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EXECUTIVE SUMMARY 

The purpose of thls report is to describe the cross-impact analysis process 

and microcomputer software that Pacific Northwest Laboratory (PNL) and its 
subcontractors have developed for the Office of Policy, Planning, and Analysis 
(PPA) of the U.S. Department of Energy (DOE). First introduced in 1968, cross
impact analysis is a technique that produces scenarios of future conditions 
and possibilities. It has undergone considerable modification since its intro
duction and is still the subject of much experimentation and revision. PNL 
has investigated its usefulness and applicability to energy policy analysis. 

Why investigate cross-impact analysis when there are already several 
other forecasting techniques available to DOE for conducting energy policy 
analysis? Cross-impact analysis has several unique attributes that make it a 
tool worth examining, especially in the current climate when the outlook for 
the economy and several of the key energy markets is uncertain. 

Cross-impact analysis provides special capability for energy policy studies 
because it is different from and complements the econometric, engineering, 
systems dynamics, or trend approaches that are already in use at DOE. Cross

impact analysis does not produce detailed forecasts but is a tool that produces 
self-consistent scenarios in the broadest sense and can include interaction 
between the economy, technology, society and the environment. Energy policy 

analyses that couple broad scenarios of the future with detailed forecasting 

can produce more powerful results than scenario analysis or forecasts can 

produce alone. Coupling the approaches can quantify the impacts of alternative 
energy policies under a wide range of future economic, societal, and 
technological conditions, possibilities and contingencies. 

Cross-impact analysis shows considerable promise as a policy analysis 
tool as evidenced by the following features. Cross-impact analysis: 

• makes explicit the assumptions and judgments used to produce scenarios 

of the future; 

• provides a structured analysis process for testing opposing viewpoints 
regarding future conditions, events, and possibilities; 

;;; 



• treats future outcomes probabilistically so that uncertainty can be 
analyzed directly; 

• incorporates important factors for analyzing the future such as 
technological change, lifestyles, or institutional change, for which 
little historical data is available; 

• emphasizes consensus by involving three or more analysts with varying 
backgrounds and expertise in the process; and 

• operates in-house using specially designed microcomputer software called 

DOECIM (DOE Cross-Impact Model). 

The six-step cross-impact analysis process is shown graphically in Figure 
ES.1. Section 2.0 of this report presents an overview to this process and 
each step is discussed in the separate sections that follow the overview. 
Cross-impact jargon like "descriptors", "~priori probabilities", "conditional 
probabilities", "base-case matrix", "impact scale", and "computer simulations" 
are defined for the reader in the Introduction, Section 1.0. 

A sample scenario analysis was conducted as a part of this effort and is 
presented and discussed alongside the process description. We analyzed future 
energy-use intensity and efficiency in the industrial sector of the U.S. economy 
in 1995. Lessons learned from this sample study are presented as a part of 
the process description. 

This project included a review of the cross-impact literature (a bibli
ography can be found in Appendix A), critiques of other cross-impact approaches, 
development of a new computational algorithm (described in Appendix D), and a 
sample scenario analysis. Based on the results of these activities we conclude 
the following: 

• Cross-impact analysis is most useful when applied to broad-brush, seeping 
studies where future scenarios can define the major issues and identify 
topics for more detailed analysis. Because the approach relies heavily 
on the opinions of experts about the future, it is less useful than other 
techniques if the forecast horizon: is less than ten years; is not 
expected to undergo significant change or turbulence; and is not 
particularly uncertain. 
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• The computer software that has been developed, called DOECIM, operates 
on an IBM-PC or compatible microcomputer with at least 348K of memory 
and two disk drives. The software is menu driven and employs full 
prompting at all times for ease of use. The software includes an 
instruction guide and three program diskettes. DOECIM has been designed 
to follow more closely the theory of joint probability estimation than 
do other scenario generation procedures. 

• The first two steps in cross-impact analysis, topic definition and 
descriptor identification, are best accomplished in workshop settings 
attended by eight or less participants who are experts in various aspects 
of the problem. In the example discussed below, energy policy analysis, 
the workshops included experts on: technology, institutions, economics, 
human behavior, etc. These workshops should be highly structured meetings 
led by a facilitator to keep the meeting on track and ensure that all 
individuals participate. 

• The state-of-the-art in cross-impact analysis is not fixed but is in a 
state of flux and much more development is not only possible but needed 
before the methodology can lay any strong claim to rigor. DOECIM has 
advanced the state-of-the-art in several important respects. For one, the 
computational algorithm that produces the most likely scenarios is based 
on conditional probabilities of joint events, unlike other scenario devel
opment techniques. In addition, analysts have considerable flexibility 
in structuring the process and using the software to address analytical 
needs. The six-step process provides a useful structure for many anal
ytical inquiries even if the analyst does not intend to develop future 
scenarios or use the DOECIM software. Similarly, the experienced analyst 
could forego the six-step process and work directly with the software if 
scenario analysis is needed under short deadlines. 

Finally, the DOECIM software is available now in a form that can be used 
easily on IBM-PC or compatible microcomputers. DOECIM can be particularly 
useful for examining contingencies in energy markets caused by uncertainty 
surrounding future world oil prices. Scenario analysis of future conditions 
and possibilities using DOECIM can provide added insight to ongoing analyses 
because the cross-impact approach can draw upon experts to supplement historical 
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data with information on current trends, and expected breakthroughs or 

turnarounds in market conditions. We recommend that DOE use DOECIM to gain 
experience with the tool and so that the benefits of policy analyses that 

couple broad scenarios with detailed forecasts can be realized. 
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1.0 INTRODUCTION 

The purpose of this study is to develop a cross-impact analysis tool for 

policy analysis studies at the U.S. Department of Energy (DOE). Cross-impact 
analysis is a technique for forecasting future events, conditions, events, and 

possibilities. Like other forecasting tools such as trend analysis, econometric 
analysis or systems dynamics, cross-impact analysis can be applied to policy 
analysis questions and makes use of historical data and existing forecasts. 
Unlike the other approaches mentioned, cross-impact analysis can analyze 
variables for which little historical data is available such as technological 
change or lifestyles, and uses expert judgment about the future as an explicit 
part of its input data. 

Cross-impact analysis has undergone considerable modification since its 
introduction in 1968 and is still the subject of much experimentation and 
revision. We compiled a bibliography with over 100 entries concerning cross
impact analysis theory and practice indicating significant interest 1n the 
approach in the scientific and professional literature. The general conclusion 
to be drawn from a review of this literature is that cross-impact analysis is 
not fixed but is in a state of flux and that much more development is not 
only possible but needed before the methodology can lay any strong claim to 
rigor. 

Battelle Memorial Institute developed a computerized cross-impact analysis 
tool called BASICS that has been used extensively for private sector clients 
to develop future scenarios of market conditions and opportunities for the 
banking and printing industries among others. We began our development of a 
cross-impact energy policy analysis tool for DOE with BASICS. 

Not surprising, given the evolving state-of-the-art in cross-impact 
analysis, we identified several improvements to make to the computational 
algorithm of BASICS. The revised algorithm, called LAMP POST, is described 
in Section 7 and Appendix D and is contained in the new microcomputer cross
impact analysis tool we developed for DOE called DOECIM (DOE Cross-Impact 
Model). 

DOECIM operates on an IBM-PC or compatible microcomputer with at least 
348K of memory and two disk drives. The software is menu driven and employs 
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full prompting at all times for ease of use. DOECIM software is available 

and consists of three floppy disks. An instruction guide accompanies the 
microcomputer software. 

1.1 WHY CROSS-IMPACT ANALYSIS? 

Why investigate cross-impact analysis when there are other forecasting 
techniques already available to DOE? What added benefit can be derived? How 

is cross-impact different from other modeling approaches? 

Cross-impact analysis provides special capability for energy policy studies 
because it is different from and complements the econometric, engineering, 

trend, and systems dynamic approaches that are already in use at DOE. Cross

impact analysis does not produce detailed forecasts, it does produce self
consistent scenarios of future conditions and possibilities in the broadest 

sense. When coupled with detailed forecasts, these scenarios can address a 
wide range of economic, technological, societal or environmental contingencies 

that may result from or affect DOE policies. 

Coupling broad scenarios with detailed forecasts produces more valuable 
confirmation and insight than could be gained from using either approach alone. 
The cross-impact approach can produce a wide range of alternative outcomes or 

futures for important variables. Because cross-impact analysis collects and 
synthesizes expert judgment on the likelihood of expected future events, the 

uncertainty surrounding future world oil prices, economic growth, or the 
adoption of new technology can be analyzed directly. 

1.2 CROSS-IMPACT ANALYSIS TERMINOLOGY 

Cross-impact analysis has a terminology of its own. 

Topic is the subject matter of a cross-impact analysis exercise and 
includes the variables to be forecast and the forecast time horizon. The 

topic structures the analysis by saying what is and is not involved. 

Descriptors are the factors selected by experts as being important to 

understanding the topic. Descriptors can be variables, issues, public policies 

or trends involving economic, political, sociological, technological, 

institutional, demographic, etc. data. 
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Descriptor States refer to possible alternative future outcomes for 
descriptors. Descriptor states for Technological Change, for example, could 
be "more rapid than today", "equal to today" and "less than today". 
Quantitative measures of where one state ends and another begins are important 
to develop, if it is possible to do so. Sometimes a descriptor such as 
lifestyles has little quantitative data to support analysis. However, cross
impact analysis can still proceed in such instances as long the descriptor 
and its states are defined to the satisfaction of the study participants. 

A Priori Probabilities are the likelihood of future occurrence assigned 
to the descriptor states by the experts and associated with the time frame of 
study. Descriptor states are mutually exclusive so the ~priori probabilities 
for any descriptor must sum to one. Sample! priori probabilities for the 
Techno 1 ogi ca 1 Change descriptor referred to ear 1 i er cou 1 d be 40% for "more 
rapid than today", 40% for "equal to today", and 20% for "less than today". 

Conditional Probabilities are the likelihood of future occurrence of joint 
events between descriptor states. For example, consider Economic Growth along 
with Technological change in a two-descriptor model. Suppose that the 
descriptor states and! priori probabilities for economic growth are 30% for 
"greater than 4% per year"; 40% for "2-4% per year"; and 20% for "less than 
2% per year". Conditional probabilities are the likelihood of occurrence of 
joint events such as technological change "more rapid than today" given economic 
growth "greater than 4%." Conditional probabilities are the changes in~ 
priori probabilities that result from the interaction between the descriptor 
states. The interaction can have positive impacts (conditionals greater than 
a priori), negative impacts, (conditionals less than~ priori), or no effect. 
Input from other analysis, data, and trends combines with expert judgment to 
determine the sign and size of the change in ~priori probabilities that result 

' from their interaction with other descriptor states. 

Cross-Impact Matrix is the set of all conditional probabilities among 
descriptor states. A sample matrix of two descriptors, with three states each, 
has 36 cells. Only half the cells in the example represent conditional 
probabilities as descriptor states of the same descriptor do not interact. 

Impact Value is a number that experts can assign to quantity the 
interaction effect between descriptors as an alternative to determining 
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conditional probabilities directly. Impact values can range from minus 30 to 

plus 30, with minus 30 representing a strong negative effect of one descriptor 
state on another, plus 30 a strong positive effect, and 0 is no effect. Impact 

values rather than conditional probabilities can be entered in the cells of a 

cross-impact matrix. The two approaches are included because some analysts 
prefer using conditional probabilities, while other analysts find it easier 

to use impact values as an intermediate step and let the computer determine 
conditional probabilities. 

