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Abstract
Managing Global Climate Change:
Addressing Climate Change in Canadian Organizations
James M. Kozey
December. 1999
Prepared in partial fulfillment o f the requirements for the degree Master of
Environmental Design (Environmental Science j. in the Faculty of Environmental Design.
T h e University of Calgaw. Calgary. Alberta.
Supervisor: Dr. Dixon Thompson
Climate change has emerged as a significant business issue for many industries and
organizations in Canada. Canada signed the Kyoto Protocol in December 1997. agreeing
to reduce greenhouse gas emissions by 6%. Because o f the serious social, economic,
environmental and political implications o f the climate change issue many governments
are beginning to take action now. Canadian organizations must be prepared to address
this issue. This MDP outlines the basic concepts and general principles of climate
change science. biophysical impacts. politics. policies and environmental management.
.A general management framework for addressing the climate change issue in Canadian
organizations. based on the IS0 13001 Environmental !Management Standard, is
presented and applied in a case study o f Canadian Pacitic Railway's operations. The
results of this MDP indicate that market-bawd policy instruments will likely figure
prominently in the government of Canada's response to the Kyoto Protocol. The full
societal costs of transportation services must be evaluated in developing climate change
policies and a sustainable transportation system in Canada that better reflects the full-cost
of the different modes of transportation and ensures their most efficient use. Canadian
Pacific Railway has implemented significant emission reductions through the acquisition
o f neu- fuel-efficient Alternating Current (AC) locomotives and track rationalization.
The key factor limiting further emission reductions is the long average useful life o f
locomotives and the current Capital Cost Allo~vance(CCA) system. Further emission
reductions could be achieved if the Government of Canada were to adjust the current
modal inequity in the CCA system to more accurately reflect the full cost of
transportation services in Canada. A variety of alternate fuels (lower carbon content
fuels) can be used as a source of locomotive power. However. the time frames associated
with implementing these alternate fuels is beyond Canada's Kyoto commitments because
of the large capital investment in infrastructure and locomotive stock required for h e 1
switching and further research and development is still required.
Key Words: Climate Change, Global Climate Change. Environmental Management; I S 0
1400 1 ;Transportation; Industry; Rail; Decision-Making; Policies; Science. Politics.
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BACKGROUND
The Kyoto Protoccl is a follow up to the Framework Convention on Climate Change
(FCCC). which was a multilateral treaty signed at the Rio d e Janeiro Convention in June
of 1992. Canada and the United States were signatories to the Rio Convention with the
objective of stabilizing greenhouse gas emissions at 1990 levels by the year 2000. It is
clear now these commitments will not be met. The Kyoto Protocol advances the FCCC
by setting specific emission reduction targets. In signing the Kyoto Protocol. Canada
agreed to a 6% reduction below 1990 levels and the United States agreed to a 7%
reduction below 1990 levels. both by the period 2008-20 12. -4s a result of the FCCC and
the subsequent adoption ofthe Kyoto Protocol. climate change has emerged as a
significant business issue for many industries and organizations in Canada and the United
States.
Uncertainties remain over the science o f climate change and many o f these uncertainties
m i l l persist well into the future (IPCC SAR WGI. 1996). The Intergovernmental Panel
on Climate Change (IPCC). a United Nations research panel comprised o f the worlds'
leading atmospheric scientists. concluded that human activities are in fact influencing the
earth's climatic system (IPCC SAR WGI. 1996). However. the ability to predict climate
change is limited with respect to the magnitude. timing and location o f climate change
events. These uncertainties will remain for years to come. However. because of the
serious social. economic. environmental and political implications many governments are
beginning to take action now including the Government o f Canada.
Environmental management has become an important aspect of improving the
environmental performance of many organizations in Canada. This has primarily been a
result of a variety o f driving forces acting on organizations to adapt more sustainable
operating practices. Environmental Management Systems (EIMSs) have emerged as a
standard framework for organizations to manage the environmental aspects o f their
operations. forming a basis for environmental decision-making. The IS0 1400 f EMS
standard has been designed to assist organizations in implementing and maintaining an
EMS and veriQing compliance and conformance with environmental policies, objectives.
legislation and associated regulations (Ricca. 1997). Organizations must integrate their
response to the climate change issue with the overall EMS so that all environmental
objectives are met in an optimal fashion.

PURPOSE
The purpose of this Masters Degree Project is to examine the issue o f climate change and
its significance with respect to Canadian organizations. and apply environmental
management principles in developing a management framework based on the I S 0 14001
EMS standard for Canadian organizations to address the climate change issue. In order to
accomplish this the following research objectives were developed.

1. To develop an understanding of the basic concepts and general principles of climate
change science and the social. economic. environmental and political issues
surrounding climate change.
3. To develop a conceptual understanding of environmental management theory and its
practical applications.
3. Based on the concepts and general principles of climate change. identify the key
issues for Canadian organizations surrounding climate change including. likely
Sovernment policy scenarios and international aspects as well as general GHG
reduction strategies.
4. To identify and integrate the applied and theoretical concepts of environmental
management and the basic concepts and general principles of climate change in
developing a management framework for Canadian organizations.
5. Examine Canadian Pacific Railway as a case study and apply the management
framework in making recommendations to Canadian Pacific Railway.

SCOPE
The management framework developed for the purpose of this Master's Degree Project is
not intended to address any specific sector. industry or organization. or any particular
emission reduction technologies. The scope of this Master's Degree Project is limited to
de\leloping a general management Framework based on environmental management
principles and theory for Canadian organizations. providing a general management
process and strategy for addressing the climate change issue.
In addition. this project is not intended to provide a detailed and comprehensive account
of all the scientific. economic. social and political issues surrounding the climate change
issue. It is intended to provide a general understanding of the basic concepts and general
principles of the issues surrounding climate change as they relate to Canadian
organizations.

This master's Degree Project is intended to provide a management framework for
Canadian organizations and businesses to address the climate change issue consistent
with readily available information at this time. There is an incredible amount of
information on all the aspects of the climate change issue and the amount of available
information is continuing to increase at a rapid rate. It was not possible to review all the
literature within the timefrarne allotted for this project.

METHODOLOGY
The methodology is designed to address the specific research objectives outlined above. a
variety of methods are employed because of the applied and theoretical aspects of the
research problem. Each research objective represents one component necessary to
achieve the ultimate purpose of this Masters Degree Project. Combined. these objectives
~villproduce a management framework that addresses climate change and. at the same
time. recognizes the technical and economic limitations faced by Canadian organizations.
The methodology of this Masters Degree Project was divided into four phases based upon
the objectives outlined above and the research method employed:

Phase C
Phase I1
Phase I11
Phase IV

Literature ReviewAnalysis and Evaluation
Management Framework Development
Case Study

Each of the above phases was conducted simultaneously in an iterative incremental
approach.

-

PHASE I LITERATURE REVIEW
A literature review of the most recent up-to-date materials that deals \vith the topics
outlined in the objectives above was conducted in two stages:
Stage 1.
Stage 2.

CI imate Change Literature Review: and
Environmental Management Literature Review.

The literature review was conducted in two stages to facilitate the acquisition of a body of
literature from the two major disciplines of the applied research problem.

STAGEI . CLIMATE
CHANGE
LITERATURE
REVIEW
The Climate Change literature review was specifically designed to develop an
understanding of the basic concepts and general principles of climate change science and
the social. economic. environmental and political issues surrounding climate change
(Objective 1 ). The literature reviewed included documents on the science of climate
change as well as the social. economic and political dimensions of climate change issue.

The climate change literature review was based heavily on the body of literature
generated by the Intergovernmental Panel on CIimate Change (IPCC). as this is the most
comprehensive body of literature on climate change, to date (UNEP. 1999). The
Iiterature reviewed included the contributions of each of the three Working Groups to the
Second Assessment Reports of the Intergovernmental Panel on Climate Change (Table
I ). In addition, literature that opposes the opinions expressed by the IPCC was also
reviewed to evaluate the consensus opinion of the IPCC.

Table 1. The Second Assessment Reports o f the lntergovernmental Panel on Climate
Change.

I

Climate Change 1995 - The Science o f Climate Change
Contribution of Working Group I to the Second Assessment Report of the
Intergovernmental Panel on Climate Change
Climate Change 1995 - Impacts, Adaptations and Mitigation of Climate Change:
Scientific-Technical Analysis
Contribution of Working Group 11 to the Second Assessment Report of the
Intergovernmentai Panel on Climate Change
Climate Change I995 - Economic and Social Dimensions o f Climate Change
Contribution o f Working Group 111 to the Second Assessment Report of the
Intergovernmental Panel on Climate Change
In addition to this literature and other reports generated by the IPCC. additional
documents were acquired by conducting searches of electronic databases using the
tbllotving resources:
Article Indexes (University of Calgary)
Electronic databases (CD-ROM abstracts: University of Calgary): and
Internet searches (World Wide Web search engines).
The purpose of this information is to examine all the dimensions of the climate change
issue: science: social; economic: and political. This information provided the necessary
academic foundation necessary to determine the key climate change issues facing
Canadian organizations.

STAGE2. ENVIRONMENTAL
MANAGEMENT
LITERATURE
REVIEW
The environmental management literature review was specifically designed to develop an
understanding of environmental management theory and its practical application
(Objective 2). The literature reviewed included documents on environmental
management theory. environmental management tools. and examples of their practical
application to large-scale environmental problems.
The environmental management literature review was based primarily on environmental
management systems specifically IS0 14001 EMS standard. In addition to this standardadditional documents were acquired by conducting searches o f electronic databases using
the following resources:

Article Indexes (University o f Calgary)
Electronic databases (CD-ROM abstracts: University of Calgary);
Internet searches (World Wide Web search engines);
The purpose o f this information is to evaluate the applied and theoretical aspects of
environmental management and determine the best method of developing a greenhouse
gas management framework for Canadian organizations. Multi-criteria decision analysis

I
I

I
I

and a variety of environmental management tools were also reviewed to understand how
management decisions are made and provide a framework for evaluating climate change
and emission reduction strategies.
The databases listed above were searched for literature related to the topic areas of this
research using key words (Table 2). Key words were searched using various word forms
(i-e. singular. plural. root) in an effort to avoid eliminating relevant literature. Individual
key words and key word searches were developed for each database and varied
depending on the search capabilities and the subject matter of each database. Typical
searches Lvere conducted in a progressive fashion. that is. words from the primary search
Lvere used to generate a list of related literature and this was subsequently searched using
secondary and tertiary search words. in various combinations.

Table 2. Key words used for searching clectronic databases.
Search Order

I

!
I

I

!

I

Key words
Stage 1. Climate Change
climate change. global
warming. greenhouse gas.
greenhouse emissions

Stage 2. Environmental Management
environmental management.
I
/ environmental management systems.
strategic managemeit. strategic
1 planning
Secondary
economic. environmental. I multi-criteria analysis. risk
bio-physical. social.
management, decision analysis. driving
politics. science.
forces. life cycle assessment. product
government
and technology assessment
Tertiary Search adaptation. mitigation.
scenario development, portfolio theory.
I policy. model. regional. I cost benefit analysis. feasibility studies.
debate. uncertainty. cost.
corporate policy development.
technology. benefits.
forecasting. environmental liability
Kyoto
Primary Search

I

I

I

I

I

Due to the large volume of literature in the topic areas relevant to this research, searches
excluded documents produced prior to 1996. and abstracts, summary documents and
executive summaries were then used to determine the relevance of the documents
produced by the search to the research problem. This information was then updated with
the most credible and prominent sources relevant to the research problem. In addition.
when documents were reviewed. the literature cited sections were consulted for
additional pertinent references.

-

PHASE I1 ANALYSIS AND EVALUATION
This Phase was specifically designed to analyze and evaluate the information derived
from Phase I. The analysis and evaluation process was based on the quasi-judicial
approach (Bromley, 1986), and the set of basic rules for dealing with qualitative data
summarized by Robson (1 993). The procedural steps used for analysis and evaluation
were:

I

/

I

/

1

1. The information and documents obtained in the literature were reviewed and analyzed

and organized into the topic areas. themes. and categories to facilitate further analysis.
Preliminary topic areas. themes and categories included:
The science of climate change
basic science
predictions
The politics of climate change
National
International
The potential impacts of climate change
economic
social
biophysical
Climate change policies
regulatory approaches (command-and-control)
market based approaches
Environmental management
theory
IS0 14001
Risk management
risk assessment
Decision analysis
These preliminary topic areas. themes and categories \vere combined and modified as
new information was acquired.
2. The initial problems and issues were stated as clearly as possible. Each of the
dimensions of the climate change issue (science. social. economic. political) were
initially analyzed and evaluated independently to identify the most important
components of each of the dimensions of the climate change issue relevant to
Canadian organizations.
3. Additional background information was collected to provide a context in terms of
which the problems and issues are understood.
4. Prima fucie explanations and solutions to the problems and issues were developed.
5 Additional information was acquired and used to eliminate as many of the
explanations as possible and integrate the key climate change issues for Canadian
organizations. This was accomplished by examining evidence. argument and key
events in the development o f climate change science and government responses to the
climate change issue.
6 . The sources of evidence were evaluated and all the information was checked for
consistency, accuracy and reliability.
7. The key issues for Canadian organizations were selected based o n the most likely
interpretation compatible with all the evidence.

PHASE 111

- MANAGEMENT FRAMEWORK DEVELOPMENT

The purpose o f Phase 111 is to integrate the applied and theoretical concepts of
environmental management and the key climate change business issues identified in
Phase iI in developing a climate change management framework for Canadian
organizations. The procedural steps used to integrate the applied and theoretical concepts
of environmental management and the key climate change issues for Canadian
organizations were:
1. A list of the components of the key elements of an effective environmental
management system ( I S 0 13001) relevant to managing climate change was
developed.
3- Relationships between and among the key climate change business issues identified in
Phase [I were developed and integrated with the components o f an environmental
management system in an iterative process.
. A sis step general adaptive management framework for managing climate change was
then developed. The management framework developed includes:
A life cycle approach to conducting a greenhouse gas inventoc:
A description o f the climate change driving forces potentially acting on Canadian
organizations:
A general business risk assessment process that can be used evaluate the potentiaI
impacts of climate change events that may affect an organization:
Criteria for developing climate change management objectives:
A general emission reduction strategy based on two general greenhouse gas
management options classified as "rnitigurionstmtegies'- which reduce an
organizations net emissions and -'adupration srrclregies" which reduce an
organization's exposure to climate change "events".
A strategic decision making model for choosing between reducing directiindirect
emissions and reducing an organization's net emissions by intresting in offsets.
A general implementation strategy for greenhouse gas emission reduction projects.

-

PHASE I V CASE STUDY
The purpose of the case study was to apply the six step climate change management
frame\vork developed in Phase 111 and identifjr strategies, business issues and make
recommendations to Canadian Pacific Railway. To accomplish this. a series of tasks were
performed:
1 . A list of all greenhouse gases emitted from CPR's operations was compiled.
2. CPR departments responsible for tracking or managing the source of these emissions.
if any. were identified.
3. Key informants were identified through the CPR telephone directory, discussions
with CPR personnel, recommendations o f committee members, personal and
professional contacts, or on the recommendation of other interviewees. Interviewees
were contacted and asked for their participation in this project. T h e interviews
conducted were semi-structured (Robson, 1993, to allow the researcher to pursue

4.

5.

additional information on selected topics as information was exchanged during the
course o f the interview. The interviews consisted o f a variety o f questions and topic
areas related to the interviewee's area of expertise and the interviewee's Lvere asked
for further participation if additional questions arose with respect to the information
obtained in the intervie\-.
Key contacts were interviewed to determine the type o f information available
regarding the source of greenhouse gas emissions they were responsible for. In some
instances. proxy data was used (i.e. energy expense) when no other information \\*as
available.
Using this information. strategies and techniques for estimating emissions ( I 9901997) developed by the [PCC (IPPC/UNEP/OECD/IEA. 1997) were used Lvhen
possible. as these are the emerging international standard for estimating greenhouse
gas emissions.
A review of internal documentation relevant to climate change was conducted to
establish key \-ariables necessary to establish an emissions forecast to the year 2008
and emission reduction scenarios based on CPR-s locomotive acquisition plan.
Internal documentation was also used to identify climate change driving forces acting
on CPR and establish a risk profile based on CPR's carbon dependence and freight
commodities.
A list o f management options for reducing greenhouse gas emissions from CPR's
operat ions was developed based on the documents produced by Trrmspo~-furion
Issrre
Table established under the Canada's National Climate Change Secretariat.
Recommendations were then developed based integrating the information obtained in
the preceding steps and the components of the six step management framavork
developed for managing climate change.
C-

6.
7.

8.

9.

THE CLIMATE AND ATMOSPHERIC SYSTEM
The word climate in atmospheric science is usually defined as the average weather over a
specified period o f time in a particular geographical location (IPCC SAR WGI. 1996).
Climate. as described in terms o f the mean weather of a given area. incorporates a wide
variety of atmospheric variables that interact. in a single measurement. Weather refers to
hour-to-hour and day-to-day changes. The most commonly used measurements used to
describe the climate and weather are surface variables such as temperature. precipitation
and wind. The earth's climate varies significantly over spatial and temporal scales as the
atmosphere interacts with the geophysical components o f the climatic system. However.
it can be predicted within extremes.
The earth's atmospheric system consists of three main components: the atmosphere and
all its constituent properties (chemical composition. physical properties): the land
including all of its natural features (vegetation. ecosystems, snow/ice): and the earth's
hydrological resources (oceans. rivers. ice. lakes. surface and subsurface water) (IPCC
SAR WGI. 1996) (Figure 1). There are additional factors, which influence the earth's
climate. but they are normally considered esternal to the atmospheric system. The
external factors that influence the atmospheric system include the sun. the earth's rotation
and sun-earth geometry. These factors interact with the components of the earth's
atmospheric system to determine the mean climate (including seasonal changes and
climatic extremes). It is important to note that describing the climate statistically can
lead to the false assumption that the earth's climate is stable (Covey. 1989). The
atmospheric system is not static. it is a dynamic system that can be influenced by natural
perturbations and or anthropocentric forces.
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Figure 1. Schematic view of the components of the global climate system including
processes, interactions and causes of climate change (IPCC SAR WGI, 1996).

The Science ofclimare Change

9

Climate change has been defined in a number of different ways in the scientific literature.
A number of the definitions in the scientific literature refer to the hypothesized source of
the change. either natural variation or human induced and some refer to any change.
regardless of source. For the purposes of this document the United Nations Framework
Con\-ention on Climate Change (UNCCC) definition will be used.
"Climate chunge " meuns cr change of clin?ute ~shicltis crtrr-ibrrted
dir-ectly or indirecrly ro hrrman acriviry rhut ulters rhe composition of
the global c~tmospl?ereund 11-hichis in crdciition lo rtcrrtrral climatic
1-rrriuhilityo b s e t ~ e dover cornput-able iinze pet-iods.--(UNFCCC
Article 1 .)
"

THE PHYSICAL PRINCIPLES OF CLIMATE CHANGE
The physical principles of climate change are best illustrated by considering the earth's
global energy balance. The sun is the primary source of energy-driving the climate
(IPCC SAR WGI. 1996). Clouds. various chemical components in the atmosphere and
the earth's surface reflect some of the incoming solar radiation and some is absorbed by
the earth's surface (IPCC SAR WGI. 1996). In order to balance the incoming solar
radiation the earth radiates thermal "long-wave" (infrared) radiation. This can be
described mathematically as:

-

Equation 1. C "J&=

(S /4)

h -a)-fii

where:
Ts= surface temperature averaged over longitude and latitude.
C = the effective heat capacity per unit area.
S = the solar constant (1 3 70 W m')
FIR= thermal long-wave (infrared) radiation emitted back into space.
( 1-a) = the fraction absorbed (Covey, 1 989).
The left-hand side of equation (1) is the rate at which heat is stored by the earth's
atmospheric system (watts/m2) (Covey. 1989). The right-hand side of equation (1)
describes incoming solar radiation and outgoing thermal long-wave radiation. To
illustrate this well understood principle it is usehl to assume the atmospheric system is
static or in equilibrium. that is to say the left-hand side of equation (1) is effectively zero
(Covey. 1989). If this assumption is true. incoming solar radiation and outgoing thermal
Iong-wave radiation balance.

THEGREENHOUSE
EFFECT
The greenhouse effect is a well established scientific principle based on atmospheric
physics - generally shared and accepted even by those scientists which do not accept the
10
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IPCC consensus opinion of climate change. The greenhouse effect can be related to the
earth's energy balance equation (Equation 1) as the physical mechanism that regulates the
amount of thermal long-wave radiation emitted from the earth's surface back into space
(FIR)As discussed above. the sun is the primary source of energy driving the earth's climatic
system. The majority of the incoming solar radiation passes through the atmosphere and
is absorbed by the earth's surface (the earth's atmosphere is transparent to the majority
incoming solar radiation). To balance the incoming solar radiation the earth radiates
thermal long-wave radiation. Some of the radiated thermal long-wave radiation passes
through the earth's atmosphere back into space. However. the majority is interceptedabsorbed and re-radiated by the atmosphere (IPCC SAR WGI. 1996) (the earth's
atmosphere is not transparent to out-going thermal radiation). The energy absorbed by
the atmosphere warms the earth and helps maintain the temperatures that sustain life on
our platlet: this is called the "natural greenhozrse efleecr (Figure 2 ) . The atmosphere is
composed of a variety of gases. which absorb and emit infrared radiation including water
vapor. carbon dioxide. methane, and nitrous oxide. These gases are called greenhouse
eases (GHGs). Changes in the atmospheric concentration of these GHGs have the
potential to a1ter the energy balance of the earth causing changes in the earth's
temperature. Given the reality of the -'narzo-nlgreenhozise effecl" it is logical to conclude
that any increase in the atmospheric concentrations o f greenhouse gases will result in
global warming (climate change).
"

-

Figure 2. The greenhouse effect (OSTP, 1997).
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Anthropogenic Enhanced Greenhouse Effect
Many human activities are increasing the concentration of various greenhouse gases in
the earth's atmosphere. The Intergovernmental Panel on Climate Change (IPCC) in its
Second Assessment Report ( 1995) concluded that: "Hzimanacrivifies cwe chunging rhe
crimospheric conmrrcrrions and disfribzit ion ofgrr enhouse gcrses and crerosois." and
" The halance of eridertce ...siiggesfs u discernible hzrrnan influence on ihe giobui piuner.

For example. the combustion o f fossil fuels and deforestation are the t\vo human
activities that are known to be largely responsible for the approximately 25% increase in
lgure
carbon dioside that has occurred over the past century (IPCC SAR WGI. 1996) (F'_
3). The increased concentration of carbon dioxide will result in the \ v C m i n go f the
earth's surface because of the greenhouse effect (IPCC SAR LVGI. 1996). This is k n o k b n
as the "enhanced greenhouse effects-.

Figure 3, Measured amounts o f carbon dioxide in the atmosphere (UNEP/WIMO,
n.d.).

The warming of earth's atmosphere due to anthropogenic greenhouse gas emissions can
be easily observed by examining the effect of greenhouse gas concentrations on the
global energy balance equation:

As greenhouse gas concentrations in the atmosphere increase, due to the greenhouse

effect. the amount of infrared radiation absorbed by the atmosphere increases. As this
occurs, the amount of infrared (thermal long wave) radiation emitted back into space
(FIR)is reduced. Assuming the solar constant (S) and the heat capacity of the earth (C)
are constant over time, a decrease in FIRresults in an increase in the earth's surface
temperature (Ts). Therefore, any anthropogenic increase in the concentration of
greenhouse gases in the atmosphere will result in global warming (climate change).
12
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Greenhouse Gases, Aerosols and their Radiative Forcing
There are a number of greenhouse gases. The majority are naturally occurring and others
are prirnari l y a result of human activities. Naturally occurring greenhouse gases include
water vapour. carbon dioxide (COz). methane (CH4). nitrous oxide (NzO). and ozone
(0;).Although these gases occur naturally in the atmosphere. human activities are
largely responsible for their increased concentrations observed in the atmosphere over the
last century (Figure 3). Greenhouse gases that occur primarily as a result of human
activities include chlorofluorocarbons (CFCs). hydrochloroflurocarbons (HCFCs).
hydrofluorocarbons (HFCs). pefluorocarbons (PFCs). sulfur hexaflouride (SF6) (EPA.
1998).
There are also several gases emitted from human sources. that although they do not
directly contribute to global kvarming, they directly influence the formation and
destruction of ozone, which does (Environment Canada- 1994). These gases. called
ozone precursors. include carbon monoxide (CO), oxides of nitrogen (NO,). and
nonmethane volatile organic compounds (NiLiVOCs).
Aerosols are tiny air borne particles (solid or liquid) that often result from emissions of
sulphur dioxide (SO?). which can influence the absorptive characteristics of the
atmosphere (EPA. 1998). These gases have a relatively short lifetime in the atmosphere
and are spatially variable.
The term "radiativeforcing-' is used extensively in the climate change scientific literature
as a measure of the relative importance of greenhouse gases in terms of their effect on the
energy balance of the atmospheric system (IPCC SAR WGI, 1996). Greenhouse gases
that have a positive radiative forcing tend to warm the earth's surface and greenhouse
eases that have a negative radiative forcing tend to cool the earth's surface.

-

The follo~vingis a discussion of each of the greenhouse gases and their radiative forcing
characteristics.
Water vapor (&Of&
Water vapour comes from natural respiration. transpiration and evaporation
(Environment Canada. 1997). Human activities are not believed to have a direct impact
on the concentration o f water vapour in the atmosphere (EPA, 1998). As a result. water
vapour is not a consideration in anthropogenic climate change.

Carbon Dioxide (COz)
Carbon dioxide comes from decaying matter, respiration, and natural and human
combustion of materials and he1 (Environment Canada, 1997). The primary
anthropogenic input is the combustion of fossil hels. Carbon dioxide is well distributed
throughout the atmosphere and has a positive radiative forcing effect on the earth's
surface.
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Methane (CHI)
Sources of methane include vetl lands. animal digestive processes and landfil Is. fossi 1 fuel
extraction. and fugitive emissions from natural gas production. Methane emissions occur
primarily from the decay of matter in the absence of oxygen (Environment Canada.
1997). Methane is aIso produced in relatively small quantities as a result o f the
incomplete combustion of hydrocarbons in fossil fuel. Methane is well distributed
throughout the atmosphere and has a positive raidative forcing effect on the earth's
surface.

Nitrous Oxide (N20)
Primary anthropogenic sources o f nitrous oxide are soil cultivation and the use of
synthetic and manure fertilizers. fossil fuel combustion especially from mobile sources.
and nylon production (EPA. 1998). Nitrous oxide is well distributed throughout the
atmosphere and has a positive radiative forcing effect on the earth's surface.
Ozone (03)and Ozone Depleting Substances (ODs)
Ozone is present both in the upper atmospl-lere (stratosphere) and the Io\ver atmosphere
(troposphere). The function o f stratospheric ozone in the atmosphere is to filter out
harmful ultra violet radiation. During the past few decades emissions of chlorine and
bromine halocarbons (CFCs). hydrochlorotlurocarbons (HCFCs). methyl chloroform.
methyl bromide and carbon tetrachlroride. called ozone depleting substances. have
depleted stratospheric ozone concentrations (EPA. 1998). Emissions of CFCs and
HCFCs have both a positive and negative radiative forcing effect. These gases are
powerful warming gases (positive radiative forcing). However, the resulting loss of
stratospheric ozone has produced a negative radiative forcing effect on the earth's
surface. In 1987 the Montreal Prorocol on Szlbstunces rhar Deplete the Ozone L q e r was
brought into force to control stratospheric ozone depletion. It should be noted that
climate change was not a major consideration in the development of the ~C.lonrreal
Protocol on Srrbstances that Deplete rhe Ozone Luyer.
Ozone precursors
Tropospheric ozone is produced by the oxidation of methane and from chemical reactions
with precursor gases including carbon monoxide. nitrogen oxides and non-methane
organic compounds. The concentrations of both tropospheric ozone and the precursor
gases are both short-lived and spatially variable (EPA. 1998).
Carbon Monoxide (CO)
Carbon monoxide is created when carbon-containing h e l s undergo incomplete
combustion. Carbon monoxide has an indirect radiative effect because it increases
concentrations of tropospheric ozone.
Nitrogen Oxides (NO,)
Nitrogen oxides (NO and NO2) are created fiom lightening, burning biomass, fossil fuel
combustion and NzO in the stratosphere (EPA, 1998). Nitrogen oxides have an indirect
radiative effect resulting in their role in the formation of tropospheric ozone, and to a
lesser extent stratospheric ozone (EPA. 1998).

14
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Non-methane Volatile Organic Compounds (NMVOCs)
Non-methane volatile organic compounds are emitted primarily from transportation and
industrial process. biomass burning and non-industrial combustion of organic solvents.
NiMVOCs have an indirect radiative effect resulting from their participation along with
NO, in the formation of trophospheric ozone. Examples of NMVOCs include butane.
ethane. and propane.

Ped7uorocarbons (PFCs), Hydrot7uorocarbons (HFCs) and Sulfur
Hexaflouride (SFG)
PFCs and HFCs are not ozone depleting substances and therefore, are not covered under
the klontreal Protocol. They are. however. very powerful greenhouse gases (positive
radiative forcing gases). HFCs are used pri mari 1y as replacements for ozone-depleting
substances. PFCs and SF6 are primarily emitted form industrial processes including
aiuminium smelting. the manufacture of HCFC-22. electric power
transrnission/distribution and magnesium castingAerosols
A s mentioned earlier. aerosols are very small particles (solid or liquid) found in the
atmosphere (EPA. 1998). They are produced from events including wind. volcanic
activity and anthropogenic processes such as fossil fuel combustion. Aerosols direct
radiative effect is to absorb radiation and their indirect effect is to alter cloud formation
resulting in a change in the albedo (reflectivity) o f the earth (EPA. 1998). Although.
aerosols tend to produce a negative radiative forcing effect. because they are relatively
short-lived and heterogeneously distributed through out the atmosphere. the aerosol
effects can not cancel the global-scale of the effects o f much longer-lived greenhouse
Oases (EPA. 1998: IPCC SAR WGI. 1996).
s

The concept o f Global Warming Potential (GWP) was developed to allow scientists and
policy makers to evaluate the relative radiative effects o f each greenhouse gas (IPCC
SAR. WGI. 1996). Gases can contribute to the greenhouse effect both directly and
indirectly. Direct effects occur when the gas itself is a greenhouse gas. indirect effects
occur when the transformation o f the original gas produces a greenhouse gas or alters the
atmospheric lifetimes of other gases (EPA. 1998). Global Warming Potential (GWP) is a
measure of the radiative forcing (direct and indirect) of a greenhouse gas over a specified
time period relative to a reference gas. The reference gas used is carbon dioxide (COz)
and the time period recommended by the Intergovernmental Panel on Climate Change
(IPCC) is 100 years. The parties to the FCCC have also agreed to use GWPs based on a
100 year time frame (EPA, 1998).
The GWPs of selected greenhouse gases are listed in Table 3. Photochemically active
greenhouse gases with short atmospheric life times (CO. NO,, NMVOCs and SOz) are
not listed because there is no agreed upon method to estimate their contribution to climate
change (EPA, 1998; IPCC SAR WGI, 1996).
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Although C01 is the greenhouse gas of greatest concern in climate change. due to the
large quantities emitted. it can be seen from Table 3 that the other gases also have the
potential to influence global climate change. It is for this reason these gases must be
considered.
Carbon dioxide equivalent (C02E) is the standard measure for combining emissions of all
greenhouse gases in a single measurement. Carbon dioxide equivalent is the sum of the
mass of each greenhouse gas emitted multiplied by its GWP.
Table 3. Global Warming Potentials (GWPs) for
selected greenhouse gases (IPCC SAR WGI,
1996).

I
I

Gas

1

1 Atmospheric
Lifetime
(years)

GWP (100
year)

THE SCIENCE OF CLIMATE CHANGE - KEY POINTS
Climate change could impose a variety o f impacts on organizations and businesses in
Canada. The science of climate change imposes several issues. which must be addressed
in managing climate change at the organizational level.

