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Abstract

The objective of this thesis is to construct and evaluate a regional Integrated
Forecasting System (IFS) using the St John's, Newfoundland, Census Metropolitan Area
(CMA\) as a case study area. The purpose of an IFS is to model the relationships among a
number of key variables (¢.g. population, employment and housing) which are central to
the planning process for any area. Demographic characteristics, for example, are
important factors in the need or ability to attract employment and the demand and supply
of housing. At the same time, new employment opportunities may result in in-migration
or reduce out-migration. Furthermore, lack of available housing may act as a constraint
on in-migration, or new house building may encourage it. These inter-linkages require
the development of a forecasting approach which is characterized by common and

supply-demand ions for the key variables and an explicit
consideration of the relationships among them. The product from this thesis is such a
model. To the ilities of the IFS, the potential impacts of

the Hibernia offshore oil project on selected socio-economic activities in the St. John's

Census itan Area (CMA) ined as a case study.




Chapters [ and I of the thesis provide a background to the work, describing the
St. John's CMA study area, the recent economic development history of the St. John's
region and Newfoundland, and reviewing the literature on integrated forecasting systems.

The structure and evaluation of the model and data are described in Chapter [II.
The overall design of the [FS follows the basic format of models developed for the
Gloucestershire and Grampian regions in the United Kingdom. The IFS is basically a
recursive rather than a simultaneous model. This model consists of five interacting
blocks: labour demand. labour supply, migration and household formation, housing
demand and housing supply. A series of tests are applied to each regression equation (R*.
standard error of estimate statistics, F-test, t- statistics and Durbin-Watson statistics)
developed to describe each block and, where necessary, modifications are made to the
equations in order to improve the model's performance. The sources and methods used in

the preparation of the data input are discussed in the last section of this chapter.

In Chapter [V, the characteristics of the equations and the within-sample

of the model are evaluated. Mean Absolute tage Error (MAPE)

statistics are calculated to examine the model's performance. This evaluation IFS
suggests that the model is appropriate for projecting the impacts of the Hibernia Project

on the socio-economic characteristics in the St. John's CMA and has the potential to

iii



project impacts for other major projects or sectoral changes.

Chapter V describes the model's i and the ions on

which the [FS is based. According to the [FS, the Hibernia Project will not change the
basic economic situation of the St. John's CMA — St. John's will not become another
Calgary in eastern Canada — though it will help the economy of the region to some
extent. Overall, this thesis concludes that the IFS provides valuable which can be of

value to both regional planners and local businesses.
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Chapter I - Introduction

Central to the planning of any area are the forecasts of population. employment and
housing. While these key topics provide the background to a host of planning concerns.
including the need to provide serviced-land, physical infrastructure (roads, water services.

sewers, ec.), recreation facilities, and social infrastructure (schools, hospitals, etc.). they

are closely interli in a circular f causal i ips. The level and
structure of population affect the need or ability to attract employment and the
requirements for housing, changes in employment affect migration and housing, while
lack of available housing may act as a constraint to in-migration to fill vacant jobs. These
inter-linkages have pointed to the need to develop integrated forecasting systems, where

integration means the use of a set of empirically derived, common and mutually

supply-and-demand ons for ion, employ ‘migration,
households and housing, with explicit consideration of their relationships (Field and

MacGregor, 1987:184).



In light of this need, the objective of this thesis is to construct and evaluate a

regional ting System (IFS)using the St. John's Census Metropolitan
Area (CMA) as a case study area. To illustrate its application the forecasting model is
used to analyze the potential impacts of the Hibernia Project on selected socio-economic
variables in the St. John's CMA. The potential value of such a model goes beyond this
individual case study insofar as it can contribute to the planning process in the region by
helping to understand the consequences of any major changes to the structure of the local

economy.