Computer simulations are used to solve the cross-impact matrix for the 
most likely scenarios. Each of the top ten scenarios consists of the predicted 
occurrence of one descriptor state for each descriptor in the cross-impact 

model of the topic being studied. In our two-descriptor example, a possible 
••most likely"" scenario might be Technological Change ••more rapid than today" 
and Economic Growth "2 to 4% per year." 

A scenario from among the top ten, perhaps the most likely, is typically 
selected as the base-case scenario. Alternative computer simulations can be 
run to analyze how changes in cross-impacts, ! priori probabilities, or new 
descriptors affect the base-case scenario. These additional computer 
simulations constitute what is typically called sensitivity analysis. 

1.3 ORGANIZATION OF THE REPORT 

The organization of the report corresponds to the overview of the cross
impact analysis process contained in Section 2.0. Following the overview 

section, are sections concerning each step in the cross-impact analysis process. 
Section 3.0 discusses topic definition, Section 4.0 discusses descriptor identi
fication, Section 5.0 discusses descriptor definition, Section 6.0 discusses 
cross-impact matrix development, Section 7.0 discusses the LAMP POST computa
tional algorithm, Section 8.0 discusses scenario analysis and Section 9.0 

discusses interpreting scenario analysis results. Section 10.0 presents 

conclusions and recommendations. 

Several appendices are included. Appendix A is a bibliography of relevant 
cross-impact analysis articles. Appendix B contains sample scenario analysis 
output including a topic statement, a list of descriptor and descriptor states, 

a cross-impact matrix with conditional probabilities and one with impact values, 
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a base-case scenario simulation, and several sensitivity simulations. Appendix 
C contains two sample descriptor essays which are research papers that provide 
the rationale for selecting descriptor states and ~ priori probabilities. 
Appendix D contains a detailed description of the LAMP POST computational 
algorithm • 
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2.0 CROSS-IMPACT ANALYSIS PROCESS OVERVIEW 

This section describes in broad terms the cross-impact analysis process 
that we developed for DOE; subsequent sections provide the step-by-step details. 

Cross-impact analysis consists of both group analysis and individual 
research. By group analysis we mean highly structured meetings where the 

collective judgment of experts about the future are obtained and input into 
the computer simulation model. Individuals conduct research at several steps 

in the process to develop information that assists the group of experts to 

make judgments about the interrelationship among the factors that have been 
selected as being important to future outcomes. 

Figure 2.1 diagrams the cross-impact analysis process step-by-step. As 
shown, the process begins when the need for scenarios about the future arises. 
Such needs arise when policy makers want information on the consequences of 
alternative government actions on future conditions or possibilities; or when 

policy analysts want to broaden their perspective by using another technique 

in their approach to the problem. The remaining sections of this section 

address the six steps of the cross-impact analysis process shown in Figure 2.1. 

2.1 TOPIC DEFINITION 

Topic definition is group activity involving, preferably, eight or less 
analysts. If possible, it is desirable to have the policy maker (or a 

representative) present at the meeting where the topic is defined to at least 

kick-off the session and emphasize the major policy issues. 

Topic definition meetings can take from four to eight hours depending on 
the complexity of the policy and the number of people in attendance (the more 
people the longer it typically takes). We have found it useful to have a 
meeting facilitator present at these sessions to focus the discussion and keep 
the group on track. It has also been useful for one of the analysts to assume 
lead responsibility for the topic definition exercise so that disagreements 

can be resolved quickly if consensus does not occur. 

The output of topic definition meetings is a clear, concise statement of 

what is to be studied. This can usually be accomplished in two paragraphs or 
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2.2 DESCRIPTOR IDENTIFICATION AND PRIORITIZATION 

the time 

This step is another group activity that works best if it involves the 
same group of analysts that developed the topic statement and follows closely 
behind the topic definition meeting. In this meeting, the group brainstorms 
a list of factors that fully describe all of things important to understanding, 
analyzing, and forecasting the topic under study. 

Typically, the group spends several hours creating a "laundry list" of 
descriptors in discussions that are unconstrained, free-wheeling and non
judgmental. The group then assesses the relative importance of various 
descriptors in order to select a manageable amount of high priority items. 
Five to fifteen high priority descriptors per matrix is typical. The DOECIM 
software works best with ten descriptors or less. 

We have found it useful to solicit input from analysts from outside the 
group that attend the meeting, particularly if the initial group consists of 
only one or two types of analysts (such as all engineers and physical 
scientists, and no social scientists). This helps to broaden the analytical 
perspective and reduce bias that may be present in policy analyses based on a 
single discipline. 

2.3 DESCRIPTOR DEFINITION 

Descriptor definition involves individual analysts researching what is 
known about the descriptor. Analysts may produce a 3-5 page research paper 
that investigates historical trends, current status, and future projections for 
the descriptor. This paper provides the rationale for selection of descriptor 
states and ! priori probabilities for those states. Depending on time, budget 
and knowledge of the analysts, essays can be prepared on all, some, or none of 
the descriptors. 

Selection of descriptor states and~ priori probabilities is one of the 
most critical steps in the cross-impact analysis process. While the judgments 
are made by individuals, selections should be reviewed and agreed to by the 
other analysts in the group. In many cases, input from analysts outside the 
group on particular descriptors may be helpful. 
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2.4 CROSS-IMPACT MATRIX DEVELOPMENT 

Developing cross-impact matrices is a group analysis activity where 

collective judgments are made regarding the conditional probability of joint
events. This activity quantifies the effect that the occurrence of one 
descriptor state has on the~ priori probability of another state occurring. 
Typically, it will take three analysts from four to eight hours to develop a 
matrix that has fifteen descriptors with three descriptor states each. 

The greater the number of analysts, the longer it typically takes to 
build a matrix. 

Using DOECIM, there are two ways for analysts to quantify the magnitude 
of the interaction between descriptors: using conditional probabilities or 
impact values. With the first approach, collective judgments about conditional 
probabilities are entered into the cells of the matrix directly. With the 
second approach, analysts can enter an impact scale with values ranging from 
minus thirty, to zero, to plus thirty. Minus thirty indicates that the 
occurrence of one descriptor strongly decreases the likelihood of the second 
descriptor state occurring; zero indicates no impact; and plus thirty strongly 
increases the likelihood of the second descriptor state occurring. 

Because a simple equation ties the impact scale and conditional probabil
ities together (making it possible to map directly from an impact scale matrix 

to a conditional probability matrix}, the only difference in the two approaches 
is ease of use. Some analysts find it easier to think about cross-impacts in 

terms of scaling factors, others prefer to think in terms of conditional 

probabilities. 

When filling out a cross-impact matrix, it is rare for there to be quick 
consensus among analysts about the size and direction of the interrelationships. 
Be prepared to spend more time than you think on this activity. This is •· 
especially true when mqre than three analysts are involved. The best approach 

for overcoming this difficulty is for the lead analyst to be given 
responsibility for making decisions when differences arise, and for a record 

to be kept of "minority" viewpoints so that alternative values can be revisited 

later in the analysis process. 
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2.5 COMPUTER SIMULATIONS AND ANALYSIS 

This activity involves solving the cross-impact matrix so as to produce 
the ten highest probability scenarios. Typically, the most likely scenario 
is selected as a "base-case" and compared to one or two alternatives. 

Alternative cases can reflect "minority viewpoints" ment i a ned in Sect; on 2. 4, 

and can include new descriptors that represent high consequence - low 
probability events such as warsf environmental disasters, technology 
breakthrough, etc. 

Considerable effort is often required to develop a satisfactory base 
case. Because it can take several days for DOECIM to solve a mcdel with greater 
that ten descriptors, it is useful to conduct this analysis carefully and to 
develop a clear analysis plan. Output from the computer simulations should be 
reviewed and discussed by the group. 

2.6 INTERPRETATION, CONCLUSIONS, RECOMMENDATIONS 

The final step is to determine the meaning of the scenarios for the energy 
policy analysis topic. The amount of effort this takes depends on the 
complexity of the policy question. Reports, memoranda and briefings are 
prepared to communicate the findings and recommendations to policy makers, 

other analysts, or other interested parties . 
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3.0 DEFINING THE TOPIC 

The definition of the topic is a critical step to producing useful fore

casts on a subject. It establishes the scope of the analysis and clarifies 
the specific questions that are to be addressed by the work. It also serves 

to establish clearly among all the participants and users of the results what 
the objective of the analysis is and what is expected to be included in the 
forecast model framework. Experience shows that a written statement of the 
topic is essential because participants can seem to agree verbally about the 

topic but usually disagree about what is meant when the verbally expressed 
topic is committed to paper. This activity in the development of scenarios 
and associated analyses can be accomplished in several ways. 

3 .1 WORKSHOP 

The workshop is one way to reach agreement about the topic that will be 
the subject of scenarios. The subjects can range from global subjects like 
trade, politics, energy and economic conditions to very narrow subjects like 
the future need for research on a particular technology or the effect on various 

factors judged to be important of specific low probability high consequence 
events like oil embargoes or significant technological breakthroughs. The 
workshop is a good setting for reaching agreement about the topic particularly 
if the subject of the scenarios is going to be used by the individuals who 
attend the session. Also, the workshop can be used to refine the framework 
of the analysis so that it can be presented as a candidate topic to the users. 
The workshop is not a very good method to involve very high level potential 
users because frequently these people do not have the time to attend a workshop 
and debate the pros and cons of a topic subject. Also, the attendance of 
very high level people in a workshop can inhibit the discussion that is 

necessary to explore all the possible factors before choosing the critical 

ones for inclusion in the analysis. 

• 3.2 SURVEY 

Frequently a scenario model for long term forecasting is developed for a 

large number of potential users who cannot be brought together in a workshop. 
The administration of a survey instrument (questionnaire) is an excellent way 
to collect inputs from the potential users. This instrument must ask for a 
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statement of the topic, a description of the scope in time, geography and 

subject, and a listing of the factors that are judged to be critical for a 
well-rounded analysis of the topic. 

This questionnaire can be administered by mail in which case a test of 

the survey instrument is essential. A telephone survey using the questionnaire 
to record the information is an alternative method of obtaining the necessary 

information to define the topic. A one-on-one administration of the question
naire is also possible. In this case, the person administering the question
naire should be a participant in the program to develop the model because 

frequently nuances in the response will be useful after all responses are 
collected. Sometimes this can help in establishing the priorities for the 

selection of the important elements (descriptors) and their respective states. 

3.3 STRUCTURED INTERVIEW 

The structured interview is similar to the one-on-one questionnaire survey 
instrument. However, because it is a personal interview¥ the respondent may 

feel more at ease. Also¥ the design of the survey instrument does not need 

to be as carefully developed as for an instrument that is mailed or administered 
by telephone. The questions to be addressed can be fairly general and can be 

stated to elicit a broad range of response from the individual. This places 
a greater premium on having the interviewer be experienced and understand the 

potential use and application of the information that is collected. The benefit 

of this approach is that the interview process can be an educational experience 
for the person who is conducting it and can help insure that the model developed 
is useful to¥ and defendable, by the potential users. 