GLOBAL
PROBLEM
By its very nature climate change is a global problem. which can not be addressed by a
single country, or group o f countries (IPCC SAR WGIII, 1996). Greenhouse gas
emissions come from a variety o f point sources within each country and therefore,
climate change mitigation must be coordinated both nationally and globally. Climate
change represents a unique problem. Unlike regional or local problems, each source or
sink contributes equally to the problem. Since the mitigation of climate change is

16
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independent from the spatial distribution of abatement efforts (Janssen. 1998) the costs of
achieving emission reductions can be reduced by concentrating mitigation efforts in areas
where it is cost effective to do so. However. it is critical to address the issue at each point
source to ensure effective mitigation.

NONLINEARITYAND
IRREVERSIBILITY OF THE CLIMATE SYSTEM
Nonlinearity occurs when a change in one variable in a system causes more than a
proportional change in another variable. For example. some atmospheric scientists have
suggested that once atmospheric greenhouse gas concentrations have exceeded some
critical level (threshold). it is possible the global energy balance could be upset resulting
in a substantial or a "run au-rr)," increase in temperature (IPCC SAR WGIII. 1996).
Irreversibility refers to changes that once they have occurred can not be reversed due the
momentum and inertia of the earth-atmospheric system. To ensure effective mitigation
the nonlinearity and irreversibility associated with the function of the atmospheric system
requires organizations to begin to address the issue now.

Despite the consensus opinion of the IPCC. there is still some debate regarding climate
change. The anti-global warming literature tends to cite scientific uncertainty as a reason
for postponing mitigation (GCC. n.d.). The science of climate change is not uncertain.
even anti-global warming scientists agree the greenhouse effect is responsible for
maintaining the earth's current temperatures and the concentration of carbon dioxide
equivalent in the atmosphere has increased since the industrial revolution as a result of
human activities (Jones. 1997). Agreement on these two points indicates there is cause
for concern. What remains uncertain is the timing, magnitude and location of the
potential impacts of climate change.

REGIONAL
VARIA TlON
The impacts of climate change will likely vary between and w-ithin countries because
climate acts regionally not globally. Some countries and regions will benefit while others
\;ill suffer (IPCC SAR WGIII, 1996). This has the potential to alter the demand for
services and products provided by Canadian organizations.

LONGTERM PLANNING
Climate change truly is a long term planning problem. Changes in greenhouse gas
concentrations in the atmosphere occur over long periods of time (100 years) and the full
effects of the elevated concentrations of greenhouse gases will take decades to be realized
(IPCC SAR WGI. 1 996). -The dynamic nature of the problem combined with the
uncertainties surrounding climate change indicate that a practical flexible framework
capable of adapting to new information is critical for Canadian organizations to manage
the issue.

MULTIPLE
GREENHOUSE GASES
The enhanced greenhouse effect is dependent on the concentration of all greenhouse
gases in the atmosphere and their relative global warming potentiat (GWP). Therefore,

The Science o/C/imate Change

17

Canadian organizations must address all sources and all greenhouse gas emissions.
Because different greenhouse gases differ in their radiative efficiency and atmospheric
lifetimes. Canadian organizations must use the global warming, potential of each
greenhouse gas in order to understand the relative importance o f each greenhouse gas
source in developing a management strategy.
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THE POLITICS OF CLIMATE CHANGE
Climate change was recognized as a serious international environmental issue at the First
World Climate Conference in 1979. following which. a number of intergovernmental
conferences were held to raise concern for the climate change issue during the late 1980's
and early 1990's (UNEP. 1999).
In 1988 the United Nations Environment Program (UNEP) and the World Meteorological
Organization (WMO) jointly established the Intergovernmental Panel on Climate Change
(IPCC). The IPCC was given the mandate of assessing the state of the existing
knowledge about climate change and the environmental and socio-economic impacts of
climate change (UNEP. 1999). The IPCC released its First Assessment Report (FAR) in
1990. confirming the scientific basis for theories about for climate change and providing
the scientific foundation for negotiating a Framework Convention on CIimate Change.

The Second World Climate Conference in 1990. sponsored by the World Meteorological
Organization and the United Nations Environment Program. called for a framework
treaty o n climate change (UNEP. 1999). The final declaration did not specify any
emission reduction targets but recognized the importance of equity. sustainable
development. and the "precautionaryprinciple". The United Nations General Assembly
approved the start of treaty negotiations and established the Intergovernmental
Negotiating Committee for the Framework Convention on Climate Change (lNC/FCCC)
in December of 1990. with the deadline of June 1993, Rio "Earth Summit" (UNEP. 1999).

THE UNITED NATIONS FRAMEWORK CONVENTION ON
CLIMATE CHANGE (UNFCCC)
The United Nations Framework Convention on Climate Change was adopted and signed
by 154 states at the Rio Earth Summit in 1992 and UNFCCC entered into force on March
2 1" 1994 after receiving the 50" instrument of ratification (UNEP. 1999). The UNFCC
represents the cornerstone of international efforts to address climate change with the
ultimate goal of the:
...stabilization of greenhorrse gas concentr-urions in the atmosphere at a
ie\*c.i that rvotrld prevent dangerorts anthropogenic it~terference rvith the
clinrrrte system. Srtch a level shorrld be achieved within a time-frame
sz~flcientto allow ecosystems to adapt nalrtralZy to climate change, to
ensztre that food prodztction is not threatened and enable economic
det7eZopment to proceed in a srtstainable manner. " (UNFCCC Article 2.
Objective)
"

In order to achieve the ultimate goal of the UNFCCC the Parties agreed to 5 principles to
guide their efforts:
I . "Differentiated responsibilities": On the basis of equity, developed countries have the
lead in addressing climate change.

The Politics o/Clinlare Change

19

2. Developing countries: Recognize the special circumstances of developing country
parties such that they do no have to bear a disproportionate burden under the
UNFCCC.
3 . Precautionary Principle: the lack of scientific certainty is not an excuse to postpone
taking action to address climate change.
4. Sustainable Development: Climate change policies and measures should be integrated
with national development programs and take into account economic development.
. I ntemational Economic System: Promote and support an international economic
system that will lead to sustainable economic growth of all parties.
(UKFCC Article 3. Principles)
Under the UNFCCC the majority of the Organization for Economic Cooperation and
Development (OECD) members and the states of Central and Eastern Europe.
collectively known as Annex I countries under the b'Pu*FCCC.committed to adopting
policies and measures to reduce their greenhouse gas emissions to 1990 levels by the year
2000 (UNEP. 1999).
The International Negotiating Committee (IhrC)w7asdissolved in February of 1995. The
Conference of the Parties (COP). consisting of all the states that have ratified the
UNFCCC (over 170 by J a n u q 1998). became the ultimate authority of the UXFCCC
with the ability to adopt new commitments through amendments and protocols (UNEP.
1999).

THE CONFERENCE OF THE PARTIES (COP)
The purpose of the Conference of the Parties is to promote and review the
implementation of the UNFCCC (UNEP. 1999). Progress under the UNFCCC is based
largely on information exchange and the efforts of the Parties to meet their treaty
commitments. termed '-national communications" in UNFCCC jargon.
The Conference of the Parties held its first session (COP !) in Berlin in 1995 with the
objective of evaluating the commitments of developing countries. The parties agreed that
new commitments were required for the post 2000 period and adopted the **Berlin
Mandate" initiating talks on new commitments (UNEP. 1999). The Ad hoc Group on the
Berlin Mandate was established to draft a protocol for COP 3 in 1997.
The second Conference of the Parties (COP 2) took place in Palais des Nations. Geneva
in July 1996 and reviewed the process for national communications and stressed the need
to strengthen the UNFCCC. The Geneva declaration endorsed the Second Assessment
Report (SAR) of the IPCC. released in 1995, "as currently the most comprehensive and
authoritative assessment of the science of climate change. its impacts and response
options now available".
The third Conference of the Parties (COP 3) took place in Kyoto, Japan in December
1997 and concluded with the signing of the Kyoto Protocol. The fourth Conference of
the Parties (COP 4) took place in Buenos Aires in 1998 with the purpose of addressing
the mechanisms and implementation of the Kyoto Protocol. The fifth Conference of the
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Parties (COPS) took place in Bonn in 1999 with the purpose ofadvancing the
methodologies and procedures for implementing the Convention and the Kyoto Protocol.
The outstanding issues are set to be finalized at the Sixth Conference of the Parties
(COP6) which will take place November 13" through November 24'hZOO0 in The Hague.
The IPCC continues to produce scientific and technical papers for use by the Parties to
the UNFCCC and its Third Assessment Report will be completed by the year 2000 or
early 200 1.

The Kyoto Protocol on the Framework Convention on climate change signiticantly
advances the commitments of the nations included in Annex 1 of the CTNFCCC. The
Kyoto Protocol represents the successful negotiation of legally binding emission
reduction commitments for Annes 1 nations. Under the Kyoto ProtocoI. 59 states plus
the European community (signatories as of November 1 998). have agreed to limit
greenhouse gas emissions. The reduction amount varies from nation to nation.

Key Elements of the Kyoto Protocol
Specified Time Periods and Targets
Article 3 of the Kyoto Protocol establishes emission reduction targets. which must be
achieved by the period 2008-20 12. Proposals were made to evaluate emission reduction
targets based on criteria including, population. gross domestic product (GDP), and carbon
intensity of the economy. However. the emission reduction targets agreed to at Kyoto
Lvere purely political (Rolfe. 1998a). Canada agreed to reduce greenhouse gas emissions
by 6%. the United States by 7%. and the European Union by 8%. The Russian federation
and New Zealand are only required to stabilize emissions while other nations are allowed
to increase emissions. For Canada, a 6% reduction means Canada will have to reduce
emissions by approximately 2 1% below the business-as-usual projections for 20 10
(Environment Canada- 1998).

Ratification
The Kyoto Protocol, like many multilateral treaties, does not come into force on signing.
After signing. nations must ratifL the agreement, before they are bound by the terms and
conditions specified in the agreement. The Kyoto Protocol will only become legally
binding, bound by international law. after 55 countries representing at least 55% of
developed countries emissions have ratified it (Environment Canada. 1998). As of
October 1zth1999 the Kyoto Protocol has received a total of 16 instruments of
ratification (UNFCCC. 1999). However, international law does not provide an
enforcement mechanism to make states adhere to the treaties to which they are parties
(UNEP, 1993).
Six Greenhouse Gases
The emission reductions required in the Kyoto Protocol apply to six greenhouse gases
(UNEP, 1999). The three major anthropogenic gases are carbon dioxide (CO?),nitrous
and methane ( C h ) . The three other gases, hydrofluorocarbons (HFCs),
oxide (N20)
The Polilics of Climate Change
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perfluorocarbons (PFCs) and sulfur hesafluoride (SF6). are released in relatively small
quantities. However. because of their high global warming potential (GWP) and long
atmospheric life times including these gases provided more comprehensive climate
change protection. The reductions of these gases can be measured against either 1990 or
1995 baseline levels (UNEP. 1999). Article 5 of the Kyoto Protocol states that the GWPs
used to calculate carbon dioxide equivalence (C02E) of anthropogenic emissions are
those accepted by the Intergovernmental Panel on Climate Change (IPCC) and
methodologies used to estimate emissions shall be those accepted by the IPCC and
agreed to at COP 3.

Flexibility Measures
In an effort to help signatories to the Kyoto Protocol meet their emission reduction
targets. the Protocol includes three major flexibility measures' to help Parties fulfil their
commitments under Article 3 of the Protocol.
C'lerit~Dc.re lop me^^I ~Cfeclrut~
ism

The Clean Development mechanism (CDM) defined in the Kyoto Protocol (Article 12).
aIlows Canada and other Annes 1 nations to achieve emission reductions by generating
emission reduction credits in non-.Annex 1 nations. The CDM is effectively international
emission trading where emission reduction credits generated from international projects
can be used if they are certified under the CDM. The Kyoto Protocol a1lo~t.sfor
certification on the basis of:
(a) Voluntary participation of each party involved:
(b) Real. measurable and have long-term benefits related to the mitigation of climate
change; and
(c) Reductions in emission that are additional to any that would occur in the absence of
the certified project activity (Kyoto Protocol Article 12.).
The Kyoto Protocol enables nations to meet their emission reduction targets for the
period 2008-20 12, using certified CDM credits generated from 2000 up to the beginning
of the first commitment period (2008-201 2).

Article 6 of the Kyoto Protocol aliows Annex 1 nations, for the purpose of meeting their
emission reduction targets, to transfer or acquire emission reduction credits. from other
Annex 1 nations. for projects reducing anthropogenic emission sources or enhancing
anthropogenic removal by sinks. Provided:
(a) Any such project has the approval of the Parties involved;
(b) Any such project provides a reduction in emissions by sources, or an enhancement of
removals by sinks that is additional to any that would otherwise occur:
I

Article 4 of the Kyoto protocol where Annex 1 parties agree to jointly meet their
commitment under Article 3, is some time referred to as a fourth flexibility measure.
This is effectively international emissions trading (Article 17 of the Protocol).
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(c) It does not acquire any emission reduction units if it is not in compliance with its
obligations Under Articles 5 and 7 (Appendix C): and
(d) The acquisition of emission reduction units shall be supplemental to domestic actions
for the purposes o f meeting commitments under Article 3 (Kyoto Protocol Article 6.).
En~issio)~
Trading

Article 17 o f the Kyoto Protocol establishes the right for Parties ( A M ~ X1 and Annex 2
nations) to participate in emissions trading in order to fblfil their commitments under
Article 3 of the Kyoto Protocol. Provided:
(a) Trading is supplemental to domestic actions.
Emission trading requires the Parties to assume legally binding emission reduction
commitments. as the initial allocation o f emission --credits -- will be based on these
commitments. If developing countries (Annes 2 nations) wish to participate they will
ha1.e to agree to emission limitations.
Periodic Review
Article 9 of the Kyoto Protocol states that the Conference of the Parties (COP) shall
periodically review the Protocol in relation to progress made (national communications)
with respect to the Protocol. instruments of ratification, the best available scientific
information (assessments and impacts) as well as social and economic information.

There is a clear trend toward increased commitment to meeting the ultimate objective of
the UNFCC. The UNFCC. signed in 1992. did not specify any emission reduction
targets. the Kyoto Protocol to the UNFCCC. signed in 1997. specifies emission reduction
targets and time frames. If significant progress is not made to meeting the emission
reduction targets as we approach the Kyoto time frame. the COP, with its ability to adopt
new commitments through amendments and protocols (UNEP. 1999). will likely spec@
increased emission reduction efforts or shorter time frames or a combination of both.

Criticisms of the Kyoto Protocol
The Kyoto Protocol, similar to the overall issue of climate change, is also topic of debate.
The Kyoto Protocol has been criticized by both industrial and environmental groups.
Industrial groups have primarily criticized the Kyoto Protocol with respect to strictly
imposed emission reduction targets and the economic costs of compliance associated
with strictly imposed targets. However. they fail to recognize the benefits of reducing
emissions in terms o f innovation and improving efficiency.

Environmental groups have primarily criticized the effectiveness o f the Kyoto Protocol in
terms of reducing greenhouse gas emissions (Rolfe. 1998a). Aside fiom the criticizing
the targets outlined in the Kyoto Protocol as inadequate they also cite the following
problems:
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Credit for Non-Additional Projects
Articles 6 (JI) and 12 (CDM) o f the Kyoto Protocol contain provisions that require
emission reductions to be additional to any that would occur in the absence of a project.
Environmental groups claim that this provision does not. in fact. require the project to
achieve emission reductions that would not have occurred in the absence of the project
(Rolfe. 1998a). They state that credit should only be given for projects which are not
profitable. or not worth doing for other reasons (Rolfe. 1998a).

Emission Leakage
Emission leakage occurs when an emission reduction project implemented in one area
results in an increase in emissions in another area (International FIexibility Mechanisms
Table. 1998). Therefore emission reduction credits can be generated from JI and CDM
projects that do not result in a net reduction in emissions.
Hot Air
Eastern European nations have emission allokvances for the period 2008 to 20 12 under
the Kyoto Protocol that exceeds their emissions forecast based on a business-as-usual
scenario. For example. Russia is allowed to emit 1990 IeveIs in the compliance period
2008-20 12. However. due to the collapse of the Russian economy. current emissions are
only 74% of 1990 levels (Rolfe. 199th). Under the proposed international trading rules it
may be possible for Russia to sell surplus emissions without taking any action to reduce
emissions (Rolfe. 1998a).

Lack of a Compliance Mechanism and Liability
Even if the Kyoto Protocol is bound by international law. when 55 countries. representing
at least 55% of developed countries emissions have ratified the agreement. international
l a ~ vdoes not provide a clearly defined method of enforcing Parties to comply with the
agreement.
The issue of liability is also a concern under the international emissions trading
mechanism. outlined in the Kyoto Protocol. There are t ~ v otypes of liability systems that
are currently being considered within the context of an international trading system: seller
liability and buyer liability (International Flexibility 1Mechanisms Table. 1998). Seller
liability makes the Party selling tradable units liable for the consequences of deciding t o
sell (International Flexibility Mechanisms Table. 1998). Buyer liability makes the buyer
liable for ensuring the tradable units are valid (International Flexibility mechanisms
Table. 1998). Under a buyer liable system the buyer faces the risk of having tradable
units acquired discounted or invalidated. A seller liable system is simpler and preferable
in terms of participation. However, there is an incentive to over sell tradable units if
enforcement is weak.

- -
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THE POTENTIAL CONSEQUENCES OF CLIMATE
CHANGE
The anticipated climatic changes that result from increased atmospheric concentrations o f
greenhouse gases combined with the emission reduction targets and timeframes set out in
the Kyoto Protocol could have serious effects on the earth's biophysical and socioeconomic systems (IPCC SAR WGI. 1996; IPCC SAR WGIII. 1996).

Esisting studies of the potential impacts of climate change recognize the sensitivity of
biophysical and socio-economic systems (UNEP. 1999). However. the impacts are
difficult to quantify (IPCC SAR WGI. 1996). The majority of the studies are limited in
scope and as a result, only general conclusions can be supported by the ssisting evidence
and these conclusions are highly dependent on the assumptions used in the modeis (IPCC
SR, 1998).
The majorit. of biophysical and socio-economic cIimate change impact studies are based
on a doubling of carbon dioxide equivalent (C02E) in the atmosphere (IPCC SAR WG 111996) and assumes no climate change policies. The results of these studies predict an
increase in global mean temperature somewhere in the range of 2-4°C. The IPCC
Working Group 11 Second Assessment Report (1996) provides a temporal context for the
projected mean temperature increase of 1-3.5"C accompanied by a mean sea-level rise of
15-95 cm by the year 2100. The potential consequences of climate change on
biophysical and socio-economic systems are well-documented (I PCC SAR WGI. 1 996:
IPCC SAR WGIII. 1996). However. there is a large degree of uncertainty \vith respect to
the timing. magnitude and location of the potential impacts (IPCC SAR WGI. 1996).
The follo~vingsections represent a brief overview o f the potential climate change impacts
on Canada's biophysical and socio-economic systems.

THE BIOPHYSICAL CONSEQUENCES OF CLIMATE CHANGE
The ultimate objective of the United Nations Framework Convention on Climate Change
(UNFCC Article 2) explicitly acknowledges the importance of natural ecosystems. food
and fibre production and sustainable development. Changes in the atmospheric
concentration of greenhouse gases have the potential to alter the earth's biophysical
processes. which are responsible for providing a variety o f market and non-market goods
and services to the global community. Canada's social and economic systems are closely
linked with the function of its natural ecosystems and water resources (CCS. 1998). ,As a
result. organizations dependent on these systems could potentially be affected by climatechange-alterations to these systems. As mentioned previously. there are uncertainties
associated with quantifying the potential impacts o f climate change on both regional and
local scales and some may never be quantified (CCPB, 1998). Nevertheless. the
following discussion represents a brief' overview o f some of the potential biophysical
consequences of climate change in Canada, based on information contained in the:
Canada Country Study (1998);
IPCC Special Report Regional Impacts of Climate Change ( 1997); and
Contribution of Working Group I1 to the IPCC Second Assessment Report (1996).
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Ecosystems are responsible for a variety o f functions necessary for individuals.
organizations and society in general. Ecosystems provide the following goods and
services:
provide food. fiber. medicines. and energy;
nutrient processing and storage:
m a t e processing. water purification. regulation o f runoff (IPCC SAR WGII, 1995):
tourism and recreation: and
raw materials for human use.
These goods and services are sensitive to both the rate and magnitude of climatic change
(I PCC SAR WGII. 1996). In North America ecosystems are moderately to highiy
sensitive to climatic change (IPPC SR. 1998). The potential impacts in Canada include a
~lorth\vardshift o f vegetation (IPCC SR, 1998: CCPB. 1998). ~vhichin turn has the
potential to alter biodiversity and habitat structure and function. There is also the
possibility that vegetation may not be able to shift as quickly as climatic zones w-ill
(CCPB. 1998). As a result. some species or ecosystems rnay be reduced or become
extinct.

HYDROLOGICAL
RESOURCES
The global hydrologicai cycle will likely be intensified by climate change (IPCC SAR
WG 11. 1996) and water quality and quantity is particularly sensitive to climatic change
(IPCC SR, 1998). In Canada a warmer climate will likely:
Enhance the hydrological cycle. resulting in fewer heavier precipitation events Lvith
longer dry periods between events (CCPB.1998).
Alter water quantity. seasonal and annual runoff changes. resulting in increased
runoff in winter and spring and decreased soil moisture and runoff in the summer
(IPCC SR, 1998).
Decrease water quality. during minimum river flowysand during flood events,
Even though Canada is naturally rich in freshwater hydrological resources. changes in
water quality and quantity may result in water use conflicts (CCPB, 1998). Canada's
coastal systems are also sensitive to climate change. Rising sea levels or changes in
storm frequency and severity could potentiaily result in erosion. increased salinity of
estuaries and freshwater aquifers (IPCC. SAR WG 11, 1996).

FOODAND FIBERPRODUCTION
All aspects of food and fiber production including agriculture. forestry. and fisheries have
the potential to be affected by climate change.

Agriculture
Soil moisture and temperature are the two climate factors the agricultural areas o f Canada
are most sensitive to (CCPB, 1998). The impacts of climate change o n Canada's
- -
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agricultural industry will be directly reflected in changes in productivity and crop yields
which will vary considerably across Canada (IPCC SAR WGII. 1996). Climate change
may have the following impacts on Canada's agricultural sector:
Longer frost free seasons:
Shorter maturation in northern regions:
Larger seasonal moisture deficits: and
Impacts north of 60% are insignificant (CCPB. 1998).
These impacts have the potential to significantly alter agriculture in Canada with
significant cost implications for farmers. agricultunl businesses m d communities.
Canada is also a major esporter of agricultural products and as a result. international
changes in agriculture can influence domestic agricultural production (CC PB. 1998).

Forestry
Similar to Canada's agricultural areas. Canada's forests will also be influenced primarily
by changes in soil moisture and temperature. Climate change may have the following
impacts on Canada's forests:

r

Increased drought stress:
Increased frequency and severity of fire:
Increased growth rates;
Increased wind damage:
Migration o f species northward. but expansion may be limited by ability of species to
migrate: and
Increased harvest potential may be limited due to modified water. fire and insect
regimes (CCPB. 1998).

Fisheries
Climate change interacts with a variety o f factors that influence fisheries including.
diminished nursery areas. increased salinity of estuarine areas and water temperature
changes. Climate change may have the following impacts on Canada's fisheries:
Decreased sustainable harvest of many freshwater fisheries in southern Canada:
Increased sustainable harvest of many freshwater fisheries in northern Canada;
Decreased and more variable sustainable harvests for southern Pacific salmon;
Increased sustainable harvests for northern Pacific salmon;
Decreased sustainable harvests of Pacific cod; and
Decreased sustainable harvests in the Atlantic (CCPB, 1998).

Climate change could potentially have a number of negative impacts on human
infrastructure and the built environment. All human infrastructure including buildings
and roads are designed for the "current" climate (CCPB, 1998). Climate change could
require redesign and replacement of existing structures before they have lived their full
-
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design life times (CCPB. 1998). In general. the sensitivity of the infrastructure associated
with the energy. industry and transportation sectors is low relative to natural ecosystems
and ecosystem processes. and the capacity for adaptation through the replacement of
capitai is anticipated to be high (IPCC SAR WGII. 1996).
Coastal areas are particularly vulnerable to flooding and land loss due to erosion (IPCC
SAR WGII. 1996). This has the potential to produce climate change refugees. increasing
human pressures on a diminishing land base.

Climate change impacts on human health will be a result of both direct and indirect
pathnays (IPCC SAR WGII. 1996). Direct pathways include thermal stress and extreme
Lvcather / climatic events (IPCC SR. 1998). Indirect pathways include disease vectors.
infectious agents, and exposures to toxic substances and changes in food production
(IPCC SR. 1998). Changes in water quality and quantit>-also has implications for human
health as lvell as poorer air quality associated with warmer air temperatures (CCPB.
1998).

There is natural variation in the earth's climate. which results from the interaction of the
various components of the earth-atmospheric system (atmosphere. oceans. biosphere. ice
cover. land surface) (UNEP. 1999). A climatic estreme is a significant departure from
the normal state of the climate system. independent of its actual effect on life or the
earth's ecology (UNEP. 1999).
Although global warming will result in an increase in the Earth's average temperature.
there w i l l also be changes in climatic extremes. Changes in the Earth's average
temperature are not directly proportional to changes in extreme meteorological variables
(IPCC SAR WGII. 1996) and may affect the frequency, magnitude and location of
extreme events (UNEP. 1999).
The insurance industry is particularly vulnerable to changes in extreme climatic events
(IPCC SAR WGII. 1996). Climate change has the potential to increase the risk of
extreme events. which could increase insurance premiums and/or lead to a withdrawal of
coverage in high-risk areas.

THE SOCIO-ECONOMIC CONSEQUENC ES OF CLIMATE
CHANGE
The potential biophysical impacts described above have serious implications for
Canada's socio-economic we11 being. The impacts of climate change on socio-economic
systems can be generally classified into two categories:
1. Non-market related: refers to "intangibles" (Frankhauser, 1995) or social "soft" costs.
The potential impacts of climate change on human health/mortality, ecosystem
hnction represents non-market costs (IPCC SAR WG 111, 1996)(Table 4).
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2. Market related: refers to "hard" costs expressed in monetary terms. Adaptation and
mitigation costs are examples of market-related costs (Table 4).
It is important to note that non-market costs can indirectly or directly influence market
related costs. For example. ecosystems provide raw material for human consumption and
or use. Although ecosystem function represents a non-market service. ecosystem
function can directiy influence the supply o f raw materials: a market cost which can be
espressed in monetary terms.
Table 4. Overview of climate change impacts (IPCC SAR WG 111, 1996).
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The economic valuation of non-market costs can be described as problematic and highly
skeptical at best. This is primarily because. although some non-market costs are amenable
to monetary valuation. others are not (IPCC TPIII. 1997). This represents the primary
source of uncertainty in the economic analysis o f climate change. The majority o f socioeconomic climate change studies to date are focused on the negative costs associated with
climate change. T11ere are however. benefits associated with limiting greenhouse gas
emissions. The benefits o f limiting greenhouse gas emissions include but are not limited
too:
the reduction o f additional pollutants produced bvi th greenhouse gases:
conservation of biological diversity:
maintenance of ecosystem function and the market and non-market goods and
services they provide:
efficiency improvements: and
technoIogica1 innovation.

'
5

WTP: willingness to pay.
Often induded in wetland loss.
Primarily agricultural damage.
Primarily agricultural damage-
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In some socio-economic studies the impacts of climate change are expressed in terms o f
net costs. which incorporates some o f the benefits and non-market costs associated with
climate change.

The purpose of the follo~vingdiscussion is to present the social considerations and the
state-of-the art in terms of the economic impacts of climate change.

The concept of sustainable development is central to the social issues surrounding climate
change. Sustainable development is the idea that the current generation should not make
net changes in the environment that reduces the capacity of future generations to achie1.e
a similar level of well-being (IPCC SAR WGII. 1996). This idea has been accepted
internationally as one o f the guiding principles for addressing the climate change issue. as
documented in section 5 o f Article 3 in the UNFCCC. Despite its acceptance. the
practical impIementation of the concept is problematic.
Equity is a social consideration that falls under the concept o f sustainable development.
Equity refers to the quality of being fair or just. Within the context of climate change.
equity is concerned with the allocation o f burden. associated with the potential
consequences of climate change. both biophysical and economic. Equity at the
international levet is specifically addressed in section 2 of Article 3 in the UNFCCC.
Climate change equity issues also exist at the national level including regional. sectoral.
institutional and organisational equity issues. An important distinction exists between
international and national equity issues (IPCC SAR WGlI, 1996). At the national level
political structures exist and they function to address a wide range of issues o f
significance to that particular nation (IPCC SAR WGII. 1996). The significance of this is
national governments have the ability to prescribe action on climate change within their
boarders. In comparison. there is no international political structure designed to address
global issues although the UNFCCC and the Kyoto Protocol represents an international
agreement on climate change there is no body designed to enforce the agreementEfficiency is a social consideration that arises as a result of equity and economics.
Eficiency within the context of addressing climate change is primarily a question of
economics. Efficiency within the climate change literature is generally described as
mitigating o r achieving emission reductions at the least cost. Although no fundamental
discontinuity exists between economics and most definitions o f equity (IPCC SAR WGII.
1996): discontinuities can arise when optimizing efficiency without considering various
levels o f equity. This can result in a disproportionate burden being placed on some
nations. regions. sectors. institutions and organizations.

Economic assessments o f climate change impacts have been estimated for a number o f
sectors in the market economy (IPCC TPIII, 1997). The standard measure for estimating
the economic consequences of climate change is the per capita gross domestic product
(GDP) (IPCC TPIII, 1997). It is generally accepted in the literature that GDP is
inadequate for estimating the potential consequences of climate change (IPCC TPIII,
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1997). This is largely the result o f the difficulties and the lack of an accepted

methodology for estimating some non-market impacts. However. GDP represents the
best estimate available at this time.
The contribution of Working Group Three (WGIII) to the Second Assessment Report
(SAR) of the Intergovernmental Panel on Climate Change (IPCC) included a review o f
studies estimating the economic losses associated with a 15°C increase in global
temperature. representing the mid-range increase in global temperature associated with a
doubling o f current C0.E (IPCC TPIII. 1997). These studies use current demographic.
social and economic structure to estimate the economic impact as:
1 - 1.5% of national GDP annually for developed countries: and
2. 2-9% of national GDP annually for developing countries.
1.

These estimates represent the state-of-the-art in terms of economic estimates that
incorporate both market and non-market impacts.
The Business and Environment Research Program o f the Conference Board o f Canada
conducted a review of the economic impact on Canada of greenhouse gas reductions in
I 997 (Howatson and Carnpfens. 1997). This study examined 14 economic studies
relevant to Canada that fall into three categories:
1. Macroeconomic: emission reductions in concert with major trading partners:
3. Macroeconomic: unilateral emission reductions taken by Canada: and
3. Microeconomic: implementation o f energy efficiency and co~servationtechnologies.