With reference to the potential impacts of offshore oil development in the region.
these have been the subject of debate since the field was discovered in 1979. However,
while there have been a number of descriptive assertions about those potential effects.
there have been no attempts to model them in any structured fashion. Since the
commencement of the development phase of the project in 1990, there have been a range
of effects on the St. John's CMA but these have been much smaller that those predicted
by the media and politicians in particular. As the Hibernia mega-project moves to the
production stage in 1997 it promises to bring about further changes in the economic.
social, cultural and environmental characteristics of the St. John's CMA which are
expected to last for at least two decades. With the possibility that the Terra Nova and

other offshore fields will be developed the planning implications of the long-term socio-

"



economic outcomes of offshore oil development on the St. John's CMA become of even

more interest. Planning for oil-related growth could therefore benefit from a forecasting

model that will allow individual and, more i ive field

impacts to be assessed.

The [FS developed here could also be modified to incorporate additional types of
impacts, for example, service and infrastructure impacts. [t can be used to demonstrate
the impacts of wind-down or the phase-out of activities as well as their growth. The
model developed is described as being appropriate for "meso-scale” analysis, which
essentially means that it is designed to better understand issues at the regional scale rather

than at the indivic i i le) or provincial ( le) levels. While

some information might be lost and some inter-relationships incapable of being examined
at this scale, the output of the model is helpful in understanding and forecasting a range

of potential short- to medium-term socio-economic changes.

12 Traditional Forecasting Systems

Traditional methods of | ing are ially linear and ive; the output
of one forecast is usually used as an input to other forecasts, and, more importantly, no
constraints or positive or negative feedback are considered. The linear-deductive

approach can be simple, inexpensive and quick to develop and apply, and can be easily



understood by planners and explained to politicians and the public. However. it is
inadequate to deal with the complex forecasting requirements for urban and regional
systems development because almost all economic, demographic, social and political
activities are closely inter-related (Bracken and Hume, 1981; Breheny and Roberts,
1978). A review of traditional forecasting methods illustrates several important

limitations:

First, linear deductive models ignore the mutually constraining interrelationships
among key activities. The emphasis is on parameters directly related to each activity
rather than on the interrelating parameter. Bracken (1982) points out that there is a strong
tendency to compartmentalize the forecasts for the key activities - population,
employment and housing - or at best to derive estimates for one activity as a simple

function of another.

In traditional i for example, an demand
forecast would generate a population forecast which would in turn produce a housing
demand forecast. In this approach, from the employment demand to the housing demand.
the interrelationship and constraints of one forecast on another are simply ignored. The
housing supply, estimated as a function of population change, may itself influence

migration. This, in turn, will require adjustment to the population estimate which



informed the process in the first place (Breheny and Roberts, 1978).

Second, traditional forecasting models are usually principally concerned with the

demand of | i housing and rather than the

supply side. [t means that there is no consideration of the constraining effects of the
supply side of housing or population. In fact, the supply side of these key activities is
rarely considered in the same way as the demand side in most traditional forecasting

exercises.

The interrelationships of supply and demand sides should be explored in
forecasting if the both sides are closely interrelated in reality. The supply side of
population and household estimates, for example, not only influence the forecast of
housing demand, but are also constrained by the forecast of housing supply. Moreover.
failure to treat the forecasting of both demand and supply side activities probably
indicates that planners have no ready means of assessing the degree of “dis-equilibrium’

in the system.

‘Third, this approach rarely includes the anticipated effects of policy. In this way.
forecasts are often made with little regard to planning powers. As such there is no clear

guidance for public or private investment. There is a tendency to take forecasts as targets



and to assume that activity levels are not the subjects of policy. In some situations urban
planners may merely be able to monitor change and make forecasts about those
continuing situations; however, in others, planners will be able to exercise sufficient
control (for example, through refusal to allow development to take place), so that future
trends may bear little relationship to past trends (Bracken, 1982:54). Thus, the
anticipated effects of related policy should be included in most forecasting and planning.
For instance, an important input to a forecast could be an assessment of the probable
effect of policies and the chance of their being successful, because we know that public
policy could be a partial (strong or weak) influence in most social and economic activities

to which it is applied.

