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Abstract

A sustainabiliy assessment ool can help decision and policy-makers o take appropriate actions
for making society more equitable. Sustainability assessment involves various fiers of

information such jecti teria, indices, indicators and variables.

d assessment of sustainabili always been a challenge. Several

approaches or conceptual frameworks have been proposed in various

ines ranging from

engineering 10 business and policy-making. A critical literature review of sustainability
assessment frameworks revealed that existing frameworks have limited capabiliy to- deal
comprehensively with different issues of sustainability. These also lack flexibilty to be adapted

in various disciplines with a unified interpretation. However, linkage-based frameworks can

egrate information at all levels and guide long-term actions directed at reducing environmental
health threats using causality relationships. Comparison of various linkage-based frameworks
shows that the driving force-state-exposure-effect-action (DPSEEA) framework can be used to
achieve sustained health benefits and environmental protection i accordance with the principles
of sustainable development. Further, its similarity with ecological and human health risk
assessment and risk management paradigms sets it apart from the other linkage-based

frameworks.

A quantitative model based on the DPSEEA framework is developed for sustainability
assessment of higher education institutions (HEIs) based on environmenta, socio-economic, and

educational performance as viable dimensions of sustainability. A comprehensive list of

sustainability indi
e i (S1). This causality is called DPSEEA-

tors under each dimension is sclected to assess sustainability using a

Sustainability index Model (D-SiM). As public institutions and particularly HEISs are facing the
challenges of bringing sustainability in their strategic planning and development, a quantitative
assessment of sustainability can be very helpful. The D-SiM can be applied to any institution
provided the indicators are selected based on the performance of that institution. In D-SiM, SI is

an outcome of a multitude of nonlinear effects of sustainability indicators in various stages of



DPSEEA. An empirical model based on 2 full factorial analysis indicates that economic
development, social equity, and education are the major drivers for achieving sustainability in

HEIS.

As sustainability is generally regarded as a qualitative and elusive concept, it is proposed (o use
fuzzy multi-criteria decision-making in D-SiM for the quantitative assessment of sustainability.
“This uncertainly based D-SiM is referred as wncertainty-based DPSEEA-Sustainabiliy index
Model (uD-SiM), where each factor is defined using fuzzy numbers. Sensitivity analysis shows
that the education in sustainability and global and local research trends are the major driving
forces for achieving sustainabiliy in HEIs. These are followed by financial and economic growth

rate, social cquity, energy requirements rate, and institutional enhancement. The results of uD-

M are found to be more realistic than its deterministic counterpart D-SiM.

After the development of uD-SiM, the model is used for ranking sclected Canadian universities.
A comparison of universities based on sustainability indicators related to environmental,
‘anadian Universities
Columbia (UBC),

University of Toronto (UoT), University of Alberta (UoA), MeGill, and Memorial University

economic, social and educational aspects is also carried out. The five

considered and evaluated using uD-SIM are the University of Bri

(MUN). The final ranking results are compared with the green report card ranking for 2010
through SI. It s found that the overall rankings of the UBC, UoA, and McGill by uD-SiM were

quite similar o the Green report card’s ranking. The difference between ub-SiM ranking and

Green report card could be atributed to the difference in selection of indicators for the two

approaches. In Green report card, water use and education in sustainability are not considered

whereas these two indicators play a significant role in the uD-SIM model. The application of

various control actions and strategies for improving sust

bty in HEIs at different stages of

the framework are also discussed.
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Chapter 1: Introduction

L1 SUSTANABILITY

Sustainabi

ims to meet human needs while preserving the natural environment 5o that these
nceds can be met i the present and also in the future. In the aftermath of the Brundtland Report
in 1987, sustainable development has offered the world  new perspective on intra- and inter-

generations parity. The Brundtland Commission, named after former Norwegian Prime Minister

Harlem Brundiland, originally proposed the most oft-used definition of sustainability that states
development that meets the needs of the present without compromising the ability of future
generations (o meet their own needs (WCED, 1987),

“The above defini in various cconomies and

provides the basis for the sustainability paradigs

implicily argues for the rights of future generations to raw materials (natural resources) and to

“This widely into various di a
is now widely adopted and encouraged by many organizations (c.g., Kenway et al., 2007).
Jabarcen (2008) has identified seven key concepts (o synthesize and assemble the theoretical
framework for sustainable development. These seven key concepts include equity, natural captal

stock, utopia, eco-form, integrati Jobal agenda, and ethical parad

Sahely ef al. (2005) and Becker (1997) argued that sustainable development s about achieving a
balance among three objectives or dimensions — environmental, economic and social — over

time and in spatial hor i deals with enviro-soci issues of

inter- and intra-generations in a holistic way and should not be considered as an add-on o
existing management systems of organizations (Kenway ef al., 2007). Therefore, if we focus on

any single objective or dimension alone in minimizing impacts; other ffects not considered can



grow unchecked. As a result, burdens can merely shift from one area to another instead of
decreasing overall.
Sustainability paradigm requires multidisciplinary actions and involvement of all stakeholders in

the decision m:

& process (Loucks ef al. 2000; Maragerum, 1999). Sustainability implics

’ I picture of events and act faras

This is also referred to as environmental accounting. This Kind of accounting assumes that all

aspects of a system can be measured and audited. Environmental accounting can be a limited
biological interpretation as in the case of ecological foofprint analysis, or may include social
factors as in the case of riple bottom fine (TBL) analysis. The TBL analysis s about identifying
improvement in the environment, social, and economic performance due (o short- and long-term
policy decisions. In TBL analysis, environment relates to the impacts of policy decisions on the
natural environment (e.g. natural resources, flora, and fauna); economy relates to the impacts on
financial sustainabiliy, and society relates 1o impact on the community as a whole (e.g. public
health and safety, social equity, culture),

Sustainabiliy is a vague concept, therefore its quantitative measurement and assessment has
always been a challenge. Sustainability assessment requires various tiers of information that may
include performance objectives, assessment criteria, indices, indicators and variables. The

the broad goals set by isi ‘and by the public or by the user of

the service. Major sustainability objectives can be expressed as TBL, that i, as environment,
social, and economic performance. Assessment criteria (indices or indicators) provide yardsticks
against which sustainability objectives are measured (MeLaren and Simonovic, 1999). Various
assessment criteria can be identified depending on the context and the level of study. For

example, in any engineering project, health and safety, cconomic development, social cquity,

environmental qualiy, ecology, and technical feasibility can be major assessment




indi derived from

a decision i satsfyi They conditi it
or performance. Indicators are useful for monitoring and measuring the state of environment by

considering a manageable number of variables or characteristics. Performance indicators can be

single valued (i.c., derived from one variable) or composite (i.¢., obtained by the aggregation of

two or more variables). Indicators can also be based on quantitative or qualitative performance

data. Aggregation is req performance variables and derive indicators using

a0 weighed avcrag e -
(AHP), and ordered weighted averaging (OWA) (Sadiq and Tesfamariam, 2007). The intent of
aggregation is to simplify the presentation and provide realisic interpretation of a large number
of performance variables in an effective manner.

Assessment criteria (or performance indices or indicators) provide yardsticks ay

sustainability objectives are measured, and these can be single valued or composite (MeL.aren and

Simonovic, 1999). Selection of relevant indicators is essential for an effective sustainabili

assessment and efficient performance monitoring for a system.

1.2, PROBLEM STATEMENT

ince sustainable development became a catchphrase in the interational arena, several
approaches and conceptual frameworks have ben proposed and developed in various disciplines
ranging from engincering to business and policy making. Sustainability assessment frameworks
help to focus and clarify what o measure, what to expect from the measurement, and what kind
of indicators 1o use. These frameworks lack the capability and flexibiliy to comprehensively deal
with multiple issues for assessing sustainability in various disciplines and to provide a unified

interpretation. The main differences among frameworks are the way in which they conceptualize

the main dimensions or categories (such as environment, social, and economic) of sustainable

3



development, the inter-linkages between these dimensions, the way they group the issues to be
measured, and the concepts by which they justify the selection and aggregation of indicators.
A growing number of communities, businesses, and other organizations are publicly pledging

their commitment 1o sustainabilty. Public institutions and particularly higher education

the world ing and taking initiatives to

make their campuses sustainable. The terms HEIs and universities are used interchangeably in

‘general objectives of all HEIS are (o educate students based on certain
general educational goals; 1o preserve and refine existing knowledge while producing,
disseminating, and applying new knowledge; and to define and find solutions to the problems
facing society. The challenge now is that these objectives have to be achieved in a sustainable
manner. Sustainability for universities can be seen as a necessity not only (0 avoid the costs of
deteriorating social, environmental and cconomic indicators but also to create new opportunities
to improve the rate and extent of human development. These institutions are facing serious
challenges in integrating sustainability in their strategic planning and developing qualitative and
quanttative assessment models for measuring sustainabilty.

Assessing and quantifying sustainability is a challenge. Several approaches and conceptual
frameworks have been proposed in various disciplines, but their applicability is fimited because

of the lack of a quantitative assessment framework. This research aims to overcome these

1.3. RESEARCH OBJECTIVES AND SCOPE
The main goal of this research is to develop a quantitative sustainability assessment framework
that can be applied to any institution. In this research, it is applied to higher education
institutions.

the proposed h are listed below:




Conduct a comprehensive review of existing sustainabilty assessment frameworks. in
various disciplines, and identify a suitable framework for quantitative assessment of
sustainability,

+ Develop a model for quantitative assessment of sustainability initatives in universities and

propose an overall index of sustainability to monitor and improve their performance,

©  Investigate uncertainties among sustainability indicators and their impact on sustainability
index (S1), and

« Apply the developed model for studying the impacts of various decision actions (risk
‘management strategies) on the improvement of sustainability index for selected Canadian
universities

In order 10 achieve the objectives of the research 1o be carried out, the following models and

approaches are developed:

*  Development of DPSEEA Sustainability index Model (D-SiM) for the sustainability

assessment of higher education instittions,

* Development of uncertainty-based (probability or fuzzy-based) D-SiM (uD-SiM) that can

b

incorporate uncertainties in the sus y indicators and propagate them throughout the

model, and

Application of uD-SiM 1o identify and develop risk management and decision-making
strategies for selected Canadian universites.

1.4, STRUCTURE OF THESIS

“The remainder of this thesis has been structured in line with the general progression of the work

from literature review to model development and demonstration, which is described in the



L da i S

following paragraphs. The major deliverables of this research are graphically represented by
Figure 1.1
Chapter 2 provides a detailed review of the literature to understand the frameworks and

of the most appropriate:

approaches taken by other researchers, to provide  basis for the ch
st of frameworks influencing factors, and o discuss the selection of HEIs for possible nclusion

the subscquently developed model. A journal paper (Waheed ef al., 2009) has been published

in Sustainabiliy.

iajor research deliverables

framework

Sustainability assessment

riteria making tools and

Chapter 3 describes the selected framework DPSEEA, various mul

ic model D-SiM

hallenges faced by higher education institutions. This chapter proposes a determini

for sustainability assessment of HEIS. A conference paper (Waheed ef al, 2010) has been published
in CSCE Annual Conference Proceedings. Another journal article (Waheed et al, 201 1a) is accepted
and will be published in Issue 12 volume 4 of the /nternational Journal of Sustainability in Higher

Education.




Chapter 4 improves carlier proposed deterministic D-

M model by introducing fuzzy-based

concepts and presents an uncer

inty-based model, called, uD-SIM. A journal paper (Waheed ef
al., 20114) has been published in the Journal of Cleaner Production.

Chapter 5 validates the uD-SiM and demonstrates its application for selected Canadian
universities. Moreover, the impacts of decision actions and risk management strategies on

sustainability index are also discussed. A joumal paper (Waheed et al,

011¢) is under review for

he Stochastic. Research & Risk Assessmer

Chapter 6 summarizes the conclusions and also describes the contribution of this rescarch

for the future rescarch di

Iso provided.
15, STATEMENT OF ORIGINALITY

The novelty of the present rescarch can be viewed from the following perspectives:

© Inthis research an innovative use of linkage-based framework, DPSEEA, has been explored

for developing a cause-effect model for quantitative sustainability assessment, which has

not been done in the past. The proposed framework is capable of incorporating inter-

Kages, cause-effect relationships and feedback (actions) at any stage of DPSEEA
framework and re-valuates sustainability

« The developed models (D-SiM and uD-SiM) have been applied to HEI in this study,

however, the conceptual framework can be applied to any public institution (¢, hospitals,
schools, libraries, etc) provided that the continuum (as cause-effects) of relevant
performance indicators are available.

+ The developed models provide an effective quantitative approach for ranking universities
based on sustainability index instead of a point scoring system and are comparable (o the

existing ranking systems, such as Green Report Card.




Chapter 2: Literature Review'

 of this chapter is to discuss different approaches, identify challenges,
and o select a framework for delivering effective sustainability assessments. Sustainable
development is an idealized concept and its assessment has always been a challenge.
Several approaches, methodologies and conceptual frameworks have been developed in
various disciplines, ranging from engineering (o business and 1o policy making. The
chapter focuses mainly on various linkage-based frameworks and demonstrates that the
driving force-state-exposure-effect-action (DPSEEA) framework can be used (0 achicve

sustained health benefits and environmental protection in accordance with the principles of
sustainable development, especially because of its resemblance to the environmental risk
assessment and management paradigms. The comparison of linkage-based frameworks is

demonstrated through an example of sustainability in a higher educational institution.

TA part of this chapier s publihed and cited a5
" Wabeed, B, Khan, F., Veitch, B. 2009, Linkage-based Frameworks for Sustainability Assessment:

ing a Case for Driving
Sustainabiliy, 13), 441463 doi-10 33901030441



2.1 Introduction

2.L.1. Definition
‘The main objective of this chapter is to provide an overview of different approaches, identify
challenges, and o select a framework for delivering effective sustainability assessments.
Sustainable development aims to meet human needs while preserving the natural environment so
that these needs can be met not only in the present but also indefinitely in the future. Since the
aftermath of the Brundtland reportin 1987, sustainable development has offered the world a new
perspective on how o protect environmental systems for the present as well as for the future

generations. The Brundtland Commission, named after former Norwegian Prime Minister

Harlem Brundtland, originally proposed the most oft-used definition of sustainability that sttes
development that meets the needs of the present without compromising the abiliy of future
‘generations to meet their own needs (WCED, 1987).

The above definition provides the basis for the “sustainable development” paradigm in various
economies at various levels, and implicitly argues for the rights of future generations to raw
materials (natural resources) and to vital ecosystem services. This universally accepted concept

has permeated into v

i disciplines and is widely adopted and (or) encouraged by many
organizations (c.g.. Kenway ef al., 2007). Much has been written about principles or concepts of
sustainability (Kenway ef al., 2007; Becker, 1997; Gibson, 2000), however, the seven key
concepts identified by Jabareen (2008) to synthesize and assemble the theoretical framework for

sustainable development are presented here. These seven concepts include equity, natural capital

stock, wtopia, eco-form, integrative management, global agenda, and ethical paradoxes. Each
concep represents distinetive meanings that provide the theoretcal foundations of sustainabiliy

as follows:



Equity represents the social aspect of sustainable development. The most common types of
equity are inter- and intra-generational. Intra-generational equity refers to faimess in allocation
of resources between competing interests at the present time. Inter-generational equity refers to
the fairness in allocation of resources between current and future generations.

Natural capital stock represents the sustaining of natural material assets development where

natural capital stock consists of three catcgorics: non-renewable resources, such as mineral

resources; the finite capacity of the natural system 1o produce * such as food
crops and water supplies; and the capacity of natural systems 1o absorb the emissions and
pollutants that arise from human actions without suffering from side effects which imply heavy
osts 0 be passed onto future generations. The condition of constant natural capital is normally

termed *strong sustainabi concept i discussed latr.

where there is humans

and nature, justice prevails, people are perfectly happy and content, life moves along smoothly
without shortages.

“The concept of Eco-form is one of the major contributors in bringing the global discourse on
sustainability, and it deals with ecological design and form of human habitats such as the

ecologically desired spatial form of citie, villages, and neighborhoods.

Integrative and holistic: aholistic view of soci . economic

‘growth, and environmental protection. To preserve the natural capital stock for ecological and

sustainable integrity, integrative and holistic management is essent

Global politcal discourse means that politcal agenda has become one of the main drivers of

sustainability as all major policies and programs around the globe are inspired by sustainabi

since 19905



Ethical paradoves in sustainable development mean 1) characteristics of a state that can be
maintained forever and 2) development or environmental modifications that intervene with
nature and natural resources. The concept aims to mitigate and moderate the paradox between
the two.

‘The central focus of sustainability is o provide a long-term performance. All above concepts aim

to increase the quality of ife for humans and other ecological entities, enhance cconomic

activities, and reduce the impacts on ecological systems with special emphasis on major global
problems ke climate change, depletion of fossil fuels, emerging technologies, genctically
modified food, and spread of discases (Becker, 1997; Sahely ef al., 2005; CEC, 2006). These

concepts ensure that all developments must be undertaken with great sensitvity to minimize

impacts; therefore all possible l
2.1.2. Sustainable Development
1t has been argued by Becker (1997) and Sahely ef al. (2005) that “sustainable development” is

about achieving a balance among three objectives or dimensions — environmental, economic,

and social — over time and spat is emphasized by Kenway ef . (2007)
and Gibson (2000) that sustainable development deals with enviro-socio-economic issues of
inter- and intra-generations in a holistic way and should not be considered as an add-on o the
existing management systems of organizations as it requires stewardship of all resources. The

reason is if we focus on any single objective or dimension alone while deciding on least

burdening practices, it will allow all other effects to grow unchecked. As a result burdens can

merely shift effct, instead of Il desirable d burdens.

Sustainability paradigm requires multidisciplinary actions and involvements of all skeholders

in the decision making process (Loucks ef al. 2000). Sustainability implies paying attention to



comprehensive outcomes of events and actions as far as they can be anticipated at present. This

is known as “environmental accounting”. This kind of accounting assumes that all aspects of a
system can be measured and audited. Environmental accounting can be a limited biological
interpretation as the case for “ecological footprint analysis”, or may include social factors as in

the case of Triple Bottom Line (TBL) an

TBL is about identifying improvement in the
environment, social, and economic performance as a result of short- and long-term policy
decisions.

The concept of sustainability can be defined as “weak” or “strong”. In case of weak

sustainability, it is assumed that we can replace (or duplicate) natural materials and services with
manufactured goods and services. This is also known as substitutability paradigm, whereas in
case of strong sustainability it is assumed that the natural materials and services cannot be

duplicated or natural capital stays constant over time (Pearce and Turner, 1990) as mentioned

carlier in the natural capital stock coneept in the previous section. Strong sustainabilty is also
known as non-substitutability paradigm. The problem with the concept of weak sustainability is
that one can easily assign a monetary value to the manufactured goods; however, assigning a
monetary value to the natural materials and services can be very difficult or impossible.
Similarly, ozone layer, wetland, ocean fishery, and a river full of salmon are irreplaceable. To
further claborate consider a case where one has to determine the worth of a forest full of trees.
One way i to assign a monetary value to alltrees by assuming that they are tumed into fumiture
o paper. However, the forest provides a home for wildlife that provides food for hunters. It also
provides a place for hikers to enjoy the natural environment. These intangible benefits are not

possible to be duplicated by any monetary value. Contrarily, the concept of strong sustainability

[ that onl i perform and cannot



humans. The ozone layer is one example of an ecosystem service that is difficult for humans to
duplicate.
Sustainability assessment is an emerging concept and one of the typical questions raised by

sustainable assessment is that how do we measure sust

bility? The following section explains
these questions in more detail

22 Sustainability Metrics

Quantitative measurement and assessment of sustainability has always been a challenge.
Sustainability assessments may require various tiers of information that may include objectives,
assessment criteria, indices, indicators, and performance data/variables/parameters (Table 2.1).
“The objectives describe the broad goals set by the decision-makers and by the public or by the
user of the service. Major sustainability objectives are generally set by TBL i, environment,
social, and economic performance. Assessment critria, sometimes also referred to as “indices”
or “indicators” provide principles to establish that specified objectives have been met

Assessment criteria provide yardsticks against which sustainabili

objectives are measured.
Various assessment criteria can be identified, depending on the context and the level of the

study. For example, in any engincering project, health, safety, economic development, social

equity, environmental quality, ecology, and technical feasibilty can be major assessment crieri
‘There are two approaches (o define performance assessmen eriteria, i.c., a bottom-up approach
and a top-down approach (Gibson, 2000). I the bottom-up approach, the objectives are defined
in relation t0 the baseline conditions. In other words, crteria are generated by assuming that the
state of sustainability can be defined by environmental, social, and economic objectives and

proposed criteria are developed under these categories. For example, environment s a category

and resource wtilization is a proposed crite

Triple bottom line is considered a bottom-up



approach. On the other hand, a top-down approach assumes sustainability as a state o which
society aspires, and then moves on (o define this state in terms of sustainability criteria. Top-

‘down approach is als inc approach in which iteria are derived

from sustainability principles (Pearce and Tumer, 1990). For instance, under sustainability

principle of biodiversity and ccological integrity eriteria, it should improve ity and

ecological integrity and builds life support. It i argued by Gibson (2000) and Pope ef . (2004)

that the top-down or principles-based approach outweighs the bottom-up or TBL approach as it

sphasizes i the susainability dis rather
than promoting conlicts and trade-offs, besides avoiding some of the inherent limitations of the
‘TBL approach to sustainability. However, literature review shows that extensive rescarch has
been done using both approaches (e.g., urban infrastructure systems (Sahely et al., 2005) and

river basin management (Barrera-Roldan and Saldivar-Valdes, 2002).

Table2.1: ility matri i “TBL obj
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o indi derived from
a decision in satisfying the assessment criteria. They can refer to the context, conditions, means,
activities or performance. Indicators are useful for monitoring and measuring the state of
environment by considering a manageable number of variables or characteristies. Performance

derived from one var

ble) or composite (.., obtained by

icators can be single valued
the ageregation of two or more variables). Indicators can also be based on quantitative or
qualitative performance data. Indicators, especially environmental, could be (i) use-based (early
warning), subject- or issue-based (water quality, noise pollution). and position-based as in
linkage-based frameworks described later in this chapter (Niemeijer and de Groot, 2008)
Ageregation i required to combine performance variables and derive indicators using multi-
criteria_ decision-making techniques such as weighted averaging, AHP (analytic. hierarchy
process), and ordered weighted averaging (OWA) 10 obtain an index. The intention of
aggregation is to simplify the presentation and provide realistc interpretation of a large number

an effective manner.

of performance variables

Alegre (1999) listed the basic characteristics of performance indicators as:

. i inability performan
* nomoverlapping (i, mutually exclusive)
o casy to understand and interpret

asfew in numbers as possible

verifiable

defined for a given time period, and

*  universal enough to be measured in diverse conditions.