This study took place before COP 3 and the subsequent signing of the Kyoto Accord as
such: the models examine a variety o f emission reduction scenarios. The key findings o f
this study are:
1. Estimates are highly dependent on assumptions regarding:
a) Baseline factors: economic growth. energy intensity. response of consumer and
business purchasing decisions to changes in energy prices and
b) Policy factors: reduction targets and timeframes. technology penetration.
2. Estimates are influenced by model type:
a) Top-down models: examine macroeconomic linkages and generally conclude that
emission reductions are costly to the economy. Generally good at capturing
international economic relations. However. they are less effective at examining
regional and sectoral impacts.
b) Bottom-up models: examine engineering design, energy efficiency and
technology and generally conclude that emission reductions can be achieved with
little or no cost to the economy.
3. A number o f top-down (macroeconomic) models conclude:
a) Canada is likely to suffer greater economic losses than the United States or the
European Union, due to Canada's energy-intensive economy, trade dependence.
and high levels o f energy exports.
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b) Canada's economic GDP is likely to be 0.5-2.3% lower than it would be in the
absence of emission reductions.
c) Impacts on regions and industrial sectors are likely to be uneven. Coal producers
would experience a sharp reduction in demand. The oil and gas industry could
experience a 10-30% loss in welthead revenues. Regions with extensive oil and
gas development (Alberta and some Atlantic Provinces) would experience a
higher than average loss in economic activity.
4 More aggressive emission reductions and timefnmes increase the cost o f reducing
emissions.
C

KEY POINTS
MARKET
AND NON-MARKET
GOODSAND SERVICES
The biophysical consequences of climate change nil1 dramatically effect:
r

The supply and demand of a variety of market goods: and
The hnction of non-market ecosystem goods and sewices.

These impacts are highly regional. sectoral. and industry specific with the impacts being
distributed unequally. The practical application of current estimates o f the effect of
climate change on market and non-market goods and services is quite limited. not only as
a result of the assumptions required. but also the result of the global nature o f the
problem and the regional sectoral and industry specific impacts.

Socio-ECONOM~C
IMPL~CA
riolvs
Sustainable development, equity and efficiency will be the primary driving forces
dictating future governmental responses to climate change and the development of
climate change policies. The economic estimates of climate change are directly related to
market and non-market goods impacts. as a result. their practical application is also
limited for the same reasons outlined above. However the following economic
conciusions can be drawn:
Climate change will result in a net cost to the economy:
The economic impacts will be distributed unequally: and
Geographic areas and industry sectors that rely heavily on greenhouse gas intensive
processes will experience higher than average economic impact.
Although the economic costs associated with climate change are significant. There are
also significant opportunities for organizations in Canada including innovation,
technological advancements and efficiency improvements.

--
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CLIMATE CHANGE POLICIES
There are a number of climate change policy options available for governments to
facilitate greenhouse gas emission reductions and minimize the impact of global climate
change. Climate change policies can be divided into two general categories based on the
result of the policy. Adaptation polices are policies implemented to reduce the impacts of
climate change and mitigation policies are policies implemented to reduce emissions or
sequester greenhouse gases in sinks. It is important to recognize that the final policy mix
adopted by Canada will likely include a m i s of adaptation and mitigation policies.
Hen-ever. this section focuses on climate change mitigation policies because they are
designed to reduce net emissions.
Climate change policy must be considered within the contest of Canada's national
economy recognizing that climate change is only one of many esternalities: competition
is imperfect: information and markets are not complete: and distorting taxes and transfers
are widespread (IPCC TPl. 1996). As a result o f these facts. there will most likely be a
number of policy instruments used by the Canadian government to address the climate
chance
- issue incIuding voluntary measures. information programs. research and
development. regulations. taxes. charges. subsidies and incentives.
Canadian organizations with operations or subsidiaries operating outside o f Canada may
be exposed to different sets o f policy instruments. Although the scope and magnitude of
the policy instruments may vary. it is anticipated that most governments will use a similar
portfolio o f policy instruments.
The purpose of this section is to describe the potential climate change mitigation policies.
which couid be used by governments to control greenhouse gas emissions that will have a
direct impact on organizations operating in Canada. The climate mitigation policies
discussed here are divided into two categories: regulatoq approaches (cornmand-andcontrol) and market-based approaches.

REGULATORY APPROACHES (COMMAND-AND CON1ROL)
Regulating activities by setting and enforcing standards are two methods of controlling
activities that. both directly and indirectly, result in greenhouse gas emissions (IPCC
SAR WGIII. 1996). Governments, by mandating standards. can control or ban the use of
materials and equipment considered harmful to the environment (IPCC SAR WGIII,
1 996). Generally. there are two types of regulatory standards: Technology-based
standards: and Performance-based standards.

Technology-based standards typically require the use o f specified equipment, processes
and procedures to achieve environmental objectives. In terms o f mitigating greenhouse
gas emissions. technology-based standards could require specified combustion processes
and energy efficient motors (IPCC SAR WGIII, 1996).
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Although uniform technology and performance standards tend to be effective at
achieving environmental goals (Hahn and Stavins. 1991). they typically have the
follow-ing negative attributes:
impose higher costs (higher than without the required technology):
involve end-of-pipe solutions. which ignore more cost effective process changes:
have special requirements on new sources. which encourages emitters to keep older
equipment: and
depress technological innovation because there is no driving force to adopt
technology different from that mandated by regulation (Wiener, 1997).
As a result o f these facts there is a trend toward adopting more performance-based
standards to limit emissions and it seems extremely unlikely that governments will be
willing to adopt a high-cost- low innovation approach to mitigating greenhouse gas
emissions.

Performance-based standards are generally more flexible than technology-based
standards. Performance-based standards for addressing climate change would specify
acceptable levels of emissions but not how these levels are to be achieved. Performancebased standards for greenhouse gas mitigation could include maximum allowable
greenhouse gas emissions from combustion and minimum efficiency level for multiple
electric motors.

MARKET-BASED APPROACHES
With market-based approaches governments use economic instruments to alter the price
signals to ensure emitters o f pollutants face direct cost incentives to control emissions
(IPCC SAR WGIII. 1996). effectively internalizing what were external costs. In theory.
market-based economic instruments are more economically efficient than traditional
command-and-control regulations because different organizations. industries in different
geographical regions have different opportunities to reduce emissions. The two main
market-based approaches for limiting greenhouse gas emissions are emission taxes and
subsidies and tradable emission permits (IPCC SAR WGIII. 1996).

EMISSIONTAXES
AND SUBSID~ES
In an emission tax scenario, taxes per unit o f emissions are levied against emission
producers. In the contest o f global climate change, the most common emission tax is the
carbon tau. which is based o n the carbon content of fossil hels. In theory. a carbon tax
provides incentive for efficiency gains. However, different producers (i-e. industries and
geographic regions) o r greenhouse gas emissions have different opportunities for
emission control. As a result. there is the question o f equity associated with the
application o f a carbon tax. The Canadian federal government has essentially ruled out
the carbon tax as a means o f reducing greenhouse gas emissions (Report of the
Commissioner o f the Environment and Sustainable Development. 1998).

--
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Governments may offer subsidies (incentives) for adopting particular technologies.
practices or procedures that reduce greenhouse gas emissions (IPCC SAR WGIII. 1996).
Subsidies may be offered for emission abatement o r for carbon sequestration.
Market distortions that both directly and indirectly. result in greenhouse a s emissions as
a result of existing subsidies. particularly energy subsidies. act as a disincentive to
adopting less carbon intensive fuels. Reducing o r eliminating subsidies could result in
significant greenhouse gas emission reductions (Shelby et. al.. 1995). However.
subsidies are extremely difficult to reduce or eliminate because they are designed to
achieve widely accepted objectives. The elimination o f domestic subsidies also has the
potential to cause an international competitive disadvantage. Howcver. it is important to
note that allowing environmental externalities represents a market distortion o r subsidy
which includes the practice of using the atmosphere to dispose of air borne pollutants and
greenhouse gases.

In a tradable emission permit scenario. emission producers are given permits to emit
(IPCC SAR WGIII. 1996). The volume allocated to each producer is a portion o f the
emission cap for the country in which they operate (IPCC SAR WGIII. 1996). Emission
producers are then permitted to buy and selI surplus permits in the market. Tradable
emission permits can be applied at two scales: domestic: and international6. Both trading
schemes are designed to promote full user-cost pricing for emitting greenhouse gases to
the atmosphere by ensuring emission producers face direct cost incentives to reduce
emissions.
The United States has successfully used a -'cap and trade" system to reduce sulfur dioxide
emissions (Saile. 1998). This may be used as a prosy for the development o f a domestic
tradable emission permit system in Canada or an international quota trading system.
There are also a number o f voluntary emissions trading demonstration projects which are
attempting to demonstrate the effectiveness of emissions trading in the absence o f a
regulated cap (Tradable Permits Working Group. 1998). These projects include:
Pilot Emissions Reduction Trading (PERT) project;
Greenhouse Gas Emission Reduction Trading (GERT) project: and
Northeast States for Co-ordinated Air Use Management (NESCAUM) project.

ADDITIONAL COMPLEMENTARY APPROACHES
There are a variety o f additional complementary policy instruments that can be used to
help mitigate greenhouse gas emissions. Education and the dissemination o f climate
change information. research and devetopment programs for new and innovative
technologies and methodologies, and technology transfer are examples o f instruments
Tradable quota is the term used to describe internationally traded emission permits and
tradable permit is the term used to describe domestic emission trading schemes (IPCC
SAR WG 111, 1996).
Climate Change Policies
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that have the potential to alter consumer behavior and expedite the development and
adoption of new "climate friendly.' technology (IPCC SAR WGIII. 1996). In addition.
voluntary programs are playing a primary role in facilitating emission reductions in
Canada (Conference Board of Canada and Griss. 1998).
Voluntary action. is a component of most initiatives to reduce greenhouse gas emissions
in Canada (Conference Board o f Canada and Griss. 1998). However. voluntary
approaches to achieve greenhouse gas emission reductions have been criticized due to a
lack of credibility (see RFI. 1996: and Pembina Institute 1997).

ISSUES EFFECTING THE CHOICE OF POLICY INSTRUMENTS
There are a variety of issues affecting climate chilnge policy design and implementation.
Each individual policy instrument has its own distinct advantages and disadvantages.
The IPCC Second Assessment Report Contribution of Working Group 111 identified over
a dozen general policies. which could be implemented to mitigate greenhouse gas
emissions. However. reaching consensus o n a global climate policy is extremely difficult
because the issue is so complex and the potential impacts of ciimate change policies are
so large and have the potential to be unevenly distributed across regions and sectors. The
purpose of this section is to outline the some of the most prominent international and
domestic issues government policy makers are considering regarding the design and
implementation of climate change policies.

The potential impacts of greenhouse gas emissions are globa1 in nature. Each molecule
of greenhouse gas emitted any where has virtually the same effect on the earth's energy
balance. The most serious implication for the global problem of climate change is that
the atmosphere must be considered a "public good" and that no one can be excluded from
the costs and benefits of abatement (Wiener. 1 997).

UNCERTAINTY
ABOUT COSTSAND BENEFITS
There is a great deal o f uncertainty surrounding the magnitude and potential impacts o f
climate change. This translates into uncertainty surrounding the costs and benefits of
climate change policies and emission abatement (Wiener. 1997).

EMISSIONS
SOURCES
AND SINKS
The sources of greenhouse gas emissions are dispersed unequaIIy across countries.
regions and various industry sectors. Virtually every human activity either, directly o r
indirectly, is a source of greenhouse gas emissions (Wiener, 1997). Every country.
region and industry sector has the opportunity to reduce greenhouse gas emissions or
enhance sinks.

FREERIDINGAND EMISSION
LEAKAGE
Free riding is the term used to describe the condition when countries benefit from global
abatement but do not contribute (IPCC SAR WGIII, 1996). At the international level,
emission leakage refers to when abatement by cooperating countries alters world prices
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resulting in non-cooperating countries increasing their emissions (IPCC SAR WGIII.
1996). This effectively decreases the competitiveness of the cooperating countries as
well as the effectiveness of their abatement. At the national level. emission leakage
refers to the condition when abatement in one geographical area results in an increase in
emissions in another geographic location (International Flexibility Mechanisms Table.
1998).

/N TERNATIONAL

w AND INSTITUTIONS

The intemational context o f global climate change is different from the legal institutions
h r environmental policy design under national law (Wiener. 1997). There is no
majority-rule in intemational law. countries are only bound by the terms of the treaty if
they agree to become a party to the treaty (Wiener. 1997). Thus intemational treaties
more closely approximate multiparty contracts than majority-rule legislation where each
party's cooperation is dependent on its own perception of the benefits of participation and
the probability that the other parties will meet their commitments under the treaty
(Wiener. 1997). Therefore there are no real opportunities for enforcement or penalties
associated with noncompliance.

Flexible policy design. in terms of market-based approaches to abatement. offer
substantial advantages relative to inflexible constraints and technology standards (Wiener
1997). Flexible climate change policy is more cost effective and has the added
advantages of:
providing greater incentive for innovation:
improving resource flows and technoIogy development and implementation: and
attracting greater participation (Wiener 1997).
In additional to the flexible market-based approaches. spatial and temporal flexibility is
also being considered.

Spatialfre,vibi/ity:As discussed the effects o f greenhouse gas abatement on the earth's
cIimatic balance is independent of location. However. the costs and benefits can vary
signi ticantl y across countries, regions and industrial sectors.
Temporakflexibility: The timing of abatement is also an important consideration in
policy design. Due to the large capital investments in equipment o f many greenhouse gas
sources. implementing emission reductions at the point o f capital stock turnover is much
more cost effective. The point of capital stock turnover can be defined in two ways.
First. is the time period for tax write-off for capital stock and second is the "usabIe life"
o f capital stock which is typically much longer with good maintenance. Implementing
emissions reductions at the end of the "usable life" of capital stock is more cost effective.
However. using the tax write-off period has advantages in terms o f abatement because the
rate o f capital stock turnover is higher.

Climate Change Policies
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Each sovereign nation and interest groups within each nation. including different
branches within the national government. non-governmental organizations (NGOs).
industry groups/associations. and other interest groups have multiple objectives in
climate change policy development. These objectives include:
competitive economic status with respect to current and potential rivals:
autonomy and sovereignty:
principles o f equity
social and economic goals unrelated to climate change:
environmental protection (Wiener 1997): and
the distribution of costs and benefits.
Developing and implementing climate change policy is a multi-level. multi-stakeholder
affair in ~vhichpolitical decision-makers must consider national interests as well as the
interests of various interest groups within their nation.

CURRENT GOVERNMENT POLICY INITIATIVES
Under the United Nations Framework o n Climate Change (UNFCC) industrialized
nations have committed to undenake policies and measures to reduce greenhouse pas
emissions. Many industrialized nations. including Canada. have initiated policy
development under the UNFCC and the Kyoto Protocol. Due to the global nature o f the
climate change problem and the increased globalization o f international trade it is
important to consider current Canadian climate change initiatives within the context o f
the global economy and global climate change initiatives. A complete discussion o f all
the climate change policy initiatives of the world's major industrialized nations is beyond
the scope of this section.
The purpose o f this section is to outline the major climate change initiatives of the
Government o f Canada and provide a brief description of the climate change policy
initiatives of the Government of the United States. our major trading partner (The
Industry Table & Goss Gilroy Inc.. 1998).

The National Action Program on Climate Change (NAPCC) is Canada's formal response
to the Ul\iFCC setting forth a strategic direction for Canada to meet its national
commitment. The NAPCC was a federal, provincial, and temtorial initiative and was
approved by the ministers o f energy and the environment on February 201h 1995
(NAPCC. 1996). The NAPCC is based on the concept o f sustainable development
incorporating environmental, economic and social considerations (NAPCC. 1996). The
concept of sustainable development is M e r elaborated in the NAPCC based on the
following principles:
precautionary principle;
shared responsibility;
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effectiveness:
competitiveness:
transparency and accountability
flesibility: and
international cooperation (NAPCC. 1996).
Based on the principles listed above the NAPCC identified four major mitigative actions:
I . Voluntary Challenge and Registry (VCR):
2. Join Implementation (JI):
3. National Communications Program: and
4. International Cooperation.
The Voluntaq Challenge and Resist? (VCR) is considered a key action under the
NAPCC. The purpose of the VCR is to encourage governments and the private sector to
take \*oluntarq.initiatives to limit or reduce greenhouse gas emissions. Since the VCR
was first formed over 900 organizations from all sectors have joined the initiative. by
sending a letter of commitment. including the federal government and all provincial
eovernments (VCR Inc. 1998). Participants in the VCR submit action plans and
subsequent progress reports that include emission reductions from energy efficiency. fuel
substitution. process redesign. management practices and/or carbon offsets (NAPCC.
I 996).
CI

A review of the NAPCC was conducted in November of 1996 by the National Air Issues
Coordinating Committee. This review identified over 475 policies. involving thousands
of initiatives. that could be expected to reduce greenhouse gas emissions. Most of these
programs were originally designed to promote energy efficiency (NAPCC. 1996).

The government of Canada. in its 1998 budget. committed $150 million over three years.
in addition to the 3100 million the federal government is already spending on climate
change (Environment Canada. 1997). The additional funds are for:

a

developing a national implementation strategy;
carrying out public education and encouraging early action;
identiQing best practices and mechanisms;
beginning quick-start pilot projects: and
engaging developing countries in the climate change issue (Environment Canada.
1997).

The Government of Canada, in an effort to coordinate its climate change response, at a
Joint Meeting of Ministers (federal, provincial and territorial Energy and Environment
Ministers) in April 1999. created the National Climate Change Secretariat (NCCS) to
support the development of a National Implementation Strategy. As part of the National
Implementation Strategy the NCCS is responsible for coordinating the work of 16 Issue
Tables (Table 5).
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Table 5. Sixteen Issue Tables developed under Canada's National Implementation
Strategy.
1. Agriculture and Agri-food

1
1

I

2 . Analysis and Modeling
3. Buildings
4. Credit for Earlv Action
5. Electricity
6. Enhanced Voluntary Action
7. Forest Sector

!
1

I 1. Sinks (carbon sequestration)
12. Technology

f
l
Group
) 14. Transportation

1

15. Kyoto Mechanisms

1 16. Municipalities

I

Each o f the Issue Tables consists of 15-25 members from a variety o f stakeholder groups
interested in a particular sector or issue and including members from government.
industry, non-governmental organizations and special interest groups. The Issue Tables
provide expert input in the analysis and identification o f greenhouse gas emission
reduction opportunities.

The United States government response to the UNFCC and the Kyoto Accord is similar
to Canada's. It emphasizes flexible approaches that offer significant cost-effective
results. The Climate Change Action Plan (CCAP) released in October 1993 is the United
States' formal strategy for addressing the climate change issue. The CCAP is a
comprehensive program that targets the major greenhouse gases and all sectors of the
economy and is composed of more than 50 federal voluntary programs (Grant et. al..
1998). The CCAP relies primarily on innovative partnerships with the private sector,
states and localities most o f which are voluntary or market-based strategies (Grant et. al.,
1998). The CCAP was expanded in October 1997. prior to the Kyoto conference and a
three-stage plan was adopted:
Priming the pump through research and development investments and tax
incentives.
Review and evaluation in preparation for a domestic emissions trading
system.
Binding targets through a domestic emissions trading program (2008) (IIP,
1999).

Stage 1:
Stage 2:
Stage 3:

- -
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One of the key elements of President Clinton's Climate Change Proposal is "lndzrstry-by07CIIrsft-y Conszi~iarionscind Ear& Creciit" (Clinton. 1997). [ndustry/Sector specific plans
and reports are currently being developed through this consultation process. summarizing
and discussing the solutions that are currently being debated around the world (Grant et.
al.. 1998).

KEY ELEMENTS OF CLIMATE CHANGE POLICIES

CURRENT
GOVERNMENT
POLICYRESPONSE
Both the Canadian and United States climate change initiatives have focused primarily on
a practical flexible voluntary approach to limiting greenhouse gas emissions. Based on
current participation in voluntary programs it does not appear they are as effective as

anticipated. If this trend continues more stringent policy responses will likely result.

It does not appear that the issues surrounding climate change policy development will be
resolved in a policy relevant time frame. As a result. no single optimal government
policy response to global climate change can be developed. It is important to recognize
that command-and-control and market-based policy options are not mutually exclusive
and, because o f the uncertainty associated with the potential impacts and economics of
climate change. a broad portfolio o f climate change policy responses will likely result.
The portfolio of government policy responses will not be fixed- it will remain dynamic
over time. and w-ill change in light of new information. Climate change policies will
likely progress from informal flexible voluntary agreements to more formal commandand-control policies as we approach the Kyoto time frame (2008-20 12).

BUSINESS
RISK
The net result o f any governmental response to climate change will result in more full
cost pricing for users of the atmosphere to dispose of greenhouse gas emissions from
human activities. For businesses and organizations in Canada this translates into greater
operational expenses but also opportunities for business growth and strategic redirection.
Increased operating expenses will be a result of the costs associated with:

permits:
monitoring and reporting;
technology improvements;
capital stock turnover to reduce emissions;
the removal o f and/or the re-allocation of subsidies; and
capital costs for efficiency improvements.
Due to the potential costs associated with plausible climate change policy responses,
climate change poses a significant business risk for organizations in Canada.

~
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ENVIRONMENTAL MANAGEMENT
Managing environmental issues is not a new idea or concept for organizations in Canada.
Environmental management has emerged as an efficient and effective way for
organizations to address the environmental aspects of their operations and incorporate
environmental objectives in their decision-making (Boiral and Salla. 1998).
Environmental management recognizes that a purely scientific definition of an
environmental problem is insufficient for the development of a solution to the problem
(Thompson. 1997). Environmental problems a e often characterized by complex
interactions between social. economic. and political systems. which are not purely
scientific or amenable to quantification. Environmental management has the advantage
in addressing environmental problems because it incorporates the social. economic.
political and environmental issues surrounding an environmental problem in developing a
comprehensive solution. Environmental Management Systems (EMSs) have emerged as
the standard. used by organizations to meet their environmental goals and objectives.
The purpose of this section is to provide a general overview environmental mana,oernent
systems and provide a more detailed description of the International Organization for
Standardization's (ISO) 1400I environmental management system standard.

ENVIRONMENTAL MANAGEMENT SYSTEMS
Environmental Management Systems (EMSs) provide a framework for organizations to
manage the environmental aspects o f their operations. There are a variety of standards.
guidelines and definitions available for EMSs.
Environmental Management System standards and guidelines include:
Global Environmental Management Initiative (GEMI):
Eco-Management and Auditing Scheme (EMAS): and
International Organization for Standardization (IS0 14001)
Most Environmental Management System standards are constructed based on the
Werning Cycle" commonly referred to as the Plan-Do-Check-Act model (Deming. 1986.)
(Figure 4).

- -

-

Figure 4. EMS Plan-Do-Check- Act Model (NSF International, 1996).

There are a variety ~Fdefinitionso f EMSs are available. Environmental Mana,~ e m e n t
System definitions include:

1 . "[heor-gunizurionul srrrrcrrrre. responsibilities. pracrices. procellrrr-es. pi-ocesses. crnd
resolrr-cesfor intpfemenf ing environmental mctnagemenr. " ( C S A . 1994).
2. ".4 contintrul C-vcleof pfunning, implementing, r-eviervingand imp-oving rhe crcrions
thcrf at? orgcrnizcrtion mkes ro meer its environmental obligntioi~s." (NSF International,
3.

1996)
"Thcrrpar-! of the overall ntcrntrgentent sysrern rc.hich incfrrciesorgunizcrtioncrl
srr-zrctrrre.planning activities. I-esponsihifities.prcrctices. proceciltr-es. pr-ocesses crncl
r-esozrr-cesfor- de \*elopingimplemenring. crchie~.ing.rerie wing rrnd nrcrinrtrining I l ~ e
enrironrnenrcrl policj~. (ISO. 1 996)
"

From these definitions it is clear that an iterative incremental approach of continual
improklement is central to the function of an EMS. In general EMSs represent an
organizational as opposed to a technical approach to environmental management and
form one component o f the larger management system of an organization (Yarnell.
1999). Environmental Management Systems provide a framework to ensure that
environmental issues are systematically identified controlled and monitored (NSF.
International. 1996). This provides a mechanism to improve environmental performance
over time.
Because the differences between the various the environmental management standards
that exist to day are insignificant with respect to the applied research problem. discussion
of the I S 0 14001 is sufficient as this standard is consistent with the key elements found
in most EMS models.

I S 0 14001 ENVIRONMENTAL MANAGEMENT SYSTEM
STANADARD
IS0 1400 1 was formally approved in 1996. as the only registerable standard. in the series
of I S 0 14000 documents developed by the International Organization For
Standardization. This standard was developed using a consensus-based development
process. involving multi-stakeholder committees drawn from over 60 countries (GEMI.
1996). The Canadian Standards Association (CSA) through the Standards Council o f
Canada (SCC) represented Canada in the development of IS0 14001. In addition to I S 0
14001 standard, the I S 0 14000 series of documents consists o f a set o f guidance
documents that cover a wide range o f environmental activities including:
auditing;
reviews and assessments;
labeling;
environmental performance;
life-cycle assessment;
terminology; and
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product standards (Kirkland and Thompson. 1998).
I S 0 14001 was developed with the intent of providing organizations with an effective
environmental management system. consisting of eighteen key elements. which could be
incorporated with existing management requirements and assist organizations in meeting
their environmental and economic goals (ISO. 1996). This standard. consistent with
other international standards. is not intended to create non-tariff trade barriers or to
increase or change an organization's legal obligations ([SO. 1996). The standard was
itte ten such that it is applicable to a11 types and sizes of organizations regardless of
diverse geographical. cultural and social conditions.
As previously discussed the [SO 1400 I EMS framework is based on the Plan-Do-CheckAct model. providing a forma1 continuous improvement process. The rats and estent of
the continual improvement process is determined by the organization- based on their
eco~~omic
situation and other factors (GEILII- 1996). There is considerable overlap
between IS0 1300 1 and the I S 0 9000 series of quality system standards (GEMI. 1996).
The primary difference is their relative focus on purpose and interested parties (ISO.
1996). Quality management systems focus on customer needs while EtMSs focus on a
broader range in interested parties and society-s need for environmentai protection (ISO1996).
I S 0 14001 is a voluntary conformance standard: it specifies the requirements for an
environmental management system. It does not specifjl environmental performance
criteria beyond commitment in the environmental policy. to compliance with all relevant
legislation and regulations. and continual improvement (ISO. 1996). The I S 0 1400 1
standard applies to the organization-s environmental aspects. over which it has control
and/or can be expected to influence (ISO. 1996). There are no standard environmental
performance criteria that fit all organizations (NSF. International. 1996). It is important
to note that the adoption of the I S 0 14001 standard does not. in and of itself. guarantee
improved environmental performance or reduced environmental impact associated with
an organization's operations (ISO. 1996). The IS0 1400 1 standard is appropriate for any
organization wishing to:
implement, maintain and improve an environmental management system:
assure itself of its conformance with its stated environmental policy;
demonstrate conformance to others:
seek certification/registrationof its environmental management system by an external
organization; and
make a self-determination and declaration of confonnance with the standard (ISO,
1996).
The IS0 14001 specification contains only the requirements for an EMS that can be
objectively audited for certification/registration andor self-declaration purposes (ISO,
1996; GEMI, 1996). The I S 0 1400 1 standard is a tool for organizations to systematically
assess the level of environmental performance it sets for itself. The standard allows for
flexibility in the design and implementation of an EMS. Organizations have freedom and

tlesibility in defining the boundaries of its EMS, the level of detail and complexity of the
EMS. documentation requirements. resources required are dependent on the size.
structure and the nature of an organization's operations (GEMI. 1996).

I SO 1400 1 defines an overall environmental management system for organizations
adopting this standard. The I S 0 14001 standard consists of 5 key elements (Table 6). In
addition to the required elements o f the IS0 14001 standard there are 6 pre/co-requisites
required for effective implementation:
a basic understanding of I S 0 1400 1 - vocabulary-. costs. benefits etc.:
scope and scale needed:
education and training;
commitment - by whom? how?
cllampion - delegated responsibility: and
resources - time. financial. skills. knowledge and expertise (Dison Thompson pers.
corn.).
Table 6. Summary o f the key elements of and I S 0 lJOOl ELMS(GELMI,1996).

I

Key Element
Environmental Policy

1
Planning

I

1

Implementation

i

I

Corrective Action

Management Review

I

Description
An appropriate environmental policy must be established. documented
and communicated to employees and made available to the public. The
policy must include a commitment to continual improvement, pollution
prevention, regulatory compliance, and a framework for establishing
objectives.
Planning covers the identification of environmental aspects of the
organizations operations. and the identification and access to legal
requirements. The establishment and documentation of obiectives and
targets consistent with the organizations environmental poiicy. and the
establishment of a program for achieving the identified targets and
objectives including the assignment of roles and responsibilities of
and the required resources
specific individuals with in the organization.
and specified timeframesImplementation and operation of the EMS includes the definition.
documentation and communication of roles and responsibilities.
provision of appropriate training. assurance of adequate internal and
external communication. written management system documentation as
well as appropriate document control procedures. documented
procedures for operational controls and documented and communicated
emergency response procedures,
Checking and Corrective Action includes procedures for regular
monitoring and measurement of key characteristics of the organizations
operations, procedures for addressing non-conformance, specific record
mainteniince procedures and procedures for auditing the performance of
the EMS.
Periodic management reviews of the EMS ensure its suitability,
adequacy and effectiveness in light of new information and changing
circumstances.

1

I

When the key elements of and IS0 14001 EMS are placed in the Plan-Do-Check-Act
framework they form a dynamic interactive planning process that consists of defining.
documenting and continuously improving the system (CSA. 1994) (Figure 5 ) .

.... ....- -- ........

Start
..

CHECKING /
CORRECTIVE ACTION
:Wonitoring~tnd
~Lfecrsrtr-ement
Aron-conforntunce ctnd
Con-ectitvecincl
Preventative ..lction

.............

...........

...

CONTINUAL
IMPROVEiMENT

Etn.ironmental .-lspects
Legcil/ OthetObjectives r-nd Tctrgets
Ertrironrnentui
:Llctnctgernent PI-ogrum

EhfS A rtdits

EMENTA TION
Strrictrrre and
Training, A rtrareness.
Cornmctnication
EMS Doczrmentution and
Docrirnent Control
Operational Control
Emergency Preparedness

Figure 5. The Key elements of an IS0 14001 EMS (NSF International, 1996).

Environmental Policy
Environmental policy is defined as a "statement by the organization of its intentions and
principles in relation to its overall environmental performance which provides a
framework for action and for the setting of its environmental objectives and targets"
(ISO, 1996). An environmental policy provides direction and principles for action for an
Environmental Management
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organization and acts as a driver for implementing and improving the organization-s
environmental management system so that it can improve its environmental performance
(ISO. 1996). Environmental policy can have significant business implications, and
should be integrated m-ith the organization's overall business strategy (GEMI. 1996).
This will include ensuring the environmental policy is compatible with other
organizational policies (i.e. quality. service. product stewardship) (GEMI. 1996). An
environmental policy should be based on an organization's mission, vision. core values
and beliefs. stakeholder requirements (CS.4. 1994: GELMI.1996).
The I S 0 14001 standard requires that an organization's environmental policy:

is appropriate to the nature. scale and environmental impacts of its activities, products
or services:
includes a commitment to continual improvement and pollution prevention:
includes a commitment to comply ~ v i t hrelevant environmentd legislation and
regulations, and with other requirements to which the organization subscribes:
provides the framekvark for setting and reviewing environmental objectives and
targets:
is documented. implemented and maintained and communicated to all employees:
and
is available to the public (CSA, 1994).
In addition to the requirements above. environmental policy can make commitments to:
minimizing any significance environmental impacts o f new development through
environmental management procedures and planning:
development of environmental performance evaluation procedures and associated
indicators:
life-cycle thinking:
reduce waste and consumption o f resources:
recovery and recycling, as opposed to disposal where feasible;
education and training
sustainable development:
encourage responsible environmental behavior by suppliers and contractors (GEMI.
1996).

Planning
Environmental Aspects
Identifying environmental aspects and the associated environmental impacts associated
with these aspects, of an organization's operations is an important step in the planning
process. An environmental aspect is defined as an "element of an organization's
activities, products or services rvhich can interact with the environment" (ISO, 1996).
An environmental impact is defined as "any change to the environment, whether adverse
or beneficial, wholly or partially resuftingfiom and organization 's activities, prodtrcts or
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services" (ISO. 1996). The relationship between environmental aspects and impacts can
be described as cause-and-effect (GEMI. 1996). The IS0 14001 standard requires
organizations to establish a procedure to identify the environmental aspects of their
operations. It does not require organizations to manage issues that are beyond their
control.

