
Review of DSS for Translating Corporate Environmental Policy into POM Strategies

Jorge Duque-Rivera and Frank Noonan

Abstract
Key to a successful environmental management system is the ability to translate environmental policy into effective POM strategic plans. However, companies have been found to be weak in setting environmental performance targets. One main cause seems to be the absence of suitable decision support systems. This paper introduces some general guidelines for a  DSS  to facilitate the translation process.  These guidelines address the issues of uncertainty, multiple stakeholders, multiple objectives and the need for a life cycle perspective. The guidelines are then used to critically review the literature and gain some insight on development needs for decision support within environmental management systems. 
Introduction
The ISO 14000 Series of Standards for Environmental Management is expected to play a significant role in international trade. Its worldwide dissemination and adoption will have strong implications especially for companies with globally oriented operations and markets. The International Organization for Standardization (ISO) is a worldwide federation based in Geneva, Switzerland, whose primary objective is “to promote the development of standardization and related activities in the world with a view to facilitating international exchange of goods and services...” (ISO 1997, pp. 3). The ISO 14000 standards were created “to reduce unintentional barriers which had arisen from the overabundance of national environmental standards, rules and regulations” (Bertrand 1996). The most important standard of the series is the ISO 14001 standard which states the requirements for a certifiable Environmental Management System (EMS). This is the only standard of the series that requires third party certification. The core of the standard is section 4
 where the requirements are specified.

The requirements of the standard have been depicted elsewhere (Cascio et al. 1996) as a pyramid that has at its base the management commitment and the firm's environmental policy. According to ISO 14004, to ensure success on the development or improvement of an EMS it is crucial to obtain commitment from the top management of the organization. This commitment should include the allocation of adequate resources for the design, implementation, and maintenance of the EMS.

ISO 14001 states that top management has to define the company’s environmental policy and ensure that it:

· is appropriate to the nature, scale and environmental impacts of its activities, products or services; 

· includes a commitment to continual improvement and pollution prevention; 

· includes a commitment to comply with relevant environmental legislation and regulations, and with other requirements to which the organization subscribes;

· provides the framework for setting and reviewing environmental objectives and targets;

· is documented, implemented and maintained and communicated to all employees

· is available to the public

The company then has to set its environmental goals, objectives and targets, and it has to design and implement environmental programs to achieve the objectives and targets that it has set for itself.

The company should have documented auditing and corrective action procedures for the EMS and have them feed into the management review procedures. 

All of the elements must be in place in order for the EMS to allow the company to move towards continual improvement.

EMS Barriers

Companies that want to establish an EMS within ISO 14001 will face several barriers. First, to design and implement a certifiable EMS will be costly in terms of money and other organizational resources.

A second barrier is that the standard is a prescription for the process of establishing an environmental management system, rather than a standard of environmental performance. This leaves companies free to define their environmental policies, objectives and targets. This means that certification does not guarantee environmental performance, and as the generic nature of the standards becomes more recognized, stakeholders concerned about the environmental performance of an organization could ask for the specific objectives and targets that have been set by the organization, and the progress made towards those targets. (Hamner 1997).

Companies, therefore, should try to get the most benefits from their investments for both the environment and their competitive positions. Hence, the development of  environmental policies, and resulting environmental goals, objectives, targets and programs requires consideration of environmental issues at the strategic level along with other business issues.

In a pilot program of the application of the British Standard BS 7750 (a precursor of ISO 14001), it was found that companies were weak in setting environmental targets and in implementation. These findings are considered serious as these are the most important areas with regards to environmental performance (Welford 1995). The main causes for these weaknesses seem to be the absence of suitable tools and the lack of management commitment.

Another problem found in the referred pilot project was that environmental managers had difficulties in persuading board members to consider environmental issues. This means that integration of the environmental strategy within the overall business strategy may be problematic even with the use of  standards for the development of environmental management systems (Welford 1995).

 The integration of environmental issues into the overall strategies of a business is considered essential to produce the most benefits for both the firm and the environment (Shrivastava 1996, Hart 1997); the vehicle for that integration is the strategic planning process (Douglas and Judge 1995).

The evaluation of the effectiveness of environmental management tools, which includes the evaluation of environmental management systems, is considered one of the top research priorities in the Research Agenda of the Greening of Industry for a Sustainable Future ( Schot et al. 1997); however, as can be drawn from the above analysis, the evaluation of the effectiveness of an EMS cannot be made in isolation, but rather within the framework of the strategic planning process.

