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Preface

This bibliography was prepared as part of an ongoing effort
in the Infrastructure Planning and Management Program at
Stanford, which is directed toward the exploration of the
utility of dynamic simulation techniques in the forecasting,
planning and evaluation of infrastructure systems., The term
"infrastructure" is used to denote the set of life-support
and public service systems which is necessary for the devel=-
opment of growth of human settlements,

While no claim is made that this bib!iography is comprehensive

. and all-encompassing, it does include some basic references
in the field of dynamic simulation, as well as a number of
relevant applications in the area of infrastructure planning.
The intent is to enable the student or researcher to quickly
identify such applications to the extent necessary for
initiating further work in the field. The relacively small
number of applications is a reflection of the recent interest
of planners in the transfer of dynamic systems techniques to
their own field. It should be emphasized, however, that the
utility and effectiveness of these t ues in planning has
by no meins been established., This :‘g to be one of the
major thrusts of the research effort tanford,

The bibliography was prepared by both a manual search of the
literature, and a computerized search of sources available
thrcugh the Stanford Libraries Computer Search Service. Some
of the annotations are thouse provided by the authors, while
others have been specifically prepared for this bibliography.
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L. THE SYSTEM DYNA

=)
1.4 Modél'iﬂg Approach

Allen W, ﬁ"On Accuracy, Precision, and The Real World: Some Thoughts
on System Dynamics ag a Poliey Tool, " Report No. p-5540, Rand
Corroration. Santa Monica, California. R

This paper is a critique of the "World Model”

designed by Forrester and Meadows, Torrester

and Meadows' view of what consitutes a valid

and useful model, and what role quantification =
plays in the generation of an aceurate model =@ﬁi@
are examined. Conclusions are that a great sl
deal of more scientific inquiry is required

before models of this kind can be considered

reliable a: fgo policy making.

Barney, G.0. "System Dynamics, and the Analysis of Social Policy."
- Professional Paper No. 89, Center for Naval Analysis: Washington,
b.c., 1972, .

There has been considerable debate as to the
substance of System Dynamics and the applic-
ability of this method to social policy analysis,
This paper presents an evaluation of System
Dynamics and its relevance for polilcy analysis.

DeGréene, K.B. 'Technological Change and Manpower Resources: A Systems
Perspective.,” Human Factors, Yol. 17, No. 1, 1975,

The article synthesizes theories and Findings
from behavioral and social selences within
the framework of systems theory. The need
for advances in theory and methodalogy

are argued. The elements of systems theory
are sketched, and the value of the Systaem
Dynamics approach te modelling and computer
simulatiof’ 18 emphasized.

Kormbluh, M., and Little, D, "The Nature of a Computer Simulation Model M
Technological Forecasting and Social Change, Vel. 9, No. 1/2, 1976,
pp. 326, )

An overview of compute simulation and tha

systems approach., This paper discusses the

key concepts, applications, shortcomings and

characteristics of a number of mathematical

‘modeling and computer simulation techniques,
- including those of System Dynamics.
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_ Schroeder III; WM. "System Dynnmihb A Unique Tool for Aty
Data Deflelent Social Systems." I,E.E.E., Trangaction Bg.'
Systems, Man ggd C erneLics, Vo;f-gﬁﬁﬂz No. 2, 1972,

e The paper argues that much of the limitations | ﬂ
(e in the applicability of systetiMnalysis th
techniques in social problems arerelated to
the lack of conerete data with which to defind’
and validate models., It is concluded that
this bnrrégx has been greatly reduced by
the advent of System Dynamics.

. . . |\\ i i __7.‘,
1.2 The Technique j Qi

Butns, J.R., and Malone, D.W, "Computational Techniques for the
Analysis of System Dyndmicb Models of Social Systems." Soclo-
Economic Planning Seiences, "VYol. 8, lgjﬁy pp. 215- 223.

Ne

Jggrcomputational techniques of sensitivity
analysis are extended to System Dynamices
models, and are shown to enhance the under-
standing of model behayior, and to contribute
to considerations of‘nndel validity. Optimi-
zation analyses are shown to contribute te
model utility and policy formulation.

Cole, 0,5, D., and Curnow, R.C. '"Backcasting Uith The World Dynamics
Models."‘ Nature (Great Britaln), Vol, 243, May, 1973.
L“‘J The paper discusses whﬁther a system dynamics

model can meaningfully be rur,backwards in

time,

Mohapatra, P.K. '"Some Generalized Results on Exponential Delays."
Transaction of the International Asso éﬁg}on of Mathematies and
_ Computers, Simulation (Belgium), Voli Noe. 4, 1976, pp. 217-221.

Exponential delays are widely used in liter-
ature on System.Dynamics, due primarily to thedir
simplicity of form and thedr adequacy to

fit the usual degreece of knowledge about the
actual system to be represented. An attempt
ls wade in this paper to & rive at certain /
useful results through' £ Senerallized methods
for the analysis of transients of these delays
generated by changes in their inflow rate.




i
Sahin, K. E. "Simulating Disc¢rete Systems with System Dypamics
Using Multiple Simulation Tatarvals." DBulletin of the Operations
Research Soedety of Americu. Vol. 23, dUpplemens 1, 1975,

The paper showa how some systems are begt
modelled through simultgpeous use of multipla™
gimulation intervals dip the same model, and
by relating these intervals to the "natural”
nceumulation intervals of the real systems,
An application example is provided,

Young, F.W., et aul., "Purameter Idcntification and Dynamic Modéls of
Socioecopﬂmic Phenomena." I1.E.E.E., Trancaction on Systems, Man
and:Cy Cyberneticg, Vol, 5MC-2, No. 4, 1972,

A mathodology is preeented for developing
socioeconomle models of the System Dynamics
type. A means of including socioecconomic
experts dnto the modelldng progéss is
suggested, and it is émphasized that such
models @re not scientific models, but

) assemblages of expert opinion. An illustratdion:
3R is provided, using a model of the Lake

Tahoe basin in Northern California. S

-

1.3  Model Testing and Validating

Paeterson, D.W. "btﬁEIsLical Tools for System Dynanmdes." In Ervik

and, Randers (Ed.), The System Dynamles Method, Proceedings of
the International Conference on System Dynamics, 1976.

