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Recent Development and Applications
of Lowry Type Land Use Models

DURING THE PAST 20 years com-

prehensive transport planning
studies have been conducted in many
urban areas throughout the world.
Most of these studies have been di-
rected towards dimensioning the ca-
pacity requirements of alternative
transport networks geared to serving
trend type development prognostica-
tions. In many jurisdictions throughout
the world, transport plans produced by
the traditional process have been re-
jected by decision makers. The senti-
ment has been expressed by many (1,
2,3) that the urban transport problem
cannot be viewed simply as a problem in
transport capacitv determination. It has
been suggested that a major improve-
ment in strategic planning would be
realized if the problem was viewed as
a question of urban spatial organiza-
tion.

In a number of countries throughout
the world, studies have been initiated
with the aim of exploring in a quanti-
tative way, the transport and other in-
fra-structure requirements of a num-
ber of alternative strategic develop-
ment concepts. In Switzerland, current
strategic planning studies range in
scope from the national scale to an-
alyses of Bern and Ziirich. In India, one
concern is with the implications of al-
ternative development plans for the
Delhi region.

In the Province of Ontario, the Gov-
ernment has been attempting to articu-
late comprehensive development plans
for each of the economic regions of the
Province. These regions range in size
from the Toronto Centred Region of
about 4 million persons, to smaller re-
gions of 1-200,000 persons.

It is the purpose of this paper to
describe the manner in which several
versions of the Lowry family of land
use models are being applied to strate-
gic planning problems in the countries
mentioned previously.

*Professor of Civil Engineering, Uni-
versity of Waterloo, Waterloo, Ontario,
Canada.

**Profegsor of Planning and Manage-
ment in_Building, Swiss Federal Insti-
tute of Technology, Zurich, Switzerland.
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THE LOWRY MODEL

The Lowry model (4) conceives of
the major spatial features of an
urban area in terms of three broad sec-
tors of activity which are the basic em-
ployment sector, the population serving
employment sector and the household
sector. The fundamental structure of the
Lowry model is illustrated in Figure 1.

In the Lowry model basic employment
is usually defined as employment in
those industries whose outputs are sold
principally in markets external to the
region under study. However, this defi-
nition cannot be interpreted literally
and the important criterion is that the
location of basic employment within a
region is essentially independent of the
population distribution within the re-
gion. Examples of basic industries are
the various primary sectors, manufac-
turing, national financial institutions,
university and other tertiary education
employment, and so on.

In contrast to basic employment, pop-
ulation serving employment location is
highly dependent upon the population
distribution. Retail trade, personal serv-
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jces, elementary and high school em-
ployment are examples of population
serving employment.

In the Lowry model, the spatial dis-
tribution of basic employment is allo-
cated exogenously to the model, and the
spatial distributions of households and
population serving employment are cal-
culated by the model. The zonal alloca-
tion rules for both households and pop-
ulation serving employment are speci-
fied within the model structure. In ad-
dition, the constraints on the maximum
number of households for each zone
and the minimum population serving
employment thresholds for any zone are
specified.

The Lowry model may be regarded as
a static equilibrium type model based
on the concept that inter-activity ac-
cessibilities are the major determinants
of the equilibrium distribution of activi-
ties. Future states forecast by the Low-
ry model must be regarded only as con-
ditions of quasi-equilibrium in that they
do not reflect the development history
of the urban system under study.

Lowry Model Equation System

The Lowry model structure shown in
Figure 1 may be expressed in terms of
the following system of equations:

et = pB (2)
e = ¢ + es (3)

in which p = a row vector of the popu-
lation (or households) within each of
the n zones; e = a row vector of the
total employment in each zone; es = a
row vector of the population serving
employment in each zone; A = an nxn
matrix of the workplace to household
accessibilities; B = an nxn matrix of
the household to service centre acces-
sibilities.

The A matrix may be developed as
follows:

A= [a'u] [GJ] (4)
in which [a’y] = an nxn matrix of the
probabilities of an employee working in
i and living in j; [a]] = an nxn diagonal
matrix of the inverses of the labour
participation rates, expressed either as
population per employee, or households
per employee.

The B matrix may be developed as
follows:

B = [b]bj] (5)
in which [b’y] = an nxn matrix of the
probabilities that the population in j
will be serviced by the population serv-
ing employment in i; [b] = an nxn
diagonal matrix of the population serv-
ing employment to population ratios.

Google

FIRST INTERNATIONAL — TRANSPORTATION RESEARCH

Empirical Estimation of the
Accessibility Matrices
The a’;; elements may be estimated
empirically in the following way:
J
where h; = a measure of the attrac-
tivity of zone j for household location;
djy = the travel time between i and j;
the function f;;% of travel time is de-

termined through calibration of the
model to empirical data.

