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ABSTRACT 
This report gives an overview of current knowledge on the greenhouse effect, in which the 
leitmotiv is the respective role of industrialized countries and developing countries. The 
study starts with reviewing greenhouse emissions per emitting activity per region in the 
eighties. A projection of emissions for the year 2025 is made in two emission scenarios, 
one which assumes little or no action taken to curb greenhouse gas emission (Business-
as-üsual), and one which assumes major policy efforts (Policy). The potential impacts of 
climate change in a 'business-as-usual world' are outlined. 
A quantitative and qualitative description is given of strategies tc achieve the greenhouse 
gas emission reduction between Business-as-Usual and Policy scenario. Further, a descrip
tion is given of options to adapt to climate change. 

We did not inherit the Earth from our ancestors, 
but we borrowed it from our children. 

Amerindian saying 
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PREFIXES, UNITS, SYMBOLS AND ACRONYMS 

Prefixes 

u 
mT= 
c 
k 
M 
G 
T 
P 
E 

= micro 
milli 
= centi 
= kilo 
= mega 
= giga 
= tera 
= peta 
* exa 

= 10 6 

= 10 3 

= 10 2 

= 103 

= 106 

=T109 

= 1012 

= 1015 

= 1018 

= 

= 
= 

= 

= 

one-millionth 
one-thousandth 
one-hundredth 
thousand 
million 
billion 

l g C 
lGtC 
I tC 
ITgC 
1 PgC 
igCO 

1 gramme of carbon 
1 gigatonne carbon = 109 tonne = 1 PgC 
1 tonne of carbon 
1 teragram carbon = 1012 gram carbon 
1 GtC = 1015 gramme of carbon 
1 gramme of carbon monoxide 

Physical units and conversion factors 

In the International System of Units (SI) the basic units are the metre m (length), kilogram 
kg (mass), second s (time), ampere A (electric current) and Kelvin K (temperature). Other 
units one often encounters can be expressed in these basic units by simple expressions. 

mass: 
time. 

temperature: 

surface area: 
force: 
energy: 

power (or energy flow): 
energy flux: 
concentration: 

radiative forcing: 

1 tonne = 1000 kg 
1 hour = 3600 seconds (s) 
1 year=3-107s 
1°C on the centigrade scale = 1 K on the Kelvin scale, 
0°C = 273.15 K 
1 hectare (ha) = 10.000 m 2 = 0.01 km 2 

1 Newton (N) = 1 kg-m/s2 

1 Joule (J) = 1 newtor.metre = 1 kg*m2/s2 

1 kiloWatthour (kWh) = 3.6-106 Joule 
1 Watt (W) = 1 J/s 
1 W/m2 = 1 J/(m2-s) 
ppmv: parts per million (particles that are in a particular 
volume) 
ppbv: parts per trillion; pptv: parts per trillion 
changes in radiative flux: W/(m2«ppbv) 
changes in temperature: K/ppbv 

Chemical symbols, global warming potentials 

C02 carbon dioxide 
CO carbon monoxide 
CH4 methane 
N20 nitrous oxide 
riOx nitrogen oxides (nitric oxide NO and nitrogen dioxide N02) 
03 ozone 
S02 sulphur dioxide 
iNMHCs non-methane hydrocarbons 



Halocarbons: 
CFCI3 
CF2CI2 

CCl2FCCIF2 

CHCIF2 

CH3CCI3 

ecu 
CBrF2 

CBrCIF2 

CFC 11 
CFC-12 
CFC113 
HCFC-22 
methylchtoroform 
carbon tetrachloride 
halon-1301 
halon-1211 

The major group of halocarbons are CFCs (chiorofluorocarbons). that are fully haloge
nated halocarbons that exist of a methane or ethane skeleton, in which the hydrogen atoms 
are replaced by chlorine or fluorine. If a bromine atom is included one speaks of halons. 
Besides CFCs there are non-fully halogenated halocarbons as hydrochtorofluorocarbons 
(HCFCs) and hydrofluorocarbons (HFCs). where the hydrogen atoms are only partly 
replaced. Present contribution of these gases is small compared to CFCs, but these are 
being considered as substitutes for CFCs. 

The following conversion factors are used tc express the global warming potential (QWP) 
relative to carbon dioxide C0 2 : 

1 TgC02 
1 TgCO (. 
1 TgCH4 
lTgN20(= 

0.4286 TgC, CO equivalent) 

= 0.3182 TgN) 
1 TgCFC (CFC-11 equivalent) 
1 TgNOx (= = 0.3043 TgN, N0 2 equivalent) 

C02 equivalents 

TgC02 

1 
3 

21 
290 

3500 
40 

T9C(eq) 

0.2727 
0.8181 
5.727 
9.084 

954.459 
10.909 

Acronyms 

BaU 
cap 
CSE 
ECN 
ESC 
GCM 
GDP 
GWP 
1PCC 
OECD 
pH 
Pol 
ÜNEP 
WMO 
WRI 

Business-as-Usual scenario 
capita 
Centre for Science and Environment 
Netherlands Energy Research Foundation 
Energy Studies 
general circulation model 
gross domestic product 
global warming potential 
Intergovernmental Panel on Climate Change 
Organization for Economic Cooperation and Development 
level of acidification 
Policy scenario 
united (Nations Environment Programme 
World Meteorological Organization 
World Resources Institute 



EXECUTIVE SUMMARY 

Contributions of developed and developing countries to 
greenhouse gas emissions 

Human activities affect the Earth's climate through the release of 'greenhouse gases' to the 
atmosphere. This atmospheric buildup of greenhouse gases appears to be the dominant 
human-caused force on global climate. In terms of their climate impact the most important 
gases released are carbon dioxide CO2. methane CH4, nitrous oxide N2O. nitrogen oxides 
NO*, and halons and chlorofiuorocarbons (CFCs). Carbon dioxide and nitrogen oxides 
emissions are primarily due to fossil fuel combustion and deforestation, methane and 
nitrous oxide are primarily from agricultural practices and halons and CFCs are human-
made, produced in industry. 

The energy sector is by far the largest contributor of greenhouse gas emissions (60%), 
followed by emissions resulting from deforestation and land-use change (19%) and of CFCs 
and halons (9%). Together, the OECD countries, Eastern Europe and the Soviet Union (the 
North) are responsible for 58% of all greenhouse gas emissions in terms of their climate 
impact, of which fossil fuel use accounts for more than two-thirds. The developing 
countries (the 'South') contribute 42% of the emissions that include carbon dioxide from 
energy use and deforestation and methane emissions from rice cultivation.Carbon dioxide 
emissions from fossil fuel combustion are known fairly accurately. On the other hand, 
carbon dioxide emissions from deforestation as well as methane and nitrous oxide 
emissions from the different sources ar** not yet well quantified. 

If no actions are taken to prevent emissions the atmospheric buildup of greenhouse gases 
will be double that at the onset of the Industrial Revolution, some 200 years ago. However, 
doubling can be avoided and stabilization of the atmospheric concentration of gases can 
be achieved at a lower level if prevention policies can be implemented successfully. The 
basis for examining the potential contributions of North and South to future greenhouse 
gas emissions are the emission scenarios used by the 1PCC. These scenarios reflect the 
scale of adoption of new policies and technologies ('policy' scenario) versus no major 
implementation efforts ('business-as-usual') for certain economic and population growth 
assumptions. 

The industrialized countries are likely to account for a declining share of future annual 
emissions, while the developing regions will contribute a substantially larger share over the 
next five decades. These regions, rapidly industrializing and with high population growth, 
must increase their per capita energy use to increase their economic growth. When dealing 
with global warming, measures can not be limited to the North alone. In view of the vast 
contribution of future years to cumulative emissions, and the increasing share of the South 
therein, any global abatement strategy cannot go without involvement by the nations of 
the South. Stabilization of the atmospheric greenhouse gas concentrations can be brought 
about by rapid implementation of energy efficiency measures, major increases in non-fos
sil energy and significant forest conservation and management efforts. 

However, the share of the South in global emissions has been quite low, in terms of both 
per capita emissions and cumulative emissions and will remain that low in the coming five 
decades despite the relative increase in terms of annual and cumulative emissions. 

In terms of per capita emissions the North has been contributing far more than its 'fair' 
share. Also in future the per capita emissions in the South remain low as compared to the 
North. According to the principle, "the polluter must pay', and in the interest of greater 
equity, the burden of emission should be paid by the North, The North can act upon its 
responsibility for the greenhouse problem by supporting the South to protect the environ-



ment by transfer of more efficient technology, of finance and of human resources. This is 
a necessity otherwise many Third World nations will not be able to implement the 
large-scale red-iction measures underlying the Policy scenario. 

Impacts of greenhouse-gas-induced climate change 

The emissions of greenhouse gas and their contribution to changes in the thermal 
properties of the atmosphere is supported by scientific evidence. The likely climate 
impacts of the atmospheric buildup of these gases are much more debated. The emission 
of greenhouse gases is expected to induce an increase in the global average surface 
temperature and will be more pronounced in the polar regions than in the tropics. Other 
climate impacts are changes in rainfall and soil moisture, changed ocean currents, 
increased frequency and intensity of natural disasters and sea-level rise. But little is known 
about regional details of greenhouse-gas-induced climate change. 

Present day models predict a warming of 1.5-4.5°C for a doubling of the atmospheric CO2 
concentration within the next century. In contrast, the Earth's temperature over the last ten 
thousands years, the period in which the human social and cultural infrastructure has 
mainly developed) has not varied more than I -2°C. Both in terms of magnitude and rate 
of change such a global warming would be unprecedented since the last ice ages 
(temperature variation over the last million years has been 6-7°C The threat for global 
warming is increasingly accepted by the international community therefore, despite the 
uncertainties on nature, extent and rapidity of climate changes. 

Changes in temperature, precipitation and soil moisture would have an important impact 
on agriculture and animal husbandry. It is not determined yet whether the agricultural 
potental for the earth as a whole will increase or decrease. There may be severe effects in 
some regions, particularly in regions of high present-day vulnerability, such as North 
Eastern Brazil or the Sahel region of Africa. 

Natural ecosystems could face significant consequences. Here the rate of projected climate 
changes is the major factor that determines the degree of impact». These rates are likely 
to be faster than the ability of some species to adapt. 

Relatively small climate changes can cause large problems in water supply, especially in 
arid and semi-arid areas. 

Major health impacts are possible due to increased ultraviolet radiation (from ozone layer 
depletion) and in density populated urban and rural areas (owing to changes in water and 
food availibility). 

Global warming acce'cioles sea-level rise, modifies ocean circulation and changes marine 
ecosystems. These effects add to the present trend of ^ea-level rise and will have 
considerable sccio-economic consequences for the coastal zones. 

The most vulnerable human settlements are those exposed to natural hazards: coastal and 
river flooding, severe drought, landslides, severe storms and tropical cyclones. In deter
mining the impaas of climate change, one does also have to take into account that 
developing countries will be more vulnerable to climate changes than industrialized 
countries. In developing countries a greater part of their GDP originates in agriculture, 
forestry and fisheries. Given the resources constraints they would be least able to adapt, 
and are often already at the limits of their ability to deal with climate extremes and weather 
variability. Therefore, the most vulnerable populations dwell in the South: the low-income 
farmers in semi-arid zones, residents of coastal low lands and island states, and the urban 
poor m slums and shanty towns of the megacities. 



Responses in energy, forestry, industry and agriculture to 
climate change: do benefits exceed the costs ? 
Most developed countries have already begun debating options for reducing greenhouse 
gas emissions, and are going towards a 'global climate convention' which would be ratified 
in 1992 (UN Conference on the Environment and Development). 

This report looks at the range of options in the energy, industry, agriculture and forestry 
sectors open to all countries, but focuses on the role that developing countries can play. 
Even with the large uncertainties surrounding climate change and its impacts, there are 
clear policies to follow aimed at diminishing the climate change risks while at the same 
time carrying out research to reduce uncertainties. Many initiatives not only address the 
greenhouse problem, but also in many cases make good sense out of economic and or 
other environmental reasons. 

The energy sector accounts for roughly half of greenhouse gas emissions. Reductions of 
energy inputs per unit of useful outputs will have a positive effect on the release of 
greenhouse gas emissions. Development ultimately depends upon the effective substitu
tion of various forms of energy for human labour, whether this energy is used to move 
goods, make cement or cook food. Developing countries consume little energy in terms of 
per capita consumption compared to the United States or many European countries. For 
them, expanding energy use in the whole range of economic and social activities will be 
important in future. This requires a large amount of capital, a scarce commidity in the Third 
World. A more efficient use of existing and new energy resources should have high priority 
therefore. Energy conservation often requires less investment than expansion of supply 
capacity. However, even developed countries face obstacles in energy conservation, due 
to market imperfections, such as prices not reflecting real cost, trade restrictions, inade
quate information for consumers, and lack of technologies. Improvements involves a 
strategy in which (1) regulations and legislation is reformed (e.g. stumpage fees on wood 
harvesting, efficiency standards, decentralization), (2) strengthening of the internal organ
ization of energy supply institutes and (3) shifts in investment resources from increasing 
capacity to energy end-use and supply conservation. 

Efficiency on the demand side could be increased by more efficient motors, light bulbs, 
refrigerators, cars, trucks, water heaters, industrial boilers and wood stoves. On the supply 
side improvements are possible in petroleum refineries, electricity generation and charcoal 
kilns. 

Besides energy conservation an option is alternative fuels Promising is natural gas (whose 
carbon dioxide emissions are much lower than of other fuels). The potential in the Third 
World remains still underdeveloped. Another alternative are renewable sources of energy. 
Substantial development potential is in hydropower, and on the longer term in solar energy 
and upgraded biofuels. Nuclear energy does not look very viable at present conditions: high 
financial cost, scarce manpower skills, troublesome proliferation and waste disposal 
issues. 

Sound energy pricing must receive more attention. In many developing countries eneigy 
prices do not fully cover economic costs. Thus, consumers, residential as well as industrial, 
are not encouraged to use energy efficiently and select the right energy-using equipment. 
For example, on average major industrial countries charge CISC 8 per kilowatt-hour, double 
the average of developing countries. 

Besides reductions in emissions from th ? energy sector, another important strategic option 
is the promotion of sustainable agricultural cultivation practices, agroforestry and sustain
able exploitation of existing natural forests. Several actions can reduce emissions from 
specific agricultural activities (rice cultivation, methane emissions from livestock, nitrous 
oxide from fertilizer use), although at this stage the potential effects of control measures 
are difficult to quantify. 



The rates of clearing of forest land ore accelerating, and what may be even more insidious 
is degradation of land which is still classified as forest. Causes of deforestation and 
degradation vary from place to place: rapid growth of rural population that needs land for 
food and cattle, as well as failure of the market to reflect the productive and environmental 
value of forests and forest products. Activities should first of all focus on halting deforesta
tion and degradation: 

• substituting shifting cultivation by permanent practices and reduction of conversion of 
forests to cattle ranching, including agroforestry in which crops and animals share 
plots of land with trees in a mutually beneficial way; 

• better management of existing forests to increase the growth and productivity of 
existing natural forests, as well as increased harvesting of non-timber products (such 
as medicines, fruits, latex, bamboo, etc.) to raise the value of the forest; 

• expansion of the use of more efficient fuelwood and charcoal stoves and charcoal 
kilns. 

Such activities are not justified only because of the carbon dioxide emissions avoided, but 
because of other benefits: protection of watersheds, soil protection, production of a host of 
wood and non-wood products, and preservation of plant and animal species (biodiversity 
conservation). Halting deforestation is in many cases much more effective in terms of costs 
and carbon dioxide emission «duction than reforestation. Adoption of new practices is 
likely to go faster if users of wood resources have use and/or land rights, have acceptable 
financial risks (access to credit and markets), have access to appropriate technologies and 
know-how, supported by cooperatives or enterprises. Experience has often shown that 
large central schemes are less successful than when smallholders manage wood resources. 

On the potential forreducin^ the atmospheric CO2 concentration via large-scale reforesta
tion initiatives there is not yet consensus. Some point at the area of more-or-less degraded 
land available in the tropics, which may be as high as 800 to 900 million hectares. Others 
have questioned the availibility of such large tracts of land and point at poverty and 
population pressures that continue degraded lands to be used (and even to be further 
degraded). Land is available only if alternative livelihoods and space can be found for those 
who depend on it. In most developing countries economic, logistical, management and 
policy constraints will hamper large-scale options. 

An obvious option is phasing out chlorofluorocarbons (CFCs) that both deplete the ozone 
layer and contribute to greenhouse warming. Until now, most CFCs have been mostly 
produced and consumed in developed countries, but CFC use in the South (e.g. in 
refrigerators) is likeiy to grow fast. It should be possible for industrialized countries to bear 
most of the cost of CFC elimination, while providing financial incentives to poorer countries 
to compensate for the higher costs of using non-CFC refrigerants, foam blowing, aerosols 
and cleansing agents. In this respect transfer of technology is very important because in 
many developing countries outmoded, less efficient appliances are used. 

Whether the future will bring significant climate change or not. many initiatives in energy, 
agriculture and forestry are justified in their own right, economically and environmentally. 
Many developing countries, however, face major challenges to the sustainability of energy 
resources, forest resources 3nd agriculture. They need to expand energy use in an efficient 
way, manage forest resources and wildlife habitats, expand food production, all in a 
sustainable way in which ecological disruption is minimized. Poverty prevails however 
among populations of developing countries. Also in dealing with climate-change-related 
issues the gap between North and South has to be narrowed. Industrialized countries can 
assist their southern counterparts by establishing new institutional mechanisms to support 
research 6 development, commercialization of technobgy and changes in trade policy and 
by establishing the financial resources to support these mechanisms. 



1. INTRODUCTION 

1.1 Scope of the study 

This report is part of research on the topic of climate change and performed at the unit ESC 
- Energy Studies of the Netherlands Energy Research Foundation ECN. 

One of the long-term consequences of human activities such as fossil fuel burning, biomass 
burning, deforestation, rice cultivation, animal husbandry and certain industrial activities 
is the release of so-called 'greenhouse gases' in the atmosphere, such as for example 
carbon dioxide. This causes the atmospheric concentration of these gases to rise. Green
house gases partially absorb the radiation the earth emits into space, in other words heat 
is trapped by the gases that act like the glass of a greenhouse. Thus, the average global 
temperature of the lower atmosphere will rise, resulting in climate change. Ultimately this 
may have profound impacts on climate, environment and human society. 

Such a 'greenhouse effect' has already been predicted in the last century, but in the last 
couple of years the interest in the subject has increased markedly. This has resulted in an 
increasing number of activities by various researcn groups all over the world. The United 
Nations General Assembly has set up the IPCC {Intergovernmental Panel on Climate 
Change) to advise world leaders on climate change. 

Because of the large uncertainties surrounding the greenhouse effect, the global scale of 
the issue and the long term in which possible impacts will manifest themselves, the 
consideration of climate change response strategies has so far proven to be a very sensitive 
subject for policy makers. Nonetheless, in view of the seriousness of impacts of climate 
change a global climate convention has been called for. Many developing countries fear 
that a proposed climate convention will put serious brakes on their development by limiting 
their ability to consume energy and undertake rice cultivation and cattle keeping. They 
accuse the western world of hysteria, and demand a validation of the threat of climate 
change. They further conclude that the industrialized countries' per capita emissions are 
much higher than those of the developing nations and hold the North largely responsible. 

In view of the large uncertainties surrounding emissions of greenhouse gases and the extent 
of climate change and possible impacts thereof much research still needs to be performed. 
One important question is what the shares are of developed countries versus developing 
countries in greenhouse gas emissions, now and in the future. A second question is what 
the impacts of climate change will be. especially for the countries in the South that are 
often less resilient than the North to the caprices of their natural environment. A third 
question is whether incorporation of the global wanning issue in national policies is 
justified, depending on the answers to the first two questions. A fourth question is what 
options are most important in terms of contribution to greenhouse gases and of positive 
by-effects. Whatever will be the scale of measures to be taken, most developing nations 
will not have sufficient resources, while the North does have the resources to do something 
about it. 

This report gives an overview of current knowledge on the greenhouse effect in the 
framework of above-mentioned questions. A database of current and future greenhouse 
gas emissions has been prepared in support of this report's analysis. A word of caution is 
addressed to the user of these data. Most aspects of global warming are still characterized 
by considerable uncertainty, and so are available data. Furthermore calculations some
times depend on more or less arbitrary assumptions such as for example the choice of a 
time horizon in case of evaluating the global warming potential of a greenhouse gas 
compared to that of carbon dioxide. The database reiies primarily on the widely quoted 
IPCC reports, but other literature had to be consulted to fill gaps in available information 
(see annex B). 



Data is presented in this report on a regional base. i.e. countries are aggregated into the 
following groups: 

• the North, the industrialized countries, comprising 1) North America (Canada and 
USA), 2) Rest OECD (Western Europe, Australia. New Zealand and Japan), and 3) 
Eastern Europe (including the USSR); 

• the South, the developing nations, comprising 1) Africa, 2) China, 3) India, 4) Rest 
Asia (including Oceania) and 4) Latin America. 

Greenhouse gases discussed are carbon dioxide C02, carbon monoxide CO, methane 
CH4, nitrous oxide N20, nitrogen oxides NOx and halocarbons. 

This chapter starts with an introduction to the issue of global climate change and the 
greenhouse effect. Also other sources of data (besides IPCC). such as The World Resources 
Institute and The Centre for Science and Environment are shortly reviewed. 

Chapter 2 presents the main results of the database prepared on the contribution of North 
and South to greenhouse gas emissions. Current (in 1985) and future (in 2025) emission 
data are presented, comparing a Business-as-usual case Ó id a Policy case (which 
assumes that certain response strategies are taken). 

Chapter 3 discusses the impacts of climate change with special attention to impacts in the 
South.. 

In chapter 4 the response strategies are discussed in more detail. Measures are examined 
which could be taken to achieve a reduction in emission of greenhouse gases (prevention 
strategies). Furthermore, attention is given to measures concerning adaptation to climate 
change effects. 

Chapter 5 contains the conclusions of this study. 

Annex A presents background information on the greenhouse effect theory, on the natural 
and anthropogenic sources and sinks of greenhouse gases, as well as on the concept of 
'global warming potential' of a gas. 

In annex B the database prepared for this report is presented in a series of tables, together 
with a review of consulted IPCC reports and other literature. 

1.2 Global climate and the greenhouse effect 

1.2.1 The natural and human-caused greenhouse effect 

There are many factors that determine the climate of the earth, which are of both natural 
and human origin. The driving energy source for climate (and thus weather and tempera
ture) on earth is solar «nergy. Our planet intercepts solar radiation: roughly one third is 
reflected, the rest is absorbed by the earth surface and atmosphere. The solar radiation 
absorbed is balanced by radiation emitted by the earth and its atmosphere. This outgoing 
radiation is in the form of long-wave infrared energy of which the magnitude is related with 
the temperature of the earth-atmosphere system (see annex A.l for technical details on 
this subject). Of course, one cannot speak of THE temperature, because the earth-atmos
phere system has both a horizontal (parallel to the surface) and a vertical (depending on 
the height) distribution. In reports one often talks shortly about "global temperature". What 
is meant then is 'average global surface air temperature'. 

The earth's radiative balance determines the climate. Changes in the radiative balance will 
result in climatic change. The magnitude of which will be determined by complex interac
tions between the components of the climate system: atmosphere, land, biosphere, 
oceans, ice and snow, Throughout geological times there has been considerable variability: 



from day to day (in the weather), from year to year, from millenium to millenium and from 
era to era (in the climate). One important factor that can cause changes in the radiative 
balance is of course the solar energy intercepted by the earth. 

The radiative balance is also influenced by a number of trace gases in the atmosphere. Due 
to the presence of these gases more infrared radiation is absorbed as compared to the 
situation without gases. The absorbed energy remains in the atmosphere as trapped heat, 
hereby warming the earth's surface and lower atmosphere. Hence the name 'greenhouse 
effect', because the responsible gases act as a greenho» se. The average global surface 
temperature is about 33°C warmer than it would have been when the greenhouse gases 
were not present (raising average global surface temperature to rbout 15°C above zero, 
thus creating the conditions for a habitable planet). This effect associated with the natural 
levels of concentration of greenhouse gases is called natural greenhouse effect. It is 
basically well-understood and in general agreement with observations of other planets 
(Mars, Venus). 

The natural greenhouse effect suggests the existence of a strong link between temperature, 
climate and atmospheric concentration. Such a link is confirmed by measurements from 
ice cores (drilled at Antarctica) going back to 160,000 years ago. These show that large 
variations in temperature between glaciations and interglacial periods were paralleled by 
variations in the concentration of the greenhouse gases carbon dioxide C02 and methane 
CH4. Over this 160.000-year period there have been two interglacial periods: the one we 
live in now that started 10,000 years ago and the previous one. about 1?0000 years ago, 
lasted for 10,000 years. During the interglacials temperature was about 5°C higher than 
during the ice ages. At the same time the atmosphere contained 25% more C02 and 100% 
more CH4. Thus, greenhouse gas concentration and temperature are intimately linked: 
atmospheric concentrations have been affected by climate change, and have been ampli
fying climate change on their turn. 

Since the end of the last ice-age (some 10,000 years ago) up to, say some 200 years ago, 
greenhouse gas concentrations have been fairly constant, as well as average global surface 
temperature. Since the last ice-age temperature has not shown variations of more than 
about 1-1.5"C. What has become disquieting is the tremendous increase of greenhouse 
gas emissions due to various human activities over the past 200 years, hereby increasing 
greenhouse concentration well above natural levels. Strictly, this is an enhanced green
house effect (or anthropogenic greenhouse effect), usually shortened to 'greenhouse 
effect', but the word enhanced should not be forgotten. 

In this report we will concentrate on the g/eenhouse gases that have the highest contribu
tion to global warming. These are carbon dioxide (C02), methane (CH4), nitrous oxide 
(M20). nitrogen oxides (NOx, the sum of nitric oxide MO and nitrogen dioxide N02) and 
halocarbons (of which chlorofluorocarbons (CFCs) give the largest contribution). CFCs are 
only produced industrially, while the other gases have both significant anthropogenic and 
natural sources. For example, carbon dioxide is naturally recycled between reservoirs 
formed by biomass on land, the sea and the atmosphere. In addition, fossil fuel and 
biomass burning by human beings release carbon into the atmosphere. Since ± 1760 AD 
concentrations of greenhouse gases have increased rapidly: C02 from 279 (in 1765) to 
354 ppmv (in 1990). CH4 from 0.79 to 1.72 ppmv, M20 from 285 to 310 ppbv, CFC-11 
from 0 to 280 pptv and CFC-12 from 0 to 484 pptv [IPCC-I (1990), table 2.5]. It is certain 
that these rapid changes in greenhouse gas concentration are due to human activities. The 
gas C02 is released mainly by fossil fuel combustion since the Industrial Revolution and 
by deforestation. C02 records from the 160.000-year old ice core have shown that 
variability about the mean of 280 ppmv has been low; a high value as the current 353 ppmv 
has not occurred during the ice ages and intergiacialsof the past 160,000 years. Further
more, measurements of C02 concentration (performed continuously at Mauna Loa, 
Hawaii, since 1958) match accumulated emission trends from deforestation and fossil fuel 
use. 



Box 1.1. Terminology of climate change. 

The use of some climate change jargon in this report is inevitable. Some specialized terms are 

defined below. For more details one is referred to annex A. 

Climate system, troposphere, stratosphere 

The interactive components that determine the climate. These are the atmosphere, oceans and 

sea ice (hydrosphere), snow and glaciers and the biosphere (consisting of the living creatures). 

The troposphere is the lower atmosphere (up to 8 km above ground at the poles and up to 18 km 

in the tropics). The tropopause marks the top of the troposphere, from which the stratosphere 

extends to about 50 km. 

Climate change 

Changes in the climate system can be measured in terms of any part of the climate system. Most 

conveniently one uses the surface air temperature as a measure of climate, because this is the 

parameter for which we have the best record and is most directly relevant to us human beings. 

Radiative balance 

In the climate system a balance exists between incoming solar radiation (in the short-wave part 

of the spectrum, including visible and ultraviolet radiation) and outgoing radiaton (in the form of 

long-wave infrared radiation mainly emitted by the warm surface). The amount of outgoing 

radiation is linked with the temperature of the earth. One cannot speak of one temperature, in 

reality it has both a horizontal (along the earth's surface) as well as a vertical distribution 

(depending on height) in the atmosphere. Here, we are interested in the surface air temperature, 

the temperature of the air just above the earth's surface. What is important is that the temperature 

distribution (and thus also the surface air temperature) will adjust in such way that there is a 

balance between incoming and outgoing radiaton. 

Radiative forcing (also called forcing) 

The radiative balance can be modified by changes imposed on the climate system. These are 

called radiative forcings. Changes in the output of the sun and in the earth's orbit around the sun 

together determine the magnitude of incoming solar radiation, and probably are responsible for 

triggering the ice ages (also called glacials, see further). It is likely that occurrence and magnitude 

of ice-ages is influenced by other forcings, such as the surface albedo (see further), emission of 

particles into the atmosphere (by volcanoes or human activities) and the concentration of 

heat-trapping gases, the so-called greenhouse gases. 

Albedo 

The fraction of incoming solar radiation that is reflected by the Earth-climate system into the 

atmosphere. One can subdivide into the surface albedo and the atmosphere albedo. Changes in 

surface albedo may result from changes in the extent of ice caps and glaciers and shifts in extent 

of vegetation on the continents. Changes in atmospheric albedo may result from changes in cloud 

formation. 

Glacials and intergtacials. Holocene, Pleistocene 

On geological limescales the earth's climate has encountered some remarkable climate phe-

nomenan. called ice-ages (or glacials), during which periods it was significantly colder, large areas 

of continents were covered with ice sheets, glaciers in mountain ranges expanded, and so much 

water was locked up in land and sea ice sheets, that the sea level was significantly lowered. Most 

rece:it ice-age cycles occurred in the Pleistocene (the epoch from 1.8 million years ago to 10.000 

years ago) and the recent Holocene epoch, encompassing glacials, alternated by warmer periods, 

called interglacials. A growing body of evidence suggests that ice-age» are initiated by changes 

in the earth's orbit around the sun. but not all can be explained. Orbital forcing is only one of the 

radiative forcings. The movement of continents across the earth's surface play a fundamental role. 

Furthermore, various feedback mechanisms (involving greenhouse gases) may dampen or 



Box 1.1 (continued) 

amplify initial changes due to radiative forcing. 

(tialurat) greenhouse effect 

The shortwave incoming radiation can pass through the afmospucre relatively unimpeded. The 
long-wave terrestrial radiation is partially absorbed by certain trace gases (see further) in the 
atmosphere and then re-emitted into space. The effect of this is a net energy input into the lower 
atmosphere. As a result temperature of the lower atmosphere increases. 

Trace gases and greenhouse gases, direct and indirect greenhouse effects, sources and sinks 

The major gases in the atmosphere are nitrogen N2. oxygen O?, water vapour H2O and nobie 
gases (a group of chemically inert gases), which comprise more than 99,9% of the atmosphere. 
The other (minor) constituents are called trace gases, such as carbon dioxide CO2. methane ChU. 
ozcoe 03. sulphur dioxide SO2. nitrogen oxides NO». Concentrations are very small and given in 
parts per million, or billion or trillion. Surprisingly, the main phenomena in the changing 
atmosphere do not stem from the major gases, but from modifications in trace gas concentrations. 
These phenomena are greenhouse warming (CO2, CH4. N2O, O3), ozone layer depletion (O3). 
urban smog and acid precipitation (SQ2, NO»), The gases CO and NOi are not greenhouse gases 
themselves, but take part in a complex interplay of reaction that affect the ozone concentration 
and thus have an indirect greenhouse reffect. The concentration of greenhouse gases in the 
atmosphere is determined by the relative strength of sources and sinks. Carbon in the form of CO2 
(and carbonates and organic compounds) is cycled between various reservoirs: atmosphere, 
oceans, biosphere and (on geological timeacales sediments and rocks). The other trace gases 
are produced from and destroyed by a variety of processes in the atmosphere, in the sea or in 
the biosphere. 

Global Warming Potential 

To express the warming commitment of various greenhouse gases, the so-called CWP has been 
developed, which takes into account the radiative forcing of the gas emitted, the lifetime of the 
gas in the atmosphere, the time horizon over which effects are regarded and indirect impacts on 
other greenhouse gases. 

Anthropogenic (or enhanced) greenhouse effect 

In certain human activities such as fo$:..! fuel combustion or biomass burning (see box 2,1), 
greenhouse gases are released, which leads to a buildup of gases (CO2, CO, CM4. M2O, MO,) in 
the atmosphere or the release of greenhouse gases (halocarbons) that do not occur in nature. The 
greenhouse effect associated with this human-caused release enhances the natural greenhouse 
effect. The word enhanced and anthropogenic are often omitted. The terms '(anthropogenic) 
greenhouse effect' and 'global warr >ng' are used interchangeably. Over the past 20 years (since 
the Industrial Revolution) concentrations of greenhouse gases have risen very rapidly to well 
above the levels that have been fairly constant since the last ice-age (which ended some 10,000 
years ago). Due to hum an-caused releases the greenhouse gas concentration could become twice 
that of pre-industrial levels (see also 'climate sensitivity'). 

Climate feedbacks 

Processes that alter the response of the climate system to radiative forcings. Physical feedbacks 
are processes of the atmosphere, ocean and land surface (e.g. changes in cloud formation, 
changes in land- and sea ice). Biogeochemical feedbacks involve changes in global ilogy and 
chemistry (e.g. changes in ocean currents). For a more detailed discussion, see annex A.l, The 
impacts of climate feedbacks are measured in terms of their impact on climaie sensitivity. 

Climate sensitiuity and equilibrium warming 

The ultimate change in climate that can be expected from a given radiative forcing. Climate 
sensitivity is measured as the change in surface air temperature when equilibrium is restored 



Box J.I (continued) 

following a change in radiative forcing. A common benchmark when talking about the greenhouse 

effect is the climated sensitivity associated with doubting of the atmospheric concentration of 

carbon dioxide (above the level pre industrial times, say before 1760). This sensitivity is in the 

range of 1.5-4.53C. 

Equilibrium and realized warming 

The response of the climate system is time-dependent. Climate responds very gradually to a 

forcing, primarily because of the heat capacity of the ocean. It takes hundreds of years for oceans 

to reach an equilibrium with the atmosphere. In this transient mode there is an imbalance between 

incoming and outgoing radiation. Given the changing concentrations of greenhouse gases the 

earth's climate will be in such a transient mode for the foreseeable future, in which the realized 

warming (the actual temperature increase as a consequence of the greenhous effect) lags behind 

the equilibrium warming. 

Emission of greenhouse gases due to human activities 

i 
Increase of concentration of greenhouse gases in the atmosphere 

i 
Response in the climate system 

(temperature, precipitation, soil moisture, weather extremes, 

ice and snow, sea level, biosphere 

I 
Impacts of climate change 

(on natural ecosystems, land use, agriculture, forestry, water resources, 

human settlements, human economic activities and coastal zones) 

Figure 1.1 Impacts of human-caused climate change 

Over the last 100 years temperature has risen with 0.3-0.6°C, and with about 0.6-1.2°C 
since the onset of the Industrial Revolution (1750). This temperature increase is consistent 
with the observed increase of atmospheric greenhouse gases, but it is also of the same 
magnitude as natural climate variability ( 1°C). Therefore, the anthropogenic greenhouse 
effect has not been unequivocally detected yet. 

What is established as scientific fact is the existence of the natural greenhouse effect. 
Furthermore it is fact that anthropogenic emissions of greenhouse gases cause the 
atmospheric concentrations thereof to increase. Projecting growth rates of emissions into 
the future, and combining these with radiative forcing properties of gases, scientists have 
modelled the amount of warming commitment from past emissions as well as current and 
future emissions. Results showed that it is to be expected that the greenhouse effect is 
being enhanced, resulting ,n global warming of our planet's surface. However, at present 
it is not possible to predict accurately the timing, magnitude and climatic impacts of 
greenhouse warming, due to piling up of uncertainties mentioned in box 1.2. 



Box 1.2 Uncertainties in estimating future global climate change 

in esti. ïatmg the warming effect of greenhouse gas increases in the atmosphere and climate 
change impacts thereof, various uncertainties are piled up. These uncertainties exist in the 
following areas: 

• emission rates of greenhouse gases per emitting activity. These arise, because statistics of 
emitting activity are not available (e.g. what area is deforested globally per year?), and/or 
because emission rates are not accurately known (e.g. what is the carbon release per unit 
deforested area?). This kind of uncertainly is discussed in § 2.1.6 and annex A.2. 

• the Global Warming Potential (CWP) of the emitted greenhouse gases. There are some 
methodological problems in developing indexes, such as the CWP. that describe the contribu
tion of an emitted amount of a greenhouse gas to global warming (in climate jargon, its 
radiative forcing over a certain residence time in the atmosphere). See annex A.3. 

• the development paths that are open to countries. Population growth and economic growth 
are important parameters that determine the future level of activities that emit greenhouse 
gases. Also, the level of emitting activities and emission per unit of activity can be influenced 
by policy actions that are aimed at reducing emissions (see chapter 4). 

• the response of the climate system to radiative forcing of greenhouse gas. which is altered by 
various feedback mechanisms in the climate system. In current computer models used for 
climate change forecasts these feedbacks are taken into account in a rudimentary way 
(escpecially the role of the oceans). See annex A.4. 

• regional climate changes. Because climate modelling is not sufficiently developed yet it is 
difficult to go into regional climate change predictions. Some global-scale climate change 
impacts are discussed in chapter 3. 

• the geographic and geopolitical impacts of climate changes (see chapter 3). 

1.2.2 The heating effect of net additions of greenhouse gas to 
atmospheric concentration 

To assess future climate change it is necessary to know future greenhouse gas concentra
tions. Firstly, the atmospheric concentration increase depends on the magnitude of 
anthropogenic emissions. Secondly, concentration increase results in higher absorption of 
infrared radiation in the atmosphere {radiative forcing) thereby raising global surface air 
temperature. Only a fraction of the gases emitted remains in the atmosphere however 
during a certain time period after emission: eventually the carbon in CO2 is recycled in the 
global cycle, while N2O, CO, N0X, CH4 and halocarbons are removed by atmospheric 
chemistry. So, the actual annua! atmospheric concentration increase is less than the 
Dortion of annual human-induced emissions. After the instantaneous emission of a certain 
amount of trace gas, the concentration of that gas will start to decline and eventually reach 
an equilibrium value. Whilst in the atmosphere, the amount of gas added generates a 
greenhouse warming {direct greenhouse effect, CO2. CH4, N2O, CFCs). Some greenhouse 
and non-greenhouse gases have chemical reactions in the atmosphere, of which the 
products of these reactions may generate an additional warming {indirect effects, in the 
case of CO. CH4. NO*).1 

The instantaneous emission of a greenhouse gas has a commitment to global warming for 
an extended period after its release. The global warming potential of the emission depends 
on the instantaneous radiative forcing of the emitted gas, the lifetime of the gas in the 

1 For a more detailed discussion see annex A.2. 



atmosphere, the indirect effects of the emitted gas. and the length of the extended period 
after the instanteneous emission (time horizon). To study the combined impact of 
emissions of various greenhouse gases, it is necessary to have a simple index to describe 
the ability of greenhouse gases to affect greenhouse foicing relative to each other. As the 
trace gas of primary concern is CO2, a useful approach is to express forcing potentials 
relative to CO2. There is no universally accepted method however for combining all the 
factors mentioned here into one single index. The IPCC uses the index called global 
warmingpote:\tial (GWP). These GWPs are used in this report to show the combined effects 
of present and future anthropogenic greenhouse gas emissions, integrated over a 100 year 
time horizon. The GWP concept is described in more detail in annex A.3. 

The reader should note that the GWP of NOx adopted in this report is probably overesti
mated, according to the newest knowledge. For a discussion of the implications one is 
referred to annex A.3. 

1.3 Comparison of IPCC data with studies by The World 
Resources Institute (WRI) and The Centre for Science and 
Environment (CSE). 

In this report the data on current and future greenhouse gas emissions rely basically on 
IPCC reports (Intergovernmental Panel on Climate Change under auspices by the united 
Nations organizations WMO and UNEP). Besides the IPCC reports, another widely cited 
report is that of The World Resources Institute, a Washington-based private research group. 
In this report. World Resources 1990-1991, detailed estimates on a country basis are 
presented. A first set of tables include anthropogenic emissions of carbon dioxide CO2 
(cement manufacture, solid fuels, liquid fuels, gas fuels, gas flaring and land-use change), 
of methane CH4 (solid waste, livestock, hard coal mining, wet rice and gas pipeline 
leakage) and chlorofluorocarbons (CFCs). 

To facilitate comparisons of greenhouse gases their radiative forcing has to be expressed 
in e.g. carbon dioxide equivalents. The methodology used by WRI and CSE differs 
fundamentally from the one used by the IPCC and therefore estimates by IPCC and 
WRI/CSE cannot be compared easily. The IPCC uses the GWP (Global Warming Potential) 
and this index is also used in this report. The WRI and CSE however use the Greenhouse 
Gas Index. Both indexes have their pros and cons, but WRI's 'Greenhouse Index' hai some 
serious methodological flaws. For a more elaborate discussion on this point the reader is 
referred to annex A.4 

The 'Global Warming Potential' has already been mentioned par. 1.2.2. The GWP of a gas 
is a.o. determined by the lifetime of the gas (which on its turn is determined by the relative 
strength of sources and sinks and feedback mechanisms in the climate system of the earth 
and the radiatiue forcing of the gas. The GWP expresses the global warming commitment 
of greenhouse gases. 

The 'greenhouse index' expresses national NET contributions to potential greenhouse 
warming. Only a fraction of the the greenhouse gases CO2 and CH4 remains in the 
atmosphere2 after a certain period of time, which is determined by the relative strength of 
sources and sinks. In the GWP this effect is taken into account by defining a residence 
(lifetime) of the gas in the atmosphere and in the 'greenhouse index' by calculating the net 
additions of emission to the greenhouse effect, i.e. the amount of emitted gas that remains 

2 CO2: 3700 TgC.CH4: 43 TgCH< 
Net emissions can be defined as Production from natural sources + Production from 
anthropogenic sources - Natural sink. 



in the atmosphere. Then this net atmospheric increase is apportioned to each country 
based on its share in total anthropogenic emissions. In case of CFCs there is no natural 
sink, so there is no uptake of gases from the atmosphere and anthropogenic emissions 
equal net addition of emissions. These net emissions (units of weight of the gas) are 
expressed in carbon equivalents by multiplying with a heating coefficient, which expresses 
the radiative forcing of a gas relative to carbon dioxide. 

