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Abstract

When several interdependent events affect the future of an organization, an industry, or a
society, it is often useful to know how these events may affect each other. Determining the
impact of external events on other such events, called a cross-impact analysis, is usually
accomplished by asking knowledgeable people to (1) discuss any relationships among the
events and (2) provide subjective estimates of conditional probabilities relating the events.
However, there are two possible problems. First, in some political environments people may
be reluctant to discuss the events openly. Second, the subjective probability estimates may
violate the laws of probability theory, such as Bayes’ theorem. We present a simple method,
using group decision support systems (GDSS), for eliciting anonymous comments and prepar-
ing consistent probability estimates concerning interdependent events. We then illustrate our
method by using it to perform a cross-impact analysis concerning the future of Hong Kong.
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1. Introduction

The futures of organizations are determined not only by such organizational activi-
ties as introducing new products and investing in new technologies, but also by a
variety of external events over which the organizations have little or no control.
Examples are consumer response to corporate marketing efforts, competitive price
changes, and government regulatory activities. Events such as these may be partially
dependent on each other, and it is useful to investigate any relationships among
them. Such an investigation is called a cross-impact analysis [1,2].

Cross-impact analyses are often performed by estimating quantitatively the impact
of each variable of interest on each other such variable. One way of doing this is
to construct a mathematical model relating the variables, such as an input–output
model [3], a sequence-dependent (decision tree) model [4,5], or a dynamic
(multistage) model [6]. Another approach is to ask knowledgeable people to provide
subjective estimates of the relationships among the variables, usually in the form of
a matrix of conditional probabilities [7,8]. In the latter case, the cross-impact method
is sometimes combined with the Delphi method: the persons providing probability
estimates are periodically asked to justify or revise any of their estimates that differ
substantially from the group norm, in an attempt to obtain a consistent set of esti-
mates for the group [9–11].

There are three difficulties with these approaches to cross-impact analysis. First,
the data needed to construct formal models may not be forthcoming, so that informal
discussions of relationships and subjective estimation of conditional probabilities
become necessary. Second, the Delphi method allows anonymity among the experts
being consulted but does not allow for discussion and a dynamic interchange of
ideas. In other words, the participants cannot easily present ideas, critique the ideas
of others, and respond to critiques of their own ideas. Third, requesting subjective
estimates of marginal and conditional probabilities may result in inconsistent esti-
mates—that is, estimates that violate the laws of probability theory, such as
Bayes’ theorem.

We present here a methodology for cross-impact analysis that allows for anony-
mous discussion and that produces consistent probability estimates. Our method
makes use of group decision support systems (GDSS). GDSS allow groups of people
seated at personal computers, integrated through a local area network, to engage in
anonymous discussions by entering comments and responding to the comments of
others. The users may also enter data, such as subjective probability estimates or
preference rankings, which are then processed by the GDSS.

We begin in the following section with a brief overview of GDSS. Then we present
our methodology for cross-impact analysis using GDSS. Finally we illustrate our
methodology by applying it to the future of Hong Kong.

2. DSS and GDSS

The field of DSS research and practice has undergone substantial changes during
the past 25 years [12,13]. During its early days (approximately, 1975–1985), most
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developers and users of DSS assumed that DSS were to be used by an individual
manager or analyst, such as a marketing manager or a financial analyst. Most DSS
were user-friendly data retrieval and display systems or systems that contained inter-
active decision models. Although the information generated by these early DSS
might be used by a group of people (e.g., a management committee), the separate
identities of the users were not considered in the design of the DSS.

All of this changed with the development of GDSS [14–16]. The purpose of GDSS
is to integrate the separate decision processes of the members of a group of managers
or analysts, such as a committee, the members of a department, or an ad hoc team.
Each participant (i.e., member of the group) is seated in front of a desktop (client)
computer connected to a server. The participants can enter comments, view the com-
ments of others, and respond to them if they wish. The process is both anonymous
and simultaneous. When a participant enters a comment, the comment is numbered
by the GDSS software, but the participant is not identified. Thus, the participants
respond to numbered comments, not to named individuals. This allows the parti-
cipants to engage in frank and open discussion about controversial subjects and to
focus on ideas rather than on personalities. In addition, participants enter their com-
ments simultaneously, which is far more efficient for larger groups than is the case
with face-to-face meetings, in which only one person is supposed to speak at a
time [17].

There are several ways in which electronic discussions can take place in a GDSS.
If there is a single topic for discussion, then all of the participants’ comments would
be entered and would appear on a single screen. If the topic consists of several
subtopics and it is important to obtain comments on all of them, then a second
approach may be used. The participants would be presented with a screen containing
several electronic folders, each containing a discussion screen that corresponds to
one of the subtopics. The participants can move back and forth between folders
participating in the various discussions. The disadvantage of this method is that the
group may collectively devote a disproportionate amount of effort to a few folders
and ignore the remainder.