The identification of environmental aspects and impacts can be addressed in a 5-step
process (Figure 6):
1 . Selecr cm Activity, Process o r Service: selected activity. process should be large
enough to facilitate meaningful evaluation and small enough to facilitate
comprehension (ISO. 1996: GEMI. 1996).
2. DeJine Environntental Aspects: Identif)' as many en\.ironmental aspects as possible
for the selected activity. process or service ([SO. 1996: GEMI. 1996).
3 . Defermine Conrrol: Is this environmental aspect within the control of the organization
(NSF International. 1996).
4. Idertrr%i+
E~zvironmenialImp~lcts:Identify as many actual and potential. both positive
and negative. environmental impacts associated with the selected environmental
aspect (ISO. 1996: GEMI. 1996).
5. Defermine the Signtjlccmce: The significance of the identified impacts can be
different for individual organizations. The evaluation can be facilitated by examining
environmental and business concerns. Environmental concerns include the scale of
the impact. the severity of the impact. the probability of the occurrence. and duration
of the impact. Business concerns include potential regulatory and legal exposure.
difficulty in mitigating the impact. effect of change on other activities and processes.
concerns of interested parties. and the effects on public image of the organization
(ISO. 1 996: GEMI, 1996).

Product or

Scnicc

,

/-,

Environmental
:cB

/

Identih
~nvirinmenml
Impacts

1

Figure 6. Process for identifying significant environmental impacts in an
organization's operations (Adapted from ISO, 1996; GEMI, 1996; NSF
International, 1996).

In developing and defining environmental aspects and organization should consider:
emissions to air;
releases to water;
waste management;
contaminated sites;
impacts on communities;
use of raw materials and natural resources; and
local environmental issues (ISO, 1996).

Environmental

Management

Signi f i c m c r

Legal and Other Requirements
In an effort to maintain regulatory compliance organizations should identifv and
understand regulatory requirements applicable to its operations (ISO. 1996: GEM.
1996). Regulations exist in several forms:
specific to an activity (i-e. maximum emission or discharge limitations. site operating
permits):
specitic to an organization's products or services:
specific to an industry:
general environmental legislation: and
authorizations. licenses and permits (ISO. 1996: GEMI. 1996).
In addition to legal requirements. an organization may also subscribe to industry codes of
practice. non-regulatory guidelines: agreements ~vithlocai authorities and/or interest
croups. internal policies, procedures and guidelines ( [ S O .1996: G E M . I996: Sasserville
;I. al. 1 997).
There are a variety of sources availabIe for organizations to identify legal and other
requirements including:
government:
industrq. associations;
commercial databasesJ and
professional services (ISO. 1996; GEMI. 1996).
Objectives and Targets
Establishing objectives and targets are an integral part of the planning process. There is
an important distinction between objectives and targets within an i s 0 14001 EMS. An
objective is defined as an "overall environmental goal, urisingfrom the ern:ironmental
poliq: [hot c m organization sets itsevto ochier*e.cmri which is y zranrifinhle where
prrrc f icublc" (I SO. 1996)- A target is defined as a --dercri/edperformcrnce reqrriremenr.
r/urrrtrijed where practicable, applicable to the orgunizution or parts thereof: that arises
$-om the en~,ironrnentcrlobjectives and that needs to be set crnd met in order to achieve
rltose ohjcctives." (I SO. I 996).

Within the context of environmental objectives and targets. establishing Enviromlental
Performance Indicators (EPIs) is also a recommended practice (ISO? 1996). EPIs can be
integrated into the planning process once the environmental targets are assigned a method
of measurement (MOE, 1998). EPIs should be objective. verifiable and reproducible and
can be used as a basis for environmental performance evaluation (ISO, 1996) and indicate
progress to established targets (MOE, 1998). EPIs can be broadly classified into three
categories: absolute; relative; and index (Table 7).
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Table 7. The relative advantages and disadvantages of the three types of EPIs
(MOE, 1998).
Type of
EPIs
Absolute
Relative

1

1

I
1

Index

!
1
I

I

/

Definition

Advantages

Disadvantages

Basic information with little
or no manipulation (e.g. total
energy consumedyear).
Normalized to some aspect o f
outputs or inputs (e-g. total
energy consumedunit o f
economic activity).
Combining two or more EPIs
using factoring and equations
to produce a single number.

I

Magnitude of the
problem can be
assessed.
Eficiency or change
can be assessed.

Relative efficiency of
company processes
cannot be assessed.
Magnitude of the
problem can be
hidden.

/
I

SimpIifies issue and
can communicate
overall environmental
performance.

I

I

I
/

1

/

I
I

/ Requires extensive

,

1

I

1/ develop.
resources and time to I
Has limited I
I
I use as a decisionI making tool.
I

Environmental Management Program(s)
The creation of an environmental management program(s) is critical to the successfbl
implementation of an EMS. An environmental management program(s) must be
designed to meet the established objectives and targets (ISO. 1996: NSF International.
1996). It is not necessary to develop a single environmental management program (NSF
International. 1996) that incorporates all the established objectives and targets. it is
possible to design specific environmental management programs to address individual
objectives and targets or groups of objectives and targets. These environmental
management program(s) should describe how the organization will achieve its objectives
and targets inc 1uding time frames. resources and responsible personnel (GEILII. 1996).
and can be further subdivided to address specific components of an organization's
operations including individual processes, projects. products. services. sites or facilities
~vithina site (ISO. 1996).
The most effective environmental management prograrn(s) are integrated with other
business plans and budgets (NSF International. 1996). Environmental management plans
should be considered dynamic and continually revised as:
new targets are added:
progress is or is not made to meeting objectives; and
changes in products, processes or facilities (NSF International. 1996).

Implementation
Structure and Responsibility
The implementation of an EMS requires the commitment o f all employees at all levels of
the organization (GEMI, 1996). As part of this commitment, management must

designate roles. responsibilities and authorities kvith respect to the environmental
management (ISO. 1996). Management must also commit the necessary resources
required for the implementation and control the environmental management system (ISO.
1996). The organizational structure usually consists of four elements:
organizational c hart(s):
job descriptions;
clear reporting lines and procedures: and
performance targets ( G E M . 1996).
Additional factors that should be considered in determining structure and responsibility
include:
provision o f resources:
action to prevent non-compliance:
identifying potential problems:
recommending solutions to problems and verieing their implementation: and
acting in emergency situations (GEbII. 1 996).
Training, Awareness, and Competence
An effective environmental management system. must be supported by the required
training to promote environmental awareness and competence in an organization's work
force. An on-going training program where training needs are continually assessed
accounting for job function, the skills. education and experience of the organization's
work force (GEMI. 1 996). Training should specifically address:
the significance o f the organization's environmental policy. environmental objectives.
targets and programs:
significant environmental impacts of specific job functions:
the roles and responsibilities o f specific job fimctions in achieving
conformance/compliance with the environmental policy:
the potential consequences of non-conforrnance/compliancewith specified operating
procedures (ISO. 1 996).

Communication
Open communication on environmental issues. both internal and external is an essential
component o f an effective EMS. Procedures should be identified and formalized for
communicating both between the various levels and across the functional departments o f
an organization and for receiving. documenting and responding to external parties (ISO.
1996).
EMS Documentation and Document Control
Documentation and document control are two key elements of an effective EMS. EMS
documentation should describe the core elements of an EMS and the interaction between
the various elements and provide reference to related documentation (ISO, 1996). As
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part of EMS documentation there must be established procedures for controlling
documents related to environmental management. Document control procedures should:
identify where relevant documentation can be located:
ensure current versions of relevant documentation are available where they are
essential to proper EMS function:
ensure obsolete versions are removed from service: and
ensure any obsolete documentation retained for legal andlor future reference is
identified as such (ISO. 1996).
Document control procedures should focus on the records required for the
implementation and operation of the EMS and the records necessary to evaluate
environmental objectives and targets (GEMI. 1996). Examples include:
organizational charts;
internal standards and operational procedures:
site emergency plans;
information on applicable environmental Isgislation. regulations and other
requirements:
complaint records:
training records:
product process infbrmation:
product information
inspection. maintenance and calibration records:
pertinent contractor and supplier information:
incident reports:
records on significant environmental impacts:
audit results: and
management review (GEMI. 1996).
Operational Control
Operational control within the contest of an EMS represents a proactive approach to
addressing the environmental impacts of an organization's operations. Operational
controls can involve any product. activity or service that is complex andlor has the
potential to adversely affect the environment (NSF International. 1996). Operational
controls should be developed to prevent deviations from an organization's environmental
policy and/or objectives and targets (NSF International. 1996) (Figure 7). Operational
controls typically take the form of documented procedures and specify who is responsible
for specific tasks, providing step-by-step instructions on how to accomplish specific tasks
including instructions for dealing with departures from procedures (GEMI, 1996).
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Figure 7. Factors to consider in developing operational controls (NSF International,
1996).
Emergency PreparednesdResponse
.Although an effective EMS can significantly decrease thc probability of en\-ironrnental
incidents. it can not eliminate the possibility. Effectirre planning for accidents and
emergency situations can reduce injuries. asset losses and minimize do\vntime (NSF
International, 1996). Emergency plans should include:

emergency organization and responsibilities:
a list of key personnel:
details of emergency services:
internal and external communication plans:
actions taken in the event of different types o f emergencies:
information on hazardous materials: and
training plans and testing (GEMI. 1996).

Checking and Corrective Action
Monitoring and Measuring
Monitoring and measuring is an essential part o f the continual improvement process
necessary for improving environmental performance. Monitoring and measuring should
be based on the organization's environmental objectives and targets and include the
evaluation of legislative and regulatory compliance (ISO. 1996). Monitoring and
measuring is a continuous and ongoing process where the results are analyzed and
evaluated to determine progress toward environmental objectives and targets and identi@
areas for corrective action (ISO, 1996).

Non-conformance and Corrective and Preventative Action
Non-conformance and corrective and preventative action planning is simply
implementing the results, findings, conclusions o f the monitoring and measuring process
(ISO. 1996). Once the necessary non-conformance and corrective and preventative
actions have been identified there must be a systematic process for their implementation
and follow-up to determine their effectiveness (ISO, 1996).
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Records
Records and information management provides important evidence of EMS design.
implementation and its ongoing operation. Records detailing an organization's EMS
have internal value for an organization and are necessary should an organization decide
to have its ELMSregistered by an non-biased third party. Examples of records an
organization may maintain include:
legislative and reguIatory requirements;
perrni ts:
environmental aspects and their associated impacts:
environmental training activity;
inspection. calibration and maintenance activity:
monitoring data:
detaiis of non-conformance (incident. compiaints and fbllow-up action):
product identification (composition and property data):
supplier and contractor information: and
environmental audits and reviews (ISO. 1996).

EMS Audits
EMS audits should be conducted on a regular basis to determine the extent to which the
EMS conforms with the I S 0 14001 standard and if is properly implemented and
maintained in accordance with the standard (ISO. 1996). Audit frequency should be
based on the nature o f an organization-s operations with respect to is environmental
aspects. potential impacts and previous audit results (ISO. 1996). Audits can be
conducted by internal employees or an by external party in either case individuals
involved in the audit process should be objective and impartial and properly trained ([SO.
1996).

Management Review
The purpose of the management review is to review. at regular intervals. the
environmental management system and to ensure is continuing suitability. adequacy and
effectiveness (ISO. 1996). The management review process must ensure that all the
relevant information is collected and the review is documented ( I S 0 1993). The
management review should address:
environmental objectives and targets;
audit findings;
concerns of relevant interested parties; and
the effectiveness of the EMS and the suitability of the environmental policy ( S O ,
1996: GEMI, 1996).
The review should be conducted considering changes and/or forthcoming changes in
legislation and regulations, changes in products, services or activities in the organizations
operations, new developments in technology, information gained fkom environmental
incidents. market preferences/opportunities, reporting and communication (GEMI. 1996).

ENVIRONMENTAL MANAGEMENT TOOLS
There are a variety o f environmental management tools available to assist environmental
decision-making. Environmental management tools can be used within the EMS
framework or they can be used independently to address specific problems. Thompson
( 1996) provided a list of environmental management tools including:
a list of driving forces (to help induce changes);
management structure for environmental issues (decision-making and information
flow):
strategic environmental planning and assessment;
environmental policy statement;
environmental impact assessment (EIA):
environmental audits:
product and technology assessment (PATA):
life cycle assessment (LCA) and life cycle costing:
environmental indicators and environmental reporting:
risk management:
economic instruments:
new systems of accounting: and
education and training.
It is clear from the list above and the preceding discussion of the I S 0 14001 EMS
standard there is considerable overlap between the list o f en\rironmental management
tools and the components necessary for an effective EMS. However, a complete
discussion of environmental management tools is beyond the scope o f this research. This
limited treatment of environmental management tools is not intended to discount their
importance in managing environmental issues. Environmental nlanagernent tools
specifically related to the applied research problem are detailed in the following section.

MANAGING GLOBAL CLIMATE CHANGE
The global climate change issue is characterized by a series of complex interactions
between the science o f climate change and the social. economic. environmental and
political systems surrounding the issue. as detailed in the previous sections o f this
document. The interaction o f these systems is still evolving and will continue to evolve
well into the future resulting in a continuous stream o f climate change factors that change
in scope and magnitude o n a temporal scale. A s such. managing climate change in
Canadian organizations and businesses requires a dynamic flexible approach that has the
ability to adapt to new information in terms of the climate change factors. both internal
and external. that have the potential to affect an organizations operations. The global
climate change management fnmekwrk presented here is based on the '-Denzing Cjde ".
which allo\vs for flexibility as new information is acquired. In reality. no single
management framework will be able to address the global climate change problem across
a11 industries and sectors. The management framework presented here is not intended to
be a comprehensive. all encompassing solution to the problem o f global climate change.
The management framework presented here has been designed for the application o f
Canadian organizations and businesses. based o n the common elements o f the global
climate change problem that apply t o organizations in Canada. The management
framework. is intended to act as a guide in the development of climate change strategies
appropriate to an organization's specific needs and circumstances.

SIX STEP FRAMEWORK FOR MANAGING GLOBAL CLIMATE
CHANGE
The six step framework for managing global climate change presented here. represents a
systems approach. organized into components and sub-components linked together in a
systematic manner. This systems approach will allow an organization to assess its
individual needs and circumstances in developing a climate change strategy. The
framework. at its highest level of organization. consists o f six main components (Figure
8). The practical apptication o f the tiarnework requires an iterative incremental approach
of continuous evaluation as each step proceeds to developing a climate change strategy
appropriate for an organization. The s i x main components of the framework can be
described as common for addressing and managing a wide variety of issues. Each o f the
six main components contains sub-components. which include more detailed information
specific to the global climate change issue. organized according to the information
presented.
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I. DEFINITION
PROBLEM
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Figure 8. Six step framework for managing global climate change.

DEFINITION
OF THE PROBLEM
Defining the global climate change issue in terms of the factors that have the potential to
impact an organization and the risks associated with these factors is a necessary first step
in managing the problem. This involves conducting a comprehensive inventory of
ereenhouse gas emissions. examining the driving forces acting on an organization and
conducting a risk assessment of the climate change impacts on the organization. to guide
future decision-making.

-

Inventory
Conducting an inventory is the first step in defining the nature and scope of the global
climate change issue in terms of an organization's particular needs and circumstances.
The inventory process should begin with a conceptual goal which defines both the
purpose of the inventory and the scope of the analysis (EPA. 1993). A general
conceptual goal for conducting a greenhouse gas emissions inventory is to complete a
comprehensive inventory, including all greenhouse gases and sources with the objective
of evaluating the risks associated with an organization's operations. It is important to
note that greenhouse gas emissions can be generally classified in two categories:
1. direct emissions; and
2. indirect emissions.

Direct emissions can be defined as emissions that are a direct result of an organization's
operations (i-e. emissions where an organization can be considered the point source).
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Indirect emissions can be defined as emissions that result indirectly from an
organization's operations (i.e. emissions that result prior to an organization utilizing or
handling a product. good or service - requires a Life Cycle Assessment (LCA)).
Generally organizations have greater control over direct emissions than indirect
emissions. The distinction between direct and indirect emissions is important because
conducting a comprehensive inventory (direct and indirect greenhouse gas emissions)
requires a life-cycle approach. The distinction between direct and indirect emissions also
has strategic implications for addressing the global climate change over the long-term.
Life-Cycle Approach: Greenhouse Gas Inventory
Life-c>-cleassessment examines the environmental consequences of an activity or product
holistically. across its entire life (EPA, 1993) from raw material. production. to ultimate
disposal (Thompson, 1997)- Applying a life-cycle approach in completing an inventory
of grsenkouse gas emissions will help identify emission sources and opportunities for
emission reductions (Figure 9). Theoretically a complete life-cycle approach to
inventorying greenhouse _gasemissions would start with all raw materials and energy
sources from where they originated and end with all materials back in the environment
(EPA, 1993). This truly a large and complicated task and decisions need to be made to
limit the scope of the assessment. Generally an organization can be described in terms of
suppliers. business processes and outputs. which is useful in determining the scope of az~
inventon of greenhouse gas emissions.

SUPPLIERS
(indirect emissions)

BUSINESS
PROCESSES

l-

OUTPUTS
(direct emissions)

E
I
Core Brrsiness

Szrpporr (nun-core)

Pr-odrrcts, Goods
or Services

Greenhouse Gus

Figure 9. Life-cycle model for evaluating greenhouse gas emissions (adapted from
EPA, 1993).
Scope

Definition of the scope o f the greenhouse gas inventory is guided by the general goal of
evaluating risks associated with global climate change and by constraints on available
information. At a minimum the greenhouse gases included in the inventory should cover
the six major greenhouse gases (carbon dioxide. nitrous oxide, methane,
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hydrofluorocarbons. perfluorocarbons and sulfur hesaflouride) outlined in the Kyoto
Protocol to the United Nations Framework on Climate Change. The scope of the
inventory should be further delimited, based on the distinction between direct and
indirect emissions. Calculating indirect emissions should be limited to a few key sources
identified based on the following criteria:
the volume of product consumed:
the carbon intensity of the product used:
the organization's dependence on the product for core business processes:
data availability (generally data availability for calculating indirect emissions is more
limited than direct emissions because they are beyond the direct control of the
organization): and
5 . the cost and time required.

I.
2.
3.
4.

The scope of the greenhouse gas inventory can be further limited b>. defining boundaries
for examining direct emissions from core business processes and emissions from support
operations (non-core). Core emissions can be defined as those that are expected to
increase with economic growth and non-core emissions are defined as those that can be
expected to remain relatively constant with economic growth. Separating emissions
based on the distinction between core and non-core emissions has strategic implications
in terms of projecting future emissions and mitigation strategies. Mitigating core
emissions is critical if an organization is going to address the global ctimate change issue
over the long-term because they are expected to increase with economic grow*. while
non-core emissions can be expected to remain relatively constant with economic growth
Dultr Rrt/rrirc?mrentsand Calczrh~ingErraission E S ~ ~ I I Z L ~ I C S

Data availability is a major limitation in the development o f a greenhouse gas inventory
both in terms o f t h e type of data available and the time period for which they are
available. There is a direct relationship between data type and the methodology used to
calculate emission estimates. There a variety of standardized methodologies and
emission factors for estimating greenhouse gas emissions (for example see
IPCC/LiNEP/OCED/IEA. 1997). However, data availability and the selection of methods
of caIculating greenhouse gas emissions evolve simultanzously.
Timlc Frctn~e

The selection of a time frame is also guided by the general goal of evaluating the risks
associated with global climate change and should be selected using the time fiames
outlined in the Kyoto Protocol. The greenhouse gas inventory should include calculated
emissions from 1990 to the present and emissions should be projected to the time period
2008-20 12. depending on data quality and the accuracy of the projections.
The practice of projecting fbture emissions is a useful tool for evaluating the potential
global climate change risks, which may adversely affect an organization. In the climate
change literature emission projections are commonly referred to as a "bz~siness-as-trsuczr'
projection which estimates future greenhouse gas emissions levels in the absence o f any
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measures an organization may have taken to reduce emissions (VCR Inc.. 1999).
Although the term --projection" is common place in climate change literature there are
three different methods for evaluating plausible emissions htures including projections.
The following list defines the alternate methods for evaluating plausible emission futures:
I . Scenario: a consistent plausible description o f one o f a number of possible htures
(Carter et. al.. 1994):
2. Forecast: a forecast is the most likely future (Tol, 1998): and
3. Projection: a simple estrapolation of current trends (Tol, 1998).
For the purpose of managing greenhouse gas emissions. establishing a forecast of the
most likely future in terms of greenhouse gas emissions is the best option. Although
projections based on extrapolating historical trends is a much simpler method. it should
be avoided because simple extrapolation is not conducive to understanding the factors
and forces that shape historical trends (Tol. 1998). Developing a forecast based on the
variables that dictate historical trends provide additional information that is valuable in
developing a strategy. Once an emission forecast has been established scenarios can be
developed for various mitigation strategies.

Driving Forces
To fully esamine the magnitude of the potential impacts global climate change represents
to an individual organization it is important to recognize the climate change driving
forces acting on an organization. Thompson (1997) listed the driving forces that could
act on organizations within the context of implementing an environmental management
system. There is considerable overlap between the driving tbrces acting on an
organization for adapting and implementing an envirorunental management system and
the driving tbrces acting on organizations with respect to developing a response to the
global climate change issue. I t is important to note, these driving forces can change
based on the unique circumstances of an individual organization and as esternal
circumstances change (Thompson, 1997). The following is a list of driving forces
specific to the global climate change issue:
Governntertts: The ratification of the United Nations Framework Convention on Climate
Change (LJNFCCC) in 1994 and the subsequent signing of the Kyoto Protocol in 1997
demonstrate the Canadian government's commitment to developing a solution to the
global climate change issue. The issue has gone beyond the science: governments are
acting on the precautionary principle. The global climate change issue has become a
question of risk management.

E~rvirortmentalLegislation and Regulations: There is currently no existing or proposed
global climate change legislation or regulations. However, there is a variety of federal
+
and provincial legislation and regulations related to air pollution. The existing air quality
legislation and regulations require organizations to monitor and/or reduce emissions of
specified gases. In most cases, air pollution can not be produced without greenhouse gas
emissions (Klein, 1999). Therefore existing air pollution legislation and regulations
indirectly influence greenhouse gas emissions.
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Comnpetifiorr:Competition is a major factor considered in organizational decisionmaking. There is the potential that an individual organization can become a preferred
customer. supplier or s e n i c e provider based on its response to the global climate chanze
issue. There are also competitive implications within and across various sectors based on
governmental policy responses to the issue.

C

Resoitrce Consemtion: Improving efficiency and implementing measures to reduce
greenhouse gas emissions that are cost-effective. so called "no-regrets'' measures. is a
method of reducing operating expenses and improving an organization's bottom line.
I~tsitrarrceCompanies and Underwriters: require information on how environmental
risks are assessed and managed (Thompson. 1997). The Chartered Insurance Institute
(1994) completed a study on climate change and insurance and concluded,
irlvesrnwnt rnmlrgers should tnodifi their inr.estmenr policies ro take crccoirnr ofrhe
potenliclf dit-ect and indirect eflecrs of globcrl ~turming"

Banks artd hvestors: require assurance their loan or investment is not jeopardized
because o f environmental risks (Thompson- 1997). The British Bankers Association
( 1 995) in a paper submitted at the U J E P Round Table meeting on banks and the
environment concluded "a lot of bank lending is for long terms up to 40 to 50 years and
often for 20 to 30 years. Within the li Fetime of loans granted today, climate change is
forecast to have a dramatic impact upon industrial operations within 20 to 40 years.'.
Recent developments include the creation of a corporate Cot indicator as a method of
providing shareholders and investors with more adequate information about exposure to
new costs (Thomas and Tennant. 1998).
Ittternatiorra/ Starr dclrds and Evolving Trade Requirements: International trade is
governed by bilateral and multilateral trade agreements that define the terms and
conditions o f trade bet~veenthe signatory countries (Export Source. n.d. j. The Worid
Trade Organization ( WTO) has recently recognized the removal of certain subsides and
other trade distorting practices could contribute to improved trade and environmental
conditions (Department of Foreign Affairs and International Trade. 1999). Although the
Kyoto Protocol to the United Nations Framework on Climate Change does not contain
specific trade measures. there are significant competitive and trade implications
(Department of Foreign Affairs and International Trade, 1999). Exporters and importers
should be aware the carbon dependence o f products has the potential to influence tariffs
and quotas assigned to products.
Industry and institutional Associations: are publishing policies and guide1ines to be

followed by their members (Thompson. 1997)- Examples related to global climate
change include: the Canadian Chemical Producers' Association (CCPA) Responsible
Care@ Program which requires members to report greenhouse gas emissions to the
National Emission Reduction Master (NERM) Plan; and the Canadian Association of
Petroleum Producers (CAPP) has established a Global Climate Change Voluntary
Challenge Guide ( 1 997).
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Other Sfake/~oiders:A variety of stakeholders including the public. employees and
environmental non-governmental organizations (ENGOs) have the potential to influence
global climate change-related behavior of organizations.

-

Risk Assessment
Risk assessment can be described as a systematic process for describing and determining
the risks associated with a particular process. action or event (Phypher & Associates Ltd..
1999). Risk assessment can be quantitative or qualitative depending on the type of
data/infonnation available. Risk assessment also provides valuable information to
support risk management and strategic decision-making (Kemper et. al.. 1997).
Risk is generally characterized as a function of two factors: the probability of an event
occurring: and the magnitude of the event (Equation 2.) (Kemper et-al.. 1997).
Equation 2. Risk = (probability of an event)

* (the magnitude of the event)

Although risk is a hnction of tw-o factors. the degree of risk can be strongly influenced
by one of the factors (Phypher & Associates Ltd., 1999).
Risk assessment in the context of an organization's operations and the risks of global
climate change refers to the potential impacts (magnitude) of climate change events that
may effect an organization and the probability of the potential impacts occurring. Where
climate change "evenrs" incIude both the potential biophysical impacts and government
policy responses associated with climate change. The magnitude of global climate
change events involves alf aspects of an organization's operations including revenues.
customers and suppliers. Examining an organization's exposure and flexibility to a
potential global climate change event can further refine risk. Where:

Exposure: refers to the extent which a climate change "events" may impact an
organization (influenced by an organization's carbon dependence) and
Flexibility: refers to the degree to which adjustments and changes can be made to an
organization's operations to decrease the magnitude of the event.
In general exposure increases as flexibility decreases and flexibility is highly dependent
on an individual organization's economic situation.
There is the possibility of biophysical changes in the earth atmospheric system that have
the potential to impact an organization. However. at the present time, the timing and
magnitude of these events are difficult to quantiQ (IPCC SAR WGII, 1996). Because
regionaI climate change predictions are uncertain, assessing the risks to an organizaiton.
associated with biophysical changes due to global climate is problematic.
Global ciimate change risk assessments can be either quantitative or qualitative
depending on the type and quantity of data available to an organization. Generally.
quantitative global climate change risk assessments are focused on economics. Where
the cost of mitigation or government policy responses is estimated in dollars per tonne of
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carbon dioside equivalent ($/tonne C02E). a total cost can then be calculated based on an
orsanization's greenhouse gas emissions baseline and future costs can be estimated based
on an emissions forecast. This represents the economic risk o f global climate change to
an organization. It is important to note that this represents just one of the risks climate
change poses to an organization and does not present a holistic view of the problem.
A relative risk assessment (qualitative) of government policy responses can also be
performed based on the premise that more stringent command-and-control policies are
generally more costly to an organization. Although this does not provide an absolute cost
or number it is useful in generating momentum for action. A relative risk assessment can
be further refined by developing a descriptive .-risk profile-' o f an individual organization
~\.hichexamines the inputs. business processes- outputs and key variables including the
biophysical impacts. as they relate to global climate change-

Based on the greenhouse gas inventor).. forecast and risk assessment. establishing
objectives and targets is an important part of managing the issue. A general overall
o bjsctive for organizations responding to global climate change should be a commitment
to reducing net greenhouse gas emissions and improving efficiency. Setting targets
w:ithin the context of emissions forecast is more complicated. Factors that should be
considered in developing targets for emission reductions include:
past performance:
planned activities (anticipated economic growth):
efficiency trends:
Kyoto target of 6% below 1990 levels by the period 2008-20 12: and
Kyoto commitment to demonstrate signiticant progress by the year 2005 (VCR Inc..
1999).

Targets should be quantified relative to the baseline established in the inventory. to
permit objective monitoring over time (VCR Inc.. 1999). Setting targets that are realistic
and challenging requires the simultaneous evaluation of the management options and
measures available to an organization for reducing greenhouse gas emissions.
Once targets have been established Environmental Performance Indicators (EPIs) can be
established. I f the targets established are quantified in terms o f an absolute quantity o f
emissions. an absolute EPI is already developed. It is recommended that a relative EPI
also be established normalizing greenhouse gas emissions to some aspect o f an
organization's output, so that efficiency can be assessed.

Successfbl management o f global climate change involves a holistic approach that
combines mitigation measures, sound management of greenhouse gas sinks and
reservoirs. use o f international flexibility measures, and strategic adaptation (Technology
Table, 1998). A complete list o f all the technologies and measures available to Canadian
organizations for reducing greenhouse gas emissions is beyond the scope o f this research.
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Specific mitigation measures must be evaluated within the context of an individual
organization's unique circumstances. The purpose o f this section is to illustrate some
-general greenhouse gas management options and provide a decision-making tool for
optimizing an organization's response in terms of the management options outlined here.

The Technology Table ( 1998) classified mitigation of greenhouse gases into four general
approaches:
1 . Reducing carbon intensity in energy production and use:
3. Reducing energy intensity, or the amount of energy used per unit of output:
3. Capturing . sequestering. using or storing greenhouse gases: and
4. Using specific mitigation strategies for specific gases identified in the Kyoto
Protocol.

Although these approaches are valid. within the context of organizational decision
making. their direct application is limited. This research has identified two general
greenhouse gas management options classified as "rnifiglrtionstr-crtegies'-which reduce an
organization's net emissions and "adupration strarc.gies.-\vhich reduce an organization's
exposure to global climate change "evenfs".Each o f these management options is further
divided into categories to facilitate decision-making (Figure 10).

-

/ Adaptation \

Figure 10. Management options for reducing greenhouse gas emissions in Canadian
organizations.

,\,/anaging Gf obaf Cf imare Change

65

Mitigation Strategies
Direct Emissions
Reducing direct emissions is a dynamic and iterative process involving examining direct
emission sources and identifying. evaluating and implementing new technologies.
processes. and procedures that result in a reduction in direct emissions.
An internaI emission trading program is one unique strategy that organizations may
employ as a method of reducing direct emissions. In general- an emissio~lstrading
program sets a total limit on emissions of a specified pollutant from a specified set of
point sources (Haites. 1998). AllowabIe emissions are then defined for each point source
and each point source is required to limit its emissions to the allowable allocated to it
(Haites. 1998). A point source with its actual emissions below the allowable amount
allocated to it. can sell the credits or allowances equal to the difference (Haites. 1998).
Participants are not obligated to trade. However. a financial incentive exists if trading
reduces the cost of compIiance (Haites. 1998).
A variety of different types of emissions trading have been developed for different

pollutants and circumstances. Discussing each of the different types of emissions trading
is beyond the scope of this section. Haites (1998) provides a review of the various
alternative emissions trading options that can be adapted to an internal emission trading
program for an organization. BP Amoco has developed an internal emission trading
program with the goaI of reducing its world wide greenhouse gas emissions by I0 percent
below 1990 levels by 20 10 (Tradeable Permits Working Group. 1998). The program is
designed with an established emissions cap so that trading can take place between
individual business units. The BP Amoco emissions trading program consists of the
following elements:
1. Measurement and verification of emissions;
2. Abatement costs:
3. Boundaries o f the trading program;
4. Compliance mechanism:
5. Group emissions cap for participating business units: and
6 . Credit based trading guidelines (BP Arnoco, 1999).

