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AN APPLICATION OF TOPAZ TO LEEDS 

1. Introduction 

This paper is concerned with work undertaken for the 

International Study Group on Land Use Transport Interaction 

(ISGLUTI) which is coordinated by the Transport and Road Research 

Laboratory. In Phase I of the study computer models which 

represent the interaction between transport and land use have 

been used to examine the effects of an agreed set of policies. 

While this has produced interesting results, the models were 

applied to different study areas, and this made it difficult to 

distinguish between the effects of different model formulations 

and the effects of the study areas themselves. Therefore, in 

Phase I1 of the study, models and data sets are being exchanged 

so that results from a number of models applied to the same study 

area can be compared. This paper describes ole contribution to 

this part of the study in which the TOPAZ model developed at 

CSIRO in Australia has been applied with data from Leed;. This 

makes possible comparisons with results from the LILT model 

(Mackett, 1979) which has been extensively applied to Leeds. 

In Section 2 the TOPAZ model is describad briefly. This is 

followed by a discussion of the data used in the a?plication to 

Leeds. Section 4 describes the results of running the mods1 with 

this data. Section 5 presents the results of varying certain 

inputs of the model in order to examine its sensitivity to such 

changes. In Section 6 the effects of the application of some of 

the policy tests dsvised for ISGLUTI are considered in relation 

to a base run of the model. The results from TOPAZ are also 

compared with those from the LILT model. The final section draws 

some conclusions from this work. 

The TOPAZ programs, test data and documentation were supplied by -. . 

Dr. Ron Sharpe of CSIRO to whom thanks are due. The description 



of TOPAZ in Section 2 is based on that given in the TOPAZ82 User 

Manual (Sharpe et al, 1983). Or. Sharpe also provided some 

demonstration runs of TOPAZ on Leeds data, and answered several 

queries about the implementation of the model. The demonstration 

runs were successfully replicated here using the University of 

Manchester Regional Computer Centre's CDC 7600 computer which is 

similar to that used by CSIRO. All of themodel runs described 

here were also undertaken on that computer. 

2. A Brief Description of TOPAZ 

TOPAZ (Technique for the Optimal Placement of Activities in 

Zones) has been under development at CSIRO in Melbourne since 

1969. A fuller description of TOPAZ and some selected 

applications can be found in Brotchie et a1 (1980). TOPAZ is a 

general technique which has been applied at a variety of scales 

such as the planning of individual buildings and the planning of 

urban areas. It is ths latter field of application which is of 

interest here and to which the following description relates. 

The model is conceptually simple. It produces an allocation of 

land using activities (such as housing, industry, shops and so 

on) to a set of zones which minimises both the costs of 

establishing those activities and the costs resulting from the 

interactions between them (that is, travel costs). It is the 

incorporation of both land-use and transport elements that makes 

the model of interest to the ISGLUTI study. As TOPAZ is 

basically an optimising (prescriptive) model it is, however, 

rather different from most of th? other models involved in the 

study, which are fundamentally predictive. This distinction is 

not necessarily clear cut, though, as has been pointed out by 

Sharpe et a1 (1981) and as will be seen TOPAZ can incorporate 

predictive elements. 

,-, . 
In this application, a recent and not yet fully developed version 



of TOPAZ, TOPAZ82 has been used. TOPAZ82 takes account of 

activities already existing in zones and also allows these to be 

removed (that is, demolished). It does not however include modal 

split, assignment, air pollution or other sub-models which have 

been included in earlier versions of TOPAZ. 

Following the notation of Sharpe et a1 (1983) the main variables 

of TOPAZ82 are as follows: 

- e.. - 
I J  
s - - 
i k  

planned level of activity i including existing 

developvent. 

unit cost less benefit of incrementing the level of 

activity i in zone j. 

cost less benefit per unit of interaction between 

activity i in zone j and activity k in zone . 
unit cost less benefit of decrementing the level of 

activity in zone j. 

level of activity i existing in zone j at the start. 

level of interaction between a unit of activity i and a 

unit of activity k (assumed to be independent of zonal 

location of the activities). 

s. A. /Ak. 
l k  1 

level of interaction or flow between activity i in zone 

j and activity k in zone 1. 

amount of activity i to be allocated to zone j. 

amount of activity i to be removed from zone j. 

capacity of zone j including existing development. 

The model itself may be expressed mathematically, again following 

Sharpe et a1 (1983), as follows: 

Z = Mi 
't,x,y fjkl 'ijkl 'ijkl + ij G b.. IJ x. l j  

+G d . .  y .  
ij 1.l 15 (1)  

subject to constraints that: 
.-. . 



(i) trip origins and destinations are given by trip generation 

and attraction rates applied to final activity levels, 

- s (x.. - y.. + e 1 = 0 Wijk 
Tijkl ik 1j 

1 1.J ij 
(2) 

- r. (xkl - ykl + e I = 0 
zTijkl ik kl 

Wikl ( 3 )  

j 

(ii) each activity is fully allocated, 

(iii) each zone's capacity is not exceeded, 

and (iv) optional solution constraints. 

0 6 [xijImin I X.. I (x. .I max 
1.l 1.3 

( 6 )  

0 5  [y..). 5 y . .  6 
I.J mln 1.1 (yijImax e .  lj 

(7) 

0 4 (TijklImin 6 Tijkl 6 [Tijkllmax (8) 

The final set of constraints can be specified to suit the 

application or to examine the effects of a particular policy. 

The problem specified by these equations is solved by linear 

programming. In order to make this manageable in terms of 

computer resources the problem is decomposed into a master 

problem concerned with the land use allocations only and a 

transportation sub-problem in which the land-use pattern is 

fixed. 

An important extension of TOPAZ82 is to incorporate a gravity 

type trip distribution model of the form given by Wilson (1970): 
-. . 



This introduces a predictive element into the model, the 

objective function of which is now given by: 

+ C (Tijkl "ijklCijkl ijkl 
(log Tijkl)/ Bikl (10) 

ij kl 

As 6 tends to infinity so the solution reverts to one based on 

minimum transport costs. (In fact, the model treats any value 

greater than 99.0 as infinite thereby producing a minimum cost 

solution.) A further option available is to introduce different 

weightings on the various components of the objective function. 

The model may also be interpreted as a game between two players, 

one player (the planning authority) optimising the land sub- 

problem and the other (the travelling public) optimising the 

transportation problem. Different solution methods aay be 

adopted to simulate the 'players' acting compstitively (leading 

to a Nash equilibrium solution) or coopsratively (which leads to 

a Pareto optimum solution). TOPAZ82 is the first version of the 

model to incorporate a Pareto optimun solution. Further details 

of this can be found in Sharpe et a1 (1983). 

3. Data Requirements 

This section describes the data requirements of TOPAZ82 and the 

ways in which these were met in the application to Leeds. In 

fact relatively -little data is necessary to run the model and 

much of this is also used by the LILT model. Wherever possible, 

therefore, the categories and data used by LILT have been adopted 

for TOPAZ which, apart from being convenient, helps in making the 

results from the two models comparable. However, in some 

instances, mentioned below, data required by TOPAZ82 is not 
- .  

readily available for Leeds. 



One of the first steps to be taken in an application of TOPAZ is 

to decide on the zoning system and on the activity categories to 

be located. In the application of LILT to Leeds there are 28 

internal zones and 12 external zones. The model only locates 

activities within the internal zones, and these alone have been 

used with TOPAZ. In order to keep the application fairly simple 

and thus to permit a reasonable n~~mber of computer runs to allow 

scope for experimentation, three activities only were used. 

These were residential aztivity, non ssrvice industrial activity 

(excluding agriculture) and service industry. These were defined 

in accordance with the ISGLUTI recommendation and also correspond 

to categories to which output from LILT is aggregated. 

A further basic consideration relates to the treatment of time. 

Although some applications of TOPAZ have involved more than one 

time period, in this case it has been assumed for the sake of 

simplicity (and because TOPAZ82 does not explicitly allow for 

multiple time periods) that the activities are to bs located over 

one 20 year time interval. 

Given the choice of activities, zoning system and time horizon, 

the data essential for running TOPAZ82 fall into two categories, 

relating to the activities to be located and the interactions 

between them, as follows: 

Activity data 

- the existing amount of each aztivity in each zone (the e.. 
1J 

values of Section 2) 

- the total amount of each activity over the study area as a 

whole, including both existing activity and that to be 

located (Ai) 

- the size of each zone (Z.) 
J 

- the cost of establishing one unit of activity in each zone -. . 



- the cost of removing one unit of activity in each zone (d. ) 
lj 

Interaction data 

- an interzonal distance matrix 

- the cost of one unit of interaction per unit distance 

between each pair of activities (which taken with the 

distance matrix gives c. . ) 
13 kl 

- the amount of interaction generated by one unit of each 

activity to each activity (S. ) 
l k  

- the values of the f3 parameters for each pair of activities 

when a gravity type trip distribution model is used (f, ) 
ik 

Although the model was described in Section 2 in terms of costs 

less benefits the latter have been omitted because of the 

difficulty of obtaining meaningful values for these. 

Activity levels and zone sizes need to be expressed in consistent 

units and the only measure used for both inputs with LILT is land 

area. This has also been used in previous TOPAZ applications and 

was therefore chosen here. City-wide total levels of activity 

(existing plus that to be allocated) were taken from the LILT 

base forecast. Zone sizes excluded land deemed to be unusable in 

the LILT application. 

