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Abstract:



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


1.1. Definition


The main objective of this paper is to provide an overview of different approaches, identify challenges, and to 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 report in 1987, sustainable development has offered the world a new perspective on how to 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 states development that meets the needs of the present without compromising the ability of future generations to meet their own needs [1].



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 various disciplines and is widely adopted and (or) encouraged by many organizations (e.g., [2]). Much has been written about principles or concepts of sustainability [2,3,4], however, the seven key concepts identified by Jabareen [5] to synthesize and assemble the theoretical framework for sustainable development are presented here. These seven concepts include equity, natural capital stock, utopia, eco-form, integrative management, global agenda, and ethical paradoxes. Each concept represents distinctive meanings that provide the theoretical foundations of sustainability 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 fairness 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 categories: non-renewable resources, such as mineral resources; the finite capacity of the natural system to produce ‘renewable resources’ such as food crops and water supplies; and the capacity of natural systems to absorb the emissions and pollutants that arise from human actions without suffering from side effects which imply heavy costs to be passed onto future generations. The condition of constant natural capital is normally termed ‘strong sustainability’. This concept is discussed later.



The concept of Utopianism represents a perfect society, where there is harmony between 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 cities, villages, and neighborhoods.



Integrative and holistic management represents a holistic view of social development, economic growth, and environmental protection. To preserve the natural capital stock for ecological and sustainable integrity, integrative and holistic management is essential.



Global political discourse means that political agenda has become one of the main drivers of sustainability as all major policies and programs around the globe are inspired by sustainability since 1990s.



Ethical paradoxes 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 to provide a long-term performance. All above concepts aim to increase the quality of life for humans and other ecological entities, enhance economic activities, and reduce the impacts on ecological systems with special emphasis on major global problems like climate change, depletion of fossil fuels, emerging technologies, genetically modified food, and spread of diseases [3,6,7]. These concepts ensure that all developments must be undertaken with great sensitivity to avoid/minimize environmental impacts; therefore all possible alternatives must be considered comprehensively.




1.2. Sustainable Development


It has been argued by Becker [3] and Sahely et al. [6] that “sustainable development” is about achieving a balance among three objectives or dimensions—environmental, economic, and social—over time and spatial horizons. However, it is emphasized by AwwaRF and CSIRO [2] and Gibson [4] 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 to 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 from one effect to another effect, instead of an overall desirable decrease of burdens.



Sustainability paradigm requires multidisciplinary actions and involvements of all stakeholders in the decision making process [8]. 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) analysis. TBL is about identifying improvement in the environment, social, and economic performance as a result of short- and long-term policy decisions. In TBL analysis, the 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 sustainability, and society relates to impact on the community as a whole (e.g., public health and safety, social equity, culture).



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 [9] as mentioned earlier in the natural capital stock concept in the previous section. Strong sustainability 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 elaborate consider a case where one has to determine the worth of a forest full of trees. One way is to assign a monetary value to all trees by assuming that they are turned into furniture or 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 emphasizes on functions that only nature (environment) can perform and cannot be duplicated by 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 sustainability? The following section explains these questions in more detail.





2. 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 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.e., environment, social, and economic performance. Assessment criteria, sometimes also referred to as “indices” or “indicators” provide principles to establish that specified objectives have been met. Assessment criteria provide yardsticks against which sustainability objectives are measured. Various assessment criteria can be identified, depending on the context and the level of the study. For example, in any engineering project, health, safety, economic development, social equity, environmental quality, ecology, and technical feasibility can be major assessment criteria.



Table 1. Sustainability matrices–an example in terms of TBL objectives.







	
Data/Variables

	
Indicators

	
Indices

	
Performance assessment criteria (C)

	
Objectives (O)




	
Environment (O1)

	
Economics (O2)

	
Society (O3)






	
Basic data that can be directly measured or monitored.