The alternative functional forms of
f;# that have been used in practical ap-

plications of the model include:

fy® = an area wide polynomial func-
tion of travel time fw which represents
an average for the study area,

fy¥ = dym, where the index n also
represents an average value for the
study area,

f;# = exp(-ayvdy;), where the pa-

rameter o; has been used as an area
wide average o, as a zone specific pa-
rameter ; and sometimes as an i-j
zone specific magnitude ay;.
These various functional forms of dj
incorporated in equation (6) reflect the
influence that travel time has on work-
place—household location decisions.

The b’ elements may be estimated
empirically in a manner similar to that
described above for a’y where the ex-
pression analagous to equation (6) is:

by = srfyp(dy)/Serfy(dy) (M

i

where s = a measure of the attrac-
tivity of zone i for satisfying the serv-
ice type r needs of people; f;# = service
travel time factor function.

The Zonal Constraints

The distribution of activities produced
by the above set of equations should be
such that the following constraint equa-
tions are satisfied:

P<p° (8)

esrzesrmm (9)
where p¢ = a row vector of the popu-
lation holding capacities of each of the
n zones; esrmin — g lxr matrix of the
population serving employment thresh-
olds for type r service employment that
are considered to be viable for any zone.

If equations (8) and (9) are violated,
then new accessibility matrices must be
developed and the equation set solved
again using the new matrices. One ap-
proach to this problem of developing a
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distribution of activities that satisfies
the constraints is outlined in the follow-

ing:
J
he* = hy(hy/p) (11)
bu‘l' = si'l‘ful(d.u) /Esl'l'fu'(du) (12)
i
s;*r = g for zones in which
elsrze‘srmln (13)
= 0 for zones in which
els<eisrmln (14)

in which a;;* and by°r are the new acces-
sibility elements to be used in the next
interaction of the model.

The home based work trip matrix for
any time period (say the peak hour)
ma’\Iy be derived from:

w — WA’ (16)
where T* = an nxn matrix of home
based work trips where the elements
t;* equal the number of work trips be-

tween zones i and j; W = an nxn diag-
onal matrix of the work 1::'131 generation
rate per employee during the time pe-
riod under consideration; A’ = the
workplace to home accessibility matrix.

The home based service trip matrices
for any time period may be calculated
in an analagous way:

Tsr — RBr (16)
where Tsr = an nxn matrix of the home
based service trips to type r service op-
portunities; R = an nxn diagonal ma-
trix of the type r service trip genera-
tion rate per person (or household) dur-
ing the time period under consideration;
Br’ = the home to type r service acces-
sibility matrix.

Figure 2 illustrates a flow diagram of
the sequence of activities required to ob-
tain a stable co-distribution of popula-
tion and employment using equations
(1), (2), (8), (6), (7), (10) - (14), and
which satisfies the constraints (8) and
(9). Equations (1) and (2) are linked
together by equation (3) and the stable
distributions of population and employ-
ment are achieved through an iterative
approach.

Garin (5) has shown that the itera-
tive process illustrated in Figure 2 con-
verges to the following expression:

p = eb(I-AB)-1A (17)
where I = an nxn identity matrix; and
the other terms have been defined pre-
viously.

The validity of equation (17) is sub-
ject to a certain condition on the prod-
uct matrix AB which is that the sum of
the elements in a row is less than unity.
This means that (AB)x must tend to
zero as X increases. Garin argues that
if this were not the case then an in-
finite amount of population serving em-
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FIG.2 ~ LOWRY MODEL PROCESS FOR STABLE CO- DISTRIBUTION OF
EMPLOYMENT AND POPULATION

ployment would be generated by a finite
amount of basic employment, which is
not observed empirically.

Both Wilson (6) and Batty (7,8) have
provided interesting extensions to the
original Lowry model framework. The
principal contribution of Wilson has
been in the development of a consistent
procedure for generating alternative
forms of the Lowry model for different
sets of input and output conditions.
Batty has developed systematic tech-
niques for both calibrating the model
and using it to simulate future condi-
tions. Other applications of the Lowry
model are described in references (9,
10, 11, 12).

Disaggregation of the
Equation System

The socio-economic characteristics of
individuals within urban areas have a
significant impact on the spatial loca-
tion and modal transport choice deci-
sions of the various groups living in
urban areas. In certain types of strate-
gic planning studies activity distribu-
tions and the associated transport flows
are required by socio-economic group,
rather than as aggregated quantities.