I the chosen indicators are not relevant and hard to measure or monitor, it leads to erroneous

analyses and conclusions. Extensive lists of indicators for sust

provided in several studies related 10 the planning and management at urban, regional, and
national levels (e.g.. (Foxon ef al, 2002; Maclaren, 1996; Alberti, 1996; WHO, 1996). Edwin
(2002) explored the challenge of choosing appropriate indicators to measure environmental
progress in the automotive industry. The author proposed two main challenges: 1) developing
and evaluating appropriate normalized and functionally related indicators, and (2) integrating

indicators into the design and decision process (using multi-objective approaches). The author

found that the use of multi-objective decision-making could be problematic in sustainability
assessment,if the indicators are not comparable or not fully applicable.
I the last decade, several attempts have been made to create aggregate measures for various

aspects of sustainability by using indi better i

performance in filds such as environment, economy, society, or for technological improvement.
‘Some of the most prominent attempts include: Human Development Index (HDI) of the United
Nations Development Programme (UNDP); Environmental Sustainability Index (ESI) and the

En

nmental Performance Index (EPI) of the World Economic Forum (WEF). Singh ef al.
(2009) have provided a detailed overview of various sustainability indices applied in policy
practice. A summarized version of their work indicating broad classification of indices and
categoris is presented in Table 2.2. However, many special categories of environmental indices

like air quality index and water quality index are not discussed here.




‘Table 2.2: Summary of sustain:

ity indices (modificd after Singh ef al 2009)

Innovative, Knowledge and | Summary innovation ndex.  Human resources
technology indices  Knowledge creation
 Transmission and appliation f new

« Innovation finance
< Healhy

* Knowledge

* GDP per capita
Tndex ofsustainable and economic welfire | + Economics

« Human Welfire

« Economics
« Environmentsat, pressure and
destrction

indices System of inegrated Environmental and
Economic Accounting (SEEA)

« Technial
« Ecological

Ecoindex methodology « Economics
o Life cycle impact daa
Living Planetindex « Biodiversity

« Ecosy

Ecological Footprint (EF) « Natural resources
o National consumption

performance indices for « Environment
Industries

G score method « Voluntary environment
* Health

o safity

T .

 Sustainable policies and
commitment

Product-based sustainabilty | Life Cycl Index (Liny) « Envinment

ndices




Soxi

io-political

policies, nations and regions o Stresies |
« Human vnerabilty
« Socitaland insiutional capacity
« Global sieward ship

Environmental Valncrability Index © Hazards ‘
* Resistance.
© Damage messurement

Environmenta indices for | Eeo-indicator 99 « Human health

industries

© Ecosystem quality
* Resources, minerals and fosslfuls

Green Pro-1 « Environmental
(Sadiq e al, 2005; Khan et af 2002) « Technological
« Economical

2.3, Sustainability Assessment Frameworks
Since sustainable development became acatchphrase in the intemational arena, several

approaches and conceptual frameworks have been proposed and developed in various

iplines, ranging from engineering to business and 1o policy making. Each of these

frameworks has limited capability to deal with different issues of sustainabi

comprehensively

and lack flexibilty to be used in various disciplines with a unified interpretation. The schemes to

classify various sustainability frameworks may also vary, e.g., based on application discipline,

methodology, mathematical techniques and tools, and the level of study. In enginecring literature

(Sahely ef al, 2005; Loucks ef al., 2000; Jeon and Amekudzi, 2005), sustainability assessment is
generally viewed as a multi-objective optimization or mult-criteria decision-making problem.

Based on detailed literature search (e.g., Kenway ef al., 2007; Jeon and Amekudzi, 2005; Guio-



Torres, 2006), we have classified the sustainability assessment frameworks into following six
categories:

o Objective-based (c.g.

Impact-based (e.g. environmental impact assessment (EIA).  sustainability  impact
assessment (SIA), TBL assessment)

+ Influence-based (e.g., Transport Canada framework (Transport Canada, 2001))

+ Process-hased or stakholder-based (c.g. USDOE “Ten Steps to Sustainability”
(Environmental Defense, 1999))

© Material flow aceounting and Life cycle assessment (e.g., LInX (Khan e al, 2004))

Linkages-based (e.2., p P

response ( DPSIR)
A majority of the above frameworks were developed in the last 10 to 20 years and did not evolve

beyond the experimental stage (Pintér ef al., 2005). The main features of these frameworks

include 1) setting objectives and iteria based on the principl inability, and
2) defining a set of measurable indicators under each assessment erierion. Various multi-criteria

decision-making methods have been used for aggregating, ranking alternatives, and carrying out

with a group et al.,2007).
Sustainability assessment frameworks help o focus and clarify what to measure, what to expect

from measurement and what kind of indicators to use. A framework serves, ata high-level, direct

reference to the basic concepts of sustainable development. Underlying any sustainable
development framework is usually a conceptual model that helps identify and organize the issues
that wil define what should be measured. The main differences among frameworks are the way

in which they conceptualize the main dimensions of sustainable development, the inter-linkages



between these dimensions, the way they group the issues to be measured, and the concepts by
which they justify the selection and aggregation of indicators. Table 2.3 provides a brief
overview and main features of the above frameworks.

2.3.1. Objective-Based Frameworks

Obijective-based frameworks have a proactive approach, and aim to ensure that a particular

initiative contributes to a defined state of sustainability. Defining a sustainable state is a

challenge. This approach can assess the extent to which an initiative contributes to a defined
‘goal. The majority of the current frameworks, such as strategic environmental assessment (SEA)
and life cycle assessment, are objective based and proactive in nature.

2.3.2 Impact-Based Frameworks

As the name suggests, the impact-based frameworks focus on the impacts of various actions on
the sustainability of a particular system. It is a win-lose scenario. A typical example is

environmental impact assessment (EIA) driven sustainability assessment, often referred o as

ustainabiliy i It means that an initiative may it in

one dimension of sustainability, such as economic performance, but negative results in social or

environmental dimensions. Defining permissible or threshold limits can minimize the adverse

situations. This framework has been used in various engineering disciplines such as
transportation (Khan et al., 2002; Litman, 2008); water and sewer systems (Ashley and
Hopkinson, 2002); and building infrastructure (Pearce and Vanegas, 2002). Hacking and Guthric
(2008) have reported that both EIA and SEA are established frameworks for sustainability
assessment. A matrix has been developed by Pope ef al. (2004) that compares objective-based
and impact-based frameworks against aim, focus, and contribution o sustainability and target

limitations.



A common impact-based framework is three-dimensional framework of indicators based on
environment, economics, and social impacts. It is known as tiple-bottom line (TBL) framework.
Pope et al. (2004) considered that TBL employs a reductionist approach o sustainability, which
divides the holistic concept of sustainability into three pillars and invariably runs the risk of the
sum of the parts being less than the whole. This is particularly true if the interrelations between

the three pllars are not adequately understood and described. Some analysts also tried to add

itutional dimensions in sustainability (¢, Khan e al., 2004). Many

technical and/or i
initatives undertaken by various institutions using this framework are provided in Guio-Torres,
(2006). It has been observed that when sustainability problems are divided into dimensions, it is
much casier to use multi-criteria decision-making methods for sustainability assessment (c.g..
Sahely et al, 2005).

2.3.3. Influence-Based Frameworks

Influence-based frameworks categorize indicators based on their level of influence on
sustainability. This framework is used by Transport Canada (2001). These frameworks identify

three levels of basic indicators, namely, state, behavioral, and operational (Jeon and Amekudzi,

State” indicators define the overall vision for obtaining sustainable system and measure

2005).

the performance of the system against goals or vision.

“Behavioral” indicators relate 1o the activities of the actors or stakeholders whose actions

influence the state of the system. “Operational” indicators correspond to the actions of the

organization itself.




‘Table 2.3: Main features of sustainability frameworks

Objective-based « Proactive framework

environmentalassessment (SEA))

Impact-based « Reactive in naure
« Reductonist approach to sustainability
i . ’ S
iniiaive with fve dimensions, UN-CSD with four dimensions. Also used in
i 2002; Litman,

. 2002); build
infrasiructure (Pearce and Vanegas, 2002)
Tnfluence-based + Indi i
organization o instituton
« Used by Transport Canada (Transport Canada, 2001)
bused + Used for developing consensus (Environmental Defense, 199)
« Extensively used for planning involving commurity projects
‘Mateia flow. « Material exchanges between economy and ratural environment
assessment/ + Cradle t grave (or gate) assessment of environmental impacts
004)
Linkage-based 5 ekudzi, 2005)

action (DPSEEA)
+ Can beted to sustainability through certan assumptions

2.3.4. Process- or Stakeholder-based Frameworks

A process-based framework involves a planning process that effectively engages stakeholders in
creating their vision for sustainability. Environmental sustinability kit proposed by
Environmental Defense (1999) explains that process-based frameworks are based on a decision
aiding process for developing consensus, involving all the representatives from various
constituencies within a community. Jeon and Amekudzi (2005) suggested that the involvement

of stakeholders is essential when the planning for communities is being undertaken or when

2



incorporating _ sustainability into local policy (e.g. Environmental Sustainability kit
(Environmental Defense, 1999). This s indeed an important and critical component to achieve

sustainability objectives.

initiaives at various universi world also use this
framework, as the involvement of various stakeholders is a major component of these
sustainabiliy initatives, such as the Talloires Declaration (ULSF, 1990). Velazquez ef . (2006)
have proposed models that offer a clear perspective about how people responsible for

sustainability initiatives affect collective behavioral change by educating stakeholders and

goals
2.3.5. Material Flow / Accounting and Life Cycle Assessment Framework
Material flow analysis is a framework to analyze the flows of a material in a well-defined
system. It is referred to as Material Flow Accounting (MFA) when performed on a national or
regional scale. In this framework the material exchanges between an economy and natural
environment are analyzed. Indicators and indices are calculated o assess the level of resource

intensity of the system and processes are optimized in such a way that mater

s and energy are
used in the most efficient manner (Wernick and Irwin, 2005). The basic mantra is to focus on
producing more with less.

“The Life Cycle Assessment (LCA) framework is one step further o MFA as it uses the same

principles but also tries to account for the environmental impacts of a technology, product,

process, project or a service throughout their life cycles from raw materials extraction through

end of life. Therefore, it is also referred l

(Wer

and Irwin, 2005; SETAC, 1991). It comprises four steps (Khan et al., 2002, 2004):




* Define goal and scope helps to understand the purpose and the scope of the study and
requires using system boundaries.

* Inventory analysis accounts for energy and raw material and discharges from all acti

products, and processes.

*  Impact analysis determines the environmental impacts due to activities, products, and
processes.

* Improvement asscssment identifies the possibilities for improving the performance of the
system.

Khan et al. (2004) developed a new indexing system - LInX, which aims to faciliate the LCA

applicati

n in process and product evaluation and decision-making. The LInX consists of four
dimensions, namely, environment, health and safety, cost, technical feasibilty, and socio-
political factors.

Another nuance of LCA, called Life Cycle Costing (LCC) is a method used in multi-criteria

decision-mal

g, when the monetary values are assigned (o various ac

discussion on this topic is beyond the scope of this chapter.
2.3.6. Linkage-Based Frameworks

The links “causality” or cause-eflect relationships. These

frameworks provide linkages between each component of the framework by defining indicators
for cach component and recognizing effective actions to control and prevent the impacs. Three

types of linkage-based frameworks are discussed in det

i the next section.
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2.4, Types of Linkage-Based Frameworks

A widely known example of a linkage-based framework is the Pressure-State-Response (PSR)
framework. This framework can facilitate better understanding of actions and actvities that are
affecting the state of the system, and appropriate response for addressing them both for the

agency and stakeholders (Jeon and Amekudzi, 2005). In addit

n 10 PSR, other common linkage-

based frameworks are DPSIR and DPSEEA.

Figure 2.1: Pressure-state-response (PSR) framework (adapted from OECD (1999))
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2.4.1. Pressure-State-Response

The P R (PSR) framework ived by Statistics Canada (Friend and

Rapport, 1979), then further developed and adopted internationally in many countries (¢.g., UN,
1991). The Organization for Economic Cooperation and Development (OECD, 1991) later
adopted this framework for environmental reporting. A typical example of a PSR framework is
shown in Figure 2.1.

A PSR framework states that h ion emissions or land

use changes) on the environment, which can induce changes in the state of the quality and

quantity of the environment (sich as changes in ambient pollutant levels, habitat diver

flows). Society then responds to the changes in the pressures or the state with environmental and

economicpolicies / programs intended 1o prevent, reduce or mitigate pressures andlor
environmental damage. The PSR framework highlights these (causal) linkages. and helps
decision-makers and the public 10 see environmental and other interconnected issues (OECD,

1999). Based on its wide usage, the PSR framework can be identified as a commonly agreed

upon framework by many organizations and agencies for environmental reporting (c.g., EEA,

1999, 2001; EPA, 2003; WRI, 2005)
2.4.2. Driver-Pressure-State-Impact-Response

The United Nations Commission on Sustai

ble Development (UNCSD) modified the PSR

framework and called it Driving force-State-Response (DSR) and it was used in the

categorization of a first set of 134 Sustainable Development Indicators (SDIs) (UN, 1996). The
OECD further modified the DSR framework and called it the Driver-Pressure-State-Impact-
Response (DPSIR) framework. The DPSIR framework has been used to structure environmental

information by most member states of the European Union (EU) and by many intemational
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organizations including the European Environmental Agency and EUROSTAT, the statistical

office for the European Communities (Gilbert and Tanguay, 2000). A more recent example is the

Environmental Sustainability Index (ES) developed in collaborative work of the World

Econor Forum  (WEF),  Yale  and  Columbia  Univers

(htp://sedac.ciesin.columbia cdu/es/ESL))

2.4.3. Driving Force-Pressure-State-Exposure-Effects-Action (DPSEEA)

‘The World Health Organization (WHO) took a broader approach to include the impacts of macro
driving forces and pressures on both health and the environment (WHO, 1996). The framework
was called the Driving Force-Pressure-State-Exposure-Eflect-Action (DPSEEA). The DPSEEA
framework (Figure 2.2) s useful as it covers the full spectrum of cause and effect elationships
starting from potential forces and required actions and brings together professionals,
practitioners, and managers from both environmental and public health felds to help orient them
in the larger scheme of the problem. Corvalin e al. (1999) discussed the links among health,
environment, and sustainable development. They presented DPSEEA framework to extend
epidemiological domain to the policy domain.

‘The DPSEEA framework has been widely used in the environmental health sector (CEC, 2006).
This framework is very useful in understanding the continuum starting from drivers of
environmental change (such as technology and population) to pressures (such as production,
consumption and waste releases) to changes in environmental state (such as pollution levels) to
‘exposure (such as exteral, internal and target organ doses) to effects on health, environment and

overall sustainability.



Figure 2.2: Driving Force-Pressure-State-Expos
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All sectors including govemment, private sector and individuals can take action to the outcomes

at all levels, and this information can be used to provide feedback at all levels (Figure 2.2). In

combination with multi-criteria_ decision-making. this framework has a great potential to
contribute significantly to sustainability analysis.

“The main advantage of DPSEEA s its flexibility and applicability. Its usefulness depends on the
context in which it is used, ¢.g. health in sustainable development planning. The WHO and
Europe and New Zealand Ministries of Health (WHO, 2004; ESR, 2005) have used the
framework to develop environmental health indicators. In February 2001, the fist meeting on the
guidelines to assess the health impacts of climate change was attended by the representatives of
WHO, Health Canada, and UNEP in Victoria (Canada); and they endorsed the DPSEEA as

framework for thi ho.i

concepts proposed by Jabareen (2008), as discussed earlier in Section 2.1,
are the main theme of DPSEEA (and other linkage-based frameworks). These concepts ensure

that the resources (c.g., materials and energy) are used efficiently and effectively at the cost of

2



‘minimal triple bottom line impacts. These concepts lead to improved system performance (ic..

minimizing “effect”) without compromising socio-cconomic development (driving force)

through optimal remedial “actions”.

25. Proposed Integrated Framework for Sustainability Assessment

Various frameworks presented earlier (Sections 2.3 and 2.4) have some advantages and

disadvantages (discussed later in Section 2.7). There is no single ideal framework for

sustainability assessment. For example, impact-based methods are largely useful for assessing
impacts of an activity on the economy, environment and on general social well-being. These
impacts are measured on the natural environment through system effectiveness and eficiency.

Process-based frameworks involve community  representatives and other stakeholders in

planning, and present opportunities o educate the public and influence collective behaviours.
‘The MFA and LCA are also very popular and have extensively been used for sustainability
assessment, Finally, the linkage-based frameworks use causal indicators that present a complete.

range of metrics 1o identify and measure a cause that create part

lar conditions affecting
sustainability, the impacts of these causes, and the corrective actions that can be taken o address
them. Jeon and Amekudzi (2005) suggested that an integrated causal framework helps 1o refine

visions through developing policies, planning procedures and measurement, and monitoring

systems i y corporati institution.
An integrated linkage-based framework is proposed here to emphasize the need to evaluate
specific monitoring programs where goals and objectives are clearly defined. The
healibenvironmental monitoring programs driven by the goals and objectives consider the
factors involved in greater detail leading to the pressures on a system (Corvalin et al. 1999) and

von Schirnding (2002) called them “driving forces”),

it the states or responses within the system



(e external dose, internal dose and effects at the organism, cellular or molecular level), or at
actions taken o combat adverse impacts (c.g., govemment emission control legislations).
Therefore, for example, depending upon the differences in the focus of two frameworks, what
one framework defines as a “hazard”, may be referred (0 as an “extemal dose” in the other

framework or what one framework terms as “pressure”, may be defined as a “state” in the others.

The causality frameworks have significant benefits in sustainability assessment. These
frameworks, through a clearly structured organization of the indicators, enable clear and concise
communication 1o decision-makers. They help expose how the information provided by the
indicators is related 1o various processes and how specific policy or management actions can

address human-induced environmental problems. Additionally, a uniform approach for reporting

o link up different but transport
agriculture and environment). Figure 2.3 proposes DPSEEA framework to evaluate sustainability

index using TBL. It can be noticed that at different levels of causality (in cach dimension of

sustainability) indicators are defined that can be combined using multi-criteria decision-making
tools.
Linkages-based frameworks — PSR, DPSIR, and DPSEEA ~ emphasize the importance of

causality. Driving force-Pressure-State-Exposure-Effect-Action (DPSEEA) framework is. the

broadest approach as it includes the impacts of macro driving forces and pressures on both health

and the environment. However, the reliance on simple unidirectional linkages (chains) at the

to understand and de

same time is not very condu ibe the complexity of the processes
behind sustainability assessment. This limits the uscfulness of these frameworks for
environmental (and health risk) assessments. Like all other linkage-based frameworks, the

DPSEEA has the following limitations:



Figure 2.3: Integrated DPSEEA and TBL framework

. ively if the evi causal link isis "

© Itleads to oversimplification of spatial and temporal interactions that results in poorly
informed management decisions

* It oversimplifies inter-linkages among issues and factors. Often, it is ambiguous as to

whether the issue measured by an indicator represents a driving force or a pressure.

Sometimes there are multiple pressures for most states, and multiple states arising from
most pressures, creating difficulties in identifying indicators.

26. Linkage-Based Frameworks: An Example of Universities

“The use and application of linkage based frameworks s not new as mentioned carlier, what we

want 10 do here is to bricfly compare the three linkage based frameworks using the original

causal frameworks not only for environmental categories but also for social, economic, and

3




educational categories. I irectional links for PSR, DPSIR,

tention to explore the un
and DPSEEA as a firststep to identify the factors that may affect the case (universities) in hand.
What is novel in the approach taken here is the integration of the concept of causal frameworks
and triple bottom line approach and development of indicators for each category.

Universities, like other public. institutions, are also facing the challenges of integrating

sustainabi

in their strategic planning and development. Since the Talloires Declaration in

1990 (ULSF, 1990), Interational Association of Universites (IAU) is very active in promoting

sustainability in unive

ies and creating proa

leadership towards lessening the demise of
the global environment. IAU continues to exert pressure through other declarations such as the

Halifax and Swansea Declarations (UNESCO 1993a,5) and Kyoto Declaration (UNESCO 1991),

and as a result of this pressure, signed commitments and voluntary decisions, several universities

have embarked on projects and initiatives 1o incorporate sustainability into. their systems.
However, sustainable development is a stll a relatively new and innovative idea for many
universities. As universities are considered as institutions that promote and inculcate change
through interactions of thousands of individuals on campus and outreach, in an ideal world, the

concept of sustainable development should be integrated into the policies, approaches, and

leaming of all stakeholders. Bu

practice there are many hindrances in the adoption of

inable development in a university system, such as (i) environmental protection is required
for not only from lecture halls and laboratories but also from administration areas (o bring

financial and social gai

lack of legal bindings/ regulat

ns or even incentives Lo integrate

sustainable development in- university policics; and (iii) many universities have

measures o improve environmental friendliness but a comprehensive ~resource-

(sustainability) concept s still lacking.
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There s no.

gle best way of ing and vi
development, environmental impacts, and human health indicators that captures all important

interactions. Assessment of sustainability for universities is a complex and challenging process.

rature suggests that several frameworks and methodologies have been proposed and
implemented, Lozano (2006) recommends that to apply or design any sustainability framework
one must consider not only the environmental, social, and economic dimensions (categories) but

also the edy

jonal performance with following indictors:

) Education (courses and curricul

Research (basic and applied), (iif) Campus operations, and (iv) Community outreach. Table

2.4 preser ison matrix of i) envi (i) social, i ies and (iv)

educational performance along with their indicators for the conceptual frameworks of PSR,

DPSIR and DPSEEA. For causal or linkage based frameworks, a combin

ion of subject-based
indicators in terms of position along the linkage-based framework is by far the most widely used
indicator reporting method (Niemeijer and de Groot, 2008). The indicators are developed by
using frameworks for inkages between health, environment, and development (WHO, 1996).

The st of these indicators at various causal stages (elements) of the frameworks is not
exhaustive or even not comprehensive. The purpose here is to demonstrate that how various
causal frameworks assign the same indicators to various causal stages. It can be noticed that
indicators belong 1o various categories of sustainability in each causal element. It should be

noted from Table 2.4 that in PSR one cannot benefit from the information about drivers or

exposures or effects and in DPSIR indicators of expo pr in
dark gray color in Table 2.4), where effects are termed as impact. The advantage of DPSEEA is
that it provides better continuum from drivers to the effects in whether it's environmental, socio-

economic, or educational aspect. One cannot deny that linkage-based frameworks and in



particular DPSEEA framework provides clear and concise communication to decision-makers

through a clearly structured organization of the indicators. They help expose how the information

provided by the indicators is related to various p how specific poli "
actions can address human-induced environmental, social, economic and educational problems
(Niemeijer and de Groot, 2008).

2.7, Discussion and Conclusions

Various sustainability frameworks presented in the previous section have many advantages and

disadvantages. They can be used alone or in combination with other frameworks.

omparison of
impact and objective-based frameworks by Pope e al (2004) reveals that impact-based

framework focus on minimizing the impacts, while objective-based frameworks maximize TBL

outcomes. TBL or other dimensions of sustainability approaches even though critcized as
reductionist approaches, make decision-making casier through multi-criteria decision-making

techniques. Process-based frameworks by involving stakeholders in the decision-making process

are usually crucial for articulating the right vision for a community at the local, state, national, or

international levels (Jeon and Amekudzi, 2005). Life eycle assessment is the most widely used

framework in ipl inability assessment. Maj of LCA are that

it focuses mainly on environmental impacts while reporting on social and economic aspects of
sustainability is not easy. Morcover, LCA analysis is complex and time-consuming and also
requires large data and boundary definitions (Sahely et al., 2005), but its cradle to grave
approach encompasses all phases of a product or a system and hence makes it the most desirable

framework used.

