 
(Goldemberg, 2001). Thus a higher level of income is as-
sociated with a consumption of commercial fuels while 
in societies with lower levels of income, traditional fu-
els are consumed. Consequently, the CO2 emissions as-
sociated with the burning of fossil fuels differ between 
the two types of countries because of the different com-
bination of types of fuels used.

Per capita income, however, is not the only indica-
tor to compare the level of development, and therefore 
of emissions, of different countries. A relevant com-

parison is the incorporation of the Human Develop-
ment Index (HDI), generated annually by the United 
Nations Development Program (UNDP). The HDI 
measures the achievements reached by a country with 
respect to three basic dimensions of development: 1) 
health and life expectancy; 2) education of the popu-
lation; and 3) per capita income.

As shown in Figures II.24 to II.26, a higher level of 
human development is associated with a higher level of 
emissions per capita. In those countries where there is 
a greater dependence on traditional fuels (such as bio-
mass), the level of human development is lower and so 
is the level of emissions; on the other hand, in countries 
where there is greater reliance on consumption of com-
mercial fuels, more CO2 emissions are produced and 
there is a higher level of human development.

5 Goldemberg, J. (2001). “Energy and human well-being”. Disponible en http://hdr.undp.org/publications/papers.cfm Krugman, H., Goldemberg, J. 
(1983). “The energy cost of satisfying basic human needs”. Technological Forecasting and Social Change. Vol 24, Issue 1, pág. 45-60.
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In the last five years, Mexico has proved itself to 
be a country with a high level of human development; 
however, its per capita income and emissions levels are 
more similar to those countries with an average level 
of human development, as can be seen in Figures II.23 
at II.26. According to data on the Human Develop-
ment Index 2005 and estimates of the IEA, Mexico is 
in 53rd position worldwide in terms of human devel-
opment, in 51st place in per capita income, and in 67th 

position in CO2 emissions per capita from the burning 
of fossil fuels.

The country’s efforts toward improving energy in-
tensity and changing the use of fuels have helped reduce 
GHG emissions intensity. As shown in Figure II.13, al-
though the economy has grown at an average rate of 
3.1% annually between 1990 and 2002, emissions show 
a growth of 2.2%, which is an indication of decoupling 
with respect to the country’s economic activity.

Figure ii.24 international compariSon oF per capita co2 emiSSionS vs. hdi



68     Mexico’s Third National Communication to the UNFCCC

Figure ii.25 international compariSon oF per capita co2 emiSSionS vs. high hdi

Sources of information:
CO2 Emissions: IEA, 2005. “Key World Energy Statistics”
GDP: UNDP, 2005. “Human Development Indicators”
Population: UNDP, 2005. “Human Development Indicators”
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Figure ii.26 international compariSon oF per capita co2 emiSSionS vs. medium hdi

Sources of information:
CO2 Emissions: IEA, 2005. “Key World Energy Statistics”
GDP: UNDP, 2005. “Human Development Indicators”
Population: UNDP, 2005. “Human Development Indicators”
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III. Institutional Arrangements 
for Applying the Convention

Effective institutional arrangements for the ongoing 
preparation of National Communications will be dis-
cussed next.

The Federal Public Administration is made up of 
eighteen state Ministries (Presidencia, 2006c). The 
authoritative documents that establish government 
policies for Mexico are the National Development 
Plan 2001-2006 and the sectoral plans of each Min-
istry.

The Ministry of the Environment and Natural 
Resources (SEMARNAT) is responsible for steering 
national environmental policy and is made up of the 
following decentralized bodies: the Mexican Institute 
of Water Technology (IMTA) and the National For-
estry Commission (CONAFOR); and of the following 
deconcentrated bodies: the National Commission for 
Protected Natural Areas (CONANP); the National 
Water Commission (CONAGUA); the National Com-
mission for the Knowledge and Use of Biodiversity 
(CONABIO); the Federal Attorney’s Office for the 

Protection of the Atmosphere (PROFEPA); and the 
National Institute of Ecology (INE).

In order to comply with climate change policy, 
the Under-Ministry of Planning and Environmental 
Politics of the SEMARNAT has the Associate Direc-
torate General for Climate Change Projects, which is 
in charge of promoting and facilitating the develop-
ment of projects for a Clean Development Mechanism 
(CDM) in this country. For its part, the International 
Affairs Coordinating Unit (UCAI) of this Ministry 
has the duty, among other things, of promoting, orga-
nizing and coordinating the participation of the Min-
istry and of its deconcentrated bodies in international 
meetings or forums, in coordination with the Minis-
try of Foreign Affairs.

The agreement by which the Inter-ministerial 
Commission on Climate Change (CICC) was created, 
was announced in the Official Gazette of the Federa-
tion on April 25, 2005; it is permanent in nature, and 
is aimed at coordinating the actions of the offices and 
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entities of the Federal Public Administration, within 
the scope of their respective authority, regarding the 
formulation and implementation of national policies 
for greenhouse gas prevention and mitigation, climate 
change adaptation, and, in general, promoting the de-
velopment of climate action programs and strategies 
that are to fulfill Mexico’s commitments under the 
United Nations Framework Convention on Climate 
Change (UNFCCC) and other instruments deriving 
from it.

The Commission also seeks to identify opportuni-
ties, and to facilitate, promote, disseminate, evaluate 
and, whenever appropriate, approve projects for the 
reduction and sequestration of greenhouse gases in 
Mexico, under the terms of the Kyoto Protocol, as well 
as of other instruments with the same objective.

Members of the Commission are the Ministers of 
Foreign Affairs; Social Development; Environment 
and Natural Resources; Energy; Economy; Agricul-
ture, Rural Development, Fisheries and Food; and 
Communications and Transport. The Ministry of the 
Treasury and Public Credit is a guest participant.

The Commission may request other government 
offices and entities to participate permanently or tem-
porarily in its work when topics related to their sphere 
of authority or object are addressed.

The Commission’s main responsibilities include 
the following:

I. To formulate national climate change policies and 
strategies and submit them to the President of the 
Republic for consideration, in order to incorporate 
them into the corresponding sectoral programs 
and actions:

II. To promote and coordinate the implementation of 
national strategies of climate action and to coordi-
nate their implementation in the respective spheres 
of authority of the federal offices and entities, and 
to report regularly to the President of the Republic 
regarding progress in this area.

III. To promote and update any action necessary to 
comply with the objectives and commitments con-
tained in the UNFCCC, and other instruments de-
riving from it.

Figure iii.1 Structure oF the inter-MiniSterial coMMiSSion on cliMate change
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IV. To function as the Designated National Authority 
for purposes related to the UNFCCC and its Kyoto 
Protocol with the Clean Development Mecha-
nism.

V. To formulate the national position to be adopted 
before pertinent international forums and organ-
isms, as well as to exchange communications with 
the UNFCCC Secretariat through the Minister of 
Foreign Affairs.

VI. To promote, before the pertinent authorities, the 
updating, development and makeup of the nation-
al legal framework in the area of climate change 
prevention, mitigation, and adaptation.

The presidency of the Commission falls perma-
nently to the Minister of the Environment and Natu-
ral Resources. Members of the Commission will be 
able to designate their own substitutes.

The Commission has a permanent work group 
called the Mexican Committee for Projects in Emis-
sion Reduction and Greenhouse Gas Sequestration 
that is in charge of promoting, disseminating and 
assessing Clean Development Mechanism projects, 
and whenever appropriate, advising the Commission 
President on issuing the letters of approval required to 
certify the voluntary participation of those involved 
in projects of the Clean Development Mechanism and 
their contribution to Mexico’s sustainable develop-
ment, exclusively for the purposes contemplated in 
Article 12 of the Kyoto Protocol.

The same agreement mentions the creation of the 
Advisory Council on Climate Change as a consulting 
agency for the Commission, and made up of a mini-
mum of fifteen people from the social, private, and 
academic sectors, with recognized merits and expe-
rience in topics of climate change, who will be des-
ignated by the President of the Commission at the 
suggestion of its members. A balanced representation 
of the sectors and of their respective interests should 
be guaranteed.

Members of the Advisory Council exercise their 
functions on an honorary basis and in a personal ca-
pacity, independently of the institution, company or 
organization they belong to or where they work. They 

may remain in their position for a 4-year period, with 
one possible re-election. On October 11, 2005, the 
Council was formed, with twenty-two specialists in 
the areas of responsibility of the seven Ministries that 
participate in the Commission.

Apart from this, the policy promoted by the Min-
istry of Energy (SENER), in order to complement the 
mandate of the Government of Mexico regarding cli-
mate change, is maintained by different lines of action 
associated with the innovation of processes related 
to the use of the energy, efficiency in the use of fos-
sil fuels, as well as the promotion and implementation 
of projects for exploiting renewable energy. In Febru-
ary, 2005, by signing a Collaboration Agreement, the 
SENER also created the Energy sector’s Committee on 
Climate Change. This Committee incorporates the vi-
sion of the Energy sector as a whole and seeks to reaf-
firm its position as the coordination mechanism for 
the follow-up, analysis and definition of policies and 
activities related to Climate Change and the Clean 
Development Mechanism in the Energy Sector. It also 
aims at consolidating its function in coordinating ac-
tions on climate change with SEMARNAT.

The Committee is presided over by the Under-Min-
ister of Energy Planning and Technological Develop-
ment, and participating in it are the representatives 
of the Federal Electricity Commission (CFE), Petro-
leos Mexicanos (PEMEX), Luz y Fuerza del Centro 
(LyFC); the Energy Regulatory Commission (CRE); 
the National Energy Saving Commission (CONAE); 
the Electrical Research Institute (IIE); the Mexican 
Petroleum Institute (IMP); and the Trust Fund for 
Energy Saving (FIDE).

Preparation of National 
Communications

Regarding the coordination of work in preparing the 
National GHG Inventories and the National Com-
munications, this is the responsibility of the National 
Institute of Ecology (INE). For this task, it has the 
Coordination of the Climate Change Program, whose 
mission it is to plan and coordinate climate change re-
search and projects in Mexico, in order to fulfill com-
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mitments established in the National Development 
Plan 2001-2006 and in the Sectoral and Institutional 
Programs 2001-2006, and of those acquired under the 
UNFCCC, as non-Annex I Parties of the Convention.

Among the objectives of the Coordination are the 
following:

1. To update the National Greenhouse Gas Inventory 
(NGHGI), by sources and sinks,

2. To prepare National Communications for the 
United Nations Framework Convention on Cli-
mate Change,

3. To carry out methodological studies for green-
house gas mitigation in the energy and forestry 
sectors,

4. To conduct studies on the assessment of climate 
variability and climate change,

5. To carry out methodological studies for the assess-
ment of vulnerability and of climate change adap-
tation options,

6. To develop scenarios of future emissions,
7. To conduct studies on the benefits for human 

health that result from reducing emissions of local 
and global pollutants in the cities, and to promote 
the development of cleaner technologies,

8. To give scientific-technical consultancy to deci-
sion-makers; and to the representatives of Mexi-
can Delegations to international meetings,

9. To prepare scientific-technical and educational 
materials, as well as those related to raising public 
awareness in general regarding climate change,

10. To keep the media informed.

The Coordination is composed of an area direc-
torate; two deputy directorates, that of Mitigation 
Method and Studies on Climate Change in the Energy 
Sector, and that of Studies on Vulnerability and Ad-
aptation to Climate Change and Local and Global Co-
benefits, as well as of six head departments.

Scientists and technicians from the country’s pub-
lic and private institutes and research centers; officials 
from government agencies, personnel from the private 
sector and from non-government organizations par-
ticipate in the preparation of the National Commu-
nications. Since the First Communication was drawn 
up, multi-disciplinary work groups made up of experts 
in inventories, in mitigation, and in the assessment of 
vulnerability and climate change adaptation options 
were formed. These groups have also collaborated in 
conducting research for the Second and Third Nation-
al Communications. This has guaranteed the continu-
ity and reinforcing of human resources and national 
capacities in the area of climate change. Some of the 
scientists and technicians who have collaborated in 
the process of preparing national communications are 
also participating in work groups for the preparation 
of the Fourth Assessment Report for the Inter-Gov-
ernmental Panel on Climate Change.

In this process, valuable north-south cooperation 
has been received and at the same time the south-
south cooperation with several countries in Central 
America has continued.
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IV. Programs that Include Measures 
to Facilitate an Adequate Adaptation 

to Climate Change

Introduction

The Intergovernmental Panel on Climate Change 
(IPCC) defines vulnerability as the degree to which 
a system is susceptible to, or unable to face, adverse 
effects of climate change, including climate vari-
ability and extremes (IPCC, 2001). Vulnerability is 
a function of the character, magnitude and speed of 
climate change and of the variation to which a sys-
tem is exposed, its sensitivity, and its adaptability. 
For this reason, adaptability, defined as the ability 
of a system to adjust to climate change (including 
climate variability and extremes) in order to lessen 
possible damage, to take advantage of opportunities, 
or to face consequences, will be the mechanism for 
reducing vulnerability. According to these concepts, 
climate risk depends on the intensity and frequency 
of the threat (for example, hurricanes or drought), 
but also on vulnerability, namely, the extent to which 
sectors can be affected.

A country’s vulnerability to extreme climate con-
ditions is related to:

1. the dissemination and understanding of climate 
information,

2. the technical capacity to apply preventive mea-
sures, and

3. the availability of financial resources for imple-
menting these measures.

In any initiative aimed at adaptation, it is always 
necessary to ask oneself: “who is vulnerable?”, “what 
are they vulnerable to?”, and “why are they vulnera-
ble?” Thus the practical answer to the question “adapt 
to what?”, requires “focusing on working toward those 
measures and policies that can be used to reduce cli-
mate vulnerability”.

The United Nations Framework Convention on Cli-
mate Change (UNFCCC) recognizes the need to adapt 
to climate change, and specifies that assistance would 
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be available for “Developing countries that are particu-
larly vulnerable to adverse effects of climate change, in 
facing the costs of adapting to these adverse effects”.

The challenge of climate change adaptation is to 
understand and characterize vulnerability, while 
ensuring that the adaptation measures and policies 
chosen are compatible with the goals of sustainable 
development. Adaptation should be economically ef-
ficient, and adaptation options should be designed to 
contribute as much as possible to the objectives of the 
national economic well-being. Adaptation should also 
help in advancing toward social goals and should be 
environmentally sustainable.

Mexico is a country that is particularly vulnerable 
to climate extremes. The El Niño or La Niña events, as 
well as extreme hydrometeorological conditions, have 
caused serious damage and disasters in different so-
cio-economic sectors in our country. Recent work in 
characterizing vulnerability to climate variability and 
change - to help understand the phenomenon, and be 
able to discuss it interdisciplinarily and with stake-
holders, as well as decide on proposals for adaptation 
- highlights the progress Mexico has made both na-
tionally and internationally. The present chapter de-
scribes recent national studies conducted in this area. 
It is expected that in the near future, the knowledge 
gained will lead to a National Climate Change Ad-
aptation Strategy that will ensure that the country’s 
goals in sustainable development are reached.

Climate Change Scenarios for Mexico

INE/ Atmospheric Sciences Center 
(CCA-UNAM)

Making projections into the future in any aspect of life 
has a greater or lesser degree of uncertainty associated 
with it. In the case of climate change, for example, there 
is practically no doubt that the world will experience 
higher temperatures and a more intense, changing wa-
ter cycle. However, the magnitude of such changes, or 
the specific impacts that a region will experience, are 
still a topic for study, because this depends on factors 
that are both physical and socio-economic. It is for this 

reason that, in generating future climate scenarios, 
integrated models need to be considered that would 
incorporate both the future generation of greenhouse 
gases, a consequence of global socio-economic develop-
ment, and the planet’s climate response to the result-
ing radiative forcing. The IPCC has projected different 
emissions scenarios and greenhouse gas concentrations 
in order to estimate the changes in the planet’s climate. 
This series of emissions scenarios is known as the Spe-
cial Reports on Emissions Scenarios (SRESs) (IPCC, 
2000), and is based on different hypotheses regarding 
the socio-economic development of the planet. To put 
it simply, the emissions scenarios can be classified by 
families, as follows:

High Emissions  A1B
Medium-High Emissions  A2
Medium-Low Emissions  B2
Low Emissions B1

In Mexico, various climate models from large 
weather climate centers around the world were used, 
and future climate scenarios were generated for each 
of those SRESs. A climatology is constructed using av-
erage conditions over thirty years. For this reason, it 
has been customary to analyze the periods 2010-2039, 
2040-2069 and 2070-2099, referring to each of them 
as: the climatologies for 2020, 2050 and 2080.

If a set of projections from the Global Circulation 
Models (GCM) and the dispersion in temperature and 
precipitation projections for the 2020, 2050 and 2080 
climates are considered, it is found that, in general, 
Mexico’s climate will be warmer (by 2 to 4 °C) around 
2050 (Figure IV.1). The results indicate that the most 
continental part of northern Mexico will experience 
the greatest increases in temperature. During the first 
decades of the 21st century, there are no marked dif-
ferences if the emissions follow scenario A2 or B2. But 
after the 2050 climate, the differences will be more 
pronounced. Hence the importance of developing 
global mitigation strategies (INE, 2006a).

Changes for winter rains indicate a decrease in 
precipitation fluctuating between 0 and 0.6 mm/day 
(Figure IV.2). This value indicates reductions of up 
to 15% in regions in central Mexico, and of just un-



Programs that Include Measures to Facilitate an Adequate Adaptation to Climate Change    77

Fi
g

u
re

 iV
.1

 S
ce

n
a

ri
o

S o
F S

u
rF

a
ce

 te
m

pe
ra

tu
re

 c
h

a
n

g
e (

°c
) F

o
r j

u
n

e, 
in

 th
e 2

02
0,

 2
05

0 
a

n
d

 2
08

0 
cl

im
a

te
S,

Fo
r e

m
iS

Si
o

n
S S

ce
n

a
ri

o
S a

2 
(u

pp
er

 pa
rt

) a
n

d
 b2

 (l
o

w
er

 pa
rt

), 
a

cc
o

rd
in

g
 to

 d
iF

Fe
re

n
t g

cm
 pr

o
je

ct
io

n
S

Th
e 

co
lo

rs
 c

or
re

sp
on

d 
to

 th
e 

av
er

ag
e 

te
m

pe
ra

tu
re

 p
ro

je
ct

ed
, a

nd
 th

e 
lin

es
 to

 th
e 

di
sp

er
sio

n 
(s

ta
nd

ar
d 

de
vi

at
io

n)
 b

et
w

ee
n 

pr
oj

ec
tio

ns
.



78     Mexico’s Third National Communication to the UNFCCC

Fi
g

u
re

 iV
.2

 m
ed

ia
n

 o
F c

h
a

n
g

eS
 pr

o
je

ct
ed

 in
 pr

ec
ip

it
a

ti
o

n
 (m

m
/d

a
y)

 Fo
r j

u
n

e, 
in

 2
02

0,
 2

05
0 

a
n

d
 2

08
0 

cl
im

a
te

S, 
o

n
 a

 c
o

lo
r S

ca
le

Th
e 

lin
es

 c
or

re
sp

on
d 

to
 th

e 
in

te
rq

ua
rt

ile
 ra

ng
e 

be
tw

ee
n 

pr
oj

ec
tio

ns
 o

f a
no

m
al

ie
s. 

Th
e 

up
pe

r p
an

el
 c

or
re

sp
on

ds
 to

 A
2 

em
is

sio
ns

 sc
en

ar
io

s, 
th

e 
lo

w
er

 o
ne

 to
 B

2.



Programs that Include Measures to Facilitate an Adequate Adaptation to Climate Change    79

der 5% in the coastal area of the Gulf of Mexico, with 
the smallest reductions in precipitation being reached 
with scenario A2 in climate intervals around 2080. 
It should be mentioned, however, that the projected 
changes are of the same order of magnitude as the un-
certainty, as a result of the dispersion between models. 
This situation shows that there are some models that 
project slight increases in precipitation, while others 
project drastic decreases.

The projected changes in temperature and pre-
cipitation were analyzed by means of scatter diagrams 
(Figure IV.3). This made it possible to distinguish the 
dispersion between models and emissions scenarios, 
and thus try to determine the degree of confidence 
that can be placed on future projections. Consider-
ing projections for the climate around 2080 compared 
to base climate 1961-1990, it can be seen that several 
models project increases in temperature from 2 to 
4 °C, although there are some that, in certain emis-
sions scenarios, can project greater or lesser changes. 
All models indicate a rise in temperature, so there is 
a great deal of certainty in this scenario, although the 
size of the increase is somewhat uncertain. In the case 
of rain, decreases of between 0 and 20% are projected 
for the first half of the year, becoming smaller towards 
the beginning of summer and even turning into in-
creases towards the last quarter of the year, with val-
ues of between 0 and 5%.

Extreme events, such as hurricanes and cold fronts 
(“nortes”), require special consideration as regards 
precipitation projections for Mexico. It is possible that 
these cold fronts may become less frequent. It is uncer-
tain to what degree this decrease could affect precipita-
tion, but according to certain scenarios, these will tend 
to diminish mainly in the Gulf of Mexico basin.

In the case of tropical hurricanes, it is considered 
that, on average, they will increase in intensity, with 
a decrease occurring in the average central pressure 
of the system of approximately 14%, with increases of 
6% in wind intensity and an increase in precipitation 
of approximately 18%, within a 100 km radius from 
the center of the hurricane. Such projected changes 
can be difficult to detect in present data, since the 
uncertainty involved in a small sample obscures the 

estimation compared to the large, well-known inter-
annual and interdecadal variations.

Finally, the theories suggest that, because the wa-
ter cycle will become more intense, the number of 
severe storms is expected to increase, but there could 
also be more extreme and more prolonged periods of 
drought. Observations over the last few years in Mex-
ico seem to agree with this position.

Climate modeling program

INE/CCA-UNAM

Climate information acquires a high socio-economic 
value in those parts of the world where it is considered 
to be an element in decision making. Even with the 
imprecisions characteristic of a system of climate fore-
casting, seasonal prediction is a way to help reduce the 
negative impacts of droughts and floods. In countries 
with sustainable development projects, sectors such 
as agriculture, energy or water management have re-
lied on climate information for more than a decade. 
Based on advances in climate forecasting, which are 
to a great extent due to our knowledge of the El Niño/
Southern Oscillation (ENSO), and to impacts experi-
enced under recent extreme climate events, it can be 
established that in Mexico, as in many other parts of 
the world, climate risk is high.

The change in water availability throughout the 
various seasons of the year is a very important prob-
lem, because the change from dry periods to periods 
of flooding has become more common. The cycle of 
alternating drought and excessive rains, reflecting 
natural climate variability, frequently translates into 
disasters because of our high level of hydrological 
vulnerability. Part of the problem lies in the fact that 
no progress has been made between using climate in-
formation to explain disasters, and using it to find a 
way to prevent them. These problems could become 
more accentuated under climate change conditions. 
Undoubtedly, in the face of a warmer climate with 
greater variability, adaptation actions will be required, 
including the use of climate information. In Mexico, 
some steps have already been taken in that direction, 
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but the greatest challenge is still, among scientists, 
government authorities, and users of climate infor-
mation in general, the capacity building to interpret 
climate diagnoses and forecasts. The probabilistic na-
ture of climate forecasting requires an interpretation 
in terms of risk management, a capacity that should 
be developed in each sector.

The development of computer technology has 
made it possible to find approximate solutions to cli-
mate physics equations, as well as making it possible 
now to manage the large quantity of climate data pro-
duced with GCMs. As time has passed, this type of 
model has made it possible to generate a satisfactory 
simulation of very complex processes, for example the 
functioning of the atmosphere, including essential el-
ements such as clouds, radiation, winds, etc.

Climate models allow us to predict or to conduct 
“experiments” that would never be possible in real-
ity. For example, with a good climate model, it would 

be possible to estimate how the temperature would 
vary in some region if the concentration of a gas, for 
example carbon dioxide (CO2), were increased. The 
limitation is that a model produces a simulation that 
is not reality; and no matter how good the simulation, 
it will never achieve the complexity of the natural 
process. Thus it has been proven that the complexity 
and randomness of some climate processes is so great 
that, although the best supercomputers and the most 
sophisticated computational models have been used, 
it has not been possible to predict the weather reliably 
for periods longer than two days.

With the support of the INE, the scientific insti-
tutions involved in climate modeling have designed 
a strategy to generate atmospheric models that will 
make it possible both to predict the seasonal climate 
and to produce regional climate change scenarios. The 
proposal for a Climate Modeling Program consists in 
building up capacity in five essential categories:

Figure iV.3 anomalieS in temperature and precipitation For mexico (country aVerage)

Based on four emission scenarios and four climate models around 2080, represented quarterly (Mitchell, et al., 2004).
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Data
Processes
Models
Assessment
Communication and generation of capacity

It has been estimated that, once started up, the 
Program will take at least three years before it is able 
to produce high-value information for decision mak-
ing, because it will be necessary to generate capabil-
ity in each of the elements mentioned above. There is 
a will among various sectors and actors to build this 
Program, because the importance of having these 
elements is clear: through a knowledge of regional 
climate processes and a greater capacity for seasonal 
predictions and the generation of climate scenarios, 
our vulnerability to extreme climate conditions can 
be considerably reduced (INE, 2004a).

Water sector

Most of Mexico has a monsoon-type climate with 
rains in the summer, which results in semi-arid con-
ditions in the northern part of the country and tropi-
cal conditions in the southern part. The components 
of the water cycle indicate that, in Mexico, almost 75% 
of the precipitation evapotranspires and that at most 
5% recharges aquifers, the main source of our water 
supply. The present scenario indicates an average wa-
ter availability in this country of approximately 4,000 
m3/inhab/year. This figure is deceptive as a measure of 
the real water availability for most Mexicans, because 
there are differences from region to region. Although 
this value is higher than 1,000 m3/inhab/year, consid-
ered to be the threshold that defines water shortage, 
several regions in the center and north already have 
levels lower than 2,500 m3/inhab/year as a result of 
the growing demands of an increasing population. In 
particular, in the Baja California Peninsula, the Río 
Bravo (Grande) and the watersheds in the north, wa-
ter availability for the year 2020 is predicted to be less 
than 1,000 m3/inhab/year.

According to CNA (2004) figures, almost 75% of 
the water consumed in Mexico is for agricultural pur-
poses. Domestic use is responsible for 14% and the 

remaining 11% is for industrial use. However, ineffi-
cient use of water exacerbates problems in the sector. 
In agriculture, 55% of the total amount of water ex-
tracted is wasted, as a result of leaks and excess irriga-
tion, among other things. The urban sector loses 43%. 
Wastage in the industrial and services sectors is esti-
mated to be minimal, although they are big pollutants 
of the resource. Water is used in industry with low lev-
els of efficiency since there is practically no recircula-
tion or reuse of the liquid. Total losses represent 49% 
of the water extracted for purposes of consumption.

Vulnerability of the water sector
to climate change

Variations in temperature and precipitation produce 
changes in the variables of the hydrological balance, 
that are reflected in water availability. Thus for ex-
ample, in the northwestern part of Mexico, the water 
balance suggests that the increase in temperature will 
cause evapotranspiration to increase and soil humid-
ity to diminish. In this country, the changes in soil 
humidity will directly affect water availability be-
cause, by reducing the former, more extraction will be 
needed to keep the crops irrigated.

In addition, in those areas where soil humidity is 
reduced in the winter and spring months, there may 
be so much vegetation stress that, with the current 
slash and burn practices, forest fires will be increased. 
By increasing evapotranspiration, the quantity of wa-
ter that runs off and infiltrates, namely the natural av-
erage water availability, is reduced. This condition will 
mean that in some sectors there will be an attempt to 
increase water extraction, making the future panora-
ma for water in Mexico even more complex. The sum-
mer scenarios for 2020 and 2050 indicate increases of 
between 1 and 3 °C and decreases in the average an-
nual precipitation of 5 to 10%. This situation will lead 
to a lower average natural water availability, due to an 
increase in evapotranspiration of between 5 and 15%, 
depending on the region (INE, 2006a).

Present conditions suggest a very high degree of 
pressure on water resources in the northwest part 
of the country, and a critical degree in the Valley of 
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Mexico basin (Figure IV.4). In the latter case, the vol-
ume commissioned is even greater than the average 
natural availability of the resource, so that water must 
be brought in from other hydrological regions. The 
degree of pressure is high in the northern part of the 
country, medium-high in the region of Lerma Cha-
pala, and moderate or low in the southern part of the 
country, where the resource is abundant.

According to the work of the Gonzalo Río Arronte 
Fundation-Javier Barros Sierra Foundation (FGRA-
FBS, 2004), future water demand can be estimated by 
taking into account:

a) population growth;
b) GDP growth, with the possibility of GDP per in-

habitant doubling in 30 years compared to 2000 
(3.3% annually), or of income tripling between 
2000 and 2030 (4.7% annually), or of more dy-
namic economic development in the regions of 
the northern border and the peninsula of Yucatan, 

and a slower one on the high plateau, in the coastal 
area of the Gulf of Mexico and along the southern 
border, as well as

c) future agricultural scenarios, and
d) Changes in the efficiency of water management.

In a way, the FGRA-FBS scenarios could be called 
“non-intervention” or “business as usual” scenarios in 
socio-economic aspects only, because they do not take 
climate change into consideration. These scenarios, 
called “business as usual” (Figure IV.5), indicate that, 
in almost all hydrological-administrative regions, the 
degree of pressure on water resources will rise, mainly 
in Baja California, where the degree of pressure will 
increase from high to critical, and in the northern 
states, where degrees of pressure on water resources 
will reach very high levels. The Lerma Santiago Hy-
drological Region VIII will begin to experience a high 
degree of pressure in view of growth projections for 
the agricultural sector.

Figure iV.4 degree oF preSSure on water reSourceS

Adapted from the CNA (2004) estimate for defining “very strong” and “critical” degrees of pressure.
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These projections are modified when climate change 
is included in the average natural water availability. 
Taking the scenarios for the 2020 climatology, it is esti-
mated that the natural availability will diminish because 
of the increase in temperature and evapotranspiration, 
besides a slight decrease in annual precipitation, which 
will lead to an annual reduction of approximately 10% 
in natural water availability compared to 2000.

In this scenario, water demand increases, in addi-
tion, in the agricultural sector by 10%, because with 
the projected decrease in soil humidity, more water 
will have to be extracted for irrigation.

The climate change scenarios for 2020 show that both 
Baja California and Sonora will face a critical situation as 
regards pressure on water resources (Figure IV.6). Fur-
thermore, the region of Sinaloa and the Lerma Hydro-
logical Region will see a high degree of pressure on this 
resource. Areas in southern Mexico and the Peninsula 

of Yucatan could even begin to experience a medium to 
high level of pressure on water resources. This indicates 
that the increases in the degree of pressure on water re-
sources due to climate change could become as great as 
socio-economic changes over the next two decades.

The National Water Commission (CNA) has also 
projected two basic scenarios to 2025 for the water 
sector that are comparable to those generated in the 
previous section. The first projects the sector trends 
to 2025, under crisis conditions, while the second 
proposes a sustainable policy in the sector that would 
reverse the trends of the last few years and guaran-
tee the supply needed for the country’s development. 
In both cases, the population trend scenarios suggest 
that rates of growth will fall and begin to stabilize 
around 2025, with a greater increase in urban popu-
lation. However, certain hydrological- administrative 
regions such as the Baja California Peninsula (I) and 

Figure iV.5 Scenario oF degree oF preSSure (maximal) on water reSourceS to 2030 
taming into account only trendS in population, gdp, and crop-growing

Adapted from FGRA – FBS, 2004
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the Rio Bravo (Rio Grande) (VI) in the north, Lerma 
Santiago (VIII), as well as Southern Border (XI) and 
the Peninsula of Yucatan in the south, will experience 
greater population growth, so that in those regions 
the pressure on water resources will undergo a par-
ticularly strong increase.

The IPCC socio-economic scenarios indicate that 
Mexico is one of the regions that will require special 
attention, mainly in the western, northwestern and 
northern zones. Perhaps the only socio-economic sce-
narios that could reduce future deterioration in the 
water sector are those in which policies of sustainabil-
ity are prioritized, and where the work begins now.

Adaptation measures in the water sector

Through administrative and financial reforms, as well 
as modifying water management policies and tech-
niques, authorities in Mexico are trying to guarantee 
services and the preservation of the environment.

Their objectives include:

• promoting the efficient use of water in agricultural 
production,

• extending water coverage in the country and im-
proving the quality of drinking water, sewage sys-
tems and city works,

• achieving integrated and sustainable water man-
agement in watersheds and aquifers,

• promoting the technical, administrative and fi-
nancial development of the water sector,

• consolidating the participation of users and NGOs 
for water management and to promote the culture 
of its proper use, and

• reducing risks and attending to the effects of floods 
and droughts.

The sectoral plan for water management is looking 
to direct its efforts towards integrated, decentralized 
and participative management of water resources, im-

Figure iV.6 degree oF preSSure when Socio-economic projectionS are conSidered 
For 2030 and climate change ScenarioS are included.
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plementing transversal policies that would take into 
account the concepts of territory classification and 
planning at the level of the hydrographic basins.

The capacity of its technical bodies will have to im-
prove substantially, especially in regard to the man-
agement of this resource using climate information. 
Their investment plans should, therefore, consider a 
true climate change adaptation strategy, as already 
happens among those responsible for the water sector 
in many parts of the world, where the degree of pres-
sure on water resources is high. This situation high-
lights the need to work on recovering aquifers and 
controlling pollution in surface bodies of water.

In addition, work should be done toward achieving 
a program of water culture among the main sectors 
consuming the resource. Dialogues with stakehold-
ers in the sector would indicate that reduction in our 
present vulnerability will create resilience to climate 
change.

Agriculture sector

Over the last twenty years, the agriculture sector has 
lost its leading role in the Mexican economy, and has 
been replaced by the industrial and service sectors. 
This trend is reflected in the drop in the number of 
the economically active population working in agri-
culture. Some of the younger generation of workers 
who could have devoted themselves to working in 
the fields have emigrated and the work in this sector, 
which generally lacks irrigation methods, depends on 
women or older men.

Crop producers in Mexico still devote the great-
est amount of attention to corn production, reflecting 
the importance of this activity for the food security of 
peasant families. The production of corn has remained 
constant, at 18 million tonnes annually since 1994, 
and has also shown great sensitivity to climate vari-
ability in this country, particularly to drought events. 
One example illustrating this was the great drought of 
1998, associated with El Niño. Producers of rain-fed 
crops, which are very vulnerable to drought (Liver-
man and O’Brian, 1991), apply so-called “traditional” 
agricultural methods. This means that peasants pro-

ducing rain-fed crops use land-race (not hybrid) seeds 
and their subsistence depends on growing corn and 
other basic foods, such as beans and squash. The mea-
sures adopted against drought include changing the 
variety to a more resistant one or one with a shorter 
cycle; changing crops; possibly using some irriga-
tion system (although this may not be economically 
viable); looking for seasonal employment on other 
lands or in urban areas; or as a last resort, emigrat-
ing to cities or other states, or even to the United 
States of America. In many cases, corn production 
has already become an activity for older peasants or, 
mainly, women. Given this situation, family income 
has quickly diversified, depending to a major extent 
on remittances sent by emigrants, but also on the con-
tributions of women’s seasonal work, on land rental or 
on government support, particularly support granted 
for “climate contingencies” (INE, 2006a).

Future agriculture scenarios in Mexico

One way to project the vulnerability of the agriculture 
sector is by considering the suitability of regions for 
corn-growing under new climatic conditions. In order 
to prepare the base suitability map for land-race, rain-
fed corn in Mexico, the following agroclimatic factors 
were taken into account: temperature, precipitation, 
topography, soils and growth period, defining four 
degrees of suitability: Very Suitable, Suitable, Margin-
ally Suitable and Not Suitable (Figure IV.7).

Climate scenarios for 2020 imply moderate re-
ductions in suitability for rain-fed corn crops and 
increases of up to 4.2% of non-suitable surface areas. 
The comparison of scenarios using different climate 
models illustrates how the uncertainty generated by 
differences between models extends to the impact sce-
narios. According to suitability maps with scenarios 
created with the ECHAM and HADLEY models, the 
state of Sonora would be most affected as regards the 
reduction of surface area appropriate for corn-grow-
ing.

In A2 scenarios to 2050 (Figure IV.8), this trend 
is maintained but its intensity is increased; according 
to the GFDL model, there will be no changes in corn-
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Figure iV.7 rain-Fed corn Suitability map For mexico (baSe map)

Figure iV.8 change in rain-Fed corn Suitability in a2 climate change ScenarioS For 2050.

a) GFDL Model, b) ECHAM Model and c) HADLEY Model
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growing suitability throughout approximately 85% of 
the country, while the other two models suggest that 
there will be changes in just over 40%. According to 
this, the changes presented in the models differ with 
respect to the future suitability of corn: the GFDL 
model makes it possible to predict that 8% of the ter-
ritory will improve and another 6% will diminish in 
suitability; the ECHAM model estimates that 29% of 
the territory will increase in suitability, and 12% will 
decrease. Finally, the HADLEY model foresees that 
conditions will increase in 13%, while decreasing in 
28.5%, of the national area.

Various case studies, such as in the states of Tlax-
cala and Veracruz, make it possible to examine the 
conditions of farmers and their production methods 
in greater depth, in order to propose strategies to 
reduce their vulnerability to climate change. In par-
ticular, possible measures to increase the capability of 
these producers to adapt to climate change conditions 
have been assessed for their viability.

Adaptation strategies

The work group in the agriculture sector held meet-
ings with stakeholders, applying participative tech-
niques (focal groups, in-depth interviews) that made it 
possible to assess the importance of a climate forecast 
given to the producers in advance (Conde et al., 2006). 
Recent studies have assessed the socio-economic and 
climatic conditions that determine the present adap-
tation and vulnerability of producers of rain-fed corn 
in the state of Tlaxcala, and climate change scenarios 
have been applied to project future vulnerability and 
to propose adaptation strategies.

The results obtained with the Ceres Maize model 
make it possible to assume that a change in corn va-
riety would be one possible adaptive measure, taking 
advantage of the fact that the reduction in the growth 
season for the variety used in those experiments would 
make it possible to use varieties with a longer cycle 
that would take advantage of the better climate con-
ditions in the study region, since the climate change 
conditions would extend the growth cycle of the crop 
by reducing the threat of early frost.

Another possible adaptive measure is to increase 
the use of fertilizers (either in quantity or in the num-
ber of applications). For this, producers would need 
the financial resources or government support to buy 
additional fertilizers. On the other hand, if these fer-
tilizers are the agrochemicals used over the last few 
years, this adaptive measure may not be consistent 
with sustainable development.

In the case of irregular rains and drought, drip 
irrigation is considered to be a useful measure at the 
present time, and even more so in a changing climate. 
For the problem of frost and, in general, a climate 
with variations, it was proposed that small green-
houses be built with organic crops of red tomatoes, 
tomatillos and chillies, products with a high market 
value. Producers are expected to develop their own 
compost and agree to use it on experimental parcels 
of land with land-race corn. In a smaller area with 
improved soil, the yields will be equivalent to that of 
a larger area without it. In order to carry out this ex-
periment, it will be necessary for producers to start 
earning profits from greenhouse vegetables, so that 
they can risk investing work and input in this un-
dertaking.

Forestry sector

INE, CCA-UNAM and the Institute 
of Geography-UNAM

Approximately 70% of Mexico’s surface area is cov-
ered with various plant communities with differ-
ent conservation states (INEGI, 2002). Each of these 
communities is associated with certain climatic con-
ditions. Rainforests are associated with warm, humid 
and subhumid climates; forests, with temperate or 
semicold, preferably humid or subhumid climates; 
and xerophyte scrub land is distributed throughout 
areas with semi-arid, arid and very arid climates, de-
pending on the species involved (Figure IV.9).

Forests constitute one of the key factors in climate 
change mitigation. However, they can also be affected 
when there are increases in temperature, or changes 
in the water cycle and in the frequency and intensity 
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of extreme hydrometeorological events as a result of 
their vulnerability. This situation has become evident 
under extreme climate conditions, such as those ex-
perienced during the El Niño event between 1997 and 
1998, which led to drought conditions in Mexico and 
a record number of forest fires. Climate change will 
lead to higher temperature conditions and a deficit of 
soil humidity that will constitute, as in 1998, a serious 
threat to the forest sector.

Based on climate data, climates can be identified by 
region and the corresponding types of vegetation. Thus 
the climate changes projected by various models under 
emissions scenarios A2 and B2 make it possible to es-
timate in which regions changes in vegetation can be 
expected. The degree of change due to climate factors 
can be compared to present trends in effects deriving 
from land use changes, using for example the deforesta-
tion rate from 1993 to 2002 as a measure of vulnerabil-

ity. Future vulnerability can be obtained by projecting 
these rates to 2020 and to 2050. Thus the assessment of 
future vegetation scenarios includes a comparison be-
tween the rates of plant cover loss and the percentage of 
area affected by climate change (INE, 2006a).

