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Abstract:

Students, researchers, and practitioners face ethical dilemmas in modeling & simulation
(M&S). Motivated over a set of D-Memos on humanitarian aid, we proposed a case method
to conduct ethical analysis for M&S efforts. We tested the method against Forrester’s 1968
Urban Dynamics and Forrester & Runge's 1971-1974 D-Memos on humanitarian aid, arose
the original concerns. Our findings indicated the erasure of Black populations from Urban
Dynamics raised more ethical concerns than the humanitarian aid works. We suspect
Runge’s efforts to systematize ethical perspectives in his D-Memos may have been a
contemporary reaction to perceived ethical criticisms of Forrester’s Urban Dynamics. Our
method revealed many surprises: the novel contributions of Runge decades ahead of his
time and forced reevaluation of incorrect beliefs on adoption of Urban Dynamics beyond
our field. Rather than being isolated to the historical cases they arose in, the ethical
dilemmas identified in these cases remain relevant for study today mirroring dilemmas in
current simulation efforts such as climate change. We encourage the adoption of our
method as a regular practice for students and to integrate ethical considerations into
confidence-building measures on significant M&S efforts. This method will help enhance
the holistic view in M&S practices.

Introduction

Recently, a System Dynamics Society committee reviewed Forrester's comments in the MIT
Seminar series about the limitations of humanitarian food aid and several D-Memo findings
he was basing his remarks on published in the early to mid 1970s. The concern arose from
Forrester’s comment on the video, based on several D-Memos, which said providing
humanitarian aid in the form of food may only have a short-term benefit and create long-
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term harm. The question the committee examined had two parts. First, were Forrester’s
comments and the D-Memo findings supportable from a contemporary or historical ethical
perspective. Second, what should the Society do with the material based on that finding?
Two things became apparent as part of that process, which one of the authors participated
in. There was a wide interpretation of the ethical question of the underlying materials and
what the Society’s response should be, and there was no clear method or framework to
evaluate these kinds of ethical dilemmas.

In many fields of science, we take for granted that the research, distribution of findings, and
taking actions upon those findings are inherently ethical processes, and strong ethical
frameworks have arisen in a large range of fields, including medicine, national security,
legal, human research, etc. But to what extent do we subject computer simulations to the
same scrutiny as the development of a human clinical trial of a new medicine or weapon?
What ethical frameworks should we consider the positives or perils of a policy arising from
human-computer interaction? With the advent of Artificial Intelligence (AI), the potential
for Artificial General Intelligence (AGI), and a myriad of human-Al-simulation combinations
ahead of us, these ethical questions are becoming more important. What ethical
perspectives should the designers of such efforts take into account? What builds not just
confidence but trust in the outcome from policymakers? How can or should new students
and stakeholders entering the computer modeling and simulation field be guided to
consider ethical perspectives in complex systems? Complex systems pose particular
problems for traditional ethical standards because variables can never be isolated, initial
conditions are never fully replicated, and results are never fully reproducible. The ethical
standard of medicine, a so-called gold standard double-masked with a placebo trial, would
be unethical to run on multiple countries suffering from famine and requiring humanitarian
aid. Computer simulations answer these challenges by allowing experimentation within a
model capable of replicating real-world conditions with enough verisimilitude without
being in the real world. However, undertaking computer simulation efforts introduces their
ethical dilemmas in design, formulation, and boundary selection and to what extent
scientific and engineering teams must enter the realm of diplomacy and advocacy to
support model adoption.

In this paper we propose a case study approach as a first step to address gaps on this issue
suitable for students developing their craft and practitioners alike. Case studies have long
been used to examine historical and contemporary issues as tools for learning, reviewing,
and assessing risk. We study two cases, both of which begin with Forrester but then extend
to other modelers picking up on the work. One case is taken from the concern raised at the
Society, that of the role of humanitarian food aid in times of famine that began with
Forrester's presentation to the National Council of Churches in 1971 and continued through
the publication of several D-Memos. The other case we have selected, the canonical model
of urban dynamics, began before the humanitarian food aid case in 1968 but continued for
decades after. We have selected these two cases arbitrarily because of their proximity in
time, both begin with work done by Forrester, and presented in chronological order show
how questions of making clear modeler values and ethics arising in the first case were were
addressed in the second case.