The Indian Centre for Science and Environment (CSE) has recently published a report, 
titled Global Warming in an Unequal World. The CSE criticizes the WRI that the concept 
of 'net addition of emissions' does not adequately describe a country's contribution to the 
greenhouse effect. They say that 'in a world in which human beings are valued on an equal 
base the responsibility for greenhouse gas accumulation ought to be expressed on a 
population basis'. Instead of the 'net additions of emissions' the concept of permissible 
emissions is adopted to calculate each country's share of responsibility for the greenhouse 
effect3. To calculate 'permissible emissions' the available natural sink (defined as the 
difference between net atmospheric increase of a gas and its anthopogenic emission) is 
apportioned on a per population basis to each country. Some countries (especially 
industrialized ones) will have emissions in excess of their permissible shares, while others 
(especially developing countries) do not use their permissible share totally. Emissions in 
excess and not used up can then be exchanged (on a per capita basis) to calculate each 
countries' share in net additions to the greenhouse effect. 

It is difficult to compare on the one hand the WRI and CSE estimates of 'net contribution 
of emissions' and 'permissible emissions' to on the other hand emission estimates 
presented in this report, because the contributions of gases to the greenhouse effect are 
estimated using different methodologies. Solely the estimates of anthropogenic gross 
emissions of each gas separately can be compared. These are presented in table 1.1. In 
par. 2.2.6 estimates of 'permissible emissions' on a population basis are made for the data 
of this report in analogy with CSE. However, because of above-mentioned methodology 
differences the definition of 'permissible emission' differs from the CSE definition. The 
outcome of using a permissible emission concept does not differ fundamentally: looking 
at per capita emissions the share of the South in responsibility for emissions is much 
smaller than the share of the industrialized countries. 

If one works with standards (such as the 'permissible emissions') based only on the 
concept of 'per capita emissions' one misses two important aspects. Firstly, the dynamic 
aspects of population growth. In the longer run countries that have a large population 
growth would automatically get a larger 'permissible emission' than countries with low 
population growth, simply because their population size would have expanded more. 
unless one would introduce 'permissible population increase quota'. 

A second issue concerns the qualitative distinction between emitting sources. Are the CO2 
contributions of luxury automobiles in the OECD countries to be equated with the methane 
emissions of draught animals and rice fields ? This raises questions of justice and morality. 

3 Note that the definition of 'permissible emission' used in par. 2.2.6 differs from the CSE definition. 
In the CSE report the so-called available m'.ural sink is allocated on a population basis. In 
par. 2.2.6 'permissible emissions' are calculated by allocating the global emissions of alt 
greenhouse gases in the Policy case in 2025 on a population basts, The different definitions arise 
from the methodological differences in expressing the warming potential of greenhouse gases. 



2. THE CONTRIBUTION OF NORTH AND SOUTH 
TO GLOBAL EMISSIONS 

2.1 Annual greenhouse gas emissions in the eighties4 

2.1.1 Main structural differences between North and South 

At present the industrialized countries (the North) with 23% of the world's population 
contribute 58% of global annual emissions, while the developing countries (the South) axe 
responsible for 42%. Per capita emission in the North is 6.5 tC per year, in the South only 
1.4 tC per year (see figure 2.3). 

Box 2.1 Definition of groups of activities and related emissions 

ENERGY: 

• energy consumption (combustion of fossil fuels) by households, commerce and government 

services, agriculture, industry, transport and the energy sector itself: COz. CO. ChU. MO, and 

N2O 

• energy production (coal mining, production and distmbuüon of natural gas): CH4 

INDUSTRY (only emission from manufacturing processes: energy consumption in industry falls 

under 'energy'): 

• calcination process in cement production: CO? 

• anaerobic fermentation in landfills and open dumps: ChU 

• production of halocarbons (CFCs. HCFCs, halons, chlorocarbons) 

AGRICULTURE: 

• use of nitrigenous fertilizer. N2O 

• cultivation of rice in flooded fields: CH4 

• enteric fermentation in domesticated animals: CH4 

FORESTRY: 

• net loss of carbon sink (in vegetation and soil) due to deforestation: CO2 

• enhanced M2O emissions on deforested land brought under cultivation 

• biomass burning (wood, charcoal, crop residues, dung) in confined spaces for energy 

extraction, as well as in unconfmed conditions (shifting cultivation, prescribed bums in forests 

and pastures, burning of residues on fields after harvesting): CO. CH4. NO, and N2O. The gas 

CO2 is also emitted in burning but will contribute only to the extent that a net vegetation loss 

occurs and is already addressed to under 'deforestation'. 

• In chapter 4 'biomass burning for energy extraction' is included in the group of energy 

activities. 

There are also significant differences between the North and the South in composition of 
sources of annual emissions per sector (figure 2.1 and 2.2). While the energy sector 

4 The source of data on emissions and activities is described in more detail in annex A Values and 
uncertainty ranges mentioned in this section correspond to those given in figure 2.9 and table 2.1 
and are for the year 1985, unless indicated otherwise. 



accounts for 75% of all emissions from the North, its share in emissions from the South is 
no more than 34%. Instead, the forestry sector (biomass burning and deforestation/land-
use change) contributes 41 % of all emissions from the South, while the figure for the North 
is only 4%. 

With respect to composition of gases, the differences are less striking, but stilt significant. 
In the South emissions of CH4 and CO are relatively larger than in industrialized countries. 
while emissions of CO2 and CFCs are much smaller. This difference can be attributed to 
the emissions of methane from flooded rice fields in Asia, the emissions from biomass 
combustion (CO, NO„) and the much lower use of chlorofluorocarbons (CFCs) in develo
ping countries. The relative importance of other gases (N2O and NO») is roughly the same 
in both parts of the world. The gas CO2 is the major greenhouse gas in both North and 
South. However, the sources of these gases differ: in the North the energy sector is the main 
contributor to emissions, while in the South emissions from biomass burning and defore
station are at least as important as emissions from the energy sector. Emissions of 
halocarbons have only a minor contribution to emissions from the South, but are substan
tial in the North. A summary of the emission contribution of North and South per activity 
and per greenhouse gas is presented in figs. 2.1 and 2.2. 
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Figure 2.1 Greenhouse gas emissions in J 985 per sector 

Looking into the matter with more detail, we see that the South cannot be treated in a 
homogenous way, because each region has its own emission patterns (see figures 
2.4-2.7). Methane emissions from wet rice fields in India and South-East Asia are 
important. In China the large consumption of coal and the almost absence of net defore
station (much has already been deforested) makes the energy sector the largest contribu
tor. Emissions caused by deforestation and biomass burning play a paramount role in 
Africa. Latin America and South-East Asia. 

2.1.2 The energy sector 

Fossil fuel combustion 

Globally the energy sector is the largest contributor to the man-caused greenhouse effect 
(rr.ore than half of global warming commitment). The main gas released in fossil fuel 
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Figure 22 Greenhouse gas emissions in J985 per gas 

combustion (oil, coal and gas) is CO2. with relatively minor contributions from CO. N2O 
and CH4. Annual global CO2 emissions from the energy sector in the eighties were 18.9 
(17.7-20.7) TgC02. of which 19% from the South5. Here, the 'energy sector includes data 
on fossil fuels only. Data on biomass combustion, are presented in par. 2.1.4. 'the forestry 
sector'. Biomass has only a minor share in energy consumption in the North, but biomass 
accounts for almost one third of the South's energy consumption. Biofuei only contributes 
to CO2 emissions if this implies a net loss of vegetation (deforestation, see further). 

Fossil fuels comprise coal, petroleum products and natural gas. CQ2 emissions are 
primarily dependent on fuel characteristics. Emissions can in principle be estimated using 
information on: 

• annual primary consumption of the fuel resource, 

• fraction of the resource not used as fuel. 

• carbon content of the fuel. 

• fraction of fuel that is not oxidized. 

Carbon emission coefficients differ p r̂ type of fuel, depending on carbon content of the 
fuel and non-oxidized fraction. Coal and peat have the highest C-content per unit of energy, 
natural gas has the lowest6. The methodology to assess CO2 emissions from fossil fuel 
combustion is fairly well-known, although some controversy exists on level of detail, 
statistical data «ources and carbon content of fuel products. Assessing emissions of CO, 

5 Emissions from other gases: CO 425 (400-1000) TgCO/yr CK4 2 (1.4-2.6) TgCrWyr. NjO 1.1 
(0.1-2.5) TgN/yr. NO, 23.5 (14-28) TgN/yr. 

6 In this report CO? emissions were re-calculated using primary energy demand data from IPCC 
Task A report and ermssion coefficients from Marland and Roll' (1984). These coefficients 
include factors for carbon left in soot and fuel for non-combu* Jon purposes. 
Coal 24 9 TgC/EJ. oil 18 6 TgC/EJ. gas 13.4 TgC/EJ (emission rates for consumption, synthetic 
gas and o>: 36 8 TgC/EJ (emission rate for consumption and production). (Values based on 
Higher Heating Value (KiJÏJV 
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Ftgute 2.3 Per capita greenhouse gas emissions in 1985 

CH4, NOx and NgO released in fuel combustion is more difficult7, as these depend not only 
on fuel characteristics, but also on technology type and pollution controls. Emissions also 
vary with size and operation of combustion technology. 

The fossil fuel sector in the South has some salient characteristics compared to indus
trialized countries. One striking feature is the enormous disparity between North and South 
in terms of per capita energy consumption. The 77% of humanity that lives in the South 
consumes only 28% of primary energy (fossil and biofuels) and when one excludes 
biomass the share drops to 22%. On a per capita basis a person from the North consumed 
204 GJ per year (201 GJ, excl. biofuels) and an inhabitant from the South only 25 GJ per 
year (18 GJ, excl. biofuels, 1985 data). 

There are also striking differences in energy consumption. Among developing nations oil 
producing countries and newly industrializing economies attain the highest energy con
sumption per capita. For example (annual consumption in 1986): Libya 106 GJ/cap, 
South Africa 81 GJ/cap, South Korea 48 GJ/cap, Brazil 22 GJ/cap, while countries as 
Benin, Ethiopia, Nepal or Haiti have a per capita energy consumption in the order of 1 GJ 
[WR1 (1988), table 20.2]. A duality cannot only be observed on a global or regional scale 
between nations, but also within one nation. In developing nations, a big gap of income, 
consumption pattern and lifestyle difference separates higher-income households and 
formal sectors (of agriculture, industry and commercial/services sectors) from lower-in
come groups and an informal sector. This stratification into elites and poor has shaped 

7 The contribution of NOi as presented in figure 2.4 may be overestimated (see annex A.3 for a 
discussion), because the value of the Global Warming Potential (GWP) may be too high. A part of 
this contribution may be attributed to CO and non-methane hydrocarbons (MMHCs). Important 
sources of CO and NMHCs besides fossil fuel combustion are biomass burning and. in the case of 
NMHCs, solvents. As a consequence the total contribution of the energy sector is probably 
somewhat less than depicted in figure 2.4. and the contribution of the industry and foresty sectors 
is correspondingly higher. 

' . . • • • : ' x , : . V i 

r.-.-,-,- - . • . . . ' ' , . 

f.'S.'~ 17.7 . 
&* 

fzJ" 
-=7o.-

> 
C ' t i 

r-,-, Y Y-Y ".".".'«' . 
' '• ' ' ' ' J.l 

, . , . . _ ; ) 

'**". ' 2 . 6 

frnZm' '" 'Z? 

0 " 

".'.'-^ le.o 

— 0 M 

™ '10.2 



current energy systems in the South. The former have easier access to modem energy 
carriers (electricity, fossil fuels), while the latter are often forced to use traditional sources 
of energy (biomass and animal power). 

Fossil fuel production 

In coal, gas and oil production methane CH4 is released, globally 83.5 (40-106) TgCH4 
per year. Coal mining results in the release of coal-bed gas (principally CH4), of which 
fluxes generally increase with depth and rank of coal and depend on method of mining. 
During the production of crude oil and natural gas, some portion of gas is flared (hereby 
producing CO2) or uented (as CH4) into the atmosphere. Flaring occurs most commonly 
when no market can be found for the natural gas associated with oil reservoirs. Venting 
occurs during well drilling and maintenance operations (e.g. to avoid pressure buildup). 
On average the amount of gas flared and vented amounts to 2-3% of global natural gas 
production, but varies considerably regionally [Lashof & Tirpak (1989), Okken & Kram 
(1989)]. Methane further escapes due to losses from storage and distribution systems of 
natural gas. Assessments of these emissions are hampered by uncertainty. The South 
(Middle East and South-East Asia) contributes an important part (1/3) to methane 
emissions from energy production. 
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Figure 2.4 Greenhouse gas emissions per gas per sector in 1985 

2.1.3 Industrial activities 
Three industrial activities are associated with greenhouse gases (see figure 2.6): cement 
manufacture (CO2), waste disposal in landfills (CH4) and production and use of halocar-
bons. It has to be stressed that the portion of fossil-fuei use in industry is accounted for in 
energy emissions. 



Cement manufacture 

In cement manufacture CO2 is released when limestone CaCC>3 is converted to lime CaO. 
Global annual emissions from cement manufacture are estimated at 477 (450-550) 
TgCC>2, of which 43% from developing countries. Assessment of emissions is quite simply 
done by combining cement production figures with emission factors. 
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Figure 2.5 Emissions per region from the energy sector in 1985 (total: 7099 TgC) 

Halocarbons 

Global release of halocarbons (mostly chlorofluorocarbons, CFCs) in 1985 was 1,14 
(1.1-1.7) TgCFC (expressed in CFC-11 equivalents8). CFCs account for about 10% of 
global warming commitment of current human-caused emissions. Use of CFCs has 
become widespread in the industrialized world. CFCs have been used in various applica
tions, as propellant in insecticides, as aerosol propellant in sprays, blowing agent in foam 
products, solvent, and as cooling agent (refrigerators, air conditioning). 

The share of developing countries in CFC emissions (based on production data) is very 
small, about 16%, but may have been underestimated because of lack of production data. 

Landfills 

On a global scale annual emissions from landfills are 40 (20-70) TgCH4, of which some 
35% from the South. The urban population produces high and concentrated volumes of 
waste (MSW: municipal solid waste) that are collected in landfills or open dumps. In such 
places anaerobic conditions develop, resulting in the release of methane from anaerobic 

The value of 1.14 TgCFC includes the gases CFC-11. CFC-12, CFC-113, HCFC-22. CH3CCb, 
CCU. halon-1301 and halon-1211. The upper value of the range cannot be attributed only to 
differences in production statistics, but merely because of differences in CWPs (relative to 
CFC-11) used in literature, and also to the inclusion of other halocarbon gases not taken into 
account here {such as e.g. ChbBr of CF<). 



decomposition of organic matter. Numerous factors influence the amount of CH4 produced 
in landfills, which makes estimations of emissions difficult. These are both physical factors 
(organic component in waste, moisture content, temperature. pH) as well as human factors 
(management type, density of refuse). 
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Figure 2.6 Emissions per region from, industrial activities in 1985 (total: 1446 TgC) 

Currently, urban waste production in industrialized countries is much larger than in 
developing countries, due to high urbanization and high per capita waste production. On 
average, 70% of municipal solid waste collected in industrialized countries is deposited in 
landfills (varying from 10% in Japan to 85% in the united States) [Okken & Kram (1990)]. 
Some 50-70% of urban waste is collected in developing countries, where it is deposited in 
landfills or, more common, open dumps. Per capita urban waste generation rates vary 
significantly. For example: united States 1.5 kg/cap/day, Japan 0.80 kg/cap/day, Sri 
Lanka 0.4 kg/cap/day, Ghana 0.25 kg/cap/day [OECD (1991), p.4-6, Piccot etal 
(1990)]. 

Nearly as much CO2 comes out of landfills as methane. Yet, this CO2 should not be 
accounted in the emission budget because it represents CO2 fixed before by plants (and 
therefore can assumed to be recycled). 

2.1.4 Agricultural activities 

Three agricultural activities contribute to greenhouse gas emissions: domestic animals 
(CH4), rice cultivation (CH4) and use of fertilizer (N2O). 

Livestock husbandry 

Global emissions in 1985 from livestock husbandry were 75 (50- > 10) TgChU. Especially 
ruminants produce much methane in their digestive system, since they are able to digest 
cellulose due to presence of certain microorganisms, so that the percentage of feed 



converted into methane is much larger. Domesticated animals (bovines, buffaloes, sheep, 
goat, pigs, camels, horses, donkeys and caribous) contribute 85-95% of total methane 
production from animals. Wild animals and humans account for the rest 

Figure 2.7 Emissions per region from, agricultural actiuities in 1985 (total: 1433 TgC) 

The amount of CH4 released depends on many factors: type, age, and weight of the animal, 
quality and quantity of the feed, and work expenditure (in case of draught animals). There 
appears to be a quantitative basis for estimating emissions because much work has been 
performed on feeding domestic animals and statistical enumeration of animals. 

The contribution from the South is some 43%. uncertainties in emissions from the South 
are larger, as information on feeding systems and animal populations will be of a lower 
quality. 

Wet rice fields 

The global methane release from flooded rice fields in 1985 was 110 (25-170) TgCfy per 
year. Anaerobic decomposition of organic material produces CH4, which escapes through 
the rice plants during growing season or through the water column. Assessment of CH4 
from rice fields are hampered by large uncertainties, as emissions vary by e.g. soil type, 
temperature, pH. amount and way of fertilizer application, water depth, and with time as 
well as season. Only a few measurements of wet rice field emissions are performed and 
only one in Asia [Greenpeace (1990)], and moreover they give divergent results (28-120 
gCH4 per m2 per harvest). Emissions appear to depend more on area under cultivation 
than on yield. 

Seventy-three percent of the world paddy area is in five Asian countries: China, India, 
Indonesia, Thailand and Bangladesh. The South has about 95% of world's paddy rice area. 

Nitrogenous fertilizer 

Part of the nitrogen in fertilizer applied is released as M2O. Assessment of N2O from 
fertilized soils is not straightforward. Emissions depend upon type and amount of fertilizer, 
method of application, soil and ambient conditions, type of crop grown, irrigation and upon 



rainfall. Not only should emissions that are evolved directly from fertilizer application be 
taken into account, but also those that evolve from leaching of fertilizer into ground and 
surface waters. Concentration of N2O in aquifers contaminated by animal and human 
waste, and fertilizer may be three orders of magnitude higher than in uncontaminated 
aquifers (OECD (1991), p.5-50]. 

Of the global annual emission estimate of 1.5 TgN, the South accounts for 43%. Estimates 
of emissions from fertilizer use vary widely from 0.06-2.4 TgN per year. 
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Figure 2.8 Embsions per region from land-use change and biomass burning in 1985 

2.1.5 The forestry sector: forests, land-use change and biomass 
burning 

CO2 emissions from land-use change 

Land-use change results in alterations in the amount of biomass on land. Biomass9 forms 
a carbon sink that, if changed, results in greenhouse gas emissions. Various activities 

Comprising both aboveground and belowground carbon: the living material in the form of plants, 
and dead but not yet decomposed material (humus and litter). Living biomass forms a reservoir of 
450-600 PgC. The carbon stored in the soil is 1200-1400 PgC. An amount of 110 PgC is fixed 
annually by autotrophic organisms by photosynthesis, 55 PgC is released by respiration (some 
60 PgC is fixed as net primary production). 55 PgC is released by respiration processes. 
54-55 PgC is released by decomposition of dead organic material, some 0.5-2.5 PgC is released 
in net deforestation. 

It is uncertain whether land biota act as a net carbon dioxide sink or source, i.e. whether there is a 
positive or negative discrepancy between land-use change emissions and uptake by phytomass. 
Firstly, because of the uncertainties, emissions associated with land-use change emissions (as 
mentioned in the main text). Secondly, uncertainty exists on the contribution by the 'fertilizer 
effect', the effect of a larger C uptake due to the increased atmospheric CO2 (see annex A.2). 

Forests store 75% of terrestrial biomass carbon and 55% of soil carbon. Thus, forests play an 
essential role in the cycling of carbon. 



contribute to greenhouse gas emission and uptake: forest clearing for cultivation (perma
nent cropland or pasture and shifting cultivation), logging for timber and charcoal produc
tion and establishment of plantations and agroforestry efforts. 

There are several difficulties in estimating annual carbon fluxes from land-use change: 

1) lack of data on the amount of carbon tied up in plants and soil; 

2) lack of precize data on areas of deforestation and reforestation in the tropics, and 
disagreement on the definition of deforestation; 

3) lack of data on the fate of above- and belowground carbon after land-use change. 

CO2 emissions from deforestation are quite uncertain. Figures quoted in literature range 
from 500-2500 TgC annually. The IPCC takes in its scenarios the conservative estimate of 
0.75 PgC from deforestation in the tropics in 1985, which is also taken as base in this 
report. This Figure is based on 1980/85 estimates of deforested area in Africa, Asia and 
Latin America ° by the Food and Agriculture Organization and assumes low forest biomass 
[FAO (1982)]. Other estimates reported in literature assume higher forest biomass. Annex 
C gives carbon emission data based en (1) higher forest biomass assumptions and (2) the 
recent (higher) estimates by Myers (1989) of annual deforested area in the eighties. 

Present tropical forest cover is 770 Mha. Three countries make up more than 50% of world's 
tropical forest: Brazil 220 Mha, Zaire 100 Mha, Indonesia 88 Mha. Other countries with 
substantial forest area are Peru (52 Mrs), the Guyanas (41 Mha), Papua-New Guinea 
(36 Mha), Venezuela (35 Mha). Colombia (28 Mha), Myanmar (25 Mha). Two-thirds of 
tropical deforestation occurs in only 7 countries: Brazil (5 Mha/yr), Indonesia (1.2 Mha/yr), 
Myanmar (0.8 Mha/yr), Mexico (0.7 Mha/yr), Columbia (0.65 Mha/yr), rhailand 
(0.6 Mha/yr) and Malaysia (0.48 Mha/yr) [Greenpeace (1990), chapter 15j. 

Reforestation in developing countries (some 1 Mha per year, excl. China) is totally 
overshadowed by the large deforestation, resulting in a fixation of only 6 TgC/yr in the 
eighties. The last decade has shown a net forest increase in the northern temperate zones 
(USSR, China, North America, Europe). Especially in Europe reforestation and reversion 
of marginal cropland to forest land have more than offset losses to urbanization, roads, etc. 

The IPCC assumes a NET carbon release of zero for the OECD and Eastern Europe and of 
220 TgC for China. In this report some more precise carbon estimates of deforestation and 
reforestation in the North and China are presented. As a consequence the net regional 
emission estimates presented in this report may differ slightly from the IPCC Figures. The 
differences are generally very minor in comparison with the total annual emissions due to 
deforestation. 

Net annual reforestation (in terms of area) does not imply a net annual carbon uptake. 
Deforestation implies releasing larger part of the carbon stored (90 to 200 tC/ha). 
Reforestation means uptake by growth of young plants. Natural regeneration on aban
doned cultivated land is 1-5 tC/ha/yr, uptake by plantations is 1.8-6.7 tC/ha/yr11 annua), 

10 11.3 Mha were deforested annually in the tropics {7.5 Mha of closed forests and 3.8 Mha of open 
forest) in the early eighties. 

11 Total expected carbon accumulation is derived by multiplying annual carbon uptake rates by 
number of years to reach maturity. Net carbon exchange with the atmosphere in a mature forest 
is close to zero. 



Non-C02 emissions from land-use change 

Clearing of forest by burning (usually for cultivation) enhances the (natural) emissions of 
N2O from soils. Its impact remains largely uncertain. It occurs mainly in the South and 
global emissions are 0.4 (0.1-0.9) TgM/yr. 

Biomass combustion 

In 'biomass combustion' the gases CH4. CO, N2O and NOx are released12. As is the case 
with fossil fuels, the main gas released in combustion is actually CO2. But CO2 contributes 
only to the extent that net loss of vegetation occurs, and this contribution is already 
included under 'deforestation'. Some activities (e.g. clearing by burning) are mentioned as 
cause of deforestation, as well as in 'biomass burning'. This does not lead to double 
counting, because in deforestation CO2 is included, and in biomass burning the non-CC>2 
gases. 

Activities contributing to deforestation and biomass burning are: 

1) tree felling for trade as industrial wood. 

2) combustion of biomass for fuel (wood, charcoa', dung and crop residues), 

3) agricultural tree felling and/or burning (burning of residues after harvesting; tree felling 
and intentionally ignited fires in bush and savannas by pastoralists, shifting cultivation 
practitioners and land clearing for permanent agriculture). 

2.1.6 Major uncertainties in emissions 

The scientific facts concerning climate change are subject to considerable uncertainties. 
How large these uncertainties are can be inferred from figure 2.9, in which low and high 
estimates of the contributions of different sources of greenhouse gases are presented. 

In the North the largest sources of emissions are the energy sector and halocarbons. which 
are estimated relatively well. In the South the main emissions sources besides energy are 
deforestation and agriculture. Because emissions from agriculture and forestry are ham
pered by large uncertainties, this implies that the uncertainty range of total current 
emissions from the South is larger than uncertainty in the North's contribution. Combining 
emission data from North and South with the uncertainty ranges presented in figure 2.9, 
we find the following emission values and uncertainty ranges: 

South: 5.2 (2.8- 9.0) PgC, 
North: 7.1 (5.8-10.1) PgC. 

12 CO:820 (320-1350) TgCO.CH4:51 (20-110) TgCH4. N2O; 1.3 (0.02-2) TgN. NO.: 6.1 (4-24) TgM 



Table 2.1 Magnitude and uncertainty in greenhouse gas emissions per activity in 1985 

(in TgC/yr) 

ENERGY 
oil, coal and gas combustion 

coal and gas production 

INDUSTRIAL ACTIVITIES 
cement manufacture 
use and production of halocarbons 
anaerobic decomposition in landfilling 

AGRICULTURAL ACTIVITIES 
livestock husbandry 
rice cultivation on flooded fields 
use of nitrogen fertilizer 

FORESTRY AND LAND-USE CHANGE 
land-use change (deforestation) 

biomass combustion 
(fuel and non-fuel) 

The 1985 emission values and uncertainty ranges correspond to those given 
(expressed in other units) in the main text of par. 2.1. Sources of data of the 1985 
emission values are given in annex B. Uncertainty ranges are taken from Ahuja (1990), 
IPCC-l (1990), Lashof & Tirpak (1990) and Wuebbles (1989). 

With respect to future emissions these relatively high uncertainties regarding the contribu
tion from the South are even further enhanced, because the development paths open to 
the South are also characterized by relatively larger uncertainties in comparison to 
industrialized nations. Apart from issues concerning the relative cost effectiveness of 
prevention strategies between North and South, these larger uncertainties form an addi
tional reason to pay a thorough attention to the South. Future scenarios for greenhouse gas 
emissions are discussed in the next paragraph. 
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2.2 Past and future trends in greenhouse gas emissions 

2.2.1 The JPCC scenarios 

The basis for examining future contributions of North and South to greenhouse gas 
emissions in this report are the scenarios developed by IPCC [IPCC-II! (1990)), The IPCC 
scenarios are no projections of future emissions as such. Rather they specify projections 
of atmospheric greenhouse gas concentration by certain future dates under distinct sets of 
scenario assumptions. The IPCC has developed four scenarios, called (1) the "2030 
Doubling" scenario (which assumes that no major emission reduction policies are taken), 
(2) the "2060 Doubling" scenario, (3) the "Control Policies" scenario and (4) the "Accel-



erated Policies" scenario (that are all three increasingly policy-driven). The scenarios 
reflect changes in policy, but are based on the same assumptions on population growth 
and economic growth. 

C02 cement 

CO? deforestation 

C02 los.fu** cons. 

CH4 landfills 

CH' nee p»dd>«s 

CH4 dom. animals 

CH4 bomass burning 

CH4 tot fuels cons. 

CH4 tas fuels prod. 

N20 fertilizer use 

N20 bomass burring 

N20 land-use change 

N20 fos fuels cons. 

CO Cnomass Burning 

CO fos.fuels comb. 

haloearoor* 

NOx fos.fuels cons. 

NOx bomass burning 

a^af 

1 I ' I 

1 .,' 1 . 

- • : i 

H 
• V' i 

•= 
P . i , 

I 

t .,i i _ . i 

1,000 2,000 3,000 
TgC 

4,000 5,000 6.000 

IO»*r »atv* O* uncertainty rang* 

u fvghar value of uncertainty range 

Uncertainly rang** ar* taxan trom Anui« 

(1090) Utnot(Tirpak|lM0). 

WuebWetnBWtandlPCClflBOO) Em<»»icn 

vakiee earratpend «o tteae m ann*a B 

Figure 2.9 Uncertainty ranges in greenhouse emissions (in the eighties) 

In this report only two IPCC(-based) scenarios are discussed, to get a clear picture of the 
consequences of taking no policy action vis-a-vis significant policy changes, and are here 
referred to as 'Business-as-CJsual' and Policy' scenario. 

• The "Business-as-Usual (BaCJ)" scenario assumes that no major emission control 
policies are implemented, that is: 

- moderate decrease in energy intensity (primary energy use per GDP); 
- a continuing domination of carbon-intensive fossil fuels (coal!) in energy supply; 
- current emission controls on CO and NO* from fossil fuels; 
- current emission factors in agricultural activities; 
- rapid deforestation; 
- low compliance of countries with the Montreal Protocol on reduction of CFC 

emissions. 

As a consequence greenhouse gas level in the atmosphere (CO2 equivalents) will be 
double that of pre-industrial level by the year 2030. In the IPCC reports this scenario is 
called the '2030 Doubling scenario', or 'scenario A'. 

• The "Policy" scenario assumes: 

- a major phase-in of non-fossil fuels starting in the early part of the next century; 
- a major switch from carbon-intensive fossil fuel to natural gas; 
- a high degree of energy efficiency 
- stringent emission control regulations on CO and NO^; 
- halting deforestation by 2025 and major reforestation efforts; 



- a total phase-out of chlorofluorocarbons (CFCs) and freezing of CCU and CH3CCI3. 
which goes towards the greenhouse gas emission reductions goals of the Toronto 
Conference (although these are not completely achieved). 

As a result of various policy actions taken by governments the equivalent CO2 level in the 
atmosphere stabilizes at about 50% above pre-industriat level. The scenario is the 'accel
erated policies scenario' (scenario D) of the !PCC reports. 
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Figure 2.10 Emissions in the North in 1985 and 2025 for the Business-as-Usual scenario 
and the Policy scenario 

Although the IPCC scenarios are taken as the base, they were re-calculated to fill gaps in 
the data available on the activity level and on the regional level. As a consequence 
emission estimates may differ slightly from the 1PCC ones. The differences are generally 
minor. For more details on data and calculation methods one is referred to annex B. 
Emission data on current (1985) and future (2025) emissions (Business-as-Usual, resp. 
Policy) are summarized per region and per sector in figures 2.10 and 2.11. This section 
depicts some sectoral specification of the scenarios. The next chapter discusses the 
climate change impacts of the two scenarios, and chapter 4 elaborates the potential 
contribution of technical options to the reduction estimates of the Policy scenario (vis-a-vis 
the Business-as-Usual scenario). 

The IPCC scenario analysis goes up to the year 2100. As not to blur the reader's 
understanding of future trends with too much detail, it was decided to make a comparison 
of one fixed year in future with the current situation. The scenario analysis focuses on 2025, 
which is sufficiently far in the future to achieve considerable achievements in economic 
development in the South and there is also ample time to carry out emission reduction 
programmes and to adopt non-conventional energy technologies. Further, if conventional 
energy and forestry strategies are pursued the greenhouse warming problem should 
manifest by that time, and yet 2025 is not too far away that it has no important bearing on 
today's planning. In chapter 3. where impacts of climate change are discussed, more 
details of the two pathways up to 2100 is presented. 
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Figure 2.11 Emissions in the South in 1985 and 2025 for the Business-as-Usual scenario 
and the Policy scenario 

2.2.2 The energy sector 

Past trends 

The atmospheric concentration of CO2 in the atmosphere has increased since the Industrial 
Revolution from 280 ppmv to 350 ppmv, and fossil-fuel use (together with deforestation) 
is the major culprit. In the period 1850-1987 use of fossil fuels released 21020 PgC 
cumulatively13. The share of developing countries has been low, but is growing steadily in 
accordance with its increasing population and increasing consumption per capita. Figures 
2.10, 2.11 and 2.13 illustrate this increasing trend in terms of global total and the share of 
the South therein. In 1950 developing countries contributed only 7% to the global annual 
fossil fuel CO2 emissions (of 1.55 PgC), in 1965 this was 14% (of the total of 2.7 PgC). in 
1985 the share had risen to 28% (global total 5.1 PgC) (IPCC-lll (1990), WRI (1988). table 
23.3]. 

13 During the period 1850-1987 210±10% PgC has been released cumulatively from fossil fuel use 
and cement manufacture, and over this period 95% comes from the North. The release in 
1850-1987 of CO2 '-nm land-use change has been 115 ±35 PgC (of which about 77-86 PgC from 
the South). Added up the cumulative CO2 input 1850-1987 has been 315 ±40 PgC. The 
atmospheric CO2 increase (from 288 to 348 ppmv) corresponds to 41 ± 6% of the cumulative 
input. This fraction is sometimes called the airborne fraction (although the term can be misleading 
as all CO2 is continuously exchanged between atmospher' biosphere and oceans). 

Source: IPCC-I (1990), p. 11; Goudriaan (1990). 



Ta We 2.2 Emissions in 1985 and 2025 in t he North and South 

(in TgC) 

fossil and synthetic fuel 
consumption: 

- C 0 2 

- CO. CH4. N20. NO» 
coal & gas production: CH4 
cement manufacture: C02 

landfills: CH4 

wet rice cultivation: CH4 
animal husbandry: CH4 
fertilizer: N2O 
halocarbons: 

- HCFCs 
- other (mainly CFCs) 

land-use change/ 
deforestation: 

-CO2 
- N 2 0 

biomass combustion: 
CO. CH4. M20, NO„ 

-fuel 
- non-fuel 

1985 

1231 
355 
152 
56 
83 

602 
262 
160 
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186 

694 
86 

259 
1058 

SOUTH 

2025 
Baü 

3936 
909 
551 
112 
226 
823 
393 
476 

94 
536 

1321 
171 

316 
1901 

2025 
Policy 

2114 
623 
277 
112 
176 
673 
327 
390 

38 
26 

-434 
0 

253 
589 

1985 

3917 
1119 
326 

74 
147 
28 

168 
213 

37 
860 

57 
14 

28 
160 

NORTH 

2025 
Baü 

6000 
1386 
405 
148 
181 
27 

321 
385 

440R59 
2 

57 
28 

46 
185 

2025 
Policy 

2614 
770 
204 
148 
141 
23 

267 
312 

606 
109 

-25 
0 

14 
179 

TOTALS 

SOURCE: annex B 

7148 10201 5363 5185 11766 5164 

Scenario assumptions 

The Business-as-Usual scenario represents a continuation of current trends (along with 
population and economic growth), leading to a major increase in energy consumption 
based on fossil fuels, no incentives for energy efficiency14, and an increasing per capita 
energy use (especially in the South). High development costs and lack of infrastructure 
limit the role of renewable energy. The share of fossil fuels in world energy supply (incl. 
biomass) remains at the current level: 80%. The Policy scenario assumes that a combina
tion of measures is taken: 1) improvements in efficiency in energy generation and end use, 
2) switching from carbon-intensive fossil fuels to natural gas, 3) substitution by non-fossil 
fuels (hydro, nuclear, renewabies) starting early in the next century due to introduction of 
carbon fees after 2000 and falling cost of nuclear and renewable energy technologies), and 
4) growing recovery of CH4 emissions from coal mining and natural gas leakages. As a 
consequence of these policy measures the percentage share of fossil fuels in world energy 
supply drops to ± 55% by 2025. 

14 The IPCC Business-as-Usual scenario assumes a moderate decrease in energy intensity (primary 
energy use per GDP) in the range of 0.8-1.2% per year, varying per region. The assumptions in 
the Policy scenarios are more optimisuc. in the range of 1.3-2.2% per year. 



The Business-as-Usual scenario assumes a continuation in future of current emission 
control on CO and NO,. The Policy scenario assumes the adoption of advanced emission 
controls. These include the use of 3-way catalysts by gasoline-powered cars as well as 
installation of low-NOx burners and selective catalytic reduction. 

The global emissions in the energy sector change from 7.1 PgC (1985) to resp. 13.2 (Ball) 
and 6.6 PgC (Policy). The share of the South in total energy-related emissions15 rises (from 
24%) to about 41% in the Ball scenario, resp. 46% in the Policy scenario. 

2.2.3 The industrial sector 

Past trends 
Global COj emissions from cement manufacture have grown from 18 TgC in 1950 to 130 
TgC in 1985. in accordance with world cement production (133 million ton in 1950; 972 
million ton in 1985, of which 43% in developing countries) [Lashof & Tïrpak (1989), 
p.rV-58). Production growth rates in individual countries have varied during this period, 
reflecting economic fluctuations. 

Cnforo/Iuorocarbons were developed in the late 1920s in the USA. Production of CFCs has 
grown rapidly in the 1960s and 1970s. In 1950 5.500 ton CFC-11 and 29.500 ton CFC-12 
were produced; in 1965 the figures were 108.300 and 175.400 respectively. In 1985 
production was 279.000 ton CFC-11. and 364.000 ton CFC-12. Concern about environ
mental impacts of CFCs started in 1974, when it was first suggested that CFCs contribute 
to the destruction of the ozone layer in the s»ratosphere. This resulted in a ban on aerosol 
use of CFCs in various countries in the late 1980s. International negotiations resulted in 
the Montreal Protocol (1987) on reduction of ozone-depleting chemicals as chlorofluoro-
carbons. Thirty-one (industrialized) countries, together responsible for 90% of world CFC 
production, have agreed to reduce their production by 1998 with 50%. The Protocol calls 
on developed countries to reduce emissions of certain CFCs by 50% (from 1986 levels) by 
1998 and to freeze the use of halons at 1986 levels by 1992. Under the Montreal Protocol 
low-income developing countries are entitled to increase their CFC usage {IPCC-1 (1990). 
Lashhof & Tirpak (1989). Wuebc'es (1989). WRI (1990)|. 

Ever since humans appeared on this planet they have generated waste. Waste produced 
by rural, sparsely-settled communities can be assimilated by the environment. However, 
this is not the case with the high, concentrated vo'umes of waste created by urban 
populations. Urban refuse generation tends to increase with the the economic level of 
countries and cities. While rates of waste disposal are levelling off in industrialized 
countries, they are still increasing in developing countries with their high urban population 
growth rates. 

Scenario assumptions and emissions 

In the IPCC scenario presented here a doubling of CO2 emissions from cement manufacture 
by 2025 is assumed in both Business-as-Usual and Policy scenarios, for both the North 
and the South. 

The Business-as-Usual scenario assumes a low compliance of countries with the Montreal 
Protocol on halocarbons (100% participation of industrialized countries, 85% of developing 
countries) and a continuing growth of CFC consumption. The Policy scenario not only 
assumes 100% participation of countries in the Montreal Protocol, but also strengthening 
of the terms of the Protocol. These include a complete phase-out of major CFCs and halons 

15 CO? and other gases from fossa fuel consumption and production 



by 2000 (partly by substitution by less harmful HCFCs). The production of CCI4 and 
CH3CCI3 is frozen by 1990. Together with elimination of losses and major recycling efforts 
it results in a decrease of CFC production. The share of developing countries in global 
halocarbon emissions is expected to change from 18% to 38% (BaCJ). resp. 8% (Policy 
scenario). In the Policy scenario the HCFC emissions rise 16-fold, while the emissions of 
the haiocarbons other than HCFC-22 fall tc 13% of the 1985 level (in terms of CFC-11 
equivalents). 

With the rapid growth of urban population in v.ie South the share of developing countries 
in methane emissions from landfills will rise from 36% in 1985 to 56% in 2025 in both 
scenarios. In the Policy scenario a 25% reduction (in both North and South) compared to 
the Business-as-üsual case is assumed due to major CH4 recovery from municipal waste. 

2.2.4 The agricultural sector 

Past trends 

During this century the population of domesticated animate has increased considerably. 
Some examples. Since 1975 cattle population in the South has grown with 13% (world 
average 6%), sheep and goat population with 13% (world average 10%), pig population 
with 20% (global average 18%) and horse population with 4.5% (world 2%) [WRI (1988), 
table 17.5]. 

Rice cultivation has grown tremendously since the "Green Revolution" of the 1960s, which 
resulted in both increases in crop yield (due to high-yielding varieties and increase in 
fertilizer use) as well as crop acreage. Between 1950 and 1984 rice production grew from 
163 to 470 million tons and area under cultivation from 103 to 148 million ha. Methane 
emission is «-nainly a function of area and emissions have risen correspondingly [Lashof & 
Tirpak(1989), p.IV-58|. 

Nitrogen is the most abundant fertilizer nutrient consumed globally. Its dominance in the 
fertilizer market has increased from 28% (1950) of total nutrients to 64% (1981). Total 
fertilizer consumption has increased with inclining area of fertilized land has been increas
ing (although the fertilizer use per hectare has fallen). Half of nitrogen fertilizer is consumed 
in USSR, China and USA |Lashof & Tirpak (1989), p.lV-64]. Fertilizer use in the Third World 
has been increasing rapidly. 

Scenario assumptions and emissions 

In both Business-as-Usual as Policy scenario levels of agricultural activities increase 
equally (as population and economy grow). It is assumed that emissions per unit of 
activity16 remain the same as in 1985 for the Business-as-üsual case (while levels of 
activity increase), in the Policy case it is assumed that some actions are taken to reduce 
emissions while levels of activities remain the same as in the Business-as-üsual scenario. 
Here emission coefficients are expected to decline 0.5% annually by changing types of 
fertilizer and of application methods, by altering rice cultivation practices and by adopting 
meat and dairy production techniques. 

Th!» shares of the South in agriculture-related emissions increase (in both BaU and Policy 
jc^na' •'): 

y :v.!,.3Ck:f- m 43% (1985) to 55% (2025), 

• rice: from 95% (1985) to 97% (2025), 

16 CH4 per hectare of rice, CH4 per animal, N2O per fertilized hectare 



. fertilizer: from 43% (1985) to 56% (2025). 
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Figure 2.12 Emissions per region in 1985 and 2025 for the Business-as-Usual scenario and 
the Policy scenario 

2.2.5 The forestry sector 

Past trends 

Ever since the dawn of civilization the earth has experienced a net deforestation. Before 
the inception of agriculture the terrestrial woody vegetation contained 900 PgC on an area 
of 6000 Mha, which is now down to some 560 PgC on 4000 Mha. Historically, the greatest 
relative changes in vegetation cover have occurred in the temperate zones. Since 8000 
B.C. grasslands have been reduced by 45-47% and cold-deciduous (i.e. seasonal broad-
leaved) forest by 32-33%. For comparison, tropical vegetation has "only" been reduced by 
15-20% (mainly in wooded savanna and (sub)tropical deciduous (seasonal) forest, while 
until recently only slight losses occurred in tropical moist forest) |WRI (1986), p.62). 

Since 1850 the reduction of forest area with 15% (and resulting changes of soil organic 
matter) has resulted in an accumulated clearing of about 11535 PgC (which is about 1 /3 
of the total cumulative CO2 emissions during that period, see footnote 9) [Esser (1990)). 

Over the past few decades changes in the tropics have by far outstripped those in 
temperate zones and the share of the South in CO2 emissions from the biosphere has been 
around 90% over the period 1950-1985 (see figure 2.13). 