For 2020, with the climate projected by the GFDL 
model for scenario A2, an increase in warm, humid 
climate is expected that could be favorable to rain-
forests. In this scenario, temperate climates will be 
reduced and dry, warm ones will increase. For 2050, 
both the GFDL model and the Hadley model project 
climate patterns in which nearly 50% of the surface 
of the country will suffer some type of change (Table 
IV.1) with more than 20% of the surface area of the 
country changing to drier, warmer climates, with a 
resulting increase in water stress.

The most vulnerable types of vegetation will be 
grazing land, xerophyte scrub land, and oak forests, 

Figure iV.9 typeS oF Vegetation in mexico baSed on inegi-conabio (2002)
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table iV.1 direction oF change in climate according to each gcm 

Model Change Drier Warmer Drier and warmer moister

 % % % relative % % relative % % relative % % relative
   change  change  change  change

GFDL A2-2020 19.91 7.18 36.08 5.84 29.31 3.68 18.50 3.19 16.02
GFDL A2-2050 48.26 21.53 44.62 18.89 39.14 3.62 7.50 3.31 6.86
Hadley B2-2050 58.77 21.74 37.00 14.68 24.97 20.97 35.68 1.36 2.31

In terms of percentage of territory affected

with the greatest ratios of change. For 2050, a drastic 
increase is projected in the percentage affected, since 
between 53 and 62% of the plant communities will be 
exposed to climate conditions that are different from 
present ones, according to the GFDL and Hadley 
models, respectively (Table IV.2).

In addition to the threat of climate change to 
vegetation, a change in land use causes further de-
terioration as livestock activities are introduced and 
expanded (Table IV.3). All of this can result in pro-
cesses such as fragmentation, loss of regenerative ca-
pacity, dispersion, loss of key species, change in the 
abundance of species, introduction of alien plants, 
proneness to plagues, etc., and deficiencies in envi-
ronmental services.

Given present scenarios, a more effective strategy is 
required for forest reclamation. Official policies, such 
as the Crusade for Forests and Water, will place special 
emphasis on climate change, since this increases the risk 
that ecosystems in Mexico have been facing for several 
years from the pressure of unplanned development.

Capacity Building for Stage II of 
Adaptation to Climate Change in 
Central America, Mexico and Cuba

GEF/UNDP-INE/CCA-UNAM

To establish adaptation measures in the area of cli-
mate change, it is necessary to create scientific, tech-

table iV.2 typeS oF Vegetation aFFected by climate change

Vegetation Model GFDL A2-2020 GFDL A2-2050 Hadley B2-2050

Affected  (%)  Of total 21 52.9 62.5
 secondary 5.1 10.2 15.5
 relative % 24.5 19.4 24.8
Coniferous woodland  20.1 42.9 54.3
Holm oak forest  21.5 45.5 51.4
Mesophytic forest  11.2 27.8 37.9
Evergreen forest  12.3 13.1 54.2
Sub-deciduous forest  9.2 9 47.9
Deciduous forest  14.3 25.8 34.5
Thorny forest  16.5 36.6 53.7
Grasslands  33.9 75.8 77.1
Xerophytic scrub land   22.6 73.4 77.5
Hydrophylic vegetation  8.4 10.7 25.8
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nical and institutional capacity, among other things. 
Central America, Mexico and Cuba have common 
elements that make it possible to share experience, 
knowledge and capacity in the area of adaptation to 
climate change. For this reason, a pilot study began 
in 2003 to promote Adaptive Capacity to Climate 
Change in the region. In Mexico, this study includes 
three socio-economic sectors considered to be of great 
importance: water, agriculture, and forestry. The re-
gion under study has been the state of Tlaxcala, which 
is located in the central-eastern region of the Mexi-
can Republic. With a population of about a million 
inhabitants, this state displays socio-economic char-
acteristics similar to a large part of central Mexico, 
and even of other regions, with climate being a highly 
important element in agricultural development, water 
management and forest exploitation (INE, 2004b).

The study is aimed at analyzing the region’s pres-
ent and future vulnerability to climatic extremes, and 
capacity building among stakeholders who have been 
collaborating on adaptation strategies to offer exam-
ples of work that could be applied to the rest of the 
country, paving the way for thus making possible to 
establish a National Climate Change Adaptation Pro-
gram.

Agriculture sector

In Tlaxcala, most crop growers produce rain-fed 
crops, and the main crops are corn (fodder and grain), 
wheat, barley, beans and oats. As in a large part of 
the country, work in the field has lost its leading role 
in the economy, which at the moment is dominated 
by the industrial and service sectors. New genera-
tions of Tlaxcala peasants have emigrated, and the 
farm work in this sector, performed mainly without 
irrigation, depends on women or older men. For this 
reason, one of the greatest challenges in agriculture 
is to include these groups of the population, provid-
ing them with support and technology to help them 
keep producing. In addition, Tlaxcala faces a seri-
ous problem of soil loss, which has meant that crop-
growing is increasingly considered to be a high-risk 
activity, because any anomaly in the average climate 
conditions, whether excessive rains or drought, can 
produce losses.

At the moment, growers of rain-fed corn ap-
ply different strategies to handle drought. The mea-
sures adopted include changing the variety to a more 
drought-resistant one or one with a shorter cycle; 
changing crops; going into debt to acquire an irriga-

table iV.3 preSent and projected SurFace area (2020 y 2050) oF typeS oF Vegetation in mexico 

Type of vegetation Surface Rate Surface Loss Surface Loss
 in 2002 of loss  in 2020 relative in 2050 relative
 (% of  (%  (% of  to 2002 (% of  to 2002
 country) annually)* country) (%) country) (%)

Coniferous Forest 8.5 0.4 7.9 6.5 7.1 16.4
Holm oak forest 7.9 0.3 7.4 5.9 6.7 14.9
Mesophytic forest 0.9 0.6 0.8 9.9 0.7 24.3
Evergreen forest 4.8 0.8 4.2 12.7 3.3 30.5
Sub-deciduous forest 2.2 0.8 1.9 13.9 1.5 32.9
Deciduous forest 7.9 0.9 6.8 14.4 5.2 34.0
Thorny forest 1.1 0.9 0.9 15.0 0.7 35.2
Grasslands 6.3 0.3 6.0 5.2 5.5 13.2
Xerophytic scrub land 29.9 0.2 28.8 3.9 26.9 10.0
Hydrophylic vegetation 1.3 0.5 1.2 9.1 1.0 22.5

* Country average calculated with behavior between 1993 and 2002
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tion system; or emigrating in search of seasonal em-
ployment on other lands, in urban areas, or in the 
United States of America. However, the continuation 
of corn growing on the Mexican Plateau has helped 
rural families maintain a minimum level of subsis-
tence, indirectly making it possible to maintain the 
biodiversity of corn in Mexico.

Producers and decision makers believe “the most 
vulnerable groups are the producers of rain-fed corn, 
and the greatest climate threats are drought, frost, 
hailstorms and intense winds”. Taking into consider-
ation the opinion of producers, decision makers and 
experts, and taking advantage of previous studies, it is 
thought that a large part of the vulnerability is associ-
ated with loss in soil fertility, the aging of farm work-
ers, a lack of financial support for mechanizing this 
activity, unfavorable markets, and competition with 
international producers, as a result of the increase in 
cereal imports.

According to climate projections, agriculture in 
Tlaxcala will be even more affected by the decrease in 
soil humidity, which will often result in agricultural 
drought, as well as by extreme meteorological events 
in the form of severe storms or hailstorms. Perhaps 
one of the few elements that could favor agriculture in 
Tlaxcala is the fact that the probability of early or late 
frost is reduced (INE, 2004b).

Projected climate change scenarios also indicate 
that the pattern of rains will diminish, mainly in the 
months of March to May and from July to August. 
This will cause two major problems when combined 
with temperature rises, which are increasingly proba-
ble. On the one hand, the onset of the spring-summer 
cycle will be more problematic, especially if the rains 
are delayed. In addition, midsummer will “happen” 
more frequently without water, and for this reason the 
effects on rain-fed crops will almost always be nega-
tive.

In the framework of policies and the development 
of the agricultural economic sector, the scenarios are 
not optimistic, since current conditions are unfavor-
able. Some elements in the national and international 
contexts that will not favor agriculture are the follow-
ing facts:

a) Economic globalization, in the form of interna-
tional treaties such as the North American Free 
Trade Agreement (NAFTA), and their application, 
is leading the sector into a severe economic crisis.

b) The government’s programs are not oriented to-
ward supporting the small rain-fed corn producers 
either technically or economically.

c) The prices of basic grains in the country have fall-
en by nearly 50%, while foods processed from corn 
have increased nearly three times, without this in-
crease being reflected in economic improvements 
for the direct producers.

In view of this scenario, work has been done with 
stakeholders to decide on adaptation strategies in the 
sector. The participation of crop growers, agricultural 
technicians from official institutions and non-govern-
ment organizations, government experts and academ-
ics from the environmental sector, and even economic, 
social and government specialists, has helped to form 
strategies for reducing the vulnerability of the agricul-
ture sector of Tlaxcala. Thus, for over a year, work has 
been done on the design and operation of greenhouses 
that would adapt to the new conditions of the farm 
workers (Figure IV.10), looking at irrigation strategies 
that would take better advantage of water resources, 
and crops that would allow for both self-consumption 
and marketing. The state government has given this 
project its attention, and has even considered setting 
up more greenhouses in the region, encouraged by the 
experiences of the agricultural study group in Tlax-
cala.

Forestry sector

With its huge expanse of forests, Mexico can be consid-
ered a forest country; 116 million hectares are covered 
by natural forests where 10% of the world biodiver-
sity is concentrated. Some forest species, identified as 
vulnerable to climate change, are located in temperate 
forests, threatened by a drier climate in this country. 
Most of these forests are located on communal prop-
erty (ejidos and agrarian communities), frequently 
exposed to over-exploitation, fires and plagues.
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In May, 2006, the National Forest Commission/
SEMARNAT showed progress had been made in the 
National Forest and Soil Inventory 2004-2009. This is 
confirmed in the deforestation rate: Mexico occupies 
12th place in net annual loss of forest surface, and 61st 
place in percentage of loss.

Within the project, “Capacity Building for Stage II 
of Adaptation to Climate Change in Central America, 
Mexico and Cuba: Forestry Sector”, a diagnosis of the 
present vulnerability of the forest sector in the state of 
Tlaxcala has been prepared, including dialogue with 
stakeholders through work shops. Through interac-
tion with representatives of the state government sec-
tor, through delegations from the Semarnat, Conafor, 
Sagarpa, Profepa, the Directorate of Ecology of the 
State Government, as well as with academics, provid-
ers of services, and associations of forest comuneros 
(co-owners) and sawmills, the main threats to forest 
production and conservation have been identified. 
This diagnosis has served as the basis for projecting 
future climate change vulnerability in order to identi-
fy adaptation measures and their links with plans and 
programs in conservation, fire fighting, and sustain-
able development.

The forest areas of Tlaxcala occupy 11% of the ter-
ritory and are located in the southern, northern and 
western parts of the state. Deterioration of the Pro-
tected Natural Area of La Malinche, in Tlaxcala, shows 
that the problem of loss of forest area has worsened 
with time, with the forested surface reduced to half 
its size in sixty years. The main causes of this decrease 
are fires, logging and overgrazing. The year with the 
greatest number of fires was 1998, due to drought. The 
rates of land use change indicate the presence of agri-
culture, which indicates a high degree of pressure on 
the natural areas. In the last 20 years, there has been 
a decrease in this activity in the region of Tlaxco and 
some municipalities of La Malinche; however, the 
mainly pine forests continue to diminish in the re-
gion of Tlaxco and La Malinche. For this reason, the 
present and future vulnerability of the forests is deter-
mined to a great extent by non-climatic factors such as 
deforestation and mismanagement of forest resources. 
If we consider, in addition, that the problem of lower 
soil humidity will worsen, the risk of forest loss due to 
climate change and forest fires increases.

There are various scenarios for the sector depend-
ing on actions that are taken now. One is to continue 

Figure iV.10 experimental greenhouSe in apizaco, tlaxcala
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with the current trend, and another is to work on ad-
aptation by means of reforestation and conservation. 
Using indicators of the annual deforestation rate, the 
annual percentage of decrease in forest cover due to 
fires, and of success in reforestation in the state mea-
sured by seedling survival, two scenarios have been 
constructed:

• the non-intervention scenario, and
• the scenario with adaptation measures.

The first scenario was designed with the assump-
tion that the level of forest degradation for Tlaxcala 
will continue as it has until now (Figure IV.11).

The adaptation scenario presupposes a reduction 
in the deforestation rate similar to the national aver-
age, which is 0.64%, less drastic than the present one 
in Tlaxcala. According to this scenario, by the year 
2050 there would be just under 60% of the surface area 
present in 1980 (Figure IV.12). On the other hand, by 
reducing forest fires to a proportion of only 0.01% an-

nually of the forested surface, deforestation rates and 
plant loss could diminish even more. As a complement 
to these adaptation measures, one could think of a 2% 
annual increase in reforestation in order to counteract 
the effects of land use change and fires.

The crusade for forests and water represents an of-
ficial effort to combat the risk of fires, and in recent 
years it seems to have yielded some results. However, 
the problem is still serious and is a major threat in 
the short term. Actions taken by the Mexican gov-
ernment to promote the forestry sector also include 
programs aimed at stimulating economic activity 
related to forestry, thereby achieving their conserva-
tion. In the case of Tlaxcala, there is not enough in-
formation available on climatic-ecological tolerances 
and yields of the species that are most used to be able 
to define the most suitable species for reforestation 
under climate change. Most probably Pinus rudis, a 
species with great tolerance to drought in Tlaxcala, 
could be recommended, taking into account future 
climate scenarios with water deficit. It should be kept 

Figure iV.11 non-interVention Scenario oF Some indicatorS oF the loSS oF ForeSt area in tlaxcala

*Compared to the forest area in 1980



94     Mexico’s Third National Communication to the UNFCCC

Figure iV.12 adaptation Scenario with Some indicatorS Showing the loSS oF ForeSt area in tlaxcala

*Compared to forest area in 1980.

in mind, however, that this is a slow-growing species, 
a factor that would limit producers’ profits over the 
short term.

If forestry activity recovered in disturbed areas, the 
forests would be important carbon sinks and could thus 
become one of the climate change mitigation mecha-
nisms included in the UNFCCC and its Kyoto Protocol. 
In Mexico, this could be achieved by carrying out sus-
tainable exploitation of the forests that would include 
diversification of silvicultural activities and forestry 
markets. Locally, reforestation and the conservation of 
forests would make it possible to regulate the microcli-
mate and maintain the water balance.

Water sector

In the state of Tlaxcala, the average annual rainfall 
is 705.8 mm, which is equivalent to a volume of 2863 
Mm3. There is a renewable volume or water availabil-
ity of 724 Mm3. Evapotranspiration is estimated to 
be 2139 Mm3, and the virgin run-off, or volume that 
runs off under natural conditions (without being put 

to use), is estimated at 393 Mm3. Of that total there is a 
commitment to deliver 130 Mm3. The annual recharge 
in the four main aquifers of Tlaxcala is calculated to 
be 331 Mm3, so that, taking into account the virgin 
run-off and the annual recharge of underground wa-
ter, there is a renewable volume of 724 Mm3.

There are sectors where the efficiency of conduc-
tion, distribution and utilization is low, such as in 
the case of agriculture (33%) or water supply to cit-
ies (40%). In any event, the main use of water is for 
irrigation, even though most of the planted area is 
rain-fed. The hectares under irrigation are supplied 
by 60% surface water sources and 40% underground 
water sources, so that there is a hydro-agricultural in-
frastructure of 15 storage dams with a total capacity of 
over 79 Mm3, and 483 irrigation wells.

On the other hand, the industry requires an annu-
al volume of 39 Mm3 per year, 97% of which is provid-
ed by underground water sources and 3% by surface 
water sources. The supply to population centers, in-
cluding domestic and public urban use, requires a to-
tal volume on the order of 79 Mm3 per year, which is 
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supplied by 90% underground water and 10% surface 
sources.

If extraction is compared with availability, current 
extraction is in the order of 61% of availability (Figure 
IV.13), which represents a high degree of pressure on 
water resources, higher than the entire Hydrological 
Region IV, where Tlaxcala is located.

Of the volume extracted, part is consumed and an-
other part returns to the streams, although in general 
there are low indices of water reuse in the urban and 
agricultural sectors. In addition, six out of the seven 
rivers in the state of Tlaxcala show high indices of 
pollution caused by heavy discharges of solid waste 
and degraded liquids from domestic, agricultural and 
industrial uses. Degradation in water quality of the 
main water resource, the Zahuapan River, considered 
to be first order, is due to the fact that it receives both 
urban and industrial discharges.

Currently, water management in Tlaxcala is already 
in a critical condition. Even without climate change, 
the virgin run-off and annual recharge of underground 
water add up to a total renewable volume in the order 
of 724 Mm3, which is practically constant in time.

With increasing demand as a result of population 
growth, greater extraction for irrigation, and loss of 
recharge areas, the situation in the Tlaxcala water sec-
tor is beginning to cause concern. Future scenarios 
therefore include supply (which is on the decrease) 
and demand (which is on the increase). Taking into 
consideration the uncertainty inherent in any future 
scenario, the present study has generated three possi-
bilities that for simplicity’s sake are called: pessimistic, 
non-intervention (normal) and optimistic. These sce-
narios for the future of water in Tlaxcala closely fol-
low those presented by various authors and organisms 
managing the resource, regarding changes in demand 
as a result of population changes, agricultural activity, 
management efficiency, and rates of GDP growth.

The Real Renewable Water Resource Index (IRA) 
to 2005 in the state of Tlaxcala is estimated to be 
around 193 m3 per inhabitant, approximately 19% of 
the recommended minimum, and comparable to val-
ues in regions such as Yemen, to the south of Saudi 
Arabia.

The pessimistic scenario assumes efficiency levels 
do not change; the surface under irrigation remains 

Figure iV.13 compariSon oF total extraction VolumeS and water aVailability
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constant, the population grows according to CONAPO 
estimates; and the water demand for industry grows by 
2% annually. Projecting the IRA to 2030, it is estimated 
that it will reach 113 m3 per inhabitant, far below the 
1,000 m3 per inhabitant recommended by international 
organizations as an adequate minimum.

The middle scenario assumes efficiency levels 
change with respect to irrigation, and that extraction 
is reduced at a rate of 1% per year; the surface area 
under irrigation remains constant and the population 
grows according to CONAPO estimates, and the wa-
ter demand for industrial use grows by 2% annually. 
In this case, the IRA to 2030 reaches 189 m3 per in-
habitant per year, maintaining a practically constant, 
though very low, value in 2015 and 2030.

Finally, the optimistic scenario assumes efficiency 
levels will improve in the use of water for irrigation, 
and extraction will decrease to reach 80 cm water 
sheets in 10 years and 60 cm water sheets in 25 years. 
The area under irrigation remains constant, but is 
compacted to allow for mechanization, the popula-
tion grows according to CONAPO estimates, and wa-
ter demand for industry grows by 2% annually. In this 
case the IRA to 2030 reaches 275 m3 per inhabitant, 
still low but closer to the present level.

The information provided on climate change scenar-
ios for the state of Tlaxcala indicates that the increases 
in temperature, combined with the precipitation deficit, 
has like a result as a decrease in soil humidity of between 
5 and 10% in the spring months, as a delay in the estab-
lishment of a surplus of soil humidity in the order of one 
month. This projection makes the previous scenarios 
even worse. For this reason, some adaptation strategies 
have been proposed, in particular the following:

Adaptation measures to curb demand and control pol-
lution. To achieve this, public participation is essential. 
Although proposals could be made regarding aquifer re-
charge strategies, wastewater treatment plants, programs 
of water culture, or improvements in irrigation, the most 
important element seems to be still the governability to 
achieve efficient management of this resource.

Conclusions

The results of this project were obtained thanks to 
the interaction with stakeholders in each sector. 
Through constant dialogue with institutions, inhab-
itants and decision-makers, it was possible to make 
a regional diagnosis of the vulnerability of the sec-
tors in the face of climatic and non-climatic threats. 
It was also possible to make progress in adaptation 
proposals that reached a consensus, leading to their 
acceptance by the majority of the interested parties. 
It is clear that measures for vulnerability reduction 
in water, agriculture and forestry should focus on an 
integrated treatment, because efforts in any one of 
these sectors require the participation of the others. 
The next challenge in the project is the step of actu-
ally achieving a National Climate Change Adapta-
tion Strategy.

Adaptation study of the urban water 
sector in Hermosillo, Sonora1 

INE/CCA-UNAM

The climate in northern Mexico is essentially semi-
arid. Evaporation exceeds precipitation and there is 
therefore a major deficit in soil humidity. The aver-
age annual precipitation rate in the state of Sonora, 
Mexico, is approximately 428 mm, and in the region 
of Hermosillo, Sonora, Mexico, it varies between 250 
and 300 mm. Most precipitation falls in the summer 
months and is associated with what is known as the 
Mexican Monsoon. In winter, some cold fronts oc-
casionally produce rains and snowfalls in the higher 
regions of the state. In general, the average annual 
temperature in Hermosillo varies between 15 and 25 
°C. However, for most of the year, maximum tempera-
tures are over 30 °C, and in some cases, can reach 45 
°C. There are marked interdecadal variations in the 
average annual temperature. The 70s and 80s were 
relatively cool as a result of greater precipitation and 
cloud cover.

 1 Available at www.ine.gob.mx
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Through the generation of climate change scenarios 
using several models and emissions scenarios, the climate 
tendency in Sonora is projected to be the following:

i. warmer with less rain, or
ii. warmer with slightly more rain and downpours.

Whichever it is, there will be more evaporation, 
less soil humidity, less run-off and infiltration and 
therefore, less water availability and an increase in 
both water extraction from aquifers and energy con-
sumption for air conditioning equipment to maintain 
human comfort.

In Hermosillo, Sonora, the main problem is water 
availability (Figure IV.14). The major source of water 
is from the aquifers in the region, which are mainly 
overexploited by agricultural pumping and irrigation. 
The competition for water among sectors such as the 
urban and agricultural is on the increase. With the 
recent industrial development of the region, and the 
potential development of the tourism sector, the situa-
tion will become even worse (INE, 2004c).

As has happened in many states in the northern 
part of the country, increases in water demand and low 
level of availability lead to social, economic and politi-
cal problems. This is true of the city of Hermosillo, So-
nora, where even the politicians’ campaign platforms 
refer to the problem of water. Hermosillo has one of 
the highest rates of population growth in the country, 
due mainly to the influx of residents from the north-
west region. In addition to high water consumption 
per person, in the order of 300 l/inhab/day, there is 
now great pressure on water in the urban sector.

To find out the adaptability to climate change in 
Mexico, in particular in Sonora’s water sector, the 
Global Program Division of the United States Envi-
ronmental Protection Agency (US EPA), in collabora-
tion with the INE, supported a study on “Vulnerability 
and Adaptation Support for Mexico”. The project be-
gan at the beginning of 2001 with discussions on the 
topic of climate change and adaptation in order to:

• identify and assess plans for adapting to the impact 
expected from future climate change, especially in 
water resources in northern Mexico,

• work with stakeholders on the problem of water 
with a view to identifying, analyzing and prioritiz-
ing adaptation strategies suggested in connection 
with extreme climate conditions, and

• examine the possible use of adaptation measures 
for other places in Mexico with similar problems.

One very important element within the project was 
the participation of stakeholders, to whom the mean-
ing of climate change was explained and the reason it 
represents a risk for the region of Hermosillo (Eakin et 
al., 2006). Their work led to viable adaptation propos-
als, which could also be useful to decision makers in the 
Hermosillo water sector. There were essentially three ad-
aptation proposals that resulted from this (Table IV.4).

At the conclusion of the project, the work of the wa-
ter culture program began, and the project entered in 
an assessment stage, to measure the impact of this type 
of action. The greatest success of the project has per-
haps been to show that it is possible to take the topic of 
climate change to the development agendas, beyond a 
purely academic point of view, and include the partici-
pation of stakeholders. Works on the topic of climate 
change adaptation are expected to continue and help 
reduce the vulnerability of this state’s water sector.

Adaptation and vulnerability to climate 
variability and climate change in water 
management in some rural areas of 
Mexico*

Colegio de México/CCA-UNAM

Of the various social sectors that would be affected by 
the intensification of the effects of climate variability, 
the rural subsistence sector situated in adverse cli-
mate conditions is the most unprotected. If the abil-
ity to adapt to climate variability and climate change 

* This project was part of the research activities of the Water, Environment and Society Program, of the Associated Researchers Program of the 
Colegio de México, Civil Association (pamas-colmex). pamas was financed by the Gonzalo Río Arronte Foundation (Private Attendance Insti-
tution) and was developed with the cooperation of the National Autonomous University of Mexico.
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is determined by institutional capacity, population 
health, ideology, scheduling, legal and organizational 
context, technology and population mobility, it is ur-
gent to have viable proposals in order to respond to 
the shortage of water and drought in poor rural re-
gions, from the point of view of productive and social 

organization, and to put into place an effective deci-
sion-making process regarding management of water 
resources.

This study was conducted in two rural regions: the 
first is located in the semi-arid part of the north-cen-
tral part of Mexico, in the northern part of the Mix-

Figure iV.14 trendS in water aVailability with climate change

table iV.4 propoSalS For adaptation to climate change, identiFied For the water Sector in the region oF hermoSillo, Sonora

Adaptation

Water culture 
(conservation 
systems)

Construction 
materials and 
designing of 
“cool” houses

Rainwater 
capture and 
control in 
extreme events

Efficiency

High

Medium

High

Time interval

1-3 years 
(depending on 
funding)

20 years

10 years 
(medium term)

Cost

Low 
(recoverable)

Low (compared 
to other 
construction 
systems)

Low (depends 
on machinery)

Viability

High

Medium

High locally 
and low 
regionally

Actors

Water from 
Hermosillo 
and CNA 
users. Small 
and big 
businessmen

Public 
institutions 
and promoters, 
scientists and 
trade unions

Federal, State 
and Municipal 
government. 
Producers and 
peasants

Impact

Energy and 
money saved

Energy saved, less 
waste produced, 
social well-being 
and human 
health

Flood control, 
water availability. 
Ecological 
impacts?



Programs that Include Measures to Facilitate an Adequate Adaptation to Climate Change    99

teca, on the bordering areas of Puebla and Oaxaca 
(Tehuacán, Puebla); and the second region is located 
in the “Alto Mezquital”, in Hidalgo and west-central 
Queretaro. The analysis of the relationship between 
water management, vulnerability and climate change 
adaptation strategies offered elements for the design 
of a public policy. At the national level, the proposal 
would make it possible to formalize a strategy appli-
cable to similar regions.

As part of the environmental diagnosis, em-
phasis was placed on climate characterization; the 
socio-environmental dynamic and the vulnerabil-
ity of the agricultural sector to changes in water 
availability as well as the occurrence of extreme cli-
mate events. The inf luence of national policy was 
studied, and adaptation strategies of social groups 
to climate variability were identified through con-
sultation exercises. Orientations for water resource 
management and for adaptation to extreme hydro-
meteorological events were designed, incorporat-
ing different social actors. Throughout the project’s 
activities, an advisory committee collaborated and 
different government and civil organizations par-
ticipated.

The present vulnerability associated with climate 
change will be characterized by the presence of tor-
rential rains and severe droughts with greater fre-
quency and intensity. In the future, in both regions, 

the summers will be warmer and the winters colder. 
Some cities such as Tehuacán, Tecamachalco, Ca-
dereyta and Tolimán, where a great number of inhab-
itants and economic activities are concentrated, are 
already high-risk areas (Figure IV.15).

In the two regions, rain-fed agriculture predom-
inates with up to 60% of the total, although major 
irrigated areas also exist. The socio-economic condi-
tions and irregular nature of the soils make the ag-
ricultural sector particularly vulnerable to climate 
changes, a reduction in rains, and the presence of 
frost. The main problem in regard to water is not 
its availability but its management, a situation that 
has caused serious conflicts over access in the two 
regions. There is great pressure on underground wa-
ter and the reserves are unknown. The agricultural 
sector requires nearly 80% of the water, while there 
is a critical situation in the supply of drinking water 
in rural areas.

Results of the interviews show that unemployment 
and poverty are the factors that mostly affect social 
well-being; climate variability does not aggravate this 
condition. It was found that different towns and social 
sectors have adaptation strategies to climate contin-
gencies: the construction and rehabilitation of filter 
galleries and ponds.

Based on this diagnosis, some public policy orien-
tations were proposed at the regional level:

Figure iV.15 riSk areaS due to the concentration oF a great number oF inhabitantS and economic actiVitieS
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• Water would be sufficient for development if there 
were an integrated management of water resources 
that would make it possible to guarantee access to 
the unprotected sectors.

• In the face of climate changes, human settlements 
will be more vulnerable because of their require-
ments for water, food, and fuel consumption in 
regulating the temperature of homes and indus-
tries.

• There is potential for community involvement in 
water use and management, and social adaptation 
strategies in arid conditions, a factor that can be 
useful in designing regional public policies.

• The topic of risks associated with climate is still 
treated in a partial, sectoral manner; there is a lack 
of strategies coordinated between institutions that 
would make it possible to reduce or prevent disas-
ters.

Especially important, at the national level, is the 
creation of an institution specializing in risk manage-
ment, of a transectoral nature, with career civil ser-
vice, a long-term perspective and a high hierarchical 
level within the public administration (Carabias and 
Landa, 2005). It is recommended that climate infor-
mation be incorporated into the management of water 
resources, that human resources be trained in opera-
tive meteorology and climate prediction, and that risk 
analysis be reinforced with participation strategies 
and social communication.

Vulnerability of the Energy sector
INE/CCA-UNAM

The energy sector plays a fundamental role in the future 
of Mexico, as it does in any country. Having enough 
energy available is a condition for economic growth. 
Mexico is a country that is rich in fuel resources, both 
in electric power and in oil and natural gas. However, 
the energy sector in Mexico is vulnerable to climate 
change. In short, in the future, production and energy 
demand will require structural modifications, given 
that a major part of their operations (for example, hy-
droelectric production, oil platform security) are vul-

nerable in the face of extreme hydrometeorological 
events, maximal and minimal temperatures, as well 
as wind intensity (INE, 2006b).

Future climate scenarios

According to climate change projections for Mexico, 
the climate around 2020 is expected to be between 
1.5 and 2.5 °C warmer than at the present time. The 
increases in temperature will, for example, reflect an 
increase in heat waves that will frequently lead to in-
creases in the maximum temperatures and the num-
ber of days considered very hot. Changes are expected 
in the rain regime, with a slight tendency to less rain 
over a large part of Mexico. Most relevant for the en-
ergy sector is perhaps the projection of an increase in 
the number of extreme events. Based on observations 
and simulations with models under different emission 
scenarios and physical principles, an increase in the 
frequency of extreme precipitation events is projected, 
compared with those happening now. In almost all re-
gions of Mexico, it is becoming increasingly frequent 
to have heavy precipitations, as in Chiapas, where 
the tendency is toward increasingly intense, extreme 
events (Figure IV.16).

Since total precipitation projections are more 
uncertain, there could also be intense droughts that 
would diminish water availability in this country. An 
increase in temperature and decrease in precipitation 
would result in lower water availability in the dams, 
thus negatively affecting the production of hydroelec-
tricity.

The projections of tropical hurricanes indicate 
that, in the area of the Caribbean and the Gulf of 
Mexico, as well as in the Mexican Pacific, the intensity 
of the hurricanes will increase, with the appearance 
of category 4 and 5 systems becoming more frequent, 
and with the resulting increase in wind velocity, storm 
tides (swell) and precipitations.

Energy demand in spring-summer

Electric power demands, mainly in the north of Mex-
ico, are highly dependent on climate conditions, be-
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cause human comfort depends on them. The increase 
in air conditioning systems in the urban areas grows 
when the users’ capacity for consumption increases. 
Temperature and consumption will continue to rise. 
The increases in consumption will be greater when 
there are years that are anomalously warm. Thus an 
increase in temperature will create greater needs for 
air conditioning in warm areas. For example, the de-
mand for electricity to satisfy the needs for cooling 
the residential sector in the state of Veracruz, under 
climate change scenarios and diagnoses of human 
bioclimate, indicate an increase in energy demand. 
The Physiological Equivalent Temperature (PET), 
understood as the equivalent in calm air temperature 
that a seated, healthy person would experience, in the 
shade, dressed in work clothes, if the relative humidity 
were 100%, estimated in a warmer climate, suggests a 
doubling in the need for cooling in order to maintain 
a level of adequate comfort (Figure IV.17).

The period when summer rates are applied by the 
Federal Electricity Commission (CFE) includes dis-
counts in the 6 warmest months of the year, according 
to observations of the official thermometer stations 

for each town. However, the climate change trends 
project increases in the length of the hot season, for 
example in Nayarit (Figure IV.18). In recent years, the 
demands have increased for summer rates to begin at 
least one month earlier in several states in the north 
of Mexico.

The increases in temperature projected to 2020 
mean that demand will increase by at least 30% in the 
state of Sonora. If population growth is included, and 
a greater number of users added, satisfying energy de-
mand will become more difficult.

Generation of hydroelectric energy

Hydroelectric projects are generally designed for a 
certain river flow regime, including a margin of secu-
rity. The projected changes in climate suggest a reduc-
tion in run-off of at least 10% by 2050 in a large part of 
the north of Mexico, and even greater ones toward the 
south. Enough is known to state that the danger of low 
levels in dams, from a decrease in flows, is high.

In addition, under the increase projected in ex-
treme precipitation events, the possibilities are in-

Figure iV.16 trendS in extreme rain eVentS in motozintla, chiapaS
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Figure iV.17 compariSon oF cooling needS under preSent conditionS (1961-1990) and under climate change conditionS, 
eStimated uSing pet For the State oF Veracruz

Figure iV.18 trendS in aVerage dateS oF onSet and end oF periodS with maximum temperature aboVe 30 °c, in nayarit

The orange line indicates the trend of the onset of the hot period, and the blue line the trend of the end.
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creased that in short periods, dam levels may be 
reached that will constitute a risk. Under these condi-
tions, present and future projects for generating hydro-
electric energy will require serious consideration of the 
risk under a more intense water cycle and a manage-
ment that would take into consideration more in-depth 
hydrometeorological information. Present and future 
projects in energy generation need to take increased 
climate variability into account, so that climate infor-
mation systems will be of paramount importance.

Transmission lines, efficiency and 
infrastructure

On the other hand, it should be taken into account 
that the electric transmission system is affected when 
the energy lines give way under high temperatures 
and conditions of extreme winds that can damage 
the cables and high voltage transmission towers. The 
combination of extreme heat and additional electri-
cal demand for air conditioning equipment causes the 
transmission lines to overheat.

Until March of 2006, the length of high and low 
tension lines was 45,763 km and 598,988 km, respec-
tively, with a growth of almost 30% in the former case 
and of 24% in the latter, over the last ten years. For 
this reason, it is becoming increasingly important to 
take temperature conditions into account in electrical 
power transmission.

The effects of climate change on transmission 
systems are not limited to changes in conduction by 
transmission lines: they can affect the towers’ infra-
structure itself. Recent events in the Peninsula of Yu-
catan in connection with hurricane Wilma showed an 
image of the towers’ vulnerability to intense winds. 
Various engineering studies estimate that the resis-
tance of the transmission towers to hurricane winds 
will face more intense pressures. For example, with 
a change of 10% in wind intensity, as foreseen with 
more intense hurricanes (between 33-42 m/s), the to-
tal pressure in the tower will increase by 20%, thus 
increasing the risk of damage to the infrastructure.

More intense hurricane impacts in the energy sec-
tor are not restricted to power transmission lines. The 

infrastructure of oil platforms may also be facing a 
greater risk from climatic change. Hurricane winds, 
and the waves produced, often make it necessary to 
stop operations and evacuate personnel from the plat-
forms, with serious losses to the oil industry. In the 
Gulf of Mexico there are more than a hundred and 
fifty platforms exposed to extreme phenomena such 
as hurricanes. If the average lifetime of the platforms 
is considered to be more than thirty or forty years, 
factors related to climate change will have to be taken 
into account to maintain the probes in the Gulf of 
Mexico in adequate operating conditions.

Conclusions

Most of the climate change scenarios correspond to 
conditions that are becoming an increasing threat 
to our country’s energy sector. The aspects related to 
extreme events are perhaps those that deserve great-
est attention in designing adaptation strategies in the 
sector. Unfortunately, there is still too much uncer-
tainty as to the space distribution of projections to be 
able to define more precisely which regions should be 
given high-priority attention. For example, although 
it is very probable that the intensity of hurricanes will 
increase, it is not very clear whether the dominant 
trajectories or the number of events will change. This 
uncertainty, however, should not be used as a pretext 
for not giving more importance to climate change in 
development plans for the sector.

Climate change and population health 
in Mexico

INE/National Institute of Public Health

In recent years, more importance has been placed 
on the relationship between climate and health and 
strategies have been presented that would make the 
population less vulnerable to extreme climate condi-
tions. Climate change has become a threat to popula-
tion health, so it is necessary to work on adaptation 
measures that would make the population less vul-
nerable in the near future. To understand the effects 



104     Mexico’s Third National Communication to the UNFCCC

of climate change on health, the United Nations De-
velopment Program (UNDP, 2004) proposes creating 
epidemiological scenarios, taking into consideration 
climate variables that can be related directly or indi-
rectly to the health of different groups and regions, as 
well as variables related to the etiology of each illness 
and variables of the population’s vulnerability to the 
impacts of climate change.

Climate events related to health problems among 
the Mexican population are related to temperatures 
and extreme humidity conditions that are conducive 
to the outbreak of illnesses such as heat stroke, vec-
tor-borne diseases, and food and water borne dis-
eases.

Heat stroke

The most direct effect of climate change on human 
health is, and will continue to be, heat stroke, which 
has a greater impact on the population over 65 years 

of age and on people with previous illnesses. In the 
case of Mexico, mortality from heat stroke seems to 
be associated with warming, especially in states with 
extreme temperatures (Figure IV.19).

The states with the highest mortality are Sonora 
and Baja California. Using climate and mortality re-
cords from 1979 to 2003, it can be seen that in 1998, 
one of the warmest years in the last few decades, 
deaths due to this cause increased.

In the case of Sonora, the increases of one degree 
centigrade lead to significant increases in mortality 
from heat stroke of about 1.2%, while in Baja Califor-
nia the average increase is almost 1.3%.

For this reason, one could say that the risk of deaths 
from heat stroke will increase in the future due to the 
effect of global warming on the planet, which will 
cause increases in this region of Mexico of 1 to 2 °C 
in the next twenty years, unless a protection strategy 
is worked out for the more vulnerable groups, namely, 
older adults.

Figure iV.19 mortality From heat Stroke between 1979 and 2003
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Vector-borne diseases: dengue and malaria

The effects of temperature on the vectors and parasites 
of dengue fever and malaria are well documented. 
However, the number of cases has increased in en-
demic areas. It is very probable that the increase in 
temperature and the presence of intense rains is part 
of the reason for this increase.

In Mexico, malaria mainly affects rural towns with 
difficult access, as in the states of Chiapas, Campeche, 
Chihuahua, Oaxaca, Sinaloa and Quintana Roo. The 
number of cases of dengue fever has increased since 
1995, with the states of Chiapas, Colima, Guerrero, 
Nuevo Leon, Oaxaca, Sinaloa, Tamaulipas and Vera-
cruz having the greatest risk of infection. Considering 
climate, mortality (1979 to 2004) and morbidity (1998 
to 2004) data in these illnesses, it has been discov-
ered that increases in temperature are related to the 
number of cases of dengue fever. In Veracruz, Nuevo 
Leon, Guerrero and Colima, an increase of 1 °C in 
the temperature is related to an increase in cases of 
dengue fever; with the most extreme cases occurring 
in Colima and Guerrero, where, for each centigrade 
degree of increase in the environmental temperature, 
the incidence of dengue fever increases by 1.5 to 2% 
(SSA, 2001).

An analysis of morbidity data for malaria shows 
a statistically significant relationship, both positive 

and negative. Among the most notable discoveries, 
the effect of the increase in temperature of one degree 
centigrade is related to increases of 1.15% and 1.06% 
in the occurrence of cases of malaria, in Chiapas and 
Sinaloa, respectively (Table IV.5).

It can be concluded that in some states, an increase 
in Vector Borne Diseases (dengue and malarial fe-
vers) is associated with an increase in temperatures, 
with precipitation as covariable. Climate change will 
favor a warmer climate, so that in heavy precipitation 
episodes, the risk of outbreaks of these illnesses will 
increase. Although some uncertainty exists regarding 
the cause-effect relationship, the health threat posed by 
diseases such as malaria or dengue fever carries a risk 
that should be taken seriously. In any event it is advis-
able to consider additional factors, such as the presence 
of circulating serotypes or the activities of the vector 
control program, in order to confirm the relationship 
between climate and vector-borne diseases.