Despite the provocative title, we are not questioning Forrester’s ethics or any involvement
in the models. However, we use case study ethics to raise questions and reflections from
various ethical perspectives. Our research questions, therefore, are:

1. What ethical perspectives should we consider in our modeling and policy
recommendation approaches?

2. What is the proposed framework for an ethical case study we can use?

3. Through these cases, what can we learn about ethical implications local to each case
but also applicable to the field and a broader interaction within an ethical system?

Literature Review

Although there are many perspectives on ethics, three particular perspectives arise
frequently: consequentialist, deontological, and virtue. A consequentialist perspective holds
that the “consequences of actions form the basis for valid moral judgments about those
actions...the morally right action is an action that produces the most good.[1, p. 509]” This
means for any individual act, the ethical value of its action can only be known in the future.
However, this does not limit consequentialism to retrospective. Consequentialist ethics,
therefore, are temporally anchored, and moral judgments are reserved for the fullness of
time to unveil whether the intended good outcome resulted from the action taken. In
contrast, a deontological ethical perspective does not assess the “goodness or badness of
actions” as a consequence but as an “inherent property of the action itself[1, p. 509].”
Deontological ethics “is concerned with duties and the consistent application of rights,
obligations, and principles, as its name suggests (the Greek deon means “one must” or
“duty”) [1, p. 509].” A consequentialist might inform a deontological perspective, but it is
codified in rules, regulations, or expectations that agents can follow at any given time and
assume they are acting correctly. Deontological perspectives view ethics as a system in
which the proper application of a given body of knowledge is most likely to produce the
most ethical result across the system, even if there may be areas of less ethical outcomes
within the system. The final perspective, virtue ethics, “focuses neither on the
consequences of actions nor on the actions itself; instead, goodness and badness are
attributes of an agent. To act good, agents should strive to become virtuous [1, p. 509].”
Virtue ethics focuses entirely on the agent committing the action at the time they are
making it. Grossly simplified, a virtue perspective focuses on modeler behaviors, a
deontological perspective on modeling practices, and a consequentialist perspective on
modeling results.

System dynamics seems well-equipped to tackle these ethical perspectives in our modeling
process. The perspective of system dynamics simulations is of an operational causality that
simulations present a realistic depiction of ‘how stuff works’ in a complex system. System
dynamics quantitative simulations must define characteristics representing this
operational causality perspective. First, models are based on causal feedback structure;
second, accumulations and delays are foundational; third, models are equation-based;
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fourth, the concept of time is continuous; and finally, the analysis focuses on feedback
dynamics[2]. This encompasses sufficient capability to incorporate each perspective,
causality between the agent and the action for virtue ethics, the benefit of a time horizon to
evaluate a consequentialist outcome, and a body of knowledge on modeling techniques and
modeler behaviors to accommodate a deontological perspective.

However, the literature on ethics in model creation or modeler behavior in system
dynamics computer simulation is light. In the field’s grounding works, neither Forrester [3]
nor Meadows[4], [5] mentioned ethics outside of the context of an ethical case to be
modeled. In standard textbooks, when the word is brought up, it is usually in the context of
the modeler’s duty to act in a certain way. These are often proposed as modeler behaviors
to “reflect consciously about side effects[6, p. 209].” Or of the modeler’s “...ethical
responsibility to carry out your work with rigor and integrity... let the modeling process
change your mind... “speak truth to power,"...even if it means you get fired[7, p. 85].” In the
description above, these fall into the virtue ethics case with aspirations to deontological
perspectives. The primary ethical vehicle is the virtuous action of the modelers themselves
and the behaviors they represent. Alongside these are general claims that one should follow
best practices and rules of proper modeling, which aspires to a deontological approach to
ethics. However this has not been as fully developed in system dynamics as in other fields.
For example - what specific tools are in the system dynamics toolbox? Which of them is
most important to follow for having ethical outcomes? Simply saying ‘all of them’ is
insufficient. In the practice of law, for example, the ethical behavior of lawyers is not left to
chance - but governed by strict procedures of how opposing counsel are allowed to interact
with one another’s clients, produce documentation for review, or interact with the court.
Likewise, research involving human subjects governed by Institutional Review Boards
(IRB) goes beyond an appeal to the virtue of the researchers and performing ‘good science’;
they have explicit step-by-step instructions to initiate, review, monitor, and address gaps in
research ethics.