”ﬂlﬁ This paper deseribes practical, automatic
' tools to aid both the bullder and the
evaluator of a System Dynamics models, The .
tools relatée the model to available data, ‘
and are based on full information and
maximum iikﬁlinood via optimal filtering.
They operaté correctly in an environment
of noisy data, missing points, unmeasuted
< vdriables, and unknown dinputs.

Peterson, D.W.. "Hypothesis, Estimation and leldation of Dynamic Social
Models." Ph D. Thesis, M.I.7T., 1975.

This thesis establishes a unified set of

techniques for the estimation and valida-

tion of nonlinear, dynamlc, time-varying e
o models, with speclal reference  to models and RS

data typical of the soecilal scienc;s.
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L T‘Sunga. Z*M; "Teuts for Building Confldence Iz Syatem Dynandos Wodels.™
T - ToTey System Dynamles Growp, Report Nog D hw2760, 1877,

This paper cﬁﬂsidets the peneral problem of

validatiow-dn System Dynanics modeling, and -

gurveys the teses available for dullding
o ‘CﬁnflﬁLnLQ in-System Dynamles modelss The
b - opapex’ concentvates more on what le known than
- on what 1z nog knpwn dbout validotion,. The
breadth of tests presented glsd demonstyrates
the yariety of channels avallable for bullding
confidence 1w System Dynambes models,

-

1.4  Extensions and Rgldtud Teehniques'

L4 Optimization

Burnb, J.R.y. and Malone, D.We ”Opcimi atfon Technlques Applied To Tha
FoPrester tlodel of the World," I.E.B.L., Transaction on Svstems,

g Man nnd Cvbernetics, Vole SHG-4, Nog 2, March 1974, pp.)164~l7l.
il —
L - Awo methods for optimizing S;htcm Dynamics

* wa } models ave presented. Applicability of the
: ‘ models 1s demonstrated using the Forreatetr
World Model as’ the vehiele.

e - Lundérstaedt, R "Transportatdon Systems With Optimal Parameters.'
(ol Problems in Control Information Theory; Vol. 5, No. 2, 1976, pp, 109-11G6.

Optimizatdon problems sith ovdinary differentlal
equatdons and transportation equabtions as
Sysvem Dynamics are considered using the
caleulus of varlations in the formulatien
of Hamilton. ‘fhe theoretical results are
) éxplained further in an exampley
! - :
) Tavalage, Ji, "Control Theory Applied to System Dynamics Simulations."
Proceedings of the 1973 Summur Computer Conference, 1973, pp. 849-851,.
b ’ “;
Simulation models for goeilal, economle, and ‘f i
veological systems have been developed with. ‘ P
inereasing frequency in recent years. A : C k
sdandficant portion of thLSE models have
a dynamlic nature; they are primarily orviented
toward the study of systed behavior as ik
changes with time, There ave several speclal
purpose simulation languafes which accomoddte
‘ such models including DYNAMD, TORDYN, CSMP,
LT and MIMIC. - To this point, the DYNAMO danguage
l has  found thL most application, and 1s there-
fore the focal poiht of this paper.

<
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k.2 nfqrgggsting and Lross Tmpeet Analvsis . .- =
dlackmany AW, "Ibe Use of Dywimle Modelling for Conditlonal ¥Forecasts

of Resourge Aliocntion'raiiﬁies&" Technolopleal Forecasting

and Soclal Change, Vol. 6, 1974, pp. 191~208.
A system Dynamies model is deseribed which
was developed to simulote resource allocatlon

- policies in an dndustrial rescaxchdaboratory i

and wag used to investlpgate the effects of T (i

various levels of dnternal support in a
- ST gelected area of” esearch on the projected .
amount of exterpal’ government support
te be received in future time periods. The P
medel was valldated by slmulating a historieal .
vesource allocatlon policy -and comparing T
computed regsults with actudl government o
gupport recelved during 1963 - 1972, The o
computed results agreed well with historieal
datasy The valldated model was then used to
Q@? - e investipate difforent stravegies for the
=" allocation of internal diserctionary sesearch
funds and to produce copditionnl forccasts
of the extent of future external resesrch
e _ support. )
Blackman, A.W;, "New Venture Planning: -The Rele of Techhologlcal
Forecasbing:" Technological Forecasting and Soelal Change, Voli 5,
No. 1, 1973, ' R

A system for the analysds and planning

of new venture, which provides a structure

for ithe application of mathematieal

procedures, wag developed, The system is
_based on a synthesis of various analytdlcal
techniques: technolodlcal forecaSLing, decision
analysis;-and System Dy nambes,

“ Blackman, A.W. 'TForecasting Through Dynamic Modeling.'" "fechnolaogical
Forecasting and Social. Change, Vbl:u3, 1972, ' '

