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A B S T R A C T 

The basie asswnption of this paper is that system dynamics in its original 
form was developed to suit policy-making in small organizations and that ap­
plication of system dynamics in the field of public policy must be accompa­
nied by change in research methodology and organization. To support. this· view, 
the paper describes experiences from a study of the Scandinavian forestry 
and forest industry. 

'Phe model building process, interaction with decision-makers, and the orga­
nization of empirical research are analyzed separately. Based. on the analysis 
a procedure for using system dynamics in public policy analysis is recommen­
ded. In the recommended procedure a reference group representing various 
client groups serves as a source of qualitative information and as a channel 
for implementation. The need to keep model'building well focused is stressed. 
Parallel studies of historical development on .the mic·ro- and the macro-level 
are suggested as a means to speed up modeling. It is finally recommended that 
the major results from the analysis are presented in a non-technical report. 
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I N T R 0 D U C T I 0 N 

The field of application of system dynamics has changed. The technique 

was initially developed to aid in corporate policy-making. Since then, appli-

cations have been extended to various areas of public policy where most of 

the work is now under way. This means that the system dynamics methodology is 

used today to deal with problems other than· those for which it was developed. 

The thesis of this paper is that change in problem focus will have to be ac­

companied by an evolution in methodology. 

The situation of analysts working out unrealistic solutions to irrelevant 

problems is all too common. The original conception of system dynamics tried 

to assure that analysis and implementation remained integrated into one process. 

The modeling tools were developed with the clear intention of facilitating the 

interplay between the managers' mental models and the analysts' formal models. 

Making the modeling work transparent to the managers reduces the risk of the 

analyst losing contact with reality and makes it possible for managers to ef­

fectively contribute to and learn from the modeling process as it evolves. As 

long as managers remain in close contact with the model building exercise, the 

issue of model validity change :from the abstract question of how true the model 

is to a question of whether the model helps the manager understand his situa­

tion better. 

Unfortunately, there are few detailed accounts of how system dynamics 

modeling has been integrated in the policy-making process of a company or an 

organization. In Industrial Pvlamics one finds the view that the system dyna­

mics methodology, at that time labeled industrial dynamics, would. be most 

easily employed in small- and medium-size organizations: 

"Last, there is the question of the size of company to which industrial 
dynam~cs is mo~t s?itable. There is a common first presumption that in­
dustr1al dynam1CS 1S a tool Of USe primarily to the largest corporations. 
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As the :field bas thus :far been developing, there seems to be little im­
mediate support :for this conclusion. In the largest organizations, the 
:functional compartmentalization is apt to be stronger than in smaller 
companies, making it very much more di:fficult for any person aetually to 
cut across all activities from research to marketing. It is ber,inning to 
appear thlit the aggressive, rapidly growing, medium- and small-size or­
ganizations may be the places where the methods discussed in this book 
will have their first important impact. Such organizations are often more 
:flexible. They may be more responsive to the wishes of the company offi­
cers, so that if the officers want to explore a new management tool, the 
organization will indeed do so. In the newer companies, the management 
is often younger, expects to hold of:fice longer, and takes a longer­
range view of developing company strength than in more mature companies. 
The smaller organizations may be more fluid, so that the rigidities of 
functional sub-divisions are not so much of a handicap. The costs of 
management systems research are low enough, so that they present no great 
di:fficulty in an organization as small as one million dollars per year 
o:f business." 1 

If policy change is a more complex and inertial process in a larger or-

ganization, the complexity and slowness of change is even more marked in the 

area of public policy. In comparison with the typical case of a single orga-

nization there is first of all a di:fference ln size. A large number of people 

are involved in or affected by a public policy issues. Most problems range 

across several institutional boundaries. The information relevant to analysis 

of a given policy is more diverse and consequently require a wider expertise. 

Secondly, public policy is formed in a different way than corporate policy 

(single organizations other than companies will normally represent an intpr-

mediate case). The main objective of a company is clear: a go?d economic re-

sult. Whether the result need be sustainable; whether one shall make one 

choice or the other between the ·long- and the short-term or between one pro-

duct line and another may be an open question, but this does not change the 

largely unidimensional objective. A company is usually hierchically organized 

with clearly defined responsibilities on each level. A fairly small group has 

the power to change policy as long as the major economic objectives are met. 

On the public policy scene many interests and objectives meet in a procPss of 

give and take. Public policy goals are many-dimensional, and are continuous.ly 

discussed and redefined. Public policy is formed through bargaining between 
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a large number of interest groups, each with mlllly members. The policy-mRkers, 

if they can be' identified, are dependent upon support of an electorate or 

special interest group. Significant policy change is preceded by public dis-

cussions. 

The described differencesbetveen corporate and public policy-making do 

not apply in all cases, but appear as a clear tendency. Frequent complaints 

that decisions are made over people's heads suggest that there are variations and 

tnat public policy is not always formed in a participatory manner. Likewise, 

there are signs that corporate policy-making .in several countries is moving 

in the direction of public policy-making. The concentration of business acti-

vity to fever and bigger units increases the influence that an individual com-

pany exerts on people's lives. This, and other tendencies, seem to make it 

increasingly necessary for the companies to supplement the purely economic 

objectives with objectives in the area of work environment, pollution, job 

security, etc. There seems also to be a gradual erosion of the hie·rarchal 

decision structure in favour of more democratic forms of organization. 

One can begin to identifY the differences between the corporate setting 

and the public policy scene as environments for policy analysis. An attempt 

to describe the environment in the two cases is made in Figure l. 

In the small- and medium-size companies the analyst can work closely 

with a few managers who simultaneously are the users of tne study results, 

the main infonnation sources, and participants in the modeling process. In 

larger organizations the three functions are divided between an increasing 

number of people. Policy-makers may be distant from the every-day operations 

of the company and find it below their dignity to participate actively in a 

modeling effort. Line managers are likely to be more interested in those pro-

blems which fall entirely under their responsibility than those which concerns 

overall company strategy. And there is no single person who has a dE'tailed 

ov 
~ 
t.J 

"' 
0 

•rl 
.-1 

0 
•rl 

~ 

0 
u 

"' •rl 

"' 

.... 
0 

"' ., 
0 
Q) 
p 

"' "' 

fl) ., 
•rl .... .... 
! 
•rl 

.<:: 
~ ., 

§' 
'd 
Q) 

•rl ., 
;:; 
oj) 

"' 0 
.-; 
u 

~ .... 
,0 

e 
"" ... 
0 

"' I< ov g 

ov e .... 
•rl 
'd 

i 

"" Q) 

e 
Q) .. 
0.: 
<1 0 
O·rl 
01j 
~~., 
O·rl ., 
.. Ul 

~.~ 
•rl 

to! 
OV·rl 

.,., u 
,0 0 
0 .. 