Outside of these core works, the discussion on ethics has been limited and mostly within
the last 15 years [1], [8], [9]. Ironically, as part of our case analysis in this work, we
uncovered an in-depth treatment of ethical forms and their implications in system
dynamics modeling [10] from 1974.

Method

We use a qualitative case method to examine two specific historical simulations and the
bodies of work they spawned. Both cases are rich with ethical implications dealing with
national or global problems of importance at the time of modeling and continuing today.
The first case is the canonical urban dynamics modeling effort in 1968, following decades of
work. The second is a body of work that began with a presentation to the National Council
of Churches in 1971 and continued via several D-Memos through 1974 on the implications
of humanitarian assistance to foreign countries. Contrary to the presumption some may
take of the title, our method is not to attack or defend either work, but rather use both
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cases to illustrate an approach of using historical cases to emerge ethical issues, discuss
them, and learn how our findings.

We propose organizing our cases in the following format of sections.

HISTORICAL CONTEXT For each case, we begin with a summary of the historical context to
ground the reader in the problem at the time. For this, we leverage Turnley’s method[11]
and, as best we can determine, identify the problem was trying to solve, the intended
audience for whom the modeling was conducted, the perspective within the system from
which the problem was modeled, the bias if known or suspected of the modelers, and the
funding which supported the effort. This summary is not intended to be a full historical
treatment but grounds the reader in sufficient context to understand the following
discussion.

REVIEW OF MODELING PROCESS Next, we summarize the modeling process at a very high
level of aggregation. In this summary we are not seeking to grade a paper based on recent
debates on quality within the Society[12] but rather illuminate key decisions and choices
made in the process. Again relying on Turnley[11], we ask questions of the interface
between the methods to probe how model boundaries were selected, what was the
theoretical domain (if known) of the modeling approach, whether data was collected for to
purpose of the effort or how data was vetted, and how the interface of data, theory, and
model was created: participatory model building, elicitation from experts, qualitative
expression, etc.

INITIAL FINDINGS OF PROCESS In the next step, we summarize the key findings from the
modeling process. Since these are canonical works located sometime in the past, we place
an arbitrary limit of 10 years after the first publication. In this period, we look not just for
what the key policy findings were but also how “disagreements among experts on
theoretical approaches or interpretation” or “uncertainty inherent in the data itself” were
handled [11, p. 13]. We look to see if there was any discussion or recognition of the ethical
implications of the original work or its initial reaction at the time.

EXTENDED FINDINGS In this second-to-last step, we extend the period from 10 years to the
current date, summarizing the ramifications of policy implementation, subsequent
research, and updates. Again, this is a summary to ground the reader for the ethical
discussion to follow and is not intended as exhaustive literature.

DISCUSSION OF ETHICAL PERSPECTIVES In the findings section of the article, we examine
each case within the information provided above, subjecting it in turn to the three ethical
frameworks in turn:
* Consequentialist: What was the outcome of attempting to apply the models in
policymaking? If that was successful, what was the outcome of the recommended
policies?



* Deontological: What does the case tell us about rules or techniques we should build
into our body of practice on modeling?

® Virtue: What are the ethical obligations of the modeler, both the original modeler
and those who take up the work later to continue it?

