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Transportation planning is based on the assumption 
that the distribution of land-uses determines the 

relations between them. With the help of appropriate 
models, it is possible to estimate the volumes which must 
be handled by the interconnecting transport links. The 
volumes, then determine the required quality of trans-
portation infra-structure. On the other hand, experts 
have pointed out, that the development of transportation 
infra-structure does have an impact on the distribution 
of land-uses and also, for certain trip purposes, on the 
number of trips. This kind of feedback — inconvenient as 
it may be — can indeed render previous decisions obso-
lete. It may very well happen, that actual volumes of new 
urban roads serving the city centre will be much larger 
than originally calculated, since the improved level of 
service generates an intensified location of certain 
land-uses in the city centre. The response of the trans-
portation planners and the politicians alike was mostly 
such, that they demanded further improvements in ser-
vice quality for the links concerned without being aware 
of the fact that, owing to this action, the negative feed-
backs would only be intensified. Instead of achieving a 
reduction in transportation, new and heavier volumes 
would be the result. This effect was observed in most of 
the cities of mid-west U.S A. The consequence was a 
drain of the city centres, first of residential land-use, and 
later on also of workplaces, since the growing difficulties 
in transportation increasingly aggravated the exchange 
of people and commodities between the city centre and 
the periphery. 

From the above, the question arises, whether one 
could not succeed in formulating a model which would 
make the growth and the distribution of land-uses in an 
urban region dependent on the quality of exchange-
relations in the whole urban area and in individual sub-
areas. Such a model could demonstrate and forecast this 
counterflow relationship which is not considered in grav-
itation models. 

Although this basic hypothesis of my simulation mo-
del cannot yet be verified statistically, it is very probable 
as soon as the inner relations of an urban region, owing 
to the increasing sectoral and spatial differentiation of 
urban land-uses, become more significant than its exter-
nal relations. In this case, the so-called `urban multi-
plier', i. e. the development of the external relations, will 
no longer solely determine the growth of a city — 
although is still being presumend by some new models 
which aim at the same objective. The hypothesis is also 
substantiated by the observation, that a growing number 
of urban development planners deliberately or intuit-
ively imply, that it is the spatial structure of a city which 
determines growth. Thus, for instance, the Hamburg 
economist Jürgensen once warned not to underestimate  

the significance of the internal urban land-use and spa-
tial structure for the growth of a city. The interesting 
aspect is, that while urban development planning is 
based on future economic growth, this is now seen to de-
pend largely on structural assets and not only on general 
national economic development which, according to 
previous practices of economists, has never been trans-
formed into a spatial structure. 

A model, which makes the development of urban 
land-uses dependent on interior urban exchange rela-
tions, must have two characteristics: 

1. It must of necessity be dynamic, i. e. include a time 
dimension, since we are confronted with land-use chan-
ges. 

2. The dynamic process must be inherent, i. e. the 
structure of the system itself determines its development 
and not some external factors. 

The first, and in my opinion, the only scientists to 
explicitly introduce these two concepts of dynamic into 
their models are two Americans, J.W. Forrester (Indus-
trial Dynamic and Urban Dynamic) and his assistant 
Meadow, who became noted for his so-called World 
Model ("Limitations of Growth"). 

I myself have adopted Forrester's dynamic simulation 
method for my model, but only with respect to format 
and not to its substance, since Forrester does not subdi-
vide the urban system into sub-areas and essentially 
considers an other problem, i. e. the question of vertical 
mobility versus horizontal mobility which is my field of 
interest. 

The general schematic of the feedback process shows 
that the internal structure of the land-use transportation 
system controls the changes of its elements. One distin-
guishes between level variables which together indicate 
the present state of the system, and flow values — the 
so-called rate variables — which show the absolute 
change of level variables per unit of time. Since it is of 
course not only the level variable illustrated here which 
determines its own change, but several other or all level 
variables are involved, the feedback-arrow was drawn as 
a dotted line. 

To construct the model we must first define and then 
combine all level and rate variables. In doing so, we 
distinguish between workplaces and residential land-use 
which, however, as far as the model structure is con-
cerned, differ only in detail from each other. 