.... 
0 .. 
Q) 
u g .. 

.. 
•rl .. 
j 
.... 
0 

ov p, 
0 
u .. 

- 99h -

.. 
g 

•rl 

g. 
>. 
u 

•rl 
.-; 
0 p, 

ov 
:<! 
•rl 
fl) 

"' ov .... 
~ 

•rl 

~ 
p, 

•rl 
0 

•rl 

i 
'd ., ., 
•rl 

-~ .-; 

i 

.: 
0 

•rl 

~ p, 
•rl 
u 

•rl 

t: 
"' p, 

t' 
•rl 

"' g 
., ov 
Crl 

•rl ,0 
•rl 

.<1!11 
bOo! 

•rl Q) 
.Q'H 

!.. 
u 

•rl 

'd 
p, .. 

•rl 
'H!II 
0 >. 
.:'01 
-~ ~ 
~.: 
P,•rl 

•rl 
u "' •rl I< 

ii 

fl) 

5 
•rl 
fl) 

"' ;;l 
0 

"' •rl 

"" >. 
0 

•rl 

-a 
"" "' 2 
.n 
I< 

.e• 
~ 

I 
fl) 

.: 
0 

•rl 

~ c 

I 
u ., 
I< 

>. 
u 

·rl 
.-; 

& 
u 

•rl .... 
·rl 
u 
~. 
"' 

>. 
u 

~ ., .... ., 
"' 5 
0 

I< .... 
ov 

.<:: ., 
"" ~ 
"' I< ., 

! 
u 

•rl 

'3 
p, 

I< 
•rl 
Q) 

.<:: ., 
~ 

"' .... 
"' 
~ 
~ 
.... 
0 

"' I< 
Q) 

"' ;;l 

>. ., 
•rl 

I 
0 
0 

.<:: 
0 

~ ov 
"' ov 
I< 

~ 
"' I< 
Q) 
Ul 
;;l 

"' "' 
m 
"' 

l'! .. 
gJ 
!II 

"' 
§ 
!II 

.... 
0 

§ 
•rl 

~ 
'.;! 
> .. 

:0.. 
0 

•rl 

& 
.... 
0 

Q 
0 

•rl ., 
"' ., 
iil a ., 
., L() 

7HJ a .a 
.... 0 



- 995 ,.. 

understanding of how the company as a whole works. In the larger organization 

the analyst therefore has to pay attention to company politics and obtain bin­

ding conunitments on cooperation in the research effort from several concerned 

parties if his work shall have any impact. 

The problems of integrating information gatherinp;, modeling, and imple­

mentation are further emphasized wheQ·we move into the area of public policy. 

Insights from a policy study must be spread to many more people than those 

who can participate in the modeling process if the study shall have any impact. 

The analyst can no longer rely exclusively on person-to-person communication 

with the users of his research findings. Insights gained during the model 

building must be translated into ordinary language and presented in an easily 

intelligle form. This requires·clarity of concepts and awareness of the reader's 

way of thinking. The analyst's ability to conununicate insights becomes as im­

portant as his ability to arrive at them. 

Only very few decision-makers can be active in the modeling process. They 

will serve as representatives, although not in the formal sense, of the very 

large number of people implicated by any given polioy issue. The participation 

of a selected group of decision-makers ensures that relevant questions are 

sLudied, that qualitative information included in the unalysis, that some 

users become so familiar with the research effort that they can make ~n in­

formed assessment of its quality and finally that channels for implementation 

are provided. 

Finally, the gathering, processing, and interpretation of information 

will be so extensive a task that it becomes a research ac:tivity in its own 

right. A particular skill is needed to connect empirical research on the mi­

cro- and the macro-level. 'l'he analyst must be a:ble to conve1·se with a wide 

range of specialists to obtain the information he needs from historical data 

"categorized according to terminology and theories specifie to narrow disci-
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plines. 

'fhere are reasons to believe that system dynamics modeling can become a 

useful tool also in the area of public policy. This will, however, require 

that the special characteristics of the public policy scene are recognized 

and allowed to influence the way in which policy studies are organized and 

carried out. · 

This pa~er reports experience from a study of the Scandinavian forestry 

and forest industry. The study had as its objective to develop a platform for 

policy discus'sions between people concerned with and dependent upon the future 

of the Scandinavian forest sector. There was no clearly defined client, but 

instead several diffuse client groups. Further, the extent of the problem 

area made a,cquisition of empirical information difficult. In the organization 

of the project special attention was given to the issues of interaction with 

the client groups and cooperation with area specialists. By reporting the suc­

cesses and failures of the research methodology and organization employed in 

the project, this paper contributes to the discussions around the usP of sys­

tem dynamics in public policy analysis. 

HIS'l'ORY OF THE PROJECT 

The stated objective of the study was to identify and clarify problems 

that the Scandinavian foreGt sector might encounter during the next thirty 

years or so. Research Councils in Sweden and Norway financed the proje~t for 

the purpose of acquiring concrete experience with the usefulness of the sys­

tem dynamics methodology in development of public policy. 7'he project, cover­

ing a two-year p~ri.od, was carried out by a research team of three persons, 

all trained in system dynamies and one hnviny, some acqunintanee vtith forestry 
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and the forest industry. A steering committee for financial control and metho­

dological advice was set up. Close contacts with Scandinavian forest economists 

were established before the project began. 

The first two months of the project were devoted to formulating a research 

plan. Contacts were established with reprel3entatives of various interests and 

researchers in forestry and the forest industry. 

The original research plan envisioned a project that would be carried 

through in three phases. During the first half year researchers in the team 

would define the problem focus of the project in close cooperation with a se­

lected group of decision-makers. The research staff expected to develop a 

crude simulation model that would serve to crystallize the defined problem. 

The model would illustrate the kind of problems expected from adherence to 

current policies. Examination of this first very tentative model should give 

rise to questions about the validity of certain model assumptions, and make 

possible a selection of those topics most in need of detailed research. A 

whole yen~ was allocated for a substudy phase of detailed research, expected 

to take various forms such as compilation of statistics, modeling studieS', and 

verbal analysis. During the last half year, results from the substudies would 

be used to upgrade the original conceptual model and to analyze alternative 

policies in cooperation with decision-makers. A main thesis already from the 

beginning was that insights from the project should be presented and defended 

without reference to formal models, so that they would be ·intelligible to a 

wide audience. 