A third method, sometimes called ‘electronic brainstorming’, is intended to over-
come this disadvantage. This is the method we will use for cross-impact analysis.
Each participant is presented with a different screen containing instructions to com-
ment on a particular subtopic. After the participant has entered a comment, the screen
for that subtopic is transmitted electronically to another participant, selected at ran-
dom. This process continues until a sufficient number of comments have been gener-
ated or until a preselected time limit is reached. The advantage of electronic brain-
storming is that a large number of subtopics can be presented to the group, with
fairly uniform coverage of each.

GDSS can be used not only for discussion but also for voting. The participants
may be asked to enter numerical or qualitative data representing probabilities or
preferences. They may also be asked to rank various items in terms of likelihood or
importance. Voting, like discussion, is both anonymous and simultaneous. The GDSS
software manages the voting process by checking the input data for errors (e.g.,
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ensuring that probabilities are between zero and one) and by aggregating the
results—for example, in the form of averages, standard deviations, and rank sums.

A GDSS session is usually managed by a facilitator. The facilitator does not par-
ticipate in the discussion or voting. Rather, he or she decides when to terminate one
part of a session and to initiate another. This often consists of terminating a dis-
cussion and initiating a vote on some feature of the topic just discussed. The facilit-
ator may also instruct the GDSS to record the discussion and voting, with anonymity
preserved, for subsequent analysis.

3. Cross-impact analysis using GDSS

There are five stages to the use of GDSS in cross-impact analysis (Fig. 1). Fig.
1(a) illustrates the five stages in temporal sequence, showing the various times at
which the stages start and stop. Fig. 1(b) illustrates the five stages in logical sequence,
showing the information being passed between the various stages.

In Stage I we identify an appropriate set of events for analysis. Since we are
concerned with ordered pairwise relationships among the events, a set ofN events
will result in R 5 N(N 2 1) possible relationships to be analyzed. As we shall see
in the second stage,R should be approximately equal to the size of the group, which
suggests that there should be four (R 5 12) or five (R 5 20) events in the set. The
events may be selected by the person or persons performing the cross-impact analysis
or they may be identified during a previous GDSS session.

Fig. 1. Stages of cross-impact analysis. (a) Temporal sequence, (b) logical sequence.
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In Stage II electronic brainstorming is used to elicit comments about theR possible
relationships among theN events of interest. Each participant is presented with a
screen asking him or her to comment on the possible impact of one of theN events
on one of the remainingN 2 1 events. Therefore, there should be approximatelyR
participants in the electronic brainstorming session. At the top of the screen a mess-
age of the following form will appear:

Assume that the following event has occurred: {description of one of the events}.
Would it have any impact on the likelihood of this event: {description of another
event}? If so, please state the reasons.

Some of this information will appear in the Cross-Impact Table, as described
below.

The purpose of Stage III is to obtain quantitative impacts of each of theN events
on each of the remainingN 2 1 events. Specifically, we wish to obtain (1) a set of
N marginal probabilities for theN events, (2) a set ofR conditional probabilities for
each of theN events given that each of the remainingN 2 1 events occurs, and (3)
a set ofR conditional probabilities for each of theN events given that each of the
remainingN 2 1 events does not occur. If we leta and b denote two events, we
wish to determine (1)N probabilities of the formp(b), (2) R conditional probabilities
of the formp(b|a), and (3)R conditional probabilities of the formp(b|Ga), where
Ga means thata does not occur. Thus, we wish to obtainN marginal probability
estimates and 2(N2 2 N) conditional probability estimates.

One way to obtain these estimates is to ask the participants in the GDSS session
to supply them directly. There are two problems with this. First, the number of
estimates may be quite large. For example, if there are five events (N 5 5), then
the participants will be asked to provide five marginal probability estimates and 40
conditional probability estimates. Second, these estimates will almost certainly viol-
ate the laws of probability theory, and there may be many instances of such
violations. Examples of violations are given in Appendix A.

Several methods have been developed for modifying a set of marginal and con-
ditional probabilities in order to minimize inconsistencies [18–21]. However, there
is a simple method for obtaining consistent estimates while placing a minimal burden
on the participants. Each participant is asked to estimate whether each event will or
will not occur. Thus, each participant is asked to enterN yes/no estimates. Then:

1. p(b) is the number of participants who estimated thatb will occur divided by
the total number of participants;

2. p(b|a) is the number of participants who said thata andb will both occur divided
by the number of participants who said thata will occur;

3. p(b|Ga) is the number of participants who said thata will not occur butb will
occur divided by the number of participants who said thata will not occur.