3.4 TOPIC CONTENT 

The critical elements for establishing the topic include the time period, 

the geographical scope and the technical scope of the analysis. In addition, 

for the model to be useful, it must contain descriptors that constitute the 

information to be forecast for the analysis. Seeking the forecasted variables 
is the most effective method for reaching agreement about what is relevant to 

the topic. This involves asking the participant or respondent what information 

about the future is essential to making a useful forecast. Is 1t interest 
rates, expenditures on research and development, or timing of the innovation 
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of a particular technology? These questions will help establish a scope for 
the scenarios to be used in the analysis that is narrow enough to be completed 
given available resources. If the model is to be used for policy analysis, the 
actionable policy variables must be included in the scope of the analysis. 
In addition, it is important to include within the scope any other variables 
that the user normally views as important to the future environment. Including 
these variables in the analysis may be shown to be unnecessary from a technical 
perspective but are very important to produce an analysis that the user can 
accept {because it contains the elements that he or she feels is critical to 
the full understanding of the future). 

The time period of the analysis can vary from a short period of 2 or 3 
years to longer periods up to twenty years and possibly more, depending on 
the topic and the need. As the time period is extended, the factors that are 
important in forecasting change are different from those that are usually 
included in standard forecasting models. Longer time periods require the 
consideration of social, political and technological factors that are not 
usually incorporated into traditional econometric models very satisfactorily. 
The DOECIM approach facilitates the inclusion of variables that are more 
qualitative in nature or for which data are poor or nonexistent. 

The geographical scope of the analysis is important to establish in 
defining the topic because it can help reduce the amount of effort necessary 
in collecting background data and information. For instance, if economic 
conditions are important to the forecasts, establishing that the relevant 
geographical area is the United States rather than the whole world, it will 
substantially focus the necessary work in collecting the background information. 

The technical scope of the analysis will probably be modified as the 
development of the model progresses. The technical scope will probably change 
over time because the factors that are important will be different a year 
after the model is built. They will differ in importance and emphasis. Some 
factors will disappear and others will emerge as important. Generally, the 
model should contain factors that relate to the broad categories: social, 
technological, economic and political. 
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Descriptors 

DOECIM approach. 

4.0 IDENTIFYING AND PRIORITIZING DESCRIPTORS 

are the fundamental building block of scenarios 
The identification of descriptors is a step in 

using the 

the scenarios 
building process that is common to all formal approaches that are in use today. 
The step in which the topic is defined serves to establish the scope of the 
work. The step of identifying and prioritizing descriptors is one in which 
first the team will seek to identify all possible relevant factors. This 
usually results in a long list of candidates. The candidate list must be 
refined and revised during the course of the work to remove redundant and 
irrelevant factors. 

The identification of the list requires the involvement of people who 
are willing to be creative and offer ideas and concepts without being concerned 
about whether they seem to make sense in a conventional analysis of the problem 
area. Also, the environment for identifying these factors must be an open 

environment in which consideration is given to what the possibilities are and 
criticism of ideas is minimized. Debate is useful to some extent but generally 
would be minimized in the part of this step that is involved in identifying a 
comprehensive list of candidate descriptors. Clarification of the meaning of 
suggested candidate descriptors is essential for the next part of the step in 
which the descriptors are prioritized. 

The methods for accomplishing this step are the same as those described 

for defining the topic. However, the workshop environment in which 

brainstorming and idea generation techniques can be applied is particularly 
appropriate. These techniques should be undertaken with an experienced 
facilitator. There are a variety of pin-card and flip-chart approaches. 

The prioritization of descriptors is essential to reduce the total number 
that must be worked with and also to begin consideration of the 

interrelationships among them. Descriptors that are redundant (the wholesale 
price index and the consumer price index for instance) and/or that will have 
approximately the same effect on other descriptors can be eliminated from the 

list. 

The final list of descriptors is used to form the cross-impact matrix. 
The method of completing this matrix is described in subsequent sections of 
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this report. The interaction among descriptors is critical to the successful 
development of this matrix. Descriptors affect each other by having the 
occurrence of one state for a descriptor affecting the probability of occurrence 
of another descriptor state. If they do not affect each other, the matrix 
will be empty and the specification of the factors that describe the future 

for the topic chosen is probably poor. 

This bears on the selection of the appropriate descriptors because the 
value of the cross-impact technique is in the analysis of a large number of 
interactions that might normally not be considered as possible in developing 
a model. The simplest way to establish priorities among descriptors is to have 
the experts who participated in the development of the long list vote for the 
ones they view as most important. The votes can be weighted according to the 
level of expertise the voting expert offers. Also, to reduce the bias in the 
voting, the group that participates in the workshop should be carefully selected 
to insure an appropriate breadth of expertise covering the major areas (social, 
political, economic, technological) of concern. 

A useful technique to help insure the desired breadth of coverage is to 
group descriptors into major areas. By inspection, areas that are not covered 
well will become apparent. This can be used as a cue to identify additional 
descriptors in the deficient area. Another way to evaluate the array of 
descriptors is to group them by "arena". One arena might be global, another 
national, and another a specific organization or technology. Descriptors 
that are grouped in this way can be evaluated to assess their desirability. 

Some descriptor states will be judged to have a very low probability of 
occurrence. If the probability is judged low and the potential effects are 
judged high, this descriptor state may be treated as a disruptive event. A 
separate analysis of the low probability high consequence events can be 
conducted in the form of a sensitivity analysis. This is an approach that 
allows descriptor states that are included in the matrix to be states that 
have a reasonable probability of occurrence. With DOECIM algorithm, the 
solutions are very unlikely to contain outcomes for descriptors that initially 
have very low probabilities of occurrence. Recognition of the fact that a 
descriptor or its expected state can be introduced later in the analysis permits 
them to be screened out and set aside for subsequent sensitivity analysis. 
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5.0 DEFINING DESCRIPTORS 

Once the set of descriptors has been chosen that are the highest priority 

for the topic at hand, these descriptors must be defined and a measure of 
each descriptor selected. The definition should provide insight into how the 
descriptor interacts with other descriptors; an historical perspective on how 
the descriptor behaves over time; and an explanation of the likely variables 
that will influence the descriptor over the time horizon of the topic. The 
process of defining the descriptors and the states that these descriptors 
assume can be done formally or informally. When done formally, the product 
is an essay on the descriptor, representative samples of which appear as 
Appendix C. However done, the exercise should generate the same set of informa
tion that serves as input to the construction of the cross-impact matrix. 

The components of that information set are as follows. The descriptor 
needs to be precisely defined. The reason that the descriptor is important 
to the topic needs to be explained; a major component of this explanation is 
how the descriptor interacts with other descriptors. How the descriptor has 
behaved in the past provides a perspective on the states that the descriptor 
can assume. A discussion of the current status of the descriptor allows the 

identification of factors that bear immediately on the trajectory of the 
descriptor state and provides an introduction to the most critical informa

tion required by DOECIM: what are the likely states of the descriptor in the 
future? A brief description of each of these pieces of information follows. 

5.I DESCRIPTOR DEFINITION 

When a laundry list of descriptors is first identified and prioritized, 
groups of descriptors are typically lumped together under one heading. To 
use an example from the industrial sector study, a measure of the cost of 
capital is considered important in the adoption of new technology, as are the 
lost opportunities of not investing and the price of capital goods. Clearly 

all of these concepts are closely allied and can be grouped together, but 
what is the common thread that ties these concepts into a single measure that 
would be useful for an exercise in policy analysis! The common variable among 
these measures in a rate of interest: it is a major component of the cost of 

capital goods, it is a direct measure of opportunity costs and it reflects 
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the underlying productivity, and hence price, of capital goods. But recognizing 
that the rate of interest will capture the effect of these influences solves 
but one of the problems faced in defining the descriptor. Clearly there are 
many rates of interest. 

The interest rate selected for the industrial sector analysis was the 
prime rate. This rate was chosen for several reasons. It is probably the 
best single measure of the cost of borrowing from a business perspective. 

Although this applied only to a bank's best business customers, most other 
rates are tied to it. The prime rate applies to just that situation that is 
of concern to the topic at hand: it reflects the costs of investing in new 
plant and equipment. The prime rate is an interest measure that has been 
collected over a long period time so that a variety of business conditions 
can be considered in its movement over time. 

The essence of this definition is to select a measurable variable that 
applies to the topic at hand and captures the important influences that the 
selection process indicated were of importance. The next step, then, is to 
articulate how these factors are interrelated. 

5.2 RATIONALIZING THE DESCRIPTOR 

The major purpose of this section is to explain the importance of this 
descriptor to the topic and to provide some insight in to the way that this 
descriptor interacts with the other descriptors included in the analysis. 
The example shown in Appendix Don interest rates has the following outline. 
The rationale section first explains the importance of this descriptor to the 
topic. It then describes how the descriptor would influence residential energy 
consumption directly through affecting the cost of borrowing for appliances 
and residential retrofits, and indirectly though the influence of the interest 
rate on general economic activity. In this latter discussion, the essay briefly 
describes the different ways that interest rates and general economic activity 
are linked, and references published discussions of alternative theories. 

5.3 HISTORICAL TRENDS 

This section provides some evidence of the historical movements that 
have occurred in the descriptor. The purpose of this section is to provide 
some background on the possible states that the descriptor can assume. In 
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the example shown in Appendix D, a plot of the prime rate, the rate of infla
tion and the rate of growth of real Gross National Product (GNP) are plotted 
over the period 1950-1984. Inflation (the change in the Consumer Price Index) 
is included because of the tie between real returns and the rate of inflation. 
The growth rate of GNP is also plotted to provide evidence of the counter
cyclical relationship between interest rates and changes in GNP. 

5.4 CURRENT STATUS 

The current status discussion in the essay provides information on how 
the status of the descriptor may have changed recently or may change in the 
near future. Again using the interest rate essay as an example, this section 
highlights the change in Federal Reserve Board (Fed) strategy, beginning in 
October, 1979, of targeting monetary aggregates rather than interest rates. 
The result of this change in strategy was the increased volatility of interest 
rates until the Fed modified its strategy in 1982. Another topic of this 
section of the essay is current: when the essay was written in 1985, the 
perspective was for continued monetary tightness as a policy to prevent the 
resurgence of inflation. Subsequently the perspective has changes somewhat, 
to more monetary ease. Whatever the current status, future prospects are 
affected by that status since there is considerable inertia in any economic 
system. 

5.5 FUTURE PROSPECTS 

This section articulates the likely states that the descriptor will take 
over the time horizon of interest to the problem. These states will be condi
tioned by what has happened in the past and our perceptions will be 1nfluenced 
by the current status. The product of this segment of the essay should be a 
set of descriptor states defined and~ priori probabilities assigned to each 
state. A brief discussion of the major uncertainties should also be included 
to alert the reader to major events that could alter the probabilities. 

5.6 FOLKLORE ON DESCRIPTOR ESSAYS 

Writing formal essays for each of the descriptors is a time consuming 
task; experience in this activity suggests that a knowledgeable individual 
might take approximately a week for each of the essays, assuming that they 
are constructed from scratch. The experience at the Battelle Columbus 
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Laboratory is that this process can be substantially shortened if an essay is 
on file that can be used as a starting point. Even if this is the case, some 
time is required to update the relevant data, tailor the logic to the particular 
problem, and rationalize the uncertainties surrounding current projections of 
descriptor states. 

In the course of using the industrial sector as an example to exercise 
the OOECIM software, considerable debate ensued concerning the "best" set of 
~priori states. At first, there appeared to be some advantage to defining 
the probabilities so that one state was more likely than the other state(s). 
Subsequent experience with the software suggests otherwise. At the conclusion 
of this exercise the consensus of opinion was that the probability states 
ought to be nearly the same order of magnitude. That is not to argue that 
the states should remain equiprobable in the conditional probability matrix; 
if that were true, then virtually no other variable would have any effect on 
the~ priori states, and there would be little reason to include the descriptor 
in the analysis. 