OF all the frameworks discussed in this chapr, the i ion of the causal-chain frameworks

within environmental, social, cconomic and other specific industry relevant indicators has been



extremely useful. Niemeijer and de Groot (2008) stated that PSR and DPSIR can capture
causality in overall management and policy-making. However, DPSEEA is even one step ahead
as it breaks impact into exposure and effect, which enhances decision making with regards to
environmental as well as economic and social aspects. Another important observation in

DPSEEA framework is its similarity with ecological and human health risk assessment and risk

Despite the drawbacks, the linkage-based frameworks (including DPSEEA) have been
successfully applied for sustainability assessment in various disciplines such as health sector,
agriculture, and mining. It has been shown (CEC, 2006 ; Corvalin ef al., 1999; WHO, 2004;
ESR, 2003) that the linkage-based frameworks cither alone or in combination with other

‘analytical methods such as life cycle analysis, multi-criteria decision-making methods and risk

lysis techniques are successful inabil Linkage-based frameworks with
other frameworks like Triple Bottom Line and integrative impact assessment can be useful for
planning and decision-making for sustainable development (Sadler, 1999; Wilkinson et al.,

2004). Integrated DPSEEA framework provided earlier in Figure 2.3 can help better to

Niemeijer and de Groot (2008) suggest that a causal network, rather than a causal unidirectional
link is a more appropriate concept 1o effectively deal with the complexity of real world

interactions and they have developed a causal network for e

ronmental assessment using
DPSIR. But the application of DPSEEA framework for universities (for educational
performance) is explored in detail not only for developing the cause-effect model for broad and

(0n) overall sustainal

assessment but also for detailed analysis, where these have not been

employed before.



‘Table 2.4: Comparison of linkage-based frameworks — An example of sustainability in a HEI

(university)
o Gt uumma«elmnm

Tnsitutionalenhancs
Aol rry eqeme o
Financial and cconomic growth e
Health & saety index

Social equity index

Pressure | Pressure

Pressure

Producton of greenhouse gases
e i of o e
fon, efMluc
thwwem e of o s
it of energy
Amount of water supplied and disrbuted colectedfor purifcation
Incrasing ransport density
Increasing education cost
Increasing operatonal and maintenance cost
Requirements forlsbour pracices and decent work.
Requirements forquality of management
Icreasing demands on human healthand safey regulations
Requirement for changes in curriculum and

St

‘Concentration of reenhouse gases

S i e e

State ofresponsible

Rate of depletion of enrgy resources

Rate of water consumpion and quality

Percentage dily commute by motor vehicl and ransport conflicts
Exceedance of nise level

Percentage of expendiure

Facilies and infrastructur costs

Labou pratices and decent work (wark environment / culure)
g e of gyl

Eistng human health and safety

Nurberof e n sy nd v o
s ublcaicstudacs, md o md o
Community activity and learing service




arious hazards
oo popi o ih i bvels

Impacton

Financi

Impacts on fc

Socalimpacts

Proportion of rescarch support or sustainabi

Hes e T g & ot

i i
Effects on environment
Efects on biodiversity
Effects on revenues through educationalcostand nvestments

Action | Respomse szpmﬂ‘

Susainability siraegy and plans
Economic polices and plans

ity and jusice

This rescarch continues on how DPSEEA framework can be used 1o evaluate quantit

(Waheed ef al, 201 1a.5,0).

ively

sustainabiliy indes for a higher education institution and enhance informed decision-making



Chapter 3: A Quantitative Assessment of Sustainability for Higher Education
Institutions: An Application of DPSEEA Framework®

ABSTRAC

Implementation of a sustainability paradigm demands new choices and innovative ways of
thinking. Since sustainability has become an integral part of strategies, several conceptual
frameworks have been developed in various disciplines ranging from engineering to business.
Most of these frameworks lack flexibility to be used across disciplines with a unified
interpretation. The main objective of this chpater is to develop a quantitative assessment
framework of sustainability using a driving force-pressure-state-exposure-cflect-action
(DPSEEA) framework for a higher education institution (HEI). This framework considers
environmental, social, economic, and educational performance as categories of sustainability. A
comprehensive list of performance indicators and an indicator aggregation method is proposed to
assess sustainability using a measure called sustainability index (S1). The proposed quantitative
framework is called DPSEEA-Sustainabiliy index Model (D-SiM). The D-SiM is a causality-

based model in which the S is an outcome of nonlinear effects of sustainability indicators in

various stages of DPSEEA. To have an improved understanding of input factors (driving forces)

and their impact on sustainabilit, a simplified empirical model is developed. This empirical

‘model is based on a 2* full factorial methodology that also evaluates the percent contribution of
driving forces on HEI sustainability. The study reveals that economic development,social equity,
in HEs, while

and education in sustainability are the major drivers for achieving sustainabi
health and safety issues, cnergy requirements, institutional enhancement, and. interational

research and development trends are s signficant drivers.
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« Waheed, B, Khan, ., Vetch, B. 2011. Developing a Quantitative Tool fo Sustainabil
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INTRODUCTION

The concept of sustainability has permeated into different disciplines since it was tossed about
two decades ago. In recent years, the focus has been on solving the issues of an ever growing
economy while protecting the environmental systems and enriching the quality of life for the
existing as well as future generations.

One of the key challenges in the sustainability paradigm is that it demands new and innovative:

choices and ways of thinking. While the new developments in knowledge and technology are

contributing to economic growth, they also have the potential to reduce the risks and threats to

our socio-politcal and environmental systems. New knowledge and innovations in technology,

management, and policies are challenging public organizations to make new choices in the way

their operations, products, services, and activities impact the earth, people,
Many tiers of information — objectives, assessment critera, indices, and performance indicators
and variables — are required for the sustainabiliy assessment of any system. Major sustainability

abjectives (or broad goals) are generally set by the triple bottom line (TBL), which includes

environment, social, and economic performance. Selection of relevant performance indicators is

essential for an effective assessment of sustain

ty and efficient performance monitoring of a

system. Public institutions and particularly higher education institutions or universities (HEIS) are

also facing ir strategic planning
and developing qualitative and quanitative models for measuring sustainability of their facilities
and operations.

Sustainability assessment frameworks are as diverse as the range of disciplines where

sustainability is applied. Underlying any sustainable assessment framework is usually a
conceptual model that helps to identify and organize the issues that will define what should be
‘measured. The main differences among frameworks are the way in which they conceptualize the

39



main dimensions or categories of sustainable development (TBL i.c., environment, social, and

economic), the inter-linkages between these categories, the way they group the issues to be

measured, and the concepts by which they justify the selection and ageregation of indicators.
Sustainability assessment frameworks help o focus and clarify what to measure, what to expect
from measurement, and how 10 relate measurement with assessment. These frameworks lack the
capability to deal effectively with different issues of sustainability and the flexibility to be used in
various disciplines with a unified interpretation.

Since sustainable development became an integral part of decision-making and planning in the
international arena, several approaches and conceptual frameworks have been proposed in
various disciplines such as engineering, business, and policy making. The schemes to classify

various sustainability frameworks also vary, e.g., based on application discipline, methodology,

mathematical techniques or tools, and the level of study. In engineering literature, sustainability

assessment ization or multi-criteria.decision-

generally viewed as a multi-objective. opt
making problem (Raval and Donnelly, 2002; Balkema et al., 2002; Hellsom et al., 2000;

Haimes, 1992). Based on a detailed literature search (e.g., Jeon and Amekudzi, 2005; Kenway et

al., 2007; Guio-Torres, 2007), we have classified the sustainabiliy assessment frameworks into
six major categories (Table 2.3).

The main focus of this research is the development of a quantitative sustainability assessment
framework for higher education institutions. A quantitaive framework called DPSEEA-

stainabi

index Model (D-SiM) is proposed in this study, which s based on the linkage-

based framework, DPSEEA. In the proposed framework, the  sust

ability indicators are

and a muli

identi

iteria decision-making (MCDM) tool is employed for the quantitative

sment, The first section of this chapter provides an introduction (o various sustainability

assessment frameworks. The second section elucidates DPSEEA and MCDM techniques. The
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third section discusses state-of-the-art sustainability assessment ini

tives adopted by higher
education instittions. The fourth section proposes D-SiM. The fith scction develops a simplified

empirical model for sustainability assessment based on design of experiment methodology.

Finally, concl for future: ided in section six.

3.2 LINKAGE-BASED FRAMEWORKS

The linkage-based “causality” These

frameworks provide linkages between each component of the framework by defining indicators
for each component and recognizing effective actions o control and prevent the impacts. The
most common linkage-based framework s pressure-state-response (PSR), which was initially
proposed by Statistics Canada (Friend and Rapport, 1979). Other variations of this framework
include driving force-pressure-state-impactresponse (DPSIR), and driving force-pressure-state-

exposure-effect-

on (DPSEEA). In this study, we have explored the DPSEEA framework in
detail

3.2.1. DPSEEA framework

United Nation Agenda 21 highlights that human health is the main focus of any sustainability

initiative (UN, 1993). In 1996, the World Health Organization (WHO) took a broader approach to

include the impacts of macro driving forces and pressures on both health and environment
(WHO, 1996) by developing the DPSEEA framework to guide decision actions for reducing the
burden of disease.

Corvalin et al. (1999) discussed the links among health, environment, and sustainable
development. They presented DPSEEA framework to extend the cpidemiological domain to the
policy domain. The DPSEEA can deal with environmental health problems from basic root-

causes 10 the health effects level by identifying and implementing specific interventions (WHO,

1996). In the context of children’s environmental health, the DPSEEA framework has been

a
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further developed as MEME  (multiple-exposure-multiple-cffects) model, which identified
multiple links between exposures and the health effects (WHO, 2004). Some examples of the
extensive application of the DPSEEA framework in the field of environmental health for the
development of a core set of environmental health indicators are WHO (1999), Environment
Canada (2001), European health indicators (WHO, 2004), Ministries of Health of Australia and
New Zealand (ESR, 2005) and entlealth Council (2002). The DPSEEA framework has also been
used for monitoring health impacts of climate change.

‘The DPSEEA is a hierarchical causal model that can link measurable sustainability indicators to
human health ¢ffects through multple layers of information. The DPSEEA. continuum starts
(Figure 22) with drivers of environmental change (anthropogenic) to pressures (on the
environment such as production, consumption, and waste releases) to changes in the sae (of the

environment such as pollution levels) to exposure (of humans, i.e., interactions between the

e ent and humans) to th t, and overall

2006). The environmental health indicators provide a link between health and environment to

ate effective decision-

measure the impacts of a specific policy or management action and faci
making (WHO, 2001). These indicators should be scientifically valid, politically relevant, and
acceptable to all stakeholders.

The DPS|

EA framework is useful as it covers the full spectrum of cause and effect relationships
starting from potential forces to required actions. It brings together professionals, practtioners,
and managers from both environmental and public health felds to help orient them in the larger
scheme of the problem for beter decision making and problem solving.

Like any other sustainability assessment framework, DPSEEA has some disadvantages as well.

As per WHO (1999): “The DPSEEA framework works well for risks associated with
environmental pollution, where the chain from driving force o source activity and thence o
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health ffect via emissions and exposure is evident. [ .. ] It is less appropriate, however, in the
case of physical risks, as presented by natural hazards (e.g. flooding) or technology (e.g. traffic
accidents), where the concept of ‘pressure” s less meaningful. Nor can i easily be applied in full
1o those environmental hazards, such as famine, which affect health more by omission than
commission. Like other aspects of environmental health indicators, therefore, the DPSEEA

framework should be seen as an aid, ot a straight-jacket; it needs to be adapted and modified

according to circumstance.
Fiissel and Klein (2004) identified that DPSEEA is less suited o represent the complex and
diverse causal web that links environmental, economic, and social factors to human health and

must be adapted o modified. The DPS

A framework can be made more useful by adapting it to
the requirements of a specific application and introducing quanttative assessment through
numerical functions aseribed to the linkages combined with multiple-criteria decision-making

tools (Fisssel and Klein, 2004). A dest

i and comparison of some multi-criteria decision
making tools and techniques, which could be integrated with DPSEEA, are presented in the
following section.

3.2.2. Multicriteria decision-making (MCDM) methods

For environmental management projects, generally decision makers receive four types of

and

technical inputs: modelling and monitoring results, risk analysis, cost-benefit analysi

preferences of stakeholders. Multi-riteria. decision-making (MCDM) methods are used for
decision making in the presence of two or more conflcting objectives under constraints and (or)

deal with decision-analysis processes involving two or more attibutes. The general objective of

MCDM s to assist a det

on maker or a group of decision makers in choosing the best
altemative. In recent years, several MCDM methods have been proposed (Belton and Stewart,

2002) (Table 3.1).



However, the MCDM methods differ in many aspects, such as in the way the idea of multiple

s, the mathematical algorithm

criteria is considered, the application and computation of wei
used, the model to describe the system of preferences of the individual facing decision-making,
the level of uncertainty embedded in the data set, and the paricipation of stakeholders in the

process. The MCDM technique selected willtypically need to:

Deal with complex situations (eriteria), consider different scales and aspects (geographical

scales, . social and technical

+ Involve more than one decision maker (stakeholder participation, actors, communication,
and transparency)

© Inform stakeholders in order to increase their knowledge and change their opinion and
behaviour (problem structuring, tool for learning, transparency)

I some categories of decision-making problems, one seeks an optimal choice based on a single

evaluation atribute such as cost, revenue, and risk. But in most of the real world problems, the
concentration is on decision-making with several criteria. Using a decision aid methodology
could help decision-makers to manage the complexities arising from the involvement of multiple
evaluation criteria. The area of MCDM has grown significantly in the recent past (Hwang and
Lin, 1987; Munda, 1995; Asgharpour, 1998). Generally,this area consists of two major fields:
 Multiple-Objective Decision-Making (MODM) (Michnik and Trzaskalik, 2002) works on
continuous decision spaces, primarily on mathematical programming with several objective

functions.

Multple-Attibute Decision-Making (MADM) (Yoon and Hwang, 1981) focuses on

problems with discrete decision spaces. MADM methods choose an optimal altemative

from a set of i il i el
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Common MCDM methods are described and compared in Table 3.1. Any decision aid model for
‘multiple-attibute analysis is required to (7) clearly identify decision attributes and altematives;
(ii) assign an importance degree (if applicable) to these attributes; (i) define the attainments of

alteratives for cach attribute; (iv) aggregate the attainments of each alternative with respect to

atribute weights, which provides a utility degree for each altemative; and (v) compare and rank

the altern:

5 based on their uilty degrees.

3.3, SUSTAINABILITY ASSESSMENT FOR PUBLIC INSTITUTIONS

The progress in achieving goals of sustainable development has been slower than expected (UN,
2001) for various industries and institutions. A growing number of communitis, businesses and

other organizations are publicly pledging their commitment to sustainabiliy. Public instiutions

and particularly higher education institutions (HEIS) all over the world are also committing o
make their campuses sustainable (Prugh et al., 2000), however the real application is yet to be

3.3.1. Higher education institutions

“The Stockholm Declaration (UNESCO, 1972) was the first reference to sustainability

higher

education institutions (HEIS) that recognized the interdependency between humanity and the

environment, and suggested several ways of achieving environmental sustainability (UNESCO,
1972). The main turning point came in 1990 at the Tufls University campus (Talloires, France)

(ULSF, 1990), where over 300 admins nd ities world-wide

gathered to discuss the collective need to address the challenges of environmental stewardship.

“The Talloires Declaration, a 10-point action pl

was formulated to take these sustainability
challenges seriously and 1o take leadership toward lessening the demise of the global

environment. This declaration was further strengthened by later events such as the Halifux and

0, 19935) and i SCO, 1993a).



Consequently, sustainability of HEIs has become an important issue for policy makers and

planners because of the realization of the impacts of the activities and operations of universities
on the environment. As a result of ths pressure, several universties have embarked on projects
and iniiatives to incorporate susainability into their systems.

A sustainable university is defined by Cole (2003) as *the one that acts upon it local and global
responsibilitis to protect and enhance the health and well-being of humans and ecosystems. It
actively engages the knowledge of the university community 10 address the ecological and social
challenges that we fuce now and in the future"”. Another definition provided by Velazquez ef al.
(2006) states **A higher educational institution, as a whole or as a part, that addresses, imvolves
and promotes, on a regional or a global level, the minimization of negative environmental,
economic, societal, and health effects generated in the use of their resources in order to fulfillits

functions of teaching, research, outreach and partnership, and stewardship in ways 10 help

society make the transition o sustainable ifesyles”. Universities are considered as institutions
that promote and inculeate change through interactions of thousands of individuals on campus
and outreach. Bames and Jerman (2002), Cole (2003), Newman (2006), Alshuwaikhat and
Abubakar (2008),  Velazquez ef al. (2006), and Lozano (2006a) have emphasized that a
sustainable university campus must create a better balance between economic, social, and
environmental goals in policy formulation as well as a long-term  perspective about the
consequences of campus activities. Challenges related to incorporating sustainable development

into all facets of the system, struct

the following

section.

3.3.2 Major sustainabiltrelated issues for HEIs

‘The main general objectives of all HEIS are to educate students; (o preserve and refine existing

Knowledge while producing, disseminating, and applying new knowledge; and to define and
4
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assist in finding solutions for problems in society. The challenge is that these objectives have to
be achieved in a sustainable manner. Sustainability for universities can be scen as a necessity not

only to avoid the costs of deteriorating social, environmental, and economic systems but also to

tutions.

create new ies o improve the of! These in

are facing serious challenges in integrating sustainability in their strategic. planning and

developing qualitative and quantitative assessment models for measuring  sustainability.
Sustainable development is a relatively new and innovative idea for many HEIS. Innovation is

usally divided into three categoris: (i) product, (i) process, and (i) idea. The sustainable

development for universities falls into an “idea” category, even though it usually carries with it

new products, processes, policies, and values (Lozano, 2006b). Ideally, the concept of sustainable

development should be integrated into the policies, approaches, and leaning of all stakeholders.
I practice, this s not possible in the carly stages of implementation of sustainable development

in a university system. Viebahn (2002) and Clarke and Kouri (2009) have identified the main

challenges of i pment ina

Environmental protection: Generally energy and material consumption and pollution

‘generation (not only from lecture halls and laboratories but also from administration arcas)

i universities are at par with commercial organizations. Promoting and using energy

ill not only bri ial gains ial gains.

Control instruments (regulations): There are no legal bindings or regulations or even
| incentives to intograte sustainable development in university policics. The focus has boen
| on safety measures, whereas the measures related o ecological use of resources are carried
out on voluntary bases. Moreover, the university system is heterarchic (network-based)
instead of hierarchic, which means that feeling of responsibilty s lacking, especially on the

academic side. Also incentives for staff for careful use of resources are lacking as compared
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with a commercial organization because Universities have a nonconductive financial
system and non-productive orientation.

iii) Resource-saving: Many universities have initated measures 1o improve environmental

is stilllacking.

Koester ef al. (2006) suggested that for a university 1o evolve successfully in a sustainable

manner, all functioning components and linkages within the whole system must be considered.
Ball State University USA (one of the leaders i sustainability) has applied the concept of “whole
systems approach”, which explicitly recognizes that the entity of a university o other institution
of higher leamning s composed of interdependent components that can mimic a complex
ecosystem. Velazquez ef al. (2006), Lozano (2006b), Cole (2003), Lidgren e a. (2006), Koester
ef al. (2006) and Alshuwaikhat and  Abubakar (2008) proposed models that offer a clear
perspective about how people responsible for sustainability iniiatives affect collective behavioral
change by educating stakeholders and promoting consensus-based sustainability goals in

universities. According to Lozano (20068), a large percentage of university leaders and faculty

members worldwide are unaware of sustainable development goals and its principles, and even if
they are aware of them, they have done little to incorporate them into their courses, curricula,
rescarch, and outreach. Therefore, the main problems faced by the universities can be
summarized as (1) finding ways and means for effective and efficient incorporation of

sustainability concepts into the policies, education, research, outreach, and campus operations of

a university, and ishi tem that makes sustainable devel integral part of

the university culture and creates a multiplying effect within the instiution and in the society as a

whole,



3.4 APPLICATION OF DPSEEA

4.1, Problem identification and formulation
“There is no single best way of organizing and viewing the rlationships between socio-cconomic
development, environmental impacts, and human health indicators, which are important

ingredients of sustainability measurement. The literature indicates that major decision categories

for HEls increasing the focus of research and curriculum on sustainability, (i)
environment-friendly construction and procurement, (iii) community outreach, and (iv)
assessment measures for environmental, economic, social, and educational efficiency and

benefits. As higher education systems and academic environments are fundamentally similar in

all universities, therefore, a framework for a given university will require similar types of

tors for sustainability assessment and decision-making. Lozano (20064) recommends that

0 apply or design any sustainability framework one must consider not only the environments

social, and_ economic categs

but also the educational performance with the following
indicators: (i) education (courses and curricula), ii) rescarch (basic and applicd), (i) campus

operations, and (iv) community outreach. Extending these categories and recognizing the

hicrarchical causal links among. driving forces-pressures-state-cxposure-effiects (criteria or
indices), a comprehensive list of indicators for a modelling framework is proposed to assess
sustainability using a measure called sustainability index (Table 3.2). Seven indicators have been
identified for driving force. These seven indicators belong 1o the four major categories of
sustainability identified above. Similarly, 15, 15, 12, and 7 indicators have been identified for

pressure, state, exposure and effects, respectively. For each stage in the DPSEEA framework,

these i i i i 1, or education.



3.4.2. Model development
A deterministic modelling framework for sustainability assessment is proposed in this chapter.
The primary objective of this framework i to develop a meaningful sustainability assessment tool

for higher education insti

tions to make informed decisions. The proposed framework can help

identify and evaluate single and multiple effects of a driving force or policy on sustainability

index (S1). The pressures are associated with various phases in the life cycle of an instit

n's

development, related to raw materials, use, processing, distribution, transportation, final

Both pr b hazard
control. The DPSEEA framework (Figure 2.2) shows that the preventive actions and controls are

the best actions for risk acost

The indicators identified in Table 3.2 are connected hierarchically through causal relationships
that finally lead t0 the quantitative assessment of sustainability. Finally, the indicators of effects
are used to estimate sustainability index (Figure 3.1). The proposed quantitative framework is

called DPSEEA-Sustainability

fex Model (D-SiM) and consists of seven procedural steps, the

details of which are illustrated in Figure 3.2

Step 1 - Selecting sustainability indicators: The first step involves selection of suitable
sustainability indicators in each stage of DPSEEA. Each indicator should represent a unique
aspect of sustainability; therefore, selecting a relevant measurable indicator is a key for successful

assessment of sustainability. The identification process is a subjective and qualitative process

" .
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Proposed list of indicators for sustainability assessment in universities using DPSEEA
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Figure 3.1: Proposed D-SiM for sustainability assessment of universities
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“The sustainability indicators identified and included in D-SiM are based on a comprehensive
study of institutions that have employed sustainability initiatives. Some include UBC (2007a),
UBC (20075), Rodriguez et al. (2002), Lozano (2006a), Cole (2003). Shriberg (2002), Viebahn
(2002), Clarke and Kouri (2009), Lukman ef al. (2010), Goognough ef al. (2009), and
Evangelinos ef al. 2009).