This emissions trading program can be adapted to meet an organization's individual
needs.
Offsets
Offsets refer to any action o r measure taken that reduces o r avoids GHG emissions
independent of the source o f emissions. Offsets can be any project that reduces
anthropogenic emissions by sources or enhances anthropogenic removals from sinks in
any sector of the economy. The Kyoto Protocol outlines three market or flexibility
measures that can be used to reduce an organization's net emissions:
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Emissions Trading (Domestic and International):
2. Joint Impternentation; and
3. Clean Development Mechanism
1.

There are a variety of rules and requirements outlined in the Kyoto Protocol for each of
the flexibility measures. Some confusion exists regarding the relationships between the
various flexibility mechanisms (Holtsmark and Alfsen. 1998: Rolfe. 1 998b). In general.
all three flexibility measures can be described as a form o f emissions trading. The main
distinction between the flexibility measures is the type o f trading and the types of parties
involved (Table 8).
Table 8. Summary of the emissions trading framework outlined in the Kyoto
Protocol flexibility measures (Pctsonk et. al., 1998).

/

Parties' emission limitation and reduction obligations are defined expressly in terms of
1 five-year total cumulative legally binding limits on greenhouse gas emissions. expressed I1
in terms of -'assigned amounts" of emissions (Article 3 . )
Parties with legally binding obligations may meet their obligations through four flexible ]
mechanisms:
Emissions trading among nations with legally binding greenhouse gas
limitations - trading in parts of assigned amounts (Article 17.)
Joint Implementation between nations with legally binding greenhouse gas
limitations - trading in parts of assigned amounts expressed as project-based
emissions reduction units (Article 6.)
I
Clean Development Mechanism between industrialized and developing
nations - trading in certified emissions reductions (Article 12-)
Agreements among groups of parties to fulfill their commitments jointly
(Article 4.)
I These flexible mechanisms comprise two types of emissions trading:
Between and among nations with legally binding limits on emissions
(Emissions trading under Article 17; Joint Implementation under Article 6.:
Joint fulfillment of Commitments under Article 4.): and
Bettveen nations with legally binding limits and those without legally binding
limits (Clean Development btechanisrn of Article 1 2.)
All Annex I Parties must report their greenhouse emissions from sources and removals by
sinks annually, in a transparent and verifiable manner (Articles 3, 7. and 8). The doubleentry bookkeeping system established under Articles 3-10>3.1 1 and 3.12 provides a solid
foundation for transparent accounting for compliance as well as tracking of emissions
trades.

I

1

/

A complete discussion o f all the intricacies associated with each of the flexibility
measures is beyond the scope of this section. The flexibifity measures are listed here
with the intent of providing an overview of the management options outlined in the
Kyoto Protocol.

There are a variety of protocols and guidelines related to the Kyoto Protocol's flexibility
measures. Examples include:
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Greenhouse Gas Emission Reduction Trading (GERT). n.d. Guidelines for
Preparing a Project Document-(final drafi) http:N~\~~~v.~ert.ordkitl.rruidelinss.~~tn~.

U.S. Initiative on Joint Implementation (USIJI). 1996. Guidelines for a USIJI
Project Proposal. U.S. Initiative on Joint Implementation. Washington. D.C.
Subsidiary Body for Scientific and Technologicai Advice (SBSTA). 1997. Report
of the Subsidiary Body for Scientific and Technological Advice on the Work of
its Fifth Session. Bonn. 25-28 February 1997. Annex 111. Uniform Reporting
Format: Activities Implemented Jointly Under the Pilot Phase. Framework
Convention on Climate Change. United Nations.
World Business Council for Sustainable Development (WBCSD). 1997. Climate
Change Projects: Guidelines for Completing Proposals.
l~ttp://~~~s~v.~vbcsd.clin~atttchan~e.comihon~~.l~t~nl.
World Bank. 1994. Greenhouse Gas Abatement Investment Project Monitoring
and Evaluation Guidelines. The World Bank. Washington. D.C.
The design and implementation of the various Kyoto flexibility mechanisms is still under
development and no decisions are scheduled to be made until COP 6 in October 2000
(Towanger. 1998). Recently the International Organization for Standardization's (ISO)
Technical Committee on Environmental PvIanagement (TC 207) has expressed interest in
standards setting in support of the Kyoto Protocol flexibility meas*ms. TC 207 is
specifically interested in the development of internationally accepted standards for
monitoring, verification. auditing. and certification of carbon emissions reductions
(Cutter Information Corp. 1999). Despite the fact that the Kyoto flexibility mechanisms
are still developing, there are competitive advantages in early participation because
emissions trading has been described as the key to meeting Canada-s Kyoto commitments
(NRTEE. 1999). and will likely figure prominently in the Canadian government's future
global climate change response.
The existing protocols and guidelines listed above provide general principles and criteria
that should be considered when investing in the Kyoto tlexibility mechanisms as a
mitigation strategy. Four common elements emerge in the protocols and guidelines listed
above, and should be considered by organizations when investing in Kyoto flexibility
measures projects or transactions. individual projects and transactions should be
evaluated based on the following criteria:
1. Real and Technically Sound: An emission reduction is real if it is a reduction in
actual emissions, resulting fiom a specific and identifiable action or undertaking, net
of any leakage of emissions to a third party or jurisdiction (Haites, 1998). An
emission reduction is technically sound if it is based on established methodologies
that have been used by other professional organizations and technical authorities.
(Vine and Sathaye, 1997).
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2. LMeasurable and Objective: An emission reduction is measurable if the actual level
o f greenhouse gas emissions with the project. and the level of greenhouse gases in the
reference case. can be quantified (Haites. 1998). An emission reduction is objective
if a particular position is not being biased in the collection. analysis or reporting of
results (Vine and Sathaye. 1997).
3. Verifiable: An emission reduction is verifiable if the calculation methodology is
acceptable. transparent and replicable and the raw data required to veri@/audit the
calculations are available (Haites. 1998). Monitoring and reporting should be
verifiable such that an individual can:

Revie\v data and documentation:
Inspect or calibrate measurement and analytical tools: and
Repeat sampling procedures. (Vine and Sathaye. 1997).

4. Transparent: The assumptions and methods used to calculate emissions savings
need to be explicitly stated in the documentation (Vine and Sathaye. 1997.).
Additional factors that should also be considered when investing in foreign countries
hosting offset projects:
political stability:
economic conditions:
reliability o f host nation as a contracting party:
experience o f previous organizations:
in country working conditions: and
safety of project team (Export Source. n.d.).

Adaptation Strategies
lndirect Emissions
For all intents and purposes a n organization does not effectively --own"any indirect
emissions (i-e. they are not considered the point source o f the emissions). Implementing
indirect emissions reductions that are cost-effective makes business sense. For example.
decreasing energy consumption, the most commonly cited indirect emission (VCR Inc..
1998). represents a mitigation strategy that reduces operating expenses and improves an
organization's bottom-line. It is important to note, that reducing indirect emissions can
be come a mitigation strategy, reducing an organizations net emissions. when a
mechanism is established to receive "credits" for reducing indirect emissions (dashed line
Figure 10).
E'~virotrmentul Pztrchusing Guidelines
The deveIopment of environmental purchasing guidelines for "climate friendly" products
is another strategy for reducing indirect emissions. Environmental purchasing guidelines
are a set of criteria, often targeting a specific product or service, that accesses the product
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or service based on environmental factors such that environmentally appropriate
decisions can be made when purchasing products or services (Berg. 1997). Generally
sn\?ironmentalpurchasing guidelines should:
specify products and services that are more environmentally acceptable:
examine supplier environmental management standards:
incorporate environmental clauses into contracts: and
evaluate supplier performance against environmental criteria (BIE. 1993).
Climate change represents only one environmental factor that should be considered in the
development o f environmental purchasing guidelines. Berg ( 1997) presented 10 general
principles tbr environmental purchasing guidelines and recommended that organizations
wishing to develop environmental purchasing guidelines should consider applying these
principles:
Incorporating environmental concerns into purchasing:
The 3R's Hierarchy (Reduce, Reuse. Recycle):
Life Cycle Assessment (LCA):
Life Cycle Costing (LCC):
5. Claims and their Verification:
6 . The Reduction of Hazardous Material and Toxicity:
7. Increased Resource Use Efficiency:
8. Adopting a Partnership Approach with Suppliers:
9- Supplier Commitment: and
10. Demonstration of Compliance by Suppliers and Manufacturers.
I.
2.
3.
4.

Effective environmental purchasing involves evaluating products and services based on a
variety of environmental factors. Purchasing products and services based on a single
factor is not conducive to good decision making. as a result climate change must be
evaIuated within the contest of a variety o f environmental factors when considering
alternate products and services.

Biophysical Impacts
Even if the Kyoto Protocol is fully implemented. the resulting greenhouse gas reductions
will only be able to delay. not stop the increase of greenhouse gas concentrations in the
atmosphere and the eventual stabilization atmospheric concentrations o f greenhouse
gases will be significantly higher than current levels (CCPB, 1998). Furthermore.
unexpected and rapid changes can not be ruled out because of the complexity and nonIinear feedbacks of the earth-atmospheric system (IPCC SAR WGII, 1996). Therefore
some biophysical changes are inevitable and organizations should prepare for the
potential impacts on their operations. Adaptation to potential biophysical changes
associated with global climate change is truly a very long-term strategy that is beyond
typical business planning cycles. However remote and long-term, the possibility can not
be ignored. Because adaptation to biophysical changes is such a long-term strategy and
the timing and magnitude of the potential impacts on a regional scale are not well known
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it is excluded from further discussions of management options and organizational

deci sion-making.

Strategic Decision Making
Organizational decision-makers face unavoidable choices in developing a climate change
strategy based on the management options outlined above. Decisions must be made
based on the unique features relevant to the global climate change problem and an
organization's operations. This research has identified a variety of the key elements of
the global climate change problem related to organizational planning and many of the key
elements of the problem are highly interrelated. Based on the following three
management options:
Direct emission mitigation:
3- Offsets: and
3. Indirect emission mitigation.
1.

There exists the potential of selecting management options such that emission reductions
can be achieved at least cost. The decision to reduce emissions and invest in global
climate change mitigation is one. which can be reduced to a choice between reducing
directlindirect emissions and reducing a organization's net emissions by investing in
offsets. The choice between these two options can be based purely on economics (Figure
1 I). The decision model depicted in Fifure 1 1 represents a snapshot in time and is not
representative of actions over time. The diredindirect emissions curve represents all the
emission reduction projects that can be implemented at a particular point in time in
cosdtome COzE sequence. This curve is effectively a cost curve for diredindirect
emission reductions or a supply curve of diredindirect emission reduction opportunities.
The offsets curve represents all the offset reduction projects that can be purchased. and
the net COIE reduced transferred to an organization. in a cost/tonne COzE sequence.

Many direct and indirect emission reductions can be achieved through improving
efficiency (i.e. decreasing fossil fuel consumption and decreasing energy consumption)
and should be the first consideration when implementing emissions reductions. All the
diredindirect emission reduction projects that occur below the zero cost Iine in Figure 1 1
resuIt in decreased operating expenses for an organization (i-e. economic benefit).
Investing in any offset project will result in a net cost to an organization. However,
investing in offset projects becomes a cost-effective option when the costhonne C02E of
directt'internal emission reductions exceeds the cost.tonne C0zE of acquiring offset
reductions (Point "B" Figure 1 1 .). The vertical target line demonslates the costeffectiveness of implementing offset emission reductions when the costltome COzE of
direcdinternal emission reductions exceeds the cost/tome COIE of acquiring offset
on the target line represents the
reduction. The difference between points "C" and ..D9'
savings in cost/tome C02E an organization can realize by investing in offset projects.
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Figure 11. Economic decision model for investing in offsets (Adapted from Stewart,

1998).

When the choice between reducing direcvindirect emissions and offsets is based purely
on economics. the least cost options from each o f the cunres in Figure 1 1 can be
combined to produce a least cost direct/indirect/offsets emission reduction curve (Figure
13). Implementing sequential emission reductions based on the cost/tome C 0 2 E will
result in achieving emission reductions at the least cost to an organization.
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Cost ($/tonne COzE)

Tonnes of COIE Reductions
Figure I t . Least cost direct/indirect/offsets emission reduction curve.

Although the decision between reducing diredindirect emissions and offsets can be
based purely on economics it is important to recognize the full costs and benefits
associated kvith each mitigation strategy. For example. the benefits of implementing low
emission technology (reducing directlindirect emissions) can exceed the benefits o f
investing in offsets when considering:
reduced maintenance costs;
time in service generating revenue:
improvedreliability 0fnewequipment;and
marketable emission reduction credits.

Effectively implementing emission reductions will require an organization to develop the
capabi 1i ties and support mechanisms necessary to achieve its climate change objectives
and targets (ISO. 1995). This requires the commitment of all employees including top
management down through to line-employees. Top management is responsible for
providing the necessary resources including human resources, specialized expertise.
physical resources (facilities, equipment and technology) and financial resources (ISO.
1995). It is important to note that implementing emission reductions and identifying
business opportunities requires the coordination of various hnctions or departments
ivi thin an organization (Table 9).
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Table 9. Possible climate change roles for various functions/departments within an
organization (adapted from NSF International, 1996).

-

Function/l)enartment I Possible Climate Change Role
T o p Mana,=ement
I Communicate the importance o f climate change as an
environmental issue throughout the organization
Provide necessary resources
Track and review climate change performance
Identify climate change business opportunities
Human Resources
Define competency requirements and job descriptions for
various climate-change-related roles within the
organization
Integrate climate change performance into re\\-ard.
1
I discipline and appraisal systems
I Finance
1 Track data on climate change mitigation costs
Prepare budgets for climate change management program
Emissions trading. CDM and JI projects
Evaluate the economic feasibility o f climate change
1
/ mitigation projects
Purchasing
1 Develop and implement controls for purchasing "cfimufe
I
/ fiirndiy" products and materials
Engineering
Evaluate and consider climate change impacts of new or
modified products and processes
I Identie emission reduction opportunities
maintenance
I Implement preventative maintenance programs for key
equipment to ensure efficient operation
Line Workers
Provide first-hand knowledge o f climate change aspects of
their operations
Support training and education of new employees
I

I
I
I

I

/

i

I

I1

Employees from each level ~vithineach department will be required to identify projects
and opportunities to reduce emissions. There are also a variety of external resources
available to help identify projects and opportunities to reduce emissions. Examples
include:
Industry Associations;
Department of Foreign Affairs and International Trade (CDM and JI opportunities):
Canadian Climate Change Secretariat Technology Table;
Natural Resources Canada (NRCan) Office of Energy Efficiency (OEE) Programs;
and
Greenhouse Gas Emission Reduction Trading (GERT) Pilot.
The development o f an initial inventory o f projects and business opportunities should not
be limited by any criteria. The initial inventory of projects should incorporate a wide
variety of projects and opportunities, some will be suitable for immediate implementation
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(cost-eRective projects) and others will require further research and evaluation to
determine their suitability. This involves project evaluation based on an organization's
objectives and targets and other relevant economic and environmental criteria relevant to
the organization's activities. Some projects and opportunities will be identified that do
not meet the organization-s current economic and environmental criteria (Figure 13).
These projects should be maintained in the inventory of projects and opportunities
because they may become economically and/or environmentally viable as external factors
change in the hture,
jfTop

Management
human resources

3

physical resources
financial resources

Project Evaluation
Economic criteria
Environmental criteria
Business opportunities

Figure 13. Implementation strategy for emission reduction projects.

Monitoring is a key activity in evaluating an organization's climate change performance
and should be considered an ongoing process used to facilitate continual improvement.
Monitoring for the purpose evaluating an organization's climate change performance can
be divided into internal and external monitoring based on the definition of the problem.
Monitoring both internal and extemal climate change factors is important to ensure that
an organization is making progress towards its climate change objectives and adapting to
new information relevant to its operations.
Internal monitoring refers to monitoring an organization's climate change objectives and
targets relative to the emissions baseline established by the organization. In addition to
monitoring specific objectives and targets. individual climate change emission reduction
projects should also be continually evaluated and procedures developed to track the costs
and benefits of each project. External monitoring refers to monitoring the climate change
driving forces acting on an organization. External monitoring can be facilitated by

1%
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organizations participating. individually or through industry associations, in multistakeholder climate change groups. Participating in multi-stakehoIder groups will help to
keep an organization abreast of new climate change developments including new
information on climate change science including biophysical changes. proposed emission
reduction targets and any proposed or implemented policy instruments. This also allows
organizations or industry groups to present relevant information to climate change
decision-makers and influence government policy.

The monitoring process outlined in the previous section produces new information that
organizations should use to continually evaluate overall climate change performance.
The evaluation process should be broad enough in scope to address all the dimensions of
the climate change issue including their economic impact and any competitive
implications. This requires the simultaneous evaluation of an organization's definition o f
the climate change problem and the management objectives established by the
organization. The definition of the climate change problem must be continually
evaluated based on new information because the problem itself is still evolving and will
continue to evolve. well into the future. due to the long-term nature of the problem.
Management objectives must also be continually evaluated based on the current state of
knokvledge to ensure the risks climate change poses to an organization are being
effectively managed and business opportunities are being pursued.
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CASE STUDY: CANADIAN PACIFIC RAILWAY
The purpose of this case study was to apply the six step framework for managing global
climate change presented in the previous chapter and identify strategies and business
issues and make recommendations to Canadian Pacitic Railway (CPR). The six step
management framework was designed such that its application requires an iterative.
incremental approach of continuous evaluation as each step proceeds to develop a climate
change strategy appropriate for an organization. For the purpose of this case study. the
development of management objectives, the implementation of management options and
monitoring and evaluation requires the commitment o f all levels of the organization and
represent the dynamic components of managing the global climate change issue over
time. As a result. these steps in the management framework are covered in the
management recommendations made to CPR.
In addition. this research. through its review of the various dimensions of the climate
change issue including climate change science. the politics of climate change and climate
change policies also identified recommendations applicable to the Canadian Federal
government and the international climate change community. These recommendations
are included at the end of this chapter.

-

DEFINITION OF THE PROBLEM
Canada's transportation sector produces more greenhouse gas emissions than any other
sector. approximately 25% of the total in 1997 and greenhouse gas emissions from
transportation sector are anticipated to exceed 1990 levels by 32% in 20 10 and 53% in
2020. (Transportation Climate Change Table. 1999) (Figure 14). Because of the large
contribution of the transportation sector to Canada's total greenhouse gas emissions. if
Canada is to meet its Kyoto commitments. the transportation sector will require
significant emission reductions despite its economic importance.

Case Stti*?: Canadian Paci/c Rail~uay

77

Fosstl F A
R o a u t ~ o nan^
D~strtbut~on

Idustqal

Comus:~onarrd
Processes

.-..

,.

.>,

Figure 11. The relative contribution of various sectors to Canada's total annual
greenhouse gas emissions (NRCan, 1997)

Within the transportation sector. road transport is the most significant source of
greenhouse gas emissions. accounting for approximately 7 1% of the total annuaI
emissions (44% cars and light trucks: 27% commrrcia1 vehicles) (Figure IS). The rail
industry only accounts for approximately 4% of the transportation sector total. It is welt
documented that rail transport is the most efficient of mode of transport with respect to
greenhouse gas emissions per tonne-kilometre (Transponation Climate Change Table.
1999: Lawson. 1998; Abacus Technology Corporation. 1991)(Figure 16). As a result of
this efficiency. any increase in rail traffic associated with a modal shift has the potential
to result in a net reduction in greenhouse gas emissions.
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Figure 15. The relative contribution of various modes to total transportation sector
greenhouse gas emissions (Transportation Climate Change Tabie, 1999).
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Figure 16. Greenhouse gas emissions per tonne kilometre for selected modes of
transportation (Transportation Cimate Change Table, 1999; Lawson, 1998).

The Freight Rail Industry in Canada
The rail industry in Canada is dominated by two Class I railways: Canadian National
(CN) Railway; and Canadian Pacific Railway (CPR). In 1996, these two carriers
accounted for 9 1% of the total freight tonne kilometres and 92% of the total fuel
consumed in the rail industry (Statistics Canada, 1996). North America can be
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considered the market for freight rail transport: both C N and CPR operate rail net works
in both Canada and the United States (English et. al.. 1 999; TC/EC/NRCan/FC/IC. 1 998).
CPR is a fully owned subsidiary of CP Limited. which also owns Fording Coal. CP
Hotels. CP Shipping and 87% of PanCanadian. CPR, combined with the subsidiaries it
owns. the St. Lawrence and Hudson Railway Company Limited. the Soo Line
Corporation and the Delaware and Hudson Railway Company Inc.. provides rail
transportation services to 6 provinces in Canada. as we11 as 16 states in the U.S. Midwest
and Northeast.
The remainder of the rail industry is composed of smaller Class TI railways. kvhich range
in size from approximately 20 km to 1300 km of track (English et. al.. 1999)- The
Cirrlcrdrr Trcrt~sportation.-lcr, which came into force on July 1 ". 1996. contained
provisions regarding the discontinuance o f rail services by federally regulated camers
(TC/EChrRCan/FCAC. 1998). This process of rationalization has resulted in an increase
in the number of new short line rail carriers. CN and CPR have sold approsimately
10.000 km of trackage to improve the economic efficiency of their operations (English et.
a]., 1999).
The transportation of bulk commodities makes up the major component of the rail
industry's traffic. Typical bulk commodities include coal. grain. potash. and iron ore.
Other important commodities include pulptvood. lumber. chemicals. paper and motor
\.chicles (English et. al.. 1999). Intermodal traffic is another important component of
railway freight operations. Intennodal freight refers to freight transported in containers
and truck trailers on flat railway cars. Intermodal traffic represents a fast growing
component of railway operations and accounts for a large share of railway revenues
relative to the volume of commodities handled (English et. a[.. 1999)(Figure 17).

Year

Figure 17. CPR's intermodal traf'fic growth from 1996 to 1998 (Canadian Pacific
Ltd., 1998).
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In addition to the general driving forces described in the preceding chapter there are some
unique driving forces applicable to the rail industry and CPR.

Current CompliancelConformance Requirements
Emissions

- Locomotive

Locomotive Emissions Monitoring (LEM) Program
In October 1988. the Canadian Council of Ministers of the Environment (CCME)
developed a plan to control emissions of oxides of nitrogen (NO,) and volatile organic
compounds (VOCs) (Environment Canada, 1994). As a result, a klemorandum of
Understanding (MOU) between Environment Canada and the Railtvay .Association o f
Canada (RAC) \vas signed. ?-he purpose of the MOU was to control the emissions o f
NO, produced by locomotives during all rail operations in Canada. This resulted in the
de~~elopment
of the Locomotive Emissions Monitoring (LEM) program which monitors
NO, emissions from Canadian locomotives against a voluntary- annual cap of 1 15
kilotonnes (effective in 1992). The program also monitors. for information purposes
only. hydrocarbons (HC). carbon monoxide (CO), particulate matter (Pbf). carbon
dioxide (CO?) and sulfur dioxide (SOz) emissions (Environment Canada, 1994).
The L E b l requires the RAC to make an annual report to Environment Canada. the report
includes intbrmation on rail traffic and fuel consumption, emission estimates and any
information on improvements in equipment or operations that will reduce emissions
(Environment Canada. 1999). The program also quantifies emissions relative to Grosston-miles (GTbl) and Net-ton-miles (NTM). Where:

GTM: aggregate of the ton-miles handled, calculated using the total weight of the trailing
tonnage. I t escludes the weight of the locomotives.
NTbl: aggregate of the ton-miles handled. calculated using the total \veight of the
commodities in the trains moved.
The use of NTiM provides an additional measure of efficiency. However. atmospheric
emissions are more directly related to GTM because locomotive emissions are primarily a
function of the amount of work done (CARB. 1990).
In addition to annual emission estimates, fuel consumption and emissions are also broken
down in three Tropospheric Ozone Management Areas (TOMAs) designated as being
areas of interest for gaseous emissions:
1. Lower Fraser Valley, B.C.:
2. Windsor-Quebec City Corridor; and
3. Saint John. N.B..Area.
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In a report prepared by the Railway Association of Canada in partnership with
Progrrrm: Reporring
Environment Canada. titled "Locomotive Emissions ~bfoniforing
l'ecit-.Y 1996 clnd 1997". the resuIts of the program indicate that:
the average emission levels of NOs since 1990 are marginally above the voluntary
cap of 1 15 kilotonnes: and
the rates of NOs and COz ( k g 1000 net tonne-kilometre) have continued to decrease
since the late 1970s (Environment Canada, 1999).
This is evidence of continual improvement in the efficiency of rail operations in Canada.
despite higher traffic levels than were originally forecast when the cap was established.
Container movement has been one area of growth. both in absolute terms and as a
percentage of total tonnage (Environment Canzda. 1999). This is an area of truck-train
corn petition. If the same tonnage Lvere transported via truck the associated emissions
would be increased by a factor of two or three (Environment Canada. 1999).
Environment Canada recognizes the benefits of rail transportation with respect to
atmospheric emissions and it would give credit to the rail industry for the net reduction in
emissions associated with a modal shift from truck to train (Environment Canada. 1994).
Unites States Environmental Protection Agency (EPA) Emission Standards
for Locomotives
The 1990 Clean Air Act Amendments mandated the EPA to establish standards for a
variety of previously unregulated non-road mobile emission sources including emissions
from locomotives. As required by the Clean Air Act section 213(a)(S) the EPA has
recent1y developed emission standards and associated regulatory requirements for the
control of locomotive emissions which come into force in the year 2000. The primary
focus of these regulations is the reduction of NO,. However. the EPA has also developed
standards tbr hydrocarbons (HC)- carbon monoxide (CO). particulate matter (PM). and
smoke (EPA. 1997).
The new regulations not only cover newly manufactured locomotives but also regulate
the remanufacture process including locomotives manufactured prior to the effective date
of these regulations. Three sets of emission standards have been developed based on the
date a locomotive was manufactured (Tier 0.Tier. 1 and Tier Z)(Table 10). Tier 0
standards apply to locomotives and locomotive engines originally manufactured from
1973 through 200 1. any time they are manufactured or remanufactured. Tier L standards
apply to locomotives and locomotive engines originally manufactured From 2002 to 2004.
at the time of original manufacture and at each subsequent remanufacture- Tier 2
standards apply to locomotives and locomotive engines originally manufactured in 2005
and later, at the time of original manufacture and at each subsequent remanufacture
(EPA, 1997).
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Table 10. US EPA exhaust emission standards for locomotives ( g/bhp-hr) (EPA,
1997).
Tier and Duty
HC
CO
I NOx
- Cycle
Tier 0 line-haul duty-cycle
5.0
1-00
9.5
Tier 0 switch duty-cycle
2.10
8-0
14.0
Tier 1 line-haul duty-cycle
2.2
0.55
7.4
Tier 1 switch duty-cycle
1.20
/
2.5
11.0
Tier 2 line-haul duty-cycle
1.5
0.30
5 -5
Tier 2 switch duty-cycle
0.60
2.4
8.1
Smoke Standards for Locomotives (Percent Opacity Normalized)
3-sec peak
SO-sec peak
Steady- (
I
I
state
I
I
Tier 0
!
30
1
40
50
I
Tier 1
25
I
40
i
50
Tier 2
I
20
i
40
1
50

0.60
0.72
0.45
0.54
0.20
0.24

-

I

1

I

/

I

I

/

I

I

I

I

I

1

PM

1

1
I

1

1

I

The EPA intends to ensure compliance through two mechanisms. First. through
Production Line Testing (PLT). this requires manufacturers and some re-manufacturers to
perform PLT. Second. through an in-use compliance program composed of two
components. The first component requires all manufacturers and re-manufacturers to test
representative locomotives from all engine types using the Federal Test Procedure (FTP).
The second component requires all Class I railways to annually test a sample of their
locomotives using the FTP (EPA, 1997).
The US EPA exempted Canadian based locomotives from Tier 0 regulations for
"incidentof' use in the United States. Although "incidental" use is not clearly defined in
the regulations. Canadian railways interpret this as not applying to Canadian based
locomotives dispatched to the United States for the purpose of interchanging traffic with
United States railways (English et.al., 1 999).
Although the US EPA regulations focus on criteria pollutants, as defined in the Clean Air
Act. rather than greenhouse gas emissions. it is reasonable to assume there will be a net
reduction in greenhouse gas emissions From the new engine technologies designed to
meet these standards (English et. al.. 1999).

Diesel Fuel Regulations
The American Standards Testing and Materials (ASTM) has developed a consensus
standard for off-road diesel fuel which specifies a maximum standard of 0.5% s u l h by
weight (ASTM-D-975-D2).Both CPR's Canadian and US he1 procurement
specifications conform to this standard,
The Low Sulfur Diesel h e 1 regulations (SOR/97-110)
published under the Canadian
Environmental Protection Act (R.S.C. 1985,c. 16,4" Supp.) require diesel fuel
containing no more than 0.05% sulfur by weight be sold for all on-road vehicles effective
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January 1. 1998. CPR's automotive fleet is currently being f ~ e l e dat facilities that
comply with this standard.
Although there are currently no federal standards for sulfur content in off-road diesel
fuel. recent regulatory trends indicate the progression to stricter standards concerning
sulfur content in diesel Fiel. It is anticipated that standards concerning off-road diesel
fueI kvill follow. In 1995 the Canadian Council of Ministers of the Environment (CCME)
directed Environment Canada to develop a minimum national standard for sulfur content
in gasoline. As a result a Government Working Group was formed. In their final report
( 1998) the G WG recommended that Environment Canada determine an appropriate sulfur
standard for off-road diesel as soon as possible and in the case of off-road diesel fuel used
in heavily urban areas a sulfur standard similar to the on-road diesel h e 1 should be
considered. BC rail has recently adopted a low sulfur fuel policy for its operations in
British Columbia (Grete Bridgewater pers. corn.).
Government of Canada Phase 3 Federal Smog Management Plan
In 1990. the Canadian Council of Ministers of thc Environment (CCME) endorsed the
NO,/VOCs management plan (EC/NRCan/TC/AAC. 1999). The plan was developed
based on a three phase approach. and set the first set of national and regional initiatives to
eliminate exceedances of Canada-s 82 parts per billion (ppb) one-hour National Ambient
Air Quality Objective for ground-level ozone (EC/NRCan/TC/AAC. 1999).

Phase 1 of the plan included over 80 initiatives and activities including emission
standards for boilers. power plants and industrial processes. Phase 2 o f the plan. released
in 1997. provided a progress report on the national initiatives in Phase 1 of the plan and
highlighted new research (EC/NRCan/TC/AAC. 1999). Phase 3 builds on Phase 1 and
Phase 2 including more emission reduction actions and identifies a course of action to fill
knowledge gaps. Phase 3 . unlike the preceding phases of the plan. recognizes important
linkages to other atmospheric issues. especial 1y acid rain and climate change
(EC/NRCan/TC/AAC. 1999).
The tbllo\ving table(Tab1e 1 1) is a list of possible Phase 3 initiatives, currently under
discussion. relevant to the rail industry and CPR:
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Table 11. Government of Canada Phase 3 Smog Management Plan rail industry
relevant initiatives (EC/NRCan/TClAAC, 1999).
---

Initiative
Off-road engine
standards
Diesel Fuel
Rail

-

-

Action
Negotiate Memoranda o f Understanding with manufacturers. for
new diesel engines used in heavy-duty off road applications.
consistent with current U.S. emission standards.
Consider ways to reduce sulfur content and/or modify other
characteristics o f diesel fuels for on-road and off-road uses.
Develop hrther MOUs limiting NO, emissions from the rail
industry.

Transportation Table
As part of Canada's climate change national implementation strategy, the National
Secretariat on Climate Change was established which is responsible for integrating the
work of the 16 Issue Tables (NCCS, 1999). The Transportation Table completed its
Foundation Paper. io 1998. identiQing the current status o f the transportation industry in
Canada and information gaps. which must be tilled to understand the relationship
bet~veencurrent and future emission levels from the transportation sector. The
Transportation Table recently released its options pcrper (December. 1999) as input into
the National implementation Strategy (NCCS. 1999). The Transportation Table's options
paper represents the actions and opportunities for the transportation industry to reduce
greenhouse gas emissions. In the options paper. the Transportation Table analyzed over
I00 different measures to reduce emissions from the transportation industry. Criteria
Lvere used to classify the measures into one of four categories:
1 . Most Promising Measures:
2. Promising Measures:
3. Less Promising Measures: and
4. UrllikeIy Measures (Transportation Climate Change Table. 1999).