Although this method avoids the inconsistencies referenced above and summarized
in Appendix A, it has two limitations. These limitations are not serious for most
cross-impact studies and do not present a problem for the Hong Kong study described
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below. The first limitation is that there must be a sufficient number of participants
that the denominators of these ratios be of reasonable size. We recommend that there
be approximately 20 participants, which is the number used in our Hong Kong study.
This will allow for sufficiently large denominators in the probability estimates.

The second limitation is that the events under consideration must not be extremely
likely (i.e., with a probability very close to 1) or extremely unlikely (i.e., with a
probability very close to 0). Otherwise, the numerators or denominators of some of
these ratios will be zero, even with a large number of participants, and the corre-
sponding conditional probabilities will be undefined. However, one would seldom
select such extreme events for a cross-impact analysis. If it is agreed that an event
will almost certainly occur, one would generally not wish to estimate conditional
probabilities based on the assumption that the event will not occur. Similarly, if an
event will almost certainly not occur, one would generally not wish to estimate
conditional probabilities based on the assumption that the event will occur.

This did not present a problem in our Hong Kong study. The range of marginal
probabilities, presented below, was 0.3 to 0.8, which suggests that our events were
somewhat controversial. That is, reasonable and knowledgeable people could argue
that the events will occur or that the events will not occur. These are the kind of
events that one would expect to encounter in a cross-impact analysis.

During Stage IV we construct a measure of the impact of each event on each
other event. For any pair of events,a andb, there are three probability estimates for
b: p(b|a), p(b|Ga), andp(b). We note thatp(b) is bracketed by the two conditional
probabilities—that is,p(b) lies betweenp(b|a) and (b|Ga). This is proven in Appen-
dix B. Therefore, we will define the impact ofa on b as the difference between the
two conditional probabilities, and we will denote it as IMP(a, b). Thus, IMP(a, b)
5 p(b|a) 2 p(b|Ga). We note that IMP(a, b) can be positive, negative, or zero. It
will be zero if and only ifa and b are independent. We also note that in general
IMP(a, b) will not equal IMP(b, a).

During Stage V the impact measures are used to construct an Interdependence
Graph and an Interdependence Table. The graph will consist of nodes (circles) corre-
sponding to the events and arcs (arrows) connecting them whenever the correspond-
ing impact measure exceeds a certain threshold. The threshold is determined by the
persons performing the cross-impact analysis so as to highlight the most salient
relationships. We recommend that there be two thresholds, one separating high
impacts from medium impacts, and one separating medium impacts from low
impacts. The high and medium impacts will be denoted in the Interdependence Graph
by solid thick and dashed thin arrows, respectively. We suggest that the low impacts
not be represented in the Interdependence Graph.

The symbols ‘1 ’ and ‘ 2 ’ may be used to denote positive or negative impact
measures. If for any two events,a andb, IMP(a, b) and IMP(b, a) are high and/or
medium (i.e., neither one of them is low), then the ‘1 ’ or ‘ 2 ’ sign need be
drawn only once, since the sign (positive, negative, or zero) of IMP(a, b) is the
same as that of IMP(b, a). This is demonstrated in Appendix C.

The Interdependence Table will list each of the arcs in the Interdependence Graph
(i.e., each ordered pair of events for which the impact measure is high or medium),
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along with selected comments about the relationships between them taken from the
electronic brainstorming session in the second stage of this process. As with the
Interdependence Graph, we suggest that the low impacts not be represented in the
Interdependence Table.

We note that the Interdependence Graph and the Interdependence Table need not
be in complete agreement. For example, the participants may appear to argue for a
strong positive relationship in the Interdependence Table, yet the impact measure
based on their votes may be negative, or vice versa. We suggest that in this case it
will be difficult to draw any conclusions about the relationships between the prob-
abilities of the corresponding events. Thus, the Interdependence Graph and the Inter-
dependence Table are complementary sources of information about the direction and
strength of relationships, but they may be contradictory.

4. The Hong Kong transition

On July 1, 1997 the British Dependent Territory of Hong Kong became the Hong
Kong Special Administrative Region of the Peoples’ Republic of China. Prior to this
change in sovereignty Hong Kong had one of the most vigorous laissez faire capital-
ist economies in the world, with little government interference in business and an
emphasis on the creation of wealth rather than on its redistribution. China, on the
other hand, is one of the few remaining Communist countries in the world, committed
in large measure to a dictatorship of the proletariat by means of a powerful one-
party state and a tight (but gradually loosening) public control of the means of pro-
duction and distribution.