The costs of establishing and removing activities (e.9. 

construction and demolition costs) on a zone to zone basis are 

not readily available for Leeds. Whether these costs should be 

the total cost of construction (or demolition) or just the costs 

incurred by public authorities (i.e. infrastructure costs) is 

also an interesting question. In the application of TOPAZ to 

Melbourne for ISGLUTI the latter were used. In this application 

to Leeds, because of the absence of more suitable data, average 

Melbourne values were used across the whole study area. As - 
TOPAZ82 minimises total daily costs the construction and 



demolition costs were assumed to be spread evenly over the 20 

year period and converted to costs per day. That these were 

based on another city and do not vary from zone to zone is 

clearly unsatisfactory. Sensitivity analyses on this data were 

therefore carried out, the results being given in Section 5. 

Interzonal distance data presented no problem and the same matrix 

used with LILT could be used for TOPAZ82. The remaining 

interaction data is however required to be disaggregated by 

purpose, with travel between each pair of activities being a 

separate travel purpose with different characteristics To make 

the results comparable with those from LILT and because data on 

certain purposes (for example travel between industries) was not 

available, it was decided to consider work trips only. 

Interaction costs, trip generation rates and 8-values were only 

specified therefore for the home to non-service industry, and 

home to service industry trip categories. Shopping trips were 

excluded from the latter category becaue otherwise it would be 

difficult to establish interaction costs and 8-parameter values 

which are quite different from those for work trips. Also it 

would not have been possible to output results for work trips 

only. 

The interaction cost was taken as the monetary cost of travel per 

unit distance for work journeys in Leeds in the 1971 base year. 

This was an average over all three modes (private, public and 

walk) represented in LILT, which are not differentiated in 

TOPAZ82. Trip generation rates were given by the total 

employment in each of the two sectors in Leeds projected for 1991 

divided by the total land area of housing forecast for that year. 

It was decided to make use of the option to incorporate a gravity 

type trip distribution submodel as this gives TOPAZ82 an element 

in common with the LILT model. However no calibration routine is 

provided in TOPAZ82 to estimate the @parameters required for the -. . 
trip distribution submodel. Neither could the values used in 



LILT be applied directly because that model makes use of 

generalised cost rather than simple monetary cost. Instead it 

was assumed that the product of the mean trip length (in 

generalised cost units in the case of LILT and monetary cost in 

the case of TOPAZ821 and the p-values would be a constant for 

Leeds. The value of this product was found to be roughly 2.0 in 

the LILT application, and the values for TOPAZ82 could 

therefore be found by dividing this value by the mean money spent 

per work trip in Leeds in the base year. Again some sensitivity 

of the output to these values was investigated (including setting 

them to 100.0 to produce a minimum cost solution) and the results 

are presented in Section 5. 

Two other options were chosen to be the same as in the 

demonstration runs initially undertaken by Dr. Sharpe in 

Melbourne. Thus the model was always run to produce Pareto 

optimal solutions (which are also global optima unlike Nash 

equilibrium solutions which may only represent local optima). An 

overall constraint on the maximum amount of any existing activity 

that could be removed from any zone was also imposed initially at 

a level of 10%. 

4. Preliminary Results 

This section considers the results of applying TOPAZ82 with data 

representing Leeds and derived as described in Section 3. 

Firstly, however, it is necessary to mention the outputs produced 

by TOPAZ82 and their values in the base run of the LILT model. 

TOPAZ82 outputs the amounts of each activity newly allocated and 

removed and the resulting final level of activity in each zone. 

An option also allows trip matrices for each pair of activities 

and for all activities together to be produced. The output also 

includes details of the total cost of the changes broken down 
-. . 

into transport and activity establishment/removal components. 



In order to facilitate comparison with results generated for 

ISGLUTI by LILT, a short computer program was written to 

aggregate the TOPAZ82 results to three regions of the city and to 

calculate some additional indicators. A map of the zoning system 

and the regions to which these zones are aggregated is shown in 

Figure 4.1. A complete list of the indicators produced (for each 

'region' of the city and as a city wide total or average) is as 

follows: 

- area occupied by housing 

- area occupied by retail and other 

service activities 

- area occupied by non-service 

activities 

- area of undeveloped land 

- total land area 

- number of trips to work by origin 

- number of trips to work by 

destination 

- average distance travelled to work 

by origin 

- average distance travelled to work 

by destination 

- percentage of trips that are 

intrazonal. 

( ISGLUTI indicator ARHS) 

(ARRT and ARNR combined) 

( ARNS) 

( ARUN) 

( ARTL ) 

(TOWK) 

( ADWA) 

(ADWD) 

The final indicator was not specified by ISGLUTI but was included 

for comparison with the results from LILT. Thus only nine out of 

the 94 potential indicators devised by ISGLUTI are considered 

here. This result- from both the relatively simple specification 

of TOPAZ82 (for example, no differentiations between travel by 

different modes or between land area and building stock or 

activity levels are made) and the simplifications made in this 

application to Leeds (for example, only work journeys have been 

considered). 
.- 
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Table 4.1 presents the values of these indicators for the base 

year (1971) in Leeds, the base forecast for Leeds from the LILT 

model, and the TOPAZ82 solution for the data described in the 

previous section. Areas are given in hectares and distances in 

kilometres. The values for trip numbers and trip distances by 

destination are not strictly comparable because the LILT 1991 

forecast and 1971 Leeds results include trips from external zones 

while the TOPAZ82 results do not. The total land areas occupied 

by each activity in the TOPAZ82 results are exogenous inputs and 

set to the same values as those from the 1991 LILT base forecast. 

All other outputs are produced by the model. 

It can be seen that the TOPAZ82 solution results in less 

decentralisation of activities than that forecast by LILT. (Here 

and elsewhere decentralisation is considered to be an increase in 

the proportion of an activity located in the outer suburbs, 

whereas centralisation is the reverse. ) In particular there is 

no large decline in the area of non-service industry in the 

central area with TOPAZ82. This in fact would not be possible in 

TOPAZ82 because a maximum "demolition rate" of 10% is imposed. 

However even this limit is not reached in the solution. Also the 

areas of housing and service activities in the inner suburbs 

increase quite substantially with TOPAZ82 while there is very 

little change in the LILT forecast. Conversely the change in the 

outer suburbs is much smaller with TOPAZ82 than with LILT. The 

numbers of trips orginating in each area are rather different in 

the results from TOPAZ82 to those from LILT. In TOPAZ82 they 

reflect an overall trip generation rate per hectare of housing 

and do not take into account zonal variations in density and 

activity rates which are incorporated into LILT. The differences 

in trip numbers are much greater when disaggregated by 

destination (even taking into account the difference in 

definition already noted) because variations in density of 

employment are much greater than those for population. Thus the 

number of work trips arriving in the central area is very much -. 
lower with TOPAZ82 than with LILT. Finally, trip distances are 



CENTRAL INNER 3UTER C I T Y  
ABEA SUBURBS SUBURBS TOTAL 

LEEDS BASE YSRR ( 1 9 7 1 )  VALUES 

AREA UP HOUSING 
SERVICE 
N3N-SERVICE 
UNDEVELOPED 

TOTAL AREA 
WOBK T R I P  ORIGINS 
FORK T R I P  DESTINBTICNS 
EEAN DIST-WORX BY OZI,GIN 
EEAN DIST-YCRR BY DESTN. 
PROPN. T 2 I P S  INT3RZONBL 

L I L T  BAS3 FORECLST FCR 1 9 9 1  

AREA OP H3USING 
SERVICE 
N3N-SERVICE 
UB DEVELOPED 

TOTAL AREA 
WOBK T R I P  ORIGINS 
WORK T R I P  DESTINBTICNS 
BEAN DIST-WORK BY O R I q I N  
BEAN DIST-FORK 3 Y  DESTN. 
PROPN. T R I P S  INTBRZONAL 

TOPAZ I N I T I A L  SOLUTICN (RUH A) 

AREA OF H3USING 
SERVICE 
NON-STRVICE 
UN DEVFLOPED 

TOTAL AREA 

WORK T R I P  O X I S I N S  
AOBK T R I P  DESTINATICNS 
HEAN DISI-WORK i 3 Y  ORIGIN 
REAN DIST-WORK 3Y DESTN. 

PROPN. T R I P S  INTRAZONAL 

TABLE 4 . 1  BASE YEAR VALUES, RESULTS FROM L I L T  BASE FORECAST AND 

RESULTS PROE I N I T I A L  TCEAZ SCLUTION 



generally shorter with TOPAZ82 which is consistent with a less 

decentralised pattern of activities than that forecast by LILT. 

The proportion of trips that are intrazonal is also greater. 

5. Sensitivity Analysis 

As was mentioned in Section 3, it was difficult to decide on 

appropriate values to use for certain items of data input to 

TOPAZB2. This applies particularly to the 8-values used in the 

trip distribution submodel and the costs associated with 

establishing and removing activities. A series of model runs was 

therefore undertaken with different values for these and other 

items of data. The aims of this were to investigate the 

sensitivity of TOPAZ82 to variations in these inputs and to 

investigate if results more closely corresponding to those from 

LILT could be produced. The results presented include details of 

the amounts of each activity established and removed, in addition 

to overall activity levels. Although the results for trip 

numbers are given these are not discussed as they follow directly 

from the land use pattern. 

Changes to the values of the 8-parameters 

Three additional model runs were undertaken, as follows: 

RUN B : @-values set to one-tenth of those orginally 

calculated. 

RUN C : 8-values set to 100.0 (which are treated as 

infinite by the model and result in a minimum 

cost solution) 

RUN D : 8-values set to one half of those originally 

calculated. 