13 Integrated Forecasting Systems
Although the nature of the inter-relatedness, such as positive or negative

feedbacks or constraints between different subsystems, has been explicitly recognized

through the use of systems theory since the 1960s (Chadwick 1971; McLoughlin, 1969).

rarely is it actually incorporated into planning models.

Only limited effort has been made to integrate different forecasting models in the
past. There exist only a few truly integrated models in urban and regional planning,

though many efforts have been made to link individual sub-models of urban and regional



systems. For example, Wilson (1967) developed the original spatial interaction model in
the framework of entropy maximization, and Boyce (1977) and Los (1978) integrated
location and transportation in their models to obtain optimum transportation solutions.
Later, Putman (1980; 1983) and Lakshmanan (1982) created more complex integrated

multi-regional transportation economic models, while more recently, Wegener (1986)

b2 i Iti-activity urban and regional models.

Several regions have attempted to develop integrated forecasting models for their
own needs and purposes over the past two decades. However, although many individual
component forecasts use the standard methods such as cohort survival, headship rates and
shift-share analysis, when one examines those models that seek to integrate demographic.
employment, housing and other socio-economic variables it becomes apparent that there

is no standard approach to their formulation.

Particular attention here is given to three models developed for purposes similar
to that outlined here. These are the models developed by the Gloucestershire County
Council, the Grampian Regional Council and the Greater Manchester Council,
respectively, in the United Kingdom. In each case these models adopt a well-established
logic, one which is consistent with similar models used elsewhere. Another reason for

the selection of these three IFS models is that very few such models have been written up



in detail and appear in the literature — these examples are among the few which are
relatively well documented. Finally, and of particular relevance to the case study of
offshore oil development, s the fact that the Grampian model was developed specifically
to address the planning needs brought about by rapid offshore development

1.3.1 The Gloucestershire County Council Model

The Gloucestershire County Council model is mainly concerned with establishing
the interactive supply and demand relationships among and between employment,
population and housing. Of particular importance, is the fact that the model assumes that
the activity level of each of the components is developed so as to be mutually adjustable.
In other words, once one activity level is determined, the others are adjusted accordingly.
By so doing the integrated forecasting model generates an assumed equilibrium.
According to Breheny and Roberts (1978:310), the model has following basic features:

(i) the relationships between supply and demand factors determine their activity

levels;

(ii) the characteristics of other activities will influence the supply and demand

factors which in turn will influence these activities;

(iii) the prime mover in the model sets the main constraints on the factors; once

the ined activity” has been ined and its set, other

activities have to be made consistent with it;

(iv) the basic activities considered in the model are employment, population.
households and housing;

(v) the model is static, rather than dynamic; and



(vi) the model is only an accounting device to ensure compatibility among
activities and does not attempt to model theoretical cause and effect.

The assumed ‘prime movers’ for the model are employment, which determines
general demand-side levels of all other activities, and housing, which determines supply-
side activity levels. On the one hand, employment (labour) demand is assumed to
determine population and migration, and thereby constrain housing demand. On the
other hand, projected housing supply must match housing demand. i.¢., housing supply
must be greater than or equal to housing demand, otherwise, households, population and

must be adjusted until housing supply and demand are equal.

1.3.2  The Grampian Regional Council Model
The first Grampian Regional Council model was constructed in the late 1970s to
forecast population and housing demand for this Aberdeen-centered region as part of the
planning response to rapid offshore oil-related growth. In this context housing demand
was considered the key factor constraining overall growth and activity in the region
(Grampian Regional Council, 1978). In this initial model, if house building rates failed
to keep up with forecasted net in-migration, then a constraint was identified and a
feedback mechanism introduced to the model that effectively limited in-migration and

hence the available labour force and employment.



