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Foreword

Much has been written of the crisis of the cities, the greatest domestic crisis
to challenge America in a century. The National League of Cities and the United
States Conference of Mayors in July 1968 issued a joint statement on the urban
sitnation, which said in part:

The crisis of the City is in reality a national domestic crisis. It affects every segment of our society:
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 own way,
urban traffic congestion adds millions of dollars to the cost of items on neighborhood store shelves
around the county. The crisis of the cities belongs to the nation.

The nation cannot dissolve the urban dilemma by ignoring it or by suppressing its manifestations.
The nation must face it, as it bas faced crises in the past, by: acknowledging its basic causes;
recognizing the nation’s will and ability to resolve them; accepting that objective as its obligation
to current and future generations; and reordering national priorities to assure the commitment
of the kind and magpitude of resources required.

In this important and provocative book, Professor Forrester asks whether the
measures we have adopied to alleviate urban problems have not in fact intensified
them. If he is right in contending that some solutions in the past have been less
successful than their proponents aaticipated—and in a few cases even counter-
productive in the long run—we must re-examine the problems of our cities,
abandon a number of old approaches, and adopt or invent new modes of attack.

Whether Professor Forrester’s conclusions are right will be a matter of con-
siderable and spirited debate. He offers them as tentative proposals and invites
challenge, comment, or amendment. The very debate this book will provoke—no
matter what the ontcome—will constitute an important and helpful event in the
battle to save our cities.

The plight of urban America is so grave and complex that it clearly defies
simple remedies. Professor Forrester makes the point that long experience with
simple systems has shaped our intuitive short-term responses and that, however
well motivated, they may be ineffective or even detrimental when applied to such
a complex system as an urban area.

vit



viii Foreword

His book presents a new analysis of our urban dilemma based on the methods
of “industrial dynamics™ as applied to a simulation-computer model, or “system,”
of an urban area. Using a digital computer to simulate the behavior of the sys-
tem, Professor Forrester attempts to isolate the dynamic characteristics of the sys-
tem and to show how the behavior of the actual system might be modified.

Joun F. CoLLNs
Former Mayor of Boston, 1960-1967
Past President of National League of Cities
Former Executive Committee Member of
United States Conference of Mayors
Massachusetts Institute of Technology
Cambridge, Massachuserts
November 1968

Preface

The problems of our aging urban areas are examined here by using recently
developed methods for understanding complex social systems. The plight of our
older cities is today the social problem of greatest domestic visibility and public
concern. In this book the nature of the urban problem, its causes, and possible
corrections are examined in terms of interactions between components of the
urban system.

This book emerged when my work in “industrial dynamics” converged with
the efforts of Professor John F. Collins to focus attention of the academic com-
muiity on the troubles of our cities. This examination of the urban system began
in discussions with Professor Cellins, who had taken the next office as a visiting
professor at M.L'T. after leaving his position as mayor of Boston. His enthusiasm
and his desire to continue to analyze and improve urban processes fed to a joint
endeavor to structure and model the dynamics of urban decay and revival.

Expecting the most valuable source of information to be, not documents, but
people with practical experience in urban affairs, I suggested that Professor Collins
organize informal discussions with such men. He invited Daniel J. Finn, Joseph
3. Slavet, and others to attend a series of lengthy meetings with us and a changing
group of M.LT. students. '

I approached these discussions knowing the conceptual nature of the structure
being sought, but not the specific details of the structure or the institutional
components of behavior to be fitted into it. The others brought the knowledge
of the pressures, motivations, relationships, reactions, and historical incidents
needed to shape the theory and structure of the specific social system. Discussions
between the others, focused by me at the desired degree of aggregation to main-
tain balance between detail and generality, gradually revealed a system structure
that related system components to system behavior, When a system theory takes
shape as a simulation model, its behavior precipitates more discussion and brings
out additional supporting and contradictory information that helps refine the
theory. The results of this process of discussion, crystallization, and re-examination
are presented here.



%x Preface

The history of this effort explains why there are no references to the urban
literature in this book. Several reviewers of the manuscript criticized the absence
of ties to the lterature on the assumption that such ties must exist but had not
been revealed. Actually the book comes from a different body of knowledge, from
the insights of those who know the urban scene firsthand, from my own reading
in the public and business press, and from the literature on the dynamics of social
systems for which references are given. There are indeed relevant studies on urban
behavior and urban dynamics, but to identify these is a large and separate task.

This study has depended heavily on having a time-shared computer facility
available. Without the immediate accessibility provided by a personal computer
terminal in my study at home, with day, evening, and week-end service, this
exploration of urban dynamics would probably not have been undertaken. About
four thousand pages have been processed through the computer terminal to
establish the model, the computer runs, the definitions, and the organization of
printed information. Part of the background studies of social systems were facili-
tated by time-shared computer service made available by Project MAC at M.LT.
Computer time for the publication of this book has been supported by the Ford
Foundation through the Urban Systems Laboratory at M.IT.

Alexander L. Pugh 111 has been especially helpful in expediting this work with
his skill and patience in accelerating the schedule of the DYNAMO I compiler
to handle this large simulation model. His willingness, even at night and on week
ends, to solve programing difficulties has substantially shortened the time required
for this investigation. .

The encouragement of Gordon S. Brown and Charles L. Miller gave impetus
for the additional effort needed to convert into a book what started as an informal
series of discussions aimed at mutual enlightenment. Particularly helpful have
been the criticisms of the first draft of the manuscript by O. E. Dial, Albert G. H.
Dietz, Ithiel de Sola Pool, and Allen E. Pritchard, Jr. I am also grateful for the
comments of Billy E. Goetz, Jack L. Hope, Edward J. Logue, Edward B. Roberts,
Richard L. Schmalensee, and Paul N. Ylvisaker.

In developing the model and in preparing the manuscript and organizing
related seminars and lectures, I have benefited from the enthusiastic assistance
of Bruce A. Enders, Randall J. Hekman, and Phillip P. Weidner, all students
at M.LT. The willingness of Miss Isabella S, Evans to retype the manuscript many
times, under time pressure and often beyond normal office hours, has sustained
the schedule of the book.

Jay W, FORRESTER
Massachusetts Institute of Technology
Cambridge, Massachusells
November 1968
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1 Orientation

This book is about the growth processes of urban areas. An urban area is
a system of imteracting industries, housing, and people. Under favorable condi-
tions the interplay between the parts of a new area cause it to develop. But as
the area develops and its land area fills, the processes of aging cause stagnation.
As the urban area moves from the growth phase to the equilibrium phase, the
population mix and the economic activity change. Unless there is continuing
renewal, the filling of the land converts the area from one marked by innovation
and growth to one characterized by aging housing and declining industry.

If renewal is to succeed and a healthy economic mix is to continue, the natural
processes of stagnation must not run their normal course. But the interactions
between economic and social activity are so complex that intuition alone can
not devise policies that prevent decay.

This book examines the life cycle of an urban area using the methods of
industrial dynamics that have been developed at the MLLT. Alfred P. Sloan
School of Management since 1956.* The term “industrial dynamics™ has become
too restrictive because the methods are applicable in many fields other than
industrial management. The concepts of structure and dynamic behavior apply
to all systems that change through time. Such dynamic systems include the
processes of engineering systems, biology, social systems, psycheology, ecology,
and all those where positive- and negative-feedback processes manifest themselves
in growth and regulatory action.

From the standpoint of industrial dynamics, systems are seen as feedback
processes having a specific and orderly structure. From the structure of the
particular system arises its dynamic behavior. The industrial-dynamics approach
to a social system organizes the growth and goal-seeking processes of the system
into a computer model. A digital computer is then used to simulate the behavior
of the system. The computer simulation reveals the dynamic characteristics of
the system that was described in the structure-formulating stage. By changing
the guiding policies within the system, one can see how the behavior of the actual
system might be modified.

*See Reference 1.



2 Chapter One

In this book a particular simulation model of an urban area is examined. Such
a model is a theory of urban structure and internal relationships. The model
is a selection, from numerous alternatives, of factors that are believed pertinent
to questions about urban growth, aging, and revival.

The growth model starts with a nearly empty land area and generates the life
cycle of development leading to full land occupancy and equilibrium. A variation
on the model is started with the equilibrium conditions that are reached at the
end of the growth life cycle. This equilibrivm model is used to explore how
various changes in policy would cause the condition of the urban area to be
altered over the following fifty years,

Various common urban-management programs are examined. This model of
an urban system suggests that many past and present urban programs may actually
worsen the conditions they are intended to improve. Promising alternative pro-
grams, addressed to the underlying causes of urban decay rather than to symptoms,
suggest different approaches.

The theory (model} of urban behavior presented in this book has so far been
subjected to the scrutiny of only a few people who are professionally competent
in the urban field. Interest and enthusiasm have been great enough to suggest
that the results should at this time be more widely available than through informal
seminars, Only with wider comment and criticism can the methods, the assump-
tions, and the results be adequately evaluated.

Although this book is presented as a method of analysis rather than as policy
recommendations, it is probably unavoidable that many will take these results
and act on them without further examination of the underlying assumptions.
Doing so is unjustified unless the pertinence of the model itself is first evaluated
against the requirements of the particular situation. The approach presented in
this book is suggested as a method that can be used for evaluating urban policies
once the proposed dynamic model or a modification of it has been accepted
as adequate.

1.1 Preview

The next six chapters contain the results from the simulation model and their
implications for urban programs. The detailed description of the computer model
itself is deferred to Appendix A on the assumption that most readers will want
to see the uses to which the model can be put before devoting time to understand-
ing the detailed internal structure.

Chapter 2 outlines the principles of structure found in any system and interprets
how they apply to an urban area. The resulting model describes construction
and population movement within a specific area. The area could be the political
boundary of a city but usvally will differ. The area treated here wouid be only
a part of our larger cifies. The appropriate area is small enough so that cultural,
econoric, and educational interchange is possible between its component popula-
tions. It could be a suburban area or the core area of a city but probably not
an area containing both.

Orientation 3

The urban area is represented as a social system set in an environment with
which it communicates. People in three categories—managerial-professional,
labor, and underemployed-—can move into and out of the area. The flow to and
from the area depends on the relative attractiveness of the area compared to
its surrounding environment. Conditions in the surrounding environment are
taken as a reference (which can be changing) and the atiractiveness of the area
rises and falis with respect to that moving reference. The attractiveness of the
area, compared to its environment, depends on the conditions and activities within
it. The environment is taken as a limitless source. It can supply people as long
as the area is more attractive. It can absorb people who leave when the area
is less attractive. These three concepts of specific land area, relative attractiveness,
and the limitless environment are important in understanding this model of urban
processes. (They are explained more fully in later sections.)

In Chapter 3 the life cycle of an urban area is generated by the simulation
model and shows how growth gives way to maturity and then stagnation. The
area is a complex, self-regulating system that creates internal pressures to modify
economic activity and shift the uses of land, structures, and people. These changes
are dominated by the construction, aging, and demolition of industry and housing
combined with concurrent population movements.

As a preview of Chapter 3, Figure I-1 is a 250-year life cycle of an urban
area generated by the computer in accordance with the urban theory described
in the model. The figure shows the area starting with almost empty land and
developing over a period of 100 years. By that time the land area has become
filled, new construction decreases, and the urban system stagnates into a high
level of underemployed housing and declining industry. The economic mix
becomes unfavorable with too high a ratio of underemployed to skilled labor. Too
high a proportion of the housing is in the underemployed-housing class, and
too high a proportion of industry is in the declining-industry category.

These changes, as the area emerges from growth and enters the stagnation
phase, occur as a result of the aging of structures and the conmsequent change
of activity occurring in them. In the growth phase industry has a high intensity
and employment per unit of industrial land area is high. At the same time housing
1s constructed for those engaged in the expanding industry, the residential popula-
tion is economically successful, and the population density is low per unit of
residential land area. The type of comstruction determines and freezes the ratio
of industrial to housing area. Then, as the structures age, the industrial vitality
declines, new industries start elsewhere, and employment per unit of industrial
land declines. But the opposite happens to population as housing ages. Rental
costs decline and the kind of occupancy shifts to those people whose economic
circumstances force more crowded population density per unit of residential land.
In short, starting from a balance between industry and people at the end of the
growth phase, employment declines while population rises until an equilibrium
is reached in which the economic condition of the area falls far enough to limit
further growth in population.



1

UL L PHEP  WHA,UHH , MO SN NEE, ME =B 01

Ui

4 Chapter One : Orientation 5

B2.n ©o that often exist in a social system in equilibrium. Here a regenerative process has
g E3oEmaBE i ; °
faangclaas oo . . - caused the labor population to fall, which makes the area less attractive to
Lt Li m@ A 0 ¥ e o 1 H 4 M
et Eéﬁﬁ F L T I Efgaggg ; 2;.8 mdl_zstry; l}ence there are fewer jobs, which further discourages labor. Because
P e G available jobs have decreased while the number of underemployed remains
¥ 1 L] ¥ r + . .
e X : : : & almost constant, the underemployed/job ratio (not shown until Chapter 4) has
: ' : : ' i ; risen 30% by the end of 50 years. A program can have subtle ramifications when
o : : : : it disturbs the equilibrium within am urban system. Although the underem-
SRS i : : : ployed/housing ratio (not shown) fell from an initial satisfactory value of .8 to a
! . . . ' final value of .5 (representing a very low population density for that economic
3 1 ' " . . . . .
; : ' = class) there was an associated increase in the ratio of underemployed to available
' [ . Undcrcrnp!oycd ' jObS.
! 1 P = e g sl 7 v -ﬂ!-—-h—- . Y. . .
'é’ég: o e D e g ‘The unfavorable change in employment opportunities accompanying an im-
B8 ; : e fnderemgloyed housing X provement in housing (as in Figure 1-2) is not accidental. As will be seen
1 1 ] a
X ' £ — throughout this book, the urban area tends toward an attractiveness equilibrium
, . = Declining industry - : . . . . 4
' ' e i with its surroundings. The area has a certain composite attractiveness to each
b R \-Managcnai -professional . 1 f h . .
RS L., ‘ = Promium housing o class of person. (At the lower end of the economic scale this might better be
mT ' / Matdre blsfndss” * " referred to as unattractiveness.) A mixture of many components {for example,
. 21 st oo L . \ e s e . ;
1 ' = H__a::?“-ﬂ-mm‘r housing, jobs, public services, legal restrictions, prejudice, racial and ethnic
1 L t €
’ N \le N“‘—l—“-hlf N
—t w¥ ™ New enterprise ' i
ddd : ' ' &.8
. ; R R R R R R ERY F gsge g gge
3 3 g s & g 3 359 s 33 TIE% R -t b b E R RS I
¥ T r L 1] 1 :
. . 3 . t t LCHPC = .05 t . ) ' '?.
Figure 1-1  Life cycle of an urban area—250 ycars of internal development, maturity, and stagnation. s ' s ' ' ' &,
L] ) 1 1 1 L) L]
. . i R ' ' ' ' Undmmp!o ed housin, '
Chapier 4 examines urban-revitalization programs of four common kinds, none Sad, : ) /‘Uﬂderﬂnpln)'ed ' Y ¢ '
N . R . .. '9."—"”,"".""""' E A R P .... x _:l
of which yield substantial improvement. Some of the programs make conditions X . . L s “""I"— - ¥
of the area worse (as in Figure 1-2). Here the urban area starts in equilibrium Y : o - . \ .
with the same stagnation conditions that existed at the 250th year in Figure 1-1. ' ‘ z:"“'a ) 7
. . . . I Il B t
At time = Oin Figure 1-2 a low-cost-housing program has been started. Low-cost T 5T me e s . X
housing is constructed each year for about 2.5% of the underemployed population. 3 ge87% T AR : N
The result is a further unfavorable shift in the condition of the area. g énmnoéncocaacccocncu‘”‘:‘“"’“°“°=53'E'°”’=E-.-_.‘_3&.=D ¥
X : . u T T 2 1 hmuc“’;
In Figure 1-2 housing for the underemployed rises 45%, most of the change & e T T L LT T T ' ' Worker hojesing > v
. . . - ' i ! i
occurring in the first 30 years. Because of the added attractiveness of the area Foans ' ' PR raaa, L, : ' :
. - . . o Q2O
created by the housing, the underemployed population rises 10% in the first 10 T ERE, - SRR D AR R a2
years but then falls back as the decrease of industry reduces the number of ES %‘mmmaoruau&mmmmmmmmmm% : Mature busipess '
. . A e . . . - ' f ' o.0a o agd TE "E'E'B-'!!'
avgxlabie jobs, diminishing the attractiveness _Of the area. The labor.;?opulatton i o o s muum,_, : e O Rt 2 ot G fh S S
(skilled labor) falls 30%, as does worker housing for labor. The additional low- e ; k New eatesprise : w—w—u—u—; B L 0 Al bt 0
- . . . > 3
oost—housmgconstrucuonshghtlyreducestheava:lablelandareaandaltersthe I R A T R R S
populatmn mix. This pressure on available land, along with a 16% rise in tax o e e g Years g 2 &
=2

L=l

rate (not shown in the ﬁgure) makes the area less attractive for business and
leads to a decline of 49% in new enterprise and 45% in mature business. This

L A, A . Figure 1.2 Changes in an urban area resulting from low-cost-housing construction for 2.5% of the under-
surprisingly large change results from shifts in the multiplicity of delicate balances &

employed each year.




Ut 2L ,PHF WHW, UK  MP =M NESE, 4B 28,01 =0

g

=T

1,LR=2,UR=3,LF 83, TRk, TR

YR zU L HR =t , MHR M MR

¢ g
S=8
= = 85 RB3LET EE AT
ey
ar et e . [
88%. = f R '
By B et
: 1 Ny
! 1
: 1 ' e
r L] L} 3
' ' '
. L}
r t
t
;‘;;, . ”h_k“*‘.hﬂkﬂk"'
R, S gl A R d ]
L = = 3 t 1] 1
[ o ‘Worker housing » ' '
d * i L} QDOI
. - S /-Underempioyed. rrxxzx ' oo I
3 —— g ' 1 ExxFT i
bty [R=jg=] 1 L]
T ¢ ¢ 4
SSgFmmms—— L. L e T . J
A ' "\ ‘. P 1 Do | ] 1
= = [=F~T=) \ .
5 ad cco% 1ZZcace® 7 '
Feessge 2" - [ Mazture bidiness .
' ' EEES ¢~ Underemployed;housing ' Y od
FEmIEZaz= ¥ . O — o T, o WS =
T
= o e . ;
nhet ! ' " w O i 0 T A W T o o
SSo f ' F—uki mﬂnﬁ;ﬂ:%%%%%a_%a‘f%%%eﬁ%c&n‘n._u=n.
FRE e ch s e e e s L P N I D \ :
- ' ] o e I R wh
‘“"‘"""“'Emﬂ% ("] ] T 1 T
o o .
FEeReG ' 4 New cnterprise ¢ ' '
] T T 1) L] ’ t
kb bon b
‘T’ 'I‘J ) ] L] t 1
t ¥
1 1 & 1 (a) 11
Sy 3 1 1 1 t '
C | e e et s s a et m ey e L B L R A I N R - . ey
* N - . * *
=
Al = =4 g Years =4 ! R
o
=
EL 2
= ———t2 g - e - - S55555S
... o e xS I Sg255 55% S8« TLLT 55555
N'_m'--.-;--.----.‘n-..---.-.. ....... 4 e b 2o e mromos o 4t v R s e .;‘,
1 [
' 1 ‘ ! : ' o
! ! : ! Land fractiop occupied ‘M'
" + 1 ' /' P .
! ' ! L e
¥ L] msu-fp" ' 1 )
. . ¥
— ! o ST ! ! Underemployed/housing ratio .
SR e . P T O ...: cere e e e
M . it}
: N o e e iR T
- =
v .—#5*3 3?!::5‘5:“3-‘.‘5:’;_52 Sk = W—
! = g PROSR R Ju} N
! T ST ' cxmax e ETEFITETE
EES G
1 P e v e £ *12:2
TR R S . R .
¥y E; z;‘::zzz"*"”‘"""/-Undcrcmploycd/:]obrauo :
i SETXEFALEIITEIXE S i ' N
— s fa e oy i
1 + & v w1 4 s e v v eEow arer. * 1 O O 0 B O 0 B2 01 03 0 T 90 0 T g 00 1 68
!‘}JNNNN(:‘ - " NNNNNNNNNNN(}JNN l 7
EL PN ar oo o oo . R .
T 1 o RLTR AT RAS X o) L] :
O b S L] L] ) ‘I .
t t L] ¥ ]
' ' ' v 1 1 .
: L] ¥
" .y EE R R ! N ! Taxratio | :
R ARSI Sabolel V¥ ST .,"'/-. ....... '
v ¥ » % Elinm s R — N LI AR,
* * - - -
! ! ! ****«*{;«4*4***&41«-4*******;*********?
) ) 4
' ' 1 ' | 1 :
] ] ] 3 1 Ll .
.
T r * H (b) : . X
‘e e ' '
QC;O"...'._'.."‘.I ..... PR N P T N BTN T T S T T RS
. . .
+ > 3 > o =3 g
T < S & Years w - w

Figure 13 Changes caused by slum-housing demolition of 5% per year and new-enterprise construciion of
about 2% per year started at ime = 0. I 1-3¢ note the risc in labor, mature business, and new ent'erpnse;
the decrease in underemployed housing; and the upward economic movement of underemployed into the
labor class. In 1-3b see the decrease in the uaderemployed/underemployed-jobs ratio. The underemployed/
underemployed-housing ratio necessarily rises to more crowded conditions as the job ratio improves.

Orientation 7

groupings, and traditions) forms the attractiveness image of an area. Because
of freedom to migrate (tempered by all the forces contributing to attractiveness),
attractiveness to any class of person tends to become the same for all regions.
If not, population flow continues until attractiveness equilibrium is reached.

However, a specific composite attractiveness can result from many Jifferent
mixtures of attractiveness components. As one component rises, another can fall,
The urban area may have no choice in the composite value of attractiveness
because of the equalizing effect of population movement, yet it may have a wide
choice in the trade-offs between components of that attractiveness. In Figure
1-2 the area, through its natural processes, raises unemployment to compensate
for improved housing,

Chapter 5 examines a series of policies for reversing urban decline. These
policies are directed, not at a frontal and expensive assault on the symptoms
of trouble, but instead at the causes. An example is Figure 1-3 where, at time = 0,
two program changes have been made which continue through the following
50 years.* One program is the demolition of 5% per year of underemployed
housing (slum housing). The other program is the generation of between 1%
and 2% per year of new eanterprise.

Figure 1-3a shows a decrease of 44% in underemployed housing. The popula-
tion in the underemployed category falls 8%. Skilled fabor climbs 62%, while
worker housing for that population class rises 33%. Mature business and new
enterprise both increase 75%. The economic balance of the area has shifted
substantially in the direction of more activity and a much more favorable ratio
of skilled labor to underemployed. This shift from underemployed to labor
population is accomplished by a higher upward economic mobility for the
underemployed that accompanies the industrial revival. At the same time a
corresponding shift from underemployed to worker housing delays an increase
in the underemployed immigration rate so that economic rebalancing is not
defeated. ,

Figure 1-3b shows other variables in the urban system during the same time
interval as Figure 1-3e. The underemployed/job ratio has improved from 1.8
to 1.0 by increasing employment opportunities to balance with the underemployed
population. The underempioyed/housing ratio has risen from .8 to 1.3, or 63%,
indicating a housing shortage. Tax assessments have fallen 19%.

Because of the demolition of slum housing and its replacement by industry,
the new policies in Figure 1-3 might appear at first glance to favor the upper-
income groups at the expense of the underemployed. But the number of underem-
ployed living in a city is not a measure of the city’s social value; quite the contrary.
The city should not concentrate the less successful economic classes into decaying
areas that lack economic opportunity. If we think of the city as a sociceconomic
converter, one measure of its effectiveness is the upward economic mobility from
the underemployed to the labor class. In Figure 1-3 the net flow of people from
underemployed to labor (not shown) has increased 114%. After reaching a better

*Figure 1-3 combines the conditions of Figures 5-6 and 5-10.
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economic balance, the area is more effective in upgrading skills and earning
ability.

Although the policies of slum demolition and new-enterprise construction in
Figure I-3 have reduced the underemployed population, this has not been done
by driving underemployed from the city {more detailed information in Chapter
5 and Appendix B). At all times after the inauguration of the new policies, the
underemployed-atrival rate into the city is higher and the departure rate is lower
than before the policy changes. The reduction in underemployed population
results from greater movement of underemployed into the labor class. At the
same time underemployed-housing conditions have shifted to limit the inward
population flow so that it does not rise faster than the revitalized area can absorb.
Because the populations are constant in equilibrium, the greater intake of under-
employed must be balanced by a higher outflow of trained labor and managers,
representing greater economic contribution from the revived area to the surround-
ing environment.

Figure 1-3 shows the converse of the behavior shown in Figure 1-2. Because
of the reduced availability of underemployed housing, immigration does not rise
excessively and the ratio of underemployed to jobs has an opportunity to improve.
In both situations the city comes into an attractiveness equilibrium with its
environment, but in the second situation this equilibrium is produced by a lower
housing attractiveness (less availability but probably higher quality) coupled with
much-improved job opportunities.

In the stagnant city there is crowding and empty housing at the same time.
The ratio of people to housing may be low, but for economic reasons many
of the dwelling units are unoccupied. Scarce jobs and low income force people
to share space and rental costs. To start the renewal process illustrated here,
slum demolition begins to make room for industrial sites to provide employment.
Employment begins the upgrading of skill and income to shift population to
the labor status and into the new worker housing for which they create a demand.
Continuing demolition of slum housing keeps the underemployed influx from
rising faster than the increase in employment opportunities.

Chapter 6 comments on simulation and the modeling of social systems.

Chapter 7 illustrates how model studies can be interpreted in terms of urban
policies and programs. The city emerges as a social system that creates its own
problems. If the internal city system remains structured to generate blight, external
help will probably fail. If the internal system is changed in the proper way, little
outside help will be needed. Recovery through changed internal incentives seems
more promising than recovery by direct-action government programs. But to
generate this recovery, trends in tax laws and land-use zoning will need to be
reversed.

In complex systems long-term improvement often inherently conflicts with
short-term advantage. The greatest uncertainty for the city is whether or not
education and urban leadership can succeed in shifting stress to the long-term
actions necessary for internal revitalization and away from efforts for quick results
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that eventually make conditions worse. Political pressure from the outside to heip
the city emphasize long-term, self-sustaining recovery may be far more important
than financial assistance.

1.2 Background

This study of urban dynamics was undertaken principally because of discoveries
made in modeling the growth process of corporations. It has become clear that
complex systems are counterintuitive. That is, they give indications that suggest
corrective action which will often be ineffective or even adverse in its results.
Very often one finds that the policies that have been adopted for correcting a
difficalty are actually intensifying it rather than producing a solution.

Choosing an ineffective or detrimental policy for coping with a complex system
is not a matier of random chance. The intuitive processes will select the wrong
solution much more often than not. A complex system—a class to which a
cotporation, a city, an economy, or a government belong—behaves in many ways
quite the opposite of the simple systems from which we have gained our experi-
ence.

Most of our intuitive responses have been developed in the context of what
are technically called first-order, negative-feedback loops. Such a simple loop
is goal-seeking and has only one important state variable. For example, warming
one’s hands beside a stove can be approximated as a first-order, negative-feedback
loop in which the purpose of the process is to obtain warmth without burning
one’s hands. The principal state variable of the loop is the distance from the
stove. If one is t0o close he burns his hands, if too far away he receives little
heat. The intuitive lesson is that cause and effect are closely related in time and
space. Temperature depends on the distance from the stove. Too much or too
little heat is clearly related to the position of the hands. The relation of cause
and effect is immediate and clear. Similarly, the simple feedback loops that
govern walking, driving a car, or picking things up all train us to find cause
and effect occurring at approximately the same moment and location.

But in complex systems cause and effect are often not closely related in either
time or space. The structure of a complex systern is not a simple feedback loop
where one systemm state dominates the behavior. The complex system has a
multiplicity of interacting feedback loops. Its internal rates of flow are controlled
by nonlinear relationships. The complex system is of high order, meaning that
there are many system states (or levels). It usually contains positive-feedback
loops describing growth processes as well as negative, goal-seeking loops. In the
complex system the cause of a difficulty may lic far back in time from the
symptoms, or in a completely different and remote part of the system. In fact,
causes are usually found, not in prior events, but in the structure and policies
of the system.

To make matters still worse, the complex system is even more deceptive than
merely hiding causes. In the complex system, when we look for a cause near
in time and space to a symptom, we usually find what appears to be a plausible
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cause. But it is usually not the cause. The complex system presents apparent
causes that are in fact coincident symptoms. The high degree of time correlation
between variables in complex systems can lead us to make cauwse-and-effect
associations between variables that are simply moving together as part of the
total dynamic behavior of the system. Conditioned by our training in simple
systems, we apply the same intuition to complex systems and are led into error.
As a result we treat symptoms, not causes. The outcome lies between ineffective
and detrimental.

This failure of infuition has often been found in the corporate setting by the
process of building a simulation model of the policy structure of the organization.*
Often it is possible to show that those policies and practices of which the organiza-
tion is most aware are by themselves sufficient to create the difficulties that plague
the organization. In fact, often the very things being done to correct the difficulty
make it worse. If the attempted solution intensifies the problem, wrongly attrib-
uted to another source, the organization fikely will redouble its “corrective”
action, producing more difficulty and pressure for still more remedial action. A
destructive spiral becomes established.

The likelihood that these same counterintuitive processes might be at work
in a system as complex as a city provided the major incentive for undertaking
this study.

The pervasive sense of failure and frustration among men concerned with
management of urban affairs points to the likelihood that the inherent behavior
of complex systems defies the intuitively “obvious™ solutions of the past. Among
political leaders, managers of redevelopment activity, and political scientists
interviewed in connection with this study, there was the overwhelming opinion
that the problems of the urban area remain severe in spite of the variety of
programs that have been tried over the last three decades.

Contributing to the selection of ineflective programs is the nature of the conflict
between short-term and long-term considerations in complex systems. Very often
the actions that seem easiest and most promising in the immediate future can
produce even greater problems at a later time. Humanitarian impulses coupled
with short-term political pressures lead to programs whose benefits, if any,
evaporate quickly, leaving behind a system that is unimproved or in worse
condition. Job-training programs, low-cost-housing programs, and even financial
aid, when used alone without improvements in the economic climate of a city,
can fall into this category of short-term promise followed by detrimental long-term
change.

Another purpose of this study is to focus attention on the entire life cycle
of an urban area. A few of those interested in urban areas have shown a tendency
to turn away from the old, decaying inner city and to concentrate on new cities
as a solution to the urban problem. But a new city becomes old. If the normal
processes of stagnation and decay are allowed to continue in young cities that

*Reference 2, where suppression of growth in a product caused by the capital-investment policy can easily
be attributed 1o assuined shortcomings in the sales department.
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are still in good health, they too will falter. Furthermore, the processes of stagna-
tion and decay that one sees in today’s urban areas will, unless preventive
measures are taken, overwhelm the present healthy suburban areas. Urban
difficufties are not a matter of location so much as a phase in the normal life
cycle of occupied land.

For all these reasons it seems urgent that we begin to understand the growth
and aging process of a city. This book is intended as a contribution to that
understanding. It is preliminary. It suggests a method of attack. It is not presented
as a set of final answers to guide urban policy-making. Before implementing
the kinds of policy changes that are explored in this book, there should be much
more examination of the theory of urban growth herein proposed.



2 Structure of an Urban Area

2.1 General Structure of Systems

Before discussing the specific structure chosen here to represent an urban area,
the general nature of structure as found in all dynamic systems will be sum-
marized.* To model the dynamic behavior of a system, four hierarchies of
structure should be recognized:

Closed boundary around the system
Feedback Ioops as the basic structural elements within the boundary
Level (state) variables representing accumulations within the feedback

loops

Rate (flow) variables representing activity within the feedback loops
Goal
Observed condition as components of
Detection of discrepancy a rate variable

Action based on discrepancy

Closed-System Boundary. To develop a complete concept of a system, the bound-
ary must be established within which the system interactions take place that give
the system its characteristic behavior. Figure 2-1 symbolizes the closed-boundary
concept. The boundary is chosen to include those interacting components neces-
sary to generate the modes of behavior of interest. If a particular difficulty in
a system is being investigated, the system described within the boundary should
be capable of generating that difficulty. The closed-boundary concept implies
that the system behavior of interest is not imposed from the outside but created
within the boundary.

The closed boundary does not mean that the system is unaffected by outside
occurrences. But it does say that those outside occurrences can be viewed as
random happenings that impinge on the system and do not themselves give the
system its intrinsic growth and stability characteristics.

*For additional discussion of the general theory of structure, see References 4 and 6.
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Dynamic behavior
generated within the
boundary, Charscteristic
modes of behavior created
by interactions within the boundary.

Figure 2-f  Closed boundary defining a dynamic system.

To build a computer simulation model of a system, one must first estimate
what components are interacting to produce the behavior being investigated. The
choice selects those components which lie within the dynamic boundary for the
particular stady and excludes all other potential components as being irrelevant
to the study and therefore outside the dynamic boundary.

Feedback-Loop Structure. The dynamic behavior of systems is generated within
feedback loops. Feedback loops are the fundamental building blocks of systems.
Figure 2-2 shows the simplest possible feedback-loop structure. A feedback loop
is composed of two kinds of variables, called here rate and level variables. These
two kinds of variables are necessary and sufficient. The simplest possible feedback
loop must contain one of each. A feedback loop is a structure within which a
decision point—the rate equation--controls a flow or action stream. The action
is accumulated (integrated) to generate a system level. Information about the
level is the basis on which the flow rate is controlled.

The distinction between rates and levels—often with other terminology-—is
recognized in many fields. In economics flows and stocks are often used to mean
the same as rates and fevels mean here. In accounting the two kinds of variables
are sharply distinguished. The balance sheet of a corporation lists the values
of level variables. The profit-and-loss statement represents rates of flow and
corresponds to the rate variables (except for a small technicality arising because
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Figure 2-2 Simplest possible feedback loop having one rate and one level.
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profit-and-loss variables are averaged over a time period rather than being
instantaneous values). In psychology Lewin* describes psychological field theory
in such terms that it is clear his “life space”™ is a set of level variables subject
to being changed by various rates. In engineering the “state-variable” approach
to engineering systems refers to the same concept here called levels.

In a feedback loop the level variables are accumulations or integrations. A
bank balance, the number of people in a city, the number of new enterprises,
or the amount of slum housing are all level variables. Each results from accumulat-
ing or integrating the inward and outward flows. The rates of flow cause the
levels to change. The levels provide the information inputs to the rate equations
which control the flows. Levels are changed only by rates of flow. The rate
variables depend only on information about the levels. No rate can directly affect
any other rate and no level directly affects any other level. One level can affect
another only through an intervening rate. Any path through the structure of a
system will encounter alternating levels and rates, never two variables of the
same type in succession.

The rate equations are the statements of system policy. They determine how
the available information is converted to an action stream. Within each rate
equation there is explicitly or implicitly a goal toward or away from which that
decision point in the system is striving, There is also a process whereby the
observed condition of a system is detected. It is the observed condition, not the
true condition, that determines action. Very often in systems the perceived
condition of the system is distorted and Iags with respect to the true condition.
A rate equation states the discrepancy between the goal and the observed condi-
tion. And finally, the rate equation states the action that will result from the
discrepancy. "

Using these concepts of structure, we now proceed to represent an urban area.

22 Structure of the Urban Model

When first modeling a social system it is usually best to model the general
class of system rather than a specific system. Here, this means a model to represent
the central processes common to all urban areas rather than to represent those
of a specific area. The general model will be simpler and more basic because
it omits the peripheral considerations that may be special to a particular place.
It focuses on those system components that are always to be found interacting
in urban growth and stagnation. The model should include only those processes
necessary to the creation and correction of urban decay.

Boundary of the Urban System. The first step in modeling the urban interactions
is to choose a system boundary that defines the concepts that interact to produce
the behavior of interest. Interest here is in the broad sweep of how an area evolves.
The model should show how an area develops from empty land and eventually

*Reference 3.
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Figure 2.3 The urban area in its limitless environment.

fills that land with decaying housing and declining industry to produce economic
stagnation. For an urban area in its stagnation phase, we are interested in the
policy changes that can produce revival and a return to economic health.

Urban growth and stagnation do not appear to require changes in the world
environment as a cause. The urban problem is not limited to any single country,
society, or historical era. The behavior of a city is much more directly dependent
on its own economic merit and its changing internal mix of industry, housing,
and population. Most urban areas seem to evolve through a similar pattern. It
can be assumed that any one area is small enough in the world setting not to
affect the outside environment. For our purposes the urban area can therefore
be taken as a living system that communicates with an environment it does not
substantially influence.

Figure 2-3 suggests an urban area in a limitiess environment. The area com-
municates with the environment but does not alter it. People from the outside
come into the area and leave it without affecting the outside.

The specific system boundary is most easily defined in terms of the interacting
components that are to be included within the system. Figure 2-4 shows the
principal level variables and rate variables chosen as the central framework of
an urban system. The nine rectangles represent the system levels. They are
accurulations generated by the net rates which flow in and out of each level.
The 22 principal rates are shown by the valve symbols controlling the flow
streams. Not shown is the network of information connections from the levels
to the rates.

In Figure 2-4 are three subsystems: business, housing, and population. These
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three subsystems are chosen because they appear to be the dynamic framework
of urban structure. The changes in housing, population, and industry are the
central processes involved in growth and stagnation. They are more fundamental
than city government, social culture, or fiscal policy. Observation of the city
suggests that the important changes involve shifting populations as housing
structures age and industry falls behind the outside economy.

The aging of a city is here conceived as an internal process, like the aging
of a person. Aging is not a series of changes generated and imposed primarily
by the outside environment, although changes from the outside might hasten
or retard the process. In Figure 2-4 the levels (rectangles) and rates (valves),
along with the information connections from levels to rates (not shown), represent
the system components within the dynamic boundary. The “cloud™ symbols are
the sources or destinations of flows going from or to the outside environment,
The flows from or to the outside are controlled only by conditions within the
system.
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The Environment as a Point of Reference. If flows from and to the outside are
controlied only by the levels within the system boundary, the outside environment
is implicitly taken as a reference. If comditions in the urban area are more
favorable than those outside, people and industry will move in, and of course
the reverse is true.

There is no need to astume that the reference environment is fixed and
unchanging. Of course it does change over a period of several hundred years
in the life of a city. We do assume that the “normal” condition of a city changes
along with the outside reference. Our attention is focused on how the particular
city differs from the normai as it evolves.

This concept of the closed boundary within which lie the components that create
the behavior of interest is apparently hard to explain. The closed boundary and the
limitless environment are two sides of the same coin. Certain components interact
to create the kinds of responses being studied. These, by definition, lie within the
boundary. Anything that is not essential to creating the behavior of interest is, by
that lack of essentiality, on the outside in the unspecified environment.

Elements outside the boundary are related to those inside very differently than

EL3
81

Labor

Worker housing

Mature busi

MB
8

WH
2

L

WHC
LB

—
NED
m
PHO
79
o
LTM™
32

Figure 24 The major levels (rectangles) and rates (valve symbols) for the model of an urban area,
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the city. These comments are of course true. But these influences are not the
primary causes of aging and stagnation in cities. If slum areas can be generated
without such external changes, then internal interactions must be more essential.

The open-loop test of independence between system and environment can be
stated as follows: Mechanization of agriculture in the environment can increase
pressure on a city, but does the development of a city shum affect the mechanization
of agriculture in any direct way? Probably not. Similarly, weather may affect mi-
gration, but migration does not affect weather. This break in reverse causality dy-
namically separates the environment from the urban system discussed in this
book.

The closed dynamic boundary does not mean that the urban area is isolated.
People come and go. Commerce exists. But it does mean that cause-and-effect
loops do not reach outside the boundary and return. For example, migration to
the area has its effect by filling and thereby altering the area, not by emptying
the outside world.

These assumptions will be satisfactory as long as a city does not dominate the
social system within which it lies. The assumption of a city existing in a limitless
environment might need revision for analysis of a large city in a small country
with strong barriers against immigation. :

All other urban areas, even those that are part of the same city, are part of
the outside environment. The area being medeled communicates with the sur-
rounding countryside and other urban areas in the environmental setting.

So the urban area is represented as a living, self-controlling system that regu-
lates its own flows of people to and from the outside environment. This approach
does not assume that either the area or the outside world is static. It assumes
that the technology, the living standards, and the nature of economic activity in
the area change to keep pace with the outside. The changing outside environment
is not pertinent to this book.* We are here concerned only with how the urban
area performs relative to that outside. If the area is more attractive to a particular
class of person, inward migration of that class occurs. If the area is less attractive,
outward migration occurs.

Relative Attractiveness. Using the environment as a reference point means that
conditions within the urban model are being generated relative to the environ-
ment. The mode] shows how the area becomes more or less attractive than the
surrounding country and other cities and thereby causes the movement of industry
and population to and from the area. Only differences in attractiveness between
the area and environment are significant. The model does not, and need not,
deal with changing technology and a rising national standard of living. We are
interested in urban improvement relative to the absolute reference set by the
outside environment.

*Appendix B shows how the choice between alternative policies is independent of outside environmental

changes, The better policy remains better as the outside changes, even though the absolute desirability of the
city does change with external conditions.
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The Internal System. The top subsystem in Figure 2-4 contains three levels and
four rates representing business activity. At the upper left new-enterprise units
are created. An enterprise unit is here taken as a standard land and building
area. Principally as a function of time and aging, the new enterprise shifts to
the category of mature business. After the further passage of years mature business
ages into the category of declining industry and still later is demolished and
disappears. The flow from one category of business activity to the next depends
not only on time but on the condition of the entire urban system.

The middle subsystem in Figure 2-4, containing three levels and six rates,
represents the construction, aging, and demolition of housing. Premium housing,
associated with the managerial-professional population, is constructed on the left.
After an aging time and depending on the need for premium housing, the pre-
mium housing declines into the worker-housing category. In addition worker
housing is constructed directly without passing through the premium-housing
category. Worker housing ages and declines into the underemployed-housing
category. The rate of obsolescence from worker housing to underempioyed hous-
ing again depends on time and on the demand for worker housing, If a low-cost-
housing program exists, it creates underemployed housing directly. The under-
employed housing disappears through the sium-housing-demolition rate, which
depends on the age of the underemployed housing and on the occupancy ratio.

The lower subsystem in Figure 2-4, with three levels and twelve rates, repre-
sents the population. Three categories of people are shown--managerial-profes-
sional, labor, and underemployed. The labor is skilled labor fully participating
in the urban economy. Underemployed workers include, in addition to the
unemployed and unemployable, people in unskilled jobs, those in marginal
economic activity, and those not seeking employment who might work in a period
of intense economic activity. People can enter each category from the outside
environment and leave to the outside. Each category has an internal birth rate.
There is also an upward economic mobility from the underemployed to the labor
class and from the labor class to the managerial-professional group. In addition
there is a downward economic mobility from labor to underemployed. The flow
rates depend on the population mix, available housing, and jobs provided by
industry.

In the system a direct correspondence exists between the three housing cate-
gories and the three population categories. This defines what is meant by the
housing categories. The managerial-professional group live only in premium
housing; the labor group, in worker housing; and the underemployed, in underem-
ployed housing. This relates the housing to its cost and to the economic classifica-
tions of the population.

However, there is no direct correspondence between the business units and
the population. Each category of business empioys each population category. A
new-enterprise unit of business employs more people than a mature-business unit;
the latter employs more than a declining-industry vnit. Furthermore, the person-
nel mix changes with a higher ratio of managers to skilled labor in the new-enter-
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prise category and with the managers proportionately declining as the new-enter-
prise unit ages into mature business and further decays into the declining-industry
category. The table below defines a productive unit in terms of the employment
mix under normal economic circumstances.* For example, 2 new-enterprise unit
under normal conditions is defined as employing 4 managers, 20 labor men, and
10 underemployed workers. The important characteristics assumed for a business
unit are the declining employment and the shifting personnel mix as the business

unit ages.

Managerial-

Professional Labor Underemployed
New Enterprise NEM =4 NEL = 20 10
Mature Business MBM =2 MBL =15 1.5
Declining Industry DIM = 1 DIL = 10 5

A corresponding shift in population density defines the principal distinction
between categories of housing units as a unit ages and passes through the three
categories of housing, as shown in the table below:

Premium-Housing Population Density (PHPD) = 3 persons/housing unit
Worker-Housing Population Density {WHPD) = 6 persons/housing unit
Underemployed-Housing Population Density (UHPD) = 12 persons/housing unit

These housing densities represent the normal if housing and population are in
economic balance. The actual densities of people per housing unit may run higher
or lower depending on the population and available housing,

Figure 2-4 shows the principal system levels and the related rates of flow, but
it does not show the connections from the system levels to the rates. Each rate
of flow is determined at any given moment by the values of several system levels.
The network of connections from the level variables to the rates would be too
complex and confusing to superimpose in its entirety on Figure 2-4, but in the
next section one information network, that connecting the system levels to the
underemployed-artival rate, will be examined as a typical illustration of how all
system rates are related to Jevels. (The detailed development of the computer
model representing the dynamics of an urban area is given in Appendix A.)

2.3 Example of a Flow Rate
Connections between system levels and one rate are shown in Figure 2-3. Here

the nine principal system levels, carried over from the preceding figure, appear
in the background. The dash lines carry the system levels through various inter-
mediate concepts shown in the circles to generate the attractiveness-for-migration

“As will be seen later, the jobs open to the underemployed depend on the ratio of skilled labor to labor
jobs. ¥f labor is in short supply, the underemployed fili 2 proportionately larger fraction of the jobs. I labor
is in oversupply, labor tends to fifl the jobs that would otherwise be available to the underemployed. In the
table zbove the letter groups are the symbols used in the model equations in Appendixes A, C, D, and E.

(Letter groups are the symbols in

ployed-arival rate UA.

, a3 in Appendix A.)

ystem levels determine the underem,

the equations and numbers identify the system equations

Figure 25 A typical set of influences controlling a flow rate. Shows how the 5
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EXPENDITURE
MULTIPLIER

UNDEREMPLOYED/
JOB
MULTIPLIER
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Situation Evaluated
by Multiplier

How readily are the
underemployed moviag
into the skilled-labor
class?

Are there underemployed-
housing vacancies in the
city?

How much tax money
is being spent per capita
in the city?

How many jobs are
available for under-
employed peopie?

Is there a construction
program  for low-cost
housing in operation?

Response to Evaluation

The larger the percent-
age that moves from the
underemployed to the
labor class per year, the
more attractive is the
city to outsiders.

The more underem-
ployed-housing  vacancies
in the city, the greater the
attractiveness of the city.

The more spent per
capita, the greater is the
public service offered by
the city and the greater
its attractiveness to oui-
siders.

The more jobs available,
the more attractive is
the city to outsiders.

The more houses con-
structed per year in the
program, the greater the
attractiveness of the city.

Figure 26 Influences on underemployed-arrival rate.
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UHM attracts underemployed to the area. Public expenditure PEM for schools,
services, and welfare makes the area attractive. The measure of available jobs
UJM js a strong influence on atiracting those looking for economic opportunity.
And a low-cost-housing program as manifested in UHPM is favorable to the
underemployed and produces attractiveness beyond and in addition to housing
availability.

Although a full discussion of the model equations will be left until Appendix
A, details of the first several equations will be discussed here as examples of how
the model represents urban interactions.

Figure 2-7 shows the detailed relationships between some of the concepts that
appeared in Figure 2-5. It also illustrates how the influences that were outlined
in Figure 2-6 are combined to generate the flow of underemployed arrivals into
the area.

In this model all rates of flow are stated in terms of a “normal” set of conditions.
This normal rate of flow is then modified by a multiplier that represents the
deviation of the actual urban-area conditions from the normal.

As given in the following equation, the normal value of the underemployed-
arrival rate is expressed as a fraction of the population already in the area. Here
the population is taken as the sum of the underemployed plus the labor groups.
The multiplier UAN with a value of .05 states the concept that under normal
conditions the underemployed-inflow rate will be 5% per year of the under-
employed plus labor populations.

UA X E=CUKHL KD CUANDY CAMMP.K) 1,R
UAN=, 05 1.1,C
W - UNDEREMPLBYED ARRI VALS  (MEN/YEAR)
u ~ UNDEREMPLBYED (MEN
L - LABBR (MEN)
UAN -~ UNDEREMPLAYED ARRIVALS NORMAL (FRACTIEN/
YEAR)

AMMP = ATTRACTIVENESS=FBR-MIGRATION MULTIPLIER
PERCEI VED (DI MENSIBNLESS)

The last term in Equation 1 is the attractiveness multiplier as perceived AMMP.
The perceived multiplier is a delayed value of the actual multiplier. The actual
multiplier AMM is the true present state of the system. The attractiveness multi-
plier as perceived modifies what would otherwise be the normal migration into
the area. When the attractiveness of the area is normal, the multiplier has a value
of 1; its actual value can range from zero to several,

The following equation introduces the perception-time lag between the true
present attractiveness-for-migration multiplier AMM and the perceived value
AMMP (this is a first-order exponential delay*):

*See Reference I, Chapter 9.
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AMMP K ANMP, J+-COT/AMMPTY CAMM .J ~AMMP, S 2,0
ANMP= 1 2.1 ,N
AMMPT=20 2.2,C

AMMP - ATTRACTIVENESS~FOR-MIGRATION MULTIPLIER
PERCEIVED (DIMENSIBNLESS)

AMMPT = ATTRACTIVENESS-FOR-MIGRATION-MULTI PLIER
PERCEPTIBN TIME (YEARS)

AMM = ATTRACTIVENESS~F@R-MI GRATI@N MULTIPLEER
C DI MENS IBNLESS)

In the preceding equation the perception delay has been taken as 20 years.
This means that a 20-year time lag occurs between the true condition of the area
and the perception of that condition by remote members of the underemployed
population. This is about one generation and seems to be approximately the time
required fo become aware of changing conditions in our social institutions. Of
course this time delay is a function of communications and would have been
longer a hundred years ago than it is today with television and with more rapid
transportation. However, the perception-time delays are not very important in
this study because they do not have any influence on the equilibrium conditions
but only influence the duration of transients as the area changes from one stage
to another. Because the numerous other time constants in the systemn are equal
or longet in duration, the perception-time delays will have only secondary in-
fluence even on the transient changes.

All the processes within the urban area are conceived here as having certain
normal vatues associated with the size of the area. These norms are then modu-
lated over a wide range by the internal condition of the area. The equation below
describes this modulating variable for the underemployed arrivals. The attrac-
tiveness-for-migration multiplier AMM is the input to the perception delay in
Equation 2 which after the delay directly affects the underemployed-arrival rate

through term AMMP in Equation 1. The following equation combines six ferms
into a product that represents the attractiveness of the area to the underemployed
population. The terms combined are those that were summarized in Figure 2-6.
They are the underemployed-mobility multiplier, the underemployed/housing
muttiplier, the public-expenditure muitiplier, the underemployed/job multiplier,
and the underemployed-housing-program multiplier. In addition a term AMF
called the attractiveness-for-migration factor has been added. This factor does
not represent any actual urban process but is a coefficient that can be changed

as a part of model experimentation to test the seasitivity of the system to modifica-

tions in the attractiveness-for-migration muftiplier AMM.

In Equation 3 the components of attractiveness are combined by multiplication
rather than by addition. Multiplication produces two intended effects. First, the
changes in the multipliers are mutually enhancing. Were all multipliers to increase
slightly, the effect would be greater than the sum of the separate influences.
Second, it is possible to have one multiplier sufficiently powerful when it becomes
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AMMLK = CUAMMGKD CUBMGKY CPEMLKD CHUMLKY CUHPMLK) (AME) 3,A
ANF=1 3a1,C

AMM = ATTRACTIVENESS-FER-MIGRATIBN MULTIPLIER
CDIMENSTBNLESS)

UAMM - UNDEREMPLBY ED-ARRI VALS~MBBILITY MULTIPLIER
CDFMENSTBNLESS)

tHM = UNDEREMPLEYEDMHGUSING MULTIPLIER
(DIMENSTBNLESS)

PEM - PUBLIC-EXPENDI TURE MULTIPLIER
(D MENSIONLESS)

)M~ CNDEREMPLAYED/JPB MATIPLIER
CDIMENS EBNLESS)

IHPM =~ INDEREWPLAYED~HOUSING-PROGRAM MULTIPLEER

¢ DI MENS HBNLES S
AMF -~ ATTRACTI VENESS-FRR-MIGRATION FACTER

(DIMENSIBNLESS)

0 to domnate the entire group. Such domination is particularly important if one
multiplier could become strong enough to shut off the inflow of people. For
example, a great enough excess of people over avaitable housing or jobs might
suppress inward migration. If any one of the multipliers becomes 0, the entire
product in Equation 3 becomes 0.