There are two other important differences between pre-transition Hong Kong and
China. First, although Hong Kong has had a history of corruption, within the past
25 years it has taken stern measures, through a powerful Independent Commission
Against Corruption, to root out and punish corrupt practices, especially bribery of
public officials. China, on the other hand, is widely regarded as one of the most
corrupt countries in Asia, and there is concern that China’s corruption will find its
way across the border into Hong Kong. Second, Hong Kong has been fairly tolerant
of public dissent, especially during the past 15 years, whereas China severely pun-
ishes people who publicly disagree with its system of government or with decisions
made by those in authority. There is concern that people in Hong Kong will be
increasingly reluctant to speak freely about important issues. The principal reason
will probably not be overt restrictions on free speech but rather a general desire to
be ‘redder than red’ and to avoid any possibility of offending Communist Party
officials in Beijing.

Because of these and other differences, there is a variety of opinions among knowl-
edgeable people concerning the future of Hong Kong under Chinese rule. Some
observers argue that China needs a successful Hong Kong for economic and political
reasons (the principal political reason being to facilitate the recovery of Taiwan) and
therefore, that it will not intervene excessively in Hong Kong affairs [22,23]. Other
observers are more pessimistic, arguing that China does not understand how a free
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economy and a democracy works and that it will inadvertently or deliberately take
actions detrimental to Hong Kong [24,25]. Other factors, such as the possibility that
the U.S. may at some point revoke China’s most favoured nation status (MFN), may
also affect Hong Kong’s future.

This suggests a need to (1) identify events that are important to the future of Hong
Kong, (2) determine how these events may affect Hong Kong, and (3) determine
how these events may affect each other. We are concerned here only with the last
of these three—that is, with cross-impact analysis. In previous work we have exam-
ined the use of GDSS in identifying important events and in assessing their impact
on Hong Kong [26,27].

The principal reason for using a GDSS in this work is the need for anonymity,
with efficiency as a secondary consideration. It has been suggested that the need for
anonymity is already becoming apparent in Hong Kong, in that public officials and
journalists are beginning to restrict their speech in order to please officials in China
[28,29]. However, many people seem unconcerned about these implicit political
restrictions as long as the Hong Kong economy remains healthy. In the words of a
popular satirical book about Hong Kong, consisting of excerpts taken from a news-
paper comic strip whose author was fired for being too outspoken, “Let’s all shut
up and make money” [30].

5. A cross-impact analysis of Hong Kong

Five months after the transfer of sovereignty a GDSS session was held with 20
middle managers in Hong Kong to perform a cross-impact analysis on five events
relevant to the business future of Hong Kong. The GDSS was GroupSystems by
Ventana Corporation [31], which is one of several commercially-available GDSS
[32]. The participants were residents of Hong Kong working for multinational cor-
porations, mostly in the financial community. The session lasted 45 minutes.

In Stage I we selected five events for the cross-impact analysis. The events are
defined in Table 1. We selected the events based on our previous experiences in

Table 1
List of events

P China loses MFN status. The US President and Congress decide not to renew MFN status for
China. They suggest that the US will not grant MFN status to China for many years.

P Corruption becomes widespread in Hong Kong. Many government officials demand and receive
bribes. The ICAC is unable to stop them.

P The peg between the Hong Kong dollar and the US dollar is removed. As a result, the Hong Kong
dollar floats on the open currency market.

P China intervenes in the Hong Kong economy. The intervention is informal but strong. Political and
business leaders in Hong Kong find it necessary to consult with political leaders in Beijing before
making major decisions.

P Conflict between China and Taiwan escalates. Chinese military exercises in the Taiwan Straits
escalate to the point that they become a virtual blockade of Taiwan.
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performing political event studies and scenario development in Hong Kong, as was
mentioned above.

In Stage II we used electronic brainstorming to obtain comments about the possible
impact of each of these events on each of the other events. One of the 20 comment
screens appears in Fig. 2.

In Stage III we asked the participants to vote on whether each of the events would
or would not occur. The voting screen is illustrated in Figs. 3 and 4. The votes of the
20 participants appear in Table 2. The marginal probabilitiesp(b) and the conditional
probabilitiesp(b|a) andp(b|Ga) appear in Tables 3 and 4.

In Stage IV we calculated the impact coefficients IMP(a, b). These appear in
Table 5.

In Stage V we used the impact coefficients to construct an Interdependence Graph
(Fig. 3), and we used the comments from Stage II to construct an Interdependence
Table (Table 6). Our threshold for a high impact was 0.3 in absolute value, and our
threshold for a medium impact was 0.25 in absolute value. Any impacts below 0.25
in absolute value were considered low. Of the 20 ordered pairs of events, three had
high impact, five had medium impact, and 12 had low impact. The 12 ordered pairs
of events having low impact do not appear in the Interdependence Graph or in the
Interdependence Table.