	
Each performance indicator derived from aggregation of various basic parameters

	
Each performance criteria derived from aggregation of various indicators

	
Health (C1)

	
∗

	

	
∗




	
Safety (C2)

	
∗

	

	
∗




	
Economic development (C3)

	
∗

	
∗

	
∗




	
Social equity (C4)

	

	
∗

	
∗




	
Environmental quality (C5)

	
∗

	
∗

	
∗




	
Ecology (C6)

	
∗

	

	




	
Technical feasibility (C7)

	

	
∗

	
∗








* indicates the possible relationship between a given criterion and objective








There are two approaches to define performance assessment criteria, i.e., a bottom-up approach and a top-down approach [4]. In the bottom-up approach, the objectives are defined in relation to the baseline conditions. In other words, criteria 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 is a category and resource utilization is a proposed criteria. Triple bottom line is considered a bottom-up approach. On the other hand, a top-down approach assumes sustainability as a state to which society aspires, and then moves on to define this state in terms of sustainability criteria. Top-down approach is also called principles-based approach in which assessment criteria are derived from sustainability principles [10]. For instance, under sustainability principle of biodiversity and ecological integrity criteria, it should improve biodiversity and ecological integrity and builds life support. It is argued by Gibson [4] and Pope et al. [10] that the top-down or principles-based approach outweighs the bottom-up or TBL approach as it emphasizes interconnections and interdependencies between the sustainability dimensions rather than promoting conflicts and trade-offs, besides avoiding some of the inherent limitations of the TBL approach to sustainability. However, literature review shows that extensive research has been done using both approaches (e.g., urban infrastructure systems [6] and river basin management [11]).





Performance indicators/indices are derived from variables as they measure the effectiveness of 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 characteristics. Performance indicators can be single valued (i.e., derived from one variable) or composite (i.e., obtained by the aggregation 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 paper [12]. Aggregation is required to combine performance variables and derive indicators/indices using multi-criteria decision-making techniques such as weighted averaging, AHP (analytic hierarchy process), and ordered weighted averaging (OWA). The intention of aggregation is to simplify the presentation and provide realistic interpretation of a large number of performance variables in an effective manner.



Alegre [13] listed the basic characteristics of performance indicators/indices as:

	➢

	
encompassing all relevant aspects of sustainability performance




	➢

	
non-overlapping (i.e., mutually exclusive)




	➢

	
easy to understand and interpret




	➢

	
as few in numbers as possible




	➢

	
verifiable




	➢

	
defined for a given time period, and




	➢

	
universal enough to be measured in diverse conditions.









If the chosen indicators are not relevant and hard to measure or monitor, it leads to erroneous analyses and conclusions. Extensive lists of indicators for sustainability measurement have been provided in several studies related to the planning and management at urban, regional, and national levels (e.g., [14,15,16,17]). Edwin [18] 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.



In the last decade, several attempts have been made to create aggregate measures for various aspects of sustainability by using indices to convey better information on countries and corporate performance in fields 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 Environmental Performance Index (EPI) of the World Economic Forum (WEF). Singh et al. [19] 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 categories is presented in Table 2. However, many special categories of environmental indices like air quality index and water quality index are not discussed here.



Table 2. Summary of sustainability indices (modified after [19]).







	
Areas

	
Name of Index Approach

	
Categories






	
Innovative, knowledge and technology indices

	
Summary innovation index

	

	
Human resources



	
Knowledge creation



	
Transmission and application of new knowledge



	
Innovation finance









	
Development indices

	
Human development index (HDI)

	

	
Health



	
Knowledge



	
GDP per capita









	

	
Index of sustainable and economic welfare

	

	
Economics



	
Human Welfare









	
Market and economy-based indices

	
Green Net National Product (EDP) and System of integrated Environmental and Economic Accounting (SEEA)

	

	
Natural resources



	
Economics



	
Environment state, pressure and destruction









	
Eco-system based indices

	
Sustainability performance index (SPI)

	

	
Technical



	
Ecological



	
Human resources









	

	
Eco-index methodology

	

	
Economics



	
Life cycle impact data









	

	
Living Planet index

	

	
Biodiversity



	
Ecosystem









	

	
Ecological Footprint (EF)

	

	
Natural resources



	
National consumption









	
Composite sustainability performance indices for industries

	
Composite Sustainable Development Index

	

	
Economics



	
Environment



	
Social performance









	

	
Composite Sustainability Performance index

	

	
Corporate citizenship



	
Environment



	
Economics









	

	
G score method

	

	
Voluntary environment



	
Health



	
Safety









	

	
ITT Flgyt Sustainability Index

	

	
Corporate contribution



	
Sustainable policies and commitment









	
Product-based sustainability indices

	
Life Cycle Index (LInx)

	

	
Environment



	
Cost



	
Technology



	
Socio-political









	
Environmental indices for policies, nations and regions

	
Environmental Sustainability Index

	

	
Environmental systems



	
Stresses



	
Human vulnerability



	
Societal and institutional capacity



	
Global steward ship









	

	
Environmental Quality Index

	