Annual global emissions of CH4 wetlands (bogs, swamps and alluvial formations) are 
estimated to be 110 TgCH4 [Lashof & Tirpak (1989), p.lV-51 J. Between 25% and 50% of 
original wetland area have been eliminated by human beings, mainly in the North (thus 
preventing methane emissions). Large-scale loss has not been prevalent in developing 
countries. With rising populations pressure to develop wetland systems for agriculture 
could incline and is already threatening for example the Okavango Swamp in Botswana 
and the Sudd Swamp in Sudan. 



Scenario assumptions and emissions 

The rate of deforestation and biomass burning in the South is assumed to increase with 
population growth in the Business-as-üsual scenario in each of the three tropical regions 
(Latin America, Asia and Africa). The 11 million hectare (open and closed forest) 
deforested annually in the tropics in 1980-85 will rise to about 21 million hectare per year 
by the year 2025. Globally net carbon emissions increase from 0.751 PgC in 1985 to 1.378 
PgC in 202517. 

The Policy scenario assumes deforestation to stop by 2025, as well as a global programme 
to introduce proper forest management and large-scale reforestation (on not-intensively 
cultivated land). Instead of a net emission of 1.378 PgC. a net absorption of 0.458 PgC by 
reforested area occurs, by the year 2025.18 

Global emissions of CO, N2O and CH4 from biomass burning are expected to increase with 
80% in the Business-as-Usual case, and to decrease with 31% in the Policy scenario 
(compared to the 1985 value). 

2.2.6 Responsibility and equity 

When considering implementation of emission reduction measures (chapter 4) it has 
become clear that action by the South is indispensible, in view of its quite substantial share 
in greenhouse gas emissions. If current trends continue the North will emit 10.2 PgC and 
the South will emit 11.8 PgC in 2025. Attempts by the North alone to reduce emissions 
seem to make little sense if these are counteracted by inclining emissions from the South. 
The Policy scenario assumes therefore for a substantial reduction in both North and South 
(to 5.3 PgC and 5.9 PgC respectively in 2025) to achieve stabilization of greenhouse gas 
concentration in the atmosphere. 

The share of developing countries in annual emissions has been relatively low, but is 
growing steadily. But when discussing responsibility one should not only consider (current 
or future) emissions at a fixed point in time, but rather look at cumulative emissions . The 
North has been responsible for most of the emissions in the last century, but the share of 

17 In the iPCC '2030 Doubling' scenario net carbon reiease increases to 1.4 PgC by 2025, which will 
decrease in the end of the 2 1 K century when the forests of Asia, and later of Africa and Latin 
America get exhausted, thus reducing emissions dramatically (to 0.4 PgC in 2100). The total net 
carbon release between 1980 and 2100 is about 130 PgC. 

The total carbon release of 1.35 PgC corresponds to the 2025 value given in the IPCC report. 
Assumptions on North-South shares differ slightly from the IPCC ones. The IPCC assumes a net 
carbon release from land-use change in the North of zero in 1985. that remains zero in both 
business-as-usual and policy scenarios of the IPCC, while reforestation efforts in the South are 
neglected. It is assumed that net carbon release due to deforestation in the North remains 
0.070 PgC. Net carbon release 2025 in the South is 1.322 PgC. Deforestation in the tropics 
releases 1.327 PgC, while carbon fixation due to plantation establishment in the tropics will 
double to 0.012 PgC, In China the net carbon fixation of 0.004 PgC changes to a net carbon 
release of 0.006 PgC. 

18 The total carbon sequestering of 0.458 PgC in 2025 in the Policy scenario corresponds to the 
IPCC value. However, the IPCC assumes that net carbon fixation in the North is zero, and all 
reforestation is in the South. This is quite arbitrary, because there is no reason to assume that the 
North should not get involved in reforestation effforts. Therefore it was assumed that of the total 
uptake of 0.458 PgC in 2025 an amount of 0.025 PgC will be m the North. Net carbon fixation in 
the North is assumed to be 0,025 PgC, of 0.003 in China and 0.43 PgC in the tropics. 

The Policy scenario assumes reforestation efforts to start in 2000 (sequestering 0.2 PgC). 
reaching a peak in 2025 (0.46 PgC). In the corresponding IPCC 'Accelerated Policy' scenario the 
carbon sequestering rates gradually decrease after 2025 as forest reach their maximum extent 
and maturity (to 0.2 PgC in 2100). 



the South will increase in future. Figure 2.13 presents estimated region-wise CO2 
emissions from fossil fuels and deforestation over the periods 1875-2025. The surfaces 
under the curves in figure 2.13 give the cumulative emissions over the periods. Actually 
the data on which the figures are based are surrounded by large uncertainties, but they can 
nonetheless give a rough indication of the shares of North and South in cumulative CO2 
emissions. 
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Figure 2.13 Emissions of CO2 from fossil fuels and deforestation over the period 1875-2025 

The following shares in total global emissions of the gas CO2 (from fossil fuel combustion 
and deforestation) are estimated19: 

• annual emissions in 1985:South 33%, Morth 67% 

• cumulative emissions 1860-1985:South 28%, Morth 72% 

• annual emissions in 2025:South 46%, North 54% 

• cumulative emissions 1850-2025;South 41 %, North 59%. 

19 To estimate cumulative emissions over the period 1850-1985 the 1PCC data given in footnote 12 
are used. The cumulative emissions of 1985-2025 are estimated by extrapolation between the 
1985 and 2025 data of the Business-as-(Jsual scenario. 

Cumulative CO2 emissions 1850-1985: 
- deforestatoin: South 82 PgC. North 33 PgC, 
• fossil fuels: South 10 PgC, North 200 PgC, 
Cumulative CO2 emissions 1985-2025: 
- deforestation: South 41 PgC, North 2 PgC. 
- fossil fuels: South 95 PgC. North 196 PgC. 



Currently, there is a large imbalance in contribution of emissions between North (with 1/4 
of global population) and South. This imbalance is reflected by per capita emissions (see 
figure 2.3. paragraphs 2.1.1 and 2.2.2). Current equivalent CO2 emissions per capita in 
the North are 6.15 tC/year. a citizen in the South generates 1.4 tC/year. According to the 
Business-as-üsual scenario the 2025 per capita emissions are 7.3 tC/year (North), resp. 
1.7 tC/year (South). In the Policy scenario per capita emissions drop below levels of the 
eighties, to 3.8 tC/yr and 0.86 tC/yr respectively. 

it is instructive to study emissions per region on a population basis in another way. In 
Agarwal & Narain (1991) the concept of 'permissible emissions' per region is introduced 
(see also § 1.2 and annex A.3). In figure 2.14 estimates of 'permissible emissions' are 
presented for the year 2025. The definition of 'permissible emission' used here differs from 
Agarwal & Narain, because of methodological differences in calculating greenhouse gas 
emission contributions. The following methodology has been adopted: 

• the total global emissions in 2025 in the Policy case have been allocated to each 
region on a population basis. These quantities are then defined as the permissible 
emissions of each region; 

• the total emissions of each region have been compared with their permissible 
emissions to calculate the emissions in excess of the permissible emissions. 

Permissible emissions in the Business-as-Usual scenario are higher than in the Policy case. 
as the global total is higher. In the Business-as-CJsual case almost all regions emit in excess 
of their permissible shares. In the Policy case all regions in the North remain having 
emissions in excess, while the regions in the South do not use up their permissible 
emissions. The obvious result of the exercise is that in the Policy scenario presented in this 
report, the developing countries reduce their emissions more than what would be required 
by their emissions on the basis of their population. Such a scenario would be very unfair 
in a world in which all emissions are valued on a per capita basis, unless those countries 
are 'rewarded' in a system of tradeable emission quota, which allows low-level polluters to 
trade their unused permissible emissions with high-level polluters. 
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3. CLIMATE CHANGE EFFECTS AND THEIR 
IMPACTS 

3.1 Introduction 

In the previous chapter we have adressed to the human activities that are source of 
greenhouse gas emissions. In this chapter we concern ourselves with the impacts of these 
emissions on climate. The consequence of increasing emissions will be that the concen
tration of greenhouse gases in the atmosphere rises. The radiative forcing of the increased 
greenhouse gas concentrations effects the increase of global average surface air tempera
ture. Besides this greenhouse effect sec, other climatic changes are: 

• changes in regional distribution of surface temperature, 

• changes in circulation patterns in the atmosphere and oceans. 

• changes in precipitation and soil moisture, 

• changes in occurence of weather extremes, 

• changes in sea level and ice cover, 

• changes in bioproductivity. 

Such changes in climate would have important impacts on: 

• natural ecosystems and forestry, 

• agriculture, 

• water resources, 

• coastal zones. 

The above climate change impacts will have disruptive consequences for human settle
ments, human health and socio-economic activities. 

3.2 Climate change effects 

Realized and equilibrium climate change 

In the preceding chapter alternative emission scenarios were presented. An emission 
scenario can be thought of as a large number of consecutive instantaneous emissions of 
different magnitudes over an extended time period. The cumulative emissions over that 
period make atmospheric concentration of greenhouse gases to rise. As a consequence 
the radiative balance (see annex A.l) of the earth is disturbed, which results in a higher 
global surface air temperature. 

When the radiative balance of the earth climate system is disturbed (one can also say, 
when a 'forcing' is applied) climate starts to change. One such radiative forcing is the 
human-caused emission of greenhouse gases (more details on 'radiative forcing' are given 
in annex A.l). The exact relations between forcing and response, and timing between 
forcing and response, are very complex, due to a set of feedback mechanisms that will 
occur (which are discussed in annex A.4). Greenhouse forcing can be thought of two parts: 
the radiative forcing that greenhouse gases exert on the climate, and the subsequent 
forcing to the earth system that occurs as the effect of continuously changing greenhouse 
gas concentrations. The earth system does not immediately come to an equilibrium 
following an increase in radiative forcing. Excess radiation is absorbed by land, oceans and 
the atmosphere. The role of the oceans is paramount. Oceans have a very large heat 
capacity. This means that it takes hundreds of years for oceans to equilibrate with the 



atmosphere. Oceans slow down heating-up, but do, of course, not prevent the equilibrium 
from being reached! The warming realized in any year is substantially less than when the 
warming would occur in equilibrium that is reached instantaneously in the year of radiative 
forcing. Realized warming is lagging behind equilibrium warming. In other words: climate 
change effects are time-dependent. Much attention has been paid to estimating the 
equilibrium climate change, but it is the rate of change in forcing that will determine how 
fast climate will change and hence much of its impact on human society. 
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Figure3.) Emissions of greenhouse gases in 1985 and under Business-as-Usual and 
Policy scenano assumptions in 2025 and 2100 

IPCC calculations of equilibrium and time-dependent climate change 

In the preceding chapter emission scenarios that are developed by IPCC were discussed, 
a business-as-usual scenario (scenario A, 2030 Doubling), and the extreme policy scena
rio (Accelerated Policies or scenario D). In this chapter IPCC estimates of climate change 
are presented based on these scenarios. 

There is considerable uncertainty attached to predictions of climate change (as is elabor
ated in annex A.4). Knowledge of seasonal and regional changes is very rude, and we 
cannot go yet beyond some continental-scale predictions. These predictions will be 
discussed below and are estimates from the IPCC scenarios. A summary of major climate 
change predictions by IPCC is presented ir, table 3.1. 



Mean and distribution of global (surface air) temperature 

Under the 1PCC Business-as-usual scenario emissions, realised temperature is likely to 
increase with about 0.3°C (uncertainty range 0.2-0.5°C)20 per decade. This would result 
in likely increase in global average temperature of about 1°C above present (1985) value 
by 2025, and of about 3°C by 2100 (this means ± 2°C by 2025 and 4°C by 2100 above 
pre-industrial level (around 1760). At any time however, we would be committed to a 
further rise to equilibrium temperature. For the year 2030 for example, we would be 
committed to a further increase by 0.9°C that would become apparent in the decades or 
centuries after (in addition to changes due to further greenhouse gas increases). When one 
talks here about 'temperature' one means the 'surface air temperature'. Due to the 
greenhouse effect the surface and the lower part of the atmosphere (called troposphere) 
are warmed. 

Table 3.1 Summary of "best estimates" of climate change effect for the Business-as-Clsual 
and Policy scenario 

BUSINESS-AS-USUAL POLICY 

1765 1985 2025 2100 2025 2100 

Anthropogenic emissions (PgCeq) . 12.3 22.0 36.7 11.1 8.2 

Equivalent concentration (ppm) . 374 540 1224 449 463 

Realized temperature (above 1765 
level °C) 0 0.8 1.8 4.2 1.5 2 

-uncertainty (0.6-1.2) (1.3-2.7) (2.9-6.2) 

Equilibrium temperature (aC) 0 generally 25 to 50% above realized temperature 

Realized sea level (above 1880 
level, metres) 0 <IM 1880) 0.15 0.33 0.71 0.27 0.5 

-uncertainty (0.1-0.2) (0.18-0.49) (0.41-1.3) 

All figures are taken from Working Group III report of IPCC. 

The distibution of temperature increase will not be uniformly over the earth's surface. At 
higher altitudes temperature increase will be larger than near the equator. Reasons are: (1) 
At higher temperature more of the increase in radiative heating at the surface is used to 
increase evaporation. As a result of increased precipitation in the tropics, the evaporative 
cooling is enhanced and warming in the tropics is less than the global average (over 
mid-latitude continents the opposite phenomenon occurs in summer). (2) Warming is 
confined to near the surface. At mid-latitudes warming is less mixed througout the 
troposphere, and there is considerable transport of air at high altitude from high and low 
latitude zones, which is less sensitive to greenhouse warming. (4) At the high latitudes 
there is retracting ice and snow cover (the extent in summer is less and is formed later in 
the season), so that the surface albedo diminishes leading to greater surface heating. The 
sea ice formed in winter is thinner, allowing a larger flux of heat from the ocean through 
the ice [Okken (1987), p.57; IPCC-I (1990), p. 146}. 

20 The scenario assumes a certain data set on emissions and greenhouse warming potentials 
(GWPs) of greenhouse gases, namely those presented in chapter 2. annex A and annex B. The 
uncertainty ranges of these data (emission, see figure 2.9 and GWPs, see table A.2) are not 
included in the uncertainties of temperature increase and sea-level rise, presented in table 3.1. 



Surface air will warm faster over land than over oceans, and therefore the warming 
occurring around Antartica and in the northern Atlantic Region is relatively smaller than 
over northern mid-latitude continents. 

Estimations of temperature increase depending on the way cloud formation and the role of 
sea currents is taken into account. Taking a global average equilibrium temperature 
increase of 2.5°C, increase near the poles could be as large as 4-5°C, and in the tropics 
about 2-3°C (Okken (1987), p.58; IPCC-l (1990)). 

Paleoclimatological data support the hypothesis that temperature variations are larger near 
the poles than in the tropics. During the ice-ages e.g. much of the northern parts of Europe 
and America was covered with ice, while in the tropics it was hardly cooler than today. 

Circulation patterns in the atmosphere and the oceans 

Small changes in ocean currents or atmospheric circulations can have large climate effects 
on a local scale. An example is the El Nino-Southern Oscillation (ENSO). It manifests in 
the change in direction of the current at the coast of Peru every 4 to 7 years, and it is known 
that small variations in ENSO strongly affect rainfall distribution and tropical storm 
formation in the southern Pacific region. Such detailed effects cannot be predicted by 
current computer models (the so-called General Circulation Models GCMs), especially 
because sea currents are accounted for only in a rudimentary way. Only some general 
phenomena can be indicated: 

• due to difference in temperature increase over the earth's surface, temperature 
difference over the oceans will diminish, so that ocean currents are slowed down, 

• due to temperature increase the present pattern of Hadley cells in the atmosphere 
could shift a bit towards higher altitudes. The powerful 'jet streams' in temperate zones 
(at about 7 km height) would shift with them, and this could have pronounced climate 
effects on a local scale in these zones (Okken (1987), ch. 5; IPCC-l (1990), ch. 5\. 

Precipitation and soil moisture patterns 

A higher global equilibrium temperature of 2-3°C will be paralleled by an evaporation 
increase with 5 to 10%. As a result precipitation will increase correspondingly. At present 
predictions made by various models differ greatly in local detail. Only some general 
patterns associated with the shift of Hadley cells can be described with some credibility. 
Enhanced precipitation will occur in high latitudes and the tropics throughout the year and 
in mid-latitudes in winter periods. Less precipitation will occur in the summer periods over 
much of the northern mid-latitude continents. Precipitation in the dry subtropics could 
decline. Changes in the dry tropics are generally small, but could have substantial impacts. 

Availibility of water in upper soil layers is augmented by precipitation, and depleted by 
evaporation, transpiration from biomass. surface runoff and percolation in deeper soil 
layers. Due to global warming precipitation as well as evaporation increase. But at the 
regional level both do not necessarily have to increase with the same magnitude. Generally 
models predict that soil moisture increases in northern high-latitude continents in winter, 
but decreases in northern mid-latitudes during summer. 

Changes in weather variability 

Apart from changes in climate, changes in variability and frequency of weather extremes 
could have significant impacts at a particular location. With general warming one can 
expect an increase in the number of "hot" days and fewer "cold" days. There is some 
indication that variability in precipitation increases where mean precipitation increases and 
vice-versa. Global warming increases the sea-surface temperature and thus the evapora
tion rate from oceans and the amount of energy available in the atmosphere to drive storm 
systems. Frequency and intensity of tropical storms, as well as area of occurrence may 



increase. An important weather system is the monsoon in the Pacific and southern Asia. 
The timing and severity of the monsoon affects millions of people. Changes will have great 
impact on agriculture, flooding of rivers, marine ecosystems, and drinking water supply of 
these people [IPCC-I (1990), ch. 5]. 

Sea level rise and changes in ice volume 

Over the last 100 years sea level has been rising with 10-20 cm. It appears that this rise 
can be explained by two effects of greenhouse warming: thermal expansion of the oceans, 
and by increased melting of mountain glaciers and margins of the Greenland ice sheet. It 
is known that in the ice ages of the Holocene (from present up to 1 million years ago) and 
Pleistocene (1-3 million years ago) there was a clear link between temperature and sea 
level. During the last ice ages sea level was up to 100 metres lower than today. During the 
previous interglacial warm period, about 125,000 years ago (it was about 3°C warmer than 
today) sea level rose with 5 to 7 metres [Okken (1987), p.84] 

The IPCC has made estimates of (realized) sea-level rise from 1990-2100. In the Business-
as-Usual (Bad, IPCC: '2030 Doubling') scenario an average rate of increase of 6 cm (3-10 
cm) per decade is expected. The predicted rise is 18 cm (8-29 cm) by 2030 and 65 cm 
(31-110 cm) by 2100. In the Policy scenario (IPCC: 'Accelerated Policies') increase would 
be about 35 cm by 2100. These figures are global averages. There will be regional 
differences because, due to natural geological processes, many coastal areas are sinking 
or rising with regard to average global sea level. 

Several factors play a role in net sea level rise due to greenhouse warming [Okken (1987), 
p.64-74;IPCC-l(1990),ch.9). 

1) Thermal expansion of the water, causing a rise of 10.1 cm (6.8-14.9 cm) by 2030 in 
the BaO scenario. At constant mass the volume of the oceans will vary with changes in 
water density (that is inversely proportionate to temperature). 

2) Land ice caps and mountain glaciers. Due to temperature increase land ice and glaciers 
will retreat, causing sea-level rise. On the other hand due to precipitation increase the 
accumulation of snow and ice will be enhanced, leading to a decrease of sea level. When 
sea ice melts there is no contribution to sea level rise. Most of the land ice ( 91%) is on 
Antartica at temperatures of -20 to -50°C. It is expected that melting of the Antartic ice 
cap will be minimal. However melting of the Greenland ice cap ( 8.5% of world total) 
would be important. Mountain glacier and ice cap retreat is counteracted by ice and 
snow accumulation due to precipitation increase (which would lead to a decrease in 
sea-level rise). According to the Bad scenario the net increase due to melting minus 
accumulation would be 8.2 cm (2-14 cm) by 2030, to which Antartica would contribute 
-0.6 cm, Greenland 1.8 cm and mountain glaciers 7.0 cm. 

Even if greenhouse forcing would be halted, there would be a commitment to a continuing 
sea-level rise for many centuries, due to lags in the responses of ocean and ice masses. 
For example, sea-level rise commitment adds another 41 cm to the sea-level rise realized 
in 2030 in the Bad scenario. 

It has been suggested that on the longer term (at a global temperature rise of at least 5°C) 
the West Antarctic ice cap could desintegrate in a period of a few centuries. There is 
disagreement on the reality of such an apocalyptic event, but should it occur it would lead 
to a sea level rise of about 5 m, inundating targe coastal areas. 

Bioproductivity on land and sea 

Ecosystems will respond to local changes in CO2 concentration, temperature, precipitation 
and evapotranspiration and extreme weather events, and changes in ecosystems will on 
their turn have impacts on the climate system (see box A.4 on biogeochemical feedbacks). 



The photosynthesis process in plants responds positively to an increased level of CO2 (up 
to 1500 ppmv). Thus plants grow better, an effect which is referred to as CO2 fertilization. 
Furthermore, the response to increased CO2 results in a greater efficiency of water and 
nitrogen use (important in arid and infertile areas). Both photosynthesis and respiration 
processes increase with rising temperature, but at higher temperature plant respiration is 
more sensitive. Besides on temperature and on CO2 concentration photosynthesis and 
plant respiration depend on soil moisture and nutrient availibility. The combined effects of 
elevated CO2 concentration, temperature and soil moisture on a particular location 
determine whether there will be net carbon uptake or release in that place. 

On local scale bioproductivity changes will vary. In colder areas temperature increase 
makes plant growth better, or possible at places where it was not before. In the subtropics 
however the combination of decreasing precipitation and increasing temperature could 
diminish plant growth. For our planet as a whole a net increase of bioproductivity is 
expected due to greenhouse warming, so it acts to damp climate change, in other words 
biomass serves as a sink for increased atmospheric CO2. 

A major consequence of climate change is the polarward migration of terrestrial biota 
across the landscape. This could lead to loss of those species that cannot overcome natural 
and human-caused barriers to this dispersal. 

Climate change further affects the productivity and storage of organic carbon in marine 
ecosystems but effects thereof are uncertain. Currently the plankton in the oceans is a 
major source of dimethyl sulphide (DMS), which may increase cloudiness through nuclea-
tion on sulphate aerosols, and may increase albedo. 

About 20-25% of the land surface is covered by permafrost, primarily in the polar regions. 
This permafrost is largely unstable, existing close to its melting point. The melting of 
permafrost would result in the release of CH4 and some CO2 from previously frozen 
biological material and gas hydrates. To which extent this will enhance the greenhouse 
effect is largely uncertain. Also peatbogs and wet rice paddies may increase their CH4 
release, due to increased activity of methane-generating bacteria in conditions of higher 
temperature and water supply (IPCC-I, ch.5]. 

3.3 Impacts of climate change 

At present credible forecasts on direction, timing or magnitude of impacts for any specific 
region are not available yet. Despite the large uncertainties surrounding climate change 
and potential impacts, some rough conclusions can be drawn. These are presented in this 
section, and are largely based on the report of Working Group II of 1PCC (1PCC-I1 (1990)]. 
This report itself is based on various studies, that look at the potential impacts in the case 
of an equivalent CO2 doubling, and have the following general climatic features in 
common: (a) a global average temperature increase of 1.5-4.5°C (above pre-industrial 
level), (b) a sea-level rise of 0.3-0-5 m by 2050 and about 1 m by 2100, and (c) distribution 
of precipitation and temperature as described in § 3.2. 

3.3.1 Natural ecosystems 

The increase of CO2 concentration and of temperature and the change in precipitation will 
affect plant growth. Globally it is uncertain whether global vegetation area would increase 
or decrease. Individual plants will certainly be able to adapt themselves. However in the 
long term we will see a poleward shift of boundaries of ecoclimatic zones, similar to shifts 
that occurred in the Pleistocene. Largest areal changes are expected to occur in the polar 
and temperate regions: tundra shifts poleward, and is itself rt^iaced by boreal forest, which 
on its turn is replaced by temperate forest or cool temperate steppe. In the (semi-)arid 



ecoclimatic zone plant productivity is reduced (due to increased evapotranspiration), and 
the fringes of deserts will expand into the subtropics. Subtropical forest may decrease, 
while subtropical desert increases. The impact on tropical forest remains uncertain. 

Climate change will also have impacts within an ecosystem, influenced by alterations of 
precipitation, soil moisture, evapotranspiration and seasonality of precipitation (e.g. more 
dry days linked with salinization of soil in the dry season, or e.g. a higher frequency of 
drought occurrence). 

Climate has frequently changed in the past. During past climates vegetation communities 
have 'migrated'. But the anthropogenic climate change that we are facing is likely to 
happen much faster, between ten and hundred times. Palaeo-ecological studies in Europe 
have shown that species generally move with speeds of 10 to 100 km/century [B.Huntley 
in Greenpeace (1990), p. 143]. which are already close to the maximum rates of which 
certainly trees (if not also other organisms) will be capable. Vegetation communities do 
not move as a single unit, but will manifest in alterations in species distribution and 
abundance. Much would depend on their ability to move and to overcome (natural and 
man-made) barriers. Some species could be lost that are not able to withstand the stresses 
induced by climate change, and may disappear, while others may expand. Species that 
are smaller-bodied, with shorter lifespans, a greater commitment to resources for their 
reproduction will gain a comparative advantage, e.q. forests could be replaced by shrubby 
woodland. The structure of the ecosystem will be simpler, with less diversity and less 
biomass (and as a consequence of the latter the likelihood of soil deterioration will be 
greater). Furthermore, mortality of vegetation could be enhanced by outbreaks of diseases 
caused by insect pests and pathogens and pernicious weeds that increase their range as 
the result of climate change. 

Especially species in zones where they are already beyond their optirr.^l r?nge (seasonally 
dry areas) and species in more-or-less isolated communities a. e mo.. - ilnerable (e.g. on 
islands, mountains, small vegetation spots as parks or reserves). 

Due to climate change many ecosystems are likely to disappear in their present form. 
Global biodiversity may decrease therefore. Mot only species will be lost, but also the 
specific ecotypes (the specific combinations of genes accumulated for each location by 
selection through many generations). 

The socio-economic consequences of these impacts are likely to be more significant in the 
South than in the North. In the South economies are more directly dependent on natural 
ecosystems for their welfare (supply of food, woodfuel. hardwood, medicines, construction 
materials) and/or have less means to adapt to change. Already ecosystems are stressed 
by deforestation and weather extremes as droughts. Such ecologically unhealthy areas will 
be extra vulnerable to climate change. This applies not only to unmanaged forest but to 
managed forests as well. Especially plantations in the semi-arid nations of South will suffer 
adverse climate change impacts, while the governments will not have the funds needed to 
maintain and protect these. 

3.3.2 Agriculture 

Production of agricultural and silvicultural crops is influenced by CO2 concentration, 
temperature, availibility of soil water and nutrients, weather (extremes) and natural 
diseases. A summary of various impacts of climate change on agriculture is given in tables 
3.2 and 3.3 [Jodha (1989a). Jodha (1989b)]. 

One effect of an increased CO2 level is the increased water efficiency of the plant 
metabolism (decrease of plant transpiration per unit leaf area). In arid areas this could lead 
to increased biomass accumulation, but the net effect of CO2 increase would also depend 
on change in soil evaporation. In some semi-arid and sub-humid zones of the South the 
shifts in moisture limits could lead to a significant reduction of yield potentials. 



Another effect of CO2 increase is a greater efficiency of use of nutrients by the plants 
(potassium, nitrogen, phosphor). Thus, with increased CO2 more yield may be produced 
with the same fertilizer application. 

Plants have a temperature optimum. When temperature increases agroclimatic systems 
will therefore shift poleward. Especially in the high-latitude regions, where plants grow 
below their optimum, this could result in an increase of yield. On the other hand tempera
ture increase may extend the geographic range of some weeds and insect pests. 

Box 3.1 Effects of climate change on plant properties 

Higher levels of CO2 enhance growth rates of plants (CO2 fertilisation effect). In case of the 

so-called C3 plants a yield increase of 10-50% is associated with a doubling of atmospheric CO2. 

C3 plants have one photosynthetic cycle, and comprise 95% of land biomass. Some species have 

an additional cycle, which s more efficient in fixation of CO2 from the atmosphere. C4 plants are 

especially suited in the (semi-)arid areas because their ability to absorb CO2 at lower concentra

tions with less water consumption gives them an advantage over C3 species. As the metabolism 

of C4 plants is already CO2-efficient, only a minor increase of 5-10% in yield is associated with 
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Impacts of relatively small changes in mean values of temperature and rainfall can be 
markedly amplified by weather extremes, e.g. the number of hot days, the length of the 
winter chilling period, intensity and duration of drought, frequency of cyclones and floods. 
Especially increase in drought risk is a very serious impact as we can see in current 
drought-prone (and often food-deficient) areas. 

In general agricultural productivity might increase, especially in regions with relatively high 
productivity, such as the flooded rice production in South East Asia and agriculture in the 
temperate zones (Europe, America). However, in some low-productivity areas a drop in 
agro-production might occur (as a consequence of reduced soil water availibility and of 
the limited adaptibility of their production system to climate variation). Such may occur in 
the semi-arid and subhumid areas of the South such as western Arabia, the Maghreb, 
western West Africa. Horn of Africa, southern Africa, eastern Brazil, central America and 
some areas of South East Asia. It appears that many parts in the South will be 'loosers', 
especially the areas that are already hampered by unpredictable climate and poor geologi
cal conditions. This does not mean that northern countries are 'net' winners. Much remains 
uncertain on this point. In some northern temperate zones decrease in yields may occur 
(due to the combination of shifts in soil water and temperature), e g in Southern Europe. 



southwestern USA. parts of South America md western Australia. Agricultural output 
towards the northern edges of current production regions in the USSR and North America 
might increase. In China higher temperatures could lengthen the growing season. But any 
increase in temperate zones could likely be offset by dimished rainfall. 

Another consequence is that shifts from one crop to comparatively more advantageous 
crop might occur. Whatever the change in production will be in the 'breadbasket' countries 
(western Europe, Canada. USA); it will affect amount, price, and type of traded food on 
the global scale, and changes in the North will thus also affect the South. 

3.3.3 Water resources 

Box 3.2 Agriculture and climate change 

CLIMATE RELATED VARIABLES 

Affected by climate change 

- temperature 

- solar radiation 

- precipitation 

- soil moisture 

- runoff 
- evapotranspirauon 

- atmospheric humidity 

RESOURCE BASE AND PRODUCTION 

ENVIRONMENT VARIABLES 

Affected by climate-related variables 

- moisture regime 

- growing season 

- micro-climatic stress 

- seasonality 

- instability of weather 
- diseases and pests 

- bioproductivity 

- photosynthesis 

- plant-input interaction 

- soil chemistry 

• erosion hazards 

SOURCE: Jodha (1969a. 1989b) 

FARMING SYSTEM VARIABLES 

Affected by resource base and production environment 

variables 

- agricultural enterprise diversity and specialization 

- moisture management systems and structures 

- agricultural activity calender 

- agronomy, input use practices 

- risk adjustment practices 

- production flows 

- yields and returns 

AGRICULTURAL SUPPORT SYSTEMS AND 

MACRO LEVEL ACTIVITIES 

Affected by farming system variables 

- irrigation systems and structures 

- relief strategies 

- agricultural infrastructure 

- input supply systems 

- research and development strategies 

• marketing, trade and food systems 

- linkages of agriculture with others sectors 

- agncultural planning and strategies 

- employment and income distribution 

Changes in climate will affect the distribution and quality of water resources, and the 
availibility for human activities (e.g. domestic water, industry, agriculture, hydropower). A 
higher atmospheric CCS level reduces plant water use. a higher temperatui e leads to higher 
precipitation, but also to a higher evapotranspiration in vegetation and evaporation in lakes 
and rivers. The effects on soil moisture are ambiguous therefore. 

Most vulnerable are the arid and semi-arid regions (largely situated in the South). In these 
areas water supply and use are very sensitive to small changes in precipitation and 
evapotranspiration. as the fraction of precipitation that runs off or percolates to the ground 
water is small. For example, a 1-2°C temperature increase plus a 10% decrease in 
precipitation could produce a reduction in annual runoff with 40-70%. Already in most arid 
and semi-arid areas present water use is very vulnerable, and conflicts between users are 
likely to be exacerbated by global warming. Regions were a sustained water supply to the 



population could be threatened most include: Africa (southern Africa, Maghreb, Sahel. 
northwestern Africa), Asia (western Arabia, Indian subcontinent, parts of South East Asia), 
America (southwest (JSA, Mexico and central America, parts of eastern Brazil), Europe 
(Mediterranean region). 

In mountainous areas (e.g. the Himalayan) increased precipitation (as well as heightened 
snow melt) will increase river runoff, and thus exacerbate erosion, waterway siltation and 
cause landslides. The increased sediment load of rivers would burden vulnerable coral reefs 
in coastal areas. 

3.3.4 Coastal zones and world oceans 

Global warming will cause sea-level rise, alter ocean circulation and cause changes in 
coastal and marine ecosystems. Nearly one-third of the human population lives within 60 
kilometres of a coast, and many reside on land that would be threatened [WR1 (1988), 
p.174]. 

Sea-level rise threatens low-lying islands and coastal zones by inundation. The effects of 
sea-level rise are greater than just inundation. Agriculture is threatened not only as direct 
result of flooding but also as a consequence of salt water intrusion. Land well above 
sea-level would be more prone to erosion as natural barriers as beaches, dunes, coral reefs 
and mangroves are attacked by the waves. 

The combination of sea-level rise and increased tropical storms will increase the frequency 
and magnitude of flooding. This will be particularly important in southeastern USA, the 
Indian subcontinent, the western Pacific and the Caribbean region. 

Further, sea-level rise will result in salinization of water (as a result of sea water penetration 
into freshwater aquifers). Especially atoll islands are prone. These depend on rain-water 
'lenses' that lie atop salt water. As sea-level rises the thickness of the fresh-water lens 
decreases: a 20% reduction in the width of island may cause a 50% loss of freshwater 
volume [IPCC-II (1990), p.6-7]. Sea-level rise would disrupt coastal ecosystems, as 
marshes and mangrove swamps, that are often a valuable resource to coastal people (for 
wood, as fishery grounds and as protection against tides). Shoreline retreat will threaten 
infrastructural works and recreational resorts. 

The Maldives are an example of a tiny island state, consisting of 1200 islands with a 
maximum elevation of 2 to 3 metres. A predicted rise with 0.3-0.5 m by 2050, and of 1 m 
by 2100 could inundate a significant part of the country. Several of such island states in 
the Pacific, Caribbean and southern Asia are threatened. There is a difference between 
types of islands. The Maldives e.g. are islands of dead coral. Atolls of living coral might be 
able to keep up with rising sea level. 

Bangladesh is an example of a mainland country, lying at the delta of three rivers. A 
sea-level rise of 1 m will inundate 12% of the land area, and displace 37 million people 
JBhatti eiai. (1989)], hereby exacerbating overcrowding problems in higher lands. Some 
8 to 15% of Bangladesh's rice is grown in areas threatened by inundation. Mangroves 
support half a million people and will be negatively affected by sea-level rise. Salt water 
intrusion will endanger drinking and agricultural water supplies. Other extremely flat areas 
theatened by inundation are: the Nile delta in Egypt (1 m rise could inundate 12-15% of 
Egypt's arable land), as well as deltas of the Mekong (Vietnam), Yangtze and Hwang Ho 
(China), Irrawaddy (Myanmar), Indus (Pakistan), Niger (Nigeria), Orinoco (Venezuela), 
Amazone (Brazil), and in the North e.g. the Mississippi and Po delta, and the low-lying parts 
of Holland. 



3.3.5 Will the South 'loose' more than the North? 

Human settlements and agriculture 

In the South sea-level rise threatens the existence of island states as Kiribati, Tuvalu and 
the Maldives and imperils millions of people in coastal areas of e.g. Egypt. Bangladesh, 
India, China and Indonesia. Also human settlements (housing, infrastructure and socio-cul-
tural services) in the coastal areas of North are threatened by sea-level rise. But indus
trialized nations (such as for example the Netherlands with its "Delta Works") will have the 
resources required to counteract adverse impacts, while developing countries have not. 
Political and environmental refugees are already a problem in the 1990s, what will the 
extent of the problem be in the 21 s t century when population has soared further? 

Most vulnerable to droughts and diminishing water availibility are farmers engaged in 
subsistence farming and livestock keeping in the semi-arid areas of the South. Already 
climate extremes in the South are displacing millions to other areas that do not have the 
resources to provide sufficient support services to the newcomers. Globally drought 
conditions in (semi-)arid areas occurred 5 to 10% of time in the eighties, and this may 
increase to 25% in the 2020s (IPCC-H (1990)]. 

Box 3.3 Implications of differences in agriculture between North and South for climate 
change impacts 

SPECIFIC FEATRUES OF 

AGRICULTURE IMPACTS 

CHANGE IN THE SOUTH 

(1) Agriculture is a dominant sector 

in developing economies 

(2) Greater dependence on natural factors 

(3) Inadequate institutional support 

system (finance, inputs, marketing) 

(4) Weak physical infrastructure facilities 

(5) Significant role of subsistence sector 

(with little institutional and 

technological protection) 

(6) Indifference of agricultural policies 

against to climate change issues 

SOURCE: Jodha (1989a, 1989b) 

IMPUCATIOM OF AGRICULTURAL FEATURES 

FOR CLIMATE 

Impacts as mentioned in table 3.3 are relatively larger in 

developing countries 

Higher vulnerability to changes in the physical-

biological production environment. 

Limited scope for risk spreading 

Limited protection through irrigation systems and other 

Accentuation of climate risks in areas already 

vulnerable climate vanability 

'Forced adaptions' rather than 'anticipatory adaptions' 

future climate change 

In the tropics intensity of cyclones may increase and area of occurrence may expand, 
having devastating effects. 

Energy 

Climate change is likely to have a larger impact on the energy sector in developing 
countries than in the Morth. This is so, because in developing countries biomass and 
hydropower contribute a larger percentage as source of energy. In some countries biomass 
provides more than 90% of primary energy. Some areas in the South will become drier. 
This would have adverse effects on plant growth (that would only partly be compensated 
by faster growth due to higher ambient CO2). and be detrimental to fuelwood supply. In 
areas that become drier the needs for irrigation will increase, and thus energy consumption 
for irrigation. 

Many developing countries (especially in Africa) depend on hydropower for electricity 
generation. Some areas may benefit from increased river runoff, in other areas hydropower 



plants will become obsolete due to decreasing water levels. Changes in cloud cover, rainfall 
and wind circulation may affect the regional distribution of solar radiation and wind energy 
in both positive and negative direction. 

There may also be differences in energy demand between North and South in response to 
climate change. In the temperate zones of the North energy consumption for space heating 
will decrease. Energy consumption for cooling and air conditioning will increase in both 
North and South. 

Other socio-economic activities 

Compared to the agriculture and energy sectors, impacts of climate change on other 
sectors are likely to be relatively modest. In the transport sector changes in the water level 
of lakes and rivers might affect inland shipping. For developing countries changes in trade 
may be important. Many developing countries depend largely on the export of (often a few) 
primary commodities, such as minerals, food and fibres. Changes in regional availibility 
and cost of food, fibre, water and energy can significantly influence the competitiveness of 
industries in developing countries that produce food, forest, paper and fibre products. In 
the North regulatory decisions and shifts in consumer patterns (arising from climate 
change concern) may force polluting industries to go Southward, and the imposal of 
restrictions on imports by the North (e.g. hardwood, fossil fuels) would affect the foreign 
exchange balance of the developing countries concerned. 

Human health 

As a consequence of increasing temperature and precipitation vector-bome diseases could 
increase both in terms of numbers of people affected as in regional dispersion. In principle 
(tropical) diseases can be handled even in the most humid hot climates. Much will depend 
on hygiene, and availibility and quality of water, of medical facilities, of food and of wood 
(for cooking). Many developing countries however face large difficulties in securing 
medical care and nutrition for their population. Thus, parasetic and viral diseases have a 
larger potential for increase in the South than in the North. 



4. RESPONSE STRATEGIES IN THE SOUTH 

In the preceding chapter the current contribution of the major sectors (energy, industry, 
agriculture and forestry) and activities therein was discussed. Furthermore data on future 
emissions were presented, based on two scenarios developed by the IPCC Working Group 
111. In the first four paragraphs of this chapter we examine what kind of measures could be 
taken to achieve the emission reduction (prevention strategies) between Business-as-Usual 
and Policy cases. The contribution of the various emission reduction options are presented 
in table 4.1. The reader should note that all reduction figures are relative to the Business-
as-Usual case. These are not absolute figures in the sense that also in the Business-as-
Usual scenario some reduction measures are assumed. Emission prevention options are 
qualitatively described in the following paragraphs. For the method of calculation for 
options in the energy sector (§ 4.1) and in forestry and land-use change (§ 4.4) one is 
referred to annex B.4 (tables B.18 - B.22). 

Some global warming seems inevitable. Therefore, measures concerning adaptation to 
climate change are discussed in paragraph 4.5 

4.1 The energy sector (including biofuels) 

4.1.1 Introduction 

Measures in the energy sector can be taken on the demand side as well as the supply side. 
A third option is reduction of emissions by CO2 removal and storage. For developing 
nations this last option does not seem to be relevant because of large costs involved and 
lack of beneficial side-effects. The option is not considered therefore in the scenarios. 

Figure 4.1 gives a review of the various options in the energy sector to achieve the emission 
reduction between Business-as-usual and Policy cases in the year 2025. The data on which 
the figure is based are presented in tables B.18, B.19. B.20 and B.22. The figure includes: 

• changes in emissions of CO2, CO, CH4, N2O and NOx due to reductions in fossil fuel 
demand; 

• changes in emissions of CO2, CO. CH4, N2O and NO* due to expanding biomass use 
for synthetic fuel production AND decrease in traditional biomass use; 

• changes in emissions of CH4 released in fossil fuei production (associated with 
reduced fossil fuel demand); 

• emission reduction due to CO and NOx control. 

The numbers given in figure 4.1 correspond to the following emission reduction options: 

1) electricity end-use efficiency improvement and conservation (§ 4.1.2), 

2) fossil fuel end-use efficiency improvement and conservation (§ 4.1.2), 

3) electricity generation and transmission efficiency improvement (§ 4.1.3), 

4) cogeneration; less expansion of electricity in Policy case as in Baü case (§ 4.1.3), 

5) substitution of (carbon-intensive) coal and oil by natural gas (§ 4.1.4). 

6) substitution of fossil fuel by synthetic fuels (§ 4.1.4). 

7) substitution of coal by biomass in synthetic fuel production, as well as efficiency 
improvement in synthetic fuel production (§ 4.1.4), 

8) penetration of solar and hydro power in electricity generation (§ 4,1.5). 