System Dynamics forecasting is used-dn the
simulation of a vepresentative industrial
research laboratory to forecast the effoct
an future operations of matching an
exploratory forecast of the laboratory's
output to-an ekegenous: goal schedule get
by normative forecasts of futurve requirements,
The laboratory operating policies which were
found to produce stable growth patterns in
. .o response toe normative growth goals were
v different from those which would have been
* intuitively stated.
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Bloom, M.F, "Timu—Dchndenr Event Gposa=Impact hnﬁlysia: Resules
From & New Model." Technological Forecastinp nnd Seeinl Change, N
Vol, 10, 2977, p. 201, ts

This time~dependent event cross-impact model
involves faur stages. In the flrst stage an .
undistributed world view, prior to new informa-
tlon bolng obtained, is projeceid for a set

of events to oecur with speclfied probability
densitites over an indafinlte time horizon. (@)
In the second stage, the estimator fills in ==
the cells of a crossuimpact mitrix with quali-
tative LsLimniﬁg of. the strength and direction
of the dmpacts,” QualiLatLVL exsg-impacts atre
convaerted to a quantitptive form by the snalyst

T gondutting the exercise. In the thivd stage,

1f i5 assumed that new information becomes A
known £o the estimator causing him to project

anew the Zime~dependent probabilities of the

avents in the set, In the fourth and final

stage, an event erosg~impact simulation model "
is constructed in System Pdynamies and furk to

produce new probability densitles of the event

‘amty - These densities take inte accoupt both

the cross=impacts between events and the effeck

of the newly obtadned dnformation, The ‘

possible pesults dnclude both shifis ef tqb

mostk likely tipe of oceurfence and changcz in

the cumulajive probability of the events; The

chief wngefulkness of the model is that it provides

% method of foyeshorfening the time Yegulred by
decisjonemakers to take into account the effect

of pew infoxrmation on Ehe plobability of events
cecutping over a time periods

Floon, Mafy "Deterministic Prend Cross—Impack Forecastimgs'' Technological =
Foregﬁgﬁiqg‘ﬁnd Social Chanpey Yol, 8, Wo.:ly 1975,

This work is part of a larger effort tv develop
a pomputer simulatdidn model ko forecabt the
behavior of the population-economy=welfare
syeaten of #syael for the 1974-1980 perlod. T
¥he process of achleving this goal, a new iech-
wique was developed for +the purpose of analyzing
pas® trends and projecting them into the Tuture.
it Using this ¥echnlque, it {s now possible eo pro-
duce siternative €atuwe histowles of social
ttends “that are simultaneously extrapolated from
the past and are interacting with each other.,
The methodology wsed An the wmodel ineludes a
combinatdien ef three well known Forecaschng .
technlquesi tiend ‘extrapolation; crosswimpaeL
analysis} and System Dynamics simuletion.

-p
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Pajand, Jarix, €. and Gilﬁu:tﬁ Gorman, "Dulphic Pesdickfon and Cross
Impact Simatotions" Jouenol of the Urban Planning dnd Development
Division, ASGE, Vel, 10T, Nﬁg;UPI, Pros, Paper 11316, Moy 1975,
pp. 49-59,

i (_'{,}

The welters voview two tuchﬁiqueﬁ chat are
potentially useful tdols in wehan and regioral
planningysithese techniques are the Delphi
method fdr”ﬁbtnining subJeLtivu predictlons
about a changing futurd through a ponel of
experts and Cross-Impact Simulstion for cone

~bining a numbor of discrete subjective fore-

casts with a numbeyr of simlldir related ford-~
ensts to produce altetnative desevwiptlions of
the future, The potentlal of thds class of
tachniques for planners and wnglneers who

are invelved in managing the futups is pointed
out, Thae use of the tvechnifques 15 gpecifically
relevent to situvations where subjective judge-
ments have to be made zhout complex fnkerge- -
lated events, The papet presents matoemabical |
examples of gﬁg utilization of these two
comp&imuntary~muthndst )

Shérif,;M, Nawaz, and Kabirvy €Chowdhuey, "System Dynamles Modeling for
Fotacas ting Multilevel Technelagleal Substitutdion.™ Technolopleal
Fagetas tinh nnd Social Change, Vol. 9, 1974y -

The exdsting nathmmdtical models of fyemd
extrapolation foi forxecasting technelogloal
wubs i pwedon deal primavily ywlib canes whare

a new product oy technology réplaces the old R

ane over o perded of time in at least some -
pcmai@n.cf the markets Howevery in the present
ey @f wapdd fechneloglead change, one can

Mitnk of many examples whewe a paseizular produst
oy techuelopy g replacing an oldey one, while

at the same time beilng veplaced by a newer one ~=
a muktllevel subseltutdon process. Mereover,

any foxecast made at a pivien point &n tdme

nepds o be reévised as wvarying clvcumstances

influenee the elements of the foresasgs Tils -
papsy presents a systematle methodology (1) '
for Forecastdng hul tifevel fechsologleal subw

stifutiony and {44) fo¥ ducetporating various

toymy of tlme dependent pavamcters jm';hg

aexisting trend exérapolation models, The mhthot

dology is based on the ™System Dynamies™ tech=

nmique ond combines The explovatory and the

nermigive approaches %o technologleal forecast-

ings In oddigion to the forecasting of market

sharve, the medels tan alsg predict the annval -

‘size of the mazket of each of £he competing tech-

wologins ox producds,
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. Pyrd, J., Jz., Suhﬁgﬁera L.A., Haynes, R.D. "An sipplication of Gystems B
Péfanle Modelling to Energy Systygs Planning." Bullewin of the it
" operations Rescarch Society of America, Vol. 19, Supy 2, B22¢,%1971.
. L
e@yi The Systems Dynamles conugots developed by Jay .o
i Forrester linve been examinet in o study of an ™
194 opergy systems model. The relé¥unce of this i
approach’ is examinedwith partieular emphasissis g
on the manner in whicl systems dynamics concepts = !
, gan be used in an area of actlvity where declsjons
i o are fragmented and uncoordinated. “ihe system’
' “ dynamics model also gives insight into the
problems which #ekd to be examined by a natlonal
energy commission. ‘