	
Environmental factors









	

	
Environmental Performance Index

	

	
6 policy categories









	

	
Environmental Vulnerability Index

	

	
Hazards



	
Resistance



	
Damage measurement









	
Environmental indices for industries

	
Eco-indicator 99

	

	
Human health



	
Ecosystem quality



	
Resources, minerals and fossil fuels









	

	
Green Pro-1 [20-21]

	

	
Environmental



	
Technological



	
Economical


















3. Sustainability Assessment Frameworks


Since sustainable development became a catchphrase in the international arena, several approaches and conceptual frameworks have been proposed and developed in various disciplines, ranging from engineering to business and to policy making. Each of these frameworks has limited capability to deal with different issues of sustainability comprehensively and lack flexibility 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 engineering literature [6,8,22], sustainability assessment is generally viewed as a multi-objective optimization or multi-criteria decision-making problem. Based on detailed literature search (e.g., [2,22,23]), we have classified the sustainability assessment frameworks into following six categories:

	➢

	
Objective-based (e.g., strategic environmental assessment (SEA))




	➢

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




	➢

	
Influence-based (e.g., Transport Canada framework [24])




	➢

	
Process-based or stakeholder-based (e.g., USDOE “Ten Steps to Sustainability” [25])




	➢

	
Material flow accounting and Life cycle assessment (e.g., LInX [26])




	➢

	
Linkages-based (e.g., pressure-state-response (PSR), driving force-pressure-state-impact-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 [27]. The main features of these frameworks include 1) setting objectives and assessment criteria based on the principles of sustainability, and 2) defining a set of measurable indicators under each assessment criterion. Various multi-criteria decision-making methods have been used for aggregating, ranking alternatives, and carrying out assessment process with a group of stakeholders [2].



Sustainability assessment frameworks help to focus and clarify what to measure, what to expect from measurement and what kind of indicators to use. A framework serves, at a 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 will 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 3 provides a brief overview and main features of the above frameworks.



Table 3. Main features of sustainability frameworks.







	
Frameworks

	
Main Features






	
Objective-based

	

	
Proactive framework



	
Ensures that a particular initiative contributes to a defined state of sustainability



	
Form a part of majority of present frameworks (for example, strategic environmental assessment (SEA))









	
Impact-based

	

	
Reactive in nature



	
Reductionist approach to sustainability



	
Focuses on the impacts of various actions on sustainability of particular system



	
Typical example is triple-bottom line (TBL) analysis (e.g., Global reporting initiative with five dimensions, UN-CSD with four dimensions. Also used in various engineering discipline, e.g., Transportation [21, 28]; water and sewer system [29]; building infrastructure [30]









	
Influence-based

	

	
Indicators categorized by their level of influence on sustainability of an organization or institution



	
Used by Transport Canada [24]









	
Process/stakeholder-based

	

	
Involves extensive planning process that engages stakeholders



	
Used for developing consensus [25]



	
Extensively used for planning involving community projects









	
Material flow assessment/Life cycle assessment

	

	
Material exchanges between economy and natural environment



	
Cradle to grave (or gate) assessment of environmental impacts



	
Commonly used in chemical industry [26]









	
Linkage-based

	

	
Uses concept of causality (cause-effect) [22]



	
Different forms include pressure-state-response (PSR), driving force-pressure-state-impact-response (DPSIR), driving force-pressure-state-exposure-effect-action (DPSEEA)



	
Can be tied to sustainability through certain assumptions















3.1. Objective-Based Frameworks


Objective-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.




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 to as sustainability impact assessment (SIA). It means that an initiative may have positive outcomes 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 [21,28]; water and sewer systems [29]; building infrastructure [30]. Hacking and Guthrie [31] have reported that both EIA and SEA are established frameworks for sustainability assessment. A matrix has been developed by Pope et al. [10] that compares objective-based and impact-based frameworks against aim, focus, and contribution to 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 triple-bottom line (TBL) framework. Pope et al. [10] considered that TBL employs a reductionist approach to 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 pillars are not adequately understood and described. Some analysts also tried to add technical and/or institutional dimensions in sustainability (e.g., [26]). Many initiatives undertaken by various institutions using this framework are provided in [23]. It has been observed that when sustainability problems are divided into dimensions, it is much easier to use multi-criteria decision-making methods for sustainability assessment (e.g., [6]).






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 [24]. These frameworks identify three levels of basic indicators, namely, state, behavioral, and operational [22]. “State” indicators define the overall vision for obtaining sustainable system and measure the performance of the system against goals or vision. “Behavioral” indicators relate to 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.