The results from these runs together with those from the original -. . 
run described in Section 4 (RUN A) are presented in Table 5.1. 



C ENTR AL INNEE 
AREA SU EUR B S  

3 U T E R  C I T Y  
SUBURBS TOTAL 

TOPAZ I N I T I A L  S 3 L U T I O N  (RON A )  

AREA C P  BCUSING 
S F R V I C E  
NON-STRVICE 
UH DEVELOPED 

TOTAL AEEA 
WOBK T R I P  3 R I G I N S  
WORK T R I P  OLS 'LINATICNS 

BEAN DIST-RORK 3 Y  O R I S I N  
EEAN DIST-YORK BY DESTN. 
PROPN. T R I P S  TNTRAZONAL 
NEWLY LOCATED HOUSING 

S E R V I C E  
NJN-SERVICE 

NEULY REMOVED HOUSING 
S E R V I C B  
NCN-SZRVICE 

AREA OF SOUSING 
S E E V I C E  
NON-SERVICE 
UH DEV E L J P Y D  

TOTAL AREA 
WORK T R I P  O R I G I N S  
WORK T R I P  D E S T I N A T I C Y S  
BEAN DIST-WORK 3 Y  0 3 I G I N  

BEAN DIST-WORK BY DESTN. 
PROPN. T R I P S  IN?BBZONAL 
NEWLY LCCATED BOUSING 

S E R V I C E  
NCN-S ERVICE 

WEULY ZEM3VED EOUSING 
SB6VICE 

NON-SERVIZE 

RON C ( B E T A S = 1 0 0 . 0 )  

A P . I A  O F  HOUSING 
S E R V I C E  
NON-SFRVICE 
UNDEV=LCFED 

TOTAL AEEA 
WORK T R I P  O R I G I N S  

A 0  RK T R I P  D E S T I N A T I O N S  
BEAN DIST-WORK BY O R I G I N  
HSAN DIST-WORK 3 Y  DESTB. 
PROPB. T R I P S  INTBAZCNBL 
NEWLY LOCATED BOUSIAG 

3 3 R V I C E  
N3N-SERVICE 

NEWLY REMOVZD BOUZING 

S E S V I C E  
NCN-SSRVICE 



- C ENTR .AL I N N E R  3 U T E R  CITY 
AREA S U B U R B S  S U B U R B S  T O T A L  

R U N  D ( B E T A S / Z . O )  - 

A R E A  OP Y D U S I N G  

S S R V I C E  
N O N - S E R V I C E  
U N D E V E L ' 3 E E D  

T O T A L  A E E X  
WORK T B I P  O R I G I N S  
WORK T B I P  C E S T I N A T I O N S  
MEAN D I S T - W O R K  B Y  O R I G I N  

B E A N  D I S T - W O R K  BY D E S T N .  
P E O P N .  T R I P S  I N T S A Z O N A L  
N X U L Y  L C C A T E O  H O U S I N G  

S E R V I C E  

3 9 N - S Y R V I C E  

NEWLY R E b l 3 V E O  H 9 U S T N G  

S 3 3 V I C F  

N O N - S E B V I C E  



These quite large changes in the values of the p-parameters do 

not have a great effect on the land use pattern. Lowering the 

values appears to result in progressively less decentralisation 

whereas the minimum cost solution (RUN C) causes more 

decentralisation. Interestingly, service industry appears to be 

the most sensitive of the three activities. This is also the 

case in results from the LILT model where the cost of travel is 

altered. However in LILT this effect is actually built in to the 

structure of the model. In TOPAZ82 it can result only from 

differences in the input data. The only differences between 

service and non-service industry are in the initial spatial 

distribution of activities, the additional total amount of each 

activity to be located (which for service industry is about 30% 

greater than for non-service industry) and the trip generation 

rates from housing to each sector (which are about 15% higher for 

service industry). 

In contrast to the land-use pattern, mean travel distances vary 

substantially with changes in the 6-parameters. As might be 

expected distances are greater with smaller &values and shorter 

for higher values. With a value one-half of that originally 

estimated the overall mean distance travelled is quite similar to 

that forecast by LILT. These 8-values were therefore used in all 

further runs of TOPAZ82. 

In order to investigate the effects of changing the values of the 

costs of establishing and removing activities, four runs of the 

model were undertaken, as follows: 

RUN E : all costs divided by 10.0 

RUN F : all costs multiplied by 10.0 

RUN G : establishment costs in the outer suburbs divided by 

2.0 -. . 



RUN H : all costs multiplied by 10.0 except establishment 

costs in the outer suburbs which were multiplied by 

5.0. 

The results are presented in Table 5.2 together with those from 

run D for comparison. 

The effect of the overall reduction in costs (run E) can be seen 

to have little effect on the land use or travel patterns. For 

housing and service industry slightly more activity is located in 

the inner suburbs at the expense of the outer suburbs, whereas 

for non-service industry the reverse is true. The decrease in 

costs causes small increases in the amounts of construction and 

demolition in the inner and outer suburbs. The land areas 

occupied by different uses in the central area are the same as in 

run D. 

The effect of the ten-fold increase in costs (run F )  is a little 

greater, with the results for each sector being the opposite to 

those just described. Central area activities remain at their 

base year levels, the increased cost of demolition presumably 

outweighing any savings in transport costs that could be made. 

This results in slightly longer mean travel distances. In fact 

the increase in costs is sufficient to result in no demolition of 

any activity in any zone. 

In run G costs are set at the original levels of runs A to D, 

except in the outer suburbs where they are halved. This results 

in a little more housing being located in the outer suburbs but 

there is not much difference in the allocation of the other 

activities. The overall mean travel distance is a little 

greater. 

However when the same differential is applied but with all costs 

increased by a factor of 10.0 (run HI, all of the additional -. . 
activity is located in the outer suburbs, and no demolition 



CENTRAL I N N E R  CUTER C I T Y  

AREA SUBURBS SUBURBS TOTAL 

RUN C 
& 

AREA O F  H3USI!lG 

S E R V I C E  
N3N-SEBVICE 

UNDEVELOFED 

TOTAL AREA 

WORK T R I P  O R I G I Y S  
WORK T a I P  DESTINA P I C N S  

XEAN DIST-WORK BY O R I G I N  

XPAN DIST-WOSK d Y  DESTN. 

PROPN. T R I P S  INTBAZCNAL 
NEWLY LOCATED HOUSING 

S E R V I C E  

NON-SERVICE 

NEYLY REMOVED YGUSING 
S E R V I C E  

NCN-SERVICE 

BUN E ( C O N S T S .  + DEMOL. C O S T S / l O - 0 )  

AREA OF AOUSING 

S E R V I C E  

N3N-SSRVICE 

UNDEVELOPED 

TOTBL AhXA 

. . WORK T R I P  3 B I G I N S  
UO6K T a I P  C E S T I N A T I C N S  

HEAN DIST-EORX B Y  O R I G I H  
REAN DIST-WORK 3 Y  DESTN. 

PROPN- T a I P S  INT3AZCNAL 

NEWLY LOCATED HOUSING 

... S Z R V I C E  
NOY-SERVICE 

NEWLY R B N 3 V E 3  HOUSING 

S Z R V I C E  
N3N-SZRVICE 

RUN P (CONSTR. + EEIJOL. C O S T S  * 10.0) 

AREA O F  X 3 U S I N G  
S E R V I C E  

NGN-SERVICE 

UNDEVELOPED 

TOTAL AREA 

WORK T R I P  O R I G I N S  

YORK T R I P  D E S T I N B T I C X S  

M S A N  DIST-WORK BY O B I ' i I N  

MEAN DIST-WORK 3Y DESTW. 
PROPN. T B I P S  INTSAZOHAL 

NEWLY LGCATZD IIOUSlNG 

SSRV I C E  

NCN-SERVICE 
NEYLY REM3VEf  %OOSING 

S E R V I C E  - 
NON-SERVICE 

T A B L E  5.2 RESULTS F30M TOPAZ R U N S  D-H (COBTINLIED OVER...) 



CENTRAL INNER 3 U T E R  C I T Y  
AXEA SUEURBS SUBURBS TOTAL 

RUN G (CONSTE.  C O S I S / 2 . 0  I N  OS OIJLY) 

AREA OF ROUSING 
S E S V I C E  
NON-STRVICE 
US DEVELOPED 

TOTAL APBh 
UOBK T R I P  O R I G I N S  
WORK T R I P  D E S T I N A T I C N S  

BEAN DIST-WORK B Y  O R I G I N  
HEAN DIST-YORK B Y  DESTN. 
PROPN. T R I P S  INTBAZONAL 

NEULY LOCATED ROUSING 
SBR V I C E  
NOH-S E L V I C S  

NEVLP REH3VEE R 3 U S I N G  
S 3 R V I C F  
NON-SERVICE 

RUN H (CONSIR.+DE?IOL. COSTS *10.0 EXCEPT I N  OS: CONSTR. COSTS*5 .0 )  

AREA O F  BDUSING 
S E R V I C E  

NON-S4BVICE 
UN DEVFLOPED 

TOTAL LREA 
UOSK T S I P  O B I S I N S  
WORK T R I P  D E S I I N R T I C N S  
HE A N  DIST-WORK 9Y O S I S I N  
HEAN DIST-YORK JY DESTN. 
PROPN. I B I P S  INTXAZCNAL 
NEWLY LOCATED HOUSING 

S Z B V I C E  

NC N-S E R V I C E  
NEULY BEE3VED H 3 U S I N G  

S Z R V I C E  
NON-SERVICE 

TABLE 5.2 (. . .CONTINUJD)  R E S U L T S  P R O 8  TCPAZ EUNS D-A 



occurs anywhere. The final distribution of activities is then 

very similar to that in the LILT base forecast, except that with 

TOPAZ82 the decline in central area non-service activities does 

not occur. The overall mean travel distance is greater than in 

run D and the other runs in which location costs are changed. 