The principal conclusion of this study is that loss of MFN status by China will

Fig. 2. Participant comment screen.
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Fig. 3. Participant voting screen.

Fig. 4. Interdependence Graphy.

impact and be impacted by three other events: widespread corruption in Hong Kong,
conflict between China and Taiwan, and interference by China in the Hong Kong
economy.

The first of these three consists of a pair of positive, high impact relationships—
that is, an increase in the probability of China’s losing MFN status will lead to an
increase in the probability of widespread corruption in Hong Kong, and vice versa.
To some extent, rationales for these impacts can be gleaned from the electronic
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Table 2
Voting data

Event: MFN COR PEG INT TAI

Raw data: 1 1 1 1 1
(N 5 20) 1 1 1 1 1

0 1 1 1 0
0 0 1 1 1
0 0 1 1 1
1 1 0 1 1
0 0 1 1 0
1 0 1 0 1
0 0 0 0 0
0 0 1 0 1
0 0 1 1 1
1 0 0 0 1
1 1 1 0 1
0 0 1 1 1
0 1 0 1 1
0 0 1 1 1
0 0 1 1 0
0 1 1 0 1
0 1 1 1 1
0 0 1 1 1

Total: 6 8 16 14 16
Probability: 0.30 0.40 0.80 0.70 0.80

MFN: China loses MFN status.
COR: Corruption becomes widespread in Hong Kong.
PEG: The peg between the Hong Kong dollar and the US dollar is removed.
INT: China intervenes in the Hong Kong economy.
TAI: Conflict between China and Taiwan escalates.

brainstorming session as presented in the Interdependence Table. For example, the
argument that a loss of MFN status for China will increase the probability of corrup-
tion in Hong Kong is that a loss of MFN status will cause the Hong Kong economy
to decline, which in turn will induce people to engage in more illegal activities. On
the other hand, none of the participants gave a rationale for the reciprocal impact
(increased corruption in Hong Kong would lead to loss of MFN status for China),
even though their voting behaviour results in a high positive impact.

The second of these consists of a pair of positive relationships: one high and one
medium. An increase in the probability of losing MFN status will lead to an increase
in the probability of conflict between China and Taiwan, and vice versa. The impact
of conflict on MFN is high; the argument is that if a conflict begins, the United
States will revoke MFN status in the hope that this will induce China to stop ‘bully-
ing’ Taiwan. The impact of MFN on conflict is medium; the argument is that if
China loses MFN status, it will have less incentive to leave Taiwan alone and may
initiate a conflict.

The third of these is quite surprising: a pair of negative, medium impact relation-



50 R.W. Blanning, B.A. Reinig / Futures 31 (1999) 39–56

Table 3
Probabilities of events assuming other events do occur

The probability of this event becomes:

MFN COR PEG INT TAI

If this event Marginal probability→ 0.30 0.40 0.80 0.70 0.80
occurs:
MFN: China loses MFN status. 0.67 0.67 0.50 1.00
COR: Corruption becomes 0.50 0.75 0.75 0.88

widespread in Hong Kong.
PEG: The peg between the Hong 0.25 0.38 0.75 0.81

Kong dollar and the US
dollar is removed.

INT: China intervenes in the 0.21 0.43 0.86 0.79
Hong Kong economy.

TAI: Conflict between China and 0.38 0.44 0.81 0.69
Taiwan escalates.

Table 4
Probabilities of events assuming other events do not occur

The probability of this event becomes:

MFN COR PEG INT TAI

If this event Marginal probability→ 0.30 0.40 0.80 0.70 0.80
does not
occur:
MFN: China loses MFN status. 0.29 0.86 0.79 0.71
COR: Corruption becomes 0.17 0.83 0.67 0.75

widespread in Hong Kong.
PEG: The peg between the Hong 0.50 0.50 0.50 0.75

Kong dollar and the US
dollar is removed.

INT: China intervenes in the 0.50 0.33 0.67 0.83
Hong Kong economy.

TAI: Conflict between China and 0.00 0.25 0.75 0.75
Taiwan escalates.

ships. Specifically, an increase in the probability of China’s losing MFN status will
lead to a decrease in the probability of intervention by China in the Hong Kong
economy, and vice versa. This is surprising because the arguments given by the
participants suggest the opposite conclusion. That is, the participants argued that an
increase in the probability of either of these two events would lead to an increase in
the probability of the other. Since the quantitative votes and the narrative comments
contradict each other, we probably cannot draw any conclusion about the relationship
between MFN and intervention.