Acute diarrheal illness

Among water and food borne illnesses, the incidence 
of Acute Diarrheal Illness (ADI) has occupied fourth 
position since 1997 in Mexico, mainly in infants un-
der one year of age, and is the third highest cause of 
mortality among the pre-school population. In the 
states of the southern part of the country, there are 

table iV.5 relationShip between morbidity From dengue and malaria, and enVironmental temperature, 
adjuSted For accumulated monthly precipitation 1998-2004

State Dengue Malaria 

 Coefficient IC 95% Coefficient IC 95%

Chiapas -0.21 -0.23 -0.21 0.14	 0.13	 0.16
Colima 0.62	 0.60	 0.62	 - - -
Guerrero 0.34	 0.32	 0.34	 -0.18 -0.22 -0.14
Nuevo León 0.04	 0.03	 0.04	 - - -
Oaxaca -0.06 -0.11 -0.06 0.12	 0.10	 0.14
Sinaloa 0.06	 0.06	 0.06	 0.08	 0.07	 0.09
Tamaulipas 0.02	 0.01	 0.02	 - - -
Veracruz 0.10	 0.10	 0.10	 -0.08 -0.16 -0.00
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regions where the probability of dying from diarrheas 
is up to ten times higher than in states in the north, 
mainly in the poorer regions.

Despite the decreasing likelihood of ADI leading 
to morbidity and mortality in Mexico, high tempera-
tures tend to increase the possibility of these illnesses 
occurring (Figure IV.20).

In Chiapas and Puebla, an increase in the ambient 
temperature of one degree centigrade produces an av-
erage increase of 1.07% in morbidity from acute diar-
rheal illness. Guerrero turns out to be an ambivalent 
case, since the increase in ambient temperature is as-
sociated with a decrease of 1.02% in these cases, while 
an increase in the maximum temperature is associ-
ated with an increase of 1.03% in cases of morbidity 
from acute diarrheal illness.

It can be concluded that a consistent, positive rela-
tionship exists between morbidity from ADIs and the 
maximum temperature. The protective effect on mor-
tality could be explained by the handling of the diag-
nosis and treatment of this illness by the health sector, 
the early detection of symptoms, and the appropriate 
actions in treating them (for example, oral serum).

Conclusions

Research into the effects of climate change and popu-
lation health is still in its early stages in Mexico. Ac-

cording to the analysis carried out for some illnesses 
that are climate related, it can be observed how vul-
nerable groups may be affected directly, as in the case 
of heat stroke, and indirectly, through alterations in 
the life cycle of vectors and parasites, as in the case of 
dengue fever and diarrheal illnesses.

More research is recommended into this topic that 
would help in the development of early warning sys-
tems, as well as the protection of vulnerable groups in 
hot spells in states in the north of Mexico, and moni-
toring of water quality, mainly in populations in the 
southern part of the country.

Climate change and biodiversity

INE/ Institute of Biology-UNAM

One of the foremost elements in the natural environ-
ment that will be affected by climate change is biologi-
cal diversity, both in regard to species diversity, and 
the variety of ecosystems and genetic wealth. Mexico 
is considered to be one of the five countries with most 
biological diversity, with 60% of the planet’s biologi-
cal wealth. Our territory is one of the major centers 
of biodiversity in the world. Of all groups, vertebrates 
are the most representative and most susceptible to 
modifications in habitat. Our country has nearly 530 
recorded mammal species, of the nearly 5,100 in the 

Figure iV.20 maximum temperatureS, mortality (1979-2004) and morbidity (1998-2004) 
From acute diarrheal illneSS in chiapaS
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world, in third place after Indonesia and Brazil. In 
addition to the pressure from the modification of the 
natural habitat of these animals, is climate change, 
which will affect their current distribution unless 
adaptive measures are implemented for their conser-
vation (INE, 2006c).

Methodology for building scenarios

For this study, a group of endemic vertebrate species 
was selected according to the following criteria:

a) Scientific literature proposes that vertebrates are a 
representative group indicative of biological diver-
sity, so that any inferences regarding the impact of 
deforestation and climate change on them can be 
extrapolated to other biological groups.

b) Vertebrates are a very well-known biological 
group.

c) Attempts are being made to represent a group of 
endemic species with both a wide distribution 
and a limited one, so that the scenarios of species 
distribution under climate change include species 
with broad or restricted climate tolerance.

Recent literature concerning the effect of climate 
change on the components of biodiversity includes 
species distribution models. These models assess in-
formation from biological collections. The usefulness 
of these methods is their predictive power, either under 
present conditions or in scenarios with disturbance. 
These predictive models include, in particular, genetic 
algorithms, based on artificial intelligence theories. 
The GARP algorithm (Genetic Algorithm for Rule-set 
Prediction; Stockwell and Peters, 1999) is based on a 
selection of rules that determine the distribution of a 
species as a function of environmental variables. Re-
cent research has demonstrated GARP’s predictive 
effectiveness in fauna groups in Mexico (Peterson et 
al., 2001). The GARP method focuses on modeling the 
ecological niche, that is to say, the geographical space 
whose environmental variables enable the species to 
maintain viable populations. Under this premise, hy-
potheses are formed on the present and future distri-

bution of the species, considering the potential impact 
of deforestation and climate change.

In order to run the model, information from data-
collecting localities on 40 species of vertebrates en-
demic to Mexico is included. The distributions of the 
selected endemic species of terrestrial vertebrates were 
projected by GARP into four periods of time (present, 
2020, 2050 and 2080). For each species, 100 runs were 
generated and the 10 best were selected.

Projections of 40 endemic species in the 
climate change scenario

The ecological niche models for the selected endemic 
species of vertebrates were projected to present condi-
tions, and to the years 2020, 2050 and 2080, using the 
IPCC climate change scenario: SRES A2 and B2 of the 
Canadian Centre for Climate Modelling and Analysis 
(CGCM2).

The scenarios of climate change impact on endemic 
species showed trends that were different from the impact 
of deforestation. In the case of climate change impact, the 
region of the plateau (Altiplano) was the one showing the 
greatest reduction in the area of distribution, in both sce-
narios A2 and B2. In comparing the results of deforesta-
tion and climate change impact, one unfavorable trend 
was observed regarding the conservation of these endemic 
species. On one hand, endemic species with distribution 
on the plateau and in northern Mexico showed a smaller 
impact from the effect of deforestation, but showed a sig-
nificant impact from climate change (Figure IV.21).

These trends show that a significant part of the 
country, both the plateau region and the north of 
Mexico, as well as the Neovolcanic and Geotropic 
Axes of Mexico (Gulf Plain) should consider taking 
relevant conservation measures because deforestation 
and climate change affect the endemic species includ-
ed in this study in a geographically different way.

Scenarios of the impact of deforestation 
on species distribution

An assessment of the impact of deforestation on the 
distribution of the selected endemic species was based 
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on quantifying the loss in distribution area of potential 
distribution models with present distribution models. 
Thus habitats that have been transformed into agro-
systems and human settlements represent ecological 
non-viable niches for the species selected.

The results indicate two trends in the impact of 
deforestation on the distribution of the endemic spe-
cies of vertebrates selected. On the one hand, a sce-
nario related to the loss of remaining natural habitat 
within the species distribution indicates that eleven 
endemic species (approximately 25% of the total) 
show less than 50% of their distribution with remain-
ing habitat; of the species with a high reduction in re-
maining natural habitat, five species are on the list of 
endangered species, according to the Mexican Official 
Norm (NOM-059). Besides, four species included in 

this group are not considered by this norm to be in 
a conservation category. Therefore, the study shows 
that these species should be considered for the list for 
this norm so that they can have legal protection. Also 
under this heading is the species of Dasyprocta mexi-
cana, which is not on the list for this norm, but shows 
a major reduction in remaining natural habitat in its 
distribution. On the other hand, ten species (25% of 
the total) showed more than 75% of their remaining 
natural habitat within their distribution; three species 
in this group are included as endangered species un-
der this norm.

This suggests the second relevant tendency, which 
implies that the loss of natural remaining habitat is as-
sociated more with the geographical region than with 
the size of the distribution area per se. For example, 

Figure iV.21 impact oF climate change on the diStribution oF three SpecieS endemic to mexico

One might note that the impact of CC is more pronounced for Cynomys mexicanus, distributed over the Mexican Plateau (“Alti-
plano”) than for Reithrodontomys chrysopsis, distributed along the Neovolcanic Axis.
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of the fifteen species that showed < 60% of their natu-
ral remaining habitat in their distribution, thirteen of 
them showed a distribution in the east-southeast part 
of Mexico and in the Neovolcanic Axis.

Adaptation to climate change in the 
Gulf of Mexico wetlands

INE/Metropolitan Autonomous University

Climate change is the greatest environmental chal-
lenge for the 21st century all over the world. In Mex-
ico, the areas that are most vulnerable to increases 
in temperature and changes in the water cycle are 
water, forests and agriculture. This does not mean, 
however, that sectors such as health, energy or bio-
diversity and ecosystems, among others, will not be 
affected by climate variations. In the coastal regions 
of the Gulf of Mexico, the impact on water resources 
and specifically, on the wetland regions, may be seri-
ous if action is not taken immediately. Wetlands per-
form very important environmental functions that 
are critical for the economic activity in a wide area 
of the country.

The regions of this planet classified as wetlands 
have one element in common: water. These are very 
productive ecosystems, essential for conserving bio-
diversity, because they support at least 40% of the spe-
cies of fish and other living things, including aquatic 
birds. Together with rainforests, wetlands are the 
most threatened of the ecosystems, because of their 
transformation, which is the result of inadequate de-
velopment programs and pollution.

According to the Convention on Wetlands, “areas 
of marsh, fen, peatland, or water, whether of natural 
or artificial regime, permanent or temporary, with 
water that is stagnant or flowing, fresh, brackish or 
salt, including areas of marine water the depth of 
which at low tide does not exceed six meters” are 
wetlands. Wetlands also have great cultural value, 
since in many of them there are places of archaeo-
logical or historical importance recognized all over 
the world. In Mexico, some are, or are in, Protected 
Natural Areas.

Many wetlands contribute to the recharging of un-
derground aquifers, which store 97% of the non-fro-
zen fresh water in the world, and which in many cases 
are the only source of drinking water for millions of 
people. Climate change and the resulting changes in 
the water cycle constitute a greater threat to the wet-
lands, already threatened by land use changes and the 
overexploitation of water resources. In future climate 
scenarios, it is highly probable that the wetlands will 
lose their essential characteristics when the water that 
characterizes them is reduced, as the result of greater 
evapotranspiration, combined with the overexploita-
tion of this resource. IPCC evaluations indicate that 
Mexico may experience a significant reduction in 
run-off, in the order of 10 to 20% nationally, and of 
over 40% in the coastal wetlands of the Gulf. To this 
should be added the impact that the Gulf of Mexico 
wetlands, the tourism sector and human settlements 
will face as a result of the increase in average sea-levels 
and extreme phenomena.

Because of this, it is vital to formulate policies 
and measures for adaptation to climate change that 
will protect the wetlands, and their environmental 
functions and their biodiversity, mainly in the Gulf 
of Mexico. The INE and the Metropolitan Autono-
mous University have begun the preparation phase 
of a four-year, multiannual project, with the techni-
cal and financial support of the GEF Adaptation Fund 
through the World Bank, by means of which climate 
change adaptation measures will be implemented in 
the Gulf of Mexico wetlands, in order to protect their 
environmental functions and rich biodiversity from 
the impacts of climate change (INE, 2006d).

The project includes the definition of places of in-
terest, the analysis of socio-economic conditions in 
the region, an inventory of the flora and fauna spe-
cies that exist in these places, as well as hydroclimatic 
diagnoses that will help us to understand why the 
climate change factor presents a threat. An analysis 
of the wetlands and the environment will lead to the 
proposal and implementation of adaptation strategies 
to reduce the vulnerability of these ecosystems to cli-
mate change, with special care for better water man-
agement in the region.
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As a first step for the proposed study, a collabora-
tion scheme with Japanese climate scientists has been 
established to analyze future climate change scenarios 
built using models with very high space resolution (20 
km) (Figure IV.22). These models are able to simulate 
the effect of cold fronts (“nortes”) or hurricanes in 
the Gulf area, which are fundamental to the annual 
regional climate cycle. This capacity does not exist in 
traditional models, since their resolution is in the or-
der of 300 km.

In the next few months, the proposal will be de-
fined in much more detail in order to begin climate 
change adaptation actions as soon as possible in the 
wetlands regions of the Gulf of Mexico. This study will 
be characterized by multidisciplinary, inter-institu-
tional work involving collaboration with stakehold-
ers, so that the experiences acquired can contribute 
toward designing a better climate change adaptation 
strategy in a greater number of sectors and regions of 
Mexico.

Analysis of the vulnerability and 
adaptability to climate change in the 
most relevant sectors in the state of 
Morelos

INE/Autonomous University of the State of 
Morelos

At the moment, this study is in the final phase of ap-
plication at the Autonomous University of the State of 
Morelos. Its activities are oriented toward establishing 
the potential impacts in the agriculture and water sec-
tors from climate variability and climate change in the 
state of Morelos, Mexico, in order to identify present 
and future adaptability, and the need to implement 
adaptation measures to confront climate changes 
(INE, 2006e).

In a preliminary diagnosis, the importance of rain-
fed agriculture stands out as one of the population’s 
main means of economic support. It is recognized 

Figure iV.22 Simulation oF extreme eVentS (hurricaneS) uSing the earth SyStem Simulator 
oF the inStitute oF meteorological reSearch in tSukuba, japan
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that, in the last eleven years, the average percentage 
rate of natural disasters has been 3.0%, and higher 
in the years of the El Niño phenomenon. Part of the 
analysis of climatic variables has focused on the an-
nual behavior of precipitation and temperature. Some 
preliminary results show that the tendency of the 
temperature average is to increase, and that of pre-
cipitation, to decrease. Future scenarios are also being 
prepared for these same variables, in order to assess 
climate change impacts for the years 2020, 2050 and 
2080. Regarding the water sector, the main watersheds 
in the state were characterized, and water availability 
and extraction data were collected.

It is predicted that the impact of climate change 
on rain-fed agriculture, especially corn, will further 
reduce the surface area dedicated to this crop, mak-
ing it non-viable in the south-central part of the state, 
where it is traditionally grown. It could possibly be re-
placed by sorghum, a grain used as food for livestock, 
because of the projection indicating an increase in 
average temperatures and a decrease in precipitation. 
As for water availability, the impact will mainly be felt 
in the eastern part of the state, considerably affecting 
economic activities in the region, including especially 
crop-growing, fruit-growing and the industrial sector. 
It is important to stress that the deterioration of forests 
in the northern part of the state will contribute signifi-
cantly to the future availability of this resource.

Advances have also been made in setting out pro-
posals for the state’s adaptation to climate change. In 
the case of the water sector, these include especially: 
the reduction of shortages and limitations in water 
availability; advances in the integrated clean-up of 
watersheds; giving legal security to the right to use 
national waters and their inherent public goods; to 
contribute to the transition process toward sustain-
able development and broaden the channels for civic 
participation in the planning and use of water, while 
for the agricultural sector, it will be essential to fo-
cus on the following areas: the characterization of 
territory with potential for agricultural production; 
identification of integrated productive chains for ag-
riculture; productive reconversion of the agriculture 
sector; contributing to the transition process toward 

sustainable development in agricultural activity, and 
expand the channels for civic participation in plan-
ning this activity.

Analysis of possible climate change 
impacts on the tourism sector: Cancun 
as a case study

INE/Mexican Institute of Water Technology

According to IPCC conclusions, there is a high prob-
ability of an increase in heat waves, heavy storms, 
higher minimum temperatures with fewer cold days. 
There will also probably be an increase in maximum 
wind intensity and precipitation from tropical cy-
clones. Although deaths resulting from hurricanes in 
Mexico have fallen over a period of time thanks to the 
implementation of Early Warning Systems, the infra-
structure of coastal areas, particularly those threatened 
every year by tropical cyclones, is at risk and the costs 
of the disasters are on the increase. Intense hurricanes 
such as Gilberto in 1988 and Wilma in 2005 show that 
regions such as Cancun are highly vulnerable to ex-
treme hydrometeorological phenomena. The tourism 
sector in particular was seriously affected by hurricane 
Wilma, because of the damages suffered by hotels.

Climate change will also result in increases in 
sea surface temperature (SST). It is projected that in 
two or three decades, the sea surface temperature in 
the Caribbean, Gulf of Mexico and Mexican Pacific 
could increase by between 1 and 2 °C. Based on physi-
cal considerations, rises in the temperature of the sea 
increase the efficiency of tropical cyclones, increasing 
the probability of their reaching higher categories on 
the Saffir-Simpson scale. In 2005, a rise of about 1.5 °C 
in the surface temperature of the Caribbean Sea and 
the Gulf of Mexico was associated with an increase 
in the number of hurricanes in the area, mainly very 
intense ones (for example, Katrina and Wilma). A 
doubling in CO2 concentrations would produce rises 
in sea surface temperature that would very probably 
result in hurricanes 16% more intense (with a sur-
face low pressure system), with increases of about 6% 
in maximum winds, and precipitations that are 18% 
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more intense in the hurricane’s periphery (Knutson 
and Tuleya, 2004). In addition to the projected in-
crease in extreme events, a rise in sea level will affect 
the coastal area. Combined with the storm surge ef-
fect that occurs during storms and hurricanes, the 
damage will increase significantly, mainly in the 
areas near beaches, and on the beaches themselves 
(INE, 2006f).

According to climate change scenarios, there will 
be material damage to hundreds of hotels and thou-
sands of rooms in beach areas like Cancun, causing 
billions of dollars of lost revenues as vacationers leave 
and demand for tourist services falls. The damages 
that Wilma caused to the important tourist areas of 
Cancun, Cozumel and Playa del Carmen had a high 
reconstruction cost in areas with structural damage.

On the one hand, the greatest hurricane activity 
in the Caribbean takes place at a time of relatively low 
tourist activity (Figure IV.23). However, the real prob-
lem is that recovery can take at least three months and 
therefore almost a third of the year can be loss-mak-
ing for the sector, as happened in 2005.

The history of tropical hurricanes in the Atlantic 
Ocean, the theory of Maximum Potential Intensity, and 
climate models show that increases in the sea surface 
temperature are accompanied by more intense hurri-
canes. When relating the temperature anomalies in the 
Atlantic Ocean with the number of intense hurricanes 
(category 3, 4 and 5 hurricanes on the Saffir-Simpson 
scale), it was seen that relatively small rises in the sea sur-
face temperature (in the order of 1 °C) are accompanied 
by a greater number of intense hurricanes compared 
with those periods when there is a drop in temperature.

Six of the ten most intense hurricanes in the At-
lantic Ocean occurred in the Caribbean Sea, and the 
other four, in the Gulf of Mexico. In the face of the 
global warming predicted by the IPCC, we can expect 
more intense hurricanes than those we have seen un-
til now in the Caribbean. This is why Cancun needs 
to take adaptation measures in order to maintain its 
tourist, social and economic activities in a sustainable 
way over the next few decades.

Even though the Cancun hotel zone has reached 
a certain stability due to the almost total occupation 

The months of October to November, 2005, show a clear decline due to the effects of hurricane Wilma, with the resulting loss of 
revenues. Graph based on information of the Mexican Tourist Information System and the Quintana Roo Tourist Information 
Systems

Figure iV.23 monthly diStribution oF dayS oF room occupation in cancun in the yearS 2000-2005
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of the sand bar that divides the Caribbean Sea from 
Nichupté Bay, there is a considerable population in-
crease in the city of Cancun (a percentage growth that 
is among the largest in the country). This population 
increase is even greater in the tourist corridor of the 
Mayan Riviera, which is also exposed to the effects 
produced by extreme meteorological phenomena.

Adaptation actions recommended

Due to the increase in population, in construction and 
in transport links in Mexico’s high-risk areas, in par-
ticular in the coastal zones, greater economic damage 
can be expected in the future, caused by extreme hy-
drometeorological phenomena. To avoid future losses 
in this country, adaptation measures need to be im-
plemented. A good number of these measures can be 
in designing, redesigning and engineering.

For this reason, now that the historical and recent 
evidence in connection with the behavior of intense 
atmospheric phenomena in the area of the Caribbe-
an Sea, such as hurricanes, has been analyzed, and a 
number of visits have been made to the city of Cancun 
and the Mayan Riviera, a number of conclusions and 
recommendations have been reached that aim at sus-
tainably maintaining the tourist activity in Cancun:

• Implementing appropriate construction regula-
tions: non-structural elements (coverings) are very 
fragile in strong winds. The use of “curtains” de-
signed to protect them from extreme winds is rec-
ommended.

• Designing or redesigning hotels and buildings 
near the Caribbean Sea, taking into consideration 
the possible combined effects of the storm tide and 
swell from extreme hurricanes (with waves about 
14 meters above sea level).

• Overcoming the deficiencies in specific procedures 
for operating all systems (for example, telecommu-
nications) in the event of hurricanes.

• Coordinating better emergency action between in-
stitutions and hotels.

• Reducing the vulnerability of access routes (high-
ways, roads, airport).

• Establishing a center for emergency management, 
adequately equipped and resistant.

• Establishing a system to support decision making, 
rather than access to specific or local information.

• Ensuring an appropriate supply of food, imple-
ments and tools after any disaster.

• The information flow should be realistic and ob-
jective before, during and after any meteorological 
disaster.

• Increasing the security of tourists and the popu-
lation.

Vulnerability and resilience to climate 
change: an exploratory analysis for 
Mexico

Mexican scientists at the University of the Americas, 
Puebla, Mexico, together with the University of Mary-
land, USA, carried out a study to determine Mexico’s 
vulnerability and resilience to climate change in each 
of its states. To do so, indices were calculated based on 
economic variables, human capital and the environ-
mental surroundings, following the Vulnerability-Re-
silience Indicator Model (VRIM) (Table IV.6).

The results indicate that, in 2000, the state of 
Jalisco turned out to be the most “resilient” to climate 
change, followed by the states of Nuevo Leon, the state 
of Mexico, Tamaulipas, Sinaloa, Sonora, Quintana 
Roo and Campeche, while Oaxaca showed least resil-
ience.

Vulnerability reduction in high-priority 
sectors in Mexico

SAGARPA Sector

Some SAGARPA programs contribute indirectly with 
adaptation measures to the impacts of global change. 
In general, these actions are focused on the sustain-
able use of natural resources and toward improving 
the producers’ income. Some of these measures help 
towards recognizing the impact of climate change on 
agricultural production; that is to say, indirect adapta-
tion actions can be considered (CICC, 2006).
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Approximation of …

Population that would 
be affected by death or 
that would have to be 
displaced if the sea level 
rose

Population without 
access to good-quality 
drinking water due to 
climate variability or 
change

Population without 
access to drain and 
sewer sanitation services

Degree of 
modernization in 
agriculture; producers’ 
access to inputs

Population’s nutritional 
quality

Population’s health 
conditions, including 
exposure to risk of 
illnesses and access to 
health services

Degree of human 
intrusion on natural 
landscape and 
fragmentation of land

Degree of pressure on 
ecosystem from nitrogen 
and phosphorus 
pollution

table iV.6 liSt oF indicatorS For the caSe oF mexico 2000, within the adaptability and SenSitiVity SectorS

Sensitivity

Sector

Settlements and 
Infrastructure

Food Security

Health 

Ecosystem

Indicator/factor

Population at risk 
from rise in sea 
level

Population without 
access to good-
quality drinking 
water

Population without 
access to drain and 
sewer services

Production of 
cereals per surface 
area of agricultural 
land

Modified 
Nutritional Risk 
Index for intake of 
animal protein

Global fertility rate

Life expectancy at 
birth

Irrigation

Fertilizer used 
per surface area 
cultivated

Functional relationship

A greater population at risk 
from the increasing water 
level, greater sensitivity

A greater proportion of the 
population without access 
to good-quality drinking 
water, greater sensitivity 

A greater proportion of the 
population without access to 
drain and sewer sanitation 
services, greater sensitivity

A greater production of 
cereals per surface area 
of agricultural land, less 
sensitivity

A higher Modified 
Nutritional Risk Index, less 
sensitivity

A higher global fertility rate, 
greater sensitivity

A longer life expectancy, less 
sensitivity

A greater percentage of 
irrigation, greater sensitivity

A greater intensity of 
fertilizers used per surface 
area, greater sensitivity
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table iV.6 liSt oF indicatorS For the caSe oF mexico 2000, within the adaptability and SenSitiVity SectorS 
(continue).

Ability to 
adapt and 
face disaster

Water resources

Economic 
capacity

Human and
civil
resources

Environmental 
capacity

Degree of pressure

Precipitation
Gross Domestic 
Product, GDP per 
capita

Modified Human 
Development Index 
MHDI

Ratio of dependence

Average among 
literacy and level of 
schooling

Percentage of soil 
not used

SO2 emissions / 
surface area

Population density

A greater degree of pressure, 
greater sensitivity

A greater GDP per capita, 
greater capacity for 
adaptation and ability to 
face climate change

A greater MHDI, greater 
capacity for adaptation

A greater ratio of 
dependence, lower capacity 
for adaptation

A higher average among 
illiteracy and level of 
schooling, greater capacity 
to adapt and face climate 
change

A greater percentage of 
unused land, lower capacity 
for adaptation

A greater proportion of 
emissions, lower capacity 
for adaptation

A greater population 
density, lower capacity for 
adaptation

Proportion between 
volume of water 
commissioned and 
natural water availability

Potential contribution of 
entire population

Level of population’s 
social and human 
development

Population dependent 
on economically active 
population

Human capital and 
work force’s capacity for 
adaptation

Fragmentation of 
landscape and ease of 
migration of ecosystem

Air quality and other 
pressures on ecosystem

Pressure and stress of 
population on ecosystem
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Integrated Program of Sustainable Agriculture and 
Productive Reconversion in Areas of Recurrent 
Natural Disasters (PIASRE; of CONAZA)

This program involves indirect adaptation actions 
that, with a preventive character and as a function 
of agro-ecological conditions, promote sustainable 
processes in regions and areas frequently affected by 
adverse climatological phenomena that tend to low-
er their productivity. This is achieved by means of a 
productive reconversion oriented toward cleaner and 
more durable production processes for a sustainable 
use of local natural resources, as well as by means of 
the development of integrated projects.

Plan of Action to Combat Desertification (PACD) 
in Mexico (CONAZA)

The National Commission on Arid Areas (CONAZA) 
continues to apply the preventive plan to stop the ad-
vance of desertification and degradation of lands, in or-
der to reclaim degraded areas for productive uses. The 
final objective consists in maintaining and promoting 
the productivity of arid, semi-arid, subhumid and oth-
er regions vulnerable to degradation, while respecting 
the ecological limits (of load capacity for ecosystems 
and agro-ecosystems), in order to improve the quality 
of their inhabitants’ lives. It is a permanent campaign 
to optimize productivity and obtain sustainable yields. 
In the regions where desertification is apparent, actions 
are coordinated to curb it, reverse it and achieve a satis-
factory, productive development for its residents.

SEDESOL Sector

There is a diverse group of actions promoted, support-
ed, or executed by SEDESOL that contribute, directly 
or indirectly, toward increasing national adaptability 
to the impact of global climate change. They include in 
particular those associated with the Habitat Program, 
which promotes and facilitates the collaboration of all 
three levels of government, and the participation of 
the organizations of civic society in excluded neigh-
borhoods and areas of the cities, in order to support 

sectors of the population that are in a situation of pat-
rimonial poverty (CICC, 2006).

Since these are the most exposed populations and 
most vulnerable to extreme climate events and, in the 
long term, to climate change itself, SEDESOL concen-
trates on risk prevention and environmental improve-
ment. Among the actions linked to vulnerability and 
adaptation, the following are foremost.

Strategic Framework for Disaster Risk 
Management (DRM) in Mexico

Implemented with the support of the Center for the Al-
ternative Development Studies (CEDA), it provides a 
theoretical and conceptual framework upon which to 
base and direct activities related to disaster prevention. 
This will allow executing authorities, mainly municipal, 
to develop capacities for designing prevention and miti-
gation strategies with an integrated focus that is adapted 
to local requirements. The DRM makes it possible to 
identify causes and visualize solutions to risks in spe-
cific contexts, so that the actions undertaken in order to 
mitigate the impacts of natural phenomena and define 
adaptation strategies will have a high level of certainty.

Habitat Program

Through the Program and within the framework of 
risk prevention and environmental improvement, the 
three levels of government and the population living 
in the most exposed areas are becoming more aware 
of the need to establish disaster prevention and risk 
mitigation mechanisms. Territorial planning efforts 
are based on specific knowledge concerning dangers 
of a natural origin, in order to design more effective 
policies for preventing natural disasters, which, as in 
the case of hurricanes, seem to be increasing in fre-
quency and, especially, intensity, as climate variability 
worsens as a result of global climate change.

Metropolitan Areas and Cities

The aim is to significantly reduce the levels of risk to 
which a considerable proportion of the population 
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living in human settlements is exposed, from the im-
pact of extreme hydrometeorological phenomena. The 
Program has financed, among other things, works in-
cluding unblocking river beds, channeling streams, 
and putting up containment embankments.

Relocation of families living in high-risk areas

The relocation of human settlements is promoted 
whenever it is impossible, either technically or eco-
nomically, to carry out other actions that will guaran-
tee the population’s security and possessions.

Definition of integrated strategies for disaster pre-
vention

Financial and technical support is given to munici-
palities, cities and metropolitan areas for conducting 
risk studies or an atlas of natural dangers. One thing 
holding back effective decision making is a lack of 
knowledge, with a solid scientific basis, of the threats 
of a natural origin, especially those of a hydrometeo-
rological type, to which many human settlements in 
our country are exposed. Adaptability (like mitiga-
tion) capacities cannot be adequately developed if 
there is insufficient knowledge to direct efforts made 
in disaster prevention.

Emergency Housing Programs

SEDESOL participates in the Inter-Secretarial Com-
mission on Expense-Financing to take care of dam-
ages deriving from natural disasters. Through the 
Emergency Housing Programs and with the sup-

port of resources of the Fund for Natural Disasters 
(FONDEN), relocation actions, associated with the 
multitude of extreme climate events that the country 
suffered, began in 2005. In that year alone, the extent 
of the damage done by hurricanes Stan and Wilma, 
which affected seven states in the Republic, most of 
them located in the south-southeastern part of Mex-
ico, made it necessary to assign extraordinary funds 
and start up approximately 30 thousand actions for 
relocating homes situated in high-risk areas, because 
they had suffered irreparable damage. These actions 
were funded entirely with federal resources.

Natural Risk Atlas

To date, the Atlas is available for 44 cities, in which 
approximately 14 million inhabitants are located. The 
identification and zoning actions of areas exposed to 
natural dangers - fundamental inputs for the design 
of effective protective measures - show a spectacular 
growth.

Methodological Guide for the preparation of the 
Natural Risk Atlas at the city and municipality 
level

In 2005 the Guide was updated, incorporating the 
criteria necessary for identifying the magnitude of 
vulnerability and for a detailed analysis of natural 
risks (with special emphasis on those of a hydro-
meteorological type), which will make it possible to 
conduct more complete studies on existing risks in 
Mexican cities and to formulate better preventive 
policies.
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V. Programs that Include Measures 
to Mitigate Climate Change

Energy Sector

The energy sector plays a decisive role in Greenhouse 
Gas (GHG) mitigation. The Ministry of Energy 
(SENER), in collaboration with its companies and 
desconcentrated bodies, implements programs and 
actions for energy conservation and efficient energy 
use. In this regard, institutional programs made it 
possible to save 19,659 million kW-h in 2005, which 
represents 4,981 MW of deferred capacity for the Na-
tional Electricity System and the equivalent of 9.35 
million barrels of oil. This saving represented 1.84% 
of the energy consumption and 2.83% of the total 
final consumption recorded for 2004.1 The savings 
in 2006 are expected to reach 21,882 million kW-h, 
with a saving in deferred demand of 5,510 MW.2

The magnitude of GHG emissions presents a chal-
lenge as well as an opportunity for the Sector. The 
challenge is to make the energy sector cleaner and 
more respectful to the environment, so it is essential 
to reduce the volume of GHG emissions, without com-
promising the country’s economic growth and energy 
security. Opportunities lie in promoting the use of re-
newable energy sources, encouraging improvements 
in the transformation processes, and boosting energy 
efficiency on the demand side.

With this in mind, the Energy Sector’s Climate 
Change Committee was set up in February, 2005, as 
a coordination instrument for the follow-up, analysis 
and definition of policies and activities related to cli-
mate change and the Clean Development Mechanism 
(CDM) of the Kyoto Protocol. The Committee directs 

1 Fifth Assessment Report of PROSENER. SENER. 2006
2 Presidencia 2006. Sixth State of the Nation Address
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its efforts towards developing a portfolio of projects 
in emissions reduction and GHG capture that are el-
igible to participate in the CDM, as well as towards 
strengthening institutions operating in the area of cli-
mate change.

The Committee is coordinated by SENER and is 
made up of: Petroleos Mexicanos (PEMEX), the Fed-
eral Electricity Commission (CFE), Luz y Fuerza del 
Centro (LyFC), the National Energy Saving Commis-
sion (CONAE), the Electric Research Institute (IIE), 
the Mexican Petroleum Institute (IMP), the Electri-
cal Energy Saving Trustfund (FIDE) and the Energy 
Regulatory Commission (CRE).

Energy Conservation and Efficient Energy Use

In Mexico, energy conservation and efficient energy 
use is promoted by CONAE and FIDE, who imple-
ment programs for more sustainable energy use.

CONAE, a deconcentrated body of SENER, is 
intended to function as a technical advisor to the 
offices and entities of the Federal Public Adminis-
tration (APF), to state governments, municipalities 
and private individuals, regarding energy saving and 
the efficient use of energy, and the use of renewable 
energies. CONAE concentrates its efforts on four ac-
tivities: a) Normalization, b) Technical Assistance, 
c) Promotion and Design, and d) Program Develop-
ment.

CONAE implements actions including, in particu-
lar: a) Sectoral Programs, which involve the following: 
federal public administration, states and munici-
palities, state-owned companies, large corporations, 
small and medium businesses, and the social sector; 
b) Thematic Programs: normalization, cogeneration, 
renewable energy, and transport; and c) Support Ac-
tions: international cooperation and energy saving 
forecasts.

For its part, FIDE, a public-private agency, aims 
to promote and encourage energy saving and the 
rational use of electric power. The FIDE’s technical 

committee is made up of CFE, LyFC, CONAE, the 
Sole Union of Electrical Workers of the Mexican Re-
public (SUTERM), the Confederation of Industrial 
Chambers of the United Mexican States (CONCA-
MIN), the National Chamber of the Transformation 
Industry (CANACINTRA), the National Chamber 
of Electric Equipment Manufacturers (CANAME), 
the Mexican Chamber of the Construction Industry 
(CMIC) and the National Chamber of Consulting 
Firms (CNEC).

FIDE supports projects that produce electricity 
savings in the following sectors: a) industrial, b) trade 
and services, c) municipal services and d) support 
for technological development. It helps to develop 
domestic and international electricity conservation 
programs. FIDE activities include: a) incentives, b) 
household lighting, c) pilot programs, d) financing for 
electricity conservation, e) certification programs for 
consulting firms, f) commercial financing programs, 
and g) international programs.

Main mitigation actions 
in the energy sector

Energy sector actions are included in the annual 
SENER report on climate change,3 which presents the 
measures that form part of the programs and projects 
established by the different entities in the sector for 
mitigating GHG emissions both directly and indi-
rectly.

Regulatory modifications that encourage emission 
mitigation by means of renewable sources

Law for the Use of Renewable Sources of Energy 
(LAFRE)

In 2005, the Federal House of Representatives ap-
proved the Law for the Use of Renewable Sources of 
Energy (LAFRE). This Law contains a set of instru-
ments give greater legal certainty to the projects de-

3 SENER 2005-2006 Activity report on climate change. First Annual Public Report on Climate Action
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veloped both for public service and for self-production 
and independent energy generation.

It establishes a fund based on obligatory contribu-
tions from the federal government, in order to guaran-
tee the participation of renewable energy in domestic 
supply. It also creates the Program for the Use of Re-
newable Sources of Energy, whose goal for 2012 is to 
achieve a contribution by renewable energies of 8% of 
total electricity generation (not including the large hy-
droelectric power plants).

Federal contributions to the fund will be used to 
encourage the generation of electrical power con-
nected to the National Electricity System, to operate 
a sectoral fund to encourage technological research 
and development, to support projects in applications 
not connected to the network: emerging technologies, 
and thermal applications and production of biofuels, 
among others.

Program of rural electrification with renewable 
energies

In 2005, the National Electricity System had an ap-
proximate coverage of 95% of the population, which 
meant that more than 5 million inhabitants lacked 
electricity, thus excluding them to a considerable ex-
tent, lowering their quality of life, and making it more 
difficult for them to engage in more profitable, pro-
ductive activities.

For this reason, SENER is in the design stage of the 
National Rural Electrification Program; funds from 
loans and a donation from the Global Environment 
Facility (GEF) have been processed and will be used as 
seed money to attract additional funds from the state 
and municipal governments in the states of Chiapas, 
Guerrero, Oaxaca and Veracruz.

The main objective of the program, in its first 5-
year phase, between 2006 and 2010, is the installa-
tion of electric power systems, based on renewable 
energies, to improve the quality of life and to develop 
productive activities in 50,000 households, placing 
emphasis on ensuring the systems’ sustainability, es-
tablishing the minimum requirements that should be 

completed before, during and after the investment, as 
well as designing the technical, social and administra-
tive aspects.

Interconnection contract for intermittent renewable 
sources

In 2005, the CRE approved modifications to the In-
terconnection Contract model in order to promote 
private projects in the area of self-supply by means 
of renewable energy of the intermittent type. It takes 
into account wind, solar, and hydroelectric energy 
with limited storage or availability.

The contract recognizes the capacity contributed 
based on a monthly average of energy generated in 
peak times. This instrument will make it possible to 
start up self-supply projects with renewable sources of 
energy that already have CRE permits, under a more 
competitive scheme.

Permits for electricity generation using renewable 
sources

By the end of 2005, the CRE had authorized 54 
permits for electricity generation using renewable 
sources in the areas of self-supply, cogeneration and 
exporting, 37 of which are already in operation. The 
remaining 17 projects are expected to start up opera-
tions in 2007, so that more than 1,400 MW will be 
added to the grid, with a generating capacity of over 
5,000 GW-h/year.

Accelerated depreciation

With a view to establishing renewable energy proj-
ects in Mexico, a modification of the Income Tax Law 
went into effect as of 2005 that states that taxpayers 
who invest in equipment and machinery for gener-
ating energy from renewable sources will be able to 
deduct 100% of the investment in just one fiscal year. 
This regulation is applicable to projects using energy 
from the sun, wind, water, biomass, wastes, oceans, 
and subsoil heat.
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Use of renewable energies

Plan of Action to eliminate barriers to the 
development of wind-electric power in Mexico

In 2004, the Plan of Action to eliminate barriers to 
the implementation of wind power projects began. 
This project receives GEF funds through the United 
Nations Development Program (UNDP) and is im-
plemented by the Electric Research Institute (IIE). 
Its objective is to eliminate some of the barriers that 
have delayed the growth of the wind-electric market 
in our country, through the development of techni-
cal know-how, analysis and improvements to the legal 
framework, support for actions and strategic studies, 
outreach activities, and the development and imple-
mentation of three 20-MW projects La Ventosa, Oax-
aca.

The first stage of the project, which will receive $4.5 
million dollars in funding, will last from 2004 to 2006 
and will focus mainly on constructing and starting up 
a Wind Technology Research Center in the region of 
La Ventosa, Oaxaca; its conclusion is programmed for 
the end of 2006.

Wind projects of the Federal Electricity 
Commission

Based on the strategies established in the Sectoral En-
ergy Program, in particular its goal to increase the 
contribution of renewable energy to Mexico’s energy 
supply, the CFE included in its expansion plans a se-
ries of wind-power plants to be installed in the area of 
La Ventosa, Oaxaca.

In 2005, the CFE began the construction of the 
first large-scale wind power plant in Mexico (85 MW), 
which will begin operations at the end of 2006. In ad-
dition, SENER has programmed the construction of 
another 505 MW of wind-power capacity (in the cat-
egory of Independent Producer) in the same region 
over the next few years, so that there is expected to be 
590 MW available in 2014. There have been seven per-

mits granted by CRE for private self-supply projects 
with wind-power technology, which will contribute a 
total of 950 MW over the next few years to the Na-
tional Electric System.