Cases

Urban Dynamics

Urban Dynamics represents a canonical model from which many ethical questions and
considerations arise. The authors thought they knew the origin and context of the
modeling, but a deeper investigation raised significant ethical questions of racial erasure,
failure to gain stakeholder adoption, and to what extent future modelers have an ethical
obligation to reexamine and update models made years or decades ago by different
modelers?

Historical Context

In system dynamics, we often present the origin of canonical models as birthing, Athena-
like, and fully formed from a simple problem statement absent of any historical context
within which the problem arose. Plane rides and chance encounters feature prominently.
The common story in the field of the origin of Urban Dynamics is that it began by way of
contingency when a retiring mayor of Boston (1960-1967) took office at MIT as a visiting
professor to Jay Forrester, who had developed system dynamics methods for studying
complex systems [13, p. ix]. They were joined by Daniel J. Finn and Joseph S. Slavett, as well
as MIT Students.

However, the immediate historical context of Urban Dynamics is key for thoroughly
understanding its ethical case. In the forward by Collins, a joint statement of the National
League of Cities and the United States Conference of Mayors describes the (emphasis in
original text) "crisis of the City is in reality a national domestic crisis [13, p. vii]” describing
it as “urban jobless require welfare paid for by Federal dollars nationally collected,
inadequate urban schools cast upon the nation another generation of people unprepared to
make their way, urban traffic congestion adds millions of dollars to the cost of items on
neighborhood store shelves around the country[13, p. vii]. Although the source for this
statement has not been found, its date of July 1968 likely places it within or accompanying
a Congressional legislative session focused on passing the Housing & Urban Development
Act of 1968. And for those who lived during this time or have studied it, 1968 is not just a
random year in which a mayor leaves politics to join MIT.

In Boston between 1960 and 1970, corresponding with Collins's tenure, a second wave of
Black migration from the US south to north resulted in an increasing share of Black people
from 9% to 16%][14, p. 14], [15, p. 1]. Racial tensions were high throughout Collins's career
as mayor, escalating in the so-called ‘ghetto’ riots that occurred nationally from 1964-1969
and in the ‘long hot summer’ of Boston in 1967 and the Grove Hill riots of which Collins was
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Mayor presided over a controversial response. The joint statement articulating the problem
case the book is based on, issued in July 1968, occurred just three months after the
assassination of Martin Luther King and a wave of riots that swept across cities in the
United States. Although some violence occurred in Boston, it was spared the worst of the
post-assassination riots due to the cooperation of Mayor Kevin White (who had replaced
Collins) and James Brown at a concert that just happened to be held the night after the
assassination. These riots didn’t just express anger at political assassination - systemic
formal and informal racial discrimination was widespread. Legal mechanisms such as
restrictive HOA covenants, red-lining, and yellow-lining had confined Black populations
from expanding outside of narrowly limited city areas. Highway construction projects
championed by Eisenhower in the 1950s frequently resulted in the wholesale demolition of
large swaths of these neighborhoods, disrupting their economic patterns and creating
physical divisions between previously whole communities. In scholarly literature, a theme
arose over these decades leading to 1968 that “Black housing is slum housing,” treating it as
a “pathology,” ignoring evidence of high-quality Black housing or Black demands for better
housing and instead using reinforcing negative stereotypes about Black families to inform
stereotypes of Black housing that were commonly referred to with terms such as slums or
ghettos[16, p. 149]. It is impossible to believe that neither Collins nor Forrester were
unaware of this connotation, which begs the question. There are #X references to slums in
Urban Dynamics and #Y references to ghettos, so to what extent was Urban Dynamics
modeling Black housing? And if so, to what extent were racial perspectives integrated into
the modeling process and policy recommendations?