How the probabilities of each of these states changes if another descrip
tor state occurs is the essence of the construction of the cross-impacts matrix. 
To this topic we now turn. 
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6.0 DEVELOPING CROSS-IMPACT MATRICES 

The descriptor essays provide a set of! priori probabilities for the 

states that the descriptors will assume; these provide the starting point for 
the construction of the cross-impact matrix. The recommended strategy for 

the construction of the cross-impact matrix is to first select a small team 
of analysts who begin their assignment by becoming familiar with the descriptor 
essays. The analysts then meet and agree on either an impact matrix or a 
conditional probability matrix. An impact matrix is one that converts the 
prior probabilities to conditional probabilities; if the conditionals are the 

focus of attention, the impact matrix can be constructed from the priors and 
the conditionals. When this exercise is completed, the cross-impacts matrix 
exists in a form that DOECIM can use for calculation of scenario probabilities. 

In Section 6.0, a simple cross-impacts matrix will be constructed to 
illustrate the process. The example includes three descriptors each with 
three states, contrived by taking a subset of the descriptors from the indus
trial sector example presented in Appendix B. In Section 6.1, to follow, the 
descriptors and their states are defined and prior probabilities for each 
state are shown. In Section 6.2 the conditional probability matrix is con

structed, and discussed. Section 6.3 is a brief discussion of impact matrices 
and how they are used in DOECIM. The final subsection mentions some of the 
problems associated with the cross-impacts method and explains how DOECIM has 
been modified to take some of these into account. 

6.1 EXAMPLE DESCRIPTORS AND STATES 

From the example shown in detail in Appendix B, we have selected three 

descriptors to provide an example of the construction of a cross-impacts matrix. 
These descriptors are the world oil price, interest rates, and the composition 
of the industrial sector. The importance of these variables to industrial 
energy use and intensity are obvious, but the way they are measured requires 

some explanation (this would normally be discussed in the descriptor essays). 

The world oil price could be measured as the spot market price on one of 
the major international exchanges, as the contract price to major domestic 

producers, as an index relative to some base year's price, or in constant 

dollars per barrel (e.g., in 1980 dollars--based on a spot price). The measure 
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chosen in this case is in 1985 dollars, with descriptor states defined as 
"less than $20 per barrel", "between $20 and $30 dollars per barrel", and 
"greater than $30 per barrel". The interest rate, as mentioned previously, 

is defined as the prime rate (a composite published regularly by the Wall Street 
Journal and the Federal Reserve Board), with descriptor states selected as 
"less than 6 percent", "between 6 and 9 percent" and "greater than 9 percent". 
The composition of industry (described in more detail in the essay in Appendix 
C) is the ratio of the most energy-intensive and energy-consumptive industries 
to total industrial sector activity. This measure is created by dividing 
industrial sector gross national product (the sum of agriculture, mining, 
construction and manufacturing GNP) into the sum of GNP originating in the 
six most energy-consumptive industries: food processing; pulp and paper; 
chemicals; petroleum refining; stone, clay and glass products; and primary 
metals. This ratio has ranged from above 26 percent to below 24 percent with 
a clear declining trend. Accordingly, the descriptor states for this measure 
have been defined as greater than 25 percent, 23-25 percent, and less than 23 
percent. The descriptors, states, and~ priori probabilities are shown below: 

DESCRIPTOR 

World Oil Price 

Interest Rates 

Composition of 
Industry Sector 

STATES 

I. ~ $20 per barrel 
2. $20 to $30 per barrel 
3. > $30 per barrel 

4. Prime ~ 6 percent 
5. 6 to 9 percent 
6. ) 9 percent 

7. Ratio ~ 23 percent 
8. 23 to 25 percent 
9. ) 25 percent 

A PRIORI PROBABILITY 

.30 

.40 

.30 

.30 

.40 

.30 

.30 

.45 

.25 

The states have been identified with a number (1 through 9) so that they 
can easily be identified when the cross-impact matrix is constructed. Note 
that the prior probabilities have been specified to be roughly the same magni
tude and that the sum of the prior probabilities for each descriptor sum to 
unity. Thus the likelihood that one of the states of each descriptor will 
occur is identically one. 
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6.2 BUILDING THE CROSS-IMPACTS MATRIX 

The fundamental question that the analyst asks when constructing the 
conditional probability matrix is this: If a particular state of one descriptor 
occurs, how will that effect the probability for the states of other descrip
tors? Restated in terms of our example, we ask how the prior probabilities 
for interest rates and industry composition will be changed if oil prices in 

1995 are less than $20 (between $20 and $30, greater than $30) per barrel? In 
other words, if oil prices are low, will the probability that interest rates 
are low decline, increase, or remain the same? Operationally, this requires 
constructing a matrix with a row and a column for each of the states, then 
proceeding down the column as if that state had occurred, and adjusting the 
prior probabilities of each of the other descriptor states. If the column 
descriptor has no impact on the row descriptor, the prior probabilities are 
simply repeated. If the column state increases the row probability for another 

state, then the probability of other states of that descriptor must be adjusted 
to sum to one, just as the prior probabilities sum to one. For simplicity in 
our example, we will assume that the price of oil has only an indirect effect 
on interest rates, and that nothing affects the probability of oil price states. 
Moreover, the composition of industry does not influence the other descriptors. 
Under these assumptions, the cross-impact matrix might be as follows: 

Conditional Probability Columns 
States A Priori I 2 3 4 5 6 7 8 9 

I 30 30 0 0 30 30 30 30 30 30 
2 40 0 40 0 40 40 40 40 40 40 
3 30 0 0 30 30 30 30 30 30 30 
4 30 50 20 20 30 0 0 30 30 30 
5 40 30 60 30 0 40 0 40 40 40 
6 30 20 20 50 0 0 30 30 30 30 
7 30 II 21 70 21 22 50 30 0 0 
8 45 22 53 22 34 60 33 0 45 0 
9 25 67 29 9 44 18 17 0 0 25 

This matrix can be interpreted as follows. If oil prices are low in 
1995 (state one occurs) the probability that interest rates would be low (state 
4) increases from 30 percent to 50 percent. Although oil prices may have no 
direct bearing on interest rates, the probability of low interest rates will 
increase because oil prices effect inflation and interest rates and 1nflation 
are closely tied together. Accordingly, the probability that alternative 
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interest rate states would occur is moderately decreased, so that the sum of 
rows 4, 5 and 6 equals to 100 (note that the probabilities are stated as 
fractions of 100. If oil prices are low, we would also expect that the proba
bility that the ratio of energy-intensive industry to total industrial sector 
output would increase--there would be a halt in the decline of those basic 
industries and a likely increase in their relative importance. The logic 
that applies to the first column would apply, in similar fashion, to the next 
five columns. Where conflicts arise among analysts about that logic, those 
conflicts must be resolved. This topic will be addressed directly in a later 
subsection. 

This discussion highlights a number of items that need to be made explicit 
about the structure of the cross-impacts matrix. Note that the first three 
rows of the first three columns have zero elements except along the diagonal, 
which replicates the prior probabilities. This is true for the subportion of 
the cross-impact matrix allocated to a single descriptor. Note also that 
when one descriptor has no effect on another (e.g., the first six rows of 
columns 7-9), the priors are simply replicated in each column. Finally, we 
repeat, in all columns where one descriptor is conditioning other descriptors 
(as opposed to itself), the sum of the probabilities of states of a single 
descriptor sum to one (hundred). 

Once the analysts have constructed the conditional probability matrix, 
it may occur that their thinking about the prior probabilities changes. This 
will alter all the conditional probabilities in those rows where the prior 
has changed. It is not necessary that the matrix be reconstructed, however, 
because the new conditionals can be calculated using impact scales. 

6.3 THE IMPACT SCALE MATRIX 

Rather than construct a conditional probability matrix, one could define 
an arbitrary scale, say from -3 to +3, indicating the effect on the prior 
probability that the occurrence of a state would have. That is, if low oil 
prices occur in 1995, would that have a strong positive effect (i.e., +3), a 
moderate effect (+I or +2), no effect (0), or a negative effect (-1 to -3) on 
the probability that interest rates would be low? These impact scales could 
be identified for each cell of the cross-impact matrix and used to modify the 
prior probability, thereby constructing the conditional probability matrix. 
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The strategy followed in DOECIM is the reverse of that suggested above. 
The conditional probability matrix is filled in, then the impact matrix is 
calculated based on the conditionals and the priors. This impact matrix is 
then stored in the event that the priors are changed. The option also exists 
for the impact scales to be entered first, then used to construct a conditional 
probability matrix. In DOECIM, the arbitrary scaling is from -30 to +30. In 
Appendix B the impact matrix associated with the conditional probability 
reported for the 10-descriptor industrial sector case is reported. When the 
conditional probabilities are entered, rather than the impact scales, it is 

possible that the calculated impact matrix can have values greater than 1301. 
In Appendix B, the impact matrix reports numbers greater than 30. 

6.4 PROBLEMS THAT APPLY TO CROSS-IMPACT ANALYSIS 

There are several difficulties associated with applying cross-impacts 
analysis to any problem. One problem arises when more than one individual 
constructs the matrix. Invariably there is disagreement about the logic of 
cause and effect. Some of these disagreements can be resolved by keeping in 
mind that the conditional probability matrix simply asks how the probability 
of one event is influenced by the occurrence of another event. If there is 
continuing disagreement, one method of resolution is to have the proponents 

articulate the reasoning, then to reach some consensus among the majority of 

the analysts. To speed this process up, it helps to keep a diary of the major 
disagreements, so that the alternative reasoning can be used as a basis for 
sensitivity analysis later. 

There are two major methodological problems with cross-impact analysis, 
apart from the computational problems (discussed in Section 7.0). The first 
is the deficiency that arises as a result of employing only first order condi
tional probabilities (i.e., an event having an effect on another variable 
with no recognition that several events may jointly interact on a variable) 
in a world where joint·conditionals are the rule, not the exception. The 

second relates to the way that non-included variables of importance are excluded 
from having a first order effect. The state-of-the-art in cross-impact analysis 
provides no solution to the first problem; but for the second problems there 
is a modest solution. 
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The problems of having important excluded variables having an influence 
can be solved by building the conditional probability matrix to channel these 
effects through the included variables. The rule of thumb that our experience 
suggests works is this: if a descriptor influences another variable directly, 
then that effect is recorded through a change in the prior probability, in 
accordance with the strategy outlined previously. If a descriptor influences 
another variable indirectly, then two cases are identified: if descriptor A 
is influenced by variable B indirectly because variable C affects B, then the 
indirect effect of C on A through B is ignored if the effects of C are captured 
directly by an included descriptor; the effects of C on A are included through 
B if no other descriptor "better" takes into account the influence of C. 

Clearly the determination of whether B (as opposed to descriptor D, E, 
or F) best captures the effect of Con A is a judgement call. Again, the 
consensus method of resolving disputes must come into play. If there are 
strongly held impressions to the contrary, the information should be stored 
so that sensitivity tests can be conducted as a part of the simulation exercise. 
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7.0 COMPUTATIONAL OVERVIEW 

In the sample problem shown in Section 6.2, there are three descriptors 

each with three states. In calculating the probability of a set of three 
different descriptor states occurring at once (which will be referred to as a 
"scenario"), there can be three possible states for each of three descriptor, 
or 3x3x3 = 27 alternative scenarios. Generally in a DOECIM simulation, there 
will be nf=1u1, where a is the number of states for a given descriptor, 5 is 
the number of descriptors used to characterize the problem, and the operator 

ll multiplies each of the descriptor states. In the 10-descriptor problem shown 
in Appendix 8, there are 310 or 59,049 possible scenarios, since each descriptor 
has three states. As the number of descriptors increases, the number of 
scenarios increases exponentially. But unfortunately, this is only part of 
the problem. 

