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traced back to the subjective scales used
when the data were collected. The proj-
ects range from I w 2,500 GWh, whereas
the contlict scales were restricted to the
digits —4 to +4 Since the overwhelming
majority of potential projects are small,
the scales were soon exhausted and left
ne room tor the larger projects. This was
confirmed by participants in the data col-
lection and acknowledged by the Water
Resources and Energy Administration.
We therefore concluded that the data
(which cost $10 million to collect) were
unsuitable for rational analysis. The Min-
istry of Environment had committed two
methodological errors which partly neu-
tralized each other. First, they had not
considered production when they ranked
the projects and thus selected projects
anly on the basis of their doing little
damage. Secondly, since the damage done
by larger projects had been underesti-
mated, some did get a reasonable ranking
after all.

LRTT TS T
e 542 projects, each sepresented
by a bar, are ordered according to the alterna-
tive ranking list, The height of the bar indi-
cales the project’s energy production. Larger
projects tend to appear to the left, indicating
high priority for these projects.

Figure 7; Thy
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Figure 8: The 542 projects are shown in the
same order as in Figure 7 but the heights of

bars now indicate the conflict or damage assoqi-

aled with each project. The black area to the
left of the 10 TWh mark represents the poten-
tial nationwide damage if 10 TWh were devel-
oped according to the ranked list. Since fewer
projects are needed, the area is much smaller
than in Figure 4.

We proposed to the board that we partly
rectifv the data with artificial nonlinear
rescaling and then proceed with our
rational ranking method. This proposal was
accepted and our project was continued.

When we applied our ranking method
io the revised data set, we came up with
a list of 35 projects to produce 10 TWh
(Figures 7 and 8).

The main improvement from the choice
shown in Figures 3 and 4 to that shown
in Figures 7 and 8 is that the large num-
ber of very small projects has been
eliminated from the 10 TWh-list, with a
corresponding 70 percent reduction in
cumulative damage. This time, the Water
Resources and Energy Administration
found our results interesting. The Minis-
try of Environment could not accept the
revised data set, hosvever, and found it
impuossible to back this approach.
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Cooperation

Even though our work was based on
nonlegitimized data, the ministrv now ac-
knowiedged its principal merits. We were
therefore invited to cooperate with them.
Through this joint effort, we were able to
identify the main reason that the project
had gone awry: The overall goal had not
been clearlv stated at the outset. The
terms conflict and damirge had been con-
fused from the very beginning. While the
terms were often used as synonyms, the
ministry generaily preferred contlict (con-
‘flicts being more important for politi-
cians), while we had consistently used
damage (which sounded more rabonaly. In
reality, we had been working in two

CONFLICT

ECoNOMY DAMAGE

Figure 9; Misunderstandings itlustrated. The
ninistry was concerned about which lrade-off
tate would be appropriate between the objec-
tives of economy and aveiding conflict. Assum-
ing the length of the ecoromy-conflict line to be
unity, any trade-off rate can be represented by
i point on the Iine. The closer the point is to
the ather end, the more weight on that end-
Point. Simultaneously, we tried to select an
ippropriate trade-off point, but unknowingly
In another dimension, a dimension between

the objectives of economy and avoiding
n_n:..pmm.
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separate dimensions. The ministry had
worked along an economy-conflict line,
trving to pinpoint the most appropriate
trade-off between those two objectives,
We, on the other hand, had worked atong
an economy-damage per GWh line
{Figure 9).

We recognized that the
data base consisted of a mixiture of mea-
surements of conflict and tmeasurements
of damage with conflict prependerating

troublesomy

We therefore agreed o consider them as
measurements ot conflict, with the imph-
cation that it is not meaningful to add

“eanflicts” across projects. Thus, our na-

. .

Lonwide “swim of consequences” concept
lost its sting,

The ministey, vn the olher hand,
acknuwledged that to minimize damage
i# also an important issue Lacking that
kind of data, however, put vs in an awk-
ward position. To collect more dala was
vut of the question, Literalty at the 1ast
minute, the ministry came up with the
wlea that we could use the inverse of en-
ergy production as ¢ proay attribute for
damage. By substituting the objective
“minimize naticnwide damage” with
“maximize the size of each project” we
achieved de facto the same end.

The ensuing goal hierarchy thus had
three subobjectives for each particular
project: i 1) Minimize conflict (attribute.
consequence class); (2) Maximize econ-
omy {attribute: construction costrenergy
production); and (3) Mininuze damage
{attribute: 1;energy production).

The oniv problem lefl was to assign
weights to the three subobjectives. This
was clearly a poficy question and was
best left to the ministey, o make the task

P e %i
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CONFLICT

ECONOMY DAMAGE

Figure 10: Synthesis: we agreed to add a third
dimension to Figure 2, a conflict-damage line,
to create a three-dimensional weight diagram.
Each point in the triangle can be interpreted

as a set of weights; we, wd and wc (the
weights for economy, damage and conflict). The
problem now was to select the most appropri-
ate point in the triangle.

easier, we developed a spreadsheet deci-
sion support system where one could
specify the weights of the three objectives
and immediately get a ranking list of the
542 projects. We found that an additive
utility function was suitable. This implies
that the sum of weights is 1, which
helped us communicate the idea of
weighing, since a set of three numbers
with a constant sum can be represented
as a point in a triangle {Figure 10).