These experiments suggest that when the original data is used, 

the costs associated with activity location are small relative to 

those associated with transport. In fact the TOPAZ82 output 

gives a breakdown of those costs and shows that in run D the cost 

of establishing - and removing activities accounts for only 5% of 

the total solution cost (as given by equation 10 in Section 2). 

In run F however this figure rises to about 34%. 

Two further runs were undertaken to change the constraints on 

activity location or removal: 

RUN I : the constraint that only 10% of existing activity in 

any zone could be demolished was removed, and 

RUN J : constraints were applied to prevent the building of 

any new housing in the central area and to force the 

removal of 100 ha of non-service industry from that 

zone. These were introduced to replicate processes 

actually occurring in Leeds and represented in the 

LILT base run. 

The results from these runs are shown in Table 5.3. Again the 

results from run D are presented for comparison. 

The removal of the overall constraint on demolition results in a 

substantial increase in the amount of non-service industry and 

service industry that is demolished. Almost no housing is 

demolished however, as in run D. Much of the demolition of 

industrial activity occurs in the central area. This is 

interesting because when the constraint is in operation the 10% -. . 
limit is not reached for either industrial activity. Despite the 



CENTRAL I N N E R  OUTER C I T Y  

AREA SUEURBS SUBURBS TOTAL 

RUN D 

A5EA O F  H 3 U S I N G  
S Z R V I C E  
N3N-S E R V I C E  

UNDEVELOEED 

T 3 T A L  AREA 

UORK T R I P  O B I G I X S  

WORK T B I P  D E S T I N A T I O N S  

REAN DIST-WORK B Y  O R I G I N  

MEAN DIST-WORK BY DES'PN. 

PROPN. T B I P S  INTRAZCNBL 
NEWLY LOCATEL EOUSING 

S E S V I C E  

NON-SEBVICE 

NEHLY REMOV3D HOUSING 
S E B V I C E  

NC Y-S E R V I C E  

RUN I ( E O  MAX. D E 3 O L I T I O N  RATE CONSTRAINT)  

AREA CF YOUSING 

S E 9  V I C E  

NON-SESVIC?! 

UNDEVELOFJD 
TOTAL APE2 

WORK T R I P  O E I G I N S  

WO RK T R I P  D E S T I N A T I O N S  

MEAN DIST-WOBK BY O R I G I N  

BEAN DIST-WORK BY DESTN. 

PROPN. T R I P S  INTBAZCNAL 

NEWLY LOCATEC EOUSING 
S E R V I C E  

NON-SERVICE 

NEWLY BEt4OVED HOUSING 

S E R V I C E  

NCN-SEPVICE 

R U N  3 ( C O N S T R A I N T S  ON CP. A C T I V I T I E S )  

AREA O F  S O U S I Y G  

SEBV I C E  

NON-SERVICE 

UNDEVELOPED 

TOTAL AEEA 

WOhK T B I P  O R I G I N S  
WORK T R I P  DES 'KINATICYS 

BEAN DIST-WORK 3 Y  O R I S I N  

MFAN DIST-WORK BY DESTV. 
PROPN. T B I P S  INTaAZONAL 
NEWLY LCCATED HOUSING 

S E S V I C E  

35H-S E R V I C E  
NEWLY REY3VEC BOUSING - 

S E R V I C E  

NON-SERVICE 

T A B L E  5.3 RESULTS FBOi'! T O P A Z  RUNS D , I  E J 



l a r g e  change i n  a c t i v i t y  l o c a t i o n  t h e r e  is only a  very sma l l  drop 

i n  mean t r a v e l  d i s t a n c e  r e l a t i v e  t o  run 0 .  Th is  aga in  r e f l e c t s  

t h e  f a c t  t h a t  o v e r a l l  t r a v e l  c o s t s  t end  t o  outweigh a c t i v i t y  

l o c a t i o n  c o s t s  cons ide r ab ly  i n  t h e s e  TOPAZ82 s o l u t i o n s .  

The e f f e c t  o f  app ly ing  t h e  two c o n s t r a i n t s  on c e n t r a l  a r e a  

a c t i v i t i e s  (RUN .I) is no t  very g r e a t .  The non-service  a c t i v i t y  

removed from t h e  c e n t r a l  zone appears  t o  be r e l o c a t e d  i n  t h e  

o u t e r  suburbs .  There is a s l i g h t  drop i n  mean d i s t a n c e  t r a v e l l e d  

r e l a t i v e  t o  run 0. 

I n  summary, r e d u c t i o n s  i n  t h e  va lue s  o f  t h e g - p a r a m e t e r s  o r  o f  

t h e  a c t i v i t y  l o c a t i o n  c o s t s  from those  c a l c u l a t e d  a s  i n  Sec t i on  3 

do no t  appear t o  have a  g r e a t  e f f e c t  on t h e  model s o l u t i o n .  Mean 

d i s t a n c e  t r a v e l l e d ,  however, is s e n s i t i v e  t o  t h e  v a l u e s  o f  t h e  

0- parameter .  When t h e  v a l u e s  a r e  i nc r ea sed  t o  100.0 t o  g i v e  a  

minimum c o s t  s o l u t i o n ,  t h e  r e s u l t  is  t h e  d e c e n t r a l i s a t i o n  of  

a c t i v i t i e s  p a r t i c u l a r l y  i n d u s t r i a l  a c t i v i t i e s .  A t e n f o l d  

i n c r e a s e  i n  a c t i v i t y  l o c a t i o n  c o s t s ,  r e s u l t s  i n  no demol i t ion  of  

a c t i v i t i e s  and n e t  d e c e n t r a l i s a t i o n .  When t h e  h ighe r  level o f  

c o s t  is app l i ed  bu t  d i f f e r e n t i a l l y  between zones  s o  t h a t  t h e  

va lue s  f o r  t h e  o u t e r  suburbs  a r e  h a l f  o f  t hose  e l sewhere ,  a l l  new 

development occu r s  i n  t h e  o u t e r  suburbs .  Th is  r e s u l t s  i n  a  

p a t t e r n  o f  a c t i v i t i e s  s i m i l a r  t o  t h a t  produced i n  t h e  L I L T  base  

f o r e c a s t .  A s  "costs"  may i n  f a c t  be de f i ned  a s  c o s t s  less 

b e n e f i t s  it may be p o s s i b l e  t o  j u s t i f y  t h e  d i f f e r e n t i a l  i n  terms 

of  t h e  h igher  a t t r a c t i v e n e s s  o f  t h e  o u t e r  suburban zones.  It 

would however be very  d i f f i c u l t  t o  determine e x a c t l y  what v a l u e s  

should be used. I n  any c a s e  it should  no t  be expected t o  ach ieve  

similar r e s u l t s  from t h e  two models and when such r e s u l t s  a r e  

achieved it is still through very d i f f e r e n t  mechanisms. I n  

gene ra l ,  a l l  o f  t h e  TOPAZ82 s o l u t i o n s  r e s u l t  i n  a  more 

c e n t r a l i s e d  p a t t e r n  of a c t i v i t i e s  than  i n  t h e  L I L T  f o r e c a s t .  



6. Policy Analysis 

This section describes the results of applying some of the policy 

tests devised for the ISGLUTI study, using TOPAZ82 with Leeds 

data. The results are compared with those from the LILT model. 

The base run for these tests was taken as run I from Section 5. 

This uses the data used to produce the original model run 

described in Section 4 (RUN A) with two exceptions. Firstly, the 

8-values were those from run D which gave a mean travel distance 

very similar to that obtained with LILT. Secondly, the 

constraint that permitted only 10% of any activity to be 

demolished in any zone was removed as it seemed better to produce 

a solution as unconstrained as possible unless there were very 

good reasons otherwise. 

A comparison of this TOPAZ82 base solution and the base forecast 

from the LILT model is shown in Figure 6.1. All of the results 

in this section are presented in this format, which has also been 

adopted by ISGLUTI. The indicators plotted are: 

(i) the change in the proportion of each activity located in 

each region of the city, i.e.: 

where ARxx indicates the area occupied by activity xx, the 

superscript a indicates one of the regions of the city 

(central area, inner suburbs or outer suburbs), CT indicates 

the value for the whole city and t20 and to indicate the 

forecast year and base year respectively. 

[This is different from the indicator used originally by 

ISGLUTI for comparing changes in land area. It actually -. . 
corresponds to that used for comparing population and 



employment levels and enables centralisation / 

decentralisation trends to be identified easily. It also 

differs by comparing change over time (rather than between a 

base 'forecast' and policy 'forecast' ) . I  

(ii) the change in the mean trip distance to work (ADTL) relative 

to the base year va1ue;i.e.: 

The values of these indicators are plotted as horizontal bars for 

both models with T representing TOPAZ results and L, LILT 

results. The actual values are also printed out alongside each 

bar. When the change shown is for a policy (as in Figures 6.2 

onwards) the corresponding change in the base forecast is shown 

by an asterisk (*). 