“The val

y of indicators has been assessed by comparing them with Global Reporting Indicators

(GRI, 2006) for universities and i by L . A majg e
in the selection of indicators s to consider various stages of DPSEEA — driving force, pressures.
changes in state, exposures, and effects not only for the environment but also for the society,

economics, and educational performance. As action is an exogenous and decision variable, no
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indicators are required for it. A total of fifty-six sustainability indicators are identified for a
typical educational institution, where each indicator is classified under environment, economics,
social, or educational categories (Table 3.2). Indicator selection is also explained in Sections
441,521 and 541

Driving forces are usually based on policies that determine trends in economic development,

technology development, consumption patterns, and population growth. In the present case, the

relevant indicators for driving forces are intemational research and development  trends,

institutional enhancement, energy requirement, economic development, health and safety issues,

social equity, and education sustainabilit. These driving forces generate different Kinds of

pressures in various categories, which are indicated as

+ Environment: production of waste and consumption of resources, emissions, effluents,
wastes, transport, and products and services;

« Economy: education cost, operation and maintenance cost;

+ Society: labor practices and decent work environment, human rights, and quality of
management; and

 Education: curriculum, rescarch, and service.

‘The indicator “products and services” under environment refers to responsible purchasing of

paper and furniture for the university. Service represents challenges faced by the universities to

respond to local, regional, and global environmental and societal challenges in the sustainable

development (Lukman ef al., 2010).

Generally, pressures lead to changes in the siate of the environment, as scen when land use is

changed (deforestation or drainage problems) or when concentration of emissions and efluents



and waste increases, energy resources are depleted, air quality, transport, noise level, and water

demand are exceeded, and the state of responsible procurement.

Figure 3.2: Procedural steps for D-SiM implementation

Selectsustainability indicators:

ineach sta

Step1

S [ oevelopcausalitylinks among.
] various stagas

% Determine weights

5,'- {strength of causality)

Assigninput (activation) values
for driving force indicators

Step 4

= Make nferences for all

L sustainabilty indicators
= Datermine sustainability
S Indicators foreffects and
2 sustinabiltycategories

Determine sustainobilty index
(s1)

The pressure on the cconomy of  university i indicated by change in facilites and infrastructure
costs and the proporton of expenditures in different arcas. The existing health, safety, and
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security situation, the state of quality management, and soial equity represent the state of social
aspects of a university. The number and percentage of courses on sustainability and

‘administration support, grants, publications / products and programs and centers, and community

ity and leamning services indicate the state of educational performance of a niversity. Orr
(1991) and Lidgren ef al. (2006) argued that the state of our world today is not the work of

ignorant™ people, but is rather the result of work by the people with “university” degrees.

“Therefore, the inclusion of sustainability education in university curriculum is very important.
Exposure requires that people are present both at the place and time when the siate of the
environment changes and becomes hazardous. Exposure thus refers to the intersection between
people and environmental hazards. Levels of exposure may range from “harmless and
acceptable” (o “dangerous and unacceptable”, depending on the potential for physical harm,

Given known e d the knowledge of dose-resp ions, estimates can be made of

the health

of specific hazards to the extent that current knowledge allows. Although "hazard”
describes the potential for causing harm to human health, it says nothing about the satistical

probability that such harm will occur. In contrast, "risk” is a quantitative estimate of the

probabi s framework does not focus on

y of damage associated with exposure 10 a hazard.
whether a resultant altered state of the environment creates a hazard o human health depending
on the degree (o which humans may acually be exposed. It focuses on exposure and impacts
caused by the changes in state with respect to environment, economic, social, and educational
performance of a university by the following indicators: changes in environmental conditions,
proportion exposed to poor environmental conditions, hazardous waste, poor water quality, high
noise levels, impacts on energy resources, existing state and cost, faclites planning, social

impacts, proportion of research support for sustainability, proportion of multi-/inter-intra-



disciplinary programs and curriculum, and proportion of programs involving community and
university.
“The indicators representing the effects for a university due to defined exposures consist of human

health, ecological and social risks, effects on biodiversity, reduced maintenance costs, revenues

through education cost and investments, and educational performance.

Step 2 ~ Establishing causality: To define relationships between cause and cffcet, a sign

‘convention of causal relationships is established between connections: (i) For example, positive

causality refers to the connection between sustainability and qualiry, i

.. when quality improves
sustainability increases and vice versa, and similarly (i) negative causality refers to the
connection between sustainability and pollution, ic.. an increase in pollution reduces
sustainability and vice versa.

At of connections (causal relationships) among various sustainability indicators is presented in
Table 3.3. For example, a pressure indicator P (production of greenhouse gases) is affected by a
set of driving forces {Dy-, Dat, Dyt Dyt, Dy}, where increases in Dy (globallocal rescarch and
development trends) and Dy (education in sustainability trends) decrease the production of

greenhouse gases. Similarly, the driving forces Dz, Dy, and Dy positively impact Py, i.c., increases

in these indicators increase Py, and vice versa. Using the same principles, connections are
established between pressures and states, states and exposures, and exposures and effects.

Step 3~ Assigning weights (strength) of causality: Assigning weights (i., defining causal
strength) is an important step in D-SIM. The weights (w) are assigned to input indicators based
on their relative importance for a response sustainability indicator. For example, a pressure
indicator P is affected by a set of indicators {1, Dy, Dy, D, Dy}, therefore the relative weights
are assigned 1o these five input indicators. The values of these weights vary in an interval [0 1].

‘Table 3.3 provides the weight matrix for each dependent sust

bility indicator. Assignment of
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weights is also discussed in Sections 4.4.3 and 5.2.3. The type of causality (negative or positive)
determines the value of the strength, as given in Table 3.4,

Step 4 - Acti

ting driving force (defining input values): As DPSEEA is a causal model, the

input values are defined for driving force indicators. Once the sustainability indicators for driving

force are activated, the D-SIM estimates the intermediate indicators at various stages of the
DPSEEA framework. These input indicators are “measured” values or are defined by a decision
maker. A simple approach is proposed here, in which the current level of driving force indicators
are defined linguistically. Table 3.5 provides a linguistic meaning of activation levels for
sustainabiliy indicators.

Step 5 - Making inference: After selection of indicators, an appropriate multi-criteria decision

making (MCDM) method is used for aggregating and evaluating the activation level of dependent

icators. We propose the simple weighted average method, because it is intuitive and most
widely used because of its simpliity. It considers the tradeoffs among attributes. Afler assigning
weights and activating input indicators, an inference (o estimate activation for any dependent
indicator can be made using the following equation:

R

where A, s the estimated activation level of a dependent indicator /, w, is the weight assigned to

the indicator 7, and X represents predefined (or predetermined) actiy

tion values of contributing
indicators. This formulation is valid for any dependent indicator in pressure (), state (S),
exposure (E), and effect (F) stages.

Step 6 — Estimating effects: The step five is repeated in succession untl we estimate act

values for seven sustainability indicators of effects. The effects indicators are then grouped into



. social and educati s using the same formulati
in Equation (3.1).

Determining sustainability index (SI): To measure the sustainability of a higher

Step 7

education institution quantitatively, the sustainability index (1) is calculated using the following
formulation:

[32] 1= Yo *Aaocen o g A ]

[
where A, is an activation level of cnvironmental effects, Avcpn is an activation level of cconomic

an activation level of education

effects, Ao an activation level of social effects, and A,

effects. Higher values of I represent that an institution is “sustainable” and vice versa, The
estimated values of SI can be used to determine ranking of various universities with respect to
sustainability. Equation (2) s modified to assure that S1 ¢ [0, 1], therefore normalized S can be
caleulated as follows:

[33] sty = —ﬁ

343 Demonstration of D-SiM

M. For example, for a particular set of input values of

Table 3.6 demonstrates the use of D-S

nternational

driving forces (D1, Dz, ... Dy}, sustainability index is determined. In this exampls

assigned a value of 0.9, “institutional

research and development trends / advancement” (D

enhancement” (D) and “sustainability education” (D7) are assigned 0.4 and 1.0, respectively.
Similarly, “energy requirements” (D), “cconomic development” (D), “health and safety issues”
(D) and “social equity” (D) are assigned values of 0.5, 0.5, 0.5, and 0.65, respectively (the

linguistic meaning of these values is given in Table 3.5).
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‘Table 3.4; Linguistic meaning of causality weights

Very small 00 10
Small 02 08
Faie 04 06
Moderae 06 04
Significant 08 02
ery high 0 00

No. 00
Extremely low o1
Very low 025
Low 0as
Medium 050
High 065
Very bigh 018
Exremely high 090
Absolute 100

These driving forces cause pressures on the four categories. Each pressure is caused by one or
more driving forces. For example, the resulting activation level for P is 0.36. The D-SiM
calculates the activation for each dependent indicator based on defined weights and values of

activation of input indicators. Afler estimating the effects indicators, sustainabilty index is

calculated (Eqs. 2 and 3) from the sustainability categories — environmental, cconomic, soci

and cducation by assuming the weights of these categories as 0.6, 0.4, 0.2 and 0.8. This results in

a nomalized value of sustainabil 0.97. Now if the drivi D . the

Sl reduces 10 0.94. The effect of changing D is even more profound, e.g., if it is reduced (0 0.4,



the Sl reduces 10 0.74. It is noticed that increases in input values from Dy to D result in higher

values of Sly.

Table 3.6: Aci

T 025 034 097
FY 026 061 o2

3oes 001 026 o1

4 es 026 02 039

soes 028 020 036

6 s o 021 059

7 020 059 058

5 059 06

9 06 059

0 057 078

" 065 038

2 069 096

13 10

1 078

15 096

levelof at; A i "

3.5, DISCUSSION AND RESULTS
3.5.1. Empirical model

“The D-

iM is a causality-based model in which the final value of a sustainability indesx (1) is an
outcome of a multitude of non-linear effects of sustainability indicators in various stages of
DPSEEA. To better comprehend the contributions of various input factors (Dy, driving forces)
and their effects on SI, a 2* full factorial Design of Experiment (DoE) methodology is used.
Seven input factors (Do), each defined at two levels, were used in D-SiM simulation experiments.

“The values of each of these input factors were in an interval [0, 1], where 0 refers to “low” and |

refers to “high” level. Therefore, a total of 128 simulation experiments (k = 7) were performed
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using the D-SiM model for various combinations of input factors, as defined in Table 3.7. The

response (S1y) value is estimated for each experiment and used to build a simplified empirical
model, as described below.

The estimated effects of each input factor and their possible interactions and. percent
contributions are provided in Table 3.8. The normal probability plot of effects shows thatall the
main factors are significant, and all interactions are not important (Figure 3.3a). Thus, the
regression model in terms of actual input factor values (i¢., € (0 11) will be

B Siy

.007 +0.029D, +0.045D; +0.074D; + 0.160D, + 0.086Ds + 0.169D; + 0.420D;

2

where the input factors are Dy (k- d Dye [0,1].

“Table 37: Seven input factors for full factorial experimenation

o
Ioternational rescarch and development rends or advancement D,
Institutionalenhancement b
Energy requirements b
Economic development D,
Health and safiy ssues o,
Social equity D
Sustainabilty education 3

Table 3.8: Percent coni

ution of main factors on sustainability index (SIy)
Codedmame % contribution
035
081
Y

301
e
e

R
ammoon e >



Figure 3.3: Normal probability plots
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To check the model adequacy, the analysis of variance (ANOVAY) is performed (Table 3.9). The
results of ANOVA are similar to the effects estimation. Al the major factors have the p-value

less than 0.0001, which indicates they are significant factors. Figure 3.3 shows the normal

probability plot of residuals. It can be observed that the residuals are not aligned into a straight

als are very close 1o each other,

0 three separate zones. At cach zone, r

line. They fall i
which make them look like non-normaity.

From Table 3.8, we can see that the total contribution of coded factors D, F and G amount to
93.63% of total sums of squares. Thus, to refine this empirical model, the full 2 factor design is

projected into full 2” factor design with 16 replicates for cach experiment. The projected model

while the i between them are non-

allthe major

significant. The results of ANOVA presented in Table 3.9 concur with the effect analysis. Thus

interms of sctual input (. € 10, 1D will b

(351 STy = 0124+ 0.156D, +0.169D, + 04200,

where the input factors Dy (k = 1, 2,...,7); and Dye [0, 1].



‘Table 3.9: Analysis of variance (ANOVA) for a 2'full factor design

Degree of
Factors squares freedom o PValue
A 0274 T 328545405 | <0.0001
B 00634 ' 760426405 | <0001
G o741 ' 208865106 | <0.0001
o o811 ' 976915106 | <0.0001
E 02367 ' 284015406 | <0001
¥ 09140 ' 109676407 | <0.0001
G S48 i s6us | 677388407 | <0.0001
Ermor 10000E05 20 SINE0S
Toul 28783 127

To check the model adequacy, the lack-of-fit analysis is used. The results are listed in Table 3.10.
‘The p-value of 1 for lack-of-fit indicates that the model can predict the responses very well. To
further check the adequacy, the analysis of residuals is done. Figure 3.4 shows the normal

probability plot of residuals. The residuals are aligned with a straight line, which indicates there

c non-normalit issues. Comparing this model with the ful factor model, it is noted
that the refined model is more adequate than the full factor model in terms of the residuals”

normal distribution.

‘Table 3.10: Analysis of vari for a projected 2* ign (with 16 replicates)
R Mean
Factors PEtal Comirpmiadl Spmmaf . oA ¢ Vaas
o [ 10339 08141 2013 <0000
[ oo 1 11607 09140 26 <0000
o seus 1 7686 S6us 13958 <0.0001
Residual 05015 124 6369 000 10000
Lackobft 0000 4 00000 00000 10000
Pucemor 05015 120 000d0 10000
Toul ]




Figure 3.4: Residual Normal probabiliy plots for projected model
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3.5.2. Sensitivity analysis

I can be scen from the ANOVA presented in Section 5.1 (Table 3.10) that more than 70%

contribution o the sustai

t index (S values is from “Education sustainability (D). To
understand further the impacts of a factor Dy, the following four scenarios are generated by
fixing

Scenario 1: Dy =Dy =0

Scenario 2: Dy =

and D=0

Scenario 3: Dy =0 and D=

sand
Scenario 4: Dy = 1and D= 1.

In each scenario, the value of Dy is varied over an interval [0, 1], while the change in the value of
SHis recorded. Figure 3.5 provides the linear characteristic curves for these four scenarios. It can

be seen that Dy plays a very significant role in achieving the sustainabi

goals for a niversity.

Another interpretation of this plot is that a unit change in “education sustainability” brings

approximately 0.42 unit change in SI for the given values of Dy and D (see the coeflicient of Dy

in Equation (5).



Figure
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3.5.3. Potential of DPSEEA

“The DPSEEA framework is similar to ecological and human health risk management paradigms.

To be useful for the identification and monitoring of sustainability of an institution and for the
development of response strategies, the DPSEEA framework should be extended in a flexible

way to include indicators relevant to an institution and combined with multi-critria decision

tools for better interpretation of causal links. DPSEEA Sustainability

lex Model (D-SiM)

framework. ity of an institution.

There are two major challenges of employing the DPSEEA framework for the assessment of
sustainability in educational institutions. First, a conceptual framework for an educational
institution should ideally be able to consider al factors that affect the causation of an effect on
humans, biodiversity, and ecology. However, the causal pathways along which activities of an

insttution may affect humans, biodiversity, ecology, economic performance, and social well-

67



being are very diverse and complex. Some effects oceur as a direct consequence of a person

being exposed to pollutant (¢.¢., wastewater), whereas others are the consequence of a complex
interaction of environmental, ecological, and social factors (e.g.. educational performance,
cconomic development). As a result, the choice of suitable indicators for monitoring
sustainability of an institution is difficult and crucial. Second, the causation of inerease in social
risks often involves complex interactions between social and non-social risk factors. Therefore,
the original DPSEEA framework is extended by adding educational performance indicators for
sustainability assessment of a higher education institution

3.6. CONCLUSIONS AND RECOMMENDATIONS

Several approaches and conceptual frameworks have been proposed and developed in various

disciplines ranging from engincering to business and policy making for sustainability. These

frameworks lack flexibility to be used in various disciplines with a unified interpretation and have

their own limitations and capabilities to deal with different issues of sustainabiliy effectively. An

integrated quantiative framework is developed for sustainability assessment for a higher

education institution (HEI) using the linkage-based approach driving force-pressure-state-

by using a s ighted average (an MCDM) method.
Application of sustainable development for HEIs (universities) s a relatively new phenomenon
and is very challenging because of the complex set-up of universities. A large percentage of
university leaders and faculty members worldwide are unaware of sustainable development goals
and principles, or f they are aware of them, they have made lite effort o incorporate them into
their courses, curricula, rescarch, and outreach. Therefore, the main problems faced by the
universities can be summarized as (1) finding ways and means for effective incorporation of

sustainability concepts into the policies, education, research, outreach, and campus operations of

a university, and (2) establishi tem that mak integral part of
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the university culture and creates a multplying effect within the insttution and i the society as a
whole.
‘The proposed modelling framework provides a meaningful sustainability assessment tool for

nmental, soc

HELS to make informed decisions. This framework considers not only the en

and cconomic categories but also the educational performance. Extending these categories and

recognizing the hierarchical causal links d 2

‘comprehensive list of indicators for the modelling framework is proposed to assess sustainability

using a measure called sustainability index. The proposed quantitative framework is called

ssed model in which

DPSEEA-Sustainability index Model (D-SiM). The D-SiM is a causal

the final value of a sustainability index (S1) is an outcome of nonlinear effects of sustainability

cators in various stages of DPSEEA. To develop a simplified empirical model and determine

forees on i HEI a 2* full factorial methodology

is adopted. This study revealed that fina

and economic growth rate, social equity index, and

education in sustainability trends are the major drivers for achieving sustainability in HEI. Less
significant drivers in descending order are health and safety index, annual energy requirements

rate, h and development trends

In the present form. the D-SIM is a complex interaction model that describes cause-effect
interactions from driving force (o pressure, pressure o state, state 10 exposure, and exposure o

effect. Notwithstanding the somewhat subjective nature of the analysis, D-SiM can contribute to

more rational decis

n-making by analyzing decisive  indicators, tradeoffs, and weighting

sensitivities, establishing complex interactions between stages, and incorporating uncertainty-

inthe



Chapter 4: U inty-based ive Assessment of for

Higher Education Institutions’

ABSTRACT:
Evaluation of sustainability in various facets of life is gaining increasing importance.
‘Traditionally, different multi-criteria decision-making methods have been used for sustainability
assessment, “Sustainability” can be a qualitative concept, and as such several rescarchers have
attempted fuzzy logic for the quantitative assessment of sustainability. This chapter outlines a
new evaluation model based on fuzzy multi-criteria decision-making. The model is tested for
sustainability assessment of higher education institutions (HEIS). It is based on a driving force-
pressure-state-exposure-effect-action (DPSEEA) framework and is called uncertainty-based
DPSEEA-Sustainability index. Model (uD-SiM). The uD-SiM is a causality-based model in
which the sustainability index s an outcome of nonlinear impacts of sustainabilty indicators in
different stages of DPSEEA. The percent contribution of driving forces on the sustainability

index of HEIS is investigated using sensitivity analysis. The study reveals that education in

sustainability and global and ocal research trends are the major driving forces for achieving
sustainability in HEIS, followed by financial and economic growth rate, social equity, encrgy

requirements rate, and institutional enhancement, in descending order. The results of uD-SiM

were found istic and rational than D-SIM.

A prtofthis chapter i published as
 Waheed, B, Khan, F. Veitch, B., Hawboldt, K. 2011, Uncertainty-bused Quanttative
o oCl 197720732,

Assessment of




4.1, INTRODUCTION

Given the environmental, economical, and social pressures on sustainabilty, opportunitis are

emerging for different societal stakeholders and institutions to engage in innovative ways for

advancing more sustainable practices. Higher education  institutions (HEIs), particularly
universities, hold a unique position in society, as they have the potential to promote and

encourage societal response o sustainability challenges facing communites around the world

through interactions of thousands of individuals on campus and outreach to millions (Stephens ef

al. 2008). Therefore, universi

s promote sustainability on campus by rethinking their missions
and restructuring their research programs, curriculum, and ife style on campus, and enhancing
their trans-disciplinary activities with other societal institutions. According (o Viebahn (2002),
Clarke and Kouri (2009), Velazquez et al. (2006), Lozano (2006b), and Cole (2003), the key

characteristics of a sustainable university are to

©  promote i 2 i d

complex sustainability challenges

« emphasize inter- and trans-disciplinary res d

o enhance ing skill i societal goals
o establish networks that can tap into varied expertise around the campus to share resources
efficiently and meaningfully, and

© provide leadership and vision that promotes the needed change and guides o a long-term

a society.
Since the Talloires Declaration in 1990 (ULSF, 1990), Intemational Association of Universities

(IAU) is very active in promoting sustainability in universities and creating proactive leadership

wds lessening the d L IAU igh
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other declarations such as the Halifux and the Swansea Declarations (UNESCO, 1991, 19935)
and Kyoto Declaration (UNESCO, 1993a), and as a result of this pressure, signed commitments
and voluntary decisions, several universities have embarked on projects and  iniiatives to
incorporate sustainability into their systems.

‘The application of sustainable development for universities s a relatively new phenomenon and

is very challenging because of the complex set-up of universities. A large percentage of

university leaders and faculty members i i pment goals
and principles, or if they are aware of them, they have made lite effort to incorporate them into
their courses, curricula, research, and outreach.

As the primary objectives of universities include not only to educate students, preserve and

lge but also to find sustai for societal problems through research,
therefore the policy- and decision-makers are facing challenges to integrate sustainability in their
strategic planning and development and 1o assess quantitatively the impact of sustainability

programs in their instiutions (Barth ef al, 2007; Clarke and Kouri, 2009). A decision support

tool is required that can guide what actions should (or not) be taken to achieve sustainable
development. Therefore, the main problems faced by universities can be summarized as (1)
finding ways and means for effective incorporation of sustainability concepts into the policies,

education, research, outreach, and campus operations of a university, and (2) establishing a

system that mak a

multiplying effect within the institution and in the society as a whole.

Universities all over the world are committing to provide sustainable campuses; likewise

Canadian universities are also at the forefront of sustainability initiatives. According to Lukman

et al. (2010) various ranking tbles for universities are available to access the quality of



universities and these rankings are based on different methodologies and indicators. In 2007,

Sustainable Endowments institute started issuing a college sustainability report card for the

universitis in the United States. The report card includes Canadian universities since 2008. The

primary motive behind this Report Card was that universities should be ranked not only on their
education and research quality but also on their potential o demonstrate sustainable principles in

their campus operations. Sustainable Endowments Institute’s College Sustainability Report Card

for 2010 (SEL, 2009) was used to provide a systematic comparison of sust
various universities across Canada (Table 4.1). Table 4.1 also includes additional information
related to water use and disposal, curriculum initiatives, waste management, and annual

sustainability reports. The information presented here is obtained by researching various web-

sites of universities and informally contacting their sustainability offices. It can be seen that
major universities are spearheading their efforts on energy conservation, building retrofit (green
buildings), and recycling of waste.