Solar thermal energy

In Mexico, solar heaters have been produced since 1942 
and, at the moment, domestically manufactured equip-
ment is high quality and efficient, capable of competing 
in the international market. Efforts have been made to 
reduce the obstacles preventing the use of solar tech-
nology for water heating. These efforts include the work 
of CONAE and an initiative of the Government of the 
Federal District to grant financing to projects for the 
installation of these systems in Mexico City.

The Ministry of the Environment of the Govern-
ment of the Federal District (GDF) held the “Public 
Consultation Forum for the Norm Project for the Use 
of Solar Energy in Water Heating in new Establish-
ments located in the Federal District” in 2005. The 
Norm arises out of the framework of the Sectoral Plan 
for the GDF, of “Proaire 2002-2010” and the “Climate 
Action Strategy for the Federal District”, with one and 
the same goal: that of promoting the use of solar en-
ergy to replace fossil fuels.

On April 7, 2006, the environmental norm that 
establishes the technical specifications for exploit-
ing solar energy in water heating in pools, diving 
pits, showers, sinks, kitchen uses, laundries and dry 
cleaner’s, was published in the Official Gazette of the 
Federal District. The norm specifies that new estab-
lishments should cover a minimum of 30% of their 
energy requirements with solar technology.

Present state of renewable energies4

Wind energy

By 2004, there were 3 MW of wind power installed; 
2 MW in the south-southeast zone, and 1 MW in the 
northeast zone, so that 6 GW-h of electricity was gen-

4 SENER 2005-2006 activity report in the area of climate change. First Annual Public Report on Climate Action
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erated altogether. Also, three wind projects under the 
CDM are underway in La Ventosa wind farm, Tehu-
antepec Isthmus, Oaxaca.

Solar energy

From 1993 until 2003, the national installed capacity 
of photovoltaic systems increased from 7 to 15 MW, 
generating more than 8,000 MW-h per year for rural 
electrification, water pumping and refrigeration.

Minihydraulic energy

At the present moment, in the states of Veracruz and 
Jalisco, three minihydraulic power stations operates 
with an installed capacity of 16 MW, which generates 
67 GW-h per year. In addition, three hybrid (minihy-
draulic-natural gas) power stations are in operation in 
the states of Veracruz and Durango; and four CDM 
projects for reducing GHG emissions are in their ini-
tial stages in the states of Guerrero and Michoacán.

Bioenergy

In Mexico, the main biofuels used are sugar cane ba-
gasse and firewood, basically for heating and food 
preparation in rural areas and the sugar industry. 
In 2004, 92 Petajoules of sugar cane bagasse and 250 
of firewood were consumed. Every year, the Mexi-
can sugar cane industry produces 45 million liters 
of bioethanol that are used in the chemical indus-
try. In 2005, the CRE authorized 19 MW to generate 
120 GW-h/year with biogas, 70 MW to generate 105 
GW-h/year with sugar cane bagasse, and 224 MW to 
generate 391 GW-h/year with hybrid systems (fuel oil-
sugar cane bagasse).

Geothermal energy

Mexico occupies the third place worldwide for its in-
stalled capacity of electricity generation based on geo-

thermal energy with 960 MW, with which more than 
6,500 GW-h are generated per year.

Development of renewable energies connected to 
the Network5

Large Scale Renewable Energy Project (PERGE)

With the support of GEF, SENER is working on the 
final phase for the creation of a Fund oriented toward 
promoting and accelerating projects using renewable 
energy connected to the electrical network, in order 
to stimulate the development of a market of Indepen-
dent Energy Producers and to help push forward new 
technologies. This instrument will provide a tempo-
rary, non-refundable, economic incentive for 5 years, 
for electricity generated from renewable energy in or-
der to reduce the difference between investment costs 
and the prices that the CFE can pay to Independent 
Producers.

The Fund will have $70 million dollars avail-
able in two phases: a first phase with $25 million 
and a second one with $45 million dollars, in order 
to reach an approximate installed capacity of 500 
MW.

PERGE Green Fund

The Green Fund is a financial mechanism that seeks 
progressive recognition of the real value of renewable 
energy sources, by contributing toward reducing risks 
in energy supply and toward stabilizing the prices of 
electricity.

Integrated Energy Services for Small Rural 
Mexican Communities (SIEPCRM)

SIEPCRM is a joint project of SENER with the World 
Bank and the GEF that seeks to promote rural elec-
trification, based on renewable energy in the states of 
Chiapas, Guerrero, Oaxaca and Veracruz.

5 SENER 2005-2006 activity report in the area of climate change. First Annual Public Report on Climate Action
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The resources will come from a non-refundable 
GEF donation of $15 million dollars and a loan from 
the World Bank for the same amount. In addition, a 
co-investment of federal and private programs will 
be sought. Technologies considered for the project 
include photovoltaic cells, wind-power turbines, mi-
crohydraulic plants, and power plants generated by 
biomass and hybrid systems.

Rural Electrification Program of the Federal 
Electricity Commission’s Electricity Research 
Institute (IIE-CFE)

This program, implemented by IIE and CFE, has 
made possible the installation of 60,000 photovoltaic 
systems in 20 Mexican States with funds contributed 
by the federal government.

Energy efficiency and energy conservation

Official Mexican Norms in Energy Efficiency

CONAE issues mandatory Official Mexican Norms 
(NOMs) to regulate the minimum efficiency of en-
ergy-consuming equipment and systems that are pro-
duced and marketed in the Mexico.

By the end of 2006, 18 NOMs will now be applied 
in this area to more than seven million new systems 
and products marketed every year in Mexico, includ-
ing refrigerators, air conditioning systems, washing 
machines, fluorescent lamps, water pumps, televi-
sions, video cassette recorders and gas water heaters, 
among others.

In 2005, the energy saved through the application 
of the norms in effect was 14,251 million kW-h in 
electricity consumption; 2,567 MW in deferred ca-
pacity; and the equivalent of four million barrels of 
oil, by avoiding the consumption of different fossil 
fuels.

The savings are expected to reach 16,065 mil-
lion kW-h and 2,926 MW in deferred demand in 
2006.6

According to CONAE estimates, the country saves 
a quantity of energy equivalent to the annual con-
sumption of the states of Aguascalientes, Southern 
Baja California, Colima, Nayarit, Tabasco, Tlaxcala, 
Yucatan and Zacatecas by means of the energy effi-
ciency NOMs, and prevents the emission of more than 
8 million tonnes of CO2.

Energy conservation through FIDE actions

In 2005, electricity saving resulting from the change to 
Daylight Saving and the projects carried out by FIDE 
amounted to 5,205 million kW-h, which represented 
a decrease of 3.1% in consumption from the previous 
year. In generation capacity, the savings came to 2,414 
MW; it was calculated that this is equal to 8% of the 
peak demand in the same year. This made it possible 
to defer the investment of $2,400 million dollars to 
enlarge the generation, transmission and distribution 
capacity for electric power. The actions carried out are 
estimated to have prevented the emission of 5.6 mil-
lion tonnes of CO2 into the atmosphere, and the con-
sumption of the equivalent of 11.7 million barrels of 
oil (Table V.1).

Savings in 2006 are expected to reach 5,607 million 
kW-h, which represents a capacity of 2,597 MW and 
the prevention of the emission of 5.9 million tonnes 
of CO2.7

In 2005, actions in the household sector repre-
sented 18.5% of the total savings with 966.4 million 
kW-h; the industry sector, 16.6% with 866.8 million 
kW-h; the agricultural sector, 16.1% with 842.1 mil-
lion kW-h; and incentives and market development 
18.6%, with 967.7 million kW-h.8

Altogether, the savings resulting from actions 
in micro- and small companies, trade and servic-

6 Presidency. 2006. Sixth State of the Nation Address
7 Information provided by FIDE
8 The incentive program concluded between 2003 and 2004; however, the measures applied continue to generate savings.
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es, and municipal services, came to 261.3 million 
kW-h, which represented 5% of the total. Lastly, the 
savings produced by the change to Daylight Sav-
ing time were 1,301 million kW-h, 25% of the total 
(Table V. 1).

A) Programs oriented toward industrial, 
commercial and service facilities

The objective of these programs is to support energy 
conservation in this country’s industrial, commer-

Table V.1 ProjecTs carried ouT and saVings obTained by fide

Sector Program 2004 2005

 Actions MW GW-h Tons  Actions  MW GW-h Tons
    CO2     CO2

    Avoided    Avoided

Domestic Substitution 1,135,411 364.55 471.58 516,358 798,372 387.25 496.31 543,494
 of compact
 fluorescent  
 lamps

 Substitution 41,204 8.64 15.22 16,701 62,469 30.42 41.04 45,032
 of air
 conditioning

 Substitution 136,0001 110.67 105 115,215 342,437 138.57 297.84 211,600
 of refrigerators

 Insulated homes 10,518 22.33 90.34 99,128 11,472 22.33 97.84 107,358

 Diagnoses 23,981 12.32 32.04 35,157 1,503 13.32 33.44 36,693

Micro and  Projects 216 32.01 44.16 48,456 245 38.01 51.16 56,137 
small  
businesses

Industry Projects 65 180.96 858.80 942,345 32 184.96 866.80 951,123

Businesses Projects 46 37.90 102.20 112,142 54 41.90 106.20 116,531 
and services

Municipal Projects 30 38.60 96.01 105,350 39 42.60 104.01 114,128
services

Daylight   898 1,287 1,412,201  982 1,301 1,417,563
saving

Incentives Motors  169 755.16 828,623  169 755.16 828,623 
and market
development Lighting 82,605 98.55 178.63 196,007  98.55 178.63 196,007
 units

 Compressors  11.17 34 37,308  11.17 34 37,308

Farming Pump wells 909 191.74 786.92 863,472 972 203.74 803.04 881,161

 LFC in farms  50 39.10 42,904  50 39.10 42,904

 Totals	 	 2,226.43	 4,896.15	 5,371,367	 	 2,413.81	 5,205.57	 5,595,662

Note. The incentive program concluded between 2003 and 2004; however, the measures applied continue to generate savings.
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cial and service facilities. Through these programs, 
FIDE completed 372 projects with the application of 
energy-saving measures in facilities with intensive 
users of electricity and of the micro- and small busi-
nesses. Through the FIDE Incentive Program and 
the Financing Program for Suppliers of High Effi-
ciency Equipment, nearly 70,000 units of energy-sav-
ing equipment were marketed, including fluorescent 
lamps, energy-saving ballasts, commercial refrigera-
tors, high efficiency motors, variable speed-drives and 
light-emitting diodes.

For its part, CONAE is continuing the support 
and follow-up of the Integrated Energy-Saving Pro-
grams in Industrial Facilities of: the Mining Cham-
ber of Mexico (CAMIMEX), National Chamber for 
the Iron and Steel Industry (CANACERO), Industries 
Derived from Ethylene (IDESA), Mexicana Airlines, 
National Chamber for the Pulp and Paper Industries 
(CNICP) and the National Chemical Industry Associ-
ation (ANIQ). The energy savings estimated for these 
programs were of the order of 2,050 GW-h in electric-
ity consumption, 588 MW in deferred demand, and 
the equivalent of 91,000 barrels of oil, by avoiding the 
consumption of different fuels.

b) Farming sector

The main energy-saving actions are implemented 
in coordination with the National Water Commis-
sion, and concentrate on the rehabilitation of sys-
tems of agricultural pumping. In 2005, 972 systems 
were rehabilitated, thus achieving a total of 15,878 
systems rehabilitated since the beginning of the 
program.

c) Industrial sector

By means of technical assistance and financing from 
FIDE, 423 projects were carried out in electricity-in-
tensive industrial companies. In addition, through a 
program of incentives, the marketing and installation 
of 196,000 high efficiency motors and 216 efficient 
compressors was achieved.

d) Commercial sector

In the period 2001-2005, actions implemented through 
the FIDE made it possible to complete 243 projects in 
commercial and service facilities, with the application 
of energy- saving measures. In addition, 3.6 million 
units of efficient illumination were marketed and in-
stalled.

e) Small and medium businesses

To support the small and medium industrial, com-
mercial, and service businesses, by means of techni-
cal assistance and financing, 928 projects applying 
electricity-saving measures were carried out. Also 
achieved was the marketing and installation of 20,000 
units of high-efficiency electrical equipment.

f) Municipalities

By means of technical assistance and funding by 
FIDE, 51 projects for optimizing the electric pow-
er consumption in public lighting, and 70 in water 
pumping systems in several towns and cities, were 
carried out.

g) Household sector

In 2005, the financing granted by FIDE and the Ther-
mal Insulation Fund (FIPATERM) made possible 
the substitution of 60,600 units of air conditioning 
equipment, the replacement of 798,000 incandescent 
light bulbs by efficient lights and of 342,800 ineffi-
cient refrigerators by efficient ones, the insulation of 
11,600 homes, and it was possible to arrange for the 
construction of 8,868 homes with efficient housing 
developers.

h) FIDE label

In Mexico there exists a labeling of appliances according 
to their energy efficiency, called FIDE Label, that were 
created in answer to the user’s need to identify, from 
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amongst a great variety of products available on the mar-
ket, those that have a greater degree of energy efficiency.

The FIDE seal is applied to three-phase and single-
phase induction motors; lighting equipment; home 
appliances such as refrigerators, air conditioning equip-
ment and washing machines; hydraulic pump-motor 
with an external or submergible motor; energy- sav-
ing controls such as presence sensors; and televisions, 
video cassette recorders and DVD players.

By May 2005, the FIDE label had been given to a 
total of 2,000 models of 17 different types of products, 
produced by 30 different companies.

FIDE-INFONAVIT Agreement

In November, 2003, FIDE and the National Work-
ers Housing Fund Institute (INFONAVIT) signed an 
Agreement to develop actions for promoting electric-
ity-saving in homes (with the resulting reduction in 
GHG emissions). This agreement is one of the first 
initiatives that seek to carry out a Pilot Program for 
including alternatives for electricity saving in low-in-
come housing.

Energy-saving actions include: 1) lighting with 
compact fluorescent lamps; 2) thermal insulation; 3) 
thermal windows; and 4) air conditioning equipment. 
FIDE estimates that the average saving per home with 
the four measures proposed is 1,476 kW-h /year. The 
number of homes participating in the 2005 Program 
was 7,080, with an increase during the period 2004-
2005 of 9,981 homes. The program began in the cities of 
Nuevo Laredo, Tamaulipas; Ciudad Juarez, Chihuahua; 
Mexicali, Baja California; and Torreon, Coahuila.

In addition, purchasers of the homes will be able 
to participate in the Domestic Refrigerator, Air Con-
ditioning and Insulation Programs that the FIDE 
is implementing at the moment in different states 
throughout the Mexican Republic.

Energy conservation in Federal
Public Administration buildings

Since 1999, a program has been in operation that 
aims at reducing the levels of electricity consump-

tion in Federal Public Administration (APF) build-
ings. To evaluate results, the quarterly records for 
electricity consumption of the properties registered 
were analyzed. In this regard, during the year 2005, 
an overall rate of energy consumption of 80.4 kW-
h/m2-year was calculated, which is equal to 30% less 
than what would have been the case, had the pro-
gram not been applied; this represents 202 million 
kW-h saved that year.

Energy conservation in the Federal Electricity 
Commission

The CFE promotes the saving and efficient use of 
electricity in its facilities through the Electric Sec-
tor’s Energy Saving Program (PAESE), and on the 
side of demand, jointly with FIDE and the Compre-
hensive Systematic Saving Program (ASI) of the FI-
PATERM.

Through PAESE, 91 projects were carried out, with 
the application of electricity-saving measures to CFE 
properties and facilities, with 38 of them implemented 
in 2005.

FIPATERM includes the following programs: 
a) replacement of air conditioning equipment, b) 
replacement of light bulbs by compact fluorescent 
lamps, c) sealing of doors, and d) replacement of re-
frigerators.

For its part, some characteristics of the ASI pro-
gram are:

a) Air conditioning equipment: Compensation of 450 
pesos per tonne of capacity of the equipment be-
ing removed, up to a maximum of five tonnes of 
refrigeration.

b) Refrigerators: Compensation of 500 pesos per unit 
retired. The compensation is applied as a down 
payment for acquiring the new equipment. House-
hold users of CFE electric power can participate in 
the program.

In 2005, FIPATERM and FIDE authorized 83,309 
credits worth 529.6 million pesos altogether. The ac-
cumulated credits handled up until that year were 
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made up in the following way: 4% for thermal insu-
lation, 23% for air conditioning systems and 74% for 
refrigerators.

Another relevant program is Financing for Elec-
trical Energy Saving (PFAEE) for the installation of 
thermal insulation in homes and replacement of air 
conditioning equipment and refrigerators. This pro-
gram has national coverage and the ASI Program and 
FIDE are in charge of its operation. In the category of 
refrigerators, more than 132,000 appliances were re-
placed in 2004.

Energy conservation in Petróleos Mexicanos 
(PEMEX)9

PEMEX continued its Institutional Campaign of 
Energy Saving and Environmental Protection PE-
MEX-CONAE, in which the latter offered technical 
assistance to analyze 226 of the company’s major fa-
cilities.

PEMEX has a historical record of its CO2 emis-
sions from the burning of fossil fuels, and at the mo-
ment is working on putting together reliable methane 
inventories.

As a result of investments in projects and actions 
for operational improvement, a decrease of 6.5% can 
be observed in CO2 emissions, which fell from 40 mil-
lion tonnes in 2001 to 37.4 million tonnes in 2005. The 
annual average reduction for that period was 1.7%. In 
2005, the contribution of CO2 emissions by subsidiary 
was the following: PEMEX Refining 42%; PEMEX Ex-
ploration and Production 26.4%; PEMEX Petrochem-
icals 16% and PEMEX Gas and Basic Petrochemicals 
15.6% [PEMEX, 2006].

Clean Development Mechanism

PEMEX has identified 44 projects with a mitigation 
potential of more than 5 million tonnes of CO2eq an-
nually. Many of these projects have ample potential 

to be replicable. Also, it is working with the CFE and 
FIDE on projects of emissions reduction and geologi-
cal sequestration of CO2 that could take part in the 
CDM.

To promote CDM projects, PEMEX has estab-
lished alliances of a technical nature with companies 
in some developed countries, with the World Bank, 
and with relevant financial institutions in the interna-
tional carbon credit market.

PEMEX negotiated the Letter of Non-Objection 
before the Inter-ministerial Commission on Climate 
Change (CICC), for the project in gas exploitation at 
Campo Tres Hermanos in Veracruz whose mitigation 
potential is 164,000 tonnes of CO2eq annually, over a 
15 year horizon.

Cleaner fossil fuels

Actions have been taken in the area of fuel qual-
ity, cleaner processes of electricity generation, de-
velopment and marketing of carbon sequestration 
and storage technologies, and the sequestration and 
use of methane. Among them, the Official Mexican 
Norm NOM-086-SEMARNAT-SENERSCFI-2005,10 
which establishes the technical specifications of fu-
els with a view to environmental protection, was 
revised in order to: 1) establish new fuel quality re-
quirements to protect air quality and to prevent an 
increase in atmospheric pollution in different cit-
ies in Mexico, as well as reduce polluting emissions 
with global impact; and 2) to encourage technologi-
cal advances in the automotive industry’s emission 
control systems.

Projects for use of biogas and mine gas

SENER and the Ministry of Social Development 
(SEDESOL) have promoted the implementation of en-
ergy generation projects to take advantage of methane 
generated in sanitary landfills.

9 SENER 2005 - 2006 activity report in the area of climate change. First Annual Public Report on Climate Change
10 Published in the Official Gazette of the Federation, on January 30, 2006
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The first power plant using biogas was opened in 
the city of Monterrey, Nuevo Leon, in 2003, and is 
called the Metropolitan System of Solid Waste Pro-
cessing (SEMIPRODESO). The plant is the result of 
a pilot project for the capture and use of the biogas 
generated in the sanitary landfill of the Metropolitan 
Area of Monterrey, Nuevo Leon. The biogas is used as 
fuel for generating electricity in a plant with a genera-
tion capacity of 7 MW.

The GEF provided part of the project’s financing 
($6.2 million dollars), which was administered by 
the World Bank. The project aims at demonstrating 
the technological, economic, financial, institutional 
and social viability of exploiting the biogas gener-
ated in final disposal sites for municipal solid waste, 
and it is expected to be reproduced in other Mexican 
cities.

Fuel Substitution11

Combined cycle power plants

Over the last few years the energy sector has made a 
major effort to substitute fuel oil with natural gas, in 
order to reduce the environmental impacts of con-
ventional electricity generating plants by installing 
combined cycle plants, which involves expanding the 
natural gas distribution network.

Over the period 1993-2004, the participation of 
fuel oil in electricity production fell from 70.9% to 
39.3%, while that of natural gas increased from 16.1% 
to 34.5%. Between 2000 and 2004, emissions from 
electricity generation decreased 27%, falling from 1.7 
to 1.23 million tonnes of CO2eq annually.

National Hydrogen Plan

In 2005, the National Hydrogen Network (RNH) was 
formed in Mexico in order to promote the transition 
of our country toward an economy in which this fuel 
would play an important role. The RNH (to which 

SENER belongs) is at present in the process of the es-
sential task of formulating a National Hydrogen Plan 
for Mexico.

Carbon sequestration

Mexico has important potential for carbon sequestra-
tion in the subsoil, particularly in the oil strata; at the 
moment it is identifying opportunities as part of its 
participation as a member of the Carbon Sequestra-
tion Leadership Forum.

The main opportunity areas for carbon cap-
ture in the energy sector are in the re-injection of 
CO2 generated in extractive processes, particularly 
those of PEMEX, and in the oil strata that show a 
loss of pressure, in order to increase carbon capture 
and to lengthen the period of exploitation of the oil 
deposits.

Research activities in the energy sector

Forecast for renewable energies. A View 
to 2030 of the use of renewable energies 
in Mexico

In 2005, SENER with support of funds from the 
World Bank, through its ESMAP Program, published 
the first prediction of renewable energies over the me-
dium (10 years) and the long (25 years) terms.

As part of its activities, there was an estimate of 
the renewable energy resources in Mexico, an analy-
sis of technological prospects for their exploitation, 
a description of the international scenarios of the 
participation of renewable energy in the energy sup-
ply, and a discussion of the interactions between the 
parameters involved and major obstacles, in order to 
establish the terms of reference for the projections. 
Projections are presented to 2030 of low and high 
penetration of renewable energies in the energy sup-
ply, and the main energy policy guidelines for these 
projections.

11 SENER 2005-2006 activity report in the area of climate change. First Annual Public Report on Climate Action
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This study foresees, as a base scenario, that the 
primary energy supply will double between 2002 
and 2030. Results of the study point out that the de-
mand for natural gas in the period under analysis 
will grow by 3.5% yearly; as for renewable energy, 
hydroenergy will grow 2.3% annually, biomass and 
waste 3.7% annually, and other renewables 4.1% per 
year.

Renewable energies for sustainable 
development in Mexico

In 2006, SENER published the document “Renew-
able energies for Mexico’s sustainable development”, 
within the framework of Mexican-German coopera-
tion, at the request of the component, “Promotion of 
Renewable Energies”, which forms part of the “Envi-
ronmental Management and Sustainable Use of Natu-
ral Resources” Program of the Deutsche Gesellschaft 
für Technische Zusammenarbeit (GTZ, German ini-
tials).

The document contains the following sections: 1) 
introduction: renewable energies in sustainable devel-
opment in Mexico, 2) actors, 3) renewable energies in 
Mexico: current state, potential, and barriers to their 
development, 4) legal and regulatory framework: ad-
vances and perspectives; 5) instruments for economic 
and financial advancement: current situation and 
challenges, 6) planning instruments, 7) technological 
development, 8) renewable energies for social devel-
opment, and 9) conclusions: challenges and opportu-
nities for renewable energies in Mexico.

Assessment of the potential of biomass 
as an energy source

Efforts are being made to evaluate the potential of 
biomass in Mexico, such as: the Wood fuel Integrated 
Supply / Demand Overview Mapping (WISDOM); the 
IIE’s Renewable Energy Geographical Information 
System (SIGER), which collects information about 
biofuel resources, and handles it within a unique geo-
referenciated system.

Study of biofuel policy for Mexico

Considering the important potential that our coun-
try could have for biofuel generation in different 
sectors, SENER, with the economic support of the 
Inter-American Development Bank (IDB), is carry-
ing out this study aimed at analyzing the domestic 
market’s input potential and the probable demand 
for these fuels.

The study addresses the social, economic, techni-
cal and energy policy aspects, and will generate in-
formation necessary for establishing an energy policy 
directed at developing a robust supply of domesti-
cally-produced biofuels, and thus to contribute to the 
sustainability of the Mexican energy market.

Use of methane generated from manure 
on pig and cattle farms

In 2005, SENER completed this study with funds from 
the Global Opportunities Fund (GOF) of the United 
Kingdom, in which conditions and potentials for the 
development of this type of project in two regions of 
Mexico for the case of pig and cattle farms were evalu-
ated.

The study demonstrates that these projects are 
highly profitable and that a very large part of the in-
vestment recovery could come from the sale of Cer-
tified Emissions Reduction (CER) certificates in the 
context of the CDM, as well as from the sale of electric-
ity surpluses to the electric network, besides providing 
electricity for the operation of their own farms.

In various regions in this country, and particu-
larly in the states of Durango, Coahuila and Yucatan, 
projects for the utilization of the methane generated 
on pig and cattle farms have been implemented, thus 
generating considerable local and global environmen-
tal benefits.

Studies in the use of biogas

SENER, with the support of the World Bank’s ES-
MAP program, conducted two studies that evaluated 
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the generation potential and the viability of develop-
ment of similar projects in the cities of Chihuahua 
and Queretaro.

The next stage of this effort is to promote its de-
velopment in collaboration with state and municipal 
governments, as well as with private investors and 
potential buyers of carbon credits. Additional places 
have been identified, particularly in the seven cities 
having a population of more than 1 million inhabit-
ants, in which it will be possible to develop projects of 
a viable size during the present stage.

Joint control of urban pollution and 
of greenhouse gas emissions in the Metropolitan 
Area of the Valley of Mexico12

The study was coordinated by the National Institute of 
Ecology (INE/SEMARNAT) in 2002 with funds from 
the United States Environmental Protection Agency 
(US EPA), through its program of Integrated Environ-
mental Strategies.

The study estimates the changes in CO2 emissions 
achieved by 22 measures included in the Program to 
Improve the Air Quality in the Metropolitan Area of 
the Valley of Mexico 2002-2010 (PROAIRE); changes 
in the emissions of local air pollutants achieved by 
some measures from studies to mitigate GHG emis-
sions; and the total costs of the investments and of 
the net present value (NPV). A Linear Programming 
(LP) model was used to look for the combination of 
measures that could achieve the goal of multiple re-
ductions of polluting emissions with the best cost-ef-
fectiveness.

The study concludes that, if the PROAIRE mea-
sures were implemented as planned, a reduction of 
3.1% of CO2 emissions with respect to those estimated 
for 2010 would be obtained as an additional benefit, 
as well as a considerable decrease in emissions of local 
pollutants. The measures for mitigating GHG emis-
sions reduce the CO2 emissions projected for 2010 by 
8.7%. Regarding emissions of local pollutants, reduc-

tions of 3.2% are obtained for hydrocarbons (HC), 
1.4% for nitrogen oxides (NOx), and 1.3% for particles 
(PM10).

In applying the LP model, it is discovered that it is 
possible to reduce the total cost of PROAIRE by 20% 
(for the cost of the total investment and for the NPV), 
if investments are directed toward the best cost-effec-
tive measures.

Local and global benefits of Pollution 
Control in the Metropolitan Area of the 
Valley of Mexico13

The study was coordinated by INE in 2003 with US 
EPA funds. Costs and benefits in health improvement 
due to the implementation of five measures to control 
GHG emissions and local pollutants in the MAVM 
simultaneously were estimated. The measures evalu-
ated were: renewal of the taxi fleet, expansion of the 
metro, hybrid buses, LP gas leaks, and cogeneration. 
The analysis was incorporated into a modeling tool 
using the Analytica Software.

The study concluded that, with the measures ana-
lyzed, it is possible to reduce exposure to particles 
by 1% annually and the reduction of GHG emis-
sions by 2% (more than 300,000 tonnes of carbon). 
It was estimated that, for the analysis horizon, the 
monetary benefit in public health is of the order 
of $200 million dollars annually. Of the measures 
considered, those of the transport sector are the 
most promising for the simultaneous reduction of 
both pollutants.

The joint control studies and this last study re-
sulted in the following international publications: 
(1) Quantification of Local and Global Benefits 
from Air Pollution Control in Mexico City. Envi-
ronmental Science and Technology. 2005. Vol. 39, 
not. 7. pp. 1954-1961; and (2) Co-control of Urban 
Air Pollutants and Greenhouse Gases in Mexico 
City. Environmental Science and Technology, 2004. 
38. 3474-3481.

12 http://www.ine.gob.mx/dgicurg/cclimatico/cobeneficios.html
13 http://www.ine.gob.mx/dgicurg/cclimatico/cobeneficios.html
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Joint control of local and global emissions 
in the Metropolitan Area of Guadalajara

Air pollution in the Metropolitan Area of Guadalajara 
(MAG) is considered to be the most important threat 
to population health. The solution is complex, due to 
the variety of sectors involved.

The study estimates that in 2005, the main emis-
sions sources were the burning of plant materials and 
wastes, transport, industry and soil erosion. Altogeth-
er, these sources emitted 505,683 tonnes of TSP, 40,762 
of NOx, and 5,618,161 of CO2. Ten control measures 
are proposed for reducing these emissions, includ-
ing: reduction of the surface burnt in the Bosque La 
Primavera; elimination of the practice of agricultural 
and waste burning; junk pick-up; change of fuel in 
public transportation from diesel to alcohol; change 
of catalytic converters; retirement of visibly pollut-
ing vehicles and relocation of highly polluting indus-
trial product lines. It is estimated that, altogether, the 
implementation of these measures would reduce CO2 
emissions by 3.5 million tonnes over a 10 year period. 
60% of these reductions come from the control mea-
sures in the transport sector.

Modeling of the economic impact 
of greenhouse gas mitigation

In 2004, INE coordinated the study “Modeling of 
the economic impact of GHG mitigation”. The study 
aimed at developing a general equilibrium model that 
could be used as a tool in determining the economic 
and environmental effects of different CO2 mitigation 
policies. The model developed incorporated the de-
mand module from the final use model, BRUS II-M, 
into the general equilibrium model, BOYD-M.U.

The model evaluates different scenarios for the 
whole Mexican economy and contrasts the impacts 
on the Gross Domestic Product (GDP), on the balance 
of payments, on the level of accumulated capital, and 
on GHG emissions.

The study presents different scenarios: Scenario 
0: Reference point case, Scenario 1: Oil production 

at 2004 levels; Scenarios 2-5: Oil production at 2004 
levels and technological change in productive sec-
tors; Scenarios 6 - 7: Oil production at 2004 levels, 
technological changes in productive sectors, and 
carbon tax.

The study concludes that there are important op-
portunities for reducing GHG emissions given the 
capacity of the Mexican forestry sector. The emis-
sions trade, either with emitting sectors or with the 
extractive industry, gives better results than any 
policy addressed specifically to the energy sector. 
This is valid for the case of emissions. The Gross 
Domestic Product (GDP) and levels of well-being 
turn out to be higher for these scenarios than for 
those focused exclusively on policies related to the 
energy sector.

Greenhouse gas emissions scenarios 
and mitigation measures in key sectors 
(transport and waste)

In 2005, INE coordinated this study with fiscal re-
sources.

Transport

The criterion used to identify and compare mitiga-
tion measures is the reduction obtained in the GHG 
emissions with respect to the base scenario. This re-
duction was obtained with the use of four parame-
ters: a) the performance in kilometers per liter of one 
fuel in particular in a certain type of vehicle, b) the 
GHG emission factor of one fuel in particular, c) the 
intensity in the use of a certain type of vehicle, d) the 
scenarios of the mitigation options were established 
optimistically to estimate the potential mitigation 
maximum.

A transport model was made to establish the miti-
gation options, linking the type of fuel used, the ef-
ficiency in the use of each fuel in each type of vehicle, 
the GHG emission factor of one fuel in particular, and 
the intensity in the use of the different types of trans-
port.



Programs that Include Measures to Mitigate Climate Change    133

Base scenario

The base scenario was constructed taking into con-
sideration the data of the Ministry of Energy’s projec-
tions for 2004 to 2013 for oil, natural gas and liquefied 
gas. Of the forecasts, the projections in fuel demand 
and in the vehicle fleet per type of fuel were used in 
particular.

The results in carbon dioxide (CO2) emissions to 
the year 2020 of the base scenario are 226,079 Gg, 
of which 159,875.14 Gg corresponds to transport 
with gasoline, 56,094.47 Gg to transport with diesel, 
8,983.72 Gg to the consumption of liquefied petro-
leum gas, and 1,125.96 Gg to compressed natural gas. 
The results are presented in Table V.2.

Mitigation measures in the transport sector

The measures proposed for the reduction of CO2 emis-
sions are:

1. Introduction of a greater number of diesel ve-
hicles,

2. Increase in the energy efficiency of light vehicles,
3. Introduction of the European Norm for gasoline 

vehicles,
4. Introduction of hybrid vehicles,
5. Use of 10% ethanol in gasoline in 2020,
6. Use of 10% biodiesel from oleaginous plants in 

diesel in 2020.

The results of energy consumption for the mea-
sures proposed and their comparison with the base 
line are presented in Table V.3. The potential for GHG 
reduction is of the order of 22%, and 20% with regard 
to the base line (Table V.4).

Waste

The following documents were used to prepare sce-
narios: Technological Forecast of the Energy Sector 
for the 21st century. View to 2003. (SENER, 2003), 
SENER’s 2004-2013 Forecast for the Electric Sec-

tor, as well as the policies established by the Mexican 
Committee for Projects in Emissions Reduction and 
Greenhouse Gas Capture.

The study presents two scenarios: non-inter-
vention and sustainable. The former considers the 
current trends in electricity generation using bio-
gas from sanitary landfill and waste water, as es-
tablished in the 2004-2013 Forecast for the Electric 
Sector (SENER, 2005) and the National Water Plan 
2001-2006; it takes into account the installation of 
channelizations for biogas in sanitary landfills in 
Mexico and their recovery according to the pres-
ent trend. According to the documents mentioned, 
in this country, 150 MW could be generated by the 
year 2025 using biogas. The trend establishes that, 
for the year 2020, 73 MW will be generated, that 
is to say, 48% of this potential; 44 MW of this will 
come from sanitary landfill, and 29 from waste wa-
ter treatment plants.

The sustainable scenario was constructed from 
information contained in the National Water Plan 
2001-2006 (CNA, 2000) and the 2004-2013 Forecast 
for the Electric Sector in Mexico (SENER, 2005). In 
this scenario, the population, the quantity of solid 
waste produced, as well as its production per capita, 
the percentage of waste deposited in sanitary landfill 
and the DBO5 generated by municipal and industrial 
waste water, remain the same as in the non-interven-
tion scenario. The results of the scenarios are present-
ed in Table V.5.

The study concludes that the methane emis-
sions in the waste sector will increase from 3,128 
Gg/year in the base year to 5,382 Gg/year in 2020 
for the non-intervention scenario and to 5,741 in 
the sustainable scenario. Total methane emissions 
over the period 2003-2020 will amount to 76.4 Tg 
for the non-intervention case and 78.9 Tg for the 
sustainable, which is equal to 1,605 and 1,657 Tg 
CO2eq respectively.

The activity that represents the greatest contribu-
tion to methane generation in Mexico in the waste 
sector is the final disposal of solid waste, with 73% for 
the year 2020 in both scenarios.
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Electric power measurements in low-income 
housing for the analysis of energy savings

This study was coordinated in 2005 by INE. It aimed 
at installing metering equipment in order to find out 
the electricity consumption among residential users, 
which made it possible to asses the impact on the re-
duction of GHG emissions, due to the implementation 

of efficient measures in the construction of low-in-
come homes in Mexico, based on the analysis of ener-
gy savings.

Eight metering devices were installed in selected 
homes in the cities of Torreon, Coahuila, and eight 
in Mexicali, Northern Baja California. The equip-
ment installed monitored the electric parameters of 
the home for four weeks. Eight units of equipment 

Table V.2 carbon dioxide emissions for The TransPorT secTor in The base scenario

 Emissions (Gg CO2)
 year

 2000 2010 2013 2015 2020

Type of vehicle

Private gasoline 20,275.28 29,012.65 31,876.76 33,579.97 36,486.00
Taxi gasoline 3,905.15 6,340.27 7,004.88 7,514.51 9,436.57
Light load gasoline 36,006.83 45,941.49 51,930.16 57,270.96 75,967.09
SUV gasoline 1,424.63 6,940.73 10,540.11 13,837.29 27,351.99
Heavy load gasoline 6,517.86 6,714.24 6,755.94 7,247.45 9,101.21
Bus gasoline 165.10 268.05 296.15 317.69 398.95
Motorcycle 467.98 733.40 813.41 869.28 1,133.34
Total gasoline 68,762.83 95,950.82 109,217.41 120,637.17 159,875.14

Private diesel 2.78 4.02 4.51 4.95 6.23
Light load diesel 91.96 132.74 148.98 159.82 200.70
Heavy load diesel 14,559.51 21,017.51 23,588.38 25,304.49 31,776.87
Bus diesel 11,047.02 15,947.02 17,897.67 19,199.77 24,110.68
Total diesel 25,701.27 37,101.29 41,639.53 44,669.03 56,094.47

Private LP 73.78 143.76 172.38 189.06 237.98
Light load LP 2,092.99 4,078.37 4,890.37 5,246.16 6,588.02
Heavy load LP 658.72 1,283.57 1,539.13 1,651.11 2,073.43
Bus LP 26.30 51.25 61.45 67.12 84.29
Total LP 2,851.79 5,556.95 6,663.33 7,153.44 8,983.72

Private NGC 0.86 31.91 45.94 50.38 63.42
Light load NGC 6.70 239.12 338.78 363.43 456.38
Heavy load NGC 6.08 294.11 449.95 482.69 606.15
Total GNC 13.64 565.13 834.67 896.50 1,125.96

Total	 97,329.53	 139,174.19	 158,354.95	 173,356.13	 226,079.3
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were used to establish the base line consumption of 
the homes in the cities mentioned, and eight to as-
certain the consumption with the proposed energy 
saving measures. The metering equipment gathered 
information, at five minute intervals, of the home’s 
total consumption, air conditioning consumption, 
refrigerator consumption and lighting consump-
tion.

Evaluation of ecotechnologies in low-income 
homes in Torreon, Coahuila and Mexicali, 
Baja California

In 2006, INE coordinated the study jointly with FIDE 
and INFONAVIT. The objective was to obtain data 
concerning the energy benefits derived from the use 
of electricity-saving measures in low-income housing 

Table V.3 comParison beTween The base case and The combinaTion of fiVe oPTions 
for miTigaTion of carbon dioxide emissions in The TransPorT secTor

 
 Year
  2010 2013 2015 2020
 Consumption of Fossil Fuels (PJ)

Scenario Total
Base 1,983.70 2,258.7 2,473.3 3,226.9
Combination 1,904.60 2,067.1 2,168.9 2,495.6
Reduction (%) 4 8.5 12.3 22.3

 Diesel Gasoline Diesel Gasoline Diesel Gasoline Diesel Gasoline

Base 500.92 1,384.57 562.19 1,576.01 603.09 1,740.80 757.35 2,307.00
Combination 512.07 1,295.27 590.18 1,358.96 653.56 1,389.87 998.28 1,344.37
Change (%) 2.2 -6.4 5.0 -13.8 8.4 -20.2 31.8 -49.7
 Emissions (Gg CO2)
Base 139,174.2 158,354.9 173,356.1 226,079.3
Combination 133,981.9 145,973.9 153,838.3 179,949.2
Reduction (%) 3.7 7.8 11.3 20.4

Table V.4 annual reducTion in greenhouse gas emissions in The six main miTigaTion

oPTions wiTh resPecT To The base scenario (%)

 Year
 2010 2013 2015 2020

Number Option

1 Diesel 0.26 0.67 2.2 8.3
2 European standard 2.1 4.1 5.3 7.7
3 Japanesse standard 2.2 4.2 5.5 8.0
4 Hybrid Vehicles 3.0 5.3 7.0 8.0
5 Ethanol 10% 0.6 1.9 3.2 6.5
6 Biodiesel 10% 0.17 0.51 0.86 1.73
 Combination 3.7 7.8 11.3 20.4



136     Mexico’s Third National Communication to the UNFCCC

in the cities of Mexicali, Baja California, and Torreón, 
Coahuila, as well as the GHG emissions associated 
with these.

The parameters metered were: efficiency in light-
ing (fluorescent lights) and in efficient air condition-
ing equipment. From the records of electrical demand, 
the electrical consumption was calculated for each ap-
pliance (Table V.6).