In the three variable problem shown above, consider the calculation of 
the probability of the scenario where states 3, 6 and 9 occur [which will be 
indicated by 5(3,6,9)]. To calculate the probability of this scenario, we 
can begin with the~ priori probability of any of the three states. Having 
selected one of these, we then multiply that probability by the conditional 
probability of one of the other states (of which two remain), then we multiply 
that product by the remaining conditional probability. So there are three 
ways to choose the first probability, two ways to choose the second and one 
way to choose the final probability; i.e., there are three factorial {3! = 6) 
ways to calculate the probability for each scenario. And in general, there 
will be 6! ways to calculate each scenario. In the three variable case, then, 
there are 162 possible paths (3!x33) for calculating the probability of all 
the 27 scenarios. In the 10-variable case shown in Appendix B, there are 
IO!x310 = 3,628,800x59,049 ~ 214 billion alternative paths for all the 
scenarios. Since each of these paths requires nine multiplications, an 
exhaustive solution for this problem would require nearly two trillion 
calculations. The addition of a single descriptor to the problem of Appendix 
B would increase the number of calculations to more than 70 trillion 
calculations. At a speed of one million calculations per second (a fast IBM 
PC-AT can perform about 100,000 calculations per second), an 11-descriptor 
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problem would require nearly three months to solve. Clearly an exhaustive 
search is out of the question. 

The alternative to an exhaustive search is to design an algorithm that 
reduces the search space to make the problem more manageable. In the course 
of this project a number of alternatives have been examined, applied to small 
problems, then rejected. The solution algorithm that has been selected is 
referred to as the "Lamp Post" algorithm, and re 1 i es on a sensible (though 
not perfect) reduction of the search space to manageable size (see Appendix D). 

The strategy of Lamp Post can be explained by reference to the three 

descriptor problem of Section 6.2. Envision that conditional probability 
matrix in three dimensions: at the base are the two dimensions indicated by 

the set of possible states; the third dimension would show the probabilities 
as elevated bars, their height scaled to the size of the probability. Now 
consider lowering, incrementally, a plane from above the highest probability 
until several of the bars poke above the plane. The plane we refer to as a 
threshold. The essence of the Lamp Post algorithm is to lower the threshold 
to a specified level, then search the space to see if enough probability posts 
stick through the plane to define a scenario. If not, the threshold is lowered 
until a set number of scenarios can be identified. Once these are identified, 
a random sample of paths for each scenario is selected and the probabilities 
over that sample are calculated and averaged to yield an estimate of the true 

probability for that scenario. 

A more detailed description of the Lamp Post algorithm is provided in 
Appendix D. 
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8.0 ANALYZING SIMULATION RESULTS 

The analysis of simulations produced using the DOECIM algorithm can range 

from inspection of the matrix to sensitivity analyses after changing underlying 
judgments. 

8.1 MATRIX 

Before any simulations are attempted and after the matrix has been filled 

outf the matrix can be examined to identify areas where changes in ~ priori 
probabilities are small and areas where the changes are large. Examination 

of the relative strength of the impacts demonstrates in a general sense, the 
implicit relationships that the people making the judgments are anticipating. 

This concept can be used to indicate, before filling out the matrix, which 
descriptors are thought to have a strong relationship and which a weak or no 

relationship. The pattern of the relationship can also be examined to insure 

that outcomes that increase the probability of another state are offset by 
alternative outcomes that decrease the probability. As long as the descriptor 

states represent a continuum of possible outcomes, there should be a regular 

pattern to the impact values or the changes in the conditional probabilities. 

8.2 DRIVER AND DRIVEN DESCRIPTOR STATES 

The printout of the matrix, using DOECIM, will show a column and row 

called non-zero entries. This is the number of times a non-zero entry appears 
in the subject row or column of an impact matrix. A row that has a large 

number of non-zero entries represents a descriptor state (in the left hand 

column of the matrix) with an ~ priori probability that is affected by the 
occurrence of a large number of other descriptor states. This could be referred 
to as a driven descriptor. This means also that there would be only a few 
zero entries in the row--almost all other states affect the subject descriptor 

state. If the number of non-zero entries is very small or zero, that indicates 
that the row descriptor state is not affected or driven by changes in other 
descriptor states in the matrix. So the driven descriptor state is on that 

has a row in which there are a large number of changes in the ~ priori 

probability indicated. Extending the analysis to descriptors, the sum of 
the non-zero entries is an indicator of how much a descriptor is affected by 

changes in other descriptors. However, because this means that descriptors 
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with many states could experience more changes than those with few states, 
the calculation of an estimate of the extent to which a descriptor is affected 
is to add all the non-zero entries and divide by the number of states. This 
gives an average number of non-zero entries for a given descriptor. 

Using this same approach, the extent to which a descriptor is a driver 
is determined. The non-zero entries for a given column are added to estimate 
the extent to which the occurrence of a descriptor state affects the ~priori 
probabilities of other descriptors. If this value is large for a descriptor 
or descriptor state, it is referred to as a driver. Lower values or zero 
values for a column indicate descriptors or states that do not drive other 
descriptors. DOECJM will calculate non-zero entries, divide by the relevant 
number of states and report the results in a table listing all descriptors 
and the average number of non-zero entries. 

8.3 BASE-CASE 

After examining descriptors, the matrix, and drivers and driven descrip
tors, DOECIM will simulate and report the top ten outcomes. These outcomes 
represent the ten most likely possible combinations of descriptor states. 
Subsequent simulations after having made changes in the underlying judgments 
can be compared to the base-case to determine what the effect of changes in 
judgement would be. 

The outcome with the highest probability of occurrence is listed first. 
The joint probability is calculated to indicate the probability that the states 
selected will occur. The joint probability for a single outcome is usually 
very small. As a result, a scaling factor is applied to the probability 
estimate so it can be reported and printed out in the space given. For each 
outcome, the minimum and maximum probability is also calculated. This gives 
the analyst an indication of the range of possible probabilities that could 
occur for a given set of results. The variation occurs because, for any set 
of results, the order in which the joint probability is calculated will affect 

the final value. 

Also, for each outcome a standardized probability is calculated. This 
is a hypothetical value that is derived by adding the joint probabilities for 
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the top ten outcomes and normalizing them to add to one. This allows a rapid 
comparison of the relative size of the probabilities in the top ten. 

8.4 SENSITIVITY ANALYSIS 

There are a variety of simulations that can be made and compared to the 
base-case. The comparisons may show that a low ranked possible outcome is 
increased in likelihood or that a high ranked outcome is decreased in likeli
hood. In some cases changes might be expected to significantly alter the 

~ likelihood of a dominant outcome but upon analysis, it does not. In such a 
case, the analyst must ask if the model is specified correctly. If so, the 
expected effect is not likely to be as great as originally anticipated. 

8.4.1 Impact Values 

One type of simulation is to change the impact values or conditional 
probability entries in the cross-impact matrix. The entries in the matrix 
are based on judgement and are subject to alternative interpretations which 
could lead to alternative values. Analysis of the major alternatives can be 
undertaken by entering the alternative values in the matrix, executing the 
simulations and comparing the results. If the judgments are substantially 
different and the effect of the differences is also great, this is a signal 
that more effort to reconcile the differing judgments might produce a more 
reliable or defensible result. 

8.4.2 A Priori Probabilities 

The~ priori probabilities are established at the outset of the analysis 
and because they too are based on expert judgement, are subject to possible 
differences. The voting process, however reported and reconciled, will 
frequently result in outlier opinions being reconciled to reach consensus. 
In some cases the outlier opinion may not be changed after debate. The 
rationale for the judgement may be unaffected by the arguments presented. In 
this case, analysis using the alternative ~priori probability will indicate 
how great a difference the alternative will make in the final analysis. If 
the difference is great, reconciliation of opinion should probably be 
undertaken. 

In many cases the differences 
a broader scope for the analysis. 

of opinion 
This might 
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intermediate descriptors to the analytical framework or it might entail the 

consideration of a time period that is different from the one established 
originally for the analysis. In any event, either the differences can be 

reconciled or the results using both of the alternative judgments are used in 

the analysis, indicating the range of uncertainly that underlies the forecasted 

scenario. 

8.4.3 Low Probability, High Consequence Events 

Another type of simulation adds, then preselects, a new descriptor state 

that would not normally be included. These descriptor states are imposed to 

determine what effect a low probability event might have on the outcome of 
the calculated scenarios. These low probability events are included because 

their potential effect on the environment would significantly alter the state 
of the world. For example, a major war in the Middle East could significantly 

alter the world price of oil and would have dramatic consequences for industrial 
energy use and consumption. 

8.4.4 Descriptor States 

In choosing the relevant descriptors considerable judgement is exercised. 
This judgement is also subject to debate and the specification of the most 

relevant descriptors is not always certain. As a result, the addition or 
deletion of descriptors is a commonly undertaken simulation. This involves 
adding or subtracting rows and columns in the cross-impact matrix. DOECIM 
makes this convenient and new results can be obtained with the changed 

descriptors in the matrix. The new results can be compared to prior results 
to determine how the changed descriptor affects the outcome or the likelihood 

of the outcome. 

The definition of descriptor states also involves judgement. The states 

must be mutually exclusive and exhaustive. They also must be specified in 
such a way as to be relevant to the user of the results of the work. Outcomes 

must be expressed in discrete ranges over the set of all possible outcomes 

for the descriptor. The specification of the range for each state can also 

affect the~ priori probability of occurrence of that outcome. If a possible 
outcome is that, for instance, GNP will fall in the range of 2 to 4 percent 

real growth per annum, it is likely to have a much greater~ priori probability 
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than if the outcome were that GNP would grow at 2 to 2.5 percent per annum. 
Adjustment in the range of possible outcomes is another type of analysis that 
can be conducted • 
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9.0 INTERPRETING RESULTS 

The results of the simulations can be used as the framework for scenarios 
of the future. This is the most common application. To the extent that 
forecasted variables are included in the descriptor set and the outcomes for 
the forecasted variables range widely enough to provide useful outcomes, the 
scenarios can be reported directly. Usually these scenarios are reported in 
written form rather than as computer printouts. This means that the analyst 
must be able to describe why and how the specific results occurred and why 
alternatives did not occur. Reference to the printouts, the matrices, the ~ 
priori probabilities, and the details of any particular simulation will help 
in this interpretation. 

9.1 WORKSHOPS 

One method of gaining greater interpretation from the results is to use 
them as the basis for an implications workshop. This workshop would be 
conducted to present the results of the analysis, identify key factors that 
could affect the future that is relevant and evaluate how the future would be 
affected by the outcomes that were derived from the analysis. For instance, 

an important factor might be the likelihood of a technological breakthrough. 
The potential for such a technological breakthrough will probably change under 
alternative scenarios. An examination of the alternative scenarios and 
discussion of the implication for the breakthrough could yield insight regarding 
the likelihood of the breakthrough under alternative sets of conditions. 
Knowing the probability or relative probability of the alternative scenarios 
will give insight regarding the probability or relative probability of the 

technological breakthrough. 