The measures were grouped into five packages aimed at a particular end use. The
"Freight Package" identified more efficient rail equipment (increase capital cost
allo~vance)as a Promising Measure. All other measures to reduce emissions from the
freight rail industry would be difficult to introduce within the Kyoto time frame (200820 12).

CPR should be prepared to take action based on the emission reduction opportunities
out 1ined in the Transportation Table's option paper and the following synthesis sector
reports to be prepared by the Integrative Group made up o f the co-chairs o f the Issues
Tables. The synthesis sector reports will form the basis o f Canada's National
Implementation Strategy for consideration by joint Ministers (Federal, Provincial and
Territorial) of Energy and the Environment over a series o f meetings in 2000 and 200 1
(NCCS. 1999)

Case St tic+: Canadian Pac19c R a i f w ~ y

85

I

Competition
CPR faces strong competition from other railways and highway carriers (CPRS. 1997).
Both the trucking industry and the railway industry are attempting to strategically
position themselves with respect to potential government climate change policy
instruments within the transportation sector. The transportation sector is relatively poorly
represented in the Voluntary Challenge and Registry (VCR)a total o f 15 registrants as of
October 19. 1999 (1 2 road non-residential; 2 air: and 1 rail). The rail industry has been
active in the Freight Subgroup !Rail Working Group of the Transportation Issue Table
and must continue to advocate the benetits o f rail relative to truck transportation.
Participating in the VCR as individual companies or through the Railway Association of
Canada can lend credibility to the argument that rail is more efficient than truck
transportation and provide a forum to advocate the benefits o f rail transportation.
Although there is limited potential for freight shifting behveen the hvo major Class I
railways in Canada there is some overlap in service and the possibility can not be
discounted. Canadian National (CN) rail~vayis one of the original signatories to the
VCR initiative and have recently submitted an action plan to the VCR. that includes all
atmospheric emissions (Masterton, 1998).

A comprehensive inventory \vas conducted in 1998, in a study titled "Cc1r7rrclictnPucrfic
Rctilrc-cy: G~.c.enhotrsc.
Gus Ii~ventoryand Brtsiness Risk Assessment". I was the primar).

contributor and author. The purpose of this study was to prepare an inventory of past
greenhouse gas emissions for Canadian Pacific Railway (CPR). including all greenhouse
gases. for the years 1990 through 1997. and to project future emissions to the year 2008
based on expected economic growdl and capital stock turnover. Indirect emissions for
the purpose of the inventory were limited to emissions associated with electricity
consumption. Due to the sensitivity and competitive implications of the information used
in the inventov. the actual data and emission projections are not presented here. The
following represents a brief summary of the results of the inventory conducted in 1998.

Greenhouse Gas Emission Sources
As part of its ongoing operations. CPR emits greenhouse gases from a number of sources:
combustion o f locomotive fuel;
combustion of automotive hel:
electricity production and consumption; and
refrigeration systems (air conditioning equipment and refrigeration units).
Once the emission sources were identified the emission estimates were calculated and
categorized and classified to facilitate analysis (Table 12). The detailed steps,
calculations and assumptions used in the preparation of the emission estimates and
emission projections are provided in the document prepared for CPR.

-
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Table 12. Classification and categorization of CPR's greenhouse gas emission
SOU rccs.
Category
Mobile (direct)
Non-mo bile (direct)
Indirect

Source
Locomotives
Vehicles
Power plants
Refrigeration systems
Electricity consumption

1

Classification
Core
Non-core
Non-core
Non-core
Non-core

I

The relative contribution o f each greenhouse gas source to total annual emissions was
evaluated and it ~ v a sdetermined that Iocomotive emissions account for the vast majority
of total annual emissions. approsimateiy 9 1%. Locomotive emissions were classified as
"core" emissions while all other emission sources were classitied as --non-core--as
locomotives are the only greenhouse gas source that is anticipated to increase
signiticantly with economic growth. All other sources of greenhouse gas emission are
espected to remain relatively small and stable due to planned track rationalization.
Therefore. reducing emissions from Canadian and United States based locomotives tvill
be the key to reducing overall emissions from CPR-s operations.

Trends in Emissions
Locomotive emissions were the only emission source for which an emission forecast was
established because they are the only source anticipated to increase significantly with
economic growth. Forecasting emissions is highly speculative with many technological
and economic uncertainties- For the purpose of evaluation. locomotive emissions were
segregated into emissions from Canadian based locomotives and emissions from United
States (US) based locomotives because CPR may be subject to both Canadian and US
jurisdictional responses to the Kyoto Protocol. Businesses-as-usual forecasts were
established using two variables. current fie1 efficiency (hel/gross ton mile) and expected
economic growth (increase in gross ton miles). Emission reduction scenarios were then
developed to evaluate the impact of the acquisition of new Alternating Current (AC)
locomotives, which are approximately 17-20%. more fuel-efficient than standard Direct
Current (DC) locomotives.
The results o f the business-as-usual forecasts and the emission reduction scenarios
indicate that the recent acquisition of AC locomotives. with their inherent efficiencies.
have contributed to significant reductions in locomotive emissions and will continue to
reduce emissions as more AC locomotives are acquired.
The emission reduction scenarios indicate that CPR's United States operations will be
able to meet its United States Kyoto commitment (7% below 1990 levels) because the
planned acquisition of new AC locomotives make up a significant proportion of the total
US locomotive fleet and the rationalization of the Kansas City Corn Lines (KCCL).
Achieving the Canadian Kyoto target is more difficult. The size of the existing Canadian
locomotive fleet relative to the number o f new AC locomotives being acquired makes
achieving emission reductions more difficult. Nevertheless, the emission reduction
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scenarios developed for Canadian based locomotives indicate that emissions will closely
approximate the Canadian Kyoto target (6% below 1990 tevels) to the year 2008.
A sensitivity analysis was conducted to evaluate the significance o f the replacement
ratios (AC:DC) on achieving emission reductions. The results of the sensitivity analysis
indicate that changes in the replacement ratio have a dramatic impact on emission
reductions. Therefore. it will be important to maximize the number of old DC
locomotives replaced by new AC locomotives.

RISKASSESSMENT
Business risk in the contest of climate change describes the potential impacts
(magnitude) climate change events may have on Canadian Pacific Railway and the
probabiIity of climate change events occumng. The magnitude o f climate change events
involves all aspects o f CPR's business. including revenues. customers and suppliers. In
terms of business risk. the probability of climate change events refers to potential
government policy instruments and potential biophysical changes that will impact CPR's
operations. A complete quantitative risk assessment associated with all the risks that
climate change poses CPR's operations is beyond the scope of this case study. However.
a risk profile was compiled? highlighting some of the key business considerations CPR
must be prepared fbr in the future.
C

Climate change events have the potential to increase the cost of doing business for
organizations in Canada. For CPR this means greater operational expenses but also
opportunities for business growth and strategic redirection (Table 13).

Table 13. Climate change potential costs and opportunities for CPR.

- Potential Costs

Perrni ts
Monitoring and reporting

Capital stock turnover to
reduce emissions
Capital costs for
efficiency improvements
Possible biophysical
changes

Opportunities

--, Establish base-line
3 Set objectives and targets for
improvement
3 Fuel savings
-4 Decreased maintenance costs
= Improved reliability
=j Energy consumption savings

Modal shift from truck to train
Passenger rail service
Marketable emission credits
Potential rate increases as the
market for "climate friendly"
, transportation develops

-

-

-

- -
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Risk Profile
Canadian Pacific Railway-s traffic volumes and revenues are largely dependent on the
North American economy (CPRS.1997). It is difficult to anticipate the costs and
benefits of emission reductions t o the overall economy. However. most studies estimate
the costs of achieving emission reductions at approximately 1-2% o f G D P (Hokvatson and
Campfens. 1997). This has the potential to significantly affect the North American
economy. which in turn will affect CPR's traffic volumes and revenues. The following
section details CPR's risk to potential climate change policy instruments and biophysical
changes by esarnining CPR's carbon dependence. major freight commodities. and
potential changes in operations and maintenance.
Carbon Dependence
Segregating CPR-s operations based on carbon dependence- results in one significant
finding. The consumption of locomotive fuel for the purpose of transporting freight is
the single most carbon-intensive operation for CPR. As a result. the potential magnitude
of the impact associated with any government policy instruments for reducing
greenhouse gas emissions from fossil fuel combustion is high. All other point sources o f
greenhouse gas emissions are support operations which are non-revenue generating and
are much less carbon intensive.

CPR is a potential target o f the Government o f Canada to reduce greenhouse gas
emissions because the transportation sector in Canada is the single largest source o f
greenhouse gas emissions. Even though the rail industrq. is only responsible for a small
portion of the emissions from the transportation sector. the rail industry will still be
expected to reduce emissions o f greenhouse gases.
There are a number of suppliers that provide materials. supplies. m d equipment essential
for CPR operations. The most critical climate change sensitive suppliers are those that
supply diese1 he1 for CPR locomotives. In 1996. fuel costs were 9.6% o f railway
operating espenses (Statistics Canada. 1996). CPR is in the position o f a -price raker''
with respect to diesel h e i . CPR may be exposed to increased operating expenses
associated with higher fuel prices resulting from government policy instruments designed
to reduce diesel fuel consumption.

Although the risks associated with CPR's reliance on diesel he1 appear high. the relative
risks to the non-rail freight transportation (trucking) industry are similar if not higher,
because of the relative contribution o f commercial trucks to total annual emissions
(Figure IS). When examining the risks to passenger automobiles in terms o f carbon
dependence. it is important to make the distinction between diesel he1 and gasoline.
gasoline is almost exclusively used in private automobiles (The Centre for Sustainable
Transportation. 1999). Gasoline use also tends to vary inversely with price but diesel he1
use does not tend to vary this way. This relationship is summarized by the use of the
statistic referred to asprice elasticity, which is the percentage change in use divided by
the percentage change in price (The Centre for Sustainable Transportation, 1999). It is
logical to conclude the risks that climate change poses to gasoline users is higher than the
risks to diesel Fuel users because price can more directly influence gasoline use.
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Therefore, policy instruments that effectively increase the cost of gasoline may result in a
decrease in the use o f private automobiles (decreasing gasoline consumption) and
increase the use of public transportation systems. While policy instruments that
effectively increase the cost o f diesel may not result in a decrease in diesel fuel
consumption.
Freight Commodities
CPR is particularly sensitive to factors affecting Canada's agricultural. mining. forestr).
and automotive sectors (CPRS. 1997). Government climate change policy instruments
and biophysical changes associated with climate change. have the potential to impact
these sectors. Which in turn has the potential to affect CPR's traffic volumes and
revenues.
The coal industry is extremely vulnerable to domestic and foreign government climate
change policy instruments. because coal is the most inefficient fossil fuel cvith respect to
greenhouse gas emissions per unit of energy (EPA, 1998). Coal producers could
esperience sharp reductions in demand (Howatson and Campfens. 1997). However,
CPR's coal traffic is primarily metallurgical coal used for steel production. \i result.
there will be 1imi ted changes to CPR's coal traffic and revenues.
The agricultural sector is also vulnerable to government climate change policy
instruments and biophysical changes associated with climate change. The biophysical
chcmges associated with climate change has the potential to change the geographical
distribution of various agricultural crops. Although there are favorable impacts in terms
o f longer and warmer frost free seasons and greater precipitation. most climate change
scenarios imply increases in potential evapotranspiration. resulting in larger seasonal
moisture deficits in all regions o f Canada (CCS VII. 1998).

The agricultural sector is a major emitter o f nitrous oxide (N70)
as a result of agricultural
soil management. The direct addition o f nitrogen through the application of synthetic and
organic fertilizers result in significant increase in the volume of nitrous oxide emitted
through microbial processes (EPA. 1998). Government policy instruments may result in
changes to current soil management practices. The impact of government climate change
policy instruments and biophysical changes associated with climate change may result in
changes in grain and fertilizer traffic for CPR.
Government climate change policy instruments will also affect the automotive industry.
In Canada the contribution of greenhouse gases from cars and light trucks account for
44% of the annual emissions from the transportation sector (Transportation Climate
Change Table. 1999). The automotive industry has responded to the climate change issue
with the development o f electric vehicles, hybrid cars, and natural gas vehicles (Schilke,
1998). There are still many barriers to full-scale production including consumer demand,
acceptance and behavior. Low h e 1 costs also act as a deterrent to purchasing new more
efficient alternative type vehicles. As time progresses these barriers will decrease, which
will result in limited changes to automotive fieight rtacfil
and revenues for CPR.
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The potential impact on forest products including pulpwood. lumber and paper is variable
both in terms of government climate change policy instruments and biophysical changes
associated with climate change. The potential impact of government climate change
pol icy instruments is high1y dependent on forest management/barvesting practices.
Sustainable forestry operations are not likely to be significantly impacted by government
climate change policy instruments. However. there is the possibility that some areas of
land may be protected for the purpose of sequestering.
Within the range of the projected biophysical changes associated with climate change.
large areas of forest decline are anticipated (CCS VII. 1998). Salvage harvesting of areas
in decline has the potential to increase forest harvest for a relatively short period of time.
However. there could be a timber shortage because new forest areas in the north may not
mature at a rate sufficient to offset the losses in the southern areas. The net result of
carbon sequestration and potential decline in forest areas has the potential to decrease
forest product traffic and re\-enues for CPR over the Ion,-0 term.
The rail industry in the transportation of the bulk commodities described above
experiences limited competition from the trucking industry and any changes in the supply
or demand for these commodities will likely affect each industry equally.

Operations and Maintenance
The Canadian Climate Study (CCS). predicted that the overall costs of land-based
transportation would be reduced. As a result of shorter and/or less harsh winters, more
efficient engine operations. shorter warm-up times. shorter snow removal seasonsalthough with greater amounts in some areas of the country during the winter season
(CCS VII. 1998). However. small changes in the mean climate are anticipated to produce
relatively large changes in the frequency of extreme events (CCS VIII. 1998). An
increase in the frequency of extreme events including floods and heavy snow fall and
associated land slides and avalanches in areas o f high geographic relief. have the
potential to damage track infrastructure. and affect train scheduling and pacing. There
may be additional costs associated with changes in construction requirements and
infrastructure upgrades including bridge piers. avalanche shelters. and the addition of
culverts to prevent additional precipitation and extreme events from undermining the
integrity o f t h e track bed.

Opportunities
Despite the potential risks and economic costs associated with global climate change.
there are signiticant opportunities for business growth and strategic redirection in
Canada's rail industry. Transportation in Canada is traveling on an unsustainable path
(Agritrade and Transport. 1999; NRTEE, 1997). Canada projects a 40% increase in fossil
fuel consumption for transportation over the next 25 years (NRTEE. 1997). Transport
Canada established its Sustainable Development Strategy in December 1997. Within the
context of its Sustainable Development Strategy, Transport Canada is currently aligning
its policies to ensure economic growth while addressing the environment and safety
(Agritrade and Transport, 1999). It is well documented that rail is the most efficient form
of transportation in terms of atmospheric emissions (including greenhouse gases) per
-
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tonne-kilometre and it seems rail transportation should benefit from policies favoring
environmentally efficient modes of transportation including changes to the current ta..
system and funding for research and development,

Modal Shift
Within freight operations. there is a duplication of services with respect to road and rail
networks in Canada (Transport Canada. 1998). Due to the duplication of services and the
relatively higher efficiency of rail transport it seems obvious that government policies to
reduce greenhouse gas emissions would favor a modal shift from truck to rail transport.
Hou-ever. the issue is more complicated because of the extent and diversity of fieight
activities. including the spatial distribution. commodities (value. dimensions and ~veight).
and service requirements (shipment size. frequency. speed. reliability. security and
special handling) (Transport Canada. 1998). Generally. trucks have an advantage for
lighter and higher value commodities transported over short distances while rail~vays
ha~rean advantage for heavier and lower value commodities transported over longer
distances (Agritrade and Transport. I 999). Nevertheless. there is a range of overlap
where rail and truck transport compete (Agritrade and Transport. 1999). and railway
intermodal operations are increasingly competing for truck traffic (Environment Canada.
1999).
Although any increase in rail traffic associated with a modal shift from truck
transportation will result in an increase in CPR's greenhouse gas emissions it will also
result in a net reduction in Canada3 greenhouse gas emissions from the transportation
sector. Environment Canada recognized the benefits of this modal shift in its Locomotive
Emissions Monitoring Program and would give credit to the railways for the net
reduction in emissions resulting in a diversion of traffic from the highway to the railkvays
(Environment Canada. 1994).
There are however. a number of factors that have the potential to reduce the capacity of
rail to compete for truck traffic including:
abandonment of rail lines:
improvements to roads:
lack of capacity on existing rail lines:
an increased trend toward just-in-time shipping (smaller. more fiequent shipments):
decisions on the part of the railways to concentrate on certain markets. leaving others
open to the trucking industry (Transport Canada, 1998).

In addition to greenhouse gas emissions there are other factors affecting truck-rail
competition including:
Air Quality: When examining air pollutants (nitrogen oxides, volatile organic
compounds, particulate matter, and carbon dioxide) on the basis of emissions per-tonnnekilometre, rail transportation is the most efficient mode for all pollutants except for
particulate matter (Holloway, 1994).

Ittfrnstrrrctrrre Cos&: Railways are private and commercial enterprises that finance both
their operations and their infrastructure. Trucks conduct commercial activities on an
infrastructure that is publicly financed and organized (Agritrade and Transport. 1999).
Regitlatory Strrrcture: Class I railways in Canada are federally regulated while trucking
is largely provincially regulated. As a result the trucking industry can use this to its
advantage by playing the provinces against each other to r e l a ~safety standards. or
increase truck size and weight limits (Agritrade and Transport. 1999).
Cnpital Cost Allowarrce: Canada's Capital Cost Allowance (CCA) system specifies
~
An inequity currently
methodologies and rates for classes of assets for t a purposes.
exists n-ith respect to the CCA rates for various types of transportation equipment in
Canada (Figure 18). Canadian railways are also at a disadvantage to United States (US)
railroads ~vhencomparing the tax write-off circumstances in each country. US railway
assets can be \nitten off during 8 taxation years kvhile it takes 24 years to write off
Canadian raiILvay assets (English et. al.. 1999) (Figure 18). As a result Canadian railways
art: at a competitive disadvantage to other transportation sewices in Canada and US
railways.
--

Cdn truck
Cdn rail
0U.S. ra~l
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Figure 18. Comparison of tax depreciation rates for Canadian truck, Canadian rail
and U.S. rail assets (CPR, 1999).
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Safety: Railway safety in Canada is regulated through the Rail~c.ciySafefy .4c/ (I987)

providing almost all the rules and regulations covering all activities associated with
railway safety. The I994 report of the Federal Railway Safety Act Review Committee
estimated there were 1.169 commercial vehicle accidents per billion tonne-kilometres
compared with 3.6 rail accidents. It is also important to note. that many rail accidents are
beyond the railway's control- In 1998. of the 1080 rail accidents. 354 occurred at
highway-railway crossings or as a result of people trespassing on railway property (RAC.
1999).
Larrd Use: Canada's highways have consumed vast amount of land. a finite resource.
resulting in a considerable loss of farmland. wetlands. and natural areas. Two rail road
tracks require a right-of-way 18 metres wide compared to a highway which requires a
right-o f-~vaytb-idth of I 22 metres (Hollotvay. 1 994).

Passenger Rail Service
Personal transportation in Canada is primarily senred by automobiIes and light trucks
(TC/EC/I\IRCan/FC/IC. 1998). In 1995. private cars and light trucks accounted for
approximately 90% of a11 passenger activity measured in passenger kilometres
(TC/ECNRCan/FC/IC. 1998). demonstrating Canada's reliance on private cars and light
trucks. Greater utilization of public and local transportation net\-orks. in terms of
commuter trains and inter-city trains (local rail networks) has the potential to reduce
greenhouse gas emissions. road congestion and land utilization. It is estimated that there
is the potential to transfer over half o f all personal travel (Sachs et. al.. 1988). Although
CPR's primary business is the transportation of freight. globaI climate change represents
a signiticant opportunity to expand CPR's passenger rail service. CPR currently has a
business plan designed to promote and implement the operation of passenger trains on its
lines. Individual opportunities for passenger service are currently being evaluated on a
case-by-case basis,
Emission Reduction Credits
The Kyoto Protocol through its flexibility mechanisms has formed the basis for
generating marketable emission reduction credits. However. at this point in time it is not
clear what types of emission reduction projects will qualify for emission reduction
credits. It is anticipated that projects that produce real. verifiable and reproducible
emission reductions which are beyond industry standard operating practices will qualifjl
for emission reduction credits. In addition, it may be possible for CPR to generate
emission reduction credits for the net reduction in emissions associated with a modal shift
from truck to rail transportation. CPR may be able to market these emission reduction
credits to customers and increase fieight rates or use the credits to reduce their net
emissions.

-

Summary
At present. there remains limited certainty regarding the timing and magnitude of the
potential biophysical impacts of climate change on a regional scale and the probability of
the Canadian government imposing strict policy instruments is low. However, the risks
of biophysical changes are real and there are strong indications the government of

94

Case Stucfy: Canudian Paci/c R u i f t v q

Canada will continue to take action on the climate change issue. This will likely occur
even without the ratification of the Kyoto Protocol. The probability o f the Canadian
government imposing strict policy instruments with specified time frames will increase as
kve approach the Kyoto time frame. Policy instruments with specified time frames will
be necessary to increase the speed at which emission reductions are made: this also
increases the economic cost of reducing greenhouse gas emissions (Schwanen. 1997).
The later CPR implements emission reduction strategies the greater the cost of achieving
emission reductions.

-

Global climate change poses a serious risk to CPR for the following reasons:

the transportation of freight is very carbon intensive and this is the primary source of
rek-enue for CPR:
CPR is dependent on strategic suppliers (especially diesel fuel suppliers):
CPR-s is dependent on customers that may be significantly affected by biophysical
changes and government policy instruments associated with global climate change:
the probability of strict government policy responses is increasing; and
the speed at which emission reductions are required greatly affects their economic
cost.
Despite the risks global climate change poses to CPR. there are three significant
opportunities for strategic growth and redirection:
1 . modal shift form trucking to rail:
2. redevelopment of passenger senrice: and
3. emission reduction credits.
Because CPR-s risk profile is high taking action now to control the potential costs and
take advantages of the opportunities associated with global climate change makes
business sense.

MANAGING
THE RISK
Carbon Dependence
Transportation researchers use fuel consumption per gross ionne-kilometre (GTK) as a
measure of fuel efficiency because there is a good correlation between tonnne-kilometres
and the volume of fuel consumed. Therefore. greenhouse gas emissions from the
transportation of freight can be expressed as a h c t i o n of gross tonne-kilomen-es
(Equation 3 ) (adapted from Grant et. al., 1998):

Equation 3

Grams o f COLE= (GTK) * (litres o f fuel /GTK)* (grams o f C02E/litreo f fuel)

Where:
Grams of COzE: is total mass greenhouse gas emissions expressed in carbon dioxide
equivalent;
GTK: is the total mass of freight transported plus the mass of the rail cars; and
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Litres of fuel/GTK: is the volume o f h e 1 consumed per GTK (represents a measure of
fuel efficiency): and
Grams of carbodlitre of fuel: is a measure of the carbon intensity of the fuel consumed.
This equation describes three strategies for reducing greenhouse gas emissions from
freight transportation:

1. Reduce the volume/mass of freight transported:
3. Increase the fuel efficiency of the transportation operation: and
3. Switch to fuel with a lower life-cycle carbon content (Grant et. al.. 1998).
Since the current core business of CPR is the transportation of freight. CPR's primary
business objective is to m a ~ i m i z egross tonne-kilometres. Reducing the volume/mass of
fieight transported is inconsistent with this objective. Therefore. if CPR is to
successful1y reduce greenhouse gas emissions while increasing revenue associated u-ith
the transportation of freight. CPR must either improve the efficiency of its operation (i-e.
reduce fuel consumed /gross tonne-kilometre) or switch to he1 with a lower life-cycle
carbon content.
There are essentially two choices of abatement paths for managing the risks associated
ivith CPR's carbon dependence, reactive and proactive. The choice between these
abatement paths involves balancing the risks of abatement now (capital stock and
efficiency improvements - later proven unnecessary) and the risk of delay (more rapid
reduction required - retirement of future capital stock). The reactive approach can be
described as a sit and wait strategy. in the contest o f global climate change. this is seen
as a very high-risk strategy. The proactive approach involves replacing investments at
the end of the economic life of the equipment (at the point of capital stock turnover).
Implementing emission reductions that can be absorbed in the course of normal stock
turnover is the most cost-effective method of achieving emission reductions. A proactive
approach has the added advantage o f receiving "credirfor enrZy action" in terms of
generating greenhouse gas reduction credits. for implementing emission reductions
outside of normal business practice.
u

Freight Commodities
Railways are common carriers. As a result they are required to accept any traffic offered
(English et-al., 1999). The common carrier obiigation is a basic aspect of railway
regulation. which limits CPR's ability to reduce the risk associated with its dependence
on customers that may be significantly affected by biophysical changes and government
policy instruments associated with global climate change.

The common carrier obligation also limits CPR's ability to refuse hel-inefficient traffic
(English et-al., 1999). Under the current regulations, the only way the common carrier
obligation can be eliminated is by the abandonment o f the line (English et-al., 1999).
Even increasing the cost to shippers for fuel inefficient traffic is limited by the Final
Offer Arbitration provisions in the Canada Transport Act (English et-al., 1999).

MANAGEMENT OBJECTIVES
CPR's current Environmental Management System (EMS) is based on the IS0 14001
EMS standard. As part o f the EMS development a formal risk assessment was conducted
to identify the environmental aspects associated with CPR's operations. Environmental
policies and programs have been developed to manage the environmental aspects o f
CPR's operations as part o f the planning element of the EMS. Regular monitoring of the
programs is conducted to measure performance and report the results of the programs.
Climate change has been identified as a significant environmental aspect of CPR's
operations. The climate change program is in the early stages of development and has
not been formalized to the extent of the other environmental management programs.

CPR should develop and formalize the objectives of its Climate Change Management
Program such that they are consistent with one of the key components the CP Rail
Etn*ir-onmentalProrecrion Policy ( 1 990) (Appendix D).which states:
"CP Rail is committed to condrrct ing its opcrtrrions unci acr iriries in a munner
thcrt :
Prolec~srhe nutrrral environment to meer [he needs of rodcry rc~ithotrrhinderir~gthe
rrbiliy of society to meet frtrrrre neecls."
CPR's Climate Change Program Management Objectives should be guided by the
pt-eccrtrrionriryprinciple - recognizing there is the potential for serious and irreversible
environmental damage associated with global climate change. It should note that the lack
of absolute certainty surrounding the climate change issue is not a reason for postponing
the implementation of cost-effective measures to prevent global warming.
CPR should develop greenhouse gas emission reduction targets based on the following
factors:
past performance;
anticipated economic growth;
efficiency trends;
locomotive stock turnover;
CPR's Operating Plan:
simultaneous evaluation of emission reduction management options:
Canadian Kyoto target o f 6% below 1990 levels by the period 2008-20 12;
US Kyoto target 7% below I990 levels by the period 2008-20 12; and
Kyoto commitment to demonstrate significant progress by the year 2005.

CPR should also use the volume of he1 consumed per gross tonne-kilometre as a relative
Environmental Performance Indicator (EPI) so that the relative efficiency of its
operations can be assessed.
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MANAGEMENT OPTIONS
The s i s step management framework for managing global climate change presented in
the preceding chapter identified two general greenhouse gas management options
classified as nzit igcrtion srrategies (direct emissions and offsets) and udcrptcrtion strcrregies
(indirect emissions and biophysical impacts). The focus of the management options
presented here are options to reduce locomotive emissions. because they are the single
largest point source of emissions from CPR's operations and the only source anticipated
to increase with economic growth. A discussion of Oflsers is excluded because
preliminary discussions indicate CPR's current cost-effective emission reduction
initiatives could be extended beyond their cost-effective limit with the business
advantages exceeding the advantages o f investing in offsets and CPR could achieve
emission reduction that could yield marketable credits.
There are a variety of management options for reducing greenhouse gas emissions from
locomotites. The management options are not limited to improving the fuel efficiency o f
locomotives or alternative type fuels for locomotives but also include operational and
infrastructure changes that produce emission reductions through reductions in fuel
consumption. Many of the current emission reduction initiatives are being implemented
to realize economic benefits and to meet business needs. Other potential emission
reduction opportunities require further research and development and may or may not
become commercially attractive in the future. The purpose of this section is to provide a
brief overview of CPR's current emission reduction initiatikfesand examine some
potential emission reduction opportunities- This section is based heavily on two
documents:
1 . TI-crnsporrrrfior7
Sector Forrndation Paper on Clinzare C'hcrnge ( 1 998) prepared by

Transport Canada, Environment Canada, Natural Resources Canada. Department of
Finance and Industry Canada
2 . Sirs-vey of Ruilrvuy It7citcsrry Technological and Operrrr ional /rnprorernents and SocioEconomic Isslres Affecting GHG Emission Perfor-rnuncc ( 1 999) prepared for
Transport Canada by G. English. C. Schwier and R. Lake.
The review o f potential emission reduction opportunities does not represent an exhaustive
list of a11 the available greenhouse gas management options. The potential emission
reduction opportunities are limited to advances in locomotive technology and alternative
fuels. A more complete and comprehensive review including changes in track
configuration. service frequency, track stiffness, and train speed o f can be found in
English et. al. (1999).

Locomotive Fleet Renewal
CPR is currently renewing its locomotive fleet with high-horsepower units employing
alternating current (AC) technology. Ninety entered the fleet in 1997 as part o f an order
o f 263 to be filled by 1999 which will renew 40% of its high-horse power main line fleet
(CPRS. 1997). The new AC locomotives produce higher wheel to rail adhesion than
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standard road locomotives. The new AC locomotives are approximately 17-20% more
fuel efficient than standard road locomotives and 3 AC locomotives can replace
approximately 5 standard road locomotives based on horsepower equivalent. CPR plans
to continue to renew its locomotive fleet as old locomotives are retired and to meet traffic
gro\\-th. The improved fuel efficiency o f the new AC locomotives combined with the
replacement o f older locomotives will continue to result in significant greenhouse gas
emission reductions. English et. al. (1 999) in a survey o f railway industry technological
and operational improvements estimated h e 1 and emission savings from the acquisition
o f new loconlotives at 6.8% in 2000 and 9.8% in 2005 (relative to 1995 and on the basis
o f 2005 traffic levels).

Automatic StarVStop Systems and Low Idle Applications
It is generally accepted that idling locomotives are responsible for approximately 5% of
annual fuel consumption in railway operations (English et. al.. 1999). The majority of
fuel consumed by idling locomotives is consumed by switching locomotives used in yard
operations.
In cold operating conditions. locomotives must continually idle to prevent freezing and
charge the batteries (Environment Canada. 1999). Automatic stadstop systems
shutdown and stan up locomotives based on a predefined set o f parameters and
conditions. Automatic startistop systems are planned for all remaining switching
locomotives (CN and CPR) (English et. al.. 1999).
CPR implemented most o f its low idle program prior to 1995 (English et. al.. 1999). This
feature allows a locomotive to idle at a reduced speed. reducing fuel consumption up to
t ~ v ogallons per hour and as much as 3% of annual fuel consumption (Environment
Canada. 1999).