Figure 6.1 shows that in the LILT base run, there is a net 

decentralisation of activities over time particularly from the 

inner to the outer suburbs, whereas this is not true with TOPAZ82 

except for non-service industry. For housing and service 

industry there is an increase in the proportion located in the 

inner suburbs and a decrease in the outer suburbs. As the 

central area is relatively small and has little land available 

for development these trends can be interpreted as relative 

centralisation. The changes in travel distance to work are 

however in the same directions in all regions of the city in the 

results from the two models, although the magnitudes of the 

changes differ. 

The results from the policy tests attempted are now described. 

As well as stating the ISGLUTI test specification and discussing 

the results, the way each test was interpreted is given for each 

model because the different model formulations often necessitate -. . 
different implementations. Only nine of the 43 policies 



AREA OF HOUSING ACI.(PPOPORTN) 002ARHS 0 PERCENTAGE CHANGE 
POL 8ASE 

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

IS T TTTTTF 1.9 2.5 

IS L LLLLLLLLLLLLL -6.0 -5.9 
- - - - - - _ _ _ A - - - _ _ - - . - - - - - - r - - - - l - - - - - - - - - - - - * + + +  

05 T TTTTT? -1.9 -2.5 

05 L LLLLLLLLLLLLL 6.1 5.9 
+_-_ - - - r - - - - - - - -+ - l - - -+ - - - - - - - -+ - - - -++ -+ - - - - - - - - -+  

-20.0 -1i.O -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

SERVTCB LC?. (PROP1 O0216RT 0 PEBCENTLGE CRANGE 
POL BASE 

-20.0 -15.0 -10.0 -5.0 0.0 5- 0 10.0 15.0 20.0 

CA T TTTTTTTTTTTTTTT -5.8 -6.5 
CA L LIL -0.4 -0.9 

IS T TTTTTTTTTTTTTTTTTTTTTTT 9.7 11.0 
IS L IILLILLLLLLLLLLLLLLL -6.6 -9.5 

05 T TTTTTTTTT -4.0 -4.0 
05 L LLLLLLLLLLLLLLLLLLLLLL 9.0 10.4 

+-------*-------f-------+--------C------+------*l-l-+------+ 

-20.0 -15-0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

==I=I======I====3=i=Si-i===l==~===5================.i=========l===========================~=============i=== 

HON SERVICE ACT. 0028685 0 PERCKUTAGE CHINGE 
POL BASE 

-20.0 -15.0 -10.0 -5 .O 0.0 5.0 10.0 15.0 20.0 
+--l---+---------t-I-----*---------*---------C-----+-----C------* 

CA T TTTTTTTTTTTTTTT: -8.9 -7.6 
CA L ILILLLLLLLLLLLLLLLL -8.8 -8.6 

IS T TTTTTTT -0.7 -2.8 
IS L LLLLLLLLLL -4.5 -4.5 

OS T TTTTTTTPITTTTTTTPTTTTT 9.6 10.4 
0s L LLLLLLLLLLLLLLLLLLLLLLLLLLLL 13.3 13.3 

+-------+-----*-----+---------------+------+----*---+ 

-20.0 -15.0 -1 0.0 -5.0 0.0 5.0 10.0 15.0 20.0 

DIST. ZZR TBIP -WORK O O ~ A T U T  o PERCENTAGE CRINGE 
POL BASE 

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

CA T TTTTTTTTITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 96.4 97.5 
CA L LLIILLLLILLLLLLLLLLLiLLLLLLLLLLLLLLLLLLLL 29.1 28.6 

+------*---------'-----I~-------~----+----+----~--------+ 

IS T TTTTTTITTTTTTTTTTTTTTTTITTTTTTTTTT 16.2 16.4 

- :s L LLILLLILLLLXLLLLLLLLLLLLL 12.2 12.1 

CT T TTT 1.2 1.0 
CT L LLLLLLLLLLLL 5.2 5.3 

FIGURE 6.1 CORPARISON OF POP1282 AND LILT BASE RUNS 



specified by ISGLUTI have been attempted with TOPAZ82. The other 

policies generally are intended to affect social groups or 

transport modes differentially. Different modes are not 

represented in TOPAZ82 at present, and although different social 

groups could have been included as separate activities this was 

not done. The numbering of the policies follows that specified 

by ISGLUTI. -The results from the TOPAZ82 runs are given in the 

format of tables 5.1 to 5.3 in the Appendix. 

Policy 10 - Rapid Population Growth 

ISGLUTI specification 

Population in the urban area grows at 2% p.a. while the 

demographic characteristics remain unchanged as far as possible: 

thus, the distribution of population across socio-economic, 

income and car ownership groups stays in the same proportion as 

in the base forecast. Employment grows in proportion to 

population, and the capacity of road and transit networks 

increases in proportion to the increased travel. Trends in land 

use policies and conditions continue as in the base forecast. 

Interpretation for TOPAZ82 

The total planned level of each activity (the A i  value) is 

increased by a factor of (1  -02) 'O. 

Interpretation for LILT 

The total population in each social group and total employment in 

each industrial sector are set, at each of the four forecast time 

points, to levels corresponding to a 2% p.a. growth rate. An 

additional amount of new housing is specified for each time 

period to accommodate the increased population at base year 

occupancy rates. No changes are made to capacities on the road -. 
network. 



The results are shown in Figure 6.2. In the TOPAZ82 results 

there is quite considerable decentralisation of activities 

relative to the base solution. In fact the change in the housing 

pattern is now very similar to that forecast by LILT. In general 

the changes in the land-use pattern relative to the base are much 

greater than with LILT. This is because in the LILT model 

densities are adjusted endogenously and an increased amount of 

activity can be located in the same land area. With TOPAZ82 this 

does not occur, the capacity of the inner suburbs is reached and 

a large amount of land in the outer suburbs which was undeveloped 

in the base is now occupied by one of the three activities. 

There is less effect however on the change in mean distance 

travelled to work with TOPAZ82 than with LILT. 

Policy 11 - Rapid Population Growth with land use restrictions 

ISGLUTI specification 

As policy 10 except that restrictions are imposed on land use 

development on the fringes of the urban area so that, as far as 

practicable, land-use changes arise through redevelopment of 

existing areas and infilling. 

Interpretation for TOPAZ82 

As for policy 10, but the costs of development in the outer 

suburbs alone are increased by a factor of 10.0. (As almost all 

available land was used up in policy 10, any constraints on 

development in the outer suburbs would have resulted in an 

infeasible problem. The only other way of interpreting this 

policy would be to reduce the total areas of activity to be 

allocated relative to policy 10, thereby implicitly increasing 

density, and increase trip rates in compensation. ) 



- 
A R E A  CP !IOUSIHS ACT. ( P K O P O ~ T  n )  1 0 2 ~ ~ ~ s  o PEECEBTAGE CHINGE 

POL BASE 

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 - 
CA T * 0.2 0.0 

CA L * -0.1 -0.1 

I S  T TTTTTTTTTTT * -5.1 2.5 
I S  L *LLLLLLLLLLLL -6.0 -5.9 

OS T * TTTTTTTTTTT 4.9 -2-5 
0 5  L I L I L L r  LLLLLL* 6-1  5.9 

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

I==========l?l=;=i=llil======IIl===========~s=.~=======z===========================================================z== 

S E E V I C E  ACT. I P R O P I  102APRT 0 PEBCEBTAGE C H I N S E  
POL BASE 

-20.0 -15.0 -10.0 -5.0 0.0 5.~0 10.0 15.0 20.0 

CA T *TTTTTTTTTTTTTT -6.4 -6.9 
CA L * LLILLLLLLL 4.7 -0.9 

+-------*-------t------+--------C----l+-----+------t----+ 

I S  T T T T T T T T I T T T T T  * 6.0 11.0 

I S  L * L L L L I L L L L L L L L L L  -6.9 -9.5 
*-------*--------*-----*---------t-------+------l+------+----t 

0 s  T * TT 0.5 -4.0 
0s L L L I L L  1 2.2 10.4 

+------+--------r-----t-------C----~-+------+-------+----+ 

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

............................................................................................................ 

HOB S E B V I C E  ACT. IO2ARNS 0 PBBCEUTAGE CHANGE 

POL B I S E  
-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

CA T T*PTTTTTTTTTTTTTT -7.9 -7.6 
CA L * LLLLLLLLLLLLLLLLL -8.1 -8.8 

I S  T STTTTTTTTTTTTPT*TTTTTT -10.4 -2.8 
I S  L t L L L L  -1.6 -4.5 

OS T TTTTTTTTTTTTTTTPTTTTTaTTTTTTTTTTTTTT 18.3 10.4 
C s  L LLLLLLLLLLLLLLLLLLLL * 9.6 13.3 

-21.0 -15.0 -lC.O -5.0 0.0 5.0 10.0 15.0 20.0 

D I S T .  P E 3  ? Z I P  -YCKK I O Z A C Y T  0 PEXCENTAGE CHANGE 

POL BASE 
-2'1.0 -15.0 -1 0.0 -5.0 0.0 5.0 10.0 15.0 20.0 

+---------t---------*--I--+----------------+-------+-------+------+ 

CA T TETTTTT~TTTTTTTTPTTTTTTTTTTTTTTTTTTTTTTT* 107.3 97.9 
CA L LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL 34.2 28.8 

TS T TTTTTTTTTTTTTTTTPTTTTTTTTTTTTTTTT*TTTTTTT 19.8 16.4 
I S  L LLLLLLLLLLLLLLLL * 7.7 12.1 

*--------*------31----r--------r--------+--t- 

05 T TTTT*TTTTTTTlTTTTTTTTTlTTTTTTTT -15.2 -12.8 
05 L LLLLLL'LLLLL -5. 4 -2.4 

+I------*--~---*----+-------r-----+l-----+~---+C--~-~~~+ 

C l  T TT * 1.2 1.0 
CT L L L I L L L L L L  * 3.8 5.3 

P I G O B E  6.2 irESULTS F 9 0 U  POLICY 10 ( B B P I D  POPULATION GROWTH) 

.. 