Each of the five multiplier inputs to Equation 3 is represented in the model
by a nonlinear table function that permits any choice of interdependence between
two variables. Equation 4 illustrates how these table functions are introduced.
The underemployed-arrivals-mobility multiplier UAMM is stated in terms of
underemployed mobility UM. Underemployed mobility UM is generated else-
where in the system. It gives the fraction per year of the vnderemployed that
move into the labor category. Equation 4 describes a table function that is

illustrated in Figure 2-8.

UAMMK =TABLEC URMMT, UMJK 40,4 4 15, 4025 ByA
UAMMT=.3/. T71/1.2/1.371.8/1.5 81, T

UAMM - UNDEREMPLOYED-ARRI VALS-MABILITY MULTIPLIER

(01 MENSIBNLESS)
HAMMT - UNDEREMPLEYED-ARRI VALS=-MBBILI TY-MULTIPLIER

TABLE
L) ~ UNDEREMPLOYED ¥BBILITY C(FRACTIBN/YEAR)

Equation 4 is not the normal algebraic equation. The word “TABLE,” because
it appears without either parentheses or the multiply sign “4.,” is recognized as
4n operating function. Here the function is a table look-up in a table known as
UAMMT, the input of which is the variable UM. The range of UM is from 0 to
.15 in steps of .025. Equation 4.1 gives the table itself with the values of the equally
spaced points (as shown in Figure 2-8). The table-function operation enters with
the value of UM, does linear interpolation, and determines UAMM.
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Figure 28 [nfiuence of underemployed upward economic mobility on underemployed-arrival rate.

Figure 2-8 shows that 2 normal upward mobility of 5% per year from the
unde‘remployed into the labor category is taken as the value that will give a
multiplier value of I for UAMM. Should there be no escape from the under-
employed group, as represented by a 0 vatue of UM, the mobility multiplier would
falt oply to .3. In other words, the complete absence of upward mobility would
not give the city a sufficiently unfavorable image to prevent inward migration.
At the right-hand extreme of Figure 2-8 upward mobility would cause a rise in
the qnderemployed—arrival rate but with a decreasing slope, indicating the belief
that increasing mobility above normal is less influential in increasing artivals than
is decreasing mobility influential in suppressing the rate (an argument could easily
be made in favor of curvature in the upward direction).

Figure 2-9 shows the relation in the urban model between housing and under-
employed migration into the area. The underemployed/housing ratio is the ratio
of the underemployed population to the population that could normally occupy
the underemployed-housing units. As the ratio decreases, there are fewer people
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Figure 229 Influence of underemployed-housing availability on underempioyed-arrival rate.
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in relation to available housing. As the ratio increases, it indicates a higher degree
of crowding. An underemployed/housing ratio of 1 produces the neutral multi-
plier value of 1. When there are fewer people in relation to available housing,
the ratio is Jower and the multiplier rises, indicating that available housing makes
the area more attractive. The figure shows a fairly steep dependence of attractive-
ness on housing in the normal region. However, for low values of the ratio as
excess housing becomes available, more housing produces little additional effect
as shown by the flattening of the curve. At the right-hand extreme, where conges-
tion rises to twice normal for this economic category of petson, the unavailability
of housing becomes a strong depressant on inward mobility. The shape and
positioning of such a curve suggests statements about the society being described.
Furthermore, the definition of underemployed housing will vary greatly depend-
ing on the country and its economic circumstances. South America and India
would have a curve of similar shape but perhaps of quite different numerical
values and slopes to describe the influence of housing on migration toward a
city. Some persons allege that there is little interdependence between under-
employed migration and housing. However, as we will see in later chapters, an
old city normally tends to have an excess of underemployed housing and a
deficiency of jobs. Even though there is a strong housing relationship at some
parts of the curve shown in Figure 2-9, jts effect may be obscured if the city
system operates near the upper horizontal section of the curve where housing
exerts little influence. However, for studies of new urban-management policies,
one must establish a hypothesis about the entire shape of such a curve because
new policies may well entail internal readjustments and a system that operates
in portions of the interdependency relationships that have not historically been
experienced. Figure 2-9 says that a maximum availability of underemployed
housing can raise the inward-migration rate by a factor of 2.5. When the
overcrowding is 2 times normal crowding, the inward migration is driven down
to .05 of normal.

The per capita tax expenditure* in the area is taken as one measure of attrac-
tiveness. Figure 2-10 shows the relationship in the model. The tax per capita ratio
is the ratio of taxes per capita in the area to the tax per capita in the outside
environment from which people come. A ratio of 1 produces a maultiplier of 1,
indicating that if the tax per capita in the area is the same as in the outside
environment there is no incentive from this source to move into the area. The
expenditure of taxes is here used as an indication of public services, schools,
welfare, and other public-supported activities. The curve states that inward migra-
tion would fall to .2 of the value it would otherwise have if expenditures declined
to zero. At the other extreme an expenditure rate of 3 times normal would make
the city 4 times as attractive as the outside environment. One could argue that
the curves should drop more sieeply and reach zero before the tax per capita

*Tax tevenue and public expenditure are here taken as equal except for certain simulation runs where a
subsidy from the outside is given 1o the city.
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Figure 2-10 Influence of tax expenditures per capita on underemployed-arrival rate.

ratio reaches zero, but as we will see later such small variations in the functional
reiatiqnships will make negligible difference in the results.

An important factor in determining migration into an urban area appears to
pe availability of economic opportunity as indicated by jobs. Assertions by people
in the underemployed category support this view, as do social scientists. The
model results in later chapters suggest that unfavorable conditions in the job
m.ulupher have usually carried the major burden of limiting migration into cities.
Fig. 2-11 shows the relation used here between available jobs and inward migra-
tion. The underemployed/job ratio UR is the ratio of underemployed to available
jobs. The underemployed/job multiplier UIM gives the influence on migration.
For a man/job ratio of 1, the multiplier is taken as neutral with a value of 1.
As more jobs become available, the UR ratio falls and the multiplier rises but
eventl.xaliy levels off in the left-hand section when jobs are in excess and still
more jobs would have no effect on the attractiveness of the area. In the right-hand
section of the curve, inward migration falls off to a very low value as the excess
of men increases. In examining such a curve one must remember that in the
real-life situation there is a great deal of flexibility in defining what constitutes
a job as well as what constitutes an underemployed person. The long sloping
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Figore 212 Influence of underemployed-housiag program on underemployed-arrival rate.

section from a UR ratio of .5 to 1.5 indicates a region in which marginal workers
and marginal jobs appear in response to ccor}omic pressuzes. One would not
expect such a curve to show extreme steepness il the region of U'R = I because
of the broad distribution in desire to work and the broad_dwtrlbuuon in how
insistently employers will attempt to fill ;.mter%tial job openings. -
The remaining influence on inward migration of the underemployed in t 13
model is generated by a low-cost-housing program. Figure 2- 1.2 shows the assume
effect. The normal condition is taken as no low-cost-housing construction. As
housing rises to a rate of 5% per year of the underemployed Populaﬂon, the attrac-
tiveness of the city is assumed to tise by a factor of 3. The influence of 2 housing
program is in addition to the availability of housing as given in Figure 2'-‘{. "lh; r:-
lationship in Figure 2-12 results from the demonstrated interest and activity o ;1 e:
city in behalf of the underemployed as well as the higher quality of housing tha
ults, ) o )
re’S:I‘his section has discussed, as a typical example, the relationships mﬂ.uencn.ng
the underemployed-arrival rate into the cit}!. The preceding graphic relatlonsh'ips
showing influences on underemployed arrivals are all part of the rfite equagon
for UA. The auxiliary equations (indicated by an A after the equation num er)
are subdivisions of the rate equation they affect. As such, their presence Is com-
patible with the staternent made in Section 2.1 that a model consists of only rate

equations and level equations.

2.4 Example of a Level _ .
The levcll) variables describe the state of a system. A level is the accumulation

tesulting from the flows in and out of the level. Mathema;icallly the levels are
integrations. Figure 2-4 illustrates by rectangles the nine principal syster levels
vsed here to represent a city. . o

The following equation for the underemployed workers in the city 1s a level

equation:
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UeK =Us JHODTY C UA & JKH UB oKL TUW JK=UDs JK=U TL.JKD 16,8
U=1200 1641,N

U = UNDEREMPLAYED (MEN

A -~ UNCEREMPLAYED ARRIVALS (MEN/YEAR)

B ~ UNDEREMPLAYED BIRTHS (MEN/YEAR)

LTU - LABOR ¥ UNDEREMPLEYED (MEN/YEAR)

51 ~ INDEREMPLOYED DEPARTURES (MEN/YLAR)

UTL - INDEREMPLOYED T8 LABAR (MEN/YEAR)

The level equation above is a simple bookkeeping statement that says the
underemployed at the present time K is equal to the underemployed at the
previous time of computation J plus the change that occurred in the interval DT
between successive computations. During the interval from time J to time K the
underemployed-arrival rate is given as UA, the underemployed birth rate as UB,
the labor-to-underemployed flow as LTU, the underemployed departures as UD,
and the underemployed-to-labor flow as UTL. These are the five flow rates
affecting the ievel of underemployed. An initial value must be given to each level
equation; here 1,200 underemployed is given as the initial condition of the area.

All fevel equations are of the same form. A new value is computed by taking
the old value and adding the change during the preceding time interval. This
is the process of integration or accumulation. It is the process by which systems
change through time.

2.5 Summary of Flow Rates

This section identifies the major influences affecting each rate of fiow. Such
a summary of the system structure should be sufficient background for reading
the remaining chapters. (The exact details of the structure and relationships used
to represent an urban area are given in Appendix A.) :

Figure 2-4 showed the 22 flow rates that affect the 9 principal system levels.
One of these flow rates, the underemployed arrivals UA, has been discussed in
detail in Section 2.3. The other 21 flow rates and the factors affecting them are
summarized here.

The underemployed U in the area are increased by the underemployed arrivals
UA, the underemployed birth rate UB, and the labor-to-underemployed down-
ward mobility LTU. The underemployed are reduced by the underemployed-to-
labor upward mobility UTL and the underemployed departures UD. All of these
rates are illustrated in Figure 2-4.

Underemployed Birth Rate UB. This is the net difference of births minus deaths
and is taken as .015 of the underemployed population per year.

Labor to Underemployed LTU. The downward mobility or economic dropout from
labor to underemployed in the model depends on the ratio of labor to available
Iabor jobs. A dropout rate of 3% per year exists when labor and labor jobs are
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in batance. The rate drops slowly when labor is insufficient for available jobs
and rises rapidly as labor exceeds jobs.

Underemployed to Labor UTL. This is the upward economic mobility representing
the flow of the underemployed into the labor category. When conditions are
normal, it is 10% per year. However, it is modified by a number of influences.
It depends on the fraction of underemployed working, rising as the fraction
increases. It depends on the ratio of labor to labor jobs; a shortage of labor makes
the upward mobility larger, while an excess of labor makes it smaller. Upward
mobility also depends on the ratio of the labor population to the underemployed
population, with the upward mobility being greater when the underemployed are
small in number compared to the labor group. This means that a small number
of underemployed mixed with and having good access to a more successful
economic group can make the transition more easily than a large number of
underemployed in an area where there is little opportunity for contact with those
they might emulate. Upward mobility also depends on the tax per capita ratio,
which suggests that better schooling and social services can increase the upward
cconomic flow.

Underemployed Departures UD. The normal underemployed-departure rate is
assumed to be 2% of the underemployed population. The departure rate is affected
inversely to the arrival rate; that is conditions that increase the arrival rate reduce
the departure rate and vice versa.

The labor level L, in addition to the UTL and LTU rates already described,
is affected by the labor birth rate LB, the labor-atrival rate LA, the labor-to-
manager rate LTM, and the labor departures LD.

Labor Birth Rate LB. This is the net of birth rate minus death rate and is taken
as .01 per year of the labor population.

Labor Arrivals LA. Arrivals of skilled labor are influenced by factors similar to
those affecting arrivals of underemployed workers. Normal arrival rate is .03 per
year of the labor group. Arrival rate increases as the labor/job ratio decreases,
indicating the availability of excess jobs. The labor-arrival rate depends on the
ratio of the labor population to the underemployed population, with the labor-
arrival rate falling as the labor population decreases in comparison to 'thc unde.r—
employed population. This indicates that an unfavorable social climate will
depress the inward movement of skilled labor. Labor arrival depends on the tax
ratio, being reduced somewhat as taxes rise. Labor amival depends on the ratio
of labor population to worker housing, with a housing shortage reducing the
tendency to move into the area.

Labor Departures LD. Labor departures are given a normal value of 2% per year
with a multiplier that is inverse to the arrival muitiplier. Factors that encourage
arrival will reduce departure and vice versa.
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Labor to Manager LTM. The upward economic mobility from labor to the
managerial-professional class is taken as normaily .02 per year of the labor group
and depends on three influences. The flow LTM increases if there is a shortage
of managers for managerial jobs. The flow increases if the managerial population
is above 10% of the labor population and decreases when the manager/labor ratio
is lower. This is based on the assumption that the availability of a substantial
;nanageriai group to act as an example and to be accessible to the labor population
increases opportunities for transition into the managerial-professional class. An
increase in faxes per capita, implying better educational opportunities, increases
the flow from labor to management.

The managerial-professional population MP is increased by the labor-to-
manager flow LTM already described, the managerial-professional birth rate MPB,
and the manager arrivals MA. The managerial-professional level is decreased by
managerial departures MD. No downward mobility from the managerial class
to the labor class has been included because it is probably too small to be
significant.

Managerial-Professional Birth Rate MPB. The birth rate minus death rate is taken
as 0075 of the managerial-professional population per year.

Manager Arrivals MA4. Arrivals into the managerial-professional class follow the
same pattern as for the labor class. A shortage of managers compared to available
managerial jobs increases the arrival rate. A higher ratio of managers to total
population implies a more favorable social climate and increases the arrival-rate
multiplier. Increasing taxes depresses the arrival rate. Housing affects the man-
ager-arrival rate, encouraging arrivals when it is adequate and discouraging
arrivals as housing congestion increases.

Manager Departures MD. A manager-departure rate of 2% per year of the man-
agerial-professional population is considered normal. This is modulated by 2
multiplier that is generated as the inverse of the arrival muitiplier. Conditions
favoring managerial arrival decrease managerial departure. Conversely, an en-
vironipent discouraging arrival hastens departure,

Premium housing PH is the housing associated with the managerial-professional
population. It is increased by premium-housing construction PHC and is de-
creased by premium-housing obsolescence PHO. Premium housing declines in
value and condition to become worker housing. '

Premium-Housing Construction PHC. Normal premium-housing construction is
considered to be 3% per year of existing premium housing. This normal growth
rate is then modified by a multiplier representing a combination of six influences.
The ratio of managers to premium housing indicates whether or not there is a
housing shortage, with a greater shortage causing an increase in the premium-
housing-construction rate. All of the housing- and business-construction rates in
the model are influenced by land multipliers having shapes similar to Figure 2-13,
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Flgure 2-13 Influence of land occupancy on premium-housing construction.

When zero land is occupied, the area has not yet dev;loped economically and
the incentive for building is low. As activity in the area increases, all componelx:ts
of a city begin to develop and to enhance each other. Figure 2-13‘ asserts that
the maximum influence from land occupancy occurs when the land is about 50%
filled. As the land area approaches full occupancy, the more attractive and useful
sections have already been built up and the economic incentive for addmopal
construction declines. When the land is fully occupied, additional c-olnstruct;fn
is physically impossible. New building can take ?1ace only as demohugn ma ﬂfs
empty land available. A third influence on premmm-honsmg.construc.: on ‘xs e
ratio of the managerial-professional class to the total pgpulat:on. An increase in
the ratio implies a community attractive to the managerial group an'd encourages
premium-housing construction. The tax rate affects premmrp-housmg. con;truc-
tion, with high taxes having an adverse mﬂt_lence on construction. Prem:u;n— (t)l:ls-
ing construction is affected by two multipliers -thgt 1qd1cate the degr-ee of enthu-
siasm for new building. The enterprise muluplgcr increases premmm-hous:mg
construction if the recent history of new-enterprise construction has been high.
Similarly, the history of premium-housing construction itself produces a specula-
tive incentive, with recent construction encouraging more consiruction.

Premium-Housing Obsolescence PHO. A normal life of about 30 years for pre-
mium housing is assumed. This means that normally .03 of premium hfmfslmg pe‘;
year ages into worker housing. But this nolrmal obs‘?lesc%cn'ce rate 1s in ugm;;

by pressures for premium housing. If premium housing is in great demand, the
obsolescence rate would decline, implying a longer average life for prcrggu;n
housing, If premium housing is in excess supply, the obsolescence rate will be

reater than normal. o '
£ Worker housing WH (as shown in Figure 2-4) is increased both by premium-

housing obsolescence PHO and by worker-housing construction WHC. It is
depleted by worker-housing obsolescence WHO.

Worker-Housing Construction WHC. Worker housing is built dirf:ctly in addition
to becoming available through the obsolescence of premium housing. The worker-
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housing-construction rate depends on six factors Iepresenting the same concepts
as in premium-housing construction. These are the adequacy of housing, a land
multiplier, the ratio of labor to underemployed as a2 measure of community
desirability, the tax ratio, the recent trend in new-enterprise construction, and
the recent trend in worker-housing construction.

Worker-Housing Obsolescence WHO. The normal average life of worker housing
has been taken as 50 years, representing 2% per year transfer of worker
housing into the underemployed-housin g category. This normal obsolescence rate
is then modified upward or downward depending on the demand for worker
housing.

The underemployed housing UH is increased by worker-housing obsolescence

WHO and any low-cost-housing program LCHP. It is decreased by slum-housing
demolition SHD.

Low-Cost-Housing Program LCHP, This flow rate is not a normal city process.
It is an externally gencrated program which can be activated in the model to

observe the response of the urban system to the construction of housing directly
for the underemployed.

Slum-Housing Demolition SHD. A 50-year life has been assumed as normal in
the underemployed-housing category, implying a normal demolition rate of 2%
per year. This rate is modified to increase as the occupancy ratio of the housing
decreases. The multiplier also increases as the fraction of total land occupied
increases. This implies that if construction in the area continues once the land
reaches almost full occupancy, demolition must be taking place.

New enterprise NE is increased by new-enterprise construction NEC and
reduced by new-enterprise decline NED into mature business.

New-Enterprise Construction NEC. New enterprise is assumed to be constructed
under normal circumstances at a rate equal to separate fractions of cach of the
three business categories. This normal rate is then influenced by a multiplier that
combines five influences on new-enterprise construction, The ratio of managers
to managerial jobs influences new construction; the greater the supply of man-
agers, the greater the tendency to construct new business. The land fraction
occupied influences new-enterprise construction (as shown in Figure 2-13). The
availability of labor encourages new construction. A high tax rate reduces con-
straction. A speculative factor increases construction over the normal amount if
there has been a recent history of high construction.

New-Enterprise Decline NED. A new enterprise is assumed to have an average
life of about 12 years before becoming a mature business. The decline rate is
taken as .08 of the new enterprise each year, with a multiplier that falls as the
demand for new enterprise increases and vice versa. This implies that aging is
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less rapid in a period of high cconomic demand than in one of economic stagna-
tion.

The model assumes that mature business MB is simply the older, stabilized
condition reached in time by new enterprise. fn turn, time is the principal deter-
minant in the aging rate of mature business MBD into declining industry DL

Mature-Business Decline MBD. A normal life of 20 years is used in the model
for mature business. The decline rate of 5% per year is modified by the new-
enterprise multiplier in such a way that mature business declines more slowly
in periods of economic activity and a high demand for business.

Declining industry DI is business activity that has passed its prime. Ailing
economically, it employs fewer people per productive unit than more healthy
business units. In time declining industry disappears by demolition DID.

Declining-Industry Demolition DID. A 30-year life is assumed as normal for the
declining-industry phase of a business unit. The average age shortens in petiods
of economic demand and rises in periods of economic stagnation. As with slum-
housing demolition, the demolition rate of declining industry depends on the land
fraction occupied in such a way that the demolition rate increases as new construc-
tion forces land occupancy to nearly 100%.

Taxes influence a number of activities within the urban model. An assessed
value is ascribed to each class of business and housing, and a total assessed value
is computed. ‘“Taxes needed” are computed on the basis of population, with the
assumption that public expenditures are greater per person in the underemployed
category than in the labor category and greater in the labor category than in the
managerial-professional class. Political power is included as the ratio of labor
to underemployed. As the percentage of the population in the underemployed
category rises, fax assessments increase, because the underemployed group has
the political power as well as the need for tax expenditure, although it pays little
tax.

2.6 Parameters in the Simulation Model

Any reasonably consistent set of coefficients could be used as the basis for this
model representing urban growth and stagnation. Most of the values chosen are
not critical in determining the behavior of the system.* However, the time plots
and computed results are perhaps more easily understood in terms of the actual
figures taken in the model. The following have been used:

MAJOR PARAMETERS

Land area (AREA) = 100,000 acres
Land per house (LPH) =.] acre
Land per productive unit (LPF) = .2 acre

!

*Appendix B discusses sensitivity of parameters.
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HoUsING DENSITIES
Premium-housing population density (PHPD) = 3 persons/housing unit
Worker-housing population density _ (WHPD) = 6 persons/housing unit
Underemployed-housing population density (UHPD) = 12 persons/housing unit
FaMILy SIZES
Managerial-professional family size (MPFS) = 5 people

Labor family size (LFS) = 6 people
Underemployed family size (UFS) =8 people
PErsoNNEL NEEDED IN BusiNess UNITS

Managerial- Under-

Professional Labor employed
New Enterprise NEM = 4 NEL == 20 10
Mature Business NBM =2 MBL = 15 15
Declining Industry DIM =1 DIL =10 3

Taxes LEVIED

Premium-housing assessed value (PHAV) = §30 thousand/housing unit
Worker-housing assessed value (WHAV) = §15 thousand/housing onit

Underemployed-housing assessed value (UHAV) = § 5 thousand/housing unit
New-enterprise assessed value  (NEAV) = §500 thousand/productive unit
Matz_lrt_:-bu'smess assessed value (MBAYV) = 3300 thousand/productive unit
Declining-industry assessed value (DIAV) = $100 thousand/productive unit
Taxes Neepep

Tax per management person  (TMP) = §150/year

Tax per labor person (TLP) = 3200/year

Tax per underemployed person (TUP) = $300/year

Tax assessment normat (FAN) = $50/year/thousand doHars

At the start of a simulation computation initial values must be specified for
all level variables in the system. These state the starting conditions of the system.
The nine principal levels shown in Figure 2-4 have values given below. The system
alsc_a contains certain perceived values and average growth rates that are level
variables and have initial values specified in Appendix A. Generally, the initial
values are not important except in determining behavior in the very early part
of the simulation run. Any initial imbalance between the selected initial values
is worked out within the system as new values are computed for the level varia-
bles. For most systems the ultimate equilibrium values are independent of the
starting point.

New enterprise (NE) 200 productive units
Mature business (MB) 1,000 productive units
Declining industry [13;4] 100 productive units
Premium housing (PH) 5,000 housing units
Worker housing (WH) = 21,000 housing units

Underemployed housing (UH) 1,100 housing vnits

I T I T I VO 1 R A

Managerial-Professional (MP) 3,900 men
Labor L) 14,000 men
Underemployed {Uy 1,200 men



3 Growth and Stagnation

This chapter discusses the dynamics of the urban life cycle as created by the
simulation model outlined in Chapter 2. Chapters 4 and 5 will start with an urban
area already in the stagnant condition and explore the effects of various changes
in urban-management policies. But here, first, the broad sweep of urban growth
and maturity are investigated to show how an area begins to decline.

The stages of an urban life cycle within a period of 250 years occur staiting
with empty land, growing to full land occupancy, maturing through a rapid
realignment of internal urban balance, and emerging into an equilibrium charac-
terized by stagnation with its unemployment, faltering industry, and increased
taxes.

The serious reader who wishes to understand Chapters 3, 4, and 5 thoroughly
should read them twice—first in the order in which they appear and again after
reading Appendix A, which contains the full details of the model representing
the urban area.

The warning given earlier should be repeated here. The results in these three
chapters depend in various ways on the concepts of urban interaction that are
built into the simulation model. It is possible that substantial changes in structure
might affect the conclusions implied by these computed results. Before accepting
the implications as a basis for action, the reader should satisfy himself that the
structure adequately represents the urban system and the particular problems with
which he is dealing. However (as shown in Appendix B), the system is not highly
sensitive to the values chosen for system parameters. Changes as great as factors
of 2, 3, or 5 can be made in many of the parameters with only slight effect on
the equilibrium conditions of the urban system. Even where the parameters do
affect the equilibrinm condition of the system, changes in those parameters usually
do not affect the direction of policy modifications that lead to improvement.

A specific Iand area becomes a city because its physical characteristics encour-
age construction and concentration of business and housing. These £COnomic
characteristics causing an urban area to develop are represented in the simulation
model by the “normal” coefficients in the flow rates, by the psychological and
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mobility multipliers which connect the intemnai structure of the urban system,
and by the land multipliers which relate available land to construction of business
and housing.

Figure 3-1 shows the changing urban conditions during growth and aging. At
the start, when time = 0, the land area is 3% occupied and a normal balance
exists between the various activities. In the first stage of its life cycle, the area
described in this model develops for 100 years. Between 100 and 200 years there
is a period of maturing and internal readjustment. After 200 years there is continu-
ing equilibrivm.

READING THE COMPUTER PLOTS AND PRINTED VALUES

Plotted Curves

The curves (as in Figures 3-1a, b, and ¢) are computer plots showing the
behavior of the system variables as generated through time by the simulation
model. The horizontal axis is a time scale in years. At the left margin is
a line giving the plotting symbols. For example, in Figure 3-1a, U= U
means that the number of underemployed U is plotted on the graph with
the symbol U, WH = W means that worker housing WH is plotted on the
graph with the symbol W. The vertical scales at the left of the plot are
marked at the top end with the plotting symbols fo which they apply. For
example, the first scale running from 0 to 600,000 is the scale for the variables
plotted with the symbols U, L, P, W, and H. The letter T following the
numerical-scale value means thousands. Along the top of the graph the letter
groups indicate where curves overlap. For example, in Figure 3-1¢ at time
145, the letters WH, PB mean that the curves for W and H cross and the
first symbol W is the one plotted. The curves for P and B cross {oo and
are represented by the first symbol P.

Printed Tabulation

Printed values {as in Figures 3-14 and 3-le) give numerical values for the
same variables that are plotted and for selected variables not plotted. The
printed values appear in blocks. The left column indicates the time associated
with the values. The letter groupings at the head of the table give the symbol
identifications of the variables in the same grouping pattern as for the
numerical values. The fifth column gives line numbers as an aid to matching
a letter group in the heading with its numerical value in the table. The
variables to the left of the line number column are all measured in thou-
sands. The variables to the right are all measured in units,

In Appendix C is an alphabetical list of definitions with units of measure
for each of the symbol groups. In Appendix D is an alphabetical list of
variables and constants giving the equation numbers where they are defined.
The equation numbers refer to the model equations in Appendix E and the
equation descriptions in Appendix A.
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the system change, the arrival rates of people into the area are reduced and the
departure rates increased until the numbers of people stabilize.

In Figure 3-1a the growth period ends at 100 years. New enterprise and pre-
mium housing have reached a peak, and the managerial-professional population,
worker housing, and labor are nearly at a2 maximum. Figure 3-1¢ shows several
important flow rates. By year 100 the worker-housing-construction boom has
ended. The premium-housing-construction rate has declined substantially from
its peak. At year 100 the urban area is at the end of its first construction phase.
As shown in Figure 3-1b, land area has been almost fully utilized. (Remember
that the model system is dealing with a fixed land area. The area is best thought
of as a section of one of our older cities, not as the entire area within the political
boundary.)

But immediately after year 100 the area begins to age. Its land is filled. New
construction is suppressed by lack of land within the fixed and fully occupied
area, New enterprise settles into mature business and deteriorates into declining
industry. Premium housing and worker housing, which had reached a peak at
100 years, are aging, and as they decline in condition they feed the rising level
of underemployed housing, which peaks at about 130 years.

The minimum in many of the curves in Figure 3-la, occurring at about 150
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Figure 3-2  Stagnation in urban activity occurring between years 80 and 180,

years, is partly caused by the growth multipliers in the model that represent
speculative and historical influences. The rapid growth prior to year 100 caused
some overshoot in the amount of construction. The depression and despondency
occwTing between years 100 and 140 suppressed building below the normal
equilibrium values. By year 200 a stable and continuing equilibrium has been
established.

This modei contains no random influences, so equilibrium becomes a con-
tinuing set of static values. In an actual system economic cycles external to the
area, various technelogical innovations, and world events would cause a con-
tinuing state of fluctuation around these equilibrium values.

Figure 3-2 shows a section of the same urban behavior as Figure 3-1 but on
an expanded time scale for the period from year 80 to year 180. In Figure 3-24
are a succession of peaks occurring as the land area fills, growth falters, and the
city settles into equilibrium. The growth phase is terminated by the filling of the
land area, as seen in Figure 3-2b where the land fraction occupied rises from
4 in year 80 to .8 in year 100. In Figure 3-2¢ the peak in new enterprise occurs
just before year 100. Time causes a shift of new enterprise into the mature-
business category, which peaks at year 112. The aging and deterioration of mature
business causes an increase in declining industry, which peaks at year 140.

A similar succession of peaks appears in the population mix of the area but
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employed of urban attractiveness, so the inward flow continues, with a peak in
the underemployed category occurring at year 120.

Housing follows a similar pattern. Premium housing and worker housing
reach peaks at year 100. But the aging and decay of worker housing into underem-
ployed housing delays the peak in underemployed housing until year 130.

(d)
Figure 3-2 (cont.}
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The underemployed/job ratio UR in Figure 3-2b rises rapidly between vears
90 and 130. In the time interval from year 100 to year 120 the underemployed
jobs UJ have declined from 225,000 to 221,000, while the number of underem-
ployed has risen from 231,000 to 390,000. It is in this time interval that the
economic pressure on the underemployed group becomes sufficientty high to
reduce the inflow of underemployed to the city and stabilize the population.
During this interval from 100 to 120 years, Figure 3-2b shows a reversal of the
roles of housing and jobs for the underemployed. Jobs, as shown by the rising
underemployed/job ratio, are becoming less available. At the same time, housing,
as shown by the falling underemployed/housing ratio, is becorning more available.
The increase in housing is generated by the deterioration of the older parts of
the city into a housing category no longer acceptable to the managerial and labor
classes. At the same time construction of new industry has slowed or declined,
and there has been a rise in the labor/job ratio LR. As jobs for skilled labor
become less available, jobs requiring less skill are taken by more skilled labor,
leaving even fewer jobs for the underemployed. Shifting conditions within the
urban area are summarized in Figure 3-3, giving the aftractiveness-for-migration
multiplier AMM and its components at year 80 and at year 140. In the last column
the values for the year 140 are given as a fraction of the values at year 80. The
atiractiveness muitiplier AMM is the product of the four components also given
in the table. The multiplier AMM declines to about half during the time interval.
Upward economic mobility from the underemployed into the Iabor class as given
by UAMM has become somewhat less favorable. On the other hand, the underem-
ployed/housing multiplier UHM has risen by a factor of 4.7. The urban area
has shifted from a shortage to an excess of housing for the underemployed.
Because the capacity of the area is imited in absorbing the underempioyeq, some
of the multipliers must fall to low enough values to generate the low attractiveness
required to stabilize the population. The underemployed/job multiplier UIM
carries the main burden of reducing attractiveness. The value of UIM at year
140 is only .15 of its value at year 80. In other words, the underemployed flood
into the area until their falling economic circumstances act as a brake on further
inward migration.

At At
Year Year

80 140 140/80
AMM, Attractiveness-for-migration multiplier 68 36 53
Components of AMM:
UAMM, Underemployed-arrivals-mobility multiplier 1.16 88 76
UHM, Underemployed/housing multiplier 38 1.79 47
PEM, Public-expenditure multiplier 95 92 97
UM, Underemployed/job multiplier 1.65 25 15

Figure 33 Changes in multipliers that influence underemployed arrivals.
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Flgure 34 Number of units in each age category is proportional to average life,

Figure 3-3 shows the urban processes that limit inward migration and establish
a population equilibrium. During the initial growth phase the area is attractive
and can accept additional population. But if carried far enough, the influx of
people overcrowds the area, reduces the attractiveness, reduces the population
inflow, and increases the outflow until population growth stops. By this process
population rises and falls to maintain the attractiveness of the area in balance
with that of the surrounding environment.

The change in economic circumstances that occurs while prowth is giving way
to stagnation is caused by the changing proportions of people, housing, and
industry. During the growth stage new construction outruns the aging process
so that the decaying part of a city is little noticed in relation to the ever rising
new construction. But as the land area becomes filled, new construction can take
place only as the old is demolished. An equilibrium is established in which the
demolition rates and construction rates must be the same,

In the equilibrium state the proportions of old and new depend on the average
lifetime in each age category (as in Figure 3-4). Suppose houses are built at the
rate of ten units per year to enter the new category. If the average life in the
new category is 20 years, the total number of new units will, in equilibrium, be
the product of the construction rate and the average life. Similarly, if the system
is in equilibrium, the number of units per year passing from the new category
to the old category must be the same as the construction rate. Note that the
number leaving the category is the number in the category divided by the life.
If the units in the old category remain an average of 60 Years, the number of
old units will be the average life muitiplied by the flow rate, or 600 units. Because
the system is in equilibrium, the discard rate from the old category must also
be the flow rate of 10 units per year, which is 600 old units divided by 60 years.
As shown in the figure, the number of units in each category is proportional to
the average time the unit stays in the category.

In a city, if business units and housing stand in a declining condition for more
years than they serve at high economic effectiveness, the old will dominate the
landscape. Because the condition of buildings tends to determine the economic
status of the occupants, an excess of old buildings causes a high proportion of
marginal business and unskilled and unemployed people.

In Figure 3-1a the commercial activity is eventually dominated by the declin-
ing-industry category. The cause is found in the average lifetime of a business
unit in each of the three categories. In equilibrium at 250 years, the system of
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Figure 3-1a is operating with an average life of 10.5 years* in the new-enterprise
category, 17 years in the mature-business category, and 36 vears in the deckin-
ing-industry category. In equilibrium the numbers of units will be in the same
proportion. If the less effective declining category persists for a greater number
of years than was its life in the productive category, the declining units usurp
the Iand area.

In a similar way worker housing at the 250th year in Figure 3-la is showing
an average life of 37 years, while underemployed housing has an average life
of 35 years. This accounts for their nearly equal proportions in the equilibrium
condition. The numbers of units being proportional to the lifetime in each cate-
gory assumes, of course, that the same flow occurs through each category. Were
there a direct construction of underemployed housing, as in a low-cost-housing
program, this would increase the underemployed housing beyond that indicated
by average lifetime.

Figures 3-1 and 3-2 may not be of great concern to one interested in solving
the problems of an urban area that is already fully developed. The years over
which the area developed are history. Today’s problems extend from the present
into the future. In later chapters model runs dealing with changes in urban
programs will start from the equilibrium conditions finally reached in Figure 3-1.

But the dynamics of the entire life cycle in this chapter are important in
clarifying the process of urban stagnation. Furthermore, the life cycle behavior
permits one of the many tests of model validity we can use to establish confidence
in the model. If the model operates satisfactorily, beginning with a nearly empty
land area, growing, and stabilizing in a sequence of events characteristic of a
real-life area, it has passed one of many available tests.

*Equation 111 in Appendix A gives the transfer rate from the new-enterprise catégory into mature business,
The fraction per year transferred is NEDN, having a value of £8, multiplied by the enterprise-decline multiplier
EDM. The value of the latter is given in Figure 3-le as 1.19. The product of these two is .095, which is the
reciprocal of the average life, giving a life of 10.5 years. Likewise, MBDN multiplied by BDM as in Equation
114 indicates a 17-year life for mature-business units. The reciprocal of DIDN times DIDM as in Equation
117 yields a 36-yesr life in the declining-industry category.

4 Failures in Urban Programs

The preceding chapter has shown the normal processes of aging that change
the proportions of housing, industry, and people toward an economically un-
healthy combination. The consequences appear as slum areas, high tax rates, flight
of industry to the suburbs, and mounting welfare rolls.

During the past three decades many different urban-management programs
have been inaugurated in an effort to ameliorate these conditions. Creation of
jobs, job training, financial aid to the cities, and low-cost-housing construction
all have been undertaken in an effort to improve the situation of the under-
employed. Most of these programs appear to have failed; in fact, conditions in
the cities seem to have worsened. As conditions became more critical, greater
eraphasis was placed on corrective action, but even so the situation continued
to deteriorate. Is it possible that these programs are neutral in effect or even
detrimentai?

The model of urban behavior has been equipped to simulate various classical
urban-management programs (see Equations 140 through 150 in Appendix A).
With these 2 job program for the underemployed can be introduced, under-
employed training can be provided, tax expenditures for welfare and education
can be subsidized, and a low-cost-housing program can generate housing directly
for the underemployed category of the population.

To explore these urban-management programs, the computer runs will start
from the equilibrium conditions existing at the end of Figure 3-1. The conditions
at year 250 in that figure are the ones used for the time interval from —5 to
0 years in the following simulation runs.* The new management programs are
introduced at time = 0 and their effects over the following 50 years are plotted.

4.1 Job Program
Figure 4-1 shows the effect of introducing at time = 0 an underemployed-job
program. At time = 0, jobs for 10% of the total underemployed population are

*The initial conditions for the simulation runs that start in equilibrium are given in Appendix A, Section
A 14
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Figure 41 Jobs created for 10% of the underemployed.

suddenly created. This is done, not by changing the commercial and industrial
conditions in the area, but by some artificial process such as transporting people
to jobs elsewhere or creating public-service types of work. In the model jobs
created by the underemployed-job program UJP are added directly to the under-
employed jobs UJ that otherwise exist within the system (see Equation 136 in
Appendix A). The effect is to decrease the underemployed/job ratio UR and to
increase the underemployed/job multiplier UIM (Equation 10), which is one of
the attractiveness multipliers influencing underemployed migration into the city.

At first glance Figure 4-1 shows little change resuiting from the under-
employed-job program, but more careful examination discloses several unfavora-
ble changes in the composition of the urban area. In Figure 4-1a the total number
of underemployed has increased. Underempioyed housing has increased while
worker housing has decreased. In Figure 4-1b the sudden improvement (decrease)
in the underemployed/job ratio resulting at time = 0 from newly available jobs is
largely dissipated over the next 20 years, even though the job program for 10%
of the underemployed is continued throughout the entire 50-year period. The
underemployed /housing ratio and the labor/housing ratio both become slightly
higher, indicating more crowding. Figure 4-Ic shows an increase over the first
10 years in the underemployed-arrival rate and a decrease in the underempioyed-
departure rate. The excess of arrivals over departures persists until conditions
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Figure 4-1 {cont.}
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in the arca become sufficiently more unfavorable to counterbalance the attrac-
tiveness of the underemployed-job program.
Figure 4—? summarizes the principal changes. The underemployed have risen
~ 10%. Jobs, including those created by the job program, have risen 17%. The
underemployed/job ratio has improved by declining 5.5%. Even so, the excess
of underemployed beyond the underemployed jobs (U — UJ) has increased 2%
Undererr}ployed housing has increased while worker housing has decreased. The
number in the Jabor category has decreased and the ratio of labor to underem-
ployed has fallen by 12%. Both underemployed housing and labor housing are
more crowded. The taxes needed have risen 14% because of the increase in
underemploxed workers and the decrease in taxable property, as reflected in the
% (?ef:rea§e m new enterprise and the 3% decrease in mature business. Although
declining industry and underemployed housing have increased somewhat, they
do not represent much contribution to tax revenue. ,
Although ll}e changes created are relatively small, they are nearly all in an
unfavorable direction. They occur primarily because the slightly improved under-
employed/job ratio UR has attracted more underemployed people. This has put
more pressure on underemployed housing and has reduced the slam-housing-

Time (years)

Variable Symbol ~5 50 Change (%)
a.  Underemployed-job program urp 0 4
i 1,700 —
b. gng;remploycd jobs uJ 208,400 243,800 +17.
g U:I TP 168,900 173,000 +2.
. - B 208,400 202,100 -3
e. Underemployed mobility UM 045 044 -2,
f L/U 1.04 92 ~12.
1. New enterprise NE
2. Mature business MB g,ggg ‘;’égg :g
3. Declining industry DI 16,500 16700 +1
4. Preminm housing PH 110,900 106,900 —4.
5. Worker housing WH 335600 323,300 4,
6. Underemployed housing UH 310,100 325,600 -;-5.
7. Managerial-professional MP 71,100 68:800 -3
8. Labor L 392,600 384,400 -2
9, Uncieremploye;i U 377,300 416,800 +10,
10. Manager/housing ratio MHR 1.o7 1.07 0
1. Labor/housing ratio LHR 1.i7 1.19 +2
12. Underemployed/housing ratio UHR 81 &3 +5.
13. Manager/job ratio MR 1.38 138 (}‘
14. Labor/job ratio LR 97 98 +1
15. Underemployed/job ratio UR 1.81 171 —6.
16. Tax ratio needed TRN 225 2.57 +14,
17. Underemployed to labor net UTLN 5,500 6,830 +24,

Figure 42 Changes caused by an underemployed-job program (UFPC = .1).
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Figure 43 An underemployed-training program that moves 5% of the underemployed per year into the
labor category.

abandoned multiplier SHAM, thereby increasing the average life of under-
employed housing. A larger number of underemployed increase the tax require-
ments, which slightly discourages the construction of new enterprise.

4.2 Training Program

Another possible remedy for urban decay is a training program to upgrade
the skills of the underemployed. Figure 4-3 shows the effect of an underem-
ployed-training program that transforms 5% per year of the underemployed into
the labor category. This transformation is done in the model system by an outside
influence that simply takes people from the underemployed category and puts
them into the labor category. The feasibility and mechanics of doing this are not
part of the model. Nor are the costs of doing so levied against the tax system
in the model. Conditions are therefore taken as highly idealized: the educational
process works, and it costs nothing. Even under these favorable circumstances
the improvement is far from dramatic. Figure 4-3a shows that the number of
underemployed declines for ten years and then rises again to about its original
value. Men in the labor category increase. Housing remains nearly constant, and
there are some increases in new enterprise and mature business,
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Figure 4-3b shows an underemployed/job ratio that improves slightly for the
first three years and then returns to about the same ratio of underemployed to
availabie jobs. The labor/job ratio increases, indicating a greater excess of labor

- over available jobs than at the beginning,

Figure 4-3c shows the major consequence of the training program. As people
move from the underemployed group into the labor group, the population,
housing, and job pressures in the underemployed sector tend to be reduced. This,
along with the greater upward economic mobility represented by the training
program, makes the area more attractive and the underemployed-arrival rate has
increased. Conversely, the underemployed-departure rate has decreased, with a
substantially larger net inward flow resuliing. The underemployed-to-labor upward
mobility rate is much increased by the training program. But, because an excess
labor group is being created by the training program and jobs for them have
not been influenced except by the secondary reactions of the system, the outflow
from the labor category must increase. Because of higher labor unemployment,
the dropout rate of labor to underemployed has increased, partly compensating
for the training program. In addition there has been a substantial increase in
the outflow of labor from the area, which is not shown it Figure 4-3¢ but which
is indicated in the tabulation of Figure 4-4.

In the tabuiation of changes occurring because of the underemployed-training
program (created by UTR = .05 in Equation 140.1 of Appendix A), we see that
the upward mobility UTL has increased by 110%. But at the same time the
counterfiow LTU has increased 63%. Underemployed arrivals have risen 43%
while underemployed departures have fallen 20%. The total number of under-
employed has risen slightly, by 1%, while at the same time underemployed housing
has fallen by a like amount. Worker housing has risen 8% while the labor living
in that housing has risen 23%. Because of the excess fabor in the area, the
labor-arrival rate has fallen 15% and the labor-departure rate has risen 81%.

The training program has created a flow through the area with a much increased
underemployed-arrival rate and a much increased labor-departure rate. People
come to the area because of the training program and leave when they find there
is no use for the skills they have acquired. As a service to society, the program
might be considered successful. But as a service to the city, its value is far less
clear. The area is more crowded, the land fraction occupied has risen slightly,
housing conditions are more crowded, the total of underemployed has risen very
slightly, and the ratio of labor to jobs is higher, indicating a higher degree
of unemployment.

Figure 4-5 gives an over-all view of the population levels and flow rates result-
ing from the training program. The upper figure in each pair is for the original
condition of the area and the lower figure is after the new equilibrium has been
established with the 5% per year underemployed-training program. A change in
one part of the system causes a realignment and rebalancing throughout the
system. After the rebalancing the normal flow rates and levels have all changed,
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Time (years) MP ‘ L LTy 1.3y
Variable Symbol -5 50 Change (%) ronsgerial | LTM 36 Labor 4] Uunderomployed | UA 123
-training program UTP ¢ 19,100 — 7L 168 377.3 247
b 8§§§§Z$§§§§§§ o labe T UTL 16800 35300 +110. | 3.8 2 3820
¢. Labor to underemployed LTU 11,300 18,400 +63. UD "%:’;5

d. Underemployed arrivals UA 17300 24,700 +43. 2 Nursbers i thousande
e. Underemployed departures uD 17,300 13,900 —20. A
f. Labor arrivals LA 7,400 6,300 ﬂé?

g Labor departures LD 13,1232 23,19-(2)2 ill: Figure 4-5 Flows and levels of men before and after starting a 5% per year {raining program o move under-
h. L/U : employed to labor.

i - NE 4,900 5,800 + 18,

2 Matuse bustnss MB 7,800 9700 +24. ‘

3. Peclining industry Di 16,500 16,700 +1 upward by internal processes has decreased by 7,800 per year. This failure to

4. Premivm housing PH 110900 119,200 "';' achieve the full effect of the training program illustrates a general characteristic

5. Worker housing ‘gﬁ g?g?% ggé’ggg tl of complex systems. An action program changes the system balance, causing the

g. ﬁﬁiﬁ?ﬁfgﬁfiﬁﬂf MP 71,100 31,800 +15. system to relax its internal pressures. As the outside effort picks up the burden,

8. Labor L 392,600 482,400 +23. more and more is left to the ontside effort.

9. Underemployed U 377300 382,000 +1. The numerical values from these computer runs, of course, do not indicate
10. Manager/housing ratio MHR 1.07 114 "'11 exactly what would happen in any particutar city. They do, however, indicate
11. Labor/housing ratio . LHR lé”{ lgg ++ 5 the ways in which a complex, interconnected social systern can react. If we have
12. Underemployed/housing ratio U&g 38 133 0 reasonable confidence in the relationships assumed in the model, we can expect
ii ﬁa}t::;g/;};{)}(;gt;:tlo LR o7 1.06 19 that the moc'iel will indicalttz? the direction of reactions that would occur in response
15. Underemployed/job ratio UR 1.81 178 -2 to changes in urban policies.

16. Tax ratio needed TRN 2.25 2.06 —~8
17. Underemployed to labor net UTLN 5,500 16,800 +205. 4.3 Financial Aid
Flgure 44 Changes caused by a training P‘OB({L"??R“‘_‘“ 5'51)‘“'“ 5% per year from undercmployed to tabor A third type of program often proposed for alleviating the difficulties of the

and the consequences may be far different from those expected when the original
change was introduced. o

The principal advantages accruing from _the training program are the net
increase in upward mobility UTLN, the social-service function created by the
outflow of labor, and the increase in new enterprise and c;naturelbus:iness. The
underemploved-training program is converting 19,100 underemployed per year
t: labor, pas ZL consequegnge ogfrwhich the inc‘:rf?ase in UTLN is only 11,300. The
discrepancy between the output of the training program and the net upward
increase in flow from underemployed to labor is accounted for by'the increased
dropout rate LTU from Iabor to underemployed and a reduction in the normat
upward mobility that would have occurred in the absence of a training program.
Conditions have become somewhat more unfavorable for n?rmal escape from
the underemployed group and the natural processes have declined as the training

ram picks up the task. ‘

pr?fghe traI;ning p};ogram is moving 19,100 people per year, but the net increase
in upward mobility is 11,300. The number of people that would normally move

city would bring financial aid to the city from state or national government. The
effect of an external tax subsidy on the model area is shown in Figure 4-6. In
the model system the tax subsidy* has three direct effects. It increases the tax
per capita ratio TPCR which, implying additional welfare and public services,
increases the public-expenditure multiplier PEM, which is one of the coefficients
influencing the inward and outward migration of the underemployed. The tax
per capita ratio also influences the underemployed educational multiplier UEM
and the labor educational multiplier LEM to increase the upward economic
mobility from underemployed to labor and from labor to the managerial-profes-
sional category. The money for the tax subsidy is assumed to come from outside
the city, to be in addition to previous expenditures, and not to affect directly
the local tax assessments.

In Figure 4-6a the only significant changes resulting from the tax subsidy are
slight increases in underemployed people and underemployed housing. In
Figure 4-65 the most obvious change is an increase in unemployment in the
underemployed category as shown by the increased underemployed/job ratio UR.

. *The subsidy is generated in the model by setting TPCS = 100 in Equation 147.1 in Appendix A. The effect
is introduced by way of Equation 147 into Equation 8 where it influences Equations 7, 27, and 40.
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Figure 46 Tax subsidy of $100 per capita per year.

In Figure 4-6¢ the underemployed-arrival rate UA increases, while the under-
employed-depariure rate UD first decreases and then returns approximately to
its initial value.

Figure 4-7 summarizes some of the more significant changes taken from the
tabulation in Figure 4-64. The flow from underemployed to labor UTL has risen
15%. The counterflow from labor to underemployed has risen too, but by a lesser
amount. The underemployed-arrival rate has gone up 10% and the total number
of underemployed has risen 8%.

The increased attractiveness of the area created by the tax subsidy has not
resulied in appreciable changes in the amount of business activity and available
jobs so that the underemployed/job ratio UR has risen 9%, indicating a corre-
sponding increase in underemployed workers beyond available work opportunities.

One of the more unexpected changes in Figure 4-7 is the 8% increase in the
tax ratio needed TRN from internal sources within the city. This is caused by
the increased tax demands generated by the greater number of underemployed
under circumstances that have produced no appreciable change in the assessed
value of property within the city.