Infrastructure and Operational Improvements
In effort to improve the efficiency o f its operations. CPR has implemented many
infrastructural and operational improvements, These initiatives include:
Lowering the track bed in tunnels to facilitate double stacking freight containers:
Upgrading the track bed. increasing the maximum allowable a..le load from 1 19.297
kg to 129.730 kg:
Developing train-handling practices. which involves developing optimal runs, for
each subdivision. by prescribing throttle notch positions. po\ver breaking and
dynamic breaking to conserve fbel;
Streamlining the Mechanical shop track shutdown policy and monitoring compliance
with the shutdown and isolation policies through the use of radio downloads and site
visits;
Introducing light-weight aluminum cars and steering-trucks on rail cars, reducing the
rolling resistance of rail cars.
Improving train scheduling and pacing through better asset management; and
Rationalizing non-strategic assets, in 1996 CPR announced a plan to reduce its
network by 25%. by selling, leasing, discontinuing lines, o r establishing low-cost
internal short lines (CPRS. 1997).
-

Case Study: Canadian Pacific Railrcmy

-

99

Conventional Diesel Locomotive Technology Advances
The advent of AC powered locomotives represent a significant efficiency improvement
over the traditional DC powered locomotives. Despite the improvement in efficiency of
approximately 17-20% there are still opportunities for further efficiency gains.

Multiple Consist 1Management: Locomotives operate at maximum efficiency in throttle
notch position seven (English et. al.. 1999). When track and speed parameters require
less than throttle notch position seven, significant fuel savings can b e realized by
operating one or more locomotives in a locomotive consist at idle (multiple locomotives
make up a locomotive consist).
Engine Control Technology: New lo~ornoti\~es
have fuel injectors u7hichallows the
possibility of developing cylinder management schemes where a subset o f 16 cylinders
per engine get fuel injected rather than each cylinder receiving a partial injection (English
et. al.. 1999).
Low Heat Rejection: Significant heat is lost during the combustion process of a fourcycle diesel engine. It is possible to raise the operating temperature o f the diesel engine
so that less energy is loss to coolant. improving the efficiency of combustion.
Bottoming Cycles: Bottoming cycle engines include Sterling cycle a n d Rankine cycle
engines. Bottoming cycle engines can be added to internal combustion engines and used
to extract wasted exhaust heat and transform it into usable energy through linkage with
the engines drive shaft (EngIish et. al.. 1999).

Diesel Fuel
There are a number o f diesel fuel properties that influence the combustion process:
cetane number;
aromatic content:
sulfur content:
wax point; and
flow properties (CARB. 1990).

The number of variables involved in the combustion process. the sensitivity of various
emissions to the chemical make up o f the fuel. and seasonal fuel requirements makes
determining an optimum fuel blend to reduce greenhouse gas emissions and criteria
pollutant emissions is difficult. Experts generally agree that high cetane low sulfur fuel
(<0.05%) has a positive effect on emissions (CARB, 1990). However, the majority o f the
research has focused on reducing NO, and particulate matter and there are increased costs
associated with this Cirel.
Canadian National (CN) railway, in a joint venture with Shell Canada, has recently
developed a new diesel fuel for locomotives that is more cost effective and efficient than
traditional diesel fuel (CN, 1998). The new locomotive specific he1 contains more
hydrocarbons creating a more efficient h e l , reducing CN's annual fuel consumption by
approximately 3% (CN, 1998). In addition to eficiency improvement and substantial
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operational expense savings. the new locomotive specific fuel also contains only 10% o f
the sulfur allowed for off-road diesel fuel. Based on the ASTM standard. the new
locomotive-specific diesel fuel sulfur content is 0.05% by weight. low enough to meet the
current regulatory standard for on-road diesel fuel.

Ethanol I Methanol
Cellulosic ethanol. generated from biomass feedstocks. used in combustion realizes a
greenhouse gas credit from the next crop cycle (English et. al.. 1999), assuming that the
carbon emitted during combustion is equivalent to the carbor. sequestered in the next crop
cycle. The volume of the credit generated is dependent on the feedstock the ethanol is
derived from. When examining the life cycle o f the process used to estract ethanol. from
a greenhouse gas perspective. wood alcohol is approximately 3 times more efficient than
grain based ethanol because grain ethanol involves an energy intensive distillation
process and requires cultivation and fertilizers (English et. al.. 1999).
Ethanol has a lower volumetric energy content than diesel fuel and requires an ignition
source (English et. al., 1999). Methanol has a similar energy content to ethanol and the
performance results are anticipated to be similar (English et. al.. 1999). Ethanol and
methanol have been tested in locomotive applications. However. more extensive testing
is required to determine fuel performance in typical locomotive duty cycle.

Natural Gas
Switching from diesel he1 to natural gas is a viable method of reducing greenhouse gas
emissions from locomotives. Natural gas for use in locomotives can be stored in two
forms: compressed natural gas (CNG) and liquid natural gas (LNG). Dual h e 1
conversions o f diesel engines (LNG and diesel) have been considered economical in
fixed piant applications based on the current natural gas prices. primary operational duty
cycle and their ability to draw natural gas directly from a pipeline (English et. al.. 1999).
Previous evaIuations of natural gas locomotives have demonstrated their feasibility.
However. they have also identified several limitations:
using natural gas in a diesel engine at high power output requires the injection of
some diesel fuel;
using natural gas in a diesel eneine at lower power output. is not feasible. natural gas
can not be used to get ignition7:
natural gas has a similar energy content relative to diesel fuel however, the volumetric
storage requirements for CNG and LNG arc 6.5 and 1-7 times respectively. that of
conventional diesel; and
compression or liquidification represents an additiond processing cost as well as new
fueling infrastructure requirements and safety concerns (English et. al., 1999).

7

It is estimated that LNG can replace a maximum of 88% of diesel he1 consumption
from railway operations, because o f the dual he1 requirement for ignition and low power
output (English et. al., 1999).
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The following discussion is limited to LNG because in previous locomotive evaluations
LNG has been proven more cost effective than CNG (English et. ale- 1999).
Westport Innovations Inc. is a leader in the field of natural gas heling of diesel engines.
The Westport technology uses high-pressure direct injection (HPD)of natural gas. This
technoIogy requires no major engine modifications. Replacing the fuel injectors adding a
LNG storage system and a gas compressor is all that is required.
The benefits of the HPD technology include:

preservation of the diesel engine cycle and thermal eftlciency (Port. 1997):
emissions of nitrogen oxides (NO,, are reduced by approximately 50% using the same
injection timing (Douville et. al.. 1998):
the low carbon-to-hydrogen ratio for LNG combustion reduces carbon dioxide
emissions by approximateIy 25% (Douville et. al., 1998): and
Fuel cost savings.
The Southtvest Research Institute (SwRI. 1997) in a cooperative research program called
GasRail USA tested six combustion sys:ems for natural gas powered locomotives. One
combustion system was termed LaCHIP for Late Cycle High Injection Pressure. This
system employs the same technology as the HPD system of Westport Innovations Inc.
The GasRail USA research program concluded that the feasibility of using HPD
combustion systems for applications on passenger locomotives is excellent.
Currently the Boise Locomotive Co. is producing a 1200-horsepower. LNG stvitching
locomotive. Some of theses units are currently being operated by Union Pacific and
Burrlington Northern Santa Fe (BNSF) in the Los Angeles basin.
The impediments to implementing LNG fueled locomotives are not insurmountable. The
problem of LNG he1 storage capacity can be rectified by using a separate LNG h e 1 tank
car (tender) to cany fuel for the locomotives (English et-al.. 1999)- Although the
greenhouse gas emissions savings of LNG is reported to be around 2 1-25%. when
esamining the life-cycle o f LNG for locomotive fuel the carbon dioxide equivalent
(COzE) savings is significantly reduced. English et. al. reported that the 21 -7% savings is
offset by the significant emission penalty incurred when liquebing the gas for use, The
liquidification process requires approximately 17% of the energy content effectively
reducins the C 0 2 E savings to 8.4% (English et. a].- 1999). However, significant
reduction in emissions o f nitrogen oxides (NO,). sulphur dioxide (SO?)and particulate
matter would also be achieved.

Electrification
Electrification has the potential to effectively eliminate diesel fuel consumption from
railway operations. reducing energy consumption and greenhouse gas emissions. The
electrification of railways is not a new technology; BC rail has a major electrified branch
line (English et. al., 1999; Holloway, 1994).
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The electrification of BC rail's Tumbler ridge branch line, a 132 km branchline from
Anzac to a coal mine at Tumbler Ridge. began as a demonstration project with BC Hydro
and the federal Transport Development Center (Holloway. 1994). The total cost of the
Tumbler Ridge project including tunnels. equipment. substations. grading- rail
installation, and electrification amounted to $453 million with electrification costs of 5%
of the total (Holloway. 1994). BC rail conducted a costkenefit analysis and the savings
from the electrification amounted to $2 million per year relative to diesel fuel costs under
the same operating conditions (Hollo\vay, 1994).
The conversion of traditional diesel powered railway to an electrified railway requires:
Investment in a power distribution system along all tracks:
Changes to signals and communication systems:
Changes to bridges and tunnels: and
Replacement of conventional diesel locomotives with new electric locomotives
(approximately the same capital cost per locomotive) (English et. al.. 1999).
The requirements of electrified railways make the current infrastructure and equipment.
with the exception of the track and ballast. of operational diesel powered railways
mutually exclusive.
Because of the large capital costs required for converting existing diesel powered
railways to electric railways it is not attractive under current economic conditions (traftic
densities and diesel fuel cost) (English et. al.. 1999). This barrier could be overcome by
public investment. with some of the cost being recovered from the savings in energy
expenses (English et. al., 1999).

Locomotive Fuel Cell
FueI cells are a very promising source of energy with significant potential in a wide
variety of circumstances. The electrochemical he1 cell is a highly efficient technology.
which can be used as a power source. -4 he1 cell transforms hydrogen directly to
electricity without combustion, with little waste heat and a high ratio of chemical to
electrical energy conversion.
Fuel cells can accept a wide range of fuels as a source of hydrogen. The most effective
fuel for reducing greenhouse gas emissions is the electrolysis of water (English et. al..
1999). Other h e l s include reforming natural gas. methanol. and ethanol (English et. al..
1999). Similar to LNG locomotives. a separate fuel tender is required for he1 cell
locomotives.
Fuel cells are an attractive option for reducing greenhouse gas emissions from railway
operations because:
Fuel costs represent a major operating expense in railway operations;
Locomotives already use an electric traction drive; and
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Fuel cells of the size necessary for a locomotive power plant are already
commercially viable in stationary power plant applications (TC/EC/NRCan/FC/IC.
1998).
There are a variety of different types o f fuel cells and it has become common practice to
distinguish the various types based on the type of electrolyte used in the fuel cell because
it dictates may properties of the fuel cell. Phosphoric Acid Fuel Cells (PAFCs) of
sufficient size for locomotive power requirements have been commercially available for a
number of years however they do not meet the quick start and wide load swing conditions
required for typical locomotive auty cycles (English et. al.. 1999). Proton Exchange
Membrane (PEM) firel cells can produce power at a higher density than any other fie1
cell. with the exception o f the aerospace/military Alkaline Fuel Cell (AFC) (DoD. 1998).
The power density advantages and load following capability make it a good for light
vehicle applications where total power requirements are f imited ('English et. al., 1999).
Ballard Power Systems in Vancouver. British Columbia is the leading developer of PEb1
fuel cells. Ballard has not evaluated PEbI fuel ce1Is for locomotive applications (English
et. al.. 1999).
Although existing locomotives and fuel cetls use a similar electric traction drive. English
et. al. (1999) reported that it would be extremely unlikely that a he1 cell will be able to

be retrofitted to existing locomotive electric traction equipment. Therefore switching to
fuel cell locomotives invotves replacing the complete locomotive.
Fuel cells emit no greenhouse gas emissions however. the process used to generate the
hydrogen for fuel cells is a source of greenhouse gas emissions. In a Iife-cycle
assessment English et. al. (1 999) reported that fuel cells are 1.25 times the efficiency of
diesel-electric technology and using natural gas reformate at 0.78 times the greenhouse
gas emission/unit of diesel equivalent the total greenhouse gas emissions savings
approsimate 26.7% of diesel equivalent.

-

-

Management Options Cost Effectiveness
English et. al.. (1999) provided a summary of the cost effectiveness and the magnitude o f
emissions savings for the various locomotive emissions reduction opportunities (Table
14). Although cost effectiveness is a n important factor in the decision to reduce
emissions the benefits o f reducing emissions must also be considered. Potential benefits
include:
fuel savings;
decreased maintenance costs:
improved reliability (new equipment); and
the potential to generate emission reduction credits.
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Table 14. Summary of the cost effectiveness (S Cdn/tonne) of various emission
reduction alternatives for the rail industry (English et. al., 1999)
Alternatives

t

I
Reduce service frequency
l ncrease track sti ffncss
Low NO, retrofits - %2.5
/.Acquire n e w efficient cars

[ ~ f f i c i e nrou~ing
t
of traffic
/change track configuration
i Low N o x retrofits - % 1.0
Reduction of train speeds
Ethanol: emulsion
[Acquire new locomoti~.es
1 LNG. diesel dual he1
Fuel Cell: methane
Ethanol: dual feed
Fuel Cell: H 2 electrolysis
Electrification

Cost (S/tonne) GHG
Present Value emissions
(life time)
saved
(megatonnes)
(2000-2020)
I
724
0.18

1
1

I

134
357
131
30
223
126
20
94

19
173
402
52
254

26,

0.87
1.1
1.54
1.751
2.03
2.42
3-98
4.3 1
4.4

5.45
1 3.06
18.15
32.24
4 1.45

CPR should develop an integrated carbon management strategy with key suppliers
including all subsidiaries o f Canadian Pacific Limited to control the potential cost and
optimize the benefits of climate change. The integrated carbon management strategy
should include:
The costs and benefits of new market opportunities in terms of greenhouse gas
emissions and emissions savings (emission credits) where new market opportunities
are a result of a modal shift.
Offset strategy:
1 . Depending on CPR's economic growth CPR may have to acquire offset emission
reduction credits to reduce net emissions. CPR should determine the optimum
price CPR would be willing to pay for offset credits.
2. Examine the possibilities of alternate locomotive technologies and current
emission reduction initiatives in terms of generating marketable emission
reduction credits.
3 Evaluate the potential fuel savings o f alternative locomotive technologies.
Developing a joint venture with a major diesel fuel supplier: Examining all aspects of
the fuel supply chain and develop least cost options for an optimum fuel specification
for CPR locomotives (i.e. Canadian National railway).
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Evaluating the potential of developing an internal emission trading program for
subsidiaries of Canadian Pacific Limited.
Developing partnerships with Environmental Non-governmental Organizations
(ENGOs) and Non-government Organizations (NGOs) and advocate the full-benefits
o f rail transportation to government decision-makers.

CPR should continue to implement emission reductions at rates that can be absorbed in
the course of capital stock turnover. CPR should maximize the capital stock turnover of
the locomotive fleet based on the follo~vingfactors:
The rate at which the existing locomotive stock becomes obsolete:
The likelihood of technology change:
The benefits of new locomotives/new locomotive technology in terms of emissions
savings.
A technology change equivalent to the conversion from Direct Current (DC) locomotives

to Alternating Current (AC) locomotives currently taking place will likely occur in the
future. CPR must be prepared to adapt to new technology in order to remain competitive
in the future or take the lead and accelerate locomotive technology n-hile generating
emission reduction credits for going beyond industry standard practice.
CPR in partnership with the other railways in Canada and the Railway Association of
Canada (RAC) should continue to develop information to support and advocate the
benefits of rail transportation in terms of the fbll socielal cos-rs (EPA 1995)of the
different modes of transportation.

IMPLEMENTATION
In addition to CPR's current cost-effective emissions reduction initiatives there are a
variety of additional opportunities to reduce greenhouse gas emissions from CPR's
operations.

GOVERNMENT
PROGRAMS
There is currently a wide range of government programs with the potential to help CPR
implement emission reduction projects.
CIimare C'hcinge A crion Fund (CCAF)
The Climate Change Action Fund (CCAF) was established by the federal government to
help Canada meet its commitments under the Kyoto protocol (CCAF. n-d.). Activities
under the CCAF are divided into 4 components including Technology Early Action
Measures (TEAM).

Eligible projects, for CPR's purposes, under TEAM must demonstrate innovation in the
transportation industry.

TEAM Project Eligibility Criteria and Information Requirements (TEAM, 1998):
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TEA?L/ - Eligibldneligible Crireriu
GHG Emission Reduction Potential (maximum greenhouse gas reduction / $
invested)
Proponent Commitment ("Private sector proponents or community groups must be
members of the Voluntary Challenge and Registry Program operated by VCR inc.
(with Tier I1 registration) to be eligible for TEAM CCAF funding") Proponents who
are not members at the time of submission. a clear commitment must be made before
any funds k i i l l be allocated.
TErfiLf - Bcrse Crirericr
Risk Factors
Replication Potential
Leveraged Partnerships (projects must attract funding from as many sources as
possible)
Potential Economic and Social Benefits
Innovativeness
Need for Government Investment - incrementally (must prove the project ~vouldnot
proceed without government involvement
Ancillary Environmental/Health Benefits
Repayment
TEAM projects must be approved under existing federal government technoiogy
advancement programs. CPR emission reduction projects have the potential to be
approved through two federal pro,ararns:
1. Natural Resource Canada's (NRCan) Transportation Energy Technologies Program:
and
2. Industry Canada's (IC) Technology Partnerships Canada Program.
Trunsporrcrrio~Energy Technology (TET) Program (NRCan)
Program areas include a variety of transportation technology innovations including
"vehicle transportation systems efficiency". This is primarily focused on improving the
efficiency of transportation vehicles (i.e. driving cycle analysis. braking systems.
advanced materials). Conventional vehicle technology is another target for improvement
under the program. potential technologies include the investigation of "smart roadways"
which are specifically designed to accommodate high volume traffic patterns (TET. n-d.).
Technology Partnerships Canada (TPC) Program (
0
Projects must be in a qualiCying technology or sector targeted by TPC.CPR emission
reduction projects may fall into one of the following:
Environmental technologies; and
Enabling technologies.

Based on the following definitions provided by TPC (TPC, n-d.):
Enabling technology: is new way of doing something in an industrial context that
significantly improves sector performance.
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Eizvironnteit~cdrechno20~:is new way of doing something in an industrial context that
significantly improves environmental performance. a d l o r addresses an important
environmental problem.

CPR emission reduction projects have the potential to be approved as either and enabling
technology or an environmental technology.
Projects under TPC must also include one of the following:
development or demonstration of a product. process or technology :
certain pre-production activities (this is not clearly defined): and
technical or marketing feasibility studies.
Enerm Innot'c~ror-s
1niriurit.r
The Energy Innovators Initiative is a federal government program in conjunction with
Natural Resources Canada. ~vhichhelps businesses explore innovative options tbr
tinancing and implementing building retrofit projects . A parailel program exists in the
United States. the Environmental Protection Agency's Green Lights Program ivhich
~vorkswith companies to promote energy savings- In one audit. nearly 80% of the
projects offered pay-backs within two years or less. Improving energy efficiency
represents a substantial opportunity for CPR to decrease indirect greenhouse gas
emissions from electricity consumption ~vhilereducing operating espenses.
Fleer Snlcrrr Program
Natural Resources Canada's Fleet smart program is a program designed to help
automotive fleet managers reduce operating espenses through increased energy
efficiency. The program provides participating members with information on energy
management in specifying maintenance schedules. driving practices and information on
the latest technology to keep the fleet competitive (TC/EC/NRCan/FCAC. 1998).

CPR should evaluate participating in the government programs described above. These
programs have the potential to advance locomotive technology and improve the overall
efficiency o f CPR's operations.

MONITORING
Monitoring is an important part of devefoping a climate change management program for
CPR. CPR must commit to monitoring internal greenhouse gas emissions and external
climate change driving forces.

-

RECOMMENDATIONS
MONITORING
As part of CPR's climate change program CPR should commit to annual monitoring o f
greenhouse gas emissions in reference to emission reduction initiatives, management
objectives and targets established for the program. This will provide CPR with an
opportunity to evaluate its emission reduction initiatives and determine if additional
efforts and resources are required to manage the issue. Participating in the Voluntary
-
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Challenge and Registry (VCR) would provide CPR with a formalized process for annual
monitoring- The benefits of participating in the VCR include:
public recognition and improved corporate image:
opportunity to infonn customers and clients. o f the actions CPR is tzking to address
climate change:
opportunity to benchmark greenhouse gas emissions and h e 1 conservation initiatives
with other rail carriers in Canada and monitor their initiatives and performance:
permanent record o f emission reductions:
consistent uniform mechanism for reporting greenhouse gas emissions;
provide valuable information necessary to address a variety of air emission issues
over the long-term; and
improve government policy maker's view of rail transportation and add credibility to
the argument that rail transportation is "climatc f'endly" \;hen discussing issues of
modal inequity.
The global climate change issue is still developing and will likely continue to develop
well into the future. In addition to monitoring internal emissions. CPR must also
continue to monitor external climate change driving forces including new information on
the science o f climate change (biophysical changes) proposed emission targets and any
proposed or implemented government policy instruments. CPR has been engaged in
Canada's national climate change process by participating on the Transportation Issue
Table (Freight/Rail Sub-working Group) allowing CPR to present relevant rail industry
information to climate change decision-makers. Industry involvement is critical in the
development o f climate change policy and programs because:

industry hasanunderstanding o f what will and will not work forthem;
solutions can be flexible and lead to innovation: and
industry-developed solutions tend to be more effective and efficient (Millman. 1997).
CPR should continue to participate in government multi-stakeholder groups as a forum to
advocate the full package of benefits o f rail transport.
This research also identified several driving forces reIated to locomotive emissions
including:
Locomotive Emissions Monitoring (LEM) Program:
US EPA Emission Standards for Locomotives:
Diesel Fuel Regulations; and
Government of Canada Phase 3 Federal Smog Management Program.
AnaIysis of these driving forces indicates there will be increased pressures to decrease
emissions o f atmospheric pollutants in the future. CPR must continue to follow and
monitor regulatory trends and influence regulatory decision-makers.
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EVALUATION
The monitoring process recommended in the preceding section produces new information
CPR should use to continually evaluate its overall climate change performance. CPR
should develop an evaluation process consistent with the annual monitoring
recommended above such that the management objectives established for the Climate
Change Program are continually reevaluated based on the current state of knowledge to
ensure that the risks and opportunities climate change poses to CPR are being effectively
managed.

RECOMMENDATIONS- FEDERAL GOVERNMENT AND
INTERNATIONAL GLOBAL CLIMATE CHANGE COMMUNITY
As previously mentioned. this research. through its review of the various dimensions of

the climate change issue including climate change science. the politics of climate change
and climate change policies. also identified recommendations applicable to the Canadian
Federal government and the international climate change community.

CANADIAN FEDERAL GOVERNMENT
In a Report tit led Cunudci 's Optionsfor u Domesric Grernhozue Gas Et~issiortTrli~Ii)tg
PI-ogt-an?( 1999) the National Round Table on the Environment and the Economy
(NRTEE) concluded a domestic greenhouse gas emissions trading program ~ v i l lbe the
key to meeting Cmada's commitment to reduce greenhouse gas emissions 6% below
1990 levels by the year 2012.

Canada's current experience in emissions trading is limited to t ~ v opilot projects:
1 . Pi lot Emissions Reduction Trading (PERT) ( 1994):
1. Greenhouse Gas Emission Reduction Trading (GERT) ( 1 998).

The purpose of these two pilot projects was to evaluate and gain experience in the
logistics and practical aspects of running an emissions trading program (Tradable Permits
Working Group. 1998). Both of these trading pilots were designed based on an -'open.'
trading system which allows participants to use emission reductions from sources that are
not part of the program (Haites, 1998). The PERT pilot focuses on nitrogen oxides (NO,)
and volatile organic compounds (VOCs). the remainder of this discussion therefore.
focuses on the GERT pilot. To date, there has been limited participation in the GERT
program. a s of October 29&1999 there have been 5 trades matched. 7 offers to sell, and
no offers to buy (GERT, n-d.). It appears that in absence of an emissions cap the market
for emission reduction credits is limited and the economic value of the credits is variable
(range from 2.00 to 10.00 $Cdn/tonne carbon dioxide equivalent) (GFPT, n-d.). Analysis
indicates that the open trading system of the GERT pilot project is ins.-I'ficient to develop
a market for carbon emission reduction credits. The Government of Canada must
develop a tradable emissions trading program, where finite caps are established, based on
an overall emission reduction goal, to enhance participation and realize the true economic
benefits of emissions trading.

-
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In 1995 the Government of Canada adopted the World Commission o n Environment and
Development's definition of sustainable development 'as Canadian Policy (Agritrade and
Transport. 1999). The Government of Canada must consider the development of its
climate change policy with in the broader context of sustainable development where the
full "socierul costs including the costs to individuals. society and the environment (EPA.
1995). are considered and evaluated and accounted for.
"

INTERNATIONAL CLIMATE CHANGE COMMUN8TY
The Kyoto Protocol includes three major flexibility measures to help the Parties fulfill
their commitments under Article 3 of the Protocol:
Clean Development h4echanism (CDM):
Joint Implementation (JI): and
International Emissions Trading (IET).

The Kyoto Protocol's flexibility measures still require further elaboration and negotiation
to ensure their effectiveness. The Parties must develop criteria for project eligibility.
baselines for measuring a project's contribution to reducing emissions. the roles o f
various institutions. transparency. and an accounting system (auditing and verification)
(UNFCC. 1999b). The outstanding issues surrounding the Protocol's flexibility measures
are scheduled to be finalized at COP 6 which will take place in late 2000 or early 2001
(UNFCC, 1999a). The purpose of the Protocol's flexibility measures was to improve the
cost effectiveness of the Parties achieving their protocol commitments. However. there
are provisions in the Protocol that decrease their operational effectiveness and act as
disincentives for participation.
Article 6 (JI) and Article 12 (CDM) of the Protocol both contain prokfisions regarding the
'-a~icii~ion~ilir~:''
of emission reduction credits generated fiom JI and CDM projects. While
the inclusion of the additionality clause is intended to ensure emission credits are
generated fiom projects that would not otherwise occur. it also acts as a disincentive for
participation. The mitigation of global climate change is independent from the spatial
distribution of greenhouse gas emissions, the Paties must allow for flexibility in the
and
I CDM with respect to the
generation o f certified emission reductions under .J
additionality of projects.
C

Article 17 of the Protocol addresses International Emissions Trading (IET) between
Annex 1 Parties. Contrary to the other flexibility mechanisms (CDM and JI). outlined in
the Kyoto Protocol. Article 17 does not include a provision allowing the participation of
legal, private and/or public entities. This effectively decreases the operational
effectiveness o f IET. Emission reduction credits are generated at the point source o f the
emissions (i.e. the legal, private, or public entity), in order to maximize the effectiveness
of the IET market system the Parties must recognize legal, private and/or private entities
in an IET program.
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CONCLUSION
The earth's temperature is primarily a function of the composition of the earth's
atmosphere. Greenhouse gases in the atmosphere absorb thermal long-wave radiation
radiated from the earth's surface. maintaining the temperatures that sustain life on our
planet. The primary greenhouse gases are water vapor (H20). carbon dioxide (CO?).
methane (CH4). nitrous oxide (N?Oj. and halocarbons. Changes in the concentrations of
theses gases in the atmosphere have the potential to alter the energy balance of the earth
resulting in changes in the earth's temperature. Anthropogenic emissions of greenhouse
eases have increased rapidly since the onset o f industrialization (IPCC SAR WGI. 1996).
as a result human-induced global warnling has become a significant concern.
b

Existing studies of the potential impacts of global climate change recognize the
sensitivity of biophysical and economic systems. However, the ability to predict the
impacts is limited with respect to magnitude. timing and location (Grant et. al.. 1998).
There is general consensus that increases in the earth-s atmospheric temperature will alter
current weather patterns resulting in, sea-level rise. increased frequency and severity o f
estreme weather events, and changes in ecosystem structure and hnction. As a result the
risks associated with global climate change are significant.