_ -
oy Meadows, Dennis L., Ford, ¥, Andrew, Naill, Rofge, "C#dtical ost-1983 S
) Energy Policy Issues," Thayer Scheol of Engincering, ianover, N.i.,
Dartmouth System Dynemles Group, Federal Encrpy Administration,
Washington, D.C{, Report No. DSI-35, e

: t S

This report identifies eight interdisciplinary
issues requiring the most careful analysis
because of thelr fundamentul importance to
energy policy. 1t also Hfentifies six issues
whieh demonstrate a variety f justifications
for Formulatlng crergy policy¥ in the context
o~ of post-1985 considerations, A taxonomy of
- ’ energy issues is developed pp used to ddentify
the extent to which nlue policy arveas recéive
too litelée or too much attention.

vy

Meadows, D.L., ¢t al.,, "The Transition to Coal." ﬁ?%auﬁcs Group, Darmouth
College, Annual Report No. 2, 1974,

e 5
The basic encrgy problem faclug the U.S. and ] N
other industrialized nations 1¥hot to seeure
independence from foreign energy suppllers,
rather to negotiate an orderly t#dnsition
from primary reliance on fossil oll and gas =

) reésources to predomilnant use of cnergy seurces -

¥ not tled te finite fuel reserves, This report
describes the major -energy problem currently
facing the Unilted States, and propses™

. long-tex¥EEnergy strategy based on dneroased b

U.5, coal produetion., Mador envirenmepgal,
capital, and labor constraints affgcttﬁﬁ
coal demand and production arve discussed. .

- A model 1s fuily deseribed.

2
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Naiil, R.¥, -"Sysvem Dynamics BEnergy-Model." Trapsactions ot the American
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Neslear Soclety, Vol. 24, Neo. V19, P22, 1976,

P

« In this report a System Dynamies model of
Bdiscovery of U.8. patural gos is presented
_ng an example of the discovery process of
“natural resources.

2 13 i

&g " o
Rhan, R. Joel. "Louglrglm nynnmic Model of Encrgy Availabililicy

ithd Usd’ in the U,5." LLLaburgl Confercnce sm Modeling and Simulation,
1973apps 69=-73,
& L
ﬂhis paper deseribiey the uabumpLLunb
o = and preliminary results of a systematic
- modellrg effort to provide dlternative long-
R . term ploﬁictlonw of uvuilnbility and use of
; encegy n the U.8, The Sstem Dynamies
- methodology 18 used in creating a mulei-
b © loop feedback structure to determlne these
projectlons by conthuous gimulation in
thw~*“WAMO langungu.

R
Ly
e

Teele, J-v, "The Policy Effects Aualvsls Method: A s§bLLm Dynamics
Qimuquinn Study of the Defense Fuel Supply System.’ Report No.
p—51?9 The Ruud Curporution' Santa Mouieca, Californis, 1973,

ﬂhis Heudy anaiyses the fgsues regarding the

uﬁagu‘gaupply annd munngumcnt of jet fuels and
N © gviaclon gasolines as thew” af pet milicary
o operations.

T 1) i
£ oy

i

© The Environment o o

Aiiderson, J.IM. "“yapunfﬁlmuldLinn to Test Envivonmental Policy: ‘lhe
Eutrophication of Lakes." ﬁnvironmuntal LLCLLE, Vol. 3, No, 3, 1972.

e
=

i A siwpléémoJLl of nquann cyeling and oxygen
Q;onzynptiunaﬂs presented neing System Dynamics
a5 the modelling and simulauion technique,
%Ihc fatlurecof solucions to-remove nutrient
- c%énants in. some fe'rm is prlainud usilng bysLLms
concepts.
f»'}
Chnpmﬂn L.D., et al., ”anirnnﬁental Dynamics of Toxle Releases and
&mheir Tranbpan to Man,"” Proceedings of -the Pittbbuyg“ Cnnfurcnce
un%?udulling auu*SimulnLlon ]975. .

“ 4Sys (am_Dynami 28 modul ib presented whirh R
explores™ the long term distirlbutiown of
LrﬁnEdeniﬂBqulCdSLd to ‘the envireament.
o e R -
ik {M} ‘i;}; & A ‘ )




Jacobsen, J. Jay, © "A Dynamic Analysis of the Envirvonmental and Social
Tapacts of Coal Development Ln the Hastern Powder River Bagin of
Wyondng, '1960-2010." Repozt Neo DSD-32,- Thuygr School of Lngingcring,
Dar tmouth Syst;m Dynnmigs Group, lQVS. :

. - A8 a reault of the expressed national goal of
reducing oll and gas dmports, the U.S., coal
industry is trying to increase coal production,

e in particular by expanding the production

of strip-mined voal in western states. In an ;
¢ffort to understand and help resolve the

conflict ardsing from this increase in production,

g dynamle reglonal conl-developmént model of

the Eastern Powder River Basin was constructed.

- This report presents the model, and yses tha

‘ model to evaluate several alternative development

] I seenarios for the studied region, The report

@ ¥ gpecifilcally examines iarge-scale gasdification

S and electrical-generation development.