If k socio-economic groups exist in an
urban area, then the equations described
{)reviously may be re-written as fol-
ows:

Pk = ekAk 18)
esr = pBr 19
ek =—= ebk+elk 20

and the other equations described above
may be disaggregated in a similar man-
ner.

Wilson (6) and others have proposed
disaggregated forms of the Lowry mod-
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el but the data requirements of these
proposals are excessive. Any disaggre-
gation of the Lowry model must be com-
patible with the types of variables that
are expressed normally in planning pro-
posals and which are forecastable.

The basic employment vector disag-
gregated by person type k and contained
in equation (20) may be derived in the
following way:

febk] = {e‘“] [ebe] (21)
where [ebk] = a row vector of basic em-
ployment partitioned into k person
types; [ekc] = a kxc matrix of the prob-
abilities that person type k will be em-
ployed in industry category c; [ebc] = a
row vector of basic employment parti-
tioned into industry categories c.

A disaggregated service employment
vector may be derived in an analogous
manner;

[esk] = [ekr] [esr] (22)
where [esk] = a row vector of the serv-
ice employment partitioned into k per-
son types; [ekr] = a kxr matrix of the
probabilities that person type k will be
employed in service type r; [esr] = a
row vector of service employment par-
titioned into service employment types
r.
The residential locations of any socio-
economic group k may be estimated by
formulating group specific accessibility
matrices a;’k such that:

Ja’k = 1.0 fori= 1, 2,...,n (23)

h]

a;/k = hkfwk(d;))/Shkfwk(d,) (24)
i

where hjk = a measure of the attrac-

tivity of housing opportunities in zone
) to type k persons; f¥k(d;;) = a fune-
tion of the i-j travel time which reflects
the influence that travel time has on
the residential location decisions of
group k persons.

In certain applications of the Lowry
model, the measure of residential attrac-
tivity hjk is set equal to the number of

housing opportunities ok available to
group k people in zone j. The housing
opportunities by group k may be esti-
mated from:

[ok] = [hkd] [gd] (25)
where [0k] = a row vector of housing
opportunities partitioned into k groups;
[hkd] — a kxd matrix of the probabili-
ties that group k persons will live in
housing density class d; [gd] = a row
vector of the number of housing oppor-
tunities g partitioned into d housing
density classes.

With this approach to disaggregation,
residential density has been used as a
proxy for housing type and price. Resi-
dential density is one of the few vari-
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ables that is normally expressed in
planning proposals for future time hori-
zons. In certain situations the residen-
tial density variable may not be an ade-
quate reflection of the housing market
and the density may have to be disag-
gregated into housing quality groups.

Many studies of modal transport
choice have demonstrated that trip
makers must be thought of as two sep-
arate groups which are usually referred
to as captive transit riders and choice
transit riders. Captive transit riders are
defined as those trip makers who do not
have access to a car for the particular
trip being studies. Choice transit riders
are defined as those trip makers who
may choose freely between public trans-
port and private car for a particular
journey. Mode specific transport flows
may be estimated from the following
expressions:

tuwkm i tuWkprUka (26)

tywm = Etuwkm (27)

k

where t;wkm = the number of home
based work trips between zones i and j
of group k persons by mode m; t;*k =
the number of trips between zones i and
j of group k persons; prjy¥km = the
probability that group k persons on a
work trip between zones i and j will use
mode m.

Certain k groups may be classified
immediately as transit captives and the
modal patronage probabilities in equa-
tion (26) may be specified immediately.
For those k groups which are identified
as choice transit riders, the modal pa-
tronage probabilities may be estimated
?om logistic functions of the following
orm:

ezij
pri¥t = (28)
1+4-ezij
1
priwe = (29)
1+4ezij

where prywt and pr;*¢ = the probabili-
ties of transit and car usage respective-
ly; z;; = the difference in the general-
ized costs of travelling by transit and

car between zones i and j for the home
based work trip. .

The generalized cost of travel is de-
rived from the notion that travel is con-
sidered to have a number of character-
istics which create costs and the gener-
alized cost of a trip is calculated from:

Zy™m = arXy™ 4 asXyy™ +

eo .+ 8nxnum (30)
where x,;m = the nth characteristic of
mode m between zones i and j which
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creates costs of travel; a, = the unit

contribution (in cents) that the nth
characteristic of mode m makes to the
generalized costs of travel.

Dynamic Extensions to the Model

Dynamic and quasi-dynamic exten-
sions to the basic Lowry model struc-
ture have been proposed by Crecine
(12), Rogers (13) and Echenique (14).
There is some difficulty in applying the
model structures advanced in the above
references because of the absence of
suitable data sets. A simple quasi-dy-
namic version of the Lowry model is
presented below which is compatible
with data that are normally available
in planning studies.