9) substitution of traditional biomass (wood, charcoal) by modem fuels (§ 4.1.2), 



10) efficiency improvement in production and end use of traditional biomass (§ 4.1.2) 

11) control of CO and NOx emissions (§ 4.1.6). 
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Figure 4A Contribution of options in the energy sector to greenhouse gas reduction 
between Business-as-usual and Policy scenarios in 2025 

The reader should note that figure 4.1 and table 4.1 give reductions between the two 
alternative scenarios in 2025, and not reductions between 2025 and 1985 emissions. Also 
in the Business-as-Usual scenario some energy efficiency improvement is assumed, but 
this is not reflected in figure 4.1 (or the data given in annex B.4). 

When discussing energy demand it is customary to distinguish several sectors that 
consume primary sources of energy {see box 4.1 for a definition of 'primary energy'). Here 
the following sectors are defined: residential/commercial, industry/agriculture, transport
ation and energy production (electricity generation and production of synthetic oil and gas 
from coal and biomass). In many developing countries there are distinct 'modem' and 
'traditional' sectors, dividing the above consuming sectors in two. Higher/middle-income 
groups (mostly found in the urban areas) and formal sectors (within agriculture, commer
cial & services21, industry) could be termed as 'modem' sectors. Here, energy consump
tion patterns prevailing often are similar to the ones in the North. Commercially marketed 
fossil fuels and electricity ('modern' energy carriers) provide the energy inputs for the 
desired services. End-use efficiency improvements promoted in the North can often be 
transferred to the formal sectors of developing countries as well. 

21 All commercial and public service-oriented buildings, including offices, stores, warehouses, 
hospitals, restaurants, bars, etc. 



Table 4.1 Reduction in greenhouse gas emissions between the Business-as-üsual and 
Policy scenarios in 2025 per reduction option 

REDUCTION OPTION EMISSION REDUCTION IN 2025 
(IN TgC) 

SOUTH NORTH GASES 

electricity end-use efficiency improvement (1) 
electricity generation and transmission efficiency impr. (1) 
cogeneration and reduced expansion of electricity (1) 
fossil fuel end-use efficiency improvement (1) 
substitution of coal and oil by natural gas (1) 
substitution of fossil fuels by synthetic fuels (t) 
substitution of coal by biomass in synth. fuel product. (1) 

efficiency improvement in synthetic oil production (1) 
carbon fixation on new biomass plantations (4) 

penetration of solar and hydro in electricity generation (1) 
control of CO and NO» emissions (1) 
increased substitution of trad.biofuels by modem fuels (1) 
effic. improv. in product, and end-use of trad, biofuels (1 ,*) 

deforestation avoided by meeting fuelwoord deficit (4) 
carbon fixation in new fuelwood plantations (4) 

deforestation avoided by meeting fuelwood deficit (4) 
carbon fixation in new industrial wood plantations (4) 

deforestation avoided by meeting ind.wood deficit (4) 
substitution of shifting cultivation (4.**) 

carbon fixation in new agroforesty schemes (4) 
sustain.perman. cultivation & cattle keeping practices (4,**) 

carbon fixation in new agroforestry schemes (4) 
reforestation of degraded land (4) 
improved natural forest management (4) 
halt clearing of land for agriculture (North, 4, **) 
halt degradtion of forest land (North, 4) 
industrial wood plantations (North. 4) 
more expansion of HCFCs and production/process control (2) 
increased substit. of CFCs and production/process control (2) 
reduction in landfill emissions (2) 
reduction in rice paddy emissions (3) 
reduction in emissions by domesticated animals (3) 
reduction in emissons from nitrogen fertilizer (3) 

TOTAL REDUCTION (between BaO and Policy scenarios) 
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(1) Reduction ENERGY sector 
- households and commerce 
- industry and agriculture 
- transportation 
- power production 
- synthetic fuel production 

(2) Reduction INDUSTRIAL activities 
(3) Reduction AGRICULTURAL activities 
(4) Reduction FORESTRY and LAND-USE CHANGE 

Emissions in 2025. Business-as-Usual scenario 
Emissions in 2025, Policy scenario 

*) in chapter 2 this option was explicitly included in the 'forestry' sector, instead of the 'energy' sector 
**) includes biomass burning for land clearing 

SOURCE of data:see annex B. 
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In many countries the higher income groups only form a small part of population. The poor 
are the majority that live in the cities (in slums and shanty towns) and in the rural areas. 
In India for example 76% of the population lives in rural areas. About 60% of the rural 
population lives below the poverty line and about 25% of the urban population lives in 



slums [Goldemberg etal. (1988). p. 195]. Thus, the rural and urban can be considered to 
constitute about 48%. resp. 5% of total population, i.e. the rural poor are more numerous 
than the urban poor. These poor often depend on biomass for their energy needs. 
Lower-income groups and the informal sector (within agriculture, commerce, and industry) 
could be termed as 'traditional sectors', which are characterized by the small level of 
activity and low use of modem energy carriers, but high use of 'traditional' energy carriers: 
biomass. human and animal power. Per capita useful energy consumption is very low and 
herethetask is to vastly increase the level of energy services. From a climate point-of-view 
the issue is how to perform this without increasing greenhouse gas emissions. 

Box 4.1 The energy supply system 

Primary energy 

i 
CONVERSION, PROCESSING 

i 
Secondary energy 

i 

TRANSMISSION. STORAGE 

AND DISTRIBUTION 

I 
Final energy 

i 
END-USE DEVICE 

i 
Useful energy 

-»waste or loss 

-» waste or loss 

-»waste or loss 

Primary energy sources are crude oil. natural gas. coal, hydropower. soiar energy and fuelwood. 

These may be delivered into final energy uses (e.g. fuelwood. coal) but some sources are always 

or frequently transformed to obtain a readily usable form of secondary energy (e.g. petroleum 

products, charcoal, biogas, electricity). Whether primary or secondary, the energy delivered to 

the final user is called final energy (or delivered) energy. The consumer does not really want 

energy, but work, heat or tight, so final energy is converted into energy services or useful energy 

in end-use devices. Throughout the transformation process certain energy losses are unavoidable. 

It has to be stressed that the division in modem and traditional sectors presented here does 
not correspond to a division in modem energy carriers (fossil fuels and electricity) and 
other ones (traditional biomass use, animal power) in a clear-cut way. Kerosene e.g. is 
widely used for lighting by urban and rural low-income groups in the Third World. In China 
e.g. coal is used for residential cooking in the traditional sector. The urban poor in general 
have better access to modem energy than the rural (of which the vast majority relies on 
biomass). 

Table 4.1 gives an overview of the contribution of options to greenhouse gas reduction in 
the energy sector. In the following we shortly discuss what the contribution of these options 
on the level of the various energy consuming categories. The figures are taken from tables 
B.20andB21, 

In the residential and commercial sector the largest contribution to greenhouse reduction 
(in 2025 between the two scenarios) comes from energy end-use efficiency (359 TgC 



reduction in the South, and 1618 TgC in the North). Smaller emission reduction contribu
tions comes from substitution of coal and gas oil by natural gas (South: 70 TgC, North: 
130 TgC) and emission control of NOx and CO (North 26 TgC. South 3 TgC). 
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Figure 4.2 Primary energy consumption in 1985 and 2025 per source of energy 

Also in the industrial and agnculture sector the largest contributor to greenhouse gas 
reduction (in 2025) is improvement in energy end-use efficiency (South: 427 TgC, North: 
838 TgC), smaller contributions come from cogeneration and a reduced demand for power 
(South: 286 TgC, North: 176 TgC). substitution by natural gas (South: 1 TgC. North: 89 
TgC), substitution by synfuels (South: 439 TgC, North: 1 TgC) and emission controls of 
NOx and CO (South: 6 TgC, North: 10 TgC). 

In the transportation sector emission reduction is achieved by end-use energy conservation 
(in 2025, South: 284 TgC. North: 544 TgC), substitution by synthetic fuels (North: 0 TgC, 
South: 124 TgC) and emission controls of NOx and CO (South: 19 TgC. North: 54 TgC). 

In the power sector reductions (apart from those associated with demand reduction) arise 
from efficiency in power generation and distribution (in 2025, South: 57 TgC, North: 71 
TgC), substitution of fossil fuels by natural gas (South: 95 TgC, North: 282 TgC), 
penetration of solar and hydro power (South: 20 TgC, North: 69 TgC), substitution of coal 
by biomass in synthetic fuel production and higher efficiency (South: 185 TgC, North: 341 
TgC) and emission control (South: 2 TgC, North: 6 TgC). 

4.1.2 Efficiency improvements and conservation in energy end-use 

Energy end-use conservation (fossil fuels and electricity) contributes 44% of the emission 
reduction in the energy sector (between BaU and Policy scenarios) in the South and 71% 
in the North (in 2025). Energy end-use conservation contributes the bulk of energy savings 
in the Policy scenario (vs. the BaCI case) in both North and South (see tables B.18 and 
B. 19). Therefore, it is one of the most relevant technical options to reduce greenhouse gas 
emissions from energy systems in (both industrialized and) developing countries. 



While industrialized countries have made major gradual improvements in efficient energy 
use, generally less achievements have been made in the South. Possibilities for improve
ments are tremendous. Generally, cost of conservation is less than cost of expansion of 
supply capacity and this makes that improvements in energy efficiency have a large 
potential for slowing down the growth of greenhouse gas emissions in the next few decades. 

A. Modern fuels in the residential and commercial sector 

In the buildings of the higher-income households (that often dwell in urban areas) and 
commercial-oriented buildings modem energy carriers (electricity and fossil fuels) are 
mostly utilized for the same end-use as in the North: cooking, lighting, space conditioning 
and appliances (of which refrigerators and air conditioners are most energy-consuming). 

Cooking fuel stoves {kerosene, gas, LPG) are typically 40-60% efficient, and electricity 
stoves 55-75%. There is limited potential for improvements with existing technology. 

In lighting the dominant technology is incandescent bulbs. Efficiency is low. Advanced 
lighting techniques comprise: (I) energy-saving incandescent lamps (5-10% savings in 
energy), (2) tungsten-halogen lamps (15-25% savings) and (3) compact fluorescent 
lamps (60-75% savings), (4) high-intensity discharge lamps (45-60% savings), and (5) 
improved building techniques that make more use of natural daylight (tinted glass, light 
coloured paints, optimal placement of windows). Most advanced lighting techniques are 
cost-effective, i.e. they save on the electricity bill. An obstacle will be the often high 
investment cost (Goldemberg et.al, (1988)). Especially in developing countries people will 
be reluctant to spend high investment sums. 

Higher income groups normally consume substantial amounts of electricity for appliances, 
such as refrigerators, air conditioning, TV, radio and washing machines, use of such 
appliances is growing rapidly in the South. A striking example is Beijing in China, where 
the proportion of households with refrigerators rose from 1.5% in 1981 to 62% in 1987 [Kats 
(1990)]. In industrialized countries energy efficiency improvements in refrigerators have 
cut their electricity use by 70% over the past 15 years. In developing countries often 
inefficient refrigerators are manufactured and big potential for efficiency improvement 
exists. Space conditioning includes» space heating and air conditioning. Possible improve
ments are high efficiency equipment (chillers, boilers, fans, etc.) and improved building 
technologies. 

It is expected that the stock of residential and commercial buildings will expand rapidly as 
population and economy grows and may even outpace total growth in total electricity 
consumption, use of most efficient options currently available (adapted to local conditions) 
in new buildings could minimize the increase that is associated with this growth. Experience 
in the North so far has shown however that necessary investments in more energy-efficient 
buildings (though cost saving on paper) will not be taken without the necessary implemen
tation efforts (e.g. by legislation) by governments. 

B. Modem fuels in the transportation sector 

The transportation sector is composed of cars, buses, trucks, trains and airplanes. The 
energy consumed is mainly fossil fuels (gasoline and diesel) with minor contributions by 
electricity. In developing countries personal car ownership is much less than in the North. 
The dominant role in fuel consumption is played by public transport (buses and trucks). In 
the industrialized world significant reductions in consumption of fuel have been achieved 
by more efficient models. In the South only few countries have been successful in 
implementing fossil-fuel reduction programmes. In the seventies Brazil embarked on its 
Proalcool (ethanol) programme and the Philippines initiated a transport programme that 
combines higher taxes, expanded public transport and training vehicle maintenance 
workers [Kats (1990)]. Oil consumption in the transport sector has steadily increased in 
developing countries, despite the oil crises in the seventies, and is now about 25% of fossil 



fuel consumption in the South [Sathaye et.al. (1990)]. For oil-importing countries the oil 
bill absorbs quite substantial amounts of foreign exchange. Such transportation solutions 
are attractive for developing countries as these help to reduce pollution problems in their 
megacities, and might become economically attractive. 

Road vehicles are often kept in service far longer than they were designed for (because of 
capital scarcity) and these aging vehicles are often poorly maintained (because of spare 
parts scarcity). Poor roads in rural areas and congestion in the cities add further to a high 
fuel use per vehicle kilometre of travel (VKT). Near-term measures include therefore (1) 
improvement of existing vehicles and retirement of very old ones, and (2) improvements 
in the transport infrastructure (roads, railroads, freight handling facilities, rail transit 
systems and traffic lighting in cities). To raise revenues for the government infrastructural 
projects should go with changes in traffic management (such as vehicle ownerships sale 
and registration fees and economically efficient fuel pricing). 

Countries such as Brazil and Zimbabwe have started large-scale substitution of fossil fuels 
by ethanol produced from biomass in a sustainable and economically viable way (see § 
3.1.2 on 'energy supply'). Most countries have replaced coal-fired trains by more efficient 
diesel trains. Countries as India and China (together 23% of world coal consumption) rely 
on coal as fuel for their trains. Replacing coal by diesel would be appealing in terms of fuel 
consumption (factor 3.5) and CO2 emission (factor 5) per VKT, but not in terms of 
minimizing energy imports. 

C. Modern fuels in the industrial sector 

At present the industrial sector is responsible for about 50-60% of fossil fuel consumption 
in the South, and its share is expected to remain high as many developing country are 
expanding energy- and material-intensive industries as well as their infrastructure [Sathaye 
at.aL (1989)). use of energy and materials is often less efficient in industries in the South 
than in the North. This is often enhanced by distorted price policies, lack of management 
skills, and lack of foreign exchange. Technically proven energy conservation techniques 
as well as recycling and resource efficiency could save an estimated 10-30% of industrial 
energy [ÜSAID (1990), p.5-4]. 

The industrial sector is most varied in terms of energy end-use, products produced, 
processes employed, as well as size, age and facility conditions. Industries range from 
handicrafts (e.g. small-scale metal working, carpentry, weaving, brick making) to light 
industries (e.g. shoes, textiles, pulp and paper, food processing, glass, brick making), 
heavy and energy-intensive industries (e.g. processing of metals, cement), mining and 
feedstock industries (e.g. chemicals, fertilizer). Fuel use is also varied (wood, bagasse, 
coal, diesel and gas oil, fuel oil, natural gas, electricity). On the other hand, the number of 
end-uses to which energy can be divided is actually quite small. Main end-uses include 
electric motors, electricity for electrolysis (e.g. aluminium) and direct consumption of fossil 
fuels for heating and drying in materials processing. 

Ways to increase the economic efficiency of energy use are energy conservation and 
substitution. Revisions of operating and maintenance procedures (e.g. shutting off stand
by furnaces, regular calibration of instruments and regular inspection and repairing) are 
examples of short-term measures that are almost always extremely cost-effective. Longer-
term measures include changes in processes that require plant redesign and thus larger 
investments). Longer-term conservation measures are: 

1) Recovery and re-use of waste heat. High-temperature heat ( 650°C) is produced in 
furnaces (steel making, copper refining, glass melting), incinators and cement kilns. 
Medium-temperature heat sources (230-650°C) are turbine and engine exhausts and 
flue gases from boilers or ovens. Low-temperature heat sources are condensate and 



cooling water from high-temperature processes. High- and medium-temperature heat 
can be used to produce steam to drive a turbogenerator or supply process steam for 
pre-heating. 

2) Improvements in the electric system. Apart from lighting, most electric equipment is in 
the form of motor power drives (such as pumps, fans, blowers, compressors and various 
tools) and electric furnaces and electrolysis. Electricity conservation can be achieved 
by better lighting techniques, reduction of a factory's peak load (by rescheduling 
operations, automatization and replacing oversized or inefficient equipment) and intro
duction of variable speed drives (VSDs). VSDs are electronic devices that enable a 
motor to vary its speed in order to match the speed of the motor to power demand. 

3) Shirts to more efficient processes and materials. Opportunities exist in retrofitting of 
current designs where this is possible and feasible. Further, developing countries could 
adopt the most efficient processes or even currently experimental technologies {'tech
nological leapfrogging'). Finally, large savings are available from the increased use of 
recycled materials. 

4) Cogeneration, that will be discussed in § 4.1.2. 

Besides promoting most energy-efficient technologies, an important aim to which indus
trial development can be tailored is self-sufficiency in energy. For countries with abundant 
coal reserves (e.g. China and India) there looms a conflict between global warming concern 
and use of local resources. In other cases the aims of global warming abatement and 
self-sufficiency can coincide. Countries with large resources of natural gas or great 
renewable energy potential countries should encourage fuel substitution out of national 
economic and environmental concerns. 

D. Traditional fuels 

In most developing countries the majority is formed by lower-income households. The 
primary use of biomass energy in developing countries is residential cooking. Most rural 
people rely on biomass. In the urban areas people rely on a mix of fuels, including wood, 
charcoal, fossil fuels and electricity. In general, with increasing income one sees (1) steady 
or increasing biomass consumption in rural areas, and declining biomass consumption in 
urban areas, (2) substitition of modem fuels for biomass cooking (especially in urban 
areas). 

In rural areas wood is mostly collected 'free' (by women and children). In most humid areas 
rural users of woodfuels rarely attack the prime forest itself, but obtain firewood by 
gathering dead wood from common lands, roadsides and waste'jnds. They are not a cause 
but rather the victims of deforestation. In (semi-)arid areas or densely populated areas rural 
wood consumption can be critical. In urban areas woodfuels (wood and charcoal) are 
supplied on a commercial basis. For many (low-income) urban households in Asia and 
Africa charcoal is the dominant fuel (charcoal is produced by burning wood piles under 
reduced access in oxygen). Due to the woodfuel demand concentrated in growing cities, 
deforestation in many the peri-urban areas is increasing, facing the urban population with 
climbing prices of woodfuels and the rural women with increased difficulties in firewood 
procuring. 

Traditional bioenergy generation and end-use methods are very inefficient in terms of 
primary energy consumption. There are two ways to raise efficiency of energy use (and 
hereby lifting the useful energy per capita consumption of wood-using low-income groups, 
as well as alleviating the problem of deforestation due to charcoal burning): 

(1 Substitution by (more efficient) fossil fuels and electricity; 

(2)more efficient cooking stoves and charcoal production methods. 



/Add/clay and brick wood stove have energy conversion efficiencies of 8-16%, metal stoves 
of 20-30%. as compared to the open fire (5-15%). Improved charcoal stoves increase 
efficiency from 20-25% to 20-35%. Kerosene stoves have efficiencies of 20-55%, and 
electric stoves of 55-90%. Charcoal use is inefficient in terms of woodequivalents. Energy 
conversion of charcoal production ranges from 9-25% (traditional earthem kiln) to 16-43% 
(improved brick or steel kilns) and 28-56% (retort). Multiplying efficiencies of charcoal 
production with cooking efficiencies of charcoal stoves gives energy efficiency of wood use 
in the range of 1.3-6.3% (traditional charcoa; stoves and earthem kiln) up to 5.6-19.6% 
(retort and improved stove)'.22JLeach&Gowen(1987). 

The penetration of more efficient technology is generally easier when already a commer
cialization of the woodfuel market has taken place, so the that choice of a different 
fuel-device combination will help to save on fuel expenditure. The actual choice of fuel will 
depend on a complex of variables: price, availibility of modem fuels, scarcity of biofuels 
and effort devoted to wood gathering, transportation distance of the fuel, household 
income, household size, cost and performance of end-use equipment, as well as fuel 
preferences and cultural factors. Failure of new designs to take above-mentioned aspects 
into account has often hampered their acceptance. So far there are only few successful 
dissemination efforts, for example in Kenya, West Africa and India. Most successful designs 
have a sound heat transfer, can be manufactured by local artisans, require no behavoriat 
change from users and have payback periods in the order of a few months. 

The transition from traditional biomass to fossil fuels (especially in urban areas) will 
continue in future. It will contribute to an increase in useful energy consumption per capita 
and at the same time to a more efficient use of primary energy. This does not automatically 
imply that the net emission contribution per capita will decrease (less CO. CH4, N2O and 
MOx from biomass burning, less CO2 from deforestation, but more CO2 from fossil fuel 
combustion). The expansion of the use of electricity into rural areas (previously unreached 
by modem energy carriers) will generally contribute to an increase in both per capita fuel 
consumption and CO2 emission. 

4.1.3 Electric power generation, transmission and distribution 

Many developing countries are faced with power shortages. In Pakistan for example 
summer peak demand exceeds peak supply by over 20% [Sharafi (1987)]. The option has 
too often been sought in expansion of supply capacity alone. But there are other options: 
cutting electricity demand under the influence of economically sound tariffs and energy 
conservation programmes, better load management and higher efficiency in power gener
ation and power distribution. 

Energy end-use conservation processes can save developing countries an estimated 
10-25% of power sector energy consumption [CISAID (1990), p.5-4]. In the Policy scenario 
electricity end-use conservation options save 19% in electricity consumption (as compared 
to the Ba(J case) in the South (see table B. 18). These options were discussed in §4.1.2. 

22 Efficiencies under practical conditions. 'Cooking efficiency' is defined as: (energy utilized for the 
task) / (lower heating value of wood or charcoal delivered to the cooking device). 'Energy 
conversion efficiency' in charcoal production is defined as: (energy value per unit of charcoal • 
units of charcoal produced) / {energy value per unit of wood • units of wood required), units in kg 
or m3. 



Box 4.2 Traditional energy and agriculture 

Agriculture and fisheries account for only a smalt part of fuel use in many developing countries. 
In some countrres use of biomass for smoking of fish or curing of tobacco substantially aggravates 
problems in sustainable wood production. The mam source of power in traditional and semi-com-
mercial agriculture in many countries in the South is animal and human muscle power. Here 
energy conversation is not the major policy objective, but rather a transition from traditional 
labour-intensive agricultural methods to more mechanized practices- . * aim is to achieve higher 
agricultural productivity. Such mechanization will be constrained by lack of foreign exchange for 
imports of mechanized equipment, low purchase power of farmers, lack of technology marketing 
and repair infrastructure and concerns about unemployment. Human labour and animal draught 
power will continue to play a significant role. Human labour productivity can be improved with 
often simple machines by 'pedal power' (e.g hand carts or bicycles) and where possible 
productivity can be raised by replacing human power by animal power in both motive (land 
preparation, harvesting transport) as well as stationary applications {water pumping, crop 
processing). 

Agricultural modernization need not always be associated with introduction or increase of 
commercial energy, modernization is a step-by step approach that includes better erosion and 
water control, supply of higher-yieiding varieties, fertilizer and pesticides, together with improve
ment of farming practices, and agriculture support infrastructure (such as adequate credit supply, 
extension and repair £> maintenance facilities). 

In the Policy scenario greenhouse gas reduction options in the 'power sector'̂ -* contribute 
11% to the total emission reduction in 2025 (compared to the Baü scenario) in the energy 
sector of 2445 TgC in the South, and 17% of the reduction of 4233 PgC in the North (see 
tables B.20 and B.21). 

Transmission and distribution losses consume an average of 11 % of electricity generation 
worldwide. In developing countries losses can be as high as 35% [Fisher (1990), Goldem-
berg et.al. (1989)]. Considerable savings can be provided by improved maintenance, 
higher quality transformers and decrease of 'non-technical losses' (often the under
statement for theft). In the Bad scenario the average transmission efficiency for the South 
is 86%; in the Policy scenario it is 89% (for the year 2025). 

According to (JSAID an improvement in efficiency of electricity generation of 10% or more 
can be achieved in most developing countries (ÜSAID (1990)). In the BaU scenario the 
average energy conversion efficiency in power generation for the South is 30%. which is 
improved in the Policy scenario to 33% (in 2025). Especially clean coal technologies could 
contribute to both energy efficiency and CO2 reduction (in view of the importance of coal 
in countries as China and India). These technologies can improve energy efficiency up to 
10-25% compared to conventional coal technologies. Clean coal technologies which are 
currently in the demonstration phase are e.g. fluidized bed combustion (atmospheric or 
pressurized) and coal gasification in combined cycle . These technologies could be used 
in new plants. 

Cogeneralion is the combined production of electricity and steam (for on-site heating 
requirements). Current practice is that heat and electricity are often produced separately. 

23 Options include: 
(1 )efficiency improvements in electricity generation and distribution, 
(2)reduced e*pan« on of electricity consumption and cogeneration (in the industrial sector). 
(3)CO and NOi en ission control in power utilities (which is discussed in paragraph 4.1.6). 
(4)subslitution by ratural gas and renewable energy sources (par. 4.1.4). 
Not included in these figures is electricity end-use conservation 



In a conventional thermal plant about 30-40% of the energy content of the fossil fuel used 
is converted into electricity and the rest is discharged into the environment, as it is of too 
low temperature to generate electricity economically. In industries heat is usually provided 
by direct combustion of fossil fuels. An alternative for industries is to use the fossil fuel to 
generate electricity while the waste (low-grade) heat is used for process requirements. In 
this way overall efficiency of the fuel can be increased to 60%. The additional advantage 
is that if all economic generation possibilities of a country are used, then a large fraction 
of a nation's demand can be supplied by decentralized cogeneration facilities instead of by 
the main grid. Cogeneration could produce more than a 10% increase in electricity-gener
ation capacity in developing countries [Sharafi (1987)]. 

4.1.4 Substitution by natural gas, synthetic fuels and modern biofuels 

Substitution of natural gas for other fossil fuels is attractive as emission of CO2. NOx and 
sulphur oxides is much less than of coal. Mew gas-fired power plants cost significantly less 
to build than coal power plant, are slighty more energy efficient. However, fuel cost of 
gas-fired plants is generaiiy higher than of coal-fired ones. Improved technologies are 
commercially available in the North, but have not penetrated yet because of the investors' 
anticipations of high cost of natural gas (relative to coal). Examples of improved techno
logies are STIG and ISTÏG (footnote ). Another option is capturing of gas which is now 
vented or flared in oil and gas production for on-site use or sale. 

The contribution of natural gas substitution to greenhouse gas emission reduction between 
BaCI and Policy cases in the energy sector is 6% in the South, and 12% in the North (in 
2025. see tables B.20. B.21). 

The ability of natural gas to replace other fuels will depend on its availibility and its relative 
cost. There is considerable uncertainty on global natural gas resources. In any case the 
substitution of coal by natural gas is limited, because 'it is less abundant and the uneven 
distribution of gas resources raises concern about access. Today. 11% of natural gas is 
transported via pipeline and 3% in tanker shipments of liquefied natural gas (LNG). Much 
will depend on (future) cost of gas supply, and cost of gas distribution systems, and cost 
of production and trade of liquified natural gas (LNG). 

As conventional oil and gas resources are being depleted, it is expected that much of the 
demand for liquid (oil and gas) and natural gas will be ultimately met by synthetic fuels. 
Currently, there is little synthetic fuel production. But technologies are developed that 
convert relatively abundant resources as coal, tar sands (and biomass. see further) to liquid 
or gaseous products. However, the production of synthetic gas and oil itself requires 
significant amounts of energy. If produced from conventional fossil fuels the total CO2 
emissions per unit energy are even larger. From the viewpoint of climate change the 
alternative option is production of synthetic gas and oil from biomass (see box 3.1 for a 
discussion on traditional and modem biofuels). 

For the year 2025 it is assumed that in the Bad scenario fossil fuel use in industry and 
transportation is partly replaced by synthetic fuel, see tables B.18-B.21). In the BaU 

24 In 8 simple cycles the combustion gases are used to drive a turbine for electricity generation (with 
an efficiency of 34-36%). In a (steam and gas) combined cycle hot exhaust gases from the gas 
turbine are used to produce steam which can be used to generate additional power (increasing 
efficiency up to 42-47%). Another improvement to simple cycle technololgy is STIG and iSTIG 
(interceded) steam-injected gas turbine) in which steam (not needed for process heat) is injected 
back into the combustor for adding power, hereby raising efficiency up to 36-40% (STIG) and 
42-47% HSTIG). 
SOURCE: Scientific American. September 1990. p.87 (efficiencies are given on a higher heating 
value basis, the US convention). 



scenario the major resource for synthetic fuel is coal (South 65%, North 89%). In the Policy 
scenario it is assumed that the penetration of synfuels is larger and that all synthetic oil and 
gas is produced from biomass. Increased penetration of biomass-derived synthetic fuel 
contributes 23% to emission reduction (between Policy and Bad cases) in the energy sector 
in the South is therefore an important emission reduction option. Additionally, the creation 
of energy plantation to produce the required amounts of biomass implicates the seques
tering of carbon from the atmosphere in the growing plants (which will be discussed in 
§4.4.2). 

Table 4.2 Reserves and resources of commercial energy 

North America 
Rest OECD 
Eastern Europe 
Africa 
China 
India 
Middle East 
Rest Asia 
Latin America 
TOTAL 

Bitumin. 
coal 

6808 
9144 
5883 
3922 

19051 
3784 

127 
461 
551 

49732 

Subbitum. 
coal 

2980 
1628 
3439 
851 

1633 
29 

138 
194 
119 

11011 

Crude oil 

224 
118 
347 
337 
103 
28 

3212 
106 
702 

5177 

Natural 
gas 

324 
285 

1633 
283 

35 
20 

1188 
276 
276 

4318 

uranium 

279 
316 

? 
345 

•> 

20 
2 
? 

81 
1043 

TOTAL 

10614 
11491 
11301 
5737 

20822 
3880 
4667 
1037 
1730 

71281 

UNIT: petajoule. 
Data are adapted from WRI (1990), table 21.1, using the following type of resources 
and conversion factors: 
- bituminous coal (proved reserves): 29 PJ per million tonne 
- subbituminous coal (proved reserves): 14 PJ per million tonne 
- crude oil (proved recoverable reserves): 42 PJ per million tonne 
- natural gas (proved recoverable reserves'): 39 PJ per billion m 3 

- uranium (recoverable at less than (JS$ 130/kg): it is assumed that an oil-fired 
1000 MW power plant (operating 
at a 70% load factor) consumes 
1.5 million tonnes of oil per year, 
while the annual uranium 
requirement fora 1000 MW light 
water reactor (LWR) is 142 tonnes. 
Source: APDC (1985). 

SOURCES: WRI (1990), World Resources 1990-1991, World Resources Institute, 
Oxford university Press, New York, Oxford; APDC (1985), Integrated Energy Planning, 
A Manual. Vol II. Energy Supply, Asian and Pacific Development Centre, Kuala 
Lumpur. Malaysia. 

4.1.5 Renewable energy sources and nuclear power 

In the medium term some renewable sources of energy could make a large contribution to 
eliminating emissions and reducing dependency of developing countries on fossil fuel 
imports. Renewable energy sources include hydropower, liquid and gaseous biofuels (see 
§ 3.1.3), geothermal energy, wind energy, solar thermal energy and photovoltaics. 
Especially developing nations have not yet built up an energy infrastructure so extensive 
and so dependent on fossil futis as in the North. In many c^ses extension of the electricity 



Box 4.3 From traditional biomass to modem biofuels 

Biomass resources for energy include trees and tree crops, agricultural crops, aquacultural crops, 

as well as crop residues and animal excreta. Today, biomass accounts for 28% of primary energy 

use in developing countries. One problem is the low energy conversion efficiency of traditional 

biomass use. Secondly, current exploitation of wood resources often exceeds natural rates of 

growth. Improvement of end-use and conversion efficiencies of traditional end-use was discussed 

under part A. Biomass production on a sustainable basis will be discussed in par. 4.4. Here, we 

will focus on conversion of biomass to upgraded biofuels. In principle, biofuets can offer almost 

the same scala of services as fossil fuels and have a large potential to expand energy services 

from biomass (many times current use) in a sustainable way. But if they are to do more than just 

providing traditional tasks (cooking, heating) biofuels must go through a transition that will involve 

all three phases of the fuel cycle: production, conversion and end-use. 

Biofuels can be used directly through direct combustion in its natural state. In the past in the North 

and stilt in many parts of the South biomass has been the principal fuel for domestic needs. 

Besides domestic uses, combustion of biomass in boilers to raise steam is an old practice. With 

economic development, traditional biofuels (wood, charcoal, residues) have been replaced by 

fossil fuels because devices like combustion engines cannot run on biomass in its natural state. 

Biomass by a range of processes can be converted into upgraded liquid and gaseous fuels. 

Pyrvlysis (the heating of biomass to a high temperature in the absence of air) is an old practice 

to produce charcoal. In the process also low-grade liquid and gaseous products are produced. In 

traditional methods these products are lost in the process, but in a modem retort such products 

can be recovered for use in the process itself to dry biomass feedstock, or to extract tars and oils. 

Gasification is the heating of biomass in the presence of limited amounts of oxygen with the 

purpose to produce a gas. This low-heating value gas is called 'producer gas', which can be used 

in modified diesel engines. Brazil and the Philippines are examples of developing countries that 

are producing small-scale gasifiers. Basic problem with the technology is the tar contamination 

of the gas which requires frequent cleaning of equipment or cleaning of the gas itself by scrubbers. 

Producer gas was used as fuel for vehicles in the Second World War in Europe, but was abandoned 

as soon as the War ended. Apart from this the only relatively successful application has been in 

small-scale subtionary shaft power or electricity generation in those activities in which a biomass 

residue is produced as part of the activity (e.g. rural sawmills or agroprocessing plants). On a 

large scale producer gas could be used as feedstock for the production of methanol (which can 

be used directly as fuel or further processed into synthetic gasoline) and ammonia (for production 

of fertilizer). 

Liquefaction is the heating of biomass under pressure in the presence of a reactive gas (hydrogen 

and oxygen) in which process oils are produced that are very similar to heavy fuel oils. Today, 

there is no significant commercial production of oils by liquefaction. 

Above conversion methods are thermochemical production methods (which all require a dry 

feedstock). 

An example of a biochemical conversion process is anaerobic digestion. This is the production of 

biogas (a mixture of ChU and CO2) from organic matenel by microbal decomposition under the 

absence of oxygen. A biogas digester consists basically of a sealed container filled with water and 

the material to be digested. The gas produced in the digester is primarily used for cooking but can 

also partially substitute for diesel in modified diesel engines for stationary shaft power or to 

generate electricity. The process is a valuable way of converting biomass as crop residues and 

dung as the slurry remaining in the digester is very nutnent-rich and can be used as fertilizer. 

Animal and human excreta have been used as the principal fuel. Biogas has been a relative 

success in China (esp. community plants) and India (esp. household units) with over 7 million 

units installed. The financial feasibility of the unit depends on its scale of operation, and on whether 

or not the substituted fuel or fertilizer has been purchased. 



Box 4.3 (continued) 

The other principal biochemical conversion method is alcoholic /ermentaü'on. It involves the 
conversion of simple sugars to ethanol by yeasts. Sugar crops (sugarcane or sugar beet) and 
starch crops are the most important feedstock. The extraction of alcohol from the broth remaining 
after fermentation (by distallation) is quite energy-expensive. The most important crop in the 
production or alcohol for fut! has been sugarcane (which has the advantage that its by-product 
bagasse can be used in the process as fuel). Ethanol can be used as a blended fuel with gasoline 
or diesel in normal combustion engines or as straight/hydrous alcohol in a modified engine. In the 
transport sector, alcohol produced from biomass has a great potential in developing countries that 
have large areas of yet unutilized land. Brazil has embarked on the largest programme in the world 
at or nearly at economic viability, 'n 1988 about 26B PJ of sugarcane-derived ethanol were 
consumed as transportation fuel. About 4.2 million cars (25% of the total fleet) runs on hydrous 
alcohol. Gasoline in the country is available as blend (up to 22% anhydrous alcohol by volume: 
Brazilian data from S.Trindode. United Nations Centre for Science and Technology Development). 

grid into sparsely populated rural areas would require gigantic investments. Here, decen
tralized power supply systems based on renewables offer energy services to health clinics, 
schools, small-scale industries and households. 
The share of renewables (hydropower and solar/geothermal) in electricity generation rises 
from 8% to 15% (2025. Business-as-üsual) and 41% (Policy) in the North, and from 3% 
(1985) to 34% (2025. BaU) and 53% (Policy) in the South (see tables B. 18 and B.19). 

Hydropower already contributes significantly to global electricity generation in North and 
South. Existing large-scale facilities provide electricity in a generally competitive way. In 
the North between 30-60% of the hydroelectric potential has been developed. In developing 
countries only 5 to 9% of the potential has been developed (Lashof & Tïrpak (1989), 
VH-57J. Especially China. Brazil and India have ambitious large-scale hydroelectric power 
plans. Questions have been raised however on the capital intensity and large foreign 
exchange component of the projects and on ecological and land-use impacts. Concern 
about these issues will limit hydropower development in many developing countries. 
Hydropower was already used on a small scale for direct applications (shaft power, such 
as milling of grain, sawmills) in ancient times. Small-scale facilities (for shaft power or 
electricity generation) offer potential in remote wet areas that cannot be connected to the 
grid. 

Solar energy technologies collect and convert solar radiation into useful energy. In solar 
thermal systems sunlight is absorbed by collectors that heat a working fluid (e.g. air or 
water) of which the heat can be used for many purposes (space heating, process heating 
or electricity generation) on small and large scale. Photovoltaic cells convert sunlight 
directly into electricity (an electric current is generated when infalling light frees electrons 
in the semiconductor material). The principal drawback has been the high initial capital 
costs. Photovoltaic electricity costs have gone down steadily however (about $I5/kWh in 
1978 to about $0.25-0.40 in 1986. Costs may decrease further to $0.06/kWh in 2000) 
[Lashof G Tirpak (1989). p.VII-50]. At the same time conversion efficiency of photovolatic 
arrays may double from 11-12% to 25-30% by combining the advantages of different 
technologies (crystalline silicon, amorphous silicon, other semiconductor materials). This 
could greatly expand contribution of photovoltaics. In many remote areas in developing 
countries photovoltaic power is already competitive with small diesel units. Present 
applications in developing countries focus on small-scale end uses as water pumping, rural 
lighting, health clinics and communications. 

Geothermal energy is the energy stored in hot rocks and fluids within the earth. At present 
only the heat can be extracted from fluids trapped in porous rock at accessible depths 
(hydrothenmal reseruoirs). The steam or hot water extracted is used for direct heating or 
base'oad electricity generation. At present more than 25 developing nations have em-



barked on geothermal power plants. In the eighties the cost of geothermal power has gone 
down considerably with the appearance of small-scale geothermal power plants. In some 
of these countries the contribution of geothermal power to electricity generation is quite 
substantial {e.g. El Salvador 19%, Philippines 17%). About 10% of world's land masses 
contains accesible hydrothermal resources (Van den Akker (1990)]. Although strictly 
spoken not renewable, hydrothermal reservoirs form an extensive potential larger than any 
fossil fuel resources. On the long term even larger geothermal resources are hot dry rocks 
(artificial injection of liquid into one well and extraction of the heat absorbed by the liquid 
through another well) and heat extraction from magma resources. 

So far, nuclear energy has been an option for industrialized countries, but due to high 
capital cost and concern about safety, waste and nuclear weapon proliferation expansion 
of nuclear power is stagnating. Only if such issues are resolved the scope for expansion 
could increase. In the North countries are actively working on the development of safer 
reactors, but in the South high capital cost, as well as aspects of safety and proliferation, 
will remain a constraint. The share of nuclear power in electricity generation changes from 
16% (1985) to 18% (2025, Business-as-üsual) and 21% (Policy) in the North, and from 2% 
(1985) to 9% (2025, Baü) and 7% (Policy) in the South. 

In the longer term nuclear or renewable energy sources could provide electricity in the 
so-called 'hydrogen economy'. Renewable sources (or nuclear power) are used to split 
water into hydrogen (H2) and oxygen (O2). with the hydrogen used as universal non-pol
luting energy carrier. Hydrogen can be piped to centres of fuel use, where it might power 
gas turbines or fuel cells. In fuel cells hydrogen and oxygen are combined hereby 
generating electricity. Such devices may operate at efficiencies as high as 50 to 60%. Also 
Hj could be produced from gasified coal in which process CO2 is formed which could be 
piped to sequestering locations. In a future hydrogen economy energy-based emissions of 
greenhouse gases could thus be eliminated. The transition to a global-scale hydrogen 
economy may require over a century, once the fundamental blocks (such as fuel cells) are 
commercially available, and once the inertia of the world's current fossil-fuel-based energy 
systems is overcome. The latter means that, although economical and environmentally 
desirable it will take decades before the useful life of expensive equipment is completed. 

4.1.6 Emission control options 

If fuels (mostly composed of hydrocarbons HxCy) were completely combusted the only 
products emitted would be CO2 and H2O. Actually, fuel is incompletely combusted, 
resulting in emissions of CO. CH4 and non-methane hydrocarbons NMHCs (which are 
highest when air-fuel mixtures are 'rich', i.e. having less oxygen then required for complete 
combustion), and NOx and N2O. A technological option is to reduce the emissions of these 
gases generated per unit of energy. Combustion of fossil fuels is responsible for most of 
the NO* injected into the atmosphere and more than 80% of another pollutant, sulphur 
dioxide SO2 (both contribute to acid precipitation). NOx removal techniques aim at 
controlling the combustion temperature (the most critical factor affecting NOx emissions 
or removal of NOx after passing by a catalyst!25 .Potentialdrawbackscanbeefficiencyloss 

25 -Low Excess Air. in which the amount of excess combustion air is reduced, and/or redirected to a 
region above the burners (emission reduction up to 30%); 
• Low NO, Burners, a control technique within the furnace to limit the mixing of coal and 
combustion air to create a low-temperature combustion zone (reduction up to 45-60%) 
• Air and Fuel Staging, in which combustion air is directed above low-MO, burners and additional 
fuel is burnt above burners to create a fuel-rich zone in which MO« is coverted to nitrogen 
(removal up to 50-80%). 
• Selective Catalytic Reduction, which is a post-combustion technique that uses a catalyst to 
reduce MO, (reduction up to 50-80%). 
SOURCE of data: Lashof b Tirpak (1989), ch. VII. 



and extensive utility modification. In vehicles emissions of CO, CH4 and NOx can be 
reduced by engine control" and by utilizing catalyst reduction in the exhausts. 

Analogous to SO2, carbon dioxide CO2 can be removed by scrubbers and then be 
compressed and sequestered27. CO2 scrubbing is very expensive however (CJS$ 800/kW, 
SO2 scrubbers cost CJS$ 220/kW) and would increase cost of electricity generation by a 
factor 2.3 to 5 [Fulkerson etaL (1990)]. Pre-combustion removal of CO2 seem to offer 
some scope, as well as CO2 recovery from gasified coal (in an integrated coal and gas 
system) by an absorbent called selexol28 (increase in cost of electricity by a factor 1.3 to 
1.8). 