The level variables always indicate the quantity of a 
certain land-use, both in the urban region as a whole, and 
in a given sub-area i 

For residential land-use, the rate variables are as 
follows: 

1. New residential population moves into the urban 
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region (NWG). 
2. New residential population moves into sub-area i 

(NWTI). 
This rate variable is composed of 
a) persons coming from areas outside the urban re-

gion, 
b) persons having migrated or having been displaced 

from other sub-areas.  

nor the empirical data, however, allow to differentiate 
between these two categories. 

Next, the feedbacks, i. e. the values of the rate varia-
bles must be determined hypothetically. This is done by 
means of so-called determining factors which must be 
composed of the level or other rate variables respective-
ly. To illustrate the two most important determining 
factors, let us look at the rate variable `new residential 
land-use moves into sub-area i'. 

Land-use pattern with given 

system of relations within a 

defined study area 

(Dynamic Land-uselTranspor-

tation System) 

Level of land-use, i, e. 

number of land-use ele-

ments in each sub-area or 

in total study area 

Fig. 1 — Schematic of feed-back process 

3. Residential population migrates from sub-area i 
(`voluntary' migration AWT1) `Voluntary', however, 
does not imply that there are no social pressures. 

4. Residential population is displaced from sub-area i 
(`forced' migration VWT1). `Forced' migration means, 
that one land-use is displaced from a sub-area by another 
land-use which is socially more powerful and curtails its 
former share of land. 

5. Natural growth of residential population in sub-
area i (NET1). 

6. Residential population leaves the urban region 
(AWG). 

The rate variables for workplaces are of the same 
tenor, with the only exception that now there is no 'natu-
ral growth'. This is not quite correct, since the location of 
workplaces depends on whether an enterprise is already 
in the sub-area concerned or not, i. e. whether it is a 
newcomer or wishes to expand. Neither the theoretical 

We consider two land-uses (residential and work) and 
the relationships between them (commuters). More-
over, it is assumed that the land-uses are distributed over 
three sub-areas, and that the workingplaces are socially 
stronger and thus able to displace residential land-use. 
The feedbacks are then as follows: 

1. All level variables have a two-fold influence on the 
determining factor `accessibility' (E, ): 

(i) in a direct manner, via the relation between the two 
land-uses, 

(ii) indirectly via the loads on the transport infra-
structure which, in turn, influence spatial interaction 
(deterrence function, wIi —'). Thus, accessibility is a 
measure of the present quality of the spatial ralations of a 
particular sub-area with respect to the exchange-process 
between land-uses. It may adopt values ranging from 0 
to 1, 1 indicating optimal conditions of exchange. Since 
we have only one relation, value Ei (B) for the relation is 
equivalent to value E, (F) for the land-use. 

2. The quantity of residential population in sub-area 
1 (W)1 , minus the number of residents prepared to mi-
grate from sub-area 1 (AWT1), yields the present total 
area demand for housing in subarea 1 (GN1). Total 
demand, GN1, in turn, represents the area factor 
(RF(F)) which signifies the additional growth potential 
due to available residential land reserves. This factor, 
too, may range between 0 and 1, 1 indicating optimum 
growth potential. 

The area factor (RF(F)) is furthermore influenced by 
the proportion of land assigned to residential use in 
sub-area 1 (RA1(F)) which is constantly threatened by 
possible displacement through workplaces. Furthermore 
it also depends on the value assigned to available resi-
dential land in the eye of demand, i. e. on what is known 
as `potential' which indicates the quantity of attractions 
(in this case represented by workplaces). No matter how 
large the area, if there are no attractions, the area factor 
will still be O. 

3. The determining factors accessibility, area factor, 
and the absolute quantity of residential land-use in sub-
area 1, now control the value of the rate variable `new 
residential population moves into sub-area 1', using the 
absolute number of residential population as weight or 
agglomeration factor. Presenting only this one rate va-
riable demonstrated the variety and complexity of feed- 
back processes. In the following our task will be to de-
termine, for each individual rate variable, the depen-
dence on its determining factors. Thus, we shall arrive at 
the basic hypotheses of the simulation model. 