Review of Modeling Process

Discussed at length in the book[13, pp. 12-36] and more briefly in two accompanying
articles published shortly after that [17], [18], the method of creating the Urban Dynamics
model became a standard for system dynamics. The design process begins with
observations of the behaviors of a class of problems, creating a computer simulation
consisting of stocks and flows arranged in feedback capable of recreating those
observations, and then introducing policies as tests. There is little emphasis on domain
literature review or data collection, as the representation is of an abstract simulation of the
class of problems facing cities rather than any one city[18, p. 241].

The model city is represented in nine stocks and 22 flows spread across three subsystems:
industrial, housing, and the movement of people. The first two subsystems are modeled to
demonstrate a lifecycle of growth and decline. In the industrial sector, this is represented by
the generation of new businesses, which age into mature and then declining businesses[17,
p. 8]. Housing consists of three substructures and like enterprise, the housing stock's age
determines its value and the nature of its occupants. It is this pairing of structural age and
character of occupation that provides the “reasons for decline...a new commercial building
is occupied by a healthy, successful commercial organization, that uses relatively more
managers and skilled workers than those who are unskilled...[and]...as residential
buildings age; there is a tendency for occupancy to increase as well as shift to a lower
economic category of the population[18, p. 244]. The simulation of the base run represents
250 years and begins with mostly empty land. For the first hundred years, available land is
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expanded, creating new businesses and new, premium housing while existing industry and
housing on previously developed land begins aging into its lower value representations[17,
p. 10]. This sets up the key dynamic of the model, which is when land availability reduces
after ~100 years, and the expansion of new business and premium housing is reduced to
the level of demolition of declining businesses. This sets in place a vicious behavior where
limited new, unbuilt lands, means that existing stocks of both industry and housing age,
resulting in increasing underemployed and “that the depressed areas of our cities are areas
of excess housing.

The area’s economy cannot maintain all of the available housing. Because of low incomes,
people crowd into some dwelling units while other buildings are abandoned, stand idle, and
decay...the stagnating urban area has become a social trap. Excess housing beckons people
and causes inward migration until the rising population drives down the standard of living
far enough to stop the population inflow [18, p. 246].” This finding leads to the proposed
policy, which is stated plainly in an accompanying article, is: “a slum demolition program
removes 5 percent per year of the most deteriorated category of housing. At the same time,
incentives have been added and hindrances removed to favor a more rapid construction of
new enterprise [17, p. 11].” Over the next fifty years the city reverses its decline with
increases in new and mature businesses, higher professional and labor populations, and
lower underemployed populations.

Notably absent from the modeling process or subsequent documentation produced
contemporaneously by Forrester and his colleagues is any significant discussion of race. In
a paragraph opening Chapter 7, Forrester argues:

“Some might argue to the contrary that today's underemployed Negro minority is
less apt to rise in status by diffusion into existing economic activity than by merging
into a self-respecting, self-disciplining, and self-leading group. Were the latter the
more promising course of action, Negro concentration in high-density slum areas
might be a necessary prelude to self-generating social change. This study assumes
that extreme concentration of economic and social groups is detrimental. That
success will be more easily achieved in a single economic system than in two
separate and parallel systems[13, p. 115].”

Despite the adoption of euphemism connotating race throughout the original work, racial
conditions are barely mentioned. It is appearing less than a handful of times. Once initially,
race is subsumed into a “mixture of many components” that determine attractiveness,
which becomes the essential mechanism driving Urban Dynamics[13, p. 5]. Race appears
again as a footnote midway through the work when explaining the concept of free mobility
into and out of a city. In the footnote, attractiveness is again presented as a:

“multidimensional concept and includes factors such as legal restrictions, prejudice,
racial and ethnic groupings, and anything else that influences a person to move,” and
though some factors are represented explicitly, the rest are combined into a constant
mobility coefficient “on the basis that they can be treated as constants and are not
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involved as dynamic variables in the model of urban change here being explored[13,
p.116]”