'rhe actual progress of the project differed from the plans in two impor­

tant ways. First, development of the first simulation model proved to be more 

time-consuming than expected. Second, it was difficult to assign meaningful 

research tasks to researchers outside the team, partly due to the slow deve­

lopment of the simulation model. As a result, the substudy phase was reduced 
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and most of the detailed research was carried out by in-house members consul­

ting the outside researchers. 

After the initial planning period the research staff approached several 

high-level decision-makers representing labour unions, corporate management, 

forest owners, research institutions, and government authorities. The staff 

succeeded in forming reference groups of approximately eight people each in 

Finland, Sweden, and llorway. A series of ten bi-weekly meetings with the 

Norwegian and Swedish groups focused on current problems, concerns for the 

future, and interpretations of past development in forestry and the forest 

industry. A !)arallel series of meetings were held in Finland, but for language 

reasons they were conducted by a Finnish research team. 

Discussions in the reference groups covered a lot of grouud and were ex­

perienced as fruitful. Though very loose in the beginning, the meeetings be­

came more st.ructured as time went by. Causal loop diagrams used to facilitate 

communication were the only mqdeling tools employed at this stage. At the end 

of tlfis series of meetings, the research staff had arrived at a problem defi­

nition deemed relevant by the reference groups: There will be a need to limit 

forest fellings in. Scandinavia in the near future. Increasing labour produc­

tivity in forestry and the forest industry combined with non-growing produc­

tion volwue will reduce forest sector employment. Allowing fellings to exceed 

their sustainabl'e level will be a tempting short-term solution to preserving 

employment. Its long-term effect will be reduction in production volume and 

faater reduction in employment than had expansion of the industry beyond the 

sustainable level l>een avoided. 

Having defined the research problem, the tltaff' began workinp; on a simulation 

model. Four months were needed to arrive at a fist running model. •rttis time 

was longer than expected. 'rhe delay was partly due to the effort. of developing 

too general a model in the beginning. This was partieularly true of th'lt part 
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of the model which represented the forest industry. Instead of focusing the 

modeling on those changes in the forest industry .which were directly connected 

to the wood supply, something close to a general production function for an 

industry was attempted, The modeling progressed rapidly once the research team 

concentrated on the primary effects of a limited wood supply. 

'l'he resulting model covered most aspects of forest sector development that 

came to be central issues during the rest of the project. Nevertheless, the 

staff found it difficult to adhere to the original research plan and derive 

from the model specific questions that would be suited for analysis in other 

research groups. The research staff felt that model concepts were still in too 

fluid a state to serve as guidance for detailed empirical research to be carried 

out by outside specialists. l~odeling was therefore continued and the emphasis 

on substudies was reduced. 

The first model version had several weak points. 'l'he simulation runs were 

too sensitive to variations in parameter values. Scenarios generat.ed by the 

model were unrealistic in important ways. The forest industry would for exam­

ple in some rw1s enter into a viscious circle of low profitability reducing 

investments, insufficient investments further lowering profitability and so on, 

until the industry was practically wiped out. In the real world this process 

could be expected to be strongly buffered by corrective actions in the envi­

ronment of the forest industry through changes in exchange rates, wages, prices, 

or government subsidies. In the model the buffers were weak and limited to 

changes within the forest industry. The staff tried to improve the model by 

adding new structure and making the old structure more detailed. As a result 

the model grew in size, It became harder to work with and ever less transpa­

rent.After a vacation rest, 12 months into the project, the staff tried to 

sort out the basic ideas represented in the model, and started out from scratch 

to include the central concepts and mechanisms in a simpler and clearer model. 

This second model also had a limited life span. After some.months.tbe 
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staff once again started over on a new model. In this way, modeling was con­

tinued through the whole project. The staff developed a nwnber of models, each 

with a total life. of two or three months. The step from one model. to the next 

always seemed drastic. Reviewing the whole process of model development, there 

appears, however, to have been a high degree of continuity. F.ach model shift 

represented a step forward in terms of conceptual clarity. 

While building mo.dels the staff felt a need to swn up their assumptions 

and insights verbally, both in order to gain a clearer sense themselves of the 

research and to be able to get a response from outsiders. To verbalize ideas 

was time-consuming, however, and therefore required some extra motivation such 

as being requested to make a presentation at a conference. Swnmarizing current 

thoughts in the limited space of a paper forced staff members to decide what 

elements of the research were most important. ~bis pressure helped keep n 

tighter focus in the modeling effort. 

Parallel to, and in interaction with developing the conceptual model, 

the research team carried on other activities. Two special modeling studies 

were undertaken to clarify certain aspects of forest growth and long-term 

industrial development, One study focused on the growth dynamics of a single 

forest stand. The second study analyzed the adjustment of pulp and paper pro­

duction capacity to market development. 

A wide variety of sources were consulted throughout the project in order 

to obtain qua,litative and quantitative information about the historical and 

current situations in forestry and the forest industry. Durine the first half 

of the project the empirical work was rather 1'ragmented and directed toward 

answering the specific questions raised by the modeling. Later on in the pro-

ject the staff ma(le systematic efforts to acquire a clear picture of how the 

Scandinavian forest industry historically had ajusted its J•roduction ""!'""ity to the 

availal'le forest resources. In this empirical research they consulted other 
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researchers extensively. 

Contacts were maintained with the Norwegian and Swedish reference groups 

throughout the .project. Simulation runs generated by the model were discussed 

O.uring some ten meetings at various stages of model development. Presentation of 

scenarios of possible future development patterns turned out to be a very effective 

way to stimulate the members of the reference groups to put forward and reconsider 

their theories about the past and the future. 

There are two results of different kinds· to report from the st.udy, First, 

the members of the reference groups believed that the group discussions in­

creased their ability to see their own sitation in a larger context and 

put them in a better position to evaluate the long-term effects of various 

poli·cies. Second, the staff produced a number of documents of value for future 

policy discussions. The most important is an essay-like non-technical discus­

sion of problems associated with the transition of the Scandinavian forest 

sector from ample to scarce wood supply, and suggestions for alleviating those 

problems. Another paper gives an overview supported by statistics of the de­

velopment of the Scandinavian forestry and the forest industry during the 

twentieth century from the point of view of resource-constrained growth. The 

last version of the system dynamics model is documented equation by equation. 

A large number of working papers are also available. 

The coming years will show to what extent the research effort described 

here has had any positive influence, Several research institutes have expressed 

their interest in carrying the research work further. Forest economists in 

Finland, Norway and Sweden have decided to apply the model to a few small re­

gions and for those study the transition :from ample to scarce wood supply in 

more detail. Corporations, labour unions, government agencies, and other orga­

nizations have shown interest in continued consultation with the research team. 