1. DETERMINING FACTORS AND BASIC 
HYPOTHESIS FOR THE RATE VARIABLE 

`NEW WORKPLACES MOVE INTO THE 
URBAN AREA' (NAG) 

The rate variable `new workplaces move into the urban 
area' is controlled by the weighted total accessibility. This 
is the sum of the accessibilities of all individual sub-areas 
and describes the quality of interrelationships within the 
urban system. Weighting will include both the relative 
quantity of land-uses in each sub-area and its area factor, 
i.e. the indicator for land which is still at disposal. It may 
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W i 

Residential popu-

lation in sub-area i 

VIIT i
i  to other sub-area i 

Legend of rate variables: 

to outside 

urban area 

to other sub-area i 

AWT 

NWG 	= new residential population moves into urban-area 

NWT. 
i 
	new residential population moves into urban-area i 

AWT. 	= residential population migrates from sub-are i (voluntary migration) 

VWT i  residential population is desplaced from sub-area i (forced migration) 

	

NET. 	= natural growth of residential population in sub-area i (difference 

	

1 	
between births and deaths which, unlike all values of other change 
variables, may also be negative) 

	

AWG 	= residential population leaves urban-area 

Fig. 2 — Model structure (for residential population) and combination of rate variables for a given sub-area. 
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Legend of rate variables: 
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NATi  = 

AATi  = 
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AAG = 

new workplaces move into urban area 

new workplaces move into sub-area i 

workplaces migrate from sub-area i (voluntary migration) 

workplaces are displaced from sub-area i (forced 
migration) 

workplaces leave urban area 

Fig. 3 — Model structure (for workplaces) and combination of rate varables for a given sub-area 
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Fig. 4— The complex influence of all level variables of the system on the rate variable NWT i (new residential population moves into 
sub-area 1) 
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happen, for example, that a land-use which is primarily 
concentrated in the city centre and has a comparatively 
high accessibility, is assigned a lower weighted total ac-
cessibility, if land reserves in the city centre are small. We 
shall see, that this is a very important fact to be considered 
in the model. 

The first basic hypothesis now reads as follows: 
The higher the total accessibility of workplaces in an area 

(it may also adopt values ranging between 0 and 1), 
weighted by area factors, the higher will be the percentage 
of gross growth within that area. 

In combination with the present absolute quantities of  

land-uses in the urban area (level variable) the rate va-
riable `new workplaces move into the urban area', can be 
determined for each period of time. 

This hypothesis does not apply to the corresponding 
rate variable for residential land-use. Since in a closed 
system the number of employees must always be equiva-
lent to the number of workplaces, the quantity of new 
residential land-use will only be calculated at the end of 
overall balancing. 

Since the following hypotheses apply to both residen-
tial land-uses and workplaces, there will no longer be any 
differentiation between them. 

Ai  or [ 
W i j 

Workplaces for land-use 

F in sub-area i 

[Residential population 

in sub-area il 

additional 

land-use 

quantity 

v iz. Equ. 30 for 
interrelationship 

between NAT. 

[NWT.] and EDM. (F) 

/ EDM.(F) 

Observed 

relative 

determinant 

development 

23 

I 

d 	E.(Z) 	Time-lag 

GEWZ(F) (Z=1-LQ) 

(Z=1-LQ) 

Fig. 6 - Relationship between rate variables NATi  and [NWTi ], resp. and their determining factors 

GNi(F) 
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2. DETERMINING FACTORS AND BASIC 
HYPOTHESIS FOR THE RATE VARIABLE 

`NEW LAND-USES MOVE INTO A 
PARTICULAR SUB-AREA i' (NAT. AND NWT i , 

RESPECTIVELY) 
We have already discussed the determining factors. 

Accessibility, area factor, and present absolute quantity 
of land-uses are combined, by multiplication, to so-
called development determinants. Then the hypothesis 
reads: 

The higher the relative development determinant of a 
sub-area, the higher will be the proportion of the quantity 
of land-usés to be established in the urban system.  

3. DETERMINING FACTORS AND BASIC 
HYPOTHESIS FOR THE RATE VARIABLE 

`LAND-USES MIGRATE FROM SUB-AREA i' 
(VOLUNTARY MIGRATION, AATi AND AWTI, 

RESPECTIVELY) 
`Voluntary' migration depends solely on the accessibi-

lity of a sub-area. The hypothesis reads: 
The higher the accessibility of sub-area i for a given 

land-use, the lower the proportion of `voluntary' migra-
tion from the sub-area considered. 

The rate variable can be calculated for each period of 
time together with the present absolute quantity of 
land-use in each sub-area. 

Fig. 7 — Relationship between rate variables AATi and [AWT,], resp., and their determining factors 
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4. DETERMINING FACTORS AND BASIC 
HYPOTHESIS FOR THE RATE VARIABLE 
`DISPLACEMENT OF SOCIALLY WEAKER 

LAND-USES' (`FORCED' MIGRATION, 
VAT,, VWT,). 