The advantages of the workshop lasting four to eight hours, are twofold: 
format the discussion of the results and their implications is disseminated 

to a large group; and much of the benefit of the work is delivered in a common 
setting. To have the same group read a report containing the scenarios and 

examine the implications individually will not produce the same level of effort 
or the same level of understanding. The major disadvantage of the workshop 
is that a great level of depth is difficult unless the participants have been 
actively involved in the program up to that time. 
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9.2 FORECASTS 

In some cases, detailed forecasts of a highly quantitative nature are 
useful to the user. DOECIM is not a tool that will produce detailed 
quantitative forecasts. However, if there is an econometric (or other) model 
that can be used to produce detailed quantitative forecasts, the exogenous 
variables may be drawn from the results produced using DOECIM. For this to be 
successful, the exogenous variables must be specified as descriptor states or 
directly relatable to descriptor states in DOECIM. This means the need for 
them must be anticipated and they must be included in the set of descriptors 
chosen for the matrix. Producing detailed quantitative forecasts in support 
of the more general scenarios will frequently assist the recipient in 
interpreting the results for their own use. 
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10.0 CONCLUSIONS 

Cross-impact analysis is a relatively new approach to the art of developing 

and analyzing future scenarios. Since its introduction in 1968, cross-impact 
analysis has received considerable attention in the literature as evidenced by 

the nine-page bibliography in Appendix A that contains over 100 entries. The 

state-of-the-art in cress-impact analysis is not fixed but is in a state of 
flux. It has undergone considerable modification since its introduction, and 
is still the subject of much experimentation and revision. Most cross-impact 

analysts argue that much more development is not only possible but needed 

before the methodology can lay any strong claim to rigor. 

As a policy analysis and forecasting tool, cross-impact has its place 
alongside econometrics, trend analysis, systems dynamics, DELPHI and other 

approaches and techniques. Cross-impact analysis appears best suited to 
problems that are broad in scope, deal with a subject that is expected to 

undergo considerable change over the forecast period, deal with variables 
that are difficult to quantify, and address policy issues where uncertainty 

over future outcomes and events is of considerable concern. 

The computer software that has been developed called DOECIM (for DOE 

Cross-Impact model), operates on our IBM-PC or compatible microcomputer with 
at least 348K of memory and two disk drives. The software is menu driven and 

employs full prompting at all times for ease of use. The software includes 

an instruction guide and three program diskettes. DOECIM has been designed 

to follow mere closely the theory of joint probability estimation than do 
other scenario generation procedures. 

The first two steps in cross-impact analysis, topic definition and 
descriptor identification, are best accomplished in workshop settings attended 
by eight or less participants who are experts in various aspects of the energy 
issue: technology, institutions, economics, human behavior, etc. These 
workshops should be highly structured meetings led by a facilitator to keep 

the meeting on track and ensure that all individual participate. These sessions 

are labor intensive so participants should be prepared to make a commitment 

to spend the necessary time. 
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The state-of-the-art in cross-impact analysis is not fixed but is in a 
state of flux and much more development is not only possible but needed before 

the methodology can lay any strong claim to rigor. DOECIM has advanced the 
state-of-the-art in several important respects. For one, the computational 
algorithm that produces most likely scenarios is based on conditional 
probabilities of joint events, unlike other scenario development techniques. 
In addition, analysts have considerable flexibility in structuring the process 

and using the software to address analytical needs. The six-step process 

provides a useful structure for many analytical inquiries even if the analyst 
does not intend to develop future scenarios or use the DOECIM software. 
Similarly, the experienced analyst could forego the six-step process and work 
directly with the software if scenario analysis is needed under short deadlines. 
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TABLE 8.4 Analysis of Driver and Driven Descriptors 
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INTEREST RATES 

1.0 DESCRIPTION 

The interest rate is the price associated with borrowing money; for 
this reason, it is often called the time value of money. There coexist many 
different rates of interest, depending on the length of borrowing, the insti
tution involved, and the risk associated with the borrower. Generally interest 
rates are higher the longer the borrowing period and the riskier the loan. Over 
long periods of time, one observes that these rates move together, so if short 
rates for secure loans increase, so too, generally, do longer rates for the 
same risk class of loans. Because of this coincident movement, a single rate 
of interest can represent all rates over a fairly long period of time. For 
this exercise, an appropriate rate is the prime rate -- an often quoted rate 
that represents "the interest rate banks charge their most creditworthy business 
custormers for short-term loans. It is the base rate used to scale upward 
the rates charged on most loans to other business customers." (SCB, 7/85) 

2.0 RATIONALE 

Interest rates are important factors in determining the environment for 
energy use efficiency and consumption in the residental sector both directly 
and indirectly. Interest rates are directly important because they influence 

the availability of financing for new home purchases, appliance purchases and 
residential building retrofits and because of the costs associated with lost 
opportunities can influence both attitudes toward energy conservation and the 
availability of conservation programs. They are indirectly important through 
their influence on both energy and non-energy prices and personal income. 
Because these causal interactions are so vital to this study, it is worth 
elaborating on how the interest rate will effect energy efficiency and 
consumption in somewhat more detail • 

The indirect effects on energy efficiency and consumption in the resi
dential sector arise from the role of interest rates in general economic pol
icy. Elementary textbook examples suggest that monetary authorities will 
intervene in financial markets to maintain interest rates or the money supply 
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within a targeted range. These targets will be determined by the appropriate 
monetray policy for existing economic conditions -- during periods of rising 
prices these targets will be restrictive to stifle inflation; during periods 
of low economic activity, the targets will be expansionary to promote growth. 
High interest rates, then, generally indicate a tightening of credit, lower 
rates a loosening of credit. If the monetary authorities are successful in 
""leaning against the wind," it is likely that high interest rates would be 
associated with high rates of inflation, while lower rates would be associated 
with periods of relative price stability. Abstracting from price changes, 
more rapid rates of growth in the economy would be associated with lower 
interest rates, while slower rates of economic growth would be associated 
with higher interest rates. (a) But textbook conditions rarely exist. 

During recessions -- real economic decline-- one would expect the monetary 
authorities to ease credit conditions, the tightness of which might have been 
a partial cause of the decline. If so, one could select a time when growth 
rates were high and interest rates were rising or vice-versa. Alternatively, 
during periods of "stagflation' (stagnent growth and inflation), the monetary 
authorities would be caught on the horns of a dilemma: slow growth suggests 
easing credit conditions while inflation suggests tightening credit. So in 
mapping out the linkages, one must clearly differentiate between causal effect 
and coincident events. If monetary authorities respond to indications of 
adverse economic events, which is likely, interest rates will go up during 
periods of inflation and down during periods of low or negative economic 
growth. But what do the monetary authorities do when, as recently, the economy 
experiences both high inflation and low economic growth? Clearly the monetary 
authorities must choose. How they have reconciled these inconsistent objective 
is an empirical matter; the results of these actions will be discussed in the 
next section. 

The direct effects of interest rates on energy efficiency and use is 
less ambiguous. As an indicator of the cost of borrowing, interest rates 
will influence the costs of purchases of home appliances, the costs of 
retrofitting of residential buildings to make them more energy efficient, and 

(a) See Rasche for alternative theories of interest rates. 
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the purchases of new homes. The rate of additions to housing stocks and the 
penetration of newer (and therefore more efficient) appliances both will clearly 
increase the efficiency of energy use in the residential sector. Any additions 
to either housing or appliance stocks will increase energy use; retrofits 
to existing stock or replacement of older stocks will decrease energy use. 
The cost of borrowing will also be a major factor in the decision to winterize 
existing homes since the costs of borrowing will determine the payback period 
for the retrofit. 

3.0 HISTORICAL TRENDS 

The prime rate over the period 1950 to 1984 is plotted as the solid line 
in Figure 1. Over the 35 years covered in the graph what stands out most 
dramatically is the secular increase in the prime rate -- averaging about 
three percent after the Treasury Accord of 1952, with gradual rises through 
the mid-1960•s, then increasing sharply to average about 13 percent during 
the early 19so•s. One would have to go back before 1929 to see average interest 
rates that exceeded the prime rate in 1965. But relying on the trend over 
the past 35 years as a basis for projecting trends in interest rates into the 
future would be a mistake. A comparison of movements in the rate of inflation 
(plotted in Figure 1 with short dashes) and the prime rate since the Treasury 
Accord indicates that both of these variables move in much the same manner, 
with a historic differential of about 2-3 percent. This differential is a 
close approximation to a "real rate of interest" -- the value of money adjusted 
for the losses that results from inflation. 

This measure of the real rate of interest is only approximate because 
decisions are based on anticipated rates of inflation that can be foreseen 
only vaguely. Nonetheless, any trend in interest rates must take into account 
the likelihood that real rates of interest will reflect a more normal historic 
relationship between the prime rate and the rate of inflation. It is only 
during periods of sharp changes in the rate of inflation or economic recessing 
that these historic relationships are badly disturbed. 
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FIGURE C.1 Prime Rate, Inflation and Real Growth in the 
U. S., 1950-1984, with Forecasts to 1995 

4.0 CURRENT STATUS 

19915 

Since October, 1979, the Federal Reserve System has pursued a generally 
restrictive monetary policy using two different stabilization procedures. The 
first, from 1979 till the end of 1982, focused on the money supply as the 
main intermediate target. As a result of this policy, interest rates bore 
the principal burden of adjustment to financial disequilibrium (Tobin). Over 
the period when the money supply served as the primary target, interest rates 
were both higher and more volatile than in any recent period of history. 
Since 1982, the Federal Reserve has used interest rates as the main intermediate 
target, with the money supply serving as a secondary target. The consequence 
of this change has been a reduction in the variation of interest rates with 
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somewhat more volatility in the money supply and less day-to-day variation in 
interest rates. This reduction in interest rate variation has had the effect 
of lowering interest rates through the reduction in uncertainty about future 
interest rates. 

This shift in Federal Reserve procedure, and a consistently restrictive 
monetary policy has combined with a series of recessions to lower both interest 
rates and the rate of inflation between 1980 and 1983. From a high of nearly 
19 percent in 1980, the prime rate has fallen to a current level of slightly 
about 10 percent. The rate of inflation has also declined substantially from 
a high of over 13 percent in 1980 to 3.2 percent in 1983, moving back up to 
4.3 percent in 1984. The weakness in the economic recovery that has become 
evident in early 1985 suggests that a resurgence of inflation to rates higher 
than 5 or 6 percent is unlikely any time soon. 

With lower inflation rates that persist for some time, financial insti
tutions and borrowers will lower their expectations about future rates of 
inflation: lower expectations, in turn, will lead to a return to a more his
toric differential between inflation and interest rates. The current differ
ential remains much higher than historically has been common. Since 1981, 
the differential has averaged above 7 percent, but recently that differential 
has begun to narrow. With the perception of a continuing restrictive monetary 
policy, a course of action about which the Federal Reserve has been convincing, 
and no major external price shock such as the oil price shock of the early 
1970's, it is likely that inflation will continue at reasonably low levels 
and that interest rates will gradually move back into historical relationship 
with inflation. 

5.0 FUTURE PROSPECTS 

If the rate of inflation returns to the more modest rates of the late 
1960's, which ranged from 2 to 6 percent, we could expect the prime rate to 
remain below double-digit rates. But if inflation persists at levels similar 
to the rates that have prevailed since the first OPEC price shock of 1973-74 
(ranging from 6 to 13 percent), the prime rate would more likely stay within 
a range from 9 to 16 percent. The major area of uncertainty is how quickly 
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the historical differentials between interest rates and inflation will return . 