Such contacts could offer opportunities for the team to conduct further research 
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relating the long-term perspectives developed in the project to concrete po­

licy-making. 

T H E M 0 D E L I N G P R 0 C E S S 

Choice of problem focus 

A policy study must focus on a limited number of problems in order to 

yield non-trivial results, The choice of problem w~ll naturally be a major 

determinant of the relevance of the whole study. Deciding upon what is an im­

portant problem implies both a ranking of goals and an idea about the conflicts 

and trade-offs bl!tween goals, Naturally, goals will tend to differ among dif­

ferent people, WJd a given development may influence people differently. Re­

search around a specific problem may therefore be more relevant to some people 

than to others. 

When the forest study began, the staff had not yet chosen a specific pro­

blem on which to focus their research. They had a list of emerging problems 

in the Scandinavian forestry and the forest industry, and realized that most 

of them were interrelated, but only had vague ideas about "tlOw, 

The staff used the first half year to search for a perspective that would 

help them choose a problem. They discussed with the members of the reference 

groups what they thought would become the most important problems during the 

coming 30 years, and how those problems would be dealt with. The staff, in 

organizing information, had to sort out temporary changes from persistent trends, 

attempt to explain the forces behind the trends, and then hypothesize about 

what kind of future would emerge in the absence of any drastic changes in po­

licy, At subsequent meetings they would present theories for criticism or sup­

port, dependiJ'il on how well the theories conformed to the experiences and in-
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terpretations of members of the reference groups. 

After some months, the staff had developed a perspective on the forest 

sector within which the connections among a number of problems, deemed im­

portant by the reference groups, could be seen fairly clearly. The staff~s hypo­

thesis was that the Scandinavian forest industry is approaching a resource 

ceiling, but current policies inside and outside the forest sector are still 

geared to an abundance of wood. As a consequence the policies threaten to 

cause serious unemployment when the industry reaches the wood ceiling and its 

growth in capacity must level off. As there seemed to be no convincing policy 

prepared to meet the unemployment problems, the pressure to temporarily over­

cut the forests could become strong and, if given in to, cause even more se­

vere problems further in the future when the capacity of the industry would 

inevitably have to be increased. The defined objective of research in the re­

mainder of the project was to examine this hypothesis in detail. 

Looking back at the development of the project as a whole, the ·decision 

to allocate the flrst four to five months to expl~ratory problem definition, 

as described above, appears very wise. It gave the necessary direction for the 

rest of the project. And such direction is particularly needed in a modeling 

project. The model builder much too easily loses sight of the objectives of 

his work, and begins to develop a general purpose model that aspires to ans­

wer all questions, but in the end yields disappointingly few insights. 

The problem focus was cast in the form of a "dynamic hypothesis." 2 This 

implied hypothesizing simultaneously the future mode of behaviour of key va­

riables (the reference mode) and the driving forces (the basic mechanism) 

behind this behaviour. The idea of a dynamic hypothesis was useful. In three 

respects its employment could, however, have been improved. First, more con­

crete variables should have been selected. "Structure of industry " should 

for example have been specified to "number of plants", "sawmill production 

2. Cf. J. Rru1ders, 1973, p. 54. 

as a fraction of total forest industry production" or the like. Second, the 

dynamic hypothesis should have been verbalized in detail. The causal diagram 

employed in the project left too many questions unsolved. Third, more attention 

should have been given to the quantitative aspects of the reference mode. 

Through simple hand calculations it would have been possible to make order­

of-magnitude estimates of the likely development of important variables 

S c o p e o f m o d e 1 

During the remaining year and a half of the project, the staff worked out 

the defined problem in more detail. That is, they developed a theory explaining 

aspects of the transition of the Scandinavian forest sector from 'runple to 

scarce supply of wood. 

Most of the work centered around the development of a system dynamics 

model to bring together a conceptual structure and empirical information about 

the order of magnitude of relevant parameters and relationships. 

The modeling work to some extent distracted the research team from ana­

lyzing the defined problem. They started out with the intention of buil<Hng 

two models. One would focus on the internal dynamics of the forest sector and 

have asswned trends in the overall economy as inputs. The other would on a 

high level of aggregation deal with the general tendency toward concentration 

of industry into fewer and bigger production units. The decision to build the 

second model was based on the assumption that geographical concentration of 

the activities in the forest sector could be adequately explained only in 

terms of the overall national social and economic development and that policies 

on this level were the only effective means for influencing the rate of con­

centration. 

The staff's commi ttment to the forest sector model was strongest, so that when 

time pressures <tevelope<l tile more general study was phased out. 1\J.thou{~h the staff 
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intended to analyze the process of concentration of industry verbally, mo-

de ling absorbed ··so much energy that analysis of the interface between the 

forest sector and the rest of the economy was neglected, 

After more than half a year of modeling, the staff recognized the dif-

ficulty of analyzing the forest sector in isolation. They·began to consider 

feedbacks through exchange rates, government subsidies, and local resistance 

to close-down of inrl.ustrial plants, but so late in the project that these 

issues were given less than due attention. 

Conceptualizing a problem implies moving from symptoms to deeper causes, 

To succeed in this task, the analyst must have courage to think outside con-

ventional boundaries, In practice it is very difficult to do so. To make con-

nections which are not usually made, the analyst must have experience and con-

fidence. In the forest study, the staff soon felt comfortable discussing the 

internal problems of the Scandinavian forest sector. By comparison, other 

areas such as international monetary institutions and foreign trade, seemed 

like very deep water. 

C o n c e p t u a 1 i z a t o n 

a n d e m p i r i c a l r e s e a r c h 

The staff created many models in the course of the project. The first 

very general and abstract models were never carried ·to the stage of simulation 

experiments. In the first running model, the staff had lowered their ambitions 

of the general applicability of their theories and chosen very concrete con-

cepts. Transition problems were identified as unemplo~nent etc. Later, they 

once again moved toward more encompassing concepts, with the effect that it 

became difficult to parametrize the model and for other people to assess the 

validity of the model assumptions. After further iterations the model had 

concepts which were concrete and could easily be related to real-world enti-
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ties, but at the same time were not as narrow as the components of the first 

running model. 