The changes discussed above suggest that financial support from the outside
may do nothing to improve fundamental conditions within the city and may even



64 Chapter Four

FIHE AV 3] JER AHM LAJM ESHM [E] SHLM 1.1
1] MBD ua 2 AMMP LAM LUy NEGR K e
mo MD u 3 BEM LAMP LUR PEN TPCR UR
210P w W 4 DI 0m LATM MAHK PHAM TR WHAM
L NE w 5 DtEM LALM MASM PHEM TRN WHEM
LA NEC we s DILM LCR WAK PRGM UAMM WHEGM
P NECP ur, 7 EDK LDM MAMP PHER UM WHER
LD P UtLe 8 EGM LEM MAPM PHLM HEM WHLM
LoC PH urp g8 ELum LFe MATM PHM UFw WHM
Lol PHC W 10 ELM LHR MOM PHEM HM WHEM
iJ PHCP wH 11 2] LLF MR PHPM WHPR WHTM
LTH PHER wic 12 MM LMM M.M PHTM 1HR WEUM
LTU SHE WHCP 13 £ LMWP M.R SHAM M
MA SHOP e 14 { AHM LR R SHDM ]
thousands units
F 1 1
-5. 16336, 7,806 377.3% 1 452  1.087 1.05% 38 1,060 805
1647k 865 17.283 2 B52 +823 712 L00 1.28% 802
468 L.B49 17.275 3 1.190 L2500 1080 1.5 1,121 1.81
00 71,13 310.08 & 939 285k 931 1589 1,966 1.54%2
392,55 k866 208,35 5 «886 808 296 1.000  2.288 1,000
Tod60 462 00 & 1.060 878 306 1,000 936 1,000
000 L000 16,847 7 1.%90 1.681 307 000 2,289 2000
13,201 S5T29.4  S5.497 8 1,000 1.073  1.300 825 1.073 625
25.38 110.9% L0009 2855 815 «854 1.075 557 665
3719.15  3.142 210,06 10 635 1.170 3.408 958 1,929 1.352
803,53 000 335.65 11 2768 025 1.069 1.300 D000 +854
3.643 3,155 5.88% 12 1.556 &66  1.262 85k 811 808
11.359 5,054 000 13 +805 Y1 181 1.578 276
655 000 9,075 14 830 975 1.380 1.468 045
10. 16347, 7.795 40045 1 L4867 1,065  1.05% 328 1.0T0  .93%
16,559 862 18.982 2 L4T6 589 694 000 1,307 .893
470 5,095 17.587 3 1.185 616 988 1.58% 1.491  1.939
LL00  71.85 313.31 & 231 852 925 1,605 1,981 1.58%
395.65% 4,875 208,50 5 »B8% #7195 285 1.002  2.38% 1.000
1312 JB69 L0 6 1.070 +384 22 1.002 #928 978
000 000 18.53T 7T 1.1 1L.1& 302 000 2,196  =-.000
13,948 9936.7 6.318 8 1,002 T.29%  1.300 JSL13 1.29% 613
28,51 111.33 L0 9 N 817 +852 1.094 518 +658
379.02  3.231 201.53 19 LG58 1,182 3.546 S35 1.1k 1362
505,53 000 334,58 11 I3 029 1,016 1,500 <000 852
3.997  3.12%  5.838 12 1.5R G360 14263 «852 832 796
11.560  8.688 000 B .03 L5055 LAB2 296 226
+652 000 9.%1%% 14 818 S80 1,398 1.5385 84
50, 16380,  T.915 H06.57 i A7 1,058 1,036 Sth 1,082 931
16346 AT4 19,058 2 AT 565 687 =001 1,518 931
JH68  5.334 17,543 3 1.198 ST S75 1.62% 1.5t 1.97%
D00 12.69 319.47 4 354 856 921 1.634 2,042 1.681
396,18  h.8%4 206.49 5 .881 790 276 992 2.%20 997
6.796 63 S0 6 1,082 +885 +280 998 #9688 598
«000 000 19,270 T 1.198  t.821 L2281 =000 2,155 ~.000
14.450 5999.9 7.657 B +592 1,306  1.300 L5997 1.306 597
24.08 112.26 L00 9 2257 .821 806 1,061 S09 655
380.06 J.i6k 207.03 10 638 1.200  3.669 L5722 1,368
B}k, 18 L00 330,58 11 LT60 429 1079 1,300 000 846
5,134 3.228 5,735 12 1.586 520 1,266 2986 542 732
11.5815 2,002 L0013 152 521 183 .301 212 .
613 000 9.045 13 800 982 1.405 1,409 #0487
"""" {d)

Figure 4-6 {cont.)
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Time (years)

Variable Symbol -5 50 Change (%)
2. Tax per capita subsidy TPCS 0 - 100 —
b.  Underemployed to labor UTL 16,800 19,300 +15
¢. Labor to underemployed LTU 11,300 11,600 +3‘
d. Underemployed arrivals UA 17300 19,100 +10.
e. Underemployed departures UD 17300 17.500 +1
£ Labor arrivals _ LA 7400 6800 —8.
g Labor departures LD 13,200 14:400 +9:
h. L/U 1.04 98 -6,
I. New enterprise NE ~
2. Mature-blrxrs)iness MB fl’g$ ;’% (1)
3. Declining industry DI 16500 16300 iy
4. Premium housing PH- 110900 112300 +1.
5. Worker housing WH 335600 330,600 ~1.
6. Underemployed housing UH 310100 319,500 +3.
7. Managerial-professional MP 71,100 72:700 +2'
8. Labor L 392600 396800 £
9. Underemployed U 377,300 407,000 +8
10. Manager/housing ratio MHR 1.97 1.08 +I-
1. Labor,/housing ratio LHR 117 1.20 +3.
12, Underemployed/housing ratio UHR - .81 85 +5.
13. Manager/job ratio MR 1.38 1.41 42,
14. Labor/job ratio LR 97 98 +1.
15. Underemployed/job ratio UR 1.81 1.97 +9.
16. Tax ratio needed TRN 2.25 242 +8.
17. Underemployed to lzbor net UTLN 5,500 7,700 +40.

Figure 47 Changes caused by a tax subsidy of 8100 per capita per year (TPCS = 100.).

worsen conditiogs in the long run by causing an unfavorable shift in the propor-
tions of population, housing, and business. In particular, in Figure 4-7 under-

employed population rises, the ratio of labor to underemployed falls, and the
internal tax demands rise.

4.4 Low-Cost-Housing Construction

As a fourth type of urban-management program, the effect of low-cost-housing
construction will now be examined. Low-cost housing here means housing con-
structed for the underemployed and not available to any other segment of the
population. In the basic computer model the only housing available to the under-
employed is the aging and declining housing that is dropping out of the worker-
housing category. The low-cost-housing program considered here is not financed
out of cily tax revenues. It is a gift to the city from the outside, although its
construction makes jobs for the labor and underemployed in the city. As will
be shown in the following computer runs, a low-cost-housing program is much
more detrimental to the fong-run conditions of the urban area than the job
program, training program, or tax subsidy previously examined.



Ty M3 4UL S

U b 2L PHEP WHIW, UHH , P =N NE

(14

=7

2, UR I3 L FB=2, TRH=E, TR

=4, MR =, LR

U, LHR 2L, MHR

HR

[=X—N-~]
=B z $88% 2 £5%

z 7 g 5 o o o od 3
Lt == ) EELS CCPTRTOERLCI IR RRRRERRE
L1 I e e e e S . L L e, R
o L) 1 r + 1 1 |l

' ' ' 1 1 ' n

1 1 L 13 1 ‘{Q

1

. , LCHPC=05 . X . :

'

' : : ' , Underemployed housing .
i ! ! Undcrcmpio}cd: ' :
2R g 1 . P L LU oS il !E.ﬂm;ﬂ_—
RES v ‘: ......... 'F ..... Lo N A 2 - F
o r:ﬂx:— R \

1yt TS T
X L} 1
.
- h v
= * -
L € ]

. 1 Labor v '

= / ' :
[t 1
8.8-2.,% P -.”.‘.."-'.':
© ' 1 1 3 o + 1 =4 M

' ¢ | £ oy %5 We—" = :‘

“ = =

v ' N~ ' TR =,

! : Declining indust , ‘ =

> . vre ry * Worker housing '

T [}

. . = v -7 Maznagerial- professaoqal \
il N £ - = - n
RRE'....' P T B R .d ...... ...I...gzz-ﬂ _c.‘.' T ens e

! sin .
i u‘n Prenu m housing /Mamre busincss ! :

qmaﬂaﬁaumw .

; - a‘““"‘w = 2ﬂmqu&mez!¢mm s

fromrrrs SET I o w———g S

e R

. : y w bl gy = W w s

' rise t b
R X Ncwentrp : S : N N I N R R ]
B T T I A L R ] ; ]

. . . . e o

o < =3 < Years 2 = R

\

-

o

= —

mer % 2555535555555
R . .. PR L s o ow s PO e 44 s w8 s PR

. ' L} 1 L] 1 r‘.|I

. ' ' ' t ‘:‘l

: “— Underemployed /job ratio \ ¢ ' :

" ‘ '

1 1

M ! RN RERREES - R . . .

'QQ&&%GGS& ! Q?EEG CEQEEREERSAC gy praeenReD

% 1

. 1] 1

S * 1 . - = = » - R L Y I}

: L]

S oL O S |

Lt j

P ! ! Lipor/housing ratic ; .

. - &

: 1 ‘_.‘._J-nml_l-'—_lﬂgg?g#ﬁ;?iw_lw_J”;—_:—lJ_h‘_lM -%—’1‘

R it = LEEIEER XTI IZIETE E’lesziszizzzxz

xxEE

sqpzas=zszaas \ A e

Nw&d&&&NNNNNNNNNN“dédvmmNNNNNNNW NNNNNNNNNNNNNNNNNN

NNNN N . ,

' f 1 ’/-Taxfauonceded .

:w—:%, ' . . s . «}

' 2 3#33-;5&" X

- ! i D e s, ,

-F‘-d-’* ' = "E:—u:-:—zﬂﬁﬂ?
mm‘%”"‘ 1 T L Tl i S S
oo P R it atad o R R M |

R : ' Undcrcmp]qudf’housmg rztie 1
t ¢ 1 1
. ¥ t ] t X \
; L} L] L} 1 . ,
1, + 1 t : . .
.
: . b t 1

3o “I : : . ( ) ' [ T LR I I I S .1

e A T N B B ] P PR ] ; R‘

. . . ° $

Wt o =3 2 Years 2

b

%, SHD=x, NECC,B1 D20

U,PHC2H, HE =

WATA UD=0,UTL =L LTY:

Failures in Urban Programs 67

3* DoOoOCO OO0
DEODODLOWLL SWX L= T -] =3
‘zugs-d-gd-s-;a_ g 8 3 ey 439:.:33 555528 2838ae
- - Al I T S S
§;6<<<<<<2&':¢"mi&i IR EEEEESSXENXEET RS QYL LgEREAREREEY
R R L T T T P T
N t E 1 + i i
' ' . ' ' . ™
3 1 ] ] (] L} h‘t
1 1 Ll t i 1 1
\ ' ' t ”i“*#* ¥ * —
Eliand 1 z 1] *
gagh : ; ' '
1
""R-""-""""'ay*“":""""':""""':""""':
b
1 1 * v [ 3 1
1 L} L] LE .. 1] T 1
. ' f Slum housigg demotition ' ' 1
L 1 + L t T ’
5 [ * t
_—— ¢ 3 + ]
60.0-' 1 t 1 t t +
e R R I AR T L T T T T
-1 1 :, L [} 1 .
e 1 Udderemployed arrivals | ! : :
1 ) ¥ ¥ . + T
' ' - H : /- Underemp!oydld depariures !
1 R [ 1
— > L] [] L]
AdST ~ p—— . . o
- Ro P B s PN
o =
:} DD::::::"::: ] S
¥:ﬂxxI - f %ﬂu i g% = '
=xx =< x
[ ] ? mEXTEZIT XX T XXy Tz :ﬂ:xz:x:x:::xrx::gg
_— ! ' New énterprise construction (c N Underemplayed to labor '
G.Q-O.' 1 [} t ) 1 1 1]
| = o« a 2] 4 2=« L L I N e I R N T
w S S 8 3 > 3
) o 2 Years 2 ? R

Figure 48 Construction of low-cost housing each year for about 2.5% of the underemployed.

The low-cost-housing program is established with the intent to build housing
for 5% of the underemployed each year. However (as will be seen in Equations
149 and 150 of Appendix A), the intended construction is influenced by the land
multiplier, which reduces construction as the land area becomes full, and by
available labor. As a consequence the actual low-cost-housing construction LCHP
provides for only 2.7% of the underemployed in the first year, 1.9% in the tenth
year, and stabilizes at 3% in the fiftieth year. Annual low-cost-housing construction
provides on the average for about 2.5% of the underemployed each year. If housing
were coming only from the low-cost-housing program, this would mean a replace-
ment of the housing units each 40 years.

Figure 4-8a shows the effect of introducing such a low-cost-housing program
at year 0. The housing available for the underemployed begins to rise im-
mediately. Because of the increased housing, more underemployed are attracted
to the city and the underemployed population rises for the first 10 years. But
the low-cost-housing program exerts continuous pressure on the available unfilled
land, making the area less favorable for other types of construction. As a conse-
quence worker housing, premium housing, new enterprise, and mature business
all pradually decline. As the business units decline in number, the available jobs
decrease, thereby bringing economic pressure on all categories of the population
and causing them to decrease.
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Figure 4-8 (cont.)
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Figure 4-8b shows changes in the significant system ratios. The underemployed/

Job ratio drops slightly at first because of the jobs created by construction of

low-cost housing. But as soon as the population begins to increase to fill the newly

available housing, the underemployed/job ratio rises sharply from the initial value
of 1.81 to become 2.14 at the tenth vear and 2.35 at the fiftieth year. Because
underemployed housing increases while at the same time rising economic pres-
sures cause the population to decline, the underemployed/housing ratio falls
steadily over the 50-year period. Because of the nising ratio of underemployed
to other classes of population, and the declining tax base, the tax ratio needed
increases as a result of the low-cost-housing program.

Figure 4-8¢ shows some of the system rates. Slum-housing demolition increases

to reach a new equilibrium consistent with the rate of construction of low-cost
housing coupled with the continued inflow of dwelling units from the aging
process in the worker-housing category. Between year 0 and year 10 the under-
employed-arrival rate into the area increases while the underemployed-departure
rate temporarily decreases. This causes an increase in the underemployed popula-
tion until the worsening economic conditions cause a reversal.

Figure 4-9 shows values of variables before and after 50 years of low-cost-
housing-program construction and the percentage change occurring over the
30-year period. The slum-housing-demolition rate increases because, eventually
in equilibrium, all of the new construction is matched by ofd units that are taken
down. The underemployed population falls 1% while underemployed housing
rises 45%. Worker housing declines 31% while the labor population falls 30%.
The underemployed/job ratio worsens by rising 30%. The underemployed/
housing ratio, which was already below normal, falls another 32%. The tax ratio
needed increases 36% while new enterprise falls 49%, mature business falls 45%,
and declining industry falls 6%.

The low-cost-housing program brings additional pressure on the land area. It
attracts people in the underemployed category, making the population proportions
within the urban area even more unfavorable than in the normal stagnant condi-
tion. The higher land occupancy, unfavorable population ratio, and rising tax
rate all combine to reduce the kinds of new construction the city needs most.
An examination of Figure 4-9 shows remarkably large changes in an unfavorable
direction. In comparison to what sounds like an innocuous 2.5% housing-construc-
tion rate for the underemployed, the results are unfavorable for all categories
of population. The housing program, aimed at ameliorating conditions for the
underemployed, has increased unemployment and has reduced upward economic
mobility both in absolute numbers and as a percentage of population. Figure
4-9 shows that the net underemployed-to-labor flow rate UTLN has fallen 31%.
Upward mobility as a percentage of the underemployed has decreased from 1.5%
in the normal stagnant city to 1% after inauguration of the low-cost-housing

program.

The preceding computer runs have examined programs that provide jobs,
training, an external tax subsidy, and low-cost housing for the underemployed.
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Time (years)

Variable Symbol -5 50 Change (%)
a. Low-cost-housing program LCHP 0 11,100 —
b. Worker-housing obsolescence WHO 9,100 6,500 28,
¢. Slum-housing demolition SHD 9,100 17,100 +88.
d. UH/SHD = underemployed-
housing life 34. 26. —24,
¢. Underemployed to labor UTL 16,800 11,200 —33.
f Labor to underemployed LTU 11,300 7,400 —35.
g Underemployed arrivals UA 17,300 14,300 —17T.
h. Underemployed departures uD 17,300 16,800 -3.
i. Labor arhivals LA 7,400 4.600 —38.
j. Labor departures LD 13,200 9,900 —25.
k. L/U 1.04 73 —30.
1. New enterprise NE 4,900 2,500 49,
2. Mature buginess MB 7.800 4,300 45,
3. Dedlining industry Di 16,500 15,500 —6.
4. Premium housing PH 110,900 73,300 —34,
5. Worker housing WH 335,600 231,200 -31
6. Underemployed housing UH 310,100 450,600 +45.
7. Managerial-professional MP 71,100 46,900 —-34.
8. Labor L 392,600 272,900 ~30.
9. Underemployed U 377,300 372,600 —~L
10. Manager/housing ratio MHR 1.07 1.07 ?
11. Labor/housing ratio LHR 1.17 1.18 +2.
12. Underemployed/housing ratio UHR 81 .55 —-30.
13. Manager/job ratio MR 1.38 1.38 °
14. Labor/job ratio LR 97 93 —;0.
15. Underemployed/job ratio UR 1.31 2.35 +30.
16. Tax ratio needed TRN 2.25 3.06 +36.
17. Underemployed to labor net UTLN 5,500 3,300 -3L

i i . deremployed
49 Changes caused by low-cost-housing program that builds for about 2.5% of the ua
Figre & Y each year (LCHPC = .0%).

The results range from neutral to detrimental. These computer runs disclose
possible reasons for the futility and frustration that characterize urban-devel-
opment programs. They demonstrate the counterintuitive nature of complex social
systems by showing that intuitively sensible policies can affect adversely tht? very
problems they are designed to alleviate. Commonly in complex systems a v1c1§){us
cycle develops in which the action erroneously assumed to be corrective ma es
the problem worse and the worsening calls forth still more of the presume

remedial action, which only further aggravates the situation.

5 Urban Revival

This chapter explores policies that might reverse urban decay. The preceding
chapter showed the harmful effects of constructing low-cost housing. This chapter
shows that constructing worker housing and premium housing can be detrimental
too, but jess so than constructing low-cost housing. The problem of the stagnant
urban area is one of too much housing compared to employment opportunities
and too much old industry and housing compared to new. This chapter, after
exploring several policies, concludes that urban revival requires demolition of
slum housing and replacement with new business enterprise. Only by this shift
from slum housing to new business will the internal mix become healthy.

5.1 Worker-Housing Construction

Figure 4-8 showed how construction of low-cost housing can cause deteriora-
tion. Figure 4-8b exhibits a higher-than-normal labor/housing ratio and raises
the possibility that construction of worker housing might increase the attractive-
ness to labor and lead to improving population balance and readjusting conditions
in the area. The results are disappointing, as shown in Figure 5-1, where the
changing conditions are caused by a worker-housing-construction program that
builds for slightly more than 2% of labor families per year. The amount of desired
construction is expressed as a fraction of total housing units and is influenced
by the worker-housing land multiplier WHLM and the labor availability LCR
(Equations 82, 86, and 138 in Appendix A). As a result the consiruction varies
some from year to year. In Figure 5-1a worker housing rises initially and then
declines. The decline is caused by the reduction in the total number of labor
families, the resulting increased vacancy rate, and the more rapid deterioration
of worker housing into underemployed housing. Figure 5-1g illustrates the result
of regenerative interactions caused by the housing program. Housing construction
increases the land fraction occupied. Land crowding causes a slight reduction
in the construction of new enterprise. Declining enterprise reduces the number
of jobs, which in turn reduces skilled labor. The addition of worker housing has
worsened a fundamental condition already caused by housing for more people
than can find economic opportunity.
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Flgure 5.1 Worker-housing-construction program for about 2.1% per year of the labor families.

Figure 5-15 shows an injtial small dip in the underemployed/job ratio caused
by the work available from the housing-construction program. But as the new
housing becomes available, the increasing worker housing reduces occupancy and
causes a more rapid decline of worker housing into underemployed housing,
which attracts underemployed. Because of reduced new-enterprise construction,
industrial activity and available jobs decline in comparison to underemployed
workers. As a natural accompaniment to the falling job opportunities, there js
a relative increase in the amount of underemployed housing as seen in the
declining underemployed/housing ratio. Because of relatively more housing and
relatively fewer jobs, the city probably will show an even more accentuated
condition of underemployed crowding into some dwellings and vacancy in others.
Financial realities force crowding into a fraction of the housing, while the other
housing becomes idle and deteriorates rapidly, though it may remain standing.

In Figure 5-1c¢, as a result of worsening conditions, the underemployed-depar-
ture rate increases while the underemployed-arrival rate decreases, leading to the
falling population seen in Figure 5-1a

In Figure 5-1c the worker-housing-construction rate jumps when the program
is inaugurated and then declines as the land fraction occupied increases and as
normal construction, which was taking place before the special program began,
decreases. As tabulated in Figure 5-2, the special worker-housing-construction
program at year 30 is building 8,340 units per year, but the total worker-housing-
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Time (years)

Variable Symbol -5 50 Change (%)
a. Worker-housing-construction
program WHCP 0 8,340 —
b.  Worker-housing construction WHC 5,880 10,620 +81
c. Premium-housing construction PHC 3,140 2,660 —15.
1. New enter_p‘rise NE 4,900 4,030 —18.
2. Mature business MB 7,800 6,070 =22
3. Declining industry DI 16500 14260 ~13,
4. Premium housing PH 110500 88900 -20.
5. Worker housing WH 335,600 354,600 +6
6. Underemployed housing UH 310,100 341,600 +10.
7. Managerial-professional MP 71,100 58:500 — 18:
8. Labor L 392,600 340,400 —13.
9. Underemployed u 377,300 333,300 —12.
10. Manager/housing ratio MHR LO7 L10 +3
11. Labor/housing ratio LHR 117 96 ~18.
12. Underemployed/housing ratio ~ UHR 81 65 —20.
13. Manager/job ratio MR 138 1.38 o
14. Labor/job ratio LR .97 1.00 +3
15. Underemployed/job ratio UR 181 1.96 +8.
16. Tax ratio needed TRN 225 217 vy
17. Underemployed to labor net UTLN 5,500 3,020 —45.

Figure 52 Changes caused by a worker-housing-construction program (WHCR = .02),

construction rate has increased only 4,740 units per year. This means that the
normal processes of worker-housing construction within the area have declined
by 2,600 units per year. The decline in normal construction illustrates a rather
general characteristic of systems. A positive program to generate some rate of
flow will change the system balance and cause a depression in the normal proc-
esses generating that same rate. The new program is only partly effective because
much of it simply displaces normal processes.

AI.though in Figure 5-2 worker-housing construction has risen 81%, total worker
housing has risen only 6%. The small rise in worker housing is explained by a
reduction in average housing life* (shown in Figure 5-3). Because of the lower

at - 5 years at 50 years
Premium-housing life 35 years 36 years
Worker-housing life 37 years 27 years
Underemployed-housing life 34 years 26 years

Figure 53 Average housing life before and after the worker-housing-construction program.

* Housing Life is the reciprocat of normal-housing-obsolescence rate muitiplied by the cbsolescence multipliez.
For example, premium-housing life is the reciprocal of (PHON) (PHOM). These are given in Equations 79
and 80 of Appendix A. PHON = .03 and, from Figure 5-14 PHOM = 548 at —5 years. The product is
0285, the reciprocal of which is 35 yeass. Similarly, worker-housing life comes from Equations 93 and 94 and
underemployed-housing life from Equations 96 and 97.
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Figare 54 Premium-housing-construction program for about 4.7%

per year of the managerial-professional
families.

occupancy ratios, the housing is declining more rapidly. Although the rate of
housing flow through the worker and underemployed categories is higher, the
actual housing in existence has risen much less than the construction rate might
suggest.

In Figure 5-2 all classes of population have declined. All classes of enterprise
have declined even more. Housing has become more available, but the employ-
ment situation for labor and the underemployed has worsened.

Before starting the worker-housing-construction program, the stagnant city
already had too high a level of housing and population in comparison to its
industrial opportuities. The worker-housing construction has shifted this balance
even further in the wrong direction. The results were not so serious as for the
low-cost-housing program but still do not Iead to urban improvement,

5.2 Premium-Housing Construction

To complete the examination of housing construction, Figure 5-4 shows the
consequence of introducing a premium-housing-construction program. Very little
change is evident except for slight decreases in population and industry and some
increase in the underemployed/job ratio, The changes are smali but detrimental.
Figure 5-5 summarizes the changes in the principal system variables.

&
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393,57 #.610 204.06 S5 857 .08 2B 968 2,231 08 ) o _ )
7372 L2800 6 1,115 .gg; ﬁg@r 1.016 2-2{:3 o Construction of housing in any price class through externally imposed programs
L e b 176 1300 5% 1076 .56 seems detrimental to the stagnant city. The reason is fairly clear if the funda-
26T 11666 000 9 2 2 5.33{:’ &= e Rt mental problem of the city is too much housing and too high a population,
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Figure 54 (cont.) In Figure 5-6 the new industry being gencrated is equal to about 1.2% each
vear of the total productive units in the area. Figure 5-6a shows rises in all
population classes and all business categories. Housing increases except for a slight
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Figure 56 (cont.)
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Time (years)

Variable Symbol —5 50 Change (%)
a. New-enterprise-construction
program NECP 0 418 —
b. New-enterprise-construction
rate total NEC 462 704 +352.
I. New enterprise NE 4,900 5,930 +21.
2. Matz_:rtj. business MB 7,800 9,930 +27.
3. Dedlining industry DI 16,500 23,730 +44.
4. Premium hot}sing PH 110,900 126,500 414,
5. Worker housing WH 335,600 331,200 1.
6. Underemployed housing UH 310,100 320,400 +3
7. Managerial-professional MP 71,100 90:400 +27:
8. Labor L 392,600 485,600 +24.
9. Underemployed U 377.300 451,600 +20.
10. Manager/housing ratio MHR 1.07 119 +1L
11. Labor/housing ratio LHR 117 147 +26
12. Underemployed/housing ratio UHR 81 .94 + 16.
13. Manager/job ratio MR 1.38 1.34 -3,
14. Labor/job ratio LR 97 90 i)
15. Underemployed/job ratio UR 1.81 1.51 —17
16. Tax ratio needed TRN 225 236 +5.
7. Underemployed to labor net UTLN 5,500 13,010 +136.

Figure 57 Changes caused by the new-enterprise-construction program (NECR = .02),

incentive for removal of aging structures. Without exploring how the removal
of old structures might be initiated, let us examine the influence of such removal
within the simulation model.

Figure 5-8 shows the effect of demolishing 5% of declining industry each year.
There are improvements in some variables. Figure 5-9 shows the changes caused
by this program. Opening up land by demolition of decaying industry has reduced
substantially the amount of such industry. Both new enterprise and mature
business have increased. Housing has declined slightly, population has declined
more. The increase in new enterprise and the reduction in population have
reduced the tax load so that the tax rate needed has declined 9%.

In Figure 5-84 underemployed jobs UJ have fallen more than the number of
underemployed U so that the underemployed/job ratio in Figure 5-8b is slightly

higher than before the demolition program started. The changes are of mixed
merit.

5.5 Slum-Housing Demolition

To change the city toward having more industry and away from being an
economically ineffective concentration of underemployed housing and under-
employed population, one measure might be the demolition of slum housing,
This could provide area for industrial expansion and might help to rebalance
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Figure 58 Declining-industry-demolition program that removes 5% of declining industry each year.

the population proportions so that the city could escape from its stagnant condi-
tion. To determine whether slum-housing demolition results in favorable changes
for the city, the consequences for the original populations must be examined.

Figure 5-10 shows the extensive changes created by a slum-housing-demolition
program that removes 5% of the underemployed housing each year. Discussion
of such a program does not imply that the demolition of slum housing should
result from active intervention by the city. It might better be accomplished by
changes in tax laws and land zoning,

In Figure 5-10 the slum-housing-demolition program reduces the under-
employed housing to a new equilibrium after 50 years at about half its beginning
value. As land becomes available, new industrial construction is induced and
creates more jobs. Also there is an upsurge in the construction of worker housing
which, along with the additional industry, supports a larger labor force. The
underemployed-arrival rate UA in Figure 5-10¢ changes relatively little, meaning
that the attractiveness of the city is about the same at the end of 50 years as
it was before the beginning of the slum-housing-demolition program. However,
Figure 5-10b shows a substantial compensating change in two of the components
of city attractiveness for the underemployed. The underemployed/housing ratio
UHR has increased, indicating less housing availability. At the same time the
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Time {years)

Variable Symbol —3 50 Change (%)

a. Declining-industry-demolition
program DIDP 0 324 —

b.  Declining-industry demolition
total DID 464 510 +10.
I. New enterprise NE 4,900 6,200 +26.
2. Mature business MB 7,800 9,760 +24.
3. Declining industry Bi 16,500 6,500 —6L
4. Premium housing PH 110,900 113,600 +32.
5. Worker housing WH 335,600 330,600 —2.
6. Underemployed housing UH 316,100 302,300 -3
7. Managerial-professional MP 7L100 70,200 -]
8. Labor L 392,600 355,300 —10,
9. Underemployed U 377,300 346,600 —8.
10. Manager/housing ratio MHR 1.07 1.03 ~4.
11. Labor/housing ratio LER 1.17 1.08 —8.
12. Underemployed/housing ratic UHR 81 76 —6.
13. Manager/job ratio MR 1.38 1.3 + L
14. Labor/job ratio LR 97 .99 +32.
15. Underemployed/job ratio UR 1.81 191 +6.
16. Tax ratio needed TRN 225 204 -9,
17. Underemployed to labor net UTLN 5,500 4,200 —24.

Figure 5.9 Changes caused by a declining-industry-demolition program (DIDR = 195).

underemployed/job ratio UR has declined, indicating improved economic oppor-
tunities for the underemployed that are present. Except for the rising under-
employed/housing ratio UHR, with its implied shortage of housing, it would not
be possible to maintain the more favorable employment conditions represented
by the falling underemployed/job ratio UR. Were housing readily available, the
improved economic conditions in the urban area would attract additional under-
employed from the outside environment until economic conditions had fallen
so far that no additional net inward flow would occur.

Figure 5-11 shows the changes produced by the slum-housing-demolition
program. New enterprise and mature business increase 45%. Declining industry
increases only 9% because the more favorable circumstances for new-enterprise
construction encourage the abandonment and demolition of declining industry.
Premiwm housing increases 30% and worker housing 34%, while underemployed
housing is down 44%. The underemployed/housing ratio has risen 49%, a necessary
crowding accompaniment to the improved underemployed/job ratio reduction
of 33%. The tax ratioc needed TRN has fallen 33%.

Against these improvements in the city as a whole, one must ask what the
slum-demolition program has done to the underemployed population. In the first
10 years, the underemployed population U has dropped from 377,310 to 345,420
(Figure 3-10d), or 8.5%. This has occurred because of the accumulated effects
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of changed flow rates which are, in the tenth year, a decrease of 1,050 men per
year arriving UA, an increase of 2,450 men per year leaving UD, and an increase
of 1,840 men per year in upward mobility UTLN from underemployed to labor.
The population adjustment of 8.5% can be estimated roughly in the same propor-
tion-—1.7% change owing to fewer arrivals, 3.9% change owing to more departures,
and 2.9% change owing to greater transfer to the labor catagory. Only the value
of the increased departure rate could be questioned. Other policies, discussed
in Section 5.7, appea to revitalize a city without forcing a net outward migration
of underemployed.

This slum-housing-demolition program does not incorporate any rebuilding
activity. The natural vitality of the city generates rebuilding once land area
becomes available and various processes start to move toward creating a healthier
economic balance.

But even with the demolition program, the land fraction occupied at the end
of 50 years has risen by 2%. Furthermore, worker housing has increased as well
as premium housing, In Figure 5-10¢ the worker-housing-construction rate
WHCR rose steeply and remained high through the second decade as land area
became available. This suggests that the city is still tending to generate housing
more readily than industry and that some further suppression of housing in favor
of industrial expansion should be explored.
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Time (years)
Variable Symbot ~5 50 Change (%)
a. Slum-housing-demolition program SHDP 0 8,720 -—
b. Slum-housing demolition total rate SHD 9,050 12,100 +34.
€. Worker-housing construction " WHC 5,880 7,860 +34,
d. Land fraction occupied LFG 82 .84 +2.
1. New enterprise NE 4,900 7,100 +45.
2. Mature business MB 7,800 11,300 +45.
3. Declining industry Di 16,500 18,000 +9.
4. Premium housing - PH 110,900 144,700 +30.
5. Worker housing .WH 335,600 450,300 +34.
6. Underemployed housing UH 310,100 174,300 —44.
7. Managerial-professional MpP 71,100 96,000 +35.
8. Labor L 392,600 530,800 435,
9. Underemployed U 377300 316,900 ~16.
10. Manager/housing ratio MHR 1.7 L1 +4.
11. Labor/housing ratio LHR 117 1.18 +1.
12. Underemployed/housing ratio UHR 81 1.21 +49.
13. Manager/job ratio MR 1.38 1.39 +1.
14. Labor/job ratio LR .97 1.01 +4.
15. Underemployed/job ratio UR 181 122 —33
16. Tax ratio needed TRN 225 1.51 —33.
17. Underemployed to labor net UTLN 5,500 5,580 + 1L

Figure 511  Changes caused by a slum-housing-demolition program (SHDR = .05).

5.6 Discouraging Housing Construction

In Figure 5-1 the construction of worker housing depressed activity within the
city. This suggests that less housing construction might be beneficial. Figure 5-12
shows results when a stum-housing-demolition program is pursued and in addition
construction of new worker housing is restrained. The 5% slum-demolition pro-
gram is the same as in Figure 5-10. In addition the worker-housing normal
coefficient WHOCN has been reduced from .03 to .015. This means, if all other
conditions remained identical, that the worker-housing-construction rate would
be reduced by a factor of 2. Of course, other conditions do not remain constant
but shift to partly compensate for the restrictions on new construction. The
reduced coefficient WHCN (see Equation 83 in Appendix A) implies less favor-
able conditions for new construction. In practice these might mean zoning restric-
tions, increasing standards of building construction, a tax structure unfavorable
to such construction, or other urban policies designed to shift the balance from
housing to productive business activity.

A comparison of Figures 5-12 and 5-10 shows that the restriction on worker-
housing construction has increased the labor force, decreased the underemployed,
increased the managerial population, and increased business activity. Figure 5-13
shows the changes from the equilibrium city caused by the slum-demolition
program and the restriction on worker-housing construction. New enterprise and
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Time (years)

Variable Symbol -5 50 Change (%)
a. Slum-housing-demolition program SHDP 0 7,100 -—
b. Slum-housing demolition total rate SHD 9,160 9,500 +4,
¢. Worker-housing construction WHC 5,900 5,100 —14.
1. New enterprise NE 4,900 8,100 +65.
2. Mature business MB 7,800 12,500 +65.
3. Declining industry DI 16,500 19,060 +15.
4. Premium housing PH 110,900 163,800 +-48.
5. Worker housing WH 335,600 456,900 +36.
6. Underemployed housing UH 310,100 142,300 - 54,
7. Managerial-professional MP 71,100 108,100 +52.
8. Labor L 392,600 582,800 +48.
9. Underemployed u 377,300 290,300 —123.
10. Manager/housing ratio MHR 107 L10 +3.
11. Labor/housing ratio LHR 1.17 1.28 +9.
12. Underemployed/housing ratio UHR 81 1.36 +68.
I3. Manager/job ratio MR 1.38 1.40 +1
14. Labor/job ratio LR 97 1.0t 4.
15. Underemployed/job ratio Uk 181 1.02 —44.
16. Tax ratio needed TRN 2.25 132 —41,
17. Underemployed to labor net UTLN 5,500 7,120 +29.

Figure 5-13 Changes caused by slum-housing-demolition (SHDR = .05} and restriction of worker-heusing
construction (WHCN = ,015),

occupying the housing by 10%. The restriction on housing construction has caused
the underemployed/job ratio 1o decrease 16% and the tax ratio needed to decrease
another 13% compared to what the slum-housing-demolition program alone
produced. As a social converter from underemployed to labor, the new conditions
with the worker-housing restriction have caused a 28% increase in underemployed-
to-labor net UTLN.

Figure 5-14 requires some explanation. The results of restricting worker-housing
construction are spread widely through the urban system, many in unexpected
directions. This internal rebalancing to readjust for a policy change is typical of
complex systems. It is also common that the results may be opposite those
expected, as here finding an increase in worker housing when the construction
rate has been restrained. The biggest changes often occur in quite remote places.
In Figure 5-14 the largest percentage change has occurred in the net upward
mobility UTEN. The next largest change is downward, not in worker housing,
which was directiy affected, but in underempioyed housing, which is indirectly
influenced. The third largest change is a decline in the ratio of underemployed
to available jobs, indicating more favorabie economic opportunities. And the next
largest changes are increases in new enterprise and mature business. Worker
housing, which is directly influenced by worker-housing construction, is one of
the four variables least affected.
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Year 50 Year 50

Variable Symbol  Fig. 5-10 Fig. 5-12  Change (%)
1. New enterprise NE 7,100 8,100 + 4.
2. Mature business MB 11,300 12,900 +14.
3. Dedlining industry DI 18,000 19,000 +6.
4. Premium housing PH 144,700 163,800 +13.
5. Worker housing WH 450,300 456,909 +1.
6. Underemployed housing UH 174,300 142,300 -~ 18,
7. Managerial-professional MP 96,000 108,100 413,
8. Labor L 530,800 582,800 +10.
9. Underemployed U 316,900 290,300 —8.
10. Manager/housing ratio MHR L1 1.10 w1
11. Labor/housing ratio LHR 1.18 1.28 +8.
12. Underemployed/housing ratio UHR 1.21 1.36 +12.
13. Manager/job ratie MR 1.39 1.40 +1.
14. Labor/job ratio LR 1.01 1.01 0
15. Underemployed/job ratio UR i.22 1.02 —1s.
16. Tax ratio needed TRN 1.51 1.32 -13.
17. Underemployed to labor net UTLN 5,580 7,120 +28.

Figure 514 Changes caused by restriction on worker-housing constraction only, when added to a slam-
housing-demolition program.

Worker-housing construction is determined by Equation 82 and associated
Equations 83 and 84 (discussed in Appendix A but reproduced here).

WHE K L= (WHC DK (LER LK) 82,R
WHC - WORKER-HBUSING CENSTRUCTIEN CHAUSING INI TS/
YEAR)

WHCD -~ WORKER-HOUSENG CBNSTRUCTIAN DESIRED
(HEUSING NI TS EARD
LCR - LABBR CONSTRUCTIBN RATIZ (D1 MENS {@NLESS)

WHED X ZCWHON) ONH KO (HHMaK) #WHCP X 8344
WHCN=.03 83.1,C

WHCD ~ WORKER-HOUSING CBNSTRUCTIEN DESIRED
(HBUSING UNI TS/Y LARY

WHCN - WORKER-HBUSING CENSTRUCTIEN NBRMAL
CFRACTIEN/Y EARD

L - WIRKER HOUSING (HBUSING UNITS

WHM - WORKER-H@USING MULTIPLIER (Di MENS1BNLESS)

WHCP - WORKER-HEUSING=CENSTRUCTION PRAGRAM
GIAUSING INITS/YEARY

WH MK = CWH AMLKD (HHLMLKY (WHUMLKD (W THLK) CRHEMK) (WHGM.K)  BH,A
(WHF)

WF=1 8441,C
WM -~ WBRKER-HEUSING MULTIPLIER (DIMENSIBNLESS)
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WHAM ~ WORKER-HBUSING-ADEQUALY MULTIPLIER
(DIMENSEANLESS)

WHLM - WORKER-HOUSING LAND MULTIPLIER
CDIMENSEBNLESSY

WHUM =~ WORKER-HBUSING UNDEREMPLEYED MULTIPLIER
(DI MENS 1BNLESS)

T - WORKER-HOUSING TAX MULTIPLIER
(D MENSEBNLESS)

WHEM = WBRKER-HBUSING ENTERPRISE MULTIPLIER
CDIMENS | PNLESS)

WHGM ~ WARKER-HBUSING-GROWTH MULTIPLIER
(DI MERSIBNLESS)

WHF - WARKER-HBUSING FACTAR (DIMENSIBNLESS)

The dominant variables are given in Equation 83 determining the workes-housing
construction desired as the product of WHCN, WH, and WHM. Worker-housing
construction is proportional to the existing housing (representing the size of the
urban area) and to the normal construction rate WHCN. This normal rate is then
modified by the multiplier WHM, which combines the influences of the urban
system on the housing-construction rate. These influences are given by the mul-
tiple product in Equation 84.

Figure 5-15 shows several changes caused when the value of WHCN is reduced
from .03 to .015. When a new equilibrium has been reached, the worker-housing
multiplier WHM has increased 29% to compensate for nearly a third of the
reduction in WHCN. The major changes affecting the multiplier are the worker-
housing-adequacy multiplier WHAM, which has risen 18%, and the worker-hous-
ing underemployed multiplier WHUM, which has increased 7%. The adequacy
multiplier has risen because the ratio of labor to worker housing has increased,
producing a higher demand for housing. The underemployed multiplier is derived
from the ratio of labor to underemployed and indicates a more favorable city
environment for the construction of worker housing. The net result of these
changes is that worker-housing construction WHC has fallen 35% compared to

Year 50 Year 50

Variable Symbol  Fig. 5-10  Fig. 5-12  Change (%)
Worker-housing multiplier WHM 643 827 +29.
Worker-housing-adeguacy

multiphier WHAM 1.57 1.86 +18.
Worker-housing underemployed

multiplier WHUM 935 1.00 +7.
Worker-housing construction WHC 7,860 5,130 —35,
Premium-housing obsolescence PHO 4,260 4,990 +17.
Total rate entering worker

housing 12,120 10,120 —17.
Worker-housing-obsolescence

multiplier WHOM 1.382 1.164 —16.
Worker-housing life 36 yeats 43 years +19.

Figure 515 Changes in the worker-housing variables caused by restsicting construction.
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Figure 516 Demolition of 5% of slum housing each year and business encouragement that increases new-
enterprise constraction 40% over what would have occurred under the same conditions without added incentive.

its rate under a policy of slum-housing demolition alone. However, the premium-
housing obsolescence PHO has increased as a result of the higher rate of construc-
tion of premium housing. This aging of premium housing represents a fiow into
the worker-housing category so that the total rate of flow into worker housing
has declined only 17%. But Figure 5-14 showed an increase in the total worker
housing in existence. The difference is explained by Figure 5-15, which shows
a 19% increase in worker-housing life. The greater pressure to build worker
housing caused by the restrictions on such construction has caused the housing
10 be maintained in the worker-housing category and used by the labor population
for a longer period of time. As was seen in Figure 3-4, the total units in an age
category are proportional to the rate of flow and to the length of time in the
category. The smaller flow rate of worker housing multiplied by the longer life
in the worker-housing category leads to a slight increase in total worker housing.

In Figure 5-12b the slum-housing demolition and the restriction on worker-
housing construction lead initially during the first 10 years to a reduction in the
land fraction occupied LFO. This encourages a rise in new-enterprise construction
which is supported by the rising labor population, the latter generated by new
industry, and by the changing ratio of labor to underemployed. The improving
tax rate, which in Figure 5-13 falls 41%, encourages still more new-enterprise
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Figure 518 Urban-area development with continuous application from the beginning of policies for 5% per
year slum demolition and discouragement of worker-housing construction.

substantial differences between the results obtained here from encouraging new
enterprise and those obtained by discouraging worker-housing construction,

Figure 5-17, compared to Figure 5-13, shows a larger increase, 67%, in npward
mobility UTLN, Underemployed population and underemployed housing have
not declined so much,

In Figure 5-17 the number of underemployed has declined 11%. Figure 5-164
shows how this has been accomplished. During the first 10 years there is almost
no change in either the underemployed-arrival rate UA or the underemployed-
departure rate UD (arrivals have actually increased a little more than departures).
The change in underemployed population is accounted for almost entirely by
the increased net upward mobility UTLN, which in the first 10 vears has risen
from 5,497 men per year to 10,451. After the population stabilizes at 50 years,
net arrivals (UA — UD) have increased by about 4,400 men per year, indicating
that the city has become substantially more effective in aceepting underemployed
and providing an economic climate to generate upward economic mobility into
the labor group.

References here to encouraging new enterprise must be considered in the
context of the particular geographical area to be revived. New enterprise at a
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Figure 5.18 {cont.)

remote point, for example in an industrial belt beyond the suburbs of a city, is
not sufficiently related to the decaying areas to have substantial effect. New
enterprise must compete in the specific aging area with the tendency for excess
decaying housing. The policies discussed in this section must be exercised on a
local basis, not on the basis of a metropolitan area as a whole. Otherwise some
areas will be economically balanced while others will be isolated and decay.
Balance should occur within an area small enough to have communication within
the school system between different economic categories of population. It would
be an area that can be crossed by available transportation during a rush period
in 20 minutes. It appears that a larger area will tend to break up into isolated

blocks of population and industry that are segregated by building age and eco-
nomic effectiveness.

5.8 Preventing Urban Decline
Reviving blighted areas is a task forced on us by earlier failures in urban
management. Preventing blight would of course be beiter than having to cure it.
Many metropolitan areas that are not now conspicuously in trouble are never-
theless following a pattern of full land occupancy with consequent aging and
stagnation that will turn them into the slum areas of the future. More specifically,
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this is a future that can be anticipated for the low-c i
-cost suburban housing d -
ments that sprang up after World War 1L g develop
Policies used for reviving a deca i i
; yed area should, if continuousl applied
prevent decay. With rare and very special exceptions, the ultimate cguﬂfffrium’

applied to a city throughout its growth eriod and

equilibrium conditions as they %o wheIr)z applierd1 tcs>h: ‘;iggir:riugs;h ©oame fnl
Figure 5-18 demonstrates how equilibrium is not dependent on history. In this

ﬁgu.r? the entire growth history of the urban area has occurred under t}:;e same

pohges t'hat were used for revival in Figure 5-12. The final conditions in year

250 in Figure 5-18 and the final conditions in year 50 in Figure 5-12 are gub-

comparing this figure with Figure 3-1 representing growth in the basic systemy).

6 Notes on Complex Systems

This chapter is an interlude to comment on the general nature of complex
systems. Chapter 7 will return to specific consideration of the city and interpret
the material of Chapters 2 through 6 in terms of urban management.

6.1 Nature of Complex Systems

Complex systems have special responses which cause many of the failures and
frustrations experienced in trying to improve their behavior. As used here the
phrase “complex system” refers to a high-order, multiple-loop, nonlinear feedback
structure. All social systems belong to this class. The management structure of
a corporation has all the characteristics of a complex system. Similarly, an urban
area, a national government, economic processes, and international trade all are
complex systems. Complex systems have many unexpected and little understood
characteristics.

Like all systems, the complex system is an interlocking structure of feedback
loops. “Feedback loop” is the technical term describing the environment around
any decision point in a system. The decision leads to a course of action that
changes the state of the surrounding system and gives rise to new information
on which future decisions are based. This loop structure surrounds all decisions
public or private, conscious or unconscious. The processes of man and nature,
of psychology and physics, of medicine and engineering ali fall within this struc-
ture. But the complex system has some special characteristics.

The complex system is of high order. The “order” of a system is determined
by the number of level equations (that is, integrations or states) in the system
description. A company might have separate level variables representing the
employees, the bank balance, the finished inventory, the in-process inventory,
the physical machinery, various psychological attitudes, components of reputation,
and elements of tradition. A system of greater than fourth or fifth order begins
to enter the range here defined as a complex system. An adequate representation
of a social system, even for a very limited purpose, can be tenth to hundredth
otder. The urban system in this book is twentieth order.

107



168 Chapter Six

A complex system is multiple loop. It will have upward of three or four
interacting feedback loops. The interplay among these loops and the shifting
dominance from one to the other gives the complex system much of its character.

The complex systern has both positive- and negative-feedback loops. The
negative-feedback loop is the one most commonly founcf in the literature of
systems theory and is almost the only one discussed in engineering. But it is the
positive-feedback loop that generates all growth processes, whether they be
biological or economic. Negative-feedback loops are goal-seeking, tending to
regulate the system toward some objective. Positive-feedback loops are goal-
divergent, tending to depart exponentially from some point of uns-ta_ble cqullx_bn
rium. But the positive-feedback character, which gives the positive looP its
growth behavior, comes not only from structure but also from numerous variable
factors around the loop. These factors are often set and controlled by other loops
in the system. As these factors change, the positive-growth loop can be depressed
in its regenerative characteristics and brought to a neutral point marking the
boundary between positive- and negative-feedback behavior. If the Ioop is pushed
" into the negative-feedback region, the loop begins to generate exponential collapse
toward the original reference point from which it was diverging, The behavior
of social systems is intimately related to this interaction between positive- and
negative-feedback processes. For exampie, the large changes seen in Figure 4-9
result from the shift of positive loops into a collapsing mode that finds a new
and much lower equilibrium. -

The complex system is nonlinear. Modern mathematics deals almost faxcluswely
with linear processes. Life and society deal almost entirely with nonlinear proc-
esses. Nonlinear coupling allows one feedback loop to dominate the system for
a time and then can cause this dominance to shift to another part of the system
where behavior is so different that the two seem unrelated. Multiple-loop rca]igx}-
ment along various nonlinear functions makes the complex system highly insensi-
tive to most system parameters. The same nonlinear behavior nrakes the systeimn
resistant to efforts to change its behavior. The nonlinearities, when ur%derstood,
make it relatively easy to produce system models with realistic _dyna:mlc charac-
teristics. Much of our knowledge about system components resides in the range
of nonlinear relationships. Only by dealing forthrightly with the nonlinearities
in. systems will we begin to understand the dynamics of social behavior. Non-
linearily is necessary (o represent the behavior of complex systems. Nonlinearity
is easy to handle once we stop demanding analytical solutions to systems of
equations and accept the less elegant and more empirical apProach of syst'em
simulation. Acceptance of the nonlinear nature of systems shifts our attention
away from the futife effort to measure accurately the parameters of social systems
and instead focuses attention on the far more important matter of system struc-
ture.

Complex systems have characteristics that are commonly un@own. (.Iom?kx
systems behave far differently from the simple systems on which our intuitive
responses have been sharpened. They are different from the behavior studied
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in science and mathematics, where only simple systems have received orderly
attention and analysis,

Complex social systems bring together many factors which, by quirks of history,
have been compartmentalized into isolated intellectual fields. The barriers be-
tween disciplines must melt away if we are successfully to cope with complex
systems. Within the same system we must admit the interactions of the psy-
chological, the economic, the technical, the cultural, and the political. The interac-
tions among these are often more important than the internal content of any one
alone. Yet, if these separate disciplines are isolated in our study and in our
thinking, the interactions will never come into view.

Complex systems have many important behavior characteristics that we must
understand if we expect to design systems with better behavior. Complex systems:
(1} are counterintuitive; (2) are remarkably insensitive to changes in many system
parameters; (3) stubbornly resist policy changes: (4) contain influential pressure
points, often in unexpected places, from which forces will radiate to alter system
balance; (5) counteract and compensate for externaily applied corrective efforts by
reducing the corresponding internally generated action (the corrective program is
largely absorbed in replacing lost internal action); (6) often react to a policy change
in the long run in a way opposite to how they react in the short run; (7) tend toward
low performance. Each of these seven characteristics will now be examined in more
detail.

6.2 Counterintuitive Behavior

The counterintuitive behavior to be expected from complex systems was men-
tioned in Chapter 1 as a major reason for undertaking this study of urban dynam-
ics. All complex systems—whether in engineering, biology, economics, manage-
ment, or politics—can be expected to exhibit this devious behavior.

Chapter 3 has shown, perhaps as a surprise to some, that the rather obvious
processes of growth, aging, and population movements create urban decay. Chap-
ter 4 suggests the even more unexpected result that past programs designed to
solve urban problems may well be making matters worse. Chapter 5 suggests that
policy changes in exactly the opposite direction from present trends are peeded
if the decaying inner city is to be revived.

Intuition and judgment, generated by a lifetime of experience with the simple
systems that surround one’s every action, create a network of expectations and
perceptions that could hardly be better designed to mislead the unwary when
he moves into the realm of complex systems. One’s life and mental processes
have been conditioned almost exclusively by experience with first-order, negative-
feedback loops. Such loops are goal-seeking and contain a single important system
level variable. For example, one can pick up an object from the table because
he senses the difference in position between hand and object and controls move-
ment to close the gap. While many nervous and muscular responses are involved,
the system is dominated by the level variable representing the position of the
hand.
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From all normal personal experience one learns that cause and effect are closely
related in time and space. A difficulty or failure of the simple system is observed
at once. The cause is obvious and immediately precedes the consequence. But
in complex systems all of these facts become fallacies. Cause and effect are not
closely related either in time or in space. Causes of a symptom may actually He
in some far distant sector of a social system. Furthermore, symptoms may appear
long after the primary causes.

But the complex system is far more devious and diabolical than merely being
different from the simple systems with which we have experience. Although it
is truly different, it appears to be the same. The complex system presents an
apparent cause that is close in time and space to the observed symptoms. But
the relationship is usuaily not one of cause and effect, Instead both are coincident
symptoms arising from the dynamics of the system structure. Almost all variables
in a complex system are highly correlated, but time correlation means little in
distinguishing cause from effect. Much statistical and cotrelation analysis is
futilely pursuing this will-o’-the-wisp.

In a situation where coincident Symptoms appear to be causes, a person acts
to dispel the symptoms. But the underlying causes remain, The treatment is either
ineffective or actually detrimental, With a high degree of confidence we can say
that the intuitive solutions to the problems of complex social systems will be wrong
most of the time. Here lies much of the explanation for the problems of faltering
companies, disappointments in developing nations, foreign-exchange crises, and
troubles of urban areas.

6.3 Insensitivity to Parameter Changes

Complex systems are remarkably insensitive to changes in many of the system
parameters (constants in the equations). Social science attempts to measure to
a high degree of accuracy many of the characteristics of psychological and eco-
nomic systems. Yet closed, nonlinear feedback models of those same systems show
little change in behavior even from parameter changes of severalfold. Contem-
plating our social systems indicates that this must be true. The life cycle of
companies follows similar patterns in very different industries and even in differ-
ent countries. Problems in economic development are much the same regardless
of continent, social heritage, or even availability of raw materials. Economic
systems have behaved in about the same way over the last hundred years even
though the developed countries have shifted from agricultural to urban societies,
from independent to central banking, from individual entrepreneurship to large
corporations, and from communication delays of weeks to seconds, In fact, social
systems are dominated by natural and psychological factors that change very
Little,

6.4 Resistance to Policy Changes
Complex systems resist most policy changes. When a change, even a substantial
one, is made in a system, behavior often remains the same. The reasons lie in
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the counterintuitive nature of complex systems and in their insensitivity to param-
eter changes.

A policy is composed of both a structure (that is, what information sources
are selected and how they are used) and parameters (determining how much
influence from the information and how much action). “Policy” here means the
rule that describes how the available information will be used to determine action.
The insensitivity of a system to most of its parameters means that the system
is also insensitive to .most modifications that would be called policy changes,
because often the policy changes are onily changes in degree of information
influence or action. Here lLies the explanation for the stubbomn nature of social
systems. When a policy is changed, the many system levels shift slightly and offer
a new ensemble of information to the policy point in the system. The new
information, processed through the new policy, gives nearly the old results.