The population distribution at some
future time period is given by the fol-
lowing expression:

pk(t+At) = pkf(t) + pk(At)

= pk(t)L(k)+ek(At)Ak(t+At) (31)
where pk(t--At) = a row vector of pop-
ulation at time t4 At partitioned into k
socio-economic groups; pkf(t) = a row
vector of population at time t which
does not relocate in the time interval
At partitioned into k socio-economic
groups; L(k) = an nxn diagonal matrix
of the probabilities that a person type
k household will not relocate during the
period At; Ak(t4-At) = the workplace
to home accessibility matrix for time
t+At; ek(At) = a row vector of the
change over At of total employment.

The change in total employment over
At consists of the following compo-

nents;

(i) the jobs freed by households
which relocate during the period At,

(ii) the change in basic employment
over At, and

(iii) the change in service emgloy-
ment over At due to the change in basic
employment over At.

The new workplace to home accessi-
bility matrix reflects both the changes
in transport system properties and
household opportunities over At. The
probabilities L(k) may be established
readily for most urban areas from real
estate records.

The population serving employment
distribution for time t4 At is given by:

esr(t4At) = p(t+At)Br(t+At) (32)
Equation (32) implies that service em-
ployment relocation follows closely in
time any relocations in population
throughout a time period. The P mat-
rices In equation (32) will reflect any
transport system property changes as
well as any changes in service centre
location policies.

Equations (31) and (32) are simply
examples of the way in which the equa-
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tion set introduced early in this paper
may be extended to yield a quasi-dy-
namic version of the Lowry model.
Space does not permit the full develop-
ment of a dynamic version of the Lowry
model in this paper.

APPLICATIONS OF THE
LOWRY MODEL

A series of applications of the Lowry
model to a range of strategic planning
problems have been undertaken at the
Institut fiir Orts-, Regional-, und Lan-
desplaning of the Swiss Federal Insti-
tute of Technology, Zurich. A computer
model, called ORL-MOD-1, has been de-
veloped and described by Stradal and
Sorgo (15). Exponential type accessibil-
ity functions of the following type are
used in this model:

a;’ = hjexp(-qydy)/

Yhjexp (-ayd;y) (33)
J

by =- hjexp(-gy;rd;)/
};hjexp(—ﬁurd“) (34)

J

ORL-MOD-1 has been used to exam-
ine the implications of alternative spa-
tial development alternatives for the
Ziirich region. The accessibility function
of equation (33) was calibrated for
three work place zones located in three
different parts of the region. The re-
sults of these calibrations are shown in
Figure 3. This diagram illustrates the
influence of using h; factors equal to the

zonal populations. This diagram illus-
trates that the observed trip length fre-
quency distributions of commuters to
jobs in the region are simulated satis-
factorily by the above accessibility func-
tion. The criterion used to establish the
best estimate of «;; was the minimum

absolute difference in the actual and
calculated a; accessibility magnitudes.

The population serving employment
accessibility function of equation (33)
was calibrated for three types of serv-
ice employment in the Ziirich region
and these were r = food shops, r =
large central Ziirich department store,
and r = regionally located supermar-
ket. The results of these calibrations
are shown in Figure 4. It should be
noted from equation (34) that the
weighting factor used is the population
of the zones served by the particular
service zones. It should also be noted
from Figure 4 that an unweighted ver-
sion of equation (34) was used for the
accessibilities of food shops.

The calibrated model has been used to
test a number of alternative develop-
ment concepts for Canton Ziirich in the
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year 2000 and these alternatives in-
cluded:

(i) Trend Development: existing de-
velopment trends extrapolated to 2000
with the proposed transport network.

(ii) Trend Development With Ex-
tended Transport Network: same trend
development as above but with proposed
transport network for the year 2030.

(iii) Two Band Cities: two centres
exist in Ziirich, the main centre and a
secondary centre in the industrial sec-
tion of the city; this concept would em-
phasize %rowth of the secondary centre
and would promote growth along the
two valleys of Ziirich Lake and Greifen
Lake.

(iv) New Regional Centres: new re-
gional centres away from the City of
Ziirich would be emphasized through the
subsidization of hospitals, cultural fa-
cilities and schools in these growth cen-
tres.