Interpretation for LILT 

As policy 10 but land use restrictions are applied by exogenously 

specifying that for each outer suburban zone extra land is held 

off the market for the forecast years in an amount equal to the 

vacant land in that zone in the base year. In addition the 

amount of land released for housing over the study area as a 

whole is reduced from 500 ha per 5 year period to 250 ha. 

Results 

The results are shown in Figure 6.3 in which the base figures 

refer to Policy 10. In general, this policy results in less 

decentralisation or more centralisation of activities with both 

models. The exception is for non-service industry in the TOPAZ82 

solution which decentralises more than in policy 10. In general 

the differences in the effect of the policy are greater in the 

results from LILT. This is again because densities are allowed 

to adjust in this model. In TOPAZ82 a fixed area of land is 

allocated to each activity and, because of zonal capacity 

constraints, much of the additional development is forced to 

occur in the outer suburbs regardless of the increased cost. The 

overall mean travel distance increases less with LILT but is 

little changed with TOPAZ82 which reflects the land use effects 

discussed above. 

Policy 20 - Decentralisation of non-service employment 

ISGLUTI specification 

50 per cent of non-service jobs are removed from the inner zones 

and redistributed pro-rata across all other zones. 
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Interpretation for TOPAZ82 

The inner zones are taken to be the Central Area and the inner 

suburban zones. Constraints are imposed so that the land area 

occupied by the non-service activities is halved in each of these 

zones. 

Interpretation for LILT 

All zonal employment levels in the non-service sectors are 

specified exogenously in 1976. In the inner zones employment in 

each sector is set to one half of the base run level. The 

reduction in the total employment in each sector from these zones 

is redistributed among the remaining (outer suburban) zones in 

proportion to their 1976 employment in that sector. All non- 

service employment is located endogenously in the remaining 

forecast years. 

Results (Figure 6.51 

The results from the application of this policy are shown in 

Figure 6.4. Clearly, the results for non service activity are 

similar from both models and are a direct result of the 

application of the policy. For both other activities there is 

either less decentralisation or more centralisation in the 

results from both models. In other words there is a net movement 

inwards and away from the newly decentralised non-service 

activity. There is a net drop in mean distance travelled overall 

and for residents of the outer suburbs, but a net increase for 

inner suburban and central area residents. 
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Policy 21 - The development of a suburban industrial estate 

ISGLUTI specification 

Redistribute 50 per cent of the central-area employment 

facilities into a single industrial estate situated on the 

periphery 05 the urban area: 

Interpretation for TOPAZ82 

Constraints are imposed so that the land area occupied by non- 

service industry in the central area is halved and increased by 

at least an equivalent amount in zone 28 on the periphery of the 

study area. 

Interpretation for LILT 

Non-service employment in 1976 is set to one half of the base run 

level in the central area. The total employment lost is all 

exogenously located in zone 28. All non-service employment is 

again located endogenously in the remaining forecast years. 

Results (Figure 6.5) 

As this policy involves a relocation of central area employment 

only, the effects are much smaller with both models. Again the 

effect on non-service industry is largely a direct result of the 

policy. There is no effect on the distribution of housing in the 

LILT forecast but increased centralisation with TOPAZ82, the land 

vacated by non-service industry in the central area being 

occupied by housing (as is the case with Policy 20). Retailing 

activity decentralises less with LILT than in the base run, 

whereas with TOPAZ82 there appears to be a net shift from the 

central area to the inner suburbs. There is a net increase in 

travel distances with TOPAZ82 but little change with LILT. -. . 
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Policy 36 - Increasing the cost of travel by 50% 

ISGLUTI specification 

For all mechanised modes increase the monetary cost of travel per 

unit distance (i.e. the monetary component of the perceived or 

behavioural - costs which govern location and mode choice - fares 

in the case of public transport) by 50%. 

Interpretation for TOPAZ82 

The unit costs of interaction for home to non-service and home to 

service industries are increased by 50%. (Other trip purposes 

have not been considered. ) 

Interpretation for LILT 

The perceived operating cost per unit distance for private 

transport and public transport fares in each forecast year are 

set 50% higher than in the base forecast. Both the distance and 

boarding elements of public transport fares are increased. 

Results (Figure 6.6) 

With TOPAZ82 there is slightly less decline in the proportion of 

housing and service activity located in the outer suburbs and a 

greater increase in the proportion of non-service industry 

located there. The overall effect might therefore be described 

as decentralisation of land using activities relative to the base 

solution. With LILT there is slightly less decentralisation of 

housing and more decentralisation of service activity with no 

effect on non-service industry. There is a net decrease in 

travel distances in the results from both models, the greatest 

effect being with TOPAZ82. This can be explained by the fact 

that the travel deterrence - .  function used in the trip distribution 

submodel contains monetary cost alone whereas in LILT there are 
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time components which are unaffected by this policy and therefore 

dampen its effects. 

Policy 37 - Doubling the cost of travel 

ISGLUTI specification 

As policy 36,  but costs are increased by 100%. 

Interpretations for TOPAZ82 and LILT 

As for policy 36,  but costs are increased by 100%. 

Results (Figure 6 . 7 )  

With TOPAZ82 the effects on the distribution of retail and non- 

service land uses are similar to those for policy 36 but with the 

differences from the base run being rather greater. The change 

in the distribution of housing is however very similar to that in 

the base run. Unlike the effect of changing the Evalues, the 

location of service activity does not appear to be particularly 

more sensitive than non-service activity under this or the 

previous policy. The results from LILT are very similar to those 

from policy 36 but where there are differences from the base 

forecast these seem to be a little smaller than with policy 36.  

It might have been expected that the effects of this policy would 

be the same as for policy 36 only more pronounced. However, with 

both models this is not the case in terms of land use change. 

The effects on mean travel distances, though, are as might be 

expected. 
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Policy 70 - Economic Recession 

ISGLUTI specification 

Recession in the economy: the number of jobs is reduced by 20 

per cent; housing costs and travel costs rise by 20 per cent in 

the face of fixed incomes. 

Interpretation for TOPAZ82 

The total planned levels of service and non-service activities 

are reduced by 20% of their base run values. Trip rates to these 

activities are also reduced accordingly. The unit interaction 

costs are increased by 20%. 

Interpretation for LILT 

City-wide employment totals in all twelve industrial sectors are 

set 207; lower than in the base run for all forecast years. The 

boarding and distance elements of public transport fares and the 

perceived operating cost of private transport are all increased 

to 20% above their values in the base run for all forecast years. 

Housing costs and incomes are not directly modelled. 

Results (Figure 6.8) 

There are quite substantial differences in the land use changes 

that occur with TOPAZ82 under this policy from those in the base 

run. In fact for both industrial activities there is relatively 

little change from the base year pattern with this policy. This 

is because the (reduced) activity levels are not very different 

(in fact, a little lower) than those in the base year. For 

housing however the changes under this policy are greater than in 

the base run with a larger increase in the proportion of housing 

located in the inner suburbs and a larger decrease in the - 
proportion in the outer suburbs. With LILT the changes in the 
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land-use pattern are little different from those of the base run. 

There is a little more decentralisation of service activity and a 

little less decentralisation of housing which is in response to 

the increase in travel costs. This increase also results in net 

reductions in mean travel distances relative to the base forecast 

values in both models as in policies 36 and 37. 

ISGLUTI specification 

Through zoning policies and urban renewal, gradually reduce town 

centre shopping floorspace to half its present amount over a 

period of about 10 years. Allow new shopping to be established 

anywhere else in the town. 

Interpretation for TOPAZ82 

A constraint is imposed to reduce the amount of area occupied by 

service activities in the central area by an amount equal to half 

of the area occupied there by shopping in the base year. 

Interpretation for LILT 

Shopping is modelled in terms of employment rather than 

floorspace. The amount of retail employment in the central area 

(zone 7) in 1976 is therefore set exogenously to 1/fi times the 

base run value for that year, and to half the base run value in 

1981. Total retail employment in the study area as a whole 

remains unchanged. All retail enployment is located endogenously 

in the remaining forecast years. 

Results (Figure 6.9) 

With both models the land use changes that occur under this 

27 
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p o l i c y  a r e  q u i t e  s i m i l a r  t o  t h o s e  i n  t h e  b a s e  r u n s .  I n  f a c t ,  

wi th  TOPAZ82, t h e  amount o f  s e r v i c e  a c t i v i t y  exogenously 

s p e c i f i e d  t o  be  removed from t h e  c e n t r a l  zone is o n l y  abou t  one- 

h a l f  o f  what is a c t u a l l y  removed i n  t h e  b a s e  s o l u t i o n ,  and t h i s  

p o l i c y  does  n o t  s i g n i f i c a n t l y  change t h a t  amount. Given t h a t  

f a c t ,  it is perhaps  s u p r i s i n g  t h a t  t h e  changes which occur  a r e  a s  

l a r g e  a s  t h e y  a r e  p a r t i c u l a r l y  f o r  non-service  i n d u s t r y  which 

d e c e n t r a l i s e s  l e s s  under t h i s  p o l i c y .  The o n l y  s i g n i f i c a n t  

d i f f e r e n c e  from t h e  b a s e  f o r e c a s t  i n  t h e  L I L T  r e s u l t s  o c c u r s  f o r  

s e r v i c e  a c t i v i t y  and t h i s  can  be d i r e c t l y  a t t r i b u t a b l e  t o  t h e  

p o l i c y .  Trave l  d i s t a n c e s  change e x a c t l y  a s  i n  t h e  b a s e  run w i t h  

TOPAZ82 b u t  i n c r e a s e  s l i g h t l y  less w i t h  L I L T  a s  t h e  a d d i t i o n a l  

s e r v i c e  employment is l o c a t e d  i n  t h e  middle o f  a predominant ly  

r e s i d e n t i a l  a r e a ,  o f f e r i n g  t h e  o p p o r t u n i t y  f o r  s h o r t e r  t r i p s  t o  

work. 