6.5 Control Through Influence Points

Complex systems have a high sensitivity to changes in a few parameters and
to some changes in structure. Thus the converse of parameter insensitivity is true
too.

There are a few points in any system to which behavior is sensitive. If a policy
at one of these points is changed, pressures radiate throughout the system. Be-
havior everywhere seems different. But people have not been persuaded or forced
to react differently. As they respond in the old way to new information, their
actions change. (Examples of these have been seen in Chapter 5.)

The parameters and structural changes to which a system is sensitive are usually
not self-evident. They must be discovered through careful examination of system
dynamics.

6.6 Corrective Programs Counteracted by the System

Active corrective programs imposed on a social system can have far less than
their anticipated effect because they tend to displace the corresponding internal
processes. As seen repeatedly in Chapters 4 and 5, the active corrective programs
shift the system balance so that the corresponding natural processes encounter
riore resistance and reduce the load they were previously carrying. For example,
in Figure 4-4 the underemployed-training program processed 19,100 people per
year, and yet the net upward flow from underemployed to labor increased only
11,300. The 60% efficiency of the new program is explained by the decline in the
natural upward mobility that existed previously. This tendency of a system to
resist and to counteract an applied force must be carefully considered. Compen-
sating counteraction can be disastrous if the applied programs are expensive. The
external financing required may be impossible to sustain, Only applied programs
of intrinsic low cost are feasible. Probably no active, externally imposed program
is superior to a system modification that changes internal incentives and leaves
the burden of system improvement to internal processes.
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6.7 Long-Term Versus Short-Term Response

Change in a complex system commonly causes short-term responses in the
opposite direction from the long-term effect. These “worse-before-better” se-
quences will be particularly troublesome to the political leader faced with reviving
an urban system. The conflict between the short run and the long run is found
repeatedly. In Figure 4-3¢ the underemployed-training program first reduced the
number of underemployed and then led to a reversal, with a final value slightly
higher than at the beginning. In Figure 4-8¢ the low-cost-housing program pro-
duced an initial attractiveness, with rising underemployed-arrival rate which
eventually fell 17% below the initial value. In the slum-housing-demolition pro-
grams of Figures 5-10 through 5-17, the unfavorable political aspects of housing
reduction and the counterpressures caused by the necessary relocation of people
within the area will appear faster than the more favorable aspects of job avail-
ability and economic improvement.

This conflict between short-term and long-term system responses partly ac-
counts for the unhappy state of our present urban systems. As voter pressure and
political expediency combine to favor short-run considerations, the stage is set
for Jong-term degeneration.

6.8 Drift to Low Performance

Complex social systems tend toward a condition of poor performance. Their
counterintuitive nature causes detrimental design changes. Also, the opposite
direction of short-term and long-term responses leads to policies that produce
a less satisfactory system. For example, a particular change in policy may improve
matters for a period of a year or two while setting the stage for changes that
lower performance and desirability further in the future. But the natural interpre-
tation is to observe that good resulted from the change and when matters become
worse the original efforts are redoubled. The intensified action produces another
short-term improvement and still deeper long-term difficully. Again the complex
system is cunning in its ability to mislead.

6.9 Op Modeling

A Model A simulation model is a theory describing the structure and interrela-
tionships of a system. The fact that the simulation process is to be used does
not of itself make the theory correct. Models can be useful or useless. They can
be soundly conceived, inadequate, or wrong, They can be concise and clear and
describe only those characteristics of the real system necessary to give the behavior
characteristics of interest, or they can be verbose, obscure, and cluttered with
unimportant detail so that they confuse rather than inform. They can be? structured
with recognition of the dynamic principles of feedback-system beha\flor, or t}}ey
can simply be a catchall for observed fragments of the system while omitting
the essential structure. Correct concepts of structure must guide model-building.*

*See References 1, 4, and 6.
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Everyone uses models. A written description is a model that presents one aspect
of reality. A mental image used in thinking is a model, it is not the real system.
The simutation model differs in being logically complete. It describes a dynamic
process and can manipulate rates and levels to generate a time history in accord-
ance with the statements of which the model is eomposed.

Model Validity. A model should always be created for a purpose. The adequacy
of the model can only be judged in terms of that purpose. There is no possibility
of absolute proof that a model is appropriate for its objective, But the model
can be evaluated in several stages,* The basic assumptions (in Appendix A) can
be checked against available experience and data. The dynamiic behavior of a
model (as in Chapter 3) can be compared with the real systems it should represent.
Changes in the model (as in Chapter 4) can be related to similar changes that have
occurred in reality. :

Modeling to Create Symptoms. The first step in modeling is to generate a model
that creates the problem. Only if we understand the processes leading to the
difficulties can we hope to restructure the system so that the internal processes
lead in a different direction. If the model is to create the difficulties, it must
contain all the interacting relationships necessary to lead the system into trouble.
The troubles are not imposed on the system from outside the structure being
modeled. The model will be a closed model which is not dependent for its
inherent characteristic behavior on any variables transmitted across its boundary
from the external world.

The concept of the closed boundary and the development of a simulation mode}
which has within itself all of the generating mechanisms for the problems of the
system is essential to successful investigation of complex systems. A system study
should start without emphasis on the correction of difficulties. Instead it focuses
attention on the causes of difficulty and their removal. Removing causes may
take action quite different from that aimed at alleviating symptoms. The cost of
removing causes is often far less, the influence is much deeper, and the improve-
ments last longer.

Adequacy of Information. In the social sciences failure to understand systems is
often blamed on inadequate data. The barrier to progress in social systems is
not lack of data. We have vastly more information than we use in an orderly
and organized way. The barrier is deficiency in the existing theories of structure.
The conventional forms of data-gathering will seldom produce new insights into
the details of system structure. Those insights come from an intimate working
knowledge of the actual systems. Furthermore, the structuring of a pioper system
theory must be done without regard to the boundaries of conventional intellectual
disciplines. One must interrelate within a single system the economic, the psy-

*See Reference 5 and Chapter 3 of Reference 1 for discussions of model validity.
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chological, and the physical. When this is properly done, the resuiting structure
provides nooks and corners to receive fragments of our fabulous store of knowl-
edge, experience, and observation.

Much of the behavior of systems rests on relationships and interactions that
are believed, and probably correctly so, to be important but that for a long time
will evade quantitative measure. Unless we take our best estimates of these
relationships and include them in a system model, we are in effect saying that
they make no difference and can be omitted. It is far more serious to omit a
relationship that is believed to be important than to include it at a low level of
accuracy that fits within the plausible range of uncertainty. In this particular aspect
the kind of modeling discussed here follows the philosophy of the manager or
political ieader more than that of the scientist.* If one believes a relationship
to be important, he acts accordingly and makes the best use he can of the
information available. He is willing to let his reputation rest on his keenness of
perception and interpretation.

A shortage of information is mot a major barrier to understanding urban
dynamics. One can say the same for other complex systems, The barrier is the
lack of willingness and ability to organize the information that already exists into
a structure that represents the structure of the actual system and therefore has
an opportunity to behave as the real system would. When structure is properly
represented, parameter values are of secondary importance. Parameter values
must not be crucial because cities have much the same character and life cycle
regardless of the era and the society within which they exist. Similar patterns
emetge in cities having quite different economic constraints and social traditions.

*This reference to the difference between an operating man and a scientist is made in the spirit of the
coaventional image of science. OF course, the successful scientist also operates on subjective observation and
moves ahead in his work on the basis of available information, gathering such facts as he can and making

assumptions where he must.

7 Interpretations

This book is more an opening of a subject than it is a package of final results
and recommendations. The primary objective is to improve understanding of the
complexities of our social systems. However, one always draws conclusions as
he goes along. How to use the results of a system study is an important part of
the learning process. The cities and their problems are here today. They will not
?vait for ultimate answers. Because one must act on the best evidence available,
1t seems entirely proper to interpret as one proceeds, but to remain open to new
evidence and changing conclusions. This chapter presents opinions arising from
the urban-dynamics study. As stated earlier, these conclusions should be accepted
only after establishing that the assumptions used here fit the particular situation.

An Implicit Goal. These recommendations assume that the most desirable way
to reverse the present condition of cities is to restore economic vitality and to
absorb the present underemployed groups into the main stream of productive
activity. 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 coalescing 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 and that success will be more easily achieved in a single
econontic system than in two separate and paralel systems.

7.1 Outside the City

This book focuses on an urban area and its improvement. But no conflict need
exist between the well-being of that area and the health of the surrounding urban
and rural areas. A healthy city is a more effective ecoromic converter for upgrad-
?ng the underemployed than is a decaying city. A healthy city generates new
industry, managers, and skilled labor bevond those who can remain employed
within the city area. These men and enterprises leave to start nuclei of rising
economic activity at other places.

I1s
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The policies for controlling population balance that the city must establish are
not antisocial. No purpose is served by operating a city so that it is a drain on
the economy of the country and a disappointment and frustration to its occupants.
An urban area that maintains effective internal balance can absorb poor people
from other areas at a faster rate than can one that is operating in deep stagnation.
The healthy area does not act as a drag on the other parts of the country by
requiring assistance from the outside. Furthermore, the well-balanced urban area
can contribute to raising the standard of living of the entire country.

7.2 The City in Its Environment

Urban Evolution. A city starts with empty land area having intrinsic economic
potential. Business develops. People move to the new economic opportunities.
Housing is built to support the growing population. During the growth period
the average age of housing is relatively low. The housing is occupied by those
employed in the growing business activity.

When the first land area has become filled, the city geographical pattern has
become a central commercial core surrounded by dwelling units. The housing
stands as a barrier to expansion of the area devoted to business. In time the ring
of housing deteriorates until it is no longer attractive to those who are fully
employed with satisfactory income.

Then a second phase of housing construction starts outside the old city as the
managerial and labor classes build a new ring of housing in the available land
area outside the first ring of housing, which is now deteriorating, Until this time
housing available for the underemployed had been so limited that the under-
employed population could not rise above what the city system could absorb.
But as the deteriorating inner ring of housing is vacated by management and
labor, the housing near the center of the city is occupied by those with the lowest
skills and the smallest income. Their presence in the dwelling units prevents
demolition, and the housing continues to restrict expansion of the commercial
area. The declining housing and its occupants generate city expenditures, cause
tax rates to rise, and decrease the likelihood of new industrial activity. The central
city becomes progressively more unattractive to the kind of manufacturing activity
that could provide upward mobility for the underemployed. The central city
begins to be dominated by office and professional activities, which place a pre-
mium on proximity to each other and to transportation systems.

After a period of adjustment the outer suburbs with their skilled labor and
managerial talent begin to be self-sufficient, with the development of industrial
activity within their borders and in the ring of open country outside the suburban
boundary.

The stage is then set for a second phase of deterioration. The oldest housing
in the central city will eventually reach the point where it must come down and
at that time it will be replaced with new structures, probably tending toward
premium housing for those engaged in the managerial and professional activities
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still located in the central city. As this replacement of the slum areas with new
structures proceeds, the nearest suburban areas age and deteriorate and become
technologically less attractive than new construction. The managerial and labor
populations will move to new buildings. These inner suburban areas will then
become the outward-moving slum-housing ring of the future.

The urban dynamics discussed in this book do not apply solely to the present
core city. The concepts apply to all areas. Each is in some phase of the growth
and stagnation life cycle. Each, given past circumstances and policies, can be
expected to complete the cycle into decay. If decline is to be avoided in areas
that now appear healthy, urban dynamics must become better understood. Quite
different urban-management policies must be accepted.

The Limitless Environment. This study conceives an urban area as an organic
living complex set in an unlimited environment. This implies that the urban area
and its internal policies determine its own condition and evolution. The unlimited
environment means that people are available from outside for migration into the
area whenever the area appears more attractive than the point from which people
may come. Conversely, the environment will absorb those who find the area less
attractive. This relation between a particular urban area and its surroundings
has existed throughout the history of the United States. For any particular area
relative to the remainder of the country, it will continue to be true. The surround-
ing environment may be represented by other urban as well as rural areas, and
mobility between urban areas may supersede the more dominant past mobility
from country to city.

The Attractiveness Concept. Unrestricted mobility between the urban area and
its environment has an important corollary. For any class of person, conditions
in the area must be approximately equal in attractiveness to conditions elsewhere.
As an example, conditions in a city for people in the lowest economic class will
not be substantially better or worse than the conditions in other parts of the
country from which there is free mobility.* If the city is more attractive, inward
migration will occur until it is overloaded. Unable to cope with the influx, the
city falls to the lowest attractiveness level with which it communicates. Any hope
for changing the conditions in a city rests on an examination of total attractiveness
and its components.

The term “attractiveness™ is used here to describe the variable that modulates
the flow of people to and from an urban area. As the area becomes more atiract-
ive, the inward flow increases and the outward flow decreases. Attractiveness
is perceived in different ways by different people. The components of attractive-

*As used here, there is free mobility between all areas. Attractiveness is 8 multidimensional concept and
includes factors such as legal restrictions, prejudice, racial and etheic groupings, and anything else that influences
& person o move. Some of these are represented explicitly as variables in the urban model. All others are
combined into the mobility coefficients on the basis that they can be treated as constants and are not involved
as dynamic variables in the modes of urban change here being explored.
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ness are weighted differently. But the distribution of all perceptions of attractive-
ness, as seen by the distribution of all kinds of people, results in the flow of
population. This net composite effect in the model generates “average” attractive-
ness, which regulates movement of “average” people.

Attractiveness is a composite concept combining a large number of influences.
Altractiveness in the model is defined by such variables as upward mobility, avail-
able housing, public-expenditure rate, accessible jobs, and special government
programs. Other attractiveness factors obviously exist. Climate may affect the at-
tractiveness of a particular city, but this would not usually be a dynamic variable
which itselfis affected by the internal conditions of the city. Remoteness may affect
attractiveness. Political restrictions may be considered a form of unattractiveness.
Immigration restrictions may detract from an otherwise attractive city.* Attract-
iveness components of the city shift with the city’s conditions. They vary with the
stage in the city’s growth and stagnation life cycle. The internally generated attract-
iveness is a concept essential to the theory of urban behavior presented here.

The free population exchange with 2 limitless environment means that the city
is powerless to change its composite total attractiveness. However, because the
attractiveness is made of many components, there is a wide range of choice as
to the separate values of these components. Some attractiveness components can
be improved if others are simultaneously made less favorable so that the com-
posite remains the same. It is in adjusting the components of attractiveness, while
keeping the total attractiveness the same, that the opportunities for the city rest,

The Stagnant Urban Condition. The urban area that has passed its phase of
population growth and internal development and has settled into equilibrium
exhibits a set of characteristics here called the “stagnant condition.” In this
stagnant condition the area has an excessive housing/industry ratio. The excess
housing is in the underemployed-housing category, including housing in declining
areas, slum dwellings, and abandoned housing. The amount of housing is too
large compared to industry because the number of housing and industrial struc-
tures each tends to be the same as when the area was in healthy economic balance.
But aging has reduced the population employed in the industrial structures while
at the same time increasing and changing the character of the population occupy-
ing the housing. Even in terms of population, the housing may be excessive. When
the economic potential of the area falls far enough, the population may decline
below what the housing could accommodate at the normal population densities
of the economic class that occupies the housing,. In the underemployed category
there can simultaneously be excessive housing and very crowded living conditions.

* West Berlin illustrates the point. I has no slums in the United States, South ,ﬁ_xmcrican, and Asi_an meaning
of the word. First, it communicates only with West Germany whose high economic levef and superior standard
of living is protected by severe immigration restrictions, Second, West Berlin is practically 2 new city so that
economic vitafity has attracted the managerial and labor classes who occupy and maintzin at a high standard
of repair even the older structures that remain. Third, the political stress mherent in West Berlin is a strong,
negative factor which must be balanced by superior physical and economic attractiveness if a population is
1o be maintained.
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The crowding, however, is not a reflection of housing unavailability but of eco-
nomic conditions. Some dwelling units are abandoned, while others are crowded
because the tenants are unable to pay for maintaining and operating the total
available housing.

The stagnant urban area has 100 high a ratio of old industry and housing to
new. This happens because the economic life of a new unit is shorter than that
of a declining unit. As shown in Figure 3-4 the number of buildings in various
economic categories is proportional to the average lifetime in each category. The
city that attempts to save old structures to extend their remaining small contribu-
tion speeds its own decline,

The stagnant urban area has too high a ratio of underemployed to labor. This
is a direct consequence of the high proportion of industry and housing in the
oldest-age categories, Until there is continued renewal through aggressive repair
and demolition, the area will inexorably sink. into stagnation.

The declining condition of a city is accelerated by policies or conditions that
encourage concentration of any one economic group. For example, an effective
transportation. system which brings people into the central city from remote
suburbs contributes to the blighting of the area it traverses. Without the transpor-
tation system the rebuilding of inlying areas would be more likely to occur.
Concentration allows industry to be located in one place, labor in another,
management in a third, and the marginal underemployed group in a fourth. The
mobility multipliers that depend on population ratios in the model (such as
Equations 25 and 38 in Appeudix A) assume that the populations are in close
proximity and communication with one another. This comumunication sets one
of the land-area limits on the validity of the model. Some aspects of the model
do not apply to areas so large that different groups have no contact through
normal living activities and school systems.

Soaring Municipal Costs. The increase of costs as the urban area ages is a reflec-
tion of the shifting balance that results from laws and administration that permit
and encourage excessive immigration of the poor and speed the exit of the more
affluent. As the poor begin to dominate, their political power is felt. Their short-
term interests increasingly dominate their own long-term welfare and that of the
city. As shown in Appendix B, if this political power is too great, the rising taxes
and the accelerating decline can continue to the point where the urban area begins
to collapse economically and all population classes decline.

7.3  Alternatives Open to the City

Pursuing unachievable goals can lead only to frustration. Much urban planning
fails to distinguish the possible from the impossible. Until the difference is clearly
understood, the future of cities remains in doubt, Attempting the impossible can
foreclose even those goals that might have been achieved.

Two quite different kinds of action can be chosen in dealing with a complex
system such as an urban area. One is to make a frontal assault with direct-action
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programs aimed at correcting deficiencies. A quite different approach is to alter
the internal system which has created the deficiencies.

It is often said that only a massive federal commitment of money will solve
urban problems. But if the city is unable to help itself, where is this massive
federal commitment to come from in a couniry that is already largely urbanized
and where many sections seem destined to become as blighted as present ghetto
areas? Even if the massive financial support were available, there is no certainty
that it would have the desired effect. Chapter 4 showed sufficient adverse effects
from common urban-development programs to suggest that the intuitive selection
of massive programs may be ineffective at best and a waste of money and actively
detrimental at worst.

A properly conceived system study aimed at the improvement of a complex
system should start by developing a clear understanding of how and why the
difficulties have been created. If this is well done, one discovers the causes of
the observed symptoms. When the system behavior is understood, the internal
incentives that are creating difficulty can usually be altered at much less expense
than would be necessary for direct-action programs aimed at reducing symptoms.
Furthermore, the massive action program, if it does nothing about the undestying
causes of difficulty, simply comes into conflict with the operation of a system
already set at cross purposes. The internal forces in most social systems are so
powerful that they will likely dominate any effort to treat symptoms, if treatment
does not reach the true structural causes. Conversely, if the causes can be reversed,
an internally generated revival can proceed faster and with more lasting effect
than if the treatment comes from the outside.

Outside help for the city cannot be sustained forever if the effort is directed
toward an unnatural goal that the city itself cannot even maintain, to say nothing
of achieve on its own.

If the dynamic structure suggested in this book is correct, the city, because
of population interchange with its environment, cannot hope to improve simul-
tancously all aspects of life for its inhabitants. The total attractiveness of a city
can improve only as the entire communicating environment improves. )

On the other hand, the city can exchange improvement in one attractiveness
component for decline in ancther and thereby alter its economic and social
effectiveness. The character of a city is determined by its population. At any time
population is a result of past movement to and from the city and the social and
economic conversions that have occurred within. The two components that seem
most influential in determining movement to the city and upward economic
mobility inside are jobs and housing. Much of this book has focused on the
interplay between work opportunities and housing. There appears to.bc .httle
possibility of inereasing the availability of both simultaneously. In special situa-
tions other attractiveness factors might be unfavorable enough so that both jobs
and housing could simultaneously exist in excess and remain so in equilibrium.
These unfavorable factors would most likely take the form of strong legal or

Interpretations 121

psychological forces repulsing immigration. In the absence of such conditions,
housing and jobs appear to be the most powerful influences in determining the
equilibrium condition of an urban area.

The natural condition of the aging city tends toward too much housing and
too few jobs for the underemployed population. In such condition an urban area
fails to operate effectively. It attracts an unskilied population but then offers little
opportunity. It traps the underempioyed in a low economic condition from which
few escape.

The cities have reached their present condition by following policies that look
attractive for the short run. But because long-run effects are often the opposite,
short-run emphasis eventually leads to difficulty. Education to increase public
understanding of urban dynamics and generate popular support of long-range
goals might allow changes that would reverse the decline of metropolitan areas.
Decaying regions move. Qur past programs that try to rebuild the physical area
without integrating the underemployed into an economic reyival mexely shift the
troubled area to a new location. Given time, a disintegrated area will certainly
be rebuilt if the area has economic potential, but the next-oldest bordering area
will then fall victim to concentration of the underemployed population.

If the concept of attractiveness equilibrium between areas is correct, a city will
not be able to outrun the needs of the underemployed by providing ever more
low-cost housing and welfare. The city that attempts this will inundate itself with
the less fortunate of the world in a cycle where effort does not improve conditions
but only increases population without in fact improving the lot of that population.
In an effort to improve short-run conditions by alleviating symptoms of a defective
social system, the city does long-run harm to the very group it is trying to help.

In taking the longer view, a city must recognize the slowness with which change
will come. Time scales are probably about correct in the simulation profiles in
Chapter 5. If so, even after appropriate policies are adopted substantial change
will not occur for one or two decades. The greatest danger is that impatience will
reverse the policies before they have a chance to be effective. Political leaders will
face another problem. Policies that lead to urban revival will give the superficial
appearance of favoring upper-income groups and industry at the expense of the
underemployed. If the city has already reached the point where the undex-
employed are numerous and politically powerful, these programs for restoring
the economic health of a city may not be open for practical political considera-
tion.

The urban system is a complex interlocking network of positive- and negative-
feedback loops. Equilibrium is a condition wherein growth in the positive loops
has been arrested. But such a positive loop is in precatious balance between
growth on one side and conversion into a negative loop with intrinsic declining
characteristics on the other. Internal shifts in the incentive structure of the system
can be powerful in determining the path that is followed.

A city in better economic balance than the decayed areas would have a lower
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underemployed population at any one time but a higher flow from the outside
through the underemployed group into the labor group. The balanced city would
serve all sectors of the population more effectively. By accepting a larger flow
of underemployed, the balanced city would contribute more to raising the standard
of living of the surronnding environment by taking in the underemployed and
giving back skilled labor, managers, and industrial activity generated in the urban
area.

It appears from the model simulation results in this book that a better urban
balance can be achieved by altering the laws and policies under which our cities
operate. The change would aim at encouraging a revised pattern of using land
area and replacing old structures. The changes needed in laws and administrative
practices would not require a more coercive legal structure. A new system should
be able to operate with less government encroachment by eminent-domain pro-
ceedings than employed at present for urban renewal. Our present system is
characterized by tax and zoming regulations that encourage private enterprise 10
act in ways that have produced the present degeneration in the older urban areas.
A different tax and legal system should be devised so that actions in self-interest
by land and building owners will produce a city that evolves ioward a new and
better equilibrium condition.

7.4 Maintaining Economic Balance

If the city is to survive as a healthy economic unit and as a satisfactory place
to live, it must be managed under an ensemble of policies that induce constant
renewal at a rate that matches the relentless march of deterioration. By contrast,
present laws, zoning regulations, and tax structures all conspire to produce a city
with declining industry, stum housing, and a population mix that inhibits eco-
nomic revival,

The city, by shifting taxes off those who are already to0 numerous, encourages
a stilt greater influx of the undetemployed, who tip the balance downward in
a spiral of urban decline. By shifting the tax burden onto those who generate
the least municipal costs, who have the greatest mobility, who need not live in
the aging structures, and who have the least reason to remain in the city, the
city encourages the departure of the people and industries most necessary for
its revival. _

By favoring rent ceilings the city often accelerates the deterioration of housing
into the housing classes that are already 100 large for the well-being of the city.

By believing that the problems of the city are beyond its control, the city lays
its problems at the doorstep of a higher level of government and corrective action
is deferred. By asserting that the city is the inevitable recipient of the under-
employed and the misfits from other parts of the country, one creates the impres-
sion that the city is a victim of circumstances. By accepting old structures and
their consequences as a condition of nature rather than as reflections of the legal
and tax structure, people fail to see the true causes of decline. These attitudes
are then used to justify ignoring the fact that the city is creating its own condition.
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Kinds of‘ Industry. The theory of urban dynamics presented here indicates that
the relationship between working and living is basic to urban evolution. If so
the kinds of commercial activity in the area are important. ’
. By encouraging the wrong kinds of industry, the city establishes an unfavorable
balance of trade” in some of its poorer areas. In these areas there is insufficient
product manufactured and service sold to the outside to maintain the inner
community. Local merchants and professional activities, while “commercial” in
nature, do not serve the purpose. They end up selling to the inside and buying
from the outside without themselves generating an “export.” The area tends to
be a net purchaser until the standard of living is driven down to be in balance
with the “export” flow. The “foreign-exchange” problem is similar to that faced
by a developing country. Some commercial activities, such as warehouses occupy
land area but generate very little in payrolls to the community, ,
Policies need to favor industries that are profitable, pay a high wage rate, and
carry on labor-intensive activity. Such industries should be perceived as a preat
service to the community rather than as ones to be penalized and saddled with
the burden of carrying the cost of the urban area they alone are able to revive.
?l"he declining urban area needs to be made an effective part of commercial
interchange. If the people in these areas begin to contribute economically, they

acquire the purchasing power to become consumers and indirectly justify and
generate their own jobs.

Taxefs: Taxes, in the representation of an urban system presented here, affect
mottxhty of people of all classes and the construction of housing and industry.

ny administration has generally not been based on any cost-benefit concept
relating revenue to expenditures within segments of the city. The tax structure
tends to penalize those who can contribute most to the well-being of the city.
while favoring those who generate costs to the city. Such a strong bias tips the
city too far toward population and, within the population, disproportionately
increases the group least able to contribute to a successful city. In the short run,
the conventional tax policies seem humanitarian and appear to be a desirable
social force. But in the long run the policies produce economic decline and trap
in poverty the very people they are designed to serve. And as the balance in
the city shifts toward the underemployed population, the political power shifts
too, giving further dominance to the downward forces. It is characteristic of our
complex social systems that actions that appear to alleviate difficulties in fact often
Produce trouble. As the trouble deepens, the presumed treatment is intensified
in a well-motivated but misguided effort to reverse the process. A spiral develops
which drives the system harder and harder against the crisis limit.

This urban-system study suggests that, if economic balance of the city is to
be realigned, there must be a revision in attitude toward various classes of city
activity.

People are the fundamental generator of municipal expenditure. People require
welfare. People require police and fire departments. People require transportation.
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People use schools. People demand city services. Unless the people are eco-
nomicaily able to support these services and politically responsible for authorizing
them, the urban system is almost sure to be self-defeating. The one facet of a
city most closely identified with people is housing. If the urban theory of behavior
proposed here withstands wider examination and criticism, the present tread to
shift taxation away from housing will need to be thoroughly re-examined. Only
if cost and revenue are closely coupled will the city be responsible in its expendi-
ture. Only if the revenue is highly correlated with the people who require the
expenditure will the city have a self-regulating system which generates a population
able to sustain a healthy city and to pay for the urban services they desire.

The most significant variables seem to be various ratios between industry and
housing, which suggest that the attitude toward industry needs to be substantially
reversed. Industry has been perceived as a politically impotent sector of the city
onto which to load rising demands for revenue. But industry is not without
retaliatory power. It can leave, and it does. It can also shift its mix, leaving the
city with the kinds of industry that contribute least to maintaining urban vitality.
Desirable types of industry should be seen as an asset, as an essential element
in solving the city’s problems, and as a sector of the city to be encouraged through
favorable administrative regulations, zoning practices, and tax policy. Enterprise
of the right kind costs the city very little by its presence. It polices its own internal
land area. It buys water and other utilities. In modern construction built to proper
standards, it demands litile of fire departments. Industry of itself does not require
schools. But on the favorabie side, industry exports the products and services that
generate a favorable balance of trade and make it possible for the area to generate
the revenue necessary for importing the goods needed for survival and gracious
living.

Tax-exempt institutions need to be re-examined. They too should be judged
on the basis of how they contribute to the city’s cost and revenue balance. It
is neither sufficient nor proper simply to contrast the lack of tax revenue from
a tax-exempt institution with the tax revenue which might conceivably come from
a highly taxed industrial complex on the same land area. If the tax-exempt
institution causes the city no expense in its own right and produces no revenue,
then it could almost be perceived as nonexistent. The land area might simply
be subtracted from what is considered to be the city and the institution would
be perceived as neutral. On the other hand, if a tax-exempt institution is estab-
lished in areas that would otherwise contain deteriorated housing, the creation
of the tax-exempt institution may help correct the land-area imbalance of the
city. But, if the institution attracts a population that creates a cost Ioad_ on the
city and does not pay its own way, the institution could be considered detrimental.
In other words, classes of institutions differ markedly in how they affect the
cost-revenue balance of the city. The presence of such institutions, the regulations
under which they operate, and their relation to the city should be examined in
terms of what they do to the long-term revitalization and maintenance of the

city.
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If industrial taxation is seen as a means of encouraging t i
industry and Fhe proper industrial behavior, quite diﬁ"efen% taI;ce sf:fgiietlr:v(fuﬁif
evolve. Taxation should favor high-employment industries that pay high wage
rates. _Prescnt taxation on the basis of falling property value defeats thf;g oal if
replacing declining industry. This suggests a tax rate based on occupied Ialfd area
or on factory floor area. The marginal business, which has already amortized and

residential land in the declini i
relative o roony ratec:mmg arcas, commercial tax rates should be reduced

Quite the opposite of moving toward a payroll tax, the cj i
a tax credit based on salaries and wages paié) tc))q;esidents of tﬁ:%jggfmcgiﬁtr
Th:_s-would serve multiple purposes. It would improve the balance-of—tradé
position of the local area by favoring high-wage industries. By encouraging
empl.oymenf of those living nearby, it would help reverse the city trend toward
ever-increasing costs of public transportation. '

Th1§ urban §tudy suggests the desirability of reversing residential tax trends
The l'ugh taxation of undeveloped land may force housing construction in areas.
whefe it should not occur. Reduced assessments on aging structures favor the
survival of the very structures that should be removed. A flat tax per dwellin
unit, regardless of age or condition, might do much to create internal incentivc%
that would maintain a favorable residential balance in the urban area. Some form
of personal-residence-amortization deduction against personal income tax might
produc:e 2 favorable bias in housing renewal, Assessing the residential tax more
Ezarly ml gli']o;;ortion to tl;e city costs generated by the different classes of popula-

T would neip to control the proportions i i
better serve i penmiol th ﬁasfes, of population classes so that the City can

These' comments about tax structure are included to illustrate the type of
exploration into causes that should be precipitated by a system study. The form
of the final conclusions should come from the resolution of doubts and counter-
proposals.. Tax structure realignments should be devised to help make the city
s.elf-sustammg. The city does not serve an effective social function for any popula-
ton class by putting itself in a position where desirable industry leaves and the
disadvantaged population comes. Such evolution as has occurred in the past
moves the underemployed away from sparsely settled areas that have potential
for economic development into old and declining areas that cannot revive under
the existing mode of operation.

Land Z_om’ng. Just as the tax laws need re-examination, so do the land-zoning
regulations. At the present time zoning favors excess ratios of housing to economic
activity and favors segregation of activities into blocks that are too large for
favorable interaction.

There should be 2 reconsideration of property rights. Do the property rights
of the landowner include the right to generate decay which blights the entire
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urban system? Through zoning and taxation it should be possible to design a
system that encourages owners to take self-protective actions that generate re-
newal.

Zoning tends now toward limiting areas where industry is permitted. These
areas permit both industry and housing, with industry sharply restricted and
housing virtually unlimited. But should not the reverse attitude exist? Suppose
residence were restricted to particular areas. Other areas, even in metropolitan
regions, could be restricted to agriculture only and taxed at appropriate low rates
to maintain open areas. Industrial areas would be specified but would not be
open to residential construction. The blocks for each of these would be smaller
and more intertwined than in present land usage. Zoning might specify proximity
of high- and low-density housing areas to bring different economic classes closer
together and to enhance the opportunity for upward mobility.

7.5 Cheice of Urban Pressures

A complex system can operate in any one of many different modes. Some
modes are desirable, others are not. Some modes are firmly self-sustaining, others
tend to terminate their own existence. ) )

If a mode of behavior is to be sustained, there must be some restraint against
which the system presses to locate and maintain the particular mode anc_i to anchor
the system against drifting into some other mode of operation. This pressure
against a restraining force will appear as some form of social, Rsychoiogical, or
economic pressure within the system. Each decisive and sustainable mode of
operation is characterized by its own pattern of pressures. A system without
internal pressures is probably one whose behavior mode will drift in an uncon-
trolled manner until it is captured by a set of pressures that represent a self-
sustaining mode.

The life cycle of an urban area (s in Figure 3-1) carries the area through'several
sequential modes. In the early growth mode, the growth forces are restrained by
pressures from shortage of capital and lack of management and labor. As the
land area becomes filled, these pressures decline and the mode of behavior begins
to drift toward equilibrium and stagnation. In equilibrium a new set of pressuzes
appear that tend to maintain the mode: (1) buildxpgs become old, (2) industry
declines, (3) population balance shifts, and (4) taxes rise. This mode is hlghly. stabl.e.
It does not within itself contain natural or psychological processes that will shift
the mode to one of revival (as illustrated in Figure 5-16).

But the revival mode of Figure 5-16 is also one that generates pressures. The
new equilibrium of Figure 5-16 exhibits an excess of jobs and a shortage of
housing. The mode encourages more industry when excess industry is alregdy
visible. The mode continues slum-housing demolition even though that housing
is in demand and is not in extreme decay. Everyone within the system will see
these pressures and will be unanimous in wanting to relieve them. Managf:rs will
see economic opportunities for which they need more employees. Potential em-
ployees will exert pressures for more apartment construction so they can move
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to the work opportunities. But with the elimination of the housing pressure comes
a period of drifting between modes and almost certainly the capture of the system
by the old stagnation mode with its excess housing and declining industry.

Growth modes are not forever sustainable, so we must always look toward the
choice of some equilibtium mode, Each equilibrium mode that is sharply de-
finable and free of indecisive drifting will generate its characteristic pressures.
In choosing 2 mode, we are choosing the ensemble of pressures under which we
want to live. To sustain that mode we must be willing to accept and, in fact,
maintain the corresponding pressures.

The more desirable equilibrium modes of a system seem to exhibit pressures
that are easy to alleviate, and alleviating them eliminates the desirable mode.
The undesirable modes will often have pressure patterns from which escape
is difficult. The equilibrium toward which urban areas now move is stable,
undesirable, and accompanied by pressures that do not yield to intuitively chosen
corrective programs. The revival mode in Figure 5-16 depends for its existence
on pressures that can be easily eliminated by obvious changes in policy.

These shifting equilibrium modes with their associated pressures are seen in
all complex systems. For example, a family, by its spending pattern, can choose
the solvent mode where it must resist the pressure to overspend its income, or
it can yield to consumption pressures, move into a debtor mode, and must then
resist the pressure of creditors trying to coliect. As another example, a company
can resist the pressure to overcommit itself in sales promises, but if it does not
it must accept the pressures resulting from late delivery, falling quality, and
narrowing profit margins. Another example of shifting from one equilibrinm to
another is probably illustrated by the response to unemployment pressures in an
economic system whereby the corrective action permits a drift into a price-wage
spiral and inflation mode.

The suggestion here proposed that population in an area be maintained in
balance by limiting housing is directly the opposite of some proposals that depend
on limiting work opportunities to control population.

Urban Transportation. The assumptions incorporated here in the model of an
urban system contain implications about urban transportation systems. The trans-
portation system is intimately involved in how population classes, industrial
classes, and housing classes interact. The model coefficients and nonlinear tables
imply, even if indirectly, statements about spatial interaction within the system.

Urban transportation systems can encourage land separation into large nonin-
tercommunicating sectors. The better the transportation system, the less the
interleaving of population classes and the less the proximity of housing to industry.
As sector separations increase, commuting cost rises rapidly in transportation cost,
in psychological trauma, and in time lost from productive activity. Furthermore,
transportation can span the deteriorating areas, helping to hide them and making
renewal less pressing and less likely. This suggests that urban transportation
planning might better be focused on transportation between industrial centers.
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Interindustry communication would favor industrial decentralization into numer-
ous istands that interfeave residential and open areas. The transportation would
serve the communication needs of effective economic activity but would not be
primarily for long-distance commuting from home to work.

The urban planner must plan in terms of the pressures his systetn is to generate.
We now yield to economic pressures, dllow and encourage excessive construc-
tion in response to high-land-price pressures, and exchange these economic
pressures for psychological pressures that come from congestion and commuting,
But an urban plan that aspires to a different equilibrium than we now have must
be firmly based on a public understanding and willingness to live with the
corresponding pressures,

7.6 The City—Master of Its Own Destiny

It has become popular to talk of massive financial aid from the federal govern-
ment to solve the problems of American cities. But, if the system analysis in this
book contains the proper concepts, money, even if available, may be no solution.
Given present laws and administrative practices, the problems of a city may
respond by growing in size and difficulty to match any available financial sup-
port.

But the urban dynamics exposed by this investigation imply that the city can
change from the inside. Whether or not it will, assuming that the validity of the
study is sustained, depends primarily on political leadership and improved public
understanding leading to support for policies that can reverse urban decline. A
city need not wait for the national problems of poverty and the underemployed
to be solved.

The city, by influencing the type and availability of housing, can delay an
increase in the immigration rate until internal balance is re-established. The city
must press for removal of aging housing before deterioration creates an imbalance
in the urban system. Because aging is continuous, the renewal process should
be continuous instead of occurring in waves several decades apart. At the same
time industrial parks should be established within present decayed residential
areas to generate jobs for those already living in the city. Favorable city regula-
tions and new tax policies should be designed to attract the kinds of industry
most needed for revival. The ensemble of new policies would be aimed at restrain-
ing the processes of urban stagnation.

The proposed new policies of urban management do not imply additional
hardships on present urban residents except for relocation within the area. Reloca-
tion will be caused by three streams of change:

1. Slum demolition for gradually consolidating land into parcels large enough
for the needed industrial centers (and any associated landscaping, parks, etc.).

2. Voluntary relocation from underemployed housing to worker housing as
upward economic mobility makes such improvements in living conditions pos-
sible.
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3 Econom‘ic relocation arising from revival activity as older housing is replaced
by new housing and declining industry by new enterprise.

The city has been presented here as a living, self-regulating system which
generates its own evolution through time. It is not a victim of outside circum-
stances but of its own internal practices. As long as present practices continue,
infusion of outside money can produce only flecting benefit, if any. If the city
needs outside help, it may be legislative action to force on the city those practices
that will Iead to long-term revival. Such outside pressure may be necessary if
internal short-term considerations make the reversal of present trends politically
impossible. The revival of the city depends not on massive programs of external
aid but on changed internal administration.
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A The Model—A Theory of Urban
Interactions

This appendix describes the model used in this book to represent an urban
area. ‘The model is stated in mathematical equations. These equations provide
a specific and precise notation. They say nothing that could not be said in English,
but mathematical symbols have precise definitions and are far less ambiguous
than words. Relationships between variables are shown pictorially in flow dia-
grams.*

A brief discussion of general System structure and the specific structure used
here for an urban area is in Chapter 2, which should be reread before continuing,

Figure 2-4 shows the principal system levels and associated rates of flow, The
choices of the degree of aggregation and of the principal levels and rates are
critical to the success of system modeling. There are as yet no explicit rules for
guiding such choices. But it is usually necessary and sufficient to penetrate into
the system one or two layers of detail below the point at which the trouble
Symptoms appear. If the symptoms involve housing and employment, the proc-
esses of building housing, generating jobs, and representing population flows will
need to be included. Figure 2-4 illustrates the basic framework of the urban
model. The flow diagrams in this appendix show each system rate and the inputs
that control it. As each flow diagram is encountered the reader may want to refer
to Figure 2-4 to maintain his over-ail perspective.

Al Underempioyed Sector
Figure A-1 contains somewhat more detail than was first encountered in Figure
2-7. The figure shows the underemployed level U by the upper rectangle and

*For more explanation of equation structure, the appropriate solution interval DT, and the flow-diagram
symbolism, see References 1 and 6. Equations are in the format recognized by the DYNAMO compiler in
the DYNAMO I vession. The manual for DYNAMO I has not yet been published, but the reader is referred
to Alexander Pugh, DYNAMO User’s Manual (The M.LT. Press, Cambridge, Massachusetts, 1963) for a general
explanation. The new DYNAMO containg an algebraic translator and does not limit the choice of equations
as did the earlier version.
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the five rates of flow that communicate with it. The details are shown for three
of the flow rates—underemploved arrivals, underemployed departures, and un-
deremployed births. In the diagrams, levels are shown as rectangles and rates
are shown as valve symbols. The auxiliary equations in the circles are algebraic
subdivisions of the rate equations. They are part of the rate equations and can
be substituted into the rate equations and made to disappear. They are kept
separate because they have individual conceptual meaning and represent iden-
tifiable aspects of the urban system. Explanation of the model will follow the
sequence of the equation nurbers, .

A compact listing of equations as actually entered in the computer will be found
in Appendix E. The same equations appear in the same sequence in this appendix
but with explanation and with the definitions of symbols following the equa-
tions.*

Equation 1 is the rate equation describing the arrival of underemployed into
the area. The underemployed, as used here, are the potential wage earners. Total
underemployed population will, in Equation 9, be computed as underemployed
multiplied by underemployed family size.

UA KEZ CUK+L KD CUSNY CAMMP.K) 1R

UAN=,05 1.1,C
UA - NDEREMPLAYED ARRI VALS (MEN/YEAR)
u = INDEREMPLBYED ¢MEN
L ~ LABBR CMEN)
UAN - WEDERE&!PLBYED ARREVALS NORMAL C(FRACTiGN/
YEAR>
AP ATTRACT | VENESSFBR-MI GRATI BN MILTIPLIER
PERCEIVED CDIMENSIONLESS)

Equation 1 is a product of three terms. The first is the sum of underemployed
and labor populations, which is here taken to tepresent the size and activity of
the urban area which attract people from the outside. The second term UAN
Is a “normal” multiplier which represents the fraction of existing inhabitants
U + L that would come to the area each year. With a UAN value of .05 in
Equation 1.1, the statement is made that under normal circumstances the inflow
to the area would represent 5% of the underemployed plus labor inhabitants. As
we will se in Appendix B, numerical values for these coefficients are not critical
to the results obtained in this book. The “normal” area is best thought of as one
nearing the end of its growth phase. It has neither the dynamic vitality of maxi-
mum growth rate nor the depressed activity of the stagnation phase,

Equation 1 contains the third term AMMP. This is a moduiating term repre-
senting the attractiveness of the area compared to normal. The normal value of
AMMP is 1. A more attractive area will have a muitiplier higher than 1 and

*The format of the equations with related definitions has been geterated by the “DOCUMENTOR” program,
which merges the model file in Appendix E with the file of definitions in Appendix C.
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a less attractive area will have a multiplier lower than 1. As the area becomes
more or less atiractive relative to its surrounding environment, the multiplier value
changes.

In Equation 1 the letters K and L, after the period following the symbol group
for a variable, represent points in time. The equation system is evaluated at
uniformly spaced intervals in time. The “present time™ at any particular point
in the computation is known as time K. Time L is the forthcoming period at
which the equations are next evaluated and time J is the previous instant at which
they were last evaluated. Rates of flow are presumed to be constant during the
intervening time intervals* and cause the levels to change from the value at one
time period to the value at the next time period. The rate of flow UAKL is the
underemployed-arrival rate that will exist during the forthcoming time interval
from time K to time L. As a rate of flow, it depends on constants and on system
levels, not on other rates. All three of the variables on the right-hand side of
Equation 1 are system levels.

Equation 2 describes the perception by the outside underemployed of the
attractiveness of the particular urban area. The perceived value will be different
from the true value when attractiveness is changing. The true value is generated
in Equation 3, but Equation 2 generates a time delay representing the time for
the image of the urban area to change in the minds of those who might migrate
from a distant point. The perception-time delay is here taken in Equation 2.2
as 20 years. In an earlier day the delay would perhaps have been longer. At the
present time, with television and more rapid communication, the time might be
somewhat shorter.

AMMP JCANMP. S DT/AMMP T) CAMM..J =AMNP,J) 2,b
APz 2.1,N
AMMPT=20 2.2,L

AMMP  ~ ATTRACTIVENESS~FBR-MIGRATIGN MULTIPLIER
PERCEIVED (i MENSIBNLESS)
AMMPT ~ ATTRACTIVENESS~FOR-MIGRATION-MULTIPLIER

PERCEPTIBN TIME (YEARS)
AMM - ATTRACTIVENESS=-FER-MIGRATIGN MULTIPLIER

(DI MENSIBNLESS)

Equation 2 is listed as a level equation but actually combines within itself a
rate equation which causes the level AMMP to change. The perceived value
AMMP is always moving toward the true value AMM. The rate at which it moves
depends on the difference between AMM and the value of AMMP. This differ-
ence is divided by the perception time AMMPT to create the rate of change in
the perceived value. )

All level equations must be given initial values. The level equations fully

*The time interval between successive evaluations of the equation set is made shott enough so that the
assumplion of constant rates in the intervening interval is satistactory.
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determine the existing condition of the system and must have values from which
to start the computation sequence. Equation 2.1 with a value of 1 says that the
perceived attractiveness of the city is initially normal.

Equation 2 describing a system level is not represented in Figure 2-4 showing
the principal levels. The perception delays will affect the transient responses of
the system but will have no effect on equilibrium values. In equilibrium the
perceived value AMMP will be equal to the true value AMM, because, if AMM
does not change, the delayed value AMMP will move toward it and take on
essentially the same value.

The true present value of attractiveness to the underemployed is described by
Equation 3. This is the actual, but not the perceived, attractiveness, As seen in
the flow diagram of Figure A-1 the attractiveness-for-migration multiplier AMM
is generated by 6 inputs. Five of these are active system variables and the sixth
is a coefficient AMF which is available for system experimentation.

In Equation 3 multiplication has been chosen as the most appropriate way to
combine the components of attractiveness. This asserts that if one component
doubles in value the attractiveness variable doubles, regardless of the values of
the other variables. Under extreme conditions this formulation might be open
to some question. However, it seems far more suitable than combination by
addition. Some of the components of attractiveness are sufficiently influential that
by themselves they can effectively suppress inward migration. A linear additive
formulation would not be able to give this dominant position to one of the
component influences. As written in Equation 3, any one of the multipliers
becoming 0 will cause the attractiveness multiplier AMM to become 0 regardiess
of the values taken on by the other inputs.

AMM K= CUAMMLKY (UMLKY CPEMLKY CUIMLKD CUHPM LK) CAMF) JyA
AMF=1 3a1,0

AMM = ATTRACTIVENESS-F@R-MIGRATION MULTIPLIER
CDIMENSHONLESS)
UNDEREMPLAYED-ARR| VALS-MBBILI TY MULTIPLIER
CDIMENSIBNLESS)
HM - UNDEREMPLOYED/HBUSENG MULTIPLIER
CDIMENSIBNLESS)
PEM  « PUBLIC~-EXPENDITURE MULTIPLIER
(DI MENSIBNLESS)
WM - INDEREMPLAYED/JBB MULTIPLIER
CDI MENS IBNLESS)
LHPM - UNDEREMPLAYED-HOUSING-PRBGRAM MULTIPLIER
(DI MENS IZNLESS)Y .
AME ATTRACTIVENESS -FBR-~MIGRATIEN FACTRR
(DFMENSIBNLESS)

UAMM

All system formulations are to some extent a compromise. The test is one of
adequacy and a balance between the simplicity of modeling and the complexity
of real life. The multiplicative arrangement of Equation 3 seems to be a sub-
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stantial improvement gver linear addition in matching the system being repre-
sented. Going further into some form of multidimensional arbitrary table of
values does not appear justified.

The input multipliers to the attractiveness—for—migration multiplier AMM are
generated in table look-up operations to allow for nonlinear relationships between
the source variables and their influence on aitractiveness.

Equation 4, which describes the effect of upward economic mobility on attrac-
tiveness of the area, is such a table fanction,

UAMM.K =TABLEC UAMMT, Ut oK , 0,4 15, , 025) U,A
VAMMT= o3/, 7/1/142/1.3/10471.5 51,7

UAMM - UNDEREMPLBYED-ARRIVALS-M’(]BILITY MULTIPLIER
COIMENSONLESS)

UAMMT = lNDEREMPLﬂYEﬂ-ARRIVALS-M‘!B!LI TY-MULTIPLEER
TABLE

UM = UNDEREMPLAYED maB7L)TY (FRACTIBN/YEAR)Y

The table range is from 0 to -15 in steps of .025 in the variable UM. The output
of the table yields the underemployed-ardvals-mobility multiplier UAMM. This
table appears graphically in Figure A-2. The value of UM, available from else-
where in the system, is used to enter along the horizontal axis. Going vertically
to the curve and reading the value on the vertical axis yields a valye of UAMM,
Interpolation between valyes in the table is done along straight lines connecting
the recorded points. The table UAMMT called for in Equation 4 is specified in
Equation 4.1. The successive values correspond to the range of UM from 0 to
.15 in the specified steps of .025,
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Figure A-2, like most of the funetional relationships used, revolves around the
concept of a normal system. At the normal operating condition the value of the
multiplier is 1. Here an upward mobility of .05 Per year is taken as normal. This
means that 5% of the underemployed each year move into the labor category.
As the mobility declines toward (, the attractiveness multiplier fails from i to
a value of .3, This says that lack of upward mobility can make the urban area
only 30% as attractive as rormal but that this variable by itself is not capable
of exerting enough influence to stop inward migration.

In Figure A-2 the upper section of the curve has been taken as having decreas-

ing slope with increases in the underemployed mobility UM. It is with respect

readily be brought to bear on model formulation. For example, one might argue
that the relationship in Figure A-2 should be curved in the opposite direction,
This would imply that low upward mobility has no decisive effect but that high
upward mobility becomes increasingly infiuential, If such a different relationship
were suspected, the efficient procedure would be to put the alternative assunaption

still greater attraction because more than adequate housing is already available.
At the right end of the curve, when UHR takes on higher values, the severe
crowding and housing shortage becomes a strong influence toward reducing
inward migration. The meaning of “housing” in this context must be taken relative
to the social situation under consideration. If economic and housing circumstances
in the surrounding areas are desperate, housing in the particular area might be

construed as a place to sleep in the street. The meaning of housing in an

UM oK =FABHLC UHMT, UHR. K, 0,2, .25 5,4
MT=2,5/2.8/2.2/1.T/17 87,27, 17,05 5.1,T

Uy - NDEREMPLAY EDHBUSENG MUL T PLEER
CDIMENSTONLESS)

LHMT - LNDEREMPLEYED-HBUS!NG-MULHPLIER TABLE

HR - UNDEREMPLBYEDHBUSI NG RATI@ (DIMENSIBNLESS)
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underdeveloped country might be quite different from the meaning of
housing in an American city. Similarly, were the model to be used to represent
a gold-rush camp, housing might mean a tent and would be represented by a
table having relatively less influence compared to the economic promise.

Some social scientists who read the typescript of this book have objected to
this housing multiplier on the basis that studies show that housing is not a strong
determinant in regulating urban migration of the underemployed. Such an
empirical fact and the curve in Figure A-3 are not necessarily contradictory. The
computer runs for the stagnant city show operation toward the upper knee of
the curve in the lefi-hand region where there is unoccupied housing in the city
at the low end of the economic scale. In this region to the upper left, the curve
in Figure A-3 levels out and migration is not sensitive to housing. The observed
lack of sensitivity appears to come, not from lack of potential influence from
housing, but from the tendency of the stagnant system to operate in a region
where housing has lost its dominance.