42.D-SIM - SUSTAINABILITY ASSESSMENT MODEL

Waheed et al. (2011a) have carlier proposed a DPSEEA-Sustainabili

index Model (D-Si

‘which was apy tions (universities) (refer to Chapter 3). The D-SiM

1o higher education insti

is a linkage-based framework in which the final value of sustainability index () is an outcome
of nonlinear effects of sustainabilty indicators. Linkage-based sustainability frameworks use the
concept of causality or cause-¢ffect relationships. These are the most popular form of indicator
reporting (World Resource Institute (WRI, 2005); Organization for Economic Corporation and
Development (OECD, 1999); European Environment agency (EEA, 2001); (UN, 1996)). These
causality frameworks share roots in the stress-response framework originated by Stats Canada

(Friend and Rapport, 1979).



In cach framework, a causal chain is defined where a distinction is made between (1) forces that

he fthose forces in i L and (3)

societal reaction 1o those changes. The most common types of linkage-based framework are

p ponse (PSR), dri ponse (DPSIR), and

driving force-pressure-state-exposure-¢ffect-action (DPSEEA). These frameworks mainly differ

in the degr ich they subdivide the steps i
The DPSEEA theoretically provides a better insight into causality because it subdivides into
more steps (continuums) and also brings out the important distinction between state and impact.
Ata macro level, changes in society, such as population growth or income increase, may exert

different and variable pressures on the environment as driving forces, depending on the

constellation of driving forces and on the way a society deals with such changes. Also, it leads to
the fact that driving forces do not necessarily lead to an increase in certain pressures but may
lead 1o reductions in particular pressures. The DPSEEA framework illustrates the cause-effect

relationships for various driving forces, pressures, and states of sustainability, the impacts in the

form of exposure, and the effects of these causes carchical fu The actions 1o

a
mitigate the adverse effects could be taken at various stages of DPSEEA — driving forces

(preventive action), pressures, states, exposures, or effects. Driy

g forces are the socio-

economic and socio-cultural forces driving anthropogenic activities, which increase or mitigate

pressures on the environment. This provides a secondary level of analysis mainly for policy- or

decision-makers. This is described in detil in vi

i reports by the UN Commission on

Sustainable Development (CSD, 1995). Figure 4.1 illustrates DPSEEA for higher cducation







Figure 4.1: Driving force-pressure-state-exposure-efect (DPSEEA) framework
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stainability index Model (D

SIM) can help to idenify and evaluate single and
multple effects of a driving force or policy on sustainabiliy index (S1) (Figure 3.1). In the
present form, D-SiM is a deterministic model that employs multi-crieria_ decision-making
(MCDM) techniques to make inferences throughout the model, and finally estimates a point
estimate of sustainability inder (S1)— a surrogate measure of sustainabilty.

“The indicators identified in Table 3.2 are connected hierarchically through causal relationships
that finally lead to the quantitative assessment of sustainability

4.2.1. D-SiM procedure

The following seven steps consttute D-

dri

Step 1 identifies core indicators for g force, “P" pressure, “S” state, “E exposure, and

al,

E effe

under each performance category of sustainability (environment, economic, 5o
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‘and cducation), as shown in Table 3.2. The identification process is a subjective and qualitative
process because the objectives of sustainability can be interpreted differently by different

stakeholders. The sustainability indicators identified and included in D-SiM are based on a

comprehensive study of institutions that have employed sustainability initatives, such as UBC

(2007a,5); Rodriguez ef al. (2002); Lozano (20065); and Cole (2003).

A total of fifty-six sustainability indicators are identified for a typical educational institution,

d under cnvironment, economics, social, or educational

where each. indicator is classil

categories (Table 3.2)

Step 2 establishes causality relationships between cause and effect using a positive and negative

sign convention, where

« positive causality refers to the connection between quality and sustainability, i.c., when
quality improves sustainability and vice versa, and

« negative causaliy refers 1o the connection between pollution and sustainability, therefore
an increase in pollution reduces the sustainability and vice versa

Step 3 uses the same principles and establishes connections in subsequent stages, between

d stats, states and d es and effects. The weights or strengths of

causality (w) are assigned 10 input indicators based on their relative importance 10 a response
sustainability indicator. The values of these weights may vary in an interval [0, 1]. The type of
causality (negative or positive) determines the value of the strength. Expert opinion was used to
rank the connections and once the ranks were established weights were assigned at various

stages, as shown in Table 3.3,

Step 4 defines the input values for driving force indicators. The linguistic scale for activation

levels of sustainability indicators at all stages are defined as no (0.0), extremely low (0.10), very




low (0.25), low (0.45), medium (0.50), high (0.65), very high (0.75). extremely high (0.90), and
absolute (1.0). The input values can be “measured” values or heuristically defined by a decision-

maker. Once the sustainability indicators for driving force are activated, the D-SiM estimates the

values for intermediate indicators in various stages of the DPSEEA framework.
Step § uses a simple weighted average method for ageregating and evaluating the activation
evel of dependent indicators in each stage of the DPSEEA framework. In D-SiM. the inference
o estimate activation for any dependent indicator s the normalized value of summation of the
product of weight and activation value.

[y Xy o+ w, ]

[e1] 4, (wy+wy .t w,)

where ;i the estimated activation level of a dependent indicator /, w; i the weight assigned to
the indicator i, and X represents predefined (or predetermined) activation values of contributing
indicators. This formulation s valid for any dependent indicator in pressure (P), state (5),
exposure (£),and eflect (F) stages

Step 6 provides an estimation of effects under environment, economics, social, and education
categories. A simple weighied average method is used for aggregation.

Step 7 estimates the overall sustainability of @ university through 4 surrogate measure,
sustainabilty index (S1) which is defined as a function of environmental, economic, social, and
education categories. Higher values of SI represent that an institution is “sustainable™ and vice
versa. The estimated values of S1 can be used (o determine ranking of various universiies with

respect to sustainability. The final relationship is written as

AW + AoV + A
Ao Waco + AyocWune + AuiaWeaul

(A,
Bl o+ Ve e + W) :

where



Ay is the estimated activation level of environmental effects:

s the estimated activation level of economic effects:
Ay isthe estimated actvation level of social effects:

Ay s the estimated level of education efects;

7, and T3 ae the normalization factors (to convert the values in the full range of [0, 1;
Wen i the causal weight for environmental effects;

Ve 1 the causal weight for economic effects;

Wae i the causal weight for social efects;

Weay i the causal weight for education effects;

Stis the sustainability index value.
The 7 and 75 in this equation are used (o map the results in the range of [0, 1]. We ran various
scenarios and estimated the minimum (worst) and the maximum (best) possible value of
sustainability index before normalization. Later, these values are used to normalize the results as

following:

1= (1"~ Min) / (Max - Min)

SI=Ti*(SI)-T
where
SI" = Sustainability index (un-normalized)

Ty = 1A(Max - Min)

Min/(Max ~ Min)

4.2.2. A Critique on D-SiM

In D-SiM, each pressure is caused by one or more driving forces, cach stae is caused by one o

more pressures, and likewise exposure and effect are caused by one or more states and



‘exposures, respectively. The D-SiM calculates the activation for each dependent indicator based

on defined weights and values of activation of input indicators. Afer estimating the effects

indicators, sustainability index is calculated using Eq. [2] from the sustainability categories —
1, and education by assuming the weights of
To better comprehend the conri Farious input sctors (D, on

I, 2" ful factorial Design of Experiment (DoE) methodology is employed. Seven input factors (D),
ach defined at two levels, are used in D-SiM simulation experiments. The values of each of these input
factors are in an interval [0, 1], where 0 refers o “low” and 1 refers o “high" level. Therefore, a total of
128 simulation experiments (k = 7) are performed using the D-SIM model for various combinations of

input factors, which is fo al. 201a). It

has been well established that sustainat

iy assessment is a challenging task due to involved
uncertainties and vagueness. The complexity s further aggravated due to inherent randomness in
the processes and interdependency among various fuctors in the proposed framework. It was also
found that assigning of point values 1o the basic sustainability indicators and the overall
assessment through D-SIM bears subjectivity and uncertainty that may lead to less confidence in

the SI estimates. Although the D-

in the present form can help in rational decision-making

through ageregating numerous  sustainability  indi

tors andestablishing causality-based

interactions among these indicators, however it does not explicily address the issue of

uncertainty related to vagueness and subjectivity. To achieve enhanced understanding of the

interrelations among sustainability indicators of higher education institutions,

s important to

include uncertainty analysis sin the decision-making model. This chapter introduces an

D-SiM described in the carlier model. The
newly proposed model will provide more realistic results and help improve the decision-making
process. Following section provides basic information related to uncertainty modelling. Section
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4.4 provides a formulation for the proposed uncertainty-based D-SiM, followed by results and

discussion and comparison of D-SiM and uD-SiM in Section 4.5 Finally, conclusions arc
presented in Section 4.6.

4.3 UNCERTAINTY MODELLING

There are two kinds of uncertainties: th first arises as variabiliy resulting from heterogencity or

stochasticity, and the second arises from partial ignorance, systematic measurement error or

subjectivity (epistemic uncertainty) (Ang and Tang, 2007). Epistemic uncertainty (incomplete
Knowledge) dominates the decision analysis problems, such as the health effects by exposure to
unknown contaminants and the economical risks associated with climate change. It plays an
important role when the evidence base is small, such as the case of sustainability assessment of
higher education institutes. These uncertainties are critical to analyze because of associated high
consequence due to failures (Ferson ef al., 2004 ,5).

“Traditionally, probabilistic methods have been used to quantify and display uncertainties. The
probabilistic methods are designed and refined over time (using Bayesian approach) to propagate
uncertainties. Major probabilistc risk analysis applications have been in the felds of industrial,

acronautical, environmental, petroleum, nuclear, and chemical engineer engincering,

the probabilistic methods handling risk and uncertainties were developed for the analysis of
structural reliability using analytical or numerical integration, simulation, moment-based
methods, or first- and second-order methods (FORM / SORM) of approximation of the limit
state of a system (Ahammed and Melchers, 1994). They are now the basis for the design codes

for common structures.

Both set theory and probability theory are the classical mathematical frameworks for

characterizing uncertainty. Since 19605, a number of generalizations of these frameworks



became available for formalizing various types of uncertainties. Klir (1995) reported that well-
justfied measures of uncertainty of relevant types are now available not only in the classical set
theory and probability theory but also in the fiezy set theory (Zadeh, 1965), possibilty theory

(Du

and Parade 1988), and the Dempster-Shafer theory (Dempster, 1967; Shafer, 1976). In
1965, Zadeh introduced fuzzy logic and fuzzy set theory, which is widely used in representing
uncertain knowledge. The parameters of uncertainty model can be treated as fuzzy numbers that
can be manipulated by specially designed operators. Later, Klir (1995) proposed a
comprehensive general information theory 1o encapsulate these concepts into a. single
framework.

4.3.1. Fuzzy set theory

As the fuzzy set theory effectively deals with uncertainties encompassing vagueness 10

approximate reasoning and help in representing and propagating the uncertainties throughout the

decisi therefore the fuzzy-based techni sed
is also known for its vagueness. Fuzzy-based techniques are a generalized form of interval

analysis used to address uncertain or imprecise information. To qualify as a fuzzy number, a

fuzzy set must be normal, convex, and bounded (Klir and Yuan, 1995). Any shape of a fuzzy

number is possible, but generally because of simplicity triangular or trapezoidal fuzzy numbers
are used (Lee, 1996). A fuzzy set is an extension of the classical set theory (x is cither a member
of set A or not) in which an x can be a member of set A with a certain membership function 4. A

fuzzy number describes the relationship between an uncertain quantity x and a membership

ure 4.2 shows a t

n, which ranges between 0 and 1, 4 R = [0, 1] € R.

ngular

fuzzy number (TFN). The membership function t determines the imprecision through the shape

of the fuzzy number. Values xeR for which 4x) = 1 are said o have full membership, values

2



xeR for which 0< 4x) < | are said to have partial membership, and values xe R for which (x) =
0 are said to have o membership 1o the fuzy number. Triangular fuzzy number (TFN) is
represented by three points (@, b, <) on the universe of discourse, representing the minimum,
most likely and maximum value, respectively. The wider the support of the membership

function, the

er the uncertainty. In this work, to simplify the implementation, a TFN is
selected. Although any fuzzy number shape is possible, the selected shapes are justfied by

available information (Guyonnet ef ., 1999)

Figure 4.2: Triangular fuzzy number (TFN)

1
alevel
= ¢ cut
=
0
43.2 Fuzzy Arithmetic

One important feature of fuzzy numbers (sets) s the concept of a-<ut (Figure 4.2). The a-cut of

a fuzzy set is a crisp set A, that contains all the elements of the universal set X' whose



membership grades in A are greater than or equal o the specified value of an a-cut,

v 4, > a} (Klir and Yuan 1995). Fuzzy operations are cartied out on fuzzy numbers

using f 1 i is based on
1) each fuzzy number can fully and uniquely be represented by it a-cut, and

2) avcuts of each fuzzy number are closed intervals of real numbers for all € (0.

Fuzzy arithmetic operations require that specific rules and applicable procedures (Klir and Yuan,
1995) be followed 10 ensure reliable outcomes, such as the simplification of equations prior to
establishing their fuzzy form. Hence, once the interval numbers are obtained, a well-established
‘operation of nterval analysis can be used (Ferson ef al., 2004b) i fuzzy arithmetic.

Fuzzy numbers can represent vagueness or imprecision in the parameter(s). Phillis and

Andriantiatsaholiniaina (2001) demonstrated using Fuzzy logic for sustainability. The linguistic

input values (driving forces) in D-SiM can be casily described using triangular fuzzy numbers
(TFNS). The uncertainties can be propagated through the D-SiM using fuzzy arithmetic
operations,

4.4, UNCERTAINTY-BASED D-SIM

In D-SiM, the sustainability indicators were assigned “crisp” or point values; however, such
values are ofen hard to come by because of insufficient statistical data and lack of knowledge.
Consequently, such crisp values may lead to “precise” but unrealisic results. The proposed

uncertainty based D-SiM is llustrated in Figure 4.3. The following procedural steps are taken to

develop uD-Si
4.4.1. lentification of indicators
‘Table 3.2 provides a comprehensive list of indicators for education, environment, social, and

economic dimensions for driving forces, pressures, sate, exposure, and effect. A number of key

8



factors that broadly affect the environmental, economic, social and educational processes for a

typical higher education institution are selected. For example, the indicators,

such as global and

local research and development trends, institutional enhancement rate, annual energy

tion rate nate, his level in setting policies and

for examination of the root cause problems.

Figure 4.3: Structure of proposed model

The selected driving forces result in pressures on the environment, ed

A

ion, soci

economic aspects. The various driving forces considered result in pressures on the environment,

cconomic activity, social, and educs

al aspects of a university, such as production of

greenhouse gases, increasing costs of education, increasing requirements for health and safety,

and requirements for changes in curriculum and courses. The state of environment, econor

social, educations aspects are affected by the various pressures exerted,

such as, pollutant
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concentration, exceedance of drinking water quality standards, percentage of expenditure,

existing health and safety procedures, number of courses on sustainabiliy,  and administrative

support. The di irect impacts or expos as 10 poor
environmental conditions, economic and social impacts, and proportion of research support for

sustainability. The effects on various dimensions are manifested as effects on human health,

logy. biodiversity, social aspects, i g sustainabiliy.
4.4.2. Establishing causality
The concepts for defining positive and negative causality were based on the connection between

sustainabi

and qualit or pollution parameters, respectively. For example, a pressure indicator
P (production of greenhouse gases) is affected by a set of driving forces {Di-, Da, Dy, Dyt

Dy}, where inereases in D, (intenati d c nd

Dy (sustainability education) decrease the production of greenhouse gases. Similarly, the driving
forces D, Dy, and Dy positively impact P, therefore the increase i these indicators increases /1,

and vice versa. Similarly, a state indicator ) (concentration of greenhouse gases) is affected

positively by a set of pressures {1+, Pyt, Pt, Pis-}, where production of greenhouse gases
(P1). production and consumption of ozone-depleting substances (P2), amount of energy used
(P4). while provision of services (Pis) has negative impact on S Using the same principles,
connections are established between pressures and states, states and exposures, and exposires
and effects.

4.4.3. Assigning weights (strength) of causality

The determination of weights is always an important issue in multi-criteria decision-making

(MCDM). Several approaches (c.g., Hwang and Lin, 1987; Tsamboulas and Mikaroudis, 2000)

have been developed, including direct assignment, Delphi survey, pair-wise comparison,



eigenvector method, and linear programming. In this chapter, direct assignment method is used
0 assign crisp causality weights (w;) to input indicators based on their relative contribution to a
receiving (dependent or effect) sustainability indicator in the next phase. For example, a pressure
indicator P, is impacted by a set of driving force indicators (D, Dy, Ds, Dy, Dy}, therefore
causality weights are assigned to these five input indicators. The values of these weights may
vary in an interval [0 1]. Table 3.4 liss the scale of causality weights used in this study. The
causality weights are assigned in each phase of the DPSEEA framework, from driving force o
the final effects (i, environment, economics, social, and education categories) and finally

sustainabili

index. The sequence and weights assigned at each stage are the same s for D-SiM,
as shown in Table 3.3

4.4.4. Activating driving force based on fizy input values

‘The main difference between the D-SiM and uD-SiM is that in uD-SiM the input values defined
for driving force indicators are triangular fuzzy numbers (TFNs). Figure 4.4 provides a linguistic

interpreation of acti

levels for sustainabiliy indicators. These input indicators can be

“measured” o heuristically defined values by a decision-maker. In this analysis, the driving
forces are defined linguistcally. The activation level of driving forces can be based on numerous

factors denified by a specific universiy. In this study, we have tred (o define driving forces in

a very general context. For example, “Global/local rescarch and development trends” is a broad
term that can be a function of numerous factors that are measurable or observable, such as zero

carbon policy, LEED certified buildings, sustainability curriculum, etc. These factors can be

aggregated through some scoring methods o obtain activation levels for driving forces. For
simpliciy, in this analysis, we assume that these activation levels are available. Once the input

values are activated, the uD-

iM estimates the intermediate indicators at various stages of the




DPSEEA framework using fuzzy arithmetic operations (Figure 4.4). These fuzzy numbers will

be abl inties throught the uD-SiM.

4.4.5. Aggregation (Inferencing)

Aggregation is the process by which fuzzy sets that represent the input

cators are combined
or inferred as a single fuzzy set. It is achieved by using an appropriate MCDM method for

aggregating and evaluating the activation level of dependent indicators.

Figure 4.4: Triangular fuzzy numbers
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“The simple weighted average method is proposed here because it is inuitve, simple, and most

widely used (Yager, 2004). It considers the tradeoffs among atributes. After assigning w

and activating input indicators, an inference to estimate activation for any dependent indicator

can be made using the following equation:

Wiy +w, %yt w,B]

ual 4 (wy + Wyt W)

where 4 s the estimated fuzzy activation level of a dependent indicator /, and ¥ represents

predefined ined) fuzzy activation values of inability indicators, w;

is the weight assigned 1o the indicator i. This formulation is valid for any dependent indicator in

pressure (P), state (8), exposure (E), and effect (F) stages. To measure the sustainabil

yof a
higher education instiution quantitatively, the fuzzy sustainability index (S1) can be calculated

using following formulation:

[4.4] §1 = B

[Cm————)

where A, is a fuzzy activation level of environmental effects, Ryeg is a fuzzy activation level of

economic effects, A, a fuzzy activation level of social effects, and A, is a fuzzy activation
level of education effects. Fuzzy sustainability index (1) wil require a special interpretation
based on possibilty theory.

4.4.6. Defuzzification

Fuzzy defuzzification methods can be used for ranking or obtaining crisp values of fuzzy

numbers. The deficzification entails converting the final fuzzy ST value into a crisp value (1.
Various techniques are used for defuzification however each technique extracts different levels

of inform:

n from the fuzzy numbers (Tesfamariam and Sadiq, 2006). In this analysis, Yager's

centroid index method (Yager, 1980) is used. The centroi

index is a geometric center (S1.)



of the fuzzy number SI, where the geometric center corresponds to a erisp (representative) value
of S1 on its universe of discourse. For a given TFN (a, b, ), Yager (1980) proposed a centroid
index as follows:

fst,

o (b-alla+36-a)]+(c=Dflo+ 1)

-a)(c—b)

o

where SI, is treated as a moment am (weight function). The denominator scrves as a
normalizing factor whose value is equal to the arca under the membership function 4, for a
given scenario. The value of ST, may be seen as the weighted mean value of the TEN of the
sustainability index (0.

4.5, RESULTS AND DISCUSSION

4.5.1. Estimation of sustainabiliy index

On the basis of the proposed evaluation-framework of sustainability index (uD-SiM), the fuzzy-
based input values (driving force) are selected for the base trial or scenario (Table 4.3). The

authors assumed the role of decision-maker and assigned these input values to demonstrate the

proof-of-concept. Assuming that the global research and development trends and educatior

sustainability play the most significant role in making a campus sustainable, we chose extremely

highand very high values for Dy and D, respectively. It can be scen from universty initatives
Canada (Table 4.1) that measures to reduce energy consumption by building retofits and green

buildings are common among the universities. The direct positive relation between reductior

energy costs and increase in financial and economic growth rate could explain this commonality.

Therefore, the input value for Ds and Ds is considered medium. Health and safety index (D) is

also assigned the same value, as this aspect has been at the core of all environmental nitiatives.
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More emphasis s placed on the social equity index (D), therefore it is given a higher value. The
importance of institutional enhancement rate (D) s assumed as low in the trial base.

After the base trial of uD-SiM using predefined fuzzy inputs and weights, the outcome was a
TFN of a sustainability index [0.63, 0.78, 0,86, representing an uncertainty measure (max.-min)
of 023 (Table 4.3 and Figure 4.5). To analyze the impact of weights assigned to various

categories (i.c.. environment, economics, education, and socs

) on overall sustainability and
uncertainty, 13 trials or scenarios were investigated. The weight vectors are [10.20.2.0.2], [1 0.6
0.6.0.6], and [10.0 0]. It is observed that the most likely value (MLV) of sustainability index
veaches ts highest value of 0.91 when education s set at | and the remaining categories are set
10.0. The percent change in this tral is 14.21%. From trial 13,0 1 0 0}, one can notice that MLV
of S1is at its lowest when economies and social are set as 1 while keeping the rest at 0 and the
percent change from the base value s 30%. Moreover, the tral with [Env(0.2) Eco(0.2) Soc(1)
Edu(0.2)] gives a second highest MLV of 0.83 with a percent change of 6%, whereas for the
remaining trials, the percent change from the base value is less than 10%. In other words, the §1

value is not significantly affected in other trials

Another important aspect s the uncertainty measure, which is based on the fct that the wider the
support of the membership function, the higher the uncertainty. Table 4.3 shows that uncertainty
i the lowest (0.23) for the base trial. The percent change in uncertainty for the trial 10 is 0.25,
which is about 9% more than the hase case. For the remaining trials, uncertainty increases from

12% 10 45% from the base value.