The Policy scenario assumes the penetration of advanced emission control such as 3-way 
catalysts by gasoline-powered cars as well as installation of low-NOx burners and selective 
catalytic reduction. Because of the cost and because there are no beneficial side-effects 
CO2 removal and storage does not an option for developing countries in the short run, and 
was not considered in the two scenarios. 

4.2 Industrial activities 

4.2.1 Halocarbons 

All halocarbons are produced in the chemical industry. Chlorofluorocarbons (CFCs, 
CFC-11, CFC-12, CFC-113) are produced in the chemical industry and used as refrige
rants in air conditioning, freezers and refrigerators (30%), in solvents for cleaning agents 
and steriliza ion of medical equipment (19%), in aerosols as propellants in spray products 
(19%). and as blowing agents for polyurethane and polystyrene foams and sheets (28%) 
JWuebbles (1989)]. Halons are used in fire extinguishers. The chlorocarbons CCI4 and 
CH3CCI3 are used in the production of CFCs (CCI4) and as cleaning solvents. 

All major producing and consuming industrialized countries and many developing coun
tries have signed the Montreal Protocol. In the Montreal Protocol (1987) er.iissions of most 
important clorofluorocarbons (CFCs) are to be frozen at 1986 levels by 1992, and reduced 
to half of 1986 levels by 1998, In the Protocol a 100% participation in the USA and 94% 
in the rest of the industrialized countries are the reduction targets for the regulated 
compounds. In principle a complete phase-out of CFCs could be attained. In 1990 it was 
agreed by the participants of a fotlow-up meeting in London that applications of CFCs. 
halons and CCI4 should be reduced to zero by 2000, and of CH3CCI3 in 2005, whereby the 
use of HCFC. should be avoided where possible. In the Protocol a 65% participation by 
developing countries is the reduction targets. Developing countries are permitted to 
increase CFC use to 0.3 kg per person [Lashof G Tirpak (1989). WRI (1990). Dijkgraaf 
(1991)]. 

26 In many situations in the Third World, cars are used (especially vehicles and trucks) that have 
engines that are worn out or are tuned up in such a way that the motor power is at its maximum, 
resulting in thick clouds of incompLlely burnt fuel. 

27 SO2 in the flue gas is coventionally removed by scrubbing with limestone or some other sorbent. 
Sulphur precipitation is formed which can be filtered out. Mew scrubbers now developed remove 
up to 97% of SOj and depending on the sorbent, also reduce MO,. Similarly CO2 can be removed 
by molecular sieves and scrubbing with lime or sorbents, After scrubbing, CO2 is bound to 
reagents that pass a chamber where the reverse process occurs (at higher temperatures) and CO2 
is recovered. The recovered CO2 can then be used for commercial applications or pumped into 
deep ocean locations, salt domes or in exhausted oil and gas wells. Any large-scale disposal 
would most likely hdve to be in the ocean. 

28 Options are oxygen combustion (in which oxygen replaces air in the boiler, which eases CO2 
recovery at the exhaust because it results in a higher CO2 concentration at the exhaust). 



The Business-as-Usual scenario assumes a low compliance of countries with the Montreal 
Protocol on hatocarbons (100% participation of industrialized countries. 85% of developing 
countries) and a continuing growth of CFC consumption. The Policy scenario not only 
assumes 100% participation of countries in the Montreal Protocol, but also strengthening 
of the terms of the Protocol. These include a complete phase-out of major CFCs and halons 
by 2000 (partly by substitution by less harmful HCFCs). The production of CCU and 
CH3CCI3 is frozen by 1990. Together with elimination of losses and major recycling efforts 
it results in a decrease of CFC production. The share of developing countries in global 
halocarbon emissions is expected to change from 18% to 38% (Bad), resp. 8% (Policy 
scenario). In the Policy scenario the HCFC emissions rise 16-fold, while the emissions of 
the halocarbons other than HCFC-22 fall to 13% of the 1985 level (in terms of CFC-11 
equivalents). This implicates a reduction of total haiocarbon emissions (CFCs and HCFCs) 
to 70% of the 1985 warming equivalent. 

Use and emission of CFCs can be reduced by three ways: 

1) chemical substitution, switching from fully halogenated halocarbons to chemicals with 
a smaller potential for ozone layer depletion and/or global warming; 

2) production control, switching to production technologies that use fewer CFCs, involving 
recycling and recovery of halocarbons during servicing of equipment; 

3) product/process substitution, i.e. the use of alternative processes to produce final 
products without using halocarbons. 

A first measure is substitution of chiorofluorocarbons (CFCs). An alternative is to use 
HCFCs and HFCs. HCFC-22 and HCFC- 134a are currently used in refrigerators. HCFCs 
have large potential to replace CFCs in air conditioning (HCFC-123) and refrigeration 
(HCFC-22 and HCFC-l34a). Dimethylether (where necessary blended with HCFC-22) can 
replace CFCs as aerosol propellants. Terpene-based cleaning solvents can replace CFC-
113. In sterilization of medical equipment ethylene oxide/CFC-12 blends are currently used 
and could be replaced by pure ethylene oxide or CO/ethylene oxide blends. In the foam 
indu .ry the blowing agent can be partly recovered or replaced by another gas in the case 
of 'soft' foams (in which the blowing agent is released into the atmosphere after foam 
formation). In the case of 'hard foams' (where the blowing agent remains in the material 
(and is responsible for its isolating ability) it is more difficult to find replacements. 

Large CFC reductions can be achieved by recovery and recycling of CFCs during servicing 
of air conditioning, refrigeration and fire extinguishing equipment. In foam production CFCs 
can be recovered (by adsorption units) or replaced by another blowing agent (to produce 
a modified final products). In various applications 'old' product substitutes are available for 
CFC-blown polyurethane and polystyrene (fiberglass, latex foams, fiberboard, paper, rock 
wool, laminated board, etc.). 

4.2.2 Cement manufacturing and landfilling 

CO2 emission is inherent to the cement manufacturing process in which limestone CaCC>3 
is converted into lime CaO and CO2. The only way to reduce emissions therefore is to limit 
the amount of cement which is required, unlike the North much basic infrastructure still 
needs to be built in the South, and demand for cement is expected to grow rapidly, even 
faster than GNP growth in the South. Some reduction in cement demand could be possible 
through more efficient use of cement and substitution with other materials such as steel 
and glass. In this report no reduction between Business-as-CIsual and Policy scenario is 
assumed. 

Landfill gas production (by anaerobic digestion processes) is currently a small component 
of global methane emissions, but is expected to increase. Three options to reduce CH4 
emissions are: 



1) Recycling and organic waste recovery. This means that less refuse goes into the landfill, 
which also benefits the environment. 

2) Recovery ofmethanehom landfills. The recovered methane can then be used for energy 
supply. Landfill gas is medium-quality fuel, which can be used for directly in boilers or 
in gas turbines to generate power. This option will be of limited importance in developing 
nations, where landfills are very often open dumps from which methane recovery is not 
feasible. Onfy when the practice of sanitary landfilling becomes more widespread the 
prospects for methane recovery will improve. 

3) Separate co lection of organic waste (waste paper, garden and food waste). Organics 
that are seperated and composted do not produce CH4 if during composting air has 
access, so that aerobic digestion occurs. The potential for reduction of methane 
emission by separate collection of food waste and aerobic composting is significant in 
developing countries, where food wastes account for 40 to 80% of the municipal solid 
waste streem and for over 70% of its organic content [Lashof £ Tirpak (1989), 
p.VII-1931 • 

These three measures are responsible for 3 25% reduction in methane emissions (in both 
North and South) between the Policy and Business-as-Üsual scenario (table 4.1). 

4.3 Agricultural activities 

Magnitudes of the agricultural sources of greenhouse gas emissions and the potential 
effects of actions are difficult to quantify. In the Business-as-Usual scenario alt three 
categories of agricultural activities are expected to increase. In the Policy scenario some 
reduction is assumed as compared to the Business-as-Usual scenario, while the same 
levels of activity are maintained. 

Methane emissions from flooded rice fields cannot be prevented. But cultivation practices 
and plant variety influence the amount of methane produced. In future a 10 to 30% 
reduction in methane emissions from fields could be achieved by a combination of various 
measures [USAID (1990), p.5-8]. In the Policy scenario a reduction of about 18% is 
assumed. Measures that reduce methane emissions from wet rice fields are: 

1) A further shift to high-yielding varieties. High-yielding varieties have a 50% higher 
grain-to-straw ratio, so that less material (straw) is left to decompose. At present 
high-yielding varieties are mostly used in irrigated areas where water levels can be best 
controlled and yield response is highest, but less so in rainfed cultivation. However, in 
some countries use of modem varieties has expanded well beyond irrigated area. 

2) Burning of residues (straw) or use for some other activity. Instead of incorporating 
residues into the wet rice (where it is left to decompose anaerobically) residues can be 
burnt (not releasing CH4, but CO2 and CO). Instead of burning straw can be used as 
fodder, fuel or building material. 

3) More efficient use of fertilizer. This will increase the productivity of the rice paddy, and 
reduce N2O emissions (switching to high-yielding varieties has been accompanied by 
an increased use of organic and chemical fertilizer). For example direct placement of 
fertilizer with the rice plant into the soil (instead of application afterwards) would 
increase yield. 

4) Changes in rice production system (e.g. inundation depth and period and seasonal 
variation affect CH4 emission, but have not been quantified yet). 

But before any emission reduction strategy can be developed to reduce methane reduction, 
much research is needed on the methane-generating processes in wet rice fields and on 
factors that affect this process (climate, soil and water, fertilizer application, cultivation 
practice). 



Ruminant animals produce methane in their digestive process as well as from their wastes 
(if stored under anaerobic conditions). There are large differences between feed conversion 
efficiency between intensively managed livestock (with high-quality feed) and extensively 
managed animals (with low-quality feed with a high cellulose content). In developing 
countries livestock is often integrated in the traditional crop cultivation or pasture system, 
and livestock is not always managed to maximize production of meat or milk, but serves 
other purposes such as insurance against economic and social risk, as status symbol or as 
draught power. For 2025 the Policy scenario assumes a 17% reduction with the no-action 
Business-as-Usual case (both North and South). Potential reduction measures possible will 
vary between the socio-economic contexts within and among countries and have to be 
demonstrated and economically assessed further. Before reduction measures are taken 
further research is needed on methane generation estimates, which differ enormously by 
species, quantity and quality of food, body weight, age, and utilization of the animal. 

In the near term one option is to improve animal productivity. It is attractive that improving 
the productivity of ruminants implies reducing emissions per unit of product (e.g. per kg 
of meat or litre of milk). In the extensively managed systems a self-sustained supply of 
local-produced feed is an option that could reduce emissions by perhaps 60% [CISAID 
(1990). p.5-12]. In more intensively managed systems use of production-enhancing 
agents can improve feed conversion efficiency. As discussed in § 4.1.3 ('biogas') animal 
wastes can be collected to use the recovered methane for energy generation. In the long 
term advances in biotechnology could result in a considerable productivity increase. 

M2O emissions from fertilizer use can be reduced by higher application efficiency of 
fertilizer. In view of the large uncertainty on N20 emission sources, first of all more research 
is required on cultivation and environmental practices that affect emissions. TI.e extent 
emissions can be reduced to remains uncertain therefore. The Policy scenario assumes a 
19% reduction compared to the base case in 2025. 

Fertilization application efficiency can be approved by: 

1) new technologies: application of nitrification inhibitors (that reduce nitrogen loss), 
controlled-release fertilizer (retarding nitrogen loss from the soil system) and coatings 
(that retard water solubility); 

2) improved management practices: use of types of fertilizer with lower N2O emission 
rates, adjusting fertilizer application with magnitude and timing of plant requirements, 
better placement of fertilizer (deep placement vs. broadcasting and hand placement), 
prevention of nitrogen loss through better water management and intercropping of 
crops with nitrogen-fixing crops (such as legumes): 

3) revision of certain agricultural policies (subsidies on fertilizer), which can increase the 
attractiveness of more efficient fertilizer use. 

4.4 Land-use change and biomass burning 

Forests offer potential for reducing CO2 concentrations by sequestering carbon from the 
atmosphere. The Business-as-Ü3ual scenario assumes increasing deforestation rates in the 
tropics, as an expanding population needs fuelwood and land for agriculture, in the Policy 
scenario a major reforestation effort in the tropics is assumed. However, there have been 
considerable difficulties so far with large-scale afforestation in the South. Because of 
uncertainties in emission data and feasibility of afforestation one has to be very careful with 
formulating CO2 sequestering targets. Nonetheless a strong case for forestry initiatives 
should be made. Irrespective of climate change impacts forestry initiatives are justified that 
have direct benefits such as protection of watersheds, soil stabilization, sustainable 
production of fuelwood and hardwood and conservation of biodiversity. From the climate 
change viewpoint initiatives should focus first on halting deforestation rather than on 
creating new forests and woodlots. because cutting of stock releases more carbon per 



hectare per year, as can be fixed annually by a growing forest. Young, growing forests 
accumulate carbon. Mature forests are in equilibrium and do not affect atmospheric CO2 
concentration. However, such mature forests store large amounts of carbon. It takes at 
least 50 years for an equivalent amount of biomass is built up in new forest. Cutting of wood 
stock releases more carbon per hectare per year, as can be fixed annually by a growing 
forest. 

!n the IPCC reports no detailed breakdown is given of deforestation and reforestation per 
region and response options. Therefore an analysis is made in this report of the needs for 
various technical options to achieve the goals of the Policy scenario, i.e. halting the 
deforestation in the Business-as-tlsual (Bad) case and increasing reforestation from the 
low BaU levels to the high Policy levels. The results are presented in figure 4.4. The 
potential interrelated options are discussed below. 
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Figure 4.3 Estimates of the contribution of options inhalting deforestation and reforestaton 
to achieue the goals of the Policy scenario 

4.4.1 Causes of deforestation 

Causes of deforestation in the tropics are: 

1) harvesting of wood for fuel (firewood, charcoal), 

2) logging for trade as timber, 

3) clearing for new agricultural land (shifting cultivation, small-holder farming, ranches for 
cattle), 

4) poor management of virgin and disturbed forest resources, low levels of reforestation 
and often inappropriate forestry and land-use legislation. 

Another cause is clearing of land for infrastructure works (e.g. roads, hydroelectric dams), 
but is not taken into account into the estimates of figure 4.4. It has to be stressed that the 
causes of deforestation differ widely per region and per ecosystem, but some aggregate 
trends are discussed below. 



ad 1) In both tropical Africa and Asia about 50% of closed forest is cleared for shifting 
cultivation (see table B.17). Clearing for shifting and permanent cultivation is 
responsible for most of forest conversion (45% in Latin America, 62% in Africa, 90% 
in Asia). Forest is cleared usually by burning and besides the loss of carbon sink 
(CO2 emission) it implicates the release of CO, CH4, M2O and NOx. In the Amazone 
area a main cause is also expansion of pastures for cattle grazing and even land 
speculation (some 17% of the loss in Latin America, but in Africa and Asia the net 
pasture area has actually been decreasing). 

ad 2) Fuelwood is commonly gathered by dead wood or as by-product of forest clearing, 
and gatherers do not attack the tree stock itself. In some peri-urban areas of Asia 
and Africa wood demand for charcoal consumption in the cities outstrips sustain
able wood production. Fuelwood depletion is most serious in (semi-)arid and 
mountainous areas. The FAO has estimated that nearly 100 million people in 22 
countries cannot meet their daily fuelwood needs even by overcutting of wood, and 
nearly 1.5 billion people in 63 countries are cutting wood faster than it can grow 
back [WRl (1986)]. Where fuelwood is short people have to rely on other forms of 
biomass (grass, dung, crop residues), hereby often enhancing soil erosion and 
reduced crop yield and in the end may contribute to desertification of the area. 

ad 3) Annually 4 to 5 Mha of world's forest are is logged for industrial roundwood. 
Logging is selective because only 2* 10% of the tree volume is of value, but as many 
as 30-70% of the remaining tree volume may be damaged. If forests are allowed to 
generate this adds no net carbon, but maybe 90% of the logged area is colonized 
and cleared further for cropland [WRl (1986), p.64|. 

ad 4) Forest area, under management plans is less than 2 Mha in Africa, only 0.5 Mha in 
Latin America, and 40 Mha in Asia (of which 80% in India). The ratio between 
deforestation and reforestation in the eighties has been about 10:1. Only ± 1.2 Mha 
is reforested annually in the developing world (excluding China) some 0.7 Mha for 
commercial hardwood and 0.5 Mha for fuelwood [WRl (1986)]. An exception is 
China were 4.5 Mha was reforested annually in the eighties (but also large areas 
were prone to land degradation). 

In the North causes of deforestation are increase in cropland (esp. in Eastern Europe) and 
degradation of forests (i.e. growth rates of natural forests are reduced for example by acid 
precipitation). 

4 .4 .2 Response opt ions 

As the causes of deforestation vary widely per country, so will sensible response options 
vary. The estimates in figure 4.4 are aggregate and based on a set of arbitrary assumptions, 
but give nonetheless a picture of the potential contribution of various option to reducing 
greenhouse gas emissions. The following approaches need to be considered. For more 
details on the method of calculation one is referred to annex B.4, table B.22. 

As has been discussed, reforestation will not have effect if counteracted by deforestation 
processes. Reforestation may either be performed to optimally accumulate carbon, or to 
produce wood for fuel or for timber. For optimal carbon accumulation it is necessary that 
the carbon is stored for long times, i.e. plantations should grow as long as possible. If the 
aim is wood harvesting generally very short production cycles will be used (with fast-grow
ing specks). Such plantations will offer only relatively little carbon-sequestering benefit. 
Because of the short rotation period the amount of carbon accumulated is relatively small. 
Further, in energy plantations the carbon stored by the growing biomass will be quickly 
released again when burned. In order to assess the feasibility of using reforestation as a 
means for carbon fixation, the question arises to what extent is a combination with other 
objectives for reforestation possible. 



Three main strategies may be distinguished for using forestry from the climate change 
viewpoint: 

1) prevention of deforestation and forest and land degradation, 

2) biomass (wood, crops and crop residues) as substitution for fossil fuel, 

3) forestry for long-term carbon accumulation. 

Causes of deforestation differ widely per region and ecosystem. These strategies do not 
necessarily exclude each other, although the kind of forest management differs, as will be 
discussed below. In the following analysis it is assumed that the ambitious forestry efforts 
of the Policy scenario up to 2025 focus on halting deforestation (due to land clearing and 
land and forest degradation) and providing biomass for the production of synthetic fuels 
(see § 4.1.3) First with carbon sequestering as the additional benefit. It is assumed that 
reforestation efforts in the Policy case are started in 1996. 

A. Sustainable wood supply in the South 

The gap between fueïwood supply and demand in the South may expand rapidly, from 
about 390 million m3 in 1980 to 1000 million m3 in 2000 [WRI (1986). p.70; Marland 
(1988)]. It is assumed here that this fuelwood deficit29 will have risen to 1256 million m3 

in 2025. In our analysis it is assumed that 25% of this deficit can be met by improved 
combustion techniques, that is penetaration of more efficient wood md charcoal stoves as 
well as improved charcoal production methods (see § 4.1). Meeting the other 75% would 
require the establishment of 88 Mha of fuelwood plantations in the South over the period 
1996-2025. In the Business-as-üsual it is assumed that fuelwood plantations are estab
lished at a rate of 0.42 Mha/year in the period 1996-2025 which could supply 135 m3 per 
year by 2025. An additional fuelwood plantation establishment of 2.5 Mha/year (1996-
2025) would be necessary to fill the remaining gap of 806 m3. 

The gap between industrial wood supply and demand is assumed to rise from 133 million 
tonne (1980) to 335 million tonne (2025). In the Business-as-üsual scenario by 2025 
about 27% is met by the expansion of industrial wood plantations (at rates of 0.14 Mha/yr 
in the South, and 0.15 Mha/yr in the North. In the Policy scenario 327 million tonne is 
produced annually in the South by 2025, and 8 million tonne in the North (requiring the 
establishment of hardwood plantations at rates of 0.61 Mha/yr in the South and 0.07 
Mha/yr in the North over the period 1996-2025). 
The additional benefit of expanding the area of fuelwood and industrial wood plantation 
would be fixation of carbon30. 

29 'Fuelwood deficit' includes: 
• absolute scarcity: people cannot even meet their demand by overcutting; 
- deficit: people are still able to meet their minimum fuelwood needs, but only by overcutling 
existing resources. 

30 Only as long as the plantation area is expanding there will be carbon uptake, because on 
once-established plantations the net absorption is zero, because regrowth is matched by harvest. 
In case of fueiwood the harvested wood is burnt and released as CO2. Industrial wood is used to 
produce durable products (limber, paper). In the calculations made in this report the carbon 
stored wood for durables is assumed to be an additional sink for at least 30 years, after which 
period the processed wood and paper will decay and thus release their carbon content into the 
atmosphere. 
In the Business-as-üsual case the average carbon fixation on new fuelwood and industrial wood 
plantations in 1996-2025 is 29 TgC/year in the South and 12 TgC in the North. The average 
annua) carbon fixation in the Policy case in the period 1996-2025 is 21 TgC/year (fuelwood) and 
108 TgC/year (industrial wood and durables sink) in the South and 12 TgC/year in the North 
(industrial wood). 



B. Biomass as substitution for fossil fuels 

In § 4.1.3 the substitution of fossil fuels by biomass-derived synthetic fuels was discussed. 
Theoretically, in plantations for energy the annual productivity equals the amount of 
biomass utilized as fuel every year, thus the net contribution to atmospheric CO2 increase 
is zero. In addition, creating energy plantations means also that on the new area a certain 
amount of carbon is sequestered. As the aim is optimal energy production, this carbon-fix
ation benefit is relatively small (because of the short rotation period). 

In the Policy scenario the 2025 demand for biomass for synthetic fuels is 44 EJ (in the 
South) and 26 EJ (in the North). Assuming a net energy production of 320 GJ/ha this 
would require an area of 137 Mha in the South and 82 Mha in the North. Starting in 1996 
this means expansion of plantation area at rates of 4.6 Mha/yr in the South and 2.7 Mha/yr 
in the North. Over the period 1996-2025 this newly cultivated area would fix an amount of 
37 TgC/yr (South) and 22 TgC/yr (North) en average. 

C. More stable and sustainable agriculture practices 

In the Business-as-Usual the clearing of land for permanent cultivation (5.5 Mha/year), 
pasture (1.0 Mha/year) and shifting cultivation (7.5 Mha/year) would release 1353 TgC 
(of CO2) and of 1077 TgC (of other gases due to burning after clearing) by the year 2025. 
In the Policy case this deforestation would be reduced to zero by the year 2025 by 
substitution of shifting cultivation by sedentary practices, halting land speculation and 
upgrading degraded land for reforestation and cultivation (see option 3, reforestation of 
degraded land). 

Sustainable agriculture practices require only 1/10 to 1/5 of the area required for every 
hectare of shifting cultivation (in this report's analysis a ratio 1:5 is taken). Agroforestry is 
the planting of trees on the same plots with food and commodity crops or animals, in which 
trees provide fuelwood, fodder, fruits, and protection against soil erosion and storms. It is 
assumed in the Policy scenario that the introduction of sustainable agriculture and cultiva
tion of new land is integrated with agroforestry efforts (for each 10 ha of land 1 ha is is 
assumed to be planted with tree cover). 

Besides clearing of forest area by burning biomass use for woodfuel (not to be mistaken 
with biomass for synfuels) also releases CO, CH4, N2O and NOx. Reducing emissions 
associated with woodfuel burning has been discussed in § 4.1.2. 

D. Reforestation of degraded land 

If no more forest land is to be reclaimed for new cultivation and for new (energy and 
hardwood) plantations, where does the area needed come from then? Over the past 
decades much land has been degraded in the vicious circle of deforestation, overgrazing, 
erosion and desertification. This degraded land needs to be rehabilitated by a combination 
of tree planting, mechanical soil conservation and grass planting. Thus by reforesting a 
part with a protective tree cover land is upgraded to be (re-)used for new cultivation and 
cattle grazing. 

Estimates of degraded land and forest area available in the South (tropics and China) may 
be as high as 940 Mha (Wiersum & Ketner (1989)]. Included is a) degraded forest fallow 
(160Mha), b) logged-over forest (137 Mha), c) desertified land in arid and semi-arid areas 
(445 Mha). and d) deforested upland watersheds (370 Mha) [WRI (1986). Grainger 
(1988)j. Of course, not all of this land is available for reforestation. Because of population 
pressure the degraded land available in practice will be less and will have to be used for 
development of cultivated and pasture area. Furthermore, one must ask why these lands 
(also referred to as 'waste' land) were deforested in the first place. Although part of the land 
may not be owned by someone or be permanently settled, it often provides other services 



(e.g. grazing). If ambitious plans (as e.g. in the Policy scenario) to rehabilitate millions of 
hectares of degraded 'waste' land are to succeed, than the millions of poor and landless 
have to be assisted to meet their needs. 

On the other hand, not the whole area needs to be reforested to achieve rehabilitation. 
Wiersum & Ketner (1989) mention 50% cover for deforested upland watersheds and 15% 
for desertified land Furthermore, not all tree planting needs to take the form of c'osed 
plantations, but in various form of agroforestry3 . For wind protection trees may be planted 
in sheiterbeits. for controlling water erosion trees may be planted along contour lines. 
nitrogen-Fixing species may be intercropped with food and fibre crops and trees may 
produce fruit for humans and fodder for animals. 

In the Policy scenario the total area of new plantations (fuelwood. hardwood and energy 
crops), of newly cultivated area and of planted with trees in agroforestry schemes in the 
South (during 1996-2025) results to be 724 Mha. This is less than the total area of available 
degraded land32, of 800 Mha. This area of 617 Mha divides into 422 Mha for crop 
cultivation and pasture (including 21 Mha of planted trees in agroforestry). an area of 164 
Mha planted with trees (plantations and protective cover) and an area of 137 Mha planted 
with energy crops (for synfuels). For the North reforestation of surplus agricultural lands 
has been suggested as means to offset CO2 emissions from fossil fuel use. In the Policy 
scenario an area of 82 Mha would be planted with trees and energy crops. 

E. Natural forest management 

Natural forest management involves harvesting of forests for hardwood and fuelwood in 
pace with natural regeneration. Present damaging logging practices cover large tracts. 
Natural forest management allows smaller harvests but may increase forest productivity 
and may generate a wide range of non-wood products. Natural forest management should 
go with a revision of policies that encourage damaging logging practices (e.g. explicit or 
implicit subsidies on timber harvesting, logging concessions that are too short to ensure 
sustainable practices) and with strengthening of forestry and land-use legislation (e.g. 
inforcement of stumpage fees for fuelwood and charcoal producers, unambiguous land-use 
and land property rights). 

Non-wood products increase the value of forests. Examples are medicines, fruits, oils, 
rubber, bamboo, or nuts. Exploitation of forests for these purposes will increase the value 
of forests in comparison with current commercial hardwood harvesting. 

The Policy scenario assumes an additional carbon uptake of 25 TgC annually by the year 
2025 in natural forest, due to increased tree regrowth productivity. 

A large-scale worldwide reforestation initiative would be in the form of a combination of 
plantation and agroforestry efforts. Such a large-scale initiative would involve large 
investments and meet large social, economic, political, institutional and ethical difficulties. 
Presently the development models for participative reforestation, agroforestry, social and 
community forestry, do not yet meet the required scale to have a substantial contribution 
to abatement of climate change. So far, tropical reforestation has faced many obstacles 
(diseases and soil exhaustion in monocultural plantations, limited transport infrastructure 

31 Smaller scale agroforestry and social forestry schemes should cost less than fuelwood plantations, 
since much of the labour is provided by the recipients of the scheme. Investment costs range from 
USS 200-1000/hectare for plantations and ÜSS 50-440/hectare for agroforestry and social 
projects (in 1984 dollars, source: Leach £Gowen (1987). 

32 Defined as total area of degraded land (940 Mha) minus area of logged-over forest (140 Mha). 
Logged-over forest involves merely a change in tree composition rather than a change m forest 
area. 



from plantation to users, cost of establishment, lack of technical and managerial skills, lack 
of involvement by the local population, conflicts with other land uses, land ownership 
conflicts). 

4.5 Adaptation options 

Global climate models forecast a temperature increase of 1.5-4.5°C for an equivalent CO2 
doubling of greenhouse gas concentration. The prospect of even a few degrees tempera
ture increase will lead to environmental effects that could strike us with such rapidity, that 
natural ecosystems and human society would be unabk to adapt. The IPCC Business-as-
Usual scenario implies an equivalent-CO^ doubling by the year 2030. and a realized 
temperature increase of about 4°C by the year 2100. Even in the Policy scenario the 
realized temperature increase would be about 2°C by 2100. Some temperature increase 
and some climate change impacts seem inevitable, and this implies that in future some 
adaptation to impacts of climate change will have to be necessary. 

4.5.1 Adaptive responses to sea-level rise 

A temperature increase as mentioned above could lead to a sea-level rise of 0.2-0.3 m by 
2050 (Policy, resp. Business-as-Usual scenario) and of 0.3-0.7 m by 2100 (Policy, resp. 
Business-as-Usual) (IPCC-I (1990)}. Such a rise would threaten coastal zones (e.g. the 
river deltas in Egypt and Bangladesh) and low islands. Some island states might disappear 
in the waves, productive land will flood, millions of people will be displaced, fresh water 
supplies will be contaminated by salt intrusion, droughts and storms might become more 
severe and exacerbate all of these impacts. 

An option is retreat, which can be promoted by: (1) preventing development in coastal 
areas. (2) allowing development to take place but in such way that it will be abandoned if 
threatened by sea-level rise, (3) indirect government interference (information on risks, 
subsidies). For small island states retreat is no option, as they would have little land left for 
resettlement. In densely populated and/or productive areas the economic, social, cultural 
losses would be high. The cost of large-scale relocation of people would be quite a burden. 
On the other hand, a slow rate of sea-level rise could permit appropriate planning of retreat 
options. 

Another option is to accommodate for anticipated sea-levei rise in the development of 
land-use strategies and coastal infrastructure (e.g. salt-tolerant crops, storm warning 
plans, elevated buildings, conversion of agricultural to aquaculturat lands, etc.). The social 
and cultural implications will be less than of retreat, but economic cost could be significant. 

Protection involves ced ing defensive structures against inundation, flooding, effects of 
waves on infrastructure, such as dikes, seawalls, groins, floodgates, saltwater intrusion 
barriers, dune preservation and beach filling. The economic benefits depend on the value 
of the land to be protected. The IPCC has estimated that the marginal cost of basic coastal 
protection against the effects of a 1 metre sea level rise in 100 years would be ± 500 billion 
US$. The cost are unevenly distributed as the small island states would have to commit 
large part of their GNP. 

4.5.2 Adaptive responses in the use of agriculture and natural 
resources 

Besides temperature increase and se3-level rise, other features of climate change are: 1) 
an unequal global distribution of temperature increase (smaller in the tropics, larger going 
towards the polar regions), and 2) changes in regional precipitation patterns. All these 
climate change effects have imparts on agriculture, forestry and fisheries. Impacts are e.g. 



a polarward shift of agroclimatic zones, a changing water supply (wetter in some areas, 
drier in others), occurrence of mere and more intense weather extremes, as well as 
changes in the location and extent of deserts. 

Adaptations and responses in agriculture are changes in land use and adaptations in 
management on the farm and public policy level. 

Table 4.3 Marginal cost of protection measures against the effects of a 1 m sea-level rise in 
] 00 years 

REGION TOTAL PROTECTION ANNUAL COST AS 

COST (in billion US$) % OF GNP 

COASTAL AREAS 

North America 106 0.03 

Western Europe & Mediterranean 84 0.03 
Baltic Coast & USSR 54 0.02 
Africa 40 0.17 
Gulf States & India 45 0.06 
South East Asia 25 0.11 
East Asia 38 0.02 
Latin America 42 0.09 
ISLANDS 

Caribbean 11 0.20 
Atlantic Ocean 0.2 0.12 
Indian Ocean 3 0.91 
Pacific Ocean 39 0.19 

TOTAL COAST & ISLANDS 490 

Marginal cost: cost of protection against a 1 metre rise in addition to present basic 
coastal protection needs. Cost estimates are not discounted. 

SOURCE: Sea-level rise: A Worldwide Cost Estimate of Basic Coastal Defence 
Measures, paper by Dutch Delegation (Rijkswaterstaat/Delft, Hydraulics, Note No. 
H1068) to IPCC-CZM Workshop, Perth, Australia. February 1990. 

Land use changes can be in farmed area, crop type and crop location. In some high-latitude 
and high-altitude areas warming will tena to reduce climatic constraints, and here an 
extension of agriculture could be expected into areas which are now sub-marginal (if 
environmental and economic factors permit so too). In other areas reduced moisture 
availibility will lead to decrease in productive potential. In regions where temperature is 
critical (i.e. where output is currently limited by temperature rather than rainfall, and where 
substantial changes in the warmth of the growing season can occur) it is logical to 
substitute by crops with other thermal requirements. Where soil moisture is the constraint, 
there may occur a switch to crops with less moisture requirements, a de-emphasis on long 
duration crops and an extension of irrigation and use of advanced crop technologies. 

In marginal areas intensification of recurrence of „evere droughts and of desertification 
could lead to a disruption of traditional rural society. Responses could be: (1) reduced farm 
productivity and diversivity (2) loss of cattle, (3) disruption of handicrafts and cottage 
industries, (4) overcrowding of land, (5) increased landlessness, (6) increased dependence 



on public relief. (7) increased seasonal migration and migration to towns. Public policies 
should then aim at pror otion of land-use intensification, off-farm employment and at 
maintenance of buffer stocks (from areas with a food surplus) to feed deficit areas. 

Farm-level management adaptations and responses will occur in the use of fertilizer and 
irrigation, in the control of pests and diseases, in soil drainage, in farm infrastructure, in 
choice of crops and livestock husbandry. Irrigation is practiced mostly in (semi-)arid areas, 
in which water resources for drinking and crops are limited. Decreased soil moisture due 
to climate change could result in abandoning irrigation. Farm-level adaptations and 
responses to decreased soil moisture and shifting rainfall patterns are: (1) deeper wells, 
tighter water management and increased irrigation efficiency, (2) switching to drought-
tolerant crops or switching back to traditional crops, (3) changes in livestock composition 
(animals that can survive on degraded vegetation), (4) changes in timing of farm oper
ations (tillage, fertilizing, harvesting). In other areas (particularly humid tropical areas 
characterized by monsoon rainfall) an increase in overall and/or in intensity of rainfall could 
occur, with both beneficial effects (production increase) as well as adverse effects (erosion 
and resulting loss of soil fertility). Whatever the changes in farm input requirements 
(fertilizer, seeds, herbicides, pesticides, capital), it would require changes in the agricultu
ral support infrastructure (credit and insurance, extension services, marketing, etc.) as 
well. Public policies could respond to anticipated farm-level changes by promoting relevant 
research activities (on e.g soils and drainage, crops and cultivars resistant to droughts and 
diseases, agroforestry), as well as enhancing the agricultural support infrastructure. 

4.6 Evaluation and timing of response strategies 

The basic rationale for evaluation of response strategies is to maximize social well-being 
(which includes social, economic and environmental quality). While attempting this 
maximization, one will find natural, human and financial resources limited. Expenditures 
on a response strategy will divert these resources from environmental needs (other than 
climate-change-related ones), education, public health, economic growth. Wealth gener
ated by economic growth will eventually make response strategies more affordable. 
Poverty is a main cause of environmental degradation and is often a reaso° why obsolete 
technologies (inefficient in terms of both energy use and emissions) are used. Climate 
change response strategies should not form a new constraint on development in addition 
to already existing ones (lack of capital, lack of infrastructure, lack of skilled personnel, 
lack of purchase power, etc.). ACCELERATING DEVELOPMENT (in terms of economic 
growth, income distribution, literacy, public health, etc.) IN THE SOUTH THEREFORE 
WILL THE ULTIMATE RESPONSE STRATEGY TO CLIMATE CHANGE, and this may in 
some cases imply an increase of greenhouse gases in the short run, rather than a reduction. 

Current and future emissions, resulting climate change and impacts thereof are surrounded 
by large uncertainties. These uncertainties restricts the analysis of response strategies in 
terms of their effectiveness and cost-benefit assessment. It hampers making comparisons 
of the consequences between options or versus doing nothing, as well as making compari
sons between regions. However, one does not have to wait until these uncertainties are 
resolved. The longer one waits the more difficult it will become to halt global warming. To 
'buy time', measures should be taken that reduce emissions irrespective of the reality of 
climate change, but that are justifiable because of their environmental, economic or social 
benefits. These are called 'tie-in' or 'no-regret' strategies). From the discussion in the 
preceding paragraphs it has become clear that such strategies exist in the South and can 
contribute to large emission reductions. 

Three broad types of prevention tie-in strategies' will also give the largest potential 
contribution to halting global warming from the South (see figure 3.1): 



1) slowing the growth in fossil fuel use will contribute to tackling of environmental 
problems (smog, acid precipitation) as well as reducing energy import bills of many 
countries in the South; 

2) stopping deforestation, will help to halt erosion processes, and to preserve genetic 
diversity. Re-and afforestation can help to upgrade degraded land, with positive effects 
on agriculture (agroforestry) and ensure future non-fossil fuel supply by providing 
biofuels; 

3) limiting the future CFCs use, which contributes to halting the depletion of the ozone 
layer. 

In the area of adaptation to impacts of climate change measures can be taken in those 
areas that are ALREADY struck by the effeas of climate and weather variability (e.g. floods 
in Bangladesh, desertification in the Sahel). Most relevant measures are to increase the 
resilience to changes in agricultural systems and adaptation to sea-leuel hse (e.g. in 
Bangladesh). 
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Figure 4.4 Reduction in emissions in 2025 between the Business-as-Usual (Bail) and 
Policy (Pol) scenarios 

4.7 Implementation of options 

Policy preferences and needs will of course vary between nations, that will choose between 
complementary measures consistent with their societal needs. As has been discussed in 
the previous chapter policies to create incentives to improve energy efficiency, to promote 
'clean' energy technologies, to stop deforestation, to encourage tree planting and to 
eliminate CFCs could substantially reduce emissions. Near-term actions are necessary to 
limit future reductions in atmospheric concentration of greenhouse gases. Most of these 
policies not only limit the build-up of greenhouse {jases but produce other benefits as well 
('tie-in' options). Policies can therefore be implemented consistent with other important 
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economic and environmental goals. Energy conservation is essential to reduce the capital 
requirements for the power sector in many developing countries, and efforts to halt tropical 
deforestation will provide many long-term economic and environmental benefits. 

More specific response strategies within these broad 'tie-in- strategy groups will have to be 
evaluated on further (taking account of differences between and within regions). Responses 
need to be flexible (i.e. need to be successful under a variety of conditions). The timeliness 
of responses needs to be assessed (is there a critical point in time before the strategy must 
be implemented?, how much time does it take to develop and implement the response?). 
Strategies must be feasible (in terms of legal, institutional, political, socio-economic, 
financial and cultural arrangements). Response strategies must be compatJb/e(i.e. should 
not run counter to strategies in other sectors and activities. 

In the short term most effective measures in developing countries are in the area of pricing, 
financial measures and regulations. Measures with longer-term effects are research and 
development of new technologies and public information. 

Existing international organizations (e.g. UNESCO, UNEP, WMO, FAO) could play a role 
in providing countries with guidelines for programme actions and education materials. Also 
a new international body could act as clearinghouse for information material. Many 
technologies, available or being developed in industrialized countries, will have to be 
adapted to meet conditions and needs of the South. This asks for stimulation of applied 
research in such way that it contributes to technology dissemination in developing 
countries. Some factors impede effective transfer of technology. Such factors are lack of 
necessary institutions in developing countries and trained human resources, social factors, 
lack of financial resources, legal barriers and trade restrictions, and constraints arising from 
property rights. Various agents are involved: transnational corporations, governments, 
international organizations. This raises questions with respect to the basis of negotiations 
(commercial, non-commercial; bilateral, multilateral). 

On one end of the spectrum of technology transfer one sees dumping of obsolete 
technologies, and on the other end 'leap-frogging'; the adoption of modem available 
technology. The transfer of retired buses from North to South is an example of the first. The 
building of a transport infrastructure based on a new fuel, ethanol, as has been performed 
in Brazil and Zimbabwe, is an example of the second. 

Market forces alone will not be sufficient to address the problems of climate change. Careful 
intervention by national authorities will be required to overcome the barriers to the 
operation of markets and the achievement of environmental objectives. Economic and 
financial instruments: (1) regulations and standards, (2) emission charges and taxes, (3) 
subsidies. Some of these measures were adopted in many countries without consideration 
of their contribution to global warming, of other environmental impacts and of the 
economics of energy and material conservation. 

Subsidies and financial incentives imply government interventions in the energy, transport, 
industry and agriculture sectors that often distort the economy in an adverse way (and 
encourage greenhouse gas emissions by inefficient use of resources). This applies not only 
to the national level, but to the global level as well. Trade barriers built by European 
Community's agricultural policy is one example. On the other hand subsidies can be used 
to promote environmentally sound goods and actions, but if not carefully designed, these 
can cause economic distortions too and fail to be effective. 

An international system of tradeable emission permits and/or charges could serve as an 
instrument to achieve a cost-efficient (from a global viewpoint) reduction of greenhouse 
gas emissions. This raises questions on the comparative cost effectiveness of measures. 
Other issues are 'equity and responsibility' (the 'right to pollute'), identification of emission 
sources and measurements, criteria used to allocate emission entitlement, and the scope 
and size of a market in which to trade permits. 



To take measures without endangering their development the nations from the South need 
additional financial resources. The North should help the nations of the South by contribut
ing financial resources. Some institutional mechanisms should ensure the coordinated and 
effective transfer of resources. One way is to use existing institutions as the World Bank, 
development banks, bilateral agreements, and UN organizations. Another way is the 
parallel creation of a new international facility, such as a Climate Fund. To cope with 
damages of climate extremes such a Fund could contain an 'emergency facility'. 

Financial resources for such a facility could be generated by: 

• general taxes or other resources not direct'y related to climate change; 

• specific taxes or levies related to greenhouse gas emissions ('carbon tax'); 

• undisbursed resources which result from savings on energy bills in the North and cuts 
in military expenditures; 

• payments from countries unable to meet obligations allocated to them in a system of 
international emission permits and charges; 

• debt relief and debt-for-nature swaps. 

To capture and coordinate the worldwide multiple initiatives an international framework is 
needed. This framework could be established in the form of an International Convention 
on protecting the global atmosphere. Such a Convention should contain three elements 
[McKinsey (1990)}: 

• Overall targets in terms of greenhouse gas emission reductions and corresponding 
time paths differentiate among countries, depending on their past and present con
tribution to emissions, as well as financial capability and stage of development. 

• International commitments and implementation of funding mechanisms and manage
ment can be negotiated and formalized in the font» of protocols. Existing protocols 
such as the one on CFCs and the Tropical Forestry Action Plan should be included. 