We cannot find evidence that race is treated as one of those explicit variables, so here in the
footnote, Forrester erases race as a potential dynamic that drives urban change. Despite
the context of the time he is living in and during which this model was created. This is made
more curious given a brief treatment in Appendix B of racial impacts on inflow and outflow
to the city modeled on two factors. First, the impact of the second wave of racial migration
(historically known as the Second Wave of the Great Migration) and restrictive covenants,
red-lining, and other methods of restricting outflow mobility of Black populations into
more affluent urban or suburban areas[13, p. 253]. These are sterilized of the racial context
in which they occurred by indicating that migration is due to “agricultural mechanization”.
At the same time, the inability of Black populations to move into suburbs is a result of the
“rejection of Negroes by the more affluent urban and suburban sections[13, p. 253]” rather
than an intentional and systemic policy of red-lining, yellow-lining, restrictive covenants
prohibiting the movement of Blacks and sustained racial harassment of incoming Blacks
into new areas.

Although the experiment does show an increase in unemployed and under-skilled workers
concentrated into aging housing by these factors, in contemporary works, Forrester avoids
confronting head-on the racial implication. For example, Forrester contends that the “age
of the building tends to determine the character of its occupants[18, p. 244]” rather than
considering racially based policies and racial prejudices can funnel people of a given skin
color into a building upon which a character is projected onto them. The dynamic of a
projected pathology onto Blacks is mentioned in contemporary literature[16].

Initial Findings of Modeling

The book and contemporary D-Memos emphasize four levers of change identified as
moving away from 1) new funding as a cure-all, 2) adjusting tax laws to no longer favor
aged infrastructure, 3) adjustments in population density, using zoning to reduce
population density allowing more space for business development, recognizing and
accepting certain stressors are specific to a current land use and adjusting the land use will
simply adjust the stressors, and creating realistic goals, specifically that include “negative
forces powerful enough to limit the population and population density” including policies
that “maintain high prices of land and rents, or a housing shortage, or a job shortage...or
limited transportation, or limited land area that does not communicate with other areas, or
zoning to control density or a bad array of ‘quality of life conditions’[19, pp. 262-264].”

Shortly after Urban Dynamics, Forrester proposed an agenda to achieve national consensus
around the model with three main efforts. First, improving the model. This would be
achieved by both “soliciting” criticism and incorporating “valid” suggestions while
explaining and dispelling concerns that are “not relevant [19, p. 265].” As well as expanding
the modeling approaches of Urban Dynamics into other areas of “social behavior,” including
treating welfare as a substructure that may itself be creating a “social trap” that “keeps
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people from supporting themselves [19, p. 265]. Second, using the model to propose
sweeping actions including “modifying state constitutions and laws, city ordinances, real
estate and income tax regulations, and national laws” requiring the expansion of the effort
to include “lawyers, real estate advisors, tax consultants” and others with “social-legal”
expertise in the current system [19, p. 265]. Third, exposure to select groups of
stakeholders in fora of 500 individuals for one-week seminars designed to refine further
the model, its proposals, and the agenda [19, p. 265].

An early goal of this agenda was to establish urban dynamics as a planning tool endorsed by
the US Department of Housing and Urban Development. This goal led to the first of four
historical applications of urban dynamics we have identified in the literature, which, taken
together, present a mixed record.

In Lowell 1971, methodology disagreements between a HUD-appointed econometric
oversight board and system dynamics modelers, exacerbated by the “interface gap between
model and critic, contributed to the communication gap[20, pp. 200-201].” In the 1974
Boston application system dynamics, practitioners failed to “understand the importance of
short-term political objectives within a set of larger, long-term goals[20, p. 204].” The
insistence on long-term perspectives over decades discussed in both Urban Dynamics and
D-1480 risked the short-term stakeholder support necessary to reach a long-term
engagement, and again, the project was dropped. Concord in 1975 was the first successful
use of the model in city planning, though not along the lines originally discussed in the
original work. Whereas “Lowell wanted the revival promised by Forrester’s book. Boston
wanted painless growth, free of difficult tradeoffs. Concord, wanting just to be left alone,
interpreted the urban [dynamics] theory to fit its needs[20, p. 207],” adopting or discarding
elements to meet their particular needs. Importantly, the interface gap between model and
model consumers was reduced, with greater accessibility and interaction between the town
leaders and system dynamics modelers through and around a model used for gaining
insights as much as planning. The Marlborough 1976 engagement had a key difference
where one of the Urban Dynamics modelers took an official position in city development.
Without the use or reference to the model, the theories of Urban Dynamics were
implemented with initial success in gaining the support of both political leaders and
community groups. But the success also showed that perhaps the model interface itself was
the problem and suggestions of repackaging the findings into more accessible formats was
a solution.[20, p. 209].