Equation 6 defines the underemployed/housing ratio UHR on which Equation
5 depends. It is the ratio of the underemployed population to the total number
of people that could normally be housed in the existing underemployed housing.
The underemployed family size UFS is defined in Equation 9. It has a value
of 8, representing the ratio of total underemployed population to those defined
as underemployed for job-seeking purposes. The underemployed-housing popula-
tion density is taken as 12 persons per housing unit. A housing unit is the same

R K=CUK*UFS) 7 CUM ook LHED) 6,A
tHPO=12 61,0
(HR - NDEREMPLOYED/HBUSING RATI® (DIMENSISNLESS)
U = (NDEREMPLBYED (MEN
UFS - INDEREMPLOYED FAMILY SIZE (PEBPLE/MAND
W - UNDFREMPLRYED HBUSING (HBUSENG UNI 7S)

HPD -~ NDEREMPLOYED-HOUSING PEPULATISN DENSITY
(PEBPLE/HBUSING NI
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physical piece of floor space as it moves from premium housing into worker
housing and deteriorates into underemployed housing. However, its use changes
in the different categories to represent the crowding imposed by economic pres-
sures. The housing unit is taken as normally accommodating 12 persons in the
underemployed population, 6 persons in the labor population, and 3 persons in
the managerial-professional population.

The attractiveness of the urban area has been made to depend on the rate of
per capita public expenditure. Equation 7, which is illustrated in the table of
Figure A-4, shows the assumed dependence. The tax per capita ratio TPCR. with
a value of 1 is taken to represent the public-expenditure rate in the outside
environment. The tax expenditure within the area is relative to the outside
standard. A ratio of 1 gives a multiplier of 1. The curve suggests that the tax
per capita ratio is influential and curves upward. In other words, a tax per capita
ratio of 3 would raise the multiplier to 4. At the low end one can argue that
the curve might be drawn more steeply and actually intercept the horizontal axis
before TPCR falls to 0. At 0, there is no public expenditure. Chaos and anarchy
might characterize the area and effectively repel further immigration to the area,

PEMJK =T ABHLCP EMT, TPCR.K ,0,3,4.5) 7,A
PEMT=.2/46/1/146/2.8/3.2/4 7u1,T

PEM - PUBLIC-EXPENDI TURE MULTIPLIER

(DI MENSIONLESS)
PEMT - PUBLFIC~EXPENDI TURE-MULTIPLIER TABLE
TPCR = TAX PER CAPFTA RATIZ (DIMENSISNLESS)

Equation 8 computes the tax per capita ratio. First the tax collections within
the area are divided by the total population. To this is added any tax per capita
subsidy to the area from outside the system. This total expenditure rate per capita

Jis then divided by the value taken as normal in the outside environment. The

normal is represented as $250 per year per person to cover all public services.

Equation 9 gives total population for use in Equation 8. It takes the three
categories of wage-eamning population, multiplies each by its family size, and
totals the three categories.
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p = PRPULATION CMEND Equation 11 describes the infleence of a low-cost- i isr
W~ MANAGERIAL-PROFESSIONAL (MEN Spaces were accounted for in Equation S, H Wi ha_)usmg program. Living
WPFS - MANAGERIAL-PROFESSIGNAL FAMILY SIZE atises from the | _~quation 5. Here in Equation 11 the attractiveness
CPEBPLE/NAID rom the ow-'cost-h‘ousmg-constructmn activity and the image of aid to the
L - LABER (MEN) underemployed which this creates. [t says that active low-cost-housin t
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while aging industry reduces available jobs. Figure A%
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Figure A-6 illustrates the relationship in Equation 11. Normal is taken as no
low-cost-housing program. As the program increases in terms of the fraction per
year of the underemployed who are given new housing, the attractiveness of the

area rises progressively more steeply.
The input to Equation 11 is the underemployed-housing-program rate UHPR

computed in Equation 12. This divides the low-cost-housing units per year being
built by the number of underemployed to yield the fraction per year receiving

new housing.

LHPR K =L CHP KUK 12,
HPR  ~ NOEREMPLAYED-HBBUSENG~-PROGRAM RATE (HBUSES/
YEAR/MAN)
LOHP -~ LOW-COST-HBUSING PROGRAM CHBUSING UNITS/
YEAR)

U = UNDEREMPLBYED (MEN

At all times a social system can be expected to have simultaneously an inward
flow and an outward flow. All people are not identical in their preferences. Urban
attractiveness is not seen the same way by everyone. A given level of attractiveness
may be drawing some people in while pushing others out.

UBLKL=CUDND (UKD CUDMKD 13,R
UON=.02 13.1,C
w ~ INDEREMPLRYED DEPARTURES (MEN/YEAR)
UBN  ~ UNDEREMPLAYED BEPARTURES NIRMAL (FRACTIQN/
U - L;EEAEEMPLBYED (MEN

oM - \NDEREMPLAYED=-DEPARTURE MULTIPLIER
(DI MENS HENLESSY

Equation 13 has the same structure as Equation 1. It is the outward flow rate
expressed in terms of the fraction of the existing underemployed population that
would normally leave each year. This normal is then multiplied by the factor
UDM, which determines how the actual outward flow at any particular time is
related to the normal. An ouwtward flow of 2% per year has been inserted to
represent the normal.

The underemployed-departure multiplier UDM is described by Equation 14
and Figure A-7. For lack of more specific evidence the relationship is taken as
the reciprocal of the inward attractiveness AMM. When AMM doubles, the
outward flow is reduced by half and vice versa.

Equation 14 has a technical complication that will be encountered in several
of the other tables. The relationship has a symmetry not on an arithmetic linear
scale but in terms of ratios both above and below 1. In other words, doubling
and quadrupling the value of AMM has the inverse effect of halving and quarter-

8
ESRRREEREEn
P T UDMT
£ \lj\ Eq.14.] -
|
a &
-4
F-]
i
g 4
by
=%
E
o
o
H
=]
N o=
=
[~]
= o
S
0 =~
AMM 125 25
LOG 2 (AMM) -3 -2 __]s tl) 12 ; g
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Figure A-7

ing. The appropriate scale to give proper weighting to the function i
Ioganthmlc..The term “LOGN” in Equation 14 is a tgunction indicator at.:i ?slet}::
TABl.LE designator itself. It causes the DYNAMO compiler to take the natural
logan-thm of the variable AMM. The multiplier 1.44 converts from the natural
logarithm (base ¢) to a logarithm on the base 2. The table look-up then proceeds
n terms of the value of the base-2 logarithm of AMM. Figure A-7 shows both
the logarithm used in the table and the corresponding value of AMM.

UDM.K=YABHLC UDMT 4 3o §4K LBGNC AMM.K) | 3,3, 1) 14,4
UDHT=8/4/2/1/.5/.25/ 125 T841,T
iy
UM~ NDEREMPLOYED-DEPARTURE MULTIPLIER

L
AMM

CDIMENSIENLESS)
= INDEREMPLBYED~-DEPARTURE-MULTIPLIER TABLE
= ATTRACTI VENESS~FOR-MIGRATIDN MOLTIPLIER
(DI MENSIBNLESS) oLIpLE

Equation 15 is described as the underemplo i i

. ‘ yed birth rate but is actually ¢
net difference between birth rate and death rate. It is one of the flows intg ﬂ}ll:
underemployed level and has the value of 015 of the underemployed each year

UBLKL=CU.K) CUBR> 15,8
s
UBR=,015 1%.1,C
o1y
B - UNDEREMPLBYED BIRTHS (MEN/YEAR)
U = INDEREMPLAYED (MEN
UBR -~ UNDEREMPLEYED BiRTH RATE (FRACTIBN/YEAR)
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Equation 16 is the level equation which accumulates the flow into and out of
the underemployed pool. It is one of the principal system levels appearing in
Figure 2-4.

UK =U o JCOT) CUA L JKH UB o JKH-LTUL JK = UD, JK=UTL L JKD 16,1
Y=1200 16.1,M

¥ - UNDEREMPLBYED (MEND

UA - WNDEREMPLOYED ARRIVALS mmgg;&u

UB  « LNDEREMPLBYED BIRTHS CMEN/Y

LTU - LABR T2 UNDEREMPLAYED CMEN/YEAR)

U0 - UNDEREMPLBYED DEPARTURES (MEN/YEAR)

UTL - INDEREMPLAYED T2 LABBR CMEN/YEAR)

The level equations are integrations. They accun_mlatc the rates of ﬂo;v to
generate the changing system states. The level equations 'change the time shape
of variables, that is, a constant rate of flow becorpe_s a umfo.rmly changing le;il,
a straight line rising flow rate becomes a parabohc‘ increase ;.n tl}e level, etc. The
level equations are essential to creating ti.me-varymg be‘:havxor in a sys_tehm. 1;
rate equations and their associated auxiliaries are algebraic equations whic wlou ;
instantly reach their final values without time transients if there were no leve
eq}f’it:ﬁ?ution interval DT in Equation 16 represents the interval i?etween Fvaluai
tions of the equations of the system. In a proper model formulation the mter;lfa
DT has no intrinsic relationship to the real behavior of the system except that
it must be short enough not to influence the behavior of the simulated system.
It should not be used to introduce time delays, It need not be equal to th'e basic
unit of time measure except by coincidence. A rule of thumb for selecting the
solution interval is to make it half or less of the shor%est delay in the' 'sys;enrii
One year is used here because only much longer dynamic responses are involve
in this system study.* - . '
* lg,}(l;zast)i(on 16, bei{}g a level equation3 must have an initial value as gw}:n 12
Equation 16.1. The initial values are arbitrary and not important. The; afie c| oseiS
to be compatible with an early stage of growth when 3% of the land area
chl"liféc(;ositive—feedback loops are visible in.Figurc A-1 and the prececgng
equations. One is the birth rate involving Equations 15 and 16, Iv«rhe(rle thT}?eurét ;13;;

employed generate a birth rate that increases the und.eremp oye .716 © otber
positive loop is the one involving the underemployed in Equat_x_c;n 0 and the
underemployed arrivals in Equati;an R (’ifhc un;ic;:zmployed attract m

urther increase the underemployed.
em’lPlizy:fcli'éc‘:isg ;ositive—feedback loop involving t'he ur:tderemployec(l:1 operatles 22
the difference between the underemployed arrivals and the un ercing E—):) °d
departures. As the multiplier AMM shifts, these two loops can be converte

*See References 1| and 6,
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a composite positive loop in which growth increases size to further increase the
growth rate into a set of loops with neutral net consequence when the arrival rate
equals the departure rate. As the multiplier AMM becomes still smaller, the loops
pass through the transition point and become a net negative oop in which the
decrease rate of underemployed is proportional to the underempioyed group and,
if this effect were to run to completion, the underemployed group would move
exponentially toward zero in the typical decay pattern of a negative-feedback
loop. In operation this set of loops maintain their positive-feedback character
during the internal growth phase of an area and then in stagnation take on values

which, along with the other three fiows, hold the number of underemployed at
a constant value,

A.2  Labor Sector

The flow diagram of Figure A-8 shows the structure of flows between labor
and the underemployed, and the labor birth rate. The labor pool is influenced
by 6 flow rates—upward mobility from the underemployed, downward mobility
back to the underemploved, labor arrivals from outside the area, labor departures,
upward mobility from labor to the managerial-professional group, and labor
births.

The flow from underemployed to labor represents upward economic mobility
in Equation 17. It is taken to depend on the underemployed actually working
UW. Of this working group a normal fraction of .1 per year make the transition
to the labor class. This normal value is modulated by the multiplier UMMP,
which combines the influences of the various economic and social conditions of
the city. The last term of Equation 17 is the upward mobility produced by an
underemployed-training program. The underemployed-training program UTP is
not itself dependent on the condition of the urban area. It is one of a number
of special programs that can be applied from the outside in an effort to modify

the condition of the area. (These programs are described later in Equations 140
through 150.)

UTL KL= CUMN) C LKD) CUMMP K+ UTP X 17,R
UMNz. 1 .1,¢

UTL  ~ UNDEREMPLEYED T8 LABER (MEN/Y EAR)

(MM - INDEREMPLAYED MIBILITY NERMAL (FRACTIRN/
YEAR)

- UNDEREMPLAYED WIRKINS (MEN)

UNDEREMPLBYED-MZBILITY MULTIPLIER PERCE! VED
(DEMENSIONLESS)

UTP - UNDEREMPLAYED-TRAINING PROGRAM (MEN/Y EAR)

uw
.~ lwwp

Equation 18 gives the number of underemployed that are working in terms

of the total underemployed multiplied by the fraction of the underemployed that
hold jobs.
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U K =C UKD CUP KD 1844
[* ] - WDEREMPLAYED WBRKING CMEN)
U = UNDEREMPLBYED ¢MEN)

¥ - INDEREMPLBYED FRACTIZN WARK1 NG
(DI MENSTBNLESS)

The fraction of the underemployed working UFW is expressed in Equation
19 and Figure A-9 in terms of the underemployed /job ratio.

19,4
19.1,T

UFW K=TABHLC UFWT URLK 0,8, 1)
FWT=.9/.8/.5/.33/ .25

UF¥ - INDEREMPLBYED FRACTISN WoRK{ NG

CDi MENS 1@NLESS)
FwT - UNDEREMPLOYED-FRACTION-¥@RKI NG TABLE
R - INDEREMPLOYED/ BB RATIR (DI MENSIBNLESS)

In Figure A-9 the assertion is made that when the underemployed outnumber
available jobs by a factor of 2, all available Jobs will be filled and therefore haif
of the underemployed will be occupied. Similarly, when there are three times
as many underemployed as jobs, one-third will be occupied and when there are
four times as many underemployed as jobs one-quarter will have employment.

‘T T
= UFWT -
I Eq.19.1 -

UFW-Underemployed
fraction working
T,
7

=
=Y

1 2 3
UR=- Undcremployed/{iob ratio
Figure A-9

Going downward in the value of UR from UR = 2, the same inverse relationship

does not hold. When UR equals 0, it implies an overwhelming excess of jobs
compared to the underemployed. Even under such circumstances only 90% of
the underemployed will be working rather than all. At the | to 1 ratio, with jobs
and people exactly in balance, the matching of the two and incentive and ability

to work will decrease employment to 80%.
Equation 20 is a first-order exponential delay like Equation 2 and produces

a l0-year perception delay between actual upward mobility and that which

influences AMM in Equation 3.
Equation 21 gives the fraction of underemployed observed as taking the

upward transition each year. It is the upward rate perceived divided by the total
number of underemployed.
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UTLPLKZUTLP o J-CUT/UTLPTY CUTL L JK ~UTEP ) 20,1
UTLP =TS 20.1,N
UTLPT=10 20,2,C
UTLP - UNDEREMPLAYED T8 LABER PERCEIVED
CMENAY EAR)
UTLPT - {NDEREMPLRYED-TG-LASBR PERCEPTIBN TIME
CYEARS)

WIL - UNDEREMPLBYED T3 LABBR C(MEN/YEAR>

UMK =UTLPLK /UK 21,4

2 ~ INGEREMPLOYED MBBILITY (FRACTIONAYEAR)
UTLP -~ UNCEREMPLBYED T@ LABIR PERCEIVED
(MEN/Y EARY
4y ~ UNDEREMPLAYED (MEN)

Equation 22 defines a variable UMMP called the underemployed-mobility
multiplier perceived. “Effective” in this context might be 2 better term than
“perceived.” The equation produces a 10-year delay between the inputs from
Equations 24, 25, and 27 before they effectively create the flow rate from under-
employed to labor. This delay represents training time and time necessary for
social influences to become effective. Like the other perception times, it has no
influence on the equilibrium conditions of the system and rather minor influence

on transient behavior.

UMMP oK =UMMP o J+-C DT/ UMMPT) € UMM, J-UMMP ) 22,1
UMMP=1 22.1,N
UMMPT=10 22.2,C

UMMP - UNDEREMPLOYED-MABILITY MULTIPLIER PERCEIVED
{DIMENS{@NLESS)

UMMPT - UNDEREMPLEY ED-MBBILITY-MULTEPLIER
PERCEPTIAN TIME (YEARS)

WM - (INDEREMPLRYED-MIBILITY MULTIPLIER
CDEMENSIBNLESS)

The multiplier UMM in Equation 23 combines three system conditions that
influence upward mobility. The fourth term UMF is not a part of the real-life
system but a technical parameter permitting experimentation with the effect of

this equation.
23,4
23.1,0

UMMLK ZCLSMaKY CLUMGKY € UEMLKD CUMFY

UMF=1

UMM - UNDEREMPLBYED-MBBILITY MULTIPLEER
COEMENS FBNLESS)
LS¥ - LABDR-SUPPLY MULTIPLIER (DIMENSIANLESS)
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LM = ¢ ABPR/UNDEREMPLBYED MULTIPLIER
COIMENSTIANLESS)

UEM - UNDEREMPLEYED EDBUCATIBNAL MULTIPLIER
(D MENSIBNLESS)

S« UNDEREMPLBYED-MBBILITY FACTER
CBEMENS1@NLESS)

}.Squatmn 24 and Figure A-10 describe a relationship between the labor fjob
ratio and upward mobility from underemployed to labor. Its purpose is to increase
upward mobility when there is a labor shortage and an excess of labor jobs and
to decrease upward mobility when there is a labor excess and a shortage of the
more skilled positions.

LSM.K-'ABHL(LSM!,LR.K,O,Z,-S) 24,A
’
4 4 ,l

LSM  ~ LABBR-SUPPLY MULTIPLIER (DIMENSIBNLESS)
LSMT - LABOR-SUPPLY-MULTIPL|ER TABLE
LR - LABAR/.PB RATI® (DIMENSIBNLESS)

The normal condition is taken for a labor /job ratio of I, at which point the
multiplier has 2 value of 1. As the ratio LR declines, indicating fewer in the labor
group conpared to available jobs, upward mobility increases to 2.4 times normal.
At the right-hand extreme, when labor is double the number of available jobs
upward mobility is reduced to one-fifth of normal. ’
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Figure A-10

Equation 25 and Figure A-11 describe an influence on upward mobility owing
to the ratio of labor to underemployed. This curve asserts that, as the labor group
decreases relative to the underemployed, there is less skilled labor in evidence
and fewer jobs to serve as examples for the underemployed, Under these circum-,



152 Appendix 4

o

g | LUMT

£ | Eqasa -
55 -
8%, et

e -

2 H -

4

=

2

L] 1 2 3 4 5
LUR~Labor /underemployed ratio

Figure A-11

stances upward mobility is more difficult. This is the factor that represents the
influence of dominant blocks of underemployed in one area where they are not
intermingled with other economic groups. It covers all social effects including
school segregation and the unavailability of more affluent groups to emulate. Once
the underemployed/labor ratio is high enough, increasing it further has little ef-
fect. As it falls off, the influence increases.

LUMK =TABHLCLUMT,LUR.K, 0,5, 1) 25,
LUMT=.2/.779/1.2/1.3/1.% 25,1, 7

LUM = LABBR/UNDEREMPLEYED MULTIPLIER
(DIMENSE@NLESS)

LUMT - LABPR/UNDEREMPLBYED MULTIPLIER TABLE

LUR - LABBR/UNDEREMPLOYED RATI® CDfMENSIBNLESS)

Eqguation 26 provides the labor /underemployed ratio LUR needed in Equa-
tion 25.

LURK=L K UK 26,A

LR~ LABGR/UNDEREMPLAYED RATIR CDIMENSIGNLESS)

L ~ LABBR (MEN)
] ~ INDEREMPLBYED (MEN}

Upward economic mobility has been made a function of the tax per capita
ratio TPCR. This is intended to reflect primarily the effect of education in upgrad-
ing economic skills. Equation 27 and Figure A-12 show the extent of dependence
that has been assumed. Falling tax expenditure has an increasingly adverse effect,
while rising expenditures begin to saturate and show progressively less effect.

UEMJK =TABHLC UEMT, TPCR.K,0,3,.5) 2744

UEMT=,2/. T/ 1/10371.5/1.6/ 1. 7 27.1,T

UEM - UNDEREMPLOYED EDUCATIONAL MILTIPLIER
(DiMENSEBNLESS)

UEMT - UNDEREMPLAYED-EDUCATIBNAL=MULTIPLIER TABLE
TPCR - TAX PER CAPITA RATIZ (DIMENSI@NLESS)
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_Equation 28 gives the labor birth rate as the net of births minus deaths at a

slightly smaller annual increase rate than used in Equation 15 for the under-
employed.
LBJKL=CLKY CLBRY . 28,R
LBR=,01 28.1,C
LB ~ LABER BIRTHS CMEN/YEAR)

L “ LABOR C(MENY
LBR < LABBR BIRTH RATE (FRACTIBN/YEAR)

Equation 29 is a level equation accumulating the fiow rates into and out of
the labor pool.

LKl JHOTY CUTL. K4LB, K-LTHIKHLA “JK=LO KL TUJK 29,0

L=14000 29,1,N
L - LABBR (MEN)
UTL - INDEREMPLOYED T3 LABAR (MEN/YEAR)
LB - LABIR BIRTHS (MEN/YEAR)
LTM - LABGR @ WANAGER (MEN/YEAR)
LA -~ LABER ARRIVALS CMEN/YEAR)

Lo = LABBR DEPARTURES (MEN/YEAR)
LTV~ LABBR O UNDEREMPLBYED C(MER/YEAR)

Equation 30 provides a dropout rate from the labor categoty into the under-
employed category contingent on the labor/job ratio.

LTUKE=CLKICLLF O 30,7

LTV - LABOR B UNDEREMSLBYED CHEN/YEAR)
L = LABBR (MEN)
LLF =~ LABBR-LAYBFF FRACTIEN (FRACTIONAYEAR)

Equation 3 and Figure A-13 describe a sharply increasing dropout rate as the
labor population exceeds available jobs. Under sustained, severe unemployment
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L1.F~Labor layoff fraction
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LR~ Labot /job ratio
Figare A-13

it is assumed that the marginal individual in the fabor category is forced eco-
nomically into the underemployed category, that as he stays there his skills decline
in relation to the economy, and that he does not represent a special pool having
preferred access back to the labor category. Under normal conditions, with labor
and jobs in balance, the dropout rate is taken as 3% per year. At a 2 10 | excess
of labor to jobs this rises to 30%.

LLF K =TABLECLLFT LR K,0,2,.5) 31,A

LLFT=0/.017,03/. 143 31.1,T

tLF - LABBR-LAYEFF FRACTI@N (FRACTION/YEAR)
LLET =« LABAR-LAYBFF-FRACTION TABLE
LR - LABAR/JOB RATIG (D!MENSIBNLESS)

Figure A-14 shows how the upward mobility from Iabor to the managerial-
professional group is generated. —

Equation 32 defines the flow rate. As with most of the other flow rates it is
described in terms of a normal fraction of the laber group. This is modulated
by the multiplier LMMP, which represents the more important economic and
social influences. The added term LTPG provides the possibility of an externally
applied training program to increase this flow rate.

LTMKLZCLMND (LK) CLMMP KO+ LTPG K 32 4R
LWN=.02 32.1,6

LTM = LABIR T0 MANAGER (MEN/YEAR)

LM§ - LABBR WMBBILITY NIRMAL (FRACTISN/YEAR)

L = LABAR (MEN)

LMMP - LABER-MBBILITY MULTIPLIER PERCEIVED

(DI MENS{BNLESS)
LTPG - LABZR-TRAINING PRAGRAM (MEN/YEAR)
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Figure A-14 Labor-to-manager mobility.
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Equation 33, like Equation 22, provides for a delay between changes in the

system levels and their influence in changing the mobility rate from labor to
tion delay, it is more in the nature of a

management. Although called a percep
functional delay involving training and adaptation to social conditions. On the
t takes longer conditioning than

basis that the transition from labor to managemen
that from underemployed to labor, the delay is taken as 15 years instead of 10.
LMMP KL MMP o JHCDTALMMPT) (LML J-LMMP.JD 33,L
LMz 33.1,N
LMMPT=15 33.2,C
LMMP - LABPR-MZBILITY SMULTIPLIER PERCEIYED
CDEMENS IBNLESS)
iMPT = LABBR-MABILI TY-MULTIPLIER PERCEPTI@N TIME
{YEARS)
LMM - LABBR-@BILITY MULTIPLIER CDIMENS IBNLESS)

Equation 34, following the pattern already described, combines the three
hnical factor LMF for

multipliers influencing labor mobility and includes a tec
model experimentation.

LMMEK ZCMEMLK CHLMLKD CLEMLKD CLHP 35,A
LMF=1 34,146
IMM = LABER-MBBILITY MULTIPLIER (D1 MENS!@NLESS)
MSH = MANAGER-SUPPLY MULTIPLIER (DI MENS | BNLESS)
MM - MANAGER/LASOR MULTEPLIER (DI MENS [@NLESS)
LEM - LABBR EDUCATIBNAL MULTIPLIER
¢ DI MENS 1ONLESS)
LMF - LABBR-MBBILITY FACTRR (DI MENSI BNLESS)
Equation 35 and Figure A-15 describe the influence of management availability
that Equation 24 influenced mobility from

on labor mobility in the same way
underemployed to labor. In a manager s

than in a MAanager excess.

hortage upward labor mobility is easier

35,4

MEMK STABHLCMSMT, HR K 40,24 +25)
35.1,7

MEMT=2.3/2,2/2/ 146417457427 1/.05

MSM - MANAGER-SUPPLY MULTIPLIER (DI MENSIBINLESS)
WSMT - MANAGER-SUPPLY-MULTIPLIER TABLE
~ MANAGER/JBB RATIG (DI MENSIBNLESS)

R
Equation 36 gives the ratio needed in Equation 35 computed as managers
divided by available managerial jobs.
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Equation 37 com .
. putes the availabl T
in the thr . € managerial job . .
in eaf:h o catego;?es and the number if maila ¢ In terms of industry units

type of productive unit. gers assumed to be needed

M K =CHELKD CNEMD-+CMB.KD CMBAD+COI K ¢DI 1 37
NEM=4 g
o 37.1,¢
o 37.2,C
37.3,C
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9
to the multiplier in Equation 25. It describes the effect on upward labor mobility ° s ;PCR“TM;Z( capite raio B :
of social proximity between the labor group and the managerial group. Figitre A7
MLM K =TABHLCMLMT,MLR.K, 0,442,405 38,A EAKL=CLAN (LK) CLAMP.K) 41,R
MLMTZ.Z/.7/1/1c2/193 58.1,.[ LAN=.03 #1.1,5
MM - MANAGER/LABBR MULTIPLIER (DiMENSIBNLESS) -
WAT - MANAGERANGGR MLTIFLIER TasLc [h CAROR AR VALS e crmAcTIONn YER®
MR - MANAGER/LABER RATIZ CDIMENSIBNLESS) L - CABIR CMEN)
LAWP =~ LABBR-ARRI VAL MULTIPLIER PERCEIVED
The manager/labor ratio is computed in Equation 39. (DI MENSIBNLESS)
LAMP X <L AMPy J(DT/LAMPT) CLAM.J =L AMP, )3 52,L
MLR.K=MP K /L oK 39,4
LANP =1 BN
MR - MANAGER/LABBR RATIB (DIMENS|BNLESS)
M® - MANAGER!AL~PREFESSIBNAL (MEM LAWPT15 82.2,¢
L = LADBR (MEN)
LAWP = LABBR-ARRIVAL MULTIPLIER PERCEIVED
. . . . CDI MENSIBNLESS)
Equation 40 and Figure A-17 state an influence of tax expenditures through LAWT - uméR-ARRI VAL-MULTIPLIER PERCEPTIGN TIME
i ility. ionship is similar to that in Equation 27. C(YEARS)
education on labor mobility. The relationship is simi q LAM - LABBR-ARRI VAL MULTIPLIER CDIMENS IGNLESS)
LEMJK =TABHLCLEMT, IPCRLK 0,3, .5 50,A The labor-arrival multiplier in Equation 43 is a product of four active terms
and the experimental factor LAF.
LEMT=.2/0 T/1/1.3/1.5/ 126/ 1, 7 50.1,7 -
LEM ~ LABBR EDUCATIBNAL MULTIPLIER LAMK=CLAIMGKS CLAUMGKY CLATMLKD CLAHMAK)D CLAPY 43,4
(Df MENS{9NKLESS) e
LEMT - LABBR-EBUCATIONAL-MULTIPLIER TABLE LAF= 43,1,C
- ER CAPI{TA RATI® (DIMENSI@NLESSY
TPCR TAX PER C LAM - LABBR-ARRIVAL MILTIPLIER CDIMENSIBNLESS)
LAJM - LADBR-ARRI VAL B MULTIPLIER
. . : : ; 3 COIMENS{ONLESS)
Figure A-18 illustrates the network of relationships that control labor arrivals LAM ~ LABIR-ARRI VAL UNDEREMPLBYED MULTIPLI ER
and departures. (DI MENSIBNLESS)
In Equation 41 the labor-arrival rate is a normal fraction of the labor level EATM - L)(%g?:g;!s?fé :AESST)AX MILTIPLIER
L , L
multiplied !Jy the modulangg term LAMP. ‘ LAM = LABBR-ARRI VAL HBUSING MULTIPLIER
In Equation 42 a perception-time delay of 15 years is used between the actual Ol MENSI@NLESS)
LAF - LABBR-ARRIVAL FACTBR (0tMENSIBNLESS)

conditions of the city and the perceived value, which controls arrival rate,
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The Model—A Theory of Urban Interactions 161

. L1
3 = LAYMT
3 Eq. 441
g2 BY
a2 N
b A
£
1
3 X

T

-
00 5 15 2

1
LR-Labor /job ratio
Figure A-19

Equation 44 is similar to Equation 10; it describes the influence of job avail-
ability in making the city attractive to labor. The relationship is illustrated in
Figure A-19.

LAJKLK STABLECLAIMT LR.K, 0,2, .25 Bl A

LAIMTZZ  6/2.6/248/1u8/17 48702/ 417.05 H,1,7

LAJM  ~ LABAOR-ARRI VAL JOB MULTIPL!ER

DI MENS 1IN ESS)
LAJMT - LABBR-ARRIVAL=JBB-MULTIPLIER TABLE
LR ~ LABOR/JBB RATI® CDIMENSISNLESS)

Equation 45 and Figure A-20 describe the social attractiveness of the city in
terms of the ratio of labor to underemployed. When the ratio of Iabor to undez-
employed is 2, the multiplier value is taken as 1. A higher proportion of labor
makes the city slightly more attractive. A lower percentage of labor makes the
city progressively less aftractive as a place into which labor desires to move.

LAUMJK =TABHLC LAUMT,LUR.LK, 0,5, 1) §5,4

LAUMT=.8/08/1/142/1.3/1.3 §5.1,7

LAUM - {AGBR-ARRIVAL UNDEREMPLOYED MULTIPLIER
CDEMENSI@NLESS)
LAUMT - LABAR-ARRI VAL~-UNDERENMPLOYED-MUL TIPLIER

TABLE .
LUR - LABBR/UNDEREMPLBYED RATIE (DI MENSIBRLESS)

The labor-atrival tax multiplier LATM in Equation 46 and Figure A-21 repre-
sents the influence of the city tax rate on the inclination of labor to move into
the city. When rates are reasonable, they have little effect, but should they become
unusually high, they have a depressing effect,
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Just as housing in Equation 5 influenced the arrival of the. underempioyr;ii,
so housing in Equation 47 and Figure A-22 influences the arrival of labor. The

i i ne.
relationship is represented as rather steep above a labor/housing ratio of o

At a ratio of 3, inward migration is almost suppressed.

A
LAHM.K 2TABLEC LAHMT, LHR.K, 0,3, .5) 47,

471, T
LAHMT=1.3/1.2/1/.57.2/. 17,03 N

{AHM =~ LABPR-ARRIVAL HAUSING MULTIPLIER
SBOR-ARRI VoD SING-MULTIPLFER TABLE
- LABIR-ARRIVAL-HEU
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The labor/housing ratio in Equation 48 is labor multiplied by family size and
divided by available housing and housing density. At the worker leve] a housing
unit is assumed to he occupied by six persons,

LHROKZCLKXLFS) / CHH,L KEWHP D) 48,4
WPD=6 48.1,C

LHR - LABBRAHBUSING RATIB (DiMENS[@NLESS)

L = LABBR (MEN)

LFS = LABAR FAMILY SI7E (PERPLE/MAND

" = WORKER HBUSING CHAUSING o) TS)

WAPD - WARKER-HBUSING PBPULATIZN DENSITY (PEBPLE/
HBUSING UNI D

Equation 49, which applies to labor departures, is the standard form of the
basic rate equation. Normal departures per year are expressed as a fraction of
the labor population. This normal fraction is then modified by a multiplier that
describes whether the urban area is causing a departure rate greater or less than
normal.

LDKL=CLONY (LK) CLOM KDY 49,R
LON=.02 §9.1,C
Lo - LABDR OEPARTURES (MENAYEAR)
LON - LABOR DEPARTURES NARMAL CFRACTIEN/AY EAR)
L = LABBR (MEW)
LOM - LABBR-DEPARTURE MULTIPL{ER (OI MENSEBNLESS)

Like Equation 14, Equation 50 as shown in F igure A-23 sets departure influence
as the reciprocal of arrival influence. As the city becomes more attractive to labor,
arrivals increase and departures decrease.
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L DMK =TABHLC LOMT, 1. 54K LOGNC LAMKY ,~3,3,1) 5044

LOMT=8/4/2/1/.5/.25/.125 50.1, T

LOM - LABBR-DEPARTURE MULTIPLIER (DJMENSIBNLESS)
LDMT = LABAR~-DEPARTHRE-MULTIPLIER TABLE
LAM - LABBR-ARRIVAL MULTIPLIER ¢DIMENSIBNLESS)

A3 Managerial-Professional Sector

The flow diagram in Figure A-24 shows the managerial-professional level, its
related flow rates, and the structure controlling birth rate and managerial arrivals
and departures.

Equation 51 is the net birth rate (births minus deaths) in this population sector
with three-quarters the value found in the labor sector and half the value in the
underemployed sector.

MPBKL=(MP K (MPBR) 51,R
MPBR=.00T5 Sie1,C
MPE  ~ MANAGERIAL-PROFESSI@NAL BIRTHS (MEN/YEARD
w = MANAGERIAL-PRAFESSIBNAL CMEN)
WPER = MANAGERIAL-PRBFESSIBNAL BIRTH RATL
(FRACTIAN/YEARY

The level equation which accumulates the managerial flows is given in Equation
52. The initial value, as for the others in the model, is selected to give an internally
consistent set for starting the system with the land area 3% filled.
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MP JK=MP o H-COTY CLTMo JKHMPB  JK+MA o JK-MD,JKD 32,L
MP=3900 5Z241,N
M - MANAGERIAL~PRAFESSI@NAL (MEN

LTW  « LABAR T MANAGER CMEN/YEAR)

WB - MANAGERIAL-~PRAFESSIGNAL BIRTHS CMEN/YEAR)
MA = MANAGER ARRIVALS (MENAYEAR)

Mo ~ MANAGER DEPARTURES (MEN/YEAR)

Normal managerial arrivals are defined in Equation 53 as 3% per year of the
managerial group.

MA KL= CMAN €M K ) CMAMP K 53,R
HAN= .03 53.1,0
MA = MANAGER ARRIVALS CMEN/YEAR)

MAN =~ MANAGER ARRIVALS NORMAL (FRACTEZN/YEAR)

W ~ MANAGERI AL-PROFESSIBNAL (MEN)

MAMP - MANAGER~-ARRIVAL MULTIPLIER PERCEIVED
(DI HENSI BNLESS)

Equation 54 gives the perception-time delay between the true state of the city
and its condition as perceived by arriving managerial-professional persons. The
delay of 10 years is smaller than in the other population sectors on the assumption
that communication and awareness in this group will cause perception to follow
reality more rapidly.

WMAMP (K MAMP , J4+C DT/MANP T { MAM, J~MAIMP .J) S,
MAMP =1 Shal,N
MAMPT=10 55,2,C
MAMP - MANAGER-ARRIVAL MULTIPLIER PERCEIVED
(DI MENSFRNLESS)
MAMPT - MANAGER-ARRIVAL-MULTIPLIER PERCEPTIBN TIME
(YEARS)

MAM - MANAGER-ARRIVAL MULTIPLIER (DI MENS|I@NLESSY

The manager-arrival multiplier in Equation 55 consists of the product of the
four active terms representing urban conditions, and the experimental test factor

MAF.

MAMLK = CMAUMLKY (CMAPHLK DY CMATHLKY EMAHMLK) (MAR) 55,4

MAF=1 5541,
MAM - MANAGER-ARRIVAL MULTIPLIER (DIMENSIBNLESS)
MAJM - MANAGER-ARRIVAL JBB MULTIPLIER

(DI MENSEONLESS)
MAPM - WANAGER-ARRIVAL PRPULATIZN MULTIPLIER

CDIMENSIBNLESS)
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MATH  ~ MANAGER-ARRIVAL TAX MULTIPLIER
< DI MENS [BNLES S
MAHM  — MANASER-ARRI VAL HOUSING MULTIPLIER
(DI MENS FONLESS)
MAF - MANAGER-ARRI VAL FACTSR (DIMENS 1BNLESS)

f.\s in Equations 10 and 44 available work conditions here influence managerial
arrival, as described in Equation 56 and Figure A-25. The relationship is a rather
steep function of job availability. In this relationship more than pure job count
1s involved. The central, steep section of the curve extends from a manager/job
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Figure A-25

ratio MR of .75 up to 1.25. Varying degrees of underloading and overloading
of managers, as well as varying degrees of using full competence and ability, can
occur. Less than fully effective employment can exist even though every individual
may hold a position.

MAIM.K =T ABLEC MAJMT, MR K, 0,2, .25) 56,4
MAINT=2,7/2,6/2.8/2/17 8702/ o 17,05 5641,1
MAUM -~ MANAGER-ARRIVAL JBB MULTIPLIER
COIMENS IBNLESD

MAUMT ~ MANAGER-ARRI VAL-JBB-MULTIPLIER TABLE
M -« MANAGER/BB RATIO (DIMENSIBNLESS)

As in Equation 45 the manager’s desire to come to the city is asserted to depend
on the population mix, as expressed in Equation 57 and Figure A-26. As the

MAPMK =TABHLCMAPMT, MPRLK, 0, 4 1,.02) S5T,A
MAPMT=.3/.7/1/1.2/1.3/1.3 57.1,T
MAPM  ~ MANAGER-ARRIVAL PBPULATION MULTEPLIER
(DEMENSIBNLESS)

MAPMT - MANAGER=ARRI YAL~PBPULATIBN-MUL TI PLEER TABLE
MPR = MANAGER/PBPULATIGN RATI® (DI MENSIBNLESS)
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ratio of the managerial-professional group to the population MPR falls too low,
the area is seen as socially unattractive and inward mobility is depressed.
Equation 58 computes the ratio of managers to labor-plus-underemployed

classes for use in Equation 57.

MPR K MP K/ CLoK+HUKD
MPR - MANAGER/PBPULATIGN RATIZ (D!MENSIONLESS)
M ~ MANAGERIAL-PROFESSIONAL (MEN)
L = LABGR (MEN)
U -

INDEREMPLBYED (MEND

Equation 59 is similar to Equation 46; it describes the inﬂu.ence of the city
tax rate on manager willingness to move into or stay in the city. The tax-rate

influences are itlustrated in Figure A-27.
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Availability of housing is introduced as another influence on manager move~

ment, as given in Equation 60 and Figure A-28.
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MATMK =TABLECMATMT, 1. b b% LAGNC TR y=2,4,2) 59,A
MATMTI=T.4/1/.7/.3 59.1,F

MATM - MANAGER-ARRIVAL TAX MILTEPLIER
COIMENSIBNLESS)

NATMT - MANAGER-ARRI VAL-TAX-MULTIPL| FR TABLE

R = TAX RATIB (DIMENSIBNLESS)
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MAHM.K =TABL E( MAHMT, MR K , 0,3, .5) 60,4
MAHMT:‘I.SH.2/1/.5/.2/.1/.05 5041, ¥

MAHM = MANAGER-ARRIVAL HOUSENG MLTIPLIER

C0I MENSIBNLESS)
MAHNT « MANAGER-ARR| VAL-HBUS! NG-MULTIPLIER TABLE
MR« MANAGER/MHBUSING RATIB COI MENS [BNLESS)

For use in the preceding equation, Equation 61 computes the relationship
between the management population and the population that normally could be
housed in a premium-housing residence, At this poiat in the system a housing
unit is assumed normally to serve three persons,

MR K= CMP K4 MPFS) /(PH, K%PHPD) 61,4
PHPD=3 61.1,C

MR - MANAGER/HBUSING RATIG (DI MENSI@NLESS)
i = MARAGER!AL-PRBFESSIONAL (MEND
WPFS - MANAGERI AL-PROFESSIONAL FAMILY $17E

CPEBPLE/MAND

PH = PREMIUM HAUSING (HBUSING UNj 15)

PHPD - PREM) UM-HBUSING POPULATIEN DENSITY (PeapLE/
HBUSING UNITY
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Manager departures are defined in Equation 62 as having a normal value of
2% per year of the manager group.

MHR, 61, A

HAV, 129, A e

PHCP, 142, A S i — —
hY —

- y
- .,
b= “

MO KL= CMONY CMP KD (MDML KO 624R
MDN= .02 62.%,C
M) = MANAGER ODEPARTURES C(MEN/YEAR)
MON - MANAGER DEPARTURES NARMAL (FRACTIENAY EAR)
W ~ MANAGERTAL-PRAFESSIGNAL (HMEN)
MOM - MANAGER-DEPARTURE MULTIPLIER

CUIMENS I BNLESS)

‘The manager-departure multiplier MDM is the inverse of the manager-arrival
multiplier MAM, as produced by Equation 63 and illustrated in Figure A-29.
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A4 Premium-Housing Sector

Figure A-30 shows the structure of relationships causing the construction and
obsolescence of premium housing.

Equation 64 defines the rate of premium-housing construction PHC in terms
of premium-housing construction desired PHCD multiplied by the factor LCR
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coming from the job sector and causing limitation in the actual construction rate
below that desired if the labor shortage in the city does not permit full construc-
tion activity.

PHC KL= (PHCD.K) CLCR XD 64 ,R

PHC - PREMIUM-HOUSING CBNSTRUCTIGN (HAUSING
NI TS/YEARY

PHCD = PREMIUM-HBUSING CBNSTRUCTION DESIRED
(HAUSING INITSAYEAR)

LCR - LABAR CONSTRUCTIBN RATIG C(DIMENSIBNLESS)

The premium-housing construction desired in Equation 65 contains the structure
seen earlier for flow rates. It describes the desired construction rate as 3% per
year of existing premium housing. This normal rate is influenced by the pre-
mium-housingmultiplier PHM. Anexternaltyimposed premium-housing-construc-
tion program can be added through the Iast term. Desired construction is first
generated in this manner so that it can be influenced in Equation 64 by the
availability of construction labor.

PHCOLK=(PHENY (PH.KY (PHMLKO4PHEP (K 63,A
PHCNz .03 65,1,C
PHCD = PREMIUM-HBUSING CENSTRUCTIBN DESIRED

(HAUSING UNETS/YEAR)

PHCN - PREMIUN-HOUSING CARSTRUCTION NARMAL
(FRACTIBN/Y EARY )

PH PREMIUM HIUSING CHBUSING UNITS)

PHM PREMI UM-HPUSING MULTIPLIER C(DIMENSIONLESS)

PHCP  ~ PREM!UM-HAUSING~-CENSTRUCTIBN PROGRAM
(HAUSING UNE TSAY EARD

The premium-housing multiplier in Equation 66 is composed of six terms and
the factor PHF, which is again included for experimental purposes to allow
introducing test changes into the equation.

PHM, K=(PHAMK) (PHLM.KY (PHPM.K) (PHTM,K) (PHEM.K) (PHEM.K}  66,A
(PHF)

PHF =1 6641,C

PHM = PREMIUM-HBUSING MULTIPLIER (DIMENS|BNLESS)

PHAM = PREMIUM-HOUSING-ADEQUACY MULTIPLIER
(DI MENSIBNLESS)

PHEM = PREM{UM-HOUSING LAND MULTIPLIER
COPMENSIBNLESS)

PHPM =~ PREMI UM-HBUSING PBPULATIBN MULTIPLIER
(DFMENS FBNLESS)

PHTM = PREMIUM-HBUSING TAX MULTIPLIER

CDi MENSIBNLESS)
PHEM =~ PREMIUM-HOUSING ENTERPRISE MULTIPLER

(DI MENS1@NLESS)
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PHGM  ~ PREM}UM-HBUS | NG-5REWTH MULT PLIER
(DIMENSI@NLESS)

PHF - PREMIUM-HBUSING FACTBR (DI MENS) DNLESS)

The _prerrlaium-housigg-adequacy multiplier as defined in Equation 67 and
shown in Figure A~'31_1s one of two strong influences on the construction rate.
The adequacy multiplier has 2 value of 1 when the manager/housing ratio is
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Figure A-31

at its normal value of 1. As MHR falls indicating fewer mana i
) I X gers than housing,
the construction rate falls rapidly because of Jack of need. On the other han§

as the managerial population excceds avaj i i
: ilable housing, there is pre
Increase the rate of construction. & pressure fo

PHAM,K =TABLEC PHAMT,MHR K, 0,2, .25} 67,4

PHAMT=0/4001/401/:2/1/374..6/5.6/6 67.1,7

PHAM = PREMIUM-HBUSING-ADEQUACY MULTIPLIER

(DI MENS IBNLESS)
PHAMT = PREMI UM-H® USING~ADEQUACY -MUL TIPLIER TABLE
MR~ WANAGER/HZUSING RATIG CDIMENSIBNLESS)

The land multiplier in Equation 68 and Figure A-32 illustrates the influence
of land availability on the construction flows within the model. At very low levels
of land occupancy, the area has not vet shown economic importance and the
nearly empty land tends to discourage aggressive construction. As land occupancy
increases toward the middie region, the rising muitiplier indicates economic
excitement and potential. Also, all of the common urban activities and services
are now present to support further expansion. But as the area approaches the
fully occupied condition, the more favorable construction sites have already been
used. The less and less attractive locations begin to depress the tendency to build
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until the absolute unavailability of land drives the construction rate to 0 at full
land occupancy.

PHLMWK =TABHLCPHLMT,LFR K 0,1, 1) 68,A
PHLMT=e8/49/103/ 1406/ 30 8712971287144/, T/22.10 6841,T

PHLM = PREMIUM-HOUSING LAND MULTIPLIER

€ DI MENS1GINLESSY
PHLMT ~ PREMIUM-HBUS| NG-L AND=-MULTIPLIER TABLE
LFB - LAND FRACTIBN BCCUPIED CDIMENSIBNLESS)

As the land fills, the changing values of the land multipliers begin to suppress
the growth of industrial and housing structures in the original land area and to
set the stage for the other variables to interact into the stagnation phase.

Equation 69 generates the land fraction occupied as the sum of the land used
for housing plus the land used for productive units divided by the land area.

LFBoK 2CHUT KA LPHHPUT K4 LPF) ZAREA 69,4

LPH=,1 8.1,C
LPPz.2 69.2,¢
AREA=100000 69.3,C

LF@ - LAND FRACTIGN 9CCUPLED (D1 MENSIANLESS)

HUT - HBUSING ENITS TBTAL CHOUSING UM i3]

LPH = LAND PER HBUSE (AGRESMBUSING UNI T

PUT - PRBDUCTIVE INITS TOTAL CPREDUCTI VE UNITS)

LPP =~ LAND PER PROBUCTIBN UNiT CACRES/PRBDUCTI BN
W7

AREA - LAND AREA CACRES)

Equation 70 totals the number of housing units in the system. Equation 71
totals the productive units.
HUT.K=PH K+#H K LH K 10,4

HUT = HBUSING UNITS TRITAL CHAUSING UNITS)
PH ~ PREMIUM HBUSING CHOUSING LNITS)
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WH - WORKER HOUSING (HAUSING NI TS)
H = UNDEREMPLEYED HBHSING CHBUSING uNI TS)

PUT K NE K+ 48 K401 K 71,4
*

PUT - PRBOUCTIVE WNITS WTAL CPRODUCTIVE 1y §

NE - NEW ENTERPRISE (PRADUCTIVE N1 T5) e

MB - MATURE BUSINESS CPRADUCTIVE UNITS)

1] =~ DECLINING INDUSTRY (PREDUCTIVE vl Ts)

In Equation 72 the premium-housing population muitiplier ilustrated i
I . in Fj
A-33 reflects the social composition of the city. It tengs to depress premi%;f
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housing construction if the city is heavily oriented toward labor and under-

employed groups. Under such circumstances the city becornes a less desirable
place for construction of premium housing,

PHPMGK <TABHLCPHPHT ,MPR &K ,0, 4 1, ,02) 72,A
PHPNT=.3/, 7/1/142/103/1.3 72.1,T

PHPH = PREMIUM-HBUSING POPULATION MULTIPLIER
(DIMENSIBNLESS)

PHPMT - PREMI UM-HAUSI NG-PBPULATHEN-MULTI PLI ER TABLE

WR - MNAGER/PEPULATIEN RATI@ COIMENS{GNLESS)

Equation 73 in Figure A-34 shows the depressing effects of a kigh tax rate on
premium-housing construction.

PHTHWK <TABHLCPHTMT 1, 45 BGNC TR KD 2, 4,2) 73,4
PHIMI=1.2/1/,7/.3 73.1,7

PHIM - PREWIUM-HOUSING TAX MULTIPLIER
COI MENS FOINLESS)
PHTMT - PREMI UN-HDUS | NG-TAX-MULTIPLIER TABLE
= TAX RATI@ {DIMENSIBNLESS)
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The premium-housing enterprise multiplier PHEM in. Equation 74 and Figure
A-35 provides a speculative or momentum factor which increases premium-hous-
ing construction if there has been a recent history of above-average growth in
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Figure A-35

new enterprise. In other words, establishment of new enterprise tends to encour-
age construction of new premium housing for the managerial-professional class

associated with the industrial expansion.

PHEMuK=TABHLC PHEMT, NEGR WK y=a 1, 15, 405 75,4

PHEMT=,2/.6/1/1.8/1.8/2.2 Tha1,T
PHEM - PREMIUM-HBUSING ENTERPRISE MULTIPLER
0| MENS| @NLESS) -
PHEMT - PéEMI Li-HBUSENG~-ENTERPRI SE-MULTIPLIER TABLE
NEGR - NEW<ENTERPR1SE GROWTH RATE (FRACTION/YEAR)
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Also, the momentum of recent construction in premium housing itself tends
to carry forward and cause still more premium-housing construction. Equation
75 and Figure A-36 provide a link in what is essentially a positive-feedback loop
from premium housing through growth rate and back into premium-housing
construction.

PHEMAK =TABHLCPHGMT PHER K, - 1, .15, ,05) 75,4
PHOMT=,2/,6/1/1,4/1.8/2,2
PHGM - PREMIUM-HBUSI NG-GROWTH MULTIPLIER
(DI MENSI BNLESS)

PHEMT - PREME {M-HBUST NS-GRIWTH-MULTE PL{ ER TABLE
PHER - PREM!UM-HBUSING GREWTH RATE (FRACTION/YEAR)

75.1,7

Equation 76 computes the premium-housing growth rate used in Equation 75.
It is generated by taking present premium housing, subtracting an earlier value
of premium housing PHA, dividing this by the time delay PHAT to obtain the
number of housing units constructed per year, and then dividing by premium
housing to convert to a fractional growth rate. The formulation might also have
been made by averaging PHC from Equation 64 and dividing by premium
housing,

PHER K =(PH.K~PHA K} /CPH.CKPHAT) T6,A

PHER - PREMIIM-HUSING GROWTH RATE (FRACTIONAY EAR)Y
PH - PREMIUM HBUSING CHBUSING UNETS)

PHA - PREMI UM-HBUSING AVERAGE CHAUSING UNETS)
PHAT - PREMIUM-HBUSING AVERAGING TiME (YEARS)

Equation 77 is a first-order exponential smoothing or averaging equation which
generates the delayed version of premium housing needed in Equation 76. The
initial value of PHA is computed so that it will generate an initial premium-hous-
ing growth rate of 3% per year.
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PHAK=PHAL - (BT/PHAT) (PH,.J~PHA L) 77,L
PHA=PH~CPHEGR Y CPHAT) CPH) TT N
PHAT=10 T1.2,C
PHER1=.03 17.3,C

PHA = PREMIUM=HBUSING AVERAGE (HBUSING UNIIS)

PHAT ~ PREMIUM-HOUSING AVERAGING TIME CYEARS)

PH - PREMIUM HOUSING CHBUSING UNITS)

PHGRI =~ PREMIUM-HAUSING GROWTH RATL INITIAL

(FRACTIBN/YEAR)

The level Equation 78 accumulates the amount of premium housing by adding
construction and subtracting obsolescence.

PH K=PH o J-{ D) (PHC. K PHA L JKD T8,L
PH=5000 78.1,K
PH = PREMIUM HBUSING CHBUSING (NITS)
PHC - PREMIUM-HOUSING CONSTRUCTION CHBUSING
W) TS/YEARD
PHZ - PREMIUM-HRUS!NG BBSBLESCENCE (HBUSING
UNI TS/ EAR)

Premium-housing obsolescence is defined in Equation 79 as having a normal
value of 3% per year. This means that premium housing is taken to have the
reciprocal of .03, or 33 years of normal active life in the premium category. But
the multiplier PHOM can modify this average age depending on the demand
for housing. In pericds of high demand, housing will be maintained and will
continue to be occupied by the managerial-professional group beyond its normal
life. As the managerial group decreases relative to housing and housing becomes
excessive, the housing drifts more rapidly into the worker-housing category.