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 sustainability kit proposed by Environmental Defense [25] 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 et al. [22] suggested that the involvement of stakeholders is essential when the planning for communities is being undertaken or when incorporating sustainability into local policy (e.g., Environmental Sustainability kit [25]. This is indeed an important and critical component to achieve sustainability objectives.



Sustainable development initiatives at various university campuses around the world also use this framework, as the involvement of various stakeholders is a major component of these sustainability initiatives (such as the Talloires Declaration [31]). Velazquez et al. [32] have proposed models that offer a clear perspective about how people responsible for sustainability initiatives affect collective behavioral change by educating stakeholders and promoting consensus-based sustainability goals for sustainable institutions such as universities.




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 to assess the level of resource intensity of the system and processes are optimized in such a way that materials and energy are used in the most efficient manner [34]. The basic mantra is to focus on producing more with less.



The Life Cycle Assessment (LCA) framework is one step further to 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 to as cradle to grave (sometimes cradle to gate) approach [34,35]. It comprises four steps [26,36]:

	➢

	
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 activities, products, and processes.




	➢

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




	➢

	
Improvement assessment identifies the possibilities for improving the performance of the system.









Khan et al. [26] developed a new indexing system LInX, which aims to facilitate the LCA application in process and product evaluation and decision-making. The LInX consists of four categories/dimensions, namely, environment, health and safety, cost, technical feasibility, and socio-political factors.



Another nuance of LCA, called Life Cycle Costing (LCC) is a method used in multi-criteria decision-making, when the monetary values are assigned to various activities in LCA. The discussion on this topic is beyond the scope of this paper.




3.6. Linkage-Based Frameworks


The linkage-based frameworks use the concept of “causality” or cause-effect relationships. These frameworks provide linkages between each component of the framework by defining indicators for each component and recognizing effective actions to control and prevent the impacts. Three types of linkage-based frameworks are discussed in detail in the next section.





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 activities that are affecting the state of the system, and appropriate response for addressing them both for the agency and stakeholders [22]. In addition to PSR, other common linkage-based frameworks are DPSIR and DPSEEA.



4.1. Pressure-State-Response


The Pressure-State-Response (PSR) framework was conceived by Statistics Canada [37], then further developed and adopted internationally in many countries (e.g., [38]). The Organization for Economic Cooperation and Development (OECD) [39] later adopted this framework for environmental reporting. A typical example of a PSR framework is shown in Figure 1.


Figure 1. Pressure-state-response (PSR) framework (adapted from [40]).



[image: Sustainability 01 00441 g001]








A PSR framework states that human activities exert pressure (such as pollution emissions or land use changes) on the environment, which can induce changes in the state of the quality and quantity of the environment (such as changes in ambient pollutant levels, habitat diversity, water flows). Society then responds to the changes in the pressures or the state with environmental and economic policies/programs intended to prevent, reduce or mitigate pressures and/or environmental damage. PSR framework highlights these (causal) linkages, and helps decision-makers and the public to see environmental and other interconnected issues [40]. 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 (e.g., [41,42,43,44]).




4.2. Driver-Pressure-State-Impact-Response


The United Nations Commission on Sustainable 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) [45]. 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 international organizations including the European Environmental Agency and EUROSTAT, the statistical office for the European Communities [46]. A more recent example is the Environmental Sustainability Index (ESI) developed in collaborative work of the World Economic Forum (WEF), Yale and Columbia Universities (http://sedac.ciesin.columbia.edu/es/ESI/).




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 [17]. The framework was called the Driving Force-Pressure-State-Exposure-Effect-Action (DPSEEA). The DPSEEA framework (Figure 2) is useful as it covers the full spectrum of cause and effect relationships starting from potential forces and required actions and brings together professionals, practitioners, and managers from both environmental and public health fields to help orient them in the larger scheme of the problem. Corvalán et al. [47] discussed the links among health, environment, and sustainable development. They presented DPSEEA framework to extend epidemiological domain to the policy domain.


Figure 2. Driving Force-Pressure-State-Exposure-Effect-Action (DPSEEA) framework.
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The DPSEEA framework has been widely used in the environmental health sector [7]. 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 external, internal and target organ doses) to effects on health, environment and overall sustainability. All sectors including government, 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). In combination with multi-criteria decision-making, this framework has a great potential to contribute significantly to sustainability analysis.