Another surprising result is the negative, medium strength impact concerning the
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Table 5
Impact scores

High impact scores IMP(MFN,COR) 0.38
IMP(TAI,MFN) 0.38
IMP(COR,MFN) 0.33

Medium impact scores IMP(MFN,INT) 2 0.29
IMP(MFN,TAI) 0.29
IMP(INT,MFN) 2 0.29
IMP(PEG,MFN) 2 0.25
IMP(PEG,INT) 0.25

Low impact scores IMP(MFN,PEG) 2 0.19
IMP(INT,PEG) 0.19
IMP(TAI,COR) 0.19
IMP(COR,TAI) 0.13
IMP(PEG,COR) 2 0.13
IMP(INT,COR) 0.10
IMP(COR,PEG) 2 0.08
IMP(COR,INT) 0.08
IMP(PEG,TAI) 0.06
IMP(TAI,PEG) 0.06
IMP(TAI,INT) 2 0.06
IMP(INT,TAI) 2 0.05

peg between the Hong Kong and U.S. dollars and the loss of China’s MFN status.
Although the participants’ votes result in a negative impact measure, they argued for
the opposite. Therefore, we probably cannot draw any conclusion about the impact of
removing the peg on a loss of MFN status.

There was only one high or medium impact that did not involve MFN. This dem-
onstrates the importance of China’s MFN status to Hong Kong business executives.
The exception is the medium but positive impact of removing the dollar peg on
China’s intervention in Hong Kong. The argument is that Hong Kong may not be
able to handle the resulting economic problems, causing China to intervene.

6. Conclusion

In performing cross-impact analyses it is useful to obtain confidential comments
from knowledgeable people about possible relationships among important events.
The method we have presented here allows these people to engage in confidential
conversations about these relationships and to estimate whether these events will
come to pass.

An interesting feature of our method is that the participants provide both narrative
and quantitative information. The narrative information consists of arguments con-
cerning relationships among the events of interest. The quantitative information con-
sists of votes that can be used to calculate probabilistic impact measures. If both of
them are in agreement, then our method will furnish (1) an estimate as to whether
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Table 6
Interdependence table

Antecedent Consequent Impact Impact Response to Question: Assume that the following
coefficient code event has occurred:Antecedent.Would it have any

impact on the likelihood of this event:Consequent?
If so, please state the reasons.

MFN COR 0.38 H1 “Yes, the competitive power of HK is then getting
worse, the economy of HK will then decline,
people will face difficult to earn money in legal
way, eventually, corruption will become serious.”

COR MFN 0.33 H1 “No, corruption now widespread in China which
still enjoys MFN. Even corruption widespread in
H.K., it will have no effect on MFN.”

TAI MFN 0.38 H 1 “Yes, some stupid US senators may collectively
bargain with Clinton to use it as a weapon to stop
China bullying Taiwan.”

MFN TAI 0.29 M 1 “The Beijing goverement has a restricted attitude
toward the Taiwan independence taking the
consideration of the US’s MFN status. now, as the
status lose, the Beijing found no necessary to care
the US’s feelings.”

INT MFN 20.29 M 2 “Yes. As HK’s autonomy is highly monitored by
the world and the US government has stressed that
she will closely monitor the human rights and
autonomous condition in HK. If China does
intervene HK’s autonomy, US may use the MFN
treatment as a leverage on the issue.”

MFN INT 20.29 M 2 “Yes. If China loses MFN status the local
economy will be affected which may affect the
confidence of foreign investors and the successful
implementation of the “One Country, two system”
concept. To ensure this will not occur China will
“intervene” the local economy secretly.”

PEG MFN 20.25 M 2 “Maybe. Removing the peg may allow HK dollar
to depreciate. As a result, HK and China trading
activities would increase. China may flood its
goods to USA which make USA to take action
against China.”

PEG INT 0.25 M1 “HK is historically or economically relied on the
peg. If it is removed, our “ECONOMISTS” may
be green to handle. China, as our parent country,
may intervene. A way to show up.”

MFN: China loses MFN status.
COR: Corruption becomes widespread in Hong Kong.
PEG: The peg between the Hong Kong dollar and the US dollar is removed.
INT: China intervenes in the Hong Kong economy.
TAI: Conflict between China and Taiwan escalates.
Impact code: H5 high impact coefficient; M5 medium impact coefficient;1 , 2 is the algebraic sign
of the impact coefficient.
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the events will have a positive or negative relationship to each other, (2) an argument
explaining the reason for the relationship, and (3) a quantitative estimate of the
strength of the relationship. If they are not in agreement, then it will be difficult to
draw any conclusions, and this may suggest a need for further investigation.