The quantity of a displaced land-use depends on its 
own degree of land-occupancy and on the degree of 
land-occupancy of other uses which are socially stronger. 
The degree of land-occupancy for each land-use and 
sub-area is defined as the ratio between total land de-
mand and the corresponding land supply. The hypothe-
sis reads: 

The higher the degree of land-occupancy of a socially 
stronger land-use, the higher will be the quantity of dis-
placed land-uses, of a socially weaker nature, provided 
that these have exhausted their share of land and total land 
within the sub-area cannot be extended. 

The arguments for this hypothesis lie in the fact, that a 
high degree of occupancy limits further growth. Power-
ful land-uses will therefore attempt, at the expense of 
other land-uses, to increase their share of land in attrac-
tive sub-areas. In our economic and social system this is 
done via the price of land. 

Fig. 8 — Relationship between rate variables VAT , and [WTI ], resp., and their determining factors 
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Time-lag 

5. DETERMINING FACTORS AND BASIC 
HYPOTHESIS FOR THE RATE VARIABLE 
`LAND-USES LEAVE THE URBAN AREA' 

(AAG, AWG, RESPECTIVELY). 
The rate variable `land-uses leave the urban area' is 

determined by the total accessibility of the system. How-
ever, there is no weighting by use of area factors as was 
the case when dealing with new land-uses. Thus, it is  

assumed that, as for `voluntary' migration from sub-area 
i, the area still at disposal has no influence on the rate 
variable `land-uses leave the urban area'. The hypothesis 
reads: 

The higher the total accessibility of a land-use within the 
urban system, the lower the proportion of migrants sumul-
taneously leaving the urban area out of each sub-area. 

Cr—
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Fig. 9 - Relationship between rate variables AAG and [AWG], resp., and their determining factors 
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6. THE RATE VARIABLE `NATURAL 
DEVELOPMENT OF THE RESIDENTIAL 

LAND-USE' (NETS ) IS AS YET NOT 
INCLUDED IN THE FEEDBACK-PROCESS AND 

IS DETERMINED INDEPENDENTLY 
BY MEANS OF REGRESSION ANALYSIS. 

Two other important variables have also not yet been 
considered in the feedback-process: 

Area demand of transportation infrastructure and 
commuter mobility. There are, however, no difficulties 
to integrate them at a later stage. 

For the simulation model the hypotheses are now 
transformed into mathematical functions. These func-
tions must be calibrated, and for this, additional 
investigations are necessary. I should emphasize, how-
ever, that it is more important to combine the hypotheti-
cal interrelationships into a model of the complex social 
urban system than to endulge into extensive empirical 
analysis. This is the only way to analyse feedback phe-
nomena, even if they do not exaxtly correspond to reality 
as far as their quantities are concerned. 

Transportation system 

Land-use patterns and 
transportation volumes 

(Land-use/Transporta-
tion System) 

Land-use patterns 

Evaluation of each 

transportation link for 

each trip purpose 

(Wig-I  - 	values) 

Calculation of accessibi-
lities and potentials for 
each trip purpose and 
land-use 

N 
Calculation of 
rate variables for each 
land-use, 	the total 	area 
and all 	sub-areas, taking 
into account zonal 	capa- 
cities 

Calculation of additional 
or reduced transportation 
volumes between the sub-
areas for each trip 
purpose 

1 
Political 	and planning 
actions viz-a-viz the 
urban land-use/trans-
portation system 

Fig. 10 — General schematic of model sequence 
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Next, let us have a look at the general model sequence. 
1. In a first step, the individual transportation links 

between the sub-areas are evaluated for each trip,pur-
pose. The value factors wig  -' are a particular function of 
distance. 

2. By means of the value factors, we now calculate 
accessibility and potentials (i. e. the determing factors) 
for each trip purpose and land-use. A more detailed and 
closer mathematical description would be too extensive 
here. 

3. In a third step, the rate variables for each land-use, 
the total urban area and each sub-area may be deter-
mined while considering area capacities. The required 
hypothetical interconnections, have been explained 
above. 

4. From the new quantities of land-use, which were 
determined by overall balancing, the additional or re-
duced quantities of transportation demand between the 
sub-areas can be estimated for each trip purpose. This is 
done by LEONTIEF's multi-regional input-output mo-
del, which is based on a concept of gravitation. 