P o l i c y  81 - Development o f  a new suburban shopping c e n t r e  

ISGLUTI s p e c i f i c a t i o n  

A new shopping c e n t r e  is b u i l t  i n  t h e  most a c c e s s i b l e  l o c a t i o n  

( p o s s i b l y  t h e  i n t e r s e c t i o n  o f  two f reeways)  on t h e  p e r i p h e r y  o f  

t h e  town, wi th  a f l o o r s p a c e  e q u a l  t o  1/4 o f  p r e s e n t  c i t y  c e n t r e  

f l o o r s p a c e  and development t a k i n g  p l a c e  over  f i v e  y e a r s .  

I n t e r p r e t a t i o n  f o r  TOPAZ82 

A c o n s t r a i n t  is imposed t o  i n c r e a s e  t h e  l a n d  a r e a  occup ied  by 

s e r v i c e  i n d u s t r y  i n  zone 19 by a n  amount e q u i v a l e n t  t o  25% o f  t h e  

a r e a  occupied by s e r v i c e  i n d u s t r y  i n  t h e  c i t y  c e n t r e  i n  t h e  b a s e  

year .  The c i ty-wide t o t a l  l a n d  a r e a  occupied by t h a t  s e c t o r  is 

a l s o  i n c r e a s e d  by t h i s  amount. 



AREA OF 80USINT ACT. (PROPOBTN) 812ARBS 0 PEUCENTIGE CRINGE 
POL BASE 

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

CI T * 0.0 0.0 

CA L * -0.1 -0.1 
*--------+-------*------+--------+-----+-------+-----+---------+ 

IS T TTTTT* 1.8 2.5 
IS L *LLLLLLLLLLL1. -6.0 -5.9 

+ * * --------- +- -------- + ----- + ---- + + 

OS T *TTTTT -1.8 -2.5 
0s L LLLLLLLLLLLL* 6.1 5.9 

C - - - - - - - - * - - ~ + - - - - + - - - - - - - - - + - - - - - - - + - - - + * - - - +  

-20.0 -1 5.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

RETAILING ACT. I PBOP) 812ASRT 0 PERCENTAGE CBANGE 
POL BASE 

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 
L___--&---------*-------*--------+------*-------+-----+-----+ 

* ITPTTTTTTTTT? 
*LL 

IS T TTTTTTTTTTTTTTTZrTTT * 9.6 11.0 
IS L * LLLLLLLLLLLLLLLLLL -8-6 -9.5 

05 T *TTTTTTTT -3.7 -4.0 

05 L LLILLLLLLLLLLLLLLLL * 9.0 10.4 

-20.0 -15.0 -1 0.0 -5.0 0.0 5.0 10.0 15.0 20.0 

BON SERVICY ACT. 812AENS 0 PERCENTAGE CHANGE 
POL BASE 

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

+------*------+-------*---------C--------+-----*--II-*--+----+ 

OS T TTTTTTTTTTTTTTTTTTIT * 9.3 10.4 
0s L LLLLLLLLLLLLLLLLLLLLLLLLLLL* 13.3 13.3 

+--------*--------*------+---------------+------+-----+C---+ 

-20.0 -15.0 -1 0.0 -5.0 0.0 5.0 10.0 15.0 20.0 

DIST. PER T91P -UOBK 812ACUT 0 PBBCEUTAGE CBRNGE 
POL BASB 

-20.0 -15.0 -10.0 -5.0 0.0 5- 0 10.0 15.0 20.0 

CA T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT* 96.9 97-9 
CR L LIILLLILLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL* 29.1 28.8 

+-------+---------*-----*-----------*-----+--+--------+ 

IS T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT* 16.2 16.4 
IS L LILLLLLLLLLLLLLLLLLLLLLL* 12.2 12.1 

+-------*---------*------+------I+-----+------~+----+C---+ 

OS T *TTTTTTT?IITTTTTTTTTTTTTTT? -12.5 -12.8 
05 L *LLLLI. -2.6 -2.U 

Cl T TT * 1.2 1.0 
CT L LLLLLLLLLLL* 5.2 5.3 

-20.0 -15-0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.0 

FIGURE 6-10 SESULTS PROS EOLICY 81 IrlVELCPnENT 3 P  A IEY SUBURBAN SEOPPING CEUTEE) 



Interpretation for LILT 

City-wide retail employment in all forecast years is increased by 

an amount equivalent to 25% of the retail employment in zone 7 in 

the base forecast for 1976. This extra employment is exogenously 

located in zone 19 for that year. In subsequent forecast years 

all retail employment is endogenously located. 

Results (Figure 6.10) 

With TOPAZ82 there is less of a decrease in the proportion of 

service activity located in the outer suburbs and less of an 

increase in the proportion located in the inner suburbs. With 

LILT the results are exactly the opposite. In the central area, 

however, and rather unexpectedly, bgth models forecast less of a 

decline in the proportion of service activity located there. 

LILT forecasts little effect on the other activities with this 

policy, but with TOPAZ82 there is less centralisation of housing 

and less decentralisation of non-service industry compared to the 

base. There is little effect on travel distances relative to the 

base forecast with either model. 

7. Conclusions 

An attempt has been made to apply TOPAZ82 to Leeds. The model 

has been used in a fairly basic way and some rathsr sweeping 

assumptions have been made. For example work trips alone have 

been considered. Also, because of lack of data, it has been 

assumed that activity location costs do not vary between zones. 

This may not be particularly important for, with location costs 

at their assumed levels, travel costs account for by far the 

largest component of total TOPAZ82 solution costs. 

The model used is aso a relatively simple version of TOPAZ and it 



would be i n t e r e s t i n g  t o  i n c o r p o r a t e  some of  t h e  r e f i nemen t s  (such 

a s  modal s p l i t  and ass ignment)  used i n  p rev ious  a p p l i c a t i o n s .  

Never the less  t h e  concep tua l  s i m p l i c i t y  o f  t h e  b a s i c  model used 

h e r e  ha s  some b e n e f i t s .  

A l l  of  t h e  model r u n s  have been undertaken us ing  a  g r a v i t y  t y p e  

t r i p  d i s t r i b u t i o n  model (excep t  i n  t h e  minimum t r a v e l  c o s t  

s o l u t i o n  - RUN C). This  means t h a t  TOPAZ82 r e p r e s e n t s  t r i p -  

making behaviour i n  a similar way t o  most o f  t h e  o t h e r  models i n  

t h e  ISGLUTI s t udy .  I t  a l s o  means t h a t  t h e  o u t p u t s  o f  TOPAZ82 a r e  

a  blend of  p r e s c r i p t i o n  and p r e d i c t i o n .  This  is poss ib ly  a  

disadvantage because it makes it d i f f i c u l t  t o  i n t e r p r e t  t h e  

r e s u l t s .  To what e x t e n t  do t hey  r ep re sen t  what would happen o r  

what should  happen? 

The r e s u l t s  from TOPAZ82 have been compared wi th  t h o s e  from L I L T .  

Any such comparison is i n e v i t a b l y  d i f f i c u l t  because o f  t h e  very 

d i f f e r e n t  n a t u r e  o f  t h e  models both i n  terms o f  t h e  degree o f  

d e t a i l  r ep r e sen t ed  i n  each and t h e i r  b a s i c  s t r u c t u r e .  I t  should  

be borne i n  mind t h a t  a l though  t h e  TOPAZ82 a p p l i c a t i o n  de sc r i bed  

he r e  r e p r e s e n t s  very few of  t h e  p roce s se s  inc luded  i n  L I L T  a 

TOPAZ82 s o l u t i o n  t a k e s  l e s s  t han  one-hundredth o f  t h e  computer 

time needed f o r  a  L I L T  f o r e c a s t .  