The main advantage of DPSEEA is its flexibility and applicability. Its usefulness depends on the context in which it is used, e.g., health in sustainable development planning. The WHO and Europe and New Zealand Ministries of Health [48,49] have used the framework to develop environmental health indicators. In February 2001, the first 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 a viable conceptual framework for this purpose (http://www.euro.who.int/document/e74639.pdf).



Seven sustainability concepts proposed by Jabareen [5], as discussed earlier in Section 1.1, are the main theme of DPSEEA (and other linkage-based frameworks). These concepts ensure that the resources (e.g., materials and energy) are used efficiently and effectively at the cost of minimal triple bottom line impacts. These concepts lead to improved system performance (i.e., minimizing “effect”) without compromising socio-economic development (driving force) through optimal remedial “actions”.





5. Proposed Integrated Framework for Sustainability Assessment


Various frameworks presented earlier (Section 3 and Section 4) have some advantages and disadvantages (discussed later in Section 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 efficiency. Process-based frameworks involve community representatives and other stakeholders in planning, and present opportunities to 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 to identify and measure a cause that create particular conditions affecting sustainability, the impacts of these causes, and the corrective actions that can be taken to address them. Jeon et al. [22] suggested that an integrated causal framework helps to refine visions through developing policies, planning procedures and measurement, and monitoring systems for achieving sustainable systems for any corporation or an 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 health/environmental monitoring programs driven by the goals and objectives consider the factors involved in greater detail leading to the pressures on a system ([47] and [50] called them “driving forces”), at the states or responses within the system (e.g., external dose, internal dose and effects at the organism, cellular or molecular level), or at actions taken to combat adverse impacts (e.g., government 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 to as an “external 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 to decision-makers. They help expose how the information provided by the indicators is related to various processes and how specific policy or management actions can address human-induced environmental problems. Additionally, a uniform approach for reporting indicators helps to link up different but related assessment areas (e.g., transport and environment, agriculture and environment). Figure 3 proposes DPSEEA framework to evaluate sustainability index using TBL. It can be noticed that at different levels of causality (in each dimension of sustainability) indicators are defined that can be combined using multi-criteria decision-making tools.


Figure 3. Integrated DPSEEA and TBL framework.
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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 same time is not very conducive to understand and describe the complexity of the processes behind sustainability assessment. This limits the usefulness of these frameworks for environmental (and health risk) assessments. Like all other linkage-based frameworks, the DPSEEA has the following limitations:

	➢

	
It cannot work effectively if the evidence for causal linkages is missing or vague




	➢

	
It leads 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.










6. Linkage-Based Frameworks: An Example of Universities


The use and application of linkage based frameworks is not new as mentioned earlier, what we want to do here is to briefly compare the three linkage based frameworks using the original causal frameworks only for environmental categories but also for social, economic, and educational categories. It is our intention to explore the uni-directional links for PSR, DPSIR, and DPSEEA as a first step 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 sustainability in their strategic planning and development. Since the Talloires Declaration in 1990, International Association of Universities (IAU) is very active in promoting sustainability in universities and creating proactive leadership towards lessening the demise of the global environment. IAU continues to exert pressure through other declarations such as the Halifax and Swansea Declarations [51] and Kyoto Declaration [52], and as a result of this pressure, signed commitments and voluntary decisions, several universities have embarked on projects and initiatives to incorporate sustainability into their systems. However, sustainable development is a still 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 learning of all stakeholders. But in practice there are many hindrances in the adoption of sustainable 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 to bring financial and social gains; (ii) lack of legal bindings/regulations or even incentives to integrate sustainable development in university policies; and (iii) many universities have initiated measures to improve environmental friendliness but a comprehensive resource-saving (sustainability) concept is still lacking.



There is no single best way of organizing and viewing the relationships between socio-economic development, environmental impacts, and human health indicators that captures all important interactions. Assessment of sustainability for universities is a complex and challenging process. Literature suggests that several frameworks and methodologies have been proposed and implemented, Lozano [53] recommends that to apply or design any sustainability framework one must consider not only the environmental, social, and economic dimensions (categories) but also the educational performance with following indictors: (i) Education (courses and curricula), (ii) Research (basic and applied), (iii) Campus operations, and (iv) Community outreach. Table 4 presents comparison matrix of categories (i) environment, (ii) social, (iii) economics and (iv) educational performance along with their indicators for the conceptual frameworks of PSR, DPSIR and DPSEEA. For causal or linkage based frameworks, a combination of subject-based indicators in terms of position along the linkage-based framework is by far the most widely used indicator reporting method [12]. The indicators are developed by using frameworks for linkages between health, environment, and development [17].