Figure 4.5: Triangy y (TFN)

4.5.2. Sensitivity Analysis
Sensitivity analysis (SA) is the process of estimating the degree to which output of an uD-SiM
model changes as values of input parameters are changed. The American Standard for Testing

and Materials (ASTM, role of SA in the fate modeling as follows:
« SAcan idenify the input parameters that have the mostinfluence on model output;

© SAcanidentify the processes that have greatest influence on model output; and

© SAcan quantify the change in output caused by uncertainty and variability in the values

of input parameters.



‘Table 4.3: Comparison of various trials
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Sensitivity of the uD-SIM is linked 1o input parameters (driving force) through inferencing
equations described earler, There are several reasons for idei

g key model

puts, which
contribute to uncertainty in model outputs. An ide

cation of significant contributors to output
variance gives the analyst an awareness of which input variable is controlling the output results
“The basic exploration of the models, inputs and result, promotes improved understanding and
interpretation of the analysis (Cullen and Frey, 1999).

In an uncertainty analysis, the majority of the variance in the output is atributable t0 variability
or uncertainty in a small subset of the inputs. There are varicties of methods of identifying key
input variables from model outputs. These methods include the scatter plot, partial and rank
corelation coefficients, multivariate regression, and contribution (o variance and probabilistic
sensitvity analysis. These methods are discussed in detail in Iman and Helton (1988) and Cullen

and Frey (1999).




A for SA i percent contribution (PC)

of each pa i final outputs by squaring
and normalizing them to 100% (Maxwell and Kastenberg, 1999). The parameters having the

greatest i be those for which additional data should

ovrall ety nthe s, Hammonds i (1994) nd Maxwll nd Kisieners(1999)

human P . In
this chaper, the percent contribution (PC), which is a measure of an input’s influence on the
output, s calculated. It can range from ~100 10 100. If the output tends to increase when the
input increases, the PC s positive. IF the output tends to decrease when the input increases, the
PCis negative. The PC i Spearman Rank Correl foll

P\/’\

6] PC, =100

where i the Spearman’s Rank Correlation for the /* input. We use 4| rather than ) to
preserve the sign of . Using the absolute values of percent contribution for driving forces,

(where the input factors are Dy (k = 1, 2, .., 7) and D& [0, 11), we found that education in

sustainability (D7) and global and local research trends (D) at 38.817% and 31.64% are the major
contributors toward ST (shown as a base case in Table 4.4 and Figure 4.6). It an be seen that Dy
along with D plays a very significant role in achieving the sustainability goals for a university,
while financial and economic growth rate (D) and social equity (Dy) are also imperative. The

input forces, d te (D), have

equal contribution of 5. St  safety index (D), the
contribution of the remaining inpus are significant, where contributions of insttutional

- don rate (D), and index (D) are

veglghl. Puthermces e sheaionn sssioabily (D) b an nporet fcorfor kg &

pus, which 72% and 39% for D-SiM

and uD-SiM, respectively. In D-SiM, an ANOVA based on full factorial analysis was used to
pechorsseatieky analyss (Wikeod o, 2114 Howeves i s aabals, e bave grgosed
ysis. The difference in type

in both models.




0 quantify ility in a HEI, i st give priority 10 global and local
research trends and education in sustainability.

‘Table 4.4 Comparison of uD-SiM and D-SiM based on % contribution

Driving force WD-SivE Dsiv
o ) %)
) 316t 035
D, 583 os1
D, s 21
D, o84 1034
D, 160 00
e 6as e
o 3881 7169

4.6 CONCLUSIONS AND RECOMMENDATIONS

‘The decision-making model uD-SiM, based on DPSEEA and an integration of MCDM and fuzzy

logic, . a5 a solution 0 cvaluat il o on insiutions.

Using hierarchical causal links among driving forces-pressures-state-exposure-effects and a
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‘comprehensive list of indicators, this model recognizes the subjective nature of the analysis by

using fuzzy input values to assess a sustainability indez. The proposed model is more robust and

provides more rational decision-making by analyzing decisive  indicators, tradeofs, and

weighting s

itivities, establishing complex. interactions between stages, and incorporating

uncertainty-based analysis. The uD-SiM revealed that education in sustainability and global and

local trends are the major driving forces for achieving sustainability in HEIS, followed by
financial and cconomic growth rate, social equity, institutional enhancement, and energy
consumption rate. The health and safety index was the least significant input driving force. In D-
SiM, the combined contribution of education in sustainability, economic development, and social
equity was ~ 93% in HEI and the less significant driving forces in descending order were health
and safety issues, energy requirements, institutional enhancement, and international rescarch and
development trends.

In the present analysis, uncertainty is not considered in the wei

ts and “action” stage of the
DPSEEA framework. The incorporation of “action” stage of the DPSEEA framework in uD-SiM
will be covered in the following chapter o promote more comprehensive decision-making

related to HEI sustainability and to improve the understanding of complex connections among

decision act d their impacts on vari indicators.
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Chapter 5: Ranking Canadian Unive, A Quantitative Approach for

Sustainability Assessment using uD-SiM*

ABSTRACT:

This chapter introduces a model that enables a comparison between universities based on

sustainability indicators related to environmental, economic, social and educs

ional aspects. The
proposed model is based on a driving force-pressure-state-exposure-cflect-action (DPSEEA)
framework and is called uncertainty-based DPSEEA-Sustainability index Model (uD-SiM). The
uD-SiM is a causality-based approach in which the sustainability index is an outcome of
nonlinear relationships of sustainability indicators in different stages of DPSEEA. The uD-SiM

is a fuzzy based multi-criteria decision-making model and is used to evaluate sustainability of

ersities, namely, The Univer

five Canadian U iy of British Columbia, University of Toronto,

University of Alberta, McGill, and Memorial University. The final ranking results are compared

with the green report card ranking for 2010 through sustainability index. The application of
various actions and strategies that can be applied to different stages of the framework to improve
. ol Sbpiiai

in higher educ

A prtof thischapte s under review a5
‘Waheed, B., Khan, ., Veith, B., Hawbaldt, K. 2011 Ranking Canadian Universtes: A Quantiative
S y Rk

asexsment Under review:
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5.1, INTRODUCTION

The concept of sustainability has been around for many decades now. The definition of

sustainability varies depending on the context in which it is used. According to the Brundtland

report (WCED 1987), sustainability

life for the present and future generations. The most common framework that is used o illustrate.

sustainability s triple bottom line (TBL), which is about identifying improvements in the

environment, social, and economic. performance by adopting short- and long-term policy

decisions (Lozano, 2008). In TBL, the environment relates to the impacts of policy decisions on

the environment (e.g. natural resources, flora and fauna); economy relates to the impacts on ‘
financial or economical sustainability, and society relates (o the impact on a community as a

whole (e.g. public health and safety, social equity. culture) (Savitz and Weber, 2006; Mebratu,

1998). Efforts towards sustainable pathways have been gaining momentum in all disciplines and
insttutions. Ideas and new actions are being developed, tested, and disseminated by promoting
discussions 1o define the exact nature of the concept of sustainability and its effective

| implementation.

Universities all over the world are promoting sustainability on campus by reflecting it i their

missions and restructuring their research programs, curriculum, and ife style on campus, and

enhancing their trans-disciplinary activities with other societal intitutions. The efforts vary from
one campus to another; however the primary objectives of higher cducation institutions
| (particularly universites) are o educate students, preserve and advance knowledge, and find
sustainable solutions for societal problems through rescarch. A sustainable campus program
addresses all three components of the TBL approach, ie., 1) improving economic efficiency, 2)

protecting and restoring ecological systems, and 3) enhancing the well-being of all people



through (Viebahn, 2002; Clarke and Kouri, 2009; Velazquez et al 2006; Lozano, 2006a;
Stephens and Graham, 2010; Cole, 2003).

Like any other mission, the implementation of sustainability on campus has its own challenges

and limitations. The sustainable development for universities is a relatively new phenomenon
and s very challenging because of the complex set-up of universities. According to Lozano
(2006a), not only s the level of awareness among university leaders and faculty members
worldwide about sustainable development goals and its principles still low, but the progress of
implementing sustainability into their courses, curricula, research, and outreach is also evolving
slowly. Therefore, the first and foremost challenge universities are facing can be summarized as

finding ways and means for effective and efficient incorporation of sustain

iliy concepts into
policies, curricula, rescarch, outreach, and campus operations of a university (Lozano 2009). The
second challenge is establishing a system that makes sustainable development an integral part of
the university culture and creates a multplying effect within the institution and in the society as a
whole.

There is no perfect method of organizing and viewing the interconnected aspects of socio-
cconomic development, environmental impacts, and human health indicators, which are
important ingredients of sustainability measurement according o the TBL approach. This
determines the first and foremost aim of this chapter, that is, to extend these interconnected
stages through a hierarchical causal linkage framework: driving forces-pressures-state-exposure-
effects (DPSEEA). This framework helps 1o assess sustainability using a measure called
sustainability index by developing an uncertainty-based model uD-SiM, which stands for
uncertainty-based DPSEEA Sustainability Index Model. As higher education systems and

academic environments are fundamentally similar in all universities, therefore, a framework for a



given university will require similar types of indicators for sustainability assessment and
decision-making

In recent years, the emphasis of ranking charts for universiti

has changed from just providing

information about the quality and other
them on the basis of their environmental performance. - For higher education institutions, many
methods for auditing and ranking sustainability performance are available (Cole, 2003). This
includes sustainability tracking. assessment and rating system (STARS) (AASHE, 2009), and an
environmental ranking system proposed by Lukman ef al., 2010. The cleven methods analysed
by Shriberg 2002 for evaluating sustainable development at student campuses can be used for

strategic planning but not for comparing campuses. The most renowned sustainabili

ranking
card for universiies is the College Sustainability Report card or Green Report Card (2010).
Green report card is the first website that provides an in-depth sustainability profiles for
hundreds of colleges in USA and Canada. It emerged in 2007 as an iniiative of the Sustainability
Endowments Institute. It identifies colleges and universities that are leading by example in their
commitment 1o sustainability and endowment practices by considering nine criteria:

administration, climate change, food and recycling, green building, student involvement and

transportat engagement, Its weaki hat it does
not consider all university efforts toward sustainability such as education or research in

sustainability and water initiatives. Therefore, the second aim of this chapter is to demonstrate

that uD-Sil i asa ranking chart ¢ universities
toward sustainability.
“This chapter will unfold as follows: Section 5.2 explains the uD-SiM model in detail and Section

5.3 presents an analysis on Green Report card. This is followed by data verification and



application of uD-SiM in Section 5.4. The insight into the model, its use for ranking along with

improvement through actions is discussed in Section 5. The conclusions and recommendations
are presented in Section 5.6.

5.2, UNCERTAINTY BASED DPSEEA SUSTAINABILITY INDEX MODEL

Waheed e al. (20115) developed a unique decision-making model called uncertainty-based
DPSEEA Sustainability index model (uD-SiM) that assesses the performance of a higher
education institution by calculating the sustainability index. This model is based on driving
force-pressure-state-exposure-¢flect and action (DPSEEA), which is a causal framework (Figure
4.1). These are the most popular forms of indicator reporting (World Resource Institute (WRI),
2005; Organization for Economic Corporation and Development (OECD), 1999; European
Environment Agency (EEA), 2001; UN, 1996). These causality frameworks share roots in the
stress-response framework originated by Stats Canada (Friend and Rapport, 1979). Various
steps or continuums of DPSEEA provide a deeper insight into causality and especially by

bringing out the important distinction between state and impact (WHO, 2010; Corvalén ef al.,

1999; Brulming, 1997; Briges ef ., 1996; Dalal-Clayton ef al., 2002). At a macro level, changes
i society, such as population growth or income increase, may exert different and variable

pressures on the environment as driving forces. Driving forces do not necessarily lead to an

increase in cerain pressures but may lead to reductions in particular pressures. The DPSEEA
framework illustates the cause-effect relationships for various driving forces, pressures, and

states of sustainability, the impacts in the form of exposure, and the effects of these causes

hierarchical fashion. The actions to mitigate the adverse effects could be taken at various stages

of DPSEEA — driving forces (preventive action), pressures (hazard management). states

(environmental improvements), exposures (protective), o cffects. (corrective). Figure 4.1



illustrates DPSEEA for higher education institutions. Driving forces are the socio-economic and

socio-cultural forces driving. ivities, which increase or mitigate p the

environment. This provides a secondary level of analysis mainly for policy- or decision-makers.
This framework is explained in various reports by the UN Commission on Sustainable
Development (CSD, 1995). The uncertainty-based DPSEEA-Sustainabiliy index Model (uD-

SiM) can help to identify and evaluate fuzzy-based effects single and multiple effects of a

poli biliy inde: gure 4.3).
“The uncertainty uD-SiM s a linkage-based framework in which the final value of sustainability

index (S

an outcome of nonlinear effects of sustainal

ty indicators. The primary objective

is 1o develop a meaningful sustainability assessment tool for higher education

institutions to make informed decisions. The seven procedural steps of uD-SiM are explained in
the following subscetions and graphically represented in Figure 5.1

5.1 Mentification of indicators

The quantitative assessment of sustainability. requires various tiers of information that may

include obj

ives, assessment criteria, indices, indicators, and performance data or variables.
Objectives describe the broad goals set by the decision-makers and by the public o by the user
of the service. Major sustainability objectives are generally set by the triple bottom line (TBL

ie., environment, social, and econor

performance) approach. Assessment criteria, sometimes
also referred 1o as “indices” or “indicators” provide principles to establish that specified
Objectives have been met. Assessment criteria provide yardsticks against which sustainability
objectives are measured. Indicators could be leading and lagging and measurable and could be
based on various methods and frameworks. The main focus should be on the outcome of

performance as required by the Global Reporting Initiative (GRI). In this chapter, the indicators
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are selected after thorough study and are broken down under environment, economic, social and
educational categories. In addition, an informal consultation with faculty members at various

jes was performed.

Figure 5.1: Procedural steps for uD-SiM

Environmental, Economic, Social and Education
categories

Step 1

Develop causality links among various DPSEEA stages
and judging positive and negative impacts

1

Determine welghts I

step 2.

Step 3

(strength of causality)

i

Assign triangular fuzzy input (activation) values for I

driving force indicators

1

Step 5.

indicators

1

Step 6

Sustainability Index

i)

Defuzify Sustainability index

Step 7.

step 4
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‘Table 3.2 provides a comprehensive list of indicators for education, environment, social, and

for driving forces, st ind effect. For this model,
seven indicators were identified Dy - globallocal
. D; - institut L Dy- Di-
ial and i Dy~ health index, D - social equity index, and Dy
- education in i . These seven

sustainability,

. cconomic and education. Similarly, 15, 15, 12,and 7
e, state, e and ef fivel,

“The indicators identified in Table 3.2 are connected hierarchically through causal relationships
that finall lead to the quantitative assessment of sustainability. Finally, the indicators of effects

are used to estimate sustainability index (Figure 4.

5.2.2. Establishing causality

The concepts of positive and negative causality were applied to develop causality links, which
are based on connection between sustainability and quality or sustainability and pollution

parameters, respectively. For example,

pressure indicator production of greenhouse gases ()

i affected by a set of driving forces {Di-, Dy+, Dy, Dyt, Dy-}, where increases in international

research and or inabili ion (D) decrease
the production of greenhouse gases. Similarly, the driving forces Da, Ds, and Dy positively

impact Py; therefore, increase in these indi

tors increases Py, and viee versa. Similarly, a state
indicator S (concentration of greenhouse gases) s affected positively by a set of pressures {P+,

Py, Pst, Pisc}, where production of greenhouse gases (), production and consumption of

ozone-depleting substances (P), amount of energy used (Ps), while provision of services (P15)
has negative impact on S Using the same principles, connections are established between

essures and d d effe




5.2.3. Assigning weights (strengih) of causality
Many methods are available for determining the weights in multi-criteria decision-making
(MCDM), such as direct assignment, Delphi survey, pair-wise comparison, eigenvector method,
and linear programming. In this chapter, the direct assignment method is used 10 assign crisp
causality weights (w) 1o input indicators based on their relative contribution 10 a receiving
(dependent or effect) sustainabilty indicator i the next phase. For example, a pressure indicator
Py is impacted by a set of driving force indicators {D, Da, Ds, Dy, Dy}. Therefore, causality
weights are assigned to these five input indicators. The values of these weights may vary in an
interval [0 1] and are assigned in each stage of the DPSEEA framework from driving force to the

final effects and finally for the environment, economics, social, and education categories for the

sustainability index (Table 3.3). These weights can be assigned by a team of decision makers or

measured. In the present study, the weights are assigned based on relative importance of the
indicators and causal link between the indicators

5.2.4. Activating driving force based on fuzzy input values

In uD-SiM, the input values defined for driving force indicators are triangular fuzzy numbers
(TFNS) (Cullen and Frey, 1999; Zadeh, 1965). These input indicators can be “measured” or
heuristically defined values by a decision-maker. The activation level of driving forces can be
based on numerous factors identified by a specific university. The seven broad driving forces are
defined in this study. For example, “Globallocal research and development trends is a broad

term that can be a function of numerous factors that are measurable or observable, such as zero

carbon policy, LEED certified buildings, and sustainability curriculum. These factors can be

aggregated through some scoring methods to obtain activation levels for driving forces. Once

the input values are activated, the uD-SiM estimates the intermediate indicators at various stages.
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of the DPSEEA framework using fuzzy arithmetic operations. These fuzzy numbers will be able
o propagate uncertainties throughout the structure of the uD-SiM,

5.2.5. Aggregation (Inferencing)

Afier assigning weights and activating input indicators, an inference (o estimate activation for
any dependent indicator can be made by using equation 1:

AR TRLRA|
(W +wy et w)

[s51] 4

where 4, is the estimated fuzzy activ

ion level of a dependent indicator j, and 7 represents
predefined (or predetermined) fuzzy activation values of contributing sustainability indicators, w,
is the weight assigned 10 the indicator i. This formulation is valid for any dependent indicator in
pressure (), state (S), exposure (E), and effect () stages.

5.2.6. Sub-classification and sustainabiliy index

At the effects stage, indicators are sub-classified under environment, economic, social and

inabiliy of a higt itut ively, that i the
fuzzy sustainability index (ST), is calculated using the following formulation:

+ AuconWacon + AiocWios + AutsWatul

(s2) 91= 1

(Wear + Wecon + Waoe + Woga)

where A, is a fuzzy activation level of environmental effects, Ay is a fuzzy activation level of

economic effects, A,q, is a fuzzy activation level of social effects, and A,g, is a fuzzy activation

level of education effects. Fuzzy sustainability index (S1) will require a special interpretation

based on possibilty theory.



5.2.7. Defuzzification
Fuzzy defuzzification methods can be used for ranking or obtaining crisp values of fuzzy

numbers. In deficzification, the final fuzzy Sl value is converted into a crisp value (S1,). Various

techniques are used for defuzzification. Each technique extracts different levels of information
from the fiuzzy numbers (Tesfamariam and Sadi, 2006). In this chapter, Yager's centroid index
method (Yager, 1980) is used, where the centroid index is a geometric center (S1.) of the fuzzy
SL. in which the geometric center corresponds 10 a crisp (representative) value of SI on its
universe of discourse. For a given TN (a, b, ¢), Yager (1980) proposed a centroid index as

follows:

(b-a)+lc=b)

72 (b-a

where SI, is treated as a moment arm (weight function). The denominator serves as a

(53] SI

normalizing factor whose value is equal to the area under the membership function 4y, for a

given scenario. The value of SI, may be seen as the weighted mean value of the TFN of the
sustainability index (ST).

5.3, GREEN REPORT CARD

‘The Green report card is currently the most comprehensive ranking method available and applied
to North American universities. As the Green report card is originated by the endowment
insttute, it emphasizes more on the impacts of endowment practices and operations of the

university on sustainabilty (Green report card, 2010). It identifies the colleges and u

ersities

that are I

ility. It focuses on nine main criteria: administration,

ing by example on susta

climate change and energy, food and recycling, green building, student involvement,
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transportation, endowment transparency, investment priorites, and shareholders engagement

‘The methodology

ludes selection of universities, composition of four surveys (campus

operations, dining services, endowment investment practices, and student activities), data
collection and verification (survey conducted through students and administrators), assessment,
and recognition. A school’s overall grade is calculated from the grades received in nine equally-
weighted criteria. A total of 48 indicators are used o evaluate performance within the criteria.
“The Overall College Sustainability Leaders award is given to universiies that have made notable
achievements in sustainability by caming an overall grade of "A-."

“The major drawback of this ranking is that the main criteria do not encompass all sustainability
efforts in a university, such as teaching research and other academic aspects that are
recommended as core components in assessing sustainability of a campus by Lozano (2006a.5;
2010) and Lukman ef a. (2010). Moreover, water consumption and wastewater initiatives are not
considered and some of the indicators are based on qualitative definitions and are difficult to
evaluate.

Therefore, in this chapter, we are proposing uD-SiM as a ranking chart by modifying the data
obtained from Green report card and identifying the driving forces behind implementation of

sustainability in universities. For the past two decades, the commitment of Canadian universities

toward sustainability-related issues has been growing. Many universities and colleges are in

various stages of implementing sustainability inititives. A series of national and intenational

declarati sustainability i i developed, and many C:

(Cole, 2003). The most common of these declarations include the Talloires Declaration (ULSF

1990), the Kyoto Declaration, the Halifax Declaration, and the Swansea Declaration (UNESCO,
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1991, 1993a,5). Therefore, the application of uD-SiM will be verified by application to Canadian
universities only.

5.4. APPLICATION OF UD-SIM

In UD-SiM, the driving forces inputs activate the whole model systematically. In this study, it is

assumed that the cause and effect move sequentially from driving force to the effect, which
means that the driving forces activate pressures, each state is activated by one or more pressures,
an exposure is activated by one or more states, and likewise effects are activated by one or more

exposures. The uD-SiM calculates the activation for each dependent indicator based on defined

weights and fuzzy based values of activation of input

cators. It means that once the input
values are activated, the uD-SiM estimates the intermediate indicators at various stages of the

DPSEEA framework using fuzzy arithmetic operations. These fuzzy numbers will be able to

propagate uncertainties throughout the structure of the uD-SiM.
After aggregation of effcts indicators, sustainability index is calculated using Eq. [3] from the
sustainability categories — environmental, economie, social, and education — by assuming the
weights of these categories. To consolidate various input factors (D, driving forces) and their

effects on S1, this chapter focuses on establishing the driving forces for various universities by

preparing input from known data for selected Canadian universities and the Green report card for

2010, Thi 4 to rank st
S.4.1. Preparation of Data

After extensive literature review and from various auditing reports, ranking charts, and
assessment frameworks (Green report card, 2010; AASHE, 2010; Lozano, 2009; Lukmen et al.,

2010; Barth et al., 2007; Baboulet ef al., 2010; UoT, 2010; UoA, 2010; UBC, 2010; MUN,



2010; McGill, 2010), the following major decision categories for higher education institutions

(HEIS) or universities are identified:
o increasing the focus of research and curriculum on sustainabilty,

increasing community outreach, and

defining assessment measures for environmental, economic, social, and educational
efficiency and benefits.

Based on the literature rescarch and keeping in view the nine eriteia of Green report card

(2009), the criteria {X, ..., Xu} are grouped for seven driving forces of uD-SiM. Strengths

(weights) have been assigned as per their relative importance for that driving force as [0 0.1 0.2

030405 0.6 0.7 0.8 0.9] from very fow t0 extremely high. The criterion directly related t0 the

driving force s called the lead and is assigned the highest weight and the remaining criteria are

referred to as lagging. The grouping of criteria under driving forces is shown in Table 5.1 and is
explained as follow.