5. In a fifth step, there is the possibility to introduce 
political and planning interference into the land-
use/transportation system. This can be done on the basis 
of the results obtained in steps 1-4. After this, a simula-
tion period (e. g. one year) is terminated, and one may 
start again with step 1 (evaluation of transportation 
links) for the next period. 

A closer observation of step 1 (evaluation of transpor-
tation links) shows the necessary parameters and sup-
plemental functions which are not or only partially inte-
grated into the feedback procedure. For the greater part, 
these are subject to changes in the course of political and 
planning interference into the system. Among these are: 
the commuter mobility, public-transport travel times, 
additional travel times, e. g. for finding a parking space 
etc., number of lanes of a given type of urban roads, 
number of passengers per automobile, number of peak-
hours per given trip purpose (in this context, staggering 
of work hours comes into play) and last not least the 
parameter, u, of the deterrence function. Another func-
tion relates to modal split; this is, however, partially 
integrated into the feedback-process, since it depends on 
automobile travel times. 

The actions mentioned in connection with step 5, 
however, not only relate to transportation but also to 
direct measures aimed at influencing urban growth and 
distribution of land-uses. Thus direct influences can be 
exerted on the parameters of the rate variables, e.g. on 
mobility in relation to land-uses or on potential displace-
ments. In addition, land-use policies may be intro-
duced to correct the distribution of land-uses generated 
by the determining factors, or to control total growth. 

Our next task is now, to find out how urban develop-
ment proceeds on the basis of the simulation model. 
Doing this, we are able to examine the effect of certain 
measures, i. e. parameter changes. Criteria for this are 
individual accessibilities as well as the non-weighted to-
tal and total accessibilities weighted by the area factors. 
Unweighted total accessibility indicates the qualitative 
development of the exchange situation within the urban 
area; weighted total accessibility indicates growth poten-
tial of individual urban land-uses. To facilitate the analy-
sis, a so-called entropy-factor is introduced which indi-
cates the degree of concentration or deconcentration of 
the land-uses. The entropy-factor, may also adopt values 
between 0 and 1, value 1 signalling the highest concen-
tration of a certain land-use which is weighted by its 
accessibility. 

For the simulation there are the following require-
ments: 

Fig. 12 — Schematic of land-use / transportation system used in 
test examples 

We assume a fictitious land-use/transportation system 
including 5 sub-areas, a city centre and four decentral-
ized sub-areas (sub-centres). Thus, we have a monocen-
tric urban region, i.e. there is only one dominating city 
centre. 

Not counting internal relations, the 5 sub-areas imply 
20 possible relations for which 16 links of the transporta-
tion network are available. Among these, there are eight 
tangential links, which directly interconnect the sub-
centres and 8 radial links, which lead to or away from the 
city centre. 

Two land-uses are distributed over the sub-areas — 
residential and workplaces— which are connected by one 
relation, e.g. home-to-work commuting and v. v. With 
reference to the exchange process, workplaces are sup-
ply land-use (if offers places of work) residential land-
use represents demand (for workplaces). 

The initial situation for the simulation is as follows: As 
in all simulations, the level variables must have initial 
values. We assume, that both land-uses show a relatively 
high concentration, but that the concentration of work-
places is considerably higher. 

The area capacities are such that there will soon be a 
shortage of land in the city centre, whereas there are 
sufficient land reserves in the sub-centres. Zoning in the 
city centre corresponds to the initial occupation. 

Now the parameters for the calculation of the rate 
variables must be defined. Considering displacement, we 
assume, that the workplaces are the socially stronger 
land-use type. When land-occupancy in the city centre 
reaches .87, displacement in the city centre begins. 

For the spatial relations among the sub-areas, the 
modal split ratio (it is not yet integrated into the 
feedback-process) and the value factor, u, for the travel 
time must be determined. In the first example, u, has 
been assigned a relatively large value, i.e. there is little 
resistance against covering large distances. This means, 
that spatial restrictions against the division of labour are 
small, the dynamic of the system and with this, growth, 
are, however, very high. Next there are statements con-
cerning the above parameters of transportation demand, 
transportation supply and land-use programs. We as-
sume that there are no land-use programs, i.e. no 
additional interferences into the system on the part of 
the government. 
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Finally, statements are required concerning the simu-
lation period and the reaction time following changes in 
the system structure, the so-called time-lag. The simula-
tion period is 20 years, the time-lag is 7 years. 