With the help of this system, one could
produce almost any internally consistent
ranking list, and for the first time, the
question of selecting a ranking list was
identified as a question of choosing a pol-
icy. The ministry used the system as an
aid behind the scenes to modify their ini-
tial proposal. This was essentially done
by juggling the weights until a qualita-
tively satisfying ranking list appeared.
Visual inspections of diagrams like those
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in Figures 3 and 4 and Figures 7 and 8
were important. From a satisfying rank-
ing list, they could then single out proj-
ects with unexpected positions for closer
inspection. In this way, they used a con.
sistent ranking machine to enhance their
own expertise and knowledge of details,
A modified proposal was prepared and
accepted by the Partiament in the fall of
1986. The Ministry of Environment plans
to use the system for subsequent
reevaluations of the master plan.
Reflections

From our practical point of view as
decision analysis consultants, we have
gained several useful insights from this
experience. In order of importance: (1)
State your main objectives clearly; (2) Do
not skip exploratory data analysis; (3)
Avoid subjective measurement scales; (4)
Do not give in; you may reach the other
end of the tunnel.
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John M. Raaheim, Head of Division,
and Gulbrand Wangen, Ministry of Envi-
ronment, PO Box 8013 DER, 0030 Qslo L,
Norway, write “The Ministry of Envirof-
ment has been asked to verify the work
done by the authors of the article “Rank-
ing hydroelectric power station projects
with multicriteria decision analysis.”

The article makes reference to the Mas-
ter Plan for Water Resources which has
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peen presented in two Reports to the
gtorting {Parliament) No. 63 (1984-85) and
No. 53 (1986-87). To understand the
approach used in preparing the Master
Plan, it is important to have in mind that
in the late 1970’s there was a growing
opinion against hydropower development
in Norway which caused a lot of conflicts.
The most famous of them all was the Alta
Hydro-Electric Project which involved
conflicts with aboriginal rights, massive
demonstrations, and 600 policemen to
dear the way for the working forces. For
the first time in history, the decision on
development made by the Storting was
prought to the Supreme Court.

Avoidance of similar conflicts was one
of the main reasons why the Storting in

“1980 asked for a Master Plan to set priori-

ties on future development of hydropower
projects. The mandate for the project was
to minimize the conflicts and at the same
time take into account the overall econ-
omy of the different hydroelectric

projects.

The authors have made a comparison
between the ranking method used by the
Ministry, called “irrational” and their
own method which they call “rational.” 1t
is interesting to observe that when using
the “rational” method one may, according
to the authors, obtain results which seem
to be politically impossible. Using the
“irmational method,” which is partly based
on an intensive hearing process, has so
far resulted in one decision by the Stort-
ing un the first Report and one decision
by the Government on the second Report.
In the opinion of the Ministry, a discus-
%ion on the rationality of different meth-
0ds is rather uninteresting as far as

_Ew-?hmc.mn 1988

political rationality is not included in the
discussion concept.

At the end of the article the authors
make a rather surprising statement saying
that the new ranking method, developed
in cooperation with the Ministry, identi-
fied for the first time that the question of
selecting a ranking list was a question of
choosing a policy. Maybe that was a new
discovery for the authors; for the Minis-
try, however, it has been obvious that set-
ting weights on different objectives is a
question of choosing policy.

When preparing the second Report to
the Storting, not the first Report as stated
in the article, the Ministry has tried to
use the new ranking method. This
method included the objective of mini-
mizing the damage, with the attribute:
1fenergy production, in addition to the
economy and conflict objectives. In the
second Report the Ministry has con-
chided that introduction of a third objec-
tive will net alone make any changes to
the ranking list. The weights on the econ-
amy and minimum damage objectives
have to be increased by at least 50 per-
cent with a similar decrease in the con-
flict objective, in order to get significant
changes in the ranking list. So far the
Ministry has not received political signals
which could defend a change of this size
in the weights for the abjectives. The de-
velopment of a new ranking method will
additionally necessitate considerable
adaptions to the existing data in the
Master Plan. The uncertainty related to
this adaption is obvious, and the existing

method is therefore so far seen to be
preferable.

In spite of this conclusion, the Ministry
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acknowledges the methodic work done by
the authors. The cooperation between the
authors and the Ministry has led to better
insight in the difficulties related to project
ranking based on technical/economic and
environmental impact criteria,

Finally, the Ministry wants to make a
comment on the cost and the use of the
collected data for the Master Plan. These
data are, according to the authors, un-
suitable for a rational analysis. This is,
however, not true. Experience has shown
that the information gathered, which in-
cludes thematical maps describing the
overall situation for important user inter-
ests and potential conflicts caused by the
hydroelectric projects, will be of particu-
lar vatue in the subsequent stages of the
licensing procedure for hydroelectric
projects and in water management plan-
ning at the county and the municipal
level.”
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Personal Computers

- The State of the Art of Linear programming on
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..H‘ﬁm phenomenal growth of microcom-
& puters in both market size and tech-
has been accompanied by a
liferation of MS/OR software. Since
first survey of linear programming

') software was published in Interfaces
da 1984}, a number of hardware and
are advances have improved the

of the art of the microcomputers.
microcomputers have been intro-

d, such as Inte! 80286 chip-based
puters, IBM’s RT/PC, various versions

The phenomenal growth of microcomputers i
size and technology has resulted in a prolifer? : :
ment science/operations research science software, including
| linear programming (LP) software. An earlier survey
 goftware was published three years ago. This
- of LP software highlights recent advances, such as
| spreadsheet-based software and model generatl
| and discusses its enhanced capability to handie
lems, greater speed, and better user interface®

n both market
tion of manage-

of LP
proad summary

on systems,
Jarger prob-

most recently, 80386

chip-based computer> fn addition, hardl-
ware and software B&€ been developed
to break the [ppPC’s 640K limit on ad-
dressable memory. Now it 18 possible to
access several megabytes of memory on a
PC.

I conducted a survey t )
state-of-the-art linea? programmung mcm”n-
ware has kept pace with the mn_.e.m:nmm n

Jogy. Unlike my

microcomputer tech?® )
s one does not review

of Macintosh, and

o determine if

earlier survey, thi

© 194, The Inz .
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