• The foundation of a body to coordinate policy developments. One element of such a 
body is a Ministerial Forum that e.g. meets annually. Such a Forum would need 
support in the field of administration (from a permanent Bureau), policy preparation 
(e.g. by the IPCC) and an infrastructure for day-to-day operations. Such an infrastruc
ture cculd rely on existing organizations (such as WMO, UNEP, FAO. IEA, World 
Bank). Its functions would be to run a data base on climate change emissions, 
monitoring of emissions, communication, and implementation of policies (project 
assessment, comparative cost-effectiveness, establishing equitable negotiation crite
ria, project assessment, management of financial flows). 



5. CONCLUSIONS 

1. Greenhouse aas emissions. 

• There is a natural greenhouse effect which already keeps the surface temperatures of 
the Earth warmer. Human activities result in the emissions of the greenhouse gases 
carbon dioxide, methane, nitrous oxide, nitrogen oxides and halocarbons. Emissions 
increase at alarming rates, unprecedented in human history. These increases enhance 
the greenhouse effect, resulting on average in additional warming of the Earth's 
surface. 

• The contribution to greenhouse gas emissions from the North (industrialized coun
tries) and from the South (developing countries) are approximately at the same level. 
However, per capita emissions from the North are much larger than from the South. 

• Largest contribution in the South comes from the energy sector and from land-use 
change and deforestation (mainly emitting carbon dioxide). In the North the energy 
sector (mainly releasing carbon dioxide) provides the largest share. Another import
ant contribition in the North comes from industrial activities (production of halocar
bons) and in the South important contributions come from certain agricultural 
activities (mainly methane and nitrous oxide). 

• There exists large uncertainty on how to estimate the global warming potential of 
greenhouse gases, uncertainties about emissions of different greenhouse gases are 
considerable, and are much higher for the contribution of the South than for the North. 
First reason is that largest uncertainties remain on carbon dioxide emission from 
deforestation as well methane and nitrous oxide emissions that have a larger share in 
emissions from the South than in emissions from the North. 

• If few or no steps are taken, current trends in human-caused greenhouse gas 
emissions continue, resulting in doubling of greenhouse gas concentration (expressed 
in carbon dioxide equivalents) by (i.e. twice the level at the onset of the Industrial 
Revolution) by the year 2030. By taking substantial policy actions such a drastic 
increase can be averted (see 'response strategies'). In this respect, uncertainties on 
future population growth and on future development paths of the various regions of 
the world further troubles making projections of greenhouse gas emissions. 

2. Climate change and its impacts. 

• Currently climate models predict a commitment to an increase in global mean surface 
temperature in the range of 1.5-4.5SC for the doubling of equivalent carbon dioxide 
concentration (above the level at the onset of the Industrial Revolution ( 1760). The 
temperature increase will be larger at higher latitudes than in tropical regions. Other 
climate change effects are changes in precipitation and soil moisture patterns as well 
as sea level rise 

• These climate change effects will have physical and biological impacts that will affect 
natural ecosystems, agriculture, fresh water resources and coastal zones. 

• There are however many uncertainties with regard to timing, magnitude and regional 
patterns of climate change, due to uncertainty in current and future human-caused 
emissions as well as incomplete understanding of natural sources and sinks and of 
processes in the Earth-ocean-atmosphere system. 

3. Response strategies. 

• The consideration of response strategies poses difficulties for policymakers, because 
making Ó sound policy analysis is hampered by the large uncertainties present and 



future climate change and impacts thereof, as well as uncertainties with respect to 
how effective specific response options will be and uncertainties in terms of costs and 
other socioeconomic criteria. 

• A major dilemma in the issue of climate change is the following: due to large time lags 
between emission of greenhouse gases into the atmosphere and its effects, and time 
lags between climate change effects and impacts, one can afford to wart until human-
caused climate change manifest visibly as a major threat. Actions are required well 
before, and in view of the in absolute terms almost equal contribution of North and 
South are required in both regions. 

• Thus North and South have a common responsibility in taking these actions, but at the 
same time a varied one. In terms of per capita emissions the by far major part 
originates in the North. Per capita emissions from the South are much lower, reflecting 
the large difference in economic development. In this world in which 'development' is 
distributed so unequally, the South should not be hindered on its way to narrow the 
gap between North and South. A right balance must be struck between economic 
growth and environmental objectives. The South lacks the financial resources, tech
nology and manpower to be engaged on a large scale in greenhouse warming 
abatement. As not to stand in the way of the South's development, the North has to 
cooperate with the South contributing the required additional financial resources and 
appropriate technology. 

• Despite the significant uncertainties, the potential serious consequences of climate 
change justify to begin adopting response measures. In fact, a large number of 
measures can be taken because these are beneficial for reasons irrespective of the 
reality of climate change. Response actions are most effective in terms of global 
warming abatement and are justifiable in their own right are: 

- Efficiency improvements in the energy system and conservation in energy end-
use. In many cases implementation may be economically and socially feasible in 
the near-term, and may be more cost-effective than expansion of energy gener
ation capacity. 

- The use of cleaner energy sources with lower or no emission of greenhouse gases 
contributes as well to reducing urban smog and acid precipitation. 

- Phasing out emissions of chlorofluorocarbons (CFCs) by substances that are less 
harmful, both in terms of radiative and ozone depleting properties. 

- Halting land and forest degradation by sustainable agricultural practices, as well as 
improved forest management and afforestation, so that the needs of food, wood 
and fuel of the present are met without compromising the ability of future gener
ations to meet their own needs. 
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ANNEX A THE GREENHOUSE GASES AND THEIR 
RADIATIVE FORCING 

A . l . The earth's radiative balance and past and future 
climate change 

There are many factors that determine the climate of the earth, which are of both natural 
and human origin. The driving source of energy for weather and climate on the earth is 
solar energy. Our planet intercepts solar radiation: roughly one third is reflected, the rest 
is absorbed by the earth and its atmosphere. The energy absorbed is balanced by radiation 
emitted by the earth and its atmosphere. This outgoing radiation is in the form of long-wave 
infrared energy (its magnitude is determined by temperature of the earth-atmosphere 
system, see box A. l ) . 
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Figure A ƒ Radiatiue balance of the Earth 

The earth's radiative balance (Figure A. 1) determines the climate. The radiative balance or 
profile is the phrase for the net radiative effect of the complex system of reflected, 
transmitted, absorbed and re-radiated energy fluxes through the atmosphere. Changes in 
the radiative balance will result in climatic change, which magnitude will be determined by 
complex interactions between the components of the climate system: atmosphere, land, 
biosphere, oceans, ice and snow (as is described in annex A.4). Throughout geological 
times there has been considerable variability: from day to day (in the weather), from year 
to year, from millenium to millenium and from era to era (in the climate). 
The variability is due to changes in various factors that influence the radiative balance of 
the earth, which are called forcings. 

Forcings causing climate change are: 

• changes in solar output from the sun; 

• cyclic changes in the orbit of the earth around the sun (that affect both total solar 
irradiation as well as latitudinal and seasonal distribution): 



• interactions between oceans, land masses, ice caps, and vegetation; 

• large volcanic enjptions (emitting aerosols that change the reflection coefficient of the 
earth system); 

• the greenhouse effect, explained below. 

Box A. 1 Radiative forcing of the climate system and the greenhouse effect 

From the annual average solar irradiauon about 1/3 is reflected, the rest is absorbed by the earth 

system. This (short-wave) solar radiation passes relatively unimpeded through the atmosphere. 

so that most of it reaches the earth's surface. Here it is partially reflected and. partially absorbed 

by the surface. The warm surface of the earth looses heat in the form of long-wave infrared 

radiation (heal radiation), which is partially absorbed by trace gases in the lower atmosphere and 

eventually re emitted into space by the cooler atmosphere above. Thus, these trace gases add to 

the net energy input in the tower atmosphere and the underlying surface. The trace gases act like 

the glass of a greenhouse, hence the name greenhouse effect. 

The energy balance of the earth is in equilibrium, and is approximately given by (apart from minor 

contributions from gravitational friction with the sun and the moon and heat flow from the earth's 

interior): 

reflected radiation heat radiation 

solar irradiation = (by atmosphere • (emitted by the 

and surface) (surface) 

As the radiation emitted by the surface is determined by the surface temperature, this temperature 

v iff adjust until there is a balance between mcomir,g and outgoing radiation. This surface 

temperature (T) of the earth can be derived from: 

Ei = oEi • 4c oT* 

Ej: perpendicular solar irradiation at the top of the atmosphere (1360 W/m ), 

«: albedo, the reflection coefficient of surface and atmosphere, which is mainly determined by 

the albedo of the clouds (about 0.3). 

>: the greyness'. susceptibility of the atmosphere for infrared radiation (about 0.6). 

a; Stefan Boltzmann constant (5.75-10 . W/m2K4) 

Natural forcings causing temperature variability are: 

1) Changes in solar output Ei from the Sun. 

2) Cyclic changes in the orb!' of the Earth affect total output received from the Sun. as well as 

in latitudinal and longitudinal distribution of the insolation over the surface. Changes of this 

kind are assumed to have determined the pattern of giaciations and interglaciations known to 

us from geologic records. 

3) Surface properties. Aerosols trotted in large volcanic eruptions can increase planetary 

albedo (i.e. the reflection coefficient *f surface and atmosphere) and thus reduce surface 

temperature. The earth's albedo is furtrttr influenced by interactions with the oceans, growing 

or shrinking of ice caps, and changes in vegetation. 

4) The natural greenhouse effect. If the earth had no atmosphere (c»1) its surface temperature 

would be balanced by the solar radiation absorbed (aE,) and the infrared (heat) radiation 

emitted (4oT*). Surface temperature would be about -18"C. However, average surface tempera

ture is about 153C. due to the absorption of part of the emitted infrared radiation by greenhouse 

gases in the atmosphere. 

Anthropogenic emissions of greenhouse gases contribute to towering of c, and thus raising surface 

temperature. One can estimate that doubling the CO2 content in the atmosphere would thus lead 

to a temperature increase of about 1.2'C. However, the climate system is not that simple. A 

number of geobiochemical feedback mechanisms in the ciimate system (land, snow and ice 

cover, oceans, biosphere) amplify or 'lamp the initial forcing, which are summarized in box 3,1. 



On geological timescales the earth climate has encountered some remarkable climate 
phenomena, called ice-ages (or glacials), during which periods it was significantly colder, 
large areas of continents were covered with ice sheets, glaciers in mountain ranges 
expands, and so much water was locked up in land and sea ice sheets, that the sea level 
was significantly lowered. In the distant past the climate was generally warmer then today. 
However, there is evidence that ice sheets occurred in the so-called Precambrium era. the 
era from the time of creation 4.6 billion years ago up to 570 million years B.P. (before 
present). In the subsequent Paleozoic era (600*220 million years B.P.) ice ages occurred 
in the Ordovician (about 450 million years ago) and Carboniferous periods (about 300 
million years B.P.) of the Paleozoic. In the Mezosoic era (225-65 million years B.P.). the 
era of the dinosaurs, no ice ages occurred and the climate was about 10SC warmer than 
today. During the Tertiary period (65-1.8 million years B.P.) the climate gradually began 
to cool, resulting in various cycles of ice ages. The Quaternary started 1.8 million years 
ago and encompasses two epochs, the Pleistocene (1.8 million - 10,000 years B.P.) and 
the present one. the Holocene. The Pleistocene ice age cycle began some 700,000 years 
ago, during which there have been about 10 glacials, alternated by warmer periods, called 
interglaciab. The earth is currently in an intergiacial period [Cambridge (1982)]. 

It is changes in the way the earth orbits around the sun that switches the world from an 
intergiacial into an intergiacial one. But orbital forcing alone cannot explain why e.g. during 
the Mezosoic no ice ages occurred, or the rapidity and magnitude in the switches observed. 
Firstly, the movement of continents across the earth's surface and sea-leuel changes play a 
fundamental role, through the difference in land and oceans albedo, changes in seasonal 
contrasts on continents, changes of ocean circulation, the probability of ice formation and 
changes in ice and vegetation cover. Secondly, the changes must be amplified by 
feedbacks of various kinds, among which the so-called 'greenhouse gases' play a signifi
cant role. The close linkage of greenhouse gas concentration with global temperature is 
confirmed by measuring the CO2 and CH4 content of the air *f*pp*d in bubbles of 
continuous record of ice up to 160.000 years old. drilled up in Antartica. Further, the fossil 
flora and fauna in lakes and ocean sediments yield information on temperature in the ocean 
water in the past. 

The radiative balance is influenced by a number of trace gases in the atmosphere. These 
gases absorb the outgoing infrared radiation that remains in the atmosphere as trapped 
heat, hereby warming increasing the earth's surface and lower atmosphere. Effectively, 
these trace gases act as a greenhouse, hence the name 'greenhouse effect', and the 
responsible trace gases are referred to as 'greenhouse gases' The average global surface 
temperature is about 33'C warmer than it would be when the greenhouse gases were not 
present in their natural concentrations (raising average global surface temperature to about 
15°C above zero, thus creating the conditions for a habitable planet). The effect, associated 
with natural atmospheric concentrations of greenhouse gases, is termed natural green
house effect. Due to human activities the concentration of certain trace gases has risen 
dramatically in the past decades, making added heating inevitable Strictly, this is an 
enhanced greenhouse effect. Several trace gases in the atmosphere are greenhouse gases 
and are discussed below. 

During the present intergiacial mean global temperature do not seem to have varied much 
either side of the present global average temperature of 15°C, since the end of the last ice 
age that ended 10.000 years ago, but not more than 1 -1,5°C . At times these were lower 
(e.g. during the 'Little ice-age', 16-18,h century). At times these were higher (Med-^val 
warm period. 800 AD - 16th century). In the IPCC-based Business-as-Clsual scenario the 
realized temperature will have risen with 3 (1-5) °C by the year 2100 (above today's 
average). During the last ice age the global average temperature was on average 5°C lower 
than today's. The highest temperatures occurred on earth during the Mesozoic when these 
were l O - ^ C higher than today's. 



Temperature changes during transitions from warmer to colder periods and vice versa have 
profound effect on the natural environment. Mot only absolute figures are alarming, but also 
rates of change. If realized temperature rise will be 3°C by 2100, the rate of change is 0.3*C 
per decade. This is 10 to 100 times faster then ocurred in the glacial-interglacial transition 
10,000 years ago. This rapidity will stress the natural environment even more. 

A.2. The greenhouse gases 

Carbon dioxide CO2 

The atmosphere exchanges CO2 continuously with the terrestrial biosphere and the 
hydrosphere. The two cycii remove about as much from the atmosphere as they add: 
sources are roughly in equilibrium with sinks. The oceans form the largest carbon reservoir. 
There is a continuous exchange of CO2 in both directions between atmosphere and oceans 
(90 and 93 TgC/year), driven by differences in partial pressure of CO2 between atmos
pheric and surface water. In the biosphere-atmosphere cycle the CO2 exchange processes 
are photosynthesis (110 TgC/year) and respiration by autotrophic organisms (plants. 55 
TgC/year), as well as aerobic decomposition by microbial organisms in soils (54-55 
TgC/year). The fluxes associated with human activities are about ten times smaller than 
the natural fluxes. However, these anthropogenic emissions are net sources of carbon. The 
main anthropogenic sources are combustion of fossil fuels (4.8-5.6 TgC/year) and land-
use modifications (deforestation, 0.5-2.5 TgC/year). 

In an unperturbed world uptake and release of CO2 by oceans is approximately in 
equilibrium, and net primary production (net uptake minus respiration by plants) equals 
decomposition. The formation of litter and peat is only a small fraction of the carbon 
cycled. The world is perturbed however by human-causes emissions. It has been found that 
anthropogenic emissions minus the associated uptake by oceans (28 TgC/year) exceed 
the observed atmospheric increase, leaving a net imbalance of 1.6±1.4 TgC/year. At
tempts to identify this missing sink in the ocean have failed. Processes on land which could 
account for the missing sink are stimulation of vegetative growth by increasing CO2 levels 
(the CO2 fertilization effect), the enhanced productivity of plants under warmer conditions 
and the fertilization effect from nitrogenous releases into the atmosphere and from 
agricultural fertilizers. 
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Methane CH4 

In nature CH4 is produced through anaerobic decomposition in biological systems (natural 
wetlands, enteric fermentation in (wild) animals, termites and exchange by oceans, rivers 
and lakes with the atmosphere). A highly unknown source is formed by methane hydrates 
stored in permafrost sediments and beneath the sea at continental margins. As the earth 
warms due to the greenhouse effect, the methane released from permafrost thus adds to 
further warming. 

Major anthropogenic sources are: enteric fermentation in domesticated animals (esp. 
ruminants), rice paddies (that are very similar to natural wetlands in terms of CH4 
production), incomplete combustion of biomass burning, anaerobic decay of biodegrad
able wastes in municipal landfills, and fossil fuel production (methane is the major 
component of natural gas and gas trapped in coal), as well as fossil fuel combustion. 

The major sink is reaction of CH4 with hydroxy I radicals (OH*) in the atmosphere. The rate 
of destruction is dependent on the abundance of OH (which is related to the amount of 
water vapour) and on temperature. Besides OH radicals, stratospheric ozone and methan-
otrophic micro-organisms play a role in methane destruction. 

Nitrous oxide N2O 

There remains considerable uncertainty in magnitudes of the N2O fluxes. Nitrous oxide is 
simultaneously produced in natural soils via the metabolic pathways of denitrification, 
nitrification, nitrate dissimilation and assimiliation. Another source is N2O exchange by the 
oceans (controlled by the partial pressures of N2O in atmosphere and in oceanic surface 
water). 

Also in the magnitude of anthropogenic terms there is considerable uncertainty. One major 
sources is the use of industrially produced nitrate and ammonium fertilizers (leaching of 
nitrogen from fertilized soils into terrestrial freshwater systems may result in an additional 
N2O flux). Some minor sources are combustion of fossil fuels and biofuels, as well as 
enhanced N2O emissions from deforested lands. 

The primary sink for N2O is photolysis (decomposition under the influence of light) in the 
atmosphere. N2O is chemically inert in the atmosphere, although it reacts with excited 
oxygen atoms in the stratosphere (which are the primary source of stratospheric nitrogen 
oxides that react with ozone). Thus increasing M2O concentrations could lead to a net 
destruction of stratospheric ozone. 

Halocarbons 

AH halocarbons are produced by the chemical industry. With the signing of the Montreal 
Protocol there should be significant reduction in the coming years of CFC-11 and CFC-12 
(the Protocol aims at 50% reduction in 1998). 

All halocarbons contain chlorine C! and/or bromine Br and fluorine F and thus contribute 
these halogens into the atmosphere where they are broken down. Chlorofluorocarbons 
(CFCs) are primarily destroyed by photolysis (dissociation under the influence of ultravi
olet light) in the stratosphere. This is of primary concern, because the chlorine released in 
the stratosphere reacts with ozone to form chlorine monoxide (ClO, and similarly oxides of 
Br and F are formed). This CIO reacts with an oxygen atom, in which the CI atom is 
released, so that the cycle can be initiated again by the reaction of CI with ozone. Thus 
CFCs contribute to ozone layer depletion: the destruction of ozone in the stratosphere. 
Furthermore CFCs absorb infrared radiation and thus contribute to global warming. As 
replacements for CFCs a group of non-fully halogenated hydrocarbon compounds is 
suggested, that contain one or more hydrogen atoms instead of chlorine. They are HCFCs 
- containing chlorine - and HFCs - not containing chlorine). The primary removal mech
anism of these non-fully halogenated halocarbons is reaction with OH* in the troposphere. 



All halocarbons release CI (or Br and F) into the stratosphere, but because the removal 
mechanism of HCFCs and HFCs is different from that of CFCs, the atmospheric lifetime of 
HCFCs and HFCs is much shorter than the lifetime of CFCs. The shorter-living HCFCs and 
HFCs do not reach as high concentrations as CFCs therefore (as is expressed by their much 
smaller Ozone-layer Depletion Potential (ODP), see table A.2). However. HCFCs still have 
a considerable greenhouse (although less than of CFCs). Recently, it has been suggested 
that the net greenhouse effect of CFCs could be much less than thought so previously. An 
indirect effect of CFCs is ozone destruction, which have have a cooling effect on the surface 
temperature (see 'ozone'). 

Ozone 

Ozone O3 is both produced and destroyed in the atmosphere. Stratospheric O3 absorbs 
ultraviolet radiation ('ozone layer') which is harmful for living creatures at the surface. 
Further, by absorbing both incoming ultraviolet and outgoing longwave (infrared) radiation 
ozone affects the temperature structure of the atmosphere. Unlike other greenhouse gases 
the vertical distribution of O3 concentration in the atmosphere determines its radiative 
effect. Reductions in stratospheric O3 modify surface temperature in two way*: 1) more 
solar radiation is transmitted to the lower atmosphere thus contributing to global warming. 
2) on the other hand less absorption of both solar and infrared radiation results in a cooler 
stratosphere that emits less to the atmosphere-surface system. Tropospheric O3 is a 
greenhouse gas (absorbing outgoing infrared radiation). What is then the net effect of 
changing ozone concentrations? Decrease of O3 in the upper stratosphere (above 30 km) 
increases surface temperature, while decreases in O3 below 30 km (lower stratosphere and 
troposphere) tends to lower surface temperature. The upper stratospheric concentration 
(attacked by CFCs) is known to be decreasing. Global tropospheric concentration trends 
are not unambiguously extracted yet, but appear to increase. Anyway, the difficulty in 
detennining the trend in tropospheric ozone translates into the uncertainty in the O3 
contribution to global warming. 

Ozone is not directly emitted by human activity, but its concentration in troposphere and 
stratosphere is controlled by a complex interplay of processes, involvings O3, CH4, 
non-methane hydrocarbons (NMHCs) and nitrogen oxides NOx (NO and NO2): 

1) formation of ozone in the stratosphere (where oxygen molecules there are dissociated 
by ultraviolet radiation); 

2) destruction of stratospheric ozone through reactions with chlorine and bromine oxides 
(from halocarbons), nitrogen oxides NOx and hydrogen oxide radicals HO/; 

3) dissociation of tropospheric and stratospheric ozone under the influence of ultraviolet 
radiation in oxygen O2 and oxygen radical O* (the radical combines with water H2O to 
form OH*); 

4) transport of ozone from stratosphere to troposhere; 

5) destruction of tropospheric ozone by vegetation on the surface; 

6) production of ozone in the troposphere by photo-oxidation of CO, CH4, and non-meth
ane hydrocarbons (NMHCs), under the influence of NOx (NO and NO2). 

Indirect warming impact of gases 

Besides its direct radiative forcing methane has the following indirect impacts: (1) it is 
eventually oxidized to CO2 and H2O (both are greenhouse gases); (2) it contributes ;o O3 
formation under the influence of NOx; (3) by reacting with OH it affects and is affected by 
other gases that react with OH* (CO, and HCFCs). 



Water vapour H2O is an important greenhouse gas in the troposphere, and plays an 
important role in feedback mechanisms. Tropospheric H2O will increase with rising 
temperature, as more vapour is released from surface water. H2O is an oxidation product 
of methane, and as CH4 concentration is increasing stratospheric H2O will increase as well. 

Carbon monoxide CO reacts with OH in the atmosphere (the major removal process of CO) 
and is oxidized to CO2- By reaction with OH it has three indirect impacts: (1) it contributes 
to atmospheric CO2; (2) it reduces atmospheric OH, thus prolonging the lifetime of itself 
and of other greenhouse gases that react with OH* (CH4 and HCFCs) in the atmosphere; 
(3) it enhances tropospheric O3 level. Sources of CO are oxidation of natural and 
anthropogenic CH4 and NMHCs in the atmosphere, as well as incomplete combustion of 
fossil fuels and biomass. 

Sources of nitrogen ox'desNO* (nitric oxide NO and nitrogen dioxide NO2) are combustion 
of fossil fuels and biomass as well as natural processes (microbes in the soil, lightning. 
natural fires and in the stratosphere from N2O). NOx emissions lead to higher O B and higher 
OH* levels in the troposphere. Especially nitrogen emissions by aircraft flights in the 
stratosphere can influence ozone concentration. Sinks are dry and wet deposition, in which 
case NO„ contribute to the acidification of precipitation {acid preciptation). 

Major sources of non-methane hydrocarbons (NMHCs) are the oceans, terrestrial vegeta
tion, and anthropogenic activities (biomass and fossil fuel burning, solvents). NMHCs 
contribute to higher O3 levels. The contribution of NMHCs to global warming is quite small 
and is not taken into account in this report. 

Ozone and OH* are thus involved in complex interplay of reactions involving halocarbons, 
oxygen. H20, CH4 and N20 in the stratosphere, and CO, CH4, NMHCs and especially NOx 

in the troposphere. Of these gases water vapour and methane are greenhouse gases, while 
the gases CO, NMHCs and NO„ are not greenhouse gases themselves33. The myriad of 
reactions makes that the numerous feedback mechanisms (see § A.4) between climate 
change and the concentration of gases involved in the O3 and OH* interplay are difficult 
to determine. 

A.3. The global warming potential (GWP) of greenhouse 
gases 

Radiative forcing 

The potential of a gas for warming the atmosphere is determined by various factors: direct 
radiative forcing, atmospheric lifetime and indirect impacts on the concentration of other 
gases. The instantaneous radiatiue forcing (sometimes simply called 'forcing') of a gas. 
The radiative forcing per molecule of for example methane and CFCs is much larger than 
that of CO2. Combining radiative forcing with the change of gas concentration (for example 
in ppbv) gives the radiative forcing associated with that change. As unit of radiative forcing 
is taken W.m"2.ppbv'' (representing changes in radiative flux at the tropopause between 
troposhere and stratosphere) or K.ppbv * (representing surface temperature change). If 
concentration figures are given on weight base, also forcing data arepresented on weight 
basis (by conversion from molar to weight basis by multiplying by molar weight)34. 

33 Tropospheric OH* controls the lifetimes of CH4 and NMHCs (inversely related;. Tne global OH* 
concentration increases when tropospheric O3, NO,, and H2O increases, and decreases when CH4, 
CO and NMHCs are enhanced. 

34 As radiative forcing describes the initial change in the earth's radiation budget (or surface 
temperature) it must not be confused with climate sensitivity. The latter is defined as the amount 
of global warming required to restore radiative balance (and depends also on feedbacks as 
discussed in par. A.4). 



Table A. 1 Greenhouse gases: sources and sinks (1986/87 data) 

NATURAL SOURCES: 
• oceans: 
- biosphere: 

TOTAL NAT-
ANTHROPOGENIC SOURCES: 
• fossil fuel combustion: 
- deforestaton: 

TOTAL ANTHR.: 

NATURAL SOURCES: 
- enteric fermentation (wild animals): 
• wetlands (swamps, bogs, tundra): 
- oceans and freshwaters: 
- termites (and other insects): 
- methane hydrates: 

TOTAL NAT.: 
ANTHROPOGENIC SOURCES: 
- enteric fermentation (dom. 

animals): 
- rice paddies 

biomass burning: 
- coal mining: 
- natural gas production: 
• landfills: 

TOTAL ANTHR.: 

NATURAL SOURCES: 
- oceans and estuaries: 
- tropical/subtropical soils: 
- boreal/temperate soils: 
- aquifers: 

TOTAL NAT: 
ANTROPOGENIC SOURCES: 
- fossil fuel combustion 

biomass burning: 
- fertilized soils: 

land-use modification: 
TOTAL ANTHR-. 

NATURAL SOURCES: 
- emissions by plants 
- oxidation of natural hydrocarbons: 
- forest wildfires 
- oceans 
- methane oxidaton: 

TOTAL 
ANTHROPOGENIC SOURCES: 
• fossil & biomass fuel combustion: 
- oxidation of anthrop hydrocarbons: 
• biomass burning: 

TOTAL 

NATURAL SOURCES: 
- soils/oxidaton of ammonia: 
- lighting/input stratosphere 

TOTAL 
ANTHROPOGENIC SOURCES: 
- fossil fuel combustion: 

biomass combustion: 

(pGc/YR) 
92 
100-110 
192-202 

4.8-5.6 
0.5-2.5 
5.3-8.1 

(TgCfVyr ) 
3 7 
100-200 
6-45 
10 100 
0 1 0 0 
120-450 

50-110 
25-170 
20-110 
20-50 
20-50 
2 0 7 0 
155-560 

(TgN/yr) 
1.4-2.6 
2 2 3.7 
0.7-1.5 
0.5-1.1 
4.8-8.9 

0.1-2.5 
0.02-0.2 
0.06-2.4 
0.1-0.9 
0.3-0.6 

(TgCO/yr) 
20-90 
50-500 
15-20 
10-200 
75-450 
i60-1260 

400-1000 
0-180 
320-1350 
720-2530 

(TgN/yr) 
5-26 
2.5-20.5 
7.5-46.5 

14-28 
4-24 

Carbon dioxide COi 

SINKS: 
- oceans: 
- photosynthesis: 

TOTAL 
ATMOSPHERIC INCREASE: 

ATMOSPHERIC BURDEN: 

Methane CH4 

SINKS: 
- reaction with troposoheric OH* : 

transport to and reaction with 
stratospheric OH*. CI and O: 

- uptake by soil microorganisms 

TOTAL 
ATMOSPHERIC INCRCJ*SE: 

ATMOSPHERIC BURDEN: 

Nitrous oxide NzO 

SINKS: 
- photolysis and reaction with 

O( iD) in the stratophere: 
ATMOSPHERIC INCREASE: 

ATMOSPHERIC BURDEN: 

Carbon monoxide CO 

SINKS: 
- soil uptake: 
- photochemistry (reaction with OH*) 

TOTAL 
ATMOSPHERIC INCREASE: 
ATMOSPHERIC BURDEN: 

Northern Hemisphere 
Southern Hemisphere 

nitrogen oxides /VOj^/VO and NO2) 

SINKS: 
- wet deposition: 
- dry deposition: 

TOTAL: 
ATMOSPHERIC BURDEN: Marine air 

Non-urban continental sites 
Urban continental sites 

Atmospheric increase unknown; 100 ppi 

(PgC/yr) 
92 
102-110 
194-202 
2-3 PgC/yr 
1.8 ppmv/yr 
720 PgC 
350 ppmv 

(TgCrWyr) 
250-450 

30-70 
15-45 

395 715 
40-48 TgCrWyr 
14-16 ppbv/yr 
4.6-4.8 PgCH4 
1.7 ppmv 

(TgN/yr) 

7-13 
3-4.5 TgN/yr 
0.6-0.8 ppbv/yr 
1.5 PgN 

340 ppbv 

(TgCO/yr) 
80-140 

: 500-1100 

580-1240 
2-4 TgCO/yr 
430 TgCO 

: 150-200 ppb 
: 75 ppb 

(TgN/yr) 
12-42 
12-22 
24-64 

: 4 pptv 
: 2-12 ppb 
: 70-150 ppb 
t • 240 TgN 

SOURCE: Ahuja (1990). IPCC-I (1990). Lashof & Tirpak (1989). Wuebbles (1989) 



Table A.2 Global warming potentiate of greenhouse gases 

GLOBAL WARMING POTENTIAL RESIDENCE TIME 

GREENHOUSE CAS 1PCC1) Uncertainty?) Varying life-3' Varying4' 
(constant life- ÜmeCOï time horizon 
time C02 and (80-500 years) (20-500 years) 

residence 
time) 

I p c c i ) Uncertainty 
(in years) 

Carbon dioxide CO2 
Carbon monoxide COS) 

Methane CrU 6) 
Nitrous oxide N2O 
CFC-11 
CFC-12 
CFC-113 
HCFC-22 
CH3CCb 

ecu 

1 
3 

21 
290 

3500 
7300 
4200 
1500 

100 
1300 

-
2.47.5 

12.4-39.6 
153-259 

1829-3106 
4204-6163 
2404-4200 
831-1762 

32-100 
472-1322 

-
2.3 9.1 

10.5-49.9 
124-331 

1473-3971 
3385-7881 
1936-4367 
669-2253 

26-127 
380-1690 

-
7-2 

63-9 
270-190 

4500-1500 
7100-4500 
2100-4500 
4100-510 

350-34 
1900-460 

120 
3 

10 
150 
60 

130 
90 
15 
C 

50 

80-500 
0.1-0.5 

8.1-11.8 
120-170 
46-80 

95-195 
79-117 
12.7-24 
4.7-7.8 
40-73 

Notes: 
1) These data are taken as base in this report. The GWPs by IPCC assume an approximate lifetime of 

CO2 of 120 years and a time horizon of 100 years. Source: IPCC-t(1990). table 2.8. Uncertainty ranges 
in lifetime are from Ybema (1990). table 3.4. 

2) From Ybema (1990). table 4.3. Lifetime of CO* constant at 150 years and a time horizon of 100 
years. 

3) From Ybema (1990). table 4.3. Lifetime of CO2 varying between 80 and 500 years: time horizon of 
100 years. 

4) From IPCC-I (1990). table 2.8. Ranges correspond with time horizon of 20. resp. 500 years. Lifetime 
CO2 taken at 120 years. 

5) GWP includes indirect impacts on O3 and CO2. 
6) GWP includes b. direct and indirect effects (on O3. CO2 and H2O). 

The concep' of GwP relative contribution to greenhouse effect is originally based on the ODP (ozone 
layer depletion potential) for halocarbons. The following compares OOPs and GWPs for some 
haiocarbons. relative to CFC-11. Note that because of its small ODP substitution of CFCs by HCFC-22 
is important from the viewpoint of ozone layer depletion, but less so from the viewpoint of greenhouse 
warming, because its GWP is still relatively high. 

ODP GWP 

CFC-n 
CFC-12 
HCFc-22 
CHsCCb 
ecu 
halon-1301 

1.0 
0.9 
0.05 
0.13 
0.13 

10 

1.0 
2.1 
0.43 
0.035 
0.37 
1.66 

ODPs are taken from Dijkgraaf (1991) 

Global warming potential 

From a policy point-of-view we are usually interested in the impact of emissions rather than 
changes in concentrations. To compare the emissions of various greenhouse gases these 
factors have to be taken in one single 'unit'. In this report the contribution of CO2 carbon 
(C) units (PgC, TgC). One could also have taken CO2 units: 1 mol of CO2 is equivalent to 
1 mol of C, in other words 1 TgC is equivalent to 3.667 TgCCV The emission contribution 
of non-C02 greenhouse gases can be expressed too in (equivalent) carbon units by using 
a conversion factor. One such a conversion factor (that takes into account the above three 
aspects) is the global warming potential (GWP). The GWP presents the cumulative 
radiative forcing caused by greenhouse gas emissions relative to CO2. The GWP expresses 
the radiative forcing due to an instantaneous injection of 1 kg of each gas relative to 1 kg 
of CO2, integrated over time (including indirect impacts). 



Four aspects play a role in expressing the impact of emissions in terms of CWPs: 

• the instantaneous radiative forcing of emissions, which depends on existing concen
trations of the gas and other gases; 

• the time horizon over which the effects of an (instantaneous) radiative forcing are 
regarded; 

• the residence time (lifetime} of a greenhouse gas. i.e. the period over which the 
molecules of gas emitted are retained in the atmosphere depending on the strength of 
sources and sinks. The residence time may vary with time. The impact of a gas with 
a large residence time (e.g. CO2) is greater than that of a gas with a shorter residence 
time (e.g. CH4); 

• the indirect impacts of gases (as was discussed in § A.2). 

Considerable uncertainty exists on residence times of gases. In the case o» CO2 one cannot 
even speak of one lifetime as it is not destroyed but transferred between reservoirs. For 
example if lifetime is defined as the ratio of atmospheric content and exchange with 
oceanic and biosphere it is ±4 years. If it is defined as ratio of atmospheric content and net 
uptake (by oceans and biosphere) it is 185-300 years. As CO2 lifetime depends on sink 
strength, and these have varied with time, also CO2 lifetime varies with time. In short, the 
decay function of CO2 (the decay of an instantaneous input of CO2) is not well charac
terized. Only in case of N2O and CFCs the atmospheric retention is described by simply 
by one exponential decay curve with one residence time. In case of CH4 the residence time 
is influenced by OH concentration. The calculation of decay functions would require 
models of trace gas cycles, which have not been fully developed. Such models should 
include saturation effects35, geophysical and geobiochemical feedback mechanisms, as 
well as difference in distribution of greenhouse gases, vertically (in the atmosphere) and 
horizontally (along the earth's surface). 

The choice of a time horizon is crucial for the relative role of short-living versus long-living 
gases. If the goal of policy makers is to diminish the rate of warming, a short time horizon 
is chosen. If the aim is to reduce total warming commitment a long time horizon is chosen. 
Choosing a tong time horizon reduces the relative importance of short-living gases (such 
as CH4 and CO). The IPCC works with a time horizon of 100 years, assuming that for policy 
makers the total warming is more important than the rate of temperature increase. If a time 
horizon is chosen to be infinite, all future temperature increases would be weighted equally. 
However doing so we would encounter the probem that the greenhouse gas characteristics 
are not constant in time, and can even be influenced by policy actions. For example, by 
large-scale reforestation this C-sink is strengthened which shortens C02's lifetime. 
A choice of 100 years seems a fair trade-off between various pros and cons. 

The GWPs used in this report are the same as used by the IPCC, assuming a time horizon 
of 100 years (see table A.2) (Dijkgraaf (1991), p.52-55; IPCC-I (1990); Ybema (1990)1. 
Sadly there is large variety in GWPs quoted in literature, reflecting the weaknesses of the 
GWP concept: 

• scientific uncertainties in properties that are part of the GWP definition: radiative 
properties, lifetime of CO2 (varying between 50 and 500 years, often a lifetime 
between 100 and 150 years is taken) and other gases, due to not-well-characterized 
decay functions; 

• the time horizon is arbitrary. 

35 Saturation effect means that the impact of one additional molecule of a gas will be less when the 
atmospheric concentration of the gas is higher 



Furthermore, it seems that the GWP estimate for NOR as used in the 1PCC reports has been 
too high, as was concluded at a taskforce meeting of the IPCC Working Group I (in 
Shepperton. United Kingdom. July 1991). NOx has an plays a fundamental role in the cycle 
involving that affect atmospheric O3. and its indirect impacts are very dependent on 
latitude and season. Apart from calculation errors in the GWP of N0X. it seems that part of 
the indirect impact on O3 should be attributed to CO and CH4. Further, the actual 
greenhouse contribution of CFCs might be lower, because the indirect effect of CFCs on 
O3 (destruction) give a cooling effect on surface temperature. 

Greenhouse Gas Index (used by World Resources Institute and Centre for Science 
and Environment) 

In view of the weaknesses of the Global Warming Potential a serious definition alternative 
to the GWP is the so-called 'Greenhouse Gas Index', as used by the World Resources 
institute (WRI. 1990) and further elaborated by Hammond etai (1990). The method 
basically expresses a) the incremental additions to the atmospheric burden of the gas in a 
given year (which is the result of the complex natural cycles with sources and sinks) and 
b) the greenhouse forcing of a gas. The observed increase in greenhouse gas concentration 
in the atmosphere is allocated to each country in proportion to each share in (gross) 
anthropogenic emissions. One thus calculates the net emission contribution of the gas36. 
This is performed for each gas. In case of CFCs their is no natural sink, so anthropogenic 
emissions equal net addition of emissions. Then each gas is weighted by its instantaneous 
radiative forcing and the contributions from each gas are added country by country, 
resulting in an index representing each country's share. WRI expresses CH4 and CFC into 
CO2 equivalents by using the following heating coefficients: CO2: 1.0, CH4: 68.6. CFC-
11/CFC-12: 6.414.3 3 7 These coefficients are based on the radiative forcing of the gas38 

and corrected for feedback mechanisms in the atmosphere-source-sink system. The 
caluclated index as calles Greenhouse Gas Index, and represents net emission contribution 
to the atmosphere expressed in carbon equivalents. 

The Centre for Science and Environment in India has calculated permissible emissions and 
net emissions by using a methodology based on WRI, but incorporating the aspect of 
responsibility: 
(in terms of per capita emissions): 

• the estimates made by WRI of gross anthropogenic emissions of CO2, CH4 and CFCs 
are taken as a base for CSE's calculations; 

• the available natural sink for CO2 and CH4 is calculated (available sink = natural sink 
- production from natural sources = atmospheric increase - (gross) anthropogenic 
emissions). The avilable sinks calculated are for CO2: 17500 TgC, for CH4: 212 
TgCH4 and for CFCs no natural sink exists; 

• the available natural sink is allocated to each a nation on a population basis, which 
quantities then constitute the permissible emissions of each country; 

36 A concept almost solely used for CO2 is the remanent fraction, usually defined as the ratio of 
increase in quantity of a greenhouse gas in the atmosphere over a time period and the emission of 
that greenhouse gas. This concept has been used to describe the contribution over a certain 
historic time period. The remanent fraction can be compared with the net emission during the 
eighties. For CO2 the remanent fraction of the period 1850-1986 is about 41 %. The net emissions 
calculated by WRI can be regarded as kind of 'instantaneous remanent fraction' (which is 44%). 

37 Radiative forcings are taken from Lashof 6 Tirpak (1989). table 2.1. 

38 Radiative forcings are taken from Lashof & Tirpak (1989). table 2.1. 



• the emissions in excess of high emitting countries are the total emissions minus the 
permissible emissions; unused permissible emissions of low emitting countries are 
then traded with excess emitters on a population basis; 

• a country's net emission to the atmosphere is then calculated by subtracting the 
permissible emissions, traded from low emitting countries, from excess emissions of 
each country. 

Which index is to be preferred? The GWP (as used by IPCC) or the Greenhouse Gas Index 
(adopted in different ways by WRI and CSE)? Both indexes have their pros and cons, but 
the Greenhouse Gas Index has even more conceptual weaknesses than the GWP: 

a) it describes basically current rates of change and cannot be used for future predictions; 

b) gases whose concentration does not change (but have done so in the past) are by 
definition harmless (even if their concentration is well above natural levels); 

c) indirect effects on other trace gases cannot be taken into account. 

A.4- Climate change effects and modelling 

Greenhouse warming and feedback mechanisms 

Table A3 Estimates of anthropogenic emissions of COz. CH4 and CFCs compared with 
WRI estimates 

THIS REPORT 
South 
North 

WRI (1987 data) 
South 
North 

CARBON DIOXIDE (in TgC) 

cement 

56 
74 

72 
73 

energy land-use 
consumpL change 

1231 694 
3917 57 

1543 1587 
3808 6 

SOURCE: own analysis and WRI (1990). In WRI CFC-12 
way than in this report. 

METHANE (TgCKt) 

solid 
waste 

14.5 
25.7 

9.0 
34.8 

energy 
prod. 

26.5 
56.9 

25.9 
43.3 

riceD 
livestock 

150.9 
34.1 

58.3 
30.5 

is expressed relative to CFC-11 

CFC-11 AND 
-12 (in 000 
metric tons) 

185 
853 

106 
665 

in a different 

The instantaneous emission of a greenhouse gas results in the increase of its atmospheric 
concentration, which from than on declines exponentially over the lifetime of fhe gas, 
during which it has a greenhouse heating commitment. In the preceding chapter alternative 
emission scenarios were presented. An emission scenario can be thought of as a large 
number of such instantaneous emissions of different magnitudes over an extended time 
period. The cumulative emissions over that period make atmospheric concentration to rise, 
resulting in higher absorption of infrared radiation in the atmosphere (radiative forcing). As 
a consequence the radiative balance of the earth is disturbed, resulting in a higher global 
air surface temperature. 