Figure 1 also plots forecasts of inflation and the prime interest rate 
for the period 1985-1990, based on the forecasts of Data Resources, Inc. (DRI ) . 
The DRI forecasts through 1995 predict inflation rates that climb annually to 
6.5 percent in 1995, with a declining prime rate that reaches a low slightly 
above 9 percent in 1995. With a change in monetary policy back to interest 
rate targets and a sustained lower rate of inflation, our forecasts would 
have this historic differential achieved much sooner than the DRI forecast 
suggests. Accordingly, the descriptor states and a priori probabilities asso
ciated with then are as follows. 

Descriptor States 

Above 9 percent 

From 6 to 9 percent 

Below 6 percent 

A Priori Probability 

.35 

.55 

.10 

The probabilities associated with these descriptor states are contingent 
on the forecasts for the rate of inflation and assume a return to historic 
differentials between these two variables well before the 1995 period. At 
the same time, recent events have aptly demonstrated that this differential 
may deviate within wide limits, as may the forecasts (Bernstein and Silbert). 
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COMPOSITION OF INDUSTRY 

1.0 DESCRIPTOR 

There are several aspects about composition that are important in deter
mining the environment for energy use and efficiency in the industrial sector. 
One is the contribution to domestic output by the industrial sector; another 
is the fraction that energy intensive or energy consumptive industries contri
bute to industrial output. For this study attention will focus on the latter 
question. A measurement of the fraction of the industrial sector that is 
produced by the most energy intensive and energy consumptive industries will 
be used. This measurement is operationalized by dividing total industrial 
sector GNP--from agriculture, mining, construction and manufacturing--into 
GNP originating in food processing; pulp and paper; petroleum refining; chem
icals; stone, clay and glass; and primary metals. These six manufacturing 
industries account for about 60 percent (63 percent in 1977) of total manufac
turing energy consumption and are the most intensive users of energy in the 
industrial sector. 

2.0 RATIONALE 

The composition of the industrial sector is an important factor in deter
mining energy use efficiency and consumption, for a number of reasons. One 
obvious reason is that as the share of energy consumptive industries is altered, 
the share of energy consumed will change para pasu. Such a change can be the 
consequence of a number of different effects. Energy consumptive industries' 
share of industrial output may decline (increase) as consumers purchase less 
(more) of goods that contain products produced by these industries or as we 
import more of these goods. Alternatively, other industries may purchase 
less (more) of energy consumptive industries' output as intermediate materials, 
thus reducing (increasing) the fraction of output produced by the energy con
sumptive sector of industry. 

A second reason that the industrial composition is important is because 
the more energy intensive industries provide the best opportunities for econ
omizing on energy use. Economic theory argues that the responsiveness of a 
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business to changes in, for example, the price of energy, will be the more 
dramatic, the larger fraction energy is of the total cost of the product that 
business produces. Thus the response of industry to changing costs of energy 
will be greater, the more energy used and the more energy intensive that in
dustry is. 

A final reason that industrial composition is important is because it is 
so closely linked with a number of other factors that effect the environment 
for energy use intensity and consumption in the industrial sector. Interna
tional trade has dramatically altered the way that the iron and steel industry 
is used in this country and the iron and steel industry is a major consumer 
of energy. If energy prices increase, and these price increase are passed 
along to final consumers, as they must ultimately be, products that use much 
energy will experience higher price increases and thus there will be more 
incentive to substitute for these goods. Energy technology will also be infl u
enced as the composition of industry changes since it is within the more energy 
intensive and energy consumptive industries that there exists the most incenti ve 
for the adoption of conservation technologies. And indirectly there are link
ages to the productivity of non-energy factors of production and to cogener
ation. A final, and very direct relationship exists between the composition 
of the industrial sector and this sector's energy use intensity, since the 
sector energy use intensity will vary directly as the fraction of high energy 
intensive industries to the total industrial sector varies. 

3.0 HISTORICAL TRENDS 

Figure C.2 plots two ratios: the historical ratio of energy intensive and 
energy consumptive industries to total industrial sector output, as measured 
by this sector's contribution to GNP (which will be called the composition 
index) and the proportion that manufacturing is of total industrial output. 

It is clear from Figure C.2 that manufacturing has been an increasing per
centage of the industrial sector since the late 1950's. Manufacturing has 
increased from about 65 percent of the industrial sector in 1950 to over 75 
percent currently. This has happened as growth in agriculture, mining and 
construction has not kept pace with the growth of manufacturing. Despite 
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this manufacturing sector growth, the energy intensive sectors have not kept 
up with the rest of manufacturing. With the exception of the period 1968-1974, 
the general trend in the composition index has been a declining one. The 
reason for this steady decline becomes evident when the growth patterns of 
the separate industries are examined. 

In Figure C.3, the percent of total industrial sector GNP that originates 
in three of these industries, food, chemicals and primary metals, is shown. 
The pattern displayed by the percent that food is of total industrial sector 
GNP is characteristic of the industries not show--pulp and paper, stone clay 
and glass, and petroleum refining--although food processing is somewhat larger. 
The real action occurs in only two industries, primary metals and chemicals, 
the two largest consumers of energy. Primary metals as a fraction of total 
manufacturing has shown a declining trend since the end of World War II. There 
have been cyclical reversals of this trend, but never for more than two years 
in a row. Then the trend continues. From nearly ten percent of manufacturing 
in 1947, the primary metals industry has declined to slightly more than three 
percent in 1983. Somewhat offsetting this decline has been the growth of the 
chemicals industry. From about two percent of manufacturing in 1947, chemical s 
have grown to nearly seven percent in 1983, and that growth has been consis
tent. If chemicals had grown somewhat more rapidly, these two industries 
would have exactly offset each other--the growth in one cancelling the other. 
But started from a lower base and grew somewhat less rapidly than primary 
metals declined. This is the major reason that the composition index has 
shown a modest downward trend. 

4.0 CURRENT SITUATION 

The early 1980's have been generally difficult times for the industrial 
sector. In 1979, GNP originating in the industrial sector was about 33 percent 
of all GNP; by 1983, industrial sector GNP had declined to slightly more 
than 30 percent. At the same time, the composition index was also declining 
from 24.5 percent in 1979 to 23.6 percent in 1982, with an increase to 23.9 
percent in 1983. These declines reflect the generally poor economic performance 
of the economy between 1979 and 1982. Since 1982, conditions have substantia l ly 
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improved. The energy intensive industries have all experienced a resurgence 
of output and the economy has recovered. This is especially evident in the 
growth of manufacturing as a fraction of total industrial GNP in 1983. Will 
this improvement continue, and will the energy intensive industries retain 
their relative position in the industrial sector, or will they continue their 
historic decline? 

5.0 FUTURE PROSPECTS 

Of the two industries that have shown substantial movement relative to 
the industrial sector total, chemicals and primary metals, it seems unlikely 
that both these trends will continue. Primary metals have declined from nearly 
10 percent of total industrial sector GNP to slightly more than three percent. 
This decline will most certainly slow, and may even end. Even if many inte-

t grated iron and steel plants ceased to operate domestically, mini-mills, with 
their cost advantage, will continue to supply up to about half the current 
market. This suggests that although steel may continue to decline, the rate 
at which it declines will be reduced. And what holds for steel will likely 
hold for the other primary metals. On the other hand, the prospect for con-
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tinued growth in chemicals is favorable. The major change in the chemical 
industry recently has been the shift from the production of bulk chemicals to 
the production of speciality, high valued chemicals. These high valued chem
icals are typically produced close to their markets to reduce shipping costs, 
so growth in this segment of the chemical industry shows up as generating 
more GNP, thus increasing its share in industrial sector GNP. A moderation 
in the reduction of primary metal growth and a continued growth in chemicals 
suggests the following a priori probabilities for the growth in the compositi on 
of the industrial sector. J. 

Descriptor States 

Composition Index Trend 

Declines to below 22 percent 
Remains in the range 23-25 % 

Increases above 25 percent 

A Priori Probabilities 

0.15 
0.70 
0.15 
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THE LAMP POST ALGORITHM 

There is the story of the drunk searching frantically under a street 
light for his car keys. It was not because that was where he lost them but 
because the light was better there. 

There is a lesson for cross-impact analysis here. If we want to locate 
those joint events having the highest probabilities of occurrence, perhaps we 
should look for them where they are most likely to be found -- that is, among 

j the high-valued priori and conditional probabilities. 
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It is straightforward and relatively easy, albeit time consuming, to search 
every "path" through the probability matrix governing a cross-impact exercise. 
Each path consists of a sequence of states, one chosen from each variable, 
and the joint-event probability is computed as a product of appropriate a 
priori and conditional probabilities. 

These probabilities are selected so that they form a linked chain of 
states. For example, if we initialize on state A, then the probability of 
the joint even (A,B,C,O) can be computed as 

Pr (A,B,C,O) = Pr (A/A) * Pr (B/A) * Pr (C/B) * Pr (0/C) 

The notation Pr(A/A) simply denotes the a priori probability of occurrence 
for state A, but in what follows it will be convenient to treat a priori 
probabilities as conditionals--i.e., as "self conditionals. In other words, 
at each stage of the probability multiplication, the incoming state must be 
conditioned on the state just admitted to the calculation at the previous 
stage . We refer to this sequence of calculations as "chaining" probabilities. 

Each branch of a search tree is known to exhibit the chaining or linkage 
property, because that is how the branch is constructed, but no attention is 
given to whether the probabilities encountered along the way are high or low. 
A complete search of the tree requires that all branches be exhausted. However, 
if several of the nodes in a branch exhibit very low probabilities, there 
would seem to be little point in following that particular path, even though 
"the light is good." 

The Lamp Post algorithm changes all that. Instead of searching all paths 
known to be linked, we restrict attention to a subset of high-valued a priori 
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and conditional probabilities and ask whether these probabilities can be linked 
into one or more paths. 

Computers can do that sort of thing. In the following paragraphs we 
shown how the Lamp Post algorithm works. The first section treats a global 
environment, the second section a hierarchical environment. The final section 

• 

discusses briefly the implementation of the Lamp Post algorithm in OOECIM. ~ 

0.1 THE GLOBAL ENVIRONMENT 

For a given cross-impact exercise, the problem is completely defined by 
a square matrix of a priori (self conditioned) and conditional probabilities. 
The size of the matrix is N x N, where N is the total number of states. In 
the example problem we use to illustrate the algorithm, the matrix is 9 x 9 
[three variables, each with three states (see Table 0.1)]. In a realistic 
problem environment, there might be up to 50 or more states, and the number 
of cells in the matrix could run into the thousands. And, of course, the 
astronomical number of possible search paths in such an environment has been 
noted in Section 7.0. 

0.1.1 The Principle of Thresholding 

The key element of the Lamp Post algorithm is thresholding. It is the 
mechanism by which a probability matrix, such as the one of Table 0.1 is 
"thinned out" by removing all those a priori and conditional probabilities 
below a specified threshold level. The resulting matrix can be made as "sparse'' 
as desired in the interest of circumventing needless and unrewarding search. 

The thresholding principle can be illustrated graphically with the aid of 
Figure 0.1, a "three-dimensional" perspective plot of the matrix of Table 
0.1. The rows and columns of the matrix define the base or "zero-level" plane, 
and the heights of the bars represent he corresponding a priori and conditional 
probabilities. Since probabilities are by definition non-negative, Figure 0.1 

can be thought of as representing Table 0.1 "thresholded" at zero. 