Table 4. Comparison of linkage-based frameworks–an example of sustainability in a university.







	
DPSEEA

	
DPSIR

	
PSR

	
Factors






	
Driving force

	
Driver

	
N/A

	

	
International research and development trends or advancement



	
Institutional enhancement



	
Energy requirements



	
Economic development



	
Health & safety issues



	
Social equity



	
Sustainability education









	
Pressure

	
Pressure

	
Pressure

	

	
Production of Greenhouse gases



	
Production and consumption of ozone depleting substances



	
Emission, effluents, and waste



	
Product and services



	
Amount of energy used



	
Amount of water supplied and distributed, and collected for purification



	
Transport



	
Education cost



	
Operational and maintenance cost



	
Labour practices and decent work



	
Quality of management



	
Human rights



	
Curriculum and courses



	
Research (basic and applied)









	
State

	
State

	
State

	

	
Climate change



	
Concentration of emissions, effluents and waste load



	
State of responsible procurement



	
Depletion of energy resources



	
Water demand and quality



	
Percentage daily commute by car



	
Exceedance of noise level on roads from standards



	
Percentage of expenditure



	
Facilities and infrastructure costs



	
Existing health, safety and security situation



	
State of Quality management



	
Social equity



	
No. & percent of courses on sustainability and administrative support



	
Grants, publications/products, programs and centers



	
Community activity and learning service









	
Exposure

	
N/A

	
N/A

	

	
Changes in environmental conditions



	
Proportion exposed to poor air conditions



	
Proportion exposed to poor water quality



	
Proportion of people exposed to hazardous waste



	
Proportion of people exposed to high noise levels



	
Impact on energy resources



	
Existing state and cost



	
Facilities planning



	
Social impacts



	
Proportion of research support for sustainability



	
Proportion of multi-/inter-/intra disciplinary programs and curriculum



	
Proportion of programs involving community and university









	
Effect

	
Impact

	

	

	
Human health risk



	
Ecological risk



	
Effect on biodiversity



	
Percentage of revenues through educational cost and investments



	
Reduced maintenance costs



	
Social risk



	
Educational performance









	
Action

	
Response

	
Response

	

	
Sustainability strategy and plans



	
Economic policies and plans



	
Policies and plans to make a sustainable community and ensure social equity and justice















The list 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 to various categories of sustainability in each causal element. It should be noted from Table 4 that in PSR one cannot benefit from the information about drivers or exposures or effects and in DPSIR one cannot benefit from indicators of exposure (represented in dark gray color in Table 4), where effects are termed as impact. The advantage of DPSEEA is 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 processes and how specific policy or management actions can address human-induced environmental, social, economic and educational problems [12].




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. Comparison of impact and objective-based frameworks by Pope et al. [10] 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 criticized as reductionist approaches, make decision-making easier 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 [22]. Life cycle assessment is the most widely used framework in various disciplines for sustainability assessment. Major limitations of LCA are that it focuses mainly on environmental impacts while reporting on social and economic aspects of sustainability is not easy. Moreover, LCA analysis is complex and time-consuming and also requires large data and boundary definitions [6], 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 paper, the introduction of the causal-chain frameworks within environmental, social, economic and other specific industry relevant indicators has been extremely useful. Niemeijer and de Groot [12] 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 management paradigms as demonstrated by the University example discussed earlier.



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 [7,47,48,49] that the linkage-based frameworks either alone or in combination with other analytical methods such as life cycle analysis, multi-criteria decision-making methods and risk analysis techniques are successful for sustainability assessment. 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 [54,55]. Integrated DPSEEA framework provided earlier in Figure 3 can help better to understand complexities and overcome some of the earlier-mentioned limitations.



Niemeijer and de Groot [12] suggest that a causal network, rather than a causal unidirectional link is a more appropriate concept to effectively deal with the complexity of real world interactions and they have developed a causal network for environmental assessment using DPSIR. But we are exploring the application of DPSEEA framework for universities (for educational performance) in detail not only for developing the cause-effect model for broad and (or) overall sustainability assessment but also for detailed analysis, where these have not been employed before.



The authors of this paper are working on a continuing research on how DPSEEA framework can be used to evaluate quantitatively sustainability index for a higher education institution and enhance informed decision-making [56].
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