Comparisons o f  t h e  e f f e c t s  o f  po l i cy  are complicated by t h e  f a c t  

t h a t  t h e  base  runs  o f  t h e  two models a r e  q u i t e  d i f f e r e n t .  L I L T  

f o r e c a s t s  d e c e n t r a l i s a t i o n  of  a c t i v i t i e s .  The TOPAZ82 s o l u t i o n ,  

however, r e p r e s e n t s  a  g e n e r a l l y  more c e n t r a l i s e d  p a t t e r n  o f  

a c t i v i t i e s  t han  i n  t h e  base  yea r  and t h i s  is p a r t i c u l a r l y  t r u e  

f o r  housing. Th is  d i f f e r e n c e  u n d e r l i e s  t h e  r e s u l t s  from a l l  t h e  

model r uns  and s o  t h e  e f f e c t s  o f  po l i cy  have been cons ide r ed  i n  

r e l a t i o n  t o  t h e  change i n  t h e  base  run.  The d i f f e r e n c e s  and 

similarities i n  t h e  r e s u l t s  from t h e  po l i cy  t e s t s  have a l r e a d y  

been descr ibed .  However, o f  p a r t i c u l a r  i n t e r e s t  is t h e  f a c t  t h a t  

i n  some c a s e s  t h e  models produce s i m i l a r  r e s u l t s ,  bu t  ones  which 



are rather unexpected. One example is the fact that with both 

models when the cost of travel is increased (policy 36) and then 

increased further (policy 37) the land use changes with the 

second increase are not at all a simple extrapolation of the 

changes that occur with the initial increase. Another is that 

decentralisation of non-service industry (in policy 20) causes 

relative centralisation of other activities in each case. Also 

in policy 81 the development of a suburban shopping centre leads 

to slightly less decline in the level of central area service 

activity with both models. 

There is one difference between the implementation of the two 

models which has a particularly large impact on their results. 

This is that with TOPAZ82 activities have been described in terms 

of the land area occupied by them. In LILT they are represented 

by numbers of people, houses, jobs and so on which are then 

converted to land area by means of zone specific densities. 

Densities have been assumed to be constant across the whole study 

area with TOPAZ82 and this has led, for example, to a large 

underestimation of trips to the central area. A particularly 

useful extension of the model would therefore be the 

incorporation of zone and activity specific densities, which 

could also be different for new and existing activities. [Of 

course in this application of TOPAZ82 it was not essential for 

activity levels to be measured in terms of land area. Floorspace 

could have been used or population and numbers of jobs. In 

either case, however, it would have been difficult to define zone 

capacities. 1 

Finally, it should be said that the approach to using TOPAZ82 

here has been influenced considerably by the ISGLUTI study. Most 

of the models considered in the study, like LILT, for example, 

are rather different to TOPAZ82 and it is perhaps inappropriate 

to use the model in this way. Important outputs from the model 

such as the various costs associated with each solution have not 

been mentioned. ~ittle-' has been said about the results from 



extreme solutions (such as minimum or maximum total cost) or from 

varying the weightings on the components of the objective 

function. These can be produced easily with TOPAZ but not with 

many other models. It may be therefore rathsr inappropriate to 

attempt simply to compare results in the way that has been done 

here. Instead it might be better to consider the results from 

TOPAZ as a complement to those from the other models, providing 

additional insights of value to ISGLUTI. 
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APPENDIX: RBZGLTS FRCN TOPAZ POLICY BUNS 

CENTRAL INNER OUTER C I T Y  

AREA SUEURBS S U B U R B S  TOTAL 

RUN I 

AREA OF HOUSING 
S E B V I C E  - -. 

NON-SERVICE 
UNDEVELOPED 

TOTAL AREA 
WOBK T B I P  O R I G I N S  
WORK T B I P  D E S T I N A T I C N S  
MEAN DIST-PORK a Y  O R I G I N  
EEAN DIST-WORK 9Y DESTN. 
PROPN. T R I P S  INTRAZGNAL 

- NEWLY LOCATED HOUSING 
S X R V I C E  
NCN-S E R V I C E  

NEWLY R E Y 3 V f D  EOUSING 
S E R V I C E  
NON-SERVICE 

P O L I C Y  10 

AREA O F  EI3USING 

S E R V I C E  
N3N-SERVICE 
UXDEVELOPZD 

TOTAL RREA 
WOBK T R I P  O R I G I N S  
WORK T R I P  D E S ' I I N A T I C N S  
MEAN DIST-XORK BY O R I S I N  
EEAN DIST-UORK 9 Y  DESTN. 
PROPN. T R I P S  INTRBZCNAL 
NEWLY LOCATED HOUSING 

S E R V I C E  
NON--S E R V I C E  

NEWLY R E H J V E D  HOUSING 
S E R V I C E  
NON-SERVICE 

P O L I C Y  11 

AREA O P  A 3 U S I N G  

S E R V I C E  
N 3 N - S E X V I C S  
UNDEVELOPED 

TOTAL AREA 
WORK T R I P  O R I G I N S  

- PORK T R I P  D E S T I N A T I O N S  
MEAN DIST-WOBK 9Y O B I G I N  
fiEAN DIST-PORK 3 Y  DESTN. 

PROPN. T R I P S  INT3AZONAL 
WEVLY LOCATZD ZOOSING 

S E B V I C E  
NCN-SERVICE 

NEULY REXJVZD EOUSIVG 

S E R V I C E  
NON-SERVICE 



APPENDIX ( C 3 N T I N U E D )  

P O L I C Y  2 0  

AREA O F  Y 3 U S I N G  
S E R V I C E  
N3N-SZRVICE 
U N  DEVELOPED 

T O T 4 L  AREA 
WORK T R I P  3 F I G I N S  
WOBK T B T P  D E S T I N A T I C N S  
REAN DIST-WORK BY O R I G I N  
MEAN DIST-WORK BY DESTY. 

PROPN. T R I P S  INTRAZONAL 
NEWLY LOCATED YCUSING 

SEBV I C E  
NON-S BRVICE 

NEWLY REMOVEL HOUSING 

S E R V I C E  
NON-SERVICE 

P O L I C Y  2 1  

AKEA O F  H 3 U S I N G  
S E R V I C E  
N J N - S E R V I C E  
UN DEV ELOPED 

TOTAL AREA 
WORK T R I P  O R I G I N S  
WOBK T R I P  D E S T I N A T I C N S  

WEAN DISI-WORK BY O R I G I N  
WEAN DIST-WORK B Y  EZSTN. 
PROPN. T R I P S  INTRBZONAL 
NEWLY LOCATED H 3 U S I N G  

S E R V I C E  
NON-SERVICE 

NEWLY i l E 8 3 V Z D  E O U S I N S  
S B R V I C B  
NO N-SL'RVICE 

P O L I C Y  36 

AREA O F  d 3 U S I N G  

S E R V I C E  
NDN-SERVICE 
UNDEVELOPLD 

TOTAL AREA 
WORK T R I P  O R I G I N S  

WORK T . B I P  D E S T I N B T I C N S  
MEAN DIST-WOBK BY O R I G I N  
UFAN DIST-YORK ?3Y DESTN. 

PROPN. T R I P S  INTR4ZCN.9L 
NEWLY LOCATED HOUSING 

S E R V I C B  
NON-SERVICE 

NZIILY WEnOVED Z C D S I N G  
S E X V I C E  
NON-SERVICE 

CENTRAL 
ABEA 

INNER 
SUBURBS 

3 U T E R  
SUBURBS 

C I T Y  
TOTAL 



- APPENDIX ( CONTINUED) 

CENTRAL 

.. AREA 

P O L I C Y  37 

ABEA O F  HOUSING 

S E R V I C E  
N3 N-SEaVICB 
UNDEVELOPED 

TOTAL AFEA 
WORK T R I P  O B I G I N S  
WORK T R I P  D E S T I N A I I C N S  
BEAN DISf-WORK BY O R I S I N  
HEAN DIST-WORK BY DESTN. 
PROPN. T R I P S  INTRAZONAL 

NEWLY LOCATED BOUSING 
S E R V I C E  
NCN-SERVICE 

NEWLY 9EM3VED E ' 3 U S I N S  
S E 3 V I C E  
NON-SSRVICE 

P O L I C Y  70 

AXEA OF H S U S I Y G  
S E R V I C E  
N3 N-SERVICE 
UNDEVELOPED 

TOTAL AEEA 
WOZK T R I P  O R I G I Y S  

- WORK T R I P  E E S T I N A T I C N S  
BEAN DIST-WORK BY O R I G I N  
BEAN DIST-YORK BY DESTN. 
PROPN. T R I P S  INTRAZONAL 
N E U L I  LOCATED HCUSING 

S E R V I C E  
NCN-SERVIC3 

NEWLY RE3ZlVEE 8 3 U S I N G  

S Z R V I C E  
NON-SERVICE 

P O L I C Y  80 

A3EA O F  H 3 U S I N G  
S E R V I C E  
N3N-SERVICE 
UB DEVELOPED 

TOTAL AREA 
WORK T R I P  O R I G I N S  
WORK T R I P  D E S T I N A T I C N S  
EEAN DIST-WORK SY O R I G I N  
HEAN DIST-YORK BY DESTN. 

PROPN. l 3 I P S  INTBAZONAL 
NZWIY LOCATED ifCUSING 

SSRVTCE -. 
NGN-SERVICE 

NEWLY REMOVED HOUSING 
S Z B V I C E  

NCN-SERVICE 

I N N E R  3UTER C I T  Y 
SUBURBS SUBURBS TOP AL 



C E N T B B L  I N N E R  OUTER C I P  Y 
BREA S U E U R B S  S U B U R B S  TOTAL 

P O L I C Y  8 1  

AREA OF H O U S I N G  
S E R V I C E  

N O N - S Z R V I C S  
UNDEVPL'JEZ D  

T O T A L  ARE?. 
YORK T R I P  O R I G I N S  

A 0  RR T R I P  D E S T I N A P I O N S  

B E A N  DIST-WOBK BY O R I G I N  
B E A N  D I S T - U O B K  BY DESl'N.  

P R O P N .  T R I P S  I N T R A Z C N R L  

NEWLY L O C A T E E  H O U S I N G  
S B f i V I C E  
NON-SERVICE 

NEWLY REYOVZD H O U S I N G  

S E E V I C E  

N C N - S E R V I C E  
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