Our approach has two limitations. First, there must be a sufficient number of
participants, approximately 20, to obtain meaningful estimates of the conditional
probabilities. Second, the events being analyzed should not be virtually certain or
virtually impossible. However, such events are generally not selected for cross-
impact analysis.

In the decade since the end of the cold war, we have seen the rise of a growing
number and variety of emerging nations [33,34]. Many of these nations offer econ-
omic opportunities in an environment of both risk and authoritarianism, so that public
discussion of risks, to include potential problems and vulnerabilities to external
events, often does not take place. The methodology we have presented here may
prove to be helpful in performing cross-impact analyses in situations such as these.

Appendix A

There are two anomalies of interest here. The first is a simple form of Bayes’
theorem. For any two events,a and b, we must have

p(a|b)p(b) 5 p(b|a)p(a),

since both sides of the equation are equal top(a & b). In general, we cannot expect
that subjectively estimated marginal and conditional probabilities will satisfy this
relationship. Furthermore, we cannot estimate only three of these probabilities and
then calculate the fourth, since the result could be a marginal or conditional prob-
ability that exceeds one.

Even if this relationship is satisfied, there may still be a violation of the laws
of probability theory when the negation of events is considered. For example, we
must have

p(b) 5 p(b|a)p(a) 1 p(b|Ga)p(Ga),

whereGa is the negation ofa—that is,p(Ga) 5 1 2 p(a). However, if p(a|b) 5
p(b|a) 5 0.8 andp(a) 5 p(b) 5 0.9 (so thatp(Ga) 5 0.1), then the first equation

above would be satisfied, but there is no feasible value ofp(b|Ga) that satisfies the
second equation, since this equation would require thatp(b|Ga) 5 1.8.

Matters become even more complicated if combinations of three or more events
are considered—for example,p(b|a & g). However, such situations are beyond the
scope of this paper.

Appendix B

We demonstrate that for any two events,a and b, p(b) is bracketed by (i.e., is
in between)p(b|a) andp(b|Ga). For any real numberx, we define the sign ofx as
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SGN(x) 5 { 1 1, for x > 0; 2 1, for x , 0; 0, forx 5 0}.

Then p(b) is bracketed byp(b|a) andp(b|Ga) if and only if

SGN(p(b|a) 2 p(b)) 5 SGN(p(b) 2 p(b|Ga)).

Here is the proof:

p(b|a) 2 p(b) 5
p(a & b)

p(a)
2

p(a)p(b)
p(a)

5
p(a & b) 2 p(a)p(b)

p(a)

Since

p(b) 5 p(a & b) 1 p(Ga & b),

we have

p(Ga & b) 5 p(b) 2 p(a & b).

We also note thatp(Ga) 5 1 2 p(a). Therefore,

p(b) 2 p(b|Ga) 5 p(b) 2
p(Ga & b)

p(Ga)
5

p(b)(1 2 p(a))
1 2 p(a)

2
p(b) 2 p(a & b)

1 2 p(a)

5
p(a & b) 2 p(a)p(b)

1 2 p(a)

Therefore, SGN(p(b|a) 2 p(b)) 5 SGN(p(a & b) 2 p(a)p(b)) 5 SGN(p(b) 2
p(b|Ga)).

Appendix C

We demonstrate that for any two events,a and b, the impact ofa on b has the
same sign (positive, negative, or zero) as that of the impact ofb on a. We recall that

IMP(a, b) 5 p(b|a) 2 p(b|Ga)

and for any real numberx

SGN(x) 5 { 1 1, for x > 0; 2 1, for x , 0; 0, forx 5 0}.

Therefore, we wish to show that

SGN(IMP(a, b)) 5 SGN(IMP(b, a)).
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Here is the proof: as before, we note that

p(b) 5 p(a & b) 1 p(Ga & b),

and thus

p(Ga & b) 5 p(b) 2 p(a & b).

Therefore, we can write IMP(a, b) as

IMP(a, b) 5
p(a & b)

p(a)
2

p(Ga & b)
p(Ga)

5
p(a & b)

p(a)
2

p(b) 2 p(a & b)
1 2 p(a)

5
p(a & b) 2 p(a)p(b)

p(a)(1 2 p(a))

Similarly,

IMP(b, a) 5
p(a & b) 2 p(a)p(b)

p(b)(1 2 p(b))

Therefore, SGN(IMP(a, b)) 5 SGN(IMP(b, a)).

References

[1] Stover JG, Gordon TJ. Cross-impact analysis. In: Fowles J, editor. The handbook of futures research.
Westport: Greenwood Press, 1978:301–28.

[2] Millett SM. Futuring consumer products: an illustrative example of scenario analysis. In: Fahey L,
Randall RM, editors. Learning from the future: competitive insight scenarios. New York: Wiley,
1998:285–95.