Peppard, L.E. "Computer Simulation Models for Deological Systems."
“Procnadings.gg the 1972 International Conference on Cybernetics and
Soclety, I-E.{E-E-; 1972, .

This paper presents some applicatlons of non-
S linear feedback modéelling techndques to the
_ " study of animal population dynamics. A state-
variable version of Forrestexr's System Dynamics
tachnique 15 used bo obtalpn models for the
_— growth of a single specles linmited by food
supply, competltion between two species, and
a predatar-prey relatlonship, Model behavior
- is compared with that observed of real speciles.

- 2.3 Water Resources

Grd g, Nelil S,, Bryson, Maurice C. '"Interactive Simulation for Water
System Dynamles.” ASCE Journal Urban Planning and Development
Division, Vol. 101, May 1975, pp. 77~92.

The uvrban simulation modeling techniques demonstrated
“by Forrester ¢an also be-applied to urban water
problems, particularly those concerned with
the economics of supply-storapge-use problems.
An example of a rate policy simulation study
for Fort Collins, Colorado is presented. The
flexdbdlity of the approach is emphasized but
the need for valid-data, as L4 all simulation
studies, 1s not understated. The modeling
" approach presented emphasizes an interactive
simulation, wiitten in BASIC language and run
on an office size minicomputer, avallable to : N

-10-




practleally any engincering offlec., Altough
thiig epse was restrleted to an urban water
Bupply gystem, the mecthodolopy should be
valid for many other englncering-economic
problems ng woll,

Pugh, Alexunder L., IIIL, Rabe, Frank T. "Systew Simulation to Asscss
Environmental Impacts of Water Resources Development,'  Summer
Computer Simulation Conforence, Montreal, Canada, 1973. - Available
from Simulation Council, Ine., La Jolla, Californla.

PLderl requirvements for cvaluating the environmental
Tonsequences of publie projects have created

an Inercasing awarences of the dnadequactes

of existing evaluatlve technlyues. Authouvs

are developing a comprehensive model for [
aggesslng environmental Lmpocts of water i
resource projects whiech addresses several -
major mathodologleal-weaknessess. The
model, based on system dynmaies, 1s composed
of six sectory: demography; industry; water;
land use; veerveation; and bilology. Lt

is intended to be a supplementary togl forv
the prepavation of environmental lmpact
statements. V.

Richardson, J.M, "A Model uf"InstiﬁuuionaL Behavior As A Component of
of Reglonal Watoer Quality Management," Case Western Reserve Unilversity,
Procecdings of the Pourth Annual Pittsburgh Conference on Modeling and
Simulation, Vol. 4, April 1973. =

This paper presents one of the components of
a larpger project whieh focuses on the problem
of long term cultural edtrophicatlon, The
} overall objective of the model described is
- to stimulate the behavior of the institutlons
iuvolved with the assessment of policy optlons
which arve avallable at the Federal level.

i~
N
4

2.4 Transportation and Telcecommunlesations

Beal, J.C., Peppavd, L.E, "MnlLidibLJpllnary Modelling of Telecommnlcations

in a Developlng Region." PruceLdings of Lhe Natilaonal Telecommunications
Conference, 1975,

The modelling techniquas known as Systems Dynqmics
have been employed to investigate thelr potential
use as p11nning tools in the study of tele-
communleacions in a dwloping region of Canada. -
A regional model of northwest Ontario has *

bggn constructed and extensively tested. In

-li-



caddition, wodels of two small communitics i -

within the vegion have been studled, The N
work 4s being performed by a multfdisciplinary

= geam from silx diselplines and the wodelling

coneept hag been found to be very usceful ag

o central foeus for thelr cefforcs, Some

dlscussion 18 Included on the use of these

. wodels and the quegtion of thely valldatlon,

' - o, -

Pajand, Jovir §. "Asscssing the Future of Alr Frdoght." Working Paper,
Program in Infrastreucture Plonning and Management, Depaviment of
Givil Engincering, Stanford Unlversicy, Stanford Ca., November, 1977,

e

This raport brelefly discusges the role of
ale cacge dn the euvrrent trangportation
gystem in the Unklted States, T6 then addroessged
the question of assessing the future role of
this mode of cransportation, and recommends
. the vse of conbinuous=-time roeurslve gyvstems
modeling for the gsimulation of different
componunts of the aiv freighe system; and
for the development of altevuative Futuie
seenarios whieh may vesult From difforent
peliey actions. A basle conceptunl
framewoik, Tor condue ting soch o dynamic
simulatlon {s presented wichin the context
ef the ade fyedight indusicy. Some research
o needs ave identifled wnd\\gnauucndud for e
further vegsearch. fThe pajer also dlscusses ’ N
the benefics, limltacions, pltfalls, and
prablems usually assoclated with lavpe-scdle
gystems models, and emphasizes the bienelits
of the exercise ag a learndng tool which
a s will enable the wser to expand his under-
ratanding of the freight movement system énd
7 the interactions between alternative assumptlons
ﬁ and systom behavlor patterns,
- Flovy, J.%,, Hunter, P,T., Meredith, AP, "Effect of Nation Transportation/
Energy Policy on Reglonal Trangpertation Phenomena." Simulation, 1977.