Changes in climate and other environmental conditions influence the processes that 
control the exchange of natural greenhouse gases between the components of the climate 
system (atmosphere, oceans, biosphere, cryosphere). These processes art called feed
backs, and act to amplify (positive feedbacks) or to damp (negative feedbacks) the climate 
response resulting from a given greenhouse forcing. Feedbacks determine the actual 



sensitivity of the climate system (the global temperature increase in response to a given 
perturbation). A short overview of potential feedbacks is presented in boxes 3.1 and 3.2 
|Lashof(1989)]. 

Climate modelling 

To simplify the problem it has become a standard experiment to ask the question: "What 
would be the change in global surface air temperature if the equivalent CO2 concentration 
were doubled (or equivalent of other gases) from the preindustrial level, and the new 
system became completely adjusted to the new forcing?" This quantity is the so-called 
equilibrium climate sensitivity to doubling CQ239. 

To determine climate sensitivity data can be used of past climate change as well as 
mathematical models. Sadly, our knowledge of past data is too poor to reliably estimate 
climate sensitivity. Climate models are the primary tool therefore. Various types of models 
have been developed. The most sophisticated models are three-dimensional general 
circulation models (GCMs). These GCMs solve a set of equations representing flows of 
energy, mass and momentum in the interacting systems of atmosphere, biosphere, oceans 
and ice fields. As such equations cannot be solved analytically, GCMs use a 3-dimensional 
grid wiih horizontal spacing of several 100 km and vertical spacing of several km. Various 

Box A.2 Geophysical feedbacks 

Geophysical feedbacks (in the atmosphere-ocean-cryosphere system) are taken into account in 

General Circulation Models (GCMs). Most important are the water vapour, ice and snow cover. 

and cloud feedback. The net gain of geophysical feedbacks could be in the order of 0.17-0.77 

(gain g = (w-i)/w. in which w: radiative forcing with feedback and i: initial forcing (without 

feedback). 

* WATER VAPOUR AMD HYDROXYL (gain 0.28-0.52). From a warmed surface more H20 is 

evaporated causing a lower susceptibility of the atmosphere for infrared radiation (see box 

A. 1). because of its potency as a greenhouse gas and of increased cloudiness (see further). 

As a warmer earth will have higher absolute humidity it also allows more hydroxyl radicals 

OH" to be formed, but this could be counteracted by escalating emission of gases that can be 

oxidized by OH*. OH* is involved in a complex web of chemical interactions by oxidization of 

the gases CH4. CO. N2O, non-methane hydrocarbons. CFCs and HCFCs (see annex A.2). and 

critically affects the life-time of methane. CO. HCFCs and CFCs (and hereby their greenhouse 

forcing). The net effect (positive or negative) of OH* change remains uncertain. 

* SNOW AND ICE (gain 0.0-0.21). More atmospheric water implies more precipitation leading 

to an increase of snow and ice cover (negative feedback). Reduction of snow and ice cover 

due to global warming, so that the planetary albedo is reduced (the darker surface absorbs 

more solar radiation) is a positive feedback. 

* CLOUDS. The impact of clouds on the radiative balance is ambiguous (gain 0,12-0.29^ An 

increase in high (cirrus) clouds means higher reflection as well as absorption of incoming solar 

radiation. An increase in lower clouds means more reflection of infrared radiation (positive 

feedback). Clouds also affect precipitation. The net effect depends on fractional cloud cover. 

cloud altitude, cloud optical depth, the underlying surface albedo and period of the year. 

Unfortunately, cloud modelling is not sufficiently advanced to predict whether cooling or 

warming will prevail in a greenhouse world. 

Data on feedback gain are from Lashof (1989). 

39 In the IPCC scenario analysis the climate sensitivity parameter has been set to yield a global 
equilibrium temperature increase of 3=C when the equivalent CO2 concentration is doubled. 



institutions are involved in climate modelling and developing emission scenarios for 
greenhouse gases. Formost are Goddard Institute of Space Sciences G1SS, and the 
Geophysical Fluid Dynamics Laboratory GFDL 

GCMs may be advanced, at present several complications still cause trouble. 

1) Large uncertainty arises from the problem of parameterization. A parameter is a 
semiemperical relation that has to be validated. Not always data are available, or 
phenomena have to be dett with on too coarse a scale (due to computer time 
limitations). For examples clouds do occur en smaller scale than cells into which the 
finite grid is divided. This gives problems e.g. when defining a relation between the 
cloudiness in a cell and average humidity and temperature. 

2) Another problem is to build in all feedback mechanisms adequately. Problems are posed 
by: a) the many interactions of chemically active trace gases, b) the complicated role 
of clouds in the radiative balance, c) the coupling between atmosphere and oceans. 
Most important difference between the GCMs is maybe in the way oceans are treated in 
modelling, varying from surface layer descriptions to rudimentary oceanic GCMs. Both 
theory and modelling of oceans lag behind their atmospheric counterparts, due to lack 
of data and computer time constraints. Oceans play a crucial role in the climate system. 
as they act as thermal sponge inducing long-term effects. Current models include 
geophysical feedbacks but neglect biogeochemical feedbacks. 

One can estimate40 that the radiative forcing response to doubling of the equivalent CO2 
concentration in the atmosphere (raising it to about 580 ppmv) is a temperature increase 
of 1.2-1.3°C. The resulting equilibrium temperature calculated by GCMs is higher, in the 
range of 1.5-5.5°C This is due to the gain due to geophysical feedbacks, which is 0.64 
(0.17-0.77, see box 3.1 )4 1 . Biogeochemical feedbacks are not considered by GCMs. The 
gain of these feedbacks could be in the order of 0.8 (0.32-0.98. see box 3.2). and thus add 
to temperature increase. 

Equilibrium and realised climate change 

When any forcing is applied to the climate system which is the earth (e.g. radiative forcing 
by human-caused emission of greenhouse gases), the climate will start to change. The 
exact relations between forcing and response, and timing between forcing and response, 
will be very complex, due to a set of feedback mechanisms that will occur. The earth's 
surface does not immediately come to ar equilibrium following an increase in radiative 
forcing. Excess radiation is absorbed by land, oceans and the atmosphere. The role of the 
oceans is paramount. Oceans have a very large heat capacity. This means that it takes 
hundreds of years for oceans to equilibrate with the atmosphere. Oceans slow down 
heating-up (but do not prevent the equilibrium from being reached!). The warming realized 
in any year is substantially less than the wanning would occur in equilibrium that is reached 
instantaneously in the year of radiative forcing. In other words: realized warming is lagging 
behind equilibrium warming. GCMs can calculate equilibrium states. To simulate both 
space and time dependence of climate change would require a comprehensive atmos
phere-ocean-biosphere model. Studies that couple ocean with atmospheric models are still 
in an infant stage, however. 

40 By filling (he appropriate figures in the equation given in box 1.1. 

41 The radiative forcing with feedback w is equal I O W J i/( J -g). i: forcing without feedback, g: gam. 



Box A3 Biogeochemical feedback mechanisms 

3*ogeochemical feedbicks are those that involve the response of the biosphere and components 

of the geosphere. that a.~e not considered in Ceneral Circulation Models (GCMs). The totV net gain 

of biogeocnemtcai feedbacks could be in the order of 0.32-0.98 (gain g - (w-i)/w. in which w 

radiative forcing with feedback, and i: initial forcing (without feedback). 

• RELEASE OF METHANE (gain: hydrates 0.01-0.2. wetlands 0 003 0.015. rice paddies 

0.0-0.1). Potentially the largest (but abo a very speculative) feedback is the destabtlizauon of 

methane hydrates (releasing Ct-U) from near-shore ocean sediments and permafrost, espe

cially in the Artie. Assuming a global warming of 2"C. the release could be some 120 TgCrU 

per year (Lashof 1989]. Furthermore, anaerobic decomposition in natural and man-made 

wetlands (nee fields), bogs and permafrost could increase, because (1) the length of the 

period when the ground is frozen will be less, and (2) emission rate of methanogentc microbes 

will increase in a response to temperature and precipitation change. The largest response 

wilt come from permafrost high-latitude zones (warmer, wetter sous) and from rice fields. 

• OCEANIC CHEMISTRY AND MIXING (gain ± 003 ) . As the ocean warms the solubility of CO2 

in water decreases, which has the impact that atmospheric COj increases (at about 1% per 

C increase. [Lashof 1989!). The temperature increase is expected to be larger at higher 

iatitudes than m the tropics. This will slow down sea currents. This has profound conse

quences. Ocean currents acts as a great conveyer belt of ocean water around the globe. 

depending on temperature and water salinity in a delicate balance, in the North Atlantic salty 

ocean water is chilled, increases in density and sinks. From there it travels in a huge bottom 

circuit (around Africa, through the Indian ocean) to 'he Pacific, where K upwells and makes it 

way back roughiy along the same route. An infusion of less salty water (by melting of artic ice 

and glaciers) could cause ocean currents to stall (as the surface water would not gain density 

enough to sink). Thus, the vertical mixing of ocean water is stalled, resulting in a slower uptake 

of heat and COj by the ocean water. 

• OCEAN CIRCULATION AND BIOLOGY (gain 0.0-0.1). (1) The system of ocean mixing and 

currents is linked with the atmosphere, e.g. winds across the Atlantic bring rain in Europe, and 

this raises (he North Atlantic ocean's salinity. A speculative feedback involves the possibility 

of large-scale changes in the circulations of the atmosphere-ocean system. It has been 

suggested that (he vary rapid changes in the atmospheric CO2 content and temperature during 

gtacial-interglacial transitions have been triggered by jumps between stable but different 

modes of ocean atmosphere operation, that involve large opposite shifts in ocean mixing and 

circulation patterns in ocean and atmosphere. (2) Global warming could induce increased 

phytoplankton abundance and speciation. which would lead to increased dimethyl sulphide 

(DMS) emissions (which is produced in their metabolism). DM5 is a gas that leads to 

formation of cloud corjensabon nuclei (aerosols), and hence more clouds, but is uncertain 

whether this feedback is positive or negative. (3) A slowed-down vertical mixing affects the 

biological pump', in *rnch carbon is earned from surface to deeper waters, balanced by an 

upward transport of dissolved carbon and nutrients in areas of upweliing water. Phytoplankton 

productivity could thus be limited by (he supply of nutrient-rich deeper water, and as a 

consequence (he uptake of CO2 is likely to be slowed down. 

• VEGETATION ALBEDO (gain 0.0-0.9). A poleward shift in the tundra-boreal forest boundary 

means an increase of planetary surface albedo (a darker surface). Increase in grassland and 

desert area however could increase albedo, and partially compensate for decreased albedo at 

high latitudes. 

• ENERGY (gain 0.0 0.004) When global temperature increases, more energy is needed for 

cooling and air conditioning purposes. Higher energy consumption means higher CO2 

emission, if the increased demand is met by fossil fuels. On the other hand, less energy will 

be needed for space heating in mid and high latitudes. 



Box A3 (continued) 

VEGETATION (gain: CO2 fertilization -(0.01-0.04). vegetation respiration 0.0-0.03). When 
atmospheric CO2 increases, the CO2 assimilation (photosynthesis) proceeds more efficiently, 
plants grow faster (CO2 fertilization). Also when temperature increases, this positively affects 
CO2 assimilation, but also respiration (and at a faster rate than photosynthesis). The net effect 
on MNP (net primary productivity - gross photosynthesis minus respiration) will depend also 
on other factors: (1) acclimatization of plants to CO2 and temperature change. (2) nutrients 
and water availibility. CO2 fertilization has the by-effect that water and nutrient efficiency of 
the plant increases. However, in some areas soil moisture could decrease as a climate change 
effect, and here water availibility could be a constraint. Predictions on geographical changes 
in soil moisture are still uncertain. On a global scale a net increase of global biomoss volume 
is anticpated. However, other factors could attenuate such increase in global biomass: (1) 
Carbon uptake by inc eased NNP could be counteracted by increased emissions due to 
decomposition. Decomposition is quite sensitive to temperature. There could also be shifts in 
the fraction of organic matter which decays anaerobicaily (CH4 has a larger greenhouse effect 
than CO2 per molecule, and therefore such shifts could have a significant impact). There could 
be competition between nutrient use by microbes in increased decomposition processes and 
nutrient use needed in higher plant biomass growth. (2) An increase in intensity of ultraviolet 
radiation (due to depletion of the stratospheric ozone layer) might have adverse effects on 
marine and terrestrial biota (and thus carbon uptake by these b'ita). (3) Climate change will 
also affect microbic processes that emit N2O, as these are iensitive to changes in temperature, 
soil moisture and soit structure. The sign of these changes (+/-) remains speculative. The 
application of nitrogen fertilizer causes the emission of the greenhouse gas N2O. but also 
contributes to a negative feedback (nitrogen application leads to eutrophication of surface 
waters through growth of new algae, that take up CO2). 

The IPCC calculations of equilibrium and time-dependent climate change are based on: 

1) "best estimates" of equilibrium climate sensitivity, using GCMs; 

2) a so-called "box diffusion upwelling" ocean-atmosphere model, which describes the 
evolution in time of temperature response and sea-ievel rise for a given climate 
sensitivity. This model uses a simple picture of oceans, divided in layers with decreasing 
temperature, and determines global mean surface air temperature and ocean tempera
ture as a function of ocean depth. 
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ANNEX B BACKGROUND DOCUMENTATION ON 
THE CONTRIBUTION OF DEVELOPING 
COUNTRIES TO GREENHOUSE GAS 
EMISSIONS 

To compile the emission data presented in this report detailed estimates of emissions per 
activity (e.g. oil combustion) per gas and per region were made for the current (1985) 
situation and for the year 2025 (Business-as-üsual and Policy scenarios). The two 
scenarios distinguished here are based on corresponding scenarios developed by the IPCC, 
presented in the following IPCC reports: 1) the report of Working Group III (IPCC, 1990); 
2) the report of the US/Netherlands Expert Group (Task A, i990) and 3) the report of the 
CIS/Japan Expert Group (US/Japan, 1990). Also the division in regions is not entirely the 
same. A compilation of data used in this report is given § B.l. These IPCC data have been 
used as base for this report. In some cases own estimates of emissions were made to fill 
gaps in the IPCC data available, and thus data differ slightly from the 1PCC data, since these 
are derived from a series of recalculation analyses. Generally the differences are very 
minor. A short discussion of the assumptions underlying the IPCC scenarios is given in § 
B.2. 

Box B. 1 Difference in definition of regions between IPCC reports and this report 

IPCC 

United States. 

OECD - Europe/Canada. 

OECD - Pacific, 

Centrally Planned Europe. 

Africa, 

Centrally Planned Asia. 

Middle East. 

South and South East Asia, 

Includes (india) 

Latin America 

This report 

North America (• Canada), 

Rest OECD (Europe • 

Pacific, excl. Canada). 

Eastern Europe (idem). 

Africa (idem). 

China (excl. other Asian centrally planned states), 

Rest Asia (Middle East. 

South and Southeast Asia 

(excl. India). Pacific states, centrally planned Asia 

excl. China), 

India 

Latin America 

B.l. Annual emissions in 1985 and 2025: review of data and 
literature sources 

The 1985 and 2025 CO2 emission data for oil, gas and coal combustion are re-calculated 
from IPCC data on primary fuel consumption presented in tables B.3 (coal, oil and gas) 
and B.4 (synthetic fuel). The IPCC data used were taken from Task A (1990) and 
US/Japan (1990). The 2025 data for China, India and North America are estimated 
assuming that the growth rates of the regions North America, China and India is the same 
as of the IPCC-defined regions of respectively United States, CP Asia and South 6 South 
East Asia. A more precise method would have been to calo/iate emissions using detailed 
statistical information of fuel consumption per country or region and combining it with the 



appropriate emission coefficients . 

Global CO, CH4 and N20 emissions in 1985 and 2025 are based on Task A (1990) and 
Ahuja (1990, for India) simply allocated to regions according to shares per fuel per region 
in CO2 emissions for energy consumption. The re-calculated figures only differ in a minor 
way from IPCC results. A more precize method would have been to determine emission of 
each gas per fuel type (e.g. coal, gasoline) per technology (e.g. gas heater, coal-fired 
boiler, electricity utility, vehicles) per gas and operating conditions of the technology. This 
would have required detailed statistical information that has not been available during the 
preparation of this report. 

Table B. 1 Energy consumption and related emissions 

(in TgC02/yr 

North America 
RestOECD 
Eastern Europe 
Africa 
China 
India 
Rest Asia 
Latin America 
TOTAL 

(In TgC02/yr) 

North America 
ReslOECD 
eastern Europe 
Africa 
China 
India 
Rest Asia 
Latin America 
TOTAL 

COj EMISSIONS FROM FOSSIL FUELS PER TYPE OF FUEL 

coal 

1933 
1104 
2643 

266 
1400 
258 
166 
69 

7840 

1985 

oil 

2245 
2275 
1426 
218 
259 
110 
749 
648 

8130 

gas 

1099 
377 

1061 
53 

5 
7 

184 
122 

2908 

2025 BÜSINESS-AS-ÜSCJAL 

coal oil gas • 

3589 2065 1312 
2821 1886 579 
4936 1995 1794 

883 511 101 
4462 488 125 
1565 242 28 
959 1563 646 
597 1338 408 

19180 10O89 4993 

TOTAL EMISSIONS FROM FOSSIL FUELS 

C0 2 EMISSIONS 

1985 

5477 
3756 
5130 

538 
1665 
376 

1098 
839 

18878 

2025 
Ba(J 

7259 
5480 
9262 
1599 
5403 
1864 
3208 
2362 

36436 

2025 
Policy 

3050 
2906 
3629 

792 
3363 

718 
1703 
1176 

17338 

CO(inTgCOZyr) 

synfuel 

293 
193 
538 
105 
327 

29 
41 
19 

1544 

2025 POLICY 

coal 

773 
843 

1507 
342 

2841 
545 
355 
127 

7333 

oil 

1565 
1671 
1263 
364 
371 
159 

1018 
844 

7256 

OTHER GASES 

CH4<inTgCH4/yr) 
N20 (in TgN/yr) 
NO» (in TgN/yr) 

1985 

425 
2 
1.09 

23.5 

2025 
BaU 

674 
3.2 
1.3 

39.1 

gas 

712 
392 
860 

87 
151 

14 
330 
205 

2749 

2025 
Policy 

243 
1.9 
1.2 

24.7 

CO2 emissions are calculated from the data on primary energy consumption in table B.3 and on 
synfuels in table B4. EsnM'on coefficients (rates for consumption): coal 91.3 gCOz/lAJ (oxidized 
fraction 0.98). oil 68.2 gCOï/MJ (oxidized fraction 0.92), gas 49.1 gC02/MJ (oxidized fraction 0.98) 
and synthetic gas and oil (from coal, rate for production and consumption) 135 gCOï/MJ, and are 
taken from: US/Japan (1990). Lashof & Tirpak (1989). 

SOURCE of data: see main text 

42 liquid fuels (crude oil. natural gas liquids, gasoline, kerosene, gas/diesel. residual oil, LPG), solid 
fuels (coking coal, bituminous coal, sub-bituminous coal, lignite, peat) and gaseous fuels (natural 
gas). 



The 1985 global emission data for coal and gas production are adapted from Task A 
(1990) and Ahuja (1990) and allocated to regions using data from US/Japan (1990. 
p.29-33) and WRI (1988) (to calculate the ratio united States/Canada), table 7.1. The 
energy production data are presented in table B.2 for illustrative purposes, but have not 
been used here to estimate emissions. Production data are from WRI (1988), except the 
China and India data that are adapted from ADB (1987) and WRI (1988). The global 2025 
emissions are adapted from Task A (1990), and allocated to region using data from 
ÜS/Japan (1990). 

The 1985 emission data for cement manufacture are based on CJSAID (1990), table A2.2 
(which are based on Task A (1990)) and Goldemberg etal (1988), note 2.5.3.4.-D. For 
2025 a doubling of emissions is assumed in both scenarios, corresponding to the assump
tions in Task A (1990). 

Table B.2 Energy production and CH4 emissions 

North America 
RestOECD 
Eastern Europe 
Africa 
China 
India 
Rest Asia 
Latin America 
TOTAL 

SOURCE of data: 

coal (1985) 

product. 
EJ/yr 

22.2 
12.3 
30.6 

4.1 
22.6 
4.1 
1.7 
0.8 

98.4 

see main text 

emission 
TgCrWyr 

6.7 
5.0 

10.7 
2.2 

13.9 
2.5 
1.0 
0.4 

42.4 

gas 

product. 
EJ/yr 

19.7 
7.3 

28.5 
1.8 
0.5 
0.2 
5.1 
2.8 

65.9 

(1985) 

emission 
TgCH,/yr 

12.2 
4.5 

17.7 
1.1 
0.3 
0.1 
3.2 
1.8 

41.0 

TOTAL EMISSIONS FOR ENERGY 
PRODUCTION (in 

1985 BaU 
2025 

18.9 19.6 
9.6 10.1 

28.4 41.0 
3.3 14.6 

14.2 39.0 
2.6 8.1 
4,2 28.2 
2.2 6.3 

83.4 166.8 

TgCrVyr) 

Policy 
2025 

9.9 
5.1 

20.7 
7.3 

19.6 
4.1 

14.2 
3.2 

84.0 

The 1985 emission values for landfills (e.g. 40 TgCfy in 1985) is allocated to regions 
combining the data on per capita urban waste production with urban population estimates 
given in table B.7. Urban waste data are estimated from Lashof & Tirpak (1989), table 4.8. 
urban population data are taken from WRI (1988), table 16.2. The thus calculated global 
total of 40.195 TgCH4 in 1985 corresponds to the IPCC value of 40 TgCH4. For the 
emissions of 2025 (in Bad and Policy scenario) the global totals of Task A (1990) are taken 
and regional contributions are allocated according to data given in US/Japan (1990). 

Halocarbon emission data are based on halocarbon production data given in USAID 
(1990), tables 2.2, 3.8 and 4.5 and in Task A (1990). The emission from North America 
are calculated by estimating the Canada emissions from the United States emission data 
using to the ratio of their Gross National Product. Data for India are adapted from Ahuja 
(1990). 

The 1985 and 2025 emissions related to fertilizer use and rice cultivation are taken from 
USAID (1990), tables 3.7/4.4 (which are based on the Task A (1990) report). In the case 
of fertilizer use the North America emissions are estimated by adding the Canada emissions 
to the United States emission using the ratio of their use of fertilizer (from WRI (1988), 
tables 17.2). 

The 1985 emission data from livestock has been by multiplying livestock population with 
emissions per head. The calculated total of 74,95 TgCfy deviates only little from the IPCC 
value of 74.5 TgCfy. The livestock population data are from WRI (1988), table 17.5. The 
emission coefficients per head are adapted from Ahuja (1990) and Task A (1990). For the 
emissions of the year 2025, the global total from Task A (1990) is taken, and allocated to 
regions corresponding to ÜSA1D (1990), tables 3.7 and 4.4. 



Table B. 3 Consumption of primary energy sources 

(in EJ/yr) 

N. America 
Rest OECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L America 
TOTAL 

(1) 
coal 

4.32 
6.95 

10.26 
1.30 

11.56 
1.65 
1.23 
0.65 

37.58 

(2) 
coal 

for 
elctr 

16.85 
5.51 

18.68 
1.62 
3.78 
1.15 
0.58 

o.u 
48.28 

oil 

34.40 
30.60 
16.00 
2.80 
3.00 
1.56 
9.14 
9.10 

106.60 

oil 
for 

elctr 

1.45 
2.75 
4.90 
0.40 
0.80 
0.06 
1.84 
0.40 

12.60 

gas 

17.71 
6.70 

15.23 
0.54 
0.11 
0.09 
1.85 
1.94 

44.16 

gas 
for 

elctr 

4.64 
0.97 
6.37 
0.54 
0.00 
0.05 
1.89 
0.54 

15.01 

(3) 
coal 
for 

synfl 

0 

(4) 
bio 
for 

synfl 

0 

(5) 
hydro 
power 

6.55 
6.15 
2.50 
0.20 
1.00 
0.67 
0.73 
3.30 

21.10 

(5) 
solar 

0 

(5) 
nucl. 

3.90 
8.50 
2.60 
0.04 
0.00 
0.06 
0.07 
0.06 

15.23 

(6) 
trad. 
bio 

1.19 
0.43 
1.17 
4.92 
8.75 
4.01 
4.60 
3.93 

28.98 

TOTAL 

91.01 
68.19 
77.71 
12.36 
28.99 

9.33 
21.93 
20.03 

329.55 

PRIMARY ENERGY CONSUMPTION in 2025 Business-as-Usual 

(in EJ/yr) 

N. America 
Rest OECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L America 
TOTAL 

coal 

8.52 
11.19 
13.72 
5.18 

35.37 
7.96 
5.81 
4.21 

91.96 

coal 
for 

elctr 

30.78 
19.71 
40.34 

4.48 
13.50 

9.18 
4.69 
2.32 

125.00 

oil 

26.87 
24.98 
24.55 

6.98 
5.77 
3.46 

20.26 
19.20 

132.06 

oil 
for 

elctr 

3.41 
2.68 
4.70 
0.51 
1.40 
0.08 
2.66 
0.42 

15.86 

gas 

19.09 
7.31 

27.10 
1.05 
0.45 
0.43 
8.13 
7.45 

71.01 

gas 
for 

elctr 

7.62 
4.48 
9.40 
1.00 
2.10 
0.14 
5.01 
0.85 

30.60 

coal 
for 

synfl 

3.25 
2.15 
5.95 
0.85 
4.10 
0.33 
0.47 
0.20 

17.30 

bio 
for 

synfl 

0.45 
0.30 
0.70 
0.30 
0.90 
0.07 
0.53 
1.53 

hydro 
power 

8.36 
7.84 
3.60 
1.30 
6.40 
3.00 
3.30 

12.30 
4.60 46.10 

solar 

2.30 
2.05 
2.95 
0.30 
0.90 
0.60 
0.65 
0.25 

10.00 

nucl. 

7.27 
15.83 
9.20 
0.75 
2.80 
1.55 
1.80 
0.65 

39.85 

trad. 
bio 

1.19 
0.43 
1.17 
9.66 
4.69 
5.72 
6.57 
1.57 

31.17 

TOTAL 

119.11 
98.55 

143.37 
32.37 
78.37 
32.53 
59.87 
50.95 

615.51 

PRIMARY ENERGY CONSUMPTION in 2025 Policy 

(in EJ/yr) 

N. America 
Rest OECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L America 
TOTAL 

coal 

2.75 
6.60 
9.10 
2.50 

36.87 
3.85 
2.81 
1.19 

55.68 

coal 
for 

elctr 

5.72 
2.63 
7.40 
1.24 
4.24 
2.12 
1.08 
0.20 

24.63 

oil 

21.25 
23.52 
16.24 
4.94 
4.24 
2.29 

13.44 
12.26 
98.19 

oil 
for 

elctr 

1.70 
0.98 
2.28 
0.40 
1.20 
0.04 
1.49 
0.11 
8 20 

gas 

10.10 
5.97 

12.31 
0 8 3 
0.56 
0.19 
3.60 
3.87 

37.43 

gas 
for 

elctr 

4.38 
2.01 
5.18 
0.93 
2.51 
0.09 
3.11 
0.30 

18.52 

coal 
for 

synfl 

0 

bio 
for 

synfl 

7.24 
6.51 

12.40 
12.47 

4.47 
1.81 
6.51 

18.71 

hydro 
power 

8.43 
7.92 
3.65 
1.13 
5.25 
2.46 
2.68 
9.98 

70.12 41.49 

solar 

5.15 
3.60 
6.50 
0.98 
3.11 
1.43 
1.57 
0.26 

22.60 

nucl. 

3.93 
8.57 
5.90 
0.71 
2.85 
1.14 
1.34 
0.19 

24.63 

trad. 
bio 

0.59 
0.22 
0.58 
9.00 
4.74 
4.57 
5.24 
1.96 

26.91 

TOTAL 

71.25 
68.53 
81.55 
35.13 
60.04 
20.00 
42.85 
49.03 

428.38 

Data are taken from US/Japan (1990) for North America, China and India, and from Task A (1990) 
for the other regions. 
For data on traditional biomass: see table B.I2. 
(1) coal for direct consumption 
(2) coal for electricity utilities 
(3) coal for the production of synthetic gas and oil 
(4) biomass for the production of synthetic gas and oil 
(5) hydro, solar and nuclear-generated electricity 
(6) traditional biomass consumption (wood, charcoal, agricultural residues, dung and bagasse). 

Data on deforestation and reforestation in the North and in China are taken from OECD 
(1990). The 2025 values are based on own assumptions. The 1985 emissions from tropical 
deforestation are taken from IPCC-III (1990). These estimates are based on FAO data of 
deforested area for 1980-1985, as given in FAO (1982), FAO (1986) and FAO (1988). 
Carbon uptake figures are based on data on reforested area presented in WR1 (1988). For 
2025 (Business-as-Clsual) a doubling of annual reforested area in the tropics is assumed, 



while data for the South (excl. China) are taken from CJSAID (1990). The global total 
uptake (in 2025) of the Policy scenario is the value given in ÜSAID (1990), table 4.1. The 
regional breakdown however is based on own assumpticns. It is assumed that 90 TgCC>2 
is reforested in the North and 1590 TgCC>2 in the tropics. 

Table B.4 Consumption of secondary energy sources 

PRODUCTION AND CONSUMPTION OF SYNTHETIC FUELS IN 2025 

(in EJ/yr) 

North America 
Rest OECD 
Eastern Europe 
Africa 
China 
India 
Rest Asia 
Latin America 
TOTAL 

2025 BÜSINESS-AS-ÜSÜAL 

CONSUMPTION 

synthetic 
oil 

2.14 
1.36 
3.90 
0.40 
2.65 
0.13 
0.32 
0.10 

11.00 

synthetic 
gas 

0.33 
0.27 
0.55 
0.65 
0.30 
0.13 
0.32 
1.00 
3.55 

CONSUMPTION OF ELECTRICITY 

North America 
Rest OECD 
Eastern Europe 
Africa 
China 
India 
Rest Asia 
Latin America 
TOTAL 

PRODUCTION 

coal 
for 

synfuels 

3.25 
2.15 
5.95 
0.85 
4.10 
0.33 
0.47 
0.20 

17.30 

ENERGY CONVERSION 
EFFICIENCY AT ELECTRIC 

POWER PLANTS 

1985 

0.317 
0.319 
0.316 
0.28 
0.28 
0.28 
0.28 
0.3 

2025 
BaO 

0.343 
0.339 
0.345 
0.32 
0.3 
0.3 
0.3 
0.325 

2025 
Policy 

0.349 
0.442 
0.349 
0.34 
0.315 
0.335 
0.335 
0.345 

biomass 
for 

synfuels 

0.45 
0.30 
0.70 
0.30 
0.90 
0.07 
0.53 
1.35 
4.60 

• 

2025 POU 

CONSUMPTION 1 

synthetic 
oil 

0.99 
0.91 
1.70 
1.73 
0.62 
0.25 
0.90 
2.85 
9.68 

EFFICIENCY 

synthetic 
gas 

4.51 
4.04 
7.60 
7.66 
2.77 
1.11 
4.01 

11.47 
43.18 

CY 

PRODUCTION 

coal 
for 

synfuels 

0.0 

biomass 
for 

synfuels 

7.24 
6.5t 

12.40 
12.47 
4.47 
1.81 
6.51 

18.71 
70.12 

ELECTRICITY 
TRANSMISSION AND CONSUMPTION 

DISTRIBUTION 

1985 

0.91 
0.91 
0.91 
0.82 
0.91 
0.79 
0.79 
0.883 

2025 
Ball 

0.91 
0.91 
0.91 
0.85 
0.91 
0.82 
0.82 
0.87 

2025 1985 
Policy 

0.93 10.59 
0.93 7.62 
0.93 11.08 
0.87 0.65 
0.91 1.47 
0.875 0.52 
0.875 1.34 
0.897 1.33 

34.59 

(in EJ/yr) 

2025 
Bad 

20.49 
17.83 
24.21 

2.51 
8.78 
4.80 
5.99 
5.57 

90.19 

2025 
Policy 

10.23 
11.37 
10.79 
2.31 
8.29 
3.18 
4.87 
4.97 

56.00 

Synthetic fuels (oil, gas) are produced from eitner coal or biomass. In the latter case there is no net 
contribution to CO2 emission, assuming sustainable harvesting of biomass. SOURCE of data: see main text 

Electricity is produced in fossil-fuel-fired power plants (coal, oil, gas) and from non-C02-emitting energy 
sources (nuclear, solar and hydro power). Fuels for direct consumption include coal, oil. gas and synthetic 
fuels. SOURCE of data: own estimates adapted from data sources mentioned in the main text. Note that 
energy conversion efficiencies &r, y to power plants only (fossil-fuel fired), and do no apply to solar, hydro 
and nuclear power. 

The 1985 CO emissions due to biomass burning for fuel are based on consumption 
estimates given in table B.12 and calculated according to the method described. Data on 
consumption of biomass as fuel are taken from Leach & Meyers (1989) for the South and 
from WRI (1988) for the North. Biofuel burning was responsible for 19.0% of CO emissions 
due to biomass burning in 1985. Regional shares of emissions in 2025 are allocated 
according to growth estimates presented in Sathaye et.ai (1989), table 11. Global total 
emissions of the gases CH4, N2O and NOx are taken from Task A (1990) and allocated 
according to the CO regional breakdown. 



Table B.5 CO2 emissions from cement manufacture 

N. America 
RestOECD 
East Europe 
Africa 
China 
India 
Rest Asia 
L. America 
TOTAL 

PRODUCTION 

(Mton/year) 

1985 

81 
271 
202 

42 
145 
34 

125 
73 

972 

(TgCOz/yr) 

1985 

39.8 
132.9 
99.0 
20.5 
71.1 
16.5 
61.2 
35.6 

476.6 

EMISSION 

2025 
BaÜ 

79.6 
265.8 
198.0 
41.0 

142.0 
33.0 

122.4 
71.2 

953.2 

2025 
Policy 

79.6 
265.8 
198.0 
41.0 

142.2 
33.0 

122.4 
71.2 

953.2 

Emission coefficient: 0.49 kgC02 per kg of cement 

SOURCE of data: see main text. 

Table B.6 Rice cultivation: wet rice area and CH4 emissions 

N. America 
RestOECD 
East Europe 
Africa 
China 
India 
Rest Asia 
L America 
TOTAL 

HARVESTED 

AREA (Mha/yr) 

1985 

1.1 
3.3 
2.1 
3.5 

35.6 
41.5 
51.9 

7.9 
147.0 

in (TgCHt/yr) 

1985 

0.8 
2.5 
1.6 
2.6 

26.7 
31.1 
38.9 

5.9 
110.1 

EMISSION 

2025 
BaÜ 

1.0 
2.0 
1.8 
5.5 

27.0 
51.6 
52.6 

7.0 
148.5 

2025 
Policy 

0.9 
1.7 
1.5 
4.5 

22.2 
42.1 
43.0 

5.7 
121.6 

Emission coefficient: 75 kgChU per hectare of harvest 

SOURCE of data: see main text. 

The global totals of 1985 and 2025 emissions for CO, CH4 and N2O from biomass burning 
activities (other than for fuel) are adapted from Task A (1990) and Ahuja (1990). 
Emissions are allocated to activity based on data adapted from Seiler & Crutzen (Robinson 
1989, p.247) and from Task A (1990). 

This gives the following shares: 

• woodfuel combustion 19% (including wood, charcoal, agricultural residues, dung and 
bagasse), 

• burning of agricultural residues after harvesting 21.1%, 
• burning after clearing of land for permanent agriculture 11.7%; 
• savanna burning 17,7%, 

prescribed bums in tempor ate zones 4.3%, 
clearing in shifting ('slash <S bum') cultivation 25.2%. 

• 

Regional breakdowns for these activities are calculated in the way described in table B.13, 
The global total 2025 emission data were adapted from Task A (1990) and allocated 
according to the 1985 regional breakdown. 



The global total N2O emissions in 1985 and 2025 from land conversion are compiled from 
Task A (1990). The 1985 regional breakdown is based on data of area under new 
cultivation, presented in Ahuja (1990) and WRI (1988), table 16.1. The regional emissions 
in 2025 are allocated according to the 1985 shares. 

Table B. 7 Landfills and CH4 emissions 

N America 
RestOECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L America 
TOTAL 

URBAN 
WASTE 

(kg/day/capita) 

19B5 

1.8 
0.85 
0.85 
0.45 
0.5 
0.5 
0.6 
0.6 

URBAN 
POPULATION 

(million) 

1985 

200 
385 
348 
188 
406 
215 
288 
283 

1985 

9.42 
8.56 
7.74 
1.66 
3.98 
2.11 
3.39 
3.33 

40.20 

EMISSIONS (TgCrVyr) 

2025 
BaU 

11.23 
10.28 
10.16 
4.78 

10.52 
5.62 
8.96 
9.56 

71.10 

2025 
Policy 

8.75 
8.00 
7.91 
3.72 
8.19 
4.48 
6.98 
7.45 

55.40 

Emissions are calculated using the following equation: 

Total emission = (urban waste)*(urban population)*m*c*!*d*(l6/12) 

m = 0.7 
c = 0 . 1 5 
1 = 0.64 (North) 

= 0.48 (South) 
d = 0.8 

moisture fraction of waste 
carbon fraction of waste 
landfilled fraction of waste 

dissimifated fraction 

SOURCE of data: see main text. 

Table B.8 Fertilizer use and fyO emissions 

N. America 
RestOECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L. America 
TOTAL 

EMISSIONS (in' 

1985 

0.347 
0.211 
0.298 
0.052 
0.270 
0.111 
0.141 
0.070 
1.500 

2025 
BaU 

0.442 
0.525 
0.584 
0.209 
0.462 
0.317 
0.724 
0.205 
3.468 

rgN/yr) 

2025 
Policy 

0.342 
0.434 
0.478 
0.171 
0.378 
0,260 
0.591 
0.168 
2.822 

EMISSION COEFFICIENTS 

fertilizer type 

ammonium nitrate 
and ammonium salts 
nitrate 
urea 
anhydrous ammonia 
other nitrogenous 

given in Task A (1990) 
N2O from fertil 

/o 

evolved directly 

0.1 

0.05 
0.5 
0.5 
1.0 

lizer 

% evolved from 
leaching 

2.0 

2.0 
2.0 
2.0 
2.0 

SOURCE of emission data: see main text 



Table B.9 Livestock: population and CH4 emissions 

N. America 
RestOECD 
East Europe 
Africa 
China 
India 
f> st Asia 
L. America 
TOTAL 

LIVESTOCK POPULATIONS (1985. in millions) 

Bovtnes Sheep/ 
goats 

121.5 13.0 
119,0 315.7 
159.3 200.5 
174.2 348.7 
62.9 159.0 

197.9 153.4 
115.2 284.4 
304.4 147.1 

1264.4 1621.8 

EMISSION COEFFICIENTS (kg per 

Pigs 

65.1 
119.3 
152.0 

11.5 
321.4 

8.7 
46.4 
79.4 

803.8 

Horses/ 
donkeys 

11.0 
3.5 
9.5 

17.2 
26.7 

2.0 
14.5 
36.1 

120.5 

head per year): 

Came's/ 
buffaloes 

0.0 
0.1 
0.9 

13.9 
20.1 
74.5 
39.9 

0.8 
150.2 

EMISSIONS (in TgCrWyr) 

1985 

7.67 
10.19 
11.40 
8.91 
4.88 

11.83 
7.94 

12.13 
74.95 

2025 
Bad 

15.10 
24.50 
16.40 
13.20 
12.10 
900 

13.30 
21.00 

124.60 

2025 
Policy 

12.57 
20.39 
13.65 
10.99 
10.07 
7.49 

11.07 
17.48 

103.70 

NORTH SOUTH 
bovtnes 60 35 
sheep and goats 7 5 
pigs 1.5 t 
horses and donkeys 17 17 
camels and buffaloes 55 55 

SOURCE of data: see main text 

B.2. IPCC scenario assumptions 
This report relies basically on greenhouse gas emission scenarios developed by the 
US/Netherlands Expert Group of IPCC (Task A scenarios). The Workgroup has developed 
four emission scenarios, which are called (1) 2030 High Emissions, (2) 2060 Low 
Emissions, (3) Control Policies, (4) Accelerated Policies. For each emission scenario two 
values for the variable of economic growth are used (resulting in a Lower Growth and 
Higher Growth case), thus yielding eight scenarios. The Workgroup has also provided the 
results in one scenario for each emission profile, which is simply the average of the results 
of the Lower and Higher Growth cases (Average Growth). In this report only two scenartos 
are compared. These are the 2030 High Emissions (called "Business-as-Usual* here; and 
the Accelerated Policies (abbreviated "Policy: here), both for the Average Growth scenario. 
Thus both the Business-as-Usua) and Policy scenario are based on the same economic 
growth assumptions. Table B.14 gives a summary of the economic growth rates assumed 
by IPCC (which are based on annual average growth rates ir. Gross Domestic Product by 
the World Bank). 

Another key variable (which is the same for all 1PCC scenarios) is population growth. The 
IPCC used population estimates derived from World Bank estimates (see table B. 15). 

Other key variables that have not been altered from one scenario to the next are extraction 
costs and availibility of fossil fuel resources, starting emission (i.e. 1985) budgets for each 
greenhouse gas, the atmospheric response to changing greenhouse gas concentrations, 
and basic lifestyle preferences 9e.g. average number of miles driven per year). 

Variables that were altered include oil prices, type and amount of energy supply, type and 
amount of energy demand, production and use of CFCs, deforestation and reforestation, 
and agricultural production. 

The primary tool used by IPCC to develop its scenarios is the Atmospheric Stabilization 
Framework (ASF), developed by US Environmental Protection Agency (CIS EPA). The 
ASF consists of emission modules and two concentration modules. Scenario specifications 
are used as input for the four emissions modules (energy, industry, agriculture and land 



use / natural sources), which calculate net greenhouse gas emissions for the nine regions 
distinguished by IPCC (see box B. 1) every five years from 1985 to 2025 and every 25 years 
through 2100. 