PHB JKL=CPHENY (PH.K) (PHBM.K) 79,R
PHON=.03 79.1,C

PHE = PREMIUM-HBUSING @BSBLESCENCE (HEUSING
NI TSAYEAR)

PHEN - PREMIUM-HQUSING BBSALESCENCE NARMAL
C(FRACTEBN/Y EARY

PH ~ PREMIUM HAUSING (HAUSING UNITS)

PHIM - PREMIUM-H@USTNG-ABSBLESCINCE MULTIPLIER
CDIMENS HANLESS)

The premium-housing-obsolescence multiplier in Equation 80 and Figure A-37
is derived from the premium-housing multiplier PHM. To the right, as the urgency
of new premium-housing construction increases, the obsolescence rate declines
and the average life of premium housing increases. At the extreme left the
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Figure A.37

qbsolescence rate can climb to almost three times normal, indicating an average
life of about ten years under some imaginary extreme circumstances where there
15 no managerial-professional population to occupy the dwellings.

PHEM K <TABHLCPHEMT , T, 445 LBGNCPHHLK) , 3,3, 1) 80,4
PHOMTZ2,8/246/2/1/ 45/ 137 42 80.1,T

PHBM  ~ PREMIUM-HBUSI NG-@BSBLESCENCE M
(DIMENSIBNLESS) W TTPLIER
PHAMT - PREMI UM-H@ UST NG9 BSBL ESCENCE-MULTI PLI ER

TABLE
PHM -~ PREMIUM-HBUSING MULTIPLEER CDIMENS FONLESS)

A5 Worker-Housing Sector

C‘onstruction of worker housing in Figure A-38 depends on a group of factors
equivalent to those explained in relation to premium housing.

Th_e level of worker housing is given by Equation 81, which accumulates
housing becoming available from premium-housing obsolescence, worker housing
being constructed, and outflow of worker housing through obsolescence.

WK WHL - COT) CPHE , JKHWHE o JK~WHE o0 81,L
W =2 1000 81.1,K

WH ~ WERKER HBUSING CHBUSING ENITS)
PHE - PREMIUM-HBUSING BBSELESCENCE CHAUSING
UN{ TS/Y EAR)Y
WHC - F‘EE:JER-HEUSWG CENSTRUCTION (HBUSING UNITS/
)
we - H\i;ggl;-HBUSIN,G BDSPLESCENCE (HAUSING UNI 75/
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Equation 82, like Equation 64, gives the construction rate in terms of the
construction rate desired, multiplied by a factor that depends on construction
labor availability.

WHE K L=CHODLK) CLER KD 8,8
WHC - WORKER-HBUSING CONSTRUCTIBN CHOUSENG NI 174

YEAR)

WHCD - WIRKER-HAUSI NG CBNSTRUCTION DESIRED
CHAUSING NI TSAYEAR)

LCR - LABGR 0ANSTRUCTION RATIE (DIMENSIBM.ESS)

Desired worker-housing construction in Equation 83 is a normal 3% per year
muitiplied by the worker-housing multiplier WHM, plus any external program
of worker-housing construction.

WHCD oK SCHHCID CHH KD CRH MK -+WHCP K 83,4
WCN=. 03 83,1,C

WHCD  « WBRKER-HEUSI NG CONSTRUCTION DESIRED
(HAUSING UNI TS/YEAR)

WICN - WIRKER-HOUSI NG CANSTRUCTION NPRMAL
CFRACTIBN/Y EAR)

WH = WARKER HOUSING CHBUSING UNETS)

WHH - WORKER-HOUSING MULTIPLIER (DiMENSIBNLESS)

WHCP = WORKER-HB US{ NG-CONSTRUCTI ON PROGRAM
CHIUSING INFTS/YEAR)

The worker-housing multipliers reflect the influence of the city system on
worker-housing construction and are combined in Equation 84

!H!EE.“K;)(KHAM.K) CWELMAK) CHHUMLK) CWH TH.KD CRHEM.K) (WHEM.K) 8k, A

WHF=1 84.1,C

WHM - WBRKER-HBUSING ML TIPLIER CDIMENSI BNLESS)

WHAM = WORKER-HBUS| NG-ADEQUACY MLTIPLIER
(DI MENSIBNLESS?

WHLM - WORKER-HBUSING LAND MULTIPLIER
CDIMENSTNL ESSY

WHUM - WORKER-HOUSING UNDEREMPLAYED MULTIPLIER
(DI MENS IANLESS)

WHTM  ~ WERKER-HBUSING TAX MULTIPLIER
CDIMENSIONLESS)

WHEM - WORKER-HBUSING ENTERPRISE MixT| PLIER
(DI MENSIGNLESS)

WHGM - WORKER-HBUS { NG-GREOWTH MULTEPLIER
(DEMENSIBNLESS)

WHE  « WORKER-HOUSING FACTAR (DI MENS IENLESS)

The worker-housing-adequacy multiplier in Equation 85 and Figure A-39 shows
the strong influence of housing shortage to the right, and housing excess to the
left, on the worker-housing-construction rate,
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WHAMLK =TABHLCWHAMT LHR.K,0,2,.25) 83,A
WHAMT=0/405/41/43/1/1.8/2,4/2.8/3 85.1,7

WHAM - WIRKER-HOUSING-ADEQUACY MULTIPLEER
¢ DI MENS FBNLESS)
WHAMT - MBRKER-HAUSING-ADEQUACY-MULTIPLIER. TASLE

LHR - LABBRMBUSING RATID (DIMENS]BNLESS)

The land multiplier of Equation 86 and Figure A-40 operates as explained in
connection with Equation 68.
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WHLMK=TABHLOWHLMT,LFBL.K,0,1,. 12 B64A
86.1,7T

WHLMT =4 8/459/1.3/106/1e87/14371e8/108/. 17 2 /0

WHLM ~ WERKER-HDUSING LAND MULTIPLIER

(DI MENSIBNLESS)
WHLMT - WIRKER-HOUSING-LAND-MULTIPLIER TABLE
LF@ - LAND FRACTION OCCUPIED (DIMENSIBNLESS)

Equation 87, as illustrated in Figure A-41, shows the influence of the social
balance of the area on the tendency to construct new housing. When the ratio
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of labor to underemployed falls, the willin iti i
t X 5ness to construct additional housin
declines because the area has become blighted, obsolete, and undesirable. &

WHUM.K=TABHL(*HWT,LUR.K,0,5, 1) 87,4
WHUMT=,5/.8/1/1.2/1.3/1.3 87.1,7T

WHUM -~ WORKER-HBUSING UINDEREMPLEYED
(DI MENS EBNLESS) WLTIPLIER
WHINT - 'MTRiéE!E-HﬂUS! NG-UNDEREMPLAYED-MUL TI PLI ER
ABL
LIR - LABER/UNBEREMPLBYED RATIE (DI MENSTBNLESS)

The tax multiplier in Equation 88 and Fi : .
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WTM.K:TABHL(WHTMF,T.##*MGH( TRWK) y=2,4,2) 88,4
WHTMT=1,2/1/,7/.3 88.1,T

WHIM - WORKER-HOUSING TAX MULT PLIER
(DIMENSI@NLESS)
WHTMT ~ WORKER-HAUS ING~-TAX-MULTIPL| ER TABLE
= TAX RATI® C(DIMENSIBNLESS)
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As with premium housing, an industrial growth factor has been i.nt;)-ducei 121:30
the willingness to construct worker housing. Equation 89,‘ as showx} 11;1 igure ,
relates new-enterprise growth rates to the worker-housing multiplier.

89,A
89.1,T

WHEMJK =TABHLCRHEMT ,NEGR WK g =425 43, 0 1)
WHEMTZ, 3/, T/1/102/1.3/ 144

WHEM -~ WORKER-HBUSING ENTERPRISE MULTI PLIER
(DI MENSIPNLESS)
TABLE
- R-HOUS § NG=EN TERPR| SE~MUL TIPLIER
\;;HEEQY - ?&EE\?IEENTERPRISE GREWTH RATE (FRACTI@N/YEARD
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90,A
90.1, 7T

WHEM, K = TABHECRHGMT, HER K y =2 15 0 15, 4050

WHEMT=.2/.6/1/1.4/1.8/2.2

WHGM  ~ WBRKER-H@USENG-GROWTH MULTIPLIER
(DIMENSI@NLESS)
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WHGMT ~ WERKER-HOUSING~GROWTH-MULTEPLIER TABLE
WHGR  ~ WORKER-HBUSING GREBWTH RATE (FRACTIEN/YEAR)

Equations 91 and 92 calculate the worker-housing growth rate through the same
procedure used in Equations 76 and 77.

WHER K SCWH K ~WHALK) 7 (HH JKERHATY 91,A

WHGR - WORKER-H@USING GROWTH RATE ¢FRACTIBNAYEAR)
WH = WORKER HBUSING (HOUSING UNI TS)

WHA - WORKER-HBUSING AVERAGE C(HMBUSING UN) TS}
WHAT - WORKER-HBUSING AVERAGING TIME (YEARS)

WHA K =WHA L JCOT/WHATY (WH o J ~WHA WD) 922,L

WHAZWH-CKHGRIY (WHAT) CWHD 92.T,0
WATZ10 92.2,¢C
WGERI=Z,03 92.3,C

WHA -~ WORKER-HBUSING AVERAGE (HAUSING UNITS)

WHAT - WBRKER-HBUSING AVERAGING TIME (YEARS)

Lul - WORKER HBUSING CHBUSING UNE TS

WHGRI - WIRKER-HBUSING GRAWTH RATE INiTEAL
CFRACTI@N/YEAR)

Worker-housing obsolescence in Equation 93 is taken as having a normal value
of 2% per year, implying that housing remains in this category 50 years,

WHE KL= CRHBND CHH.KD CNHBM, K) 93,R
WHIN=.02 93.1,¢

WHEG - WORKER-HBUSING @BSALESCENCE (HOUSING WN) TS/
YEARD

WHEN -~ WARKER-HOUSING @BSOLESCENCE NARMAL
CFRACTIBN/Y EARY
] ~ WERKER HOUSING (HAUSING NI TS)

WHEM - WIRKER-HOUSI NC-QBSBLESCENCE MULTIPLIER
{DEMENSIBNLESS)

The obsolescence multiplier in Equation 94 and Figure A-45 modifies the
lifetime of worker housing depending on the need for such housing as indicated

WHEMLK =TABHLCWHOMT , 1. 45% LAGNCWHMLKY , =3,3, 1D 94,A
WHOMT=2,2/2/1406/170 1725744 9heT,T

WHOM - WORKER-HBUSTNG-IBSALESCENCE MULTIPLIER
(DI MENSBNLESS)
WHIMT -~ V@{_:EEF&-HGUSI NG~ BSPLESCENCE-MULTIPLEER
L

WHM - WBRKER-HRUSING MULTIPLIER (DIMENSIBNLESS)
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by the worker-housing multiplier WHM. A higher value of WHM leads to a lower
obsolescence rate and a correspondingly longer life and vice versa.

A6 Underemployed-Housing Sector

Figure A-46 shows the flows associate
cent worker housing, as well as construction ré

low-cost-housing program,

enters the underemployed-h

d with underemployed bousing, Obsoles-
sulting from an externally generated

ousing category. The

underemployed housing disappears fro
The amount of underemployed housi
The slum-housing-demolition rate in

m the system through demolition.
ng is accumulated in level Equation 95.
Equation 96 is specified as 2% per year

BH K ZtH  JHCDTD (WHB., JK=5HDLJKHLCHP oKD 95,1
UH=1100 95 14N

H - UNDEREMPLYED HOUSING (HAUSING W TS

WHE - WORKER-HOUSING @BSALESCENCE (HBUSING UNITS/

SHOD - SIE&BUSINB DEMBL] THEN (HBUSING NITS/

LCHP =~ L;EEE&ST-HQUSWG PRAGRAM CHOUSING UNHTS/

YEARY
SHU.Ki_:(SHDN)(LI-I.K)(SHBM.KHSH[P.K 96,4R
96.1,C

SHDN=,02
S0 - SLUM=HBUSING DEMBLITIEN CHAUSING UNITS/

YEAR)

SHDN - SLUM-HBUSING DEMILITION NERMAL CFRACTIBN/
YEAR)

H « UNDEREMPLOYED HBUSING (HBUSI NG UNi TS)

SHOM - SLUM-HAUSTNG-DEMBLITIEN MULTEPLIER
(OIMENSIHBNLESS)

SHOP - SLUM=HBUSING-DEMBLITIEN PROGRAM (HBUSING
NI TS/YEARD
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of the underemployed housing, meaning a 50-year life in this category. A m_ullti—
plier introduces the effects of occupancy and pressures on land: The add;t}on
of the term SHDP provides for an externally introduced slum-housing-demolition

TOQTAIL . ' .
g’ Tghe stum-housing-demolition multiplier in Equation 97 contains the two 1iac:u.ve
variables and an experimental factor that can be changed to explore the behavior
of the system.

SHOMMK ZCSHAMLKY CSHLMJK) CSHDP) 97,A
SHOF=1 97.1,C
SHDM - SLUM-HBUSING-DEMALETIBN MULTIPLIER

CDEMENSTBNLESS)

SHAM «~ SLUM-HBUSING-ABANDONED MULTIPLIER
(DI MENSIBNLESSY

SHIM = SLUM-HOUSING LAND MILTIPLIER
(DI MENSIBNLESSY

SHOF =~ SLUM-HOUSING-DEMALITIGN FACTOR
CDIMENS{BNLESS)

i i - { occupancy on the demolition
tion 98 and Figure A-47 show the effect o '
ratftiaq’l;ieodemolition ritc is normal when the ratio of underemployed to housing

SHAMK <TABLECSHAMT ,UHR K 40,2,.5) 98,A
SHAMTZ3, 6/2/1/ o6/ b 98.1,T
SHAM = SLUM-HAUSING-ABANDONED MULTEPLIER
CDIMENSIANLESS)

- AUS T NG~ABANTBNED~-MULTIPLIER TASLE
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is 1. Deterioration and the demolition rate rise rapidly as occupancy falls, and

sing life) when occupancy is above normal.,

-48 show the assumed relation between land fraction
occupied and demolition rate. In the occupancy interval from .8 to .95, demolition
nises gradually, indicating the tendency to tear down oid buildings for replacement
as the remaining land area becomes less suitable. The rapid rise in the curve

n
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LFO—Land fraction occupied
Figure A48

as the land fraction occupied reaches 1 is to couple the demolition and construc-
tion under any circumstances where a massive forced construction program might
drive land occupancy up to and possibly beyond full occupancy. In other words,

if construction 1s to take place in this region, demolition must occur,

SHLM.K:TABHL(SHLMT,LFB.K,.8,1,.05) 99,A

SHULMT=1/1.2/1.6/2,2/6 99.1,T

SHLM = SLUMHBUSING LAND MULTIPLIER

(DI MENSEANLESS)
SHLMT ~ SLUM-HBUS | NG~L AND-MUL T1PL | ER TABLE
LF8 -~ LAND FRACTIEN BCCUPIED (D MENSTBNLESS)

A.7 New-Enterprise Sector
The new-enterprise sector i

n Figure A-49 is very similar to the premium-
housing sector in Figure A-30,

NEK=NE, J+COTY (NEC. K -NED,J10)
NE=200

Ho,L

100.1,N

NE ~ NEW ENTERPRISE (PRBDUCTIVE NI TS)

NEC - NEW-ENTERPRISE CENSTRUCTIBN CPRADUCTIVE
NETS/YEAR)

NED  ~ NEW-ENTERPRISE DECLINE (PRADUCTIVE WNITS/
YEAR)
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Figure A49 New-enterprise sector.
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The accumulation
Equation 100.

New-enterprise construction in Equation 10{ js similar in form to Equation 64,
Desired construction is modified by labor availability.,

of net construction minus decline is generated by the level

NEC.KL=CNECD.K) (LCR.IO 101,R

NEL - NEW-ENTERPR) SE CONSTRUCTIQN (PRADUCTI VE
UNI TS/Y EARY

NECD - NEW-ENTERPR! SE CONSTRUCTI@N DESIRED
(PRADUCTIVE WITS/YEAR) )

LCR - {ABeR CORSTRUCTION RATIB (DIMENSIBNLESS)

New-enterprise construction desired NECD i taken as 5% per year of a
weighted_ combination of the different business categories. New enterprise has

NECE(.:g:(NEC?D CNECF* NE, K+MBCF« MBKH-DICPR DI ) CEMLK )5 102,4
NECP K

NECF=1 102.1,¢
MBCF=,5 102.2,C
0iCFz,3 102,3,¢
NECN=.05 102.4,C

NECD - NEW-ENTERPRI SE CENSTRUCTigN OESIRED
(PREDUCTIVE INETS/YEARY

NECK - NEW-ENTERPRISE CONSTRUCTIBN NORMAL
(FRACTIBN/YEAR)

NECF - NEI-EHTERPRISE—MNSTRUCT!GN FACTER
CDiMENS 12N ESS)

ME - NEW ENTERPRISE (PREDUCTIVE NI TS)

M3CF - MTURE-BUSINESS-CBNSTRUCTIBN FACTAR
COIMENSIONLESS)

N8 - MATURE BUSINESS CPRADUCT YE UNI TS)

DiCF = DECLINING= NDUSTRY-CaNSTRUC Ty i FACTRR
CDIMENSIONLESS)

i = DECLINING INDUSTRY (PRADUCTI VE LW TS)

= ENTERPRISE MULTIPLIER CDIMENS1BNLESS)

NECP - NEW-ENTERPRISE—CBNSTRMTIEN PROGRAM

CPRODUCTIVE UNI TS /YEAR)

The enterprise multiplier in Equation 103 is the product of the five component
multipliers and of the System experimental factor EF.
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EMaK 2CEMMLKY CELMLK) CEL MK CETMLK) CEGMLKD CEFY 103,A
EF=1 165.1,4C

EM ENTERPRISE MULTIPLEER (D!MENS!ENLESS)

EMM -~ ENTERPRISE MANAGER/JPB MULTIPLIER
CDIMENSIBNLESS)

ELM - ENTERPRISE LAND MULTIPLIER (DiMENSISNLESS)

ELJM - ENTEAPRISE LABBR/JBB MULTIPLIER
CDIMENSIENLESS)

ETM = ENTERPRISE TAX MULTIPLIER (DIMENSI@NLESS)

EGM - ENTERPRISE-GROWTH MULTIPLIER
CDIMENSIZNLESS)
£F = INTERPRISE FACTAR (DJMENSIBNLESS)

Equation 104 in Figure A-50 states that increasing managers in proportion to
managerial jobs increases the likelihood of establishing new enterprise. As the
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MR—Manager/job ratio
Fipure A-50

managerial-professional population grows in proportion to the existing needs of
the city, more time, skili, and Incentive are available to start new activities.

EMMLK =T ABHLC EMMT, MR.K 042,025 104, A
EMMTZ41/415/.3/.571/1. 471, 171,972 108.1, T
EM - ENTERPRISE MANAGER/JBB MULTIPLIER
C B MENS 1BNLESS)

EMMT -~ ENTERPRISE MANAGER/JBB MULTIPLIER TABLE
MR - MANAGER/JBB RATI@ (DIiMENSIBNLESS)

The land multiplier ELM in Equation 105 and Figure A-51 describes an
economic incentive to build as a function of total land area occupied. The con-

ELM.K=TABHLE ELMT,LFB..K, 0y 1,0 1) 105,4
ELMF=1/1.15/13/1.8/1.45/1.8/ 1,371/ T/ 08/0 105.1,7
ELM - ENTERPRISE LAND MULTIPLIER (DI MENS{BMLESS)

ELMT = ENTERPRISE-LAND=MULTIPLIER TABLE
LF@ - LAND FRACTIBN 9CCUPIED (DIMENSHBNLESS)
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cepts are the same discussed for Equation 68, When land becomes completely
occupied, construction must cease unless demolition takes place.
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~ Equation 106 and Figure A-52 describe the inclination to build new enterprise
i terms of the availability of labor. If the labor/job ratio is low, indicating a
shortage of lIabor, new-enterprise construction is depressed. An excess of labor
encourages new comnstruction.

EL MK =TABHECEL SMT,LRP LK 40,2, .25) 06,4
ELIMT=0/,05/ 215728/ 1/145/1. T/1.8/1.8 106.1,T
ELM - INTERPRISE LABBR/JAB MULTIPLIER
COEMENSIBNLESS)

ELJMT - ENTERPRISE LAB@R/JBB MULTIPLIER TABLE
LRP  ~ LABOR/JOB RATI® PERCEIVED CDIMENSIBNLESSY

The tax multiplier in Equation 107 and Figure A-53 is similar in purpose to
those discussed earlier but represents a more decisive effect at the high tax end
ETMK=TABHLCETMT, 14 55 LBGNC TRAKD =2, 4, 1) 107,A
ETMT21.3/142/1/48/45/425/ 41 107.1,7T
ETM - ENTERPRISE TAX MULTIPLIER COIMENSI@NLESS)

ETMT = ENTERPRISE~TAX-MULTIPLIER TABLE
L = TAX RATIZ ¢DIMENSIONLESS)
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than was assumed for housing. The multiplier declines to where a tax rate of
16 times normal cuts construction by a factor of 10. ' .

The enterprise-growth multiplier in Equation 108 and Figure A-54isa specula-
tive and momentum factor tending to encourage construction during a period

’ [
& BOMT
2 Eq. 1081
g L1
3 z
& |
v
.% -
L]
£
L]
g >
z "
9
0-I -.05 ] -3 R 5
NEGR-~New enterprise growth rate
Figure A-54

of active construction and tending to depress construction during a period when
obsolescence exceeds new construction.

EGM K =TABHLC EGMT,NEGR Ky e 15415, 4053 108,A
EGMT=,2/.6/1/128/1a8/2.2 10841,7

EGM - FNTERPRISE-GROWTH MULTIPLIER
(D!MEHSIQNLESS)T WLTIPLEER TIBLE
- ENTERPRI SE-GROWTH=
EE_E; — NEW-ENTERPRISE GROWTH RATE (FRACTIBN/YEARD
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The new-enterprise growth rate is computed in Equations 109 and 110 in the
same way as discussed for Equations 76 and 77.

NEGR K Z(NE =N EA KD /{HEJCKNEAD) 109,A

NEGR - NEW-ENTERPRISE GROWTH RATE CFRACTIBN/YEAR)
NE = NEW ENTERPRISE (PREDUCTIVE UNITS)

NEA  « NEW-ENTERPR!SE AVERAGE (PRBDUCTIVE UNITS)>
REAT ~ NEW-ENTERPRISE AVERAGING TIME CYEARS)

NEALK=NEA. J+COT/NEAT) (NELJ-NEA.D) 110,L
NEA=N E-CNEGR{ ) (NEATY (KDY 110.1,N
NEAT=10 110.2,C
NEGRI =,03 110.3,C

NEA - NEW-ENTERPRESE AVERAGE (PREDUCTIVE UNI TS)

NEAT - NEW-ENTERPRISE AVERAGING TIME (YEARS)

NE = NEW ENTERPRISE (PREDUCTIVE ©NiTS)

NEGR! - NEW-ENTERPRISE GREWTH RATE iNITIAL

(FRACTIGN/Y EARD

A8 Mature-Business Sector
Figure A-55 illustrates the structure surrounding the mature-business level.
New-enterprise decline in Equation 111 represents the aging of new enterprise
into mature business. The normal value of .08 per year implies an average life

of 12 years in the new-enterprise category. This is modified by the enterprise-
decline multiplier.

NEDKL=CNEDN) CNE.X) CEPM.K) TH,R
NEDN=,08 111.1,C
NED -

NEW-ENTERPRISE DECLINE (PRADUCTIVE NITS/
YEAR)

NEDN =~ N%R%TERPRISE DECLINE NIRMAL (FRACTIGN/
NE = NEW -ENTERPRISE (PRBDUCTIVE UNITS)
EOM - ENTERPRISE<DECLINE MULTIPLIER

COIMENS{BNLESS)

The enterprise-decline multiplier in Equation 112 and Figure A-56 adjusts the
decline rate of new enterprise in response to the enterprise multiplier EM. When

EDM K =TABHLCEOMT, 14 b ok LBGNC EMWKDY ,=3,3, 1) 112,A
EBMT=2/1.48/145/1/277:5/ 45 112.7,T

EDM = ENTERPRISE-DECLINE MULTIPLIER
(DIMENSI@NLESS)

EDMT ~ ENTERPRISE-DECLINE-MULTIPLIER TABLE

EM = ENTERPRISE MULTIPLIER (DIMENSI@NLESS)
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there is active demand for new enterprise, it is assumed that the existing new

enterprise will retain its vitality for a longer period than when there s no incentive
for new construction.

Equation 113 accumulates the level of mature business, taking in the decline
from new enterprise and giving up mature-business decline into the category of

declining industry.
MBK=MB. (DD CNED, K-MBD, J© 113,L
MB=1000 113.1,M

He - MATURE BUSINESS (PRADUCTIVE N TS)

NED - NEW-ENTERPRISE OECLINE ¢PRADUCTIvE WITss
YEAR)

p - M TURE-BUSINESS DECLENE CPREDUCTEVE W T8/
YEAR) ’

The initial value of 1,000 mature-business units in Equation 113.1 is selected,
along with initial conditions of the other levels, to get a reasonably balanced
cconomy at the beginning of the growth phase.

Mature-business decline into the declim‘ng—industty category is established by

MBDLKL=CMBDN) CMBLK) (BDM.KY 11%,R
MBON= .05 114.1,C
M0 - MATURE-BUSINESS DEELINE (PREDUCTIVE (N 15/
M - %ﬁ%—BUSINESS BECLINE WARMAL CFRACTIBN/

M3
BOM

]

MATURE BUSINESS (PRBDUCT YE UNITS)
BUSINESS-DECLINE ML T4 PLIER (DIMENSIBM ESS)

Life in the mature-business category is varied in Equation 115 and Figure A-57
depending on the enterprise multiplier EM. This is done on the basis that an
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Figure A-57
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economy very much in need of new enterprise will retain the vitality of existing
business longer than one in a state of deterioration.

BOM,K =TABHLE BOMT , 145k LBGNCEMLKD 4 =3,3, 1) 115,A
BOMT=2/1,8/1.5/17 1445/ % 115.1,1

BOM - BUSINESS-DECLINE MULTIPLIER (BIMENSI@NLESS)
BOMT « BUSINESS-DECLENE-MULTIPLIER TABLE
EM - ENTERPRISE MULTIPLIER (DIMENSI@NLESS)

A.9 Declining-Industry Sector

Figure A-58 shows declining industry and its demolition rate.

Equation 116 generates the number of declining-industry productive units by
accumulating the difference between mature-business decline and declining-
industry demeolition.

01 JK=D1 4 JC BT (MBD. K= D, JK 116,L
Br=100 118.1,N
hij - DECLINING INDUSTRY (PRADUCTEIVE UNITSY
MBD - MATURE-BUSINESS DECLINE (PRBDUCTIVE WNIETS/
YEAR)
DD - DECLINING-INDUSTRY DEMBLETI®N (PREBUCTIVE
INETS/YEARD

The declining-industry demolition rate DID in Equation 117 hasa normal value
representing a 33-year life in this category, modulated by a multiplier representing
the influence of the demand for new enterprise and the influence of land shortage.
The added factor DIDP allows for an externally determined declining-industry-
demolition program.

010 KL=COE DI (DT +10 (B4 DMLK)+D1 0P K F17,R
Dl DN=.03 117.1,C
oo

DECLINING=INDUSTRY ODEMBLITION (PRODLCTIVE
UNI TS/YEAR)

DION - OECLENING-1NDUSTRY DEMALITIGN NIRMAL
CFRACTIEN/YEAR)

| - DECLINING ENDUSTRY (PRBDUCTIVE UMITS)

DIOM = DECLINING~| NOUSTRY-DEMALITEBN MULTIPLIER

(DI MENSIBNLESS)
DIOP = DECL!NING-INOUSTRY-DEMBLITI&N PRBGRAM
(PRADUCT! YE UNI TS/Y EARY

The declining-industry multiplier contains the two active variables and an
experimental factor.
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DI DMK =C Bl EMK) €D LMJK) € DI DF) 118,4
10F=1 118.1,8

Dt DM DECL FNING={ NDUSTRY-DEMILI TIBN MULTIPLIER
I MENS IBRLESS)
DIEM ~ D::gLINING-INUUSTRY ENTERPRISE MULTIPLIER
(D MENS TBNLESS)
OtLM DECLINING-iNDUSTRY LAND MULTIPLIER
(DI MENS IBNLESSY
01OF - DECLENING-iNDUSTRY-DEMALS TION FACTER
CDIMENS IDNLESS)

In Equation 119 and Figure A-59 the assumed effect of demand for new
enterprise on declining-industry demolition is given. Th-is assumes th.at. the‘ more
active the new-enterprise-consiruction rate, the higher will be the declining-indus-
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DIEM— Declining industry enterprise multiplier
Ead
™
b

¥ 2
EM 123 25 5 :} \ 3
LOG »i)y -3 -2 -1 . -
TEn EM—Enterprise multiplicr

Figure A-59

try demolition rate. This presumes that much of the new enterprise that is con-
structed will be on the geographical site of old enterprise that has reached the

end of its effective life.
DI EMJKC=TABLEC DE EMT, 1483 BENCEMKD , =3,3, 1) 119,A

o147
DIEMT2, 47457 T/ 1/ 1. 6/2. 474 119.1,

DIEM - DECLINING-]NDUSTRY ENTERPRISE MULTIPLIER

CDI MENS I@NLESS)
DIEMT = DECLINING=1NCUSTRY ~ENTERPRISE-MULTIPLEER
TASL

£
EM - ENTERPRISE MULTIPLIER (DIMENSIONLESS)
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The declining-industry land muitiplier in Equation 120 and Figure A-60 is
similar to the slum-housing land multiplier in Equation 99. It shows a natural
tendency for demolition to increase as land usage becomes more nearly complete,
and forced demolition at very high land usage, shouid land fili up and reach

such a point, Actually, in the computer rens in this book, land occupied has never
reached the .95 region.

DILM.K=TABHLC DI LMT, LF2.K, +841,405) 120,4
BILNT=1/1.2/1,6/2.2/6 120.1,T

DILM - DECLINING~INDUSTRY LAND MULTIPLIER
CDEMENSI@NLESS)

BILMT ~ DECLINING~f NOUSTRY-LAND-MWL TIPLIER TABLE

LF8 = LAND FRACTIBN BCCUPIED (DIMENSI@NLESS)

A.10 Tax Sector

Figure A-61 shows the relationships used for generating tax collections and
the tax ratio which influences mobility and construction. Equation 121 computes
the total tax collection per year as the product of the assessed value multiplied
by tax assessment normal TAN in the outside world and multiplied by the ratio
of city to outside tax rate TR.

TCKTCAVLKY C TANY CTR KD 121,A
TAN=50 121.1,C
L - TAX COLLECTIBNS (DOLLARS/YEAR)

AV - ASSESSEO VALUE CTHBUSAND BBLLARS)

TAN = TAX ASSESSMENT NARMAL C(DELLARSAYEAR/
THEUSAND [RLLARSY

i TAX RATI@ (DI MENS{ONLESS)
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Figure A-61  Tax sector.
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TRK=TABLCTRT, 7, 54+ LAGNC TRNP..K) y=25k, 1 122,A

TRIZ3/.5/1/14872, 873,674 122.1, ¥

TR ~ TAX RATI® (B MENSIBNLESS)
TRT -~ TAX-RATIG TABLE
TRMP = TAX RATIZ REEDED PERCEIVED (o1 MENS! BNLESS)

the actual need. Here perceptions mean not only awareness of the need but
political support and voter acceptance of the need. With the 30-year time lag

TRNP K =TRNP, S-COT/TANPT) CTRN . J=TRNP, 1) 123,1
TRNP=TRN 123.1,N
TRNPT=30 123.2,0

TRNP = TAX RATI® NEEDEG PERCEIVED (i MENSIBNLESS)
IRNPT - TAX-RATI@-NEEDED PERCEPTIBN TIME CYEARS)
TN~ TAX RATIB NEEDED CDI MENS HINL ESS)
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in Equation 123, about a third of the discrepancy between perceived need and
actua] need will be closed each decade.

In equation 124 the tax ratio needed is computed by dividing the tax assessment
indicated by the tax assessment normal.

TRN.K=TAT K/TAN 24, A

TRN =« TAX RATI® NEEDED (DIMENSIBNLESS)

TAL = TAX ASSESSMENT INDICATED CDBLLARSA EAR/
THAUSAND (BLLARS)

TAN = TAX ASSESSMENT NORMAL (DBLLARS /Y EAR/
THOUSAND MBLLARS)

In Equation 125 the tax assessment indicated is computed as the ratio of the
tax needed divided by the assessed value of the property in the city.

TALLK=TN K /AV.K 125, A
YAl - TAX ASSESSMENT [NDICATED ¢DALLARS/AY EAR/
THAUSAND L L ARS)
™ ~ TAXES NEEDED (OBLLARS/YEAR)

AY « ASSESSED VALUE (THEUSAND DBLLARS)

Equation 126 generates taxes nceded on a per capita basis, with different
assumed needs generated by each population class. For example, the first term
is the tax per management person multiplied by the management family size times
the number of managers. The tax per management person is taken as $150.00
a year, for a labor person as $200.00, and for an unemployed person as $300.00.

TN K ZCTHPE M FSH0PL Kt TLPKLF Sy K+ TUPK IFSE UKD (TCMLKO) 126, A

P=150 126.1,¢
TLP=200 126.2,C
TUP =300 12643,C
T = TAXES NEEDED CDALLARS/YEAR)
TMP - TAX PER MANAGEMENT PERSON COBLLARS/PERSON/
YEAR)
MPFS - MANAGERIAL-PROFESSIBNAL FAMILY SIZE
C(PEBPLE/MAN)
MP - MANAGERI AL-PROFESSIBNAL CMEN

WP - TAX PER LABBR PERSBN (BLLARS/PERSBNA EAR)
LFS  ~ LABIR FAMILY SIZE (PEAPLE/MAN

L ~ LABGR (MEN}
TP~ TAX PER UNDEREMPLOYED PERSON ¢DBLLARS/
PERSAN/Y EARD

FS = INDEREMPLAYED FAMILY SIZE (PEBPLE/MAN
] = INDEREMPLBYED CMEND
TCM = TAX-CBLLECTIZN MULTIPLIER (DI MENSIBNLESS)
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Equation 127 and Figure A-63 provide a political factor that relates taxes to
the labor/underemployed ratio. To the left, as the labor population declines in
proportion to the underemployed, the political power moves more and more
toward the underemployed group who use tax expenditures but pay less of the
tax assessments, and the asserted tax needs of the city rise.

TCMK=TABHLC TOMT,L IR K 40,3, 4 5) 127,A
TOMT=2/146/1.3/1.1/17.9/.8 127.1,7

TCM = TAX-CBLLECTIBN MULTIPLIER (DIMENS! BNLESS)
TCMT = TAX-COLLECTI@N=-MULTIPLIER TABLE
LUR - LABIR/UNDEREMPLOYED RATIG CDIMENSIBNLESS)

Equation 128 is the total assessed valuation of the city as the sum of housing
and business.

AV KZC(HAV K+HBAV XD 128,A

Ay ~ ASSESSED VALUE (THBUSAND DBLLARS)
HAV -~ HBUSING ASSESSED VALUE C(THBUSAND DBLLARS)
BAV - BUSINESS ASSESSED VALUE CTHBUSAND DELLARS)

Equation 129 computes the total assessed value of housing. Each premium-
housing unit is assessed at $30,000, worker housing at $15,000, and underemployed
housing at $5,000.

HAV K PHAVAPH LK+ WHAWEWH. K+ UHAWE DN K 129,A

PHAV=30 129.1,C
WHAV=15 129.2,C
WHAY=S 129.3,C

HAV ~ ~ HOUSING ASSESSED VALUE (THBUSAND DBLLARS)

PHAY = PREM UM-HBUSI NG ASSESSED VALUE (THOUSAND
DILLARS/HBUSING ENI TY

PH - PREMIUM HRUSING CHBUSING UNITS)
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WHAY  «~ WBRKER-HOUSI NG ASSESSED VALUE CTHOUSAND
BLLARS/HDUSING NI T)

¥H = WORKER HOUSING CHRUSING UM 18)

(HAY  ~ UNDEREMPLAY ED-HBUS] NG ASSESSED VALUE
(THAUSAND DBLLARS/HAUS NG NITY

H = INDEREMPLAYED HAUSING CHEUSING UNITS)

Equation 130 taflies the assessed valuation of business units with a value of

$500,000 for a new-enterprise unit, $300,600 for a mature-business unit, and
$100,000 for a declining-industry unit,

BAV K -NEAVKNE JK+MBAWNS K+ 0f AWkD) .k 130,4

NEAV=S00 130.1,¢

NBAV=300 130.2,C

DI AV=100 130.3,C
BAV - BUSINESS ASSESSED VALUE CTHBSAND DOLLARS)

NEAY NEW-ENTERPRISE ASSESSED VALUE CTHBUS AND

BILLARS/PRADUCTIVE NID

NE = NEW ENTERPRISE CPRADUCTI VE UN{ 153

MBAY MATURE-BUSINESS ASSESSED VALUE CTHRUSAND
OLLARS/PREDUCTI VE UNI T

MB = MATURE BUSINESS (PRODUCTIVE i 15y

BIAY = DECEINING~INDUSTRY ASSESSED VALUE (THIUSAND
DOLLARS/PREDUCTIVE WNID

1] - DECLINING INDUSTRY ¢PRADUCT| YE UNITS)

A.11 Job Sector

Figure A-64 relates the variables involved in computing the employment ratios
and then creating the multiplier which makes construction rates dependent on
available Iabor.

Equation 131 gives the labor desired for construction by multiplying the con-

struction rate per year in each category of housing and enterprise by the labor
man-years involved in constructing the unit,

LOCoK=PHCDLK+PHCL+MHCD JOHIHCLHNECD ¥ NECL-LCHED, Kk 131,A

© LEHCL
PHCL=2 131.1,¢
WLz 131.2,¢
NECL=20 131.3,¢0
LCHEL=. 6 131.4,¢

LOC - LABBR DESIRED FoR CONSTRUCTION CMEND

PHCD = PREM)UM-HBUS]NG CANSTRUCTION DESIRED
CHAUSING NI TSAYEAR)

PHCL - PREM UN-HBUS! NG-CONS TRUC TN LABBR (MAN~
YEARS/HBUSING NI T)
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NEG 10L R | ™ &
LCHP, 14g R =

LRP

Labotfob ratio,
Pperceived

11 S

Un dercmp[oyed/
Job ratio

Laborfjob ratio
perception time

ULIR
(ULIRT)
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Figure A-64 Job sector.
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WHCD - WORKER-HBUSING CBNSTRUCTISN BESIRED
CHAUSING N} TS/YEARD

WHCL - ¥BRKER-HBUSING-CONS TRUCTIEN LABBR (MAN-
YEARS/HBUSING UNI D

NECD - NEW-ENTERPRiSE CANSTRUCTISN DESIRED
(PRBDUCTIVE UNITSAYEAR)

NECL - NEW-CNTERPRESE-CONSTRUCTION LABER ¢ MAN~
YEARS/PRBDUCTIVE (NI TY

LCHCD = (@W-CHS T-HOUS ING CENSTRUCTION DESERED
CHOUSING LNITS/YEAR)

LCHCL - LOW-CAS T-HRUS | NG-CBNS TRUCTI@N LABER CMAN-
YEARS/HBUSING NI T

The labor desired for industry in Equation 132 totals the normal labor employ-
ment for each industry class.

LO¥ K =NE KKNEL+MB oKk MBLH DI KDI [ 132,A
NEL =20 132,1,C
MBL=15 132.2,0
BIL=10 132,3,C

LOi - LABOR DESIRED FBR {RDUSTRY CMEN

NE  ~ NEW ENTERPRISE C(PRODUCTIVE UNITS)

NEL - NEW-ENTERPRISE LABBR CMEN/PRBDUCTIVE (NI T)

MB - MATURE BUSINESS ¢PRODUCTIVE UNi TS)

MBL - MATURE-BUSINESS LABOR CMEN/PRADUCTIVE NI D)

0t - DECLINING INDUSTRY (PREDLCTIVE G 78)
oL - Di.'gli_!rl';l NG-I NOUSTRY LABBR CMEN/PRBOUCTIVE

Equation 133 adds construction and industry labor desired to give the total
available jobs,

LJK=LDCX+LD1 K 133,A
LJ ~ LABIR JBBS (MEN
LBC - LABAR DESIRED F@R CONSTRUCTIBN CMEND
LDl - LABBR DESIRED FAR INDUSTRY C(MEN

The tabor/job ratio LR is given by Equation 134.

LRUK = WK AL JuK 134, A
LR = LABER/JB RATIO ¢OIMENSIBNLESS)
L - LABBR (MEN)

LJ  ~ LABAR JBBS CMEN)

Equation 135 and Figure A-65 relate labor jobs and underemployed jobs. When
the labor ratio is 1, the table states that there is half a job available for the
underemployed for each job in the labor category. If the labor/job ratio is low,
more of the available labor jobs become open to the underemployed; as the
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ULJR~ Underemployed /labor job ratip

Figure A-65

labor/job ratio increases the jobs for underempl i i

ases, ployed decline on the assumption
thfﬁ, under the condition of labor unemployment, the work goes first to the gwre
skilled labor class, leaving less for the underemployed.

ULJRLK=TABHL( WJRT,LRK,0,2,.5) 135,A
mmr:1.15/.s/.5/.25/.1 1535.1,7

WaR - UNBEREMPLEYEDA ABER JoB RATIB
CDIMENSIONLESS)
W.RT - INDEREMPLAYE 0t ABaR JOB-RATI® TABLE
- LABZR/JIB RATI® (ot MENS 18N £55)

_ The actual underemployed jobs are then given by multiplying the total labor
jobs by th'e underemployed flabor Job ratio as in Equation 136. The added term
UJP provides for an externally generated underemployed-job prograni.

W oK =t Kk UL R K4 UP K 136,A
W« INDEREMPLAYED W8S (wEN
LJ - LABBR MBS (MEN
WJR - INDEREMPLOYED/LABGR JgB RATIQ

(Ol HENSIBNLES §)
WP =~ INDEREMPLEYED-1B PRAGRAM CMEN

The underemployed/job ratio can then be computed in Equation 137 as the
underemployed divided by available jobs.

URLK=UK U K 137,A
W - INDEREWPLOYED,/.8 RATIZ (DIMENSIBNLESS)

U - INBEREMPLAYED ¢MEN
w = INDEREMPLAYED JBBS ¢MEND
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Equation 138 and Figure A-66 express the influence of available Iabor op
housing and enterprise construction. When the labor/job ratio is 1, 90% of desired

by construction and industry, with a proportionate decrease in the fraction of
desired construction possible. At the upper end there is a tendency for an excess
of labor to éncourage more construction than would otherwise be undertaken.

LCR.K=TABHLCLCRT,LR.X,0,2,.5) 138,4
LCRT=0/.5/.9/1.1/1,15 138.1,7
LCR = LABBR CONSTRUETION RATID ¢py MENS tANLESS)
L

LCRT - LABZR-CONS TRUCTION-RATID TABLE
LR = LADBR/JBB RATIG CDIMENSIBNLESS)

Equation 139 introduces 1 perception delay between Iabor availability and
new-cnterprise construction. This is the time taken to perceive the availability

LRP JK=LRP L JFCDT/LRPT) (LR, J-LRP, ) 139,
LRP=1 139.1,N
LRPT=5 139.2,¢

LRP  ~ LABAR/.BB RATI® PERCE}VED CDIMENSIBNLESS)
LRPT - LABBR/JBB RATIB PERCEPTION TIME (YEARS)
iR « LAB2R/ B RATIZ CDIMENSIBNLESS)
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A12 Urban-Development Programs

The following equations shown in Figure A-67 Tepresent externally generated
influences on the urban system that allow testing the influence of various ex.
ternally supported efforts to improve the urban condition,

Equation 140 describes an underemployed—training program. The coefficient
UTR, if set to a value other than the normal 0, gives the fraction of underem-

UTP K=UTREUKKCLIPCO, 1, HT1, T1ME.K 140,4
UTR=0 40,1, ¢
SHT1=p 40,2,

ure - LNDEREPPLBYEB-TRMN!NG PROGRAM CMEN/YEAR)

- WDEREHPLGYED-TRMMNG RATE CFRACTIGNAY EAR)
U = INDEREMPLAYED ¢MEND
SWT1 - SWITCH TyME 1 CYEARS)

A laboi'—training program is given in Equation 141 with the same format as
the preceding equation,

LIPE K L TRHLKCLIPCO, 7, T2, TIMEK) 41,4
LTR=0 14,1,0
S¥T2=0 1%1.2,¢

LIPG -~ LiBaR-TRA NING PRAGRAM (MENAY EAR)
iR - LABOR=TRA] NI NG RATE CFRACTIBN/YEAR)
L ~ LABAR (Mo

SWIZ - SWITCH TiME 2 (YEARS)

PH:P.K:PHCR*PH.K*PHLM.K*CUP(o.1, SHT3,TIMEK) Th2,A
PHCR=0 ] 12,10
SW13=0 12,2,¢

PHOP PREM{UM—HB[BING-MNSTRUCT!EN PRAGRAM
CHBUSING NI TSAYEAR)

PHCR ~ PREM{ UM-HBUSI NG-CANSTRUCT g RATE
CPRACTHON /Y EARY

PH = PREMIUM HBUSING CHBUSING UNITS)

PHLM = PREM} WM-HBUSING LAND MULTIPLIER
DI MENSIBNLESS)

I3 - SKITCH TIME 3 CYEARS)

PRTIRER 12 s
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Figure A-67 Development Programs.
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Equation 142 describes a premium-h

each year the fraction PHCR of the existing premium housing, multiplied by the
premium-housing Jand multiplier PHLM from Equation 68 so that this equation

which the program becomes effective.
The worker-housing-construction program in E

qQuation 143 has the same form,
It is set up in terms of 4 fraction of

total housing units in the area,

WHCP.K%CR*HUT.K*'HLH-K*CUP(D, ]

#SWT5, TINEK) 183,4
WICR=0 13,1,¢
SWTa=0 13.2,0

L MRKERﬂBUSING-CBNSTRUCTIBN PRBGRAM
CHBUS | NG INETS Y EARD

"R - BRKER-HGUS!NG-CGNSTRUCTMN RATE CFRACTIEN,
YEAR)

RUT - Hgusine URLTS TBTAL (MaUSING NI TSy
Wiy - WBRKER-HBUSI NG LAND MALTIPLIER

€ D1 MENS tNL_ESS) ‘
SWTS - SWITCH TiME % (YEARS) ‘

Equation 144 provides for a stum-housing-demolition program in which the
coeflicient SHDR determines the fraction per year of underemployed housing

that will be removed from the system. SWT5 gives the titme in which the coefficient
changes from 0 to the pew value.

S#DP.K:SHN*IH.K*CLIP(G,?, SHTS, YIMEKY

64,4
SHOR=0 15%,1,¢
SHTS=0 154,2,C
SHEP - SLUM-HAUSI NG-DEMBLI Tign PROGRAM HAUSI NG
NI TSYEAR)
SHOR = SLUM-HBUSI NG-DEMOLI TIGN RATE CFRACTION,
YEAR)

H = UNDEREMPLOYED HaUSINg CHBUSINE NS TS)
SHTS - SWiTCH TIME 5 (YEARS)

In Equation 145 a forced construction of new enterprise can be generated. This
is for the purpose of seeing what a new-ente

rprise-construction program would
do for the system. It makes no provision for ways of creating the new enterprise
except that, by entering through Equation 102 and thence to Equation 131, the
construction does have its normat impact on the labor situation, The coefficient
NECR gives the new-enterprise-constru

ction rate as a fraction per year of total
productive units, Actual construction from this program is modified by the enter-
prise land multiplier ELM which prevents overfilling of the land ar

ea,



214 Appendix A

NECP K SNECR*PUT JKHELM.K*CLI PCO, 1, SHT6, TIME.K) 145,4
NECR=0 145,1,C
S¥T6=0 145.2,C

NEEP = NEW-ENTERPRI SE~CONSTRUCTISN PROGRAM
(PRADUCTIVE WNITS/YEAR)

NECR - NEW-ENTERPRISE-CONSTRUCTION RATE (FRACTEEN/
YEAR)

PUT - PRADUCTIVE WNITS TRTAL CPREDICTIVE NI TS)

ELM  ~ ENTERPRISE LAND MULTIPLIER (DIMENS|BNLESS)

SHT6 - SWITCH TIME 6 CYEARS)

In a manner similar to that of Equation 144, Equation 146 provides a program
for the demolition of the declining industry.

U1 0P K =01 ORKDI JKACLIPC O, 1, SWTT, TIMEK) 46,4

DIDR=0 T46.1,C

SHI17=0 h6.2,C
DIOP - DECLINING~I NDUSTRY-DEMBLI TIBN PROGRAM

(PRADUCTIVE UNITS/YEAR)

DIBR - DECLINING-tMDUSTRY-DEMBLITIBN RATE
(FRACTIBN/Y EARY

B ~ DECLINING INDUSTRY (PRBDUCTI VE UNI TS)

SKTT = SWITCH TIME 7 CYEARS)

Equation 147 provides an externaily supplied tax subsidy to the area. It enters
the system through Equation 8 and affects area attractiveness and education,
which influences upward mobility from underemployed to labor and from labor
to managerial-professional. It does not directly operate to reduce taxes needed
or the tax assessment.

TPCSP K=TPCSHCLEPCO, 1, HTB, TIMELKD 17,4
PCS=0 147.1,C
SWT8z0 87.2,0
TPCSP = TAX-PER-CAP) TA-SUBS|DY PROGRAM (DOLLARS/
PERSON/Y EAR)

TPCS -~ TAX PER CAPITA SUBSIDY (DBLLARS/PERSEN/
YEARY
SWT8 - SWITCH TIME 8 (YEARS)

An underemployed-job program can be created through Equation 148, which
provides jobs for a specified fraction of the underemployed.

Equations 149 and 150 generate a low-cost-housing program which creates
construction directly into the category of underemployed housing. The fraction
pet year of the underemployed to be housed is entered in Equation 150. The
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WP K=UIPCKUKRCLIPCO, T, HT9, TIMEX) 148,A
UPC=0 148.1,¢
=0 148.2,¢

UP  ~ INDEREMPLBYED-JBB PRAGRAM (MEN

WrPe - INDEREMPLA YE - )0 B~PRAGRAM CREFFICIENT
CDIMENSIDNLESS)

u « INDEREMPLOYED (MEND

SWTS SWITCH TIME 9 CYEARS)

LCHP KL=(LEHEDLKD CLCR KD 149,R

LCHP = ng;g?ST-HGUSING PROGRAM CHBUSING UNITS/

LCHCB -~ LOW-CBST-HAUS! NG CONSTRUCTI@N DESIRED
CHRUSING (NI TS/YEAR)
LCR  ~ LABBR CBNSTRUCTIGN RATIg (DEMENS1ONLESSY

LCHC Do K =L CHP O U KX WHLM KX CL 1 £C Gy 7, SWT10,TIME K} 150,A
LCHPCz0 150.1,C
SWT10=0 150.2,C

LCHCD ~ LOW-COST-HRUS NG CONSTRUCTI®N DESIRED
CHAUSING INITS/YEAR)

LCHPG = LOW-CAST-HOUS | NG-PROGRAM CEEFFICIENT
(HBUSTHG UNI TS/MAN/Y EAR)

y = UNDEREMPLAYED C(MEN)

WHLM  ~ WBRKER-HOUSING LAND MILTiPLIER
CDIMENS I BNLESS)

SWTID - SWITCH TIME 10 CYEARS)

worker-housing fand multiplier operates at this point. Equation 149 modifies the
result of Equation 150 in accordance with the available labor supply.

A.13  Simulation-Control Instructions
The following two constants specify the solution interval between successive
evaluations of the system equations and the length in time of the simulation Tun.
0T=1 151,C
LENGTH=250 1511,

The following instruction controls the time interval between successive entries
in the plotted graphs. The interval changes from the PLTMIN value to the
PLTMAX value at the time specified by PLTCT. The values here give a plotting
petiod of five years throughout the simulation run. If PLTMIN is set to 0, no
plotting occurs until the transfer to PLTMAX. This, for example, is used for
Figure 3-2. If both values are 0, the plotting is suppressed.
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PLTPER.K=CLIPCPLTMIN,PLEMAX,PLTCT, TIMELK) 52,4

PLIMIN=S 152.1,C
PLTMAX=5 152.2,C
PLTCT=500 152.3,C

PLTPER=- PLBT PERIZD (YEARS)

PLTMIN- PLOT PERIOD MINIMUM CYEARS)
PLTMAX- PLOT PERIBD MAXIMUM (YEARS)
PLICT - PLBT-PERIZD CHANGE TEME CYEARS)

In the same manner the following instructions control the minimum inferval
between printed results, the maximum interval, the time of change over, and the
ability to suppress printing by setting both intervals to (.