Many of the model-building problems arose from attempts to conceptualize 

on too scanty empirical ground. Lacking empirical information, the staff often 

unconsciously moved their conceptualization to a more abstract level where the 

particular detailed characteristics of the analyzed topic became less signi­

ficant. They could then proceed with analysis, but reached few insights of 

value for policy-making. Since the concepts lacked specific empirical content, 

the analy~is had too much the character of the pure mathematics of dynrunic 

systems,· Sooner or later, the staff intended to acquire the information neces-

sary to develop more concrete concepts. In the meantime they could, however, 

waste considerable efforts on modeling when they should have been conducting 

some field work to find out what actually happens in the real world. 

According to the initial project plan empirical research on specific to­

pics should be carried out by outside researchers. As this idea was gradually 

de-emphasized, as described earlier, the in-house staff should have intensi-

fied its 01!11 empirical research to provide a firmer basis for the modeling.3 

Important insights can be gained from comparing development on the micro 

and the macro level (relative terms, of course). In the forest study the re­

search staff had a tendency to remain on the macro level and deal exclusively 

with aggregates. For example, they often confused the dynamics of a single 

production plant with that of the whole industry. They did not complement 

aggregate statistics with enough plant studies, ?hey had a similar situation 

in analyzing forest growth, although a study of the growth dynamics of an in­

dividual stand in the beginning of the project did provide some basis for 

aggregate analysis. 

3, Ct', !landers 1973, p. 2~11: "However,, when encountering modeling problems, 
one is easily tra~lped into believing that the obstacle is the 1 imi ted 
capability of the modeling tools to represent realit.y, Unendin{l, futile 
attempts at'-formulatint> some part of the model is symptomatic of a lack 
of knowledge of the real system", 
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'l'here are special difficulties in establishing facts about historical 

development. The following is just one example. Concepts which are useful 

today may present a distorted picture of past development as well as of future 

potentials. For example, it is practically impossible to find a simple con-

ceptualization of forest growth that would be adequate for a wide range of 

forest management practices. Most discussions of forest development are today 

based on the assumption that forests consist of even-aged stands. The trends 

are clearly in this direction. Limiting oneself to the stand-concept, however, 

makes it difficult to understand the transition from various earlier forms of 

!'or.est management to stand management, which has been a main characteristic 

of the development of the last fifty years, anti also makes it very hard to 

think about alternative ways of managing forests in the future. The staff 

took some time to realize how the stand-concept limited their views, and then 

had too little time left to make real use of that insie;ht. 

V e r b a 1 a n a l y s i s 

t h e b a s i s o f m o d e l b u 1 d i n g 

Hhen using a formal modeling technique, such as system dynamics, a mo­

deler is tempted to substitute modeling for verbal analysis. This tendency 

generates a lot of unproductive modeling. Fruitful concepts are created through 

verbal analysis. Representation in a formal model can help to identify incon­

sistencies, incompleteness, or ambiguities, but can not in itself create fruit-

ful concepts. Conceptual analysis can be carried out in purely verbal form. 

F'ormal analysis, however, should be used to comp.l emP.nt verbal analysis. In 

this capacity, model building can speed up conceptualization. 

In the forest study the staff did not spend enough time on verbal analy-

sis. As a consequence, they occasionally lost eonLrol of model concepts, which 

began to live their own lives. Too often., they f'oun<l themselves shuffling 

around abstract concepts where the bes with reality had become obscure. Once 
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a concept has been positioned in a formal structure, it becomes frozc·n, and 

its further use becomes very inflexible. 'l'his inflexibility may be an advan­

tage once fruitful concepts have been developed and the modeler wants to pre­

serve their meaning to facilitate analysis and communications. But not until 

then! 

T r a n s p a r e n c y o f m o d e l 

A conceptualization is more valuable the simpler it is as lonr; as it re­

mains true to the essence of the problem under investigation. The initial de­

cision to view a· rion-technical report rather than a simulation mod<'l as tlw 

major product output from the project motivatecl the researeh team to keep the 

model simple an~ transparent. Simplicity was achieved in several wnys. First, 

the model building had a clear purpose: specification anti formal r<'presenta­

tion ·of the dynamic hypothesis developed during the problem der1'.r•J· t 1'on 1 p1nse. 

Second, only those processes which had a time constant relevant to the dyna­

mics of the transition from ample to scarce wood supply were analyzed. Fluc­

tuations in capacity utilization and wood prices connected with the rer:ular 

businesf? cycle were, for example, considered to be too fast procPnsP.s and were 

smoothed over. Similarly, Helection and mutation of tree r,enes wPre assumed 

to have an effect on wood production only in the very lone; term and ,1er:e there­

fore ignored in the analysis. 'rhird, variables with the same "dynamic func­

tion" were in many cases ap,Bregated into one variable. The scale or pro<luct ion, 

ror example, influences the cost of production and distribution through its 

effects on enerr;y lormes, labour productivity, timber catch area, di.F:tance to 

market, dedgn of pollution abatement equipment, cost-effectiveness of control 

systems and so ou. ln the forest study it was possible to divi<le all these 

effects of scale of produl'tion into two categories: the eft'ect on unit ope­

rating costn aud the effect on unit i!Jvestment cost. 
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R E F E R E N C E G R 0 U P S 

Only a very small part of all information is available in written form; 

a still smaller part has the form of quantitative data. ~~ost information can 

be fotmd in people's heads. A large part of the empirical research carried 

out in connection with the development of a conceptual framework will there-

fore consist in conuuunication with other people. This communication will serve 

two purposes. First, it will contribute to the empirical basis of the analysis. 

Second, it will open up channels for diffusion of the insights gained through 

the analysis. 'fhe first purpose will dominate in the beginning. As the analy-

sis begins to yield substantial insights, diffusion of research results becomes 

possible and desirable. 

Reference groups consisting of decision-makers in the forest sector were 

an important feature of the forest study. The reference groups serves as a 

kind of mini-universe of that part of the real world which the research team 

studied. The main reasons for bringing people together in groups rather than 

consulting them on an individual basis were: 

1. interaction in groups would bring out problems in conuuunication, as 
well as actual and potential conflicts of interest; 

2. group interaction would also make apparent any consensus or dis­
agreement about. the nature of past and current development; 

3. to the extent that improved communication among interest groups would 
be an important element in solving the studied problems, group inter­
actions would serve as a foundation for this process; 

4. institutionalized contacts with respected decision-makers would add 
to tbe project's status and credibility. 