Table B.10 Halocarbons: production and emissions 

PRODUCTION 

CFC-11 CFC-12 HCFC-22 CFC-113 

(million kg 1985 2025 2025 1985 2025 2025 1985 2025 2025 1985 2025 2025 
per year) Bad Policy Baü Policy BaU Policy BaU Policy 

N. America 
RestOECD 
East Europe 
Africa 
China 
India 
Rest Asia 
L. America 
TOTAL 

52 
135 
34 
17 
5 
1 

23 
12 

279 

10 
116 
39 
41 
12 
2 

90 
29 

339 

PRODUCTION 

2 
5 
I 
1 
1 
0 
1 
1 

12 

112 
119 
72 
16 
9 
3 

22 
i l 

364 

28 
66 
54 
41 
22 

8 
58 
29 

306 

3 
4 
2 
1 
1 
0 
1 
1 

13 

66 
20 

5 
1 
1 
0 
2 
1 

96 

737 
193 
145 
63 
26 

5 
92 
45 

1306 

1082 
320 

79 
26 
11 
2 

37 
18 

1575 

63 
68 

9 
3 
1 
0 
5 
2 

151 

19 
43 

9 
11 

5 
1 

16 
8 

112 

CH3CCI3 ecu Habn 1301 Halon 1211 

(million kg 1985 2025 2025 1985 2025 2025 1985 2025 2025 1985 2025 2025 
per year) Bad Policy BaU Policy Baü Policy Bad Policy 

N. America 
RestOECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L America 
TOTAL 

(inTgCFC-
11 in year) 

M. America 
RestOECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L. America 
TOTAL 

428 1995 
195 864 
88 517 
29 227 
12 93 
3 10 

36 342 
20 160 

811 4203 

350 
158 
72 
23 
10 
4 

32 
16 

665 

25 
33 

8 
4 
2 
1 
6 
3 

82 

14 
45 
26 
23 
10 
2 

32 
16 

168 

EMISSIONS OF HALOCARBONS 

1985 

0.3373 
0.4109 
0.1922 
0.0533 
0.0253 
0.0077 
0.0732 
0.0373 
1.1372 

2025 
BaU 

0.4562 
0.3847 
0.2401 
0.1696 
0.0756 
0.0221 
0.2733 
0.1200 
1.7416 

2025 
Policy 

0.5101 
0.1888 
0.0501 
0.0179 
0.0094 
0.0019 
0.0240 
0.0139 
0.8161 

32 
41 
16 
5 
2 
1 
8 
4 

111 

1.0 
0.7 
0.2 
0.1 
0.0 
0.0 
0.1 
0.1 
2.2 

3.6 
1.7 
1.1 
0.6 
0.1 
0.1 
0.7 
0.4 
8.3 

CFC-11 
CFC-12 

7.0 
8.0 
1.0 
0.5 
0.2 
0.2 
0.5 
0.5 

17.9 

GWP 

i 

CFC-113 
CrbCCIs 
ecu 
Halon 1301 
Halon 12H 
HCFC-22 

0.6 
0.4 
0.1 
0.1 
0.0 
0.0 
0.1 
0.1 
1.4 

3500 
7300 
4200 

100 
1300 
5800 
1450 
1500 

9.0 
10.0 
0.2 
0.2 
0.1 
0.1 
0.2 
0.2 

20.0 

11.2 
12.8 

1.6 
0.9 
0.5 
0.5 
0.9 
0.9 

29.3 

Emissions (in TgC02) are calculated by multiplying the Global Warming Potential (GWP) of a gas by 
the annual production figure. 

SOURCE: see main text 



Table B.U CO2 and N2/O emissions due to land-use change 

(in TgC02/yr) 

N. America 
RestOECD 
East Europe 
Africa 
China 
India 
Rest Asia 
L. America 
TOTAL 

C02 EMISSIONS 

Deforest. 
1985 

103 
0 

154 
620 

87 
32 

652 
1280 
2927 

Reforest 
1985 

-11 
-11 
-26 

-3 
-103 

-2 
-7 
-9 

-172 

Deforest 
2025 
BaU 

103 
0 

154 
935 

96 
41 

1395 
2495 
5219 

Reforest 
2025 
BaU 

-11 
-11 
-26 

6 
-73 

-4 
-15 
•18 

-164 

Reforest. 
2025 
Policy 

-30 
-30 
-30 

-290 
-119 

-22 
-268 
-890 

-1680 

NzO EMISSIONS 

(l)New 
cult area 

(Mha) 
1985 

0.50 
0.10 
0.12 
0.78 
0.15 
0.32 
1.42 
1.79 
5.19 

19B5 

0.0386 
0.0077 
0.0093 
0.0604 
0.0116 
0.0247 
0.1098 
0.1380 
0.4000 

(in TgN/yr) 
2025 2025 
BaU Pol. 

0.0771 
0.0154 
0.0185 
0.1208 
0.0231 
0.0494 
0.2196 
0.2761 
0.8000 0 

(1) forest land brought under new cultivation. 

SOURCE of data: see main text 

Table B.12 Consumption of traditional biomass 

(in EJ/yr) 

N. America 
RestOECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L. America 
TOTAL 

CONSUMPTION PER TYPE OF 
FUEL (1985) 

direct 
wood use 

1.188** 
0.429** 
1.166*» 
3.820 
4.930 
2.365 
3.469 
2.000 

19.367 

wood of 
charcoal 

0.918 

0.160 
0.360 
0.739 
2.177 

agricuit. 
residues 

3.600 
0.430 
0.383 

4.413 

dung 

0.100 
0.860 
0.165 

1.125 

bagasse 

0.185 
0.120 
0.190 
0.218 
1.187 
1.900 

1985 

1.188 
0.429 
1.166 
4.924 
8.750 
4.005 
4.595 
3.926 

28.983 

TOTAL 

2025 
BaU 

1.188 
0.429 
1.166 
9.664 
4.690 
5.723 
6.568 
1.745 

31.173 

2025 
Policy 

0.594 
0.215 
0.583 
9.003 
4.740 
4.570 
5.243 
1.963 

26.911 

*) includes wood for charcoal 

SOURCE of data: see main text. 

THE ENERGY MODULE includes a demand model (based on specific assumptions on the 
level of energy-using activities and efficiency of technologies per sector per region, and by 
income group), and a supply model (that equilibrates supply and demand, including 
estimates of energy resources and prices). Trace gas emission are calculated by allocating 
final demand among the individual combustion technologies. The INDUSTRY model 
consists of CFC model and estimates emissions from iandfilling and cement production 
(simply as a function of population and GDP). The AGRICULTURE model forecasts 
emissions from fertilizer use, rice, enteric fermentation and emissions from burning of 
wastes. The LAND-USE/NATURAL SOURCES mode! estimates C02 emissions from 
deforestation (based on future rates of land clearing), N20 from land disturbance and trace 
gas emissions from biomass burning. 



Table B. J 3 CO. CH4, fifeO and MOx emissions from biomass burning 

CO EMISSIONS ESTIMATES FROM BIOMASS BURNING 

1985 2025 BCJSINESS-AS-ÜSÜAL 

(in TgCO/yr) 

N.America 
Rest OECO 
East. Europe 
Africa 
China 
India 
Rest Asia 
L America 
TOTAL 

(in TgCO/yr) 

N. America 
Rest OECD 
East. Europe 
Africa 
China 
India 
Rest Asia 
L America 
TOTAL 

biofuel 

6.4 
2.3 
6.3 

25.7 
51.9 
23.2 
24.7 
15.6 

156.2 

agric. 
resid. 
harv. 

26.1 
I I I 
15.5 
11.5 
15.1») 
21.0 ' ) 
31.3*) 
41.7 

173.2 

2025 POLICY 

biofuel 

3.2 
1.2 
3.2 

47.0 
28.1 
26.5 
28.2 

7.8 
145.1 

agric. 
resid. 
harv. 

30.1 
13.2 
18.4 
13.6 
33.7 
25.1 
37.4 
49.6 

221.9 

fires 
forest 

savann 

13.0 
4.7 

17.1 
57.2 
20.9 

0.9 
25.3 
40.4 

179.7 

fires 
forest 

savann 

13.0 
4.7 

17.1 
57.2 
20.9 

0.9 
25.3 
40.4 

179.7 

shift. 
culti. 
•gric. 

0 
Ü 
0 

61.5 
0 

35.5 
41.7 
76.5 

215.2 

shift, 
culti. 
agric. 

0 
0 
0 
3.4 
0 
2.0 
2.3 
4.3 

12.0 

clear. 
perm. 

0 
0 
0 

16.8 
0 
6.9 

33.8 
38.4 
95.9 

clear, 
perm. 

0 
0 
0 
0.9 
0 
0.4 
1.9 
2.1 
5.3 

TOTAL 

45.5 
IB.l 
38.9 

172.7 
87.9 
87.5 

156.8 
212.6 
820.0 

TOTAL 

47.2 
19.1 
38.7 

122.2 
82.8 
54.8 
95.0 

104.2 
563.9 

bio 
fuel 

6.4 
2.3 
6.3 

50.5 
27.8 
33.2 
35.3 

6.9 
168.7 

agric. 
resid. 
harv. 

31.0 
13.2 
18.4 
13.6 
33.8 
24.2 
36.5 
49.6 

220.4 

fires 
forest 

savann 

13.0 
4.7 

17.1 
57.2 
20.9 

0.9 
25.3 
40.4 

179.7 

shift. 
cuiti. 
agric. 

0 
0 
0 

122.9 
0 

71.0 
83.3 

153.0 
430.3 

clear. 
perm. 

0 
0 
0 

33.6 
0 

13.7 
67.6 
76.8 

191.7 

TOTAL 

50.4 
20.2 
41.8 

277.9 
82.6 

143.1 
248.1 
326.7 

1190.8 

TOTAL EMISSIONS O F CHt. N2O AND NOx 

CH4I [inTgCrWyr) 
N 2 0 ( inTgN/y r ) 
NO, i (in TgN/yr) 

1985 

51.0 
1.3 
6 1 

2025 
BaU 

74.06 
1.89 

16.2 

2025 
Policy 

35.07 
0.89 
4.2 

Emissions of CH4. N2O and NO» are allocated to regions according to the total regional CO emissions. 

CO emissions from biofuel burning are calculated using the following equation: 

(emissions, in TgCO) 10* * (energy consumption. GJ. table B. 12)'(tonne of biomass per GJ)* 
(carbon content)*(dry matter content)*(oxidized fraction)* 
(fraction released as CO)*(28/12) 

Woodfuel: (emission) = 
Agric. resid.: (emission) = 
Dung: (emission) = 
Bagasse: (emission) • 

•) Agric.resid. emission = 109,{produclion in lonnes)*0.45*0.85*0.9 ,0I*(28/l2) 
Production data of agricultural residues are taken from Hall et.ai. (1982). in case of China. India and Rest Asia 
a part of the annual residue production is used as fuel (see table B. 12), which amount (conversion 
13 GJ/tonne) is subtracted to avoid double counting in emissions due to agricultural burning. 

The 1985 emissions from fires in temperate forests are allocated to regions according to total forest area 
(N. America 734 Mha. Rest OECD 254 Mha. Eastern Europe 965 Mha. source: WRI (1988). Emissions from 
tropical savanna and brush land burning are allocated to regions according to total pasture area (Africa 
782 Mha. China 286 Mha, India 12 Mha. Rest Asia 346 Mha. L America 552 Mha). Emissions from shifting 
cultivation are allocated according to deforested area (Africa 1.8 Mha. India 1.04 Mha, Rest Asia 1.22 Mha. 
L. America 2.24 Mha). Emissions from clearing have been allocated according to land-use change area 
(Africa 0.78 Mha. India 0.32 Mha, Rest Asia 1.57 Mha. L. America 1.79 Mha, adapted from WRI (1986) and 
WRI(1988). 

For SOURCES of data not mentioned here: see main text. 



The net emissions from the emission modules are input data for two interlinked concentra
tion modules One is an OCEAN BOX-DIFFUSION MODULE simulating ocean uptake of 
CG2 and heat. The ocean mixing parameter is based on total carbon uptake based on 
historical trends of fossil fuels and deforestation. The ATMOSPHERIC COMPOSITION 
MODULE estimates changes in concentration of greenhouse gases and global radiation 
balance based on the previous modules. As output data the atmospheric module gives the 
concentrations of gases and resulting temperature change. 

Table B. 14 Global population levels 

IPCC ASSUMPTIONS (in millions of people) 

REGION 1985 2025 

POPULATION ESTIMATES USED IN 
THIS REPORT (to determine per 
capita emissions and permissible 
emissions, see figure 2.3 and 2.14) 

2100 REGION 1985 2025 

united States 
OECD Europe/Canada 
OECD Pacific 
Centrally Planned Europe 
Afrcia 
Centrally Planned Asia 
Middle East 
South and East Asia 
Latin America 
TOTAL 

239 
430 
144 
416 
570 

1140 
111 

1417 
402 

4870 

Source: Zachariah & Vu (1988) 

289 
483 
166 
500 

1498 
1728 
277 

2534 
715 

8190 

284 
478 
165 
545 

2436 
1993 
411 

3281 
888 

10421 

North America 
Rest OECD 
Eastern Europe 
Africa 
China 
India 
Rest Asia 
Latin America 
TOTAL 

263 
491 
409 
553 

1063 
761 
885 
405 

4830 

Source: WRI( 1986). table 2.1; 
WRI( 1988). table 15.1 

345 
529 
522 

1617 
1475 
1229 
1710 
779 

8206 

B.3. Alternative estimates of net forest loss and its 
contribution to carbon emissions 

The current figures of forest loss, natural regeneration, and (re)forestation are subject to 
debate. The deforestation in this report are based on FAO estimates of deforested area, 
assuming a low biomass density. This 1985 low biomass estimate is taken as starting point 
by IPCC for its Business-as-üsual scenario (referred in table B.I6 as IPCC-H1 low Bad 
case), which assumes a linear increase in the rate of deforestation. For its Poiicy scenario 
the IPCC assumes a net reforestation (referred to Policy case in table B.l 5. which data are 
taken from USA1D (1990). For comparison also data from the high BaCJ case is given. This 
case takes also the FAO estimates of deforested area for 1980-85 as starting point, but 
with a higher biomass density. In the high Bad case deforestation increases with population 
growth. Furthermore, the recent estimates by Myers (1989) of annual deforestation of 
closed forest are presented in table B. 16, as well as future biomass estimates by Grainger 
(1989). 



Table B. 15 Economic growth rate assumptions 

(annual % growth in GDP) 

North America & Western Europe 
OECD Pacific 
Eastern Europe and USSR 
Africa 
Centrally Planned Asia 

China*' 

1985-2000 

2.0-3.0 
2.5-3.5 
2.6-4.6 
3.0-4.5 
3.5-5.5 
3.1-5.6 

2000-2025 

1.5-2.5 
1.5-2.5 
1.5-4.1 
2.6-4.0 
3.0-5.0 
3.1-5.1 

2025-2050 

1.0-2.0 
1.0-2.0 
1.6-3.1 
1.7-3.5 
2.5-4.5 

2050-2075 

1.0-1.5 
1.0-1.5 
1.6-2.6 
1.7-3.0 
2.5-4.0 

2075-2100 

1.0 
1.0 

1.6-2.1 
1.7-2.5 
2.5-3.5 

Middle East 3.3-4.1 2.8-4.6 2.1-3.6 2.1-3.1 2.1-2.6 
South and East Asia 3.3-5.3 2.8-4.8 2.3-4.3 2.3-3.8 2.3-3.3 

India*' 3.6-5.6 3.1-5.1 
Latin America 2.7-4.7 2.2-4.2 1.7-3.7 1.7-3.2 1.7-2.7 

Sources data: Task A Report (1990) and (*) ÜSAID (1990). 

Table B.16 Gross Domestic Product 

Gross Domestic Product in 1985 

Total (in billion (JS$) Per capita (in ÜS$) 

North America 4.583 17,426 
Rest OECD 6,478 13,193 
Eastern Europe 2,894 7,076 
Africa 472 854 
China 315 296 
India 213 280 
Rest Asia 1.732 1.957 
Latin America 1,012 2,499 
TOTAL 17,699 3.664 

Taken from Task A (1990) and WRI (1988). tables 14.1 and 15.1. 



Table B. 17 Alternative estimates of deforestation and reforestation 

ANNUAL DEFORESTATION FN THE EIGHTIES 

L America 
Africa 
Asia, excl. China 

(India) 
TOTAL 

PERCENT OF CONVERSIONS 
OF CLOSED TROPICAL 
FOREST TO DIFFERENT 
LAND USES 

cropl. past. 

20 17 
16 -19 
41 -1 

sh.cl. degr.ld. 

25 38 
46 57 
49 11 

TROPICAL 
DEFORESTATION 

(MHA) 

closed open 
forest forest 
FAO FAO 

4.339 1.272 
1.331 2.345 
1.826 0.19 

7.494 3.807 

closed 
forest 
Myers 

7.6B 
1.57 
4.43 

13.86 

EMISSIONS 
(IN TgC PER YEAR) 

(base high ÜSAID 
case) IPCC III base 

350.6-1010.3 349 
200.3-566.3 169 
199.0-943.4 370* 
8.7 - 50.1 
750.0-2520.0 728 

USAID 
high 

665 
376 
622" 

33 
1663 

cropl.: permanent crop cultivation, past.: pastures, sh.cl.: shifting cultivation, degr. Id.: land degradtion (due 
to overcropping and over-grazing) and forest degradation (for fuelwood. charcoal and industrial round wood). 

Sources data: FAO (1982), FAO (1987). FAO (1988). Myers (1989). IPCC-III (1990) and USAID (1990). 
The (JSAID base Figure is used in the scenarios presented in USAID (199C). The higher values are estimates 
based on data from literature. 
*) including China and India (China and Indo China together 60 TgC) 
• • ) includes Indo China 126 TgC, but exludes China 69 TgC 

In OECD (1991) a range of 1698-3153 TgC is given for annual carbon release in the tropics due to 
deforestation. 

BÜSINESS-AS-ÜSÜAL ESTIMATES 

ÜSAID IPCC-III 

LOW BASE CASE HIGH BASE CASE 

(in TgC/yr) 

L America 
Africa 
Indo China 
India 
Asia (excl. Indo-China/lndia) 
TOTAL TROPICS 

2025 1980 2000 2025 2050 1980 2000 2025 2050 

534 
180 
68* 

172* 
955 

350.6 
200.3 
36.4 

8.7 
180.5 

397.4 
227.0 

41,4 
9.9 

174.3 

448.8 
256.4 

46.8 
65.4 

142.6 

500.2 
285.8 
51.0 
12.4 

220.6 

1010.3 
566.3 
190.8 
50.1 

702.5 

1166.6 
653.9 
220.3 

57.9 
811.3 

1671.8 
653.9 
315.7 
82.9 

1162.6 

2000.5 
1121.3 
377.8 
99.3 

1391.1 
750.0 850.0 960.0 1070.0 2520.0 2910.0 4170.0 4990.0 

Sources data: USAID (1990) and IPCC-III (1990). The IPCC projections are based on Houghton (1990), of 
which the low case is used in the overall IPCC projections, and thus also form the base forth*, estimates on 
Business-as-Usual deforestation in this report. 
* data for centrally planned Asia (China and Indo China) 
** including India 

REFORESTATION AS GIVEN IN ÜSAID (1990) DEFORESTATION ESTIMATES AS GIVEN BY 
GRAINGER 

(in TgC/yr) 

Latin America 
Africa 
Asia (inc. India) 
TOTAL TROPICS 

USAID POUCY CASE 

2025 

-230 
-79 
-79' 

-458 

1980 

320 
235 
220 
775 

(in TgC/yr) 

2000 

294 
201 
173 
668 

2020 

202 
168 
160 
530 

Sources data: USAID (1?90) and Grainger (1989). Grainger assumes a 1980 total deforesation of 775 TgC, 
and assumes that deforestation diminishes due to increased agricultural productivity. 
* includes data on China; centrally planned Asia -32 TgC. 



B.4. Greenhouse gas reduction per activity between 
Business-as-tlsual and Policy scenarios in the energy 
and forestry sectors 

Various greenhouse gas reduction options in the energy and forestry sectors contribute to 
the difference in greenhouse gas emissions between Business-as-üsual and Policy scena
rio as discussed in § 4.1. 

The results of the analysis for the energy sector is given in tables B. 18 - B.21. These tables 
also contain the contribution of 'traditional biomass use', which is not included therefore in 
table B.22 that gives the results for the forestry sector. The estimates of greenhouse gas 
reduction per reduction option are basically top-down estimates. This means that overall 
emission reduction targets for the energy and forestry sector, as formulated in the 
IPCC-based Business-as-üsual (BaU) and Policy scenarios are taken as a starting point. 
These emission targets can be derived from the global emissions per region and emitting 
activity presented in tables B. 1, B.2. B.3, B.4, B. 11, B. 12 and B. 13. Then, it was analyzed 
to what extent various options can contribute to achieving the formulated emission 
reduction targets. 

Table B.22 gives an overview of the potential for halting deforestation and reforestation in 
the year 2025. The numbers in brackets in table B.22 refer to the corresponding numbers 
in figure 4.4. The estimates on deforestation and reforestation correspond to those given 
in tables B.I 1 and B.13. Data on biomass burning for fuel are not included in table B.22, 
but are given in tables B.18-B.21. The breakdown of emission data to various reduction 
options (halting deforestation and reforestation) is principally based on own analysis, in 
which the following sources of information are used: 

• Data on on deforestation in 1985 and in 2025 (BaU scenario, due to fuelwood deficit 
in the South, industrial wood deficit and clearing of tropical forest, clearing and land 
degradation in the North) are based on those given in tables B.I 1 and B.13, and on 
WRI (1986), chapter 5, Marland (1988). table 6, IPCC-HI (1990), chapter 'agriculture 
and forestry'. 

• Estimates on reforestation efforts in 1985 and 2025, Business-as-üsual case, are 
derived from the same sources of information. It is assumed that plantation are 
established for biomass production for (1) synthetic fuels (demand 1.45 EJ/yr in 2025 
in the North, demand 3.15 EJ/yr in 2025 in the South, energy production of 230 
GJ/ha), (2) fuelwood (supplying 14% of the fuelwood deficit of 1256 m3 in the South) 
and (3) industrial wood (in the South and North, supplying 34% of the projected 
industrial wood deficit). 

• In the Policy case there is a large-scale reforestation together with efforst aimed at 
avoiding the deforestation (as takes place in the Bad case). These two categories of 
efforts do not exclude each other: by planting wood plantation the projected deficit of 
fuelwood and industrial roundwood is avoided, and avoiding clearing of forest land for 
new cultivation goes together with tree planting in agroforestry. Sources of data are 
the ones mentioned above, as well as Wiersum & Ketner (1989) and Fischer (1990), 
chapter 6. 



Table B.1Q Primary and delivered energy consumption in the North in 2025 

(in EJ per year) 

RESID./COMMERC. 
coat & oil 
natural gas 
electricity 
trad, biomass 

INDüSTR./AGR. 
coal & oil 
natural gas 
electricity 
synth. fuels 

TRANSPORTATION 
coal & oil 
natural gas 
electricity 
synth. fuels 

FUEL FOR ELECTRICITY 
coal & oil 
natural gas 
nuclear 
hydro 
solar & other 

FUEL FOR SYNTH. FUELS 
coal 
biomass 

FUEL 
ELECTRICITY 

2025 energy 

Baü 

99.71 
24.47 
24.44 
48.02 
2.78 

102.32 
27.80 
25.08 
43.78 

5.67 

65.11 
57.56 

399 
0.68 
2.88 

182.52 
101.62 
21.50 
32.30 
19.80 
7.30 

11.35 
1.45 

174.66 
92.48 

TOTAL PRIM. ENERGY 361.42 

Policy 

66.49 
11.12 
22.75 
31.23 

1.39 

78.72 
5.96 

26.93 
28.95 
16.87 

44.63 
37.25 

3.82 
0.68 
2.88 

85.94 
20.71 
11.58 
18.40 
20.00 
15.25 

0.00 
26.15 

128.98 
60.87 

221.33 

Differences between BaU and Policy due to greenhouse 
gas reduction 

End-use 
effic. 

1.2.10 

-32.29 
-6.67 
•8.82 

-16.80 

-23.60 
-8.57 
6.27 
8.76 
0.00 

-20.47 
-20.31 
-0.17 

-75.23 
-48.25 
-26.98 

•25.55 
-126.04 

Electr. 
substit. 

4 

0.00 

0.00 

6.07 
-6.07 

0.CQ 

•17.32 
-0.84 
8.93 

-7.55 

-6.07 
-11.25 

Product. 
effic. 
3.7 

0.00 

0.00 

0.00 

-4.02 
1.82 

-1.02 
•0.40 
-0.44 
-0.34 

-3.42 

-7.44 

Synfuel 
substit. 

6 

0.00 

-11.20 

11.20 

0.00 

0.00 

5.57 

Nat.gas 
substit. 

5 

-0.93 
-7.13 
6.21 

0.00 
-2.06 
2.06 

0.00 

0.00 
-28.51 
28.51 

16.77 

-0.93 

Renew bl. 

7.8.9 

0.00 
0.46 
0.93 

-1.39 

0.00 

0.00 

0.00 
-1.49 
1.49 

-5.95 
0.64 
8.29 

-11.35 
11.35 

0.00 

The figures mentioned under the reduction option correspond to those in parantheses given in figure 
4.1. 
FUEL: sum of direct consumption of primary energy sources, 
ELECTRICITY: sum of delivered electricity consumption, 
TOTAL PRIM. ENERGY: total primary energy consumption (direct and for electricity and synthetic fuel 
production. 

SOURCE of data: the energy consumption data for the Business-as-Usual (Bad and Policy case are 
based on those given in tables B.3, B.4 and B.I2, in which the sectoral breakdown is adapted from 
Task A (1990), and the breakdown per greenhouse gas reduction option is based on own analysis. 

Carbon loss due to deforestation and carbon uptake due to reforestation in the Policy case 
in North and South is estimated as follows: 

• The 'BaU deficit in 2025, avoided' in the South (fuelwood: 1076 Mm3, roundwood 247 
Mt) is equal to the 'total deficit (North and South)' (fuelwood 1256 Mm3, roundwood 
329 Mt) minus that part of the deficit which is met (a) by fuelwood plantations in the 
BaU case (180 Mm3) and by roundwood plantations in ti"- South in the Baü case 
(79.5 Mt). as well as roundwood plantations in the North in the Policy case (36 Mt). 



Table B. 19 Primary and delivered energy consumption in 2025 in the South 

(in EJ per year) 

RESID./COMMERC. 
coal & oil 
natural gas 
electricity 
trad, biomass 

INDUSTR./AGR. 
coal & oil 
natural gas 
electricity 
synth. fuels 

TRANSPORTATION 
coal & oil 
natural gas 
electricity 
synth. fuels 

FUEL FOR ELECTRICITY 
coal & oil 
natural gas 
nuclear 
hydro 
solar & other 

FUEL FOR SYNTH. FUELS 
coal 
biomass 

FUEL 
ELECTRICITY 

2025 energy 

Baü 

59.01 
14.64 
3.31 

12.67 
28.39 

118.21 
68.67 
13.27 
31.58 

4.69 

33.13 
31.04 

0.78 
0.00 
1.31 

84.89 
39.24 

9.10 
7.55 

26.30 
2.70 

5.95 
3.15 

166.10 
44.25 

TOTAL PRIM. ENERGY 254.09 

Policy 

52.42 
14.03 
3.38 
9.49 

25.52 

103.76 
36.07 
13.39 
27.14 
27.16 

22.74 
15.96 
0.61 
0.21 
5.95 

54.12 
12.12 
6.93 
6.23 

21.49 
7.35 

0.00 
43.97 

142.08 
36.84 

207.06 

Differences between Bad and Policy due to greenhouse 
gas reduction 

End-use 
effic. 

1 .2 .10 

-6.58 
-0.41 
-0.13 
-3.18 
-2.87 

-14.45 
-11.54 

-1.33 
-1.58 
0.00 

-10.39 
-10.32 

-0.08 

-16.28 
-10.35 

-5.92 

0.00 

-4.76 
-42.95 

Eectr. 
subst. 

4 

0.00 

0.00 

0.96 
-2.86 
1.90 

0,00 
-0.21 

0.21 

-11.19 
-5.53 
-4.54 
-1.12 

•2.65 
-10.44 

Product. 
effic. 
3 ,7 

0.00 

0.00 

0.00 

-3.30 
-1.36 
-0.78 
-0.21 
-0.71 
-0.24 

-6.25 

-9.55 

Synfuel 
subst. 

6 

0.00 

0.00 
-20.57 

20.57 

0.00 
-4.55 
-0.09 

4.64 

0.00 

41.12 

15.91 

Nat.gas 
subst. 

5 

0.00 
-0.20 
0.20 

0.00 
-0.49 
0.49 

0.00 

0.00 
-9.48 
9.48 

0.00 

Renewbl. 
7 . 8 . 9 

0.00 

0.00 

0.00 

0.00 
-0.40 
-0.40 

-4.10 
4.89 

-5.95 
5.95 

0.00 

The figures mentioned under the reduction option correspond to those in parantheses given in figure 
4.1. 
FUEL: sum of direct consumption of primary energy sources, 
ELECTRICITY: sum of delivered electricity consumption, 
TOTAL PRIM. EMERGY: total primary energy consumption (direct and for electricity and synthetic fuel 
production. 

SOURCE of data: the energy consumption data for the Business-as-(Jsual (Baü and Policy case are 
based on those given in tables B.3, B.4 and B.I2, in which the sectoral breakdown is adapted from 
Task A (1990), and the breakdown per greenhouse gas reduction option is based on own analysis. 

The carbon uptake of 'options to secure a sustainable wood supply' are calculated by 
assuming that the 'total deficit (North and South)' of fuelwood and roundwood will be 
met. This requires that in the period 1996-2025 a certain area of new plantations is 
created, which corresponds to a certain carbon uptake. 
EXAMPLE 1: fuelwood plantations in the South are established at a rate of 2.92 
Mha/yr, which corresponds to an average annual uptake of 2.92 TgC. Cumulatively 
over the period 87,8 Mha of fuelwood plantations are established on which area an 
amount of 615 TgC is sequestered. By the year 2025 this area of 87.8 Mha will 
produce 942 Mnrr of fuelwood (assuming an average annual production of 10.7 
m3/ha/yr (or 3.5 tC/ha/yr). A relatively low growth rate for fuelwood plantations is 
taken, because it has been assumed that most of these plantation will be stablished in 



semi-arid areas. In case of fuelwood a rotation period of 5 years is assumed. In the fifth 
year the wood will be harvested. In estimating what is the carbon sequestering on 
fuelwood plantations, this harvested amount has to be subtracted, because through 
burning it will release its carbon content into the atmosphere. The average annual 
carbon sequestering on fuelwood plantations can be derived from (3.5 tc/ha/yr) * 
(hecterage) * (n-1 )!/n, in which n is the rotation period (= 5 years). At the rate of 2.92 
ha/yr the average C-uptake is 20.5 TgC/yr, cumulatively over 1996-2025 the uptake 
is 615 TgC. 
EXAMPLE 2: industrial roundwood plantations are established at a rate of 0.61 
Mha/year in the South. Cumulatively an area of 18.4 Mha is created by 2025. This 
area will produce 324 Mt of roundwood (assuming a growth rate of 17.8 t/ha/yr, or 8 
tC/ha/yr). In case of industrial wood production a rotation period of 15 years is taken. 
The average annual carbon sequestering on new industrial wood area is (8 tC/ha/yr) 
* (hecterage) * (n-l)!/n » 34 TgC (n*15). The harvested roundwood is used in the 
production of wood 'durables' (e.g. timber used in construction, wood for paper). This 
form an additional carbon sink of 2* 15*0.61 *8 = 146 TgC (harvest of 2 rotations). It 
is assumed that on average after 15 years the 'durables' will release their carbon 
content by decay, so that an amount of 73 TgC is released again in 2025 (the harvest 
of the first rotation). The net carbon sequestering in 2025 is 107.8 TgC. Cumulatively 
over 1996-2025 the amount of 1102 will be sequestered in new industrial wood 
plantations and durables. 
EXAMPLE 3: it is assumed that on energy plantations (for synthetic fuel production) 
biomass grows at a rate of 17.8 t/ha/yr (8 tC/ha/yr) with an energy value of 18 GJ/ha 
(thus a production of 320 GJ/ha). To produce the equivalent value of 44 EJ in 2025 
an area of 137 Mha is needed in 2025, requiring the annual plantation establishment 
of 4.58 Mha/yr over 1996-2025. Rotation period is 1 year, so that the average annual 
carbon sequestering is 8*4.58*1 = 36.6 TgC/yr 

• Secondly, the carbon uptake in 'agroforestry schemes' (only in the South) is calcu
lated. It is assumed that agroforestry efforts go with (re-)use of degraded land to meet 
the need for new crop and pasture area. It is assumed that 1 ha of permanent 
cultivation can replace 5 ha needed in shifting cultivation, and that of every 10 ha 
cultivated with crops 1 ha is used to plant with trees. By 2025 the annual creation of 
planted agroforestry area is 0.7 Mha/yr and the carbon sequestering is 42.1 TgC/yr 
(assuming a growth period of 10 years at 6 tC/ha/yr; 42 = 0.7*6*10, assuming that 
after the period of 10 years the planted area is in equilibrium, i.e. there is not net 
carbon uptake or release). 

• Thirdly, degraded land is afforested with 'protective cover' (only in the South). The 
area reforested during 1996-2025 is determined in such way that the sum of the 
annual carbon uptake in 2025 (sustainable wood supply in North and South: 180 
TgC/yr, agroforestry 42 TgC/yr, additional uptake due to natural forest managment 
improvements: 25 TgC/yr and protective tree cover) equals the total carbon uptake 
due to reforestation in North and South, as projected in the Policy scenario. This total 
uptake is 458 TgC/yr, so that it is assumed that 458-180-42 » 226 TgC/yr is 
sequestered on reforested area as protective tree cover in the South. Assumptions: 
growth period, 30 years, growth rates of 3 tC/ha/yr on degraded upland watersheds 
and desertified (semi-)arid land and 5 tC/ha/yr on wasted fallow land. 

• Conversion factors: 1 m3 of wood equals 0.725 tonne of wood; 1 tonne of wood 
contains 0.45 tonne of carbon. 



Table B.20 Emission reduction in the energy sector in the North in 2025 between Bad and 
Policy scenarios 

(in TgC/yr) 

RESID./COMMERC. 
coal & oil 
natural gas 
electricity 
trad, biomass 

INDUSTR./AGR. 
coal & oil 
natural gas 
electricity 
synth. fuels 

TRANSPORTATION 
coal & oil 
natural gas 
synth. fuels 

FUEL FOR ELECTRICITY 
coal & oil 
natural gas 

FUEL FOR SYNTH. FUELS 
coal 
biomass 

FUEL 
ELECTRICITY 
TOTAL PRIM. ENERGY 

End-
use effic. 
1.2.10 

-1618 
-231 
-159 

-1228 

-838 
-85 

-113 
-640 

-544 
-541 

-3 

-1868 
-1382 

-486 

-1132 
-1868 
-3000 

Electr. 
subsL 

4 

0 

-176 

114 
-290 

0 

-290 
-129 
-161 

114 
-290 
-176 

Product, 
effic. 
3,7 

0 

0 

0 

-71 
-52 
• 18 

0 

0 
-71 
-71 

Synfuel 
subst 

6 

0 

-1 
-4 

3 

0 

0 

2 

-1 
0 

-1 

Natgas 
subsL 

5 

-130 
•246 
116 

-89 
-127 

39 

0 

-282 
-817 
535 

-219 
-282 
-500 

Renewbl. 

7 .8 .9 

21 
15 
37 

-32 

0 

0 

-69 
-43 
-27 

-342 
1 

-320 
-69 

-389 

Emission 
control 

11 

-26 

-10 

-54 

-6 

-89 
-6 

-96 

The estimates include CO2. CO, CH4, N2O and NO» emissions from energy consumption as well as 
CH4 emissions from energy production. In this table also CO, ChU, N2O and NO» emissions reduction 
in traditional biomass use (wood, charcoal, residues, bagasse) is taken into account, but not CO2 
emissions from non-sustainable biomass use. 

The figures mentioned under the reduction option correspond to those in parentheses given in figure 
4.1. 
FUEL: sum of emissions of direct consumption of primary energy sources, 
ELECTRICITY: sum of emissions associated with electricity production and consumption, 

SOURCE of data: Emission data are derived from multiplying the corresponding figure in table B.18 
with the appropriate emission factor. Figures for 'emission control' are bases on own analysis. 



Table B.21 Emission reduction in the energy sector in the South in 2025 between Bail and 
Policy scenarios 

(inTgC/yr) End- Electr. Product. Synfuel Nat.gas Renewbl. Emission 
use efftc. subst efflc, subst. subst. control 
1.2.10 4 3.7 6 5 7 .8 .9 11 

RESID./COMMERC. 
coal & oil 
natural gas 
electricity 
trad, biomass 

INDUSTR./AGR. 
coal & oil 
natural gas 
electricity 
synth. fuels 

TRANSPORTATION 
coal & oil 
natural gas 
electricity 
synth. fuels 

FUEL FOR ELECTRICITY 
coal & oil 
natural gas 

FUEL FOR SYNTH. FUELS 
coat 
biomass 

FUEL 
ELECTRICITY 
TOTAL PRIM. ENERGY 

-359 
-74 

-3 
-282 
-63 

-427 
-251 

-27 
-149 

-284 
•282 

-2 

-431 
-310 
-122 

-702 
-431 

-1134 

0 

-286 

19 
-305 

0 

-4 
-6 

2 

-303 
-209 
-93 

13 
-303 
-289 

0 

0 

0 

-56 
-40 
-16 

•1 

-1 
-56 
-58 

0 

-439 
-447 

8 

-124 
-124 

-2 

2 

0 

10 

-564 
0 

-564 

-70 
•74 

4 

-1 

r. 10 

0 

-95 
-283 
188 

-71 
-95 

-166 

0 

0 

0 

-20 
-12 
-8 

• 186 
1 

-185 
•20 

-205 

-3 

-6 

-19 

-2 

•28 
-2 

-29 

The estimates include CO2, CO, CH4. N2O and NO, emissions from energy consumption as well as 
CH4 emissions from energy production. In this table also CO. CH4, N2O and NO, emissions reduction 
in traditional biomass use (wood, charcoal, residues, bagasse) is taken into account, but notC02 
emissions from non-sustainable biomass use. 

The figures mentioned under the reduction option correspond to those in parentheses given in figure 
4.1. 
FUEL; sum of emissions of direct consumption of primary energy sources. 
ELECTRICITY: sum of emissions associated with electricity production and consumption. 

SOURCE of data: Emission data are derived from multiplying the corresponding figure in table B.18 
with the appropriate emission factor. Figures for 'emission control' are bases on own analysis. 



Table B.22 Estimates on deforestation and needs for reforestation in 2025 

ESTIMATES OF ANNUAL DEFORESTATION AND REFORESTATION IN 
THE SOUTH IN 2025 (Buainess-as-Usual) 

ESTIMATES OF ANNUAL DEFORESTATION 
AND REFORESTATION IM THE NORTH Bi 2025 

CAUSE OF 
DEFORESTATION (BaU) 

net fuelwood deficit 
net industrial wood deficit 
clearing of tropical forest 

- permanent cultivation 
- pastures 
- shifting cultivation 

ANNUAL REFORESTATION 
(Ba(J) IN THE SOUTH 

biomass for synfuel 
fuelwood plantations 
industrial wood 

1985 
(peryr) 

393 Mm3 

133 Mm3 

2.54 Mha 
0.22 Mha 
4.08 Mha 

2025 
(per yr) 

1076 Mm3 

247 Mm3 

5.50 Mha 
1.00 Mha 
7.56 Mha 

TOTAL 

0.33 Mha 
0.55 Mha 0.42 Mha 
0.72 Mha 0.15 Mha 

2025 
(TgC/yr) 

351 
111 

(5) 349 
(6)63 

(7) 479 
1353 

2.6 
2.9 

26.2 

(TgC) 

deforestation 
reforest.Pol 9 
reforest. BaU Oft 

halt forestry 
clearing options 

(9)67 (10)31 
(10)25 

13 

9 of which 21.8 TgC/year uptake in biomass 
for synfuel production and 2.8 TgC/year in 
industrial wood plantations. 
OO of which 1.2 TgC/year uptake in biomass 
for synfuel production and 11.8 in hardwood 
plantations. 

In the BaU scenario 14% of the gross global fuelwood deficit of 
1256Mm3 and 34% of the gross global deficit of 335 Mm3 of industrial 
wood establishing new plantations and biomass use efficiency 
improvements (in the South 180 Mt of fuelwood and 79.5 Mt of 
industrial roundwood; the North 36 Mt of roundwood). 

RESPONSE OPTIONS IN THE SOUTH (Policy scenario) 

Cumulatively planted area 1996-2025 

OPTIONS TO SECURE A 
SUSTAINABLE WOOD 
SUPPLY 

effic.improv.trad.biofuel 
fuelwood plantations 
sustain.mdust.wood supply 
biomass for synthetic fuel 
TOTAL 

Deficit in 
2025 (BaU) 

avoided 

268 Mm3 

806 Mm3 

247 Mt 
44 EJ 

Deforestation 
2025 avoided 

(TgC/yr) 

(1)87.7 
(2) 263.2 
(3)111.2 

462.1 

Policy case 
- synfuel 
- indust.wood 

Reforestation 
Policy in 2025 

(Mha) 
81.7 

0.4 

(PgC) 
0.654 
0.026 

Cumulative 
1996-2025 

(Mha/yr) (TgC/yr) (Mha) (PgC) 

2.92 
0.61 
4.58 
8.11 

(2) 20.5 
(3) 107.8 

(4) 36.6 
164.9 

87.B 
18.4 

137.4 
243.6 

0.615 
1.102 
1.099 
2.816 

In the Policy scenario 100% of the global fuelwood and roundwood deficit is met by efficiency improvements in 
consumption and production of traditional woodfuels (South: 314 Mm ) and productions on new plantations 
in North and South (in the South 942 Mm3 of fuelwood and 327 Mt of roundwood and in the Norht 8 Mt of roundwood). 

PROTECTIVE TREE COVER 

degraded upland watersheds 
desertified (semi-)arid areas 
wasted fallow land 
TOTAL 

DEGRADED AREAS TO BE 
RE-USED FOR NEW CULTIV. 
INSTEAD OF CLEARING OF 
FOREST LAND 
(in Business-as-Usual case) 

permanently cultivated area 
pasture area 
shifting cultivation (1:5) 
TOTAL 

Land 
available 

(Mha) 

112 
426 
261 
799 

Needed 
area in 
2025 

(Mha/yr) 

5.50 
1.00 
7.56 

14.06 

%tree 
cover 

max. 50 
max. 15 

of which 
planted in 

agroforestry 
(1:10) 

(Mha/yr) 

0.55 

0.15 
0.70 

Large-scale 
reforestation 

(Mha/yr) 

0.68 
0.77 
0.47 
1.92 

Cumul.cultiv. 
area 

1996-2025 

(Mha/yr) 

165 
30 

227 
422 

(TgC/yr) 

(7) 60.9 
(7) 69.6 
(7)71.1 

201.6 

Cumulative 
1996-2025 

(Mha) 

20 
23 
14 
58 

Carbon fixation 
agroforestry 

in 2025 cumulat. 
1996-2025 

(TgC/yr) 

(5) 33.0 

(5)9.1 
(6)42.1 

(PgC) 

0.825 

0.227 
1.052 

(PgC) 

0.914 
0.104 
1.067 
3.021 

Reduction 
N2O 

emission 
land-u.ch. 

(TgC/yr) 

(5)68 
(5)12 
(5)91 

(6) 171 

Reduction 
non-C02 
emission 
biomass 
burning 

(TgC/yr) 

(5) 557 
(5)98 

(5) 251 
(6) 906 
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