The methodology for calculating the GHG Emis-
sion Coefficient developed by the Association of 
Technicians and Professionals in Energy Application 
(ATPAE) was used to find the electrical emissions 
coefficient (CEE), which gives the quantity in tonnes 
of CO2eq that are reduced or prevented for each MW-
h generated or prevented. The study concludes that, 
with the measures proposed, it is possible to prevent 
3,522 tonnes of CO2eq in the 4,996 homes with the en-
ergy-saving measures provided.

Design of a plan of action to promote 
inventory-taking and identification 
of opportunities for reducing greenhouse 
gas emissions in Mexican industry

In 2006, with US EPA funds, through the United 
States-Mexico Foundation for Science (USMFS), 
INE coordinated the study, whose objective is to of-
fer basic elements for the design and initial imple-
mentation of a Plan of Action focused on promoting 
the development of inventories and projects in the 
reduction of GHG emissions in the Mexican indus-
trial sector.

It is preparing an analysis of GHG emissions in the 
Mexican industrial sector, adding those generated by 
energy consumption, those resulting from industrial 
processes, and those caused by the incineration of 
dangerous wastes.

Table V.5 scenarios To 2020

Parameter Current Non- Sustainable
 situation* intervention scenario
  scenario 2020 2020

Population (Inhabitants) 104,213,503 120,639,160 120,639,160
Per capita generation of solid waste (kg/inhab-day)
(National average) 0.8653 1.0480 1.0480
Solid waste generated (thousands of tonnes/year) 32916 46145 46145
Quantity of solid waste deposited in sanitary landfills
(Percentage) 64.22 73.35 73.35
Energy generated from biogas from sanitary landfills (MW) 7 44 66
DBO5 from domestic wastewater (millions of tonnes/year) 2.17 3.35 3.35
DBO5 from industrial wastewater (millions of tonnes/year) 6.30 10.38 10.38
Sewer coverage (percentage) 76.0 76.0 76.0
Percentage of treated municipal wastewater expressed as %
of DBO5 removed 23.0 51.7 74.9
Percentage of industrial wastewater treated 17.5 52.3 76.8
Energy generated by biogas in wastewater treatment plants (MW) 10 29 44

*Note: The current data given are for the year 2003, except with respect to Industrial Waste Water, which is given for the year 
2002.
Source: IMP, 2006, with data from: Projections of the Population of Mexico 2000-2050. CONAPO, 2005. Water statistics in 
Mexico. CNA, 2005. National Water Plan 2001-2006. CNA, 2000. 2004-2013 Forecast of the Electric Sector in Mexico. SENER, 
2005.
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An introduction to the standards and initiatives 
for the development, recording and certification of 
corporate GHG emissions inventories, with greater 
acceptance and recognition at the world level, is pre-
sented. Some of those mentioned include: the GHG 
Protocol Corporate Accounting and Reporting Stan-
dard, of the World Business Council for Sustainable 
Development (WBCSD) and of the World Resources 
Institute (WRI), and the standard ISO 14064 for cor-
porate emissions inventories.

The formats accepted internationally for docu-
menting projects in GHG emissions reduction are 
shown. The Project Idea Note (PIN) and the Project 
Design Document (PDD) are presented. Relevant 
methodologies for quantifying GHG emissions re-
ductions for industry, accepted by the CDM Executive 
Board, are included. The study presents a proposal for 
a Plan of Action to promote GHG emissions reduction 
activities in Mexican industry, including the follow-
ing elements: objectives, users, implementation bases, 
and sources of funding.

Emissions projection in the energy 
sector for the years 2008, 2012 and 2030

In 2006, the IMP prepared the study mentioned for 
INE with fiscal funds and GEF/UNDP funds. The 
GHG emissions projection was made for the Mexican 
energy sector for the years 2008, 2012 and 2030. The 
categories considered were:

• Energy demand in manufacturing and construc-
tion [1A2], transport [1A3], other sectors (residen-
tial, commercial, public and agricultural) [1A4].

• Energy use in energy-producing industries includ-
ing electricity generation [1A1].

• Fugitive emissions from the following industries: 
oil, natural gas [1B2] and coal [1B1].

The GHGs relevant to the energy sector are: CO2, 
CH4 and N2O. In order to construct the base emissions 
scenario for the years 2008, 2012 and 2030, the Na-
tional Greenhouse Gas Inventory (NGHGI) was taken 

Table V.6 benefiTs from The aPPlicaTion of measures from scenarios To 2020

Homes with air conditioning equipment

City *Homes **Annual savings Total annual savings
  per home (KWh) per home (MWh)

Mexicali, Baja California 2,251 1,535.63 3,456.70
Torreón, Coahuila 500 358.88 179.44
Subtotal 2,751 1,894.51 3,636.14

Homes with two air conditioning equipment

Mexicali, Baja California 2,245 1,510.45 3,390.96
Torreón, Coahuila — — —
Subtotal 2,245 1,510.45 3,390.96
   
Total	 4,996	 3,404.96	 7,027.10

Notes:
*Information provided by FIDE from its funding program for the incorporation of electric energy saving measures in new hous-
ing 2004-2006
**Information estimated by co-energy with information provided by the Electric Research Institute
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as reference. Since the NGHGI emissions are estimat-
ed taking into consideration the fuel consumption 
reported in the national energy balances published 
by SENER, the LEAP platform was used to relate the 
energy consumption in the different sectors with the 
greenhouse gas emissions. The emission factors used 
by the LEAP platform are consistent with the IPCC 
emissions factors.

Base scenario

The development of the base scenario began in 2002 
and, in order to project the emissions to the year 2030, 
fuel consumptions as reported in the documents of 
the 2005-2014 Forecast of the Electric, Oil, Liquefied 
Petroleum Gas and Natural Gas Sector, published by 
SENER, were taken into consideration, based on an 
annual economic growth of 4.3% of the GDP, and 
present technologies in electricity generation.

The population was estimated according to projec-
tions of the National Council on Population. In the 
LEAP platform, key sectors were divided according to 
the types of technology used in energy consumption 
and also, for each of them, the trend observed in the en-
ergy intensity in the last fifteen years was taken into con-
sideration. Projections of the GDP, Population and GDP 
per person are presented in Table V.7 for the base case.

For the period 2005-2030, residential demand was 
projected considering the total energy intensities per 
household to be similar to those for the year 2004, 
except for electrical power, in which an increase was 
assumed, rising from 5.37 GJ/household in 2004, to 
10.81 in 2030 for the rural sector, and from 6.80 GJ/
household in year 2004 to 13.64 GJ/household in 2030 
for the urban sector.

In the commercial sector, energy intensities in-
creased from 3.40 GJ/1000 USD in 1996 to 3.94 
GJ/1000 USD in 2004, which represents an increase 
of 16% in that period. To project the energy intensi-
ties and the energy consumption to the year 2014, the 
growth rates of the fuel consumption established in 
the forecasts published by the SENER were included 
and continued with this same trend to 2030.

To prepare the base scenario that corresponds to 
the industrial sector, it was necessary to find the evo-
lution of energy intensities for each of the seventeen 
fields represented in the SENER’s National Energy 
Balance, using production statistics in each of the 
fields reported by the National Institute of Statistics, 
Geography and Informatics (INEGI). An indicator of 
production was taken for each field. The evolution of 
energy intensity has shown major changes for some 
sectors; for example, for the steel industry it fell from 
22.5 GJ/tonne in 1990 to 13.2 GJ/tonne in 2004, with 

Table V.7 PoPulaTion and gdP for base scenario

year  PoPulaTion gnP Per caPiTa gnP

	 million inhabiTanTs million usd (1993) Thousand usd 1993/hab.

2002 103.0 518,601 5.03
2008 109.3 667,635 6.11
2012 113.3 790,089 6.97
2014 115.4 859,498 7.45
2022 122.2 1,203,702 9.85
2030 127.2 1,685,752 13.25

Sources: Own preparation with data for the base year (2002) of: Projections of the National Council on Population 2000-2050. 
Available in www.conapo.gob.mx
Center of Public Finances of the House of Representatives
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an increase in production from 8.7 to 16.7 million 
tonnes.

In the transport sector, the following areas were 
considered: marine, air, rail and highway. For this last, 
the consumption of gasoline, natural gas, liquefied pe-
troleum gas and diesel was considered in taxis, private, 
utilitarian (SUVs), light commercial and heavy vehi-
cles, buses, and motorcycles. Based on the estimate of 
the number of private and commercial vehicles, per 
person, existing in 2002, the projection was made to 
the year 2030, with a double exponential function in 
the growth of the GDP per person.

For its part, energy intensity for the agricultural 
sector showed an increase of 4.69 GJ/ha in 1990 to 
5.42 GJ/ha in 2004, without the sown area having in-
creased, so it was thought that the same intensity will 
be maintained until 2030.

Energy transformation is represented in the base 
scenario according to the National Energy Balance. 
The main modules developed in the LEAP Model 
include the production of coal, oil, natural gas, both 
associated and non-associated, electricity generation, 
both primary and secondary, oil refineries, gas treat-
ment plants, coke utilities, crude oil transport, and 
electricity transmission. Estimates of national reserves 
of coal, oil, and natural gas were included.

In addition, the associated and non-associated gas 
production capacities were added, as well as those of 
oil, estimated by PEMEX. The capacities of electricity 
generation, refining and treatment of natural gas as 
reported in the forecasts for the different fuels to 2014 
were also included.

The auxiliary fuels used in each of the transfor-
mation processes were included, as reported in the 
National Energy Balance as energy use characteristic 
of the sector. The energy not used, as reported in the 
National Energy Balance, corresponding to the pro-
duction of both associated and non-associated gas, 
was represented as consumption in the correspond-
ing modules. In the crude oil and electricity transport 
modules that do not report emissions, the energy loss 
reported in the National Balance was counted.

Besides the factors for emissions from combustion, 
emission factors were assigned for estimating fugitive 

methane emissions in coal production, oil production, 
natural gas production, electricity generation, natural 
gas plants and oil refining modules. Fugitive emis-
sions were also assigned to the demand for natural gas 
in the residential and commercial sector.

Alternative scenarios

Two alternative economic growth scenarios were 
considered according to the Electric Sector 2005-
2014 Forecast document: one scenario of high eco-
nomic growth, assuming 5.2% of average annual 
GDP growth, and another scenario of low economic 
growth, assuming 2.8%. The fuel demand in the dif-
ferent sectors of the national economic activity was 
established according to these assumptions regarding 
economic growth.

Energy intensity in the industrial sector remained 
constant and equal to the 2004 value; production in-
creased, however, in proportion to the GDP. In the 
residential sector, the demand was modified because 
of both the saturation of energy-consuming appli-
ances and the intensity with which these are used as 
a function of the increase in the GDP. Power plant, 
natural gas plant and refinery capacities remained 
constant and equal to the base scenario (SENER 
Forecast).

Mitigation options

Among the mitigation options considered were tech-
nologies proposed in the study “Forecast of renewable 
energy use in Mexico. A view to the year 2030” de-
veloped by the Metropolitan Autonomous University 
(UAM) for SENER. In that study, besides the technol-
ogies based on renewable sources already established 
in Mexico - namely: hydroelectric, geothermoelectric 
and wind -, solar energy (photovoltaic), small-scale 
hydropower, and the use of biomass were also consid-
ered.

It is proposed that Integrated Gasification Com-
bined Cycle (IGCC) technology be introduced. It is 
also proposed that a greater use be made of nuclear-
based power generation. Two scenarios of renewable 
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energy penetration are considered in the view to the 
year 2030: low penetration and high penetration. It is 
assumed that the capacity called free in the Electric 
Sector Forecast is covered by renewable sources of en-
ergy until the year 2014.

Also considered was fuel cell technology, proposed 
by researchers of the Energy Research Center at the 
National Autonomous University of Mexico (CIE-
UNAM) in another study on the intensive incorpo-
ration of renewable energy sources into electricity 
generation. With this proposal, a third scenario was 
established that proposes an intensive use of renewable 
energy sources. Distribution of the installed capacity in 
renewable energy, proposed by investigators of the CIE, 
was taken but was scaled up to total capacity, as calcu-
lated in the base scenario for electricity generation.

A fourth scenario of penetration of renewable 
sources was established by considering the maximum 
capacities identified for the different renewable energy 
sources in our country and the hydro projects identi-
fied in the Electric Sector Forecast. It is assumed that, 
until 2014, the capacity called “free” in the Electric 

Sector Forecast is covered by renewable sources of en-
ergy.

In Table V.8 the proportion of renewable energies 
is shown in the capacity of electricity generation of the 
different proposals and in Table V.9, the proportion of 
the capacity with nuclear energy is given in the dif-
ferent scenarios. Figures V.2 to V.5 show the installed 
capacities of the different technologies up to 2030 for 
the four scenarios analyzed.

As GHG mitigation options for the transport sec-
tor, two scenarios are proposed. The first consists in in-
troducing the European norm for fuel yield in private 
automobiles as of 2008; this would be equivalent to 
an efficiency in new automobiles of 15.73 km/l under 
real driving conditions. Also, the introduction of the 
American norm in light trucks would be equivalent 
to 7.52 km/l under real driving conditions. Another 
scenario looked at a penetration of 40% of private 
diesel-powered vehicles and diesel-powered SUV’s in 
2030. A penetration of 20% of this type of vehicle was 
assumed for 2020, and only 2% for 2010. For commer-
cial diesel-powered vehicles, nearly the same assump-

figure V.1 naTional co2 equiValenT emissions
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tion was made, but in 2030, the penetration was 39%. 
The efficiency of diesel-powered vehicles was consid-
ered to be 23% higher than gasoline-powered vehicles 
in the base year, and 33% higher in 2030.

Conservation measures as reported by CONAE 
were considered for the industrial, residential, com-
mercial, farming and transport sectors. Since the base 
scenario for the CONAE studies is the scenario in 
which these measures are not introduced, and the base 
scenario for this study has as base year the year 2002, 
by which time many of the measures were already im-
plemented, differences were taken between savings in 
the supposed year and savings in the base year.

In the multiple-measure mitigation scenario, op-
tions of introducing efficiency norms in vehicles, 
light trucks and SUV’s, the penetration of diesel-
powered vehicles, a high penetration of renewable 
energy sources in power generation according to 
View 2030, and the CONAE conservation measures, 
were all combined.

Costs and benefits

Investment and fuel costs, and fixed and variable op-
eration and maintenance costs, for the conventional 
power stations were taken from the report, Costs and 
Reference Parameters for the Formulation of Invest-
ment Projects in the Electric Sector of the Federal 
Electricity Commission, Reference for the Formula-
tion of Generation Projects (COPAR) 2005. It is im-
portant to consider that the nuclear generation costs 
that were taken in this study are the present costs 
with the ABWR technology used in our country. If 
the option of nuclear technology is another medi-
um-term option, then it will be necessary to update 
costs.

The costs considered for gasification plants, fuel 
and photovoltaic cells, and biomass (municipal solid 
garbage was taken into consideration) were taken 
from the study “Learning and Cost Reductions for 
Generating Technologies in the National Energy 

Table V.8 ProPorTion of generaTion caPaciTy based on renewable sources (%)

 Scenario Year

 2002	 2008	 2012	 2014	 2022	 2030

View 2030 bp 25.2 27.5 30.0 31.0 29.8 29.5
View 2030 ap 25.2 27.5 30.0 31.0 31.7 32.1
Prospective SENER 25.2 24.3 23.3 21.9 16.2 13.6
Intensive renewable use 25.2 37.5 45.7 48.9 56.9 65.7
Bp renewables 25.2 26.0 27.1 27.6 24.67 23.33

Table V.9 generaTion caPaciTy based on nuclear energy (%).

 Scenario Year

 2002	 2008	 2012	 2014	 2022	 2030

View 2030 bp 3.4 3.8 4.6 4.8 9.81 12.0
View 2030 ap 3.4 3.8 4.6 4.8 8.8 10.5
Prospective SENER 3.4 3.5 3.8 3.83 3.3 2.8
Intensive renewable use 3.4 2.3 2.1 1.8 1.5 1.2
Bp renewable 3.4 3.8 4.3 4.5 3.4 2.8
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figura V.2 generaTion caPaciTy in The View To 2030 scenario wiTh low PeneTraTion of renewables.

figure V.3 generaTion caPaciTy in The View To 2030 scenario wiTh high PeneTraTion of renewables
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figure V.5 generaTion caPaciTy in The scenario wiTh low PeneTraTion of renewables

figure V.4 generaTion caPaciTy in The scenario wiTh inTense PeneTraTion of renewables
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Modeling System”, prepared by the University of 
California, Berkeley, for the United States Energy 
Department.

Variable operation and maintenance costs for 
wind power stations, and fixed operation and main-
tenance costs for the solar photovoltaic and biomass 
power plant, as well as the investment costs for the 
gasification plant, are taken from Table C1 of An-
nex C of the World Bank study, “Clean energy and 
development: toward an investment framework”, of 
April, 2006, but scaled to values more representative 
of Mexico with the costs of the hydroelectric power 
stations presented in COPAR 2005. For the projec-
tion of investment costs to 2030, these were scaled, 
based on the downward tendency reported in the 
study, “Learning and Cost Reductions for Generat-
ing Technologies in the National Energy Modeling 
System”.

Table V.10 shows the comparison of the different 
scenarios for the introduction of renewable energies 
into electricity generation, those of the transport 
sector, conservation measures, and the option of 
multiple measures. Also presented are the reduction 
costs at a discount rate of 12% for the period 2002-
2030.

Emissions in the energy generation, transport and 
industrial sectors are the ones that show a greater sen-
sitivity to the annual growth rate of the GDP. In the 
case of the transport sector, they range between 26% 
higher in the high economic growth scenario and 35% 
lower in the low economic growth scenario, compared 
in the year 2030 with the base scenario.

Conclusions

Electricity generation shows a high level of sensitiv-
ity to GDP growth, varying from 30% less in the low 
economic growth scenario to 24% more in the case of 
the high economic growth scenario, both with respect 
to the SENER Forecast scenario for the year 2030. The 
same happens with the importing of gasoline, which can 
range from 80% less in the case of low economic growth 
to 50% more in the case of high economic growth.

GHG emissions in the energy generation, trans-
port and industry sectors are those that show a greater 
sensitivity to the rate of annual GDP growth. In the 
case of the transport sector, they oscillate between 
26% higher in the high economic growth scenario, to 
35% lower in the low economic growth scenario com-
pared in 2030 with the base scenario.

Table V.10 comParison of miTigaTion oPTions

Scenario renewable accumulated	 Reduction costs
 2030 (%)  reductions  u.s.d. 2002 /
  2002-2030 Ton c eq.
  (teragrams ceq.)

Intensive
Renewable use 65.7 421.0 362.0
Bp renewable 23.3 101.1 212.4
View 2030 bp 29.5 269.6 116.6
View 2030 ap 32.1 270.8 123.7
Efficient transportation — 142.4 
Dieselization — 73.7 —
CONAE
Energy savings — 69.8 —
Multiple measures — 520.4 —
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In electric generation, the option that has the low-
est mitigation cost for all interest rate conditions is 
the proposal in the Vision 2030, with low penetration 
of renewables (29.5% in 2030), with a considerable 
participation of nuclear energy (12% in 2030) besides 
promoting the participation of coal gasification, on 
condition the CO2 in the emission gases is captured. 
This option reduces practically the same quantity of 
GHGs, with a cost 6% lower than the option of high 
penetration of renewables for View 2030.

The study concludes that GHG emissions can be 
reduced by 17% with respect to the base case by imple-
menting the following options: a) electric generation 
with a renewable participation of 29.5% and of nuclear 
energy of 12%; b) implementation of energy efficiency 
norms in private gasoline-powered vehicles (including 
SUVs) and commercial gasoline-powered vehicles; c) 
greater participation of diesel-powered vehicles, and 
e) introduction of the conservation measures promot-
ed by CONAE.

Transport sector

The transport sector is recognized as an important 
GHG emitter. The Ministry of Communications and 
Transport (SCT) participates directly and indirectly 
in GHG mitigation actions in our country.14

Main mitigation actions in the transport 
sector

Complying with regulations in effect and 
developing capacities for vehicle verification

Verification of polluting emissions of commercial 
trucks and buses

An official invitation was published that led to the 
creation of fixed verification centers that use qual-
ity control systems in their processes, hire qualified, 

trained personnel, and provide for their control and 
supervision.

Official Mexican Norm that regulates 
the emission limits for gases from engines 
that use diesel as fuel

Official Mexican Norm NOM-045 is in effect, and its 
updating is now in the revision process. The revision 
consists in updating the test method and the associ-
ated permissible maximum emission limits.

Studies for increasing energy efficiency 
and reducing fuel consumption (federal 
road transport)

Energy efficiency vehicles and fuel performance 
agreement

In February, 2002, the agreement established by the 
federal executive, through SENER, SE, SEMARNAT, 
CONAE and the Mexican Automobile Industry As-
sociation (AMIA), was signed; here an agreement 
framework was established for the energy efficiency 
of automotive vehicles marketed in this country and 
the fuel performance of automobiles and new trucks 
using internal combustion engines.

In the agreement, the AMIA undertakes to present 
information on fuel performance and other aspects of 
the vehicle that are obtained from the new vehicle emis-
sions certification, which are based on the procedures 
established by the regulations in effect and reported 
to the PROFEPA before these vehicles are marketed. 
This information is updated and reported by the com-
panies, as a function of their marketing programs, to 
CONAE, which is responsible for distributing it to the 
official agencies that participated in the agreement, 
besides being able to use it and disseminate it to the 
public for information purposes. This agreement went 
into effect during the second quarter of 2002.

14 SCT 2005 - 2006 activity report in the area of climate change. First Annual Public Report on Climate Action
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Development of capacities in the communications 
and transport sector

Increase in energy efficiency and decrease 
in fuel consumption

The Mexican Institute of Transport (IMT) is work-
ing on analyzing the sector’s strategy for the poli-
cies to follow in the area of GHG mitigation. This 
analysis will be carried out in two stages: the first 
will be oriented toward establishing a diagnosis of 
the federal road transport, the second toward iden-
tifying the strategies that could be implemented in 
Mexico in order to cooperate with work in GHG 
reduction.

Support for the infrastructure development for 
better practices in urban transport

Commuter Train

This is a system of modern, electrified, enclosed trans-
port that will offer an initial service of 320,000 pas-
sengers/day. The system will run from Buenavista in 
the Federal District to Cuautitlán in the state of Mex-
ico. It will indirectly replace more than 25,000 trips 
in low density units and will have a significant saving 
in travel times, which will discourage the use of the 
automobile, thus reducing local pollutant and GHG 
emissions.

Incentives for hybrid and 
electric automobiles

In order to promote the use of means of transport with 
less environmental impact, in the Revenue Law for the 
Year 2005, the owners of hybrid vehicles were exemp-
ted from paying a holding tax on electric vehicles and 
from paying the New Automobile Tax (ISAN).

INE is analyzing new incentives for the MCMA 
(Mexico City Metropolitan Area) that would promote 
energy efficiency and the use of new technologies for 
vehicle emission control.

Climate action efforts in the commercial intercity 
truck and bus subsector

Financing for the development and modernization 
of the truck and bus

The SCT has implemented a Financing Program for 
the Development and Modernization of the Commer-
cial Truck and Bus with the aim of forming a modern 
federal fleet of trucks and buses for cargo, passengers, 
and tourism, by replacing obsolete vehicles with new 
or semi-new units that would provide a better service 
as regards safety, efficiency, cost, and that would also 
reduce environmental pollution.

In 2002, NAFIN, SCT and ANPACT developed a sup-
port scheme directed at micro and small businesses, as 
well as at individuals with a cargo or passenger transport 
business. In a second stage, the Ministry of the Econo-
my (SE), the Ministry of the Treasury and Public Credit 
(SHCP), the transport organizations and the main manu-
facturers of heavy vehicles of Mexico, were included.

From the beginning of the financing program, in 
April, 2002, until the month of March, 2006, 4,373 
transport companies benefited, with 5,569 units on 
credit for an amount of $3,994 million pesos.

In April, 2004, the destruction of obsolete vehicles 
began. From that date until April, 2006, 2,133 vehicles 
were registered, of which 1,560 have already been de-
stroyed.

Clean Development Mechanism

The transport sector is working on ways to mitigate 
the problem generated by the phenomenon of climate 
change, so that opportunity niches are studied in the 
entire sector, to make it possible to reduce fuel con-
sumption because this causes the greatest deteriora-
tion to the atmosphere.

Social Development

The Ministry of Social Development (SEDESOL) pro-
motes, supports and carries out plans that contribute 
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directly or indirectly toward mitigating GHG emis-
sions and increasing the national adaptability to the 
impacts of global climate change.15

Main mitigation actions in the social sector

Solid urban waste

In Mexico, solid urban wastes contain a high level of 
organic material (more than 50%). The waste confined 
to garbage dumps or sanitary landfill produces a bio-
gas made up of CO2 and CH4.

Effective treatment of urban solid wastes, particu-
larly wastes coming directly from slaughter houses, 
food markets and supermarkets, could result in dif-
ferent benefits: cleaner final disposal sites for solid 
wastes; the reduction of CH4 emissions into the atmo-
sphere associated with biogas; and the possibility of 
obtaining additional funds by selling these reductions 
on the carbon credit markets or for their use as fuel for 
generating electricity.

Forecast of GHG reduction potential

SEDESOL prepared two scenarios for the potential 
of GHG emissions reduction. The first one assumes 
that solid wastes deposited in controlled places and 
sanitary landfills will not increase and that the 
biogas generated will simply be burnt, with or with-
out exploitation, which gives an estimate of 16.6 mil-
lion tonnes of CO2eq. The second scenario assumes a 
gradual increase in sanitary landfills, a reduction in 
uncontrolled dump cover and annual increase rates 
of 3% to 2010, of 4% to 2020 and of 2% toward 2030. 
Methane generation would be approximately 900,000 
tonnes, or nearly 18.7 million tonnes of CO2eq.

Monterrey I

This is a pilot project, partially financed by the GEF, 
for the capture of methane gas produced by the sani-
tary landfill in Monterrey, N.L. and its use for electric 

power generation (7MW of generation capacity). From 
its beginning in September, 2003, until March, 2006, 
reductions of approximately 600,000 tonnes of CO2eq 
were achieved. Based on the results of this project, at 
least five cities have shown an interest in carrying out 
similar projects: Aguascalientes, Ciudad Juarez, Leon, 
Chihuahua and Queretaro.

Feasibility studies

Feasibility studies have been conducted into the use 
of biogas in Cuautitlán Izcalli, state of Mexico; Puerto 
Vallarta, Jalisco; and Nuevo Laredo, Tamaulipas. There 
is also work being done on preparing similar studies for 
Ensenada, Baja California, and Hermosillo, Sonora.

The feasibility study for the city of Chihuahua is 
being conducted with the support of the Border Envi-
ronmental Cooperation Commission (COCEF).

Inter-city transport

SEDESOL offers technical assistance and training to 
states and municipalities municipal public transpor-
tation. One of the most prominent actions is the

Second Urban Transport Project

This project is being carried out jointly with the World 
Bank. It has resulted in the document, Environmen-
tal and Social Safeguard Framework, for the Urban 
Transport Project (MASTU). This has been submitted 
to 25 cities in the country for consideration, and to the 
SEMARNAT in its capacity as head of the environ-
mental sector. At the moment, it is in its final phase of 
formulation for application to Mexican cities.

Support strategies for local authorities to improve 
urban transport performance

Meetings were held between SEDESOL, the Embassy 
of France in Mexico, and the SEMARNAT, in order 
to participate in the activities of the Collaboration for 

15 SEDESOL 2005-2006 activity report in the area of climate change. First Annual Public Report on Climate Action, 2006.
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Clean Air Mechanism in Mexican cities. Also, with 
the French Economic Mission in Mexico, SEDESOL is 
actively involved in the Mexican project Institution-
al Support and Applied to Climate Policies, which, 
among other things, will include the development of 
a methodology conforming to CDM rules, applicable 
to the urban transport sector, particularly streetcar 
transport.

Forestry sector

The National Forestry Commission (Conafor), cre-
ated by Presidential Decree on April 4, 2001, is a De-
centralized Public Agency of the SEMARNAT that 
seeks to develop, favor and promote productive, con-
servation and restoration activities in forestry, as well 
as to help formulate plans and programs, and apply 
policies of sustainable forest development.

Conafor is developing a series of forestry pro-
grams in this area and is also contributing both di-
rectly and indirectly toward reducing greenhouse gas 
emissions (Semarnat, 2006).

Main mitigation actions in the forestry sector

Forestry Development Program (Prodefor)

This program helps owners of forested lands improve 
their technical, economic and social development, 
with more than 22 thousand projects carried out 
in this country. Over the period from 2001 to 2006, 
9.3 million hectares were included under technical 
management and 20,736 forest producers benefited. 
Through Prodefor, 350 projects in forest ecotourism 
that help the conservation of the environment, biodi-
versity and carbon sinks, were also supported, thus 
taking advantage of their scenic beauty.

Commercial Forestry Plantation Program 
(Prodeplan)

The present Prodeplan operated by Conafor started 
up in 1997, and was redesigned in 2001 - the first of its 
kind in Mexico. Its main objective is to reclaim de-

graded forest lands, restore wooded areas, and reduce 
pressure on timber resources by creating productive 
projects oriented toward timber production. For-
est plantations have been established, mainly in the 
humid tropical region of the country. Between 2001 
to mid- 2006, this program allocated funds to 3,171 
commercial forest plantation projects, with a surface 
area of 351.7 thousand hectares, which should be com-
pletely established by 2008.

Estimates by the Universidad Veracruzana us-
ing the program BioCarbon Fund, developed for this 
purpose by the World Bank (Bio-CF), indicate an ap-
proximate capture of 47.5 million tonnes of carbon, 
whereas this program had approved 322 thousand 
hectares.

Forest Ecosystem Conservation and Reforestation 
Program (Procoref)

This program seeks to restore the plant cover in stra-
tegic places in Mexico with appropriate species, based 
on the greatest amount of information and monitor-
ing possible. One of the strategic objectives of this 
program is to increase the biomass in order to con-
tribute to carbon capture. Procoref replaces the Na-
tional Reforestation Program (Pronare). The idea is 
to reforest with more appropriate native species, and 
at the same time choose more appropriate places to be 
reforested. Today, even the most remote and inacces-
sible areas are also being reforested by sowing from 
the air with pelletized seeds - namely, covered with 
fertilizer-enriched clay, hydrogel, mycorrhizas and 
organic bird and rodent repellents.

In the period 2001-2005, 1.8 million hectares were 
reforested; plantation survival increased from 20% in 
1999 to almost 50% in 2005.

Procoref includes the forest land protection, 
conservation and restoration component that aims 
at reversing forest land degradation in Mexico and at 
contributing to the increase and improvement in en-
vironmental services (rain water capture, carbon se-
questration and storage, among other things) and in 
survival in reforested surfaces. Between 2001 to July, 
2006, forest land protection, conservation and resto-
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ration measures were implemented on an area of 2.8 
million hectares. As for forest health, a plant health 
diagnosis was made on 90 thousand hectares in 2001 
and 233 thousand hectares in 2005, and health treat-
ment was expanded from 21 thousand hectares in 
2002 to 32 thousand hectares in 2005.

Community Forest Development Program 
(PROCYMAF II)

The program seeks to assist ejidos (communally 
held lands) and forest communities in high-priority 
regions to improve the management of their forest 
resources. It includes plans that strengthen local de-
velopment processes by generating revenues from the 
integrated and diversified use of resources. Procy-
maf II is implemented in high-priority forest regions 
in the states of Durango, Guerrero, Jalisco, Michoa-
can, Oaxaca, and Quintana Roo, and its population 
target are (mainly indigenous) forest communities 
and ejidos.

Procymaf II will be implemented over a 4-year 
period (2004-2007), with a total estimated cost of 
26.3 million dollars, 74% of which is contributed by 
the World Bank with the difference covered by the re-
sources of those benefiting from the program, and of 
the Government of Mexico.

For 2006, the program will support the inclusion 
of 100 thousand hectares under technical property 
management, and of 300 thousand hectares under 
community territory organization; will seek to devel-
op and reinforce 30 communal forest companies, and 
benefit 300 ejidos and communities.

Program for the Integration and Development 
of Forest Production Chains

This program promotes the association of different 
economic agents that participate in the primary use, 
manufacturing, and services related to the forestry 
sector. In 2005, the program had 4.9 million pesos 
available to it.

Hydrological Environmental Services Payment 
Program

Implemented from 2003 on, it was the first of its kind 
in Mexico to evaluate and pay for water capture as an 
environmental service. This program pays the owners 
of forest resources an annual sum to keep the forests 
and rainforests well preserved, and at the same time 
maintain their biodiversity and environmental ser-
vices, especially water and carbon sequestration.

According to official statistics, approximately 480 
thousand hectares were incorporated into hydrologi-
cal environmental services during the period 2003-
2005, benefiting a great number of owners of forest 
resources. With the support of INE for its dissemi-
nation, an attempt is being made to give increasingly 
greater national coverage to programs of this type. 
Conafor has estimated a surface area of approxi-
mately 3.8 million hectares available for inclusion into 
this type of environmental service throughout all of 
Mexican territory (Semarnat, 2006).

Program to Develop the Environmental 
Service Market for Carbon Capture, Services 
Derived from Biodiversity, and to Promote 
the Establishment and Improvement 
of Agroforestry Systems (PSA-CABSA)

The rules of operation of this program were published 
in the Official Gazette of the Federation in November, 
2004; it aims to promote access to national and inter-
national markets of environmental services related to 
carbon sequestration and to the biodiversity of for-
est ecosystems, promoting agroforestry systems by 
reconverting the agricultural use of the land to a use 
that combines agricultural and forest elements, as well 
as strengthening existing agroforestry systems.

According to Conafor, during 2004 and 2005, 
approximately 58 thousand hectares were added, 
making them eligible for payment for environmental 
services for carbon sequestration, biodiversity and 
agroforestry systems.
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National System of Protected Natural Areas 
(ANPs)

One of the most important conservation measures 
taken in the country has been the consolidation of 
the National Protected Natural Area System for the 
protection of the biodiversity of natural resources and 
ecosystems representative of national territory. By 
preserving these resources, especially the major ex-
tensions of forests and primary rainforests, very im-
portant carbon sinks are also preserved.

At the end of 2005, there were, under different 
forms of protection, 155 ANP’s covering 18.9 million 
hectares, 80% of which correspond to land ecosystems 
(mainly xerophyte scrub land, temperate forests and 
rainforests) and 20% to sea ecosystems. These ANP’s 
represent 9.6% of Mexico’s (land) territory.

System of Wildlife Conservation Management 
Units (UMAs)

UMAs were created to contribute toward coordinat-
ing and reinforcing biodiversity conservation with-
out compromising Mexico’s need for production 
and socio-economic development in the rural sector. 
There is also an effort being made to promote alterna-
tive production schemes compatible with protecting 
the environment, through the rational, orderly and 
planned use of renewable natural resources. UMAs 
are classified into extensive and intensive, and are ap-
plicable in all type of property regime (ejidal, private, 
or communal).

For this reason, these units represent a profitable 
alternative for owners and producers who not only 
contribute toward conserving and maintaining biodi-
versity and genetic wealth, but also toward the preser-
vation of natural ecosystems and the land, as well as 
toward sustaining vital environmental services, and 
the capture and infiltration of water, carbon seques-
tration and the preservation of carbon sinks.

By 2005, there were 6,766 UMAs and 24.06 million 
hectares, which represented 12.2% of the surface area 
of national territory.

National Forestry and Soil Inventory

Another very relevant product of Conafor is the 
National Forest and Soil Inventory 2004-2009, which 
without a doubt is very useful for the development 
of the National Greenhouse Gas Inventory, particu-
larly in the sector of Land Use, Land Use Change and 
Forestry. In the middle of 2006, Conafor drew up a 
partial report in which it pointed out that advances in 
collecting field information for 2004 by the middle of 
2006, was 82%.

Research activities in the forestry sector

Deforestation modeling in Mexico and 
implications for carbon sequestration projects

This study addresses aspects related to forest conser-
vation (namely, preventing deforestation), and con-
stitutes a unique type of project in land use, land use 
change and forestry (LULUCF). Several countries, in-
cluding Mexico, have shown an interest in carrying 
out projects in forest conservation, given their poten-
tial to slow down deforestation and even to reverse the 
existing high rates, which could generate GHG reduc-
tions. This study gained in importance from the mo-
ment in which negotiations began in the UNFCCC to 
establish a plan of incentives for reducing deforesta-
tion in developing countries.

In this study, Brown et al. (2003) concentrated on 
improving the projection of land use changes, study-
ing two regions in Mexico with different ecological 
and socio-economic conditions, population dynam-
ics and land uses. Specifically, they studied areas in 
the states of Campeche and Michoacan. Three models 
were used and tested: i) a model of forest area change 
(FAC), ii) a model of land use and carbon sequestra-
tion (LUCS), and iii) geographical modeling (GEO-
MOD), all of which could be used for calculating 
regional base lines for land use change, concentrating 
on the rate of deforestation.

Results were obtained that differ for each model, 
and it was concluded that it is not realistic to project 
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the earth’s land use change over more than ten years, 
since the deforestation rates and patterns are subject 
to biophysical, socio-economic and political factors.

Land use, land use change and forestry

The study was conducted with financial support from 
the US EPA and its main objectives were the follow-
ing: i) to establish an interactive Internet site with 
digital maps of land use and plant cover, ii) to draw up 
maps of the carbon density of the main types of veg-
etation and emissions, among other products, and iii) 
to provide decision makers with an evaluation of the 
potential of mitigation projects, as well as the identifi-
cation of high-priority areas for carbon sequestration, 
in both reforestation projects and conservation proj-
ects, taking into consideration social, economic and 
environmental criteria and indicators.

The study concludes that, independently of the 
combination of criteria selected to identify high-pri-
ority areas, regions in Chiapas, Oaxaca, Guerrero, 
Nayarit, stood out as highly important, as well as the 
region predominantly populated by Tarahumaras in 
Chihuahua and Durango. The decision to include, to ex-
clude or to weight criteria is very important, and should 
be discussed at the national and regional levels with the 
different government entities and stakeholders.

Carbon Index for Mexico

Due to Mexico’s commitment to the UNFCCC to pre-
pare and update its National GHG Inventory, and the 
difficulty represented by estimates in the LULUCF sec-
tor, especially the relative lack of information needed 
to update them, the study, Technical Assistance for 
the Development of Carbon Index for Mexico, was 
coordinated; it sought to strengthen Mexico’s capabil-
ity to estimate the quantity of CO2 in biomass lost or 
gained over time, based on a consistent methodology. 
The aim was to allow an exchange of information be-
tween the main stakeholders in the analysis of carbon 
stocks in Mexico, to identify elements that limit the 
ability to inform accurately regarding carbon losses 
and gains, and to suggest ways to handle these limita-

tions. As a result of the study, recommendations were 
made for improving carbon estimates in this country, 
and in this sector in particular.

Sustainable Hillside Management Project (PMSL)

The PMSL is an initiative for applied research and so-
cio-economic development among rural populations 
with a high level of exclusion. Their area of operation 
covers a mountainous area of 930,269 hectares of hill-
sides in the northern mountain chain of the state of 
Oaxaca, where mostly a slash-and-burn milpa and 
permanent milpa agriculture are practiced over small 
areas, with low food production.

The first phase of the PMSL began in which the ba-
sic project was produced (1997-1998). With financial 
support from the GEF, SAGARPA, the Oaxaca State 
government, the School of Postgraduates and INIFAP 
(the National Institute for Forestry, Agricultural and 
Livestock Research), the PMSL was planned for an 
initial period of five years, but was later extended to 
seven years (1999-2005).

This project is made up of five subprojects:

• geographical characterization and measurement 
of run-offs;

• measurement of carbon sequestration;
• alternative sustainable technologies;
• socio-economic assessment in indigenous com-

munities: and
• training and outreach.

The aims of the subproject on carbon sequestra-
tion measurement were: i) to develop a methodology 
for measuring carbon sequestration in natural and 
agricultural hillside systems; ii) to establish the size of 
carbon stocks and nutrients in the soil and in the bio-
mass of parcels of land with different plant systems: 
secondary forest, permanent crops (coffee and grass-
land), annual crops (traditional milpa and conserva-
tion tillage) and mixed (corn interspersed with fruit 
trees) on hillside lands; iii) to determine the capacity 
of permanently farmed systems to function as carbon 
sinks, among others.
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Besides the results of the subproject, also impor-
tant is the preparation of the Manual for determining 
carbon in the aerial and underground parts of produc-
tion systems on hillsides, which systematizes and ex-
presses in simple, practical terms the steps required to 
quantify carbon sequestration in plant systems. The 
quantification process, which involves observation, 
location of sampling sites for the periodic taking of 
samples, up to the establishing of carbon content, is 
illustrated step by step.