Most reglonal transportation modeling studies
have focused on microlevel phenomena operatcing
within the regien. In contrast, the wmodel
presented dn this poper utllizes a hierarchical
cabsnlity approach to examlne the fmpact of -
higher-level (i.e. national) policies on macio-
level reglounal transportation characteristies.
Specifically, the Indilvidaul and Joint) elfects
of national trends in gasoline prtcu,,tlansiL
funding, and fuel ecconomy of automeobiles ave
examined with respect to thelr influenée on
two Sacramento veglounal varlables: transit
B usage and transportabion fuel consumption.

The authors conclude that glven the uncercain

future of causal forces that are beyond the




o,

region's control (e.g., gesoline price), a
macrolevel analysis may be a more judicious
uge of limlced transportation plamnndng
resources.

Kane, J. "A Primer for a New Cross-Impact Language -- KSIM,"

Forecasting and Social Change, Vol. 4, 1972, pp. 129-142,

A new methodology/language has been developed
which gerves™to make available the worklngs
of cross-impact analysis to a much larger aud-
fenee in that no technical sophistication is
“required to become expressive in the new lang-
uage, Unlike the procedures developed by
Gordon, et al these methods stress the struct-
ural dynamica of the system, the geometry of
the linkages rather than vefining arithmetie
estimates of future probabilities. Howavern,
while qualitatively and subjectively oriented,
these procedures can be easily expanded to
any degree of precision, providing the data and
mechanlsms are sufficlently well known. The
key feature of this approach is that it allows
one to work with data of any level -- fvom
subjectivi estimates to highly precise physileal
meas urements ~- and the computer has the
character of logical projections of basic
hypothesi'| rather than dogmatic Imperatives
which i& the nature of miwch of present socilal,
econcmie, technological, and ecological modelling.

Technologleal

v

Mohlér, R.R. "lransportation Systems Dynamles.' Proceedings of the
International Confer;.ace on Cybernetics and Soclety, Boston, Hass.,

NovembEL, 1973, pp. 100-101.

The role of variable structures and adapLive

contr¥ol in transportation planning and in

traffic control 1s analyzed here. A state- _-3

wide skeletal model is formulated from the ~
. complex interactlons of tramsportation and
" .-  socloeconomlc processes. Control of this
complicated system is studied by means of
land=use planning, taxation and legislation.
Also, transportation as a control mechanism
for socioeconondce development iy introduced.
The need {91 adaptive traffic control, as it
affects alr pollution and transportation -
quality in general, is studled.
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Schellex, P, "Possibilities and Limits of Simulation by the Forrester
Systems Dyaamics Statement as a Method for Complex Systems Investipations
Exemplified by a Tryplcal Acrospace Transport." Technlsche Unilversity,
Berlin (West Germany), Inst., fuer Luft- und Raumfahrt, Report No.
IRL-16~1974, 1974,

The System Dynamlcs method was applied on the
gimulation of the management structure of the
German aixline company, Deutsche Liifthansa.
The desirability of introducing a new type of
alveraft (Alrbus) into an existing fleet was
investigated, Possibilities and limltations
of the simulation method in connectlon
with DYNAMOD, the problem orlented simulation
language used, are discussed. Advantages
of the system include great Flexibility, 5
good possibility of documentation, possibillity
y of very easy learning. However, DYNAMO does
! not allow interval intevventions and it does
not dispese of enough macros for representing
all of the world's (system) discrete
avents,

Sussman, J.M. "A Systems Model of the U.S, Railroad Indué%ry." Bulletin
of the Operation Research Society of Ameriea, Vol. 23, Supplement 1,
B/133~4 1975,

For over fority vears a cycle of decreased

market share, lowered profitability, de-

ferred maintenance, and poor service leading

to Eurther market share dereases has been

in effect. This research models the rail
industry and quality and cost of service
provided. The model is calibrated on historical
data and will be used to evaluate the effective-
ness of various industry“@nd government policies,

Taylor, A.J. "System Dynamics In Shipping." Operations Research Quarterly
- (Great Britain), Vol. 27, No. 1, 1976, pp. 41-56,

A system which exhibits time-varying fluctua- g
tions in measures which descrike its state '
-and which comprises inter-dependent feed-
back loops is likely to be amenable to the
modelling methods of system dynamics, The
shipping industry is analysed from this
point of view with the aim of identifying
its dynamic ckavacteristics and their causal
mechanisms, Examples are given of observed
dynamic behavier within and between trade

- sectoérs.
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U.8. Nepartment of Transportation, “Alternative Future Scenarilos For
the National Aviation System." DIrepared by The Futures Group and
Urban Systems Research and Englneering. Report 174-72-01 (Revised),
Federal Avistion Administration, 1975.

This study was directed at: 1) Dapicting a
plaugible range of future socloeconomic ,
scenarlos in the year 2000, which are likely

to effect future demand for air transportation,
and ways in which that demand will be met:

2) Describing alternative evolutions uvf the
U.5. Aviation System which are likely to emerge
from such condltionsy 3) Designing and
documenting analytic techniques for developing
those scenarios go that the F.A.A, (or other
appropriate agencies) would be able to duplicate
the results, and update them as conditlons
continue to change,

Vogt, W.G., Mickle, M.1, "Dynamic Simulation of Public Tramsit with
Application to Bangkok Bus Operations." HModeling and Simulation,
Vol. 5, 1974. pp. 721~726.

A general urban public transit model has

been developed usding systen dynamics;
computer gimulation runs u&ing Bangkok

data are presented, Various pelicies !
for achieving a balanced transpertation
system for Bangkok are tested. Sensitivity
analyses indicate that many of thL patiameteie
values assumed are insensiLLVL .D pu1iny
changes so that much of the data belagp..
collected in contemporary suudies *iumf-iittle
use, . .