PRIPER.K=CLIPCPRTMI N, PRTMAX,PRTCT, TI MELK) 153,4
PRTMINZSO 153.1,C
PRTMAX=100 153.2,C
PRICT=160 1533,

PRTIPER- PRENT PERIBD (YEARS)

PRTMIN- PRINT PERIGD MINIMUM CYEARS)
PRTMAX=~ PRENT PERIGD MAXIMUM CYEARS)
PRTCT - PRINT-PERIGD CHANGE TIME (YEARS)

Equation 154 is not active in the system. It is a supplementary equation “S”
used only for generating values that are to be printed or plotted.

UTLNK=UTL. K TU, 0K
UTLN - INDEREMPLBYED T2 LABOR NET (MEN/YEAR)

UL~ UNDEREMPLOYED TB LABAR (MENAYEAR)
L¥U - LABOR T2 UNDEREMPLBYED MEN/YEARD

54,3

In addition to the preceding active equations and control cards, the complete
model contains instructions for the variables to be printed and plotted on lines
154.3 through 156.5 as given at the end of the model tabulation in Appendix
E.

A14 The Equitibrinm Model

In most of the computer simulation results in this book, the urban area is
examined over an interval of 50 years starting from the equilibrium condition
that existed at the end of the kife cycle shown in Figure 3-1. The equilibrium
model is identical to the growth model described in this Appendix except for
the constants that describe the initial conditions. Following are the line numbers
and modified values used to give system equilibrium as a beginning point for

simulations that examine how the u

policies or conditions.

2.1 AMMP
161 U
20.1 UTLP
221 UMMP
29.1 L
331 LMMP
421 LAMP
521 Mp
34.1 MAMP

I T T I T I AT

449
377310
16847
802
392550
464
625
71130
307
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77.3
78.1
811
92.3
95.1
100.1
110.3
113.1
ile.1
139.1

rban area wounld be changed by modified

PHGRI =0

PH = 110940
Wi = 335650
WHGRI = 0

UH = 310080
NE = 4866
NEGRI =0

MB = 7806
DI = 16474
LRP = .973



B Miscellaneous

This appendix contains several computer simulation runs and miscellaneous
commentary on systems which will be of interest to some readers but which do
not fit in the primary chapters of the book.

B.1 Political Power

The urban model in this book is aggregated to such a high level that many
of the urban processes are combined into rather general system parameters. But
this does not mean that the model need be ineffective in exploring special ques-
tions. Very often a careful examination of an aggregate model leads one to those
parameters that represent the conditions of interest. As an example of such a
process, we might ask how political influence on tax and expenditure policies
of a city might affect the urban condition.

Appendix A (in Section A.10, Tax Sector) contains two places where political
considerations are reflected in the parameters of the urban model. Table TRT,
Equation 122.1 (shown in Figure A-62) relates the tax rate needed to the tax
actually levied. Up to a tax ratio of 1 to 1 compared to the outside environment,
the tax levied has been assumed equal to the tax needed. But at higher values
of tax need, the actual tax levied falls below the need to reflect a public reluctance
and the political infeasibility of raising taxes to the rates needed to finance city
operations. For example, in Figure A-62, when the tax ratio needed TRNP rises
to 4 times that in the outside environment, the tax ratio actually levied reaches
only 2.8 times that outside.

Figure A-63 shows another political relationship. The tax-collection multiplier
influences the taxes needed TN in Equation 126 to represent the political influence
of the underemployed population. As the labor/underemployed ratio LUR de-
creases, the underemployed become more and more dominant. Figure A-63
implies that as the underemployed population gains influence the taxes needed
TN are raised above the normal. This reflects voting power in a population that
needs tax expenditures and can vote for them yet pays a disproportionately small
shares of the taxes.
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4
T 7
TRT -
Eq.122.1
4 P

3 i )r.d
o Figure B-31_1 14
2
x - orig
[ .
1
E 5

//,
1
Lert
ot
0
TRNP 25 3 1 2 4 8 11
LOG 2 (TRNP} -2 -1 1 H 2 3 4
TRNP ~ Tax ratio needed, perceived
Figure B-1

In the next model simulation Figures A-62 and A-63 have been changed (as

shown in Figures B-1 and B-2). In the equations of Appendix A and Appendix
E these changes are:

TRT == 3/5/1/2/4/8/16 221, T
TCMT = 3.8/2.8/2/1.4/1/.9/.8 R7LT

In Figure B-1 the tax ratio TR is rade equal to the tax ratio needed perceived
TRNP, even at high values of need.

. T
TCMT
Eq.127.1
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Figwre B-3  Greater politicel power of the underemployed as expressed in higher tax rate,

In Figure B-2 political influence of the underemployed has been increased
ard the left side of the graph where they dominate the voting population.
The results of these two changes appear in Figures B-34, 4, ¢, and 4 Figure
B-3a shows that aj activity declines as the higher tax rate depresses new construc-

underemployed/job ratio, and the decrease in land fraction occupied from .82
to .36, indicating a 32% decline in occupied Iand.

Figure B-4 gives the changes in the most interesting system variables as a result
of this assumption of more taxing power exercised by the underemployed. De-
clining industry shows a rise, but this is still changing, as seen in Figure B-3q
where declining industry rises for 30 years and then starts to fall. The tax ratio
needed rises 156% over the 50-year interval. The underemployed /job ratio be-
fomes more unfavorable by tising 24%. Underemployed population declines but
by only half as much as do other population classes. The power to levy higher
taxes never succeeds in outrunning the shrinking tax base and declining construc-
tion, which reduces jobs. The short-term effort by the underemployed to improve
their condition by Taising taxes is, in this example, self-defeating throughout the
50 years.
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Time (years)

- T e T—————
Variable Symbol -5 50 Change (%)
1. New enterprise NE 4,900 626 -~ 87,

2. Mature businegs MB 7,800 930 —88,
3. Declining industry DI 16,500 18,450 +12,
4. Premium housing PH 110,900 39,600 —64,
5. Worker housing WH 335600 206,000 —38.
6. Underemployed housing UH 310,100 269,500 —13,
7. Managerial-profmsional Mp 71,100 29,400 - 59,
8. Labor L 392,600 213,900 —45.
9. Underemployed U 377300 2853800 —24,
10, Managcr/housing ratio MHR 1.07 1.23 +15,
1L Labor/housing ratio LHR 117 1.04 ~11
i2. Underemployed/housing ratio UHR 81 1 ~12.
13. Manager/job ratio MR 138 129 -7
14. Labor/job ratio iR 97 92 -3,
15, Underemployed/job ratio UR 1.81 225 +24,
I6. Tax ratio needed TRN 225 575 +156.
17. Underemployed to labor net UTLN 5,500 6,300 +15

Figure B4 Changes coused by greater political power of the underemployed fesulting in higher taxes,

B.2 Negative Income Tax

How would the city be affected by a form of income Mmaintenance such as the
negative income tax for those people whose income falls below an arbitrarily
established minimum? Proposals for the negative income tax suggest that such
4 substitute for present forms of welfare would reduce the migration of low-
income groups to the city.

The actual effect of a minimum income would Seem to depend on how the
atiractiveness components are arranged in the urban areas and in the surrounding
environment. In other words, what areas are made more attractive by a negative-
income-tax dollar flow to the underemployed? Altractiveness might be expected
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Figure B.5
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Figure B-6 Less sensitivity by the underemployed 10 a shortage of jobs.

to increase most in those areas where economic opportunity is the most unfavor-
able characteristic of the area. Consider two contrasting areas in equilibrium with
cach other and therefore having the same total composite attractiveness. Area
A has favorable job and economic opportunities but unfavorable housing and
unfavorable prejudice and ethnic factors. Area B has favorable housing oppor-
tunities and ethnic-group attractiveness but very unfavorable job and economic
conditions. If an outside source of income is made available in both areas, it
should enhance the attractiveness of Area B more than Area A.

The stagnant urban area is equivalent to Area B. Its primary unattractive feature
that creates attractiveness balance with other areas is lack of income. In most
other ways it is relatively attractive. The negative income tax might, therefore,
cause a shift in the underemployed/job multiplier of a stagnant urban area (as
shown in Figure B-5). The new (dotted) curve for the table UIMT says that lack
of jobs is no longer so important; there is another source of income. Toward the
tight in Figure B-5 the new underemployed/job multiplier UIM does not fall
as rapidly when the underemployed population begins to exceed job opportuni-
ties.

The change in Figure B-5 has been introduced at time = 0 in Figure B-6.
Figure B-6a shows an increase of underemployed and underemployed housing
while most other system level variables decrease. In Figure B-6k the major
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Figure B-6 (cont.)

Miscellaneous 227

Time (years)

Variable Symbol -5 50 Change (%)
1. New enterprise NE
2 Matl}re blrxfs)iness MEB ;:ggg gzgg([)) :gg
3. Declining industry DI 16500 16700 1
4. Premium housing PH 110900 90700 —18,
5. Worker housing WH 335,600 281,900 —16.
6. Underemployed housing UH 310,100 341,100 +10.
7. Managerial—professiona! MP 7L100 55,700 =22,
8. Labor L 392,600 309,200 -21
9. Underemployed [§) 377,300 453,800 420,
I0. Manager/housing ratio MHR 1.97 Lo2 —5.
11. Labor/housing ratio LHR 17 L10 —6.
2. Underemployed/housing fatio UHR .81 .89 +10.
13. Manager/job ratio MR 1.38 1.37 -1
4. Labor/job ratio LR 97 92 —5.
15. Underemployedfjob ratio UR .81 249 +38.
6. Tax ratio needed TRN 225 330 +47,
i7. Underemployed to labor net UTLN 5,500 4,050 —26.

Figure B-7  Changes caused by less sensitivity by the underemployed to a shortage of jobs.

Figure B-7 shows substantial decline in new enterprise, mature business, pre-
mium housing, worker housing, managerial-professional population, and labor
population. There are increases in underemployed housing, underemployed,
underemployed/housing ratio, underemployed/job ratio, and tax rate needed.
The area becomes a less effective SOCIOecOnoOmic converter for raising the eco-
nomic level of the underemployed, as indicated by the 26% reduction in UTLN,

B.3 Parameter Sensitivity

Earlier chapters have stated that conplex systems are surprisingly insensitive
to changes in parameters (the constants and table functions that describe the
relationships within the system). But sensitivity to parameters differs in amount
and in kind. The system can be insensitive, in any sense and degree, to some
parameters. To others, the system may show sensitivity of one type but not of
another type.

In examining sensitivity of a system to changes in parameters, we should
consider three classifications of a parameter:

L. Does it affect either the growth, stability, or equilibrium conditions of the
system?

2. Can it be controlled?
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Figure B8 Worker-housing normal life reduced from 50 years to 25 years.

3. Does a change in it affect the selection or use of those other parameters
or structural modifications that are to be empioyed to improve the system?

With regard to the first classification, many parameters have little effect on
any aspect of the system. One example is given later where the average age of
worker housing is halved; another example will show that the system is not highly
sensitive to the assumptions made about the employment densities in the various
business units and the population densities in the housing units.

With regard to the second classification, we are most interested in that subclass
of parameters that do affect the System. condition and that can be changed or
controlled. We usually search for ways to alter the undesirable characteristics of
a system. Very often the most significant changes come from changes in structure,
but with regard to parameter values we search for those showing sensitivity (by
the test in classification 1 above) and, among these, the ones that can be controlled
(by the test in classification 2 above). Examples of this subclass were examined
in Chapter 5. A sensitive parameter that cannor be controlled (and often cannot
even be measured) is of no interest unless it represents a hazard by falling on
the wrong side of classification 3 above.

In the third classification, we examine sensitive parameters to see if they affect

F51
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50y < v m
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—tousands ' units —_ multiplier in Figure B-5 as affecting Figures B-6 and B-7 stil leave a system that
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90 LIS 310,08 w539 lsm Ly 1sks  lises 1o N ndustry attraction that were ¢xamined in Figure 5 -16.
332,55 &.85C 20835 5 (B35 .s08 295 1 oo 2.248  1.000 We now turn to examples of various types of sensttivity.

7.360 Y I H0 8 1,060 +878 306 1,000 338 1.000 .

-000 D00 16,847 7 1,190 1.681 307 000 27,289 +000
13.201 5729.% 5,397 8 ‘I.ggg 1.0?; 1.333 1.5; 'l.g;? .;Sg;
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...... Lo : ) . ) chapters. At time — 0 the worker-housin obsolescence normal WH Nh
O b e 3 he e i 500 i ‘o0 chari)gcd from .02 to .04 in Equation 93g1 This means that the norgal Ii?cs: Tfe:
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A6 LTS2 15,88 3 1.183 +585 S8 1,097 1,087 1.199 - .

000 70,51 3545 & _903 ?5§ gsg 1333 ;m ?;85 structure in the worker-housmg category has been changed from 50 years to 25
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§80 500 6 101 g Ly 1gge aan 0% years. Figure B_8 sh_ows rather small change. Ir.1 F1gu1_‘c B Saﬁworker housing has
L 17458 ;e 2.003 e z.0m oA declined 20%; in Figure B-85 the labor/housing ratio has increased {2%,; and
.;;35 % 702 501 s S 114 \:380 ;218 in Figure B-8§¢ worker—housing construction WHC has increased 299%, Otherwise
3 - . . - - - . . i
VNB1 000 21756 11 LTT6 028 1,059 1300 006 -oes the system has changed very little.
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10,588 11.089 000 13 +803 A6h +186 ° 1.5942 281 wi
« 655 000 12,357 18 624 %3 1,375 1,560 Oy . , . ) .
Tl Twiel ms 32AT 1 A8 127 ue w1000 sn Policy Not Affected Next is an example where a sensitive parameter (classification
Toissiz a0 17,308 2 e ;;; o J0e H’;g 5 1) does not affect the recommendation of policies that improve the system be-

. 8,321 16.259 T.182 . o . . . . . . . . . . .

00 o niss 891 LBa0 978 1y 2102 1,943 havior (classification 3). Here the revival policies from Figure 5-16, which include

K . . 891 .76 395 1, 535 7,001 i ) L ;

s i el g }éég a o me e T et slum demolition and encouragement of new industry, are initiated in the system

«000 «000 16,810 . 1. . - - - = . i .

13,099 S505.8  T.0%0 8 s o e o lsw gt year 50 (:if 1I;"lgure 11 & aftéer th; more depressed condition of stagnation has

25, 106.23 000 9 827 <716 «880 1, . 110 - [T - .
sl 2dn oie 1 L 030 3317 ez 10713 959 cen created by the changed un eremployed/_;o.b’ multiplier of Figure B-5. In
Sas oy fToEn Sk e o e e other words, Figures B-6 and B-7 showed the equilibrium condition of the urban

% . ST 12 1, o8 . . . . .. . . L
553 RS 0 1 ST 856 Limy 1.519 TS area to be rather sensitive to the change in the underempioyed/job multiplier

______ PO NBE B0 s e s table in Figure 5. With the changed table the condition of the urban area became
@

more depressed, as shown by Figures B-6 and B-7. The question is: Will the
revival policies that were favorable in F igure 5-16 still produce improvement when
applied to the modified system? One way {0 answer the question is to generate
the conditions at the end of Figure B-6 and at that point in time initiate the revival
policies. This will be done by “moving” Figure B-6 backward 50 years in time.
The computation starts at — 50 years with the standard equilibrium conditions
used in Chapters 4 and 5, introduces at that — 50-year point the changed curve
of Figure B-5, computes the changes to reach the new state of depressed stagnation
at time = 0 {corresponding to time = 50 in Figure B-6), alters the slum-

Figure B-8 (cont}




Uit PHp ,‘Hﬂ,UH:ﬂ,PﬂPdﬂ,NE:E, HB8, 0] =5

U=

=T

1,LRQ.UR=&,LFG=@,TRN=OI, TR

R LR <L  MHR M WA

|

¥
&, <«
e 3 2L 838 g EEQRIEeRY ETFxzEx
§83u.-....-..-.........-....;.....-.......................,
o
oy UOUMMT = 2/2/2/1.9¢ l.'l'/l3/1/.8/.6/.5/.4/.1/.3 ' § £ -4 b
' [} ' : O
TIMIN = -s0 PLTMIN = ¢ PRICT = ¢ [
>3 ¥
g | SHDR - .05 . PLTCT = v Modifed cquilibriam N \,'\Labor !
a « SWTS . PRIMIN = o , mod . @
L ¢ NECNZ = o7 ¢ PRIMAX =10 . Worker bousing 2,
. - T,
5'55? 4 "":""""':' - ...;.';mr".".“:".‘“"'r‘?%:g-,b,%
' [ ' = ' '
1 L] k” r ¥ 1
13 H L] t = D
:;: ' / Underemployed f
t 13 )
;':-:;' = “ﬂf&ﬁﬂx&m?
=
oauT B e e e u e e . :::.................
mesl - +  Managerial-professional L e o
© ———s ! . e !
' \ 0 - o ' .
! Declining industry :’ Underdmploved fou +  Mature busimss-:\‘ .
—— ' { Lt er'mpoye Ousmg . mmgg
PaeT ] = o — o=
Eze-....!.........;......‘.'-1-=.d-.§ mﬁamﬂ?ﬁ%%%%i
¥ . . il
” ' Premium housing ' o e =TT ﬁwwmwwmwv
/ - (M)
‘i‘ o ] Sa.0 Sgﬂﬁﬁ [] \ l_ t ]
BTt S e "u ! New enterprise ! !
& 4y b f ' : : '
._'__'_I ¥ ] v t
LEE T N | ] ] + 1 1 )
cooc.---l.-....-...---.--.--].....--..s.-..-¢o..r....-¢...|
. . . - - . .
T 7 =] g Years 5 7 R
(a}
™
o
=
=1 ';‘
.. Y o 5 535 3 3333 32 =n»w  nn
NPU:.--------.»-..;»-acn.o-.lo--o.-..-e.--.--.--.-‘.--..-.g
0Q ¥ N I ] . ] 5'
[ 0 ' 1 Eand fraction occupied ' W
= ' 1 : : ] \ [ Sr
‘31 , — Undcremp[oyc'l']/_;ub ratio : o - Q‘?‘.‘
® ] ' ? ‘wﬂ“ﬂn !$ “\‘
S . -
NGk ¢ : : n-s's"'"ﬂ. Undcrcmployed/hq\:smg fatio =)
h TS, ..@“"'5 é ML I T,
- . . = * 4w oa e - - e - 0 * L]
! ! ﬁ%‘ ! 3 e il =5 it =5 :;953—:-5~:_:_:>:'
N © i s ! .-...-.-.-«-.—-:-.a..-.--w.-“"’""‘;"‘"""‘“'"‘“.-.-r:
L} ] -
1 ' f AR A P 1 o b = 5 =
Lt
f ’ b)l ' Txaxxaxd
1 ' ) 13 ] EXxT X ¥
_l—J_‘l—l..J_l—l—lJ:s\ﬂ _I-J—J_l._l-.J-J._l_l.J.,l_l—!_J—J.J—n‘_) ‘21221312 '
L3N] [} e ed e 1 :I:’h ¥
F"?‘—‘-’i“—':%:.‘% L N N S saxxa TEIT 3 oot o] T OF OO 00 o O B 0 B g o
BT L EEEEFEE N OO 000 € 0 OF o .
Smyu: ¥ g oy NN NN o ¥ '
1 I:‘N T OOV oy t
1 L

1

1 1

T '

' t

' '

’-‘_h’-'rt_h-_l—h)-ﬁ)—l—h-‘- 1
N*.' s e s -'l—l—D-h-D—.—l—t—._-’_._!-_. .

i, -

1

[

'

1

r

]

T
Te
Ta
T.
T
* T,
-t momaa

e » W

r T
[ t ]
1 3 1
r 1 '
T * t
.-.................,................... L
. . . .
2 Years 11 =3 =
(b}

UsPHESH  #HC 2, SHook  wEC g ,010=0

UAZA JUD=0,UTL =, Ty

Miscellaneous 233

ot pre
=% ‘-
gig 5 = ;. £4% z 8  ggw
e iy gl - -~ n oa
d&g, 55332 de an. 4 fX<EIzzzssezsayyesszas 58 ssdevdzze
- ............................-......-..........,
N'Q 1 1 1 v 4 L]
' Ll T 1 1
L}
|“_i ] 1 1 [ ] 5,’,
"y ' ] . ’ ] 1 %,
.2 i * Stum-housing demolition [ ' S
—— ' [ ' 1 ] Ed
S - [~
e T '.........‘.........'..... ' ~
g, ! . . ' ............-.'
1 1 £ ) Lt . ' '
. s A . Workcbhousmg gonstruction v '
1 1 1 / 1 T []
¥ H H] “ L 1 H
! i [ B i h‘ 1 r * t
Sag! : . : B + w—— '
ro‘—glﬁoonl..-o----a (NP ';‘"""‘I;'-";-’“"’"""“""
.—; : » New-emcrprise = | fiE = = . S
T ' consuuction;"pe”w - "" 14 hed U
L)
L . to g P74 s
— ] > TSN “-—Underempibyodanivak
P e : i e, ety ol
o 1 1
b §,— 2 e L ETX xZxx 'D'BQQ:-oogooncoc e s,
) ?0000000003 (=1 Tz z:!z::x::%
M xz* ] p?:l 7o
t
TS oo T S iy i ‘ 1 ¢ '
FE N ; , . Undercm'ployed departures .
' ' Labor o uadgremployed P ' f ’
——
(D.C;Q.’ ] ) 1 [} 1 ]
:-o--l..-..¢...|n.-.......-.-..-A--r.oo-.ooo;u-----nonol
o . . . . . *
; S g Years g 2 R
(e}

demolition and New-enterprise policies at time — g,
changes for another 50 Years.*

Figure B-9 show

and then computes system
(This is done in Figure B-9,)
s how the policies of Figure 5-16 revive the System from the

more depressed equilibrium reached at the end of Figure B-6. The changes that

*To control the urban mode? in this manner requires the following changes and additions starting with original

Equation 102 and ending

before original Equation 103,

121.3  RBTE st

W06 MTE THE FeLLaNING CHANSES ARE FoR SPECIAL RUAS f# APPENDIX 8,
0.5 MTE o ik
102 A RECD.K=CHECH KD CNECES NE K+MBCF MB KHDICFRD] JO (ALK IHNECP K
02,7 ¢ KECFz1

02,2 ¢ MBCF=.5

02,3 ¢ BiCF=,3

03 A RECR LK =CL1 P¢ NECHT,NECK2 ,SNT11, Tt MELK)

103.1 ¢ HECN1=2,05

183.2 ¢ NECKZ2=2.05

053 ¢ Mliiz=1

038 N TIME=TIMIN

103.5 ¢ TIMiN=0

103.8 T

These changes leave the m
model runs used in this 2

odel i its previous operating condition bat provide the controls that allow the special
ppendix. Line 102 is modified to make NECN a variable, Lines J03 through 103.3

provide the switching between two values of NECN. Lines 103.4 angd 103.5 permit a choice of the initial value

of TIME, the internal independent variable
time through lines 144.] angd 1442 in

already controllable in
and E).

within the DYNAMO compiler. The slum-demolition policy is
the orginal model (see Appeadixes A
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Year 50 Year 50
Variable Symbol (Fig. B-6) (Fig. B-9) Change (%)
l. New enterprise NE 3,200 8,300 + 160,
2. Mature business MB 5,500 12,900 4135,
3. Declining industry Di 16,700 19,700 + 18
4. Premium housing PH $0,700 154,900 +71,
5. Worker housing WH 281,900 447,100 +59,
6. Undcrempfoyed housing UH 341,100 178,800 w48,
7. Managerial-profcssional MP 55,700 108,700 +95.
8. Labor L 309,200 586,600 +90.
9. Underemployed u 453,300 382,400 —1e6.
10. Manager/housing ratio MHR Lo2 Li7 +15.
11. Labor/housing ratio LHR 110 1.31 +19,
12. Undcremp[oyed/housing ratio UHR -89 143 +61.
I3, Manager/job ratio MR 1.37 1.38 +1L
14. Labor/job ratio LR 92 -99 +8.
15. Underemployed,/job ratio UR 2.49 1.27 w49,
16. Tax ratio needed TRN 330 1.67 —49.
17. Underemployed 1o labor net UTLN 4,050 10,800 +167.

Figure B-16 Changes caused by the revival policies of Figure 5-16 when initiated in an equilibriem system
having the modified underemployed/job multiplier from Figure B-5.

occur in Figure B-9 are summarized in Figure B-10. All the changes are markedly
favorable {recognizing that the increases in the housing ratios are a necessary

the beginning of Figure 5-16. One can conclude that the kind of change in Figure
B-5 does not alter the desirability of the revival policies that were explored in
Figure 5-16,

Reducing Sensitivity of Parameters. A further comparison of Figures B-9 and 5-16
shows another important facet of complex systems. When a sensitive parameter is
discovered, and it is one that might change (as suggested in Section B.2 dealing with

the system designer should look for ways to make the system inscnsit;'ve to that
uncontroliable parameter. This conversion from a sensitive to an insensitive
parameter has been created here by the revival policies. In Figure B-6 the system
was found to be sensitive to the table change in Figure B-5. But Figure B-11
shows that the system containing the revival policies is no longer sensitive to the
table change in Figure B-5. Figure B-11 compares the fifticth year from Flgu_re
B-9 with the fiftieth year from Figure 5-16. The per cent changes calculated in
Figure B-11 are caused when the new curve of Figure B-S. has been introduced
in the presence of the revival policies. The changes in Elgurc? B-11 should be
compared with the changes in Figure B-7. In fact, a surprising thmg has happened
in poing from Figure B-7 to B-11. In F igure B-7, where the change in Table UJMT
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Year 50 Year 50

Variable Symbol  (Fig. 5-16) (Fig. B-9) Change (%)
1. New enterprise NE 8,000 8,300 +4.
2. Mature business MB 12,800 . 12,900 41.
3. Declining industry DI 22,200 19,700 —11
4. Premium housing PH 152,800 154,900 +1.
5. Worker housing WH 450,600 447 600 -1
6. Underemployed housing UH 175,300 178,800 +2.
7. Managerial-professional MP 108,700 108,700 i
8. Labor L 600,000 586,600 -2
9. Underemployed U 335,900 382,400 +14.
10. Manager/honsing ratio MHR 1.19 L.i7 2.
I1. Labor/housing ratio LHR 1.33 131 -2
12, Underemployed/housing ratio UHR 128 1.43 +12.
13. Manager/job ratio MR 136 1.38 +1.
14. Labor/job ratio 1R 98 99 +1.
15. Underemployed/job ratio UR 1.7 127 +19.
16. Tax ratio needed TRN 1.50 1.67 +1L
17. Underemployed to labor net UTLN 9,200 10,800 +17.

Figure B-I1 Changes caused by the new underemployed /job multiplier from Figure B-5 when imposed on
the revival policies of Figure 5-16,

was added to the original stagnation conditions, the changes are substantial and
almost ali detrimental. In Figure B-11, where the change in Table UIMT was
added to the revival conditions, not only are the changes slight, but many are
in a favorable direction. The revival policies have eliminated the hazard of
changes in underemployed sensitivity to job conditions.

In reexamining Figure B-9 we see that revival comes through upgrading the
area and creating upward economic mobility for the people already in it. The
fall of underemployed in Figure B-9a is caused by the greater flow of underem-
ployed to the labor class. The flow of underemployed to labor net UTLN has
tisen 167%. Figure B-9c shows only a very slight increase above normal in under-
employed departures followed by a substantial decline, while underemployed
arrivals remain about constant for 20 years and then rise.

Policy Affected by Parameters. In conirast to the parameter variations that do not
influence the direction of desirable policy changes, some parameters, if they
change, can affect the validity of proposed improvement policies. Usually there
are very few parameters that can affect policy recommendations. The one in this
example is the only one that is known to exist in this model of urban dynamics.
Others may exist, or combinations of several parameter changes might react to
defeat the desirability of a policy proposal.

In the following example underemployed movement to and from the urban
area has been made much less dependent on availability of housing than in the
original model. Figure B-12 shows the new curve for UHMT. It has no effect
on the original equilibrium condition of the system because the two curves cross
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at the equilibrium value of UHR at Point A, (Point B is the equilibrium reached
at rhe: fiftieth year in Figure 5-16. Point C is the equilibrium reached at the fiftieth
year in Figure B-13.) The revival policies of Figure 5-16 cause a major shift in
many system variables and make use of the underemployed,/housing multiplier
to control the population distribution in the area. With a housing influence as
shown in Figure B-12, the revival policies are in several ways less effective (as
shown in Figure B-13). Figure B-13 should be compared with Figure 5-16.
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Figure B-13 (cont.)
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B4 Normai Population Densities

In the urban model, as a unit of factory space ages it is characterized by
declining employment. The normal occupancy of a housing unit, on the other
hand, increases with the age of the unit. How important are these population
assumptions in the urban Stagnation process?

Figure B-14 Hists the population-density coefficients in the basic model and
substitutes a new set of values which assume no change in employment and
population densities connected with the age of structures,

Symbol Equation Original Fig. B-15

New-enterprise Iabor NEL 1321 20 15
Mature-business labor MBL 1322 5 is
Declining-industry labor DIL 1323 10 15
New-enterprise management NEM 371 4 2
Mature-business management MBM 372 2 2
Declining-industry management DIM 373 1 2
Premium-housing population density PHPD 61.1 3 6
Worker-housing population density WHPD 48.1 6 6
Underemployed—housing population density UHPD 6.1 12 6

Figure B-14 Changes in men Pper productive unit and in people per bousing upit so that deasities do not vary
with age of structures, '
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Fignre B-16 Revivat policies applied to the System in equilibrium, and having uniform employment and
living densities.

by the parameter changes for employment and popula-
tion densities tabulated in Figure B-14,

*The method of obtaining this compuier run is similar to that described for Figure B-9, using the modified model
described in Section B3,
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Figure B-16 (cont.)




E MB=B, 0 =

L,Pﬂ:?,iu:r,u{:&,MP:u,uE:

W, L

=T

1,LR=2, UR=3,LFAH, TRH=¢, TR

ULHR AL, HHR=M M =

HR

x
% (=]
d4 =3
e x EES TEeererroger FYICRQQSRFRY
28%, .. ..............................-...-................,
ey, ' v ' f v
£ t UAN = 025 1 ] [ £ ]
t + H r ] ' 1
. , UDN = : . . , o
1] ’ t r ! t ‘.“l
e | ) f ' Labor 1 +
BR3! et -'/' REREEREES
' ' ' mdvemts | oy T 7
A —— ey =7 Worker housing  + '
[] ¢ r 1 1]
i ] > I il T R A ’?I‘&;_‘-]‘:d.?" ’“;‘!‘! E
e oy T e Y T s . B e e ' deremploy '
Ly [ ] [} =
°8°?“Iq’iﬁi=§ e, . R L IR RIS
(=3 o2 - * . - L]
ne, v ' =~:“:_:—:—x—:-xﬂa:“¥..x_-x_=?
' : [ o [ ' Underemployed housin g é
] 1 1 o zﬂwzg Em:“: =
;’zxzx%::::zzzz!%z EEaxzaEx _ '
¢ Declining industry '
L} r
1 1
L]

e s oas T s e ea,

q_ﬂ..a.n,a.?a.n.n.n.mn.n.u.n.q_n.ma.c.a.n_n_ *

2 vt s e eaa, A s s e ea,

1
.[Maturebusi:ms,
e e e e

PB=

=] o @
Mmu.n.u.q_a.mmq.o.a_n.n.mn.n.n.n.o.u.u.n.u_a.m
1 i

1 ¥ W]
umuwmwmm'tb'mm
] +

t
I Lt ottt
TOE LR S O ']\r w b T R
! L New enterprise

]
] L] t
'

500 = ww o £ u

[
T L]
.—‘._l LR ) T ’ L3
= V% % s s3 4w “ v s -||I-v..-.o|.-o-o--00| ----- LT T,
. . . N . .
w @ =4 = Years =2 2
(=
3
o
x
-
de's
[y, - n—p—o—.t--—n—y—n—hp—p—hh—r—hp—f—hhb—v—‘—r—h;—b—»—
R " E * *5*****5******#*****4*#i**l
,-o-o-u.--.--.--.--.--..o-.o.-..-..-g.----o.-oq R N N
1 ' L] 1] t 1 1
1 1 1 L] r &1
bt ] L) [} L] 1 {ul
1) ! ] ¥ ] 1
1 t 4 = [~]
¢ooooqg maumuma?saﬁnmmma&mémnmsmmQ ?a sem@mcma&umma@mam?
nog, . , /-Undercmployed/_;éb ratio
ST el R .-.....-.:...o.-... L N
"
¥ [] "~ T e e
.—-.—v---.l-.-...-.-.-.--.-.-u-.—.--.-.-.-‘—.—wv-.-..—.-.-.-.-‘--—.---n.-.-p..-.-.—.- ’ i
L
1 L} ¥ 1] 1 ] 1
. 1 1 1] T —I—J—J_A‘_l—l_l_‘l—z_l_l
Exxq EFXAFXIX XY
a0 -::xx:l::rzzzzz:zz:z:z:::z;:szzz:x:x::z:zz::tz:s T *3
-
Pk s ag oy, TR e Ay vy LR KA ] oF cu o EatR-1 ™oy oy O Y ou ooy NNNNNNNNN
C}!NNNN!}JNNNNNNNNN(‘.\JNNNNN ~ . o e 'N o 'N N
. ) ' ' , Underemployed/lloumng ratio .
:—3\ [] t ' 1
¥ i) ' — p— DU ., E—. n %:h:
1 1 ":s'-—:s-:m-: T [ ' t
o "i’ ' ¥ 1 ' Tax ratio needed: '
- 1 ] ¥ [} 1
“.‘N..',_._._._,_.T *‘;»—»—.’_.'_.'__‘_-._ah:'_.._.._.'_.h:,_.'_'_-'_.*:o..o-.'{:o--....'...--....1
1 ' - Ap— ¥ ¥ ¥ Wiy * ¥
t ¥ 3 ' L3 1 ]
' ] ' r ] H L]
H ] 1 + L ) 1
t L} H 1] L) ] [}
A L ] L} T r L} T 13
C’co;o--uu.n--..-.op-----....9-.-.... »|oo»--o--.|--o--o-..1
. . . . 2 . .
u < 23 s Yeers 2 g g

=0

UAZA U020, UTL AL, TU=U,PHC S  WHE =W, SHO oK, NEG G, 01 D

Miscellaneoys 251

P B
Q0o o >
d;\:uuuuuo x x oo =
<=UJg£ng 5 §< %Q 222 L g gSnSSSES%SSS
T Tz < COCML N S A e L R LY
L =% o = b1 g1
755<<<2<588ua8838<3(<35 EESZZ2BRweEY 88888333533533:3388
3‘\,8'-‘-~|---.-o.co'--------..-....----r---------t---o-.-u.l
Y] ' t 1 1 ] 1
[} ' ' t ] [ 1
t t 1 i ) L] C’)I‘
' ] ¢ ¢ 1 ] i
13 L] 4 ) L] 1 1
h:.—..l ) ’ 1 1 ¥ [3
?ﬂa'....'ﬁ--.....o'.........'.........'..-. PR B !
.
g’ , . ! b Lt e I
1 ] r 1 1 s t
' ) 1 ' [l 1 f
) ] ¢ 1 r ' '
T ’ ) Ll ' t
+ ] 3 [ ' t
- i
o'o'c" 1 ] ' f ]
- TR ;itﬁiﬁﬁﬁﬁT****;;ig.,;.-..--o-c SR L I S ST ST
* P
= 1 ¥ KRR KN NN o ERETER AL '
LR
' ' ' [ '
' Underemployed departures ' '
! — mpo{ ep: . . Underemployed arrivals :
[T - = X
! "II-”t* - JJL:J::JJS = '
Fur [ Y B T 5 -
g T it Quauo =3
- §uf_;u'c,; dddumuuguu L - rocoocouuu?
. °;°° == < 5s :ﬁ::bm::é:::a::::::
=3 -] [
EEES o = XL Exx
?xr:x. ¥ ¥ e Y T T T
T ' ' [ [ '
¥ » ] ] ’ ¥ L]
1 13
- ' ‘ f ' '
Ry ' 1 ' ' 1 1
|-v-ol-o-.u-u|||oo.uc-,o.;-c.-..o-.]-ooooo-oO.-.----q.-|
. . . . . . .
oy
7 i 2 s Years s 2 ]

(e}
Figure B-17 Halyed underemployed-arrival rate and doubled underemployed-departure rate,

Figure B-17 again shows the high degree of independence that complex systems
can exhibit in the face of changed conditions. Figure B-17a shows some decline

In spite of the apparent small changes in Figure B-17, the attractiveness-for-
migration multiplier AMM in Figure B-17d has risen from .452 to -850. The
conditions within the urban area have improved to correspond to the improved
external conditions. However, the new mix of attractiveness components is still
not desirable. The area is still characterized by excess slum housing and a shortage
of economic opportunity. It appears that improvement in the outside environment,
even if it occurs, is not likely to solve the problems of the cities,
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Figure B-17 (cont.)
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Figure B-18 Doubled underemployed arrival normat UAN and halved underemployed departure normal UDN,

The effects of doubling UAN and halving UDN appear in Figure B-18. Figure
B-18a shows that the urban condition deteriorates, but not very much. The
underemployed population rises and then falls again to near its original value.
Figure B-185 shows an underemployed/housing ratio that rises and then declines.
The largest change, and one that js detrimental, is the increase in the under-
employed/job ratio, which rises from 181 to 2.16 (values from Figure B-184).

Figure B-13 has 4 times the underemployed-arrival rate and %, the departure
tate shown in Figure B-17, Although conditions at the 50-year points in Figures
B-17a and B-184 do differ, the differences are much less than would probably
have been expected.
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Figure B-19 Revival policies applied to the system in equilibrium with doubied underemployed arriva]
normal UAN and halved uaderempioyed departuse normal UDN.,

Given the new equilibrium at the fiftieth year in Figure B-18 that results from
increased inward pressure from the underemployed and reduced outward mobil-
ity, we can now re-examine the revival policies of Figure 5-16 to see if the policy
for improvement would fail because of changed migration conditions. Figure B-19
starts from the final conditions in Figure B-18 and, at time — 0, the slum-demoli-
tion and new-enterprise-construction policies are started (as in Figure 5-16).*

In Figure B-192 the changes are similar to those in Figure 5-16a. The under-
employed population declines and the labor population rises. Figure B-19¢ shows
that the large changes in populations after the twelfth year occur even though
the arrival rate of underemployed exceeds the departure rate. From Figure B-194
the underemployed to labor net UTLN rises from 4,700 to 10,200 per year as
a measure of improved upward economic mobility.

Figure B-195 shows the desired changes with a falling underemployed /job ratio,
4 mising underemployed/housing ratio, and a falling tax ratio needed.

Figure B-19 shows that the doubling of UAN (representing a higher external
pressure on the underemploved to move to the city) and a simultaneous halving
of UDN (representing a reduced outward mobility) do not defeat the effectiveness
of the revival policies.

*This uses the modified mode| described in Section B.3.
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PHLM
PHLMT
PHM
PHe
PHEM
PHOMT
PHIN
PHPD
PHPM
PHPMT
PHTM
PHTMY
PLICT
PLTMAX
PLTMIN
PLTPER
PRICT
PRTMAX
PRIMIN
PRTPER
PUT
SHAM
SHAMT
SHD
SHOF
SHOM
SHDN
SHOP
SHOR
SHLM
SHLMY
T
W12
SNT3
SATH
SHTS
W16
W17
wWis
S¥T9
W10

PREMIUM HAUSING CHBUSING UNITS)

PREMI UM-HBUSING AVERAGE CHAUSING UNITS)

PREMIUM-HBUS ING=ADEQUACY MULTIPLIER (DI MENSIBNLESS)
PREMI UM-HBUST NG -2 DEQUAGY -MUL TIPLI ER  TABLE

PREMI UM-HOUSING AVERAGING TIME (YEARS)

PREMFUM-HOUSTNG ASSESSED VALUT ¢ THBUSAND DBLLARS/HRUSENG UNI T
PREMIUM-HBUS NG CBNSTRUCTIBN (HAUSING NI TS/YEAR)

PREMI UM-HBUSI NG CONSTRUCTIBN DESIRED ¢HBUS) NG UNI TS Y £AR)
PREMIUM-HOUS I NG-CANSTRUCTIBN LABER SMAN-YEARS/MAUSING NI TY
PREMIUM-HBUSTNG CBNSTRUCTIBN NZRMAL CFRACTIBN/YEAR)
PREM UM-HBUSI NG-CENS TRUCTIBN PRAGRAM (HBUSING NI YS/YEARD
PREMI UM-HOUS ING-CBNSTRUCTI @8N RATE CFRACTIBN/Y EAR)
PREMIUM-HBUSI NG ENTERPRISE MULT)PLER (DI MENS | BNLESS)
PREMI UM-HBUST NG-ENTERPRI SE-MULTI PLI R TABLE

PREME UM-HBUSING FACTBR (DiMENSIBNLESS)

PREMEUM-HB USI NG=GRBWTH MULTIPLIER (DtMENS! BNLESS)

PREMI UM-HBUSE NG -GREWTH-MULTIPLIER TABLE

PREMI UM-HAUSING GROWTH RATE (FRACTIBN/YEAR)

PREMI UM-HBUSING GROWTH RATE INITIAL (FRACTI@N/Y EAR)
PREMIUM-HRUSING LAND MULTIPLIER (DI MENST ONLESSY

PREMI UM-HOUSI NG-L AND-MULT{ PLI ER TABLE

PREMIUM-HBUSING MULTIPLIER CDIMENSIBNLESS)
PREMIUM-HBUSING @BSOLESCENCE CHAUSING 1Al TS/YEARY

PREMI UM-HBUST NG-@ BSALESCENCE MULTIPLIER ¢pt MENS | BRLESS)
PREMI UM-HOUS ENG-P BSBLESCENCE-MULTI PLIER TABLE

PREMI UN-HBUSI NG BBSBLESCENCE MIRMAL CFRACTIAN/Y EAR)
PREMTUM-HRUSING PAPULATI@N DENSITY C(PEBPLE/MBUSING UNET)
PREMIUM-HBUSING POPULATIBN MULTIPLIER CDIMENSEBNLESS)
PREME UM=H@USI NG-PBPULATIBN-MULTI PLIER TABLE
PREMIUM-HBUSTNG TAX MULTIPLIER ¢DIMENSIBNLESS)

PREMI UM-HBUSING=TAX-MULTIPLIER TABLE

PLAT-PERIBD CHANGE TIME C(YEARS)

PLBT PERIGD MAXIMUM (YEARS)

PLBT PERIBD MINIVUM CYEARS)

PLBT PERIGD (YEARS)

PRINT-PERI@D CHANGE TIME (YEARS)

PRINT PERIBD MAXIMUM CYEARS)

PRINT PERIBD MINIMUM (YEARS)

PRINT PERIBD (YEARS)

PRODUCTIVE WNITS TBTAL (PRBOUCTIVE WNTS)

SLUM-HBUS ING~ABANDBNED MULTIPLIER (DIMENSIBNLESS)
SLUM-HBUS I NG-ABANDENED-MULTEPLIER TABLE

SLUM-HBUSING DEMILITIBN C(HOUSING UNJ TSAYEAR)

SLUM-HBUS ING-DEMALI TI@N FACTER (DfMENS!BNLESS)
SLUM-HBUSING-OEMBLI TI@N MULTIPLIER (D}MENSIBNLESS)
SLUM-HBUSING DEMPLITI@N NBRMAL (FRASTIAN/YEAR)
SLUM-HBUSING-OEMALE FIGN PRAGRAM CHBUSING NI TS/YEAR)D
SLUM-HEUSING-0EMBLI TI8N RATE (FRACTIGN/YEAR)
SLUM-HBUSING LAND MULTIPLIER (DI MENS!BNLESS)
SLUM-HBUSING-LAND-MULTI PLEER TABLE

SWITCH TIME 1 (YEARS)

SWITCH TIME 2 (YLARS)

SWETCH TIME 3 (YEARS)

SWITCH TIME & (YEARS)

SWITCH TIME 5 (YEARS)

SWITCH TIME 6 (YEARS)

SWITCH TIME T (YEARS)

SWITCH TIME 8 (YEARSY

SWITCH TIME 9 (YEARS)

SKITCH TIME 10 (YEARS)
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TAf TAX ASSESSMENT NDICATED COBLLARS/YEAR/THBUS AND DBLLARS)
TAN TAX ASSESSMENT NZRMAL COBLLARS /Y EAR/THBUSAND DBLLARS)
ic TAX CBLLECTIONS CODLLARS/YEAR)
TCH TAX-CHLLECTION MILTIPLIER ¢D) MENS1BNLESS)
TCMT TAX-COLLECTIBN-MULTIPLIER TABLE
TP TAX PER LABBR PERSEN CDBLLARS /P ERSBN/YEAR)
THpe TAX PER MANAGEMENT PERSEN (DBLLARS/PERSON/YEAR)
™ TAXES NEEDED C{BLtARS/YEAR)
TPCN TAX PER CAPITA NBRMAL CDBLLARS/YEAR PERSENY
TPCR TAX PER CAPITA RATI® (D! MENS | GNLESS)
TPCS TAX PER CAPI TA SUBS|DY CDBLLARS/PERSBNAY EAR)
TPCSP TAX-PER=-CAPI TA-SUBS! OY PRAGRAM (UBLLARS/PERSON/Y EAR)
TR TAX RATIS (DIMENSINLESS)
TRAN TAX RATIZ NEEDED (DI MENSIBNLESS)
TRNP TAX RATI@ NEEDED PERCEIVED (DIMENSI@NLESS)
TRNPT TAX-RATIB~-NEEDED PERCEPTI®N TiME CYEARS)
TRT TAX-RATIG TABLE
Tup TAX PER INDEREMPIBYED PERSEN COBLLARS/PERSBNAY EAR)
U UNDEREMPLAYED (MEN)
UA USDEREMPLEYED ARRI VALS CMEN/YEAR)
UAMM UNDEREMPLBYE D~ARRI VALS-MABILITY MULTIPLIER ¢Df MENS IONLESS)
UAMMT UNDEREWP LB Y ED-ARRI YALS -M2B1 TY-MULTIPLIER TABLE
UAN INDEREMPLAYED ARRI VALS NORMAL CFRACTIBN/YEAR)
ue UNDEREMPLBYED BIRTHS CMEN/YEAR)
UBR UNOEREMPLBYED BIRTH RATE CFRACTIBN/Y EAR)
Ly UNDEREMPLBYED OEPARTURES CHEN/YEARY
UDM UNDEREMPLOYED-DEPARTURE MUL Tt PLIER (DI MENS | 2NLESS )
- UDMT UNDEREMPLBYED-E]EPARTURE-—MLH_TlPLIER TABLE
UDN UNDEREMPLAYED DEPARTURES NIRMAL CFRACTIBN/Y FARD
UEM - UNDEREMPLAYED EDUCATIGNAL MULTI PLIER (DI MENSTONLESS)
UEMT N DEREMPLAYE D~ EDUCA T ONAL-MULTI PLI ER TABLE
L) UNDERENPLAYED FAMILY SIZE (PEBPLE/MAND
ukw UNDEREMPLBYED FRACTIEN WORK|NG CDi MENS F@NLESS)
UFwT UNDERENPEBYED-FRAC TI BN-WBRK] NG TABLE
H UNDEREMPLAYED HBUSING CHOUSING UNI 15
HAY UNDEREMPLEYED-HBUSI NG ASSESSED VALUE (THBUSAND DBLLARS/HAUSING INIT)
UHM UNDEREMPLSY EDHOUSING MULTIPLIER (D1 MENSTENLESS)
HMT UNDEREMPLBY ED-HBUS| NG~MULTI PL | ER TABLE
HPD UNDEREMPLAY ED-HBUSING PAPLLATION DENSITY (PEBPLE/HBUSING INIT)
HPM UNDEREMPLAY ED-HBUS] NG-PRBGRAM MULTIPLIER (DIMENSI@NLESS)
UHPMT UNDEREMPLIBY ED-HOUST NG~PREGRAM-MUL 1 PLIER TABLE
UHPR UNDEREMPLOY ED-HBUST NG-PROGRAM RATE (HRUSES/YEAR/MAND
LHR UNDEREMPLOYED/MBUSING RATI® DI MENSHANLESS)
W INDEREMPLAYED JBBS (MEND
UM UNGEREMPLBYED/ BB MULTIPLIER (DI MENS|BNLESS)
WMT UNDERENPLBYED/ BB MULTIPLIER TABLE
Wwe UNDEREMPLAYED-JBB PRIGRAM ¢MEN)
uJrC UNDEREMPL@YED-JOB-PROGRAM CAEFFIC] ENT (DI MENSIBNLESS)
WwaR UNDEREMPLAYED/LABBR JOB RATIS COTMENS I BNLESS)
ULJRT UNDEREMPLAYED/LABER J@B-RATI® TABLE
M UNDEREMPLAYED MABILITY C(FRACTIGNA EAR)
MF UNDEREMPLOYED-MBBILI TY FACTBR (DI MENSI BNLESS)
UMM UNDEREMPLAYED-MEBILITY MULTIPLIER (DI MENSIBNLESS)
MW UNDEREMPLAYED-MBBILI TY MULTIPLIER PERCE| YEO CDEMENSIBNLESS)
UMMPT UNDEREMPLAY ED-MBBI LI TY-MULTIPLI ER PERCEPTIBN TIME (YEARS)
Uy INDEREMPLOYED MBBILI TY NZRMAL CFRACTIBN/YEAR)
UR UNDEREMPLAYED/ BB RATIO (DI MENSTENLESS)
urL UNDEREMPLAYED T LABBR (MEN/YEAR)
UTEN UNCEREMPLABYED T8 LABBR NET CMEN/YEAR)

uTLp UNDEREMPLOYED T8 LABER PERCE|VED (MEN/YEAR)
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UNDEREMPLAYE D~TB-L ABBR PERCEPTION T ME (YEARS)
UNDEREMPLAYED-TRAINI NG PROGRAM (MEN/Y EAR)
UNDEREMPLOYED-TRAINING RATE CFRACTIgNY EAR)
WNDEREMPLZYED WORKING ¢MEND

WERKER HEUSING CHAUSING UNITS)

WERKER-HBUSING AVERAGE CHBUSING UNI 18>
WORKER-HOUSING-ADEQUACY MULTIPLIER COI MENSEBNLESS)
HORKER-HBUS I NG-ADEQUACY -MUL TIPLI ER TABLE

WERKER-HBUS ING AVERAGING TiME (YEARS)

WIRKER-HBUSING ASSESSER VALUE (THOUSAND DBLLARS/HBUSING Vi T
WIRKER-HEUSING CBNSTRUCTIBN CHBUSENG NI TS /YEAR)
WARKER-HBUSING CONSTRUCTION BESIRED CHBUSING ©N1TS/YEAR)
WORKER-HD USI NG-CANSTRUCTION LABGR CMAN-YEARS/HOUSING NI T)
WERKER-HBUSING CANSTRUCTIZN NIRMAL CFRACTISBN/YEARY
WIRKER-HBUS I NG-CONSTRUCTION PREGRAM CHAUSENG NI TS/YEARD
WORKER-HBUSING~CONSTRUCTION RATE (FRAC TIBN/YEARD
WORKER-HBUS I NG ENTERPRISE MULT)PLIER CDIMENSI@NLESS)
WARKER-HOUS ING-ENTERPRI SE-MUL T PLIER TABLE
WERKER-HBUSING FACTER (DIMENSIBNLESS)

WORKER-HBUS! NG-GROWTH MULTIPLIER ¢Df MENSIBNLESS)
WIRKER-HBUST NG-GRAWTH-MULTI PLIER TABLE

WORKER-HBUSING GROWTH RATE (FRAC THANAY EAR)
WORKER-HBUSING GREWTH RATE I M1 TIAL CFRACTION/Y EAR)D
WIRKER-HGUSING LAND MULTIPLIER (DIMENS IBNLESS)
WIRKER-HAUST NG-LAND-MULTIPLIER -TABLE

WORKER-HBUSENG MULTIPLIER (DIMENSI@NLESS)
WORKER-HBUSING @BSBLESCENCE CHAUSING LN TS/TEARY
WERKER-HBUS ING~@BSBLESCENCE MUL TIPLIER (DI MENS I BNLESS)
WERKER-HOUS | NGB SBLESCENCE-MUL TI PLEER TABLE
WORKER-HAUSING BSBLESCENCE MBRMAL CFRACTION/YEAR)
WORKER-HOUSING PRPULATION DENS TY (PEAPLEHBUSI NG UNI T
WIRKER-HBUSING TAX MULTIPLIER (DI MENSIONLESS)
WBRKER-HRUSING=TAX-MULTIPLI ER TABLE

WORKER-HBUSING INDEREMPLOYED MULTI PLIER (DIMENSIBNLESS)
WARKER-HB US  NG-UNDEREMPLAYEB-MUL T PLIER TABLE

D Analyzer Tabulation

The ﬁo.w diagrams of the model in Appendix A indicate diagrammatically

variable, equation number, and equation type in which the quantity in the first
column is used.