'fhe reference groups consisted mainly of people with experience from 

forestry and the forest industry. If a majority of the group members had been 

active outside the forest sector, the research would probably have concentrated 

more on the interface between the forest sector and the rest of society. Such 

a concentration miP-ht hA.ve bP.en itPsirAhlP in f'nC"t .. 
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After the staff had begun building Juodels they often worried about how 

to keep up the interest of members of the reference groups enough so that 

they would continue to come to the meetine;s. The strong focus on model deve-

lopment helped to make contacts with the groups unnecessarily irregular. ~'he 

staff vas constantly waiting for the next week or month when they expected 

to have a much improved simulation model running. As the discussions in the 

reference groups were planned to center around model experiments, contacts 

with the reference groups became difficult to plan well. The staff did hold 

a number of meetings where simulation runs were disc.ussed. Those meetine;s 

were as a rule very stimulating for all parties involed. They could, however, 

have been even more effective if there had been a higher dee;ree of continuity 

from meeting to meeting. After outputs from a given model had been discussed 

at two or three consecutive meetings, there vas a break either in the sense 

that the model was changed drastically or that the next meeting was scheduled 

for a much later occasion in order to give enough time for the research team 

to process new ideas that had come up. 

Interaction with the reference groups during the second half of the pro-

ject could have been organized more effectively. Following the problem defi-

nition phase a year's time should have been allocated to model building and 

empirical research. 'fhis would give the staff a period of uninterrupted wol'l< 

and make the unpredictability of model development less hard to accept. Neces-

sary contacts with decision-makers would be arranged on an individual basis. 

Toward the end of the project the reference groups would once again become 

the center of attention. Through a series of meetings the members of the re-

ference groups would go through an intensive learning process. Their mentai 

models would be confronted with outputR from simulation runs and in the dis-

sonance between the two, the former would. become P.Xplicit .. Continuity between 

meetings would be a major concern for the staff so that insight generation 
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in the reference groups became cumulative. 

In practice policies are seldom formulated Pxplicitly. They often have 

the character of fairly simple rules of thumb. Policies may be very hard to 

state explicitly, since they only appear implicitly in individual decisions, 

each of which is embedded in complex situations where the particular is hard 

to distinguish from the general. A prime purpose of the reference groups was 

to clarify actually operative policies. Success would provide the necessary 

basis for a critical examination of current policies, and discussions of 

alternative future policies. Some decisions, lil<e close-down of plants 0 were 

so rare in each company that each instance appeared as unique and consequently 

there did not seem to be any connnon policy behind the individual decisions. 

In this and similar cases the policies would have stood out more clearly if 

cross-section analysis of recent events had been complemented by discussions 

of the history of some individual companies, forest holdings, and the.lil<e. 

A comparison of strategies outlined in policy documents ten or twenty years 

ac;o with the development that has actually talletl place woulu probably also 

have addell to an unllerstanlling of what factors influence various decisions. 

rr'he discussions remained on too general a leveol. rro nome extent this 

tendency reflected the early stages of the conceptualization process. Too 

vague an impression of the llaily work situation of the group members on part 

of the reoeareh team was another contributing cause. Contacts w-ith the group 

members on an inllivillual basis early in the project anu focusing on their cur­

rent worl< and consulting their special experiences in r;ome detail, woulll have 

helped make later lliscussions more concrete and alive. 

On the whole, the members of the reference groups seemell to experience 

their participation in the project very positively. 'fhey got a chance to dis­

cuss mattero with people who were usually their opponentB with a minimum of 

tactical considerations. The meetings gave an oppor·tunity for the group mem-
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bers to consider their own situation in a larger context anll with a longer 

time perspective than usual. The sessions where simulation runs were lliscussell 

were probably the most thought-provoking, even if the insights gainell sometimes 

hall a short life·llue to the lack of sufficient continuity in the series of 

meetings. 

Even if the reference group members sbarell a wide range of experiences, 

in many cases the staff ball to finll information on specific questions else­

where. Consultations rangell from telephone calls to full-llay meetines. 

I N F 0 R M A T I 0 N S 0 U R C E S 

The staff revisell their original research plan most thoroughly in the 

cooperation with other researchers. The research team had ambitious plum; that 

so-callell substudies be carriell out in other research institutes with the pur­

pose of allllressing specific questions that were expectell to come up durinr> 

the llevelopment of a first rour,b conceptual model. 

Discussions in the reference groups served as a very important fJource 

of information for the research staff, particularly in the bceinninr; of' the 

project. 

During the first half year of the project the staff had numerous mcet.inr,n 

with research groups working on issues of forestry and the forest induBt.ry. 

Study plans were exchanged and there seemell to be many areas of mutual interest. 

'l'he initial model builuing, however, requirell longer time than expected, and 

short of a running model, the staff founll it difficult to choose a few questions 

that they would be particularly interested in having answered. During the first 

year, model concepts were so unprecise and constantly chane;inr; that the. infor­

mation most needed eou.lll best be obtained tbrour,h short pen;on-to-persou con­

tacts. 
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The staff derived little benefit from the research projects with which 

they had establ~shed contacts earlier on. This was partly due to a low appre­

ciation of empirical information in the beginning of the project, in turn con­

nected with a committment to the system dynamics dogma teaching reverance for 

structures as opposed to parameters, which was wrongly taken to mean that em­

pirical studies are unimportant. Collection of high precision data is, indeed, 

a waste of effort in the early stages of conceptualization. Choice of fruitful 

concepts requires, however, enough empirical knowledge that one can ·disting­

uish crucial factors from those of marginal importance. Later in the project 

the staff researched in detail aspects of the history of the Scandinavian fo­

restry and the forest industry. In this work much was learnt from other re­

searchers. 

In comparison to most current research on forestry and the forest industry 

the study had a very long time-horizon. Whereas, for example, the research 

team tried to explain long-term trends in wood prices, studies in other research 

groups were predominantly concerned with fluctuations in wood prices from one 

year to another caused by adjustments in timber inventories. Instead of syn­

thesizing from a wealth of available theories and empirical research, the 

staff therefore had to do a lot of groundwork. 

A researcher's total experience and understanding goes far beyond what 

is recorded in reportn of a specific research project. As a consequence, the 

staff considered personal contacts with other researchers a necessary comple­

ment to, and often more rewarding than studying written material. In writing 

a report, the author would have addressed a specific issues, which.might have 

little in common with the problems the staff was investigating. Research re­

ports were often full of loose ends which the staff wanted to pursue further. 

F'or the interaction necessary to obtain this the staff bad to talk directly 

with the authors of the reports. The staff gradually learnt that it is dif'fi-
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cult to establish communication beginning on an abstract level. A discussion 

which started out around some very specific matter and then widened in scope, 

usually provided more generally applicable insights than one where a general 

language was used from the ver,1 beginning. 