Wakeland, ¥. "0SIN2: A Low-Budget Heuristic Approuch to Modeling and
Forecaseing," chhnological Forecasting and Social Change, Vol. 9
- 1976, pp. 213-229,

Thils paper contains a description of a simple
mathematical framework and modeling process
which can be used to studv a large clags. of
soclo~techno~natural gystems, Modelﬁml y be
designed using intultve notifons or dath to
help specify the varlables, parameters and
interrelationships, which with the aid of a
computer program, can be used to.forecast
system behavior under various assumptions.
Two example models are described.
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2.5

Urban and Reglonal Planning

Aragdl, J., Bueno, J.M., "System Dynamics and Civil Planning." ané (Spain),
Vol. 51, No. 7-8, July-Auguat, 1976, pp. 275-281.

The advent of the ecomputer changed the whole
outlook of enginggrs through the introductlon
of ideas on dynamic systems, system design,
the principles of modern control theonwy, the
systematic study of the coneept of feedback
and the application of these ideas to
traditional engineering problems and problems
of engineering management. By constructing
mathematical models to simulate the problem
requiving study, models can include factors
not readily grasped by the human deeision
maker; these ideas are now belng applied to
soclo-economic problems. This article disecusses
the methodology of system dynamdlces, the
symbols and the computer langunge used, and
us ‘an example deals with the application of
- this methaod to the problem of siting a large. .
" new industry in a relatively undeveloped arei.—

Bascom, S.E. et al, "Secondary Impacts of Transportation and Wastewater
Investments: Research Results." Prepared by the Environmental
Impact Center for tne U,§. Environmental PloLLctlon Agency, Report
No. EPA-600/5-75~013, July 1975.

This work concentrdtes on the interactions
among land use, highways, sewers, and housing.
Applications are made to four urban areas:
Denver, Mimneapoells - 5t. Paul, Boston, and
Washington,

Cordey-Hayes, M.C. "Dynamic Frameworks for Spatial Hodels.” Socio Economic
Planning Sciences, Vol. 6, 1972, pp. 365-385; :

!
Emphasizes the iﬁﬁortance of lategrating
dynamic simulation modelling with a serious
program of experimental research devoted
" -to the formal understanding of urban growth
processes.

Cossetfo, S.. DeJulio, S., LaBella, A. "A Dynamic Simulation Model of
% -the Residejitial Sector of Rome Province." Report No., R74-20, University
i Rome, Italy, July 1974. - ; .
"Attempis to bulld an integrated model of a
congested and still expanding urban area.
The methodology of systems dynamics has been
used. Tha(¥ain contribution of this paper is
~a general methodology for evaluating the model
- sengltivity with respect to parameter variations.
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Dickinson, Thomas E., Qchwikcz, Seymour, I. "Socloeconomic Impacts
of Rural Land Use Contrel: A Simulation Study." Journal of
Envirvonmental Svstems, Vol. 4, No., 4, 1974, pp. 279=-297,

The conversion of land for urban use 1s of

concern nat only at the urbgn:fringe, but

also in the rural hinterlands, where large R
tracts have been subdivided 4 sold te urban B
regldents for second homes hr Tor speculation.
To examine the consequences of policies for
controlling rural lard conversion, a systems
dynamics model of land use and the economy of
a rural California county was developed and
simulated, The additional effeécts of reduced
fuel avallability on the tourdst economy of
the county arve examined and the potential

‘dangets and benefits 6f applying simulation

me thods to the policy making process are
discussed.

Drew, D.R., Lal Chand Wadhwa, H, Paul, et al. "Simulation of the Bicol
River Basin Development, Philippines.” Modeling and Simulation,

Vol.

6, 1976, pp. 1137-1191,

_Arsystem dynamles model of the develepmental

planning vf the six-province Bicol reglon in
the Phili;plnes is explained. The model, which
consists ol about 1650 variables, is being used
to gimulate dévelopment alternatives in this
economically depressed region. Emphasis is
placed on the use of the model rather than

the methodology, Specifically, it is shown
how the user can evalyate the consequences of
alternative strateglies, policies, and programs
for promoting economic and social development.

Kgendel, Ezra §, "Social Indicators and Urban Systems Dynamics." Socio-
- Egonomie Planning Sciences, Vol, 5, 1971, pp. 387-393,

The urban resildent's perception of the discrepancies

between his aspivations and hig achlievements

may be concelved of as a rapidly responding H
indicator of urban life quality. This secial = - %
indicator, which is a multidimensional construct, :

t)man be estimated from freely generated citizen

) 0mpla1nt5, ‘questions, comments, behavior,
action, and go forth. A scheme is presented
in which Lheygerceived discrepancies sarve
as an error signal to an urban system which
attempts to reduce such errors. Complaints
and 'ques tions were followed dn time through
several components of the urban system and
selected process dynamics were estimated so
that changes in configuration and procedures
for Iimproved municipal performance could be-
come more apparent,
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_Mariariello, Jeseph A, '"Dynamic Benefit! Cost Analyais' Policy

i Evaluation in a Dynamic Uxban Simulation Model." Soclo-Economic
i Planning Sciences, Vol, 9,~1975, pp. 147-168.

Many social problems have characteristice that
make them difficult to analyze aceurately by
statlc methods. 7They are compléx, which

means that ‘cAuses and effects are manifold

and separated in time. When statlc benefit-
cost models are used ko cvaluate proposed
programs affecting these problem areas, they
may ledd us to poliey chodcees that are -
essentlally incorrect -- choices that may
actually make matters worse.