[3] Wissema JG, Benes J. A cross-impact case study: the Dutch construction sector. Futures
1980;12(5):394–404.

[4] Amara RC. A note on cross-impact analysis: a calculus for sequence-dependent events. Futures
1972;4(3):267–71.

[5] Eymard J. A Markovian cross-impact model. Futures 1977;9(3):216–28.
[6] Schuler A, Thompson WA, Vertinsky I, Ziv Y. Cross impact analysis of technological innovation

and development in the software lumber industry in Canada: a structural modeling approach. IEEE
Transactions on Engineering Management 1991;38(3):224–36.

[7] Mitchell RB, Tydeman J. Subjective conditional probability modeling. Technological Forecasting
and Social Change 1978;11:133–52.

[8] Enzer S. Cross-impact techniques in technology assessment. Futures 1972;4(1):30–51.
[9] Helmer O. Cross-impact gaming. Futures 1972;4(2):149–67.

[10] Turoff M. An alternative approach to cross-impact analysis. Technological Forecasting and Social
Change 1972;3:309–39.

[11] Enzer S. Delphi and cross-impact techniques: an effective combination for systematic futures analy-
sis. Futures 1971;3(1):48–61.

[12] Holsapple CW, Whinston AB. Decision support systems: a knowledge-based approach.
Minneapolis/St. Paul: West Publishing Company, 1996.



56 R.W. Blanning, B.A. Reinig / Futures 31 (1999) 39–56

[13] Sprague RH Jr, Watson HJ, editors. Decision support systems: putting theory into practice. Engle-
wood Cliffs: Prentice-Hall, 1993.

[14] Vickers B. Using GDSS to examine the future European automobile industry. Futures
1992;24(8):789–812.

[15] Coleman D, Khanna R, editors. Groupware: technology and applications. Upper Saddle River: Pren-
tice-Hall, 1995.

[16] Dennis AR, Tyran CK, Vogel DR, Nunamaker JF. Group support systems for strategic planning.
Journal of Management Information Systems 1997;14(1):155–84.

[17] Gallupe RB, Dennis AR, Cooper WH, Valacich JS, Bustianutti LM, Nunamaker JS. Electronic brain-
storming and group size. Academy of Management Journal 1992;35(2):350–69.

[18] Sarin RK. A sequential approach to cross-impact analysis. Futures 1978;10(1):53–62.
[19] Jensen RE. Scenario probability scaling: an eigenvector analysis of elicited scenario odds ratios.

Futures 1981;13(6):489–98.
[20] Brauers J, Weber M. A new method for scenario analysis for strategic planning. Journal of Fore-

casting 1988;7(1):31–47.
[21] Jackson JE, Lawton WH. Some probability problems associated with cross-impact analysis. Techno-

logical Forecasting and Social Change 1976;8:263–73.
[22] Overholt WH. The rise of China: how economic reform is creating a new superpower. New York:

W.W. Norton, 1993.
[23] Brahm LJ. China as no. 1: the new superpower takes centre stage. Singapore: Butterworth-Heinem-

ann Asia, 1996.
[24] Bueno de Mesquita B, Newman D, Rabushka A. Red flag over Hong Kong. Chatham: Chatham

House, 1996.
[25] Allen J. Seeing red: China’s uncompromising takeover of Hong Kong. Singapore: Butterworth-

Heinemann Asia, 1997.
[26] Blanning RW, Reinig BA. Scenario development using electronic meeting systems. Working Paper,

Department of Information and Systems Management, Hong Kong University of Science and Tech-
nology, 1997.

[27] Blanning RW, Reinig BA. Political event analysis using electronic meeting systems. Working Paper,
Department of Information and Systems Management Hong Kong University of Science and Tech-
nology, 1997.

[28] Rabushka A. Freedom’s fall in Hong Kong. Essays in Public Policy. Hoover Institution, Stanford
University, 1997.

[29] Sciutto JE. China’s muffling of the Hong Kong media. In: The Annals of the American Academy
of Political and Social Science (Special Issue: The Future of Hong Kong), 1996:131–43.

[30] Feigen L. Let’s all shut up and make money! Hong Kong: Hambalan Press, 1997.
[31] Valacich JS, Dennis AR, Nunamaker JF. Electronic meeting support: the GroupSystems concept.

International Journal of Man-Machine Studies 1991;34(2):261–82.
[32] Bidgoli H. Group support systems: a new productivity tool for the 90’s. Journal of Systems Manage-

ment 1996;47(4):56–62.
[33] Mobius JM. Mobius on emerging markets. London: Pittman, 1996.
[34] Garten JE. The big ten: the big emerging markets and how they will change our lives. New York:

BasicBooks, 1997.