The manual makes special reference to the quanti-
fication of carbon sequestration in the System of Corn-
field Interspersed with Fruit-bearing Trees (MIAF), 
considered to be a technological innovation generated 
in the subproject: Alternative Sustainable Technolo-
gies. The MIAF system consists of a combination of 
annual crops (corn and bean, mainly) with barriers or 
hedges made up of fruit-bearing trees, such as peach 
and coffee. This system is characterized by its capacity 
to sequester CO2, practically equaling those of forest 
systems, grazing lands and other frequent production 
systems in the ecological environment of hillsides.

Evaluation of the carbon sequestration 
potential in indigenous and peasant 
communities in the state of Oaxaca

The study for the evaluation of carbon sequestration 
potential was prepared by the non-government or-
ganization, Servicios Ambientales de Oaxaca, A.C., 
[Environmental Services of Oaxaca] during 2002 and 
2003, and it was conducted in 17 communities in four 
regions of the state of Oaxaca.

The aims of the study were to identify the oppor-
tunities, weaknesses and threats involved in establish-
ing a plan providing a carbon sequestration service. 
The results of this study can be useful as a reference 
framework for the formation and coordination of a 
joint community and regional carbon sequestration 
proposal.

The study looks at the improvement of produc-
tion systems, since the idea is to intervene in degraded 
forest areas by means of reforestation and natural re-
generation with native species, the management and 

improvement of acahuales (secondary vegetation), 
conservation agriculture, agroforestry systems, com-
munal areas for the protection of water-bearing strata, 
basin headwaters, and biodiversity. These activities 
were selected using a combination of social and envi-
ronmental criteria. The carbon sequestration potential 
for each of the production systems was estimated us-
ing an adaptation of the LUCS model (Land Use and 
Carbon Sequestration Model) developed by the World 
Resources Institute.

The aim is to use the results of the study to raise 
the quality of life of the families in the communities 
involved by promoting the community’s integral de-
velopment.

Carbon sequestration in the soils of Mexico 
and Central America (Bioma A)

In Mexico and Central America, carbon sequestration 
in the soils has rarely been documented, although, in 
the Bioma A type of vegetation, ecosystems exist that 
have carbon sequestration potential, so the aim of 
this study was to evaluate how much carbon can be 
sequestered in the soil.

The authors (Etchevers et al., 2006) describe the 
severe problems of soil degradation in Mexico and 
Central America, and stress that at the beginning 
of the 90’s, 85% of Mexican territory was affected 
by water erosion and 80% by biological degrada-
tion through the loss of organic matter in the soil, 
the latter being strongly affected by the climate. One 
way to reduce and even reverse these processes is by 
adopting management practices such as conserva-
tion tillage, which increases carbon sequestration in 
the soil.

The study makes reference to a project that quan-
tified the organic carbon in the soil in the upper layer 
(0-20 cm) of a total of 4,583 samples from all over 
the Mexican Republic. A model was also developed 
to find the distribution of carbon in the subsoil, bas-
ing this on field sampling data. The estimates for soil 
carbon in this study are based on those of the inter-
national literature and on the expert opinion of the 
authors.
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By the year 2020, approximately 8.8 million hect-
ares could be used for a wide range of carbon sequestra-
tion options in Mexico. Recommended management 
practices include, in particular, conservation tillage, 
agroforestry, and restoration plantations with a rate of 
carbon sequestration that fluctuates between 0.1 and 
3.0 tonne hectare-1 year-1. Taking into account these 
sequestration rates, the potential could reach between 
3.8 and 16.7 million tonnes per hectare per year.

Study of carbon sequestration potential in five 
communities of the municipality Tenosique, 
Tabasco

It has been estimated that in Mexico, approximate-
ly 4.5 million hectares are available for establishing 
agroforestry systems, while another 6 million hectares 
can be rescued from deforestation through projects 
that improve slash-and-burn and forestry manage-
ment. Several forestry and agroforestry systems are 
viable from the technical, social and economic point 
of view.

This study was carried out by the College of the 
Southern Border (ECOSUR) and financed by Conafor 
through Prodefor. The objectives were: a) to find the 
carbon sequestration potential of the agroforestry and 
forestry systems in five Tabasco communities, and 
b) to establish a model for agroforestry and forestry 
management in the communities that would provide 
carbon sequestration rates (De Jong et al., 2003).

In the five communities studied, there are 166 eji-
datarios who have a total land area of 5,280 hectares, 
2,559 hectares of which are forested.

The proposed agroforestry systems and the sur-
face area that could be allocated to each system are: 
hedge (13,990 linear m), system of improved acahual 
(258 hectares) and plantations on grazing land (159 
hectares).

The carbon sequestration in each of the systems in 
the five communities is 33 ktC for improved acahual, 
20 ktC for plantations on grazing lands, and 1.8 ktC 
for hedges. The quantity of carbon sequestration was 
estimated for the areas of forest management in the 
five communities at 131.9 ktC.

The authors point out that, based on the results of 
the study, there is a range of systems identified by the 
producers that are technically, economically and so-
cially viable. On the other hand, the carbon sequestra-
tion costs, in dollars, are within the lowest averages 
estimated in other studies. For this reason, the gov-
ernment of Tabasco will have to evaluate a way to al-
locate resources to support these types of proposals, 
since they make possible the reforestation of the state, 
facilitate the conservation of its land and groundwater 
tables and prevent the depositing of sediment in rivers 
and aquifer systems, which is increasing alarmingly.

Obtaining national emission factors 
in the agricultural sector

During the preparation of a National Greenhouse 
Gases Inventory, a recurrent problem is caused by the 
use of emission factors (EF) that are inadequate for 
GHG emitting activity, because in some cases there 
are no studies that make it possible to determine char-
acteristic emission factors on a national level: none of 
the five sectors contemplated in the GHG inventories 
is exempt from this problem.

In the agriculture sector, different emission factors 
used in previous inventories have resulted in inconsis-
tencies, especially overestimates in the CH4 and N2O 
emissions from livestock-raising and from sugar cane 
combustion. Ordoñez and Hernandez (2005) reported 
a reduction in the total emissions in the sector, only 
as a result of correcting default values in the emission 
factors (Table V. 11).

In this context, the study sought information about 
two EFs in the agriculture sector, in order to reduce 
uncertainty in the NGHGI.

To achieve the objectives, national values were cal-
culated for crop-waste, the fraction of dry matter and 
the fraction of carbon in crop wastes, and cane sugar 
burning in different production systems in Mexico. 
Emission factors were determined to estimate CH4 
emissions produced by fermentation in three produc-
tion systems in three regions with different climates 
in Mexico. The results obtained may be summarized 
in the following way:



154     Mexico’s Third National Communication to the UNFCCC

Emission factor in livestock: An exhaustive revision 
was done, and the results of the methane emission 
factors, the product of the fermentation of manure in 
three production systems, in three climate regions in 
Mexico, obtained by Gonzalez and Ruiz (2006) are 
presented here.

There are significant differences in the EF values 
in the results of Gonzalez and Ruiz (2006) compared 
to those reported by the IPCC (1997 and 2000) - see 
Table V.12. This suggests the need for more studies on 
Mexico’s different climate conditions, taking into ac-
count the type of livestock feed.

Emission factor in agriculture: To estimate the na-
tional values in sugar cane burning in different pro-
duction systems in Mexico, information was included 
about the type of plowing, the number of strains per 
hectare, the number of stalks per hectare, the length of 
the cane between joints, the length of cane stalks, and 
production per hectare (Campos and Ambriz, 2006).

The biomass was determined by plant structure 
(stalks, leaves and root) and the percentage ratios of 
the leaf area with respect to the stalk, the mass of the 
stalk with respect to the total weight of the cane (in-
cluding root); after that, the concentration of carbon 
was determined by plant structure and estimates were 
made of the values of carbon contained in these struc-
tures for Mexico.

The leaves of the sugar cane base weigh more, and as 
the sugar cane grows, the leaves get smaller and there-
fore weigh less; the average is 7.4 g per leaf. The tip of 
the cane represents 15% and the base 13%, which gives 
a total of 28% of waste in the final crop. The carbon 
concentration is 11.5%, contained in 0.25 g of leaf.

On the average, the stalks constitute 72% of the to-
tal weight of the sugar cane; the base that stays in the 

ground, 13%; the tip, 8%; and the leaves that are burnt 
with the tips, 7%; and 30.3% of the total weight of the 
stalks is carbon. The quantity of waste that is burned 
completely in the crop is equivalent to 22.3%.

According to the Revised 1996 IPCC Guidelines 
for National Greenhouse Gas Inventories and Good 
Practice Guidance and Uncertainty Management in 
National Greenhouse Gas Inventories some default 
values for determining emissions from sugar cane 
burning were modified in the update of the NGHGI 
(TABLE V. 13).

Design of a fire prevention and environmental 
restoration strategy

It is predicted that forest fires will be more and more 
frequent and aggressive, since changing climate condi-
tions will be increasingly conducive to a fire starting 
and spreading, causing effects that are damaging to 
human health, especially in respiratory illnesses. One 
of the major consequences of forest fires is the effect 
of GHG concentrations in the atmosphere. Land use 
change due to deforestation, and biomass combustion, 
have released enormous quantities of GHG emissions 
into the atmosphere.

The Lacandona Rainforest in the state of Chiapas 
supplies environmental services that are essential not 
only to Mexico but the rest of the world. Nearly 30% of 
the volume of fresh water in the country is produced 
here; it sequestration carbon and generates oxygen; it 
retains water and thereby helps to regulate floods and 
climate variation; it generates nutrients that condition 
the fertility of the low plains of its rivers and contrib-
utes to the productivity of the coasts of the states of 
Tabasco and Campeche.

Table V.11 VariaTion in emissions exPressed in gg of co2 eq. (1990 inVenTory and uPdaTes) wiTh differenT efs

 1990 1992 1994 1996 1998 2000 2002

INEGEI 1995 38,863      
INEGEI	2000   57,110 55,674 54,463  
INEGEI	2002 47,432 46,054 45,508 44,081 45,449 45,531 46,151
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For these reasons, the study, Strategy of Environ-
mental Restoration and Fire Prevention on Collec-
tive Lands Along the Lacantun river, next to the Blue 
Mountain Biosphere Reserve, is being conducted; its 
purpose is to design an integrated strategy for restor-
ing damaged areas and preventing forest fires in the 
reserve’s spheres of influence - respecting and taking 
advantage of the internal mechanisms for the com-
munities’ own organization - oriented toward recov-
ering areas affected by fire; reducing degradation; 
preventing the use of agricultural fire from affecting 
the remaining natural ecosystems and human popu-
lations; and encouraging more appropriate manage-
ment practices for fire prevention.

The results of the study will be: a) a document on the 
use of fire in the region; b) guidelines for communities 

to protect the forests, and regulations for the use of fire 
that can lead to possible agreements; c) a diagnosis of 
air quality in the region in the burning season, and of its 
effects on human health; and d) a program for restor-
ing damaged areas and preventing forest fires in the area 
and the geographical location of critical fire sites.

Agricultural sector

Some of the Ministry of Agriculture, Rural Develop-
ment, Fisheries and Food (SAGARPA) programs16 
contribute to GHG mitigation indirectly. The areas 
attached to SAGARPA that participate in and contrib-
ute to this process, with direct or indirect GHG miti-
gation measures (as well as of adaptation to predicted 
climate change impacts), are the following:

Table V.12 comParison of meThane efs obTained by gonzalez and ruiz (2006) wiTh resPecT To Those 
of The iPcc rePorTed in 1997, exPressed as a PercenTage

Type of climate dairy stable corral grazing

 IPCC G y R IPCC G y R IPCC G y R IPCC G y R

 L, C L C L, C La L, C Ca L, C DPa

Warm 65 80 80 1.0 0.20 1.0 0.09 1.0 0.02
Temperate 65 80 80 1.5 0.39 1.5 6.00 1.5 1.05
Arid 65 80 80 2.0 1.16 5.0 5.70 2.0 5.38

Where: G and R = Gonzalez and Ruiz, 2006.
L = dairy, C = meat, DP = dual purpose
a The values reported in this cell were the result of the average of the values of places with a warm temperature, from 27°C to 35°C, 
based on the work of Gonzalez and Ruiz, 2006.

Table V.13 defaulT Values for The burning of sugar cane used PreViously in ghg inVenTories in mexico

 Previous inventories updating of nghgi  in this study
  (1990 – 2002)

Waste-crop ratio 0.28 0.16 0.15
Dry matter content 0.30 0.83 0.78
Carbon content in waste 0.4709 0.4325 0.2230

16 SAGARPA 2005-2006 actrivity report in the area of climate change. First Annual Public Report on Climate Action
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• National Forestry, Agricultural and Livestock Re-
search Institute (INIFAP);

• School of Postgraduates (COLPOS in Montecillo, 
State of Mexico);

• Autonomous University of Chapingo (UACh);
• National Commission for Arid Zones (CONAZA);
• National Fisheries Commission (CONAPESCA);
• General Livestock Coordination; and
• Under-Ministry of Agriculture (which acts as a co-

ordinating area).

Main mitigation measures 
in the agricultural sector

Agricultural development program

This program contributes toward mitigating GHG 
emissions by maintaining plant cover, fixing carbon 
for photosynthesis and decreasing the number of ma-
chine hours in farm work, which reduces diesel con-
sumption. It also indirectly favors the sustainability 
of natural resources by developing expertise and im-
proving farming techniques.

Productive reconversion

This consists of reordering production and replac-
ing monocultures with polycultures (or interspersed 
crops) and perennial woody crops, which increase 
the biomass per surface unit (carbon sequestration), 
increase vegetation stratification and, in this way, 
provide more ecological niches for bird fauna, small 
mammals, reptiles and insects.

This is vastly important in the context of GHG 
mitigation, because it makes possible the sequestra-
tion of additional carbon per hectare in production. 
From 2003 to 2005, 432,364 hectares were recon-
verted throughout national territory. The conversions 
range from traditional crops to fruit-bearing or other 
alternatives or improvement of patterns in the face of 
illnesses that would put an end to plantations, such 
as the citrus tristeza virus. Others are more efficient, 
such as replacing sorghum by grasses and creating a 
constant cover that would prevent wind erosion.

Livestock development programs

Livestock is one of the most important sources of CH4 
emissions. Both ruminant (cattle and sheep, mainly), 
and some non-ruminant livestock (pigs and horses, 
among others) produce methane by means of en-
teric fermentation, although ruminants contribute 
the greater part. Methane emissions from this activ-
ity can be reduced if producers use better grazing 
systems, better quality species of forage grass, and if 
they include feeding techniques and controls in which 
balanced foods are used to encourage adequate diges-
tion. Methane from animal excrement (manure) is a 
result of its anaerobic decomposition and increases as 
a function of the number of animals being raised in a 
confined area (for example, corrals for fattening ani-
mals for slaughter). SAGARPA promotes GHG miti-
gation by supporting infrastructure projects that use 
this type of technology.

Integrated soil and water management

Support for the mechanization of irrigation (efficient 
use of water in irrigating crops) and the improvement, 
conservation and rehabilitation of soils (better use of 
nutrients). From 2003 to 2005 mechanized irrigation 
was used on 31,238 hectares to benefit 5,700 produc-
ers, representing a saving of approximately 109 mil-
lion m3 of water compared with the volume used in 
traditional irrigation in ditches, with the resulting en-
ergy saving and GHG mitigation.

Mechanization

Support for acquiring and repairing tractors to in-
crease and renovate the fleet of existing agricultural 
machinery in this country. Production efficiency is 
thereby increased and soil deterioration reduced.

Rehabilitation of grazing lands

Support for the establishment, rehabilitation, and 
conservation of grazing lands, as well as reforestation 
with hedges. These measures, in a sustainable way, 
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increase the availability of forage per unit of surface 
area on grazing lands by means of the use of gramine-
ae, legumes and other forage plants that increase the 
average of the total biomass per unit of area. At the 
same time, improving the availability, quality and nu-
tritional balance of forage helps the digestive process 
of livestock. This in turn reduces methane production 
and emissions to the atmosphere because the animals 
do not have to digest large quantities of cellulose, 
which is subject to enteric fermentation. Over the pe-
riod 2000-2005 an average of one million hectares per 
year were rehabilitated.

National microbasin program (FIRCO)

The program links public and private efforts to pro-
mote the sustainability of existing resources in these 
microbasins. In 2005, 258 microbasins were identi-
fied with a master production plan and sustainable 
conservation of agricultural and forestry resources, 
which is the basis for financing this type of productive 
project; with this plan, from 2002 to 2005, a total of 
1,414 microbasins were recorded, covering a surface 
area of 11 million hectares located in excluded areas 
of the country, where an estimated population of 3.3 
million people live.

The project, Sustainable Land Management, is in 
the application phase with support from the GEF with 
a contribution of $4.3 million dollars through the 
UNDP. The aim of the project proposal is to supple-
ment the contributions of the International Fund for 
Agricultural Development (IFAD) in nine “model” 
microbasins in the states of Chiapas, Guanajuato, 
Guerrero, Jalisco, Nayarit, Oaxaca, San Luis Potosi, 
Veracruz and Zacatecas.

Project for renewable energy for agriculture 
(FIRCO)

The project aims to eliminate barriers preventing the 
widespread use of technology applicable to renewable 
energy sources, to reduce implementation costs for 
the use of these sources and to develop ways in which 
the technology can be applied productively in the ag-

ricultural sector. In rural areas where electrical power 
is not available, solar (photovoltaic) and wind energies 
remain viable options. Biomethane has not been tech-
nologically or economically viable for farm producers, 
from the point of view of the benefit-to-(investment) 
cost ratio. These renewable energy sources can be used 
to pump water, for radio communications, lighting, 
ventilation, battery-charging for mills, milking ma-
chines, electrified fences, etc.

For this reason it is thought that the incorporation of 
solar and wind energy technologies would offer a broad 
spectrum of possibilities for use in rural areas of Mex-
ico lacking electrical power, or else where traditional 
electrification requires large investment. The central 
strategy consists in giving technical assistance for the 
development of agricultural demonstration projects, so 
as to make them more widely known to producers.

The most relevant results in this project include in 
particular the implementation of 195 farming projects 
that use solar energy for pumping water (used to water 
livestock and to irrigate forage), concentrated mainly 
in four states: Southern Baja California, Chihuahua, 
Quintana Roo, and Sonora. At the present time it is 
hoped that the use of these technologies can be ex-
tended to the other 28 federal entities of the Repub-
lic, and that demand in the four states where these 
technologies have already been demonstrated can be 
strengthened.

Fund for the stabilization, strengthening and 
reordering of coffee-growing

This Fund contributes toward encouraging and main-
taining the traditional systems of coffee production 
used by forest communities so that coffee plantations 
can grow in the shade, guaranteeing the conservation 
of tree cover, habitat and species diversity, as well as 
the environmental benefits these forest ecosystems of-
fer, especially carbon capture and storage.

Forest fire prevention program

SAGARPA and CONAFOR are jointly responsible for 
this transversal environmental program, in which the 
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Ministry of National Defense (SEDENA) and CONA-
BIO also participate. Modification of the traditional 
slash-and-burn systems is encouraged, especially in 
rainforest areas in southeastern Mexican where the tra-
dition is especially deep-rooted. The main purpose is to 
influence farmers’ behavior and practices so that the fires 
used in the clean burning of crop parcels and rangeland 
do not get out of control and cause forest fires. These 
measures complement the National Fire and Fire Man-
agement Program that involves the 32 states and consid-
ers the following: the preparation of state programs of 
protection against forest fires; equipping fire brigades; 
the operation of aerial fire-fighting equipment; the in-
corporation of volunteers into fire prevention; the con-
struction and maintenance of firebreaks; and the use of 
controlled, preventive fires. To assist in detecting forest 
fires, there are available: a satellite system operated by 
CONABIO for detecting hot spots; fire control centers; 
observation towers; and land and air checks.

Studies for quantifying and reducing carbon 
emissions in sugar production

Studies are being conducted to quantify the carbon se-
questration potential in sugar cane production. These 
studies are to instigate a change toward clean technolo-
gies in order to modernize the sugar refineries, raise 
their technical - especially fuel - efficiency in exploiting 
the biomass produced by this agroindustry, as well as 
improving the financial benefits for industrial plants.

Other relevant activities in the 
area of mitigation

Toward a National Strategy of Climate 
Action for the Energy Sector

In 2006, the Mario Molina Center drew up the docu-
ment, “Toward a National Strategy of Climate Action 
for the Energy Sector”, as input for the preparation 
of a National Climate Action Strategy, coordinated 
by SEMARNAT’s Under-Ministry of Environmental 
Planning and Policy, within the activities of the Inter-
Ministerial Climate Change Committee.

The study is based on experiences at the interna-
tional level in patterns of energy consumption and 
GHG reduction, and at the same time analyzes the 
national panorama of energy use and CO2 emissions 
associated with energy consumption and genera-
tion processes. It reviews measures related to climate 
change and conservation and consumption imple-
mented in this country, both as part of the federal 
government’s official programs, and by the private 
sector.

With this support, potential areas were identified 
for the reduction of CO2 emissions, focusing on the 
sectors of energy generation and of final demand, 
some of which are proposed as specific projects and 
are weighted under the same criterion, thus establish-
ing curves of emission reduction costs.

It presents a review of the international mecha-
nisms for promoting projects in GHG reduction, and 
calculates the possible benefit that would be involved 
as a result of their implementation. Lastly, obstacles 
to the implementation of these projects that must be 
overcome through climatic action policies are iden-
tified.

The opportunities for reducing GHG emissions 
for the sector energy that were evaluated are: a) co-
generation in PEMEX, b) cogeneration in national 
industry, c) increase in energy efficiency in the elec-
trical industry, d) increase in efficiency in transmis-
sion and distribution lines, e) increase in thermal 
efficiency of thermoelectric plants based on fuel 
oil, f) centralized electric supply to oil platforms, g) 
improvement in fuel performance in refineries, h) 
conversion to natural gas and upgrading of thermo-
electric plants along the Pacific, i) use of renewable 
energy, j) electricity generation based on municipal 
solid wastes, and k) geologic CO2 sequestration. In 
addition, improvement in efficiency is being evalu-
ated in the Transport Sector.

Scenarios of technology penetration

The document presents three possible penetration 
scenarios for climate change mitigation technologies, 
for the electric, oil and industrial sectors:
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Forecast scenario

It looks at the projects contained in the SENER fuel 
forecasts, as well as additional projects that have 
been proposed by the main figures in the sector. It 
has a reduction potential of 42 million tonnes of 
CO2/year.

Scenario of high technological penetration

It includes 120 projects, considering all the projects of 
the forecast scenario plus additional proposals based 
on the emission reduction potential presented by the 
fuel sector, with an emission reduction potential of 
125 million tonnes of CO2/year.

Scenario of medium technological penetration

It considers the entire forecast portfolio, plus selected 
projects from the second scenario, with a greater vi-
ability for being implemented, has an emission reduc-
tion potential of 97.2 MM tonnes CO2/year.

The study presents cost curves that include the 
projects contained in the SENER fuel forecasts, as 
well as additional projects with greater viability. In 
this scenario, the options involving the lowest cost 
are the increase in efficiency of transmission lines and 
projects of PEMEX’s CDM portfolio; at medium levels 
are projects using wind energy and biomass exploita-
tion; and the large hydroelectric projects and geologi-
cal CO2 sequestration projects are those that present 
the greatest costs.

Mexican Carbon Fund17

At the beginning of September of the present year, the 
Ministry for the Environment and Natural Resources, 
the National Bank of Foreign Trade (BANCOMEXT) 
and the World Bank signed a Memorandum of Un-
derstanding that formalizes their cooperation for the 
design of the Mexican Carbon Fund (FOMECAR), 

an instrument that will be formed as a technical as-
sistance and financing mechanism, to promote the 
identification and development of projects in GHG 
reduction and sequestration within the Clean Devel-
opment Mechanism (CDM) of the Kyoto Protocol.

The short term purpose is the creation of a Fund 
with mainly private participation, to which compa-
nies and financial institutions such as the Inter-Amer-
ican Development Bank and the World Bank, would 
be incorporated, as well as the Carbon Funds of buyer 
countries.

On behalf of the Federal Government, BANCO-
MEXT will participate as Trustee, while SEMAR-
NAT, in its capacity as Permanent President of the 
Inter-ministerial Commission on Climate Change 
(CICC), will support in promoting and identifying 
projects, in coordination with the other departments 
involved.

FOMECAR responds to the need to include a 
mechanism that would coordinate efforts to identify, 
promote and develop projects in GHG mitigation and 
sequestration within the CDM framework.

Mexican Carbon Program (PMC)

Created formally in mid-2005 by a group of Mexican 
experts coordinated by INE, the PMC is made up of 
four thematic areas: land ecosystems, aquatic ecosys-
tems, atmosphere and the human dimension. This 
program has as its mission the coordination of the 
scientific activities related to studies of the carbon cy-
cle that are being conducted in this country, Mexico’s 
scientific representation in similar programs in other 
countries, and other important activities.

The PMC has just over 125 researchers from differ-
ent research institutions in our country.

There is a great deal of interest on behalf of the gov-
ernments of the United States and Canada in collabo-
rating bilaterally and trilaterally. In this regard, there 
have been a number of meetings held with both these 
parties in which ways of scientific cooperation have 

17 Information taken from: http://www.semarnat.gob.mx/ (September, 2006)
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been discussed as well as the common interests that 
lead toward the formation of a tri-national program.

Again, concerning its third objective, namely the 
creation of networks and collaboration programs re-
lated to other international programs, there has been 
contact with the Global Carbon Project with a view 
to strengthening cooperative bonds in topics that are 
high-priority for both groups, in particular a) carbon 
cycle patterns and variability at the global level, b) 
carbon cycle processes and interactions, and c) car-
bon management.

For the present year, INE is supporting a series of 
activities that strengthen the purpose of this program, 
feature its presentation in the media, design a website 
within INE’s Climate Change Portal, where all the infor-
mation generated by this Program will be available, hold 
a workshop on methodologies and implementation for 
research into the role of carbon in Mexico’s ecosystems, 
and its translation into English has been contemplated.

Voluntary accounting program and 
greenhouse gas report (Mexico GHG 
Program)

The program began in August, 2004, by means of a 
collaboration agreement between the SEMARNAT, 
the World Business Council for Sustainable Develop-
ment (WBCSD) and the World Resources Institute 
(WRI). This program, the first of its kind to come 
about as a public-private alliance in a “non-Annex I” 
country, facilitates the direct participation of compa-
nies, chambers and business associations.

The program has set as its ultimate goal the edu-
cation of the different sectors in the area of climate 
change in order to provide effective answers to emerg-
ing topics, through assistance in the preparation of 
corporate GHG inventories; identify reduction op-
portunities; and participate in programs and projects 
in GHG mitigation.

The program is operated by the Center of Stud-
ies of the Private Sector for Sustainable Development 
(CESPEDES) together with the Under-Ministry 
of Environmental Advancement and Regulation, 

and the Associate Directorate General for Climate 
Change Projects of the SEMARNAT, with the tech-
nical assistance of the WRI and of the WBCSD. 
The program receives financial support from the 
United States Agency for International Development 
(USAID) and the Global Opportunities Fund (GOF) 
of the British Embassy in Mexico; it is counseled by 
a group of experts from other areas of the SEMAR-
NAT (INE and the General Directorate for Adminis-
tration of Air Quality and Emissions Recording and 
Pollutant Transfer), as well as the Confederation of 
Industrial Chambers of the United Mexican States 
(CONCAMIN).

The program is organized into two phases. In the 
first, support is offered to the participant companies 
in the preparation and reporting of their corporate 
GHG emissions inventories, based on the GHG Pro-
tocol: A Corporate Accounting and Reporting Stan-
dard (revised edition) »(WRI/WBCSD/SEMARNAT, 
2005). During the second phase, training is offered 
in counting, quantifying, and reporting emissions 
reductions in GHG mitigation projects following the 
guidelines of the GHG Protocol for Project Quantifi-
cation »(WRI/WBCSD, 2005).

By August, 2006, forty-five companies had regis-
tered for the Program and were organized into three 
groups. Table V.14 shows the companies participating 
in the program according to the activity sector and 
group to which they belong.

The total emissions for thirty companies that pre-
sented their reports in 2006 amount to 89.2 million 
tonnes CO2eq. These emissions include direct emissions 
(from fuel burning in stationary and mobile combus-
tion, emissions produced by processes, and fugitive 
emissions), emissions deriving from wastes (related to 
the systems of waste management in livestock and in 
waste water treatment), and indirect emissions (from 
the use of purchased electricity).

In August, 2006, seven companies in the Mexico 
GHG Program are preparing projects in GHG reduc-
tion, which will translate into seven Project Idea Notes 
(PIN). These projects are in different phases within 
the CDM project cycle.
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Tools adapted for estimating greenhouse gas 
emissions

SEMARNAT, USEPA, the United States-Mexico 
Foundation for Science (USMFS), and the WRI, work 
together in adapting GHG calculation tools for the 
productive sectors in Mexico. The tool for the pulp 
and paper sector has been completed, and in the fu-
ture they will work with the electric sector.

The tool developed for the pulp and paper sector 
was adopted by the National Chamber for Pulp and 

Paper Industries (CNICP) in the presentation work-
shop that was held in March, 2006.

Projects in greenhouse gas emissions 
reduction under the Clean Development 
Mechanism of the Kyoto Protocol

By October, 2006, the CICC, based on the monthly 
decisions of the Mexican Committee for Greenhouse 
Gas Emission Reduction and Sequestration Projects 
(COMEGEI), had issued 144 Letters of Approval for 

Oil and gas
 • PEMEX (G1)
Cement
 • CEMEX México (G1)
 • Cooperativa La Cruz Azul (G1)
 • Cementos Moctezuma (G1)
 • Grupo Cementos de 

Chihuahua (G1)
 • Holcim Apasco (G1)
 • La Farge (G1)
Metallurgy
 • Altos Hornos (G1)
 • De Acero (G1)
 • Grupo IMSA (G1)
 • Mittal Steel Lázaro Cárdenas 

(G1)
 • SICARTSA (G1)
 • Siderúrgica Tultitlán (G1)
 • Hierro Recuperado (G3)
 • Instituto de Fundición y 

Maquinado de Jalisco (G3)
Automobile
 • Ford de México (G1)
 • Honda de México (G3)
Glass
 • VITRO (G2)
Food
 • Cámara de la Industria 

Alimenticia de Jalisco (G3)

Beer
 • Grupo Modelo (G1)
 • Cervecería Cuauhtémoc 

Moctezuma (G2)
Mining
 • Industria Minera México (G1)
 • Industria Peñoles (G1)
 • Minera Autlán (G2)
Waste processing
 • Cappy & Asociados (G1)
 • SIMEPRODE (G2)
Chemical industry
 • Boehringer Ingelheim (G3)
 • Colgate Palmolive (G1)
 • NHUMO (G1)
 • AMANCO México (G1)
 • ANAJALSA Agroquímicos (G3)
Paper containers
 • Tetrapak
Construction industry
 • Urbi Desarrollos Urbanos (G1)
Services
 • Sumitomo Corporation de 

México (G1)

Pig farms
 • Grupo Porcícola Mexicano 

(G1)
Forestry Sector
 • Forestaciones Operativas (G1)
Transport Sector 
 • Red de Transporte Público del 

Distrito Federal (G1)
Machinery and equipment
 • Caterpillar de México (G2)
 • S&C Electrics (G2)
 • Industrias John Deere (G2)
 • Johnson Controls (G2)
 • Hitachi Global Storage 

Technologies México (G3)
 • Cerraduras TESA (G3)
Refrigerants
 • Ecofreeze natural refrigerants 

(G2)
Universities
 • Instituto Tecnológico de Estudios 

Superiores de Monterrey Campus 
Guadalajara (G3)

Source: SEMARNAT, 2006.

Table V.14 comPanies making uP work grouPs by secTor
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Mexican projects. By September of the present year, 
21 projects had obtained registration in the Execu-
tive Meeting of the CDM of the Kyoto Protocol and, 
of these latter, three have obtained their first Certified 
Emissions Reductions.

The 21 CDM projects registered, place Mexico in 
third place worldwide for the number of projects, and 
in fifth for the Certified Emissions Reductions (or car-
bon credits) anticipated (Table V. 15).

Methane to Markets Initiative

In November, 2004, the Methane to Markets (M2M) 
Partnership was established in the United States, an 

initiative for action aimed at improving economic 
growth, increasing energy security, improving envi-
ronmental quality, and reducing global methane emis-
sions.

The objective of the association is the cost-effec-
tive, short-term recovery of methane and its use as a 
source of clean energy. This is done internationally 
through associations between developed countries, 
between developing countries and those with econo-
mies in transition; all in coordination with the private 
sector, multilateral development banks and other rel-
evant non-government organizations.

The association addresses three main methane 
sources: sanitary landfills, underground coal mines 

Table V.15 ProjecTs and Preliminary Plans under The cdm (ocTober 10, 2006) 1 

Projects Projects with Approval letter  Proposals with
  non-objection
  letter 

 Registered  In process

  Num. Reductions Num. Reductions  Num. Reductions
  of CO2 e   of CO2 e  of CO2 e
  (Kton/year)  (Kton/year)  (Kton/year)

Livestock waste management 23 1,544 103 1,932 2 42
Waste management
in sanitary landfills 2 372 1 43 5 2,121
Wind 1 310 3 1,024 1 413
Hydro-electric 1 66 3 116 1 418
Geothermal     3a 241
Co-generation and fuel
efficiency 1 4 4 344 12b 2,730
HFC-23 incineration 1 2,155    
Transport   1 33  
Fugitive emissions     4b 4,518
Carbon sequestration
in forest systems     3 277
Total	 29	 4,451	 115	 3,492	 31	 10,760

a = A wind project and two geothermal projects carried out by the CFE
b = Seven projects in energy efficiency and cogeneration, and three in fugitive emissions carried out by PEMEX

18 M2M - Activities in Mexico- advances and results. Under-Ministry of Environmental Development and Normativity of SEMARNAT. August 24, 
2006. http://cambio_climatico.ine.gob.mx/pmc/index.htm
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and natural gas and oil systems. It also considers cost-
effective activities to reduce emissions in the agricul-
tural sector over the long term.

In March, 2006, SEMARNAT and the US EPA 
signed an agreement to promote methane recovery 
through a variety of projects in our country. Under 
this initiative, USAID, US EPA and SEMARNAT, to-
gether with other institutions, are working on a series 
of demonstration projects through the construction 
of infrastructure, to utilize methane, as well as in the 
estimation of recoverable flows and technical assis-
tance.

Oil and gas subcommittee

The plenary of the oil and gas subcommittee of the 
Initiative in Mexico, held the Technological Transfer 
Workshop in April, 2006, to identify and quantify 
fugitive methane emissions in systems, ducts, com-
pressors, etc. At the present time, four projects in 
emissions reduction are being conducted in PEMEX 
Gas facilities (Table V.16).

Livestock excrement subcommittee

The agricultural subcommittee was established, 
with the participation of the General Coordina-
tion of Livestock Raising, and the US EPA offered 
two technical workshops in Mexico addressed to 
SEMARNAT and SAGARPA officials and repre-
sentatives of the Mexican Pork Farmers’ Union, in 
order to identify alternatives in energy use in pig 
farms based on the CH4 emissions generated by the 
anaerobic fermentation of excrement. To comple-
ment this work, practices to improve the produc-
tivity and environmental performance of the farms 
were identified. A manual of better practices in ex-
crement management for pig-raising farms is in the 
process of being published.

The first implementation phase of six pilot projects 
is being carried out in integrated excrement manage-
ment and methane use in the Lerma-Chapala Basin, 
working with small and medium farms, with around 
100 breeding stock, representative of the states of Gua-
najuato and Michoacan.

Table V.16 ProjecTs in ghg reducTion on Pemex faciliTies18 

Location

Ciudad Pemex, Tabasco. Processing plant

Cárdenas, Tabasco. Center for duct 
operation

Cunduacan, Tabasco. Iride y Samaria II.

Nuevo Pemex, Tabasco. Gas processing 
plant

Ton CO2 eq/ year 
(Estimated)

 1,455

 320

 99,600

 21,000

Information provided by the COMEGEI.

Project 

Gas compressors. Replacement of seals

Fugitive emissions in ducts (valves and 
joints)

Separation and stabilization plants

Methane recovery from nitrogen recovery 
unit
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Sanitary landfill subcommittee

The pilot program, Feasibility of biogas recovery and 
use in sanitary landfills on the northern border, is be-
ing carried out.

Activities carried out by the government of 
the Federal District 2001-2006

Local Climate Action Strategy

Mexico City prepared its Local Climate Action Strat-
egy (ELAC) and presented it in July, 2004, at an in-
ternational event organized by the Government of 
the city together with ICLEI - local Governments for 
sustainability. The aim of the strategy is to establish 
an institutional framework that would promote GHG 
mitigation and capture by implementing measures 
for the saving and efficient use of resources; fuel sub-
stitution; the regulation and efficient use of equip-
ment; the promotion of alternative fuels; the use of 
new technologies; the use of renewable energy; and 
the carrying out of carbon capture actions in the for-
estry sector.

Metrobus

In 2002, the Ministry of the Environment for the 
Government of the Federal District (SMADF) began 
the implementation of the Project for the Introduc-
tion of Environmentally Friendly Transport Measures 
(PIMAAT), in order to implement policies and mea-
sures that would help for a long-range modal change 
toward a more efficient, less polluting transport sys-
tem with fewer GHG emissions. This project received 
a donation of $5.8 million dollars from the GEF, ne-
gotiated by the Mexico City government through the 
World Bank.

The Insurgentes Metrobus, with 36 stations along 
19 km, began operations in July, 2005, as a Bus Rapid 
Transit (BRT) corridor. After a year it had transported 
71.1 million passengers. By replacing 380 buses and 
minibuses with 100 articulated buses, a greater energy 
efficiency is achieved. It also results in economic ben-

efits by reducing fuel consumption, and cuts the annual 
emission of the following pollutants: a) 9,709 tonnes of 
CO; b) 1,108 tonnes of total hydrocarbons; c) 206 tonnes 
of nitrogen oxide; d) 1.27 tonnes of particles smaller 
than ten microns; and e) 37,472 tonnes of CO2eq /year.

This last has been committed to the CDM frame-
work for its sale to the Spanish Carbon Fund.

As part of the project, a methodology has been 
developed for quantifying emissions, which is being 
reviewed by the methodologies panel of the CDM Ex-
ecutive Board.

West bank sanitary landfill

The Integrated Management Project of Stage IV of the 
West Bank Sanitary Landfill is being promoted and 
includes: the closure of the site and development of 
measures for the reduction of GHG emissions, includ-
ing the capture and combustion of biogas generated 
by the sanitary landfill. This could reduce GHG emis-
sions by up to 90%, which will be sold in the CDM 
framework. It is estimated that the potential environ-
mental benefit could be a reduction of at least 6.6 mil-
lion tonnes of CO2eq accumulated in the years 2008 to 
2012.

Environmental administration system

The Environmental Administration System was 
introduced in 2001 into the Mexico City Govern-
ment; it seeks the saving and efficient use of energy 
and water consumed in the public administration 
of the municipal government, environmentally 
encourages friendly purchases, and promotes the 
separation and reuse of wastes. By September, 2006, 
30 buildings of 17 agencies were included that had 
incorporated the recommendations of this system, 
and with which the following accumulated envi-
ronmental benefits have been achieved in the pe-
riod mentioned: a saving of 18,511 m3 of water, a 
saving of 1,361,453 kWh of electricity, equivalent to 
851 tonnes of CO2, due to measures for the efficient 
use of equipment and the replacement of lighting 
equipment.
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Solar water heating norm

This norm establishes the technical specifications for 
the use of solar energy in water heating in pools, div-
ing pits, showers, sinks, kitchen uses, laundries and 
dry cleaner’s. It was published on April 7, 2006, in the 
Official Gazette of the Federal District. It is estimated 
that, for 2012, some 355,264 tonnes of CO2 emissions 
will have been prevented.

International activities

For the design and introduction of the Environmen-
tal Administration System, it had available to it the 

technical support of the USAID. This agency offered 
assistance in the design and monitoring of the Solar 
Water Heating Norm.

In addition, the exchange of experiences within 
the framework of the activities conducted by ICLEI 
- Local Governments For Sustainability - have been 
essential for Mexico City, as it was able to keep abreast 
of successful experiences around the world, particu-
larly with the main actors that have participated in 
initiatives related to climate change, as well as with 
energy efficiency in local governments, both high-pri-
ority topics for Mexico City, as presented in the ELAC 
(Local Climate Action Strategy).
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VI. Relevant Information for Reaching 
Convention Objectives

Research

One of the main concerns in meeting the commit-
ments to the United Nations Framework Convention 
on Climate Change (UNFCCC) is producing infor-
mation and developing know-how, and creating the 
capacity within national territory to deal with climate 
variability and climate change.