Distributions of population and em-
ployment were estimated along with the
transport flows created by the activity
allocations. These estimates were ob-
tained by using the properties of the
future transport system, a forecast of
employment growth and a detailed es-
timate of the parameters ¢; through

the use of estimated house rents within
the region.
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ORL-MOD-1 has also been used to es-
timate the peak period work trip flows
in Bern for 2000. In the traditional
transport planning approach population
and employment estimates are prepared
for all zones and the flows derived us-
ing the traditional trip generation and
trip distribution models. Hutchinson
(16) has pointed out some of the diffi-
culties with the traditional approach.
ORL-MOD-1 was used to derive the
zonal population allocations and the in-
ter-zonal transport flows simultaneous-
ly, given a 2000 employment allocation
and the estimated 2000 transport net-
work properties.,

ORL-MOD-1 is being applied current-
ly to problems of national planning in
Switzerland and to regional planning in
Hamburg, Germany. Three alternative
development strategies are being con-
sidered for the whole of Switzerland and
the servicing and transport implications
of these alternatives are being explored
with the aid of ORL-MOD-1. In Ham-
burg, a major new airport north of the
City is planned. The transport facilities
which are to be used to connect the air-
port to the city are also to be used to
stimulate urban development in a north-
erly direction. Three alternative rapid
transit routes to the airport are to be
evaluated with respect to their prob-
able impact on urbanization.
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The applications of the Lowry model
to planning problems in Ontario are
directed towards the estimation of the
infra-structure requirements of alter-
native development strategies for urban
regions. Figure 6 shows one of the elev-
en development alternatives being con-
sidered for Hamilton, Ontario. Figure 6
outlines the flow of activities which may
be used in planning problems of this
type. A Lowry model disaggregated by
socio-economic group may be used to es-
timate the spatial distributions of popu-
lation, employment and transport de-
mands by mode for various develop-
ment policy alternatives. The popula-
tion and employment distributions may
then be converted into water supply,
sewage disposal and storm water drain-
age demangs. Computer techniques have
been developed to design the trunk wa-
ter, sewerage and storm drainage sys-
tems and to estimate the costs of these
systems (17). Other techniques are
available for estimating the develop-
ment costs within zones as well as the
transport network investment costs
(18). With this type of information for
each development policy alternative the
planning team is then free to explore
the non-quantifiable impacts of the al-
ternatives.

In the applications of the Lowry mod-
el in Ontario accessibility functions
which are area wide polynomial func-
tions of travel time have been found
to be the most suitable.
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Urban populations in India have been
growing rapidly. For example, the Del-
hi region is expected to increase in pop-
ulation from 3.2 million in 1971 to 5.5
million in 1981. Master plans were pre-
pared for most Indian cities in the early
1960’s but formal analyses of the ac-
tivity allocations and their interactions
which were implied by these plans were
not conducted. At the present time in
Delhi, several major development al-
ternatives are being considered and
these include construction of a rapid
transit line, densification of certain
parts of the city and redevelopment of
older sections of the city.

A disaggregated form of the Lowry
model is being used at the University
of Waterloo to explore the implications
of alternative development policies of
the above type. The importance of us-
ing a model disaggregated by economic
group in Delhi is illustrated by the in-
formation presented in Table 1. This
table shows the distribution of house-
holds by income range for the Delhi ur-
ban area as well as the influence of in-
come on modal transport choice. The
equation system introduced earlier in
this paper for disaggregated economic
groups forms the basis of the computer
model being used in this study.

Other applications of the Lowry fam-
ily of land use models are described in
reference (19).

CONCLUSIONS

A%plications of the Lowry model to a
number of urban areas have demon-
strated that it is capable of explaining
the major spatial features of urban
areas, and the activity interactions, in
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TABLE 1

OF HOUSEHOLDS BY INCOME

DELHI, 1969

708
DISTRIBUTION
Income Range
Percent of
(Rupees/Month)* Households Car
<100 4.1 1.4
100-149 94 0.9
150-249 26.7 0.8
250-499 32.3 1.8
500-749 129 8.8
750-999 44 16.2
1000-1499 4.9 36.4
1500-1999 22 78.1
2000-2500 3.0 788
> 2500 0.1 86.3
*$Cl = Rs. 7

terms of a few variables. The Lowry
family of land use models has a simple
causal structure and modest data re-
quirements. These features make the
model particularly useful for regional
planning problems where extensive data
bases are usually not available. The
causal structure of the model allows the
principal development policy wvariables
available to most municipalities to be
tested.

This paper has shown that the model
may be disaggregated readily and may
be expressed in a quasi-dynamic form.
The disaggregation and the dynamic ex-
tension proposed in this paper require
information that is normally available
in strategic planning studies. Applica-
tions of the model have demonstrated
that it may be used for a variety of
planning problems of different scales
and levels of detail.
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