Now consider raising the threshold to 25. Here probabilities are shown 
only if they equal or exceed 0.25. In figure 0.1, all the bars in column 01 

and Row 09 that are shaded would now disappear, thus there would only be five 
bars above the threshold in column 01 (rows 01, 04, 05, 07 and 08), and only 
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FIGURE 0.1 Probability Matrix at Threshold of Zero 
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TABLE 0.1 Example Conditional Probability Matrix 
States 

States D1 02 03 04 05 06 07 08 09 

01 .35 0 0 .22 .30 .47 .09 .38 .46 
02 0 • 50 0 .51 .57 .46 .59 .56 .51 
03 0 0 .15 .27 .13 .07 .32 .06 .03 
04 .50 .29 .08 .20 0 0 .10 .40 .28 
05 .33 .53 .30 0 .45 0 .42 .35 .54 
06 .17 .18 .63 0 0 .35 .48 .25 .18 
07 .62 .41 .18 .22 .30 .47 .35 0 0 
08 .33 .53 .40 .51 .57 .46 0 .50 0 
09 .05 .06 .42 .27 .13 .07 0 0 .15 

two bars above the threshold in row 09 (columns 03 and 04). Progressively 
raising the threshold would cause more of these bars to disappear. If raised 
high enough, say 55, there would be insufficient bars to complete a path through 
the three slates. 

0.1.2 LamQ Post in Action -- Globall_y 

To illustrate the working of this algorithm, a basic problem is used 
that implements the LAMP POST algorithm in the environment of the three
variable sample problem of Table 0.1. Considerable modification the program 
was required for implementation in OOECIN (see section 0.3). 

What the program does can be best il l ustrated by example. Table 0.2 is 
the output of the program when the threshold is set at 0.45. First the program 
examines all cells of the matrix and deletes from consideration all probabil
ities which fail to reach the threshold specified. The remaining probabilities 
represent the "Number of Candidate Items," shown in Table 0.2 to be 22 in 
this instance. In the global environment, however, we are concerned only 
with the self-conditioned {initial) states which survive, and the algorithm 
finds them. The computer thus starts with each one and follows all possible 
linkages until it either encounters a "dead end" or completes the decision 
branch all the way to a compl eted scenario {i.e., states from three descriptors 
are included). 

In Table 0.2, only four paths were capable of being completed. When 
sorted according to probabil i ty magnitude, these four probabilities are seen 
to lie between 0.136 and 0.151 (note that the minimum which could have emerged 
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is 0.453 = 0.091125). Note that all the paths specify a single scenario= 
D2:05:D8. 

Suppose that the number of candidate items had been considered excessive. 
The problem can be further "cut down to size" by raising the threshold. In 
Table D.3 the threshold is set at 0.5 Now there are only 15 candidate items 
and only two paths survive. Note that the minimum allowable joint probability 
this time is (0.5) 3 = 0.125. 

Table D.4 gives results for the case when the probability threshold at 
0.45 is lowered slightly to 0.40. Although the number of candidate items is 
increased by only 5 (from 22 at 0.45 to 27 at 0.40), the number of completed 
paths is more than doubled. Of particular note is the fact that scenarios 
other than those made up of states 2,5 and 8 now begin to emerge. 

The LAMP POST approach is thus seen to have great flexibility. Indeed, 
if the threshold 1s set at zero, the algorithm degenerates into an exhaustive 
search of all 33 * 3 = 162 paths. Though it would be impractical to execute 
this option when a large number of variables is involved, it serves as a final 
arbiter to resolve any doubts which might arise in the application of the 
LAMP POST scheme. 

And such doubts can arise! 

For example, 1f one looks at the complete roster of 162 paths, one finds 
scenarios 1n the list of top events which, have higher movabilities that paths 
selected from thresholding at - say - 0.40 or 0.45. In Table D.5 the top 
nine events are compared for thresholds of 0.4 and 0.0. It is to be noted 

Event 

258 
528 
582 
825 

TABLE D.2 
PROBABILITY THRESHOLD = .45 

NUMBER OF CANDIDATE ITEMS = 22 

Conditial probabilities 

.5 

.45 

.45 

.5 

.53 

.57 

.57 

.56 

D.5 

.57 

.53 

.56 

.53 

Joint vent probability 

.15105 

.135945 

.14364 

.1484 



Event 
258 
825 

Event 
258 
275 
276 
284 
527 
528 
582 
825 
842 

Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE D.3 
PROBABILITY THRESHOLD = .5 

NUMBER OF CANDIDATE ITEMS = 22 

Input probabilities 
.5 .53 .57 
• 5 • 56 • 53 

TABLE D.4 
PROBABILITY THRESHOLD = .4 

NUMBER OF CANDIDATE ITEMS = 27 

Joint event probability 
.15105 
.1484 

Input probabilities 

.5 .53 .57 

Joint event probability 
.15105 

.5 .41 .42 .0861 
• 5 .41 .48 .0984 
.5 .53 .4 .106 
.45 .57 .41 .105165 
.45 .57 .53 .135945 
.45 .57 .56 .14364 
.5 • 56 • 53 .1484 
.5 .4 .51 .102 

TABLE D.5 
TOP NINE EVENTS EMERGING FROM TWO THRESHOLDING$ 

Threshold = 0.40 Threshold = 0.0 

Event Probability Event Probability 

258 0.15105 258 0.15105 
825 0.1484 825 0.1484 
582 0.14364 582 0.14364 
528 0.135945 528 0.135945 
284 0.106 725* 0.109445 
527 0.105165 284 0.106 
842 0.102 527 0.105165 
276 0.0984 176* 0.10416 
275 0.0861 842 0.102 

For this purpose, we need to go back to the component probabilities which 

make up the offending calculations (see Table D.6.) 
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Event 
25B 
825 
582 
528 
725 
284 
527 
176 
842 

TABLE D.6 
BASES FOR COMPUTING PROBABILITIES 

OF TOP NINE EVENTS 
AT 0.0 THRESHOLD 

Final Prob. Component 

0.15105 0.5 
0.1484 0.5 
0.14364 0.45 
0.135945 0.45 
0.109445 0.35 
0.106 0.5 
0.105165 0.45 
0.10416 0.35 
0.10416 0.5 

*States intruding the 0.4 threshold list 

Probabilities 

0.53 0.57 
0.56 0.53 
0.57 0.56 
0.57 0.53 
0.59 0.53 * 
0.53 0.40 
0.57 0.41 
0.62 0.48 * 
0.4 0.51 

It is evident where the difficulty lies. Even though events 725 and 176 
each contain a probability factor of 0.35, which is below the original threshold 
of 0. 4, it is not much be 1 ow the thresho 1 d and is ••made up for'' by the 
relatively high component probabilities accessible for the other two factors. 

The possibility of this type of "cross-over" is, of course, the bane of 

any short-cut search for maximum-probability joint events. In the case of 
LAMP POST, however, there is a readily available strategy for control. It 
consists of setting the threshold as low as is permissible under running-time 
constraints, and then "skimming off" fewer than the available number of 

completed paths. Under such a strategy, the list of joint events which emerges 
will usually be longer than is practical to consider, but a long list insures 
that the top quarter- say -of the list will be essentially free from the 
risk of cross-over. (Note that, in Table 0.5, the interjection of joint events 

725 and 176 did not alter the dominance of the top four joint occurrences 
which emerged from the thresholding at 0.4.) 

D.2 THE HIERARCHICAL ENVIRONMENT 

Consideration of cross-impact analysis in a hierarchical environment 
extends and modifies the mode of application already popular for BASICS, the 
fourunner of Ooecim. This hierarchical mode of application places less emphasis 
on locating globally most-likely joint events and more emphasis on the 
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conclusions reached when the system under study is initialized in a particular 
way. 

Several difficulties with initializing on a particular state can be 
identified. First, as has been shown, selecting the highest conditional 
probability at each stage does not necessarily insure that the resulting joint 
event is most likely. Under certain conditions, choosing a less-than-maximum 
conditional probability at one stage may open up a path which gives access to 
relatively high conditional probabilities in subsequent stages, so much so 
that these latter probabilities compensate for the relatively low initial 
probability chosen at the outset. Second, one must question the efficacy of 
following a particular path through a conditional probability matrix as 
initialization would imply if two or mere paths give joint probabilities which 
differ little from each other. 

The Lamp Post algorithm can be applied to an initialized system in 
essentially the same way as it is applied to a non-initialized system. The 
only difference is that the initialized system is '"degenerate" to a degree 
dependent upon the number of variables preset to selected states in the 
initialization phase of the analysis. 

0.2.1 Initialization on a Single Variable 

The BASICS algorithm considers initialization on each of the possible 
states of the system under study. For example, if there are N descriptors, 
each with three states, then 3N initializations are possible. As initially 
conceived and practiced, BASICS also considered each of these states as "not 
occurring,'" but this phase of the analysis has been indicated to be redundant. 
For each initialization, the BASICS algorithm, by selecting the maximum 
conditional at each stage of the search, identifies a final outcome as the 
"consequence" of the initialization. 

Application of the Lamp Post algorithm would not change, fundamentally, 
the strategy of the initialization approach. Instead of seeking, stepwise, 
the highest conditionals in a chain-wise sequence, one would threshold the 
conditionals (subject to the initialization) and then ask what chains can be 
completed among the thresholded subset of high-valued conditionals. Note 
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that these chains might or might not include the chain derived by the BASICS 
approach. 

Several advantages accrue from the Lamp Post strategy. First, it assures 

that there are no "sleepers" among the candidate, high-probability joint events. 
Second, if two or more paths give equal or nearly equal joint-event probabil

ities, these joint events would be identified and could be tagged for further 
study. Finally, the Lamp Post algorithm can be applied with considerable 
savings in the search space when initialization occurs. This holds, perforce, 

with more than one preinitialization. 

0.2.2 Higher-Order Initialization 

Higher-order initialization is a straightforward generalization of single
variable initialization. For example, it may be of interest to know how the 
system responds when two or more variables are present to specific states. 
Such higher-order initialization simply increases the level of degeneracy of 
the problem For example, if two variables and applies the Lamp Post algorithm 
in the usual way. The application consists, as before, in seeing what chains 
can be formed amcng the thresholded states and selecting the joint event or 
events which exhibit the highest product(s) of probabilities. 

Only one slight difficulty remains to be resolved. As has been noted 
earlier, if two or ore states are involved in the initialization, the 
sequential order of these states may be at issue. Note, however, that this 

issue in no way affects the search for chains among the non-initialized 

variables. Whatever chain emerges as "mcst likely" is the chain which persists 
under the initialization choice. This chain uniquely fixes the choice of 
states of the unutilized variables, and it is only to that part of the problem 
that the Lamp Post algorithm is addressed. Whether the initialized state of 
Variable 1 precedes that of Variable 2, or vice versa, must be determined by 
comparing the probability products involved in the two cases, subject to the 
assumptions made with tegard to whether the impacts are to be interpreted in 

• the causal or conditional sense. 

The highest level of initialization in the hierarchy is represented by 
the situation in which all variables are preset to a particular state. The 

system is then completely degenerate, and the analysis simply yields a 
probability estimate for a specifically selected or hypothesized joint event. 
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It is conceivable that this type of hypothesis might be of interest in certain 
types of analysis. For example, the approach would shed light on questions 
such as, "How likely is it that all of the following conditions would applyl" 
The hierarchical approach thus provides a complete gamut of possibilities for 
exploring impact relationships. 
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