Strategy Development Process
Key to the strategy development process is strategic decision making (Eisenhardt and Zbaracki 1992). A strategic decision has been defined as  “one that is important in terms of the actions taken, the resources committed, or the precedents set”; the focus is on “discrete decisions made by top leaders of an organization that critically affect the organizational health and survival” (Eisenhardt and Zbaracki 1992, p. 17). A business strategy is defined as “a well coordinated set of action programs aimed at securing a sustainable competitive advantage” (Hax and Majluff 1996, pp 141). 

A conventional process
 for the development of a firm's business strategy starts with the market analysis, which categorizes the firm’s customers, identifies their needs and assesses competitors’ strengths. This analysis occurs in conjunction with the analysis of the external environment
. In the environmental analysis, firms have traditionally analyzed only their industry (Grant 1995). This external analysis allows a company to identify the opportunities and threats of the environment. Next the company performs an internal analysis of its current capabilities. Both the internal and external information feed into the strategy development process. 

The company analyzes its internal strengths and weaknesses against the external opportunities and threats (SWOT analysis) and formulates its business strategy, which provides the framework of goals for the entire organization. The company mission defines what market segments a company will serve and how it will serve them, and it also establishes performance objectives by which the company will measure success. Once the company has defined the customers it wants to serve, it must develop its competitive priorities. These competitive priorities fall into four groups: cost, quality, time and flexibility. The business strategy also provides future directions and these together with the competitive priorities provide input to the functional areas’ strategies. 

The functional areas’ strategies are the goals and long term plans for each functional area. Each functional area performs its own strategic planning process to identify ways to develop the capabilities  it will need to implement functional strategies and achieve company’s goals. The actual decision of what functional strategies to adopt requires an analysis of how those strategies contribute to the overall business strategies. The resulting plans are fed back into the company’s strategic planning process to determine if the strategy needs to be modified. The process is dynamic with continuous adjustments as more information is gained from the environmental scanning as well as from the internal side.

A company can gain competitive advantage by outperforming its competitors in one or more of the competitive priorities. However, it is not always possible for a company to excel in all dimensions and it needs to make trade-offs. In some market segments one of the competitive priorities may not be a source of competitive advantage but a requirement to compete (i.e.: an order qualifier).

 Most companies do not perform formal SWOT analysis; rather they use more qualitative type of analysis. Qualitative analysis alone seems inadequate in complex environments particularly when companies are facing environmental pressures. Additionally, the translation of the business strategies into functional strategies has proven to be problematic even for functions like manufacturing that are considered to be a competitive weapon (Crowe and Cheng 1996). Furthermore, there is the problem of cross-functional coordination as some actions in one functional area could have impact in others (Krajewski and Ritzmann 1996).

Strategic Decision Making and Environmental Issues
Concerns with regards to the natural environment have been brought to the attention of firms by the environmental pressures being exerted by different stakeholders
. The different types of pressures by source are presented in Table 1.

The pressures have varying intensities depending on the country, type of industry, sector and firm (Schot and Fischer 1993). Additionally, companies are being forced to take responsibility for the environmental impacts of their products over the entire life cycle and not just for their production processes. 

Costly conflicts with stakeholders over environmental issues are bound to occur (Shrivastava 1996). On the other hand, cooperation with stakeholders might be beneficial to firms as was shown by the McDonald’s-Environmental Defense Fund work on McDonald’s solid waste problem (Prince and Denison  1994). Procedures for stakeholder consultations have been introduced as a requirement for the approval of loans for development projects worldwide by international lending institutions like the World Bank and the Interamerican Development Bank (Blum 1996).

The consideration of  natural environmental issues at the strategic level, then requires a company to expand its environmental scanning to include stakeholders’ environmental concerns. Depending on the environmental pressures those concerns may need to be reflected in the company’s goal structure. Environment then may become another competitive priority along with cost, quality, time and flexibility. Eventually environment may even become an order qualifier. The natural environment would then need to be considered in the development of the company’s core capabilities within each of the functional areas’ strategies, especially production and operations.  

Table  1
Environmental Pressures on firms
Stakeholder
Pressure




Government
Stringent regulations and enforcement



Consumers
More awareness of environmental impact of consumer products.