Academic criticism of Urban Dynamics was strong after its release. One common critique is
that Forrester’s boundary and aggregation choices leave no interaction dynamics within the
city and the city as an isolated island, excluding interactions with suburbs and national
policies other than inflow and outflow migration[21]. An early academic extension and
analysis of Urban Dynamics, found in D-2054, explicitly modeled suburbs that had been
implicitly included in the earlier work. This work demonstrated that suburbs drained city
resources, created demand for city services, reduced transportation accessibility, and that
suburban commuters took urban jobs[22, p. 8]. This began a series of efforts around the
boundary problem of what constituted inflows and outflows to and within the city. Some of
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these works included treatments of suburbs and a national environment for greater
complexity in inflows. In comparison, subsectors within the model of up to 16 different
zones created more intra-flow complexity in the city itself[23, p. 7]. Although these
additions did not challenge the general nature of the theory of Urban Dynamics, that aging
infrastructure created an inescapable dynamic of decline, the addition of detail showed that
by adding suburbs or subdividing zones within a city, policy plans that were limited to
those areas could create what appeared to be successful results in some while creating
negative results in others[23, p. 29].

Another critique is that Forrester fell prey to Meadows warning of a modeler “..that their
most important assumptions are implicit...and almost never documented, not because
modelers wish to hide them, but because they are largely unconscious of them[4, p. 367].
Early commentators noted that Forrester’s value definitions of what constituted
attractiveness (e.g., managerial professionals are attractive and unskilled workers are not)
put a thumb on the scale for findings that suggest removing the ratio of unskilled workers
in underemployed homes[21]. Most importantly, given the historical context in which the
model is created, is the erasure of race as a driving factor of condition.

Forrester responds to some of these criticisms, indicating that it is current social policies
“that is generating greater troubles” and “if we were malicious and wanted to create urban
slums, trap low-income people in ghetto areas, and increase the number of people on
welfare” we should follow current policies[24].

Extended Findings

After the initial four engagements listed above, interest in Urban Dynamics shifted to a more
academic and less applied basis. In 1980, an engagement with Palm Coast development saw
the introduction of lessons learned and the advancement of technology to close previous
gaps and some successes. The model, now available on desktop PCs through Stella, and an
engagement focus on “providing answers to immediate planning questions, not on trying to
provide a proven “valid” model...[and]...the ability to try many different data assumptions
and to compare many different scenarios turned the model from an abstraction into an
everyday planning tool[20, p. 211]”

However, this success in Palm Coast was an outlier, and Urban Dynamics, on its fiftieth
anniversary, still struggled under the challenge of the initial Lowell failure to validate the
tool for use by HUD. Instead of being a mechanism for raining a new generation of urban
leadership,” one of its designers described it instead “as a curiosity, a relic of the past that
few have heard of and most dismiss[20, p. 211]” that has had had little impact on urban
planning. This perception continued afterward that Urban Dynamics remains both a source
of academic interest, especially within the system dynamics community, and a potential
source of change to urban conditions, it has never been adopted in a widespread fashion by
city planners[23]

Discussion of Ethical Perspectives on Urban Dynamics
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Though Urban Dynamics rarely addresses ethical questions as directly as our next case, it is
an excellent case study rich in ethical tradeoffs. It combines a contemporary national crisis
with America’s long lingering history of systemic racism, creating a case rich in ethical
dilemmas. Given that it remains a contemporary source both for learning system dynamics
and for modeling city planning, these dilemmas have increased rather than reduced over 60
years.