The first model was simple and designed to serve only limited purposes hence the
Grampian Regional Council developed a second model which incorporates three
dimensions of integration: horizontal, vertical and organizational (Cockhead and Masters.

1984:473-474). They are defined as follows:

- the traditional type of i
wmbm&ﬁnmmwmqmﬂammm
employment, to ensure their mutual compatibility;

Vertical Integration - the integration of large area, long term, strategic activity
forecasts with small area, short term, operationally oriented forecasts; and

ion - the i ion of the forecasts into the policy-
m:hngmdforw:dphmmgnﬁh:Cmm:u

As Field and MacGregor (1987:192) point out, a key clement in the rationale for
developing this model was “the need to ensure organizational integration, ic., that all
organizations with responsibility for the planning of the region used the same forecasts.”

‘This form of i ion is not on technical but on the

establishment of the role and credibility of forecasts within the organization.

The model is more ive than its and has
much greater temporal and spatial data requirements. [t is also more complex,
particularly in terms of the linkages among the different model components that ensure

that individual (component) forecasts are mutually compatible.



The general i for the region ists of three main

dimensions (Cockhead and Masters, 1984:475):

(i) Strategic: i forecasts of | i ! and housing for large
areas such as district council and structure plan areas;

(i) Land forecasts of residential and industrial rates by
individual site over the next 5-15 years. These were based on plans presented by
the private and public sectors; and

(iii) Secondary: forecasts to meet particular requirements of different service
such as school and electorate.

The framework is operated on an annual basis, and a special attention is given to
the strategic forecasts. The annual cycle of forecasting is seen as the key to ensuring

The ing structure of i ion is similar to that of the

Gloucestershire model, with labour demand assumed to be the key determinant and
iteration is used to ensure compatibility. Once again the model is essentially a static

the fact that it is updated annually and involves a

more elaborate monitoring of developments. The main linkages remain essentially the
same: activity rates, vacancy and sharing rates, and migration. The integration is not
rigid and technical, but involves judgement and policy input. The approach is described
by Cockhead and Masters (1984:481) as one in which “various independent activity
forecasts are grouped together as a loose ‘federation’ around a central set of accounts
which link the individual linkage parameters' with the various activity forecasts.”
Despite this emphasis there does not appear to be any substantive difference in technique

1n



from the Gloucestershire model. What makes the Grampian model distinct is the

emphasis on the level of organizational integration.

1.3.3  The Greater Manchester Council Model

A third variant of the general model was developed by the Greater Manchester
Council. In the early 1980s, in response to the policy issues relating to service provision
facing strategic planners within the region, the Council developed two multi-regional
integrated forecasting systems to provide forecasts for different users (see Dewhurst,
1984). The Greater Manchester models adopt a complex multi-regional approach in order
to take into account the effects of population movement within the County. The approach
adopted by the County Council incorporates demographic, economic and housing factors
in an integrated forecasting framework. This approach was based on the assumption that
"Greater Manchester is a reasonably closed labour market area” and that migration within
this area is closely related to private housing factors, while migration to and from Greater

is mainly i by ities (Field and MacGregor.

1987:195).

‘The basic principles of the models are quite similar to those of Gloucestershire
and Grampian. What is interesting to note is that the scale at which the Manchester

model operates, that of a major connurbation, presents difficulties. As Field and



MacGregor (1987:195) point out. It is relevant to note that one of the problems which
arose was that local authority boundaries did not make the best spatial units for the
forecasts, which necessarily involved consideration of housing market areas.” This is less
of a problem in Gloucestershire or Grampian where settlements are smaller and the

The general approach adopted and the underlying structure of these [FS models is
quite similar. While the structures of the Grampian and Greater Manchester models are
‘more complex than that of the Gloucestershire model, each is integrated only insomuch as
the component forecasts are based on a common set of assumptions and are consistent
within an accounting framework. Furthermo