The United Nations Convention on Climate Change (UNFCCC) and the subsequent
adoption of the Kyoto Protocol indicate that the majority of the industrialized world
agrees that the risks are sufficient to justify reducing anthropogenic greenhouse gas
emissions. The Canadian government through its National Action Plan on Climate
Change (NAPCC) and the National Climate Change Secretariat (NCCS) has begun to
address the issue.
Potential government climate change policy instruments can be divided into three general
approaches: market-based: regulatory (command and control): and voluntary. There
appears to be no single optimal policy response to global climate change and marketbased and regulatory approaches are not mutually escfusive therefore. a portfolio of
policy instruments will likely result. Voluntary and market-based approaches including
the flexibility measures outlined in the Kyoto Protocol. will likely figure prominently in
the government o f Canada's ultimate response to the Kyoto Protocol because, voluntary
and market-based approaches are generally accepted as more economically efficient and
politically acceptable than regulatory approaches. Regardless of the policy instruments
chosen. they will result in more full cost pricing for users of the atmosphere to dispose of
greenhouse gas emissions from human activities and will ultimately affect all industries
across all sectors o f the economy in Canada. The effects of climate change policies will
be distributed unevenly; geographic areas and industry sectors that rely heavily on
greenhouse gas intensive process will likely experience more significant effects.
The transportation industry in Canada forms a critical link in the economy providing a
mechanism for the transfer of goods and services to customers in Canada and providing
access to foreign markets. There is growing evidence that current transportation trends
are not sustainable over the long-term (NRTEE, 1996). Unsustainable transportation

trends include human health issues and global climate change from the consumption of
fossil fuel. landuse. safety and other environmental concerns. Although this research
focused on the global climate change issue. it is clear that the full societal cosrs o f
transportation must be evaluated in developing climate change policy and a sustainable
transportation system in Canada which, better reflects the full-cost of difierent modes of
transportation and ensures their most efficient use.
Canada's transportation sector produces more greenhouse gas emissions than any other
sector. approximately 25% of the total in 1997 and greenhouse gas emissions from
transportation sector are anticipated to exceed 1990 levels by 32% in 20 10 and 53% in
2020. (Transportation Climate Change Table. 1999). The rail industry only accounts for
approximately 4% of the transportation sector total. It is well documented that rail
transport is the most efficient o f mode of transport with respect to greenhouse gas
emissions per tonne-kilometre (Transport Canada. 1998: Abacus Technology
Corporation. 199 1) and all other environmental impacts. Therefore the rail industry.
because of its inherent efficiency. should benefit from policies favoring environmentally
efficient modes of transportation.
This research developed a conceptual framework for managing the global climate change
issue in Canadian organizations. This involved investigating the following topics:

climate change science:
the politics o f climate change:
climate change policies:
the potential consequences of climate change (biophysical/socioeconomic): and
environmental management systems (EMSs) and theory.
The conceptual framework for managing global climate change was then applied to
Canadian Pacific Railway's operations. This involved:
esarnining CPR's operations with in the context o f the Canadian transportation sector:
examining the climate change driving forces acting on CPR;
completing a n inventory o f past greenhouse gas emissions for CPR. including all
greenhouse gases ( 1990-1997) and projecting future emissions to the year 2008;
completing a risk assessment with respect to CPR's carbon dependence and freight
commodities:
esarnining greenhouse gas management options including CPR's current emission
reduction initiatives and potential emission reduction opportunities: and
making climate change management recommendations to CPR
The application o f the conceptual framework for managing global climate change to
CPR's operations indicates that global climate change poses a significant risk because GC
CPR's carbon dependence on diesel firel and there is the potential for changes in the
supply and demand for the fieight commodities CPR transports. CPR has implemented
significant emission reductions through the acquisition o f new AC locomotives, h e 1
efficiency initiatives and track rationalization. The key factor limiting hrther emission
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reductions from locomotives is the long average usehl life o f locomotives (24 years)
(TC/EC/NRCan/FCAC. 1998), and the current CcipituZ Cost AZlo~vcmce( C C A )system
~vhichlimits the turnover rate of locomotives. Further emission reductions could be
achieved through the acquisition of more new fuel-efficient AC locomotives if the
Government of Canada were to adjust the current modal inequity in CCA system to more
accurately reflect the full cost o f transportation services in Canada. A variety of emission
reduction management options exist which involve fuel switching to lower carbon
content fuels as a source of locomotive power. However. further research and
development is required for these options. and the time frames associated kvith
implementing these alternative technologies is well beyond Canada's Kyoto
commitments because of the large capital investment in infrastructure and locomotive
stock required for fuel switching.
From tllis research it is ctear that the primary global climate change driving force limiting
early action is one o f economics. Although cost-effectiveness is very important there are
social and environmental considerations which must be considered. Generally.
organizations in Canada are interested in developing least cost solutions to the issue of
global climate change through so called "no regrets (cost-effective) measures and
market-based mechanisms. However. participation in Canada's market-based emissions
trading pilot projects has been limited. Although there are many outstanding
methodoiogical issues associated with market-based systems, organizations in Canada
must begin to actively participate in market-based programs to demonstrate their
effectiveness (and influence their development) to the Canadian goverr~mentensuring
they are incorporated in the Government of Canada's policy response to the global
climate change issue. Early participation in market-based programs will provide
organizations with a competitive advantage with respect to experience in the
methodologies and firnetion of market-based programs when full-scale market-based
programs are implemented. Which is highly likely since they are generally accepted as
the most cost-effective. efficient and politically feasible method of achieving greenhouse
gas reductions.
"
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APPENDIX A

- SELECTED CLIMATE CHANGE TERMS
AND ACRONYMS

Additionality: refers to whether an emission reduction project would have occurred in
the absence o f a commitment to reduce emissions (International Flexibility Mechanisms
Table. 1998).
Adaptation: the process by which an organism or species becomes adjusted to its
environment. In the context of climate change. adaptation refers to the adjustments
inhabitants of the earth would need to make in the face of inevitable. irreversible changes.
These adjustments would be made primarily at the local climate level. I f mitigation
measures were able to reduce the scale of change or estend the length of time over which
it occurs, adaptation would be much easier (NRTEE. n.d.).
Annex I Parties: refers to OECD countries and those making the transition to a market
economy. such as Russia and the former East Bloc countries. who are signatories to the
Framework Convention on Climate Change (NRTEE, n-d.).
Anthropogenic: from the Greek root anthropos. meaning "man". Anthropogenic means
human- induced or human-caused (NRTEE. n.d. ).
Anthropogenic emissions: greenhouse gas emissions that arise from human activities
(NRTEE, n.d.).
Baseline: established greenhouse gas emission levels prior to mitigation.
Berlin Mandate: the outcome of the first Conference of the Parties (COP1 ).
Biosphere: the total of all areas on Earth -- even the deep ocean and part of the
atmosphere -- where organisms are found (NRTEE. n-d.).
Carbon cycle: the cycle in which carbon moves through the biosphere, involving the
exchange of carbon between the oceanic and terrestrial ecosystems. on the one hand. and
the atmosphere, on the other. Scientists are seeking to understand the fluxes to and from
these major carbon cycle reservoirs and how they respond to climate change. To do so. it
is also necessary to understand why about half the carbon dioxide released to the
atmosphere as a result of fossil fuel combustion and deforestation is accumulating in the
atmosphere while the other half is held in other reservoirs such as the oceans or plants
(NRTEE. n.d.).
Carbon dioxide ( C o t ) :recognized as the principal contributor to increasing
atmospheric Ievels of greenhouse gases and therefore to global warming (see greenhouse
gases). Society's use of energy is the largest factor in this carbon dioxide generation.
Carbon dioxide is produced by the burning of fossil fbels such as coal, oil and natural

gas. I t is removed from the atmosphere through ocean absorption and through
photosynthesis by growing plants (NRTEE. n.d.)-

t

Carbon sequesteration: the process of storing carbon in biomass.
Ciimate: the composite of the long-term prevailing weather in a particular place. It
includes all the elements of that weather temperature. precipitation. and wind patterns. for
example. Climate change refers to changes in the climate as a whole. not just one single
element of the weather. Global climate change. therefore. refers to changes in all the
interconnected weather elements of the Earth (NRTEE. n-d.).
Conference of the Parties (COP): refers to the meetings of the countries that have
signed the Framework Convention on Climate Change. COP is the supreme body of the
convention. It currentIy meets once a year to review the Convention's progress. The first
COP was held in Berlin in 1995. the second in Geneva in 1996. The Kyoto. Japan
meeting held in December 1997 was the third Conference of Parties (COP3) (NRTEE.
n.d.).
Coverage: the extent to which legally binding targets encompass various greenhouse
gases. anthropogenic sources. and sinks (NRTEE, n-d.).
Differentiation: a term used in the Framework Convention on Climate Change.
differentiation refers to the setting of different emissions reduction targets and timetables
for individual countries rather than the setting of one flat rate for all countries in order to
factor in countries' circumstances climate. size. population growth and economy. for
example. The targets set under the Kyoto Protocol are differentiated (NRTEE. n.d.).
Emissions banking and borrowing: when emissions reductions by a country in a given
period can be applied against its emissions in the future. or when a country can borrow
from future periods to offset excess emissions in a current period. These terms are
defined under the Framework Convention on Climate Change (NRTEE, n-d.).
Emissions trading: a system that would allow countries that have committed to targets to
"buy" or "sell" emissions permits among themselves. Emissions trading is included in the
Kyoto Protocol. It provides participating parties with the opportunity to reduce emissions
where it is most cost-effective to do so (NRTEE, n-d.).
Entry into force: protocols and amendments are not legally binding until they have been
ratified by an agreed number of countries. The Framework Convention on CIimate
Change, for example, required 50 and entered into force for each party 90 days after that
party ratified. The Kyoto Protocol includes what is called a "double trigger": the Protocol
will enter into force once 55 countries accounting for at least 55% of developed countries'
current greenhouse gas emissions have ratified the Protocol (NRTEE. n.d.).
FIexibility provisions: provisions that provide countries with maximum flexibility in
how their emission reduction targets can be achieved in the most cost-effective way.
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These might include. for example. joint implementation. emissions banking. and
emissions trading (NRTEE. n-d.).

Fossil fuels: a coIlective term for coal. petroleum and natural gas. which are used for
energy production through combustion. They are called fossil fuels because they are
made of fossilized. carbon-rich plant and animal remains. These remains were buried in
sediments millions of years ago and. over geological time. have been converted to their
current state. Fossil fuels can be extracted from the sediments by humans millions of
vears after their deposition and their stored energy can be used as fuel when it is burned
(NRTEE. n-d.).
Framework Convention on Climate Change (FCCC): the agreement signed by 154
countries. including Canada. at the Earth Summit in Rio in June 1992. under which
climate change is discussed globally. Developed countries agreed to aim to reduce
emissions to 1990 levels by 2000. The FCCC established a frme~vorkof general
principles and institutions and set up a process through which governments can meet
regularl!. (NRTEE. n.d.).
Global warming: strictly speaking. the natural warming and cooling trends that the Earth
has experienced all through its history. However. the term global warming has become
popularized as the term that encompasses all aspects of the global warming problem.
including the potential climate changes that will be brought about by an increase in global
temperatures (NRTEE. n-d.).
Greenhouse effect: the process by which heat accumulates in the Earth's atmosphere
instead of being released out into space. This process occurs naturally and keeps the
Earth warm enough to sustain life. Scientific evidence shows human activity is
intensifying this natural process. The greenhouse effect produced by different gases
depends not just on the amount of the gas in the atmosphere at present. expected future
emissions. and the lifetime of individual molecules in the gas. I t is also dependent to
a very larse extent on how effective the gas is in absorbing radiation (NRTEE, n.d.).
Greenhouse gases (GHGs): carbon dioxide (CO2).methane (CH4). nitrous oside
(N20). perfluorocarbons (PFCs), s u l k hexafluoride (SF6) and hydrofluorocarbons
(HFCs). These gases together absorb the earth's radiation and warm the atmosphere.
Some greenhouse gases occur naturally but are also produced by human activities.
particularly the burning of fossil hels. When greenhouse gases build up in the
atmosphere. they have an impact on climate and weather patterns. They are usually
measured in carbon dioxide equivalents. The United Nations says the GHGs mostly
responsible for causing climate change are carbon dioxide (C02). methane (CH4) and
nitrous oxide (N20) (NRTEE, n.d.).
Intergovernmental Panel on Climate Change (IPCC): established in 1988 by the
World Meteorological Organization and the United Nations Environment Program
(UNEP), the IPCC is the authoritative international body charged with studying climate
change. The IPCC surveys the worldwide technical and scientific literature on climate

change and publishes assessment reports. Its widely quoted 1995 report found that "the
balance o f evidence suggests that there is a discernible human influenceon global
climate." (NRTEE. n-d.).

Joint Implementation (JI): the concept that, through the Framework Convention on
Climate Change. a developed country is involved in emissions projects projects that result
in a real. measurable and long-term reduction in net greenhouse gas emissions in a
developing country. In its pilot phase. launched at the first COP in 1995. .J[ is called
Activities Implemented Jointly (AIJ). The developed country cannot earn emissions
credits during this pilot phase. which ends in 1999 (NRTEE. n-d.).
Kyoto Protocol : the international agreement emerging from COP3. held in December
1997. Under the Kyoto Protocol to the United Nations Framework Convention on
Climate Change. Canada agreed to cut greenhouse gases to six percent below 1990 levels.
to be reached between 2008 and 201 2 (NRTEE. n.d.).
Leakage: occurs when an emission reduction project implemented i n one area. results in
an increase in emissions in another area (International Flexibility Mechanisms Table.
1998).
Methane (CH4): one of the three major greenhouse gases responsible for climate change
(see greenhouse gases). Although there is less methane than carbon dioxide in the
atmosphere. methane is a more effective heat-trapping greenhouse gas. The IPCC
estimates that the global warming potential o f methane is 2 1 times that of carbon dioxide,
Methane comes from the decay of matter without the presence o f oxygen. Human
activities such as rice cultivation, the rearing o f some farm animals (see ruminants).
biomass buming. coal mining and natural gas venting are increasing the input o f methane
into the atmosphere (NRTEE. n-d.).
Mitigation: the term used to cover measures that seek to avoid. reduce or delay global
warming by reducing those emissions of atmospheric gases that are of human origin or
within human control (NRTEE. n-d.).
Nitrous oxide (N20):one of the three major greenhouse gases responsible for climate
change (see greenhouse gases). Soils and oceans are the primary natural sources of
nitrous oxide. Humans contribute to nitrous oxide emissions through soil cultivation and
the use o f nitrogen fertilizers. nylon production and the burning o f organic material and
fossil h e l s . Combustion and biomass burning are sources of nitrous oxide emissions.
Agricultural practices may stimulate emissions o f nitrous oxide from soils and play a
major role in the build-up o f nitrous oxide in the atmosphere (NRTEE. n.d.).
Second Assessment Report (SAR): this second report of the IPCC, also known as
Climate Change 1995, summarizes the current state o f scientific knowledge on global
warming, and was written and reviewed by over 2,000 climate scientists, economists and
risk assessment experts worldwide. It concludes that "the balance of evidence suggests
that there is a discernible human influence on global climate" and confirmed the

availability of "no-regrets"options and other cost-effective strategies for combating
climate change (NRTEE. n-d.).

Sinks: natural systems forests and wetlands. for example that absorb and store
greenhouse gases (NRTEE. n-d.).
Weather: state or condition o f the atmosphere with respect to heat or cold. wetness or
dryness. calm or storm. and clearness or cloudiness for a certain period o f time (NRTEE.

n-d.).
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APPENDIX 6 TRANSPORTATION SECTOR VCR
PARTICIPANTS
There are 12 VCR Participants in Transportation

- Road (non-household)

Bison Transport
Canadian General - Tower Limited
Commute E s Inc.
Consolidated Fast Frate Inc.
Elf Atochem Canada Inc.
Freightliner of Canada Ltd.
Laidlaw Inc.
hlullen Trucking
Russel Metals Inc.
Socititti de transport de la communaute urbaine de Montreal
TCT Logistics
Trirnac Transportation Services Inc.
There are 2 VCR Participants in Transportation - Air
Air Canada

Canadian Airlines International Inc.

-

There are 1 VCR Participant in Transportation Rail

Canadian National Railway Co.

-

APPENDIX C SELECTED ARTICLES OF THE KYOTO
PROTOCOL TO THE UNITED NATIONS FRAMEWORK
CONVENTION ON CLIMATE CHANGE
Article 3
1. The Parties included in Annex I shall. individually orjointly. ensure that their

aggregate anthropogenic carbon dioxide equivalent emissions o f the greenhouse gases
listed in Annss A do not exceed their assigned amounts. calculated pursuant to their
quantified emission limitation and reduction commitments inscribed in Annes B and in
accordance with the provisions of this Article. with a view to reducing their overall
emissions of such gases by at least 5 per cent below 1990 levels in the commitment
period 2008 to 20 12.

2.Each Part). included in Annex I shall. by 2005. have made demonstrable progress in
achieving its commitments under this Protocol.
3. The net changes in greenhouse gas emissions by sources and removals by sinks
resulting from direct human-induced land-use change and forestry activities. limited to
afforestation. reforestation and deforestation since 1990. measured as verifiable changes
in carbon stocks in each commitment period. shall be used to meet the commitments
under this .4rticle of each Party included in Amex I. The greenhouse gas emissions by
sources and removals by sinks associated with those activities shall be reported in a
transparent and verifiable manner and reviewed in accordance with Articles 7 and 8.
4. Prior to the first session of the Conference of the Parties seming as the meeting of the

Parties to this Protocol. each Party included in Annex I shall provide. for consideration by
the Subsidiary Body for Scientific and Technoiogical Advice. data to establish its level of
carbon stocks in 1990 and to enable an estimate to be made of its changes in carbon
stocks in subsequent years. The Conference of the Parties sewing as the meeting of the
Parties to this Protocol shall. at its first session or as soon as practicable thereafter. decide
upon modalities. rules and guidelines as to how, and which. additional human-induced
activities related to changes in greenhouse gas emissions by sources and removals by
sinks in the agricultural soils and the land-use change and forestry categories shall be
added to. or subtracted from. the assigned amounts for Parties included in Annex I. taking
into account uncertainties. transparency in reporting, verifiability. the methodological
work of the Intergovernmental Panel on Climate Change. the advice provided by the
Subsidiary Body for Scientific and Technotogical Advice in accordance with Article 5
and the decisions of the Conference of the Parties. Such a decision shall apply in the
second and subsequent commitment periods. A Party may choose to apply such a
decision on these additional human-induced activities for its first commitment period,
provided that these activities have taken place since 1990.

5 . The Parties included in Annex I undergoing the process o f transition to a market

economy whose base year or period was established pursuant to decision 9/CP,2 o f the
Conference of the Parties at its second session shall use that base year or period for the
impIementation o f their commitments under this Article. Any other Party included in
Annes I undergoing the process o f transition to a market economy which has not yet
submitted its first national communication under Article 12 of the Convention may also
notify the Conference o f the Parties serving as the meeting o f the Parties to this Protocol
that it intends to use an historical base year or period other than 1990 for the
implementation of its commitments under this Article. The Conference of the Parties
serving as the meeting o f the Parties to this Protocol shall decide on the acceptance o f
such notification.
6 . Taking into account Article 4. paragraph 6. of the Convention. in the implementation
o f their commitments under this Protocol other than those under this Article, a certain
degree of flexibility shall be allowed by the Conference o f the Parties serving as the
meeting o f the Parties to this Protocol to the Parties included in Annex I undergoing the
process of transition to a market economy.

7. In the first quantitied emission limitation and reduction commitment period. from 2008
to 20 I 2. the assigned amount for each Party included in Annex I shall be equal to the
percentage inscribed for it in A m e x B of its aggregate anthropogenic carbon dioside
equivalent emissions o f the greenhouse gases Iisted in A M ~ XA in 1990. or the base year
or period determined in accordance with paragraph 5 above, multiplied by five. Those
Parties included in Annex I for whom land-use change and forestry constituted a net
source of greenhouse gas emissions in 1990 shall include in their 1990 emissions base
year or period the aggregate anthropogenic carbon dioxide equivalent emissions by
sources ~ n i n u sremovals by sinks in !990 from land-use change for the purposes of
calculating their assigned amount.
8. Any Party included in Annex I may use 1995 a s its base year for hydrofluorocarbons.
perfluorocarbons and sulphur hesafluoride. for the purposes of the calculation rstkrred to
in paragraph 7 above.
9. Commitments for subsequent periods for Parties included in ,Annex I shall be
established in amendments to Annex B to this Protocol, which shall be adopted in
accordance with the provisions of Article 2 1, paragraph 7. The Conference of the Parties
serving as the meeting o f the Parties to this Protocol shall initiate the consideration o f
such commitments at least seven years before the end of the first commitment period
referred to in paragraph 1 above.

10. Any emission reduction units, or any part of an assigned amount, which a Party
acquires from another Party in accordance with the provisions o f Article 6 or o f Article
17 shall be added to the assigned amount for the acquiring Party.

1 I . Any emission reduction units. o r any part of an assigned amount. which a Party
transfers to another Party in accordance with the provisions of Article 6 or of Article 17
shall be subtracted from the assigned amount for the transferring Party.

12. Any certified emission reductions which a Party acquires from another Party in
accordance with the provisions o f Article 12 shall be added to the assigned amount for
the acquiring Party.
1 3 . I f the emissions of a Party included in Annex I in a commitment period are less than
its assigned amount under this Article. this difference shall. on request of that Party. be
added to the assigned amount for that Party for subsequent commitment periods.
14. Each Party included in Annex I shall strive to implement the commitments mentioned
in paragraph I above in such a way as to minimize adverse social. environmental and
economic impacts on developing country Parties. particularly those identified in Article
4, paragraphs 8 and 9. o f the Convention. In iine with relevant decisions of the
Conference o f the Parties on the implementation of those paragraphs. the Conference of
the Parties serving as the meeting o f the Parties to this Protocol shall. at its first session.
consider what actions are necessary to minimize the adverse effects o f climate change
and/or the impacts of response measures on Parties referred to in those paragraphs.
Among the issues to be considered shall be the establishment of funding. insurance and
transfer of technology.

Article 4
1. .4ny Parties included in Annex I that have reached an agreement to fulfil their
commitments under Article 3 jointly. shall be deemed to have met those commitments
provided that their total combined aggregate anthropogenic carbon dioxide equivalent
emissions of the greenhouse gases listed in h e x A d o not exceed their assigned
amounts calculated pursuant to their quantified emission limitation and reduction
commitments inscribed in Annex B and in accordance with the p r o ~ ~ i s i o nofs Article 3.
The respective emission level allocated to each of the Parties to the agreement shall be set
out in that agreement.
3. The Parties to any such agreement shall notify the secretariat of the terms o f the

agreement on the date o f deposit o f their instruments o f ratification. acceptance or
approval of this Protocol. o r accession thereto. The secretariat shall in turn inform the
Parties and signatories to the Convention o f the terms o f the agreement.
3 . Any such agreement shall remain in operation for the duration o f the commitment
period specified in Article 3, paragraph 7.
4. If Parties acting jointly do s o in the framework of, and together with. a regional
economic integration organization, any alteration in the composition o f the organization
after adoption of this Protocol shall not affect existing commitments under this Protocol.

Any alteration in the composition of the organization shall only apply for the purposes o f
those commitments under Article 3 that are adopted subsequent to that alteration.

5. In the event of failure by the Parties to such an agreement to achieve their total
combined level o f emission reductions. each Party to that agreement shall be responsible
for its o u n Isvel o f emissions set out in the agreement.

,

6 . If Parties acting jointly do so in the framework of. and together with. a regional
economic integration organization which is itself a Party to this Protocol. each member
State of that regional economic integration organization individually, and together with
the regional economic integration organization acting in accordance with Article 24,
shall. in the event o f failure to achieve the total combined level of emission reductions. be
responsible for its level of emissions as notitied in accordance with this Article.

Article 5
1. Each Party included in Annex I shall have in place. no later than one year prior to the
r estimation o f
start of the first commitment period. a national system f ~ the
anthropogenic emissions by sources and removals by sinks o f all greenhouse gases not
controlled by the Montreal Protocol. Guidelines for such national systems. which shall
incorporate the methodologies specified in paragraph 2 below. shall be decided upon by
the Conference o f the Parties serving as the meeting of the Parties to this Protocol at its
first session.

2. Methodologies for estimating anthropogenic emissions by sources and removals bjsinks of a11 greenhouse gases not controiled by the Montreal Protocol shaI1 be those
accepted by the Intergovernmental Panel on Climate Change and agreed upon by the
Conference of the Parties at its third session. Where such methodologies are not used.
appropriate adjustments shall be applied according to methodologies agreed upon by the
Conference of the Parties serving as the meeting of the Parties to this Protocol at its first
session. Based on the work of. inter alia. the Intergovernmental Panel on Climate Change
and advice provided by the Subsidiary Body for Scientific and Technological Advice. the
Conference of the Parties serving as the meeting of the Parties to this Protocol shall
regularly review and. as appropriate. revise such methodologies and adjustments. taking
h l l y into account any relevant decisions by the Conference o f the Parties. Any revision to
methodologies or adjustments shall be used only for the purposes o f ascertaining
compliance with commitments under Article 3 in respect of any commitment period
adopted subsequent to that revision.

3. The global warming potentials used to calculate the carbon dioxide equivalence of
anthropogenic emissions by sources and removals by sinks of greenhouse gases listed in
A m e x A shaIl be those accepted by the Intergovernmental Panel on Climate Change and
agreed upon by the Conference o f the Parties at its third session. Based o n the work of.
inter alia, the Intergovernmental Panel on Climate Change and advice provided by the
Subsidiary Body for Scientific and Technological Advice, the Conference o f the Parties
serving as the meeting of the Parties to this Protocol shall regularly review and, as

appropriate. revise the global warming potential of each such greenhouse gas, taking fully
into account any relevant decisions by the Conference of the Parties. Any revision to a
global warming potential shall apply only to comniitnlsnts under -4rticle 3 in respect of
any commitment period adopted subsequent to that revision.

Article 6
1. For the purpose o f meeting its commitments under Article 3. any Party included in
Annex I may transfer to. or acquire from. any other such Party emission reduction units
resulting from projects aimed at reducing anthropogenic emissions by sources or
enhancing anthropogenic removals by sinks o f greenhouse gases in any sector o f the
economy. provided that:
(a) Any such project has the approval o f the Parties involved:

(b) Any such project provides a reduction in emissions by sources. or an enhancement of
remo\-als by sinks. that is additional to any that ~vouldothenvise occur:
(c) It does not acquire any emission reduction units if it is not in compliance with its

obligations under Articles 5 and 7: and
(d) The acquisition o f emission reduction units shall be supplemental to domestic actions
for the purposes of meeting commitments under Article 3 .

2. The Conference o f the Parties serving a s the meeting of the Parties to this Protocol
may, at its first session or as soon as practicable thereafter. further elaborate guidelines
for the implementation of this Article. including for verification and reporting.
3 . A Party included in Annex I may authorize legal entities to participate. under its
responsibility, in actions leading to the generation. transfer o r acquisition under this
Article of emission reduction units.
4. If a question of implementation by a Party included in Annex I of the requirements

referred to in this Article is identified in accordance with the relevant provisions o f
Article 8. transfers and acquisitions o f emission reduction units may continue to be made
after the question has been identified. provided that any such units may not be used by a
Party to meet its commitments under Article 3 until any issue of compliance is resolved.

Article 7
1, Each Party included in Annex I shall incorporate in its annual inventory of

anthropogenic emissions by sources and removals by sinks o f greenhouse gases not
controlled by the Montreal Protocol, submitted in accordance with the relevant decisions
of the Conference of the Parties, the necessary supplementary information for the
purposes o f ensuring compliance with Article 3. to be determined in accordance with
paragraph 4 below.

2. Each Party included in Annex I shall incorporate in its national communication.
submitted under Article 12 of the Convention. the supplementary information necessary
to demonstrate compliance with its commitments under this Protocol, to be determined in
accordance with paragraph 4 below.
3. Each Party included in Amex I shalt submit the information required under paragraph
1 above annually, beginning with the first inventory due under the Convention for the
first year of the commitment period after this Protocol has entered into force for that
Party. Each such Party shall submit the information required under paragraph 2 above as
part of the first national communication due under the Convention after this Protocol has
entered into force for it and after the adoption of guidelines as provided for in paragraph
4 belolv. The frequency of subsequent submission of information required under this
Article shall be determined by the Conference o f the Parties senring a s the meeting of the
Parties to this Protocol, taking into account any timetable for the submission of national
communications decided upon by the Conference of the Parties.
4. The Conference o f the Parties serving as the meeting of the Parties to this Protocol

shall adopt at its first session. and review periodically thereafter. guidetines for the
preparation of the information required under this Article. taking into account guidelines
for the preparation of national communications by Parties included in Annex I adopted by
the Conference of the Parties. The Conference o f the Parties serving as the meeting of the
Parties to this Protocol shall also, prior to the first commitment period. decide upon
modalities for the accounting o f assigned amounts.
Article

I2

1 . A clean development mechanism is hereby defined.
3. The purpose of the clean development mechanism shalI be to assist Parties not

included in Annex I in achieving sustainable development and in contributing to *the
ultimate objective o f the Convention, and to assist Parties included in Annex I in
achieving compliance with their quantified emission limitation and reduction
commitments under Article 3.
3. Under the clean development mechanism:

(a) Parties not included in Annex I will benefit from project activities resulting in
certified emission reductions; and
(b) Parties included in Annex I may use the certified emission reductions accruing from
such project activities to contribute to compliance with part of their quantified emission
limitation and reduction commitments under Article 3, as determined by the Conference
o f the Parties serving as the meeting o f the Parties to this Protocol.

4. The clean development mechanism shall be subject to the authority and guidance of the
Conference of the Parties serving as the meeting o f the Parties t o this Protocol and be
supenrised by an executive board of the clean development mechanism.

5. Emission reductions resulting from each project activity shall be certified by
operational entities to be designated by the Conference of the Parties serving as the
meeting o f the Parties to this Protocol. on the basis of:
(a) Voluntary participation approved by each Party involved:
(b) Real. measurable. and long-term benefits related to the mitigation of climate change:
and
(cj Reductions in emissions that are additional to any that ~ v o u l doccur in the absence of
the certified project activity.

6 . The clean development mechanism shall assist in arranging funding of certified project
activities as necessary.
7. The Conference of the Parties sewing as the meeting of the Parties to this Protocol
shaII. at its tirst session, elaborate modalities and procedures cvith the objective of
ensuring transparency, efficiency and accountability through independent auditing and
verification of project activities.
8. The Conference of the Parties serving as the meeting of the Parties to this Protocol
shall ensure that a share of the proceeds from certified project activities is used to cover
administrative espenses as well as to assist developing country Parties that are
particularly vulnerable to the adverse effects of climate change to meet the costs of
adaptation.
9. Participation under the clean development mechanism. including in activities

mentioned in paragraph 3(a) above and in the acquisition of certified emission reductions.
may involve private and/or public entities, and is to be subject to whatever guidance may
be provided by the executive board of the clean development mechanism.
10. Certified emission reductions obtained dwing the period from the year 2000 up to the
beginning of the first commitment period can be used to assist in achieving compliance in
the first commitment period.

Article 17
The Conference o f the Parties shall define the relevant principles. modalities. rules and
guidelines, in particular for verification. reporting and accountability for emissions
trading. The Parties included in Annex B may participate in emissions trading for the
purposes of fulfilling their commitments under Article 3 . Any such trading shall be
supplemental to domestic actions for the purpose of meeting quantified emission
limitation and reduction commitments under that Article.

-

APPENDIX D CANADIAN PACIFIC RAILWAY
ENVIORNMENTAL PROTECnON POLICY
Canadian Pacific Railway is committed to conducting its operations and activities in a
manner that:

protects the environmental health and welfare of its employees and other persons who
may be affected by its operations and activities:
protects the natural environment to meet the needs o f today without hindering the
ability o f society to meet future needs:
meets or exceeds environmental requirements of government applicable to its
operations and activities:
keeps employees and the public informed about it environmental plans through
communications pro,orarns.

-

APPENDIX E SELECTED CANADIAN CLIMATE
CHANGE WEB SITES
National Climate Change Web Sites
Government of Canada Climate Change Site:
http://~~~~~v.climatechange.gc.ca
National Climate Change Secretariat.:
http://\\~v~v.nccp.ca

Environment Canada

Environment Canada's Green Lane:
http://\i-w~v.ec.gc.ca

Atmospheric Environment Service:
http:li\nnc.1 .tor.ec.gc.cdinde.u.htrnl
Canadian Centre for CIimate Modelling and Analysis:
http://~~~~~v.cccma.bc.ec.gc.ca/eng~inde~.html
Climate Trends and Variations Bulletin:
http://\c\nv. tor.ec.gc.ca/ccrm/buIletin/
Cpospheric System to Model Climate Change in Canada:
http://~i~\\v.tor.ec.gc.cdcrysys/
LMctckenzie GEWEX Study:

http:ll~i~~u..tor.ec.gc.cdGEWEX/MAGS.html
Science Assessment of Climate Change:
http:/'/~v.tor.ec.gc.ca/apac/

The Canada Country Study:
http://wwv.ec.gc.ca~climate/ccs/

Natural Resources Canada
Climate Change Site:
http://~i~~~v.c1imatechange.nrcan.gc,ca
Canadian Forest Sewice:
http://~~~i~v.nofc.forest~.ca/clirnate
Energy Technology Branch:
http://\v~t~v.nrcan.gc.ca/es/etb
Geological Survey of Canada:
http://sts.gsc.nrcan.gc.ca/page I /clim/
Geomatics Canada:
l~ttp://~i~t~i-.ccrs.nrcan~g~~~a/ccrs/te~mse.html
Office of Energy Efficiency:
http://oee. nrcan-gc-ca

Office of Energy Research and Development:
http://~~~v~v.nrcan.gc.ca/es/ne\~r/oerd.
htm
Agriculture and Agri-Food Canada:
http://\\~cv.agr.ca/envire.
html
Healthy Air:
http:/i~t~~~v.agr.cdresearch/Healthy~Air/toc.html
Fisheries and Oceans: The Oceans' Role in Climate Change:
h~p://csas.rnsds.dfo.ca/aosb/Oceans/We1come.htrn
Canadian International Development Agency:
http://\txv.acdi-cida.gc.ca/index.htm
Clean Development Mechanism and Joint Implementation Office:

http://tv\vxv.dfait-maeci.gcCca~cdm-ji
Health Canada:
http://\vww. hc-sc.gc.ca/english/climate.htrn

Industry Canada - Technology Partnerships Canada:
http://tpc.ic.gc.ca

Transport Canada:
http://wnv. tc.gc.ca/envafEairs/english/climatechange.
htm

ProvinciaVTerritoriaI Web Sites
Alberta:
http://~~~\~v.climatechange.gov.ab.ca/
British Columbia:
http://~\~~v.elp.gov.bc.ca/epd/epdpa/ar/
Manitoba:
http://~~~~~v.gov.mb.ca/environ/inde?c.html

Newfoundland and Labrador:

http://~~~~v.gov.nf.ca/en~-/Labour/OHS/default.asp
Northwest Territories:
http://ww~v.gov.nt.ca
Nova Scotia:
http://t~~v~\~.gov.ns.ca

Ontario:
http://~nc\v.ene.go\-.on.ca
Prince Edward Island:
http://tnw.gov.pe.ca/te/indes.asp
Quebec:
http:/l~~w~~.mm.g~~v.qc.ca
Saskatchewan:
http:Ntvww.gov.sk.ca

Yukon:
http:l/wwv.gov. yk.ca

Additional Canadian Sites

Canadian Institute for Climate Studies:
http://~~~~~v.cics.uvic.ca/
Canadian Climate Research Network:
http://~~~t~v.cics.uvic.ca/climate/cm/indes.htm
Federation of Canadian Municipalities:
http://ww-w-.fcm-ca
International Council of Local EnvironmentaI Initiatives
http://\nt-w-.iclei.org/iclei,htm
International Institute for Sustainable Development:
http://iisd.ca/
National Roundtabte on the Environment and the Economy:
ht tp://\\~\~v.nrtee-tmee-ca
Voluntary Challenge and Registy Inc.:
http://tv~t~v.vcr-mvr.ca
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