NAME Mo, T IBED IN EQUATIZNS FoR

AME 3 ¢ AMM,3,A

AMM 3 A AMMP 2 L /UM, 14 A

Ame 2 L UA,1,R
2.1 N

AMPT 2.2 C amwp,2,L

AREA @3 ¢ (g, &4

AV 128 A TC,121,A/TA1,125,4

BAY 130 A av,12804

BN 115 A W8D,114,R

BOMT  115.1 T BOM,115.A

o1 "6 WyST,APUT, 11,4 /NECD, 102,4 010,117,
116,1 ¥ BAV, 130,AAL01, 132,A /01 DP, 146,

DIAV 130,53 C BAV,130,A

DICF  102,3 ¢ NEc,102,a

DID 117 R DI, 16,0

DIDF  118.1 C DIDM,118,A

DIDM 118 A DID,117,R

DION  117.1 € DID,147.R
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BIDP 146 A DID,117,R

DIOR  146.1 C  DIDP,146,A

DIEM 113 A DIOM,118,A

DIEMT 19,1 T DIEM 1194

DIL 32,3 ¢ DI,132,A

BILM 120 A DIDM,118,A

DILMT 120,% T DILM,120,A

DIM 373 € MJ,37,A

BT 151 ¢

EDM 112 A NED,11%,R

EDMT 112,11 T £0M,192,A

EF 13,1 C EM,103,A

EGM 108 A £M,103,A

EGMT  108.1 T EGM,108,A

ELMM_ 106 A EM,103,A

ELIMT  106,1 T ELJM,106,A

ELM 105 A EM,108,A/NECP,145,4

ELMT  105.1 T ELM,105,A

EM 103 A NECD,102,A/EDM,112,A /BDN,115,A D EN,119,4

EMM 104 A EM,103,A

EMMT  104,1 T EMM,104,A

ET# 107 A EM,103,4

ETMT  107.1 T ETM,107,A

HAY 129 A AV, 128,A

HUT 70 A LFB,49,A/HHCP,143,A

L 29 L W,1,RP,9,ALIR,26,AA8,28,R

2941 N LTU,30,RATH,32,R/MR,39 A ALA,51,R

LHR,48,A/L0,49,R/MPR, 58,4 /TN, 12 6.4
LR, 134,44 TPG, 161,4

LA % R L,29,L

LAF 3.1 € [AM,43,A

LAHM 87 A LAM,3,A

LAHMT 57,1 T LAHM,47,A

LASM 3% A LAM,53,A

LAUMT 54,1 T LAJM,8%,A

LAM 83 A LAMP,&2,L/LDM,50,A

LAMP 82 L {A,4,R

82,1 N

LAMPT 82,2 © LAMP,42,1

LAN  #1.1 € (A,8d,

LATM %6 A LAM,43,A

LATMT 46,1 T LATM,b6,A

LAUM &5 A LAM,83,A

LAUMT 85,7 T LAUM,45,A

LB 28 R L,29,1

LBR  28.1 C 1B,28,R

LCHCD 150 A LDC,131,AALCHP,149,R

LCHCL 131.4 € 1DC,131,A

LCHP 149 R {HPR,12,A/1M,95,1

LCHPC  150.1 € LCHED,150,A

LCR 138 A PHC,64,R/WHC,82,R/NEC,101,R ALCHP, 149 R

LCRT  138.1 T LCR,138,A

W & R (29,

LC 131 A (J,133,A

L0 132 A L1334

LOM 50 A LD,49,R

LOMT 50,1 T LOM,50,A

LN 59,1 C (D,89,R

LEM 80 A LM,35,A

MON

3

151.1

&

48
133
31
51 .1
34,1
35
33
33.1
33.2
3241
69.1
632
134

139
1391
139.2
24
241

141
T47.1
30
25
25.1
26

55.1

60.1
56
56.1
55
Sk
54.1
54,2
a1
57
571

$I1
113
113.1
130.2
102.2
1%
114.1
13242
372

63.1
&.1

37

PO g0 ey —
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LEM, 40,4

PHLM, 68, A/WHLM, 86,4 /SHLM, 99,4 /ELM, 105,
DILM,120,A

P, A /LR, 58,A /TN, 126,

LAHM, 47, A /WHAM, 85,4

LR, 134,A /U, 136,A

LT0,30,R

LLF, 31,4

LMM,34, A

LMMP 33, L

LTH, 32,8

LMMP 33,

LTH,32 R

LFB,69,A

18, £9,A

LSH 21, A/LLF,31,4 A ASM, b A AULUR 135,
ICR,138,A/LRP, 139,L -

ELJM, 106,A

LRP,139,1

MM, 23 A

LSM, 24,4

£,29,L MP, 52,1

LTH,32,R

LTPG, T41,4

Uy16,L /L ,29,L /UTLN, 154, S

MM, 23 ,A

LUM,25,4

LUM,?SL,A ALAUN, 55,4 7HHUM, 87,4 /TCM, 127,A
¥ y

HAM, 55, A

MM, 55,4

MAHM, 80,4

MAM,55,A

MAUM,56, A

MAMP, 5t L /MDM, 63,4

#33,

MAMP , 54,1

MA,53, R

MAN, 55,4

MAPM, 57,4

MAM, 55,4

MATH,59,A

MJy3 7,A/PUT, T1,A /NECD, 102,A /MBD, 118,R
BAV,130,A1.01,132,A

BAY, 130,4

NECD,102,A

8, 113,L/1,116,L

MB80,114,R

LD, 132 4

MJ, 37,4

W32,

MO, &,/

MDM, &3, A

M, 62, R

MAEM, 50,A /PHAM, 67,4

R,36,A
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MLM 38 A
MME 38.1 T
MLR 39 A
W 32 L
2.1 N
B F R
WBR 51,1 €
WFS 9.1 c
MPR 58 A
M 36 A
MSH 35 A
MMT  35.1 T
KE 100 L
100.1 N
NEA 110 L
110.1 N
REAT  110.2 €
NEAV  130.1 €
NEC 10 R
NECE 102 A
NECF  102.1 ©
NECL  131.3 C
NECN  102.% C
NECP 145 A
NECR  135.,1 C
NED i R
NEON  111.1 €
NEGR 109 A
NEERY 110,53 €
WEL ®¥2.1 €
NEM  37.1 €
P 2 A
PEM 7 A
PEMT 7.1 T
PH 78 L
8.1 N
PHA I L
7.1 N
PHAM 67 A
PHAMT 67,1 T
PHAT 77,2 €
PHAV 1291 C
PHC 64 R
PHCD 65 A
PHCL 131.1 C
PHCN 65.1 ¢
PHCP 182 A
PHCR  142,1 C
PHE¥ 7% A
PHEMT 7.1 7T
PHF 66.1 €
PHGM 75 A
PHGMT 75.1 T
PHER 76 A
PHGRI 77.3 C
PHLM 68 A
PHLMT 68.1 T

LMM, 34,4

MLM,38,A

M_M,38,A

P49 ,A MR, 36,4 MLR,39,A /MPB, 51,k
MA,53,RMPR,58,A /MR, 61,4 /MD, & R
TN, 12 6,A

W 52,1

WE,51,R

P9 A /MHR, 61,A /TN, 126,A

MAPM, 57,4 /PHPM, 72 A

MSM, 35, A/MA 1M, 56,4 /EMM, 104,A

EMM, 34, A

MM, 35,4

MJ,37,A/PUT, 71,A /NECD, 102 ,A /NEGR , 109 A
NEA,110,L /NEA, 1101, N/NED, T11,R BAV,130,4
LDl ,132,A

NEGR,109,A

NEGR,109,A/NEA, 10,1 ANEA, 110, 1,04

BAY, 130, A

NE,100,L

NEC,101,RADC, 131,A

NECD, 102, A

£DC, 131, A

NEED,102,A

NECD, 102, A

NECP ,145,A

NE, 100,L /M8, 113,L

NED,111,R

PHEM, T4 ,A /WHEM, 89 ,A /EGM, 108 ,4

NEA,110.1,N

LOL,132,4

MJ,37,A

TPCR, 8, A

AMM, 3, A

PEM, 7,A

MR, 61,A PHCD, 65,A HUT, 70,A /PHER , T6,A
PHA, T7,L /PHA, T7.1, N/PHE, 79,8 HAY, 129 ,A
PHEP , 152 ,A

PHER , 76,A

PHM, 66,A
PHAM, 67, A

PHER , 76,A/PHA, TT,L PHR, TT.1,N
HAY, 129, A

PH,78,L

PHC, 64, RALDC, 131,A

LOC, 131,A

PHCD, 65,4

PHC D, 65,A

PHCP 1842 A

PHW, 56,A

PHEM, 74, A

PHM, 66,A

PHM, 65,4

PHGM, 75,4

PHGM, 75,A

PHA,77.1,M

PHM, 66,4 /PHCP, 142 ,A

PHLM, 68,4

i
i
|
i
|

PHM 66
PH@ )
PHEM 80
PHAMT  80.1
PHAN  79.1
PHPD 6141
PHPM T2
PHEMT 72,1
PHTM 73
PHIMT T73.1
PLTCT 132.3
PLTMAX 152.2
PLTMIN 152.1

PLTPER 152
PRICT 153.3
PRTMAX 153.2
PRTHIN 153,17
PRIPER 153
PUT i
SHAM 98
SHAMT 98.1
SHD 96
SHDF  97.1
SHOM 97
SHON 96,1
SHIP 143
SHOR  184,1
SHLM 99
SHIMT 99.1
$TD 156.6
SWT1  1s0.2
SWT10 150.2
SWT2 11,2
SWI3 2.2
SWTH  143.2
SKTS 1442
SHTE  145,2
SWTT  146.2
SWTB  147,2
SWTS  148,2
TAl 1”5
TAN 211
7€ 121
TCH 12T
TCMT 127,.1
TIME

TLP 126.2
™w 126.1
TN 126
PLR 8.1
TPCR 8

1PCS 147,91
TPCSP 147
R 122
TRN 24
TaNP 123

123.1

ﬁbhnhnnﬂﬂnnnnnﬂmqhﬂ:n-nz-n::...:r-:n:vnﬁnhnnoﬂhqbnnq:h:ob

EHPT EOOD>OO
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PHCD, 65,4 /PHOM, 80, A
PH, 78,1 /M,81,L
PHB, 79,R
PHEM, 80 ,A

PHB, 79, R

MR, 61,4

PHM, 66,4
PHPM,72,A

PHM, 86,4

PHTM, 73,4
PLTPER,152,A
PLIPER,152,A
PLTPER,152,A

PRTPER, 153,4
PRIPER ,153,A
PRTPER, 158, A

LFB, 69,4 /NECP 145 ,A
SHOM, 97,4
SHAM, 98,4
tH,95,0
SHOM,27,A
SHD,96, R
SHD,96,R
SHD,96, R
SHDP 4144 A
SHOM,97,A
SHLM,99 A

UTP, 150, A

LCHCB, 150, 4

LTPG,151,4

PHCP,152,4

WHCP , 143 A

SHDP, 144, A

NECP , 145 4

DIDP,146,A

TPCSP,147,4

WP, 148, A

RN, 12,4

TT,121,A/TRN, 124 A

TPCR, 8, A

™,126,4

M, 127,4

UTP,140,A AL TPG, 141,A /PHCP , 142 ,A AHCP, T34
SHOP , 144 ,4 /NECP, 145,A /D1 0P, T46,A /TPCSP, 147,4
UJP, 148,4 A CHCD, 150,A ALTPER, 152,4 PR IPER , 153 ,A

™, 126,A

™,126,A

TAF,125,A

TPCR, 8, A

PEM, 7, A/UEM,27,A AL EM,40,A

PCSP, 147,A

PCR, 8,4

LATM, 46,A /MATM, 59,4 /PHTM, 73 ,A WHTM, 88,A
ETM,107,A /T, 121,A

TRNP, 123, /TRNP, 123,1,N

R,122 ,A
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TRNPT
RT
T

t

UA
UAMM
UAMMT
UAN

UBR
up
LA
uoMT
UDN
UEM
UEMT
Urs
UFW
UFHT

LHAY
UM
EHMT
HPD
tHPM
EHPMT
LHPR
{HR

UJn
UJMT
we
usec
ULJR
ULJRT
M
UMF
UM
s i

e T
UMN

uTL
UTEN
uTee
UILPT
uwp
UTR

WHA
WHAM

123.2
12241
12 6.3
16

16.1

14841
B35
135.1
21
23.1
23
22
221
22,2
17.1
137
17
154
20
20.1
20.2
Ho
40,1

81
81.1

92,1
85

Oy O

bzrzrhnbnzrwzbnﬂzrbﬂ?ﬂPﬂhﬂbhbhqhﬁqhﬂzrqbnq>ﬁq>mnmnqu

TRNP 123 L

TR, 152,

™, 126,

U, 1, RAUHR, 6,A /P9, A /UHPR, 12,4
10,13, R/UB, 15, R/UW, 18,A /21,4
LURy26,4 /MPR, 58, A /TN, 126,4 /UR | 137,
UTP, 140, A /UJP, 148,A L CHC D, 15014

U, 16,0

AR, 3 A

UAMM, &, A

W, 1ok

U, 76,0

B,15,R

U, 16,0

ud, 13,R

UDM, 14, A

0,13,k

M, 23 ,4

UEM,2 T, A

UHR, 6,A/7,9,A /TN, 126,4

o, 18,A

UFH, 19,4

(R, 6,A/HUT, 70,4 /SHD, 96,R HAY, 129,A
SHOP, 144 ,4

HAV, 129 A

AMM,3 A

UM, 5,4

BHR 6,

AMM)3 A

tHPM, 11,

(HPM, 11

(E{M, 3, A /SHAM, 98, A

1R, 137, 4

AMM,3, A

UiM, 10,4

U, 136,

P, 148, A

w,136,4

ULJR, 135,A

UAMM 4, A

UMM, 23,

WP 22,1

UTL,17,R

VP 22,1,
urL,17,R

UJM, 10,A/UFW, 19,4 :
Up16,L ZUTLP 20,1 /L, 29 ,L AITLN, 154,58

UMg27 4

YILP 20,1
UL, 17,R

UTP,140,A

UTL, 17, R

LHR , 48,A HUT, 70,A /NHCD, 83,4 /RHER ,91,A

WA, 92,1 /HHA,92 . 1, N/WHE, 93 R HAY, 129 ,4

WHGR,91,A

WHM, B4, A

WHAMT
WHAT
WHAY
WHC
WCD
WHCL
WHCN
WHCP
WHCR
WHEM
WHEMT
WHF
WHEM
WHGMT
WHGR
WHGRI
WHLM
WHLMT

|t
WHOM
WHOMT
WHON
WPo
WHTM
WHTMT

WHUMT

8541
92.2
129.2

131.2
a3.1
143
143, 1
83
89.1
84.1

90.1
91
92.3
86
86,1

93
94
5.1
93.1
48,1
as
8841
a7
87.1

131, /WHA 9
HAV,129:A #925L /WHA,92 L1, N
WH, 81,1
¥HC,82,RALDC,131,4
LOC, 13,4
WHCD, 83 A
WHED, 83,4
WICP 143,

WM, 814, A
WIEM, 89, A
WM, 85,4
WHM, 84 A
WHGH,90, A
WHGM, 50, A
Hia, 521,

s 84,4 /HICP , 143 ,4
rlaB8,ATIHCP 145 A ACHOD, 150,4
WHC D, 83,4 /WHBM, 54 A
WH, 81,1 /UH, 95,1
WHB, 93, R
¥HM, 51, A
wis, 93,

LHR 48, A
WM, 84 A
WHTM, 88,4
WHM, 84,4
Wi, 87, A
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E Model Equations

Following are the model equations used for the urban area life cycle simulations
in this book. A description of each equation is found in Appendix A.

The model used for the simulations that start with the urban area in equilibrium
stagnation are the same as the following except for the changes in initial condi-
tions which are given in Appendix A, Section A.14.
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0 . . . . . »
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*
NTE

CITY GREOWTH

NATE  Aoktokkitollok INDEREMPLAYED SECTBR

Do T e OO OO R gE O AP OO0 0D

UAKESCUKHLLKY CUAND CAMMP KD
UAN=,05
AMMP K =AMMP o 4 (DT ZAMMPT) CAMM, J ~AMMP .S
AMMP =1
AMMPY=20
AMMLK ZCUAMML KD CUMMLKD CPEMGKY CUSMGK Y CUHPMKD) CAMD
AMF=1
UAMM,K =TABLEC UAMMT, UMLK, 0,,15,.02%
UAMMT 2.3/, T/1/1.2 /1.3 /71,871.5
UHM.K =FABHLC UHMT, UHR K 40,42, .25
UHMT=245/205/2.2/ 0 1717487427 41705
UHR X =C UK UFS) /CLH KA LHP DY
WHPD=12
PEMLK =TABHLCPEMT, TPCR &K ,0,3, .5)
PEMT=.2/0 671/ 672, 8/3.2/%
TPCRK = CTE.K/PK)+TPCSP LK) /TPCN
TPCN=250
PoK=(MPLK) (MPFS) (LKD) CLFSIHCU KD CUFS)
MPFSz5
LFS=¢
UFS=8
UJMoK = TABHLC UUMT,UR, X, 0,3, ,25)
UIMT=2/2/109/14 6717 06/ 8447 437227 4157 417057 .02
UHPMo K =TABHLC UHPMT , UHPR WK 40, 405, 4010
BPMTZ1/142/1.5/1.9/2.8/3
UHPR K =L CHP JK /UK
UDLKE=C UDNY CULKY CUDHLKY

Bﬁzr—ﬁ:n_qhﬁ

EMOD I B OO O™ Iy IO Z T ey I 0 OB B> PO ROE~ O —g D> >

mm

Model Equations 275

UdN=, 02
UDM K =T ABHLC UDMT, 1, 44k LOGNC AMM.K) , =33, 1)
UDMT=8/8/2/17.5/225/.125 P
UBLKL=C UKD € UBR)
&BE:.G‘IB

ZUs JHCDT) CURG JAUB o JKHL TU K UD o JKUTL s
(=1200 b0

FociokioloickoRk | ABAR  SECTER
UWTE&.Kg.:( UMD € UKD CLMMP KD+ UTP K
W K=( UKD ¢ LFW.K)
UFW K =T ABHLC UFWT, URK 0,8,
UFWT=,9/,8/.5/.33/.25
UTLP.K SUTLP, B CDT/UTLPT) CUTL.JK=UTLP.J)
UTLP=7s
UTLPT=10
UMK =UTEP K /UK
UMMPL K SUMMP o J-CDTZUMMPT) C UMM, J= UMMP ..J Y
UMMP =1
UMPTz10
&r.l(‘-‘( LSMLKD CLUMKD CUEM O g1 (2]

=1
LSMK =TABHL( LSMT,LR&K,0,2,.5)
LSMT=2,8/2/1/48/.2
L UM K=TABHLCLUMT L UR K 10,5, 1
LUMT=,2/.7/1/1.2 /1371 .4
LURWK L KUK
UEMJK <TABHLC UEMT, TPCR K 3043,.5)
UEMT=.2/, 7/1/1.3/1 «S5/1.671.7
LBKLZCLLKY CLERY
LBR=. 01 .
I'::i‘(lzéaéi-( DR CUTL, JKHLB e JK =L THa JK+1A KA B0 JK-L TUJKD
LTUKL=CLLKY CLLF K
LEFK=TABLEC LLFT,LR.K,0,2,.5

- LLFT0/.01/,03/.1/.3

LTM.Ké;(LMN) (LK) CLMMPLK)+LTPGLK
LMMP K = MMP, J-CDT/LMMET) CLMMJ~L NP )
LMMP= T

LMMPT=15

LMMLK =CMSMLKY CHLMLKY CLEMAK) CLME)

LMF=1

MSM.K=TABHLC MSMT MR.K, 0,2, .25
MSMT=2,3/2.2/2/1 06/1/457.27.1/.05
MRLKZMP K /MK

;UEA.‘EE(ME.K)(NEI‘DHME.K) CMBM+CDI K3 (DM
MBMz2

DI n=1

MM K ZTABHLCMLMT, MLR K 20y 02,05
MMT=, 2/, 1/1/1.271.3

MLRLK=MP, K/L K

LEMK=TABHLC LEMT, TPCR Ky 0y3,.5
LENT=.2/,7/1/1.3/1,5/1.6/1 o7
LAKLSCLAND CLLKD CLAMP KD

LAN=,03

LAMP.K oL AMP, S+ COT/LAMPT) CLAM ~LAMP.JY
LAMP=T
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4242
43
§3.1
44

44.1
45
5.1
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46,1
57
4741
48
48417
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LAMPT=15

LAMK =C LAIMoK) CLAUMAK CLATMJK) CLAHM.K) CLAP)
LAF=1

CAJMK=TABLEC LASMT LR K 40,2, .25)

CAIMT=2, 6/2, 6724/ 10871/ L8702/ 117005
LAUM. K =TABHLC LARMT,LUR K ,0,5, 13

(AUMT=. 5/,87171.2/1.371.3

LATM.K =TABLECLATMT, 1, B4KLBGNC TR KD =2, 4,2)
LATMT=,2/17. 173

LAHM.K =T ABLEC LAHMT ,LHR &K ,0,3, +5)
LAHMT=1.3/1.2/17.5/42/.17,05

LHRWK=CL, oK% LFS) 7 CHH KEWHPD)

¥HPD=6

LDJKLZCLON) CLoKD CLDMLK)

LON=.02

LMK =T ABHLCLOMT, o 4k LBGIK LAMAK) 5 =3,3, 1)
LOMT=8/4/2/1/.5/ 425/ 4 125

Fckkctolicieboick MANAGER | AL-PRBFESSIGNAL SECTER
MPE.KL=(WP KX {MPBR)

MWPBR=.0075

MPLK =P o H-COTY (LTM, JKEMPB L I8+ 88 L JK =40, JK)
MP=3200

MA.KL;_(SMAN) CHP LK) (MAMPL KD

MAN=,

HAMP JK=MAMP , H-CDT/MAMPT ) CMAM.LJ=MAWP . JD
MAMPZT

MAMPT=10

MAMK TCMAIMLK) CMAPHLKY CMATMLKD CMAHM,K) CMAR)
MAF=1

MAIM.K =TABLEC MAJMT MR WK 40,2, .29

MAUMT =2 . T/2 0672 487271 /87027417405

MAPM.K sTABHLC MAPMT ,MPR K ,0441,.02
MAPMT=,3/. T/1/1.2/7143/1.3

MPR K MP K/ (L KUK

MATM.K cTABLECMATMY 1.5 4 LAGNC TRLKD =2, 4,2)
MATMT=1.4/1/.77.3

MAHM, K= TABLEC MAHMT, MHR JK , 0,3, ,5)
MAHMT=1,3/1.2/1/.5/.2/.1/.05

MHR K = WP K%MPF S) /(PH K%PHPD)

PHPD=3

MDLKL=CHONY (MP KD CHDM IO

MON=,02

MOMLK =TABHLCMOMT, 1. 4k LOGNC MAM, KD ,=3,3, 1)
MDMT=8/4/2/1/.5/.25/,125

sSolclciiciokdck PREMI UM HBUSENG SECTRR
PRC.KLz(PHCD.KY CLCRLKY

PHCOL,K={PHCND (PH.KY (PHMK)+PHCP X

PHCN=.03

PHMLK ZCPHAMLK) (PHLM.KY (PHPMLIO (PHTML KD (PHEM, KD (PHEM, K) (PHF)
PHF =1

PHAM.K=TABLECPHAMT (MHR K ,0,2,.25)
PHAMT=0/,001/,01/.2/1/3/4,6/5,.6/6

PHLM.K zTABHLCPHLMT L F#.K ,0,1,.1)

PHLMTZ, 47,9 /143/1.6/1.8/1.9/1.8/1.8/.7/.2/0
LFB K =C(HUT K% EPHEPUT, K LPPY ZAREA

LPH=.1

LPPZ,2

AREA=1000090

ag-ﬁhnmzr— O IR ™ Pg T ey I g T I T2
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HUT.K <PH JK+WH K+ LH oK

PUT.K N ELK+NBK+OT K

PHPM.K =T ABHLCPHPMT ,MPR K 20ye1,.02)
PHPMT=.3/47/1/1.2/1 3/ 103
PHTMJK=TABHLCPHTMT, 1. 4% LRGN TR K ) s =2yky2)
PHTNT:T.Z?’?/. T3

PHEMJK =T ABHLCPHEMT ,NEGR K 1=e 14415, .05
PHEMT=.2/,6/1/14/1,8/2 ,2

PHGM.K =TABHL(PHGMT,PHGR Ky=s14415,.05)
PHEMT=42/4 6/1/1.4/1.8/2.2

PHGR JK =(PH.K ~PHA LK) /CPH KX PHAT)
PHAWK=PHAL JHCDT/PHATY (PHoJ -PHA J)
PHAZPH-CPHGR!) (PHAT) (PHD

PHAT=10

PHGR} 2,03

PH X =PH o 3+ € DT) (PHC. JK -PHB . JK)

PH=5000

PHE KL= (PHBND (PH.K) CPHM.K)

PHAN=,03

PHOM..K :TABHL(PMMT,T.#‘\‘*LBGN(PHM.K),—5,3,1)
PHOMT=2,8/2.6/2/1/45/ 3442

Holcioboiclkik WIRKER HBUSI NG SECTBR

WHoK =WH, JF(DT) (PHE WJKHWHE  JK =WHE, UKD
¥H=21000

WHC.KL=CWHCD &K) (LER.KD

WHCD,K = (WHCND (WH.KD CWHM K +RHCP K
WHIN=,03

ﬁg:!‘::(WHAM.K) CRHLMLK) (RHUM, KD ORH TM.KY (RHEMLKY CWHGM.K) CWHE

WHAMK =T ABHLCWHAMT,LHR & 3042,.25)
WHAMT=0/ .05/ 1/.3/71/1.8/2 .572 . 8/3

WHLM WK TABHLCRHLMT L FB.K ,0,1, . 1)

WHIMT=, 8/.9/1.3/71.6/1.8/1.9/1.8/1 .47, 17.2/0
WHUM, K =TABHLC WHEMT LUR K, 0,5, T)
WHUMT=.5/.8/1/1.2/1.3/71.3

WHTM K=TABHLOWHTMT, 1. 54 LBENC TR K) s=Zoky2)
WHINT=1,2/1/.7/.3

WHEM.K <TABHLCWHEMT , NEGR WK y =024 0344 1)
WHEMT=. 3/ 771714271371 .4

WHEMX = TABHLOWHGMT ,WHGR oy =0 14 4 15,.0%)
WHGMT=,2/.6/1/1.5/1,8/2.2

WHGR K =CWH K =WHA LK) /(WHKEWHA T

WHAK=WHAL B COT/WHAT (WH .J~WHA o)
WHA=WH=CWHER | ) (WHAT) CWHD

WHAT=10

WHGR! =, 03

WHA LK L={WHBN) (WH.K) (WHOM.KD

WHEN=,02

WHOM K ZTABHLORHBMT , 14 bk LOGNCHHM. KD , =3,3, 1D
WHAMT=2,2/2/1.6/1/ 4T/ 45/ .4

Feiciciclolcbolork (INDEREMPLBYED HOUSING SECTAR
UH K= UH o H-C DT ) (WHB o JK~SHD L JK+LCHP ,JK)
UH=1100

%ﬁﬂ.x L=§SHDN) (HHLK) (SHOMJK)+SHOPK
SHOM. X =CSHAMLKY ( SHL M.K) (SHOFY

SHOF=1

SHAM.K =TABLEC SHAMT,UHR K ,0,2,.5)
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98.1
99
99.1
9.4
99.5
100
10041
01
102
102.1
102.2
102.3
102.4
103
10341
10%
108.1
105
105.1
106
106, 1
197
i07.1
108
108.1
109
110
11041
1102
110.3
110.6
110.7
it
1111
112
12,1
13
113.1
T4
11%,1
15
115.1
115.%
115,5
116
116.1
17
17,1
118
18,1
119
119.1
129
12041
120.4
120.5
121
12141
122
122.1
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SHAMT=346/2/1/.6/ o4
SHLM.K =TABHL( SHLMT,LFB.K, 08,1, ,05)
SHLMT=1/1.2/1.6/2,2/6

HobolteteboiokNEW ENTERPRESE SECTOR

NEJK=NE (DT (NEC, K-NED.JK)

NE=200

NECLKL=CNECDLK) CLCR KD

NECDJK=(NECN) (NECF#NE ,K+MBCFk MB JG-+D1 CPR DI KD ¢ EMKD4+NECP K
NECF=1

MBCF =, 5

a1CF=,3

NECN=.05
EP.K:(EHM.K)(ELM.K)(ELJM.K)(ETM.K)(EGM.K)(EF)
EF=1

EMM.K =TABHLC EMMT MR K, 0,2, 125)
EMMT=01/015/03/,5/1/1 471,771,972

ELM.K =TABHLCELMT,LF@ K, 0,1, . 1)

ELMT=1/1. 151037108/ 1045718 71,371/ T/ 4/0
ELJMK=TABHLCELJMT,LRP K, 0,2, .25)
ELUMT=0/,05/.15/ 4471715710 7/1.8/1. 8
ETM.K=TABHLCETMT, 1,56k LOGNC TRWK) ,=2, 8, 1
ETMT=143/102/1/48/.5/025/ 41

EGMyK=TABHLC EGHT, NEGR &K =0 1, 415, .05
EGMT=02/06/1/1,871,8/2.2

NEGR.K =CNEK-NEA.K) /{NE Kk NEAT)
NEALKNEA, J-CDT/NEAT) (NELJ-NEA )
NEASNE-CNEGRIY CNEATY (NE)

NEAT=10

NEGRI =, 03

ekl MATHRE BUSENESS SECTER
NEDKL=(NEDN) CNE KD CEDM.K)

NEDN=,08

EDM.K =TABHLCEDMT, 1. 84k LBGNC EM.KD =33, 1)
EOMT=2/108/1.5/1/0T/ 4575

MB K MB4 H-(DT) (NED, K =MBD.JK)

MB=1000

MBD, KL=CMBON) (MB.K) (BOM.K)

MBDN=,05

BOMoK=TABHLC BONT, 1,4 5% LBGNC EMLK) ,=3,3, 1)
BOMY=2/1.8/1.5/1/0 7745/ 4

Fjoktoloickiock DECLINING  |NDUSTRY SECTOR
Ol K=DE o H-COTI (MBDLJK=D1 DoJK)

0 =100

D1 DKL= €Dt DD CBIF oKD DT OM.K)+D] DP,X
01 ON=, 03

01 DM K=(D1 EMLK) (BELM.K) (D1 0R
DloF=1
DFEMQK:TABLE(DIEMT,1.#4*L@GN(EM.K),-3,5,1)
BIEMT=.8/,5/.T/71/1.6/2.8/4
DlLM-KZTABHLEDiLMT,LFB.K,.B.T,.05)
BiLMT=1/1.2/1.6/2.2/76

sokdolokotoielolok TAY, SECTER
TCK=CAVLK) (TAN) (TR.KY
TANZS0

TR.K=TABHLC TRT, 1. 44 EBGNC TRNP KD , =2, 4, 1)
TRT2,3/.5/1/1.8/2.8/3.6/4

123
123.1
123.2
124
125
126
126.1
12642
12643
127
127.1
128
129
129, 1
129,2
129.3
130
130.1
1302
130.3
130.6
130.7
131
131.1
1312
151.3
1318
132
132.1
132.2
132.3
133

134
135
35,1
136
137
138
138.1

13941
1392
39,5
159 ‘6
140

140,1
10,2
141

41,1
181.2
142

142,17
142.2
3

183.1
143,2
144

44,1
1862
145
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TRNP.K:TRNP.J+(DT/TRNPTJ(TRN.J-TRNP.J)
TRNP=TRN

TRNPT=30

TRNWK =TAL K/TAN

TAL K =TNLK/AVK
%u;ﬁ;gMPMPFS*?eP.K-!-TLP*LFStL.K-i‘TUP* UFS*1LK) ¢ TEMLKD
TLP=200

TUP=300

ICM.K:TABHL(TCMT,LUR.K,O,S,.SJ
TCMT=2/1.6/1.3/1.1/1/.9/.8

AV K=CHAVL K+BAV,.K)
HAV.K=PHAV*PH.K+WHAV*WH.K+LHAV*UH.K
PHAY=3(Q

WHAV=1S

(HAV=5
BAV.K:NEAM*NE.K+MBAUkNB.K+DJAV*DI.K
NEAV=500

MBAV=300

DI AV=100

okkpiiolkk AR SECTOR
éﬁgingHCD.K*PHCL+WHCD.K*WHCL+NECD.K*NECL+LCHCB.K*LEHCL
WHCL=1

NECL=20

LCHCL=. 6
LDI.K:NE.&#NEL+MB.&*MBL+D#.K*DIL
NEL=20

MBL=15

DrL=10

LJoK=LOCK+LDF K

LRK =L KL JuK
ULJR.K:TABHL(ULJRT,LR.K,O,Z,.S)
WSRT=1415/08/45/425/ .1

UJ oK Jokiok UL JR JK+UIP K

URLK =K UK

LLR K =TABHLCLCRT,LR.K,0,2,,5)
LCRT=0/.5/,9/141/1. 15
I':g.igzl_RP..H-( DYIALRP ) CLR.J=LRP )Y

LRPT=5

dobbetolcolopior C] TY  DEVELBPMENT PRAGRAMS
UTP.K:UTR#U.K#CLIP(0,1,SWT1,TIME.K)

UTR=0

SHT1=0

LTPG.K:LTR*L.K*CLIP(O,1,SIT2,T|ME.K)

LTR=0

SWT2=0

PHCP oK SPHCREPH JK*PHL Mo K%CL | PC Oy 14SWT3, THHME KD
PH{R =0 NOTE LAND M TIPLIER TERM
SWI3=0
IHCP.K:HHCR*HUI;K*IHLM.K*CLIP(O,1,SUT§,TIME.K)

WHCR=0 NITE LAND MULTIPLIER TERM
SHT4=0

SHOP, K =SHORK LH K% CL 1 PC0, 1,5KT5, Ti ME.K)
SHOR=0

SHT520

NECP.K=NECR*PUT.K*ELM.K*CLIP(O,?,SWTG,TLME.K)
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145.1
45,2
146

14641
146.2
147

147,1
147,2
"8

148, 1
18842
149

150

150.1
150.2
150.5
150.6
50,7
151

151.1
152

152.19
152.2
132.3
123

133.1
12342
153.3
15%

15543
154,3
1534.4
154.5
154.5
54,6
154.7
154.8
15h.9
155

155.1
155.2
15543
155.4
153.5
155.6
55,7
15548
155.9
156

15641
15642
156.3
156.%
15645
15646

NECR=0 NITE LAND MULTIPLIER TERM
SWT6=0
DIDP.K:DJDR*D!.K*CL!P(O,1,SWTT,TFME.K)

0l DR =0

SWiT=0

TPCSP.K:TPCS*CL#P(D,1,SWT5,T!ME.K)

TPCS=0

SWT8=0

UJP K =UJPOK ULKXCLIP(0, 1, 5WT9, T1 MELKD

UJPE =0

SWT9 =0

LCHP JKL=CLCHEDLK) (LCRLK)
LCRCD.K:LCHPC*U.K*WHLM.K*CLIP(G,1,SWT10,TIME.K)
LCHPC=0

SWTi0=0

OOPFP VOO IFOOFPO0O0>00

WITE (BNTRAL CARDS

bT=1
LENGTH=250
PLTPERJK=CLEPCPLTMIN, PLTMAX,PLTCT, TI MELK)
PLIMINZ5
PLTHAX=S
PLTCT=500
PRTPER.K =CLIPCPRTMI N, PRTMAX,PRTCT, T1 MEL)
PRTMIN=50
PRTMAX=100
PRTCT=160
UTLN oK SUTL « JK=L TUJK
UsUyL =L ,PH=P, WHW ,UH=HC O, 600E3) /MP zHC 0,20063) /NESE, ¥8:8 , DI z0(0, 40E
3
PLOT  IHR=U,LHR=L MHRM, MR=1, L R=2, UR=3(0,2) /L FB=BCO, ) /TRN=, TRZTC0, 8)
PLBT  UA=A,UD=D, UTL=L L TU=IX 0, 60E5) /PHC = , KHC=H, SHODK(0, 20633 /NEC=C | DI D=
X 00,263
PRINT 1) (3.0)AV -
PRINT ) (3.3 DI, D1 B, D DP,L €3.2)
PRINT 1 (3.3)LA,LCHP 4L 0,1 0CC3.2) L DI (3420 ,LJC3.2)
PRINT 15€3,33LTM,L TU,MA
PRINT 2) (3.3) HE, MBD, D, MP(3.2) , NEC3.3) | NECC3.3) NECPC343) s P(3 1) ,PHC 3,20
PRINT 2)¢3,3)PHC,PHCP,PHB, SHD, SHDP 5.2 S0P C52  UTLC
INT 33 U03.2) ,UAC3.3) , UDC3 u3) , UFHC3 o2 «2) , UJPC3. .
AL tifmcsfs),uwci.z»),uw(i.z),mcé.za,mccs.m,wacﬁ(s.m WHBC3 .3
PRENT 53 C0.3) AUM, AMMP, BOM, DI DM , DI E34, DI LM, EOM,, EGM
PRENT %) €0.3) ELIM, ELM, EM, EMN, ETM, L AHM
PRINT 5)(0.3) LASMIL AM:LAﬁP,&Tn,I:AUM,LCR ,LOM,LEM,LFB
PRINT 5) C0.3)LHR,LLF ,CHM,LMMP, LR
PRENT 6) (0.3 LSM,L UM, L UR, NAHM ,MAJM, MAM, MAMP
PRINT 63€0.33HAPH, MATH, HOM, IR, MLY, MLR IR
PRINT 7) (0432 MSH, NEGR, PEM,PHAM, PHEM,PHEM,PHER
PRINT 7) (0,3} PHLM,PHM ,PHBM, PHPM ,PHTM, SHAM, SHOM
PRINT B) C0.3) SHLW, TCN, TPCR, TR, TN, UAIM , UDN
PRENT 8)(0,3) UEM, UFK, U, LHPR, UHR , UJH, UM
PRINT 97 €032 UMM, UMMP, UR, WHAM
PRINT 9 (0.3 WHER, WHGH ,WHGR , WHLM , WHM, WHEM, ¥H TH,, WHUM
RUN  STD,

IO OO0 o0

> "0
&
—
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Index

Abbreviations, definitions of, 261-266
Accumuzlations, see Levels
Aging
effect on equilibrium, 49
of housing, 3, 19
of industry, 19
as an interna} process, 17
Agriculture, mechanjzation of, 17-18,
253.25¢
Allractiveness
of an area, 3, 117-118
changes in, [18
combiniag components, 25-26
componetits of, §, {18
computation of, 23-30, 137
from economic mobility, 27
equilibrium with surroundings, 5
exchange between components, 73,
85, 120
of housing, 7, 27
bousing vs. jobs, 121
from negative income tax, 223-237
related to cnvironnient, 120
relative, 18
from tax revenue, 28
to underemployed, 135

Balance, delicate in system, 4

Balance of trade, in urban arca, 123
Bisth rates, 19, 145, 153, 164
Boundary of systems, 12, 14, 15, [7-18
Brown, Gordon §,, x

Business, see Industry

Cause and effect, 9

City, see Urban area

Closed boundary, see Boundary
Collins, John F., vii-ix

Complex systems, see Systems
Computer, time-shared, x

Computer output, how 10 read, 39
Correlation between vagiables, [0
Costs, from shifting balance, 119
Counterintuitive behavior, 9, 10, 70, 109

Definitions of terms, 261-266

Delays in perception, see Perception
delay

Destination, symbel, 17

Dial, Q. E., x

Distz, Afbert G, H., %

Difficulties, see Symptoms

DT, see Solution interval

DYNAMO, x, 133

Economic balance, maintenance of,
122
Economic collapse, 119
Economic condition
declining, 3
in stagnation, 118
Economic mobility, see Mobility
Enders, Bruce A, x
Eaterptise, see Indusicy
Eavironment
cffect of, 241-259
indepeadence of, 15
as limitless, 3, 117
as reference, 17-18
Egquations, of model, £33-217, 274-276
Equilibrivm
chofce of, 127
not dependent on past, 106
in model, 2
precanions balance in, £21
see alse Stagnation
Equilibrium moded, initiz] conditions,
216
Evans, Isabella §., x

Feiluzes in urbsn programs, 10, 51-71
Feedback loops

always within boundary, 17

as building biock, 13

in complex systesns, 167

first-order, basis for intuition, 109

acgative, 9
goal-secking, 9
in industrial dynamics structure, 1

mauttiple, in complex systems, 108
aegative, in complex systems, 10§
goal-secking, 108
positive, 41, 146
in complex systems, 108
termination of, 108
s structural element, 12
it system structure, 13
se¢ also Systems
Finencial aid, §1-65
Fiun, Daniel 1, ix
First-order loaps, s¢e Feedback Ioops
Flows, see Rates
Ford Foundation, x
Forester, Jay W,, vii, 301
Forrester, M. M., v
Functions, TABLE lookup, 26

Goetz, Billy E., x
Grzphs, how to read, 39
Growth

from positive feedback, 41

processes of, 1

see also Feedback Joops, positive;
Mode!

Hekman, Randail J., x
Hope, Jack I, x
Housing
aging of, 3, 19
attractiveness of, 7, 27
constsuction
low-cost, 4
premium, 77-79
worker, 7177
crowding, 7
discouraging constraction of, §1-101
effect on construction, 173, 132
effect on migration, 27, 30, 139, 143,
163, 169
excass in stagnation, [18-11%
low-coest, 65-70
population density, 237-247
refated to system mode, 127
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Housing (cont.}
slum demciition, §, 8, 83-89,
1G1-105
as a subsystem, 19-20
taxatior of, 125
see alse Aftractiveness

Industsial dynamics, ix, 1
Industry

agiog of, 3, 19

attitude toward, 124

creation of, 5, 8, 79-81

demolition of, 81-82

desirable kinds, 123, 124

cmploymen? density, 237-247

ercouragement of, 101-105

as a subsystemn, 19-20

transpertation for, 127-128
Iafluence points, 111
Information, adequacy of, 113
faitial values

cquilibium model, 216

growth model, 37
Integration, in levels, 14
fntaition

failure of, 10

misicading, 109

see alze Counterintuitive behavior

Jobs
created, 51-57
effect on migration, 29, 142, 149,
161, 167
training for, 57-61

Land, ¢fiect on construction, 33-34,
173, 182, 192
Letter groups, definitions of, 261-266
Eevels
changs time-shapes, 146
a3 tomponent of loops, 12
example, 30-31
in feedback loop, 13
inidial values
equilibrivm, 236
growth, 37
&S integrations, 14, 146
symbol, 17
Lewin, Kurt, 14, 301
Life cycle
of suburbs, 11, F17
of urban area, 3, 10, 38-50, F16-1i7
Logue, Edward J,, x
Long term, vs. short term, 7, 10, 112

Mental image, 4s a model, 113
Migration
influenced by housing, 27
influenced by jobs, 29
influenced by tax revenie, 24
Milles, Charles L., x
Mobility
downward, 153

upward, 6, 27, 147, 154
Model
o create symptoms, 113
equations for, 133-217, 274-276
in equilibrium, 2
of growth, 2
initial values
equilibrium, 216
growth, 37
as a mental image, 113
order of, 107
as precise notation, 133
purpose of, 1i3
as a iheory, 2, 12
values of parameters, 36-37
Modeling of general class, 14
Modes accompanying pressures, 26—
127

National Lesgue of Cities, vii

Negative feedback, see Feedback Joop,
negative

Negative income 1axes, 223-227

New enterprise, see Industry

Nonlirear functions, TABLE inter-
polation, 26

Crder, of urban moded, 107
Output from computer, how to
read, 39

Parameters, values of, 36-37
see alse Sensitivity
People, see Population
Perception delay, 22-25, 136, 150,
156, 160, 164, 203
Perforraace, low, 112
Plots, how to rcad, 39
Policy, resistance to change in, 110
see aise Rates; Seasitivity
Political power, 123, 218
Political pressure for recovery, 9
Pool, Ithiel de Sola, x
Population
birth rates, 19, 145, 153, 164
categories, 3
control of, 48, 116, 127
labor excess in stagnation, 118-119
s a subsystem, 19-20
underemployed arrivals, 20-30
Positive feedback, see Feedback loops,
positive
Premium housing, see Housing,
construction
Printed computer tabulation, how to
tead, 39
Pritcherd, Alien E., Jr., x
Programs
countesaction by system, 61, 63, 111
demolition of industry, 81-83
discouraging housing construction,
91-101
encouraging industry, 101-105

financial aid, 61-65
industry construction, 79-81
job creation, 51-57
job training, 57-61
Tow-cost-housing construction, 65-70
premium-housing construction, 77-79
for revival, 4, Ti-106
slum demolition, 83-89, 101-105
worker-housing construction, 71-77
Project MAC, x
Pugh, Alexander L., II1, x, 133

Rates
as component of ivops, 12
cxample, 20-30
in feedback loop, 13
normal concept, 23, 25
as policy, 14
symbol, 17
Recovery, see Programs, for revival
Rent ceilings, 122
Revitalization, see Programs
Roberts, Edward B., x

Scales, in computers plots, 39
Schmalensee, Richard L., x
Sensitivity
at influence points, 111
lack of, 110
10 parameters, 33, 227-239
reduction of, 235-236
Short term, vs. long term, 7, 10, 112
Simulation, 1
Stavet, Joseph S, ix
Stum demolition, see Housing
Slum housing, se¢ Housing
Social systems, internal forces
dominate, 120
Socioeconomic converter, see
Mobitity
Solution interval, 146
Source, symbol, 17
Stagnation
excess housing, 3, 48, 69, {18-§19
process of, 3
see also Equilibrivm
State variable, in engineering, 14
see aiso Levels
Structures, aging of, 3
see also Housing; Industry; Systems
Subusbs
deterioration of, i1, 117
development of, 116
inacoessibility to, 253-259
Symbols
in computer piots, 39
definitions of, 261266
where used, 267-273
Symptoms, creation in moded, [313,
120
Systems
boundary, 12, 14, 15, 17-18
complex, 9, 107

Systems {cont.}
counterintaitive behavior, 9, 10, 70
169
deceptive nature, 9
feedback-loop structure, 13
delicate balance in, 4
kigh-order, 107
level and rate structure, 14
low performance, 112
modes related o pressure, 126-127
muitiple-loop, 108
nonlinear, 108
pressures within, 126-127
short vs. long term in, 7, 10, 112
structure, 12
structure, need for, {i4
urban, 1
see also Sensitivity

d

TABLE, description of function, 26
Taxes
calculation of, 201-206
credit for payroils, 125
effect on construction, 175, 183, 193
effect on economic mobility, 152,
|52 :

effect or migration, 28, 141, 162, 168
effect on system balance, 123, 213~
223

or land, 125

negative income, 223-227

policy, 122, 125

politicat influence on, 218-223
Tax-exempt institutions, 124
Transportation

cause of blight, 119

¢flect on land use, 127-128

United States Conference of Mayots,
vii
Upward economic mobility, see
Mobility
Urban area
bsalance of trads, 123
declining economic condition, 3
evolution, 116
life cydle, 3, 10, 38-50, 116-117
mades of behavior, 126-127
preventing decline, 105
as a self-controlling system, 18, 128-
129

Index 285

as a social system, 3
structure of, 15-20
see alse Attractiveness; Environ-
ment; Structures; Systems
Utban dynsmics, education for, 121
Urban system, description, 1
Urban Systems Laboratery, x

Vatidity
tand area limit, 119
in life-cyete modal, 50
of policy recommendations, 227-
139

in terms of purpose, 113
Variables, where used, 267-273

Weidner, Phillip P, x
Worker housing, see Housing,
construction

Yivisaker, Paul N., x

Zoning, 122, 125-126
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from Pegasus Communications, Inc.

Pegasus Communicagions, Inc. is dedicated to providing resources that heip peaple
explore, understand, articuiate, and address the challenges they face in managing the
compiexities of a changing world. Since 1983, Pegasus has worked to build a corm-
munity of systems thinking practitioners through newsletters, books, audio and video
tapes, and its annual Systems Thinking in Agtior® Conference and other events,

Collected Papers of Jay W. Forrester
Jay W. Forrester

Industrial dynamics—ihe application of feedback toncepts to sociai systems-——offers
a rational foundation to support the art of management. This callection includes
provocative discussions of issues criticaf to manufacturing managers, including pro-
duction-distribution systems, inventory and in-process order corrections, corporate
growth patterns, and the reduction of research costs.

ISBN 1-883823-37-4 / 284 pages/ Grder XJFORR

Elements of the System Dynamics Method
Jargen Randers, ed.

Learn how models of dynamic systems are made. The authors give practical advice
about how to choose a problem that will yield interesting results, what to include in
the mode! and what to leave out, how much detail toinclude, which parameter values
to sefect, how to know whether the model is “good,” and how to make the model inter-
esting to other people.

ISBN 1-883823-44-7 / 344 pages/ Order XELEM

Urban Dynamics
Jay W. Forrester

In this controversial book, Forrester presents a computer model describing the major
internal forces controlling the balance of population, housing, and industry within an
utban area. He simulates the life cycle of a city and predicts the effects of proposed
remedies on an urban system. This book became the basis of a major research effort at
M.LT. that has influenced many government policy decisions for solving urban prob-
fems.

ISBN 1-883823-39-0/ 256 pages / Order XURBDYP

Managerial Applications of System Dynamics
Edward B. Roberts, ed.

An gverview of system dynamics applications to management science, Management
eybernetics, madeling, planning, and forecasting. This collection includes diseussions
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Principles of Systems
Jay W. Forrester

Akey text en system dynamics, this book infroduces the concepts of system strug-
ture and shows by example how structure determines behavior. Covers feedback
dynamics, madels and simulation, equations and camputation, flow diagrams, infor-
mation links, integration, and more! Because the principles discussed are general
in nature, the beok is suitable for use in studying the dynamics of urban, ecological,
corparate, and other complex systems. A perfect workbook companion to fndustrial
Oynamics and Collected Papers by Jay W. Forrester.

ISBN 1-883823-41-2 / 392 pages / Order XPRSYSP

Study Notes in System Dynamics
Michael R. Goodman

Abasic text in system dynamics, Study Notes has been adopted for such courses as
environmental studies, electrical engineering, introduction ta system dynamics, and
computer science. Part [ focuses an simple structures and describes elements of
positive and negative feedback loops; Part 1l reinforces material in the first part with
eight exercises that emphasize the refationship between structure and behavior; Part
t contains advanced exercises in model conceptualization and analysis. Includes
modeling exercises on the life cycle of a residential community.

ISBN 1-883823-40-4 / 388 pages / Order XSNOTEP

Industrial Dynamics
Jay W, Farrester

A complete presentation of the system dynamics approach to the study of industriat
systems, inciuding the managerial viewpoint, classification of models, and advice to
managers. Industrial Dynamics presents an experimental, quantitative philesophy for
designing corporate structures and policies that are compatible with an organiza-
tion’s growth and stability objectives. From analysis of organization steucture and
complex internal interactions, Forrester offers insight inta the infiuence of manage-
ment actions on the dynamic characteristics of an organization. For managers and
students of managerial science.

ISBN 1-883823-36-6 / 464 pages / Order XINDDRYP

World Dynamics, Second Edition
Jay W. Forrester

in the fixed space of the world, growth must in time give way to equilibrium. Since its
original pubtication, World Oynamics has received worldwide notice and has cat-
alyzed debate over the recessity of achieving world equilibriem. The book interre-
lates populations, industrialization, natural resources, food, crowding, and poliution
to present an exploratory theory of humanity's place in the world ecology. It provides
the first step toward adapting the principles of system dynamics to the behavior of the
forces that determine the transition from growth to world eguilibrium. World
Dynamics has been adopted in many colleges and universities for teaching courses
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in such diverse fields as geology, zoology, life sciences, political seience, ecology,
and cybernetics.
ISBN 1-883823-38-2/ 142 pages / Grder XWDYC

Feedback Thought in Social Science and Systems Theory
George P Richardson

This seminal text features an original investigation inta the history of a powerful way
of thinking—the loop cencept underfying the notions of feedback and circutar causal-
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