Dy~ Global / local research and development trends

“The criteria policy declaration (Xi) and education and research (X:) are considered for deriving
input values for Dy. Policy declaration, the lead criterion, entails demonstration of commitment
o sustainability of a university by the president (Vice Chancellor) and senior administrators
through a sustainabilit policy, adoption of sustainability related mission statements, strategic
plans, and local, national, and intemational agreements such as the Talloires Declaration. It

shows the commitment of the university administration toward sustainabil

tatives by

integrating sustainability efforts from all stakeholders into an advisory council. The education

‘and research (X;) factor focuses on the following key arcas:
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© Research: it is further divided into rescarch, publications, and funding for sustainability
Research includes research related to sustainability, identification and involvement of
faculty, departments doing research related 1o sustainability, rescarch incentives, and

interdisciplinary research in tenure and promotion.

. oa courses or lable for stud

©  Cocuriculum activities: it includes student sustainability educators program,
sustainability in new student orientation, sustainability material and publications, and
student sustainability outreach program.

Based on the relative importance, the weights assigned to X; and ¥; are 1 and 0.8, respectively.

D~ Institutional enhancement

As insttutional enhancement depends on investment priorities such as sharcholder advocacy,

investments, . and sharcholders’ engagement; green
building criteria for all construction and renovations on a campus. The emphasis on LEED
building standards, tracking of greenhouse gas emissions inventory, plans for reduction, and

energy efficiency is also important. Therefore, the criteria that contribute signif

cantly to Dy are

cate as t priorities (Xs); buildings, i X); and climate

change and energy (Xs). The weights

igned (0 X, Xi, and Xs are [1 0.5 08, respectively,
where Xi is assigned a maximum value because of its direct relation with instiutional
enhancement.

Dy~ Annual energy consumption rate

The criteria considered for obtaining inputs for D include

«  Transportation (X is defined as campus motor fleet based on clean-burning fuels or

electriity, local transportation alternatives, bicycle programs, car-pooling and planning of

m



policies to di par

transportation.

© Waste reduction and recycling (X;) incorporates food purchase of organic, fair trade, or

other sustainable food products, recy

wastes, and source reduction.

2 of food, other traditional materials, clectronic

‘Table 5.1: Data preparation for driving forces

Criteria.

Globallocal rescarch development rends (D)

Poliy and declaration

Education and rescarch 08
Tnstitutional enbancemen (1)

Investment pririies % '

Buidings,operatons, and mainenance X 05

Climate change and enerey X o8
Annual energy consumption e (D)

Buildings, operations, and maintenance x 07

Climate change and enerzy % '

Transportation X 05

Wase reducton and recycling ) 08

Waler conservation % 07
Financial cconomic growh rate (D)

Investment pririies X |

Buidings,operatons, and maintenance X 07

Climate hange and enerey X 06

Waterconservaton % 05
Healh and safey (D)

Investment prioriies 9 08

Planning,administration, and engagement Y '

Transportation X% 03

Buildings, operations, and maintenance X 07
Social activtyindex (D)

Transportation % 07

Waste reduction and recycing. % 09

Planning, adminisiration, and engagement X '
“Trend n education sustainability (D7)

Education and research X '

Planning, adminisrati X 0




ion and storm  water

© Water conservation (Xs) entails initatives for water consumy

*  Building, operations and maintenance (X) relates 1o green building criteria for all

—_ 7 has LEJ

“The weights assigned to Xi, Xs, Xo, X7,and Xy are [0.7 1, 0.5, 0.8, 0.7, respectively.
D~ Financial /economic growth rate

“The lead criterion investment priorities X; is assigned the full weight of 1. while building
operations X is weighted as 0.7, followed by climate change and energy Xs at 0.6, and water
conservation Xy at0.5.

Dy~ Health and safety

“The lead criterion for this driving force is Planning, adminisiration, and engagement (Xs)
because it includes coordination and planning, diversity and affordability, human resources,

public engagement, and student engagement. Sustainability coordination and facilitating student

participation in institutional decision-making are also related 1o sustainabiliy. The weight
assigned to this criterion s 1. The lagging criteria for Ds are investment prioriies X, building
operations and maintenance Xe, and transportation X

Dy Social activity index

“The lead criterion for Dy is planning, administration, and engagement X, The rem:

reccived from waste reduction and recyeling X7, and transportation X;.

D;~ Trends of education in sustainability

“The lead conteibutor for Dy is education and research X; and the remaining input comes from

planning, administration and engagement X;.
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5.4.2. Activation

After the weights are established for various factors, the next step i to develop input activation
values for driving forces for five universities in Canada, namely, Memorial University (MUN),

The University of British Columbia (UBC

). University of Toronto (UoT), University of Alberta

(UoA). and MeGill. Allowing for the fact that universiies do not post data o the inteme every
year, the latest available data was taken into consideration during the research. The input
activation values defined for driving force indicators are triangular fuzzy numbers (TFNs)
instead of deterministic values. As shown in Section 5.4.1, the TN driving forces for the five
universities are obtained from the Green report card for these universities and also through
extensive web-search (UBC, 2010; UoT, 2010; UoA, 2010; MeGill, 2010; MUN, 2010). It is

the

found that the sustainability initiative at MUN is relatively new and it did not participate

Green report card ranking for 2010, thercfore, the data obtained for MUN for this rescarch were

obtained through the website and by informal discussion with the faculty. The conversion of

ureen card report rankings into numerical triangular fuzzy numbers is shown in Table 5.2, For

X, the information was not found in the green report card for 2010, therefore the sustainability

office website of the five selected universities was thoroughly reviewed.

‘onversion of green report card ranking into numerical triangular fuzzy based

Linguistic deseriptor Fuzzy activation level (4)

T ranking A ©9.1.1)
08— ranking B ©7,08.09)
0.6 ranking C 05,06.07)
0.4-ranking D 03,04,05)
02~ ranking E ©1,02,03)
0.0~ ranking F ©.0.01)
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“The information related to the above three main items (research, curriculum and co-curriculum)

were investigated and it was found that UBC's sustainability websi

provides thorough
information 0 all stakeholders including students, faculty, staf, and social groups about the
academic programs in education and research related to sustainability and also the link to all
relevant courses. Therefore, it was be assigned a value of (0.9, 1, 1]. The information related to
research and courses available for sustainability was not comprehensive for the remaining four
universities in comparison to the UBC. Therefore, for UoA, UoF., and McGill the values were

assigned as (0.7, 0.8, 0.9]. Memorial University, on the other hand, has a comparatively recent

sustainability initiative and there is not enough information available; therefore the activation

value was assigned as [0.3, 04, 0.5]. The information available for water-related initiatives for

all five universities was limited, 5o the activation values were assumed as [0.5, 0.6, 0.7] for all

universities. Similarly, the numerical averages were taken when two or three different ranks were
transferred from Green report card to a TFN used in uD-SiM.

5.4.3. Aggregation

Aggregation is the process by which fuzzy sets that represent the input indicators are combined
or inferred as a single fuzzy set. Using a simple weighted average method, an input activation

Tevel for driving forces is obtained by using the following equatior

£yt w8yt wo L]

e TR T 1)

where Ay is the estimated fuzzy activation level of a driving force i, and £ are the fuzzy
activation values of the factors contributing to driving forces, w, s the weight assigned o the

factor i. As a result of this aggregation, fuzzy-based activation inputs are obtained for the five

11s
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Canadian ities, as shown in Table 5.3. These ivation level for the

application of uD-SiM to the various universites under consideration.
5.4.4. Application of ub-SiM to Canadian Universities

Using input activation levels obtained through data. preparation, uD-SiM was simulated
following the steps explained in Section 5.4 for Memorial Uriversity (MUN), The University of
British Columbia (UBC), University of Alberta (UoA), University of Toronto (UoT). and
McGill. The resulting sustainability index obtained is pesented in Figure 52. It s found tha the
defuzzified Sl, was 0.9 for UBC and the smallest base width for UBC indicates lowest
uncertainty for this university. Therefore, SI, was highest for UBC at 090, followed by McGill
410,87, UoA at 0.87, UoT at 0.84, and MUN at 0.57 (Table 5.4).

Tt can be seen that the overal rankings of UBC, UoA, and MGl were similar (B+) under the
‘reen report card ranking. The difference between uD-SM ranking and Green report card could

be at

uted 10 the fact that the green report did not consider the water use and education in
sustainability (Table 5.4). The uD-SIM ranking provides a quantitative evaluation of
sustainability as compared to green report card ranking. Morcover, the inclusion of nitiaives in
education and water i ihis study has provided a more comprehensive sustainabilty based
ranking,

5.5 DISCUSSION

This chapter ranks universities and demonsirates the use of uD-SiM as a decision making tool.

‘The uD-SiM examines universities based on educational, environmental, social, and economic
categories. The proposed model allows better understanding of the efforts of HEISs toward
sustainability in a hierarchical causal linkage system and further provides opportunities for

improvement or control strategies at any level of the model.
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Figure 5.2: Sustainabilty index for Canadian Universities
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Table 5.3: Fuzzy-based activation input

Oriving forces [T

o1

TZ-zZ-rTTrIZc-oTEZ-oIE-TE~
B

Noter - Tow VEmostsppropriate 1

Table 5.4: C 1 UD-SiM

Universities _ Green Report Card (Overall)  uD-SiM (SL).
The University o Britsh Columbia B 090
University of Toronto B 084
University of Alberta o087
MeGillUniversity 087
Memorial Universty - 057

Fuzzy-based Susainablity index calulatd by using equation 5.3
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‘The uD-SiM is primarily a decision making tool that enables control strategies and decision
actions to be taken at any stage of the DPSEEA framework to improve the overall sustainability

index. If the estimated sustainability index is lower than the desired value, proper “actions” are

selected (e.g., least cost, most effective) to avoid any serious adverse effect on the public and

environment. As the linkages between the different levels in the DPSEEA framework are the
focus of quanttative research and assessing the sustainability for an insttution (University
campus in this case), various actions can be implemented at different stages of the framework
and may take a variety of forms, including prevention (policy development, standard setting),

hazard management (reduction in- emissions), improvement (technical control measures),

P i and s treatment 1.
Generally, environmental rescarch focuses on linking pressure and state levels, human health
rescarch focuses on the links between state and exposure, and environmental epidemiology deals
primarily with the exposure (o effect linkages (Corvalin ef al., 1999). The traditional way of
analyzing data and taking action at the immediate or end levels does not encourage a broader
analysis of the consequences for policy and prevention. Meaningful interpretation of any
indicator in the framework in relation o decision making about policies or actions should be
based on an understanding of these linkages.

In the short-term, actions are often corrective or remedial at the “effect” stage, such as providing

health care for individuals affected by poor air quality or treating waste. Actions for the long

term can be various protective measures (0 reduce exposure, water saving s

gies and waste
minimization. The most effective long-term interventions aim at eliminating or reducing the

effects of the d

ing forces or the environmental pressures that cause the hazards. Interventions

at the level of driving forces often have multple implications, because major driving forces exert

1




influence through several causal pathways. Sometimes this can multiply benefits, but care must
be taken that the overall impact is beneficial.

1t can be observed from the ranking of universities through uD-SiM that sustainability index of
MUN needs improvement. To increase the SI, from 0.57 to 0.90 (Figure 5.3), various actions at

dif

nt stages of the framework (Table 5.5) are required. An action such as developing a policy
at the highest administration level for more sustainability related courses and initiatives will
enhance the sustainability index for the university. Similarly, the commitment of university

nior managemen, as well as energy saving initiatives, willincrease sustainability indes. If the

financial accounting is integrated with the uD-SiM, the model will guide informed decision-

ing and help in selecting effective and timely interventions. Actions like reduction in energy
usage can only be effective in the long-term for economic growth though they take a relatively
Tong time to implement and even longer time to produce results.

Figure 5.3: Application of actions to improve sustainability index (SI)

10
Sustainabilly index of UBC:
090
Increased Sustainabilty index
of MUN 062 t
Sustainabilty index of MUN 057 % Decision actions
Control strategies
g Interventions
00
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“The basic rule for the selection of a specific “action” A, will be to maximize Index Change (IC)

—((S1danee v
3 i, (e~ )

where (51, )gagore 5 the defuzzified sustainability index before taking an “action” and

(S1) ates

the defuzzified sustainability index after taking an “action’

‘The uD-SiM can be first used to estimate (SI,Jputore . ic.. the “control” value of sustainability
index (status quo or baseline condition). To demonstrate the impact of sclected preventive
actions on sustainability index value, three driving forces D, Ds and Dy are changed and results
are summarized in Table 5.6. A suitable action at one stage or combination of actions at various

stages will lead 10 an optimal solution that guarantees an improvement in the overall

y
5.6. CONCLUSIONS AND RECOMMENDATIONS

“The decision-making tool uD-SiM, based on DPSEEA coupled with MCDM and fuzzy logic, is
proposed as a solution to establishing a sustainability index for higher education instiutions. In

this chapter, it is established that this model can provide objective perspective in ranking

universities because it allows the decision makers (0 better understand the hierarchical
perspective of various levels on the final index. Moreover, this fuzzy-based model can be
effectively applied to foster improvement by promoting action at any level of DSPSEEA. Better
policies can definitely lead toward longer-term, broad-spectrum interventions and long-term
solutions by evaluating the driving forces operating in an institution. To implement proactive
preventive approaches, development policies and planning need a long time horizon. It can be

observed that those universities where sustainabil

is an integral part of the planning and
decision making, and where initiaives related to sustainability started decades ago have higher
sustainability indices.
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‘Table 5.6: Result of various actions on Sustai

ity index (S1) for Memorial University

4 10% increase in niiatives for Education in Susainabilty Dy 369

= 20% ncrease n initiatives for Dy 735

4 10% increase in niiative for reducing energy requirements Dy 0.69

A 10% increase in globalocal research development rends Dy 129

4 20% ncrease n input for globallocal research development e
rends D;

(aetors
Clearly, further studies are needed to improve the uD-SiM by better and more comprehensive
selection of indicators and assignment of weights. Application of uncertainty to the weights of

indicators at various levels of DPSEEA and financial accounting will enhance the model and its

pabil i . onsi
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Chapter 6: Conclusions and Recommendations
“This chapter provides conclusions drawn from the rescarch work. Some recommendations for
future rescarch have also been provided.

6.1 SUMMARY AND CONCLUSIONS.

=

of several h frameworks
of sustainable development, such as life-cycle assessment, objective-based framework, impact-
based framework and stakeholder-based framework, the author found that these frameworks lack

fle

lity 1o be used in various disciplines with a unified interpretation. Each has its own
advantages and disadvantages to deal with different issues of sustainability effectively. The
linkage-based frameworks have been found extremely useful in management and policy-making
in health, agriculture, and mining sectors. The DPSEEA framework is even one step ahead
because of its similarity with ecological and human health risk assessment and risk management
paradigms and also its capability to split impacts into exposure and effect, thereby enhancing

decision-making with regards to environmental as well as cconomic and social aspects. In this

research, it has been shown that the DPSEEA framework in combination with other analytical
methods, such as impact-based analysis (TBL), multi-criteria decision analysis and risk analysis,
can be very useful for quantitaive assessment of sustainabiliy.

HEIS are selected for this research because application of sustainable development for HEIS is a
relatively new phenomenon and is very challenging because of the complex administrative set-up
of universites. The main challenges facing universities can be summarized as (1) finding ways

and means for effective and effi

W incorporation of sustainability concepts into the pragmatic

policies, education, research, outreach, and day-to-day university campus operations, and (2)



establishing a system that makes sustainable development an integral part of the university
culture and society as a whole.
The proposed modelling framework provides a unique sustainability assessment tool that

enhances the understanding of causal relationships among various sustainability indicators and

the effects of decision actions on overall sustainability improvement. This model considers the

environmental, social, and economic dimensions and overall educational performance. Through

extending
exposure-cflects, a comprehensive list of indicators for the modelling framework is developed to
assess sustainability using a surrogate measure - sustainability index. This study was conducted

in four phases: (1) literature review and a selection of suitable quantittive framework for

sustainability assessment, (2) development of the D-SiM model for quanttative assessment of
sustainability of HEIS, (3) extension of the model to consider uncertainties in the analysis by

developing uncertainty-based D-SiM (uD-SiM) and (4) application of uD-SiM for the selected

Canadian universities and  determination of ~decision-action impacts onsustainability
improvement of HEIs. Major conclusions of this study are:

ria decision-

+ A linkage-based framework DPSEEA can be integrated with multi-
making 100l to develop a causal model that can predict the sustainabilty of a HEI and its
improvement based on continuum of performance indicators. The main strength of the
proposed modelling approach isits flexibility and transparency that cnable the inclusion of
additional indicators if required.

+ The proposed model provides a scheme to estimate sustainability of HEI as a snapshot,

if|



The ANOVA-based sensitivity analysis results of the D-SiM model reveal that driving

forces, such as economic development, social equity and education in sustaina
collectively contribute more than 90% to the sustainability index of HEISs. Other driving
forces, including health and safety index, annual energy consumption, institutional
enhancement and global and local rescarch & development rends, constitute the remaining
contribution.

“The simulation-based sensitivity analysis of uD-SiM models concludes that driving forces,
such as “education in sustainability” and “globallocal research and development trends”
collectively contribute more than 70% to the sustainability index of HEIS. The difference
in percent contributions of D-SiM and uD-SiM is due to the type of sensitivity methods

employed in both models. However, “education in sustainabilty” is identiied to be an

important driving force for the sustainability of HEI regardless of the type of sensitivity

method used.

The proposed models provide unique and objective ways of ranking universities on the
basis of sustainability index that can be easily compared with Green Report Card and

AASHE's STAR ranking systems. The proposed ranking system highlights the

opportunities for identifying key indicators of HEI sustainability and fosters the

improvement. For example, the SI for Memorial University was comparatively low

because of its relatively inability initati ing Canadian

universities. It can also be concluded that the appl

management strategies that can enhance “education in sustainability trends” and
“global/local research and development trends” will substantially improve the overall
sustainability of an HEL

16



6.2. RECOM

DATIONS

Based on this thesis, be made for the

I the present form, the D-SiM and uD-SiM models consider causal relationships in series
from driving force (0 pressure, pressure 10 state, state (o exposure, and exposure (o effect.
“The limitation of the model in the present form is that the interactions among various
indicators at a given level are not considered, which may introduce uncertanties in the

results. The proposed methodology can be improved by considering dependency

relationships among indicators at a specific level,

“The causal weights used in this research are derived based on a limited number of experts.
This limitation can be avoided by group decision-making using more experts from
different fields and incorporating AHP approach to check the consistency of the answers.

Uncertainties related to causal weights are not considered in this research. A fuzzy-based

R " J s in the

i actions and control strategies at various stages have different effects on the
improvement of sustainability of an HEI. Further research s required to integrate the cost
of these decision actions on the improvement and perform a comprchensive cost-benefit
analysis.

The proposed models have been developed specifically for HEL The conceptual
framework can be adjusted to any public insitution (¢.g., hospitals, schools, libraries) or in
the field of engineering provided that the continuum (as cause-effects) of relevant

performance indicators is available.



References

AASHE. 2009. Sustainability tracking, assessment and rating system (STARS). Available at
hutps:/stars aashe.ore/. Accessed on | November 2010,

Ahammed, M. and Melchers, RE. 1994. Reliability of underground pipelines subject to
corrosion, Journal of Transporiation Engineering. 120(6): 989-1002.

Alberti, M. 1996. Measuring urban sustainability. Emvironmental Impact Assessment Revie. 16:
381424,

Alegre, H. 1999. Performance Indicators for Water Supply Systems ~ Current Trends and On-
‘going Projects, Drought Management Planning in Water Supply Systems; Carbera, E., Garcia-
Sera, ., Eds.; Kluwer Academic Publishers: The Netherlands. pp. 148-178.

Alshuwaikhat, HM., and Abubakar, 1. 2008. An integrated approach to achieving campus
sustainability: assessment of the current campus environmental management practices,
Journal of Cleaner Production. 16(16): 1711-1822.

Ang, AH-S. and Tang, W.H. 2007. Probability Concepts in Engineering: Emphasis on
Applications to Civil and Environmental Engineering (v. 1). Published by John Wiley &

Sons. Inc.
Asgharpour, M.J. 1998, King, Tehran Uy
Ashley, R., and Hopkinson, P. 2002. Sewer systems and performance indicators — Into the 21

century. Urban Water. 4(2): 123-135.

Baboulet 0. and Lenzen M2010. Evaluating the environmental performance of a university.
Journal of Cleaner Production. 18:1134-1141

Balkema, AL, Preisig, HA, Otterpohl, R.. and Lambert, FLD. 2002. Indicators for the

nability assessment of wastewater systems. Urban Water. 4: 153-161
Bames P, and Jerman P. 2002. Developing an environmental management system for a multiple-
university consortium. Journal of Cleaner Production. 10(1): pp 34

Barrera-Roldan, A. and Saldivar-Valdes, A. 2002. Proposal and application of a sustainable
development index. Ecological Indicators. 2, 251-256.

Barth, M., Godemann, J., Rieckmann, M., and Stoltenberg, U. 2007. Developing key
competemcies for sustainable development in higher education. International Journal of

Sustainabiliy for Higher Education. 8(4):416-430.



Becker, B. 1997. Sustainability Assessment: A review of values, concepts, and methodological
approaches. Issues in Agriculture 10. The Consultative Group on Intemational Agriculture
reseacrch (CGIAR) Secretariat. The World Bank, Washington, D.C. 63-67pp.

Belton, V. and Stewart, T. 2002. Multiple Criteria Decision Analysis An Integrated Approach,
Kluwer Academic Publishers: Boston, MA.

Briges D, Corvalin C, Nurminen M, eds. 1996, Linkage Methods for Environment and Health
Analysis: General Guidelines. Geneva: World Health Organization.

Brulming E. 1997, Injuries and deaths on the roads: an intemational perspective. In: Fletcher T,
McMichael Aj. Health at the Crossroads: Transport Policy and Urban Health. Chichester,
United Kingdom: John Wiley and Sons, 1997:109-121.

CEC. 2006. Toxic Chemicals and Children’s Health in North America: A Call for Efforts to
Determine the Sources, Levels of Exposure, and Risks that Industrial Chemicals pose to
Children’s Health. Commission for Environmental Cooperation (CEC), Project Report. May
2006

Chen, S.H. 1985. Ranking fuzzy Numbers with Maximising Set and Minimising Set, Fizzzy
Systems. 172): 113-129,

Chen, S.J. and Hwang, C.L. 1992. Fuzzy Multiple Attribute Decision-Making. Springer-
Vaerlag, NY.

Clarke, A.. and Kouri, R. 2009. Chor
management system. Journal of Cleaner Production. 17: 971-984.

‘& an appropriate university or college environmental

Cole L. 2003. Assessing sustainability on Canadian University campuses: development of
campus sustainability assessment framework. Canadas Royal Roads University,
. and Smith K.R. 1999. Health, Environment and Sustainable

Corvalin, C.F., Kjellstrom,
Development. Identifying Links and Indicators to Promote Action. Epidemiology. 10(S): 656-
670.