However, it would be a mistake to think insights gained from studying urban dynamics are
limited to this application or that they are some historical artifacts. None of the ethical
perspectives discussed below, or the questions raised, are any less important to significant
works now than they were then.

Virtue Perspective

The virtue perspective of urban dynamics raises several key immediate questions. On the
surface of the exercise, reducing unemployment and economic suffering seems virtuous.
But is it still virtuous when the reduction of unemployment is obtained by a racial tradeoff,
harming one population to benefit another?

Do system dynamics practitioners have a virtue ethical obligation to engage with the
communities of stakeholders they seek to change with an eye to the consequences, foreseen
and unforeseen, they may cause upon those populations?

What is the obligation to include contemporary context in considering the problem and
conceptualizing the model? Is boundary selection an exercise in virtue ethics—determining
what context to include or not?

One of the difficulties of virtue perspective analysis in historical cases is getting inside
people's mental models in our past. This is more the realm of the historian’s craft than
modeling one. We can’t ask and know what Forrester et al. were thinking unless they wrote
it down in a form transmitted over time to reach us. And once individuals pass, we can no
longer ask the questions ourselves.

As agents of their given time and context, should we have expected Forrester et al. to
consider the impact on racial populations due to their policies? Given the history and
context it's hard to imagine they weren’t aware this might be a factor. Indeed, racial critique
was raised shortly after the model’s publication. In a D-Memo from 1970, the commission
of racial discrimination is noted. However, although the D-Memo recognizes racial
discrimination as a significant problem, it downplays the issue as an “emotional
preoccupation” that results in “losing sight of the basic obstacle of economic recovery [25,
p. 18]”
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Consequentialist Perspective

From the perspective of consequentialism, after a failure to reach accord with Housing &
Urban Development in the Lowell application, the model never really had the impact either
Forrester’s agenda [19] or co-modelers envisioned it having [20]. This raises two
considerations. First, to what extent are potentially harmful policies, based on the context
of the problem, reasonable to model? Second, what obligations above and beyond modeling
do modeling teams have to facilitate adoption of their work on important topics?

We suggest that if a model is purely an academic exercise intending to go no further, this
may be fair. But clearly the intent of Forrester was for a much larger impact, which means
even from a consequentialist perspective, the modelers had a greater duty to facilitate
change and mitigate any potential harm that might have come had their model been
accepted as a planning tool. Economic and housing planning models are rife with racist
assumptions that have created decades of impact, so it is not hard to conceive that had the
urban dynamics planning recommendations gained widespread attention, the failure to
significantly consider race might have had similar unintended but avoidable consequences.

The failure of adoption also suggests another consequentialist obligation on modelers and
development teams in managing adoption with stakeholders that go beyond modeling
itself. Assuming the counterfactual that HUD had adopted the model and taking a premise
that urban dynamics did hold the key to reversing urban decay without unduly burdening
any race in that pursuit, then in that counterfactual analysis, the consequentialist
perspective a higher obligation to do what was necessary to accommodate change is
required. It's impossible to know at a distance whether any combination of soft-skills
techniques could’ve facilitated adoption. But as a heuristic, in complex systems and wicked
messes, often getting everyone to agree on the same problem is 48% of the problem,
solving that problem through some technical method such as system dynamics is 4%, and
getting everyone to agree on the same solution is the remaining 48%. In this admittedly
notional breakdown, if 96% of solving wicked mess problems requires soft skills, then
modeling teams envisioning significant change must consider, plan, and build their efforts
around change efforts as much as technical accuracy. Or partner with groups who have that
skill. It is not clear from the literature whether the urban dynamics modeling team made
any significant connections with the numerous housing groups present during the
legislative session of the HUD Act of 1968 and mentioned in the foreword, of which Collins
was a significant mem