-

o) The simulation methodology has been applied
- to a typlcal urban (i.e. central city) area

for purposes of illustrating a comparative-
dynamie procedure for benefit-cost analysis,
Application of this methadelogy has produced Wi
insipghts into some' fundamental igsues of Y
benefit-cost analysis, particularly the
procedures for selecting a social discount
rate, incorporating uncertainty, and eéstablishing
boundary conditions for the modeling effort, )
These insights have been gerneralized for , el
applicatlon co the appraisal of sther complex
systems.

_ Murphy, J.i., Vogt, W.G., Mickel, M.H, “MeLropolitan Dynamies - A Model
of Urban, Suburban, and Rural Interactions." Modeling and Simulation,
val, 5, 1974, pp. 33-38, : f o

L ~
v o -

A Eystem Dynamics iwvdal of a nation, which
contalng both rural and urban arveas is
described. In the model, an urban area
conslsts of a central elty and surrounding
suburb, each represented by a modified
version of J. W, Forrester's Urban Dynamics
Model. Population flows are conserved within
the nation; fmmigration into the nation takes
place exogenously. Therefore, the availa-
bility of people migrating into the nation or
moving from the rural sector limits urban
immigtation.

R

5,

Plcardi, A.C. "kractical and Ethical Issues of Development in Traditional
Societies: Insipght from a System Dynamlcs Study in Pastoral West o

© Afriea,"  Simulation (U.8.A.), Vol. 26, No. 1, 1976& =

The results of- 4 ystem ynamies model are
presented and analysed and the conclision is
drawn that not &1l the desired objectives
for developing bhe region can be attained
csimultaneously. The fact that prgctical

e - “V e
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tradeoffs exlst leads to consideration

of some ethleal dssuce which may center into
o the choice of alternative development
poliedes. The prinedpal data source

for this study 1s the sahel and subdesert

g of Niger, north of Tahoula, where herdsmen
practice tradirienal animal husbandry -—-
soeeking pastures in the north during the
ralny season and deseending south toward

the agriecultural zones dn the dry’ season.

A set of soeven desirvable long~term objectives
i8 defined and polileles to achieve them are
glmulated, The simulation results indleate
definite tradeoffs pmong the deslrad objectives.
The exdstence of mutually exeluslve dttaln-
able objeetives leads to a consldervatlon

of the ethical issues involved in the cholce
Of alternate development pelocies.

i

Richardsan, John M., Jr, and Pelgoed, T. "™Regulation and Contyol ‘6f
Urban Environments: A Multi-Level Approach.” Systems Research
Center, Case Western Reserve University, Second Annual Piptsburgh
Conference on Modelling and Simulotion, Maveh 1971, '

An organlzation-envivonment model, combining
the Urban Dynamics and Hieravchiecal Multi-
level Systems approaches is proposed as a
basis for a "sclence of the artificdial
focusing on urban problems. In order to
combine the two approaches, a multie
echelon model of a politienl system must

i e be mocified to include infimal, supremal

" and overall performan criteria.

Schuck, Stephen K. "Migracion, Income and Public Policy in a Three-Region
Agricultural Eeonomy: A Simulation Model for Peru,” Stanford Ph.D.
Dissertation, June, 1977. '

The purpose of tiils research is to construct
“a simulation model of the Peruvian agricultural
economy that can Laclilitate the gtudy of the
wus - dnfluence of migration on reglonal economie:
development programs; and, through its use,
to develop a vecommendation for the general
orientation 8f Peruvian rural development
policy. The resulting medel simulates Peru's
W . _three geographic rveglons, each with a rural
e Lo ‘and  an urban seetor. Each rural sector
= is further divided into production activities
representing the prinecipal types of
agriculural practice (selected, as appropriate
for esll vegion from irrdgated crops, wvaine
fad wrops, and pasture). Each produttion

[l

= astivity, including urban production, has - T
iy’ own capltal stack, and esch rural o
- » ~44-
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White, ¥

Approach to Utban Flguning,’

il i

proeductdon ackivhty has o coprospendiag tpnd
mtoeks  habod g assumed to bo welatdvely

© {bug noe perfeckly) mobdie bedween rural
gecfots and Detween roegloms throuph axplieis
migeationds ~ Capital aceumulationy iand
devedopmedt; commodity prices; ndalnum
wagesy trefnvostneng cpted, ol trauspogd
and soedal duftastructure dovespments arg
mgsumed to be elements of deonomle polipy,
Data Yrom the 1960-1970 decade are used to
calibrate the model,

Lo, Prageon, Bajand, Jariy S., and Yrelght, Donald,

&

“ﬁyﬂ*gm Bynamles.

Journal of the Urban Planwias and

Development Division, ASCE, Yol 100, No. . UPEW Proge Paper 20388,

Mareh 1974, pr. 43-56,

o

Yorrestay cmploys Systan Pynamies sechrlqus
for modelipg complex, mulsiloop, feedback
systems ~= a technlgquae which he claing
bridges Lthe gap between enginecrlny and tha
social sciences += o Cransform his theovy of
the economle and demographic girowelh and
decay of a cdty into a computéyr models In
this papex both the modeling technique and

cdts specifie application to an urban avea
are consddered. Torvester usoes the urban
dynamicg wmodel to describe the "watural™
evolution of a cley and to test the effects
of various public poliecies on the urban

system, Simulation vesults and the disconcerting

policy recommendation Foyrester extracts From
them are considered. Tt Is concluded that
although the uvrban dynamics model s not
Ltself an accyrate veprosentation of a clty,
the potential of systems analysis “bn soclal
simulatjon 4s great.
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