Potential for climate change research

In order to establish the national research capacity, 
a diagnosis of climate change activities carried out 
by the country’s research and technological develop-
ment institutions began in 2001. As a result of this 
diagnosis, a database was created of academic in-
stitutions, research and technological development 
centers, productive entities, and other organizations 
conducting research into the topic of climate change 
and climate variability in Mexico. Information was 

gathered from 332 experts from 106 public and pri-
vate, and national and foreign, institutions, working 
on the topic within national territory; 62% of the 
experts conducted their research work at some in-
stitution in the Federal District, while the remain-
ing 38% were distributed over 20 other states in the 
Mexican Republic, but mainly in Baja California, 
Southern Baja California, Chiapas, State of Mexico, 
Morelos, Sonora, Veracruz, and Yucatan. The rest 
of the states had fewer researchers (1 or 2). The di-
agnosis to 2001 also showed that a certain group of 
public institutions provided most of the experts and 
research studies, among them the National Autono-
mous University of Mexico (UNAM), the Northwest 
Biological Research Center (CIBNOR), the Cen-
ter for Scientific Research and Higher Education of 
Ensenada (CICESE), the Interdisciplinary Center of 
Marine Sciences (CICIMAR), the College of Post-
graduates (COLPOS), the Autonomous University 
of Chapingo (UACh), the Autonomous University of 
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Baja California (UABC), and the Autonomous Uni-
versity of Tamaulipas (UAT).

In 2005, the database was updated in order to iden-
tify new research efforts into environmental, social, 
economic, demographic or other aspects related to the 
topics of emissions mitigation, and vulnerability and 
adaptation to climate variability and climate change, 
and to obtain contact information about the experts 
at these institutions; updating the database also made 
it possible to assess the continuity of the research pro-
grams as well as the incorporation of new groups and 
institutions into the research into these topics. Simi-
larly, in the 2005 updating, information was docu-
mented for the first time on postgraduate academic 
programs offered in this country that have established 
lines of work relevant to the topics of climate variabil-
ity or climate change.

The work shows there has been an increase in the 
number of experts, institutions and offices working 
on the topics of emissions mitigation, climate change 
or climate variability. The database registered infor-
mation from 446 experts from 118 public and private, 
national and foreign institutions, working on some of 
the topics inside national territory (Figure VI.1).

In the last five years, research activity has increased 
substantially in emissions mitigation, climate vari-
ability and climate change. Between 2001 and 2005, 
the number of experts or specialists in the country 
working on the topic of climate change increased by 
30%, while the number of institutions working in this 
field increased by 20%, and the number of offices or 
departments dealing with the topic within these insti-
tutions also increased by almost 40%. The topics dealt 
with in research projects are becoming more specific 
in aspects of climate change and climate variability 
(Figure VI.2); for example, by 2005, institutions and 
specialists had researched more thoroughly the sub-
ject of vulnerability to climate change, while the study 
and observation of the phenomenon have intensified, 
including studies on El Niño, the carbon cycle and 
vulnerability in some states; in addition, the social 
and economic effects associated with the phenomenon 
are being considered to a greater extent, and possible 
risks generated by climate variability are being stud-

ied. The country’s emissions have also been assessed 
more completely, and there has even been a GHG esti-
mate and analysis by sectors and by economic activity, 
including energy generation, oil and gas, pulp and pa-
per, transport, and waste. Topics in international and 
national politics, as well as urban and public health 
aspects related to climate change, are appearing on 
the scene as areas for research.

For the first time, a list of the 74 postgraduate pro-
grams (masters and doctorates) available in the coun-
try with research into the area of climate change was 
included.

The preparation of the diagnosis on research po-
tential, the updating of the inventory and database 
of institutions, researchers and topics, help to under-
stand the geographical distribution of the country’s 
research capacity; identify the topics studied by each 
group, department and institution; document the ex-
isting sources of funding that have been made avail-
able; evaluate research potential and limitations in this 
country; identify topics not dealt with by the projects 
carried out to date; and define research priorities for 
the coming years. Generally speaking, the research 
carried out to date has made it possible to improve our 
understanding of the phenomenon of climate variabil-
ity and climate change, predict its possible impacts on 
our country, assess the vulnerability of some regions 
and economic sectors, and also make use of this in-
formation to support development toward a National 
Climate Action Strategy.

The Center for Atmospheric Sciences (CCA) of the 
UNAM has been particularly active in investigating 
climate change. The following are some of the research 
projects that it has carried out or in which it has partici-
pated recently, along with their source of funding:

• Integrated Assessment of Social Vulnerability and 
Adaptation to Climate Variability and Change 
among Producers in Mexico and Argentina. Fund-
ed by Assessment of Impacts and Adaptation to 
Climate Change in Multiple Regions and Sectors 
(AIACC), Global System for Analysis, Research 
and Training (START), the Third World Academy 
of Sciences (TWAS), and UNEP.
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Figure Vi.1 Potential For climate change research in mexico, 2005

Figure Vi. 2 trends in the number oF researchers by research area
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• Tropical Cyclones: Current Characteristics and Po-
tential Changes under a Warmer Climate, IAI.

• Assessment of the Program of the Fund to Assist the 
Rural Population Affected by Climate Contingen-
cies (FAPRACC), SAGARPA.

• Climate Variability in Mexico: Diagnoses and 
Adaptation Mechanisms by Sector. CONACYT-
SEMARNAT.

• Surface Water Availability and Vulnerability of the 
Lerma-Santiago-Pacific and Balsas Hydrological 
Basins in the face of Climate Change. CONACYT- 
SEMARNAT.

• Model Assessment and Construction of Capacities 
for Assessing Vulnerability to Climate Change, IAI.

• Fire Behavior and Fire Risk Assessment in Mexico’s 
Forest Areas: A Study in the La Malinche Volcano, 
CONACYT.

Research priorities

As part of the national effort to promote, support and 
develop research programs and activities in the area 
of climate change, the Seminar on Climate Change 
Research Priorities was held, organized jointly by 
INE and the Metropolitan Autonomous University 
(UAM), and was attended by nearly 70 researchers, 
academics and government officials. Relevant topics 
were addressed in a bid to understand more of the 
causes, effects, magnitude and chronological distri-
bution of climate change, and the economic, social, 
sectoral aspects and those of national and interna-
tional politics.

The topics that were discussed were the following, 
by working group:

• Observation of the phenomenon, information and 
scientific bases.

• Models and regional and local scenarios.
• Mitigation alternatives, vulnerability, impacts, 

risks and adaptation.
• Socio-economic and regional aspects.
• Sectoral questions.
• National and international policies.

 In Chapter VII, the conclusions of the Seminar 
may be consulted.

Sectoral Fund for Environmental Research

In 1999, the Law for the Advancement of Science and 
Technology was enacted. Among its many modifica-
tions, this Law proposed, in Article 17, a mechanism 
to link scientific research and technological innova-
tion, with the different government sectors: Sectoral 
Funds and Mixed Funds. This Law was succeeded by 
the Science and Technology Law, in which the regula-
tion of both funds is adjusted.

Several innovations are introduced into these 
funds. The first one, and perhaps most relevant of 
these, is that the funding available is allocated exclu-
sively to the search for new knowledge that the sectors, 
in the case of the Sectoral Fund, and governments of 
the states, in the case of Mixed Funds, have identified 
as high-priority. Without detriment to basic research, 
which has its own fund (Sectoral Public Education 
Fund), the investment in these two types of structures 
is specifically for topics that for some reason are high-
priority for the country and have been identified by 
those responsible for designing and implementing 
public policies in different areas. A second novelty in 
this new structure is that the National Science and 
Technology Council (CONACYT) is no longer the 
only government department that offers funds for sci-
entific research and technological innovation. On the 
contrary, the Law establishes that the Ministries, in 
the case of Sectoral Funds, and the state governments 
in the case of Mixed Funds, should make contribu-
tions previously budgeted and earmarked specifically 
for these purposes. CONACYT, on the other hand, 
should make equivalent contributions to those of their 
counterparts.

The essential aim of the Sectoral Fund is to sup-
port projects that answer the requirements of the sec-
tor by generating scientific and technological research 
that produces cutting-edge knowledge for the sector, 
solves concrete problems, attends to specific needs, 
and makes it possible to take advantage of opportu-
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nities through the knowledge generated. Similarly, it 
seeks to support projects in technological develop-
ment and innovation that offer integrated technologi-
cal solutions and promote sustainable development.

The high-priority topics identified by the SEMAR-
NAT for the Sectoral Environmental Research Fund 
are summarized in Table VI.1.

One of the effects of the Sectoral Environmental 
Research Fund is that it contributes in decentraliza-
tion and equitable funding. The answer to the calls for 
applications issued has been national, right from the 
beginning. With the first call - which also correspond-
ed to the first of all the Sectoral Funds - there were 
only two states that failed to submit proposals. Later, 
in 2004, the state with the greatest number of projects 
presented was Southern Baja California, where seven-
teen projects were concentrated, equivalent to 15.9% 
of the total. Following it was the Federal District, with 
fifteen projects (14%), the state of Mexico with eight 
projects (7.5%), and San Luis Potosí, also with eight 
projects (7.5%).

The advantages of participating in the Sectoral 
Fund for Environmental Research can be summa-
rized in the following way:

1. Immediate advantages

• encourages the application of scientific knowl-
edge

• encourages the production of knowledge ori-
ented toward solving concrete problems

• impartial assessment by recognized experts
• zero subjectivity and 100% transparency in the 

evaluation.

2. Medium- and long-term advantages

• encourages scientific research and technologi-
cal innovation in Mexico

• encourages the incorporation of scientific 
knowledge into all spheres where decisions are 
made regarding public policy

table Vi.1 high-Priority toPics For each call For aPPlications to the sectoral Fund For enVironmental research

Call for proposals

2002
Resources: $220 millon pesos
Number of financed projects: 202

2004
Resources: $57.5 millon pesos
Number of financed projects: 105

2006
Resources: approximately $50 millon pesos

Topics

 1. Ecological zoning and ecosystem conservation
 2. Pollution and environmental degradation
 3. Environmental economics and policy
 4. Environmental impacts
 5. Communication and environmental education

 1. Species and ecosystem conservation, sustainable 
management and zoning

 2. Air pollution
 3. Climate change
 4. Waste and contaminated sites
 5. Economics and climate change

 1. Socioenvironmental vulnerability to global change
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• reinforces transparency and accountability in 
the allocation of public resources

Research Incentives

Climate change research in this country has been 
stimulated by a series of prizes awarded to Mexican 
individuals and projects. These prizes include the fol-
lowing:

• National Prize for Conservation of Electric Power, 
which aims at giving incentives to companies and 
institutions for their efforts in the area of efficient, 
rational use of electric power; the prize was award-
ed by the Federal Electricity Commission (CFE) 
and the Electrical Energy Saving Fund (FIDE)

• National Energy Saving Prize in the Federal Public 
Administration whose aim is to recognize the de-
partments and entities for their efforts and achieve-
ments in energy conservation and the efficient use 
of energy in buildings; it is awarded through the 
National Energy Saving Commission (CONAE).

• National Prizes in Thermal Energy Saving, Energy 
Saving in Transport and Renewable Energy, insti-
tuted by SENER through CONAE, as a public rec-
ognition to persons, institutions, organisms, and 
companies for their efforts and achievements in 
the field of energy saving and the efficient use of 
energy, and the promotion of renewable energies.

• “International Star of Energy Efficiency Award”. 
In 2006, FIDE obtained the “International Star 
of Energy Efficiency Award”, given by the private 
organization, Alliance to Save Energy, in recogni-
tion for its work in promoting energy saving and 
the efficient use of electrical power. The prize is 
the result of the joint effort made by the public and 
private institutions of the Mexican electric sector, 
mainly SENER, the CFE, Luz y Fuerza del Centro 
(LyFC), and SUTERM, among others. This was the 
first occasion on which the prize has been granted 
to a non-American organization.

• Ashden Awards for Sustainable Energy, granted in 
the category of Health and Well-being to Dr. Omar 
Masera and his team of collaborators at the Labo-

ratory of Bioenergy of the Center of Ecosystem Re-
search (CIEco-UNAM) together with the Grupo 
Interdisciplinario de Tecnología Rural Aplicada [In-
terdisciplinary Group in Applied Rural Technolo-
gy], A.C. (GIRA), for the development of the Patsari 
Stove, an efficient stove for firewood adapted locally 
that makes it possible to reduce firewood use by 60% 
and to cut down on air pollution inside homes by 
70%. Since 2000, 3,500 stoves have been installed in 
the rural areas of Mexico, benefiting a total of 17,500 
people, which makes it possible to save approximate-
ly 8,000 tons of firewood, thus preventing the emis-
sion of 9,800 tons of CO2eq into the atmosphere.

• Climate Protection Award - given in 2004 to the 
National Institute of Ecology (INE), on behalf of 
the United States Environmental Protection Agen-
cy (US EPA). This prize was awarded for its work 
and leadership in climate protection.

MILAGRO Project

In recent decades, air pollution has become one of 
the main problems in mega-cities, with serious con-
sequences for human health, and visibility both in 
towns and the regions. Air pollution could also con-
tribute significantly to climate change.

MILAGRO (Megacity Initiative: Local and Global 
Research Observations) is the first international effort 
to study the impact of the socio-economic activities 
of a megacity on the air quality and climate, using the 
Metropolitan Area of the Valley of Mexico (MAVM) 
as a case study. More than 150 institutions in Mexi-
co, the United States of America (USA) and Europe, 
and more than 450 researchers and technicians of 30 
different nationalities, participated in the campaign, 
organized into four components: MCMA-2006, MAX-
Mex, MIRAGEMex and INTEX-B (Figure VI.3).

In March, 2006, the initial phase of a campaign 
began that aimed at measuring pollutants emitted by 
the MAVM, including six aircraft based in Veracruz 
and Houston, Texas; three main supersites and mo-
bile units inside and on the outskirts of the MAVM; 
mobile laboratories; satellite observations; and educa-
tional activities.
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The project also looked at GHG emissions. CO2 
flows were measured inside the city using microme-
teorological techniques, which give a direct measure 
of CO2 emissions generated by an urban area of 2 km2. 
The results of the project will help to establish the 
bases for the formulation of effective public policies, 
related to topics such as transport, energy and public 
health.

An eight-minute video on the project is available at 
http://www.mce2.org/trailer.html.

Electric energy generation using gasification 
of biomass waste at UNAM

The Institute of Engineering at UNAM has studied the 
phenomenon of gasification for six years, in order to 
develop and set up a gasification system that would use 

biomass waste produced in University City (branches, 
leaves, grass, selected organic garbage and dead trees, 
among others), for electric power generation that could 
be used along some of the UNAM roadways. The gas-
ification installation is, at the moment, the only one 
in the country where one can study the use of forest, 
agricultural and municipal waste with this technique. 
This study can be used to develop standards and poli-
cies for the use of biofuels, as well as for planning the 
recovery and disposal of waste. Students of the Faculty 
of Sciences at the UNAM and of the Public University 
of Navarra, Spain, are also participating in it.

Water and energy in Mexico City

In the Metropolitan Area of Mexico City (MAMC) 
about 66 m3/s of water are consumed, 60% of which is 

Figure Vi.3 geograPhic coVerage oF the milagro Project (maP)
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for human consumption and 40% for use in the indus-
trial, commercial, and service sectors. It is estimated 
that almost 12.4 m3/s are lost in leakage, 7.4 m3/s of 
which is lost in household faucets and 5 m3/s in the pri-
mary network. Both external and internal sources are 
used to satisfy demand for water in the MAMC. The ex-
ternal sources are made up of the Cutzamala and Lerma 
systems in addition to the contributions of the Risco 
(Caldera). The combined supply of the external sourc-
es represents 46% of the gross flow. The main internal 
sources are the wells located in the Federal District and, 
to a very small extent, various springs and the Magdale-
na River. Roughly speaking, both sources together con-
tribute approximately 54% of the flow (UCM, 2004).

The annual consumption of electric power allo-
cated to the supply and final disposal of water is 1,660 
million kW-h, which produces 1.04 million tonnes of 
CO2. This is similar to the emissions of about 52,000 
automobiles in public service (taxis).

It is estimated that, by applying measures such as 
the power factor correction, harmonization of loads, 
introduction of energy-saving products (new tech-
nologies), and the efficient management of electric 
demand, the equivalent of 11% of the present con-
sumption of electricity could be saved in the supply 
and final disposal of the water from the MAMC, or 
approximately 82 million kW-h per year which, if 
achieved, would imply an annual reduction in emis-
sions of more than 51,000 tonnes of CO2, equivalent to 
taking 2,500 taxis out of circulation for one year.

Another important opportunity involves taking ad-
vantage of the potential energy of certain waterfalls that 
enter the MAMC flow, for example in the area of Huix-
quilucan near the Federal District, which hypothetical-
ly could provide an installed capacity of 10 MW, with a 
potential for “clean” generation of electrical power of 70 
million kW-h per year, which would reduce emissions 
by 46,000 tonnes of CO2 (2,300 fewer taxis).

Communication and outreach

Mexico has increased the number of measures it takes 
to make the population of the country aware of the 
implications of climate change.

Climate Change Clearing House

In 2005, an Internet clearing house was prepared and 
put into operation to offer the public a way of obtain-
ing information on climate change.

The clearing house contains six main sections 
that offer information aimed at the public in general, 
government personnel, researchers, non-govern-
ment organizations, businessmen and the media. The 
clearing house includes a section of most frequently-
asked questions, a glossary of the main terms on the 
topic of climate change, as well as direct access to 
the texts of the UNFCCC and its Kyoto Protocol, the 
National Greenhouse Gas Inventory for Mexico, the 
national communications, the Mexican Carbon Pro-
gram, and publications produced in this country on 
the topic. The clearing house contains information 
in Spanish and includes summaries in English of 
some sections.

Every day, in the clearing house, national and inter-
national news related to climate change are published, 
with direct input from INE and from Earthwire, a free 
news service managed by the United Nations Envi-
ronment Program (UNEP).

The clearing house was started up within the 
framework of the eleventh Conference of Parties 
held in Montreal (COP11/MOP1) in December, 2005. 
There, INE maintained an exhibition space where it 
continuously ran a video on climate change and the 
clearing house. Pamphlets were also distributed with 
information on it.

Information on the clearing house is available in 
pamphlets that have been distributed in forums, sem-
inars and presentations of projects inside the Mexican 
Republic. The information in the pamphlet was writ-
ten in simple, clear, direct language, in a way that al-
lows the public to gain a better grasp on the subject; 
this pamphlet was reviewed and endorsed by the Civic 
Language Program of the Ministry of Public Function 
(SFP). The pamphlet was also published in electronic 
form in the climate change clearing house.

INE maintains a direct access from its main page, 
and it is possible to locate the clearing house by means 
of a search with the text “climate change in Mexico”. 
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The address of the clearing house is http://cambio_cli-
matico.ine.gob.mx/index2.html By May, 2006 it had 
received more than 100,000 visits

Automobile Eco-labeling Portal

INE developed the Automobile Eco-labeling Portal 
as a website to provide information to consumers so 
they can make more informed decisions when buying 
a new vehicle. In this clearing house there is detailed 
information about the characteristics of each vehicle, 
including:

• The vehicle’s yield with respect to the average of 
the same class and to the general average

• CO2 emissions
• The annual estimated expense in gasoline con-

sumption

There are also links to environmental websites and 
publications of interest with topics related to climate 
change, sustainable mobility and others. The web-
site is available (authorization req’d) to the public in 
general at the address http://www.ine.gob.mx/dgipea/
eeco_vehiculos/.

Guide to Efficient Energy Use in Housing

The Guide forms part of the efforts set out in an agree-
ment signed by the National Commission to Advance 
Housing (CONAFOVI), a deconcentrated body of the 
Ministry of Social Development (SEDESOL) and the 
Ministry of the Environment and Natural Resources 
(SEMARNAT) for the development of sustainable 
housing. The Guide was coordinated by CONAFOVI; 
and those who participated in its preparation were 
SEMARNAT, the national housing organizations, 

Figure Vi.4 climate change clearing house
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Housing Fund of the Institute of State Workers’ So-
cial Security and Services (ISSSTE); Popular Hous-
ing Trust Fund; Institute of the National Trust Fund 
for Workers’ Housing; Federal Mortgage Society, the 
CFE, LyFC, FIDE, INE, the Institute of Engineering of 
UNAM and the Association of Companies for Energy 
Saving in Construction (AEAEE).

CONAFOVI is responsible for designing, promot-
ing, directing and coordinating national housing poli-
cies in order to guarantee access to proper housing for 
Mexican families and to contribute to the country’s 
social and economic development. As part of this ef-
fort, the National Housing Council (CONAVI), which 
is a mechanism for citizen agreement and team work 
for decision making regarding housing, was created. 
All those involved in the housing sector, in social or-
ganizations, specialists, academics and professionals 
in the area participate in CONAVI. It works as a per-

manent forum of the Mexican government for con-
sulting and advising regarding housing, within which 
the problems in the sector, their possible solutions, as 
well as objectives and strategies for the Sectoral Hous-
ing Program are analyzed, as well as adjustments for 
better functioning in the sector.

In this context, the “Guide: Efficient energy use 
in housing” was prepared, in an attempt to promote 
criteria and general guidelines so that housing con-
struction and operation can use electric power more 
efficiently (http://www.conafovi.gob.mx/publicacio-
nes/guía_energia.pdf) .

Children’s story

INE, with the support of the Ministry of Public Edu-
cation (SEP), with GEF funds through the UNDP, 
prepared a story for primary school children focused 

Figure Vi.5 Portal For automobile ecolabeling in mexico
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on climate change, which will be distributed through-
out the country. The story narrates the experiences of 
a group of children who, in their attempt to win the 
school competition on climate change, get to know 
the topic for the first time. It addresses the main con-
cepts of climate change, including the causes of the 
phenomenon, its possible consequences, mitigation, 
vulnerability, and the actions undertaken in Mexico 
and in the world to solve the problem. The story con-
tains boxes with images and additional information 
that allows the teachers to delve into the topic in great-
er detail. The last section offers a glossary of terms as 
well as additional data about climate change in Mexi-
co and a listing of websites on the Internet that can be 
consulted by children and young people.

A total of 5,000 copies were printed for distribu-
tion. Through the story, we hope to boost interest in 
the topic of climate change among children from 10 
to 12 years of age.

Forums and seminars

It is common practice in Mexico to introduce the re-
sults of research projects, advances in information, 
and national and international climate change poli-
cies to the public and decision makers. In this coun-
try, at least one forum or public seminar has been held 
every month for the last five years, organized by INE, 
SENER, SEMARNAT and other government, aca-
demic and non-government authorities. These activi-
ties have intensified in the last 3 years, reflecting the 
interest inspired by the topic among the different sec-
tors of the society. The most recent include:

i) Seminar on Priorities in Climate Change Research, 
organized by INE and UAM

ii) Consultation on the research project and influence 
on forestry policies in Latin America, sub-region 
Mexico, with a working table on climate change, 
organized by the Chamber of Senators of the Leg-
islative Power.

iii) Public forum on Mexico’s vulnerability to climate 
change, organized by Greenpeace.

iv) Public consultation of the base document of the 
National Climate Action Strategy, organized by 
SEMARNAT and the Mario Molina Center.

v) Forums on Climate Prediction in Mexico, or-
ganized by the National Meteorological Service 
(SMN) in different states of the Mexican Republic.

The press and the media

Public knowledge about the phenomenon of climate 
change depends to a large degree on the media. Much 
rests on how much importance the media attaches to 
the subject of climate change, as well as its need to 
keep the population informed, since it offers a large-
scale means of giving the public access to information 
on climate change and its effects.

Recently, in order to examine some character-
istics of environmental journalism and the role 
played by journalists in the construction of an 
informed, participative society, a Course in Envi-
ronmental Journalism was given, organized by the 
Ibero-American University, UNAM and UNEP. 
The course was aimed at journalists, editors, radio 
and TV announcers, and professionals working in 
the field of environmental communication. One of 
the topics dealt with was climate change and the 
Kyoto Protocol.

More and more frequently, print and electronic 
media, including radio, television, newspapers, and 
magazines, publish items related to some aspect of cli-
mate change, a situation that is accentuated given the 
presence in this country and in the world of extreme 
hydrometeorological phenomena.

Publications

In the last five years, numerous books, articles and 
chapters have been published in which matters related 
with climate change in Mexico are dealt with. The 
topics have diversified to prepare the way for special-
ized publications handling a greater range of topics. 
Tables VI.2 and VI.3 list some of the publications in 
this country.
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Strengthening capacities and 
technology transfer

An important part of the strengthening of national 
capacity to analyze and face climate change has been 
the growth in the number and training of personnel 
in the state ministries that make up the CICC, as well 
as in Non-Government Organizations and the aca-
demic and private sectors.

Many efforts have been made jointly and individu-
ally that translate into a greater national and interna-
tional activity regarding climate change, for example, 
the increase in research potential, Mexico’s participa-
tion in international forums and negotiations, and the 
existence of a number of institutional arrangements 
for approaching the topic.

Business Association of Companies for 
Energy Saving in Buildings

The Asociación de Empresas para el Ahorro de la 
Energía en la Edificación, A.C. [Business Asso-
ciation of Companies for Energy Saving in Build-
ings] (AEAEE), works in collaboration with public 
organizations and private companies established 
in Mexico to promote energy efficiency in build-
ings.

The AEAEE was created in October, 2002, by lead-
ing companies in thermal insulation, and they invited 
CONAE to join them as a founding partner, as an or-
ganization from the public sector.

By August, 2006, the AEAEE had a total of 23 
partners, 15 of which are industrial, two housing de-

table Vi.2 some Publications in the area oF climate change

 Title Organization Language Availability

Mexico’s Advances With Regard to Climate Change 2001-2002. INE English Internet (PDF)
Avances de México en materia de cambio climático 2001-2002.  INE Spanish Internet (PDF)
   For sale on line
Cambio climático. Una visión desde México.  INE Spanish Internet (PDF)
   For sale on line
Captura de carbono en un bosque templado: el caso de San Juan INE Spanish Internet (PDF)
Nuevo, Michoacán.
Desarrollo forestal sustentable: captura de carbono en las zonas
Tzeltal y Tojolabal del Estado de Chiapas. INE Spanish Internet (PDF)
Hacia una Estrategia Nacional de Acción Climática CMM- Spanish Internet (PDF)
en el Sector Energía. SEMARNAT
Carbono en ecosistemas acuáticos de México. INE-CICESE Spanish Internet (PDF)
Dimensiones psicosociales del cambio climático. INE Spanish Internet (PDF)
Contribución al estudio de los servicios ambientales.  Spanish Internet (PDF)
Evaluación del potencial de captura de carbono en comunidades SAO, A.C.- Spanish
indígenas del estado de Oaxaca. CONAFOR
La bioenergía en México. Un catalizador del desarrollo sustentable. CONAFOR Spanish For sale on line
   (MundiPrensa)
Forestry for Mitigating the Greenhouse Effect. ECOSUR English
Escenarios climatológicos de la República Mexicana CONAZA Spanish
ante el Cambio Climático.
A propósito de Katrina y Stan: ¿desastres naturales
o cambio climático? Boletín 117 Spanish Internet (PDF)
 Editorial de 
 El Colegio
 de México
Guía de uso eficiente de la energía en la vivienda. CONAFOVI Spanish Internet (PDF)
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velopers, three associations, one consultant and two 
government organisms.

The objectives of the AEAEE are:

• to develop the market for the thermal covering of 
buildings in Mexico

• to promote energy efficiency in buildings
• to promote an energy saving culture
• to develop comfort in buildings with a lower con-

sumption of electric power, gas and other fuels
• to reduce GHG emissions

Greenhouse Gas Inventory System

In order to help prepare the National Greenhouse Gas 
Inventory, a system was developed through an Internet 
portal that made it possible to handle the information 

required to create and put it together in an institutional 
database. This was intended to facilitate the integration 
of the inventory in a single system to which participat-
ing researchers would have access for its development 
and capture, as well as different departments and the 
public in general for its revision. The system makes it 
possible to consult the same website and can show the 
final results by sector, year, or type of gas, depending on 
the user’s information needs. The information shown 
in this way will make it easily accessible to researchers 
conducting specific studies and government institu-
tions or decision makers for developing indicators.

National Emissions System

The inventories of both GHG emissions and of urban 
pollutants make it possible to identify the sectors that 

table Vi.3 descriPtion oF the content oF some imPortant Publications

Cambio climático: Una visión desde México (Climate change: A view from Mexico)
This book comprises pieces from a diverse group of specialists on different disciplines related to climate change, 
sharing their knowledge and experience about the scientific, social, economic and institutional aspects of climate 
change, particularly when they are relevant to Mexico.

Carbono en ecosistemas acuáticos de México (Carbon in aquatic ecosystems in Mexico)
INE and CICESE coordinated the preparation of this book, which informs about the current knowledge on 
aquatic ecosystems (lakes, rivers, lagoons, estuaries, coastal waters, and oceans) including proposals on what is 
still necessary in terms of policies in Mexico.

Contribución al estudio de los servicios ambientales (Contribution to the study of environmental services)
This book was edited by Benavides Solorio et al., (2005), with contributions from 29 researchers. Among its contents, 
there are studies on paleo-climate; the economic analysis of environmental services provided by water resources; 
indicators for assessing environmental performance, with emphasis on natural resources and sustainability; and 
other specific topics, such as the development of indexes for water quality in the Chapala Lake, in the state of Jalisco, 
the use of carbon sinks as an alternative for charging for environmental services, the contribution of terrestrial 
vertebrates to ecosystems that support environmental services in the Biosphere Reserve of the “mariposa monarca” 
(the monarch butterfly).

Dimensiones psicosociales del cambio climático (Psico-social dimensions of climate change)
INE, together with the Faculty of Psychology of UNAM, edited this book in which the impacts of climate change 
are analyzed from the perspective of the individual’s mood and emotional state, looking at how they change 
according to alterations in the environment. Particular attention is given to climate change, whose impacts are not 
only physical, bur psychological as well, even though the latter has been little explored in the literature so far. 
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Figure Vi.6 greenhouse gas inVentory system

appear there as the main emitters of pollutants. In 
this way, it is possible to make decisions on applying 
methods for air pollution prevention, and control pro-
grams or plans to prevent and avoid the effects on the 
population, and at the same time promote the use of 
technology available for mitigating GHG emissions.

The system reports on the results generated by 
the Mexico National Emissions Inventory (INEM), 
the Emissions Registration and Pollutant Transfer 
(RETC), the inventories developed for PROAIRES 
and the NGHGI.

This should increase the administrative efficiency 
of financial and human resources related to emis-
sions inventories; improve the capacity to exchange 
information and experiences related to the use of 
methodologies and emission factors; and lead to the 
institutionalization of the process of inventory prepa-
ration.

Systematic Observation

National Meteorological Service (SMN) 
observation infrastructure

Systematic observation of the climate in Mexico is done 
mainly through the National Network of Meteorologi-
cal Radars, made up of twelve radars that give coverage 
to 70% of the national territory for the measurement 

and monitoring of atmospheric phenomena, and by 
means of 94 automatic meteorological stations of the 
SMN distributed throughout the country. It also works 
jointly with the radar system of the National Oceanic 
and Atmospheric Administration (NOAA) of the US 
and the acquisition of satellite images. The images and 
products generated are available to the public on the 
SMN website (http://smn.cna.gob.mx/ ).

Between 1970 and 2005, a total of 58 hurricanes 
struck the coasts of Mexico, 16 of which were category 
3 or higher; altogether, these latter were responsible 
for more than 1,200 deaths, left hundred of thousands 
of victims homeless, and caused damages of over $4 
billion dollars (Table VI.4).

Based on data gathered by the SMN and the Na-
tional Hurricane Center in Miami, between 1966 and 
2005 the average number of hurricanes in a category 
higher than 3 per year in the Pacific was 4.1 hurri-
canes and in the Atlantic, 2.5.

National Network of State Agroclimatic 
Stations

The systematic observation of the climate is also sup-
ported by the National Network of State Agroclimatic 
Stations, through which the National Institute for 
Forestry, Agricultural and Livestock Research (INI-
FAP) and SAGARPA provide meteorological informa-
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tion to the country’s productive chains. This network 
came about in response to the guidelines of the Fund 
to Assist the Rural Population Affected by Climate 
Contingencies (FAPRACC). One of its products is the 
state climate bulletin, which is circulated in techni-
cal reports by region throughout the country, and in 
which recommendations are also issued to support 

the processes of agricultural production. The bulle-
tin is accessible through the Internet, together with 
the weekly, monthly and biannual climate forecast. 
In addition, users can access information in real time 
from the agroclimatic stations installed. All this in-
formation can be consulted at http://clima.inifap.gob.
mx/redclima/

table Vi. 4 category 3, 4 or 5 hurricanes that hit mexico between 1970 and 2005

Name Category Year Date States Deaths Cost for
 (Saffir-     material
 Simpson     Damage
 Scale)     (Million u.s.d.)

Lane 3 2006 Sep 13-17 Colima, Jalisco, Nayarit, 4 13
    Sinaloa, Baja California Sur
Wilma 4 2005 Oct 15-25 Quintana Roo, Yucatán 93 1,724
Emily 4 2005 (august Quintana Roo, Yucatán,  0 403
   -september) Tamaulipas, Nuevo León
   10-21 
Kenna 4 2002 Oct 22-26 Nayarit, Jalisco, Sinaloa, 2 129
    Durango, Zacatecas
Isidore 3 2002 Sep 14-17 Quintana Roo, Yucatán, 4 920
    Campeche
Pauline 3 1997 Oct 05-10 Oaxaca, Guerrero, Michoacán, 228 448
    Jalisco
Roxanne 3 1995 Oct 07-21 Quintana Roo, Yucatán, 29 241
    Campeche, Tabasco, Veracruz
Kiko 3 1989 Aug 24-29 Baja California Sur N.A. N.A.
Gilberto 5 1988 Sep 08-19 Quintana Roo, Yucatán, 240 76
    Tamaulipas, Nuevo León,
    Coahuila
Anita 5 1977 Aug 29 – Sep 03 Tamaulipas, San Luis Potosí, 10 50
    Zacatecas, Aguascalientes
Liza 4 1976 Sep 24 -Oct 02 Baja California Sur, Sinaloa, 600-950 N.A.
    Sonora
Madeline 4 1976 Sep 29 -Oct 08 Guerrero, Michoacán N.A. N.A.
Olivia 3 1975 Oct 22-25 Sinaloa, Durango 30 N.A.
Caroline 4 1975 Aug 24-Sep 01 Quintana Roo, Tamaulipas, N.A. N.A.
    Nuevo León
Carmen 4 1974 Aug 29-31 Quintana Roo, Campeche, N.A. N.A.
    Yucatán
Ella 3 1970 Sep 8-13 Quintana Roo, Yucatán, N.A. N.A.
    Tamaulipas, Nuevo León

N.A. - Not available
Sources: Office of the Deputy Technical Director General. National Meteorological Service Unit. Subgerency of Weather Fore-
casting, 2006
NOAA. Historical Hurricane Tracks. http://maps.csc.noaa.gov/hurricanes/viewer.html
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Summary of Climate Change Activities of the 
Ministry of the Marine (2001-2006)

1) Operation of the Network of Automatic Surface 
Weather Stations (EMAS) of the Ministry of the 
Marine (SEMAR). These stations are located along 
the Mexican coasts and on islands and coral reefs; 
they measure air temperature variables, atmo-
spheric pressure, relative humidity, wind speed 
and direction, and accumulated rain. The data are 
sent via satellite every 3 hours, with observations 
every half hour, to the SEMAR Center of Marine 
Analysis and Weather Forecasting. The most rel-
evant activities are the following:
a) In 2001, 22 EMAS were operating, and in 2004 

the network was enlarged to 33 stations.
b) Since May, 2005, the data have been sent in real 

time to the SMN, the Center for Atmospheric 
Sciences of the UNAM and the National Hur-
ricane Center, Miami, Florida, USA, so that 

they can be used in weather forecasting, atmo-
spheric monitoring and scientific research.

c) Since July, 2005, the data have been published in 
real time on the website of the SEMAR Marine 
Meteorology, and they are useful for the public 
in general in the face of extreme hydrometeoro-
logical events such as hurricanes Emily, Stan and 
Wilma in 2005, and John and Lane in 2006.

2. Generating marine weather forecasts. Since June, 
2006, specialized forecasts have been prepared 
daily for the maritime areas:
a) Forecasts for fishermen: two daily, valid for 24 

hours, covering from the coast to 30 nautical 
miles out to sea.

b) Forecasts for navigators: one daily, valid for 24 
hours, covering from the coast to 200 nautical 
miles out to sea (exclusive economic zone).

c) Forecasts for the coastal population: one daily, 
valid for 24 hours, covering the coastal zone 
from the coast to 10 kilometers inland.

Figure Vi.7 Portal oF the national network oF state agroclimatic stations
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 Since 1997, in the presence of tropical cyclones 
in the marine areas, warnings of severe weather 
are emitted, to alert users of the marine weath-
er information.

3. Generation of Forecasts. Since May, 2006, daily 
predictions have been prepared with the meso-
scale numerical model MM5 that covers the en-
tire marine areas and is valid for 48 hours. Since 
October 1st, the prediction has been extended to 
72 hours. Model MM5 incorporates the data of 
the SMN and SEMAR weather stations, in order 
to improve its initial condition within national 
territory.

SEMAR is in the process of acquiring a seven-node 
cluster in order to be able to extend the predictions to 
120 hours (5 days).

This information is available to the public in gen-
eral at the portal http://www.semar.gob.mx/meteorolo-
gia/index.php

National Center for High Altitude Climate 
Observation

Mexico actively supports the implementation of the 
Global Climate Observing System (GCOS); in 2005, 
the installation of the National Center for High Al-
titude Climate Observation began, in the state of Ve-
racruz, located at an altitude of 4,200 meters above 
average sea level. This Center will monitor concentra-
tions of greenhouse gases, the stratospheric ozone lay-
er, and solar radiation. With this observatory, Mexico 
joins the Earth’s global observation systems, as well 
as the maps of the international network of climate 
surveillance, in order to study the global atmospheric 
balance over the long term. A support instrument is 
thus created for decision making regarding civil pro-
tection, social development, cycles of farming produc-
tion at the regional and national levels, forecasting of 
catastrophes, and definition of lines of research. The 
Center operates under the coordination of the Vera-
cruz University, the state government of Veracruz, the 
SMN and the National Disaster Prevention Center 
(CENAPRED).

The National Center for High Altitude Climate 
Observation receives funding from the Clinton Glob-
al Initiative and from the Pedro and Helena Hernan-
dez Foundation (CGI, 2005) that is paid out by means 
of a co-participation of the Veracruz University, the 
Interactive Museum of Xalapa, the state government 
of Veracruz, the International Environmental Moni-
toring System (SIMA) company, and the non-govern-
ment organization, The Climate Institute. Points of 
contact for the project are (http://www.sima.com.mx ) 
and (http://www.climate.org/aboutus/staff.shtml).

Climate Prediction Forum

In addition, the Climate Prediction Forum, where 
advances in the application and dissemination of cli-
mate information and future plans for systematic ob-
servation are discussed, is held every year. Producers 
as well as users of climate information participate in 
these forums, including academic and research insti-
tutions, the insurance company sector, the SMN, and 
representatives of the sectors whose activity depends 
on climate conditions. Information from the forums 
is available to the public at the SMN website, in the 
category of products, http://smn.cna.gob.mx/ .

Work on systematic observation makes it possible 
for this country to forecast and monitor hydrome-
teorological phenomena, and issue informative notes 
and hurricane alerts. This information has also given 
rise to the preparation of the Integrated Information 
System on Disaster Risks, published by CENAPRED 
at http://atl.cenapred.unam.mx/metadataexplorer/in-
dex.html .

GLOBE Program

The GLOBE Program (Global Learning and Observa-
tions to Benefit the Environment) is an international 
scientific and educational program promoted by the 
US government that encourages environmental moni-
toring among students at different educational levels 
all over the world, in order to improve scientific edu-
cation and increase environmental awareness. Mexico 
joined the GLOBE initiative in 1996, and the program 
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is administered by CECADESU. At the moment there 
are 100 Mexican (public and private) schools that re-
port weather data to the GLOBE world network. In 
November, 2005, the First Encounter of GLOBE Stu-
dents was held in Mexico City. General information 
on the program is available at http://www.globe.gov/
globe_fl ash.html

Participation in international activities

Mexico participates and organizes many international 
activities related to the topic of climate change. Some 
of these activities are focused on knowing about the 
problem, its causes and consequences, and others to-
ward the design and analysis of policies to mitigate or 
adapt to it. These include efforts in bilateral collabo-
ration that Mexico has established with a great many 
countries, as well as multilateral activities in which it 
has participated.

Of particular importance for the coordination and 
strengthening of Mexico’s position in the different in-
ternational forums in the area of climate change, is 
the establishment of the Working Group in Interna-
tional Negotiations within the Inter-ministerial Com-
mission on Climate Change.