To help orient themselves in the research community the research team 

had a Norwegian forester working with them during large parts of the project. 

They also frequently consulted with a Swedish professor in forest economics. 

With these two persons. matters which belonged to common knowledge among people 

active in forestry and the forest industry were discussed. They also provided 

the team with valuable advice about where to search for specific pieces of 

information. To the departments of forest economics the study filled a felt 

need of looking at the forest sector as a whole in a long-term perspective, 

and this made them willing to contribute some of their researchers' time to 

the project. Collaboration with the forest economists also produced an insti­

tutional basis for continuation of the research. Toward the end· of the project 

it became clear that one researcher from each of the Norwegian, Swedish, and 

Finnish forest economics departments would start full-time work in the form 

of detailed studies of the development in a few regions based on the perspec­

tives worked out in the project. 

In the beginning the staff studied history through statistics. Succes­

sively, increasing attention was given to how people perceived their situa­

tion in the past, what they valued as importru1t, and which policies were uc-

. tually agreed upon and follm,·ed. This information could not he extracted from 

quautitative data. The staff therefore began to study old government reports 

ru>d read historical monographs. This helped them to a more nuanced picture of 

both the past and the present. It was, for example, discovered that the limited 

supply of industrial wood had locally been a mojor concern also earlier and 

that temporary over-cut of' the forests in some areas had been followed by 
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massive close-down of sawmills. 

The research staff consulted historians too late in the project. They had 

some contact with a forestry historian throughout the project. but consulted 

him mainly on current affairs. Historians knoweldgeable about the development 

of forest industry worked in the regular history departments of the universi-

ties. Those historians were therefore outside the network of research contacts 

the staff established early in the project. This had as a result that the hi-

storians were contacted only late in the project. The staff would.have saved 

a lot of energy had they contacted the historians earl i.er. 'l'hey could in short 

time have given the staff a systematic introduction to the literature and bel-

ped select the most informative works. And probably more important,- the his-

torians could have given the staff concrete images of what the history of fo-

restry and th~ forest industry had been like. 

We have above distinguished between three sources of information: statis-

tical data, descriptive written material, and oral reports given in a discus-

sion. All sources are important, but serve different functions. Statistical 

data provides quantitative estimates of a few carefully specified phenomena. 

Written sources brings forth a wide spectrum of qualitative information rele-

vant to a certain issue with a high degree of semantic pre<;ision. In a discus-

sian between two persons the level of precision is lower than for the other 

two sources. On the other hand, it leaves open which issues are to be dealt 

with, making it possible to decide this as the exchange of infonnation pro-

ceeds, allowing for an active learning process. 'l'he conclusion is that all 

three sources should be used while recognizing the proper role of each one. 
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R E C 0 M M E N D A T I 0 N S 

Based on the experienees from the forest study it is possible to make 

some reconnnendations about how system dynamics might be usefully employed in 

public policy analysis. ~~1e recommendations will take the form of an outline 

of an ideai research procedure for a modeling project. It is assumed that the 

available research time and manpower resources as well as the scope •md com-

plexity of the policy issues are similar to those in the forest sector study. 

To simplify the presentation the research work is divided into four broad, 

and in practice overlapping, categories: model building, empirical research, 

interaction with a reference group, 4 and report writing for wide dissemination. 

Figure. 2 shows the amount of the total effort that goes into each of the four 

research activities during different phases of the project. 'l'he relative im-

portance of the four activities varies with time in the ideal project plan, 

Accordingly, five different phases of the project can be identified: problem 

definition; developmenj; of initial model; empirical research; model improve-

ment, and report writing. 

A first series of meetings with the reference group is intended to give 

the research staff guidance in selecting a relevant research problem. Both 

modeling and empirical research are carried on during the whole project pPriod, 

but with varying emphasis. During the problem definition phase the stgff will 

need to orient thems!"lves in the problem area. Then follows a few months of 

intense model building. After an initial model has been developed, the staff 

will allocate most of its efforts during half a year or more to syst.ematic 

empirical studies that will form the basis for a second period of' intense 

4. The existence of several reference groups in the forest project was due 
to the p~rallel study of Norway, Sweden, and Finland. In most other studies 
it will be natural to have only one reference group. 
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modeling during which the initial model is improved to the point where it can 

generate realistic scenarios. In a second series of meetings with the refe-

renee group toward the end of the project, discussion of simulation experi-

ments will help the group members and the research staff to enhance their 

understanding of the efficacy of various policies. The purpose of the final 

report writing is to make the main results from the project available to a 

wide audience. 

Below each of the phases of the project . are discussed separately·. 

P r o b 1 e m d e f n i t i o n 

The purpose of the problem definition phase is to work out a focus for 

the remainder of the research. It is useful to define the problem in the form 

of a dynamic hypothesis, i.e. to specify the expected development pattern of 

central v:ariables and give a causal explanation of why this develop~ent is 

likely. 

A series of discussions in a reference group, consisting of people with 

experience from the problem area will yield a comprehensive picture of con-

cerns about the future, interpretations of the causes of past and current pro-

blema, and policy proposals for the future. Individual contacts with decision-

makers and researchers and study of written material can be used to comple-

ment the information provided by the reference group. People and documents 

that can present insightful interpretations of the historical development 

will be particularly helpful at this stage. 

When fundamental problems and conflicts can be distinguished from sur-

face symptoms, it is possible to define an appropriate time-horizon for the 

study and, tentatively, define a set of key variables. Statistics should be 

processed to obtain time-series for those variables covering a period corres-

ponding to the time-horizon of the study. 
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Very simple models may be built to illustrate the dynamic effects of 

feedbacks and delays and to introduce the members of,the reference group and 

others to the basic ideas of modeling. 

The output of the problem definition phase should be a written statement 

of the problem focus, supported by an account of relevant aspects of histori­

cal development in the problem area and rough projections of key variabies 

into the future. It is important that the reference group finds the problem 

relevru1t and in need of further analysis. 

D e v e 1 o p m e n t o f a n i n t al model 

When a problem focus has been arrived at, a system dynamics model illu­

strating the problem should be developed within three or four months. If the 

problem statement is concrete enough the modeling will be mainly a matter of 

formalization of a verbal theory. The initial model should be developed fast 

and the level of detail and conceptual clarity adjusted to this requirement. 

'fhe success of this phase will depend upon whether the staff can keep the mo­

del small and well focused. To avoid falling in the trap of building an ever 

larger model it may be useful to think of the modeling as nothing but a means 

of expediting a set of clearly defined calculations too complex to be carried 

out by hand. 