Demand for environmentally benign products from industrial customers



Investors
Examination of environmental records of potential companies



Financial
Use of environmental risk studies by banks and insurance companies



Community
Complaints associated with negative environmental impacts



Workforce
Employment implications: difficulties with recruiting; high skilled labor required to operate sophisticated environmental control equipment



Sources: (Gupta 1995; Williams et al. 1993) with minor adaptations by the authors.

The problem of developing business and functional  strategies becomes more complex by the addition of natural environmental issues into the decision making process. Additionally, there is uncertainty regarding the future behavior of the environmental stakeholders.

The decision-making problem incorporating environmental concerns at the strategic level is then a multiple-criteria problem that additionally requires that companies deal, in some fashion, with the interests of several stakeholders. Furthermore, there is increased uncertainty that must be accounted for.

To deal with this type of problem companies may need to turn to decision models. A comprehensive decision model must “obtain and combine available information, explore and evaluate critical value trade-offs, recognize the uncertainty for each alternative, incorporate the business objectives of the firm and appraise the degree to which each objective is achieved by the competing alternatives” (Walls 1995, p250). Decision models are incorporated into decision support systems. 

The current situation is that some firms have established environmental objectives and goals, and plans for implementing them, but these normally have not emerged from overall business strategies but disconnected from them (Scott and Fischer 1993, Steger 1993, Trent 1991). DSS to assist firms in the process of integrating environmental concerns into their business and functional strategies are required.

Tentative Characteristics for  a DSS Design
Based on the foregoing observations some tentative guidelines for decision support for environmental management systems can be presented. 

· For the internal analysis, a DSS should:

· Allow for the evaluation of the environmental impacts of the firm and for the identification of candidate actions and opportunities for competitive advantage from a life cycle perspective.
· Incorporate the use of indices to measure environmental performance, to develop goals, to set targets, and/or to benchmark performance against that of competitors.

· For the external analysis, a DSS should:

· Incorporate procedures to account for the natural environment and a wider range of stakeholders than is considered in a traditional business environmental scanning. This requires: a) a procedure to properly identify the firm's stakeholders, and b) a way to bring to the surface the values of the different stakeholders and incorporate them in the strategy development process.

· Incorporate a procedure for the estimation of the future positions of the different stakeholders  and a clear scheme to weight them with respect to their current positions in the development of strategies. 

· In general, the system should:

· Incorporate procedures to help develop detailed environmental plans and to select them according to importance within the context of other business strategic and functional plans.
· Be flexible so that it could be applied in a wide range of firms, situations and locations.

· Where possible, keep data requirements at the minimum level but consistent with the need of informed decision-making.
· Be manager oriented.

Based on these guidelines the authors consider that the key elements of any DSS design should be: multi-attribute choice with conflicting objectives, stakeholder identification and management, consideration of uncertainty, and identification of candidate alternatives for evaluation. 

Literature Review

A literature review was undertaken using the above guidelines as evaluation criteria. Four general criticisms can be made:

1.    Most environmental management tools have been developed with an engineering focus,          

       without a business orientation.
2. While some decision tools address one or more of the above guideline elements the authors could not find any tool that considered all of them. 
3. Many proposed approaches for DSS are at the conceptual level.
4. Some approaches that do address multi-attribute choice present ambiguous or superficial implementation.
Multi-attribute choice with conflicting objectives

Value focused thinking can be used for the construction of a hierarchy of objectives for problems in which there is only one decision maker (Keeney 1992).  

McDaniels (1996) presents an example of a multi-attribute index for the evaluation of environmental impacts of electric utilities in the context of a more extensive work on electric utility planning at BC Hydro. He used the criteria of one expert to derive the index.. A list of the attributes and ranges for BC Hydro’s strategic utility function is shown in Keeney (1992, pp. 358-359). This utility function includes environmental as well as economic, health and safety, equity, service quality attributes, among others. Even though this work deals with strategic planning including environmental issues, it did not consider the values of the stakeholders (Criticism 2). The work used multi-attribute utility models, which are considered complex.

The Analytic Hierarchy Process (AHP) has been suggested for complex environmental judgments (Varis 1989). Its appeal is that it is a high level decision model that is relatively easy to use. This approach has been applied for landfill site selection (Mummolo 1995), and for technology choice for sustainable development (Herkert et.al. 1996). The approach has not been used in the context of the present problem (Criticism 2).