Conferences of Parties to the UNFCCC and 
the Kyoto Protocol, and Meetings of the 
UNFCCC Subsidiary Bodies

Mexico formed part of the group of experts for the 
preparation of national communications of the non-
Annex I Parties to the Convention, from the year 2000 
until 2004. National Communications were analyzed 
from more than 100 developing countries, in order to 
detect their strengths and weaknesses in preparing 
the Communications.

Mexico’s participation in the negotiation meetings 
of the Conference of Parties to the UNFCCC and the 
Meeting of Parties to the Kyoto Protocol, as well as in 
the meetings of their Subsidiary Bodies has been con-
stant, participative and pro-active; it has strengthened 
our presence in the working groups that address the 
more relevant issues for our country.

In the Plenary Meeting of the United Nations Cli-
mate Change Conference in Montreal, Mexico’s most 
important ideas were presented at the international 
negotiations on climate change. In the first place, 
Mexico indicated that it favors initiating a process, 
based on the UNFCCC, that would make it possible 
to explore new forms of cooperation focused on the 
long term, that would facilitate the progressive expan-
sion of the participation of all countries in the climate 
regime, and that could, at a given moment, concur 
with the actions framed in the Kyoto Protocol. Mexico 
showed therefore that it sees this process as an oppor-
tunity rather than a threat.

The Mexican government pointed out that it is 
willing to initiate a dialogue so that developing coun-
tries who wish to do so can extend the scope of their 
mitigation and adaptation efforts, by means of volun-
tary commitments based on international cooperation 
incentives that promote the sustainable development 
of the country that adopts them. These should be per-
ceived as egalitarian, and in no case should they be 
subject to sanctions for non-fulfillment.

In this framework, Mexico would consider policies 
and measures with a national scope, dynamic objec-
tives, or quantifiable goals in significant sectors of the 
economy or in limited sub-national spheres, among 
other measures.

Mexico’s perspective on the topic of GHG mitiga-
tion measures recognizes that a deep analysis is still 
necessary to prioritize, among the technological and 
policy alternatives available, what options to favor. 
It is important to determine their viability, both in 
economic and political terms, as well as their effec-
tiveness, measured in how much CO2 and other GHG 
emissions are avoided.

Mexico’s position in the negotiations that have 
taken place in the framework of the UNFCCC and 
of the Kyoto Protocol, is that of fulfilling its respon-
sibilities as regards the problem of global climate 
change and contributing toward its solution, though 
at the same time stressing that a voluntary focus 
should be adopted, especially for developing coun-
tries. This focus would make it possible to encour-
age and reward a country’s positive performance, 
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with incentives of various types, but not to punish 
it when for some reason it fails to meet its own GHG 
mitigation goals.

Ibero-American Network of Climate 
Change Offices

The Ibero-American Network of Climate Change Of-
fices (RIOCC) was formed during the 4th Ibero-Amer-
ican Environment Ministers Forum, held in Cascais, 
Portugal, in October, 2004. Its Work Program was of-
ficially announced at the Tenth Conference of Parties 
to the UNFCCC, held in Buenos Aires, Argentina in 
December of the same year.

This Network, of which Mexico is a part, was cre-
ated at the initiative of the Spanish government, in 
order to promote international cooperation for the 
exchange of common positions and proposals in the 
area of development and climate change, and to sign 
agreements to develop clean technologies.

The topics of the Clean Development Mechanism 
and climate change adaptation form an important 
part of Network objectives, including also promoting 
the integration of climate change into strategies of of-
ficial help in development, in order to facilitate the re-
lationship between the public and private sectors, and 
to support the creation of capacities and knowledge, 
including technology transfer, systematic observa-
tion, and climate change adaptation options.

Among the most important achievements of the 
RIOCC is the creation of an Ibero-American Program 
of Climate Change Impacts, Vulnerability and Adap-
tation, within which the Ibero-American Center for 
the Analysis of Emerging Environmental Problems 
and Climate Change for the Mesoamerican and Ca-
ribbean region, will be institutionalized, having been 
approved by the 6th Ibero-American Environment 
Ministers Forum and supported by the United Na-
tions Environment Programme, in 2006.

Intergovernmental Panel on Climate Change

INE is the focal point in Mexico for the Intergovern-
mental Panel on Climate Change (IPCC), and follows 

up and participates regularly in its Working Groups. 
Among recent IPCC activities, INE participated as 
co-organizer and host of the Working Meeting for 
Group II of the Panel (Merida, Yucatan, in January, 
2006) that aimed at moving ahead in compiling and 
analyzing the chapters that will be included in the 
volume on impacts, vulnerability and adaptation 
that will form part of the IPCC Fourth Assessment 
Report.

The participation of Mexican experts in the IPCC 
Assessment Reports has been consolidated in recent 
years; in the Third Report, published in 2001, very 
few Mexican experts participated, while in the Fourth 
Report, which is being prepared at the moment and 
is expected to be published by the end of 2007, 12 
researchers participate as authors and leaders of the 
Panel’s three Working Groups and cover a wide range 
of topics, including:

• regional scenarios
• vulnerability, impacts and adaptation methodolo-

gies
• adaptation measures and policies
• water resources
• Latin American region (Mexico, coordinator)
• industry, human settlements and society (Mexico, 

coordinator)

The presence of and consultation with various na-
tional bodies on matters related to IPCC work have 
been extended to support other of the Panel’s activi-
ties, such as the development of methodologies associ-
ated with National GHG Inventories, the analysis of 
the relationship of climate change to the substances 
that are exhausting the ozone layer, and the study on 
carbon capture and storage. It should be pointed out 
that our National GHG Inventories strictly adhere to 
the methodologies proposed by the IPCC.

The Fourth IPCC Assessment Report is expected 
to be of great value to the international community, 
in proposing the scientific and socio-economic bases 
required for the First Compliance Period of the Kyoto 
Protocol, as well as for the negotiation of the agree-
ments for the next stage in 2012.
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Inter-American Institute for Global Change 
Research

The Inter-American Institute for Global Change Re-
search (IAI), created as a result of the United Na-
tions Conference on Environment and Development 
(UNCED), in 1992, has 19 member countries: Argen-
tina, Bolivia, Brazil, Canada, Chile, Colombia, Costa 
Rica, Cuba, Ecuador, USA, Guatemala, Jamaica, Mex-
ico, Panama, Paraguay, Peru, the Dominican Repub-
lic, Uruguay and Venezuela.

The IAI, by means of a network of cooperative net-
works of research centers, affiliated research institutes, 
and partners, is following a scientific agenda to carry out 
studies in several areas: understanding climate variabil-
ity in the Americas; comparative studies of ecosystems, 
biodiversity, use of the soil, and water resources in the 
region; changes in the composition of the atmosphere, 
oceans and fresh water and integrated assessment; hu-
man dimensions and applications. In addition, it spon-
sors scientific projects of regional importance, and its 
Cooperative Research Network Program (CRN-II) 
seeks mainly to develop multinational networks of sci-
entists and scientific institutions that can work together 
on one aspect of global change of regional importance. 
At the moment, work is being carried out to build a new 
Strategic Plan for the IAI over the next ten years. From 
Mexico’s point of view, this plan should recognize the 
need to promote the science that would be highly useful 
in dealing with the specific, regional problems of each 
country, in order to support the processes of decision 
making, in addition to the fact that the human dimen-
sion, and socio-economic aspects in particular, should 
be incorporated.

For Mexico, the IAI is a fundamental part of re-
gional cooperation in global change, and therefore on 
the agenda related to Climate Change. It is important 
to strengthen the IAI and to assure its role in capacity 
building, exchange of information, and cooperation. 
Adaptation to climate change is contemplated as a ba-
sic focal point in the future of the IAI and its work 
programs in the region.

As a result of a Training Institute given by the IAI, 
INE together with other Latin American institutions 

is carrying out a project called Assessment of the 
present and future vulnerability of grazing systems to 
climate variability and change: Case of Uruguay, by 
which it seeks to encourage research into vulnerabil-
ity and adaptation, in multi-institutional and interdis-
ciplinary working groups at the regional level.

Commission for Sustainable Development

The Commission for Sustainable Development of the 
United Nations (CSD) included the topic of Climate 
Change as one of the four to be addressed in Sessions 
14 and 15 that are being held in 2005 and 2006. The 
sessions are organized in such a way that during the 
first year a diagnosis is made and during the second, 
policy proposals for advancing in each topic are ad-
dressed and analyzed.

Mexico occupied the vice-presidency of CSD 14, 
representing the Region of Latin America and the Ca-
ribbean. In this capacity, it organized the work of this 
region before the CSD. The CSD focused on gathering 
some success stories from around the world, emphasiz-
ing an investigation into the barriers that have prevented 
governments and societies from making faster progress.

For Mexico, it was important to emphasize the link 
between the topics of climate change and energy, in 
particular when referring to energy efficiency, renew-
able energy, and advanced technological options for 
the use of fossil fuels, as viable alternatives for mitigat-
ing GHG emissions.

Mexico recognizes that energy efficiency, renew-
able energies, and technological options are viable and 
that access to them should be facilitated - in particu-
lar for developing countries - and training in them, 
promoted; however it considers that in CSD 15, other 
causes of climate change should be addressed such 
as: land use, land use change and forestry, as well as 
options and mitigation measures such as sustain-
able forest management or reforestation, patterns of 
production, distribution, and consumption of goods, 
which in countries like ours can have an important 
impact on emission reduction, and at the same time 
produce other socio-economic benefits to health, or to 
ecosystem preservation, to name only a few.
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Another aspect that will be promoted in the CSD 
15 framework is that related to adaptation to climate 
change, a topic of particular relevance to developing 
countries, because of their high vulnerability to these 
effects.

Organization for Economic Co-operation 
and Development

As a member of the Organization for Economic Co-
operation and Development (OECD), Mexico has 
participated in various meetings and forums of this 
organization, related to the topic of climate change; 
in particular, the meetings of the UNFCCC’s Annex 
I Expert Group.

In this forum, experts and decision makers share 
ideas and experiences regarding the analysis of rel-
evant topics for both developed countries and devel-
oping ones, including matters such as the planning 
of measures for mitigation and adaptation to climate 
change.

The experiences and scientific information ob-
tained in this framework make it possible to strengthen 
Mexico’s technical capacity in regard to methodologies 
for GHG mitigation and for assessing vulnerability 
and options for adaptation to climate change, among 
others. In any case, this participation strengthens the 
national capacity to analyze existing information in 
our country on GHG mitigation and vulnerability to 
climate change, as well as to conduct studies on the de-
sign and implementation of adaptation measures.

In 2006 Mexico, with the participation of scientists 
from the Center for Atmospheric Sciences and from 
the Institute of Engineering, both of the UNAM, pre-
sented a work on the problem of water resources in 
Mexico, at the meeting of the OECD with develop-
ing countries, on the subject of adaptation to climate 
change.

Dialogue on Climate Change, Clean Energy, 
and Sustainable Development

The First Ministerial Meeting of the Dialogue on 
Climate Change, Clean Energy and Sustainable De-

velopment was held in London, United Kingdom, on 
November 1st, 2005. Delegations from member coun-
tries of the Group of Eight - G8 (Germany, Canada, 
USA, France, Italy, Japan, United Kingdom and Rus-
sia) plus five (Brazil, China, India, Mexico and South 
Africa) participated in this Dialogue, in order to move 
ahead in carrying out the agreements from the Plan of 
Action resulting from the G8 Summit held in July of 
the same year in Gleneagles, United Kingdom, with 
the participation of these same countries.

The goal of the meeting in London was to trace a 
route leading to the development and application of 
cleaner technologies in the energy sector, exploring 
new focuses for extending technological cooperation 
and for increasing investment in the sector, which 
would reduce GHG emissions, the main cause of glob-
al climate change.

On that occasion, Mexico presented a document 
that describes the main actions carried out in areas 
related to the Gleneagles Plan of Action; the actions 
described there include especially the preparation of 
the present National Communication, including a 
national GHG inventory, updated to 2002, as well as 
various assessment studies concerning the country’s 
vulnerability to extreme climate events, and climate 
change adaptation and mitigation measures. Also, 
the SENER describes specific policies and projects 
that could be decisive in enabling the country to 
proceed to a more sustainable, more secure energy 
model; these include, in particular, the production 
of cleaner fuels; improvements in energy efficiency 
in industry, the commercial sector and homes; the 
application of stricter standards for polluting emis-
sions, for both fixed sources and vehicles; and the 
promotion of renewable sources in generating elec-
tricity.

In the Second Ministerial Meeting of the Dialogue 
on Climate Change, Clean Energy and Sustainable 
Development, held in the city of Monterrey, in Octo-
ber, 2006, the main advances of the G8 countries in 
the implementation of the Gleneagles Plan of Action 
on the topics of Market Mechanisms, Adaptation, and 
Technology Transfer were presented, and various alter-
natives were discussed for achieving the most effective 
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combination of technologies, funding mechanisms, 
and policies and measures, that would make it pos-
sible to proceed toward low-carbon economies and 
lower climate vulnerability.

Mexico - United States High Level Working 
Group on Climate Change

To date, three bilateral meetings have been held be-
tween Mexico and the US, to discuss topics of co-oper-
ation in the area of climate change. At these meetings, 
an agenda was established of cooperation in such areas 
as renewable energy, energy efficiency, the Methane to 
Markets Partnership (M2M), the GHG Program, the 
development of greenhouse gas inventories, and the 
projects included in the program Integrated Environ-
mental Strategies (IES), among others.

Cooperation with the US government has made it 
possible to have a combined portfolio of more than 50 
projects that have resulted in significant progress in 
the area of climate change in our country. This collab-
oration began with the support offered by the United 
States Program for Conducting Country Studies on 
Climate Change, 1994-1996.

In the near future, this bilateral cooperation is 
expected to strengthen measures and embrace new 
topics such as climate modeling, scenarios of land use 
change, carbon capture and storage, research into and 
design of policies for climate change mitigation and 
adaptation, among others.

The importance that this cooperation has acquired 
is reflected in the greater participation of other gov-
ernment departments and institutions. In fact, in 
the third Binational Meeting (Mexico City, August, 
2006), the Ministries of Agriculture, Rural Develop-
ment, Fisheries and Food; Energy; Environment and 
Natural Resources; and Foreign Affairs participated, 
as well as INE, the SMN, the National Forestry Com-
mission; Petroleos Mexicanos (PEMEX) and UNAM, 
and, for the USA, their Trade (National Oceanic and 
Atmospheric Administration - NOAA), Energy, and 
State Departments attended, as well as the Interna-
tional Development and Environmental Protection 
Agencies, and the National Science Foundation.

Mexico-United Kingdom Collaboration 
for implementing the State Climate 
Action Plan in Veracruz

In Mexico, studies on the problem of climate change, 
its consequences, and possible mitigation and adap-
tation options, have been mostly at the federal level. 
However, much of the knowledge related to this prob-
lem is found at the state and local levels.

In order to understand this situation, INE present-
ed a proposal to the British Government’s Global Op-
portunities Fund (GOF), to develop a Climate Action 
Plan at state level, in a state of the Mexican Republic 
to be decided on according to its vulnerability to cli-
mate change and variability, and its sources of GHG 
emissions, which should be sufficiently significant but 
also varied. It would also have to have a proven capac-
ity to develop a rigorous analysis of this phenomenon, 
and to involve the relevant social and political actors 
for developing and setting in motion the State Climate 
Action Plan.

The state selected was Veracruz, a choice that 
is thoroughly justified by the fact that it is the third 
largest state in the country with respect to popula-
tion (6.9% of the national total in 2005), exceeded 
only by the state of Mexico and the Federal District; 
tenth largest in territorial area, since it occupies 3.7% 
of national territory; it generates 4.4% of the national 
GDP on average (fifth place nationally); and it pos-
sesses a coastline that represents 29.3% of the entire 
Mexican coast in the Gulf of Mexico, which exposes 
it to extreme hydrometeorological phenomena, and to 
suffering the effects of possible changes in the aver-
age sea level. In addition, Veracruz is one of the states 
with the greatest natural wealth, since all ecosystems 
in the country are represented here and, together with 
Chiapas and Oaxaca, it forms the region with greatest 
biodiversity (INEGI, 2006; Veracruz, 2006).

The purpose of the State Climate Action Plan that is 
in the process of being drawn up, and that is expected to 
be ready by the beginning of 2008, is to analyze the con-
tribution of the state of Veracruz to climate change and 
possible future scenarios for GHG emissions at the state 
level, as well as its vulnerability to this phenomenon, in 
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order to then analyze the relevant legal and institutional 
framework for designing mitigation and adaptation 
policies that, once assessed, will form part of the Plan 
mentioned, whose goals and scope will be presented to 
society, in order to attempt to put it into practice.

Bilateral cooperation regarding the Clean 
Development Mechanism of the Kyoto 
Protocol

Through the Inter-ministerial Commission on Cli-
mate Change, Mexico has signed ten cooperation 
agreements with Germany, Austria, Canada, Den-
mark, Spain, France, Japan, Italy, the Netherlands, and 
Portugal, in order to carry out projects to reduce emis-
sions and to capture greenhouse gases in our country.

In this same regard, and in order to promote sus-
tainable development in our country, forming part of 
the global effort to combat the adverse effects of cli-
mate change, the Mexican Office for the CDM has, 
as of September, 2006, approved 123 projects in vari-
ous sectors (renewable energy, energy efficiency, solid 
waste management and sustainable transport) with a 
potential for emission mitigation of approximately 7.4 
million tonnes of CO2 equivalent per year.

Incorporating the topic of climate 
change into national policies

Adaptation Policy Framework

The Adaptation Policy Framework (APF) developed 
by the UNDP, is a reference point for the organization 
of the working team and the interaction with key ac-
tors in the area of adaptation to climate change. The 
ultimate goal of an APF is to protect and increase hu-
man well-being in the face of the threats and oppor-
tunities of climate change and variability. Mexican 
scientists from government and academic institutions 
participated in its preparation and revision.

In Mexico, the APF was applied in the Regional 
Project: Advancement of the Capacities for Stage II of 
Adaptation to Climate Change in Central America, 
Mexico and Cuba, and in the study; Relevant consid-

erations for the Development of a National Climate 
Change Adaptation Strategy.

Conventions on Climate Change and 
Biological Diversity

At the national level, the focal points of the UN-
FCCC and of the Convention on Biological Diversity 
(CBD) have remained in close cooperation. In 2005, 
we participated in the definition of the position of the 
Mexican Delegation in the Guidance for promoting 
synergy among activities addressing Biological Diver-
sity and Climate Change, which was presented in the 
meetings of the Subsidiary Body on Scientific, Techni-
cal and Technological Advice (SBSTTA) of the Con-
vention on Biological Diversity in Montreal, Canada 
(November-December, 2005).

Technical meetings have been held to promote syn-
ergy between activities addressing Biological Diver-
sity and Climate Change and to define high-priority 
studies, for example the study: Analysis of the State of 
Climate Change in Ecoregions of Mexico, case study: 
Selected species of Endemic Vertebrates. In addition, 
we collaborated on the revision, and provided input 
for the Report of the Ad Hoc Technical Expert Group 
on Biodiversity and Adaptation to Climate Change of 
the CBD (CBD, 2005).

Second Country Study on Biodiversity

At present, CONABIO is preparing the “Second Coun-
try Study (2CS)”, which seeks to create a panorama of 
Mexico’s environmental agenda for the next ten years, 
and to become the most complete source in primary 
information on the state, trends and answers to differ-
ent factors in Mexico’s biological diversity, as well as 
on some future scenarios. In June, 2006, the executive 
summary of the 2CS was presented (http://www.cona-
bio.gob.mx/2ep/index.php/Portada ).

The study includes a chapter called: State and 
trends of ecosystemic services, in which scenarios of 
climate change are considered as part of the analysis 
of the capacity of Mexico’s ecosystems at the moment 
to provide climate regulation services, their possible 
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damage in climate change scenarios, and the informa-
tional gaps and needs for developing policies directed 
at the protection and restoration of these services.

Self-assessment of National Capacities 
for the Implementation of Conventions 
on Biological Diversity, on Climate Change, 
and to Combat Desertification

This project was carried out between 2004 and 2006, 
in the framework of the Global Initiative on Capacity 
Building sponsored by the GEF through the UNDP. 
Its objective was to contribute in formulating a na-
tional policy for capacity building that would make 
it possible to progressively incorporate environmen-
tal criteria into public policies, particularly those 
involving the implementation of the United Nations 
international treaties on Biological Diversity, on Cli-
mate Change, and to Combat Desertification; and to 

participate in the national debate on growth and de-
velopment.

In preparing it, opinions and recommendations of 
experts in the academic sector, private sector, social 
sector, government sector and organizations of civil 
society were taken into account through mechanisms 
of interviews, consultations and workshops. The work 
included an analysis of Mexico’s environmental and 
natural resources management (laws, regulations, 
official Mexican norms, official programs and bibli-
ography available on these topics) over the last three 
decades, although with greater emphasis on the pe-
riod after the 1992 Rio de Janeiro Summit. Additional 
elements, analyses and general guidelines related to 
the participation of states and municipalities, were 
incorporated, as well as aspects of gender perspective 
and with attention to indigenous peoples.

With the project, the level of development of na-
tional capacities was evaluated in this country, both at 

Figure Vi.8 Framework oF adaPtation Policies
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the systemic, institutional level, and at the individual 
level, based on Mexico’s comitments to the three Rio 
Conventions that must be fulfilled. After the analy-
sis, the main strengths and weaknesses of the envi-
ronmental sector and of the natural resources were 
identified and, based on these, strategic lines and 
high-priority projects were proposed - according to 
the country’s priorities and strategies - for the devel-
opment of national capacities in Mexico, including 
the development of synergistic efforts for implement-
ing the three Conventions.

This self-assessment project constitutes an oppor-
tunity to strengthen the process of incorporating en-
vironmental criteria into public policies in all sectors 
of the economy. In this regard, it contributes to the 
updating and reinforcement of the Plan of Action to 
Combat Desertification, to extending the application 
of the National Biodiversity Strategy, especially at the 
state level, and contributes toward building a consen-
sus for a National Climate Action Strategy and toward 
developing a National Plan for Adaptation to Climate 
Change.

Integrated assessment of social vulnerability 
and adaptation to climate change and 
variability for agricultural producers in 
Mexico and Argentina

Mexico participates within the global initiative, As-
sessments of Impacts and Adaptations to Climate 
Change (AIACC). This initiative seeks to boost scien-
tific understanding of vulnerability to climate change 
and of adaptation options in developing countries, by 
supporting joint research projects, training and tech-
nical support.

In the case of Mexico, present and future vulner-
ability of farmers in the central region of Veracruz 
(Coatepec and Huatusco) and in the southern region 
of Tamaulipas (Gonzalez and Mante) was analyzed. 
An interdisciplinary group of researchers from the 
UNAM, Veracruz University (UV) and the Autono-
mous University of Tamaulipas (UAT) participated, 
together with researchers from Argentina (Rio Cuarto 
University).

This project examined the way in which peasants 
in Mexico and Argentina are adapting to many un-
certainties due on one hand to an increase in the fre-
quency of extreme climate events, and on the other 
to the extreme socio-economic changes associated 
with the adoption of the neo-liberal pattern in Lat-
in America. This project attempted to answer two 
questions: 1) To what extent is adaptation to climate 
change obligatory and/or facilitated at the regional 
and parcel level by the current trends in institution-
al changes in water and agricultural policies?, and 
2) How can new research on climate change and cli-
mate variability be incorporated into practices and 
policies in order to assist in the adaptation of the 
water and agricultural sector? These questions are 
relevant for Mexico and Argentina, where climate 
events have important implications for economic 
productivity and where policies in these sectors 
have occurred.

Standards. Technical Committee of 
National Standardization of Environmental 
Management Systems

Regarding standards, INE and SEMARNAT are par-
ticipating in Working Group 5 on Climate Change 
of Technical Committee 207 (TC-207) of the Inter-
national Standards Organization (ISO), through 
the Technical Committee for National Standardiza-
tion of Environmental Management Systems (CO-
TENNSAAM), coordinated by the Mexican Institute 
for Standardization and Certification, A.C. (IMNC). 
They have participated in the development of the three 
parts of the International Climate Change Standard, 
related to inventories and projects on GHG emission 
reduction, ISO 14064, in which 175 experts participat-
ed from 45 countries and 19 organizations, and which 
are the following:

Part 1. Specification with guidance at the organiza-
tion level, for quantification and reporting of 
greenhouse gas emissions and removals.

Part 2. Specification with guidance at the project lev-
el, for quantification, monitoring and reporting of 
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greenhouse gas emission reductions or removal 
enhancement.

Part 3. Specification with guidance for the validation 
and verification of greenhouse gas assertions.

The standard was approved unanimously by mem-
bers of the ISO-CT-207 - with 53 approvals and no 
disapprovals - and it was published as an interna-
tional standard on March 1, 2006. At the present 
time, Mexican Standard PROY-NMX-SAA-14064-
IMNC-2006 Project is under public consultation 
in Mexico.

Montreal Process

In this Working Group on criteria and indicators 
for the conservation and sustainable management of 
forests, INE participated in the preparation of Crite-
rion 5 (Maintenance of Forest Contribution to Global 
Carbon Cycles), where the results proved extremely 
useful for the Second Updating of the National GHG 
Inventory in the LULUCF sector.
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VII. Obstacles, Shortages and Needs Related 
to Funding, Technology and Capacity

Associated with the application of 
activities foreseen in the Convention 
and with the preparation and 
ongoing improvement of the national 
communications

The Inter-ministerial Commission on Climate Change 
(CICC) approved the preparation, and later the content, 
of the document named: Toward a National Strategy of 
Climate Action, which looks at two major aspects of cli-
matic change: mitigation and adaptation.

The reason for a National Strategy of Climate Ac-
tion (ENAC) is that, over and above individual proj-
ects, structured programs are required that could 
guide all national efforts towards a common goal, 
namely to reduce climate change risk.

With regards to reducing climate change risk, it is 
desirable to reduce the size of the danger or threat, in 
this case the warming of the planet, as well the vul-
nerability of the country’s various socio-economic 

and environmental sectors to extreme climate condi-
tions. Mitigation measures place Mexico in a global 
movement towards reducing greenhouse gas (GHG) 
emissions on the planet. The country carries out its 
main emissions mitigation activities as part of specific 
national policies, as in the case of the energy sector 
with gasification programs, diversification of sources, 
and an increase in energy efficiency and saving. In 
other sectors, reforestation programs contribute to-
ward the same purpose.

In addition, through projects coordinated within 
the Clean Development Mechanism (CDM) of the 
Kyoto Protocol and other instruments aiming at the 
same goal, our country contributes, as much as it can, 
towards preventing dangerous changes happening to 
the climate. Mexico expects to carry out further mea-
sures in the near future, so that the impact of work in 
the country will be more substantial.

On the other hand, it is understood in Mexico 
that even with mitigation actions, we need to work 
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on adaptation so that the expected climate changes 
will have a smaller impact on the various socio-eco-
nomic sectors. For this reason, pilot projects have 
been carried out that could lead toward forming and 
implementing a Climate Change Adaptation Program 
in the near future. Through measures in the field of 
the water, agricultural and forest management in the 
country’s different states, the foundation for this Ad-
aptation Program is being established. This will help 
enrich the future ENAC, which will, as soon as pos-
sible, define the way forward for Mexico, as it faces 
one of the greatest environmental challenges of the 
present century.

In order to consolidate this strategy over the next 
few years, funding is required to expand national 
measures to identify studies and projects that would 
help reduce GHG emissions by sources and to rein-
force sequestration by sinks; and to select and imple-
ment adaptation actions. These projects will identify 
specific technology and materials to be used, equip-
ment, techniques and practices necessary for carrying 
them out. The incremental costs of the emissions to be 
reduced and/or of the increase in GHG sequestration, 
and of the associated benefits, will also be calculated. 
The strategy should also have funds for evaluating the 
evolution of projects, for new projects, and for inform-
ing on their progress.

Similarly, the ENAC will define the country’s 
specific technological needs, the development and 
reinforcing of capacities, as well as the necessary 
know-how. Support programs of the Global Envi-
ronment Facility (GEF) will be identified, and of 
the Annex II Parties to the Climate Change Con-
vention, which offers financial and technical re-
sources for the preparation and implementation of 
the ENAC regarding climate change mitigation and 
adaptation.

National priorities for climate change 
research

Recently, various national institutions have increased 
their interest in research into climate change and vari-
ability. In particular, the environmental sector has 

promoted research projects on the subject, together 
with sectors such as energy, agriculture, communi-
cations and transport, and social development; those 
projects that have included and encouraged the train-
ing of high-level specialized personnel, as well as the 
creation of climate change programs in the research 
centers of each of these sectors. As was mentioned in 
Chapter VI, the number of interested specialists grew 
by 35% in the period 2001-2005. As for the evolution 
of the contents of research in this area, it is noteworthy 
that, currently, the scientific community’s preferred 
line of research is in studies of vulnerability. Other 
topics that are also important, such as research into 
adaptation alternatives or the development of models 
and regional and local scenarios, suffer from insuffi-
cient coverage.

In order to advance national research work, the 
National Institute of Ecology (INE) held a seminar in 
September 2006, to analyze National Priorities for Re-
search into Climate Change. A select number of spe-
cialists, as well as representatives in sectors interested 
in the results of the research, met to agree on Mexico’s 
high-priority needs in the face of its high vulnerabil-
ity to climate change by virtue of its biological wealth, 
geographical location, socio-economic conditions and 
its need for scientific and political training, in order 
to face the present and future risks and the commit-
ments involved.

From this perspective, and given the limited re-
sources available, the following were identified as im-
portant and necessary:

• capacity development;
• the formation of networks of (increasingly inter-

disciplinary) researchers;
• incorporating environmental research in Mexico, 

so that the topic of climate change can work as a 
central theme,

• the utility of searching for international resources 
that are useful for technical and information ex-
change with scientific communities in other coun-
tries;

• having national and international funds available 
to encourage research in this area.
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Similarly, importance was placed on maintaining 
and improving the coordination of different sectors 
and government initiatives for tackling the climate 
problem and the incorporation of appropriate mea-
sures in light of a change in policies and sectoral pro-
grams.

For this reason, the need to harmonize research 
related to climate change with the requirements of de-
cision makers in the different sectors and at the three 
government levels, was emphasized, as well as the im-
portance of being able to inform the population about 
the risks as well as the value of measures individuals 
can take to reduce GHG emissions, and reduce vul-
nerability, and to implement further actions for adap-
tation to climate change and variability.

The following lines and topics of research stand 
out among what was presented and discussed in the 
seminar:

Observation of the phenomenon

• To reinforce and consolidate the capacity of mea-
surement systems and monitoring of climate data; 
to cover the national research objectives and to ex-
pand the effort to recover historical data in time 
series of over thirty years.

• To analyze the existing information in order to de-
tect signs of climate change.

• To consolidate the National Bank of Climatologi-
cal Data at the state levels.

• To expand the observation network, taking advan-
tage of remote perception systems, such as radars 
and satellites.

Models and scenarios

• To analyze scenarios for Mexico with and without 
mitigation, establishing the influence of factors 
such as population, economic development and 
deforestation in strategic regions. To extend the 
time horizon of integrated scenarios, at least to the 
year 2050.

• To develop and take advantage of climate change 
models and scenarios on time and space scales 

adapted to the needs of planning and decision 
making for adaptation strategies, for both local 
and sectoral measures, as well as for the protec-
tion of our country’s rich diversity. And espe-
cially, to increase the capacity for modeling the 
phenomena associated with water resources in 
the face of the climate changes that are expected 
in Mexico.

• To increase national participation in the analysis 
of scenarios of accelerated changes, in variables 
such as the temperature of the oceans, and those 
that can have irreversible effects on global natural 
phenomena, such as ocean circulation.

• To develop integrated models (from beginning to 
end) that will make it possible to produce the de-
sign of proposals and the implementation of adap-
tation measures.

Risks and extreme phenomena

• To diagnose extreme meteorological events/phe-
nomena and their consequences

• To prepare maps of present and future risk, in 
view of climate change conditions (to incorporate 
the information generated by the different sectors) 
and fully incorporate climate variability into the 
national risk maps.

• Studies of forecasts for associating change and cli-
mate variability with increasing risks.

• To assess vulnerability to extreme hydrometeoro-
logical events.

• To identify strategic high-risk areas and activities 
in the country.

• To assess civil protection strategies

Ecosystems

• To identify and analyze the ecosystems that are 
sensitive to climate change

• To evaluate mechanisms for recovering the envi-
ronmental services of ecosystems affected by cli-
mate change and variability

• To monitor and analyze the effects of climate 
change on populations of selected biological spe-
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cies (endangered endemic species) and on complete 
ecosystems, as well as monitoring the phenology, 
focusing on adaptive management

• To continue the Forest National Inventory and go 
into greater depth

Sectoral research

• To increase the base studies for incorporating cli-
matic change and variability into the country’s 
sectoral policies

• To increase studies for carrying out state and, 
whenever appropriate, regional strategies for cli-
mate action, with the collaboration of the munici-
palities. This implies preparing state inventories of 
GHG emissions, for identifying mitigation mea-
sures, and carrying out studies to determine the 
vulnerability of different sectors and possible op-
tions for adaptation to climate change

• To incorporate the studies on climate change and 
variability into the projects being carried out in or-
der to comply with the Conventions on Biological 
Diversity and to Combat Desertification

• To continue with the process of preparing GHG 
emissions inventories. To improve the quality of 
the data, to investigate and establish GHG emis-
sion factors characteristic of our country in all sec-
tors, and to optimize their systematization

• To give a more in-depth analysis of the technologi-
cal options for the mitigation of emissions

• To give a more in-depth multi-disciplinary analy-
sis of national alternatives in the energy supply

• To conduct studies to accurately quantify the po-
tential of alternative energy sources, in particu-
lar bioenergy and others, including nuclear, as a 
component of the energy supply, and the design 
and analysis of scenarios of their costs and ben-
efits in the future, in the national, state and local 
spheres

• To broaden and give more depth to studies on op-
portunities for the saving and efficient use of ener-
gy in all sectors, and to those dealing with carbon 
sequestration

• To analyze the possible effects of climate change 
on energy supply and demand, and the possible 
adaptation measures in facing extreme hydrome-
teorological events

• To expand studies on water resources in relation to 
climatic change and variability, especially in rela-
tion to its availability

• To carry out research into the vulnerability of the 
main crops and agricultural areas, including livestock-
raising in Mexico and to design adaptation measures

• To improve the research that links climate change 
to health in the area of prevention, early warning 
of risk, and adaptation

• To monitor and analyze the relationship between 
land use change and climate change

• To carry out assessments of the technological strat-
egies related to mitigation and to adaptation, and 
to encourage their development and innovation, 
including integrated risk assessment, barriers, and 
benefits of specific technologies

Socio-economic research

• To considerably increase socio-economic research 
into the phenomenon, in particular to improve 
our knowledge of the socio-economic costs to be 
expected from hydrometeorological phenomena 
in our country, as well as the costs and benefits of 
the alternative measures for mitigation and adap-
tation

International policy

• To conduct more in-depth research into interna-
tional policies for a definition of position and for 
decision making

• Analysis of social, environmental and economic 
impacts from adopting voluntary international 
commitments

• To investigate the costs and benefits for Mexico of 
its possible participation in different international 
proposals for the evolution of collective commit-
ments in which our country could be involved
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Communication and education

• To prepare a communications strategy on the topic 
at the national level

• To conduct research into risk communication and 
social perception in relation to climate change in 
order to reduce vulnerability

• To carry out studies for establishing and reinforc-
ing early warning systems for disaster prevention, 
attention, and mitigation given the effects associ-
ated with climatic change

• To increase the programs of environmental educa-
tion for social participation in confronting climate 
change

• To carry out studies on civil society’s perception of 
risks, impacts and vulnerability to climate change

• To encourage the training of human resources 
specializing in the areas of interest of the different 
sectors and in particular, those dedicated to me-
teorological and climatological studies.

The increasing funds invested by the country in 
the activities identified in the Convention for fund-
ing, technology and capacity, and originating in na-
tional sources, should be noted; but very important 
for Mexico is the complementary support that it has 
received through international cooperation in the 
area.

Funding sources for the Third National 
Communication

Finally, it should be mentioned that the sources of 
funding for the Third National Communication are 
the following:

• The Global Environment Facility contributed 
$405,000 dollars, through the United Nations De-
velopment Programme (UNDP). In addition, the 
UNDP contributed approximately $30,000 dollars 
toward the Climate Change Clearing House, and 
$30,000 dollars more for another on the country’s 
vulnerability (under construction).

• The United States Environmental Protection Agency 
donated $540,000 dollars, through the United States-
Mexico Science Foundation, mainly for studies for 
updating the National Greenhouse Gas Inventory 
1990-2002, for computing equipment and programs 
(SIG) donated to the CIEco of UNAM, adaptation 
studies, co-benefits and energy efficiency.

• With Mexican government funds, in the last four 
years, research was carried out and several publi-
cations produced for a total of $650,000 dollars.

The total approximate amount allocated to 
the preparation of the Third Communication was 
$1,655,000 dollars.
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Annex

nAtionAl Greenhouse inventory 2002 - Mexico



	 Year	 2002

Emission	categories	 ghc	 CO2	 CO2	
CH4	 N2O	 CO	 NOx	 COVDM	 SO2

	 HFCs	 PFCs	
SF6	 gas	 Emisisons	 Absorptions

	
P	 A	 P	 A

	 Categories	 (Gg)

Total	national	emissions 493,292.448 12,883.000 6,932.654 39.815 8,015.226 1,444.405 1,579.915 2,612.912 3.107 0.060 0.001

Energy 1 346,361.314 1,934.949 8.069 6,822.631 1,407.168 834.143 2,510.208

			Fuel	Combustion	Activities 1A 345,364.954 121.330 8.069 6,816.519 1,403.349 793.653 2,449.092

						Energy	Industries 1A1 152,469.364 1.136 0.807 34.595 540.148 11.059 1,984.562

						Manufacturing	industries	and	construction 1A2 51,025.368 3.811 0.576 348.091 108.795 8.952 388.466

						Transport 1A3 111,959.959 35.766 5.401 5,069.229 596.353 602.389 55.974

						Others	(Commercial,	residential	and	agricultural) 1A4 29,910.264 80.618 1.285 1,364.604 158.052 171.254 20.091

			Fugitive	emissions	from	fuels 1B 996.360 1,813.618 6.112 3.820 40.490 61.117

						Solid	fuels 1B1 	 66.439 	

						Oil	and	natural	gas 1B2 996.360 1,747.179 6.112 3.820 40.490 61.117

Industrial Processes 2 47,069.138 3.620 0.360 42.133 4.173 525.272 102.704 3.107 0.060 0.001

			Mineral	Products 2A 30,618.698 	 0.002 0.000 390.519 10.012

			Chemical	Industry 2B 1,128.000 3.620 0.360 6.761 0.814 32.940 72.093

			Metal	Production 2C 15,322.440 0.000 0.000 26.500 0.472 0.543 8.799 0.060

			Other	Production 2D 0.000 8.870 2.887 101.270 11.800

			Production	of	Halocarbons	and	sulphur	hexafluoride 2E

			Consumption	of	Halocarbons	and	sulphur	hexafluoride 2F 3.107 0.001

			Other 2G

Solvents and use in other products 3 220.500

			Painting	application 3A 87.500

			Degreasing	and	dry	cleaning 3B

			Chemical	products,	manufacture	and	processing 3C

			Other 3D 133.000

Agriculture 4 1,841.980 24.079 37.463 1.064

			Enteric	fermentation 4A 1,779.375

			Manure	management 4B 54.974 0.020

			Rice	cultivation 4C 5.847

			Agricultural	soils 4D 24.030

			Prescribed	burning	of	savannas 4E

			Field	burning	of	agricultural	residues 4F 1.784 0.029 37.463 1.064

			Other 4G

Land use, land use change and forestry 5 99,760.000 12,883.000 127.000 1.000 1,113.000 32.000 0.000

			Changes	in	forest	(inventory)	and	other	woody	biomass	stocks 5A 4,932.000 	

			Land	use	change 5B 64,484.000 	 127.000 1.000 1,113.000 32.000

			Abandonment	of	managed	lands 5C 	 12,883.000

			CO2	emissions	and	removal	from	soil 5D 30,278.000

			Other 5E 66.000

Waste 6 101.996 3,025.106 6.307

Solid	waste	disposal	on	land 6A 1,664.791

			Wastewater	management	and	treatment 6B 1,360.315 6.292

			Waste	incineration 6C 101.996 0.015

			Other 6D

Others emissions sources 7

International Bunkers 1,602,443 0.994 0.043 16.500 8.015 9.977 0.739

						Aviation 1A3ai 1,486.632 0.986 0.042 14.891 5.601 9.655 0.284

						Marine 1A3di 115.811 0.008 0.001 1.609 2.414 0.322 0.455

CO2 Emissions from biomass 37,207.361
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