Results of the simulation and interferences into the 
system 

With the initial conditions as described above, the first 
simulation run yields the following result: 

Considering total accessibilities, weighted with the 
area factors, there are four phases of development. (X = 
workplaces, r = residential land-use, 0 = average of 
workplaces and residential land-use, which for the pur-
pose of simplifying the test examples also represents 
total growth): 

1. The phase prior to displacement, i. e. prior to the 
intensified deconcentration of residential land-use. Du-
ring this phase, the extension of workplaces is restricted 
as their share of land in the city centre has been utilized. 
Unweighted total accessibility remains relatively high, 
since there are sufficiently large transport capacities. 

2. The phase of intense deconcentration of residential 
land-use due to start of displacement. As more decentra-
lized areas become involved in the exchange process, 
there is an increase in the chance of growth, i.e. the 
weighted total accessibility of residential land-use. 

Through displacement, workplaces can compensate 
for their loss of growth potential. 

Although volumes on the radial transportation links 
increase, there is, on the whole, no major reduction in 
total accessibility as yet. 

Phase 2 is characterized by the fact, that additional 
area potential temporarily safeguards the further growth 
of residential land-use (at the periphery) and of work-
places (through displacement). 

3. During the third phase of development, the advan-
tages of a larger land supply at the periphery are to a 
certain extent diminished because of growing volumes 
on the radial links. Weighted total accessibility is re-
duced more. In addition to growing volume-capacity 
ratios on the transportation links, increasing area restric-
tions against workplaces in the city centre may come into 
play as soon as further displacement of residential land-
use is no longer possible. As regards workplaces, we no-
tice a higher loss in growth potential. The reason for this 
is the extremly long time-lag. A delayed response to 
structural changes results in excessive growth in favour 
on the city centre, thus prolonging the phase of structural 
redesign. 

Therefore phase 3 is characterized by the fact, that a 
future structural redesign is being prepared, i.e. the 
deconcentration of workplaces, in order to escape from 
restrictions in both land-use and transportation capaci-
ties. The entropy curve shows how abruptly the spatial 
restructing is being initiated. 

4. The preparations for restructuring during phase 3 
now enable a regeneration of accessibilities as well as of 
chances of growth, i. e. of the total accessibilities weigh-
ted with area factors. We denote this development pe-
riod as regeneration phase during which the exchange 
process increasingly moves to the tangents of the urban 
system, where there are still sufficient area and transpor-
tation capacities. 

If one assumes a higher deterrence of distance, i. e. 
larger spatial restrictions against interchange, the four 
phases of development cannot be so easily distinguished. 
There is not such an intense restructuring, in particular, 
phase 3 blends fairly direct into the regeneration phase 
(4). Displacement of residential land-use is also consi-
derably smaller. This is, however, done at the expense of 
reduced growth, i. e. a lesser system dynamic. 

Going back to the example based on low sensitiveness  

to distance, we shall now examine some measures which 
might be employed to prevent losses of accessibility and 
growth. 

Firstly, transportation supply on the radials is im-
proved, at the beginning of phase 3 (year 10) by increas-
ing the modal split ratio from .333 to .5. 

The consequence is, that losses of accessibility (cf. 
unweighted total accessibility) can be reduced over an 
extended period of time. This, however, prevents an 
early preparation of restructuring in favour of work-
places in the sub-centres, i. e. displacement in phase 2 
will be strongly intensified, so that in year 13, when 
further displacement is no longer possible, area restric-
tions for workplaces come into full effect: Major losses 
of growth are unavoidable. Preventing one early nega-
tive feedback (congestion on the transportation links) 
has initiated another negative feedback (area restric-
tion) at an earlier stage and with much greater intensity. 

Now one might think of additionally increasing the 
area within the city centre (from 100.000 to 150.000) in 
the year 13. The consequences are disastrous. The mea-
sure relatively quickly leads to another strong reduction 
of accessibilities and growth potentials since a further 
concentration of workplaces in the city centre rapidly 
absorbs the additional radial transportation capacities. 

Instead of enlarging the central area, one could initiate 
a land-use program (along with increasing the modal 
split ratio) which would influence, beginning with the 
year 10, the distribution of workplaces in favour of the 
sub-centres. 