Stakeholder identification and management

For decision situations in which more than one party is interested in the consequences of a decision or in the process followed to make the decision, two classes of situations have been identified (Keeney 1992). One class involves multiple decision makers who must collectively agree on a course of action. Another class involves situations in which one stakeholder is the main decision maker and wants to account for the values of other stakeholders. In this second type, the main decision maker decides how to treat the values of the different stakeholders. This second class of problems is of interest in the present problem as firms need to find ways to properly account for stakeholders concerns, and incorporate them into the strategic decision making process.

Polonski (1995) suggests a stakeholder approach for the incorporation of the natural environment in corporate strategy and offers a modified stakeholder strategy matrix to assist firms in the classification of their stakeholders and the selection of generic strategies to deal with them. The matrix classifies stakeholders according to their potential to cooperate with the organization and their potential to threaten the organization. The potential of the stakeholders to cooperate with, or threaten the company depends on the environmental performance of the company. 

Polonski generically suggests that firms should collaborate with the mixed blessing type of stakeholders, should involve the supportive stakeholders, defend itself from the non-supportive, monitor the marginal, and use a mixed approach depending on the bridging stakeholder. A fifth type of stakeholder, the so called bridging stakeholder which could be located in any of the positions of the matrix can be added. These bridging stakeholders could act to influence the stakeholder process. (Polonski 1995). He, however, recognizes that research is needed to examine: a) the effectiveness of the various generic strategies for each of the five different groups and, b) the role of the bridging stakeholders, that the authors suggest could be used to the advantage of firms in dealing specially with the non-supportive stakeholders. Polonski’s framework can be used for modeling firms’ stakeholders, but it is still at the conceptual level (Criticism 3). 

Keeney (1992) generically suggests a value focused approach that involves structuring the values of the multiple stakeholders separately for each one, and states that it is often useful to develop a combined value structure. This procedure was applied for structuring objectives for a public interest problem (Keeney 1988). Even though there was a main decision maker, this situation has been considered by Keeney (1988, 1992) as pertaining to the first class of decision situations, because the problem was of public interest. The procedure employed during the construction of the hierarchy of objectives did not involve interaction among the different stakeholders. The consultants proposed the final combined value structure using the individual hierarchies provided by the different stakeholders and went back to them to check if the final structure incorporated their concerns. This type of approach has not been used in the context of the present problem. (Criticism 2).

Keeney's procedure is proposed to incorporate key stakeholders’ concerns with regards to the environmental performance of a company. The advantage of this procedure is that the company after incorporating the stakeholders environmental concerns, can consider them along with other business objectives into the decision making process and arrive at integrated decisions.

Consideration of uncertainty: scenario planning

Scenario planning has been suggested as a tool to account for the uncertainty about the future in strategic planning (Schoemaker 1995). He proposes a procedure for scenario development, and suggests that managers use the scenarios first as a learning tool and then as a decision making tool. 

One of the early steps of the Schoemaker’s procedure calls for the identification of major stakeholders. He suggests identifying the stakeholders’ current roles, interests, and power positions, and asking how they have changed over time and why. He states that judges, lawyers, journalists and regulators are increasingly powerful stakeholders in the environmental area.

Resulting scenarios together with competitive analysis can help companies identify their capability gaps (Schoemaker 1992), for example in environmentally related capabilities.

Scenarios have been used in estimating environmental liabilities (Schoemaker and Schoemaker 1995).  This application addresses only part of the present problem. (Criticism  2). 

Scenario analysis has been considered a promising tool for assessing and quantifying the impact of environmental issues to reduce vulnerability to environmental pressures and to unveil business opportunities in business operations (Earle and Rhodes 1996). This approach, however, is still at the conceptual level (Criticism 3). Scenario planning should be used with emphasis on environmental issues and their impact, both positive and negative, on business competitiveness.

Identification of candidate actions for evaluation

Although not widely generalized, methodologies for the assessment of environmental impacts of production processes are relatively well developed and they are performed as either environmental reviews or environmental audits (Garrod and Chadwick 1995). These methodologies focus on the analysis of what occurs within the boundaries of the processes or plants. Companies, however, are facing pressures to take responsibility for the environmental impacts of their products during their whole life cycles, not only for the production processes. 

One approach for conducting this type of analysis is provided by the so called Life Cycle Assessments (LCA). This approach comprises three phases: inventory, environmental impact assessment, and improvement.