CSD. 1995, Indicators of Sustainable Development — Guidelines and Methodologies
(htp/swww.un.org/esa/sustdev/). United Nations. New York.

Cullen, A.C. and Frey, H.C. 1999. Probabilistic techniques in exposure assessment: a handbook

for dealing with variability and uncertainty in models and inputs, Plenum Press: New York,
352pp.



Dalal-Clayton B and Bass S. 2002. Sustainable development strategies. st ed. London:
Earthscan Publications Lid; 2002. p. 358.

Dempster, A. 1967. Upper and lower probabilities induced by a multi-valued mapping. The
Annals of Statstics. 28: 325-339.

Dubois, F. and Parade, H. 1988. Possibility theory: an approach to computerized processing of
uncertainty. Plenum Press, New York.

Edwin, K.L.T. 2002, Challenges in using environmental indicators for measuring sustainability

tices. Journal of z 17425,
EEA. 1999, Environment in the European Union at the tum of the century, Report 2. European

Environment Agency. Copenhagen, Denmark.

EEA. 2001 Environmental signals 2001, Report 8. European Environment Agency.
Copenhagen, Denmark.

‘enHealth Council. 2002. Developing national environmental health indicators. Discussion Paper,

Environmental Defense. 1999. Environmental Sustainability Kit. Pollution Prevention Alliance,
United States.

ESR. 2005. Developing National Environmental Health Indicators for New Zealand; Khan, R..
Voice, T., Philips, D., Eds.; Ministry of Health New Zealand: Auckland.

Evangelinos, K.I, Jones, N., and Panoriou,

U, 2009 Challenges and opportunities for
sustainability in regional universities: a case study in Mytilene, Greece. Journal of Cleaner
Production. 17(12):1154-1161.

Ferson, ., Hajagos, J., Berleant, D., and Zhang, J. 2004a. Dependence in Dempster-Shafer
‘Theory and Probabilty Bounds Analysis, Sandia National Laboratories, US.

Ferson, 5. Joslyn, C.A., Helton, J.C., Oberkampf, W.L. and Sentz, K. 20045, Summary from the
epistemic uncertainty workshop: consensus amid diversity. Reliability Engincering & System
Safety. 85: 355-369.

Foxon, T.J; Mellkenny, G.; Gilmour, D.; Oltean-Dumbrava, C.; Souter, N.; Ashley, R.; Butler,
D Pearson, P; Jowit, P.; Moir, J. 2002. Sustainability criteria or decision support in the UK.

45,285-301.

Friend, A., and Rapport, D .1979. Towards a comprehensive framework for environmental
statistcs: a stress-response approach. Statsties Canada.

10



Fassel, H-M., and Klein, R.J.T. 2004. Conceptual frameworks of adaptation to climate change
and their applicability to human health. PIK report.
Gibson R.B. 2000, Specification of Sustainability-Based Environmental Assessment Decision

Criteria and Implications for Determining *Significance” in Environmental Assessment.
Canadian ~ Environmental ~ Assessment  Agency:  2000.  Available  online:
hitp/swwww.cesa.ge.ca/01 S1001/009/1_e him (Accessed on 12 December 2008)

Gilbert, R., and Tanguay, H. 2000. Brief review of some relevant worldwide activity and

development of an initi tors. Sustainable Transportation Performance
e 'ST), Toronto.

i
Goognough, T., Kildegaard, A., Kuchenreuther, M., Rasmussen, L. and WyckofT, P. 2009.

long list of i

tive at the University of Minnesota,
Morris. Journal of Cleaner Production, 17(1

Green Report  Card. 2010, Green  report for 2010, Available  online:
hitp/ s greenreportcard org. Accessed on | November 2010,

GRI. 2006. Sustainability reporting guidelines. Global Reporting Initiaive.

Guio-Torres, D.M. 2006, Sustainabilty Indicators for Assessment of Urban Water Systems: The
need for a common ground. First SWITCH Scientific Meeting University of Birmingham,
UK 910 Jan 2006 hups/wwwswitchurbanwater.eu/outputs/pdfs/ WP1-
1_PAP_Sustainability_indicators_for_assessment_of UWS.pdf. (Acces
2008).

Guyonnet, D, Come, B., Perrochet, P., and Parriaux, A. 1999, Comparing two methods for

d on 15 December

addressing uncertainty in risk assessments. Journal of Environmental Engineering, 125(7):
660-666.
Hacking, T. and Guthrie, P. 2008. A framework for clarifying the meaning of Triple Bottom

ine, Integrated, and Sustainability Assessment. Environmental Impact Assessment Review:
(28739,

Haimes, Y.Y. 1992, Sustainable development: a holistic approach to natural resource
management, IEEE Transactions on Systems, Man, and Cybernetics, 22(3): $13-417.

Hammonds, 1., Hoffman, F.0. and Bartell, S.M. 1994. An
analysis in environmental health and risk assessment, §
™

roductory guide to uncertainty
ES Osk Ridge, Inc., Oak Ridge,




Hellsustm, D., Jeppsson. U. s of

d Karmman, E. 2000. A framework for systems analy

sustainable urban water management. Emvironmental Impact Assessment Review. 20: 311~
321

Hwang CL.
Mathematical models for decision support, Mita G (ed), Springer-Verlag. Berlin-
Heidelberg,

Iman, RL. and Helton,

and Lin ML. 1987. Group decision-making under multiple-criteria, /n

C. 1988. An investigation of uncertainty and sensitivity analysis
techniques of computer models, Risk Analysis. 8(1): 71-90.

Jabareen, Y. 2008. A new conceptual framework for sustainable development. Emvironment
Development and Sustainabiliy. 10, 179-192

Jeon, CM. and Amekudzi, A. 2005. Addressing sustainability in transportation system:
definitions, indicators, and metrics. Journal of infrastructure systems. ASCE 2005, 11(1):31-
50

Kenway, S, Howe, C., and Maheepala, S. 2007. Triple bottom line reporting of sustainable water

utlity performance, AwwaRF and CSIRO, IWA Publishing, USA.
Khan, F.I, Sadiq, R., and Husain, T. 2002. GreenPro-|

A risk-based life cycle assessment and
decision-making methodology for process plant design. Environmental Modelling Sofiware.
17, 669-691

Khan, F.L, Sadiq, R., and Veitch, B. 2004, Life-cycle index (LInX): a new indexing procedure
for process, and product design and decision-making. Journal of Cleaner Production. 2004,
12,59-76.

Kiellsriim T, Corvalin C. 1995. Framework for the development of environmental health
indicators. World Health Stat Q; 48:144-154,

Klir, G.J. 1995. Principles of uncertainty: what are they? why do we need them? Fuzzy Sets and
Systems. 74: 1531,

Klir, G.J., and Yuan, B. 1995. Fuzzy sets and fuzzy logic - theory and applications. Prentice-
Hall, Inc., Englewood Cliffs, New Jersey.

Koester, RJ., Eflin 1, Vann, J. 2006. Greening of the campus:
Journal of Cleaner Production. 14: 769-T79,

a whole-systems approach.

Lee, H.-M. 1996. Applying fuzzy set theory to evaluate the rate of aggregative risk in software
development. Fiezzy Sets and Systems. 79: 323-336.



Lidgren, A., Rodhe, H., Huisingh, D. 2006. A systematic approach to incorporate sustainability
into university courses and curicula. Journal of Cleaner Production. 14: 797-809.

Litman, T. 2008, Sustainable transporation indicators - A Recommended Rescarch Program For
Developing Sustainable Transportation Indicators and Data. Victoria Transport Policy
Institate (VTP
(hitp://www. vipi org/sustain/sti pd). Accessed on 15 December 2008.

Loucks, D.P. Stakhiv, E.Z. and Martin, L.R. 2000. Sustainable water resources management.
Journal of Water Resources Planning and Management. 126, 43-47.

ictoria,  Canada  Victoria  Transport  Policy  Instiute.

Lozano, R. 2006. A tool for a graphical assessment of sustainability in universities (GASU).
Journal of Cleaner Production. 14: 963-972.

Lozano, R. 2006a. A tool for a graphical assessment of sustainability in universities (GASU).
Journal of Cleaner Production. 14(2): 963-972.

Lozano, R. 2006b. Incorporation and instiutionalization of SD into universiies: breaking
through barriers to change. Journal of Cleaner Production. 14(3): 786-796.

Lozano, R. 2008. Developing collaborative and sustainable organizations. Journal of Cleaner
Production. 16(4): 499-509.

Lozano, R. 2009, Diffusion of sustainable development in universities’ curricula: an empirical

: 637-644.

example from Car

Lukman, R, Krajne, D, and Glayi
environmental indicators. Journal of Cleaner Production, 18 (2010): 619-625.

Maclaren, V. 1996. Developing Indicators of Urban Sustainabili
Experience. Intergovemmental Committee on Urban and Regional Research (ICURR) Press:
Toronto, ON, Canada.

Margerum, R.D. 1999. Integrated environmental management: the foundations for successful

University. Journal of Cleaner Production. |

P.2010. University ranking using rescarch, educational and

A Focus on the Canadian

practce. Emironmental Management. 242): 151-166

Maxwell, RM. and Kastenberg, W.E. 1999. Stochastic environmental risk analysis: an integrated
methodology for predicting cancer risk from contaminated groundwater, Stochastic
Environmental Research and Risk Assessment. 13(1-2): 27-47.

MCGill. 2010. Available at htp://www.megill ca/sustainability/. Accessed on | November 2010

MeLaren, R.A. P.,1999. Data K




Mebratu, D. 1998, Sustainabil i historical review.

Environmental Impact Assessment Review. 18: 493-520.
Michnik, 1., and Tezaskalik, T. 2002. Multiple-objective and Goal Programming: Recent
in Soft Computing), Spri lag, Heidelberg.

MUN. 2010. Available at http://www.mun.ca/sustain/sustainability_office/. Accessed on |
November 2010.
Munda G. 1995, Muli critei on ina i i , Heidelberg.

Newman L. 2006. Change, uncertainty, and futures of sustainable development. Futures,
38(5):633.

r, D. and de Groot, R. 2008. Framing environmental indicators: moving from causal

o causal networks. Environment Development and Sustainabiliy. 10: 89-106.

OECD. 1991. Environmental Indicators: A Preliminary Set. OECD: Paris, France.

OECD.1999. Towards Sustainable Development: Indicators to Measure Progress, Organisation
for Economic Co-operation and Development (OECD) Conference, Rome, 15-17, December
1999.

Orr D. 1991, What s education for? Six myths about the foundations of modem education, and
six new principles to replace them. In: Orr D, editor. The leaming revolution-education
innovations for global citizens. Winter and context institute. P. 52. Accessed on 22 April
2009 at hitps/www.contextorg/ ICLIB/IC27/Ore i 1991

Pearce, AR, and Vanegas, J.A. 2002, Defining sustaina
b ! of 2:94.113,

iy for built environment systems.

Pearce, D. and Tumer, R K. 1990. Economics of Natural Resources and the Environment. Johns

ore, MD, USA, 1990; p. 44.

Phillis, Y.A. and Andriantiatsaholiniaina, L.A. 2001. Sustainability: an ill-defined concept and

Ecological Economics. 37: 435456

Pintér, L.; Hardi, P; and Bartelmus, P. 2005, Indicators of Sustainable Development: Proposals
for a Way Forward (Discussion Paper Prepared under a Consulting Agreement on behalf of
the UN Di

Hopkins University Press: Balti

its assessment using fuzzy logi

for Sustainable Development). Published by Intemational Institute for
Sustainable Development (1ISD).

Pope, J; Annandale, D Morrison-Saunders, A. 2004. Conceptualizing sustainability
assessment. Environmental Impact Assessment Review. 24, 595-616.

154



Prugh T, Costanza R, Daly HE. 2000. The local politics of global sustainability. Washington,
DC: Island Press.

Raval. P.. and Donnelly. T. 2002. Multi-criteria decis

ings of the Joint ASCE-EWRI Water Resources

Planning and Management Conference. Roanoke, Va. 19-22, May 2002. ASCE. New York.

o making for wastewater systems using

sustainability as a eriterion. /n Proces

Pp. 1-10.

Rodrigucz. 5.1, Roman, M.S.. Sturhahn, S.C., Terry, E.H. 2002. Sustainability Assessment and
Reporting for the University of Michigan's Ann Arbor Campus. Master's thesis. University of
Michigan-Ann Arbor. April 2002

Sadiq, R., and Tesfamariam, S. 2007. Ordered weighted averaging (OWA) operators for

developing water quality indices using probabilistic density functions, European Journal of
Operation Research, 182(3): 1350-1368.
Sadiq, R Khan, F.L; and Veitch, B. 2005. Greenpro-I: a risk-based lfe cycle assessment
methodology for green and clean process selection and design decision-making. Computers
‘and Chemical Enginecring. (29): 1023-1039.
ler, B. 1999, A Framework for Environmental Sustainability Assessment and Assurance. In

Handbook of Environmental Impact Assessment; Pets, J., Ed.; Blackwell: Oxford. UK,
Volume 1. pp. 12-32.

Sahely, H.J
urban

Kennedy, C.A; and Adams, B.A. 2005. Developing sustainabiliy criteria for

frastructure systems. Canadian Journal of Civil Engineering. 32, 72-85.

itz A.W. and Weber, K. 2006. The Triple Bottom Line: How Today's Best-Run Companies

and Environmental Success - and How You Can Too. John

Are Achieving Economic, Soci
Wiley & Sons, Inc. San Francisco, USA.

SEL 2009. The College Sustainability Report Card 20/0. Sustainable Endowments Insitute.
Accessed on October 2009. Available at hitp://www greenreportcard.org/about/sustainable-

SETAC. 1991 A Technological Framework for Life Cycle Assessment. Society of
Environmental Toxicology and chemistry (SETAC): Washington, DC, USA.
‘Shafer, G. 1976. A Mathematical Theory of Evidence. Princeton University Press, Princeton,

Shriberg M. 2002. Institutional assessment tools for sustainability in higher  education.
International Journal of Sustainability in Higher Education 33):41-45.



Singh, RS Murty, H

Gupta, SK.; Dikshit, AK. 2009. An overview of sustainabilty
assessment methodologies. Ecological Indicators.9: 189-212.
Stephens, J.C. and Graham, A.C. 2010, Toward an empi d for sustainability in

higher education: exploring the transition management framework. Journal of Cleaner
Production. 18: 611-618

Tesfamariam, ., and Sadiq, R. 2006. Risk-based environmental decision-making using fuzzy
analytic hierarchy process (F-AHP), Stochastic Environmental Rescarch and Risk Assessment.
21(1):35-50.

Transport Canada. 2001, Sustainable development strategy 2001-2003, Otiawa: Transport
Canada (TC) S iXC.htm) Accessed on 15
December 2008,

Tsamboulas D. and Mikroudis, G. 2000, EFEC

evaluation framework of environmental

impacts and costs of transport initiatives. Transport Research Part D 5:283-303.
UBC. 2007a. The sustainability strategy. The University of British Columbia.
UBC. 2007a. The sustainability strategy. The University of British Columbia.
UBC. 2010. Available at htp://www.sustain.ube.cal. Accessed on | November 2010,
ULSF. 1990, Talloires Declaration. Associ

fon of University Leaders for a Sustainable Future.
Available at hitp://sww.ulst.org (Accessed on 11 January 2010).

UN (United Nations). 1993, Agenda 21 the United Nations programme of action from Rio.
New York.

UN (United Nations). 1996, Indicators of Sustainable Development ~ Framework and
Methodologies. New York.

UN (United Nations). 2001. United Nations Economic and Social Council. Implementing
Agenda21.

UNESCO. 1972. Stockholm Declaration. United Nations Educational, scientific and cultural
organization.
ESCO. 1991 The Halifax Declaration. United Nations Educational, Scientifi and Cultural
Organization.

UNESCO. 1993a. Kyoto Declaration. The 9" round table meeting of IAU. UNESCO: Kyoto,

Japan, 1993. Available a www unesco.org/ia/sd/sd_dkyoto
2008).

| (Accessed on 18 December




UNESCO.19935. The Swansea Declaration. United Nations Educational, Scientific and Cultural
Organization, United Nations; p. 4.

UoA. 2010. Available at hitp:/www.sustainability.ualberta.cal. Accessed on | November 2010.

UT. 2010. Available at hitp://www.sustainabilityutoronto.ca/Page4.aspy.

Velazquez, L., Munguia, N., Platt, A., and Taddei, J. 2006, Sustainable University: what can be
the matter? Journal of Cleancr Production. 14: $10-819.

Viebahn, P. 2002. An environmental management model for universities: from environmental
guidelines to saff involvement, Journal of Cleaner Production, 10(4)3-12.

von Schimding, Y. 2002. Health in Sustainable Development Planning: the Role of Indicators.
‘World Health Organi

Waheed, B., Khan, F., and Veitch, B. 2009 Linkage-based Frameworks for Sustainability
Assessment: Making a Case for driving force-pressure-state-exposure-eflect-action.
Sustainability. 1(3), 441-463.

Waheed, B., Khan, F., and Veitch, B. 201 la. Developing a Quantitative Tool for Sustainability
Assessment of HEIs. International Journal of Sustainability in Higher Education. 12 (4): In

n: Geneva, Switzerland, 2002.

Press.

Waheed, B., Khan, F., Veitch, B, and Hawboldt, K. 2011, Uncertainty-based Quanitative
Assessment of Sustainabilty for Higher Education Instiutions. Journal of Cleaner
Production. 19.(7): 720-732.

Waheed, B., Khan, F.I. and Veitch, B. (2010). Sustainabilty Index for Higher Education

Insttutions, In Proceedings CSCE 2010 General Conference Winnipeg. Manitoba, June 9-12,

2010. Canadian Society of Civil Engincering.

Waheed, B., Khan, F.L,Veitch, B., and Hawboldt, K. (201 1¢). Ranking Canadian Universities: A

Quaniitative  Approach for  Sustainability  Assessment using uD-SIM, ~ Stochastic
Research & Risk Asses

. 1987. Our Common Futre (The Brundand report). World Commission on

WCE
environment and Development (WCED). Oxford University Press.

Wemick, LK. and Irwin, F.H. 2005. Material Flow Accounts: A Tool for Making Environmental
Policy: WRI Material Resource project: Washington, DC, USA. Available online:
hitp:/pdf.wri org/ WRI_MEA_Policy.pdf. (Accessed on 10 December 2008).




WHO. 1996. Linkage methods for environment and health analysis. General guidelines.
WHO/EHG/95.26, World Health Organization, Geneva, Switzerland.
WHO. 1999, Environmental health  indicators:  Framework and  methodologies

10, World rgan . G itzerland.

WHO. 2001. First meeting on guidelines to assess the health impacts of climate change-meeting
report. Victoria, Canada. 1-2 February 2001

WHO. 2004. Environment and Health indicators for Europe. A pilot indicator-based report.
WHO Regional Office for Europe, Copenhagen, Denmark.

WHO.2010. Available at hitp:/ h i hapter?.pdf

Wilkinson, D.; Fergusson, M.; Bowyer, C.; Brown, J; Ladefoged, A.; Monkhouse,
Zdanowicz. A. 2004. Sustainable Development i the European Commission’s Integrated
Impact for 2003; Insitute for i Policy: London, UK,
2004. Available at
hutp/ dat

(accessed 17 December 2008).

World Resources Insitute (WRI). 200. World Resources 2005: The wealth of the poor,
‘managing ecosystems (o fight poverty. Washington, DC: World Resources Institute.

Yager, RR. 1980, On Choosing Between Fuzzy Subsets, Kybernetes. 9: 151-154.

Yoo K.P., and Hwang, C.L. 1981. Multiple-attibute det
Heidelberg.

Zadeh, LA 1965. Fuzzy sets. Information and Control. $(3): 338-353.

in-making, Springer-Verlag, Berlin-







I
g
<

o







	0001_Cover
	0002_Inside Cover
	0003_Blank Page
	0004_Title Page
	0005_Abstract
	0006_Page iii
	0007_Dedication
	0008_Acknowledgements
	0009_Table of Contents
	0010_Page vii
	0011_Page viii
	0012_List of Tables
	0013_List of Figures
	0014_List of Abbreviations and Acronyms
	0015_List of Symbols
	0016_Introduction
	0017_Page 2
	0018_Page 3
	0019_Page 4
	0020_Page 5
	0021_Page 6
	0022_Page 7
	0023_Page 8
	0024_Page 9
	0025_Page 10
	0026_Page 11
	0027_Page 12
	0028_Page 13
	0029_Page 14
	0030_Page 15
	0031_Page 16
	0032_Page 17
	0033_Page 18
	0034_Page 19
	0035_Page 20
	0036_Page 21
	0037_Page 22
	0038_Page 23
	0039_Page 24
	0040_Page 25
	0041_Page 26
	0042_Page 27
	0043_Page 28
	0044_Page 29
	0045_Page 30
	0046_Page 31
	0047_Page 32
	0048_Page 33
	0049_Page 34
	0050_Page 35
	0051_Page 36
	0052_Page 37
	0053_Page 38
	0054_Page 39
	0055_Page 40
	0056_Page 41
	0057_Page 42
	0058_Page 43
	0059_Page 44
	0060_Page 45
	0061_Page 46
	0062_Page 47
	0063_Page 48
	0064_Page 49
	0065_Page 50
	0066_Page 51
	0067_Page 52
	0068_Page 53
	0069_Page 54
	0070_Page 55
	0071_Page 56
	0072_Page 57
	0073_Page 58
	0074_Page 59
	0075_Page 60
	0076_Page 61
	0077_Page 62
	0078_Page 63
	0079_Page 64
	0080_Page 65
	0081_Page 66
	0082_Page 67
	0083_Page 68
	0084_Page 69
	0085_Page 70
	0086_Page 71
	0087_Page 72
	0088_Page 73
	0089_Page 74
	0090_Page 75
	0091_Page 76
	0092_Page 77
	0093_Page 78
	0094_Page 79
	0095_Page 80
	0096_Page 81
	0097_Page 82
	0098_Page 83
	0099_Page 84
	0100_Page 85
	0101_Page 86
	0102_Page 87
	0103_Page 88
	0104_Page 89
	0105_Page 90
	0106_Page 91
	0107_Page 92
	0108_Page 93
	0109_Page 94
	0110_Page 95
	0111_Page 96
	0112_Page 97
	0113_Page 98
	0114_Page 99
	0115_Page 100
	0116_Page 101
	0117_Page 102
	0118_Page 103
	0119_Page 104
	0120_Page 105
	0121_Page 106
	0122_Page 107
	0123_Page 108
	0124_Page 109
	0125_Page 110
	0126_Page 111
	0127_Page 112
	0128_Page 113
	0129_Page 114
	0130_Page 115
	0131_Page 116
	0132_Page 117
	0133_Page 118
	0134_Page 119
	0135_Page 120
	0136_Page 121
	0137_Page 122
	0138_Page 123
	0139_Page 124
	0140_Page 125
	0141_Page 126
	0142_Page 127
	0143_Page 128
	0144_Page 129
	0145_Page 130
	0146_Page 131
	0147_Page 132
	0148_Page 133
	0149_Page 134
	0150_Page 135
	0151_Page 136
	0152_Page 137
	0153_Page 138
	0154_Blank Page
	0155_Inside Back Cover
	0156_Back Cover