The result shows that, although losses in growth po-
tential are being reduced, from year 15 onwards another 
major drop in the Unweighted total accessibilities can-
not be avoided, since total growth will be higher: A new 
negative feedback of the system in terms of volumes 
versus the existing transportation capacities. The nega-
tive feedback will have an even stranger effect on area 
restrictions against workplaces in the city centre, with 
the result that, in year 14, the weighted total accessibility 
will again decrease, once displacement of residential 
land-use is no longer possible. 

To avoid this negative feedback, let us now try to 
exercise an additional influence on migration of city-
centre workplaces, and on the timelag. Increasing migra-
tion of city-centre workplaces aims at launching an early 
deconcentration of workplaces (in phase 2 already), 
while shortening the time-lag (from 7 to 2 years) intens 
an early adjustment to changing realities and thus a 
reduction of overall growth. Both measures relieve the 
city centre. Since despite or even because of these mea-
sures overall growth might again be too large, involving 
new negative feedback effects, there will also be a re-
strictive policy concerning overall growth from year 10 
onwards. The result shows, that now the most important 
negative feedbacks of the system have been eliminated: 
phase 3 merges continuously into regeneration phase 4. 
The entropy curve shows the continuous deconcentra-
tion of workplaces (weighted by accessibility). We have 
outwitted the system. 

The example proved that, with the help of appropriate 
interferences into the urban system, major losses of ac-
cessibility and growth may be avoided. Individual mea-
sures alone, however, are insufficient; it is imperative to 
employ whole packets of measures, where the individual 
components offset the negative feedback of others, i. e. 
where all measures are carefully coordinated. This is a 
basic concept, which was already distinctly emphasized 
by Forrester. 

The examples, however, also show that measures are 
required which, in our economic and social system are 
difficult to implement i.e. for which there is no political 
means. In this context, I venture to say that we are 
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confronted with a barbarian form of society which, is 
capable of constructing and using sub-ways and other 
modern means of transport, but unable to exert a pur-
poseful influence on mobility and growth and other so-
cial and economic phenomena of our time. 

It has now been attempted to calibrate the model for 
forecasting purposes on the basis of development data 
for the city of Zurich between 1955 and 1965. The result 
of this forecast for the individual sub-areas — measured 
by the deviation of calculated from actual development  

after a period of 10 years — (viz. Fig. 20-23) is not yet 
fully satisfactory. Several reasons are responsible for 
this: insufficient data basis, inappropriate zoning, miss-
ing variables of influence, a partly too high degree of 
aggregation for the variables used, a too small number of 
interrelations considered (job and retail commuters on-
ly), defective model construction. Should it be possible 
to work out the required modifications and to improve 
the data basis, more reliable forecasting can be achieved 
in the future. 
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Industrial land-use, year 10 
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Fig. 20 — Comparison of actual and forecast development of residential land-use at low distance sentibility (Simulation la) 
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Fig. 21 – Comparison of actual and forecast development of industrial land-use at low distance sensibility (Simulation la) 

582 



E
MI  ).8) — 2.00 

> 2,00 

1111 11111 0,01 — o.zo 

<o 11[111111[ 

Reproduction by permission of Swiss u^.° Topographic Office, 15-7-1976 

Overestimated sub-areas 8Fi 	(F) 	>1 

1.01 —1,20 ).4) — 1.60 

)`2) — 1`40 — 1,80 1,61 

Zl Sub-areas showing negative development 

Underestimated sub-areas 	8Fi 	(F) <1 

0.81 — 1,00 0.4/ — 0.60 

— 0.40 0,61 — ».»» 0.21 

ng. o— Comparison m actual =nd forecast development of retail land-use at low distance sensibility,  (Simulation / a) 

583 



Reproduction by permission of Swiss Stole Topographic Office, 15-7-1976 

Overestimated sub—areas 

— 1,20 

— 1,40 

B F 	(F) 	>1 

1,01 1,41 — 1,60 1,81 	— 	2,00 

1,21 1,61 — 1,80 > 2,00 ........ 

Sub-areas showing negative development 

Underestimated sub-areas BF; (F) <1 

0,81 — 1,00 

0,61 — 0,80 111111111111 

0,41 — 0,60 

0,21 — 0,40 

MOE 
1111111111' 

0,01 — 0,20 

< 0 

Fig. 23 — Comparison of actual and forecast development of administrative land-use at low distance sensibility (Simulation la) 
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