The  inventory phase of the life cycle assessment of products is well developed; what is not well developed is the environmental impact assessment phase (Graedel 1994). According to Graedel (1994), a major complicating factor in the assessment of environmental impact is that risk prioritization includes not only technical information but also the value system for interpreting the technical information, of the community performing the prioritization. This means that to actually develop a business strategy that incorporates environmental issues, the community views will need to be incorporated. 

Due to the excessive data requirements, time and costs involved for full LCAs, streamlined LCA methods are being developed (Weitz et al. 1996). The problem with LCAs has been that they were developed with focus on the environment without a business focus. That is, they have concentrated in the environmental aspects only but have not seen the environmental issues as a business opportunity. (Criticism 1).

A horizontal extension of the Porter’s Value Chain has been proposed as a framework to include a “cradle to grave” approach (Moore, 1992). This approach includes factors such as raw material extraction and end of life product disposal, that have not been traditionally considered as a responsibility of a firm. The approach would allow companies to identify their environmental impacts and vulnerability as well as the opportunities for competitive advantage over the whole extended value-chain. Limited evidence seems to give support to this framework (Veroutis et.al 1996). The approach is still in the development stage (Criticism 3).

In the DSS design the life cycle philosophy within the extended Porter’s Value Chain  should be followed to account for the development of environmental improvement alternatives and for the identification of opportunities for competitive advantage.

Decision support systems

Sturm and Schaltegger (1996) propose what they call an environmental exposure portfolio to analyze the relative environmental impact of a company with the relative importance of the impact for authorities and other stakeholders as a way to focus the environmental efforts of a company. 

They use a linear ranking model to rank both the importance of the environmental problems and the environmental impact of the company. They include the current importance and the possible future importance of the environmental issues for the different stakeholders. However, it is not clear how they actually incorporate the views of the stakeholders and project the future importance of the environmental issues; nor do they provide an explanation for inclusion in a same ranking system of both the present and future importance of an environmental issue. (Criticism 4). The approach seems to be at the conceptual level (Criticism 3). Additionally the model does not seem to address the identification of opportunities for competitive advantage (Criticism 1).

In their decision support system for environmental decisions, Sturm and Schaltegger (1996) propose an eco-efficiency portfolio where in the vertical axis a relevant environmental performance indicator is plotted, and in the horizontal axis a relevant economic indicator is plotted, for the comparison of production sites for benchmarking, or for selection of strategies. They define eco-efficiency as a ratio of value added over the  environmental impact added from an intervention. However, the definition of environmental impact added is not very clear from their paper. From a plot of a measure of value against environmental impact added, a company could select options that would move it towards reduced environmental impact and towards better value added. This approach however is at the conceptual level (Criticism 3). It does not consider firms’ business performance objectives other than economic, and additionally the tool does not include a way to aggregate the environmental impacts of the alternatives (Criticism 2).

An eco-efficiency type of concept that would incorporate the contribution to business objectives other than environmental in the numerator, and the environmental impact that considers the stakeholders values in the denominator, would in principle be used as input for the prioritization of environmental performance improvement alternatives.

Conclusions

Based on the authors review of the literature there is an  absence of specific decision support tools for translating  corporate environment policy into functional strategies, particularly  production and operations management strategies. However,  the review has uncovered a number of tools (or approaches) that show promise in the synthesis of a decision support system. They are:  
· Use of  the extended Porter’s value chain approach to account for the environmental impacts of a company, and for the development of environmental improvement alternatives and identification of opportunities for competitive advantage. 

· Use of scenario planning to model uncertainty and to account for the future developments of the firms’ expanded environment.

· Extension of Keeney's procedure for structuring values to account for the stakeholders environmental concerns, and use of a high level decision model to integrate environmental issues into firms’ strategic objectives. 

· Use of a modified eco-efficiency concept for the prioritization and selection of environmental improvement alternatives.
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ANNEX

Figures
� The description of the standard relies on the ISO 14001:96 and ISO 14004:96 as they appear in the CAN/CSA-ISO 14001-96 and CAN/CSA-ISO 14004-96 of the Canadian Standards Association , and on the ISO/DIS 14001 and on supporting material from the ISO/DIS 14004 standard as presented in Appendix A of the ISO 14000 Handbook by Cascio (1996), and on Woodside et.al. (1996). 


� This description follows Krajewski and Ritzmann’s (1996) with minor modifications by the authors.


�  Italics to establish the difference between the business environment and the natural environment


�  A stakeholder of an organization is defined as any individual or organization, internal or external, that has an interest on the firm’s activities (Näsi 1995)
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