A modeler who has clear expectations about the behaviour of a model will 

readily discover and take seriously, surprising effects exhibited by a simu­

lation run. l'he strange behaviour (explosions, collapses or violent oscilla­

tions) often generated by early models can be n sign that important control 

mechanisms operating in the real world have by-passed the modeler. 

l'he empirical basis for the model will naturally be weak. The process of 

building and running a model will raise questions of the relative importnnce 

of various phenomena and in this way guide the ensuing empirical research. 
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Although the model is intended primarily for project planning purposes, 

it should be documented. 

Em p r i c a 1 r e s e a r c h 

A system dynamics model will typically represent the interdependence 

between a number of "populations." In a study of medical care the populations 

may, for example, be hospital buildings, equipment, doctors, nurses, patients, 

and potential patients. The represented characteristics of each population 

depend on the particular: problem under study. Usually, the size of the popu­

lation, in some sense, is important. In addition, there may be one or more 

measures of "intensity" such as age of buildings, productivity of equipment, 

skill of medical personnel and resistance to disease among the population .. 

Changes in one population is tied to the population itself ru1d the other popu­

lations through "policies," some of which are given by nature and others which 

are instituted by humans and subject to change. 

In a system dynamics model it is possible to distinguish between the 

flows and accumulations for each population (the flow structure) and the po­

licy structure that governs the flows. In our revised study plan the initial 

model will contain a rough outline of a flow structure and policy ntructure 

based upon the analyst's general understanding of the structure and bahaviour 

of social systems and the most readily available opinions and material con­

cerning the studied problem area. In the latter ar,gregate statistics are likely 

to dominate over detailed accounts of the "life-lines" of individuals in the 

various populations. Behavioural relations may have been deduced from observed 

aggregate behaviour rather than based on a clear understandine of the condi­

tions under which the individual decision-makers are operatin~. 

The ·purpose of the empirical research following the initial modeline is 

to eive the analyst a richer and more accurate picture of those aspects of the 
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real world that contribute to the dynamic behaviour of the initial model. 

Parallel study o-f the lifecycle of individuals and the dynamics of aggregates 

of individuals (populations) will indicate useful disaggregations of the po­

pulations. Realism in the representation of policies requires that the analyst 

know what information is available to the various decision-makers and how 

·they use it. Also here micro- and macro-analysis should be combined. 

!-lost of the empirical research will be carried out by the staff. This is 

necessary because the organizing concepts are fluid and may be frequently 

changed so that the research strategy may have to be altered as the empirical 

research yields new insights about system structure and behaviour. If possible, 

the team should arrange to work closely in this phase with some outside re­

searchers who have contacts with specialists and knowledge about the organi­

zation of information in the area. 

'l'he empirical research will include such diverse activities as interviews 

with decjsion-makers, study of historical records, discussions with outside 

researchers, and compilation of statistics~ Modeling may be used in connection 

with the empirical research primarily as an accounting device to aid in his­

torical analysis of material flows, population dynamics, etc. 

M o d e 1 i m p r o v e m e n t 

The ultimate objective of this phase is to improve the mental models of 

the members of the research team and of the members of the reference group• 

'l'he means for achieving this objective is experimentation with an upgraded 

version of the initial model which incorporates the findings from the empi­

rical research. 

'fhe first three to four months go into building an improved model which 

can generate scenarios that will serve as a basis for discussions later on 

in the reference group. If the empirical research has been properlY carried 
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out the staff will approach the modeling with concrete images of the life­

lines of typical individuals in the populations to be modeled and furthermore 

have a fairly accurate idea about the extent of the variations around those 

typical eases. Particular questions may have to be researched as they come 

up, but on the whole the model building should be a surveyable and predictable 

task for which the level of ambition can be adjusted to the available time. 

Clarity of model concepts is important if the discussions in the refe­

rence group are to be effective. The model should be kept as simple as is pos­

sib1e and still represent the important dynamics. A model with many "decora­

tive variables" will be badly understood by the staff and may confuse jssues 

more than clarify them. If the modeling is focused on the most basic mecha­

nisms, the resulting model will tend to be robust, i.e. it will behave in a 

reasonable fashion even when extreme changes in policies or parameters are 

made. 

When a robust model is running and well understood by the staff it will 

be useful to start the second series of meetings with the reference group. 'l'he 

purpose of the discussions in the group is to increase the group members' 

understanding of th.:: problems they are facing and develop a basis for the 

popular project report. 

The model is used to generate consistent and reasonably realistic see-. 

narios. Simulation runs will show the combined result of growth and decay pro­

cesses, physical and social limits. information delays, and non-linear rela­

tions between system vadahles. The purpose of the model experiments is t.o 

help provide insights iuto how various policies, due to their position in a 

complex structure, will tend to alleviate or runplify pr·ohlems. The purpose 

is not to produce predictions. 

The members of the reference (':l"OUp will compare the behaviour of' the 

model with their intuitive ideas about the functioning of the real world. '!'he 
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comparison will at least in the beginning be very impressionistic. It will 

typically concern the relative phasing in time of various phenomena, the 

runplitude of oscillations or overshoots and the rate at whieh adjustments are 

made. When the mental models of the group members yield different results than 

the model experiments the staff should be able. to show why the simulation 

model behaves the way it does, making it possible for the group members to 

criticize or accept the assumptions made in the model. In the latter case the 

group members will have changed their mental models. One simulation run can 

often be enough to carry productive discussions through a whole meeting. 

Between meetings the team will work to clarify issu~.:~s that were raised 

at the previous meeting. This may take the form of empirical research, model 

improvement, or authoring of short memoranda. •rhe criterion for judging whether 

a speci fie model change should be introduced or not is the extent to which it 

will enlighten reference group discussions. 

\Vhen the group members have become familiar with t.be model they will be 

able to suggest, policies that might be institutionalized to alleviate undesi­

rable behaviour shown in model runs. Nuch can be learned from studying the 

behaviour of the model resulting from incorporating those policies in the 

model. 

Report writing 

Along with results from the empirical research the discussions in the re­

ference group form the basis for the major report of the project. This report 

should address a wide audience and be written in n non-technical manner. It 

will typieally contain an interpretation of past development and present al­

ternative Beenarios of the future. It will attempt to explriin the connection 

between emerging problems and the structure under.lyin~ Lhem, and show how 

various propot;ed. policies might alleviate or ampl i 1',v Lhe prol)lems. 

Parallel to writine; the report the model should be finished up and docu­

mented with an explanation of its rationale equation by equation. '!'he docu­

mented model alone; with working papers from the project will be of value pri­

marily to other researchers. 
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